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Final abstract report 

Reports of maize producers experiencing increased grass infestations and low herbicide 

efficacy in the control of grass weed species increase each season. Grass species are known 

to germinate simultaneously with maize (also a grass specie) and can compete from early in 

the season for moisture and nutrients. Late infestation levels of several grass species 

(Digitaria, Urochloa, Eluesine) are, however, more troublesome and difficult to control. The 

competition effect on maize yield for most of these species have not been determined under 

South African conditions and literature is scarce and insufficient. Control of annual grass 

weeds can be problematic due to abundant seed production, persistent seed banks and their 

ability to germinate and grow in a vast range of environmental conditions. The movement of 

maize producers to reduced tillage practices can also promote a shift in the weed spectrum 

since most grass weeds are shallow germinators and prevail at high infestation levels where 

cultivation is absent. Producers therefore tends to rely more on chemical control. Grass weed 

control in grass crops such as maize has many challenges. Herbicides have to be very specific 

not to damage the grass crop, but have to control grass weed species effectively. The 

objectives of the current project were to 1) determine biology, aggressivity and 

competitiveness of selected grass species, 2) to investigate their growth habits in different soil 

types (clay vs sandy soils), 3) to establish their germination patterns during growing season 

and 4) to compare the efficacy of herbicide spray programs. The current report accordingly 

consists of numerous research studies, each designed to elucidate one or more of the 

objectives set for the current project. Eight weed species focused on included Cynodon 

dactylon (kweek), Digitaria nuda (naked crabgrass), Digitaria sanguinalis (large crabgrass), 
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Eleusine coracana (goosegrass), Panicum maximum (buffalograss), Urochloa 

mosambicensis (bushveld herringbone grass), U. panicoides (herringbone grass) and 

Commelina benghalensis (Wandering Jew). 

 

Competitive ability studies 

Knowledge of the competitive ability of weeds provide a better understanding of the 

requirements for weed control. The competitive ability of U. mosambicensis and U. panicoides 

was investigated during 2016/17 and 2017/18 in four soil environments i.e. 1) 16% clay, dry 

2) 16% clay, wet 3) 35% clay dry and 4) 35% clay, wet under glasshouse conditions. A 

replacement series design was used in which the two grass species were planted in five 

treatment combinations at proportions of 100:0, 75:25, 50:50, 25:75 and 0:100. Root weight 

and biomass were used to calculate competitive indices (Aggressivity (A) and Competitive 

ratio (CR)) and root:shoot ratios. With the 2016/17 trial, preliminary findings were that both 

Urochloa species performed better in the 16% clay soil treatment and in the wet soil profile. 

The protocol was slightly adjusted during the second trial to include more replicates; whislt the 

trial layout was improved as to minimize any human error. Findings of the 2017/18 suggested 

that U. mosambicensis competed best in 16% clay wet soil, whilst U. panicoides preferred the 

35% clay, dry environments. Urochloa mosambicensis demonstrated greater plasticity than U. 

panicoides by adjusting root:shoot ratios in changing environments in the 35% clay soils, 

which suggested U. mosambicensis to be the more successful species. A similar study was 

conducted over a two season period in which the competitive ability of E. coracana vs P. 

maximum was compared. Preliminary findings suggest that E. coracana performed the best 

regarding root and shoot biomass in the 16% clay and 35% clay soils respectively, whilst it 

achieved the best root:shoot values in the 35% clay soils. P. maximum was much more 

inconsistent regarding which soil environments it performed best in. Going forward, the two 

seasons results will be analyzed in a combined analyses which would allow for better 

interpretation of its performance regarding soil type and moisture preference. The current 

study, however, confirmed that in terms of adjusting root:shoot ratios in changing 

environments, E. coracana was the more successful species.The competitive trials were  also 

done to determine the aggressiveness and level of competativeness of D. sanguinalis (large 

crabgrass) and D. nuda (naked crabgrass) under two watering regimes. Water stress 

decreased the number of tillers and panicles of D. sanguinalis significantly in monoculture and 

treatment combinations. Total biomass of D. nuda in monoculture was greater compared to 

large crabgrass. Seed mass of D. sanguinalis was significantly (> 58%) higher in monoculture 

and treatment combinations. The aggressivity index was positive for D. nuda with regard to 

root mass and positive for D. sanguinalis with regard to shoot mass. D. nuda was more 

competitive in the wet soil profile (competitive ratio (CR) = 1.88), while D. sanguinalis was 
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more competitive in the dry soil profile (CR = 2.02). When in full competition (2N:2S) D. nuda 

and D. sanguinalis were equally competitive with regard to root, shoot and total biomass. The 

Relativy yield (RY) and Relative yield total (RYT) values were close to one, indicating that both 

species are making the same demands for resources. The Relative growth coefficient (RCC) 

values also did not differ between species for all biomass parameters. Strong competition 

between D. nuda and D. sanguinalis existed when grown in mixtures, whereas equal 

competitiveness was observed when planted in equal proportions. The aggressivity and 

competitiveness of D. nuda manifested in the root system, as opposed to the shoots of D. 

sanguinalis. 

 

Emergence (germination) studies 

The capability of a grass species to germinate depends on the presence of suitable 

temperatures for germination, as well as the availability of sufficient moisture.  A study was 

conducted to establish which of eight grass weed species included in the study demonstrated 

to have greater percentage of emergence under various temperature and moisture regimes 

created by the various planting dates. It would aid in predicting which of the grasses will most 

likely germinate first in the field should producers receive rainfall from the month of September 

onwards. With this study, a set of eight grass weeds were planted in pots placed in an outdoor, 

wire enclosure. Eight weed species included in this study were C. dactylon, D. nuda, D. 

sanguinalis, E. coracana, P. maximum, U. mosambicensis, U. panicoides and C. 

benghalensis. The selected weed species were planted during the first week of September, 

October, November and December respectively of the 2017/18 season (S1), with an additional 

planting included for January for the 2018/19 (S2) and 2019/20 (S3) seasons. Two moisture 

regimes were included i.e. 1) irrigated (Irr) (500ml water per pot per week) and 2) rain-fed 

(Rfd). Every planting date was monitored weekly till the end of March 2018, 2019 and 2020 

respectively. Percentage emergence observed per planting date over time were plotted 

against prevailing weather conditions and emergence patterns for the various weeds observed 

over planting date and season. A pronounced seasonal effect was observed, resulting in 

expended periods of dormancy being observed for all grass species of the early planting dates 

(September and October) of the 2018/19 season. As an irrigated treatment was included as 

part of the study, the reason for such dormancies must be associated with reigning 

temperatures for the season question, which will have to be investigated further. Preliminary 

findings are, however, that U. panicoides as well as E coracana were the most consistent in 

being the first to germinate across all seasons and planting dates where water was not a 

limiting factor. In the drier seasons, U. panicoides and E. coracana in the irrigated pots 

germinated readily during the month of September, whilst the remaining grass species 

became more prominent from November onwards (depending on the season). With the high 
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rainfall experienced during 2019/20 species such D. sanguinalis, U. mosambicensis, P 

maximum and C. dactylon emerged within weeks after planting in the month of September. 

Data generated in the current study will be processed further in order to establish parameters 

such as initial time of emergence, magnitude of emergence and mean time to emergence 

which will be statistical analysed. This will shed greater light on the preliminary findings of the 

current study. 

 

In a second study, the effect of various pre-treatments and their interaction with temperature 

on cumulative percentage and the rate of germination were evaluated for D. nuda. Stored and 

fresh seeds were pre-treated with either 0.02 M KNO3, soaked in water for 24 h (priming), 

sterilized with 0.5% NaOCl or heat treated at 60 °C. Seeds were germinated at constant 

temperatures of 25 and 30 °C and fluctuating temperature regimes of 25/10 and 30/15 °C.  

The effect of pre-chilling on germination of stored and fresh seed was evaluated at 30/15 °C, 

and seed emergence in two soil types at different burial depths (0, 0.5, 1, 2, 3, 4, 5 and 6 cm) 

was also determined. The pre-treatment of stored seed with KNO3 resulted in the highest 

germination percentage (100%), whereas the pre-treatment of fresh seed with water for 24 h 

gave the best germination (99%), at constant temperatures of 25 and 30 °C. Pre-chilling of 

seed increased germination by more than 30%. Emergence from clay loam soil was greater 

compared with emergence from sandy loam soil. Total seedling emergence decreased 

exponentially with increasing burial depths with only 5% of seed germinating from a burial 

depth of 6 cm. Results from this study showed that germination requirements are species 

specific and knowledge of factors influencing germination and emergence of grass weed seed 

can assist in predicting flushes in emergence allowing producers to implement control 

practices more effectively.  

 

Competative inference and competition status studies 

The comparative interference and competition status of E. coracana, U. panicoides, U 

mosambicensis and P. maximum in two soil types in maize (P2707WYR) were investigated in 

glasshouse studies conducted during 2018/19 and 2019/20.  Two soil types namely a sandy 

clay-loam (35% clay, 59% sand and 5% silt) and a sandy loam soil (16% clay, 79% sand and 

5% silt) were included as treatments. The respective species was planted to obtain the 

following maize: grass ratios 1) 1:0 (control), 2) 1:2, 3) 1:4, and 4) 1:7, simulating densities of 

6.6, 26.4 and 46.2 grasses per m2. A maize cultivar (P2707WYR) was planted one week after 

grass seedlings to ensure competition from the seedling stage. Plant height and total biomass 

of the maize plants were determined whist, dry weed biomass per pot was established. 

Regression analyses were conducted on the two seasons combined. In both the soil types U. 

mosambicensis, had the greatest effect on maize biomass as well as maize plant height. 



5 
 

Panicum maximum yielded the second highest rates of maize biomass loss in both soil types. 

In the 35% clay soils, U. panicoides resulted in slightly greater maize biomass loss than E. 

coracana, whilst E. coracana resulted in greater maize biomass loss than U. panicoides in the 

16% clay soils. Regarding the observed preference to soil types, E. coracana and P. maximum 

resulted in similar maize biomass loss irrespective of the soil type, whilst U. mosambicensis 

and U. panicoides both resulted in greater maize biomass loss in the 35% clay soils than the 

16% clay soils.  

The competition effect of D. nuda and D. sanguinalis on maize planted on two soil 

types was studied in two greenhouse trials during 2011/12 and 2012/13. The following maize: 

grass ratios, 1:0 (control), 1:2, 1:3, 1:4, 1:5 and 1:6 simulating densities of 17, 25, 33, 42 and 

50 grasses per m2 were established for both species. The rate of water use was calculated by 

the difference in soil water content (%) taken for 10 weeks after maize emergence. Plant 

height, dates of 50% silking and of ear initiation were recorded for maize. Grain weight and 

shoot mass of maize was determined at the end of the trial.  Above-ground biomass of grass 

weeds were taken at 15 weeks after planting for D. sanguinalis and 20 weeks after planting 

for D nuda. A general linear regression model was used to determine the relationship between 

grass density, maize plant height, shoot mass and kernel weight. A negative linear correlation 

with increasing grass densities was recorded for all biomass parameters of maize for both 

grass weeds. Digitaria nuda reduced maize yield by 67 and 56% and D. sanguinalis by 79 and 

82% on clay and sandy soil, respectively. Estimated yield loss of maize in control plots (weed-

free) did not differ from observed yield losses for both grass species and soil type. 

A more focused study was conducted on the competition status of E. coracana during 

2016. In certain conditions, yield loss in maize due to weed competition can be between 35-

86%. It is essential to know the economic threshold level of a crop for cost effective weed 

control. The competition pot trail conducted in a glass house between maize (Zea mays) and 

E. coracana was done using a wet and dry soil profile in a complete randomized block design 

each with six treatments. The interference ratios (maize: grass treatments) were; 1:0, 1:1, 1:3, 

1:5, 1:7, 1:9. Plant height of maize was measured weekly. Dry biomass of both maize and 

grass were weighed 60 days after planting. Dry shoot mass of the maize and grass were used 

to describe the total share in biomass. Data showed grass interference had a significant effect 

on maize when 5 or more grass seedlings competed with one maize plant. Grass biomass 

decreased in the dry soil profile with 13,2% compared to mass in the wet soil profile. A loss in 

biomass correlated similarly with the theoretical relationship between yield loss and leaf area 

of weeds demonstrated by Kropff and Spitters (1991). The use of leaf-coverage and root-shoot 

ratios can further be used to enhance the study of competition effect on grain yield. An 

integrated weed management program will be the most effective in controlling goose grass 

infestations and prevent resistance toward herbicides. 
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A field study was undertaken to establish the yield loss associated with weed 

competition. Two sites were selected based on their natural occurring grass spectrum and two 

field trials accordingly planted during November 2017 and November 2018 (Potchefstroom -

35% clay and Bethlehem -16% clay). Plots of dominating weed species representing 10%, 

50% and 75% weed cover (per species) as well as a clean control were marked out at V8 

stage (Photo 1). Each treatment was replicated four times. At dent stage, weed dry biomass 

was determined between the middle two rows of each plot. At physiologically mature, ears 

were harvested in the middle two rows per plot. Yield (t ha-1)(adjusted to 12.5% moisture) and 

thousand kernel mass (TKM) were determined. Regression analyses were conducted to 

establish the impact that the dominant weed species had on yield and THKM as observed on 

the respective soil types. Preliminary field data suggest that on a sandy soil (16% clay) C. 

dactylon resulted in yield loss of 2.9 kg ha-1 (drier conditions) to as high as 8.4 kg ha-1 per g 

m-2 increase of weed dry biomass), whilst U. panicoides varied between 5.3 kg ha-1 (drier 

conditions) to 7 kg ha-1 per g m-2 increase of weed dry biomass in more favourable growing 

conditions. Under drier conditions U. panicoides resulted in greater yield loss compared to C. 

dactylon. Under more favourable conditions, C. dactylon resulted in greater yield loss. B. 

eruciformis resulted in 4.4 kg ha-1 on a 35% clay soil during 2017/18 compared to the 2.4 kg 

ha-1 of R. cochinochinensis.  Duirng the second season of evaluation (which was the most 

favourable of the two seasons), no regression could however be plotted.  Althoug the current 

study only represents a very basic evaluation of the competative abiltiy of grass weeds, it does 

indicate that seasonal variability will impact the yield loss each grass weed species are 

capable of.  

 

Competative ability of maize cultivars 

Insights obtained from plant–plant interaction studies conducted internationally 

suggested that crops can be improved by manipulating their response to weed-competition. 

The weed-competitive ability of eight Round-up Ready cultivars to grass weeds on a clay loam 

soil was investigated in a field study spanning two seasons (2018/19 and 2019/20). The yield 

performance of DKC74-74BR, DKC78-79BR, KKS4581, KKS8408, BG5785BR, PAN6R-

710BR, P1814R and P2880WBR under various degrees of weed infestation was evaluated.  

Four treatments were included i.e. TMT 1: Weed free whole season, TMT 2: No weed control, 

TMT 3: Plots kept clean till 3-4 leaf stage and TMT 4: Plots kept clean till 6-7 leaf stage. The 

trial was planted as a strip-split plot with four replicates. At dent stage, % weed cover was 

estimated after which aboveground weeds were collected per plot and dried before weed dry 

mass per plot were determined.  Middle two rows were harvested when the cultivars were 

physiologically mature. Five ears were randomly selected and the number of row per ear 

(RpE), number of kernels per row (KpR), thousand kernel mass (TKM) as well as maize yield 
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(t ha-1; adjusted to 12.5% moisture) established. Regression analyses were conducted in 

which the parameters evaluated were regressed against weed dry biomass and weed cover 

(%). Yield parameters measured TMT2 were expressed as a percentage of the clean control 

(TMT1), and analysis of variance conducted (P = 0.05). During the first season few cultivars 

gave significant correlations when the various parameters were regressed against % weed 

cover and weed dry biomass, whist insufficient weed cover achieved in the various treatments 

would not allow for regressions to be drawn. Preliminary analyses however indicate that the 

cultivars did not differ significantly from each other. 

 

Herbicide efficacy studies 

Different chemical spray programs for effective post-emergence control of U. 

mosabicencis and U. panicoides during different growth stages of each species were 

evaluated during 2015 in both glasshouse and field trials. In the glasshouse trial, application 

was made at three different growth stages respectively i.e. 0-5 cm, 10-20 cm and 30+ cm. 

Each growth stage was treated with six different post-emergence herbicide treatments 

(mesotrione (480 g.ℓ-1), paraquat dichloride (200 g.ℓ-1), tembotrione (420 g.ℓ-1), glyphosate (540 

g.a.i. ℓ-1), acetochlor (960 g.ℓ-1), topramezone (50 g.ℓ-1) and an untreated control. Each 

treatment was replicated three times and applied according to their label rate. Significant 

interaction was observed between treatment and days after application at the < 5 cm growth 

stage for both the Urochloa species. Effective control was only recorded for paraquat, 

glyphosate and acetochlor. For both the growth stages where seedlings were larger than 20 

cm, no significant interaction was recorded and only treatment effects were significant. 

Paraquat was the most effective treatment while the rest of the treatments showed poor 

control. Urochloa mosambicensis was more tolerant to herbicides. With the field trial a 

systematic block design was used with the same seven treatments used in the glasshouse 

trial. Poor control was recoded in the field trial when tufts exceed 10 cm in height. Regrowth 

was subsequently observed in all treatments.  

Difficulties to chemically control D. sanguinalis (large crabgrass) in maize in South 

Africa have been attributed to the occurrence of D. nuda (naked crabgrass) previously 

mistakenly regarded as large crabgrass, which, in contrast to the former, can be controlled 

relatively easily with acetanilide herbicides. Critical periods of weed control (CPWC) for D. 

nuda in maize was determined in field studies during the 2009/10 and 2010/11 growing 

seasons at two separate localities for an early and late planting date of maize. Weed-free and 

weed-crop interference treatments of increasing duration were maintained at various crop 

growth stages in the presence of D. nuda. Biomass of D. nuda was determined as dry weight 

per m2 quadrant, which yielded 428 g.m-2 at Potchefstroom and 594 g.m-2 at Wesselsbron. An 

exponential regression model was used to determine the CPWC expressed as growing degree 
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days after crop emergence, based on an estimated 10% relative yield loss in maize. The onset 

and ending, as well as, the duration of the CPWC differed between seasons and localities. At 

10% relative yield loss, the onset of the CPWC ranged between the two (V2) and six (V6) leaf 

stages, and the ending between the twelve (V12) leaf stage and two weeks after tasseling (T 

+ 2). The duration of the CPWC ranged between 22 and 80 days for the respective planting 

dates, years and localities. Yield losses ranged from 28 to 82% in the season-long weedy 

plots. The shifting of planting dates alone did not reduce yield losses since the effect of late 

infestations of D. nuda is significant. Digitaria nuda control from crop emergence is essential, 

followed by POST herbicide application during the critical period of weed control to lower the 

risk of maize yield losses. 

Acetochlor and s-metolachlor (chloroacetamide group) are graminicides predominantly 

used to control grass weeds in maize and are applied PRE. A greenhouse study was 

conducted using two soil types to determine the efficacy of these herbicides for control of both 

D. sanguinalis and D. nuda which closely resemble each other. Digitaria sanguinalis was 

completely controlled for six weeks while D. nuda was only controlled for three weeks after 

herbicide application on a clay soil. Control of both herbicides was less effective when applied 

to a sandy soil. D. nuda seedlings started to emerge two weeks after herbicide application and 

increased to more than 50% when compared to control treatments. Digitaria sanguinalis 

emerged between three and five weeks after application. In a field trial nine herbicide 

programs, registered for large crabgrass control in maize were evaluated for control of D. 

nuda. A single application of PRE herbicides (chloroacetamide group) gave poor control of 

only 60% for three weeks after application. Re-infestation of D. nuda was >50% within six 

weeks after application. D. nuda control in herbicide programs consisting of only one POST 

application of either glyphosate or paraquat was less than 44% due to re-infestation (60%) 

two weeks after application. Digitaria nuda was most effectively controlled (85 – 100%) in 

herbicide programmes consisting of PRE applications from herbicides in the chloroacetamide 

group followed by POST applications of herbicides containing triketones. The residual activity 

on D. nuda for acetochlor and s-metolachlor was 16 days, compared to 51 days for herbicides 

containing triketones. Digitaria nuda failed to produce inflorescence within 10 weeks after 

seeding in the herbicide programmes receiving PRE and POST applications preventing 

concomitant seed shedding. Late infestation levels of naked crabgrass can be significant and 

in areas where this Digitaria spp. has been predominantly identified, effective control will only 

be achieved with PRE herbicides followed by POST herbicide application three to four weeks 

after planting to prevent significant yield losses. 

In a study spanning three seasons of 15 pre-emergent herbicide products were 

evaluated for efficacy of grass control in two soil types (16% clay and 35% clay). Two trials 

were conducted during 2017/18, 2018/19 and 2019/20 (Potchefstroom - 35% clay and 
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Bethlehem - 16% clay) in order to compare the degree of weed control achieved by various 

commercially available herbicides with the same active ingredient formulation. The fifteen 

products tested were divided into 10 groups, with each group representing a similar a.i. 

concentration (g ℓ-1).  Where possible products with the same a.i. and concentration were 

applied in similar rates (as per label instruction), with the lowest rates within the label rages 

selected for each soil type (Table 1). The general ability of all products tested to control grass 

wees varied across seasons and localities. Majority of the products tested, did however not 

yield any worrying results. Two products, product 1 (S-metolachlor 915 g ℓ-1) and product 6 

(acetochlor 700 g ℓ-1) however underperformed (statistically) at either the 16% clay or 35% 

clay sites, compared to their counterpart products evaluated. Findings of this study will be 

shared with the respective suppliers, with opponent product names kept anonymous. 

Commelina benghalensis, (Benghal Wandering Jew) is one of the world’s worst 

weeds. Due to its high tolerance to commonly used herbicides, particularly glyphosate, 

infestation of C. benghalensis are increasing, especially under conservation agricultural 

systems. A study was undertaken with the aim to evaluate different herbicides applied at 

different growth stages to determine efficacy. Post-emergence herbicides were applied at two 

growth stages of the weed (V4 and flowering stage). The most effective pre-emergence 

herbicides were acetochlor/atrazine/terbuthylazine, mesotrione/s-metolachlor, S-metolachlor, 

dimethenamid-P and acetochlor 840 which gave greater than 90% control at 76 DAA. The 

application of tembotrione at V4 stage resulted in 80% control, with glyphosate + 2,4D at 100% 

effective control 36 DAA. Bromoxynil and glyphosate + 2-4D applied post-emergence at the 

flowering stage gave 100% control 31 DAA. Although this weed is difficult to control, an early 

identification followed by a pro-active chemical control program can greatly reduce its impact 

on crop yields.  

 

Herbicide damage studies 

Herbicide damage due to the use of chloroacetamide herbicides or mixtures thereof 

has been found in many crops worldwide.  Phytotoxicity symptoms are usually observed in 

the seedling stage, early in the season since these herbicides are mostly applied pre-

emergence.  Glasshouse and field trials were conducted on two soil types to determine the 

effect of these early season phytotoxicity symptoms on the growth, development and yield of 

four maize cultivars.  Chlorophyll fluorescence was used to observe herbicide damage on a 

physiological level in glasshouse trials. Although phytotoxicity symptoms were more severe 

on clay soil, maize plants were more stressed on a physiological level on sandy soil according 

to low PIabs index values. Chlorophyll fluorescence is functional to determine and elucidate 

stress in plants due to herbicide damage, especially where herbicides impede photosynthesis 

such as the triazines.  Plant growth and development were significantly affected in all herbicide 
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treatments when compared to control treatments in field trials.  Chloroacetamide herbicides 

tested included  safeners, but damage could still be visually observed as stunting and a 

decrease in dry mass especially on sandy soil. However, cultivar and soil type had the greatest 

effect on these parameters and reactions differed between seasons. Cultivars showed 

herbicide damage early in the season, but out-grew these symptoms later in the season (50 

DAP). Maize yield was reduced by herbicide treatments on both soil types and confirmed that 

early phytotoxicity symptoms can lead to yield losses. However, a significant interaction 

between cultivars and herbicide treatments was also observed and differed between seasons. 

 

General introduction 

The project was registered during the 2000/01 season. Leaching problems with most 

of the graminicides registered on maize had been the main complaint during a workshop held 

between maize producers and agro-chemical companies. Various herbicides have been 

tested in glasshouse and field trials to determine selectivity, herbicide residuals, phytotoxicity 

and dosage rates on maize cultivars. Continuation of this project was further discussed 

between producers of Grain South Africa (GSA), ARC-GC, seed and agro-chemical 

companies. Based on these discussions, the emphasis of this project shifted to the current 

two main objectives which will be reported in this final report. Lack of effective control achieved 

in grass weeds as well as observed shifts to predominantly grass weed species under 

conservation agriculture emphasised the need to address the lack of knowledge on the 

biological characteristics of problem grass weeds in South Africa that would allow the creation 

of better weed control programmes.   The first objective is to conduct in-depth studies into the 

biology (competitiveness, aggressiveness, growth habits in different soil environments as well 

as the germination patterns) of seven prominent grass species, together with wandering Jew 

(Commelina benghalensis), that would aid the creation of more effective weed control 

programs. The second objective speaks to the ongoing request by farmers and Grain SA to 

evaluate and test newly released generic products for grass control in maize. Due to the vast 

range of generic products on the market, efficacy of grass control need to be addressed and 

producers provided with unbiased results, as to aid them in management practices and 

decisions. The second objective of this project is, accordingly, to compare the degree of weed 

control achieved by various commercially available herbicides with the same active ingredient 

on two soil types (sandy - 16% clay, and sandy loam soil - 35% clay). 
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Abstract report 

Knowledge of the competitive ability of weeds provide a better understanding of the 

requirements for weed control. The competitive ability of Urochloa mosambicensis (Hack.) Dandy 

(Bushveld herringbone grass) and U. panicoides P. Beauv. (Herringbone grass) was investigated 

during 2017/18 in four soil environments i.e. 1) 16% clay, dry 2) 16% clay, wet 3) 35% clay dry 

and 4) 35% clay, wet under glasshouse conditions. The two grass species were planted in five 

treatment combinations at proportions of 100:0, 75:25, 50:50, 25:75 and 0:100. Root weight and 

biomass were used to calculate competitive indices (Aggressivity (A) and Competitive ratio (CR)) 

and root:shoot ratios. Urochloa mosambicensis competed best in 16% clay wet soil, whilst U. 

panicoides preferred the 35% clay, dry environments. Urochloa mosambicensis demonstrated 

greater plasticity than U. panicoides by adjusting root:shoot ratios in changing environments in 

the 35% clay soils, which suggested U. mosambicensis to be the more successful species. 

 

Key words: Aggressivity, Competitive ratio, replacement series design, root:shoot ratio 
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Introduction 

Urochloa mosambicensis (Hack.) Dandy (Bushveld herringbone grass) and U. panicoides P. 

Beauv. (Herringbone grass) are grass weeds which occur widely throughout Southern Africa. 

Urochloa panicoides is an annual grass common in cultivated fields with preference to clayey 

soils and is, aside from Eleusine coracana (Goose grass), the most important grass weed in the 

north-western Free State and the North West province of South Africa (Botha 2010). Urochloa 

mosambicensis, a perennial grass, occurs to a lesser extent in cultivated fields (Botha 2010) and 

mostly prefers fertile sandy-loam soils (Brink 2006). 

Although reference has been made to the observed soil type preference of these two 

species (Brink 2006; Botha 2010), no information is available on their ability to compete for 

available resources or whether the soil profile (wet vs. dry) would influence their competitiveness. 

Understanding the competitive and aggressive ability of these two species can provide insight 

into control requirements which can be utilized in an integrated weed control program. 

The replacement series design is a common competition related design in which a set of 

pure and mixed populations is tested, with the combined density of the components being held 

constant (Jolliffe 2000). Keddy et al. (1994) used yields obtained from different replacement series 

experiments to rank competitive effect and response of species in different environments. Indices 

reflect the consequences of competition (Weigelt and Jolliffe 2003) and can aid in the 

interpretation of results in various ways (Jolliffe 2000). The aim of this study was to implement the 

replacement series design to characterise and accordingly rank the relative competitive abilities 

of U. mosambicensis and U. panicoides in terms of their vegetative growth and biomass 

production in two soil types (16% and 35% clay) and two soil water regimes (dry and wet). 

A glasshouse trial was conducted during 2017/18 at Agricultural Research Council (ARC) 

- Grain Crops, Potchefstroom, North West province, South Africa (-26o43’57.46”; 

+27o4’.44.98”)(Photo 1) A replacement series experimental design was used. Plant density was 

4 plants per pot (360 x 360 x 360 mm), representing 30 grass plants per m2. The respective grass 

species were planted in five treatment combinations at proportions of 100:0, 75:25, 50:50, 25:75 

and 0:100. Plants in the same pot were of similar age. A temperature regime of 15/30°C (±5˚C) 

and a photoperiod of 10/14 h (dark/light) were maintained. Pots of the dry and wet treatments 

were watered daily with 1 and 2ℓ of water, respectively. Two soil types were used namely a sandy 

loam soil (16% clay, 79% sand and 5% silt) and a sandy clay-loam (35% clay, 59% sand and 5% 

silt). The trial was maintained for 55 days after planting (until maturity of grasses when leaves 

started to die off). Aboveground plant parts (shoots) were cut off at the soil surface. Roots were 

removed and washed.  Shoots and roots were dried for 48 hours at 50°C in a drying oven and the 
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dry mass determined. Total biomass and root weight per species for each treatment combination 

per replicate was calculated respectively and root:shoot ratios determined. Competitive indices 

Aggressivity (A) and Competitive ratio (CR) were calculated according to McGilchrist and 

Trenbath (1971) and Willey and Rao (1980) respectively. 

The trial layout was a randomised complete block design. The treatment design was a 

split plot with two main plot treatments (water profile - wet and dry) randomly allocated within each 

of the four block replicates. The 10 sub-plot treatment combinations (2 soil types (clay %) x 5 

grass species mixtures) were randomly allocated within each main plot. Standard univariate split-

plot analysis of variance (ANOVA) was performed on all measurements using SAS version 9.13 

statistical software (SAS, 1999). In order to rank the species in terms of their performance over 

various environments, a similar approach was taken to that of Roush and Radosevich (1985) in 

which variation in A and CR were evaluated with respect to the covariate ‘species proportion”. 

Student's t-LSD (Least significant difference) was calculated at a 5% significance level to compare 

means of significant effects.   Pairwise comparisons of least square means were done using t-

tests with no p-value adjustment. Regression analysis was conducted on root:shoot ratios and 

the appropriate model selected. The interaction between soil type and soil profile (16%,dry; 

16%,wet; 35%,dry and 35%,wet) are here forth referred to as ‘environments’. 

Aggressivity (A) is a competitive index that quantifies the intensity of competition and is a 

measure of how much the relative yield of one crop component is greater than that of another 

(McGilchrist 1965). It is also a measure of the interspecies competition of the two components to 

their respective monocultures. If A = 0, both weeds are equally competitive, if A is positive then 

the species is dominant, whilst a negative value would be indicative of the species being 

dominated (Dhima et al. 2007). The greater the value, the greater the dominance. Urochloa 

mosambicensis achieved positive values for root weight in 16%, wet; 16%, dry and 35%, wet 

environments, indicating dominance in these conditions. Urochloa panicoides achieved positive 

values for the 35%, dry environment (Table 1). U. mosambicensis, however, gave significantly 

greater A values in the wet soils, whilst U. panicoides gave greater A values in the dry soils. No 

significant differences were obtained for biomass. 

Competitive ratio (CR) evaluate the competitive ability of different species (Weigelt and 

Jolliffe 2003) by, amongst others, measuring competitive changes within a given combination. 

The soil type x species interaction affected root weight and biomass significantly (Table 2). 

Contradictory to A, CR were not influenced by the moisture level. Root weight and biomass of U. 

mosambicensis did not differ significantly between the 16% and 35% clay soils whilst U. 

panicoides produced significantly greater CR values in the 35% clay soils. The CR values suggest 
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that U. panicoides prefer higher clay soils, whilst U. mosambicensis dominated in the 16% clay 

soils. Unlike U. panicoides, U. mosambicensis competed statistically equally well in both the 16% 

and 35% soils.  

The soil type x species interaction had a significant impact on the root:shoot ratio observed 

(F=5.45; P=0.0217) (data not shown), whilst the soil profile (wet vs. dry) did not play a role. 

Urochloa mosambicensis achieved a significantly greater root:shoot ratio (0.113) in the 35% clay 

soil, compared to that in the 16% clay soil (0.081) and the 0.080 and 0.073 root:shoot ratios 

achieved by U. panicoides in the 16% and 35% clay soils respectively (data not shown).  These 

results indicated that U. mosambicensis was under greater stress in the 35% clay environments 

(wet and dry) than in the 16% environments.  Figure 1 provides a graphic representation of the 

root:shoot ratio performance of the two weeds in the different environments. U. mosambicensis 

appeared to suffer the greatest constant stress in the 35%, wet environment when in competition 

with another weed. The higher root:shoot ratio experienced at all four proportions tested (Figure 

1D) indicated plasticity in a high-resource environment, which in turn suggests that  U. 

mosambicensis is a successful species (Richards et al. 2006). The relative stable root:shoot ratios 

recorded for U. panicoides showed less plasticity in different environments.  

The hierarchical ranking of A, CR and root:shoot ratio performance in the various 

environments (based on the graphs) is presented in Table 3. Dominance is listed as the 

environment best performed in, followed first by cases of symbiosis and last environments in 

which the weed was dominated. High A and CR values indicated greater competitive ability and 

the lowest value lowest comparative ability. The preference of high vs. low root:shoot ratio will 

depend on the purpose of the crop. Since our objective was to indicate the environments in which 

each species performed best (i.e. experience the least stress), the ranking of the two weeds was 

done from lowest to highest root:shoot ratio (Table 3). 

The ranking of the two weeds allowed us to generate a hypotheses in terms of their 

preferred environments (Table 3). Urochloa mosambicensis consistently showed a higher root 

weight in the 16%, wet environment but performed poor in the 35%, dry environment. Based on 

A and CR, Urochloa panicoides competed the best in the 35%, dry environment, and the poorest 

in the 16%, wet environment in terms of root weight. The biomass performance ranking of U. 

panicoides was more erratic and dependent on the index calculated. Since Willey and Rao (1980) 

concluded that CR gives a better measure of competitive ability and is advantageous over indices 

such as A, we hypothesize that the biomass of U. panicoides will be greater in the 35%, wet 

environments and the poorest in the 16%, wet. 
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The root:shoot ratios achieved in the monoculture treatments of U. mosambicensis and U. 

panicoides serve as reference point for how these two weeds adjusted in the presence of various 

degrees of competition. In contrast to U. mosambicensis, the ranking of U. panicoides differed in 

monoculture and mixtures.  When in competition with another, the latter weed showed a similar 

performance in the 16%, dry and the 35% dry and wet environments.  The 16%, wet environment 

was the least stressed environment. 

Similar to Keddy et al. (1994), this study attempted to rank the competitive effect and 

response of U. mosambicensis and U. panicoides. Although clay content caused significant 

differences in root weight, the biomass of the two species did not differ significantly.  

The current study confirmed that U. mosambicensis performed best in 16% clay with 

greater performance in wetter profile soils, whilst U. panicoides grass preferred the 35% clay, dry 

environments. In terms of adjusting root:shoot ratios in changing environments, U. 

mosambicensis was the more successful species. 
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Table 1: Aggressivity (A) for root weight and biomass of Urochloa mosambicensis and 

Urochloa panicoides when grown in combination with themselves and with the other 

in two soil types (16% and 35% clay) at two water profiles (wet and dry).  

 Root weight  Biomass 

Profile dry Wet Clay (avg.)  dry wet Clay (avg.) 

U. mosambicensis 

16% Clay 0.06 0.20 0.13  0.19 -0.11 0.04 

35% Clay -0.20 0.08 -0.06  -0.14 -0.10 -0.12 

Profile (avg.)* -0.07b 0.14a   0.02 -0.10  

        
U. panicoides 

16% Clay -0.06 -0.20 -0.13  -0.19 0.11 -0.04 

35% Clay 0.20 -0.08 0.06  0.14 0.10 0.12 

Profile (avg.) 0.07a -0.14b   -0.02 0.10  

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment. 
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Table 2: Competitive Ratio (CR) for root weight and biomass of Urochloa mosambicensis and 

Urochloa panicoides when grown in combination with themselves and with the other 

in two soil types (16% and 35% clay) at two water profiles (wet and dry). 

 Root weight  Biomass 

Profile dry wet Clay (avg.)  dry wet Clay (avg.) 

U. mosambicensis        

16% Clay 1.36 1.69 1.53ab*  2.12 1.57 1.85b 

35% Clay 0.71 1.44    1.08bc          0.52 0.97 0.74b 

        
U. panicoides        

16% Clay 0.94 0.68    0.81c  0.83 0.70 0.76b 

35% Clay 2.17 1.81    1.97a  2.69 4.17 3.43a 

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment 
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Table 3: Summary of hierarchical ranking of Urochloa mosambicensis and Urochloa panicoides regarding their root weight in four 

soil environments (16% clay dry, 16% clay wet, 35% clay dry and 35% wet) with the use of various indices 

Bushveld Herringbone grass Root weigh Biomass 

Aggressivity (A) 16%, wet > 35%, wet ≥ 16%, dry > 35%, dry 16%, dry > 35%, wet > 16%, wet > 35%, dry 

Competition ratio (CR) 16%, wet > 35%, wet > 16%, dry > 35% dry 16%, dry > 16%, wet > 35%, wet > 35%, dry 

Root:shoot ratio*   

              Monoculture 16%, wet > 16%, dry > 35%, wet > 35%, dry 

              Mixture  16%, wet > 16%, dry > 35%, wet = 35%, dry 

  

Urochloa panicoides Root weight Biomass 

Aggressivity (A) 35%, dry > 16%, dry ≥ 35%, wet >16%, wet 35%, dry > 16%, wet > 35%, wet > 16%, dry 

Competition ratio (CR) 35%, dry > 35%, wet > 16%, dry > 16%, wet 35%, wet > 35%, dry > 16%, dry > 16%, wet 

Root:shoot ratio   

              Monoculture 35%, wet > 35%, dry > 16%, dry > 16% wet 

              Mixture 16%, wet > 16%, dry = 35%, wet = 35%, dry 

* Low root:shoot ratios are indicative of healthy plants, whilst higher root:shoot ratios are indicative of plants under stress 
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Photo 1: A replacement series design was used to establish aggressivity and competitive ability of 

Urochloa paniciodes and Urochloa mosambicensis in four soil environments (16% clay, wet; 
16% clay dry; 35% clay wet; 35% clay, dry).

Urochloa panicoides Urochloa mosambicensis 
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Hierarchical ranking of Eleusine coracana subsp. africana (Goose grass) and Panicum 

maximum (Common buffalo grass) competitiveness in four soil environments 

 

Abstract report 

Knowledge of the competitive ability of weeds provide a better understanding of the requirements 

for weed control. The competitive ability Eleusine coracana subsp. africana (Goose grass) and 

Panicum maximum (Common buffalo grass) was investigated during 2017/18 and 2019/20 in four 

soil environments i.e. 1) 16% clay, dry 2) 16% clay, wet 3) 35% clay dry and 4) 35% clay, wet 

under glasshouse conditions. The two grass species were planted in five treatment combinations 

at proportions of 100:0, 75:25, 50:50, 25:75 and 0:100. Root and shoot biomass were used to 

calculate competitive indices (Aggressivity (A) and Competitive ratio (CR)) and root:shoot ratios.. 

Hierarchical ranking for the various indices evaluated differed slightly between the two trials 

conducted. Going forward, a combined analysis over the two trials will be considered to observe 

the average perforce of the respective weeds. Preliminary findings suggest that E. coracana 

performed the best regarding root and shoot biomass in the 16% clay and 35% clay soils 

respectively, whilst it achieved the best root:shoot values in the 35% clay soils. P. maximum was 

much more inconsistent regarding which soil environments it performed best in, and combined 

analyses would allow for better interpretation of its performance regarding soil type and moisture 

preference. The current study, however, confirmed that in terms of adjusting root:shoot ratios in 

changing environments, E. coracana was the more successful species. 

  

Section 1B: Aggressivity of Eleusine coracana subsp. africana (Goose grass) and Panicum 
maximum (Common buffalo grass) 
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Introduction 

Eleusine coracana subsp africana (L) Gaertn. (Kenn.- O’Byrne) Hilu & De Wet. (goose 

grass) is the most common grass weed of cultivated fields in southern Africa (Botha, 2010)(Photo 

1). Panicum maximum Jacq. (common buffalo grass) is also widespread in southern Africa, but 

is documented to be confined to the subtropical regions (Botha, 2010) (Photo 1).  

 

 

 

 

 

 

Photo 1: Panicum maximum (left) and Eleusine coracana (right) 

The replacement series design is a common competition related design in which a set of 

pure and mixed populations is tested, with the combined density of the components being held 

constant (Jolliffe 2000).  Keddy et al. (1994) used yields obtained from different replacement 

series experiments to rank competitive effect and response of species in different environments. 

Indices reflect the consequences of competition (Weigelt and Jolliffe 2003) and can aid in the 

interpretation of results in various ways (Jolliffe 2000). The aim of this study was to implement the 

replacement series design to characterise and accordingly rank the relative competitive abilities 

of P. maximum and E. coracana in terms of their root and shoot biomass production in two soil 

types (16% and 35% clay) and two soil water regimes (dry and wet). 

 

Materials and methods 

A glasshouse trial was conducted during 2018/19 and 2019/20 at Agricultural Research 

Council (ARC) - Grain Crops Institute, Potchefstroom, North-West province, South Africa (-

26o43’57.46”; +27o4’.44.98”) (Photo 1). A replacement series experimental design was used. 

Plant density was 4 plants per pot (360 x 360 x 360 mm), representing 30 grass plants per m2. 

The respective grass species were planted in five treatment combinations at proportions of 100:0, 

75:25, 50:50, 25:75 and 0:100. Plants in the same pot were of similar age and were individually 

labelled.  A temperature regime of 15/30°C (±5˚C) and a photoperiod of 10/14 h (dark/light) were 

maintained. Pots of the dry and wet treatments were watered daily with 1 and 2ℓ of water, 

respectively. Two soil types were used namely a sandy loam soil (16% clay, 79% sand and 5% 

silt) and a sandy clay-loam (35% clay, 59% sand and 5% silt). The trial was maintained for 120 

Eleusine coracana 

Jongosgras 

Goose grass 

Panicum maximum 

Gewone buffelsgras 

Common buffalo 

grass 
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days after planting (until maturity of grasses when leaves started to die off). Aboveground plant 

parts (shoots) were cut off at the soil surface. Roots were removed and washed.  Shoots and 

roots were dried for 48 hours at 50°C in a drying oven and the dry mass determined. Shoot and 

root biomass per plant were determined and root:shoot ratios calculated. Competitive indices 

Aggressivity (A) and Competitive ratio (CR) were calculated according to McGilchrist and 

Trenbath (1971) and Willey and Rao (1980) respectively. 

 

Photo 1: A replacement series design was used to establish aggressivity and competitive ability 

of Eleusine coracana and Panicum maximum in four soil environments (16% clay, 

wet; 16% clay dry; 35% clay wet; 35% clay, dry). 

 

The trial layout was a randomised complete block design. The treatment design was a 

split plot with water profile (wet vs dry) as main plot and the 10 treatment combinations (2 soil 

types (clay %) x 5 grass species mixtures) as subplot. Each treatment was replicated four times. 

Standard univariate split-plot analysis of covariance (ANCOVA) was performed using SAS version 

9.13 statistical software (SAS, 1999). Similar to Roush and Radosevich (1985) variation in A, CR 

and root:shoot ratio were evaluated with respect to the covariate ‘species proportion”. For 

root:shoot ratio, monoculture vs. mixture population  was also included as a factor as to allow for 
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the comparison between responses achieved when in monoculture as opposed to when in 

mixture. Student's t-LSD (Least significant difference) was calculated at a 5% significance level 

to compare means of significant effects. Pairwise comparisons of least square means were done 

using t-tests with no p-value adjustment. The interaction between soil type and soil profile 

(16%,dry; 16%,wet; 35%,dry and 35%,wet) are here forth referred to as ‘environments’. For this 

report, each trial was analysed separately. 

 

Results and discussion 

Aggressivity (A) is a competitive index that quantifies the intensity of competition and is a 

measure of how much the relative yield of one crop component is greater than that of another 

(McGilchrist 1965). It is also a measure of the interspecies competition of the two components to 

their respective monocultures. If A = 0, both weeds are equally competitive, if A is positive then 

the species is dominant, whilst a negative value would be indicative of the species being 

dominated (Dhima et al. 2007). The greater the value, the greater the degree of dominance.  

During 2018/19, P. maximum achieved positive values for root biomass in 35%, wet; 35%, dry 

and 16%, wet environments, indicating dominance in these conditions. Eleusine coracana 

achieved positive values for the 16%, dry environment (Table 1).  No significant differences were 

similarly obtained for shoot biomass. Eleusine coracana dominated in three environments. In the 

second trial (2019/20), P. maximum remained dominant in the wet soils (16% and 35% clay), 

whilst E. coracana did better in the dry soil (16% and 35% clay)(Table 2). No significant 

differences were observed for A in both root and shoot biomass. 

Competitive ratio (CR) evaluate the competitive ability of different species (Weigelt and 

Jolliffe 2003) by, measuring competitive changes within a given combination, identifying plant 

characteristics associated with competitive ability and determine which competitive balance 

between components will provide maximum yield advantages. Although significant differences 

were not observed in the 2018/19 trial, Panicum maximum had greater CR values for root 

biomass, but lower shoot biomass values in the 35% clay soils. The opposite effect was observed 

for Eleusine coracana as greater CR values for root biomass was obtained in the 16% clay soils, 

and greater CR values for shoot biomass in the 35% clay soils (Table 3). Eleusine coracana 

achieved higher shoot biomass in the 35% clay soils, whilst P. maximum performed slightly better 

in the 16% clay soils (Table 3). In 2019/20, difference in the soil environment were a bit more 

pronounced in the root and shoot biomass compared to the previous season’s trial. Although not 

significant, Eleusine coracana achieved the greatest CR values for root biomass in the 16%, wet 

soils, whilst P. maximum did the best in the 16%, dry soils (Table 4). Eleusine coracana faired 
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subsequently the poorest regarding root biomass in the 35%, wet soils and P. maximum in the 

16%, wet soils. Significant differences were observed regarding the shoot biomass for the 

moisture x clay x species interaction. Based on this, E. coracana shoot biomass CR values was 

significantly greater in the 35%, wet soils compared to the 35% dry soils, whereas it did similar in 

the 16% wet vs 16% dry soils. Panicum maximum yielded significantly greater CR values in the 

35 % dry soil, compared to the 35% wet and 16% dry soil types. 

According to Nicotra et al. (2010) the ability of plants to increase performance by taking 

advantage of free resources may depend on plasticity of functional traits such as the root:shoot 

ratio. Therefore, the capability to adapt and cope with changes in the environment (i.e. plasticity) 

can accordingly contribute to the invasion success of alien plants (Richards et al. 2006). 

Decreases in root-to-shoot ratios indicate that shoots have a higher priority for photosynthate 

accumulation while increases with time indicates that roots have preferential utilization of 

photosynthates under the existing plant growth conditions. A relatively high conservation of photo 

assimilate in shoots may increase the plant’s photosynthetic leaf area while decreasing root 

biomass and the plant’s capacity for water and nutrient uptake (Werf 1996). Environmental 

stresses increase the relative weights of roots compared to shoots (Eghball and Maranville 1993). 

Davidson (1969) was accordingly able to demonstrate an increased root:shoot ratio in perennial 

ryegrass (Lolium perenne L.) with a decrease in the availability of N, P, or water. The importance 

of a high vs. low root:shoot ratio would be determined by the purpose of crop. Crops of which only 

the above ground biomass is harvested will for instance not benefit from a relative high investment 

in the root system compared to that by an invading wild plant species (Diash-Filho 1995). 

The soil type x species interaction had a significant impact on the root:shoot ratio observed 

(F=5.45; P=0.0217)  during 2018/19 (Table 5). Eleusine coracana achieved a significantly greater 

root:shoot ratio (0.169) in the 16% clay soil, compared to that in the 35% clay soil (0.132) and the 

0.104 and 0.122 root:shoot ratios achieved by P maximum in the 16% and 35% clay soils 

respectively.  These results indicated that Eleusine coracana was under greater stress in the 16% 

clay environments (wet and dry) than in the 35% environments.  It also points to plasticity 

regarding its ability to adjust and adapt by increasing root biomass when under stress, which in 

turn suggests Eleusine coracana to be a successful species (Richards et al. 2006). This is 

confirmed during the 2019/20 trial, where E. coracana gave significantly greater root:shoot ratios 

in general, compared to P. maximum (Table 6). 

The hierarchical ranking of A, CR and root:shoot ratio performance in the various 

environments is presented in Table 7. High A and CR values indicated greater competitive ability 

and the lowest value lowest comparative ability. As stated, the preference of high vs. low 
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root:shoot ratio will depend on the purpose of the crop (or grass species) in question. Since our 

objective was to indicate the environments in which each species performed best (i.e. experience 

the least stress), the ranking of the two weeds was done from lowest to highest root:shoot ratio 

(Table 7 and 8). 

The ranking of the two weeds allow for the generation of a hypotheses in terms of their 

preferred environments. The ranking achieved for the various indices investigated, however 

differed slightly between the two glasshouse trials. Based on A and CR, E. coracana consistently 

competed best regarding root biomass during 2018/19 in the 16%, dry environment and poorest 

in the 35%, dry environment (Table 7). For shoot biomass, E. coracana performed consistently 

better in the 35% dry environment and the poorest in the 16% dry environment. Regarding the 

root:shoot ratio, it performed the best in the 35% wet environment and poorest in the 16% dry. In 

the following season, E. coracana did the best regarding root biomass in the 16% wet soils, whilst 

the poorest performance environment differed slightly between the A and CR indices (Table 8). 

Since Willey and Rao (1980) concluded that CR gives a better measure of competitive ability and 

is advantageous over indices such as A, we hypothesize that the root biomass of E coracana will 

be the poorest in the 35%, wet environments. Shoot biomass were however best for both indices 

in the 35%, wet and the poorest in the 35%, dry environment. Regarding the root:shoot ratio 

ranking, greater performance was achieved in the dry environments in the 2019/20 trials, whereas 

the clay % was more of a factor in the first trial.  

Panicum maximum competed the best regarding its root biomass in the 35%, dry 

environment, and the poorest in the 16%, wet environment during the first season (Table 7). The 

shoot biomass performance ranking indicated a greater preference to the 35% dry soils, whilst 

both indices indicated the poorest performance in the 16%, dry environment. Root:shoot ratio 

were the best in the 16%, dry soils, and the poorest in the 35% wet soils.  Similar to the 

performance of E. coracana over the two trials conducted, the hierarchical ranking of the various 

P. maximum indices of the 2019/20 trial, differed slightly from the first trial (Table 8). In the second 

trial, P. maximum tended to have the best root shoot biomass values in the dry soils, whilst it did 

the poorest in the 16%, wet soils. Shoot biomass for both A and CR the best in the 35%, dry 

environment and the poorest in the 35% wet soils. Root:root ratio was the best in the 35% wet 

soils and the poorest in the 16% dry soils. 

 

Conclusion 

Similar to Keddy et al. (1994), this study attempted to rank the competitive effect and 

response of E. coracana and P maximum. Hierarchical ranking for the various indices evaluated 
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differed slightly between the two trials conducted. Going forward, a combined analysis over the 

two trials will be considered to observe the average perforce of the respective weeds. Preliminary 

findings suggest that E. coracana performed the best regarding root and shoot biomass in the 

16% clay and 35% clay soils respectively, whilst it achieved the best root:shoot values in the 35% 

clay soils. P. maximum was much more inconsistent regarding which soil environments it 

performed best in, and combined analyses would allow for better interpretation of it’s performance 

regarding soil type and moisture preference. The current study however confirmed that E. 

coracana performed best in 16% clay soils, whilst in terms of adjusting root:shoot ratios in 

changing environments, E. coracana was the more successful species. 
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Table 1: Aggressivity (A) for root biomass and shoot biomass of Eleusine coracana and 

Panicum maximum when grown in monoculture and in combination with the other in 

two soil types (16% and 35% clay) at two water profiles (wet and dry)(2018/19). 

 Root biomass  Shoot biomass 

Water profile dry wet 
Soil type 

(avg.) 
 dry wet 

Soil type 
(avg.) 

Eleusine coracana 

16% clay 0.007 -0.093 -0.043  -0.186 0.003 -0.091 

35% clay -0.188 -0.128 -0.158  0.142 0.090 0.116 

Profile (avg.)* -0.090 -0.111   -0.022 0.046  

        
Panicum maximum 

16% clay -0.007 0.093 0.043  0.186 -0.003 0.091 

35% clay 0.188 0.128 0.157  -0.142 -0.090 -0.116 

Profile (avg.) 0.090 0.111   0.022 -0.046  

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment. 
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Table 2: Aggressivity (A) for root biomass and shoot biomass of Eleusine coracana and 

Panicum maximum when grown in monoculture and in combination with the other in 

two soil types (16% and 35% clay) at two water profiles (wet and dry)(2019/20). 

 Root biomass  Shoot biomass 

Water profile dry wet 
Soil type 

(avg.) 
 dry wet 

Soil type 
(avg.) 

Eleusine coracana 

16% clay -0.378 0.465 0.044  0.171 -0.013 0.076 

35% clay -0.526 0.012 -0.257  -0.897 0.267 -0.315 

Profile (avg.)* -0.452 0.239   -0.363 0.127  

        
Panicum maximum 

16% clay 0.378 -0.465 -0.044  -0.171 0.013 -0.076 

35% clay 0.526 -0.012 0.257  0.897 -0.267 0.315 

Profile (avg.) 0.452 -0.239   0.363 -0.127  

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment. 
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Table 3: Competitive Ratio (CR) for root and shoot biomass of Eleusine coracana and Panicum maximum when grown in monoculture and in 

combination with the other in two soil types (16% and 35% clay) at two water profiles (wet and dry)(2018/19).  

 Root biomass  Shoot biomass 

Water profile dry wet 
Soil type 

(species avg.) 
Soil type 

(avg.) 
 dry wet 

Soil type 
(species avg.) 

Soil type 
(avg). 

Eleusine coracana          

16% clay 1.26 1.25 1.26 1.29  0.92 1.14 1.03 1.08 

35% clay 1.11 1.07 1.09 1.36  1.39 1.45 1.42 1.16 

Water profile (species avg.) 1.18 1.16    1.16 1.30   

          

Panicum maximum          

16% clay 1.19 1.46 1.32   1.26 1.14 1.13  

35% clay 1.77 1.48 1.63   0.87 0.95 0.91  

Water profile (species avg.) 1.48 1.47    1.00 1.05   

Water profile avg. 1.33 1.32    1.08 1.17   

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment 
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Table 4: Competitive Ratio (CR) for root and shoot biomass of Eleusine coracana and Panicum maximum when grown in monoculture and in 

combination with the other in two soil types (16% and 35% clay) at two water profiles (wet and dry)(2019/20).  

 Root biomass  Shoot biomass 

Water profile dry wet 
Soil type 

(species avg.) 
Soil type 

(avg.) 
 dry wet 

Soil type 
(species avg.) 

Soil type 
(avg). 

Eleusine coracana          

16% clay 1.155 1.874 1.151 1.466  1.20abc 1.13bc 1.16 1.25 

35% clay 1.175 0.891 1.033 1.172  0.70c 2.19ab 1.44 1.59 

Water profile (species avg.) 1.165 1.383    0.95 1.66   

          

Panicum maximum          

16% clay 2.127 0.707 1.417   0.94bc 1.73abc 1.34  

35% clay 1.313 1.309 1.311   2.56a 0.92bc 1.74  

Water profile (species avg.) 1.720 1.008    1.75 1.33   

Water profile avg. 1.443 1.195    1.35 1.49   

*Pairwise comparisons of least square means were done using t-tests with no p-value adjustment 

LSD(Moisture*clay*species = 1.389 
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Table 5: Root:shoot ratios of Eleusine coracana and Panicum maximum when grown in monoculture and in combination with the other in two 

soil types (16% and 35% clay) at two water profiles (wet and dry)(2018/19). 

 

 

 

 

 

 

*P =0.05; LSD = 0.03163 

  

    Root:shoot ratio 

  Water profile   
Soil type* (Species 

Avg.) 

  Trial average 

Eleusine coracana  dry Wet   Species 
avg. 

Soil type 
avg. 

16% clay  0.184 0.154  0.169a  
0.15 

0.136 

35% clay   0.138 0.125  0.132b  0.126 

Water profile (Species avg.)  0.161 0.14      
         

Panicum maximum         

16% clay  0.098 0.11  0.104b  

0.112 

 

35% clay   0.108 0.134   0.122b     

Water profile (Species avg.)   0.103 0.122           

Water profile (Trial avg.)   0.132 0.13           
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Table 6: Root:shoot ratios of Eleusine coracana and Panimcum maximum when grown in monoculture and in combination with the other in 

two soil types (16% and 35% clay) at two water profiles (wet and dry)(2019/20).  

*Species(P =0.05)(LSD) = 0.02826 

  

    Root:shoot ratio 

  Water profile   
Soil type (Species 

Avg.) 

  Trial average 

Eleusine coracana  dry Wet   Species* 
avg. 

Soil type 
avg. 

16% clay  0.1638 0.1490  0.1564  
0.166a 

0.1408 

35% clay   0.2037 0.1476  0.1756  0.1550 

Water profile (Species avg.)  0.1838 0.1483      
         

Panicum maximum         

16% clay  0.1241 0.1264  0.1252  
0.1298b 

 

35% clay   0.1274 0.1413  0.1343   

Water profile (Species avg.)   0.1257 0.1338      

Water profile (Trial avg.)   0.1547 0.1411      
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Table 7: Summary of hierarchical ranking of Eleusine coracana and Panicum maximum regarding their root and shoot biomass in four soil 

environments (16% clay dry, 16% clay wet, 35% clay dry and 35% wet) with the use of various indices (2018/19) 

 

 

 

 

 

* Low root:shoot ratios are indicative of healthy plants, whilst higher root:shoot ratios are indicative of plants under stress 

  

Eleusine coracana Root biomass Shoot biomass 

Aggressivity (A) 16%,dry > 16%,wet > 35%,wet > 35%,dry 35%,dry > 35%,wet > 16%,wet > 16%,dry 

Competitive ratio (CR) 16%,dry > 16%,wet > 35%,dry > 35%,wet 35%,dry > 35%,wet > 16%,wet > 16%,dry 

Root:shoot ratio* 35%,wet>35%,dry>16%,wet>16%,dry 

  

Panicum maximum Root biomass Shoot biomass 

Aggressivity (A) 35%,dry > 35%,wet > 16%,wet > 16%,dry 16%,dry > 16%,wet > 35%,wet > 35%,dry 

Competitive ratio (CR) 35%,dry > 35%,wet > 16%,wet > 16%,dry 16%,wet > 16%,dry > 35%,wet > 35%,dry 

Root:shoot ratio 16%,dry>35%,dry≥16%,wet>35%,wet 
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Table 8: Summary of hierarchical ranking of Eleusine coracana and Panicum maximum regarding their root and shoot biomass in four soil 

environments (16% clay dry, 16% clay wet, 35% clay dry and 35% wet) with the use of various indices (2019/20) 

 

 

 

 

 

* Low root:shoot ratios are indicative of healthy plants, whilst higher root:shoot ratios are indicative of plants under stress 

 

Eleusine coracana Root biomass Shoot biomass 

Aggressivity (A) 16%,wet > 35%,wet > 16%,dry > 35%,dry 35%,wet > 16%,dry > 16%,wet > 35%,dry 

Competitive ratio (CR) 16%,wet > 35%,dry > 16%,dry > 35%,wet 35%,wet > 16%,dry > 16%,wet > 35%,dry 

Root:shoot ratio* 35%,dry>16%,dry>16%,wet>35%,wet 

  

Panicum maximum Root biomass Shoot biomass 

Aggressivity (A) 35%,dry > 16%,dry > 35%,wet > 16%,wet 35%,dry > 16%,wet > 16%,dry > 35%,wet 

Competitive ratio (CR) 16%,dry > 35%,dry > 35%,wet > 16%,wet 35%,dry > 16%,wet > 16%,dry > 35%,wet 

Root:shoot ratio 35%,wet>35%,dry≥16%,wet>16%,dry 
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Introduction 

The capability of a grass species to germinate depends on the presence of suitable 

temperatures for germination, as well as the availability of sufficient moisture. The objective of 

this study is to establish which of the eight grass weed species included in the current study 

demonstrated to have greater percentage of emergence under various temperature and 

moisture regimes created by the various planting dates. It would aid in predicting which of the 

grasses will most likely germinate first in the field should producers receive rainfall from the 

month of September onwards. With this study, a set of eight grass weeds were planted in pots 

placed in net covered outdoor structures (Photo 1). 

Objective: To identify the grass species which are capable to emerge under a wide 

range of environmental conditions as created through various planting dates in an outdoor pot 

study. 

 

Materials and Methods 

Eight weed species included in this study were Cynodon dactylon, Digitaria nuda, 

Digitaria sanguinalis, Eleusine coracana, Panicum maximum, Urochloa mosambicensis, U. 

panicoides and Commelina benghalensis. The selected weed species were planted during the 

first week of September, October, November and December respectively of the 2017/18 

season (S1), with an additional planting included for January for the 2018/19 (S2) and 2019/20 

(S3) seasons. A total of 100 seeds were planted per weed per pot in sterilized soil, in outdoor 

wire enclosure (Photo 1). Two moisture regimes were included i.e. 1) irrigated (Irr) (500ml 

water per pot per week) and 2) rain-fed (Rfd). Where sufficient rainfall fell, no additional 

irrigation was provided for the specific week. The trial was planted as a randomized complete 

block design with three replicates. Every planting date was monitored weekly till the end of 

March 2018, 2019 and 2020 respectively. Newly emerged seedlings was removed after each 

count. Percentage emergence observed per planting date over time were plotted against 

prevailing weather conditions and emergence patterns for the various weeds observed over 

planting date and season. For the purpose of this report, preliminary findings will be relayed 

based on the average performance of each species at the various planting dates. For 

publication purposes, initial time of emergence, magnitude of emergence and mean time to 

emergence will be calculated and statistical analysed similar to what has been reported by 

Hartzler et al. (1999) will be reported.  

 

  

Section 2: Emergence of grass weeds 
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Results and discussion 

The capability of a grass species to germinate depends on the presence of suitable 

temperatures for germination, as well as the availability of sufficient moisture. The objective of 

this study is to establish which of the eight grass weed species included in the current study 

demonstrated to have greater percentage of emergence under various temperature and 

moisture regimes created by various planting dates. It would aid in predicting which of the 

grasses will most likely germinate first in the field should producers receive rainfall from the 

month of September onwards. The % germination of each species were established through 

growth chamber studies to be the following: C. dactylon - 95%, E. coracana - 94%, D. 

sanguinalis - 58%, U. panicoides - 56%, U. mosambicensis - 15%, P. maximum - 12% and C. 

benghalensis - 10%.  

Of the three season S3 (2019/20) received the most rainfall (Table 1), whilst is also 

was on average the hottest.  

September planting: In all three seasons, U. panicoides (Irr) was consistently the first 

to emerge (Figure 1). Eleusine coracana, C. dacyton as well as D. sanguinalis also emerge to 

varying degrees across seasons together with U. panicoides. Whereas it took these species 

between 3 to 4 wks to emerge during S1 and S3, it took the first species 7 weeks in S2 

(September 2018) to emerge. An in-depth study to establish the reason for this extended 

dormancy will be done which will focus on temperature differences between the various 

seasons, as water was not a limiting factor in the irrigation pots. Markedly more species 

germinated early in the 3rd season, compared to the first two seasons. 

October planting: A similar extended delay in emergence was observed in S2 (Figure 

2) with the first weed species emerging ±5 wks after planting, compared to the 1-2wks in first 

and third seasons. Urochloa panicoides (Irr) together with E. coracana (Irr) was again the first 

to emerge in the 1st and 3rd seasons. Similar to the September planting, more grass species 

germinated early in S3, compared to the first two, with C. dactylon, D. sanguinalis and U. 

mosambicensis (to a lesser extent) germinating together with U. panicoides and E. coracana 

within two weeks after planting. During the second season E. coracana (Rfd) were the 

dominant species to emerge early. 

November planting: During S2, the first species started to emerge one week sooner 

than S1 and S3 (Figure 3). The least grass species emerged during S1 whilst the most species 

to germinate early were noted for S3. During S1, E. coracana (Irr) and U. panicoides (Irr) were 

the first to emerge ± 6 weeks after planting. General % of emerged seedlings remained low 

during this season till the end of the monitoring period. In the following season (S2) U. 

panicoides (Rfd) together with D. sanguinalis (Irr), U. mosambicensis (Irr), and E coracana 

(Irr) all emerged 1wk after planting. The highest % emerged seedlings for any species in all 

seasons and planting dates were achieved during S3 by U. panicoides (Irr) and E. coracana 
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(Irr). Although lower % emergence were achieved, C. dactylon (Irr + Rfd), E. coracana (Rfd), 

U. panicoides (Rfd), P. maximum (Irr) also emerged in the first group of grass species during 

the November planting date of the 3rd season.  

December planting (Figure 4): The first emerging seedlings in the various December 

planting dates were observed 4 wks, 1wk and 6wks after planting for S1, S2 and S3 

respectively (Figure 4). Pertaining to S3, heavy rainfall experienced directly after planting most 

probably contributed to the delay in emergence. In S1, C benghalensis (Rfd) were the first to 

emerge, whilst E coracana (Rfd) and U. mosambicensis (Irr) were the first to emerge in S2. 

During the very wet S3, the respective “irrigated” and “rainfed” pots were the same treatment, 

as no additional irrigation took place. Weeds species which germinated first included (in order 

of dominance) E. coracana, P maximum and U. panicoides , D. nuda and C. benghalensis. 

January planting: No January planting was done in S1. In S2 (in order of dominance) 

E. coracana (Irr and Rfd), U. mosambicensis (Irr and Rfd) and C. dactylon (Irr and Rfd) 

emerged first. E. coracana, U. mosambicensis, C. benghalensis, D sanguinalis and D nuda 

were the first to emerge in S3 (Figure 5). 

 

Conclusion 

A pronounced seasonal effect was observed, resulting in expended periods of 

dormancy being observed for all grass species of the early planting dates (September and 

October) of the 2018/19 season. As an irrigated treatment was included as part of the study, 

the reason for such dormancies must be associated with reigning temperatures for the season 

question, which will have to be investigated in greater dept. Preliminary findings are, however, 

that U. panicoides as well as E coracana were the most consistent in being the first to 

germinate across all seasons and planting dates where water was not a limiting factor. In the 

drier seasons, U. panicoides and E. coracana in the irrigated pots germinated readily during 

the month of September, whilst the remaining grass species became more prominent from 

November onwards (depending on the season). With the high rainfall experienced during 

2019/20 species such D. sanguinalis, U. mosambicensis, P maximum and C. dactylon 

emerged within weeks after planting in the month of September. Data generated in the current 

study will be processed further in order to establish parameters such as initial time of 

emergence, magnitude of emergence and mean time to emergence which will be statistical 

analysed. This will shed greater light on the preliminary findings of the current study. 
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Photo 1: Wire enclosure used to evaluate the emergence capacity of eight grass species 
during the months of September, October, November, December and January as 
evaluated over a three-year period (2017/18, 2018/19 and 2019/20). 
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Table 1: Monthly average rainfall at Potchefstroom for 2017/18, 2018/19 and 2019/20 
seasons. 

 

 Potchefstroom  

 2017/18  2018/19  2019/20 

 Txa Tnb Rain  Tx Tn Rain  Tx Tn Rain 
October 26.4 11.4 56.1  28.6 11.4 22.1  31.0 12.8 0.4 
November 29.1 12.7 69.3  30.7 14.0 17.0  31.3 15.2 106.8 
December 29.3 15.7 62.5  32.9 16.2 42.4  29.1 15.7 272.6 
January 31.0 16.1 47.2  31.5 16.7 70.9  30.8 15.9 238.4 
February 27.7 15.6 68.3  28.7 15.6 49.0  30.5 15.7 76.0 
Total 28.7 14.3 303.5   30.5 14.8 201.4   30.5 15.0 694.2 

 
a – Average maximum temperature 
b – Average minimum temperature 
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Figure 1: Emergence of eight grass weed species planted under rainfed and irrigation 
conditions in a wire enclosure during the month of September 2017, 2018 and 
2019 respectively. (Tx - maximum temperature; Tn - minimum temperature; Com 
- C. benghalensis; Cyn - C. dactylon; Dsang - D. sanguinalis, Dnuda - D. nuda; 
Eleu - E. coracana; Pan - P. maximum; Upan - U. panicoides; Umos - U. 
mosambicensis; I - irrigated; R - rainfed) 
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Figure 2: Emergence of eight grass weed species planted under rainfed and irrigation 
conditions in a wire enclosure during the month of October 2017, 2018 and 2019 
respectively. (Tx - maximum temperature; Tn - minimum temperature; Com - C. 
benghalensis; Cyn - C. dactylon; Dsang - D. sanguinalis, Dnuda - D. nuda; Eleu - 
E. coracana; Pan - P. maximum; Upan - U. panicoides; Umos - U. mosambicensis;  
I - irrigated; R - rainfed) 
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Figure 3: Emergence of eight grass weed species planted under rainfed and irrigation 
conditions in a wire enclosure during the month of November 2017, 2018 and 2019 
respectively. (Tx - maximum temperature; Tn - minimum temperature; Com - C. 
benghalensis; Cyn - C. dactylon; Dsang - D. sanguinalis, Dnuda - D. nuda; Eleu - 
E. coracana; Pan - P. maximum; Upan - U. panicoides; Umos - U. mosambicensis;  
I - irrigated; R - rainfed) 
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Figure 4: Emergence of eight grass weed species planted under rainfed and irrigation 
conditions in a wire enclosure during the month of December 2017, 2018 and 2019 
respectively. (Tx - maximum temperature; Tn - minimum temperature; Com - C. 
benghalensis; Cyn - C. dactylon; Dsang - D. sanguinalis, Dnuda - D. nuda; Eleu - 
E. coracana; Pan - P. maximum; Upan - U. panicoides; Umos - U. mosambicensis; 
I - irrigated; R - rainfed) 
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Figure 5: Emergence of eight grass weed species planted under rainfed and irrigation 
conditions in a wire enclosure during the month of December 2017, 2018 and 2019 
respectively. (Tx - maximum temperature; Tn - minimum temperature; Com - C. 
benghalensis; Cyn - C. dactylon; Dsang - D. sanguinalis, Dnuda - D. nuda; Eleu - 
E. coracana; Pan - P. maximum; Upan - U. panicoides; Umos - U. mosambicensis;  
I - irrigated; R - rainfed) 
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Objective: To establish the comparative interference and competition status of E. coracana, 

U. panicoides, U mosambicensis and P. maximum in two soil types in maize (P2707WYR). 

 

Materials and methods 

Glasshouse studies was conducted during 2018/19 and 2019/20. Greenhouse 

conditions were 15/30°C, 10 h dark/ 14 h light conditions. Two soil types namely a sandy clay-

loam (35% clay, 59% sand and 5% silt) and a sandy loam soil (16% clay, 79% sand and 5% 

silt) were included as treatments. Both soils will be sterilized, sieved and placed 80ℓ pots with 

drainage holes in the bottom. Grass seeds was sown in seedling trays and seedlings 

transplanted to the 80L pots when one true leaf was fully unfolded, eliminating the effect of 

different seedling sizes (photo 1). The respective species was planted to obtain the following 

maize: grass ratios 1) 1:0 (control), 2) 1:2, 3) 1:4, and 4) 1:7, simulating densities of 6.6, 26.4 

and 46.2 grasses per m2. A maize cultivar (P2707WYR) was planted one week after grass 

seedlings to ensure competition from the seedling stage. Grasses were spaced evenly around 

the maize plant to ensure the same planting pattern for each ratio treatment. After planting, 

pots were initially watered with 500 ml daily until maize seedlings emerged and grass 

seedlings established. The amount of water was adjusted to accommodate the growth stages 

of maize without water stress with a maximum of 2 L per pot per day until maturity. Plant height 

and total biomass of the maize plants were determined whist, dry weed biomass per pot was 

established. Regression analyses were conducted on the two seasons combined. 

 

Results 

A significant negative linear correlation (P = 0.05) between maize biomass and weed 

biomass for E. coracana (R2 = 0.95), P. maximum (R2 = 0.85) and U. mosambicensis (R2=0.95) 

were observed in the 16% clay soil (Figure 1A). A very poor linear fit was obtained for U. 

panicoides. All three grass species which achieve a significant correlation had a similar degree 

of loss in maize biomass observed for every g increase in the weed biomass.  

 

In the 35% clay soil, all four weed species again yielded a significant negative linear correlation 

(Figure 1B). Urochloa mosambicensis achieved the highest reduction in maize biomass per g 

increase in weed biomass (1.226 g) and E. coracana the lowest rate (0.86g). 

 

Section 3: Competition effect of grass weeds 

Section 3A: Competition effect of grass weeds - glasshouse studies 
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Photo 1: The competitive interference and competitive status of four grass weeds were 

evaluated over two glasshouse trials during 2018/19 and 2019/20. 

 

Maize length was not similarly impacted compared to the maize biomass by the 

presence of weed species. In the 16% clay soil, all weed species, with the exception of E. 

coracana  resulted in a significant negative linear correlation (figure 2A). U. mosambicensis 

resulted in the greatest loss in plant height (0.869 cm per g increase in weed biomass) and E. 

coracana the lowest (0.326 cm). 

In the 35% clay soil, only U. mosambicensis yielded ‘n significant negative linear 

correlation (R2 = 0.72) between maize length, with a 0.57 cm loss in plant height observed for 
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every g increase in weed biomass (Figure 2B). This was less than what was achieved in the 

16% clay soil.  
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When the performance of the respective weeds species is compared between the soil 

types, it became evident that both E. coracana (Figure 3A) and P. maximum (Figure 3B) 

performed similar in the two soil types regarding their impact on maize biomass. They 

accordingly resulted in a similar loss in maize biomass in both the 16% and 35% clay soil. 

Urochloa mosambicensis had a greater impact on maize biomass in the 35% clay soils, 

compared to the 16% clay soils. Urochloa panicoides similarly did better on the 35% clay soils, 

with a very poor regression being obtained in the 16% clay soils.  

With regard to the impact of the various grass species on maize length, E. coracana 

had a similar impact, irrespective of the clay % of the soil.  Panicum maximum, U. 

mosambicensis and U. panicoides all resulted in a greater reduction in plant height in the 16% 

clay soils compared to the 35% clay treatment counterpart. 

 

Discussion 

With the current study, the ability of four grass weed species to interfere with the growth 

of a maize plant when cultivated in 16 % clay vs. 35% clay soils was investigated in a 

glasshouse study which was duplicated over two seasons. In order of dominance, U. 

mosambicensis, P maximum, E. coracana and U. panicoides reduced maize biomass with 

between 1.7g and 0.64 g for every 1g increase of weed biomass in the sandy soil (16% clay). 

In the 35% clay soil U. mosambicensis, P. maximum, P. panicoides and E. coracana (in order 

of dominance) resulted in between 1.2g and 0.86g loss in maize biomass for every 1g increase 

in weed biomass. The dominance of U. mosambicensis in the current study support the 

findings of the aggressively study (Section 2A; Craven et al., 2019) by which U. 

mosambicensis was identified as a grass species with great plasticity i.e. the ability to adapt 

and be a fierce competitor for available nutrients and water under variable environments. 

By regressing the impact of weed biomass against maize length, less significant linear 

regressions were observed. In the 16% clay soil, U. mosambicensis, U. panicoides, P. 

maximum and E. coracana (in order of dominance) resulted in loss in plant height of between 

0.87 cm and 0.32 cm for every 1g increase in weed biomass. In the 35% clay soils U. 

mosambicensis was the only species which resulted in a moderately good linear regression 

which translated to a 0.57cm loss in plant height for every 1g increase in weed biomass. The 

remaining three grass species all gave similar poor linear regressions with all resulting in a 

similar loss of plant height (0.36cm per 1g increase in weed biomass). 

Regarding their individual performance E. coracana and P. maximum resulted in 

similar maize biomass loss irrespective of the soil type, whilst U. mosambicensis and U. 

panicoides both resulted in greater maize biomass loss in the 35% clay soils than the 16% 

clay soils.  
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Even though poorly fitted regressions were obtained when maize length was regressed 

against weed biomass, it was interesting to note that poorly fitted regressions were most 

prominent in the 35% clay soils. 

 

Conclusion 

In both the soil types U. mosambicensis, had the greatest effect on maize biomass as 

well as maize plant height. Panicum maximum yielded the second highest rates of maize 

biomass loss in both soil types. In the 35% clay soils, U. panicoides (3rd highest rate) 

performed slightly better than E. coracana, whilst E. coracana resulted in greater maize 

biomass loss than U. panicoides in the 16% clay soils. Regarding the observed preference to 

soil types, E. coracana and P. maximum resulted in similar maize biomass loss irrespective of 

the soil type, whilst U. mosambicensis and U. panicoides both resulted in greater maize 

biomass loss in the 35% clay soils than the 16% clay soils.  

 

References 

CRAVEN, M., MOKOENA, P.T., VAN DER WALT, M.M., MOREY, L. & SAAYMAN-DU 

TOIT, A.E.J., 2019. Hierarchical ranking of Urochloa mosambicensis (bushveld herringbone 

grass) and Urochloa panicoides (herringbone grass) competitiveness in four soil 

environments. South African Journal of Plant and Soil. 36:5, 381-384, DOI: 

10.1080/02571862.2019.159153 

 



52 
 

Figure 1: Impact of weed biomass of four grass species on maize biomass in 16% and 35% clay 
soils. 
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Figure 2: Impact of weed biomass of four grass species on maize length in 16% and 35% 
clay soils. 
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Figure 3: Impact of soil type (16% vs 35% clay) on how four grass weed species influenced the biomass of a maize cultivar. 
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Figure 4: Impact of soil type (16% vs 35% clay) on how four grass weed species influenced the length of a maize cultivar. 
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The objective is to establish the yield loss associated with weed competition  

 

Material and methods 

Two sites were selected based on their natural occurring grass spectrum and two field 

trials accordingly planted during November 2017 and November 2018 (Potchefstroom -35% 

clay and Bethlehem -16% clay). Seedbed preparation was done in accordance with standard 

operating procedures, whilst fertiliser applications were done according to soil analyses. Maize 

cultivar P2707WYR was planted each season at approximately 30 000 plants ha-1. In order to 

control broad leaves and nutsedge, bendioxide (Basagran - 3 ℓ ha-1) and bromoxynil (Voloxynil 

-1.5 ℓ ha-1, for Amaranthus control) as well as halosulfuron-methyl (Servian - 50 g ha-1), were 

applied 6 weeks after planting as a standard practice.  Plots of dominating weed species 

representing 10%, 50% and 75% weed cover (per species) as well as a clean control were 

marked out at V8 stage (Photo 1). Each treatment was replicated four times, and consisted of 

four rows, 5 m in length, spaced 0.9 m. The % weed cover treatments were maintained during 

the season through hand hoeing. At dent stage, weed dry biomass was determined between 

the middle two rows of each plot. At physiologically mature, ears were harvested in the middle 

two rows per plot. Yield (t ha-1)(adjusted to 12.5% moisture) and thousand kernel mass (TKM) 

were determined. Regression analyses were conducted to establish the impact that the 

dominant weed species had on yield and THKM as observed on the respective soil types.  

 

Results and discussion 

Compared to weather averages of Bethlehem during 2018/19, the Bethlehem trial of 

2017/18 were subject to cooler, wetter weather conditions (Table 1). Despite 2017/18, 

however, appearing to be generally wetter, short periods of high temperatures with no rainfall, 

often resulted in the trial at Bethlehem demonstrating moisture stress conditions during critical 

growth periods of 2017/18. This effect is reflected in the relatively lower yield potential 

observed during 2017/18 at Bethlehem (Table 2). From general observation, 2018/19 is 

considered to be the most favourable of the two seasons, as rainfall fell more timeously during 

critical growth stages. Whilst both trials conducted at Potchefstroom received similar rainfall, 

2017/18 was on average cooler than 2018/19. Symptoms of drought induced stress were 

never visible at either trial planted at Potchefstroom. Based on the general higher yields 

observed during the second season, 2018/19 is also seen as the more favourable of the two 

seasons at Potchefstroom regarding conditions for optimal yield production.  

 

Section 3B: Competition effect of grass weeds – Field trial studies 
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During 2017/18 Cynodon dactylon (kweek) and Urochloa panicoides (herringbone grass) 

occurred naturally at Bethlehem, whilst Rottboellia cochinchinensis (guinea fowl grass) and 

Brachiaria eruciformis (sweet signal-grass) were dominant in the Potchefstroom trial. Of the 

two species, C. dactylon yielded nearly double the amount of dry biomass (g m-2) than that of 

U. panicoides in the 75% weed cover plot treatments. When regressed against weed dry 

biomass (g m-2), U. panicoides, however, demonstrated a greater rate of yield loss (5.3 kg ha-

1 per g m-2 increase of weed dry biomass) than C. dactylon (2.9 kg ha-1 per g m-2 increase of 

weed dry biomass)(Figure 1A). 

At the Potchefstroom site, B. eruciformis yielded greater dry biomass (g m-2) compared 

to R. cochinchinensis in the 75% weed cover plots (Table 3). When regressed again yield, B. 

eruciformis resulted in a yield loss of 4.4 kg per g m-2 increase of weed dry biomass, compared 

to the 2.4 kg ha-1 per g m-2 increase of weed dry biomass of R. cochinchinensis (Figure 2).  No 

significant linear fit could be obtained at either site with the respective weed species when 

TKM was regressed against weed dry biomass, 

When the trials were repeated during the following year (2018/19), C. dactylon and U. 

panicoides were again dominant at the Bethlehem site, whilst B. eruciformis was the only 

dominant at the Potchefstroom site. During 2018/19, C. dactylon yielded a slightly higher dry 

biomass (164 g m-2) compared to U. panicoides (136 g m-2), whilst C dactylon similarly resulted 

in a slightly higher rate of yield loss (8.4 kg ha-1 per g m-2 increase of weed dry biomass)(Figure 

1B), compared to U. panicoides (7kg  ha-1 per g m-2 increase of weed dry biomass)(Figure 

1B). For the Potchefstroom site, a linear regression regarding the impact that B. eruciformis 

dry biomass had on yield could not be fitted. Thousand kernel mass were again also not 

linearly correlated with weed dry biomass of any of the grass species at any of the sites. 
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Photo 1: Field trials were conducted over a two season period (2017/18 and 2018/19) in 

plots were maintained from V8 leaf stage with 0%, 10%, 50% and 75 % weed 

cover of respective dominant grass species at each site. 

 

Conclusion 

Preliminary field data suggest that on a sandy soil (16% clay) C. dactylon resulted in 

yield loss of 2.9 kg ha-1 (drier conditions) to as high as 8.4 kg ha-1 per g m-2 increase of weed 

dry biomass), whilst U. paniocides varied between 5.3 kg ha-1 (drier conditions) to 7 kg ha-1 

per g m-2 increase of weed dry biomass in more favourable growing conditions. Under drier 

conditions U. panicoides resulted in greater yield loss compared to C. dactylon. Under more 

favourable conditions, C. dactylon resulted in greater yield loss. B. eruciformis resulted in 4.4 

kg ha-1 on a 35% clay soil during 2017/18 compared to the 2.4 kg ha-1 of R. cochinochinensis.  

Duirng the second season of evaluation (which was the most favourable of the two seasons), 

no regression could however be plotted.  Althoug the current study only represent a very basic 

evaluation of the competative abiltiy of grass weeds, it does indicate that seasonal variability 

will impact the yield loss each grass weed species are capable of.  
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Table 1: Average monthy weather conditions at Bethlehem and Potchefstroom respectively 

during the 2017/18 and 2018/19 seasons respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a - monthly maximum temperature averages 
b - Montly minimum temperature averages 

 

2017/18 Bethlehem  Potchefstroom 

 Txa Tnb Rain  Tx Tn Rain 

October 24.6 7.1 43.2  26.4 11.4 56.1 

November 26.8 9.0 94.2  29.1 12.7 69.3 

December 26.7 12.2 114.3  29.3 15.7 62.5 

January 30.0 12.6 98.6  31.0 16.1 47.2 

February 27.7 15.6 68.3  27.7 15.6 68.3 

March 24.1 11.5 213.1  27.5 14.6 58.9 

April 23.0 9.2 43.4  25.3 11.1 35.6 

May 20.0 2.7 19.3  22.8 4.9 11.2 

July 19.1 -1.6 0.0  21.6 1.5 0.0 

Avg/Total 24.6 8.7 694.4   26.7 11.5 409.2 

2018/19        

October 25.6 6.7 0.8  28.6 11.4 22.1 

November 28.7 10.0 31.0  30.7 14.0 17.0 

December 30.4 13.3 52.1  32.9 16.2 42.4 

January 29.5 13.2 84.6  31.5 16.7 70.9 

February 27.9 13.2 81.3  28.7 15.6 49.0 

March 27.8 12.9 142.0  30.2 15.1 34.5 

April 21.8 9.1 181.1  23.8 11.7 145.8 

May 22.6 4.6 13.7  24.3 5.8 0.0 

July 19.7 -1.8 0.0   21.5 1.1 0.0 

Avg/Total 26.0 9.0 586.5   28.0 12.0 381.8 
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Table 2: Average thousand kernel mass and yield (t ha-1) achieved by maize cultivar 

P2707WYR at various % weed cover of dominant grass species at Bethlehem 

during 2017/18 and 2018/19. 

 

2017/18 

Grass species 
Weed cover Dry biomass TKM Yield 

(%) (g m-2) (g) (t ha-1) 

C. dactylon  
     

 0 0.0 365.8 2.5 
 10% 136.2 336.0 1.8 
 50% 247.1 306.5 2.0 
 75% 357.9 321.8 1.4 
  

     
U. panicoides  

     
 0 0.0 365.8 2.5 
 10% 11.1 368.8 2.5 
 50% 126.4 334.3 2.1 
 75% 163.0 351.3 1.6 
  

     

2018/19 

C. dactylon  
   

 0 0.0 416.5 3.8 
 10% 38.3 372.8 2.8 
 50% 71.9 331.2 1.3 
 75% 163.8 287.5 1.0 
     

U. panicoides  
   

 0 0.0 416.5 3.8 
 10% 51.7 349.0 1.9 
 50% 121.1 366.0 2.5 

  75% 135.8 271.5 1.1 
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Table 3: Average thousand kernel mass and yield (t ha-1) achieved by maize cultivar 

P2707WYR at various % weed cover of dominant grass species at Potchefstroom 

during 2017/18 and 2018/19. 

 

2017/18 

Grass species 
Weed cover  

(%) 
Dry biomass  

(g m-2) 
TKM 
(g) 

Yield  
(t ha-1) 

B. eruciformis  
     

 0 0.0 421.7 3.5 
 10% 46.2 486.0 3.6 
 50% 131.0 474.7 3.3 
 75% 253.3 453.0 2.5 
  

     

R. cochinchinensis  
     

 0 0.0 421.7 3.5 
 10% 23.6 412.7 3.3 
 50% 94.3 444.0 3.2 
 75% 185.5 390.0 3.0 
  

     

2018/19 

B. eruciformis  
     

 0 0.0 351.0 4.0 
 10 37.5 365.3 4.2 
 50 67.7 376.5 3.7 

  75 308.3 361.8 4.0 
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Figure 1: Impact of U. panicoides and C. dactylon on maize yield at Bethlehem over a two 

season period (2017/18 and 2018/19) 
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Figure 2: Impact of B eruciformis and R. cochinchinensis on maize yield at Potchefstroom 
during 2017/18. 
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Objective: To establish the weed-competitive ability of eight Round-up Ready cultivars to grass 

weeds on a clay loam soil. 

 

Introduction 

Insights obtained from plant–plant interaction studies conducted internationally 

suggested that crops can be improved by manipulating their response to weed-competition 

(Westwood et al., 2018). In the early days of weed science research, attempts were made to 

identifying top-yielding cultivars when grown under intense weed pressure, but the ease of 

control achieved via herbicide application, nullified the need for such studies or its 

implementation in a weed management programme. Nevertheless, research findings support 

the merit of inclusion of varieties or crops which have greater competitive abilities. Burnside 

(1972) were able to identify three soybean weed-competitive cultivars, whilst Balyan et al. 

(1991) were able to established that the competitive ability of wheat (Triticum aestivum L.) 

cultivars over wild oat (Avena sativa L.) was attributed to rapid dry matter accumulation per 

unit area during early seedling development. 

According to Westwood et al. (2018), the discipline of weed science is at a critical 

juncture. The authors state in their article titled “Weed management in 2050: Perspectives on 

the future of weed science” that decades of efficient chemical weed control have led to a rise 

in the number of herbicide-resistant weed populations, with few new herbicides with unique 

modes of action to counter this trend and often no economical alternatives to herbicides in 

large-acreage crops. Westwood et al., (2017) subsequently listed approaches to improve crop 

competition with weeds (altered crop growth response, enhanced allelopathy, etc.) as one of 

the focus areas needed in weed science.  

The current study represent a pilot trial conducted to establish whether eight 

glyphosate resistant (GR) cultivars have different weed-competitive abilities. 

 

Materials and methods 

The yield performance of eight RR cultivars (DKC74-74BR, DKC78-79BR, KKS4581, 

KKS8408, BG5785BR, PAN6R-710BR, P1814R and P2880WBR) under various degrees of 

weed infestation was evaluated during 2018/19 and 2019/20.  Four treatments were included 

i.e. TMT 1: Weed free whole season, TMT 2: No weed control, TMT 3: Plots kept clean till 3-

4 leaf stage and TMT 4: Plots kept clean till 6-7 leaf stage. The trial was planted as a strip-

split plot with four replicates. Each plot consisted of four rows, 5m in length, spaced 0.9m.  

Planting density was 35 000 plants ha-1, whilst fertilizer application was done according to soil 

Section 4: Weed-competitive ability of maize cultivars 
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analyses. Pre-emergence herbicide was applied to TMT1, whilst the remaining treatments 

were kept clean as specified through hand hoeing. At dent stage, % weed cover was estimated 

after which aboveground weeds were collected per plot and dried before weed dry mass per 

plot were determined.  Middle two rows were harvested when the cultivars were physiologically 

mature. Five ears were randomly selected and the number of row per ear (RpE), number of 

kernels per row (KpR), thousand kernel mass (TKM) as well as maize yield (t ha-1; adjusted to 

12.5% moisture) established. Regression analyses were conducted in which the parameters 

evaluated were regressed against weed dry biomass and weed cover (%). Yield parameters 

measured TMT2 were expressed as a percentage of the clean control (TMT1), and analysis 

of variance conducted (P = 0.05). 

 

Results and discussion 

Negative linear correlations were achieved during 2018/19 when yield was regressed 

against % weed cover and weed dry biomass respectively (Figure 1A and 1B). Where yield (t 

ha-1) was regressed against % weed cover, two of the eight cultivars included yielded 

regressions which were significant at P=0.05. DKC74-74BR (R2 = 0.91) and P1814R (R2 = 

0.90) both suffered similar yield loss ha-1 of 20kg and 23kg respectively with every 1% increase 

in weed cover. Cultivars which gave acceptable but not significant R2 values include 

P2880WBR (R2 = 0.80), KKS4581BR (R2 = 0.66) and KKS8408BR (R2 = 0.63). Respectively 

yield loss of 22kg, 22kg and 15kg were subsequently suffered for every 1% increase in weed 

cover. Yield BG5785BR and DKC78-79BR did not correlate with % weed cover.  

Thousand kernel mass was much less influenced by % weed cover and weed dry 

biomass (Figure 2A and 2B). KKS4581BR in actual effect demonstrated a significant increase 

(R2 = 0.93) of 0.28g for every 1% increase in % weed cover. When TKM was regressed against 

% weed cover, none of the cultivars yielded a significant correlation (P = 0.05).  P2880WBR 

(R2 = 0.80) and KKS8408 (R2 = 0.75) each suffered a 0.22g and 0.32g loss in TKM for every 

1g increase in weed dry biomass. 

Both BG5785BR (R2 = 0.93) and DKC78-74BR (R2 = 0.86) has similar rates regarding 

loss in KpR (0.033 and 0.03 respectively) for every 1 % increase in weed cover. When KpR 

was regressed against weed dry biomass, DKC74-74BR (R2 = 0.97) gave a significant 

reduction rate of 0.2 kernels per row for every g increase in weed dry biomass. 

Rows per ear (RpE) DKC74-74BR suffered a reduction of 0.01 RpE for every 1% 

increase in weed cover (R2 = 0.9)(Figure 4A), whilst P1814R actually showed a increase of 

0.0007 RpE for every 1g increase in weed dry mass (R2 = 091)(Figure 4B) 

The trial was repeated during 2019/20 but TMT3 and TMT4 did not develop sufficient 

weed coverage that would allow accurate conclusions being drawn.  Regressions run on 

available data indicated no fit for all parameters investigated. When the various yield 
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parameters obtained in the no weed control plots were expressed as a % of the clean control 

plots (Table 3), none significant differences were observed.  

 

Conclusion 

During the first season few cultivars gave significant correlations when the various 

parameters were regressed against % weed cover and weed dry biomass, whist insufficient 

weed cover achieved in the various treatments would not allow for regressions to be drawn. 

Preliminary analyses however indicate that the cultivars did not differ significantly from each 

other. 
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Figure 1: Effect of % weed cover (A) and weed biomass (g) (B) on yield (t ha-1) of eight 
maize cultivars during 2018/19 
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Figure 2: Effect of % weed cover and weed biomass (g) on thousand kernel mass of eight 
maize cultivars during 2018/19 
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Figure 3: Effect of % weed cover and weed biomass (g) Kernels per row of eight maize 
cultivars during 2018/19 
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Figure 4: Effect of % weed cover (A) and weed biomass (g) (B) on kernels per row of eight 
maize cultivars during 2018/19 
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Table 1: Evaluation of cultivar performance under varying degrees of weed infestation as observed during 2018/19.

  TMT  BG5785BR  DKC74-74BR  DKC78-79BR  KKS4581BR  KKS8408BR  P1814R  P2880WBR  PAN6R-710BR  TMTmean 

W
e
e
d
 

c
o
v
e
r 

(%
) 

3-4VCln 55.0 36.5 40.0 36.3 39.3 36.3 50.0 41.3 41.8 
6-7VCln 25.0 63.5 50.0 20.8 70.0 38.8 16.3 43.8 41.0 

CleanCntrl 5.1 2.9 0.0 3.8 0.0 0.0 0.0 0.0 1.5 
NoCntrl 53.8 62.5 66.0 56.3 60.0 57.8 53.8 66.8 59.6 

 Cultmean 34.7 41.4 39.0 29.3 42.3 33.2 30.0 37.9   

 LDS(TMT)(P=0.05)  = 14.75 

  LDS(TMT*Cult)(P=0.05)  = 25.31 
  

W
e
e
d
 

b
io

m
a

s
s
 

(g
) 

3-4VCln 364 302 254 417 325 131 455 304 319 
6-7VCln 246 177 408 181 327 125 196 198 232 

CleanCntrl 17 0 0 50 0 0 0 0 3 
NoCntrl 664 792 844 716 622 610 714 958 740 

 Cultmean 323 306 377 341 319 216 341 365   

  LDS(TMT)(P=0.05)  = 268.6 

  

K
e
rn

e
ls

 

p
e
r 

ro
w

 3-4VCln 37.4 39.6 34.5 38.0 36.3 36.0 36.3 36.1 36.7 
6-7VCln 38.3 39.6 34.8 33.1 39.4 38.5 39.3 36.9 37.5 

CleanCntrl 39.3 40.0 36.0 33.3 37.4 36.4 38.3 37.7 37.3 
NoCntrl 37.7 38.3 33.8 34.6 36.1 37.8 38.9 37.2 36.8 

 Cultmean 38.2 39.4 34.8 34.7 37.3 37.2 38.2 36.9   

  LDS(Cult)(P=0.05)  = 2.981 

R
o
w

s
 

p
e
r 

e
a
r 3-4VCln 15.5 14.3 13.7 14.2 14.7 14.3 14.9 14.0 14.4 

6-7VCln 14.1 14.1 13.8 14.1 14.2 14.4 14.5 14.1 14.2 
CleanCntrl 14.9 14.9 13.8 13.7 14.3 14.3 14.4 13.9 14.3 

NoCntrl 13.9 14.2 14.2 13.4 13.9 14.7 14.2 14.0 14.1 
  Cultmean  14.6 14.4 13.9 13.8 14.3 14.4 14.5 14.0   

           

T
K

M
 3-4VCln 420.5 442.2 389.2 475.0 406.0 391.0 414.0 436.8 421.8 

6-7VCln 438.2 398.0 407.5 426.5 411.5 387.8 401.5 410.8 410.2 
CleanCntrl 391.6 433.4 441.8 362.7 393.5 414.5 428.5 395.5 407.7 

NoCntrl 418.5 394.2 460.0 459.2 413.0 320.2 363.0 364.8 399.1 
   Cultmean 417.2 417.0 424.6 430.9 406.0 378.4 401.8 401.9   

Y
ie

ld
 (

t 
h
a

-1
)           

3-4VCln 2.9 3.0 3.2 2.5 2.6 2.6 2.8 2.4 2.7 
6-7VCln 2.7 2.8 2.7 2.4 2.6 2.2 3.1 3.2 2.7 

CleanCntrl 3.7 3.9 3.9 3.4 3.4 3.3 3.6 3.4 3.6 
NoCntrl 2.8 2.5 3.9 2.1 2.2 2.1 2.2 2.0 2.5 

Cultmean 3.0 3.0 3.4 2.6 2.7 2.6 2.9 2.8   

  LDS(TMT)(P=0.05)  = 0.6939 
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Table 2: Evaluation of cultivar performance under varying degrees of weed infestation as observed during 2019/20 

 
 
 
 
 

  TMT  BG5785BR  DKC74-
74BR 

 DKC78-
79BR 

 KKS4581BR  KKS8408BR  P1814R  P2880WBR  PAN6R-
710BR 

 TMTmean 
W

e
e
d
 

c
o
v
e
r 

(%
) 3-4VCln 0 0 0 0 0 0 0 0 0 

6-7VCln 0 0 0 0 0 0 0 0 0 

CleanCntrl 0 0 0 0 0 0 0 0 0 

NoCntrl 78 65 62 72 72 74 74 68 71 

 Cultmean 20 16 16 18 18 19 19 17   
 

  

W
e
e
d
 

b
io

m
a

s
s
 

(g
) 

3-4VCln 0 0 0 0 0 0 0 0 0 

6-7VCln 0 0 0 0 0 0 0 0 0 

CleanCntrl 0 0 0 0 0 0 0 0 0 

NoCntrl 2043 1331 1504 1438 1462 1177 2040 1357 1544 

 Cultmean 511 333 376 360 366 294 510 339   

   

K
e
rn

e
ls

 

p
e
r 

ro
w

 3-4VCln 41 34 34 38 37 37 36 37 37 

6-7VCln 40 37 38 39 37 36 38 40 38 

CleanCntrl 37 36 36 38 38 36 37 37 37 

NoCntrl 42 34 34 35 36 36 41 40 37 

 Cultmean 40 35 36 38 37 36 38 39   

    

R
o
w

s
 p

e
r 

e
a
r 

3-4VCln 14 14 14 13 15 13 15 15 14 
6-7VCln 15 15 14 13 15 15 15 14 15 

CleanCntrl 14 15 13 12 14 14 15 14 14 

NoCntrl 14 15 14 13 15 13 16 14 14 

  Cultmean  14 15 14 13 15 14 15 14   

           

T
K

M
 3-4VCln 286 302 281 278 266 364 308 290 297 

6-7VCln 262 316 280 294 295 321 294 327 299 

CleanCntrl 281 298 266 230 271 288 266 331 279 

NoCntrl 278 267 270 244 280 279 289 301 276 

   Cultmean 277 296 274 262 278 313 289 312   

Y
ie

ld
 (

t 
h
a

-1
)            

3-4VCln 5.6 6.3 5.0 3.3 4.6 6.5 5.4 6.0 5.3 

6-7VCln 5.8 6.0 6.4 4.4 5.8 5.2 6.2 5.8 5.7 

CleanCntrl 6.0 6.1 4.9 3.2 5.2 5.4 5.6 5.4 5.2 

NoCntrl 3.0 5.0 4.1 1.8 3.5 3.4 3.7 3.9 3.6 

Cultmean 5.1 5.8 5.1 3.2 4.8 5.1 5.2 5.3   
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Table 3: Yield parameter response to 60 % (2018/19) and 70% (2019/20) weed cover expressed as a percentage of the clean control. 
 

  Yield (%C)   TKM (%C)   RpE (%C)   KpR (%C) 

 2018/19 2019/20  2018/19 2019/20  2018/19 2019/20  2018/19 2019/20 

 BG5785BR -27.4 -48.8  5.0 -10.0  -6.0 7.0  -4.0 14.0 

 DKC74-74BR -39.1 -17.7  -8.0 -10.0  -6.0 1.0  -4.0 -7.0 

 DKC78-79BR -2.0 -16.5  4.0 4.0  3.0 5.0  -6.0 -4.0 

 KKS4581BR -49.0 -40.6  32.0 6.0  -4.0 4.0  4.0 -7.0 

 KKS8408BR -36.8 -27.7  6.0 4.0  -3.0 9.0  -1.0 -5.0 

 P1814R -39.1 -28.0  -22.0 -1.0  3.0 -3.0  4.0 2.0 

 P2880WBR -41.1 -22.7  -15.0 9.0  -1.0 5.0  2.0 11.0 

 PAN6R-710BR -39.2 -23.1   -6.0 -6.0   12.0 -3.0   -1.0 7.0 
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Objective: An independent evaluation of 15 pre-emergent herbicide products for efficacy of 

grass control in two soil types (16% clay and 35% clay) over a three-season period 

 

Introduction 

Weed interference (especially grass weeds) can cause between 20% and 50% yield 

losses in maize (Kropff and Spitters, 1991; Ngouajio et al., 1999; Kim et al., 2002; Parker et 

al., 2004). Locally, weed control annually constitutes approximately 8.2% of input costs 

(Fourie, 2017) and as economic pressure on producers is increasing, producers have little 

leeway for ineffective or substandard weed control. Producers will understandingly most often 

opt for more affordable control, which is available in the form of generic products. 

Most of the pre-emergence herbicides for the control of grasses belong to the 

Chloroacetamide herbicide group (K3) and include active ingredients such as alachlor, 

acetochlor, s-metolachlor, metolachlor and dimethenamid. Several mixtures with active 

ingredients in the triazine group (C1) are also available for grass control in maize production. 

Since most of the patent rights have expired on these active ingredients, generic products 

have flood the market to produce herbicide programs much more cost effective to producers. 

Due to the vast range of generic products on the market, producers have greater access to 

more affordable weed control, but have voiced the need at various platforms in the past that 

the efficacy of such products be compared.   

The objective of the current study was the evaluation of 15 registered pre-emergence 

herbicides for the control of grass weeds on two soil type over three seasons. 

 

Material and methods 

Two trials were conducted during 2017/18, 2018/19 and 2019/20 (Potchefstroom - 

35% clay and Bethlehem - 16% clay) in order to compare the degree of weed control achieved 

by various commercially available herbicides with the same active ingredient formulation. The 

fifteen products tested (Table 1) were divided into 10 groups, with each group representing a 

similar a.i. concentration (g ℓ-1). Where possible products with the same a.i. and concentration 

were applied in similar rates (as per label instruction), with the lowest rates within the label 

rages selected for each soil type (Table 1).  

 

  

Section 5: Multinational trials 
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Table 1: Active ingredients evaluated on two soil types (16% and 35% clay) over a three 
season period. Lowest recommended rates were applied. 

 

 
Herbicide applications were made on 20 October 2017, 26 November 2018 and 14 

November 2019 at the Bethlehem trial. At the Potchefstroom trial site, herbicide applications 

were made on 25 October 2017, 13 November 2018 and 7 November 2019 respectively. 

During the first season (2017/18) supplementary irrigation was only applied directly after 

herbicide application in order to wash in and activate herbicides. For the duration of the 

monitoring period, no additional irrigation was applied at either site. During 2018/19, 

supplementary irrigation was applied bi-weekly at Potchefstroom when sufficient rainfall did 

not occur. At the Bethlehem site, no addition irrigation was required during the same season. 

During 2019/20 both trial sites were irrigated within four days after application, but no 

additional irrigation was required as sufficient and frequent rainfall fell throughout the 

monitoring period. The same field at Potchefstroom (series C6 and C7) and Bethlehem (series 

G12C and G12E) were used for all three seasons. Standard seedbed preparation was done 

at both sites each season to ensure a fine seedbed (Photo 1). 

Each treatment plot consisted of a 5 x 5 m area which was flanked by a 2 x 5 m control 

plot at two sides (Photo 1). Trial layout was a randomised complete block design with four 

replicates. In order to control broad leaves and nutsedge, bendioxide (Basagran - 3 ℓ ha-1) and 

bromoxynil (Voloxynil -1.5 ℓ ha-1, for Amaranthus control) as well as halosulfuron-methyl 

(Servian - 50 g ha-1), were applied 6 weeks after the pre-emergence applications as a standard 

practice.  Applications were made with a KUBATO L3200 tractor with a modified mounted 

boom sprayer containing 6 x 25 ℓ tanks. Spray width was 5 m.  

 

  

Product no. Active ingredient 
Concentration 

(g ℓ-1) 
Dosage 

16% clay 
(Bethlehem) 

35% clay 
(Potchefstroom) 

1 S-metolachlor 915 0.7 1.0 

2 dimethenamid-P 720 0.5 1.0 

3 acetochlor 840 1.0 1.7 

4 mesotrione 480 0.1 1.7 

5 S-metolachlor 915 0.7 1.0 

6 acetochlor 700 1.1 1.7 

7 acetochlor 840 1.0 1.7 

8 acetochlor 768 1.0 1.6 

9 acetochlor 700 1.1 1.7 

10 S-metolachlor 915 0.7 1.0 

11 metolachlor 840 1.2 1.8 

12 acetochlor 900 0.8 1.0 

13 S-metolachlor 960 0.3 0.4 

14 acetochlor 900 0.5 0.8 

15 metolachlor 960 0.4 0.5 



76 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 1: General trial site activities in order to evaluate the efficacy of grass control of 15 

pre-emergence herbicides on a 16% and 35% clay soil respectively.  

 

Plots of each trial were screened over a two-month period and the % increase in weed 

cover over time established. Regression analyses were conducted and the best fitted models 

(i.e. exponential or linear) selected with days after application as explanatory variate (X-axis) 

and weed cover (%) as response variate (Y-axis). For the current study 10% weed cover was 

set as the benchmark for sufficient control (i.e. 90% control achieved). Rate of efficacy loss as 

well as the time it took each plot (of both treated and control plots) to reach 90% control (or 

10% weed cover) was deducted from the regressions obtained. The latter parameter will be 

referred to as “T90”.  An additional parameter was included referred to Extended control 

(ExtCrl) which is the weeks of additional control achieved between the period in which the 

control plot reached 90% control (or 10% cover) and the treated plot reached 90% control (or 

10% cover). The rate parameter describes how quickly the efficacy of the product was lost. 

The T90 parameter is indicative of how long it took the plot to reach the benchmark of sufficient 

weed control achieved (90% control; 10% weed cover), whilst the extended control parameter 

(although similar to T90) is an comprehensible measure which express how long a specific 

plot benefitted from the herbicide application compared to the adjacent control plots.  

Days to 90% control (T90) and rate of efficacy loss as was expressed as % of the 

control (%C). Extended control (ExtCrl) was calculated through formula [1] and was expressed 

in weeks. 

 

Extended control(weeks) = (T90(treatment) –T90(control plots))/7                        [1] 
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Analyses of variance were conducted for rate (%C), T90(%C) and ExtCrl achieved across 

seasons, localities and treatments. 

 

Results 

Weather data generated over the three seasons and respective sites are indicated in 

Table 2.  

Potchefstroom received exceptionally high rainfall during 2019/20. Common grass 

species identified at the two sites as they were observed at the last screening date in the 

control and treated plots of the respective seasons are indicated in Table 3. 

 

Table 2: Monthly average temperature and total rainfall over a three season period at the 
Bethlehem and Potchefstroom trial sites. 

 
 Bethlehem (16% clay soils) 

 2017/18  2018/19  2019/20 

 Txa Tnb Rainc  Tx Tn Rain  Tx Tn Rain 
October 24.6 7.1 43.2  25.6 6.7 24.4  28.5 7.2 3.6 
November 26.8 9.0 94.2  28.7 10.0 31.0  30.3 11.8 42.9 
December 26.7 12.2 114.3  30.4 13.3 52.1  25.8 12.4 129.5 
January 30.0 12.6 98.6  29.5 13.2 84.6  27.7 13.3 109.2 
February 26.4 13.5 163.1  27.9 13.2 81.3  27.3 12.8 71.1 
Total 26.9 10.9 513.3  28.4 11.3 273.3  27.9 11.5 356.4 

 Potchefstroom (35% clay soils) 

 2017/18  2018/19  2019/20 

 Tx Tn Rain  Tx Tn Rain  Tx Tn Rain 
October 26.4 11.4 56.1  28.6 11.4 22.1  31.0 12.8 0.4 
November 29.1 12.7 69.3  30.7 14.0 17.0  31.3 15.2 106.8 
December 29.3 15.7 62.5  32.9 16.2 42.4  29.1 15.7 272.6 
January 31.0 16.1 47.2  31.5 16.7 70.9  30.8 15.9 238.4 
February 27.7 15.6 68.3  28.7 15.6 49.0  30.5 15.7 76.0 
Total 28.7 14.3 303.5   30.5 14.8 201.4   30.5 15.0 694.2 

a – Average monthly maximum temperature 
b – Average monthly minimum temperature 
c – Total rainfall  

 
In general, 2019/20 was the most favourable for weed germination at the Bethlehem 

trial site, as control plots reached the 10% weed cover benchmark much sooner during the 

evaluation period compared to the first two seasons. For the Potchefstroom site, both 2018/19 

and 2019/20 seasons were favourable. Poor weed emergence was in general experienced 

during the first season (2017/18) at Bethlehem in replicate 3 and 4, resulting in no usable data 

being generated. Analyses of variance was thus conducted for this season on replicate 1 and 

2. Product 6 was excluded for this season as replicate 2 yield questionable data. It was opted 

to exclude this product as it would be an unfair evaluation with only one replicate to work with. 

Rate (%C) did not differ significantly between seasons, localities or products as main 

effects or in the second and third order interaction. T90(%C) as well as ExtCrl was significantly 

affected by the highest order interaction (season x locality x treatment) (LSD(T90(%C))(P=0.05) =  

61.11; Figure 1A and B)(LSD(ExtCrl)(P=0.05) = 2.74; Figure 2A and B).   
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Species composition differed slightly between the two sites, with Urochloa panicoides 

generally being the most dominant species at BHM, whilst the dominant species at 

Potchefstroom fluctuated between Brachiaria spp, Panicum spp. and Digitaria sanguinalis. 
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Table 3: Grass species observed at Bethlehem (16% clay) and Potchefstroom (35% clay) trial sites in order of dominance at the last screening 
date of each season as observed in the control vs treated plots over a three-year period. 

 

Bethlehem 
2017/18 

 
2018/19 

 
2019/20 

Control plots  Treated plots  Control plots  Treated plots  Control plots  Treated plots 

Eleusine coracana  Cynodon dactylon  Urochloa panicoides  Urochloa panicoides  Urochloa panicoides  Urochloa panicoides 

Cynodon dactylon  
Urochloa panicoides  Eleusine coracana  Paspalum spp.  Digitaria sanguinalis  Cynodon dactylon 

Urochloa panicoides  Panicum spp.  Digitaria sanguinalis  Cynodon dactylon  Cynodon dactylon  Digitaria sanguinalis 

Panicum spp.  Digitaria sanguinalis  Cynodon dactylon  Digitaria sanguinalis  Eleusine coracana  Eleusine coracana 

Digitaria sanguinalis  Eleusine coracana  Paspalum spp.  Eleusine coracana  Echinochloa spp.  Echinochloa spp. 

Rotbulia spp.    Eragrostis spp.  Echinochloa spp.     
Eragrostis spp.      Kikuyu spp.                

Potchefstroom 
2017/18  2018/19  2019/20 

Control plots  Treated plots  Control plots  Treated plots  Control plots  Treated plots 

Brachiaria spp  Brachiaria spp.  Brachiaria spp.  Digitaria sanguinalis  Panicum spp.  Panicum spp. 

Echinochloa spp.  Digitaria sanguinalis  Echinochloa spp.  Brachiaria spp.  Rotbulia spp.  Rotbulia spp. 

Kikuyu spp.  Urochloa mosambicensis  Kikuyu spp.  Urochloa mosambicensis Cynodon dactylon  Chloris contribution 

Urochloa panicoides   Urochloa panicoides   Urochloa panicoides   Urochloa panicoides   Kikuyu spp.  Cynodon dactylon 

Eleusine coracana  Echinochloa spp.  Eleusine coracana  Rotbulia spp.    Urochloa panicoides 

Rotbulia spp  Eleusine coracana  Rotbulia spp.  Echinochloa spp.     

Eragrostis spp  Rotbulia spp.  Eragrostis spp.  Eleusine coracana     

Chloris spp  Eragrostis spp.  Chloris spp  Cynodon dactylon     

Panicum spp  Cynodon dactylon  Panicum spp.  Eragrostis spp.     

Setaria spp  Chloris spp.  Digitaria sanguinalis  Chloris spp.     

Digitaria sanguinalis  Panicum spp.  Cynodon dactylon  Panicum spp.     

Cynodon dactylon       Setaria spp             



80 
 

No product, in addition, performed distinctively better on a specific locality (or soil type). 

Heavy rainfall experienced during 2019/20 at Potchefstroom resulted in leaching or runoff of 

herbicides as short control periods were observed by all the products applied.  

Each group will be discussed regarding how the respective products performed with 

respect to each other within the same season, as well how each product performed across 

seasons (Table 4 to 14). For ease of discussion season 1 (S1), 2 (S2) and 3 (S3) will refer to 

the 2017/18, 2018/19 and 2019/20 seasons respectively. 

 

Table 4: Group 1 - S-metolachlor (915 g ℓ-1)  

 a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
  

Groupa 1 herbicides: S-metolachlor (915 a.i. g ℓ-1)  -  Product 1, 5 and 10 

T90(%C)b ExtCrlc 

BHM: (Figure 1A) 
All three products yielded similar T90(%C) at 
Bethlehem for all three seasons. 
Across seasons, product 1 yielded significantly 
greater T90(%C) during S3 compared to S2. 
Product 5 demonstrated greater T90(%C) during 
S3 compared to S2. 
Product 10 yielded similar values across all three 
seasons. 

BHM: (Figure 2A) 
Within and across seasons similar extended 
control was achieved for the three products 

  
POTCH: (Figure 1B) 
Product 1 yielded significantly lower T90(%C) 
values compared to product 5 and 10 during both 
S1 and S2 
All three products yielded low, but similar 
T90(%C) values during S3 (Figure 1B).   
Between seasons, product 1 yielded similar 
results, whilst both product 5 and 10 yielded 
significantly greater T90(%C) values during S2 
compared to S1 and S3.  

POTCH: (Figure 2B) 
Product 1 yielded significantly reduced levels of 
ExtCrl compared to product 5 and 10 during both 
S1 and S2, by reaching 90% control even before 
the control plots. 
Between seasons product 1 yielded similar 
results, whilst both product 5 and 10 yielded 
significantly greater extended control (>6 wks) in 
S1 compared to S2 and S3. 

  Conclusion:  
On the 16% clay soil, all three products which fell into this group performed similar regarding the time 
it took to reach 90% control (T90(%C)) as well as the extended control achieved. The products did, 
however, differ slightly in their respective performances across seasons. 
 
On the 35% clay soil, product 1 performed significantly poorer than the remaining two products. The 
results from this report will be provided to the supplier. 
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Table 5: Group 2 herbicides – dimethenamid-P (720 g ℓ-1) 
 

a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
  

Groupa 2 herbicides: dimethenamid-P (720 a.i. g ℓ-1) - Product 2 

T90(%C)b ExtCrlc 

BHM: (Figure 1A) 
Product 2 performed significantly better during 
S3. 
During S3 season, it was the best performer of 
all products included. 

BHM: (Figure 2A) 
Greater than 4 wks extended control was 
achieved during S1, which was significantly 
greater than that of S2. ExtCrl of S1 and S3 did 
not differ significantly. 

  
POTCH: (Figure 1B) 
Product 2 performed significantly better during 
S2 compared to S1 and S3. During S2, it was 
one of the top four performers. 

POTCH: (Figure 2B) 
Similar ExtCrl was achieved during S1 and S2 
(±4wks), which was significantly greater than that 
of S3. 

Conclusion:  
Similar to all the products tested, product 5’s performance varied across seasons and localities. No 
worrying tendencies  regarding substandard weed control were however observed over the six trials 
conducted. 



82 
 

Table 6: Group 3 - alachlor 840 g ℓ-1 

a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 

  

Groupa 3 herbicides: alachlor (840 a.i. g ℓ-1) -  Product 3 and 7 

T90(%C)b ExtCrlc 

BHM: (Figure 1A) 
Similar results were achieved between the two 
products for S1 and S2. During S3, product 7 
achieved significantly greater T90(%C) values 
compared to product 3.   
Product 3 performed similar across seasons, 
whilst product 7 gave the highest T90(%C) 
values in S3. 

BHM: (Figure 2A) 
During the first season, product 7 gave ±5wks 
extended control, which was significantly longer 
than that of product 3 (±2wks). During the 
following two season, the two products gave 
similar extended control 

Discussion of T90(%C) and ExtCrl results at BHM:  
 
During S1 and S2, it took product 3 (on average over the two season) 19% longer than its control to 
reach T90, whilst product 7 took 37% longer than its control. These values did not differ significantly 
between the products for S1 and S2. During S3 it took product 7, 137% longer vs. 30% longer of 
product 3 (compared to their respective controls) to reach 90% control.  To understand what this 
implies, one must understand that the speed by which a control plot is populated by weeds within a 
specific season will impact how large the T90(%C) value of the treatment will be. Due to favorable 
conditions, a control plot may reach the set benchmark of 10% weed cover (which translates to 90% 
control), much sooner in one season compared to the next which has less favorable conditions. 
Under such favorable conditions, a greater T90(%C) will be achieved by a product with the slightest 
increase in which it managed to keep the weeds at bay, compared to a season in which the control 
plot took longer to be populated by weeds. During S3, greater general T90(%C) values were achieved 
by the 15 products, compared to the previous season. This is indicative that during this season, the 
control plots reached the benchmark of 10% weed cover sooner than the previous seasons. When it 
came down to how long it took the treated plots to reach the same level of weed cover (which is 
indicated by the ExtCrl parameter) we see than under favorable conditions, the treated plots 
managed to extended their weed free period by only ± 1.5 wks on average. During less favorable 
conditions, such as during S1, product 7 managed 5wks of extended control, but it took the control 
plots in general also much longer (i.e. slower population by the weeds) to reach the benchmark of 
10% weed cover.  
 
Irrespective of the meaning of each parameter, the current project utilized T90(%C) and ExtCrl to 
highlight possible differences in product performance. Regarding the BHM trial site results, the two 
products within this group were, for the better part, very similar in their response, although product 7 
did perform better than product 3 in some seasons.  

POTCH: (Figure 1B) 
Similar results were achieved within seasons 
between the two products.  
The low T90(%C) values achieved in S3 by both 
products, resulted in some significant differences 
compared to  the previous seasons. 

POTCH: (Figure 2B) 
During S1, product 3 gave significantly extended 
control (>8wks) compared to product 7 (4wks).  
During the following two seasons, similar control 
was achieved. 

Conclusion:  
In general, the two products gave similar weed control. Although they did differ slightly in their 
respective performances across seasons, no worrying tendencies regarding substandard weed 
control were observed. 
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a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
 
  

Table 7: Group 4 - mesotrione (840 g ℓ-1)  

Groupa 4 herbicides: :  mesotrione (840 a.i. g ℓ-1) – Product 4 

T90(%C)b ExtCrlc 

BHM: (Figure 1A) 
Similar results were obtained in S1 and S2 
Significantly greater T90(%C) values were 
achieved during S3 compared to S2.  

BHM: (Figure 2A) 
Similar control was achieved during S1 and S3.  
S2 yielded significantly reduced extended 
control compared to that of S1. 

  

POTCH:  
T90(%C) values differed significantly across 
seasons.  
The product performed exceptionally well during 
S2, by achieving the highest T90(%C) values not 
only within this season, but also across all three 
seasons.   
The poorest performance was achieved during 
S3. 

POTCH:  
Up to ±12wks extended control was achieved in 
S1, which was significantly greater than that of 
S2 and S3.  

Conclusion: 
Similar to all the products tested, product 4’s performance varied across seasons and localities. No 
worrying tendencies regarding substandard weed control were, however, observed over the six trials 
conducted. 
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Table 8: Group 5 - acetochlor (700 g ℓ-1) 

a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
 

  

Groupa 5 herbicides: acetochlor (700 a.i. g ℓ-1) – Product 6 and 9 

T90(%C)b ExtCrlc 

BHM: 
As stated, product 6 was excluded during S1 at 
BHM 
Across seasons, product 9 performed similar. 
In both S2 and S3, product 9 did significantly 
better than product 6. 
In S2, product 6 reached the benchmark of 10% 
weed cover sooner than its adjacent control plots. 

BHM:  
Product 9 gave similar control across all 3 
seasons 
Product 6 gave similar control between season 2 
and 3.  
In S2, product 9 gave significantly greater 
extended control (3.5wks) compared to that of 
product 6. 
In S2, no control was achieved by product 6. 
In S3, the two products gave similar extended 
control. 

  
POTCH:  
In contrast to the BHM trials, both products 
performed similarly regarding their T90(%C) 
values achieved, both within and between 
seasons.  
The poorest performance by both products was 
during S3.  

POTCH:  
Similar control was achieved between the two 
products in each of the three seasons, with the 
highest extended control (>6.5wks) achieved in 
S1 and the lowest control in S3 (<1wk). 

Conclusion: 
Product 6 gave inconsistent weed control on the sandy soils (16% clay), with no control observed 
during the 2018/19 season. It was subsequently outperformed by its counterpart in both S2 and S3 
at the BHM site. No problems were observed on the 35% clay soils. Additional evaluation of product 
6 on the sandy soil will, nevertheless, be required in order to make an accurate deduction regarding 
its performance on sandy soils. Results of the current study will, however, be shared with the 
respective suppliers.  
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Table 9: Group 6 - acetochlor (786 g ℓ-1) g ℓ-1) 

 a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
 

  

Groupa 6 herbicides: acetochlor (768 a.i. g ℓ-1) – Product 8 

T90(%C)b ExtCrlc 

BHM:  
Significantly similar values were achieved by this 
product in S1 and S2. 
T90(%C) was the highest in S3, which was 
significantly greater than that of S2. 

BHM:  
Extended control of >6.5wks were achieved in 
S1, which was significantly greater than that of 
S2 and S3.  
Similar extended control was achieved in S2 and 
S3. 
 

  
POTCH: 
Performed the best in S2, which was significantly 
better that that of S1 and S3.  
Performed the poorest in S3.  
 

POTCH:  
Extended control of >5.5wks was achieved in S1, 
which was significantly greater than that of S2 
and S3.  
In the last two season, similar extended control 
was achieved. 
 

Conclusion: 
Similar to all the products tested, product 8’s performance varied across seasons and localities. No 
worrying tendencies regarding substandard weed control were, however, observed over the six trials 
conducted. 
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Table 10: Group 7 - metolachlor (840 g ℓ-1)   

Groupa 7 herbicides: metolachlor (840 a.i. g ℓ-1) – Product 11 

T90(%C)b ExtCrlc 

BHM:  
Across seasons, product 11 performed similar in 
S1 and S2.  
During S3, it performed significantly better, 
compared to S2. 

BHM:  
During the 1st season, product 11 gave the 
shortest control (<1wk) of all the products tested. 
This was significantly poorer that 50% of the 
products evaluated 
Across seasons no significant difference were 
observed in the extended control achieved, 
although slightly better control was observed in 
S2 and S3. 

  
POTCH:   
Across seasons, product 11 performed similar in 
S1 and S3.  
During S3 it did significantly better  compared to 
S1 and S3, and were one of the top four 
performers across treatments for the same 
season, as well as across seasons 

POTCH:  
Significantly similar control was achieved in 
season 1 and 2.  
The lowest control was achieved in season 3. 

Conclusion: 
Similar to all the products tested, product 11’s performance varied across seasons and localities. No 
worrying tendencies regarding substandard weed control were, however, consistently observed over 
the six trials conducted. 

 
a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 
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Table 11: Group 8 - acetochlor (900 g ℓ-1)   

a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 
 

  

Groupa 8 herbicides: acetochlor 900 a.i. g ℓ-1) – Product 12 and 14 

T90(%C)b ExtCrlc 

BHM: 
Within the same seasons, both products 
produced similar T90(%C) values.  
Across season, product 12 performed 
significantly better in S2 compared to its 
performance in S1 and S3.  
Product 14 performed similar across seasons.  

BHM:  
Low but similar control was achieved for both 
products during S1 and S3.  
Although similar control was achieved for the two 
products in S2, product 12 gave significantly 
longer control compared to that achieved during 
S1 and S3. 

  
POTCH:  
Within the same season, similar T90(%C) values 
was observed in S1 and S3. 
In S2, product 12 gave significantly greater 
values compared to product 14, and were one of 
the top 4 performers across all products tested 
within the same season, as well as across 
seasons. 
In S2 product 14 yielded values which were 
significantly lower than that achieved by 60% of 
the products included. 
 

POTCH:  
Similar extended control was achieved by the 
two products for S1.  
For S2, product 12 gave a longer extended 
control (±3wks) compared to that of product 14 
which was less than 1wk extended control. 
During the last season, low, but similar control 
was achieved by the two products. 
 

Conclusion: 
The poor performance of product 14 at the Potchefstroom site in S2 was somewhat unexpected. The 
product did however fair fairly well in the other trials, whilst yielding similar control to that of its 
counterpart product (#12). 
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Table 12: Group 9 - S-metolachlor (960 g ℓ-1) 
Groupa 9 herbicides: : S-metolachlor (960 a.i. g ℓ-1) – Product 13 

T90(%C)b ExtCrlc 

BHM:  
Across seasons product 13 achieved similar 
T90(%C) values 

BHM:  
Similar extended control was achieved over the 
three season. 

  
POTCH:  
Product 13 achieved similar T90(%C) values in 
S1 and 3.  
Significantly greater T90(%C) was achieved in S2 
(compared to S1 and S3). 

POTCH:  
Similar, but low (±1wk) extended control was 
achieved over all three seasons. 
In S1, significantly shorter control was achieved 
to 80% of the products evaluated. 

Conclusion: 
Although this product did not fair particularly well on the 35% clay soils in general, statistical analyses 
indicated that the product performed similar across the two localities. At the 35% clay site, the 
majority of products accordingly just outperformed it to a greater extent. Results from this study will 
be shared with the supplier. 

a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 
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Table 13: Group 10 -  metolachlor (960 g ℓ-1) 

 
a - Group – refers to the group in which herbicides with the same active ingredient and concentration (a.i. g ℓ-1) were placed. The same dose rate 
was applied for the products within each group. 
b - T90 - Days to 90% control achieved by specific plot, expressed as a % of the days it took the control plot to reach 90% control (or alternatively 
10% weed cover)  
c - Extended control – Refers to the additional weeks a product gave control (up and until the plot reached 90%, or alternatively 10% weed cover) 
after the adjacent control plots reached 90% control (or alternatively 10% weed cover). 

 

 

Groupa 10 herbicides: metolachlor (960 a.i. g ℓ-1) – Product 15 

T90(%C)b ExtCrlc 

BHM:  
Similar but low T90(%C) values were achieved in 
S1 and S2 by this product.  
Significantly higher values were achieved in S3 
compared to that of season S1 and S2. 
 

BHM:  
Similar extended control was achieved across all 
three seasons which did not exceed 2wks in any 
of the seasons. 

  

POTCH:  
Similar but low T90(%C) values were achieved in 
all three season. 

POTCH:  
Similar extended control was achieved across all 
three season. In general the control achieved by 
this product were in each season amongst the 
lowest levels measured. 

Conclusion: 
Although this product did not fair particularly well on the 35% clay soils in general, statistical analyses 
indicated that the product performed similar across the two localities. At the 35% clay site, the 
majority of products accordingly just outperformed it to a greater extent. Results from this study will 
be shared with the supplier. 
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Conclusion 

The general ability of all products tested to control grass wees varied across seasons 

and localities. Majority of the products tested, did however not yield any worrying results. Two 

products, product 1 (S-metolachlor 915 g ℓ-1) and product 6 (acetochlor 700 g ℓ-1) however 

underperformed (statistically) at either the 16% clay or 35% clay sites, compared to their 

counterpart products evaluated. Findings of this study will be shared with the respective 

suppliers, with opponent product names kept anonymous. 

 

LITERATURE REFERENCES 

FOURIE, P., 2017.Winsgewende mielieproduksie feitlik onmoontlik teen huidige lae 

mieliepryse. September 2017. Graan SA http://www.grainsa.co.za 

KIM, T.J., NEAL, J.C., DITOMASO, J.M. & ROSSI, F.S., 2002. A survey of weed 

scientists’ perceptions on the significance of crabgrasses (Digitaria spp.) In the United States. 

Weed Technology, 16: 239 - 242. 

KROPFF, M.J. & SPITTERS, C.J.T., 1991. A simple model of crop yield loss from early 

observations on relative leaf area of the weeds. Weed Research, 31: 97 - 105. 

NGOUAJIO, M., LEMIEUX, C. & LE ROUX, G.D., 1999. Prediction of corn (Zea mays) 

yield loss from early observations of the relative leaf area and the relative leaf cover of weeds. 

Weed Science, 74: 297 - 304. 

 

http://www.grainsa.co.za/


91 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Number of days to reach 90% control as expressed as a % of the control of 15 pre-emergence products in two soil types over a three-

year evaluation period (2017-2020).  Various groups consist of products with similar active ingredient concentrations. (Products with 
the same letter do not differ significantly). 
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Figure 2: Extended control (weeks) achieved by 15 pre-emergence products in two soil types over a three-year evaluation period (2017-2020).  
Various groups consist of products with similar active ingredient concentrations. (Products with the same letter do not differ 
significantly).
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Abstract report 

Digitaria species infestation levels have recently increased in South Africa due to the 

prevailing misconception amongst producers and herbicide agents that acetanilide herbicides 

will control all Digitaria spp. equally effective, irrespective of species differences. Since 2008 

a relatively unknown Digitaria spp was noticed in maize fields and was positively identified as 

D. nuda (naked crabgrass). Research on naked crabgrass world-wide is limited; it has been 

reported to be of importance in sugarcane in Brazil and is considered as a serious grass weed 

in West Africa. Growth chamber trials were conducted to elucidate the germination 

characteristics of naked crabgrass. Germination of fresh naked crabgrass seed was less than 

20%. Pre-treatment of fresh seed, by means of soaking seed for 24 h in distilled water, 

increased germination to 99%. Stored seed (1-yr old) germinated best (100%) in a 0.2 M KNO3 

solution. Naked crabgrass germinated best at constant temperature greater than 25 °C and at 

fluctuating regimens of 30/15 °C, with alternating light/dark conditions. Naked crabgrass 

emerged faster and total seedling emergence was 20% higher on clay soil. Above-ground 

biomass was 5.0 g per plant on clay soil compared to 2.3 g on sandy soil. Seedling emergence 

was reduced by 27% after burial at a depth of 1 cm and only 5% seeds emerged at a depth of 

6 cm. In a replacement series glasshouse trial naked crabgrass was more aggressive with 

regard to root mass (AI=0.3) and large crabgrass (D. sanguinalis) with regard to shoot mass 

(AI=0.04). Naked crabgrass was more competitive in a wet soil profile (CR=1.88) and large 

crabgrass in a dry soil profile (CR=2.02). Both grass weeds are making similar demands on 

the available resources (RYT=1). The competition effect of both naked and large crabgrass 

was determined in glasshouse trials in two soil types at different watering regimens. A negative 

linear relationship was recorded between grass density and maize plant height, shoot- and 

kernel weight. Estimated yield loss of maize varied between 29 and 76% and was described 

by the hyperbolic equation of Cousens (1985). Large crabgrass had a higher damage 

coefficient (4.1 on sandy soil) compared to naked crabgrass (3.1 on clay soil). A critical period 

of weed control was established in field trials for naked crabgrass. The beginning of the critical 

period of weed control when a 10% yield loss is estimated varied between the two and six leaf 

stage of maize, ending at the twelve leaf stage or two weeks after tasseling, indicating a need 

Section 6: Growth responses, competitiveness and control of Digitaria nuda 
(Schumach.) in maize (Zea mays) 

 

Hugo, E. 2014. Growth responses, competitiveness and control of Digitaria nuda (Schumach.) 

in maize (Zea mays). PhD thesis. University of Pretoria 
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for season-long control of naked crabgrass. Yield loss of maize in the field trials ranged 

between 28 and 82% in the season-long weedy control treatments. In field and glasshouse 

trials the efficacy of naked crabgrass control was evaluated with different herbicides registered 

on maize. Naked crabgrass is more tolerant to acetochlor and s-metolachlor and started to 

emerge two weeks after applications. Large crabgrass is still effectively controlled by these 

herbicides. More than 85% of naked crabgrass was controlled when PRE applications of 

acetanilide herbicides were followed by triketone herbicides. Indiscriminate identification of all 

crabgrass species as “large crabgrass” can cause a shift from large crabgrass to naked 

crabgrass since the latter is more difficult to control. Extrapolation of characteristics and factors 

affecting germination and growth between similar species is perilous and should be verified. 

Results of this study proved that both grass weeds are severe competitors of maize, causing 

significant yield losses, but species specific characteristics could be distinguished and will 

improve decision making processes significantly to control naked crabgrass effectively in 

maize. 
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CHAPTER 1 

LITERATURE REVIEW  

 

Origin and distribution of Digitaria spp. 

Digitaria spp. is monocotyledonous annual and perennial grasses, from the Poaceae 

family, consisting of about 300 species ((http://www.ars.grin.gov). Digitaria was described in 

1772 and the genus name was derived from digitus, which is Latin for “finger”, refering to the 

plant’s fingerlike inflorescence. These grasses originated from Europe and were spread 

across the world as forage grass for the expanding cattle industry in the late 1860’s (Mitich, 

1988). The common name “crabgrass” refers to the growth habit of these grasses that 

resembles a crab. Digitaria spp. became troublesome after the establishment of wheat and 

maize which were more profitable and easier to grow (Mitich, 1988). Crab grasses (Digitaria 

spp.) are believed to be one of the first cultivated grains (“foxtail millet”) and were a food source 

for thousands of years before it was regarded as a major weed worldwide (Mitich, 1988). The 

most common grasses of this genus world-wide are Digitaria sanguinalis (L) Scop. (large 

crabgrass) and D. ischaemum (Schreb.) Muhl. (smooth crabgrass) (Kim et al., 2002). Due to 

their ability to adjust to tropical and temperate conditions it is reported to be a weed in more 

than 33 crops in 56 countries (Chippindal, 1955; Halvorson and Guertin, 2003; Mitich, 1988).  

Thirty-one of described Digitaria species are indigenous to southern Africa. Five of 

these species are naturalised, viz. D. didactyla Willd., D. natalensis Stent, D. rukwae Clayton, 

large crabgrass and D. violascens Link. (http://www.posa.sanbi.org, 

http://www.biodiversityexplorer.org). Some of the most prevalent species in South Africa are 

D. eriantha Steud. (Common crabgrass / Smuts fingergrass), D. ternata (A. Rich.) Stapf. 

(Black-seed finger grass) and large crabgrass (Botha, 2010; Bromilow, 2010; Van 

Oudtshoorn, 2009; http://www.posa.sanbi.org). Common crabgrass and black-seed finger 

grass are perennials and are used as excellent pasture grasses. Local annual Digitaria spp. 

are proclaimed to be troublesome weeds in field crops including large crabgrass, D. ciliaris 

(Retz.) Koeler (Southern crabgrass), D. velutina (Forssk.) Beauv. (velvet crabgrass) and D. 

nuda Schumach. (naked crabgrass). Limited research has, however, been done to determine 

the weed status of the local annual Digitaria spp., other than large crabgrass, and to quantify 

or distinguish their impact on crop yields, as well as their economic impact in crop production 

in South Africa (Le Court De Billot, 1988). During the late 1980’s exceptionally high rainfall 

and countrywide flooding occurred in Southern African countries. It is believed (in theory) that 

seed from, especially naked crabgrass, could have spread to the central parts of South Africa’s 

maize (Zea mays L.) producing areas. Naked crabgrass has also been reported to be a 

http://www.ars.grin.gov/
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troublesome weed in West African countries and Brazil (Chikoye et al., 2000; Dias et al., 

2005). Another theory is that naked crabgrass spread through animal feed. Nevertheless, 

since the late 1990’s severe Digitaria infestations were reported in particular areas in the Free 

State and Northwest Provinces of South Africa. Most producers and chemical representatives 

usually identify “finger grass infestation” as large crabgrass, irrespective of species 

differences. Kok et al. (1989) did a systematic description of the Digitaria section in southern 

Africa and presented five species of which D. acuminatissima (Stapf) and D. nuda 

(Schumach.) were not previously recorded. They reported that naked crabgrass only occurred 

in the north-eastern regions of KwaZulu-Natal and Mpumalanga since it prefers more tropical 

environments but suggested that this species can be more wide-spread. Although naked 

crabgrass is listed as occurring in South Africa in summer crop production fields, limited 

information about the ecology and biology of this particular Digitaria sp. is available to 

determine the weed’s interference and impact on crops. 

In the early 1950’s, large crabgrass was regarded as a grass that can “provide valuable 

grazing on fallow land” in South Africa, but was also regarded as a troublesome weed in most 

annual row crops, especially crops within the grass family. During 1978 a national survey was 

done by the Botanical Research Institute, including more than 71 fields on 15 farms. From this 

survey weeds were classified into groups according to their abundance in those fields. Large 

crabgrass was categorized as one of the nine species of primary importance, along with 

grasses such as Eluesine coracana [(L.) Gaertn.] (Goose grass) and Setaria pallida-fusca 

[(Schumach.) Stapf & C.E. Hubb.] (Red bristle grass).  Panicum schinzii (Hack.) (Sweet buffalo 

grass) and Cynodon dactylon [(L.) Pers.] (Common couch grass), were classified amongst 

weeds of secondary importance (Wells et al., 1980). Since then limited research has been 

done in southern Africa with regard to the importance of crab finger grasses as weeds 

interfering with crop production. Crabgrass species grow in disturbed areas, particularly in 

gardens and cultivated fields, and are seldom observed in natural veld. Large crabgrass is 

widespread in southern Africa and occurs mostly in regions with moderate climates (Botha, 

2010; Bromilow, 2010; Van Oudtshoorn, 2009). Kok et al. (1989) did, however, predict that 

naked crabgrass could become more abundant than large crabgrass and southern crabgrass 

due to incorrect identification in the past (Figure 1.1 and 1.2). 
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Figure 1.1. Close up comparison of “clean” stems of naked crabgrass and hairy stems 

of large crabgrass 

 

Figure 1.2. Comparison between tufts of naked crabgrass and large crabgrass 

 

Various taxonomic identification keys (Barkworth et al., 2003; Halvorson, 2003; 

Launert and Pope, 1989) demonstrated that the morphological characteristics of naked 

crabgrass are almost similar to those of large crabgrass and D. ciliaris, especially early in the 

seedling stages of these grasses (Figure 1.3). As all the Digitaria spp. has similar growth 

habits and flowering structures, species are therefore distinguished only by minor differences 

in the flowering structures and leaf pubescence. Crab grasses have typically spreading stems 

with wide flat leaf blades that lie on the ground with tips ascending. The inflorescence is a 

panicle in which the spike-like branches are arranged in digitate form. Spikelets are arranged 

in two rows on an angled or winged rachis. Each spikelet has two florets of which only one is 

fertile. The first bracts at the base of the spikelets are either very minute or absent (Van 

Oudtshoorn, 2009). It is therefore very common to wrongly identify these three Digitaria 

species. The most distinguishable characteristic to identify these Digitaria species correctly 
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can only be seen on their seed when grasses are physiologically matured. This makes it 

extremely difficult to identify Digitaria spp. during the vegetative stages. Large crabgrass has 

a very distinct glume on the lower lemma and also has some prickles on the tip of the lower 

lemma (grabous). 

 

Figure 1.3. Comparison between seedling growth of naked crabgrass and large 

crabgrass. 

 

Several samples of Digitaria species have been taken during the period of this study 

and sent for identification to the South African National Biodiversity Institute’s (SANBI) 

herbarium where most of the samples were positively identified as naked. Naked crabgrass 

has in most cases no glume on the lower lemma and if visible, it is only a slight shrivel of a 

glume. The lower lemma is also very smooth without prickles, from there the common name 

“naked crabgrass” (Figure 1.4). Southern crabgrass has also a definite glume on the lower 

lemma, but the lower lemma is also smooth like that of naked crabgrass. Seed size can also 

be a good first characteristic to distinguish between these three species (L. Fish, SANBI, 

personal communication) (Table 1.1). Large crabgrass consists of culms decumbent or 

prostate (10 – 30cm) with 5 - 10 reddish or purplish inflorescences, consisting of 4 – 10 

racemes which are very long (4 - 18cm) and thin, radiating (winged) atop its stems.  Each 

branch is lined with pairs of tiny spikelets of which one is stalked and the other one without a 

stalk (sessile). Spikelets are finely ribbed, hairy with swollen bases, flattened on one side and 

round on the other and the veins of the lower lemma contain small spines.  Seed of large 

crabgrass (caryopses) are straw-coloured, shiny and up to 2mm long. A further distinguished 

character of large crabgrass is the knee-like bent lower nodes with hairs on stems near each 

node. Naked crabgrass and velvet crabgrass are also only distinguished by minor taxonomic 

differences and are very similar to D. horisontalis (Willd.) (Kok et al., 1989). Similar species 

are therefore very difficult to distinguish from large crabgrass in the field and include at this 

time southern crabgrass, naked crabgrass and velvet crabgrass (Botha, 2010; Clayton and 

Renvoize, 1982). 
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Figure 1.4. Comparison between seed of naked crabgrass and large crabgrass 
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Table 1.1. Comparison between large crabgrass, naked crabgrass and Southern 

crabgrass annual grass weed species  

Characteristics 

(taxonomical) 

D. sanguinalis 

Large crabgrass 

D. nuda 

Naked crabgrass 

D. ciliaris 

Southern crabgrass 

Habit Solitary growing Creeping, sometimes mat-forming Solitary growing 

Culms 20 – 60 cm 10 – 50 cm 20 – 60 cm 

Leaf sheaths Smooth to scaberulous Scaberulous (hairy) Scaberulous (bristles) 

Ligulae 1-2 mm, truncate, erose 1-2 mm, truncate, erose Up to 2.5 mm, truncate, erose 

Leaf laminae 3-12 x 0.1-0.5 cm, linear, flat, 

scaberulous on both sides, 

bulbous bristles on superior 

surface near base, scaberulous 

along margin  

(2)5-12 x 0.3-0.6 cm, linear, flat, 

scaberulous on both sides, 

scaberulous along margin 

4-13 x 0.3-0.8 cm, linear, flat, 

scaberulous on both sides, bulbous 

bristles on superior surface near base, 

scaberulous along margin  

Inflorescence (2)4-8 racemes 

(3)6-12 cm long, erect  

(2)3-4(5) in inferior whorl 

(second inferior whorl with 2-3 

racemes) 

2-10 racemes 

(3)7-12 cm long in 1 or 2 

superposed whorls of 2-5 racemes 

each 

2-9 racemes 

6-12 cm long in 1 or 2 superposed 

whorls  

(a few solitary along short axis) 

Rachis Triquetrous, broadly winged, 0.7 

mm wide, smooth to 

scaberulous with scabrous 

margins 

Triquetrous,  0.7 mm wide, smooth 

with scabrous margins 

Triquetrous, 1.0 mm wide, smooth to 

with scabrous margins 

Pedicels 2-nate, 0.3-3 mm, triangular, 

scabrous, scarcely widened at 

apex 

2-nate, 0.5-2 mm, triangular, 

scaberulous, slightly broadened at 

apex 

2-nate, 0.5-2.5 mm, triangular, 

scabrous, scarcely broadened at apex 

Spikelets (1.8)2.1-2.8 mm, ovate oblong 2-2.8 mm, oblong to lanceolate 2.7-3.4 mm, oblong glanceolate 

Inferior glume Short, triangular, sometimes 

truncate/slightly bifid 

Shorter than 0.2 mm, poorly 

developed/absent 

0.5 mm, ovate to oblong triangular, 

often truncate 

Superior glume 1/3-2/3 of spikelet, ovate to 

oblong triangular, 3 nerved, 

appressed hairy, hairs fine, 

smooth, acute 

1/3-2/3 of spikelet, ovate to oblong 

triangular, 3 nerved, appressed 

hairy, hairs fine, smooth, acute, 

hyaline 

2/3-3/4 of spikelet, oblong triangular, 

3-nerved, appressed hairy, hairs very 

fine, smooth, acute 

Inferior lemma As long as spikelet, ovate-

oblong, 7-nerved, nerves 

scabrous, central zone often 

broad, appressed hairy 

As long as spikelet, 

oblongglanceolate,5- 7-nerved, 

nerves smooth, mostly equidistant, 

appressed hairy 

As long as spikelet, oblong-lanceolate, 

7-nerved, nerves smooth, central zone 

often broad, appressed hairy, 

sometimes bristle-hairs, rarely grabous 

Superior lemma As long as to somewhat shorter 

than spikelet, oblong-lanceolate, 

slightly acuminate, pale yellow to 

pale brown, sometimes purplish 

tinged 

As long as to somewhat shorter than 

spikelet, oblong-lanceolate, acyte, 

pale yellow to reddish brown, 

sometimes bluish grey 

As long as to somewhat shorter than 

spikelet, oblong-lanceolate, acute, 

pale yellow to pale brown, often 

purplish tinged 

*Classification according to Flora Zambesiaca, Digitaria spp. by Launert and Pope, 1989 
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1.2. Weed status and crop-weed competition 

Reports of maize producers experiencing increased grass infestations and low herbicide 

efficacy in the control of grass weed species have increased since the early 2000’s. Although 

several grass weeds can influence maize production negatively (Botha, 2010; Bromilow, 

2010), insufficient control was more evident within the Digitaria species complex 

(crabgrasses), especially in the North West and Free State provinces (see Figure 1.6). This 

map also indicates the areas where naked crabgass was sampled and field trials were carried 

out. Digitaria species are known to germinate simultaneously with maize (a grass specie as 

well) and can compete from early in the season for moisture and nutrients (Kim et al., 2002). 

Late infestation levels of these species are, however, more troublesome and difficult to control 

and the effect on maize yield have not been determined under South African conditions.  

Large crabgrass is known to cause severe infestation problems during the growing 

season in various crops world-wide (Aguyoh and Masiunas, 2003; Forcella et al., 1992; Fu 

and Ashley, 2006; King and Oliver, 1994; Monks and Schultheis, 1998). The interference of 

grass infestations consisting predominantly of large crabgrass and goose grass was found to 

be more severe and reduced maize yield with 70% when compared to Cyperus esculentus 

(L.) (yellow nutsedge) infestations in maize planted on two soil types in South Africa (Jooste 

and Van Biljon, 1980). The most prevalent crab grass spp. in the United States of America are 

regarded as important grass weeds including large crabgrass, smooth crabgrass and 

Southern crabgrass (Kim et al., 2002).  

Effective weed control during the critical periods of crop development prevents serious 

yield losses and optimizes herbicide applications (Evans et al., 2003a; Norsworthy and 

Oliveira, 2004; Williams, 2006). The critical period of weed control (CPWC) is defined as the 

necessary duration of weed control to prevent yield reduction due to weed interference (Hall 

et al., 1992; Norsworthy and Oliveira, 2004; Page et al., 2009). High weed densities, a broad 

weed spectrum and variation in environmental factors between localities have the greatest 

effect on duration and ending of CPWC in maize (Evans et al., 2003a; Halford et al., 2001; 

Norsworthy and Oliveira, 2004). Several CPWC have been determined for different weed 

species in maize (Halford et al., 2001; Hall et al., 1992; Isik et al., 2006, Smitchger et al., 

2012). Studies to determine the interference of grass weed species on maize yield were 

conducted on perennial Johnson grass (Sorghum halepense (L. Pers.), volunteer Proso Millet 

(Panicum miliaceum L.) (Anderson, 2000; Ghosheh et al., 1996), Echinochloa crus-galli L. 

Beauv. (barnyardgrass) (Williams 2006), Eriochloa villosa (Thumb.) Kunth (woolly cupgrass) 

(Mickelson and Harvey, 1999; Owen et al., 1993) and giant foxtail (Setaria faberi Herrm.) 

(Hartzler et al., 1999). The CPWC for Digitaria spp. interference in maize has not been 
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determined and is believed to be important since the effect of late infestations on yield is 

uncertain. 

The effect of weed competition on various crops has been studied extensively worldwide 

but is still considered to be a complex field with several factors and interactions between 

factors playing a role. The severity of weed competition and the manifestation in crop losses 

will depend on the dominant weed species, density of the infestation and the duration of the 

infestation period (Rao, 2000).  Similar growth habits and nutrient demands between crops 

and weeds will also increase the severity of competition. The interference of large crabgrass 

has been reported on maize, snap beans, bell pepper and watermelon, (Agyuyo and 

Masiunas, 2003; Fu and Ashley, 2006; Hellwig et al., 2002; Monks and Schultheis, 1998). 

Limited research other than positive identification (Chikoye et al., 2000; Dias et al., 2005; Kok 

et al., 1989), comparative studies to other Digitaria species (Souza et al., 2012) and responses 

to various herbicides (Dias et al., 2005; Vieira et al., 2010) has been done on naked crabgrass, 

and none in South Africa. Naked crabgrass is reported to be a serious grass weed in 

sugarcane in Brazil (Dias et al., 2005). Souza et al. (2012) compared the growth rate and 

morphological development of naked crabgrass to southern crabgrass and found that 

southern crabgrass has a higher growth rate and could be more competitive than naked 

crabgrass. The competitiveness of Digitaria species is to a great extent manifested in their 

ability to grow in almost any soil type, tolerate stress conditions and to produce abundant seed 

(Kim et al., 2002; Mitich, 1988).  

Allelopathic properties have been recorded for large crabgrass which can inhibit growth 

of other weed species (Zhou et al., 2013). However, no reports have been found in literature 

where Digitaria species can negatively affect maize growth through allelopathy. While weed 

interference includes both competition and allelopathy effects on a crop, this study focussed 

on the competition effect of naked crabgrass on maize. 

 

1.3. Germination characteristics 

Understanding weed population dynamics is important to determine and elucidate 

effective and environmentally friendly weed control strategies. Digitaria spp. can occur under 

a wide range of environmental conditions including tropical to semi-arid regions (Gallart et al., 

2010; Holm et al., 1977; King and Oliver, 1994). Large crabgrass, naked crabgrass and 

Southern crabgrass reproduce only from seed, which are shallow germinators that can 

germinate until late in a growing season (King and Oliver, 1994). In field germination studies, 

large crabgrass is one of few weeds that can germinate throughout the growing season with 

a germination peak two weeks later than most of the other common weeds (Saayman-Du Toit 

and Le Court De Billot, 1991). Temperature (air and soil), soil water concentration, soil texture 
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and pH influence germination and emergence of Digitaria spp. (Chauhan and Johnson, 2008b; 

King and Oliver, 1994; Steinmaus et al., 2000).  

King and Oliver (1994) reported maximum emergence of large crabgrass of 77% at 25 

°C and few or no emergence in the field below 15 °C. Large crabgrass showed an average 

germination of 77.4% between 10 °C and 30 °C, with a base temperature of 16.2 °C 

(Steinmaus et al., 2000). Southern crabgrass showed optimum germination of 93% at 33 / 25 

°C fluctuating temperature regimes. Light can stimulate the germination of southern crabgrass, 

while large crabgrass germinates regardless of light (Chauhan and Johnson, 2008b). Soil pH 

and calcium availability influence the growth and competitiveness of Digitaria spp. (Buchanan 

et al., 1975; Pierce et al., 1999). The increase of pH levels reduced the shoot and root dry 

mass of large crabgrass and its ability to compete can be reduced when raising soil pH levels 

(Pierce et al., 1999). Some Digitaria species are known to have a dormancy period and need 

pre-chilling or after-ripening before germinating (Biswas et al., 1978). However, research 

proved that large crabgrass and Southern crabgrass have a low rate of longevity under field 

conditions, app. 2-3- years (Gallart et al., 2010; Kobayashi and Oyanagi, 2005). No research 

results could be found on the biology of naked crabgrass with regard to germination, 

emergence and dormancy. These factors are therefore being addressed in comparative 

studies in the following chapters.    

The burial depth of weed seeds in the soil profile can play a major role in the population 

dynamics of problem grass weeds (Grundy et al., 2003). Grass weed species are known to 

accumulate mainly on the soil surface or within the first 0 – 5 cm of soil. Due to the small seed 

size of most grass weed species, burial depth influences germination and subsequent 

emergence significantly (Benvenuti et al., 2001; Martinkova et al., 2006; Mickelson and 

Harvey, 1999; Teuton et al., 2004). Viable seed of large crabgrass declined rapidly after one 

year and seedling emergence was best from burial depths of 4 to 4.5 cm (Masin et al., 2006). 

Chauhan and Johnson (2008b) found that southern crabgrass has larger seed than Indian 

crabgrass [D. longiflora (Retz.)], which could not emerge from a burial depth greater than 1 

cm, whereas the former emerged from a burial depth of 6 cm, while large crabgrass failed to 

emerge from this depth (Benvenuti et al., 2001; Chauhan and Johnson, 2008b). Data with 

regard to longevity and the effect of burial depth on germination and emergence in different 

soil types are not available yet for naked crabgrass. 
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1.4. Control of crabgrass 

South Africa is one-eighth the size of the USA, consisting of 1.2 million km-2 with climatic 

regions ranging from Mediterranean to subtropical to semi-desert. Only 12% of South Africa’s 

land can be used for crop production of which only 22% is high-potential arable land. The 

viability of water is the most limiting factor due to unreliable and uneven rainfall throughout the 

crop production areas. South Africa is self-sufficient in mostly all agricultural products with 

maize being the most widely grown, followed by wheat, sugarcane and sunflowers. The total 

area under maize production covers app. 2.8 million hectares with respectively 1.6 million and 

1.2 million hectares of white and yellow maize (SAGL, 2013). During the 2012/2013 season 

11.7 million tons of maize has been produced with the Free State, Mpumalanga and North-

West being the major maize producing areas. The average gross production value for 

2012/2013 season was R1 844 t.ha-1 (Grain SA, 2013)  

Control of annual grass weeds can be problematic due to abundant seed production, 

persistent seed banks and their ability to germinate and grow in a vast range of environmental 

conditions (Mortimer, 1991; Chikoye et al., 2000; Kim et al., 2002). The movement of maize 

producers to reduced tillage practices can also promote a shift in the weed spectrum since 

most grass weeds are shallow germinators and prevail at high infestation levels where 

cultivation is absent. Producers therefore tends to rely more on chemical control and hectares 

planted with herbicide tolerant maize cultivars have increased dramatically since their 

introduction in 2002 in South Africa. Almost 70% of the total maize production area is planted 

with Roundup® Ready cultivars (Grain SA, 2012). Consequently, the use of glyphosate 

applied post-emergence also increased dramatically and 12.6 million litres were sold during 

the 2010/2011 production season.   

Grass weed control in grass crops such as maize has many challenges. Herbicides have 

to be very specific not to damage the grass crop, but have to control grass weed species 

effectively (Bernards et al., 2006; Saayman-Du Toit, 2002). Furthermore, applying 

graminicides (herbicides controlling grass weed spp.) are not a guarantee that all grass weed 

species will be controlled. Different active ingredients control different grass weed species and 

sometimes inconsistent control can be experienced within the same grass weed genus (Dias 

et al., 2005). Some grass weed species can be more tolerant to graminicides than others. 

Therefore, if a certain grass weed species is not specifically mentioned on a graminicide label, 

effective control will not be achieved. The most common control practice for grass weeds in 

maize producing areas in South Africa is to apply pre-emergence herbicides registered on 

maize at planting, followed by a shallow cultivation depending on crop growth stage and soil 

moisture status (Bhowmik et al., 1999; Doub et al., 1988). Usually these control measurements 

would give adequate control of most grass weed species. Post-emergence herbicide 

applications to control grass weeds are limited and are mostly done with glyphosate where 
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glyphosate resistant cultivars are planted. A large range of herbicides are currently registered 

for control of grasses on a wide range of crops in South Africa (http://www.CropLife.co.za) 

(Table 1.2). Most of these herbicides are selective and belong to the chloroacetamide group. 

The mode of action of this group is to inhibit protein synthesis, disturb cell division and to affect 

cell membranes (Monaco et al., 2002; Rao, 2000). The primary site of action of these 

herbicides is the developing leaves beneath the coleoptile and the apical and intercalary 

meristems near the coleoptile node. Chloroacetamide herbicides control germinating seeds 

as well as to a lesser extent small emerged seedlings of many grasses, with minimal effect on 

broad leaf weeds. Grass seeds will germinate but will not emerge due to the absorption of 

herbicide through the coleoptile. If weed seedlings do emerge they are usually malformed or 

show abnormal growth. Typical symptoms include whiplashing; where the first leaves do not 

unfold and the tips are being trapped by the coleoptile causing it to loop (Bernards et al., 2006; 

Monaco et al., 2002). These symptoms are very pronounced in the crop where herbicide 

damage occurs due to chloroacetamide application (Figure 1.5). 

Figure 1.5. Typical acetochlor damage on maize seedlings (whiplashing) 

Several of these herbicides, however, have built in safeners to protect the crop from 

any herbicide damage (Bernards et al., 2006; Scott-Craig et al., 1998). Safeners added to 

chloroacetamide herbicides registered in South Africa include dichlormide in acteochlor, 

furilazole in acetochlor/atrazine/terbuthylazine mixtures and benoxacor in metolachlor. All 

herbicides registered to control large crabgrass in crops planted in South Africa are listed in 

Table 1.2  

Furthermore, the development of herbicide resistant crops presented a whole new 

strategy to weed control management systems. Hamill et al. (2000) found that the addition of 

atrazine and dicamba applied pre-emergence, followed by glufosinate applied post-

emergence, enhance the effective control of grass weed species (yellow foxtail [Setaria glauca 

(L.) Beauv.], barnyardgrass and large crabgrass) significantly in gluphosinate-resistant maize. 

Glyphosate, glufosinate and sulfosate have been reported to control large crab grass more 

than 90% in several studies (Corbett et al., 2004; Culpepper et al., 1998). Large crabgrass 

and giant foxtail were also controlled more effectively when acetochlor, metolachlor, atrazine 

http://www.croplife.co.za/
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and dimethenamid were applied pre-emergence followed by a mid-post emergence 

application with glyphosate (Ferrel and Witt, 2002). Early post-emergence application of 2,4-

D alone did not control large crabgrass, but when glyphosate was added, control of 95% was 

obtained (Culpepper et al., 2001). Pre-emergence application of clethodim, setoxydim, 

fluazifop-P + fenoxaprop-p, fluazifop-P and quizalofop applied alone in cotton (Gossypium 

hirsutum L.) provided 95% control of large crab grass (Culpepper et al., 1998). However, large 

crabgrass populations have been reported showing resistance to ACCase inhibitors during 

1999 where the accessions were monitored in a carrot (Daucus carota L.), onion (Allium cepa 

L.) and maize cropping systems (http://www.weedscience.com (Wiederholdt and Stoltenberg, 

1995)). These large crabgrass accessions were resistant to fluazifop-P and setoxydim. 

Fenoxaprop-ethyl can also provide large crabgrass control of greater than 85%, applied post-

emergence on turf grass (Chism and Bingham, 1991). Norsworthy and Meehan (2005) 

evaluated the herbicidal activity of isothiocyanates on large crabgrass and found that the 

effectiveness varies among species. Allyl and 3-methylthiopropyl isothiocyanate were more 

effective on large crabgrass and reduced infestations up to 100%. Hart et al. (2004) found that 

pre-emergence application of siduron and post-emergence application of quinclorac can 

effectively control large crabgrass. Very little research has been done on the effective control 

of naked crabgrass with herbicides. Dias et al. (2005) reported that triazines (ametryn), 

triazinones (metribuzin) and isoxazolinones (isoxaflutole) showed some control of naked 

crabgrass and southern crabgrass. Naked crabgrass, however, showed more tolerance to 

metribuzin. Dias et al. (2005) also reported that producers use chemical control of Digitaria 

spp. without a correct identification of the species and believe that all herbicides can control 

all Digitaria spp. Vieira et al. (2010) also reported that ametryn can effectively control naked 

crabgrass in sugarcane in Brazil. 

To rely only on herbicides to control weeds in crop production can lead to reduced 

control, resistant weed species populations and a shift in weed species in the seedbank (Davis 

et al., 2005). It is therefore imperative to apply integrated weed control management 

programmes for longer lasting effective control (Jones and Medd, 2000; Radosevic et al., 

1996). Some grass weed species have the ability to germinate during the whole season and 

the incorporation of several agronomical practices is needed to ensure effective control. The 

time of weed control also plays a significant role where optimum weed control is to be achieved 

(Hall et al., 1992; Norsworthy and Oliviera, 2004). Nitrogen application, crop rotation, cultivar 

choice and soil tillage are but a few agronomic tools that can be used in the development of 

effective weed control management programmes (Chauhan et al., 2006; Evans et al., 2003a; 

Manley et al., 2002; Mohler and Calloway, 1992; Sosnoskie et al., 2006; Smith, 2006).

http://www.weedscience.com/
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Table 1.2. Herbicides registered in South Africa for control of large crabgrass (D. sanguinalis).  

Active ingredient Site of action Chemical family 

Group 
(old 
group 
name) Chemical name 

cycloxydim 
Inhibitors of acetyl CoA 
caboxylase (ACCase) 

  

  

  

  

Cyclohexanedione 1 (A) 2-[1-(ethoxyimino)butyl]-3-hydroxy-5-(2H-tetrahydrothlopyran-3-yl)-2-cyclohexen-1-one 

fluazifop-P-butyl 
Aryloxyphenoxy 
propionate 

1 R-2-[4-[[5-(trifluoromethyl)-2-pyridinyl]oxy]phenoxy]propanoic acid 

haloxyfop-R methyl 
ester 

  1 (±)-2-[4-[[3-chloro-5-(trifluoromethyl)-2-pyridiny]oxy]phenoxy]propanoic acid 

propaquizafop   1 2-(4-aryloxyphenoxy)propionic acid 

quizalofop-P-tefuryl   1 R-2[4-[(6-chloro-2-quinoxalinyl)oxy]phenoxy]propanoic acid 

chlorimuron-
ethyl/metribuzin 

Inhibitors of acetolactate 
synthase (ALS) 

  

Sulphonylurea 2 (B) 2-[[[[(4-chloro-6-methoxy-2-pyrimidinyl)amino]carbonyl]amino]sulfonyl]benzoic acid 

flumetsulam* Triazolopyrimidine 2 N-(2,6-difluorophenyl)-5-methyl [1,2,4]triazolo[1,5-a]pyrimidine-2-sulfonamide 

benfluralin Inhibitors of microtubule 
assembly 

  

  

  

Dinitroaniline 3 (K1) N-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl)benzenamine 

pendimethalin   3 N-(1-ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine 

trifluralin   3 2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine 

chlorthal-dimethyl None 3 dimethyl-2,3,5,6-tetrachloro-1,4-benzenedicarboxylate 

ametryn Inhibitors of 
phorosynthesis at 
photosystem II site A 

  

  

  

  

  

Triazine 5 (C1) N-ethyl-N'-(1-methylethyl)-6-(methylthio)-1,3,5-triazine-2,4-diamine 

simazine   5 6-chloro-N,N'-diethyl-1,3,5-triazine-2,4-diamine 

bromacil Uracil 5 5-bromo-6-methyl-3-(1-methylpropyl)-2,4(1H,3H)pyrimidinedione 

chloridazon Pyridazinone 5  5-amino-4-chloro-2-phenylpyridazin-3-one 

hexazinone Triazinone 5 3-cyclohexyl-6-(dimethylamino)-1-methyl-1,3,5-triazine-2,4(1H,3H)-dione 

metribuzin*   5 4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one 
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diuron Inhibitors of 
phorosynthesis at 
photosystem II site A 
(Different binding 
behaviour from Group 5) 

  

Urea 7 (C2) N'-(3,4-dichlorophenyl)-N,N-dimethylurea 

tebuthiuron   7 N-[5-(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N',-dimethylurea 

EPTC* 
Inhibitors of lipid 
synthesis; not ACCase 
inhibition 

Thiocabamate 8 (N) S-ethyl dipropyl carbamothioate 

glyphosate 

Inhibitor of 5-
enolypyruvyl-shikimate-3-
phosphate synthase 
(EPSP) 

None 9 (G) N-(phosphonomethyl)glycine 

glufosinate-ammonium 
Inhibitor of glutamine 
synthetase 

None 10 (H) 2-amino-4-(hydroxymethylphosphinyl)butanoic acid 

fluorochloridone 
Inhibitors of the phytoene 
desaturase (PDS) 

Other 12 (F1) 3-chloro-4-(chloromethyl)-1-[3-(trifluoromethyl)phenyl]-2-pyrrolidinone 

oxyfluorfen Inhibitors of 
protoporphyrinogen 
oxidase (Protox) 

  

Diphenylether 14 2-chloro-1-(ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene 

sulfentrazone Triazinone 14 N-[2,4-dichloro-5-[difluoromethyl)-4,5-dihydro-3-methyl-5-oxo-1H-1,2,4-triazol-1-yl]methanesulfonamide 

acetochlor* Inhibitors of synthesis of 
very long-chain fatty acids 

  

  

  

  

  

Chloroacetamide 

 

15 (K3) 2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl)acetamide 

alachlor* 15 2-chloro-N-(2,6-diethylphenyl)-N-methoxymethylacetamide 

S-dimethenamid* 15 2-chloro-N-[(1-methyl-2-methoxy)ethyl]-N-2,4-dimethyl-thien-3-yl)-acetamide 

flufenacet 15 N-(4-fluorophenyl)-N-(1-methylethyl)-2-[[5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl]oxy]acetamide 

metazachlor 15 2-chloro-N-(2,6-dimethylphenyl)-N-(1H-pyrazol-1-ylmethyl)acetamide 

metolachlor* 15 2-chloro-N-2(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide 

MSMA Unknown Organoarsenical 17 (Z) monosodium methanearsonate 

isoxaflutole Inhibitors of 4-
hydroxyhenyl-puryvate-
dioxygenase (4-HPPD) 

Isoxazole 27 (F2) (5-cyclopropyl-4-isoxazolyl)[2-(methylsulfonyl)-4-(trifluoromethyl)phenyl]methanone 

mesotrione* Triketone 27 2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione 

*Registered on maize in South Africa
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1.5. Problem statement and impact of research 

Naked crabgrass and large crabgrass are morphologically very closely related to each 

other. Maize producers often identify crabgrasses as large crabgrass irrespective of the 

knowledge that subtle differences exists between large crabgrass and the few unknown other 

Digitaria species, such as naked crabgrass. This leads to incorrect identification of grass weeds, 

subsequently leading to the assumption that all herbicides registered for control of large 

crabgrass will control these rather unknown Digitaria species as effectively. Although the weed 

status of large crabgrass has been studied worldwide, a lack of knowledge on naked crabgrass 

is quite evident as shown by the above literature review.  

Germination characteristics are species specific and as in the case with most grass 

species, seed of naked crabgrass showed dormancy and poor germination percentages with 

initial trials. Different pre-treatments were tested to enhance the germination percentage of 

naked crabgrass and to shed light on conditions conducive to germination. The aggressiveness 

and competitive ability of naked crabgrass and large crabgrass was quantified, using a simple 

replacement series design, tested under two watering regimens.  Maize is one of the largest 

cash crops produced in South Africa and the competition effect of both naked and large 

crabgrass was determined separately in greenhouse trials to quantify yield losses on two soil 

types. Since both grass weed and maize crop are C4 plants, severe competition for the same 

resources and similar growth patterns can lead to severe maize yield losses. Field trials were 

conducted over two growing seasons at two localities to determine the critical period of weed 

control of naked crabgrass to reduce maize yield losses to the minimum (Figure 1.6). Finally, 

herbicides registered to control large crabgrass effectively in maize were evaluated for control 

of naked crabgrass. Field trials and glasshouse trials were used to quantify control of both naked 

crabgrass and large crabgrass on two soil types. Research from this study focussed therefore, 

primarily on the biology, competition and control of naked crabgrass to clarify challenges 

producers experienced in some of the major maize producing areas in South Africa to increase 

sustainable control of this relative unknown Digitaria specie that can most probably become 

more dominant in the coming years. The hypothesis of this study is therefore that the biology 

between related Digitaria species is not similar in all accounts and that the control measures for 

these grass weeds are species specific. 
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Figure 1.6. National chart of South Africa to show areas where naked crabgrass was 

sampled and where field trials were conducted. 
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CHAPTER 2  

Germination characteristics of the grass weed Digitaria nuda (Schumach.)1 

E. Hugoa,b*, A.E.J. Saayman-Du Toita, C.F. Reinhardtb 

aAgricultural Research Council - Grain Crops Institute, Private Bag X1251, Potchefstroom, 

2520, South Africa. 

bDepartment of Plant Production and Soil Science, University of Pretoria, Pretoria, 0002, South 

Africa. 

*Corresponding author Email address: HugoE@arc.agric.za (E. Hugo) 

 

Abstract report 

The effect of various pre-treatments and their interaction with temperature on cumulative 

percentage and the rate of germination were evaluated for Digitaria nuda. Stored and fresh 

seeds were pre-treated with either 0.02 M KNO3, soaked in water for 24 h (priming), sterilized 

with 0.5% NaOCl or heat treated at 60 °C. Seeds were germinated at constant temperatures of 

25 and 30 °C and fluctuating temperature regimes of 25/10 and 30/15 °C.  The effect of pre-

chilling on germination of stored and fresh seed was evaluated at 30/15 °C, and seed 

emergence in two soil types at different burial depths (0, 0.5, 1, 2, 3, 4, 5 and 6 cm) was also 

determined. The pre-treatment of stored seed with KNO3 resulted in the highest germination 

percentage (100%), whereas the pre-treatment of fresh seed with water for 24 h gave the best 

germination (99%), at constant temperatures of 25 and 30 °C. Pre-chilling of seed increased 

germination by more than 30%. Emergence from clay loam soil was greater compared with 

emergence from sandy loam soil. Total seedling emergence decreased exponentially with 

increasing burial depths with only 5% of seed germinating from a burial depth of 6 cm. 1 

Results from this study showed that germination requirements are species specific and 

knowledge of factors influencing germination and emergence of grass weed seed can assist in 

predicting flushes in emergence allowing producers to implement control practices more 

effectively. 

 

Keywords: burial depth; germination; potassium nitrate; priming; soil type; temperature 

 

2.1. Introduction  

Digitaria nuda (Schumach.), commonly known as naked crabgrass, is a relatively unknown 

Digitaria grass species in South African cropping systems. It has recently been positively 

identified in maize fields in the Free State and North-West Provinces of South Africa. Although 

D. nuda is listed as a weed occurring in crop fields in South Africa, and other countries to the 

                                                 
1Published in South Africa Journal of Botany90: 52-58 (2014) 

mailto:HugoE@arc.agric.za
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north in Africa, very little information about the ecology and biology of this Digitaria grass species 

is available to establish its weed status and impact on crops (Botha, 2010; Bromilow, 2010; 

Grabrandt, 1985).  

Various taxonomic identification keys (Barkworth et al., 2003; Launert and Pope, 1989; 

Webster, 1983) have demonstrated the morphological similarities between D. nuda and the 

more common D. sanguinalis (L) Scop. (large crabgrass) and D. ciliaris (Retz.) Koeler (southern 

crabgrass). The most distinguishable characteristic with which to identify these Digitaria spp. 

correctly can, however, only be seen on the seed when grasses are physiologically mature, 

making it extremely difficult to distinguish at the seedling stage. Digitaria sanguinalis has a very 

distinct lower glume on the lower lemma and also has some spicules on the lateral veins of the 

lower lemma. Digitaria nuda has no lower glume on the lower lemma in most cases, and if 

visible, it is only a slight shrivel of a glume.  The lower lemma is also very smooth with no 

spicules on the lateral veins, hence the common name “naked crabgrass”. Digitaria ciliaris also 

has an inferior lower glume on the lower lemma, but the lower lemma is smooth like that of D. 

nuda and the upper lemma is longer. Kok et al. (1984, 1989) made a systematic description of 

the Digitaria section in southern Africa and presented five species; including D. acuminatissima 

(Stapf) and D. nuda that were not previously recorded. They found that D. nuda only occurred 

in the north-eastern regions of KwaZulu-Natal and Mpumalanga since it prefers more tropical 

environments, but it was suggested that this species could be more wide-spread due to incorrect 

identification.  

Research on the weed status of Digitaria spp. was mostly done on large crabgrass in 

South Africa (Wells et al., 1980). In field germination studies D. sanguinalis is one of few weeds 

that can germinate throughout the summer growing season with a germination peak two weeks 

later than most of the common weeds found in maize fields (Saayman-Du Toit and Le Court De 

Billot, 1991). Competition of grass infestations, which were dominated by large crabgrass and 

African goosegrass (Eleusine coracana subsp. Africana (K.-O’Byrne) Hilu & De Wet), reduced 

maize yield up to 70%, and was more severe than Cyperus esculentus (L.) (yellow nutsedge) 

infestations (Jooste and Van Biljon, 1980). Digitaria sanguinalis is, however, known to develop 

high infestations and cause severe competition problems in various crops world-wide (Aguyoh 

and Masiunas, 2003; Forcella et al., 1992; Fu and Ashley, 2006; Kim et al., 2002; King and 

Oliver, 1994; Monks and Schultheis, 1998). Digitaria nuda has been identified as a troublesome 

weed in West African countries and Brazil, especially in sugarcane production (Chikoye et al., 

2000; Dias et al., 2005). Prior research on D. nuda is limited to its taxonomy while its biology 

and germination ecology are unknown and cannot be inferred from research on other Digitaria 

spp. 

Specific requirements for effective germination often differ amongst related weed 

species and a slight variation in environmental conditions can increase or decrease the rate of 
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their emergence (Hartzler, 1999). Knowledge on the biology and germination characteristics of 

weeds can be an important tool when implementing integrated weed control strategies, and can 

be used to prevent significant numbers of new weed seeds being added to the soil seed bank 

(Chauhan and Johnson, 2009; Hartzler, 1999). Initial germination and the consistency of 

emergence of a species can support the decision making process for producers for optimal 

timing of tillage and herbicide applications. Temperature and soil water content are two of the 

most important factors influencing germination and emergence of weed species (Chauhan et 

al., 2006; Ghorbani et al., 1999). The germination characteristics of D. sanguinalis and D. cilliaris 

have been extensively studied (Chauhan and Johnson, 2008a, 2008b; Gardener, 1996, 

Halvorson and Guertin, 2003), but no such studies exist for D. nuda.  

Preliminary germination tests on D. nuda showed very poor germination (<20%) and 

seed dormancy is expected to be the main reason. Most grass species exhibit some form of 

dormancy where low germination percentages are experienced despite prevailing favourable 

conditions. Several treatments that promote or enhance germination can be used to break 

physiological dormancy and have been used to do so in D. sanguinalis and D. ciliaris (Chauhan 

and Johnson, 2008a, 2008b; Gallart et al., 2008; Moreno and McCarty, 1994). 

The objectives of this study were to determine germination characteristics of D. nuda 

utilising various pre-treatments aimed at breaking dormancy and increasing seed germination 

using constant and fluctuating temperature regimes in order to identify optimal germination 

conditions for each of the pre-treatments. Knowing the optimum temperature range in which a 

specific weed species germinates could shed light on the biology of such a species and can be 

useful in predicting significant flushes of emergence, leading to more pro-active and practicable 

control measures. Furthermore, the influence of soil type and seed depth below the soil surface 

was also investigated to determine effects on seedling emergence.  

 

2.2. Materials and methods 

2.2.1. Seed collection  

Digitaria nuda seed was collected annually from physiologically mature plants during March and 

April from 2007 to 2011 at the research station of the ARC-Grain Crops Institute, Potchefstroom 

(North-West Province, 26°43’41.9” S, 27°04’47.8” E). Since D. nuda is a relatively unknown 

grass species in South Africa, at least with regard to its distribution, racemes sampled in each 

year were sent to the National Herbarium of the South African National Biodiversity Institute to 

be positively identified. After collection, seed was left to dry in a greenhouse at 30/15 °C 

(day/night) temperature range for two weeks. Seed was removed from racemes by hand and 

cleaned from inert material to obtain experimental samples.  Samples of each year were kept 

separate and stored in air-tight plastic containers at 15 °C.  Seed properties are summarized in 

Table 2.1.  
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Table 2.1.  Seed properties of D. nuda collected in Potchefstroom from 2007 to 2011. 

Seed year 

collected 

Seed 

mass 

(g.100-1) 

 
Pure 

seedsa 

Caryopsis 

presentb 

Viable 

seedc 

   % 

2007 0.189  94 43 28 

2008 0.199  98 59 50 

2009 0.188  91 31 14 

2010 0.248  96 57 58 

2011 0.292  94 78 49 
  a  seeds of D. nuda per sample; b intact, germinable seeds; c viable seeds  

  determined with tetrazolium tests.  

 

2.2.2. Germination tests 

Germination tests were done using both 1-year old seed (harvested in 2010) and fresh seed 

(harvested in 2011) of D. nuda to compare germination. Seed harvested during 2010 was stored 

in air-tight plastic containers at 15 °C following drying until commencement of germination tests 

in 2011. Five different seed pre-treatments to enhance germination of D. nuda were applied to  

both stored (1-yr old) and fresh seed: 1) KNO3 applied at 0.02 M in place of distilled water, 2) 

immersing (priming) seed for 24 h in distilled water (water 24 h), 3) sterilization in 0.5% NaOCl 

solution for 10 minutes followed by rinsing with distilled water, 4) heat treatment of seed in brown 

paper bags at 60 °C for 24 h (heat treatment), and 5) control treatment where seed was not pre-

treated.  

One hundred seeds of D. nuda were placed separately in polyethylene containers (22 x 

15 x 5.5 cm) on brown Anchor germination paper (once folded) for each treatment, which was 

replicated four times (total of 400 seeds per treatment). Distilled water (13 ml) was added to the 

germination paper to provide moisture, except where KNO3 was used. Since temperature can 

play a major role in the germination of grass seed, all germination treatments were repeated at 

constant temperatures of 25 and 30 °C, and fluctuating temperature regimes of 25/10 and 30/15 

°C using growth chambers with day/night (14 h light/10 h dark) conditions. These temperatures 

and day/night light regimens were chosen to reflect temperature and diurnal variation in maize- 

producing areas in South Africa where D. nuda and D. sanguinalis commonly occur as 

troublesome weeds in maize fields (Table 2.2). Germinated seeds were counted and removed 

when a white protrusion of the radicle was observed. The duration of each trial was 30 days.  



115 
 

Table 2.2. Average 10-year maximum and minimum temperatures for four South African 

localities where severe D. nuda infestations had been reported.   

Locality  Potchefstroom Viljoenskroon Bothaville Wesselsbron 

GPS co-

ordinates 

27°04’31.91’’ S 

26°43’50.18” E 

26°54’32.29” S 

27°10’45.05” E 

26°40’55.88” S 

27°18’12.31” E 

26°26’30.69” S 

27°41’27.85” E 

  Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin 

 °C 

Earlya 28.80 13.46 29.86 11.56 30.28 9.62 29.79 11.92 

Mid 29.05 16.51 30.72 15.6 30.15 15.2 31.03 15.76 

Late 29.08 15.02 29.01 13.86 28.29 13.8 28.94 14.19 
aCrop growth season was divided into early season (Oct to Nov), mid-season (Dec to Jan) and late season (Feb-

March). 

 

2.2.3. Effect of pre-chilling 

Minimum temperatures during winter months in areas where D. nuda occur fluctuate between 

0 and 10 °C, with frost occurring regularly. Digitaria nuda seed from stored (1-yr old) and fresh 

samples was pre-chilled for three months at 4 °C after which germination tests were carried out 

as described above. Germination tests were, however, only done at the fluctuating temperature 

regime of 30/15 °C (14 h light/10 h dark) in a growth chamber, thus simulating seasonal 

temperature fluctuations.  

 

2.2.4. Data analysis of germination trials 

A split-plot factorial analysis was done on data with temperatures (4 factors) as whole plots, and 

treatments and seed age (5 X 2 factors) as sub-plots. The means of significant interaction effects 

were compared using Fisher's Protected t-LSD at a 5% significant level using GenStat for 

Windows 15th edition (Payne 2011). Mean germination time (MGT) was determined for all 

treatments, temperature regimes and seed age. Cumulative germination was normalized in 

each treatment, setting the maximum germination at 100% (King and Oliver, 1994). A 

germination index was determined to compare germination rates between treatments and 

temperatures using the equation described by Maguire (1962): 

     GI = Σni/ti [2.1] 

where ni is the percentage seeds germinated at the ith day and ti is the number of days recorded 

from the onset of the experiment to the last day on which seeds germinated. The Mitscherlich 

curve was fitted on cumulative germination to determine time to 50% of final germination (Brown 

and Mayer, 1988; Ismail et al., 2002): 

Y = M[1-exp(-K(t-L)] [2.2] 

where Y = cumulative germination at time t, M = asymptote (theoretical maximum for Y), L = the 

time (day) seed started to germinate, K = rate of increase in germination. 
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2.2.5. Effect of burial depth  

The effect of different burial depths on the emergence of D. nuda  seedlings was studied in two 

soil types in a greenhouse at a temperature regime of 30/15 °C (day/night), which simulated the 

expected average regime in the respective maize production areas (Table 2.2).  Tetrazolium 

tests (ISTA, 2010) were done on stored, non-germinated seeds collected in 2007, 2008, 2009 

and 2010 to determine the percentage viable (fresh) and non-viable (dead) seed for each seed 

year.  Soil was collected from each of two experimental farms of the Agricultural Research 

Council namely ARC-Grain Crops Institute in Potchefstroom and ARC-Small Grains Institute in 

Bethlehem (28°09’55.12” S, 28°18’32.97” E). Potchefstroom and Bethlehem soils had a clay 

content of 36% (Hutton clay loam) and 16% (Avalon sandy loam), respectively. Soils were 

sterilized separately with methyl bromide, sieved and placed in square polyethylene containers 

(275 x 275 x 145 mm). Each container was marked in cm to enable planting at specific depths 

below the soil surface. Soil temperature for each increment was measured; there was less than 

1 °C difference between the soil surface and 6 cm depth. 

 

One hundred seeds of each seed year were placed on the soil surface at the respective burial 

depths of 0, 0.5, 1, 2, 3, 4, 5 and 6 cm and covered with soil. Soil was rolled firmly after seeding 

at each burial depth to ensure good soil-seed contact. The experiment was a randomized 

complete block design and each treatment was replicated six times (treatments were replicated 

three times; whole experiment was repeated for each soil type).  Moisture content at field 

capacity (FC) of the soils was determined gravimetrically by means of weighing of containers 

prior to and after water was applied in excess and thereafter allowing water to drain freely for 

12 hours. The clay loam (Potchefstroom) and sandy loam (Bethlehem) soil was watered daily 

with 200 and 150 ml, respectively, to maintain soil as close as possible to FC in order to prevent 

water stress from influencing seedling germination. Chemicult, a commercial liquid fertilizer, 

diluted with water as specified on the label, was applied to all treatments 14 days after seeding 

at a fixed volume of 100 ml per container.  Holes in the bottom of the containers ensured free 

drainage of water. Seedlings were counted after emergence of the coleoptile and development 

of the first fully unfolded leaf (ligula clearly visible). Mean time to emergence (MTE) was adapted 

from the mean germination time formula and calculated as follows: 

MTE = Σ(n X g)/N  [2.3] 

where n is the number of emerged seedlings on day g and N is the total number of seedlings 

emerged.  

 

Total number of plants that emerged from each burial depth was counted daily for 22 days after 

planting (DAP) when emergence was no longer observed in both soil types. The maximum total 

of D. nuda seedlings that could potentially emerge from each seed year was determined by the 

sum of the percentage normally germinated seedlings and the percentage viable seed 

determined from the tetrazolium tests. The trial was terminated 42 DAP when plants were cut 

at the soil surface.  Mean dry mass of leaves and stems was determined for each treatment 

after drying overnight at 60 °C. Total emergence of seed sampled in 2009 was less than 12%, 

and viable seed was only 14%, hence, it was decided to omit 2009 data from analyses. Data for 

seed from 2007, 2008 and 2010 were subjected to ANOVA using GenStat for Windows 15th 
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edition (Payne, 2011). Regression analysis was used to determine the relationships between 

burial depth, seed year and soil type using an exponential model to describe the relationship: 

E = Amaxe
(-bx ) [2.4] 

where E = emergence (%) at seed burial depth b, Amax = maximum potential plants emerged, 

and x = slope. 

 

2.3. Results 

2.3.1. Germination tests  

Germination patterns of D. nuda differed greatly between seed ages, pre-treatments and 

temperature regimes. Cumulative germination to determine 50% of final germination is shown 

in Figure 2.1 only for control, KNO3 and water 24 h pre-treatments at constant 25 and 30 °C and 

fluctuating 25/10 and 30/15 °C temperature regimes (model parameters Table 2.3). The heat 

pre-treatment failed to reach 50% of final germination at constant and fluctuating temperature 

regimes. Only stored seed that was sterilized showed germination greater than 50% and these 

pre-treatments will be discussed under final germination. At 25 °C, stored seed treated with 

KNO3 and fresh seed soaked in water for 24 h reached 50% of final germination within three 

days. One year old seed soaked in water and fresh seed in control treatments reached 50% of 

final germination only after 16 and 18 days, respectively, but failed to reach germination 

percentages greater than 60%. The same tendency was observed for stored and fresh seed in 

the KNO3 and 24 h water treatment at 30 °C, but the control treatments failed to reach 50% of 

final germination. One year old seed soaked in water for 24 h reached 50% of final germination 

within 5 days at 30 °C.  Seed in control treatments failed to reach 50% of final germination at 

30 °C. Both seed ages of D. nuda seed failed to reach 50% of final germination in all treatments 

at the fluctuating 25/10 °C temperature regime. At the 30/15 °C regime stored seed soaked in 

water for 24 h took six days to reach 50% of final germination, while fresh seed took 19 days. 

One year-old seed in control treatments took 14 days and fresh seed treated with KNO3 took 19 

days to reach 50% of final germination.  

Seed, regardless of age, that started to germinate early (within three to six days) reached 

final germination percentages of between 80 and 100%. Seed that germinated more slowly over 

extended periods showed mostly germination of less than 50%. Low and prolonged germination 

in control treatments and failure to reach 50% of final germination accentuates the difficulty 

experienced with seed germination of D. nuda.   
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Figure 2.1. Cumulative germination patterns of stored (1-yr old, solid legends) and fresh 

(open legends) D. nuda seed at constant temperatures regimes of  (a) 25 and (b) 30 °C 

and fluctuating temperatures of (c) 25/10 and (d) 30/15 °C for  control, KNO3 and soaking 

in water for 24 h treatments. (Symbols are the actual data and lines are the predicted 

values fitted to the Mitscherlich curve Y = M[1 - exp(- K(t - L))], using the values shown in 

Table 2.3) 



119 
 

Table 2.3. Parameter estimates of the logistic function (Mitscherlich curve) fitted to 

cumulative germination in Figure 1. 

Parametera 

Temperature regime (°C) 

25 

Control Control KNO3 KNO3 Water 24 h Water 24 h 

Stored Fresh Stored Fresh Stored Fresh 

M 37.239 67.063 104.367 39.26 51.688 97.117 

K 0.43232 0.08057 0.24479 0.24012 0.21418 0.24318 

L -0.00614 0.31316 0.09293 0.08986 0.13386 0.09593 

  30 

M 32.698 14.83 88.902 24.573 78.225 102.731 

K 0.58614 0.69493 0.24393 0.22949 0.23466 0.24779 

L -0.00056 0.00005 0.09453 0.12594 0.11357 0.08765 

 10/25 

M 14.88 19.946 10.773 15.557 63.662 7.995 

K 0.17343 0.3696 0.61049 0.14732 0.01511 0.07798 

L 4.60286 0.00109 
-

0.00058 
0.10328 1.07664 1.59304 

  15/30 

M 68.986 28.765 15.782 51.632 104.097 70.871 

K 0.09566 0.02369 0.51015 0.17457 0.11887 0.06988 

L 0.74363 2.01271 -0.00287 -0.0553 0.78573 1.1946 
a M = asymptote (theoretical maximum for Y), K = rate of increase in germination, L = the time (day) seed started to 

germinate. 

 

Although temperature and pre-treatments had the greatest effect on mean germination 

time (F=143.00, P<0.001; F=28.48, P<0.001, respectively), a significant interaction between 

temperature, pre-treatments and seed age was recorded (F=8.95, P<0.001). The mean 

germination time for D. nuda was between five and seven days after seeding for most pre-

treatments at constant temperatures of 25 and 30 °C, only the control and heat pre-treatment 

for fresh seed took significantly longer to germinate (13 to 20 days). Germination at fluctuating 

temperature regimes took twice as long in most pre-treatments with no further germination after 

20 days. 

Seed age of D. nuda had the greatest effect on final germination (F=63.08, P<0.001) 

followed by temperature (F=46.90, P<0.001) and pre-treatments (F=45.41, P<0.001).  All the 

possible interactions between seed age, temperature and pre-treatments were, however, 

significant and are shown in Table 2.4 (F=13.24, P<0.001). The lowest germination for stored 

and fresh seed was recorded in the fluctuating temperature regime of 25/10 °C and varied 

between two and 20% over all pre-treatments. Germination of fresh seed increased by more 

than 40% when soaked in water for 24 h at constant temperature of 25 °C. In contrast, the 
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opposite pattern was found at the fluctuating temperature regimes of 30/15 °C: germination of 

stored seed was greater than that of fresh seed. Potassium nitrate increased germination of 

stored seed by more than 60% at both constant temperatures of 25 and 30 °C. The priming of 

fresh seed with water showed, however, the best germination (>94%) at both constant 

temperatures. Sterilized stored seed showed germination of between 57 and 73% at both 

constant temperatures of 25 and 30 °C and fluctuating temperatures of 30/15 °C.  Heat pre-

treatment of seed did not enhance germination for either fresh or stored seed.  
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Table 2.4. Effect of different temperature regimes and germination treatments on final 

germination (%) of stored (1-yr old) and fresh D. nuda seed. 

Treatment 

Temperature regimes (°C) 

25 30 10/25 15/30 

Meana Stored Fresh Stored Fresh Stored Fresh Stored Fresh 

Control 38.25 56.39 33.13 11.11 13.55 20.14 58.74 12.50 30.48b 

KNO3 99.57 38.19 85.85 23.61 10.84 14.58 15.97 29.86 39.81c 

Heat treatment 34.94 0 31.33 11.81 9.33 22.92 42.47 24.30 22.14a 

Sterilized 64.46 12.50 57.23 38.89 2.41 2.78 72.89 19.45 33.83bc 

Water 24 h 49.70 93.75 75.30 99.31 20.48 6.25 92.17 56.25 61.65d 

Meanb 57.38d 40.17c 56.57d 36.94bc 11.32a 13.33a 56.45d 28.47b  

Meanc 48.78b 46.76b 12.33a 42.46b  

LSD(Temperature x Treatment x Seed age) = 18.02 

a mean germination for treatments, b mean germination for seed age and temperature interaction, cmean 

germination for temperature. (Means within columns or rows followed by the same letter(s) do not differ significantly 

at P=0.05). 

 

A significant interaction between temperature, pre-treatments and seed age was also 

recorded for germination rate of D. nuda.  Results obtained for germination rate were similar to 

that of final germination where the highest germination rate was recorded for fresh seed soaked 

in water, followed by stored seed that was sterilized and treated with KNO3, at constant 

temperatures (data not shown). Therefore, the best germination (100%) for stored D. nuda seed 

can be achieved where seed is germinated in KNO3 at 25 °C, while fresh seed has to be soaked 

in water for at least 24 h prior to conducting germination tests at 30 °C. 

 

2.3.2. Effect of pre-chilling 

A significant interaction between pre-chilling, pre-treatments and seed age was recorded for all 

parameters tested (MGT: F=31.25, P<0.001; Germination: F=15.31, P<0.001; GI: F=10.58, 

P<0.001).  Seed that was not pre-chilled germinated within six days only when treated with 

KNO3. Pre-chilled fresh and stored seed did, however, germinate faster in all the other pre-

treatments and took between seven and nine days to germinate compared to 12 and 22 days 

where seed was not pre-chilled (data not shown). Although the interaction effect on germination 

will be discussed, it is worth mentioning that the main effect of pre-chilling increased germination 

by 33%. Germination of stored seed was significantly greater in pre-chilled seed that was either 

treated with KNO3 or pre-treated at 60 °C. Pre-chilling did not improve germination significantly 

for stored seed in the control, sterilized and soaking in water pre-treatments. Germination was, 

however, significantly greater in pre-chilled fresh seeds in all pre-treatments, except where seed 

was pre-treated with heat (Figure 2.2). 

 



122 
 

Figure 2.2. Effect of pre-chilling on the germination of fresh and stored (1-yr old) D. nuda 

seed subjected to various pre-treatments to enhance germination at fluctuating 30/15 °C 

temperature regime (Significance determined at P=0.05 according to Fisher’s LSD(Pre-

chilling x Pre-treatment x Seed age) 

 

2.3.3. Burial depth 

Burial depth was the only main effect that influenced MTE significantly (F=5.10, P<0.001) and 

no significant interactions were recorded for this parameter. Seedlings emerged more rapidly 

when placed on the soil surface and at depths of 0.5 and 1 cm (9 days).  Seed buried deeper 

than 3 cm resulted in slower emergence of up to 15 days after seeding. Only soil type (F=30.19, 

P<0.001) and burial depth (F=15.57, P<0.001) significantly affected dry mass of D. nuda; no 

interactions were significant (soil type, burial depth, seed year). Dry mass harvested from clay 

loam soil was more than double the mass produced on sandy loam soil (5.0 and 2.3 g, 

respectively data not shown). Dry mass decreased with an increase in burial depth (Figure 2.3). 

The highest dry mass for grass seedlings was recorded for seedlings emerging from seed  at a 

burial depth of up to 2 cm, but 40% reduction in dry mass was recorded where seed was buried 

deeper than 4 cm. 
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Figure 2.3. Effect of burial depth on mean time to emergence and dry mass per plant of 

D. nuda seedlings harvested 40 days after seeding (Significance determined at P=0.05 

according to Fisher’s LSD) 

 

Total plants emerged were significantly influenced by soil type, burial depth and seed year, but 

no significant interaction effects were recorded (Figure 2.4). Digitaria nuda emergence was 20% 

greater in clay loam compared with sandy loam soil. The lowest total plant emergence was 

recorded for the oldest seed sample (2007), but no significant difference was observed between 

seed harvested from 2008 and 2010. Total plant emergence decreased exponentially with 

increasing burial depth. Emergence was reduced by 27% after burial at 1 cm and by 61% at a 

burial depth of 3 cm.  Only 5% of D. nuda seed emerged from a burial depth of 6 cm. 
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Figure 2.4. Effect of increasing burial depth on the total plants of D. nuda emerged (solid 

line represent mean and dashed lines indicates relationship for each seed year). 

 

2.4. Discussion 

Digitaria species reproduce mainly by seed, and most seed shows some dormancy after 

shedding (Gardner, 1996), but can germinate throughout the season in cycles or flushes when 

favourable conditions prevail during the summer months coinciding with maize production. 

There is considerable variation in the timing of seed maturation with Digitaria spp. and it is 

difficult to collect large seed samples with uniform maturity.  This and the fact that each plant 

genotype interacts with the environment during maturation could explain in part, the variation in 

germination reported for D. nuda (Taylorson and Brown, 1977). Although initial germination of 

stored D. nuda started at five days, germination was very low (<30%) and most seed had still 

not germinated 20 days after seeding without any pre-treatment of seed. Storage alone could 

not break the dormancy that may be present in freshly harvested D. nuda seed effectively. 

Several studies with D. sanguinalis have shown that storage of seed for periods longer than six 

months can be enough to increase germination significantly (Gardner, 1996; King and Oliver, 

1994; Toole and Toole, 1941; Zhang et al., 2012).  Gardner (1996) found that fresh D. 

sanguinalis seed took a minimum of 196 days (6.5 months) to germinate while Toole and Toole 

(1941) reported 7 to 14 days for seed stored for one year.  

Germination rate and seedling development are greatly dependent on temperature and 

according to Steinmaus et al. (2000) is the most important factor regulating germination of non-

dormant seed. The daily fluctuating temperature regimes experienced in the field at localities 

where severe D. nuda infestation occur were simulated in growth cabinets to compare with 

constant temperature treatments. The higher fluctuating temperature regime of 30/15 °C 
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increased mean germination of D. nuda seed significantly (>70%), but did not differ significantly 

from the constant temperatures of 25 and 30 °C. Specific pre-treatments in combination with 

temperature yielded the highest germination for fresh and stored D. nuda seed. 

Germination of D. sanguinalis was found to be optimal at temperatures between 20 and 

30 °C and has a base temperature of 16.2 °C (King and Oliver, 1994; Steinmaus et al., 2000). 

Fluctuating temperatures have been found to be an important stimulus and even may be a 

requirement for certain annual grass weed species to germinate successfully (Nishimoto and 

McCarty, 1997). Due to the small seed size (2.0 to 2.8 mm) and light weight (100 seed weight 

= 0.22 g), most of the seed of D. nuda accumulate within five to six centimetres of the soil 

surface. ISTA Rules (2010) recommend the use of KNO3 for breaking dormancy of grass seeds. 

The pre-treatment of D. nuda seed with KNO3 also increased the germination significantly but 

only in combination with relatively high constant temperatures.  KNO3 increased germination of 

D. sanguinalis where mean germination of 99% was achieved and dormancy induced by 

caryopsis covering structures and the pericarp was successfully decreased (Gallart et al., 2008). 

The positive effect of KNO3 on germination of seed has been linked with an osmotic effect that 

enhances water and oxygen uptake by the embryo and a nutritional effect on protein synthesis 

(Gallart et al., 2008). Maize yield can be correlated with the amount of nitrogen available in soil 

and producers will amend their fertilizer programmes accordingly. Enhancing nitrogen in soil 

may therefore stimulate germination of D. nuda seed when high soil temperatures prevail. 

Soaking freshly matured D. nuda seed for 24 h in water significantly increased germination 

especially under constant temperature of greater than 25 °C. Pre-soaking or priming of seed 

with water over a period of time is not directly involved in breaking dormancy, but has rather an 

effect on the germination process itself (Biswas et al., 1978; Gallart et al., 2008). Naturally 

occurring inhibitors could be removed or washed out, initiating the germination process. Biswas 

et al. (1978) also found that certain enzyme activities that are beneficial for the germination 

process increased when soaking seed in water. Improved germination of pre-soaked D. nuda 

seed may be due to the removal of putative inhibitors, the decrease of mechanical constraints, 

a change in permeability of covering structures or a combination thereof (Baskin and Baskin, 

2004; Gallart et al., 2008). 

The heat pre-treatment of D. nuda seed yielded poor germination for both stored and 

freshly matured seed, except where stored seed was pre-chilled for 3 months. After-ripening of 

seed at 50° C for longer than 14 days increased germination of D. ischaemum (Schreb.) Muhl. 

(smooth crabgrass) and D. sanguinalis  significantly (Taylorson and Brown, 1977). The short 

exposure of D. nuda seed to 60° C (only 24 h) was perhaps not long enough to break existing 

dormancy and increase germination. Although pre-chilling of D. nuda seed increased 

germination and can possibly break dormancy (Toole and Toole, 1941) the associated 
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mechanisms/processes involved in the germination process was deemed beyond the scope of 

this study. 

Although D. nuda seedlings emerged faster from within the first three centimetres of soil 

and were larger compared with the later emerging seedlings, the effect on seed production was 

not measured. The effect on plant growth and seed production can also be due to the longer 

growing period of first emerging plants and better environmental conditions earlier in a growing 

season. Reproductive traits and seed production of D. sanguinalis were significantly influenced 

by time of emergence where plants emerging first had greater seed production than those 

emerging later (Galart et al., 2008). 

Digitaria nuda emerged faster and grew better in clay loam soil, but showed very little 

emergence from a depth of 6 cm below the soil surface. According to Halvorson and Guertin 

(2003) D. sanguinalis can be found in nearly every soil type but grows better in sandy loam soils 

than clay soils with no emergence deeper than 6 cm. The decrease in emergence from deeper 

soil depths is mostly due to limited light, smaller seed size and also the gaseous environment 

and soil gas permeability (Benvenuti, 2003; Chauhan and Johnson, 2008a, 2008b). Benvenuti 

(2003) also found that soil physical properties play a major role in annual germination and 

emergence of weed seeds. Seed emergence was less prominent in sandy soil when compared 

with clay soil, and they concluded that clay soils showed better pedological conditions to 

accumulate certain weed seeds in a soil bank. Although significance between soil types was 

established in our study, severe infestations of D. nuda were observed in the previously 

mentioned maize-producing areas that consisted mostly of sandy soils with low clay content. 

Although D. nuda prefers clay soil, it has the ability to germinate and emerge successfully in 

sandy to sandy loam soils. 

Effective seed germination is a key factor in the establishment of grass weed populations 

in crop production systems and is regulated by several factors. This study showed germination 

requirements to differ between related crabgrass species and to be very specific. Determining 

the effect of different factors influencing the germination ecology of a weed species, can assist 

in predicting flushes in emergence, thereby allowing for better timing of control practices. 

Constant high temperatures stimulated germination of D. nuda as has been reported for D. 

sanguinalis (Moreno and McCarty, 1994). In our study D. nuda germinated better than 50% at 

fluctuating 30/15 °C suggesting that season-long germination is possible especially in most 

maize producing areas where temperatures range between 15 and 35 °C. 

Most studies on grass emergence indicated that more than 70% of seeds will germinate 

on the soil surface within the first year of seed shedding. Results from this study indicated that 

emergence of D. nuda, as with many other grass weed species, declined with increasing burial 

depth. This implies that rather shallow soil cultivation would be required, which might even be 

acceptable in cropping systems where minimum tillage is practiced.  Subsequently, timely 
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application of herbicides POST will be necessary to control late emerging seed from existing 

seed banks or dormant seed from previous seasons. 
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CHAPTER 3 

A comparison between relative competitive abilities of naked crabgrass (Digitaria nuda 

Schumach.) and large crabgrass (D.sanguinalis (L.) Scop.) in two soil water regimens 

 

Abstract report 

The competitive ability of large crabgrass has been studied but is unknown for the closely related 

naked crabgrass also present in maize fields in South Africa. Consequently, comparative trials 

were done to determine the aggressiveness and level of competitiveness of both grass weeds 

under two watering regimes. A replacement series design was used in which naked crabgrass 

and large crabgrass were grown in five combinations of the two species (4:0, 3:1, 2:2, 1:3 and 

0:4). Two levels of water treatments (a wet and dry soil profile) commenced after seedling 

establishment and were maintained until trial termination. Above- and below-ground biomass 

production, as well as tiller and panicle numbers were determined at the end of the trial. 

Competitive indices i.e. competitive ratio (CR), aggressivity index (AI), relative yield (RY), 

relative yield total (RYT) and relative crowding coefficient (RCC) were calculated for dry mass 

of root, shoot and total biomass. Water stress decreased the number of tillers and panicles of 

large crabgrass significantly in monoculture and treatment combinations. Total biomass of 

naked crabgrass in monoculture was greater compared to large crabgrass. Seed mass of large 

crabgrass was significantly (> 58%) higher in monoculture and treatment combinations. The AI 

was positive for naked crabgrass with regard to root mass and positive for large crabgrass with 

regard to shoot mass. Naked crabgrass was more competitive in the wet soil profile (CR = 1.88), 

while large crabgrass was more competitive in the dry soil profile (CR = 2.02). When in full 

competition (2N:2S) naked crabgrass and large crabgrass were equally competitive with regard 

to root, shoot and total biomass. The RY and RYT values were close to one, indicating that both 

species are making the same demands for resources. The RCC values also did not differ 

between species for all biomass parameters. Strong competition between naked crabgrass and 

large crabgrass existed when grown in mixtures, whereas equal competitiveness was observed 

when planted in equal proportions. The aggressivity and competitiveness of naked crabgrass 

manifested in the root system, as opposed to the shoots of large crabgrass. 

 

3.1 Introduction 

Most Digitaria species occurring in South Africa are perennial grasses, occurring naturally or in 

cultivated pastures; are mostly palatable and provide good grazing. Only four species are 

regarded as grass weeds of importance in crops and include Digitaria sanguinalis (L) Scop. 

(large crabgrass), D. ciliaris (Retz.) Koeler (Southern crabgrass), D. velutina (Forssk.) Beauv. 

(velvet crabgrass) and D. nuda Schumach (naked crabgrass) (Botha, 2010; Van Oudtshoorn, 

2009). These grass weeds are closely related in morphology and can only be distinguished from 
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each other on minor taxonomic characteristics as discussed in Chapters 1 and 2. Therefore, 

producers have generally identified these grass weeds indiscriminately as large crabgrass, at 

least for the purpose of making herbicide decisions. Maize and sugar cane are regarded as two 

of the most economically important crops in South Africa and several studies listed large 

crabgrass as one of the most important grass weeds to cause yield losses in these crops (Dias 

et al., 2005; Jooste and Van Biljon, 1980; Kim et al., 2002).  However, a lack of references to 

establish the weed status of the other, more unknown Digitaria species is of great concern since 

producers noted an increase in Digitaria species and tolerance to herbicide applications (See 

Chapters 4 and 5) in the central maize producing areas of South Africa. Although large 

crabgrass is still regarded as the dominant Digitaria species in most maize producing areas, 

naked crabgrass has been identified at increasing frequencies and its potential competitive 

ability to maize is unknown. 

 Related species often differ in their growth rate and ability to compete with crops for the 

availability of water, nutrients and light, especially when some of these resources are limited 

(Aminpahah and Javadi, 2011; Souza et al., 2012). The competitive ability of species is mostly 

genetically controlled, but can also be a function of many characteristics resulting in some 

species utilizing limiting resources more effective (Karim, 2000). Several methods and designs 

are available to study the interference and the outcome of competition effects of weeds on crops 

and the interaction between coexisting species (Gibson et al., 1999; Snaydon 1991). However, 

much debate and controversy exist for almost all the methods and designs used to study plant 

interactions and weed-crop competition effects (Freckleton and Watkinson, 2000; Weigelt and 

Jolliffe, 2003). Experimental biases and limitations of designs mostly include and emphasize the 

effect and importance of plant density, size of target species and the time of data collection 

when studying the complexity of species coexistence and weed-crop competition (Jolliffe, 2000). 

 One of the most widely used and studied designs to determine and investigate 

interactions between two species is the replacement series design (Jolliffe, 2000; Snaydon, 

1991). Harper (1977) as well as Cousens and O’Neill (1993) stated that the replacement series 

can generate valuable information when comparing the outcome of competition and to establish 

the magnitude of competition between two species. Although not without limitations, this design 

can provide insight on the interactions (or competition) between individual species, when there 

is shared requirements for a specific limiting resource that can lead to a reduction in the 

performance of one or both species (e.g. biomass allocation, growth rate and reproduction). The 

replacement series design consists of two components (i.e. species or genotypes) in their 

respective pure stands (monocultures) and with mixtures formed by substituting one component 

for that of the other so that the total number of plants per unit area stays constant (Snaydon, 

1991). This design is therefore most suitable to determine the competitiveness of two species 
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and the relative effects of interference within and between species (Radosevich, 1987) as 

closely related as large and naked crabgrass. 

 Several indices to interpret and quantify interference or competitiveness between 

species have been described (Weigelt and Jolliffe, 2003). The selection of indices should be 

experiment specific and may have an important bearing on the interpretation of results. The 

specificity and clarity of meaning, as well as the mathematical and statistical properties should 

be taken into account, for only certain indices can be used successfully in a replacement series 

design (Snaydon, 1991; Weigelt and Jolliffe, 2003). Understanding the competitive and 

aggressive ability of large crabgrass and naked crabgrass can provide useful information for 

control purposes to be included in an integrated weed control program where one or both of 

these species can occur. The aim of this study was to determine the relative competitive abilities 

of large crabgrass and naked crabgrass based on their vegetative growth and biomass 

production in a replacement series design. 

 

3.2. Materials and methods 

3.2.1. Plant material and growth conditions 

Seed of naked crabgrass and large crabgrass was sampled as described in Chapter 2 and 

stored at 15°C in air-tight plastic containers until commencement of trials. Seeds of both species 

were separately planted in seed trays and placed in the greenhouse to germinate. The soil used 

for germination in seedling trays and replacement series experiments was a sandy loam soil 

with 16% clay, 79% sand and 5% silt. Prior to planting the grass seeds of the replacement 

series, soil was sterilized with methyl bromide, sieved and placed in the respective seedling 

trays and square asbestos pots (360 x 360 x 360 mm) with drainage holes in the bottom for the 

replacement series trial. Grass seedlings were watered daily and the respective species were 

transplanted to the asbestos pots when two true leaves were visible (leave collar visible). 

Greenhouse conditions were 15/30 °C, 10h dark/ 14 h light to simulate natural growing 

conditions for both grass weeds. All pots received 500 ml water daily after transplanting for one 

week until grass seedlings were established in all the treatment combinations. 

 

3.2.2. Species combination design 

A replacement series experimental design was used with the respective grass weeds grown at 

a density of four plants per pot, simulating 33 grass seedlings m-2. Naked crabgrass and large 

crabgrass were transplanted on 29 January 2013 in five treatment combinations at proportions 

of 100:0, 75:25, 50:50, 25:75 and 0:100. Actual plant numbers per pot for each treatment 

combinations were 4:0, 3:1, 2:2, 1:3 and 0:4, respectively. Grasses were planted in a 

rectangular pattern, spaced evenly apart from the middle of each pot. Treatments were 

completely randomized per replicate and all treatment combinations were replicated eight times 
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in each water regime as well. The trial was maintained until maturity of grasses when leaves 

started to die off, 55 days after planting (DAP). 

 

3.2.3. Water regimens 

Two watering regimes were established in the replacement series experiment and consisted of 

well watered pots where water was not a limiting resource (wet soil profile) and a second regime  

where water availability was limited (dry soil profile). The establishment of the water regimes 

commenced one week after transplanting grass seedlings and soil profiles were maintained for 

the duration of the trial. Soil water content (SWC) was measured using a Decagon ECH2O check 

hand-held meter (SWC measured in volume percent, cm.m-1). Decagon 10HS (20cm in length) 

probes were positioned and buried in the middle of each pot to measure the soil water content 

before watering of pots. The wet soil profile was kept at greater than 60% SWC and the dry soil 

profile at lower than 40% SWC. Actual watering volumes were adjusted as grasses matured 

and the dry soil profile usually received 50% less water than the wet soil profile to ensure low 

soil water availability. 

 

3.2.4. Biomass sampling 

Tillers and panicles were counted 55 DAP. Panicles (most seeds still intact) were separated for 

each plant per pot and each species, respectively. Above ground shoots were cut off at the soil 

surface. Roots were recovered from soil and carefully washed to remove excessive soil. Panicle, 

shoot and root dry mass were determined after drying at 60 °C for 48 h. Total biomass per 

species and for each treatment was calculated as the sum of panicle mass and tiller mass 

(shoots). The root: shoot ratio was determined for each treatment. Seed mass of a 100 seeds 

per species was determined and total seed mass was calculated as a function of panicle mass.  

 

3.2.5. Competition indices 

The various competitive indices used for competition trials is summarized by Weigelt and Jolliffe 

(2003); two indices for studying the intensity of competition (e.g. aggressivity index (AI) and 

competitive ratio (CR)) and one index to analyze the competition effect between species (e.g. 

relative yield (RY)) were accordingly calculated for this study. The relative crowding coefficient 

(RCC) was also calculated in order to compare the relative competitiveness of each species. All 

indices were calculated for root, shoot and total biomass per pot. 

Aggressivity index (AI) 

Aggressivity compares the relative biomass increase of species “a” with species “b” in a 

mixture and also measures the interspecies competition of the two components to their 

respective monocultures (Jolliffe, 2000). The AI was calculated in this study to determine the 
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extent to which naked crabgrass and large crabgrass mixtures vary from their respective 

monoculture using the following equations: 

For mixtures:  𝐴𝐼𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 𝑥 𝑍𝑎𝑏
−

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 𝑥 𝑍𝑏𝑎
  [3.1] 

   𝐴𝐼𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 𝑥 𝑍𝑏𝑎
−

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 𝑥𝑍𝑎𝑏
 [3.2] 

For monoculture: 𝐴𝐼𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎
−

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
   [3.3] 

   𝐴𝐼𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
−

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎
   [3.4] 

where DMYab is the dry mass yield of shoot, root and total biomass production for species “a” 

(naked crabgrass) in mixture with species “b” (large crabgrass); DMYaa is the biomass of naked 

crabgrass in monoculture and DMYbb is the biomass for large crabgrass in monoculture; Zab 

(da/dab) and Zba (db/dba) are the sown proportions of naked crabgrass and large crabgrass, 

respectively. 

Competitive ratio (CR) 

This is another index to measure and compare the competitive ability of different plants and also 

to measure competitive changes within a given combination as well as to identify which plant 

characteristics are associated with competitive ability (Joliffe, 2000). CR was calculated using 

the equation: 

 For mixtures:  CR𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
/

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 
  [3.5] 

   CR𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
/

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
  [3.6] 

Relative yield (RY) 

Relative yield explains the demands made by a species for resource(s) in limitation (Harper, 

1977; Joliffe, 2000). Relative yield was calculated using the equation: 

For mixtures:  RY𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
    [3.7] 

   RY𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
    [3.8] 

 

Relative crowding coefficient (RCC) 

The RCC determines the competitive ability of one species to obtain limiting resources when 

grown in a mixture with another species, compared to its ability to use those resources when 

grown in a monoculture. The RCC values were determined with total dry mass yield (DMY) 

using an equation adopted by Novak (1993): 

RCC = (((DMYa(75:25)/DMYb(75:25) + (DMYa(50:50)/DMYb(50:50) + (DMYa(25:75)/DMYb(25:75))/3 / 

(DMYa(100:0)/DMYb(100:0))      [3.9] 
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3.2.6. Statistical analyses 

The experimental design was a randomised block design. The treatment layout was a split-plot 

with whole plots the two water regimes (wet and dry soil profile) randomly allocated within each 

of the eight block replicates. The sub-plot treatments were five mixture ratios 4:0, 3:1, 2:2, 1:3, 

0:4 of two species randomly allocated within each main plot. The measurements were subjected 

to appropriate analysis of variance (PROC GLM procedure) using SAS version 9.2 statistical 

software (SAS Institute, 1999). Shapiro-Wilk's test was performed on the standardised residuals 

to test for deviation from normality (Shapiro and Wilk, 1965). Means of significant effects were 

compared using Student’s t-LSD (Least Significant Differences) at a 5% significance level (SAS 

Institute, 1999). 

 

3.3. Results 

3.3.1. Biomass production and allocation 

The effects on dry weight by watering regimes and respective treatment combinations of naked 

crabgrass and large crabgrass are shown in Table 3.1.  

 

Table 3.1. The effect of treatment combinations on panicle, seed, tiller, shoot, root and 

total biomass of naked crabgrass and large crabgrass in two watering regimes (wet and 

dry soil profile). [See ANOVA table C3.1] 

Treatment ratio 

 

Soil 

profile 

 

Naked crabgrass 

Panicle 

mass1a 

Seed 

mass 

Tiller 

massb 

Shoot 

massc 

Root 

mass 

Total 

biomassd 

g.pot-1 

4N:0S 

Dry 

3.25 1.11 23.17 26.42 7.65 34.07 

3N:1S 2.70 1.10 17.29 22.56 6.08 28.63 

2N:2S 2.00 0.90 11.81 13.81 3.47 17.28 

1N:3S 0.72 0.24 4.79 5.51 1.55 7.06 

4N:0S 

Wet 

4.49 2.21 26.38 30.87 5.08 35.95 

3N:1S 4.58 3.17 25.52 30.09 4.83 34.92 

2N:2S 1.99 0.83 11.03 13.02 3.15 16.17 

1N:3S 1.08 0.52 7.21 8.28 1.59 9.88 

  Large crabgrass 

0N:4S 

Dry 

3.98 2.97 15.30 19.29 6.84 26.13 

1N:3S 3.23 2.75 13.21 16.44 4.97 21.41 

2N:2S 2.64 2.89 13.25 15.89 4.12 20.01 

3N:1S 1.00 0.89 4.14 5.14 1.45 6.59 

0N:4S 

Wet 

4.94 4.35 20.39 25.33 5.90 31.23 

1N:3S 4.67 5.25 21.83 26.49 4.96 31.45 

2N:2S 3.04 2.74 11.79 14.83 2.92 17.74 

3N:1S 1.22 1.47 5.88 7.10 1.31 8.41 

aPanicle mass includes seed mass; bTiller mass includes panicle mass; cShoot mass is sum of panicle and tiller 

mass; dTotal biomass is sum of shoot and root mass 
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The different treatment combinations are denoted throughout as naked crabgrass: large 

crabgrass (N:S). Although treatment combinations had a significant main effect on all biomass 

parameters, the treatment combination x species interaction had the greatest effect on all 

biomass parameters, except for the root:shoot ratio. Soil profile was not significant for biomass 

parameters. Panicle number (F=6.29; P=0.014) and seed mass (F=17.00; P<0.001) were the 

only parameters that differed significantly between the two species. Root and shoot ratio 

(F=13.53; P<0.001), panicle (F=31.49; P<0.001) and tiller numbers (F=21.31; P<0.001) differed 

significantly between dry and wet soil profiles. All interactions were significant for panicle and 

tiller numbers (Table 3.2). The number of tillers differed significantly between species. Naked 

crabgrass (4N:0S) had on average four tillers more compared to large crabgrass (0N:4S). Tiller 

numbers did not differ significantly between the remaining treatment combinations. Large 

crabgrass had significantly less tillers (65% less) in the dry soil profile, while naked crabgrass 

had on average 14 tillers in both soil profiles. The same tendencies were observed for panicle 

numbers. However, not all tillers of naked crabgrass produced a panicle, while all tillers of large 

crabgrass did (Table 3.2). 
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Table 3.2. Panicle and tiller numbers of naked crabgrass and large crabgrass and their 

treatment ratio within a replacement series for each soil profile. 

Treatment 

ratio 

Naked crabgrass Large crabgrass 

Dry Wet Mean Dry Wet Mean 

Tiller number per pot 

0N:4S - - - 6.75 32.57 19.66 

1N:3S 5.38 5.88 5.63 7.04 24.75 15.90 

2N:2S 10.75 10.14 10.45 8.13 18.50 13.31 

3N:1S 16.13 20.50 18.31 6.88 8.38 7.63 

4N:0S 23.13 23.88 23.50 - - - 

Mean 13.84 15.10  7.20 21.05  

LSD(Specie X Soil profile) = 2.14 

LSD(Ratio X Specie) = 3.03 

LSD(Ratio X Soil profile X Specie) = 4.36 

  Panicle number per pot 

0N:4S - - - 6.31 33.14 19.73 

1N:3S 3.63 4.75 4.19 6.04 26.13 16.08 

2N:2S 8.88 8.71 8.79 6.75 17.13 11.94 

3N:1S 12.63 17.88 15.25 6.38 8.50 7.44 

4N:0S 15.88 19.88 17.88 - - - 

Mean 10.25 12.80  6.37 21.22  

LSD(Specie X Soil profile) = 2.18 

LSD(Ratio X Specie) = 3.08 

LSD(Ratio X Soil profile X Specie) = 4.28 

 

The shoot mass per pot of naked crabgrass in monoculture was significantly (P<0.001) higher 

(22%) than that of large crabgrass in monoculture. At the 2N:2S mixture, shoot mass did not 

differ significantly and the lowest shoot mass was recorded at the 1N:3S and 1S:3N combination 

treatments (6 g.pot-1). Large differences in seed mass between species and treatment 

combinations were observed. Seed of large crabgrass developed and matured much earlier 

than that of naked crabgrass and 100 seeds weighed 0.66 g and 0.40 g for the respective 

species. Seed mass of large crabgrass in monoculture weighed 58% more than seed of naked 

crabgrass in monoculture. Seed mass at the 2N:2S also differed significantly between species 

with large crabgrass seed weighing 71% more. Root mass, however, was almost the same for 

both species in all the treatment combinations with the highest dry weight at 6.4 g in the 

monoculture treatments. Total biomass per pot was consequently the highest for naked 

crabgrass in monoculture followed by 3N:1S and 0N:4S combinations. The biomass at the 

2N:2S combination however, did not differ significantly between the grass species (Figure 3.1).  
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Figure 3.1. The root, shoot, seed and total biomass of naked crabgrass and large 

crabgrass and their combination in their various treatment combinations within a 

replacement series (mean of two soil profiles). Bars represent the standard errors of the 

mean. 
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The R:S ratio is shown separately for the respective grass species to illustrate their ability to 

invest biomass under stress conditions. Both grass species allocated more biomass to the root 

system in the dry soil profile for all treatment combinations except in the 2N:2S ratio. Naked 

crabgrass, however, showed significant differences between R:S ratios in both soil profiles and 

across the treatment combinations (except 2N:2S). The R:S ratio for both grass species was 

0.31 and 0.22 for the dry and wet profile, respectively (Figure 3.2). 

 

 

Figure 3.2. The root:shoot ratio of (A) naked crabgrass and (B) large crabgrass in their 

various treatment combinations within a replacement series for a wet and dry soil profile. 

 

3.3.2. Competitive indices 

If the AI=0, both species are equally competitive, while a positive value will signify dominance 

and a negative value will indicate the species that was dominated. A positive AI value was 

recorded for naked crabgrass root mass (0.3) and dominated large crabgrass (-0.3) significantly 

in the wet soil profile. In the dry soil profile the AI for root mass was however closer to zero (-

0.07 and 0.07) for naked crabgrass and large crabgrass, respectively. The AI values for shoot 

and total biomass was not significantly influenced by the soil profile. The aggressivity of both 

species in the treatment mixtures is shown in Table 3.3 (AI values combined between soil 

profiles) for root, shoot and total biomass. Naked crabgrass dominated large crabgrass in the 
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3N:1S ratio for root, shoot and total biomass. Large crabgrass dominated naked crabgrass in 

the 1N:3S ratio only for shoot and total biomass. The AI in the 2N:2S ratio was equal to zero for 

all parameters indicating equal competitiveness between naked crabgrass and large crabgrass 

with regard to root, shoot and total biomass. 

 

Table 3.3. Aggressivity index (AI) values based on root, shoot and total biomass of naked 

crabgrass and large crabgrass in their various treatment ratio within a replacement 

series 

Treatment 

ratio 

Root mass Shoot mass Total biomass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

3N:1S 0.29 -0.29 0.13 -0.13 0.23 -0.23 

2N:2S 0.01 -0.01 -0.04 0.04 -0.02 0.02 

1N:3S 0.05 -0.05 -0.23 0.23 -0.17 0.17 

 

The CR was significantly influenced by the treatment combinations for root, shoot and total 

biomass. However, the interaction for treatment combination and species was highly significant 

for root (F=90.69, P<0.001), shoot (F=134.89, P=0.001) and total biomass (F=189.12, P<0.001) 

and had the greatest effect on competitiveness (Table 3.4). Naked crabgrass was significantly 

more competitive than large crabgrass in the 3N:1S proportions with regard to root, shoot and 

total biomass and vice versa for large crabgrass in the 1N:3S proportion. Naked crabgrass and 

large crabgrass were equally competitive with regard to all biomass parameters in the 2N:2S 

proportion (Table 3.4). The interaction between soil profile and species was also significant for 

all parameters (Table 3.5: root mass: F=6.17, P=0.015; shoot mass: F=9.76, P=0.003; Total 

biomass: F=15.05, P=0.002). Naked crabgrass was significantly more competitive in the wet 

soil profile with regard to root and total biomass while shoot and total biomass indicated that 

large crabgrass was more competitive in the dry soil profile. The highest CR value for large 

crabgrass (2.02) was obtained for shoot mass in the dry soil profile and for naked crabgrass 

(1.88) for total biomass in the wet soil profile (Table 3.5). 
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Table 3.4. Competitive ratio (CR) values based on root, shoot and total biomass of naked 

crabgrass and large crabgrass in their various treatment ratio within a replacement 

series. 

Treatment 

ratio 

Root mass Shoot mass Total biomass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

3N:1S 3.57 0.29 3.12 0.33 3.47 0.28 

2N:2S 1.13 1.12 1.04 1.27 1.06 1.22 

1N:3S 0.39 2.99 0.30 3.69 0.31 3.52 

LSD(Ratio x Species) 0.62 0.53 0.46 

Table 3.5. Competitive ratio (CR) values based on root, shoot and total biomass of naked 

crabgrass and large crabgrass in a wet and dry soil profile. 

Soil profile 

Root mass Shoot mass Total biomass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

Naked 

crabgrass 

Large 

crabgrass 

Dry 1.55 1.76 1.27 2.02 1.34 1.93 

Wet 1.85 1.17 1.70 1.50 1.88 1.42 

LSD(Species x Soil profile) 0.50 0.43 0.38 

 

Relative yield was only significantly influenced by the treatment combinations for all biomass 

parameters for naked crabgrass (root mass: F=27.54; P<0.001; shoot mass: F=35.32, P<0.001; 

total biomass: F=38.78, P<0.001) and large crabgrass (root mass: F=18.19, P<0.001; shoot 

mass F=18.64; P<0.001; total biomass: F=26.37, P<0.001). The RY of naked crabgrass 

decreased with an increase in large crabgrass proportions and vice versa. The average RY of 

both species for root, shoot and total biomass per pot ranged between 0.62 and 0.70. When 

RYT=1, both species are making the same demands on the same limiting resources; a RYT 

value <1 suggest a mutual antagonism and a RYT value >1 indicates that species make different 

demands on resources, avoid competition with each other or show a symbiotic relationship. No 

significant main effect (soil profile) or interaction effect (treatment combination x soil profile) was 

recorded for relative yield total (RYT) for any biomass parameters. The RYT for the 3N:1S ratio 

was however, slightly higher for all biomass parameters compared to the 1N:3S ratio. When in 

full competition with each other (2N:2S), the RYT values were close to one for all biomass 

parameters (Table 3.6) 
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Table 3.6. Relative yield (RY) and relative yield total (RYT) for root, shoot and total 

biomass of naked crabgrass and large crabgrass in their various treatment ratios. 

Treatment 

ratio 

Root mass  Shoot mass  Total biomass  

Naked 

crabgrass 

Large 

crabgrass 
RYTa 

Naked 

crabgrass 

Large 

crabgrass 
RYT 

Naked 

crabgrass 

Large 

crabgrass 
RYTa 

4N:0S 1.00 - 1.00 1.00 - 1.00 1.00 - 1.00 

3N:1S 0.87 0.22 1.09 0.91 0.27 1.19 0.90 0.24 1.15 

2N:2S 0.53 0.52 1.05 0.48 0.67 1.12 0.48 0.63 1.09 

1N:3S 0.26 0.74 0.99 0.24 0.89 1.12 0.24 0.85 1.09 

0N:4S - 1.00 1.00 - 1.00 1.00 - 0.95 1.00 
aRYT = Relative yield total 

 

The RCC values calculated for root, shoot and total biomass of naked crabgrass and large 

crabgrass did not differ significantly between species or soil profiles. The RCC for naked 

crabgrass root, shoot and total biomass was 1.32, 0.98, and 1.29 (average = 1.19), and for large 

crabgrass 0.99, 1.31 and 1.23 (average = 1.17), respectively. 

 

3.4. Discussion 

Naked crabgrass stayed green for longer and matured slower compared to large crabgrass that 

showed senescence of older leaves at 55 DAP. Consequently naked crabgrass panicles were 

still green when the trial was harvested and seeds were not fully ripened (matured). Seed mass 

was conservatively measured, since large crabgrass produced seed much earlier than naked 

crabgrass, consequently shedding seeds sooner. Seed loss was, however, not taken into 

account. Competitive indices were therefore not calculated for seed mass, as to avoid wrong 

conclusions or to misinterpret competitiveness based on seed mass differences between the 

two grass species. Richmond et al. (2003) did, however, record an increase in large crabgrass 

seed production when in competition with perennial ryegrass (Lolium perenne L.).The deficit in 

soil water did not significantly decrease the dry biomass of naked crabgrass and large crabgrass 

grown in monoculture or in mixtures, indicating that both species can still grow competitively 

when drought situations prevail. Large crabgrass did, however, show a reduction of 16% in total 

biomass in the dry soil profile. Weed species grown under water stress showed changes in leaf 

morphology, phenology and biomass accumulation and subsequent resource use efficiency 

(Lucero et al., 2000; Xu et al., 2011). Substantial reductions in the number of tillers and panicles 

were recorded for large crabgrass, as compared to naked crabgrass. Similarly, competition 

studies done with rice and jungle rice (Echinochloa colona (L.) Link), as well as rice 

barnyardgrass (Echinochloa oryzicola Vasing) showed reduced tiller numbers of rice cultivars 

in full competition with grass weeds, leading to severe yield losses (Aminpanah and Javadi, 

2011; Chauhan and Johnson, 2010). The inclination of naked crabgrass to produce the same 
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number of panicles, regardless of soil moisture stress, and considerably later than large 

crabgrass, suggests that the former grass weed could be more tolerant to drought conditions 

with a possible increased competition effect/ability later in the growing season. 

Root:shoot ratio is an important parameter to measure the extent of a plant’s ability to 

invest biomass either in its shoots or root systems under stress conditions. Generally, most 

plants will invest more biomass in the root system (higher R:S ratio) when water stress prevails, 

since the photosynthate will be allocated to root elongation (Wilson, 1988). Relatively stable R:S 

ratios in each proportion, except the 2N:2N, was due to the synchronous reduction in root and 

shoot biomass of naked crabgrass and large crabgrass. Similarly, Xu et al. (2011) recorded 

stable R:S ratios for the herbaceous grass Bothriochloa ischaemum (L.) between variable water 

stress regimes. Neither grasses allocated significantly more biomass to roots when soil water 

was limited, as would have been expected. This is in contrast with the general impression that 

grass species, having more fibrous root systems, will have increased R:S ratios when drought 

conditions prevail. In all the mixture combinations percentage biomass allocation to shoots and 

roots declined as the one species increased and the other one decreased, indicating that 

competitive ability between these species can be due to their morphological plasticity and 

similarity. 

Competitive indices provided valuable information on the relative competitive abilities of 

naked crabgrass and large crabgrass as well as their levels of aggression. Although positive 

and negative AI values of biomass parameters were recorded for naked and large crabgrass, 

indicating dominance of a species, all values were close to zero.The greater the numerical 

value, the larger the difference between actual and expected biomass yield. Naked crabgrass 

and large crabgrass were therefore equally competitive, except where root mass of naked 

crabgrass dominated where water was unlimited. According to Xu et al. (2011), if an AI is greater 

with higher water availability, the intensity of competition may increase as the resource 

availability increases. 

The CR index is frequently used in studies examining the effect of intercropping and is 

suggested to be a more useful index to quantify the competitive ability of plants (Weigelt and 

Joliffe, 2000; Xu et al., 2011). Higher CR values indicate greater competitiveness. The CR 

values (shoot and total biomass) of naked crabgrass and large crabgrass tended to increase as 

their respective proportions increased in a mixture. When in full competition, both grass weeds 

were equally competitive. The higher CR value of naked crabgrass with regard to root mass, as 

opposed to shoot mass, indicated that its root competitive abilities were relatively higher than 

its shoot abilities, while the opposite was observed for large crabgrass. Large crabgrass in 

competition with perennial ryegrass allocated a greater proportion of resources to shoot mass; 

subsequently making a trade-off to increase seed production (Richmond et al., 2003). The lower 

CR values in the dry soil profile may indicate a decreased ability of naked crabgrass to optimally 
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use the immediate water supply. Since the root and shoot competition was investigated 

simultaneously in this study the additive effect of root and shoot competition could not be 

determined (Cahill, 2002). The aggressiveness of both grass weeds depends therefore on the 

combined effects of root and shoot competition. The competition between plants and their 

respective effects on root and shoot biomass, separately or in combination, is rather a complex 

situation and conclusions should be made with great caution (Cahill, 2002; Kiær et al., 2013; 

Wilson, 1988). It is therefore rather safe to conclude that the interaction between root and shoot 

competition between plant species may not exclusively be a species specific trait. The effect of 

available resources, environmental conditions and density, size and position of neighboring 

plants can also influence this complex interaction (Cahill, 1999; 2002). According to Weigelt and 

Jolliffe (2003) the RCC index is only valid when two species are mixed in equal proportions. The 

RCC did not differ between naked crabgrass and large crabgrass, also indicating equal 

competitiveness. 

Two of the most widely used indices for measuring competition in a two species mixture 

design are RY and RYT (Weigelt and Joliffe, 2000) which compare plant performances in 

mixtures and monocultures. The RYT is an advantageous tool to evaluate the complementary 

use of resources by two species and to quantify the extent to which a species in mixture capture 

more resources or use the available resources more effectively than monoculture (Connolly, 

1987). When two plant species compete fully for resources, the expected RY values will be 0, 

0.25, 0.50, 0.75 and 1.00, with the corresponding mixtures of 0:4, 1:3, 2:2, 3:1 and 4:0. The RY 

and RYT values did not differ significantly from these expected values except for a few ratios 

and both species shared the resources and competed with similar abilities (Harper, 1977). Since 

naked crabgrass and large crabgrass are closely related, different demands for resources are 

highly unlikely. According to this study these two grass weeds can therefore, avoid competition, 

compete with similar abilities or have a symbiotic relationship with regard to allocation of 

biomass when growing in the same area (Lodge et al., 2000). 

An ongoing debate exists in literature between the advantages, disadvantages and 

limitations of experimental designs for greenhouse studies and to determine and quantify the 

competition effect of plants with various competitive indices (Firbank and Watkinson, 1985; 

Freckleton and Watkinson, 2000; Gibson et al., 1999; Jolliffe, 2000, Oksanen et al., 2006; 

Snaydon, 1991; Weigelt and Joliffe, 2000). The replacement design was, however, chosen for 

this study since the aim was simply to determine the competitiveness between closely related 

grass weed species with regard to biomass accumulation and allocation. Most of the comments 

with regard to the use of the replacement design centers on the size effect of target plants and 

density of monoculture and mixture combinations to be used (Weigelt and Joliffe, 2000). Both 

grass weeds were of equal size and competition was established from the same vegetative 

stage. The limitations of the replacement design will, however, be apparent for the density 
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aspect used in these experiments. It is not possible to extrapolate results from this study to 

grass populations of these two species under field conditions and follow-up trials will have to be 

done where the different densities of naked crabgrass and large crabgrass can be tested in the 

greenhouse and in field situations. 

The debate on competitive indices is equally contentious and the selection of indices 

has to be chosen with regard to the aim of the study and the experimental designs. Weigelt and 

Jolliffe (2003) compiled and discussed more than 50 indices that were used in competition 

studies. According to their conclusions it is more beneficial to use more than one index for a 

study and it is imperative to acknowledge the limitations of these indices, which is strongly 

dependent on the experimental design used, and vice versa. All indices used in this study were 

appropriately used to elucidate the competitiveness between two closely related grass species, 

since comparable results were recorded for the competitive abilities and aggressivity levels with 

regard to biomass (Table 3.7). This study demonstrated that there was strong competition 

between naked crabgrass and large crabgrass grown in mixtures, whereas equal 

competitiveness was observed when planted together (i.e. RYT ≥ 1). Water availability did not 

have a significant effect on biomass accumulation and allocation. The aggressivity and 

competitiveness of naked crabgrass manifested in the root system, as opposed to the shoots of 

large crabgrass. 
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Table 3.7. A summary of competitive indices for naked crabgrass and large crabgrass 

(averages over treatment combinations and soil profiles). 

Biomass 

parameter 

Competitive 

index1 

Naked 

crabgrass 

Large 

crabgrass 
RYT2 

Root mass 

AI 0.11 -0.11 

1.02 
CR 1.70 1.47 

RY 0.66 0.62 

RCC 1.32 0.99 

Shoot mass 

AI -0.13 0.13 

1.08 
CR 1.49 1.76 

RY 0.65 0.70 

RCC 0.98 1.31 

Total biomass 

AI 0.04 -0.04 

1.06 
CR 1.61 1.67 

RY 0.65 0.66 

RCC 1.29 1.23 
1AI = Aggressivity index, CR = Competitive ratio, RY = Relative yield, RCC = Relative crowding coefficient;  
2RYT = Relative yield total 
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CHAPTER 4 

Comparative interference and competition status of naked crabgrass (Digitaria nuda 

Schumach.) and large crabgrass (D. sanguinalis (L.) Scop.) on maize. 

 

Abstract report 

The competition effect of naked crabgrass and large crabgrass on maize planted on two soil 

types was studied in two greenhouse trials. The following maize: grass ratios, 1:0 (control), 1:2, 

1:3, 1:4, 1:5 and 1:6 simulating densities of 17, 25, 33, 42 and 50 grasses per m2 were 

established for both species. The rate of water use was calculated by the difference in soil water 

content (%) taken for 10 weeks after maize emergence. Plant height, dates of 50% silking and 

of ear initiation were recorded for maize. Grain weight and shoot mass of maize was determined 

at the end of the trial.  Above-ground biomass of grass weeds were taken at 15 weeks after 

planting for large crabgrass trial and 20 weeks after planting for the naked crabgrass trial. A 

general linear regression model was used to determine the relationship between grass density, 

maize plant height, shoot mass and kernel weight. The relationship of maize yield and density 

of naked crabgrass and large crabgrass was described separately for each species and two soil 

types using the Cousens (1985) equation. The relationship between maize yield loss and total 

biomass of the respective grass species and maize was also fitted to the empirical model used 

by Kropff and Spitters (1991) to determine a damage coefficient (q). A negative linear correlation 

with increasing grass densities was recorded for all biomass parameters of maize for both grass 

weeds. Naked crabgrass reduced maize yield by 67 and 56% and large crabgrass by 79 and 

82% on clay and sandy soil, respectively. Estimated yield loss of maize in control plots (weed-

free) did not differ from observed yield losses for both grass species and soil type. Large 

crabgrass had the highest q value (3.1 and 4.2) on clay and sandy soils, compared to naked 

crabgrass (1.7 and 3.1). Both naked crabgrass and large crabgrass should be effectively 

controlled since both species can cause significant yield losses of maize. 

 

4.1 Introduction 

Crabgrasses are one of the most common grass weed species found in several crops world-

wide (Kim et al., 2002; Mitich, 1988;). In southern Africa, large crabgrass [Digitaria 

sanguinalis(L.)Scop.], naked crabgrass [D. nuda (Schumach.)] and Southern crabgrass [D. 

ciliaris (Retz.)] are commonly found in maize production areas due to the wide climatic 

conditions in which these grasses can survive and reproduce successfully (Botha, 2010; 

Bromilow, 2010). Most of these grasses are effectively controlled by PRE soil applied 

herbicides, but infestation levels can be severe later in the season when the residual activity of 

soil applied herbicides is no longer effective. Large crabgrass is reported to be an early season 

grass weed in maize production with 70% of a population emerging within 700 growing degree 
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days (Dorado et al., 2009). An increase in the occurrence in naked crabgrass has been reported 

since 2008 in certain maize producing areas in South Africa and its effect on maize yield is 

unknown. Grass weeds tend to be more difficult to control in maize due to limitations in herbicide 

selections and with an increase in reduced tillage systems, grasses can reach higher infestation 

levels later in the season (Kobayashi and Oyanagi, 2005).  

The effect of weed competition on various crops has been studied extensively but is still 

considered to be a complex field with several factors playing a role. There is an on-going 

discussion and debate in literature pertaining to different approaches (Gibson et al., 1999, 

Jolliffe, 2000; Rajcan and Swanton, 2001; Snaydon, 1991). The severity of weed competition 

and the manifestation in crop losses will depend on the time of emergence, dominant weed 

species, density of the infestation and the duration of the infestation period (Gibson et al., 1999; 

Rao, 2000). Similar growth habits and nutrient demands between crops and weeds will also 

increase the severity of competition. Maize, a C4 plant, is considered to be an efficient crop 

assimilating and utilizing nutrients optimally through various physiological processes (Rao, 

2000). Digitaria species are also C4 plants with similar requirements as maize, enhancing their 

competitiveness. Grain yield of maize, determined by kernel number per plant and kernel 

weight, is greatly influenced by stresses just before and during the silking stage (Cerrudo et al., 

2012; Tollenaar, 1992). However, stress during the early seedling stages of maize has also 

been recorded to reduce grain yield significantly (Hall et al., 1992; Swanton et al., 1999). 

Although the ability of large crabgrass to compete with crops has been well documented 

(Aguyoh and Masiunas, 2003; Monks and Schultheis, 1998), the effect on grain yield of maize 

has not been quantified in South Africa for Digitaria species. Very little research has also been 

done on naked crabgrass other than positive identification (Chikoye et al., 2000; Dias et al., 

2005; Kok et al., 1989), comparative studies to other Digitaria species (Souza et al., 2012) and 

responses to various herbicides (Dias et al., 2005; Vieira et al., 2010). Consequently, the 

question amongst producers arises whether the more unknown naked crabgrass can cause 

yield losses in the same range as large crabgrass and if these species differ in their competition 

outcome effect on maize. The competitiveness of Digitaria species also manifest in their ability 

to grow in almost any soil type, by growing under stress conditions and by producing abundant 

seed (Kim et al., 2002; Mitich, 1988). 

Several weed-crop models have been developed over the years to better understand 

factors influencing competitiveness of either one or numerous weed species on crops (Cousens, 

1985, Kropff and Spitters, 1991). Various models including linear (Bauer and Mortensen, 1992), 

quadratic, sigmoidal (Zimdahl, 2004) and rectangular hyperbola (Cousens, 1985) have been 

developed but differ in their ability to describe the effect of weed competition on crops. Due to 

the complexity and difficulties to interpret results in field studies and mixed populations of weed 

species, it is often more valuable to determine the effect of weed species under controlled 
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conditions (greenhouse trials) (Freckleton and Watkinson, 2000; Gibson et al., 1999). In this 

study a simple additive design was used to compare the outcome of the competition effect and 

interference on crop growth between naked crabgrass and large crabgrass on maize, 

respectively. Since their morphology and vegetative growth are almost identical and not 

distinguishable in the seedling stage the competition effect of both species was determined in 

separate greenhouse trials. The aim of this study was therefore to distinguish between the 

competitiveness of large and naked crabgrass and to quantify the effect on crop development 

and grain yield of maize in two different soil types. 

 

4.2 Materials and methods 

The competition effect of different densities of large crabgrass and naked crabgrass on maize 

was determined in two separate pot trials in a greenhouse. The maize: naked crabgrass trial 

was planted on 26 July 2011 and harvested on 5 December 2011; the maize large crabgrass 

trial was planted on 16 May 2012 and harvested on 29 October 2012. Greenhouse conditions 

were 15/30°C, 10 h dark/ 14 h light conditions to simulate natural growing conditions for maize. 

Mature seed of large crabgrass was harvested at Cedara, (29°32’15.28” S, 30°16’09.11” E) 

KwaZulu-Natal and naked crabgrass seed was harvested at Wesselsbron, (26°26’30.69” S, 

27°41’27.85” E) Free State Province. Seed was kept in air-tight plastic containers at 15 °C until 

commencement of trials. Two soil types namely a sandy clay-loam (36% clay, 59% sand and 

5% silt) and a sandy loam soil (16% clay, 79% sand and 5% silt) were used to conduct the trials. 

Both soils were sterilized separately with methyl bromide, sieved and placed in square asbestos 

pots (360 x 360 x 360 mm) with drainage holes in the bottom. Collective soil samples from each 

soil type were taken prior to trial initiation and analysed (Appendix A: Table A.1). Soil in asbestos 

pots was watered prior to planting grasses and maize with app. 5 L until drainage was observed. 

Grass seeds were sown in seedling trays and seedlings were transplanted to asbestos pots 

when one true leaf was fully unfolded, eliminating the effect of different seedling sizes. The 

respective species were planted to obtain the following maize: grass ratios, 1:0 (control), 1:2, 

1:3, 1:4, 1:5 and 1:6 simulating densities of 17, 25, 33, 42 and 50 grasses per m2. The maize 

cultivar DKC78-35R was planted one week after grass seedlings to ensure competition from the 

seedling stage. Two maize seeds per container were planted in the centre of each pot of which 

one seedling was harvested at the fourth leaf stage for leaf analysis. Grasses were spaced 

evenly around the maize plant to ensure the same planting pattern for each ratio treatment. 

After planting, pots were initially watered with 500 ml daily until maize seedlings emerged and 

grass seedlings were established. The amount of water was adjusted to accommodate the 

growth stages of maize without water stress and a maximum of 5 L per pot was maintained prior 

to silking until maturity. Decagon 10HS (20 cm in length) probes were positioned and buried in 

the middle of each pot to measure the soil water content (SWC) with a Decagon ECH2O check 
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hand-held meter (SWC was measured in volume percent, cm.m-1). Simultaneous watering of all 

pots was done at the beginning of the week (from Monday) and SWC was measured at the 

same time daily for five consecutive days (to Friday) to determine the rate of water use in each 

treatment ratio over time. The rate of water use was calculated by the difference in SWC (%) 

taken over five days for 10 weeks after maize emergence. Plant height of maize was determined 

in all treatments at weekly intervals until tasseling. Dates of 50% silking and of ear initiation 

were recorded for maize. The leaf opposite and below the ear of each maize plant in each 

treatment was sampled at tasseling for a second nutrient analysis (Leaves were pooled over 

replications for analysis purposes). Grasses were cut off at the soil surface when leaves started 

to senesce at 15 weeks after planting (WAP) for naked crabgrass and 20 WAP for large 

crabgrass. Shoots were dried at 60 °C for 48 h to determine dry mass. Ears of maize plants 

were hand harvested, shelled and weighed. After threshing total grain weight was determined 

and kernel moisture content was adjusted to 12.5%. Stems and leaves of maize plants (shoot 

mass) were cut off at the soil surface and dried at 60 °C until weight was constant. Total biomass 

of maize was the sum of shoot mass plus kernel weight. 

 

4.2.1 Statistical analysis 

Two randomised complete block design experiments were performed for each of the respective 

grass species with grass density and soil type as factors, replicated eight times per soil type. 

 

The data on grass dry mass, days to 50% silking of maize, days to maize ear initiation 

and number of maize ears were tested for homogeneity of variances using Levene's test. In 

cases where there were strong evidence against homogeneity a weighted analysis of the 

observations were carried out separately for each grass species, using the inverse of the pooled 

variances of each soil type as weight. The Shapiro-Wilk test was performed to test for normality. 

Student's t-Least Significant Difference were calculated at the 5% level to compare treatment 

means for significant effects. All the analyses were done with using SAS v9.2 statistical software 

(SAS Institute, 1999). 

The general linear regression model was used to determine significance (relationship) 

between increasing grass density, maize plant height, shoot mass and kernel weight using 

Genstat for Windows 15th edition (Payne, 2011). The nonlinear hyperbolic regression model was 

used to analyse the relationship between maize yield and grass density (Cousens, 1985). The 

relationship of maize yield and density of naked and large crabgrass was described separately 

for each grass species and two soil types using the Cousens (1985) equation to plot yield losses 

to the hyperbolic curve: 

𝑌𝐿 =
𝐼𝑑

(1+𝐼𝑑/𝐴)
   [4.1] 
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where YL = yield loss (%), I = yield loss as grass density approaches 0 (%), A = yield loss as 

grass density approaches infinity (%), and d = grass density. A was constrained not to exceed 

100% (Cousens, 1985). 

The hyperbolic yield curve (Cousens, 1985) was fitted to yield loss data (kernel weight per plant) 

to estimate yield loss in weed-free treatments (Ywf) and to compare it to observed yield losses 

(YL): 

𝑌𝐿 = 𝑌𝑤𝑓[1 + 100(1 +
𝐼d

𝐼d/A)
]  [4.2] 

The relationship between maize yield loss and total biomass (dry mass) of the respective grass 

species (weed) and maize (crop) was also fitted to the empirical model used by Kropff and 

Spitters (1991). The parameter of Lw (share in total leaf area) was used to describe the total 

share in biomass of the respective grass species (Galon and Agostinetto, 2009): 

     𝐵𝑠 =
𝐵𝑤

𝐵𝑐+𝐵𝑤
    [4.3] 

Where Bs = total share in biomass, Bw = biomass of weed species (shoots and panicles) and 

Bc = biomass of crop (shoots and kernels). The relationship between biomass and increasing 

grass density correlated similarly with the theoretical relationship between yield loss and leaf 

area of weeds demonstrated by Kropff and Spitters (1991). The one parameter model of Kropff 

and Spitters (1991) also provided an estimate of the relative damage coefficient (q) to determine 

the competitiveness of naked and large crabgrass against maize, using total share in biomass 

instead of leaf area index (Galon and Agostinetto, 2009; Lutman, et al., 1996): 

     𝑌𝐿 =
𝑞𝐵𝑠

1+(𝑞−1)𝐵𝑠
   [4.4] 

Significance of I, A and q parameter coefficients was determined using the 95% confidence 

limits to compare between grass species and soil types. Confidence limits that do not overlap 

are considered significant at the 5% significance level. The curve fitting program Statsoft (Table-

curve 2D) for Windows version 5.01 was used to plot nonlinear models of both Cousens (1985) 

and Kropff and Spitters (1991) (Systat, 2002). 

 

4.3. Results 

Although maize growth up to maturity is not optimal in greenhouse studies due to the “potting 

effect”, plants reached maturity and produced ears within the normal time frame of crop 

development in the grass-free control treatments. Maize took 130 days to reach maturity in the 

naked crabgrass competition trial, and 160 days in the large crabgrass trial. Leaves of large 

crabgrass plants took longer to start senescing compared to naked crabgrass leaves. According 

to the soil analysis both soil types showed sufficient nutrient status for successful maize 

production. The optimal temperature for maize germination and emergence is between 20 and 

30 °C and maize germinated within six days after planting. The soil water content of both soil 
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types was kept greater than 60% to ensure sufficient soil water for both grasses and maize, 

ensuring grass density to be the measured competition effect (Werner, 2002). 

Soil water content (mean over time and soil types) ranged between 54 and 58% with 

increasing naked crabgrass densities (F=8.60; P<0.001) compared to 49 to 54% with increasing 

large crabgrass densities (F=8.06; P<0.001). Soil type had a significant effect on SWC and was 

3% lower on sandy soil compared with clay soil where naked crabgrass was in competition with 

maize (F=19.81; P<0.001). Soil water content was, however, 34% lower on sandy soils where 

large crabgrass competed with maize (F=2737; P<0.001). The interaction effect between grass 

density and soil for both grasses is shown in Figure 4.1. 

 

Figure 4.1. Soil water content (%) as effected by A) naked crabgrass and B) large 

crabgrass competition with maize over increasing grass densities. (LSD = Fishers 

unprotected at P=0.05) 

 

Soil water content was significantly lower in sandy soils over all grass density treatments 

compared with clay soil where large crabgrass was in competition with maize (Figure 4.1 B and 

A). The rate of water use was not influenced by soil type and increased by more than 20% when 

naked crabgrass competed with maize (Figure 4.2 A). The rate of water use was, however, 

significantly influenced by soil type and was higher on sandy soils increasing by 9 and 18% on 

clay and sandy soil, respectively, when large crabgrass competed with maize (Figure 4.2 B). 
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Figure 4.2. The contribution effect of A) naked crabgrassand B) large crabgrass on the 

rate of water use in competition with maize grown in two soil types. (Bars with the same 

letter do not differ significantly at P=0.05)  

 

The critical nutrient levels in maize leaves have been documented in several studies 

(Elwali et al., 1985; FSSA, 2002) and maize leaf  samples from the grass-free control treatments 

fell well within the limits of nutrients measured (Appendix A: Table A.3 and A.4). Nitrogen (N) in 

maize seedling leaves on sandy soil decreased by 15% with increased naked crabgrass 

densities, but no decrease was observed in mature maize leaves. Potassium (K) decreased by 

32 and 20% in seedling and mature leaves of maize respectively as naked crabgrass densities 

increased. Nitrogen levels did not differ in maize leaves (seedling or mature) on clay soil and 

only P and K decreased by 24 and 28%, respectively in seedling leaves as naked crabgrass 

densities increased. The only reduction of nutrients was observed in mature maize leaves 

occurred on sandy soil where the N level decreased by 35% as large crabgrass densities 

increased. Nitrogen levels decreased by 5 and 22% in seedling and mature maize leaves 

respectively as large crabgrass densities increased on clay soil. 
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Dry mass per naked crabgrass plant differed greatly between soil types and the average 

plant weighed 35% less on sandy soil compared to clay soil (Figure 4.3). The decrease in dry 

mass per naked crabgrass plant ranged from 37 to 18 g on clay soil and from 13 to 7 g on sandy 

soil with increasing grass densities. The difference in dry mass per plant between soil types was 

less prominent for large crabgrass and plants weighed 35 and 34 g on clay and sandy soil, 

respectively. Dry mass per large crabgrass plant decreased by between 35 and 17 g as grass 

densities increased.  

 

 

Figure 4.3. Effect of increased grass density on dry mass per plant for naked and large 

crabgrass grown on two soil types. (Vertical bars indicate standard error of the means) 

 

A negative linear correlation with increasing grass densities was recorded for plant 

height, shoot mass and kernel weight of maize in competition with both grass species (Figure 

4.4). Soil type only affected maize plant height significantly when in competition with large 

crabgrass; plant height was 9% lower on sandy soil. Maize plant height decreased more rapidly 

when in competition with naked crabgrass and was reduced with app. 6 cm for each increase 

in grass density. Naked crabgrass increased maize stunting up to 35%, while large crabgrass 

stunted maize only 5% (Figure 4.4 A and B). In contrast, maize shoot mass reduced more rapidly 

when in competition with large crabgrass compared to naked crabgrass (Figure 4.4 C and D). 

The highest decrease in maize shoot mass was recorded in competition with large crabgrass 

on sandy soil with a redcution of 25 g as large crabgrass densities increased to six grasses pot-

1. Maize shoot mass was reduced on clay soil by 62 and 51% when grass densities of naked 

and large crabgrass increased to six grasses pot-1 respectively. The decrease in maize kernel 

weight was more rapid for maize in competition with naked and large crabgrass on clay soil 

compared to sandy soil (Figure 4.4 E and F). The reduction in maize kernel weight ranged from 

39 to 67% and from 49 to 82% for naked and large crabgrass, with an increase from two to six 

grasses pot-1 in clay soil. The same tendency was observed for kernel weight on sandy soil with 

increasing grass densities. 
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Figure 4.4. Plant height, dry biomass and kernel weight of maize as influenced by grass 

density of naked crabgrass (A, C, E) and large crabgrass (B, D,F) grown in two soil types. 

Linear regression lines were fitted to data, symbols are observed data (solid lines and 

symbols = clay soil and dashed lines and open symbols = sandy soil). 

 

Maize kernel weight and percentage yield loss were dependent on soil type and grass 

density. The percentage yield loss was greater for maize in competition with large crabgrass 

compared to naked crabgrass on both soils (Figure 4.5 A and B). At a density of six grasses per 

maize plant (simulating 50 grasses per m2), maize yield was reduced by 67 and 56% 

respectively in competition with naked crabgrass on clau and sandy soil, while large crabgrass 

competition reduced yield by 79 and 82%, on the same two soils (Figure 4.5). The hyperbolic 

regression model (Eq. 4.1) described the relative competitiveness of naked and large crabgrass 
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by the percentage of maize yield loss as the weed density approaches zero (I) and the 

percentage maize yield loss as the weed density approaches infinity (A) (Cousens, 1985). The 

I values of large crabgrass was 49 and 76% and for naked crabgrass 29 and 21%, on clay and 

sandy soil respectively. Large crabgrass was therefore more competitive than naked crabgrass 

on both soil types, also causing greater yield loss than the latter. Both I and A values, however, 

did not differ significantly between grass species and soil type (overlapping of 95% confidence 

limits). Maize kernel weight in weed-free pots was 135 and 94 g on the clay and sandy soils 

respectively in the naked crabgrass trial, while these figures were 99 and 79 g on the same soils 

in the large crabgrass trial (Table 4.1). The estimated yield loss in weed-free plots (Ywf) did not 

differ from the observed (YL) yield for both grass species and soil types (Table 4.1). 

Table 4.1. Maize yield reduction in competition with naked and large crabgrass as 

described by parameter estimates (±SE) of the rectangular hyperbola regression model 

 

Grass species 

 

Soil 

type 

Yield Parameter estimatesa 

Observed Estimatedb I A q 

g.plant-1 %  

Large crabgrass 
Clay 98.7(6.1) 97.0(8.0) 48.7(14.6) 99.9(15.5) 3.1(0.3)a 

Sandy 79.3(8.7) 76.4(10.1) 75.9(23.0) 99.9(10.6) 4.2(0.3)a 

Naked crabgrass 
Clay 135.2(8.1) 133.9(8.6) 29.0(8.2) 94.6(20.9) 1.7(0.1)b 

Sandy 94.2(4.1) 92.3(6.7) 21.4(6.7) 99.9(33.8) 3.1(0.3)a 
aI (slope) is the percentage yield loss as density approaches 0, A (asymptote) is percentage yield loss as density 

approaches infinity, q = damage coefficient determined with the equation YL = qBs/1 + (q – 1)Bs; Bs = total share in 

biomass. bEstimated maize yield in weed-free plots (Ywf) fitted to equation 4.4, YL = Ywf [1+ (Id/100(1 + Id/A)];YL = 

Yield loss, d = grass density. 
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Figure 4.5. Relationship between maize yield loss and A) naked crabgrass and B) large 

crabgrass density in two soil types (open symbols = sandy soil, solid symbols = clay 

soil) fitted to a rectangular hyperbola regression model (Eq. 4.1) (Cousens, 1985). Solid 

and dashed lines are fitted regressions and the symbols are observed yield loss.  The 

slope (I) is the percentage yield loss as density approaches 0 and the asymptote (A) is 

the percentage yield loss as density approaches infinity as presented in Table 4.1. 

(Coefficients of determination all > 0.96)  
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The derived values of total share in biomass fitted the empirical model of Kropff and 

Spitters (1991) and a damage coefficient could be estimated for both grass species on both soil 

types (Figure 4.6). The damage coefficient (q) for naked crabgrass differed significantly between 

soil type and was 1.7 and 3.1 on clay and sandy soil respectively. The higher q values for large 

crabgrass on both soil types (clay = 3.1 and sandy = 4.2) again indicated the greater 

competitiveness of this grass species and corresponded with the I-values from Cousen’s (1985) 

model. 

 

Figure 4.6. Percentage maize yield loss ratio as affected by total share of biomass (maize 

and grass) at maturity for A) naked and B) large crabgrass on both soil types (open 

symbols = sandy soil, solid symbols = clay soil). Solid and dashed lines are fitted to the 

regression model of Kropff and Spitters (1991) and the symbols are observed yield loss 

(Eq. 4.3 and 4.4). (Coefficient of determination all > 0.95) 

 

Although both soil type and naked grass density influenced the number of days to 50% 

silking (soil: F=27.25, P<0.001; density: F=8.49, P<0.001), ear initiation (soil: F=56.59, P<0.001; 

density: F=9.32, P<0.001) and number of ears (soil: F=7.67, P=0.007; density: F=5.81, 

P=0.002) of maize plants significantly, soil type had the greatest effect (greater F-values). In 

contrast, only large crabgrass density had a significant effect on the above mentioned maize 
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parameters and the effect of soil type was negligible (F-values lower than three). The number 

of days to 50% silking of maize increased between two to10 days when in competition with 

naked crabgrass and between five to 13 days in competition with large crabgrass (F=34.73, 

P<0.001). The same tendency was observed for both grass species with regard to the number 

of days to ear initiation (large crabgrass: F=42.03, P<0.001) (Table 4.2). Maize grown in 

competition with naked crabgrass took 11 days longer to ear initiation on sandy soil. The number 

of maize ears was reduced by 50% where naked and large crabgrass was in competition with 

maize at the highest density (six plants per pot) on both soil types. 
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Table 4.2. The effect of naked and large crabgrass competition on days to 50% silking, 

ear initiation and number of ears of maize grown in two soil types.  

Ratio 

(maize:grass) 

Naked crabgrass Large crabgrass 

Clay Sandy Meana Clay Sandy Meana 

 50% Silking (days) 

1:0 58.75 70.50 64.62a 71.00 71.00 71.00a 

1:2 63.57 72.75 68.16b 75.38 76.25 75.81b 

1:3 66.00 74.75 70.36bc 78.88 80.63 79.75c 

1:4 64.25 70.00 67.13b 81.50 85.00 83.25d 

1:5 69.75 74.88 72.31cd 82.38 83.25 82.13d 

1:6 71.75 78.13 74.94d 84.13 84.13 84.13d 

Mean 65.69a 73.50b  78.88a 80.04b  

 
Ear initiation (days) 

1:0 57.75 73.50 65.62a 71.88 73.63 72.75a 

1:2 64.77 74.00 69.38ab 78.00 78.88 78.44b 

1:3 66.00 76.00 71.00b 80.63 83.25 81.94c 

1:4 65.00 74.25 69.62ab 82.38 84.13 83.25c 

1:5 70.50 77.25 73.87bc 87.63 83.75 85.69d 

1:6 72.50 84.25 78.37c 89.38 85.88 87.63d 

Mean 66.09a 76.54b  81.65a 81.58a  

LSD(Ratio x Species) n/s 1.35     

 Number of ears plant-1 

1:0 2.00 1.75 1.88a 1.88 1.75 1.81a 

1:2 1.86 1.63 1.74ab 1.63 1.25 1.44b 

1:3 1.75 1.00 1.38bcd 1.38 1.25 1.31bc 

1:4 1.75 1.38 1.56abc 1.38 0.87 1.13cd 

1:5 1.25 1.25 1.25cd 0.75 1.00 0.88de 

1:6 1.13 0.88 1.00d 0.50 0.75 0.63e 

Mean 1.63b 1.31a  1.25a 1.15a  

 aMeans within respective columns and rows followed by the same letter are not significantly different at 

 P=0.05 

 

4.4. Discussion 

The complexity and various uncontrolled factors influencing weed-crop competition 

dynamics can impose analytical constraints on studying these interactions in field trials (Gibson, 

et al., 1999). Additionally, due to the fact that naked and large crabgrass is not readily 

distinguished from each other at the seedling and early vegetative stages, their competition 

effect on maize was studied separately in greenhouse trials to determine each species’ 

competitiveness with maize. The advantages of trials in controlled environments can also assist 

to study other factors, such as soil type on the competition effect and growth of both weed and 
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crop. We acknowledge that a single weed species rarely occurs solely in a production field, but 

grass control in a grass crop has specific challenges, where time of emergence and density of 

grass infestations play a major role in crop yield (Cathcart and Swanton, 2004; Fausey et al., 

1997; Strahan et al., 2000; Young et al., 1984). 

Apart from environmental conditions and factors, yield losses in maize are mainly 

caused by weed competition. The effect of grass infestations, especially from early on in the 

season, can result in severe yield losses since the weed and the crop has similar physiological 

pathways and nutrient source requirements (both being C4 plants) (Fausey et al., 1997). As 

demonstrated by several weed-crop competition studies, competition for water, nutrients and 

light is the main limiting factor contributing to crop yield losses (Cerrudo et al., 2012; Fausey et 

al., 1997; Rajcan and Swanton, 2001). Similar to previous findings soil water content was found 

to be higher in naked crabgrass infested plots indicating rather a reduced ability of root systems 

to absorb water (Rajcan and Swanton, 2001). It is also acknowledged that root development 

and possibly root functioning were reduced due to space restriction of pots used. This SWC 

effect was, however, not apparent where large crabgrass was in competition with maize and 

SWC reduced as grass density increased, indicating effective uptake of water until silking of 

maize. In studies where soil water was not limited (i.e. production under irrigation), SWC did not 

differ between weedy and weed-free conditions as well (Tollenaar et al., 1997; Young et al., 

1984). Soil water content is a parameter to define the availability of water for plants in a specific 

soil type and optimum water content should be greater than 60% of field capacity to eliminate 

moisture stress on maize plants (Werner, 2002). The most important use of SWC is the 

quantification of the amount of water present in a well-defined volume of soil at a specific time. 

The measurement of SWC over time was therefore considered adequate to eliminate water as 

a competitor. 

Although a decrease in N level ranged from 5 to 35% between soil types, both large and 

naked crabgrass densities showed competition for N from the seedling stage that could manifest 

in final maize yield loss. Several factors and physiological processes play a role in fertilizer 

availability, crop growth and the occurrence or control of weeds. The effect of soil fertility is, 

however, crop and weed species specific and in some cases weeds can benefit more from 

fertilization than crops (Harbur and Owen, 2004). Although several studies have been 

conducted to incorporate fertilization in an integrated weed control management program, 

results are contradictory and focussed mostly on nitrogen (Cathcart and Swanton, 2004; Evans 

et al., 2003b). Nitrogen is one of the most important nutrients in determining maize yield and 

fertilizer recommendations are therefore usually based on the soil available N and the yield 

potential of maize taking into account the hybrid and climatic conditions of a specific region 

(FSSA, 2007). Since N uptake occurs from the early seedling stages of maize up till three to five 

weeks after silking, competition with weeds have to be minimized to ensure optimum yields. 
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Prolonged N uptake, especially during grain fill of maize, can increase leaf area and biomass, 

resulting in larger yields (Rajcan and Tollenaar, 1999). However, in the presence of weeds the 

availability of N will be altered along with dry mass accumulation (Cathcart and Swanton, 2004). 

Nitrogen deficiency symptoms are more likely to manifest faster under high weed pressure and 

some studies showed less developed root systems compared to weed-free maize (Tollenaar et 

al., 1994). Limited research has been done on other nutrients such as P and K. 

Competition with either naked or large crabgrass resulted in reduced crop height, dry 

mass (shoots), number of ears and kernel weight of maize. Contradictory results exist with 

regard to the effect of grass weed interference on maize height. Fausey et al et al et al., (1997) 

reported that giant foxtail (Setaria faberi (Herrm.)) competition with maize did not affect maize 

height while Cathcart and Swanton (2004) reported reduced height with increasing density of 

green foxtail (S. viridis (L.) Beauv.). The accumulation of above-ground dry matter of maize 

correlated positively with kernel number per plant, but can be influenced by hybrid choice and 

weather conditions (Cerrudo et al., 2012). A critical threshold level of dry matter accumulation 

has to be maintained around silking of maize to reduce the risk of barren ears. In this study a 

reduction in dry mass accumulation as observed in both maize competition trials with naked and 

large crabgrass can affect the ability of maize to maintain this threshold level significantly, 

resulting in reduced kernel set and weight. Cerrudo et al., (2012) also reported that stress (weed 

competition) early in the vegetative stages of maize, had a greater effect on dry matter 

accumulation and consequently reduced yield. The observed delay in the days to 50% silking 

and ear initiation suggested that grass weed competition by naked and large crabgrass could 

prolong the vegetative period of maize. This delay can lead to a reduction in the grain filling 

period with subsequent loss in kernel numbers and weight (Cerrudo et al., 2012; Tollenaar and 

Wu, 1999). When nutrient sources, light and soil water is not limited, the effect of weed 

interference may be more subtle, but both naked and large crabgrass showed severe 

competitiveness for the same sources required by maize. A lack of understanding of the 

competition effect between maize and weeds could be ascribed to the absence of studies taking 

root measurements into account (Rajcan and Swanton, 2001). For a holistic approach in 

understanding weed-crop competition, root development of both grasses and crop should be 

included in future research trials to elucidate the root: shoot ratio and the interaction thereof. 

The hyperbolic model, using both naked crabgrass and large crabgrass density and total 

share in biomass (grass shoot mass and maize shoot and kernel mass), predicted maize yield 

loss successfully on both soil types. The high relation coefficients of determination (R2>0.96 and 

R2>0.95) are most likely due to the reduced effect of environmental factors and single grass 

species competing with maize at the same plant size from commencement of the trials. The I 

and A values could only be influenced by soil type and density of grass species and not by 

environmental conditions (Aguyoh and Masiunas, 2003). Although the hyperbolic model fitted 
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our data well the high asymptotes could be lower under field conditions. In the greenhouse trial, 

however, most maize plants in competition with six grasses per pot did not yield an ear or 

produced an ear with few kernels, emphasising the strong competitive ability of both naked and 

large crabgrass. The estimated yield loss of 95 to 100% yield loss can therefore be most likely 

when severe infestations of more than 50 grasses per m2 prevail on especially sandy soils. 

Several crop yield loss models describe losses in terms of weed densities, shoot dry 

mass, soil cover area of crop and weeds and leaf area index (Cousens, 1985; Kropff and 

Spitters, 1991; Lotz et al., 1996). Leaf area measurements are mostly used as the preferred 

variable to regress crop yield losses, but several studies used dry shoot mass successfully as 

well (Galon and Agostinetto, 2009). Furthermore, the maize canopy was above the canopy of 

the Digitaria grass weeds for the entire duration of the trial and the competition effect on leaf 

area would be more distinct in the grass weeds than in maize, concluding that competition for 

light may play a minor role in maize yield loss. The predictive capacity of these empirical models 

can, however, be compromised due to a lack of quantifying the effect of population dynamics, 

time of emergence (crop and weed) and the size of weeds especially (Gibson et al., 1999). 

However, Deen et al. (2003) evaluated four crop-weed competition models on a common data 

set and concluded that more complex models do not improve the fit of observed data sets. 

Although time of grass emergence can play a major role in crop yield losses, it was not a factor 

in this study. (See Chapter 5: Critical period of naked crabgrass control). 

It is apparent from this study that biomass as well as grass density are reliable variables 

to predict and estimate maize yield loss when in competition with either naked or large 

crabgrass. According to Kropff and Spitters (1991), if the relative damage coefficient (q) is lower 

than one, the fitted curve will be concave, indicating that the crop is the stronger competitor. 

Although the relative damage coefficients of both naked and large crabgrass were greater than 

one, the value for naked crabgrass competition on maize grown on clay soil was close to one, 

indicating an almost linear relationship. This means that the competition of naked crabgrass and 

maize on clay soil could be equal. Large crabgrass was the greater competitor compared to 

maize grown on both clay and sandy soil, while naked crabgrass was only a greater competitor 

when maize was grown on sandy soil. These models should, however, be verified in field trials 

on both crabgrass species. 

In conclusion, soil type played a major role in the competitiveness of naked crabgrass, 

but did not influence the competitiveness of large crabgrass significantly. All maize growth 

parameters measured in this study were reduced when either naked or crabgrass densities 

were increased, confirming the competition effect of Digitaria grass weed species on maize. 

Both grass density and share in total dry mass of crop and weed can be used to predict yield 

losses in maize when naked or large crabgrass infestations prevail. It is estimated that a yield 

loss of greater than 10% can occur when approximately four naked or large crabgrass plants 
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per m2 are left to compete with maize. It is therefore critical to control both naked and large 

crabgrass infestations from emergence until the silking stage of maize to reduce the risk of high 

yield losses. 
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CHAPTER 5 

Critical periods of weed control for naked crabgrass (Digitaria nuda Schumach.), a grass 

weed in maize in South Africa 

 

Abstract report 

Difficulties to chemically control large crabgrass in maize in South Africa have recently been 

attributed to the occurrence of naked crabgrass, previously mistakenly regarded as large 

crabgrass, which, in contrast to the former, can be controlled relatively easily with acetanilide 

herbicides. Critical periods of weed control (CPWC) for naked crabgrass in maize was 

determined in field studies during the 2009/10 and 2010/11 growing seasons at two separate 

localities for an early and late planting date of maize. Weed-free and weed-crop interference 

treatments of increasing duration were maintained at various crop growth stages in the presence 

of naked crabgrass. Biomass of naked crabgrass was determined as dry weight per m2 

quadrant, which yielded 428 g.m-2 at Potchefstroom and 594 g.m-2 at Wesselsbron. An 

exponential regression model was used to determine the CPWC expressed as growing degree 

days after crop emergence, based on an estimated 10% relative yield loss in maize. The onset 

and ending, as well as, the duration of the CPWC differed between seasons and localities. At 

10% relative yield loss, the onset of the CPWC ranged between the two (V2) and six (V6) leaf 

stages, and the ending between the twelve (V12) leaf stage and two weeks after tasseling (T + 

2). The duration of the CPWC ranged between 22 and 80 days for the respective planting dates, 

years and localities. Yield losses ranged from 28 to 82% in the season-long weedy plots. The 

shifting of planting dates alone did not reduce yield losses since the effect of late infestations of 

naked crabgrass is significant. Naked crabgrass control from crop emergence is essential, 

followed by POST herbicide application during the critical period of weed control to lower the 

risk of maize yield losses. 

 

5.1. Introduction 

An increase in Digitaria species infestations reported by producers in the main maize 

producing region of South Africa recently lead to the identification of naked crabgrass [D. nuda 

(Schumach.)], a relative unknown Digitaria species in this region. Annual grass weeds that are 

recognised as difficult to control, in most maize producing areas of South Africa, include: large 

crabgrass (D. sanguinalis (L) Scop.), African goose grass (Eleusine coracana (L) Gaertn.), 

common buffalo grass (Panicum maximum Jacq.), Bushveld herringbone grass (Urochloa 

mosambicensis (Hack.) Dandy.) and herringbone grass (Urochloa panicoides Beauv.) (Botha, 

2010; Bromilow, 2010). Although several Digitaria species occurs in most maize producing 

areas in South Africa, the weed status of the more uncommon Digitaria spp. such as, southern 

crabgrass (Digitaria ciliaris (Retz.) Koeler), velvet crabgrass (Digitaria velutina (Forssk.) Beauv.) 
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and naked crabgrass is unknown. The growth cycle of these grasses coincides with maize 

production and their seeds germinate throughout the growing season of the crop (Saayman-Du 

Toit and Le Court De Billot, 1991). The importance and impact of large crabgrass has been 

studied world-wide in a variety of crops (Holm et al., 1977; Kim et al., 2002; Mitich, 1988). Naked 

crabgrass has been reported to be a grass weed in maize by several authors (Botha, 2010, 

Bromilow, 2010, Van Oudtshoorn, 2009) but the impact or competition on maize yields has not 

been reported, although it is recognised to be of importance in sugarcane in Brazil (Dias et al., 

2005, Vieira et al., 2010) and is a serious grass weed in West Africa (Chikoye et al., 2000).  

Typical grass control in maize production includes the application of PRE herbicides 

such as acetochlor, s-metolachlor and dimethenamid followed by cultivation four to six weeks 

after crop emergence. The planting of herbicide-tolerant maize cultivars (Roundup Ready® 

hybrids) validates the POST application of glyphosate to control grass weeds and is increasingly 

implemented by maize producers. A decrease in effective control with soil-applied, PRE 

acetanilide herbicides such as acetochlor and s-metolachlor has, however, been reported where 

severe infestations of naked crabgrass occurred. This is partly due to the incorrect identification 

of species and prevailing misconceptions that acetanilide herbicides will control all Digitaria spp. 

equally well. Competition due to grass infestations in maize, predominantly large crabgrass and 

African goose grass resulted in significant yield losses if left uncontrolled. Jooste and Van Biljon 

(1980) reported that infestations of large crabgrass in maize can cause losses more severe than 

that caused by yellow nutsedge [Cyperus esculentus (L.)], and can result in maize yield losses 

of up to 70%. Control of grass weed species is therefore essential during the first six weeks 

after crop emergence in order to prevent yield losses (Ghosheh et al., 1996; Hellwig et al., 2002)  

The optimal timing of herbicide application is crucial to ensure effective control of grass 

species. The critical period of weed control (CPWC) is defined as the necessary duration of 

weed control to prevent yield reduction due to weed interference (Hall et al., 1992; Norsworthy 

and Oliveira, 2004; Page et al., 2009). Critical period of weed control is an estimation of the 

period during which crop growth and yields are negatively influenced by weed interference, to 

predict onset, critical- and end-point of CPWC (Singh et al., 1996). Two components are 

necessary to determine CPWC. These include the maximum period of time a crop can be 

exposed to early season weed competition before a yield loss threshold is reached, and the 

minimum duration of a weed-free period required after planting to prevent yield loss above an 

arbitrarily chosen threshold (Singh et al., 1996). Effective weed control during this period of crop 

development prevents serious yield losses and is the optimal time for herbicide applications 

(Evans et al., 2003a; Norsworthy and Oliveira, 2004; Williams, 2006).  

Several studies on various weed species have been conducted to determine the CPWC 

for maize, but results vary and are often contradictory (Evans et al., 2003a; Gantoli et al., 2013; 

Ghosheh et al., 1996; Halford et al., 2001; Hall et al., 1992; Isik et al., 2006; Knezevic et al., 
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2002; Norsworthy and Oliveira, 2004; Page et al., 2009; Williams, 2006). The duration and 

especially the final stages of the CPWC in maize are greatly influenced by weed densities and 

spectrum, as well as variation in environmental factors (Evans et al., 2003b; Halford et al., 2001; 

Norsworthy and Oliveira, 2004). The beginning of CPWC in a no-till field experiment was found 

to show less variability than CPWC in conventionally tilled soil (Halford et al., 2001; Hall et al., 

1992). Evans et al. (2003a) concluded that the CPWC for maize started between crop 

emergence and the seven (V7) leaf stage and ended with anthesis. Isik et al. (2006) determined 

CPWC for maize in Turkey at 2.5, 5 and 10% yield loss thresholds and estimated the duration 

of the period to be five weeks at a 5% yield loss level. They found that the CPWC started at the 

first (V1) leaf stage and ended at the eight (V8) leaf stage, and that the CPWC increased to nine 

weeks when only a 2.5% yield loss level was predicted. When a yield loss of only 10% was 

predicted, the CPWC was only two weeks long. Williams (2006) reported that there was a 

significant interaction between planting date and CPWC of maize and that this could be used to 

optimize weed control programs. The duration of the CPWC increased for maize planted early 

and fields should be kept weed-free until the eight (V8) leaf stage, whereas the weed-free period 

was only up to third (V3) leaf stage for maize planted later. This significant effect was due to 

lower weed densities later in the season, influencing maize yield less than 5%. Norsworthy and 

Oliveira (2004) reported great variation in the duration of the CPWC for maize between localities. 

The beginning of the CPWC for one locality started from the first (V1) leaf stage (5 to 9 days 

after emergence) and ended between eight (V8) to ten (V10) leaf stages, while a CPWC of only 

four days (ending at V5 and V6) was recorded at another locality. 

Most of the afore-mentioned critical periods were determined in cases where broadleaf 

weeds dominated the weed spectrum. Fewer studies have been done on the interference of 

grass species on maize yield (Anderson, 2000; Ghosheh et al., 1996). Weed interference by 

barnyard grass (Echinochloa crus-galli L. Beauv.), had a greater effect on maize planted early 

in the season when weed densities were highest compared to maize planted later in the season 

(Williams, 2006). Mickelson and Harvey (1999) determined that the density and time of 

emergence of woolly cupgrass (Eriochloa villosa (Thumb.) Kunth) had a significant effect on 

grass biomass and seed production. When the emergence of woolly cupgrass in maize was 

delayed, vegetative biomass and seed production of the weed grass declined rapidly, indicating 

that late emerging grass may not be important for crop competition. Although grass species can 

germinate throughout a crop growth season, the incidence, densities and interference of grass 

weeds also varies greatly over different localities and seasons (Hartzler et al., 1999). Since 

naked crabgrass is a relatively unknown grass weed in maize production in South Africa the 

effect of early and late interference on crop yield is not known. This study was conducted to 

determine the CPWC and the effect on maize yields in those areas of South Africa where severe 

naked crabgrass infestations are experienced. 
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 5.2. Materials and methods 

Three field trials in which different CPWC were evaluated for naked crabgrass were 

conducted at two sites in the main maize producing regions of South Africa. A typical growing 

season for maize production in South Africa commences in November / December with planting 

in one year and concluded in May / June the following year with harvesting when maize is 

physiologically mature. 

 

5.2.1. Experimental site 1 

One field trial, consisting of an early and a late planting date, were established at the Agricultural 

Research Council’s Institute for Grain Crops experimental farm situated in the North-West 

Province at Potchefstroom (S26°43’41.9”, E27°04’47.8”) during 2009/10 and 2010/11 growing 

seasons. Soil type was classified as a sandy clay-loam soil with a pH of 6.58, 36% clay, 59% 

sand and 5% silt (Appendix A: Table A.2). Naked crabgrass seed used to infest the CPWC trial 

was hand harvested during May 2008, threshed from mature Digitate-panicles, and left to dry 

before it was placed in polyethylene containers and stored for one year at 15 °C. Prior to 

establishing homogenous infestation levels of naked crabgrass, experimental fields were 

conventionally tilled early in spring (September 2009) with a mouldboard plough to a depth of 

25 cm followed by disc cultivation to prepare a smooth seedbed in accordance with maize 

production practices used in the Northwest Province. Prior to sowing grass or maize seed, 

atrazine / terbuthylazine, (Gesaprim® Super 291 / 291 ai g.l-1, Syngenta South Africa (Pty 

Limited), Thornhill Office Park, 94 Bekker Street, Midrand, South Africa) was applied to soil PRE 

at a rate of 4 l.ha-1 for the control of broadleaf weeds. Naked crabgrass seed was hand sown 

on the soil surface, followed by 20 mm overhead irrigation one week prior to planting maize. A 

glyphosate-tolerant maize hybrid DKC78-35R was planted at an early (25 November 2009) and 

late (17 December 2009) planting date. This trial was repeated with the same maize hybrid in 

the same field during the following season with the early planting on 2 December 2010 and the 

late planting on 22 December 2010. During both seasons maize was planted with a Monosem 

air-pressured, 4-row planter calibrated to plant a density of 20 000 plants per hectare. Row 

spacing was 0.9 m and seeding depth was 6 cm, standard to local maize production practices. 

The experimental design was a split-plot with planting date as main factor and 

treatments (12 weed interference periods) as subplots. Two control treatments were included, 

a season-long weed-free and a season-long weedy. The duration of weed interference and 

weed-free treatments were based on specific maize growth stages. Crop growth stages for 

maize were determined according to the system of Ritchie et al. (2003), where fully unfolded 

leaves were counted on maize plants when a visible collar was present in the season-long weed-

free plots (e.g. V1 growth stage is where the first leave has fully unfolded). For weed interference 

period treatments, naked crabgrass were allowed to grow from crop planting up to the 
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appropriate crop growth stage of V4, V6, V8, V10 and Tassel. The weed-free treatments 

consisted of weed-free periods up to V4, V6, V8, V10 and Tassel maize growth stages. Weeds 

were eliminated from the different interference treatments by spraying a 2% glyphosate dosage 

rate (Roundup Ready® Plus 540 g ae.l-1, Monsanto South Africa, Monsanto House, Fourways 

Office Park, Fourways, South Africa) with an IRREMEC knapsack sprayer (25L) delivering 200 

l.ha-1. In order to protect maize plants from any adverse effects of glyphosate, directed spray 

applications were done using special spray covers over nozzles after the eight (V8) leaf stage. 

In the weed-free period treatments, naked crabgrass were removed weekly by hand or by 

means of glyphosate until the appropriate duration of weed control was reached for the 

respective crop growth stages. Individual plot dimensions were six rows (5.4 m) by 5.5 m in 

length. Plots were randomized completely with three replications for each treatment at both 

early and late planting dates.  

For the six weed interference treatments, naked crabgrass plants were sampled in 1 m2 

surface areas within the central four rows of each respective treatment plot, prior to glyphosate 

application. Biomass of grasses was determined after drying above-ground leaves and stems 

in an oven at 60 °C for 24 h. The only other grass species present at the trial sites were Bushveld 

herringbone grass and African goose grass, which could be clearly distinguished from Digitaria 

spp., and thus were hand-hoed to ensure homogenous infestation of naked crabgrass. 

Crop and grass emergence in most treatments occurred simultaneously or within one 

week apart. Plant stand of maize was determined seven days after planting for each planting 

date during both seasons and expressed as percentage emergence. Emergence in all trials was 

commercially acceptable (>95%). Maize plants were harvested at physiological maturity and 

kernel moisture content was adjusted to 12.5%. The number of maize plants in the central four 

rows of each plot were counted (average of 75 plants per plot) and hand-harvested. Ears were 

de-husked and shredded after which total kernel mass and 1000 seed weight was determined. 

Yield (t.ha-1) from the season-long weed-free plots was used to determine relative yield (%) and 

was regressed against growing degree days (GDD). The GDD was calculated using a simple 

model of the average daily maximum (Tmax) and minimum (Tmin) air temperatures minus the 

base temperature of maize (Tb = 10 °C) between November and May for each growing season 

(Williams, 2006). Planting date was used as the reference point for accumulation of GDD and 

the beginning and end of the CPWC for each locality were expressed in GDD and corresponding 

crop growth stage (CGS) (Evans et al., 2003a). 

 

5.2.2. Experimental site 2  

Another field trial consisting of an early and late planting date was established during 2010/11 

growing season on a farm, near Wesselsbron (S27°42’47.9”, E26°26’28.1”) in the Free State 

Province. This site was characterized by severe natural infestation of naked crabgrass and no 
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extra naked crabgrass seed were sown in at this locality. The soil type was classified as a sandy 

soil with 10% clay, 84% sand and 6% silt, with a pH of 5.62 (Appendix A: Table A.2). 

Conventional tillage practices for this maize production region were followed, i.e. rip cultivation 

(45 cm deep) during mid-October 2010.  

The experimental design at this site was identical to that described above. However, at 

this site, each plot consisted of six maize rows, planted at wider inter-row widths of 1.5 m, 5.5 

m in length. The wider inter-row width is standard practice to conserve soil moisture and may 

be unusually wide for producers in maize producing regions in the USA and Europe, but due to 

the low annual rainfall of between 450 to 500 mm, wider inter-row spacing is warranted for some 

maize producing areas in South Africa. Early planting of the maize hybrid DKC78-45BR 

(Monsanto South Africa) was done on 18 November 2010 and the late planting on 7 December 

2010. Maize and naked crabgrass emergence was recorded seven days after seedling 

emergence in both early and late planting dates. Data collected were the same as for the 

Potchesftroom trial described above. Maize yield was determined by harvesting the middle four 

rows of each plot and the average number of plants harvested per plot was 58. 

5.2.3. Statistical analysis  

The data were analysed separately for each season and locality. The actual and relative yield 

data for early and late planting dates were subjected to an analysis of variance with planting 

date as main plot factor and weed interference or weed-free treatments as sub-plot factor. The 

residuals were tested for deviation from normality and no evidence against normality was found, 

therefore data were considered as reliable. The means of significant source effects were 

compared using Fisher’s Protected LSD at the 5% significance level. Relative yield data were 

analysed with a nonlinear (exponential) regression model to determine the effect of weed 

interference and weed-free periods to estimate the CPWC, the beginning (critical period of weed 

removal = CPWR) and end (critical weed free period = CWFP) of the period using the equation,  

Y = A + BRx   [5.1] 

where Y = relative yield (%), A + B = initial relative yield in weedy or weed-free plots, R = rate 

of yield loss, and x = duration of interference measured in GDD. This model represents a curve 

rising or falling from an asymptote (A) on the left of the graph if R > 1, and if 0 < R < 1 the curve 

rises or falls to an asymptote (A) on the right of the graph.  The parameters of the regression 

model are listed in Table 5.3. The arbitrarily threshold levels of 5 and 10% yield loss was used 

to determine the CPWC (Knezevic et al., 2002). All data were analysed using Genstat for 

Windows 13thedn. Version 14 (Payne, 2011). 
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5.3. Results and Discussion 

5.3.1 Yield responses  

Cumulative rainfall at Potchefstroom was similar for early and late planting dates during 2009, 

(541 and 503 mm, respectively), while the late planting date during 2010 received 21% less 

rainfall (400 mm), compared to the early planting date (509 mm) (Figure 5.1). Although total 

rainfall between seasons at Potchefstroom differed, the distribution of rain affected maize yields 

more in the weed-free maize plots. Maize in weed-free plots yielded 31% less during 2010 

compared to 2009 (5.59 and 8.16 t.ha-1, respectively) (Table 5.1). At Wesselsbron cumulative 

rainfall was similar between early and late planting dates, but yield in weed-free plots differed 

between planting dates. Maize planted early yielded 22% more compared to maize planted later 

(5.19 and 4.07 t.ha-1, respectively) (Table 5.2). Yield loss of maize increased with the increased 

duration of grass interference and ranged between 28 and 55% for Potchefstroom and 37 and 

82% for Wesselsbron in the season-long weedy plots (Tables 5.1 and 5.2). Yield was only 

influenced by the planting date at Potchefstroom during 2009 where the late planting yielded on 

average 1 t.ha-1 more. At Wesselsbron the early planting date yielded 1.5 t.ha-1 more than the 

late planting date during 2010. 
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Figure 5.1. Cumulative rainfall plotted against growing degree days after planting of 

maize for two planting dates (early and late) at Potchefstroom and Wesselsbron during 

2009/10 and 2010/11 growing seasons. 
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Table 5.1. The effect of weed interference periods on maize yield (t.ha-1) at Potchefstroom 

where maize was planted early and late during two seasons. 

  

Weed interference 

2009/10 2010/11 

Early Late Mean Early Late Mean 

t ha-1 

Weed free 

up to 

Weed-free Control 7.76 8.56 8.16 5.93 5.25 5.59 

V4 6.69 8.48 7.59 5.30 4.83 5.07 

V6 4.72 6.32 5.52 5.13 4.41 4.77 

V8 5.20 7.16 6.18 4.37 4.23 4.30 

V10 3.52 6.91 5.22 4.29 3.91 4.10 

Tassel 3.86 5.54 4.70 4.07 4.19 4.13 

Weedy 

from 

Weedy Control 3.53 4.94 4.23 3.82 3.76 3.79 

V4 5.50 5.34 5.42 3.95 4.09 4.02 

V6 6.58 5.13 5.85 4.06 4.74 4.40 

V8 5.74 7.01 6.37 4.19 4.42 4.31 

V10 7.14 6.76 6.95 4.90 5.43 5.17 

Tassel 7.63 7.28 7.45 4.83 5.58 5.20 

  

  
Mean 5.66 6.62  4.57 4.57  

 LSD(Planting date) 0.97  n/s  

 LSD(Treatments) 1.31  n/s  

 LSD(Planting date X Treatments) 1.90  n/s  
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Table 5.2. The effect of weed interference periods on maize yield (t.ha-1) at Wesselsbron 

where maize was planted early and late during one season. 

  

Weed interference 

2010/11 

Early Late Mean 

t ha-1 

Weed free 

up to 

Weed-free Control 5.19 4.07 4.63 

V4 3.85 2.65 3.25 

V6 4.40 2.98 3.69 

V8 3.72 1.95 2.84 

V10 4.05 1.97 3.01 

Tassel 3.48 1.12 2.30 

Weedy from 

Weedy Control 3.28 0.72 2.00 

V4 4.62 3.12 3.87 

V6 4.76 3.76 4.26 

V8 4.55 3.75 4.15 

V10 4.82 4.12 4.47 

Tassel 4.66 3.54 4.10 

  

  

Mean 4.28 2.81  

LSD(Planting date) 0.63  

LSD(Treatments) 1.26  

LSD(Planting date X Treatments) n/s  

 

5.3.2. Weed growth and biomass  

Naked crabgrass emergence and growth was slower at Potchefstroom during 2009 as indicated 

by the dry biomass of only 183 and 169 g.m-2 for the early and late planting dates respectively. 

During 2010 biomass of naked crabgrass was 21 and 60% higher for the early and late planting 

dates respectively (Figure 5.2) and can be ascribed to higher re-infestation after seed shedding 

during May 2010. Naked crabgrass biomass was much higher at Wesselsbron compared to 

Potchefstroom and yielded 418 and 594 g.m-2 in the early and late planting dates and can 

ascribed to the natural infestation build-up over years. The highest biomass at Wesselsbron 

was recorded 78 days after crop emergence, which corresponded with tasseling of maize plants 

(Figure 5.2). 
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Figure 5.2. Naked crabgrass biomass for two planting dates (early and late) measured in 

weedy interference plots in 1m2 quadrants at Potchefstroom and Wesselsbron during 

2009/10 and 2010/11 growing seasons. 

 

This could be explained by the morphological growth patterns of naked crabgrass tufts that 

formed a thick carpet of dense growth within weeks after crop emergence at Wesselsbron, 
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unlike grass growth at Potchefstroom where dense mat-forming growth started later and was 

limited due to canopy formation of maize. The difference in incidence of naked crabgrass 

between the two localities can be attributed to various factors such as seed bank composition, 

climatic conditions, soil type and tillage practices (Knezevic et al., 2002). The wider inter-row 

spacing at Wesselsbron allowed grass to grow vigorously from early on in the season without 

competing for light since maize plants did not form a canopy between rows. Norsworthy and 

Oliviera (2004) found that the CPWC and maize competitiveness is not affected by row-widths, 

but that canopy formation is needed to reduce emergence and regrowth when weed species 

tend to exhibit continuous emergence patterns. If resources such as light, nutrients and soil 

moisture are not limited, naked crabgrass could emerge until late in the crop growth season, 

indicating that season-long weed control is needed. However, such long periods of effective 

weed control is in most cases not practical and very costly. Late emergence of certain grass 

species such as woolly cupgrass has little to no effect on maize yield (Mickelson and Harvey, 

1999). Similarly Bosnic and Swanton (1997) established that barnyard grass infestations early 

in the season is more detrimental to maize yield but concluded that it is rather time of emergence 

than weed density that is more critical to maize yield. Grass emergence can also be greatly 

influenced by soil tillage and some grass species were found to be more prevalent under no-till 

conditions where increased densities of foxtails species and barnyard grass were observed and 

showed longer periods of emergence when compared to conventionally tilled soil (Buhler, 1992; 

Halford et al., 2001). 

 

5.3.3. Critical periods of weed control 

Because of significant main effects between seasons and planting dates observed for yield data, 

relative yield data were not pooled over seasons or planting dates. Both periods of weedy and 

weed-free curves fitted to relative yield had high coefficients of determination (R2) and was 

significant at the 5% level for both localities and all seasons (Table 5.1).  
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Table 5.3. Exponential equations for relative yield (Y) in the function of growing degree 

days (GDD) measured after crop emergence with interference of naked crabgrass in 

maize used to determine CPWC in Figures 5.3 and 5.4. The beginning and end of the 

period was determined using the equation Y = (A + B)R(x) (Eq. 5.1). Standard error of the 

means is indicated in brackets. 

Locality 

(season) 
Planting date Parameter Weedy Weed-free 

Potchefstroom 

(2009) 

Early 

A 25.4 (29.9) 112.0 (19.2) 

B 76.3 (27.8) -65.5 (17.9) 

R 0.998 (0.001) 0.998 (0.001) 

R2 0.92 0.93 

Late 

A 178.0 (482.0) 35.4 (70.30) 

B -78.0 (476.0) 22.2 (65.0) 

R 1.000 (0.001) 1.001 (0.001) 

R2 0.79 0.83 

Potchefstroom 

(2010) 

Early 

A 33.4 (41.0) 63.4 (6.57) 

B 67.1 (39.5) 1.5 (3.0) 

R 0.999 (0.0005) 1.002 (0.001) 

R2 0.96 0.89 

Late 

A 61.8 (18.6) 116.4 (17.3) 

B 38.6 (17.1) -50.2 (15.8) 

R 0.999 (0.001) 0.999 (0.001) 

R2 0.89 0.93 

Wesselsbron 

(2010) 

Early 

A 62.6 (14.3) 92.8 (2.43) 

B 34.9 (13.8) -29.6 (5.22) 

R 0.998 (0.001) 0.995 (0.001) 

R2 0.77 0.89 

Late 

A -208.0 (548.0) 97.1 (4.52) 

B 307.0 (544) -79.6 (7.94) 

R 0.999 (0.001) 0.996 (0.001) 

R2 0.96 0.97 

 

The exponential curve (asymptotic regression model), which overlapped in all cases, could be 

used to determine both the critical time of weed removal and critical weed-free period and 

CPWC for naked crabgrass control in maize. The acceptable level of yield loss is an arbitrarily 

decision that should be made considering the cost of weed control and possible incomes from 

crop harvests (Knezevic et al et al et al., 2002). Input costs for maize production and grain price 

in South Africa vary greatly between seasons and chemical weed control is estimated to 

comprise 11% of input costs (Grain SA, 2013). The relative yield loss regressed to GDD for a 

10% threshold level where a definite CPWC could be determined for maize at both localities 

and at different planting dates (Figures 5.3 and 5.4). The corresponding crop growth stage has, 

however, been determined for both the 5 and 10% threshold levels and is presented in Table 
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5.4. The duration of the CPWC varied considerably between planting dates and seasons and 

no concomitant CPWC could be determined for either planting dates or localities. During 2009 

the CPWC for the late planting date (73 days) was twice as long as observed for the early 

planting date (36 days) (Figure 5.3 A and B).  
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Figure 5.3. Critical periods of weed control (CPWC = vertical lines) of naked crabgrass in 

maize estimated for a yield loss of 10% during A) early and B) late planting at 

Potchefstroom for the 2009/10 and 2010/11growing seasons. CTWR = critical time of 

weed removal; CWFP = critical weed free period. Relative yield losses were calculated 

from samples of 78 plants per plot and were fitted to the following exponential response 

equation: y=(A+B)R(x). (Equation parameters Table 1) 

 

This tendency was also observed between the early and late planting dates for Wesselsbron 

during 2010 (22 days compared to 42 days) (Figure 5.4 A and B). During 2010 the duration of 

the CPWC for the late planting date at Potchefstroom was, however, considerably shorter at 25 

days compared to the early planting date where it was 80 days. At a 5% threshold level the 

duration of CPWC for naked crabgrass in maize increased for all trials (Table 5.4). Reported 

durations for most CPWC in maize is, however, relatively short when yield losses of greater 

than 5% were expected and is reported to range between 12 and 44 days (Isik et al., 2006; 

Norsworthy and Oliveira, 2004). 
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Figure 5.4. Critical periods of weed control (CPWC = vertical lines) of naked crabgrass in 

maize estimated for a yield loss of 10% during A) early and B) late planting at 

Wesselsbron for the 2010/11 growing season. CTWR = critical time of weed removal; 

CWFP = critical weed free period. Relative yield losses were calculated from samples of 

58 plants per plot and were fitted to the following exponential response equation: 

y=(A+B)R(x). (Equation parameters Table 5.1) 

 

 The CPWC for Potchefstroom during 2009 commenced at the two (V2) and six leaf (V6) 

stages for the early and late planting dates respectively. During 2010 the beginning of the CPWC 

was more stable at both Potchefstroom and Wesselsbron and started at the four (V4) and the 

two (V2) leaf stages for the early and late planting dates (Figures 5.3 and 5.4). The end of the 

CPWC showed, however, more variation and ranged from the six leaf stage (V6) to two weeks 

after tasselling (T+2) of maize between the localities and years (Table 5.4). 
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Table 5.4.The critical period of weed control (CPWC) for maize at two planting dates and 

two localities during 2009/10 and 2010/11growing seasons expressed in crop growth 

stage (CGS) at a 5 and 10% yield loss level. 

Locality 
Planting 

date 
CPWC 

CGS 

5 10  

% 

Potchefstroom 

2009/10 

Early 
Beginning V1 V2 

End V14 V12 

Late 
Beginning V3 V6 

End R1 T+2 

Potchefstroom 

2010/11 

Early 
Beginning V2 V4 

End T+4 T+2 

Late 
Beginning V2 V4 

End V10 V8 

Wesselsbron 

2010/11 

Early 
Beginning VE V2 

End - V6 

Late 
Beginning VE V2 

End V12 V8 

 

This is in contrast with the findings of Hall et al et al. (1992) which concluded that the 

beginning of the CPWC is often more variable compared to the ending. They found that the 

beginning of the CPWC varied between the three and fourteen leaf stages while the ending was 

usually at the fourteen leaf stage of maize. Early onset of the CPWC has been reported for 

maize in several studies indicating the need for weed control from crop emergence onwards 

(Evans et al., 2003a; Isik et al., 2006; Norsworthy and Oliveira, 2004). Norsworthy and Oliveira 

(2004) reported the onset of CPWC for maize to be as early as five days after crop emergence, 

despite different row-widths. In a study done by Williams (2006) the planting date of maize 

significantly influenced the start and ending of CPWC period and it was concluded that maize 

planted early showed higher yield losses than maize planted later. This was evident due to 

higher weed infestation levels early in the season. All the above mentioned studies estimated 

the periods of critical weed control for a weed spectrum that was dominated by broadleaf weeds 

where numbers started to decline later in the season. Based on own observations naked 

crabgrass can, however, germinate and emerge throughout the growing season if favourable 

growing conditions prevail, emphasising the lengthy critical period of weed removal observed at 

both localities. 

Based on the 5 and 10% estimated yield loss levels the CTWR (beginning) and CWFP 

(end) of the CPWC differed among seasons and localities. These periods were however found 

to be in the same range of critical periods recorded in other CPWC studies done for maize 

(Gantoli et al., 2013; Hall et al., 1992; Isik et al., 2006; Williams, 2006). Early control of naked 

crabgrass in the maize cycle is crucial when heavy infestation levels of grass species are 
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anticipated and season-long control is the safest option, despite deviation in planting date. 

Whether this approach would be economical is, of course, another matter. Integrated weed 

management practices such as the application of pre- and POST herbicides, together with soil 

tillage to bury seed will likely be more effective than herbicides alone to reduce germination of 

viable naked crabgrass seed. Season-long germination was experienced at both localities and 

late infestations can still cause severe yield reductions, ranging from 28 to 82%. Maize 

producers should be made aware of the consequences of incorrect identification of Digitaria 

species, since it seems as if naked crabgrass grows more vigorously than large crabgrass and 

can cause severe yield losses depending on infestation levels. Although maize producers rely 

heavily on POST herbicide applications when minimum or no-tillage is practiced, high naked 

crabgrass infestations can conceivably be significantly reduced with deep soil tillage to decrease 

viable seed in the seedbank. The timing of POST herbicides is furthermore crucial for significant 

weed control (Knezevic et al., 2009). Both maize and grass weeds are C4 plants, which means 

that having the same photosynthetic pathways will enhance their competitive interactions. The 

period of maize development during tasseling and silking is critical for ear and grain 

development, and weed competition during these periods should therefore, be kept to a 

minimum. The CPWC values determined in this study showed that season-long weed control is 

essential to prevent yield loss, which makes POST herbicides applied during the critical period 

of weed control a logical choice for prolonged grass control. 

  



184 
 

CHAPTER 6 

Comparative efficacy of herbicides registered on maize to control large crabgrass 

(Digitaria sanguinalis (L.) Scop.) and naked crabgrass (D. nuda Schumach.)  

 

Abstract report 

Acetochlor and s-metolachlor (chloroacetamide group) are graminicides predominantly used to 

control grass weeds in maize and are applied PRE. A greenhouse study was conducted using 

two soil types to determine the efficacy of these herbicides for control of both large and naked 

crabgrass which closely resemble each other. Large crabgrass was completely controlled for 

six weeks while naked crabgrass was only controlled for three weeks after herbicide application 

on a clay soil. Control of both herbicides was less effective when applied to a sandy soil. Naked 

crabgrass seedlings started to emerge two weeks after herbicide application and increased to 

more than 50% when compared to control treatments. Large crabgrass emerged between three 

and five weeks after application. In a field trial nine herbicide programs, registered for large 

crabgrass control in maize were evaluated for control of naked crabgrass. A single application 

of PRE herbicides (chloroacetamide group) gave poor control of only 60% for three weeks after 

application. Re-infestation of naked crabgrass was >50% within six weeks after application. 

Naked crabgrass control in herbicide programs consisting of only one POST application of either 

glyphosate or paraquat was less than 44% due to re-infestation (60%) two weeks after 

application. Naked crabgrass was most effectively controlled (85 – 100%) in herbicide 

programmes consisting of PRE applications from herbicides in the chloroacetamide group 

followed by POST applications of herbicides containing triketones. The residual activity on 

naked crabgrass for acetochlor and s-metolachlor was 16 days, compared to 51 days for 

herbicides containing triketones. Naked crabgrass failed to produce inflorescence within 10 

weeks after seeding in the herbicide programmes receiving pre- and POST applications 

preventing concomitant seed shedding. Late infestation levels of naked crabgrass can be 

significant and in areas where this Digitaria spp. has been predominantly identified, effective 

control will only be achieved with PRE herbicides followed by POST herbicide application three 

to four weeks after planting to prevent significant yield losses. 

 

6.1. Introduction 

The profitability of maize (Zea mays L.) production in South Africa is under continuous pressure 

due to increasing input costs and risks involved to produce sustainable yields. Weed control 

contributes up to 11% of the total input costs of maize production and effective control is crucial 

for producers to ensure a stable economic threshold level. Planting of maize in South Africa is 

generally followed by pre-emergence (PRE) application of herbicides from the acetanilide family 

in combination with wide spectrum broadleaf herbicides containing active ingredients from the 



185 
 

triazine group. Most applied PRE herbicides in South Africa include acetochlor, s-metolachlor, 

s-dimethenamid and alachlor, corresponding with soil applied herbicide usage in the USA 

(Allemann and Mphundi, 2010; Myers et al., 2005). PRE applications of herbicides are critical 

for early season control due to the germination of high numbers of weed seeds present in soil 

that will exceed crop growth early in the season, increasing the risk of yield loss. One of the 

prerequisites of soil applied grass herbicides is follow-up precipitation to activate herbicide in 

the soil, enhancing its efficacy. Lack of precipitation results in reduced efficacy and late 

emerging weeds, of which especially grasses can cause significant reductions in crop yields 

(Tapia et al., 1997). 

Post-emergence (POST) herbicides registered for grass control in maize can be an 

option and applications thereof has increased with the trend to plant crops with reduced or no 

tillage, but the timing of the application is crucial for effective control (Culpepper et al., 1998, 

2001; Myers et al., 2005). Heavy rainfall either before or after herbicide application can 

complicate control management since wet fields will prohibit application and heavy rainfall 

directly after application can reduce efficacy of POST herbicides significantly. Herbicide-

resistant crops such as Roundup Ready® maize can simplify weed control in herbicide resistant 

maize to a great extent, but timing of application and the growth stage of weeds play a major 

role in the effectiveness of glyphosate as well (Ferrel and Witt, 2002; Myers et al., 2005). 

Furthermore, effective control of grass weeds depends on the height of grass at the time of 

application. Grass species such as giant foxtail (Setaria faberi Herrm.), barnyard grass 

[Echinochloa crus-galli (L.) Beauv.] and large crabgrass have to be controlled before they 

reached 15 cm in height (Tapia et al., 1997). 

It is essential to identify grass species correctly within and between species (Chapter 2) 

for it is possible for one active ingredient to effectively control certain grass species such as  

Panicum species but not Digitaria spp. (Norsworthy and Meehan 2005). Broadleaf signal grass 

[Brachiaria platyphylla (Griseb.) Nash] was found to be more tolerant to alachlor than fall 

Panicum [Panicum dichotomiflorum (L.) Michx.] and large crabgrass [Digitaria sanguinalis (L.) 

Scop.] (Johnson and Coble, 1986). Herbicide selectivity has also been recorded within Digitaria 

spp., making the choice of herbicide that more complex (Dias et al., 2005). Due to the 

abundance of seed production of most grass species, early season control is essential to 

prohibit grass weeds to shed seed and replenish the seedbank. 

Extensive use of only certain herbicides or herbicides within the same group can cause 

a shift in weed spp. composition as well as an increase in the frequency of herbicide resistant 

weed populations (Norsworthy, 2008). The misuse of one herbicide as the only means to control 

weeds can lead to resistant weed populations over time.  Within 10 years of the introduction of 

Roundup Ready® cultivars in 1996, 12 weed species had become resistant to glyphosate, and 

there are currently more than 24 species exhibiting this resistance 
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(http://www.HRACglobal.com). Accessions of large crabgrass resistant to ACCase inhibitors 

have been observed by Wiederholdt and Stoltenberg (1995; 1996). Extensive use of atrazine 

resulted in the predominance of fall Panicum (Coffman and Frank, 1992) while goose grass 

[Eleusine coracana (L.) Gaertn.] increased with sole application of ALS inhibitors. 

Although problematic, Digitaria species such as large crabgrass and southern crabgrass 

[D. ciliaris (Retz.) Koeler] are controlled effectively with herbicides containing acetochlor, s-

metolachlor or glyphosate (Doub et al., 1988; Ferrel and Witt, 2002). The control of less known 

Digitaria spp. is not well documented. Most product labels registered in South Africa for grass 

control in maize include large crabgrass on the list of grasses. Callisto (Syngenta, AG South 

Africa, a.i. mesotrione) is the only product that mentions naked crabgrass as “difficult to control” 

on its label. The objective of this study was to determine 1) the efficacy of acetochlor and s-

metolachlor on both large and naked crabgrass on two soil types, and 2) to compare efficacy 

between herbicide programs used in maize production for the control of naked crabgrass since 

increasing reports of ineffective control of Digitaria species have been received. 

 

6.2. Materials and methods 

6.2.1. Experiment 1: Greenhouse trial  

The efficacy of two PRE herbicides containing acetochlor (Guardian S® EC, 840g.l-1) and s-

metolachlor (Dual® S Gold EC,915 g.l-1) were determined in a greenhouse trial using  two soil 

types to compare control of large crabgrass and naked crabgrass. Seed of large crabgrass was 

collected at Cedara, (S29°32’15.28”, E30°16’09.11”) KwaZulu-Natal and seed of naked 

crabgrass was collected at Potchefstroom, (S26°43’41.9”, E27°04’47.8”), North-West Province. 

Seed was stored in paper bags at 15°C until used. A sandy loam soil (16% clay, 5% silt, 79% 

sand) and sandy clay loam soil (36% clay, 5% silt, 59% sand) were separately sterilized with 

methyl bromide (3.5 kg gas for 35 m2), sieved and placed into rectangular plastic containers 

measuring 320 X 445 X 90 mm. Large crabgrass and naked crabgrass seeds were sown 

separately into containers to ensure no contamination between species on both soil types. 

Containers were placed on different tables in the greenhouse to separate the two species. Soil 

was hand cultivated after seeding with a small garden tool to incorporate grass seeds within the 

top 1 cm of soil and firmly rolled with small paint rollers to enhance seed-soil contact necessary 

for germination. (See Table 6.1. for dosage rates) 

  

http://www.hracglobal.com)/
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Table 6.1. Herbicide spray programs applied to a clay loam soil (36% clay) to determine 

the efficacy of naked crabgrass control in two field trials. 

Product name 
Active ingredient 

(formulation g.l-1) 

Dosage rate 

(l.ha-1)    

PRE spray program 
   

Acetochlor acetochlor (700) 2.5 
   

Dual® Gold s-metolachlor (915) 1.0 
   

Guardian® S acetochlor (840) 1.7 
   

POST spray program 
   

Halex® GT 

glyphosate (250a.ea.)/ 

mesotrione (25)/ 

s-metolachlor (250) 

5.0 

   

Gramoxone paraquat (200) 1.5 
   

Roundup® Ready Plus glyphosate (450a.e.) 4.0 
   

PRE followed by POST spray program 

 PRE   POST  

Product name 
Active ingredient 

(formulation g.l-1) 

Dosage rate 

(l.ha-1) 
Product name 

Active ingredient 

(formulation g.l-1) 

Dosage 

rate 

(l.ha-1) 

Dual® Gold + 

Callisto 

s-metolachlor (915) + 

mesotrione (480)  

0.71 

0.21 

Primagram® Gold 

+ 

Callisto 

atrazine (370)/ 

s-metolachlor (290) + 

mesotrione 

1.8 

 

0.26 

Guardian®S acetochlor (840) 1.7 
Laudis®+ Atrazine 

+ Ballista 

tembotrione (420) +  

atrazine (500) + 

Ballistab 

0.12 

 1.0 

0.5 

Frontier® Optima s-dimethenamid (720) 1.0 

Stellar™ L 

 

Dash™HC 

dicamba(160) / 

topramezone (50) + 

Dashb 

0.70 

 

1.0 
aacid equivalent, bAdjuvants 

 

Pre-emergence (PRE) herbicides were applied at registered dosage rates according to 

each active ingredient and soil clay percentage: acetochlor at 1.0 l.ha-1 (sandy soil) and 1.7 l.ha-

1 (clay soil); s-metolachlor at 0.8 l.ha-1 (sandy soil) and 1.0 l.ha-1 (clay soil). Treatments included 

a weedy control where no herbicides were applied. Trial layout was a complete randomized 

block design, replicated eight times for each soil type. Herbicides were applied one day after 

planting of seed using a CO2 powered conveyer-band sprayer fitted with one TeeJet 8004E 

band nozzle, delivering a volume equivalent to 250 l.ha-1 at 200kPa. Each container was placed 

separately on the conveyer band to ensure effective application while control treatments 

received no herbicide applications. After herbicide application each container was watered with 

250 ml to activate PRE herbicides and thereafter watered daily as required. 

Emergence (number of grasses) in treatments was recorded when two leaves of grasses could 

be visually observed and subsequent emergence was recorded weekly for up to eight weeks 

after application (WAA). Efficacy of herbicides treatments (% control) was expressed as a 

function of the mean number of grasses emerged in control treatments over time (WAA). 
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6.2.2. Experiment 2: Field trial 1 

Seed of naked crabgrass was sown during November 2011 at the experimental farm of the 

Agricultural Research Council’s Grain Crops Institute at Potchefstroom to ensure sufficient 

infestation levels. Nine herbicide programs, commonly used to control grass infestations in 

maize production in South Africa, were compared for their efficacy to control naked crabgrass. 

No crop was planted and the soil was a sandy clay loam soil with pH 6.58 and 36% clay, 5% silt 

and 59% sand content. Three programs included one PRE application, three programs included 

one POST application and three programs included PRE followed by POST applications. The 

respective products with their formulations, active ingredients and dosage rates are presented 

in Table 6.1. Herbicide dosage rates were applied according to the registered label rate for each 

active ingredient. A weedy control treatment where no herbicides were applied and a clean 

control treatment where grass weeds were hand hoed was also included. Herbicides were 

applied using an experimental tractor sprayer with six separate 20 litre tanks delivering 220 l.ha-

1. 

 The trial layout was a complete randomized block design with four replicates with 

individual plot sizes of 5 m X 5 m. Broadleaf weeds and other grass weeds, mainly herringbone 

grass (Urochloa panicoides Beauv.), were hand hoed to ensure homogenous naked crabgrass 

growth. All PRE herbicides were applied on 29 November 2011 and plots were irrigated (20 

mm) the following day to ensure activation of herbicides. The once-off POST herbicide 

applications were done 22 days later when naked crabgrass seedlings were between the four 

and six leaf stages and still emerging but not taller than 10 cm. No excessive rainfall was 

received directly (for eight hours) after POST application, ensuring effective application. In the 

programs receiving PRE followed by POST applications, POST herbicides were applied four 

weeks after initial PRE herbicides when successive grass seedlings were observed to be 

between the two and four leaf stages.  

 Grass control was evaluated three and eight weeks after application (WAA) in the 

programme that received only once-off PRE herbicides and two and eight weeks after the POST 

applications in the programs receiving only once-off POST or a follow up POST. The number of 

naked crabgrass seedlings emerged was counted in each treatment block at the above 

mentioned times (2, 3 and 8 WAA) and percentage control for each treatment was expressed 

as a function of the mean number of naked crabgrass seedlings recorded in control treatments. 

The percentage grass cover (mat-forming of tufts) was visually rated on a 0 to 100% scale where 

0% indicated no grass coverage and 100% indicated complete coverage of a treatment block 

(25 m2). The increase in percentage grass cover was recorded at fortnightly intervals until 12 

weeks after grass emergence. Where possible subsequent seedling emergence was counted 

to determine residual activity of herbicides applied. Plant height of 10 naked crabgrass tufts was 

measured in each plot when inflorescences were maturing, eight weeks after grass emergence. 
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Above-ground biomass of naked crabgrass was sampled in two 1 m2 quadrants per plot. Where 

naked crabgrass formed a carpet / mat, quadrants were placed on top of the grass mat and 

spaded off at each side to keep variation to a minimum. The above-ground plant material was 

dried at 60 °C for 48 h to determine dry mass. 

 

6.2.3. Experiment 3: Field trial 2 

A second field trial was conducted during December 2012 at the same trial site used in 

experiment 2. The entire field trial was repeated, but this time the maize cultivar PAN6Q-708BR 

(Pannar, South Africa) was planted on 5 December 2012. Prior to planting the trial site was tilled 

with a mouldboard plough to a depth of 15 cm followed by a shallow disc-tillage for seedbed 

preparation. Each plot consisted of four maize rows with inter-row spacing of 0.9 cm, planted 

with a Monosem air-pressurized planter at a plant density of 20 000 plants per hectare (standard 

for Northwest production area). PRE applications were done immediately after planting and all 

the POST applications were done four weeks after planting of maize when naked crabgrass 

was between the four and six leaf stages. The spray programs were exactly applied as 

described for experiment 2 (Table 6.1). Irrigation was applied within four days after PRE 

herbicide applications and as needed during the growing season. 

The percentage control and coverage of naked crabgrass was determined for each 

treatment plot (25m2) four and eight weeks after herbicide applications and percentage control 

for each treatment was expressed as a function of the mean number of naked crabgrass 

seedlings recorded in control treatments. Broad leaf weeds and other grass weed species were 

hand hoed from plots to ensure homogenous competition of naked crabgrass. The middle two 

rows of each plot were hand harvested on 20 May 2013 when maize was physiological mature. 

Ears were de-husked and weighed to determine total ear weight. After threshing total kernel 

weight was determined and moisture was adjusted to 12.5% to determine yield in metric tonnes 

per hectare. 

 

6.2.4. Statistical analysis  

Emergence and efficacy of control (% control) of naked crabgrass and large crabgrass in the 

greenhouse trial was analysed separately using an analysis of variance with herbicide 

treatments, soil type and time of emergence (weeks after application) as factors. Data from field 

trials i.e., grass height, dry mass (grass) and yield data (maize) were subjected to a one-way 

analysis of variance with herbicide treatments as a factor. Percentage grass cover and control 

in both field trials were analysed using analysis of variance with herbicide treatments and time 

(WAA) as factors. Herbicide programs were analysed separately for PRE, POST and PRE 

followed by POST applications for both field trials to determine efficacy of naked crabgrass 

control. The means of significant source effects (main effects and interactions) of all trials were 
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compared using Fisher’s Protected LSD at the 5% significance level. All data were analysed 

using Genstat 13th edn. VSN International Ltd. (Payne, 2011). 

 

6.3. Results  

6.3.1. Experiment 1: Greenhouse trial 

Seedling emergence in the control treatments of large crabgrass was only slightly higher on 

sandy soil compared to clay soil. Naked crabgrass emergence was similar on both soil types. 

Both naked and large crabgrass showed three distinct emergence peaks on clay soil, but only 

two on sandy soil (Figure 6.1). Naked crabgrass started to emerge in control treatments in both 

soil types within seven days of planting, while large crabgrass took up to 11 days to emerge. 

 

Figure 6.1. Emergence patterns over eight weeks of A) naked crabgrass and B) large 

crabgrass on two soil types. 
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Control of naked and large crabgrass did not differ significantly between herbicide treatments 

and was on average 74 and 94%, respectively. Soil type was highly significant with regard to 

control of both naked (F=112.03, P<0.001) and large crabgrass (F=64.45, P<0.001). Control of 

naked crabgrass was significantly better on clay soil compared to control on sandy soil. No 

significant interactions between soil type, herbicide treatments and time after application (WAA) 

were recorded for control of naked crabgrass. Naked crabgrass control was less in acetochlor 

treatments compared to s-metolachlor on sandy soil, but not on clay soil. Naked crabgrass was 

effectively controlled for up to 4 WAA on clay soil and seedlings started to emerge 7 WAA. 

Emergence of naked crabgrass seedlings started 2 WAA on sandy soil and poor control of 52% 

was recorded (Figure 6.2 A). The interactions between soil type, herbicides treatments and time 

after application (WAA) were highly significant with regard to control of large crabgrass (F=9.14, 

P<0.001). Large crabgrass seedlings started to emerge in both treatments on clay loam soil 7 

WAA. On sandy soil large crabgrass started to emerge in s-metolachlor treatments 3 WAA (6%) 

and 4 WAA (3%) in acetochlor (840 g.l-1) treatments. Control of large crabgrass was however, 

effective for up to 7 WAA and declined by 10% 8 WAA on clay soil where s-metolchlor was 

applied. Acetochlor showed the greatest decrease in control of large crabgrass (33%) on sandy 

soil 8 WAA. Seedling emergence of large crabgrass was greater in acetochlor (840 g.l-1) 

treatments (36%) compared to s-metolachlor treatments (14%), 8 WAA (Figure 6.2 B). 

 

Figure 6.2. The efficacy of Guardian® S (acetochlor) and Dual® Gold (s-metolachlor) on 

control of A) naked crabgrass and B) large crabgrass on two soil types. (Interaction for 

naked crabgrass was not significant) 
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6.3.2. Experiment 2: Field trial 1 

The efficacy (% control) of three herbicide programs (nine treatments) tested in the field 3 and 

8 WAA is summarized in Table 6.2. Similar results with regard to the application of PRE 

herbicides were found in the field trial where no significant differences between PRE herbicides 

for naked crabgrass control were observed. The first seedlings emerged in plots between 16 

and 19 days after acetochlor application (700 and 840 g.l-1 formulations) and 23 days after s-

metolachlor were applied. The average naked crab grass control over all the treatments were 

62% 3 WAA and reduced to 50% 8 WAA. Efficacy differed significantly between POST 

herbicides where paraquat and glyphosate gave control of less than 43% compared to 

glyphosate/mesotrione/s-metolachlor (72%). Control of naked crabgrass (average of all the 

treatments) reduced significantly to 36% 8 WAA in the once-off POST applications. Effective 

control was recorded for all treatments in the PRE followed by POST programs but the s-

dimethenamid followed by dicamba/topramezone treatment gave the worst control namely 87%. 

Naked crabgrass seedlings started to emerge 33, 44 and 51 days after the application of POST 

dicamba/topramezone, tembotrione + atrazine and mesotrione + atrazine/s-metolachlor, 

respectively. 
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Table 6.2. Effect of nine herbicide applications on the percentage control of naked 

crabgrass in a field trial (no crop planted) at two, three and eight weeks after herbicide 

application. 

Herbicide programs 
Control (%) 

WAAa 
Mean 

PRE application 3b 8 

acetochlor (700) 57.53 44.00 50.77 

s-metolachlor (915) 73.29 55.5. 64.39 

acetochlor (840) 56.16 50.00 53.08 

Mean2 62.33 49.83  

POST application 2c 8  

paraquat (200) 45.89 0 22.95a 

glyphosate (250a.ed.)/ 

mesotrione (25)/ 

s-metolachlor (250) 

77.40 66.00 71.70b 

glyphosate (450a.e.) 43.84 40.50 42.17a 

Mean 55.71a 35.50b   

PRE fbd POST application 2c 8  

s-metolachlor (915) +mesotrione (480)   

fb atrazine (370)/s-metolachlor (290) + 

mesotrione 

100.00 100.00 100.00b 

acetochlor (840)  fb tembotrione (420) +  atrazine 

(500) + Ballista  
95.89 96.58 96.23ab 

s-dimethenamid (720) fb dicamba(160) / 

topramezone (50) +Dash  
89.73 84.93 87.33a 

Mean 95.21 93.84   
aWAA = Weeks after application, b 3 and 8 weeks after PRE. c 2 and 8 weeks after POST, dfb = Followed by, c = 

acid equivalent. Means followed by different letters in a column or row differ significantly at P=0.05 according to 

Fisher’s protected LSD.  

 

Herbicide treatments significantly affected the growth (mean % cover over time) of naked 

crabgrass in the once-off PRE and POST programs. Plots treated with acetochlor (both 

formulations) had grass cover of greater than 70% compared to plots treated with s-metolachlor 

(61%). Where paraquat was applied, plots had the highest grass cover (89%) followed by plots 

where glyphosate (540 g a.e.) was applied (74%). Mean cover of naked crabgrass in the PRE 

herbicide treatments increased to 89% when grasses were physiologically matured (11 WAA). 

The same tendency was observed where POST herbicides were applied only once. In the PRE 

followed by POST spray programme, emergence of naked crabgrass seedlings was reduced by 

85% after the POST applications and grass cover only reached 7% 11 WAA in these treatments 

(Figure 6.3). 

 

 



194 
 

 

Figure 6.3. Increase in naked crabgrass growth (% cover) after herbicide applications in 

three herbicide programs, A) PRE, B) PRE followed by POST and C) POST. (Solid line 

indicates mean growth) 
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Plant height and dry mass of naked crabgrass for each herbicide and control treatments is listed 

in Table 6.3. Both parameters did not differ significantly between control treatments and 

applications of once-off PRE and POST herbicides indicate severe infestations. 

Table 6.3. Plant height and dry biomass of naked crabgrass in pre- (PRE) and post-

emergence (POST) herbicide spray programs recorded at eight weeks after grass 

emergence in a field trial (no crop planted).  

Herbicide treatments 
Plant height 

(cm) 

Biomass 

(g) 

 Control 83.02b 42.51b 

PRE 

acetochlor (700) 66.56b 37.67b 

s-metolachlor (915) 73.88b 38.19b 

acetochlor (840) 57.59b 29.55b 

POST 

paraquat (200) 81.18b 41.84b 

glyphosate (250a.eb.)/ 

mesotrione (25)/ 

s-metolachlor (250) 

53.95b 28.1b 

glyphosate (450a.e.) 77.94b 40.47b 

PRE fba 

POST 

s-metolachlor (915) +mesotrione (480)   

fb atrazine (370)/s-metolachlor (290) + 

mesotrione 

0a 0a 

acetochlor (840)  fb tembotrione (420) +  atrazine (500) + 

Ballista  
19.04a 9.89a 

s-dimethenamid (720) fb dicamba(160) / 

topramezone (50) +Dash  
16.02a 8.51a 

afb = followed by, b = acid equivalent. Means within columns followed by different letters differ significantly at 

P=0.05.  

 

6.3.3. Experiment 3: Field trial 2 

Naked crabgrass seedlings started to emerge in maize plots 17 days after the respective once-

off application of acetochlor (700 and 840 g.l-1 formulations) and 24 days after s-metolachlor. 

Where the once-off POST herbicides were applied, paraquat treated plots showed emergence 

14 days after application and 35 days after application of glyphosate/mesotrione/s-metolachlor 

and glyphosate (540 g a.e.) treatment plots. The mean percentage cover of naked crabgrass 

did not differ between PRE herbicides and showed a mean grass cover of 37%. Similar results 

were obtained where POST herbicide was applied and a mean grass cover of 30% was 

recorded. No grass emergence was observed in plots where PRE herbicides were followed by 

POST herbicide applications for the duration of the season. The efficacy of all herbicide 

treatments evaluated to control naked crabgrass in maize is shown in Table 6.4. Efficacy (% 

control) was significantly different between herbicide treatments and time (WAA) only for the 

POST spray programs where paraquat gave significantly less control. Control of naked 
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crabgrass with only PRE herbicides was 85%, while the PRE followed by POST spray 

programme was the most effective (100%). 

 

Table 6.4. Effect of nine herbicide applications on the percentage control of naked 

crabgrass at four and eight weeks after herbicide application in a field trial planted with 

maize.  

Herbicides programs 
Control (%) 

WAAa 
Mean 

PRE application 4b 8 

acetochlor (700) 88.8 83.8 86.2 

s-metolachlor (915) 78.8 76.2 77.5 

acetochlor (840) 87.5 87.5 87.5 

Mean 85 82.5   

LSD(Interaction) ns 

PRE fbc POST applications  
s-metolachlor (915) +mesotrione (480)   

fb atrazine (370)/s-metolachlor (290) + 

mesotrione 

99.5 100 99.75 

acetochlor (840)  fb tembotrione (420) +  atrazine 

(500) + Ballista  
100 99 99.5 

s-dimethenamid (720) fb dicamba(160) / 

topramezone (50) +Dash  
100 99.5 99.75 

Mean 99.83 99.5   

LSD(Interaction) ns 

POST  applications   
paraquat (200) 43.75a 8.75a 26.25 

glyphosate (250a.eb.)/mesotrione (25)/ 

s-metolachlor (250) 
100.00b 99.50b 99.75 

glyphosate (450a.e.) 100.00b 93.75b 96.88 

Mean 81.25a 67.33b   

LSD(Interaction) 5.36 
a WAA = Weeks after application, b = Application of PRE at four and eight WAA as well as for POST application, c 

fb = Followed by, d=acid equivalent. Means followed by different letters in a column or row differ significantly at 

P=0.05 according to Fisher’s protected LSD 

 

Maize yielded 2.83 t.ha-1 in clean control plots compared to the 1.00 t.ha-1 in the weedy control 

plots, indicating a 64% yield loss. A similar trend was observed for all yield variables, expressed 

as a percentage of the clean control with regard to herbicide treatments (Table 6.5). Maize yield 

was 50% lower in plots treated with a once-off application of acetochlor (840 g.l-1) and the once-

off POST application of paraquat, respectively. The highest yield was recorded where PRE 

herbicides were followed by POST herbicide application and for the POST where 

glyphosate/mesotrione/s-metolachlor was applied. 
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Table 6.5. Yield data expressed as a percentage of the control treatment for nine 

herbicide applications. 

 

Herbicides treatments 

% of control 

Ear mass 
Total kernel 

weight 

Yield 

(t.ha-1) 

Clean control 100.00 100.00 100.00 

Weedy control 33.09 33.48 35.48 

acetochlor (700) 92.93 93.57 99.15 

s-metolachlor (915) 45.42 44.69 47.36 

acetochlor (840) 74.79 76.12 80.66 

s-metolachlor (915) +mesotrione (480)   

fb atrazine (370)/s-metolachlor (290) + 

mesotrione 

128.10 128.09 136.80 

acetochlor (840)  fb tembotrione (420) +  atrazine 

(500) + Ballista  
96.72 96.07 101.80 

s-dimethenamid (720) fb dicamba(160) / 

topramezone (50) +Dash  
138.65 143.9 152.48 

paraquat (200) 49.23 48.39 51.28 

glyphosate (250a.eb.)/mesotrione (25)/ 

s-metolachlor (250) 
119.82 120.25 127.43 

glyphosate (450a.e.) 73.51 70.17 74.36 

LSD(Herbicide treatments) 57.72 56.09 59.95 
afb = followed by, b=acid equivalent 

 

6.4. Discussion 

According to international standards and Agro-chemical companies in South Africa weed control 

between 90 and 100% is commercially acceptable (effective), between 50 and 89% is reduced 

or suppressed control, while control less than 50% is not commercially acceptable. Control of 

large crabgrass with both treatments was commercially acceptable on both sandy and clay soil, 

but acetochlor (840 g.l-1) showed a decrease in residual effect sooner than s-metolachlor. Naked 

crabgrass showed significantly more tolerance to both acetochlor and s-metolachlor on sandy 

soil and control was not commercially acceptable. Soil characteristics have a profound effect on 

herbicide persistence and activity in soil, influencing efficacy of soil applied herbicides 

significantly (Rao, 2000). Clay particles, organic matter and soil water content are but a few 

factors affecting the adsorption and availability of herbicides in the soil. However, organic matter 

in soil has a greater effect on the sorption coefficient of acetanilide herbicides especially for 

acetochlor and s-metolachlor than clay content (Vasilakoglou et al., 2001, Wang et al., 1999). 

Contrarily James and Rahman (2009) concluded that soil organic content has little influence on 

the activity of asetanilide herbicides such as acetochlor, s-metolachlor, alachlor and 

dimethenamid. The organic matter content of South African soils is however, very low (<1%), 

but soils with higher clay content tend to contain more organic matter retaining higher herbicide 
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concentrations which in combination could explain the better control in clay soils. Furthermore, 

clay content is positively correlated with the sorption coefficient, while sand content showed a 

negative correlation for s-metolachlor (Bedmar et al., 2011). 

In this study similar results as recorded on sandy loam soil were, however, found in field 

trials for the control of naked crabgrass on a clay loam soil with regard to acetochlor (700 and 

840 g.l-1) and s-metolachlor. Under field conditions herbicides are influenced by several 

environmental conditions and can leach or break down more rapidly compared to controlled 

environments. These interactions between environment and herbicide activity or persistence 

could attribute to results in the field trial where acetochlor and s-metolachlor did not give 

effective naked crabgrass control on a heavier clay loam soil. Residual activity of most 

acetanilide herbicides range between six to 14 weeks after application (Rao, 2000; James and 

Rahman, 2009), but this was not nearly achieved for naked crabgrass in this study. Cao et al et 

al. (2008) recorded a sharp decline in s-metolachlor in soil 21 days after application as was the 

case in these field trials where naked crabgrass started to emerge between 16 to 22 days after 

acetochlor and s-metolachlor applications. Although seedling emergence was initially low 

compared to control treatments, one large crabgrass plant can produce up to 180 000 seeds 

and this may lead to a significant increase in late emerging seedlings and seed numbers in 

soilbanks (Hilgenfeld, 2004). Continuous use of herbicides that do not give effective control for 

grass infestations will stimulate infestation levels in the long-term (Johnson and Coble, 1986). 

Naked crabgrass seeds germinating later in the season are problematic and can cause severe 

yield reductions in maize [See also Chapter 5]. 

The use of POST herbicides to control grasses is increasing gradually in maize producing 

areas in South Africa, since Halex GT (Syngenta), Laudis® (Bayer) and Stellar™ (BASF) was 

registered for early POST grass control in maize during 2010. The increase in planting 

Roundup® Ready tolerant cultivars where glyphosate can be applied also stimulated the shift 

towards POST herbicide applications. Where naked crabgrass could grow without any 

competition or canopy effect of a crop, a single POST application of herbicides could, however, 

not control naked crabgrass effectively. The effect of re-emerging seedlings throughout the 

season due to escape from the first application can pose a serious threat where severe 

infestations of naked crabgrass are experienced. Effective control was however achieved for 

naked crabgrass in the second field trial where glyphosate and glyphosate/mesotrione/s-

metolachlor were applied in the presence of maize. Control of giant foxtail grass was reported 

to be variable with only one POST application of glyphosate and best control was received 

where initial glyphosate application was followed by an application two to three weeks later 

(Gower et al., 2002, Parker et al., 2004). The timing of POST application is crucial and if grass 

weeds are too tall or rainfall delays application, weed infestation levels could increase 

exponentially and can influence crop yield negatively (Myers et al., 2005). 
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In both field trials naked crabgrass control was most effective in the herbicide spray 

programs where PRE herbicides were followed by a POST herbicide application. The few naked 

crabgrass plants in these plots was significantly stunted and failed to produce inflorescences 

within 10 weeks after emergence, confirming the residual efficacy of triketone herbicides with 

active ingredients tembotrione and mesotrione (Gatzweiler et al., 2012, Rouchard et al., 2000). 

Naked crabgrass has the ability to form a thick carpet-like growth pattern within weeks after 

emergence making it difficult to control late in the season. Even if low numbers of seedlings 

emerged, the probability of rapid colonization by naked crabgrass tufts between maize rows will 

ensure significant yield losses due to the competition effect. [See also Chapter 4]. Late 

infestation levels of naked crabgrass is also difficult to control since maize can be too tall to 

permit cultivation and POST herbicide application with high-rise sprayers will be the only option. 

This study indicated that a shift from predominantly large crabgrass infestations to 

increased naked crabgrass infestations could be the reason for reports of poor control of 

Digitaria spp., due to the more tolerant nature of naked crabgrass towards commonly used 

herbicides. Large crabgrass does not form a persistent seed bank when effectively controlled 

and the closely related southern crabgrass rarely persists more than one year in soil (Kobayashi 

and Oyanagi, 2005; Norsworthy, 2008).  Large crabgrass can still be effectively controlled with 

acetochlor and s-metolachlor registered in maize, but naked crabgrass showed increased 

tolerance to these herbicides and escapes control more easily to give rise to subsequent 

emergence later in the growing season. In areas where naked crabgrass has been positively 

identified, effective control will only be achieved with PRE herbicides followed by POST 

herbicide application of the triketone group, three to four weeks after planting to prevent 

significant yield losses.  
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CHAPTER 7 

GENERAL DISCUSSION 

Literature regarding the biology and weed status of naked crabgrass (Digitaria nuda Schumach.) 

is lacking world-wide. This study was, therefore, aimed at determining factors that influence 

seed germination and plant growth, to quantify its competitive abilities and to find methods for 

effective control of naked crabgrass in maize production. 

Germination characteristics of naked crabgrass, which were determined in greenhouse 

trials in this study, showed some similarities to those reported for large crabgrass, but subtle 

differences regarding temperature and soil type could be distinguished. Naked crabgrass 

germinated best at both fluctuating temperature regimens of 15/30 °C and constant temperature 

above 25 °C. Halvorson and Guertin (2003) compiled an extensive factsheet of large crabgrass 

and the optimum germination temperature ranges concur with those of naked crabgrass. 

Crabgrass species are abundant seed producers (i.e. 170 000 per plant) and knowledge of 

germination characteristics can assist in the implementation of an integrated weed management 

control strategy (Chauhan and Johnson, 2010, Hartzler et al., 1999; Mitich, 1988). Areas where 

severe naked crabgrass infestations prevailed, experience moderate to high temperatures 

during the crop growing season. Fluctuations between maximum and minimum temperatures 

can favour the germination of naked crabgrass as has been reported for several annual grass 

weed species (Nishimoto and McCarty, 1997; Steinmaus et al., 2000). Several taxonomic 

references are available for the description and occurrence of naked crabgrass (Barkworth et 

al. 2003; Clayton and Renvoize, 1982; Launert And Pope, 1989; Webster, 1983), but no results 

on factors affecting germination and growth could be found. Factors affecting germination and 

emergence have been well documented, however, for the closely related large crabgrass 

(Digitaria sanguinalis (L.) Scop.), while morphological growth parameters of naked crabgrass 

had been only compared to Southern crabgrass (Souza et al., 2012). 

The natural or inherent dormancy exhibited by grass species complicate the timely control 

and management of the soil seedbank for grass weeds (Gardner, 1996). Naked crabgrass also 

exhibited dormancy and very low germination percentages were recorded with fresh seed 

compared to 1 year old seed, emphasising the need for effective control before seed shedding. 

The particular mechanisms involved in the dormancy of naked crabgrass have yet to be 

determined. Soaking (priming or imbibition) of naked crabgrass seed in water possibly removed 

putative inhibitors, since the highest germination percentages was recorded where fresh seed 

was pre-soaked in distilled water (Baskin and Baskin, 2004; Gallart et al., 2010). Survival of 

weed seed in soil is, however, more important than the actual germination percentages attained 

(Monaco et al., 2002). Seed germination and competitive ability of naked crabgrass was 

significantly influenced by soil type. The present study indicated faster emergence and 

substantial higher dry biomass of naked crabgrass on clay loam soil, in contrast with large 
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crabgrass that prefers more sandy soil (Halvorson and Guertin, 2003). However, these results, 

recorded under controlled conditions, should not be misconstrued as to the potential of naked 

crabgrass prevalence on a vast range of soils (Kok et al., 1989). Similar to large crabgrass, 

naked crabgrass seed is small and light weight, remaining mostly on or near the soil surface 

and seedlings do not emerge from a soil depth greater than 6 cm. The difficulty with annual 

crabgrass weed species manifests in the number of seeds produced by each plant. High seed 

numbers will ensure prevalence in the soil seedbank, even if less than 50% of seeds are viable 

over a period of three years (Biswas et al., 1978; Halvorson and Guertin, 2003). 

Above-ground morphology of naked crabgrass displays a more robust-type of growth 

compared to large crabgrass, indicating possible superior competitive abilities (personal 

observation). Souza et al. (2012) compared growth rates between naked crabgrass and 

Southern crabgrass, where the latter had significantly higher values, measured for leaf area, 

leaf and tiller number and dry biomass per plant. Several experimental designs are used to 

investigate and interpret competitive abilities and aggressivity levels of plant species, 

unfortunately not one without limitations and possible misinterpretation of results (Gibson et al., 

1999; Weigelt and Joliffe, 2000). A simple replacement series, best describing and/or comparing 

competitive abilities between two plant species, indicated equal competitiveness and 

aggressivity for naked crabgrass and large crabgrass, when in full competition. The respective 

competitive indices, used in this study (CR, AI, RYT and RCC) could quantify the competition 

effect, aggressivity and demands for limiting resources, for both naked crabgrass and large 

crabgrass, emphasizing their strong competitiveness. These calculated values can be useful in 

establishing a hierarchy of competitiveness between related grass weeds and even between 

different grass species, assisting producers to prevent and minimize crop yield losses. The 

competition effect on crops and possible yield losses due to infestation by naked crabgrass has 

not previously been reported.  

To date little attempt has been made to assess crop yield losses due to infestations of 

rather unknown Digitaria species. Several crop loss models can be used to quantify the effect 

of weed density on crop losses (Cousens, 1985; Kropff and Spitters, 1991). Estimated yield loss 

values predicted by the hyperbolic regressions model (Cousens, 1985) when maize was in 

competition with either naked crabgrass or large crabgrass, concurred with observed values. 

These results were obtained in separate greenhouse trials to exclude contamination of the 

species, but should however be verified under field conditions. The empirical model of Kropff 

and Spitters (1991) was used to determine a damage coefficient (q), using calculated values of 

the total share in above-ground biomass of the respective grass species and maize. Higher q-

values were recorded for large crabgrass on both soil types. A significantly higher q-value for 

naked crabgrass was only recorded on sandy soil, emphasising the subtle growth preferences 

between the two grass weeds. Maize yield was reduced by more than 50% when the density 
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was app. 50 grasses per m2 and was estimated to be as high as 76% for large crabgrass on 

clay soil and 29% for naked crabgrass on sandy soil.  

Naked crabgrass infestations are increasing in the central maize production area of South 

Africa and poor control with herbicides registered on maize to effectively control large crabgrass 

can lead to the predominance of this grass weed. Since no data are available on the critical 

period of crabgrass control in maize production under South African conditions and soils, 

herbicide applications can be ineffective. This could mean that a proportion of a naked 

crabgrass population can “escape” chemical control, explaining the “poor” control. Another 

scenario could also be that naked crabgrass tufts are too big for effective POST control, 

indicating “tolerance” to herbicides. It was therefore necessary to define the critical period of 

naked crabgrass control, reducing the interference of grass infestations and preventing critical 

yield losses. Three field studies, two conducted on clay loam soil and the third on sandy soil, 

indicated that season-long control is necessary when naked crabgrass infestations is high early 

in the season. Yield loss was also experienced when maize was planted later and infestation 

levels increased during the latter part of the growth cycle of maize. As demonstrated by 

Saayman-Du Toit and Le Court De Billot (1991), season-long germination of large crabgrass 

seeds can cause severe competition with maize, making early season control necessary. The 

beginning, duration and ending of CPWC for naked crabgrass was strongly dependent on 

environmental conditions, corresponding with previous results for CPWC determined for maize 

(Evans et al., 2003a; Isik et al., 2006; Knezevic et al., 2002, Page at al., 2009). 

The most significant difference between naked crabgrass and large crabgrass was 

observed with regard to susceptibility to herbicides. As mentioned before, poor control has been 

recorded for certain PRE herbicides (mostly acetochlor and s-metolachlor), and naked 

crabgrass was found to be significantly more tolerant to these herbicides when their efficacy 

was evaluated under controlled conditions. Nine herbicide spray programs were tested in two 

field trials and the most effective control of naked crabgrass was achieved by PRE applications 

followed by POST application of active ingredients in the triketone group. Grass weeds are 

predominantly controlled by graminicides in the acetanilide group (Alleman and Mphundi, 2010; 

Myers et al., 2005) and POST herbicides for the control of grass weeds were only recently 

registered on maize. The competitive ability of naked crabgrass is severe and has been 

established in this study, making POST applications critical to minimize interference of this grass 

weed. Timely applications of POST herbicides are crucial for effective control and it appears 

that producers usually wait too long before application, resulting in the re-growth of grass tufts. 

This study presented critical results on the biology and competiveness of naked crabgrass 

which could help maize producers in their decision making processes to achieve effective grass 

weed control. A preliminary prediction model could determine the relative yield loss of maize 

when certain naked crabgrass and large crabgrass densities prevail, establishing the weed 
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status of naked crabgrass. Due to the similarities in morphological growth of naked crabgrass 

and large crabgrass and with the shift to minimum tillage, incorporated into conservation 

agricultural systems, POST herbicides such as Laudis® (tembotrione), Stellar™ L 

(topramezone) and Callisto (mesotrione) will be more effective in controlling these grass weeds.  

Naked crabgrass showed similar characteristics to the closely related large crabgrass with 

regard to germination temperature preferences and burial depth, as indicated by this study and 

literature references. However, naked crabgrass preferred clay soil to sandy soil, and was 

significantly more competitive on clay soil. Although naked crabgrass displayed more tolerance 

to acetanilide herbicides on clay soil as well, effective control could not be achieved with 

application of these herbicides only. Since both grass weed species need season-long control, 

as indicated by the high maize yield losses in weedy control treatments, soil type and POST 

herbicide selection will be significant factors influencing the effective control of naked crabgrass. 

In a conservation agriculture system, less or zero tillage form part of the successful 

implementation of such a system and may lead to more suitable conditions for both naked and 

large crabgrass infestations. According to infestation levels farmers implementing conservation 

agriculture should consider that an increase in reliance on multiple POST herbicides 

applications will be necessary for effective control.   
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APPENDIX A: LABORATORY ANALYSIS  

Table A.1. Soil analysis* of two soil types used in glasshouse trials to determine competition effect of naked crabgrass and large 

crabgrass on maize (Chapter 4) 

Soil type 

 

N-

NO3 
N-NH4 P(Bray1) K Ca Mg Na Fe Cu Zn Mn 

pH 

(KCl) 
Clay Sand Silt 

mg.kg-1  % 

Sandy clay-loam 

soil 
11.65 0.5 51 48 420 160 25 23 0.6 15 16 8.12 36 59 5 

Sandy loam soil 14.4 3.6 28 255 1150 453 15 4.52 1.96 5.32 29 6.41 16 79 5 

*Soil analysis was done by the ARC-Institute for Soil, climate and water 

 

Table A.2. Soil analysis* of two loacalities where field trials were conducted to determine the critical period of weed control of naked 

crabgrass (Chapter 5) 

Locality 

 

N-NO3 N-NH4 P K Ca Mg Na 
pH 

(KCl) 
Clay Sand Silt 

mg/kg        % 

Potchefstroom (sandy clay-

loam) 
3.21 9.6 59.2 245 922 362 17.4 6.58 36 59 5 

Wesselsbron (sandy) 3.96 9.4 38.2 155 293 101 0.88 6.73 10 84 6 

*Soil analysis was done by the ARC-Institute for Soil, climate and water
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Table A.3. Leaf analysis* of maize in competition trials with naked crabgrass on clay and sandy soils. [Chapter 4] 

Soil type 
Treatment 

ratio 
Leave stage 

N P K Ca Mg Na Mn Fe Cu Zn B Mo S 

% % % % % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % 

Sandy 

 

 

 

 

 

 

 

 

 

 

 

1:0 

Seedling 

4.63 0.32 5.95 0.76 0.87 155 30 114 9 77 11 0.31 0.30 

1:2 4.52 0.34 4.21 0.88 1.29 132 24 118 10 84 11 0.57 0.31 

1:3 3.91 0.36 3.69 0.84 1.25 120 27 116 10 75 10 0.55 0.33 

1:4 3.79 0.33 3.72 0.89 1.27 121 26 113 9 72 9 0.62 0.27 

1:5 3.74 0.36 3.82 0.85 1.30 146 25 109 9 71 9 0.39 0.35 

1:6 3.69 0.40 4.52 0.86 1.17 165 25 117 10 71 10 0.50 0.35 

1:0 

Mature  

1.96 0.33 1.98 0.65 0.67 157 23 138 13 40 41 0.40 0.35 

1:2 2.34 0.36 1.42 0.87 0.95 141 17 191 18 50 33 0.46 0.46 

1:3 2.56 0.34 1.65 0.69 0.72 138 39 282 11 33 35 0.23 0.33 

1:4 2.49 0.34 1.66 0.79 0.76 148 46 215 15 34 32 0.37 0.38 

1:5 2.47 0.32 1.36 0.83 0.90 148 20 199 14 34 37 0.57 0.40 

1:6 2.80 0.40 1.84 0.71 0.71 141 19 230 15 42 39 0.48 0.44 

Clay 

 

 

 

 

 

 

 

 

 

 

1:0 

Seedling 

2.94 0.41 2.24 0.49 0.40 105 42 159 8 43 41 0.15 0.37 

1:2 3.15 0.38 2.63 0.46 0.38 130 39 167 13 35 44 0.10 0.38 

1:3 3.18 0.33 2.60 0.41 0.38 93 36 143 13 34 35 0.05 0.32 

1:4 3.00 0.34 2.59 0.43 0.40 96 37 142 11 35 34 0.12 0.29 

1:5 3.24 0.36 2.75 0.46 0.41 97 37 160 12 36 31 0.06 0.36 

1:6 3.51 0.14 1.61 1.49 0.75 89 526 182 5 9 19 0.24 0.33 

1:0 

Mature  

3.23 0.17 5.58 0.66 0.44 100 39 218 9 32 8 <0.01 0.18 

1:2 3.41 0.18 5.68 0.62 0.45 123 37 191 10 32 7 0.01 0.19 

1:3 3.28 0.17 5.15 0.62 0.45 71 50 185 10 34 10 0.11 0.20 

1:4 3.25 0.19 5.75 0.68 0.48 145 40 190 10 37 7 0.04 0.21 

1:5 3.21 0.15 5.12 0.49 0.38 74 29 118 6 27 5 0.09 0.17 

1:6 3.21 0.17 5.26 0.64 0.43 104 51 215 9 31 9 0.11 0.22 
*SGS laboratories, Somerset West, Reg No.: 96/17268/07) 

  



218 
 

Table A.4. Leaf analysis* of maize in competition trials with large crabgrass on clay and sandy soils. [Chapter 4] 

Soil type 
Treatment 

ratio 
Leave stage 

N P K Ca Mg Na Mn Fe Cu Zn B Mo S 

% % % % % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % 

Sandy 

 

 

 

 

 

 

 

 

 

 

 

1:0 

Seedling 

4.36 0.68 2.82 0.86 1.14 295 65 110 6 55 5 0.65 0.19 

1:2 4.37 0.72 3.01 0.73 1.10 268 72 110 6 53 6 1.09 0.19 

1:3 4.34 0.71 2.61 0.78 1.10 367 82 138 5 52 6 0.65 0.18 

1:4 4.32 0.69 2.79 0.90 1.22 242 77 114 6 49 6 0.91 0.18 

1:5 4.19 0.75 2.47 0.83 1.18 247 81 192 6 58 6 0.97 0.18 

1:6 4.62 0.86 2.77 0.80 1.10 234 79 111 6 51 6 0.74 0.20 

1:0 

Mature  

1.66 0.10 0.77 0.44 0.44 166 20 54 3 16 9 0.18 0.05 

1:2 1.03 0.14 1.18 0.71 0.72 363 93 95 4 30 22 0.90 0.07 

1:3 1.25 0.11 0.60 0.30 0.39 149 34 43 2 16 7 0.46 0.03 

1:4 1.07 0.16 1.29 0.47 0.71 183 39 82 3 24 10 0.60 0.07 

1:5 0.86 0.13 0.95 0.56 0.72 225 76 129 4 31 12 0.52 0.06 

1:6 1.17 0.16 1.03 0.54 0.81 183 72 76 3 27 10 0.82 0.07 

Clay 

 

 

 

 

 

 

 

 

 

 

 

1:0 

Seedling 

4.79 0.59 5.85 0.72 0.48 292 80 136 10 68 7 0.30 0.19 

1:2 4.86 0.57 5.98 0.81 0.50 215 84 153 12 69 7 0.73 0.20 

1:3 4.88 0.55 5.42 0.75 0.52 234 70 128 12 68 7 0.72 0.19 

1:4 4.86 0.60 5.41 0.88 0.49 230 97 149 11 71 7 0.93 0.21 

1:5 4.55 0.49 5.56 0.72 0.46 232 68 112 11 67 6 0.65 0.17 

1:6 4.76 0.61 5.80 0.76 0.47 303 82 139 12 75 7 0.56 0.20 

1:0 

Mature 

1.67 0.14 1.70 0.62 0.25 180 51 114 2 28 19 0.26 0.08 

1:2 1.22 0.12 2.26 0.41 0.19 183 34 89 3 25 19 0.24 0.05 

1:3 1.36 0.24 2.16 0.51 0.19 674 41 99 4 27 17 1.01 0.23 

1:4 1.37 0.15 2.16 0.41 0.18 239 46 110 3 28 16 0.32 0.06 

1:5 1.32 0.16 2.20 0.44 0.24 209 63 84 4 31 19 0.09 0.06 

1:6 1.27 0.13 1.85 0.37 0.20 198 36 76 3 25 18 0.62 0.06 
*SGS laboratories, Somerset West, Reg No.: 96/17268/07) 
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APPENDIX B: TRIAL PHOTOS [Glasshouse and field trials conducted for this study] 

 

Photo B1: (Chapter 2) Emergence of naked crabgrass at different burial depths, done on two 

soil types in a greenhouse. 

 

 

Photo B2: (Chapter 3) Arrangement of naked crabgrass and large crabgrass seedlings in the 

replacement series design, tested in a wet and dry soil profile. 

 

Photo B3: (Chapter 4) Competition trials of naked crabgrass and large crabgrass with maize, 

done on two soil types in a greenhouse (seedling stage and mature plants). 
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Photo B4: (Chapter 3) Competition trial with naked crabgrass and maize (grown to maturity) 

and the measurement of soil water content with a Decagon ECHO Check handheld meter. 

 

Photo B5: (Chapter 6) Application of herbicides and rectangular conatiners in which naked 

crabgrass and large crabgrass was planted prior to application of PRE herbicides (left, control 

treatment visible on photo). 
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Photo B6: (Chapter 6) Field trial 1. Infestation levels of naked crabgrass in the different 

herbicide treatments (2 = s-metolachlor, 3 = acetochlor, 4 = mesotrione, 10 = control). 

 

Photo B7 (Chapter 6) Field trial 2. Infestation levels and trial layout to evaluate control of nine 

herbicide programmes on maize. 
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APPENDIX C: STATISTICAL ANALYSIS 

Chapter 2 (Germination chracteristics) 

Table C2.1. Mitscherlich analysis of cumulative germination of naked crabgrass at different 

temperature regimes and pre-treatments of stored and fresh seed. [Growth chamber trial:] 

Figure 2.1 

 Stored seed: Control  Fresh seed: Control 

   10/25 C 10/25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 198.60 99.30 7.29 0.0705 321.40 160.71 625.39 <.0001 

Residual 4 40.87 13.62   0.40 0.10   

Total 6 239.50    321.80    

                    

Parameter Estimate SE    Estimate SE     

M 14.88 3.39    19.95 0.17     

K 0.17 0.12    0.37 0.02     

L 4.60 1.11    0.00 0.04     

                    

  
 15/30 C 15/30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 3626.70 1813.30 11.9 0.0207 164.10 82.04 21.86 0.007 

Residual 4 609.30 152.30   15.01 3.75   

Total 6 4236.00    179.10    

           

Parameter Estimate SE    Estimate SE   

M 68.99 17.55    28.76 32.46   

K 0.10 0.06    0.02 0.04   

L 0.74 1.47    2.01 1.81   

                    

   25 C 25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 1125.00 562.50 209.94 <.0001 2881.80 1440.90 79.93 0.0006 

Residual 4 10.72 2.68   72.11 18.03   

Total 6 1135.70    2953.90    

           

Parameter Estimate SE    Estimate SE   

M 37.24 0.83    67.06 7.73   

K 0.43 0.07    0.08 0.02   

L -0.01 0.10    0.31 0.68   

                    

   30 C 30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 889.10 444.60 526.79 <.0001 184.80 92.41 4704.7 <.0001 

Residual 4 1.16 0.29   0.01 0.00   

Total 6 890.30    184.80    

           

Parameter Estimate SE    Estimate SE   

M 32.70 0.26    14.83 0.02   

K 0.59 0.05    0.69 0.02   

L 0.00 0.03    0.00 0.01   
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 Stored seed: KNO3 pre-treatment Fresh seed: KNO3 pre-treatment 

   10/25 C 10/25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

  
         

Model 2 96.74 48.37 90.26 <.0001 186.50 93.26 33.54 0.0032 

Residual 4 0.18 0.04   11.12 2.78   

Total 6 96.92    197.60    

  
         

Parameter Estimate SE    Estimate SE   

M 10.77 0.10    15.56 1.45   

K 0.61 0.06    0.15 0.05   

L 0.00 0.03    0.11 0.68   

                    

   15/30 C 15/30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 204.80 102.40 237.5 <.0001 2001.00 1000.50 213.62 <.0001 

Residual 4 1.72 0.43   18.73 4.68   

Total 6 206.50    2019.70    

           

Parameter Estimate SE    Estimate SE   

M 15.78 0.32    51.63 1.64   

K 0.51 0.09    0.17 0.02   

L 0.00 0.08    -0.06 0.24   

                    

   25 C 25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 8974.20 4487.10 36.22 0.0027 1265.40 632.70 39.97 0.0023 

Residual 4 495.50 123.90   63.31 15.83   

Total 6 9469.70    1328.70    

           

Parameter Estimate SE    Estimate SE   

M 104.40 6.86    39.26 2.48   

K 0.24 0.07    0.24 0.07   

L 0.09 0.42    0.09 0.40   

                    

   30 C 30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 6514.20 3257.10 35.67 0.0028 501.50 250.80 27.53 0.0046 

Residual 4 365.30 91.32   36.44 9.11   

Total 6 6879.50    537.90    

           

Parameter Estimate SE    Estimate SE   

M 88.90 5.90    24.57 1.92   

K 0.24 0.07    0.23 0.07   

L 0.09 0.42    0.13 0.50   

                    

   Stored seed: Imbibition with water 24 h Fresh seed: Imbibition with water 24 h 

   10/25 C 10/25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 384.00 192.00 27.57 0.0046 49.04 24.52 7.32 0.046 

Residual 4 27.86 6.97   13.40 3.35   

Total 6 411.90    62.44    

           

Parameter Estimate SE    Estimate SE   

M 63.66 107.50    8.00 3.50   

K 0.02 0.03    0.08 0.07   

L 1.08 2.00    1.59 1.96   
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   15/30 C 15/30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 9301.30 4650.60 14.18 0.0153 3323.50 1661.70 21.35 0.0073 

Residual 4 1311.70 327.90   311.30 77.83   

Total 6 10613.00    3634.80    

           

Parameter Estimate SE    Estimate SE   

M 104.10 19.64    70.87 20.09   

K 0.12 0.06    0.07 0.04   

L 0.79 1.14        

  
         

   25 C 25 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 2206.90 1103.40 36.12 0.0028 7776.30 3888.20 35.2 0.0029 

Residual 4 122.20 30.55   441.90 110.50   

Total 6 2329.10    8218.20    

           

Parameter Estimate SE    Estimate SE   

M 51.69 3.66    97.12 6.50   

K 0.21 0.06    0.24 0.07   

L 0.13 0.47    0.10 0.42   

                    

   30 C 30 C 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Model 2 5067.00 2533.50 30.22 0.0039 8683.80 4341.90 38.19 0.0025 

Residual 4 335.30 83.83   454.80 113.70   

Total 6 5402.40    9138.50    

           

Parameter Estimate SE    Estimate SE   

M 78.23 5.76    102.70 6.53   

K 0.23 0.07    0.25 0.07   

L 0.11 0.47    0.09 0.40   
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Table C2.2. ANOVA table of maximum germination (%) where one-year old and fresh naked 

crabgrass seed were pre-treated with different treatments and germinated at different 

temperature regimes. [Growth chamber trial: Table 2.4] 

Maximum germination (%) 

Source of variation d.f. s.s. m.s. v.r. F pr.   

TEMP.REP stratum        

TEMPERATURE (TEMP) 3 34838.1 11612.7 46.9 <.001   

Residual 12 2971 247.6 1.58    

TEMP.REP.TMT.SEED stratum        

TREATMENT (TMT) 4 28396.3 7099.1 45.41 <.001   

SEED (AGE) 1 9860.2 9860.2 63.08 <.001   

TEMP.TMT 12 24672.2 2056 13.15 <.001   

TEMP.SEED 3 4819.5 1606.5 10.28 <.001   

TMT.SEED 4 6216.6 1554.1 9.94 <.001   

TEMP.TMT.SEED 12 24826.2 2068.9 13.24 <.001   

Residual 106 16569.5 156.3     

Total 157 149570.8      

  
       

  
  
  

Temperature 
  
  

Treatment 
  
  

Seed 
age 
  

Temperature 
Treatment 
  

Temperature 
Seed age 
  

Treatment 
Seed age 
  

Temperature 
Treatment 
Seed age 

LSD(0.05) 7.67 6.18 3.92 13.13 9.17 8.76 18.02 

SEM 2.49 2.21 1.39 4.67 3.18 3.13 6.43 

CV (%) 33.3             

 

Table C2.3. ANOVA table for maximum germination of one year old and fresh naked 

crabgrass seed, pre-chilled for 3 months in different pre-treatments. [Growth chamber trial:] 

Figure 2.2 

Maximum germination (%) 

Source of variation d.f. s.s. m.s. v.r. F pr.   

PRECHILL 1 9234.3 9234.3 57.74 <.001   

SEED (AGE)  1 14589.9 14589.9 91.22 <.001   

TREATMENTS (TMT) 4 15444 3861 24.14 <.001   

PRECHILL.SEED 1 18.6 18.6 0.12 0.734   

PRECHILL.TMT 4 5460.7 1365.2 8.54 <.001   

SEED.TMT 4 9405.7 2351.4 14.7 <.001   

PRECHILL.SEED.TMT 4 9796.5 2449.1 15.31 <.001   

Residual 59 9436.6 159.9     

Total 78 72797.7      

                

  
  
  

Pre-chill 
  
  

Seed  
  
  

Treatment 
  
  

Pre-chill 
Seed age 
  

Pre-chill 
Treatment 
  

Seed age 
Treatment 
  

Pre-chill 
Seed age 
Treatment 

LSD(0.05) 5.66 5.66 8.95 8 12.65 12.65 17.89 

SEM 2.0 2.0 3.16 2.83 4.47 4.47 6.32 

CV (%) 23.8             
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Table C2.4. ANOVA table of mean time to emergence and dry mass of naked crabgrass 

seedlings emerged in two soil types at different burial depths. [Glasshouse trial: figure 2.3] 

Mean germination time (days) 

Source of variation d.f. s.s. m.s. v.r. F pr.     

REP stratum 3 1184.62 394.87 18.97  
    

REP.*Units* stratum      
    

SOIL (clay %) 1 57.27 57.27 2.75 0.099     

DEPTH (Burial depth) 7 742.41 106.06 5.1 <.001     

SEED (Year) 2 47.37 23.69 1.14 0.323     

SOIL.DEPTH 7 40.89 5.84 0.28 0.961     

SOIL.SEED 2 28.88 14.44 0.69 0.501     

DEPTH.SEED 14 254.27 18.16 0.87 0.59     

SOIL.DEPTH.SEED 14 218.09 15.58 0.75 0.722     

Residual 141 2934.35 20.81   
    

Total 191 5508.16    
    

                

  

Soil Depth Seed 
year 

Soil. 
Depth 

Soil  
Seed 

Depth. 
Seed 

Soil.  
Depth 
Seed 

LSD (P=0.05) 0.912 2.45 1.12 2.58 1.57 3.16 4.47 

SEM 0.466 0.931 0.57 1.317 0.806 1.613 2.281 

CV (%) 40             

                

Dry mass (g.plant-1) 

Source of variation d.f. s.s. m.s. v.r. F pr.     

REP stratum 5 2048.41 409.68 38.79  
    

REP.*Units* stratum      
    

SOIL (clay %) 1 318.83 318.83 30.19 <.001     

DEPTH (Burial depth) 7 1151.31 164.47 15.57 <.001     

SEED (Year) 2 25.62 12.81 1.21 0.299     

SOIL.DEPTH 7 87.93 12.56 1.19 0.309     

SOIL.SEED 2 2.05 1.03 0.1 0.907     

DEPTH.SEED 14 128.39 9.17 0.87 0.594     

SOIL.DEPTH.SEED 14 54.76 3.91 0.37 0.982     

Residual 235 2481.69 10.56   
    

Total 287 6299    
    

  
     

    

  

Soil Depth Seed 
year 

Soil. 
Depth 

Soil  
Seed 

Depth. 
Seed 

Soil. 
Depth. 
Seed 

LSD (P=0.05) 0.531 1.5 0.65 1.06 0.919 1.84 2.6 

SEM 0.271 0.542 0.332 0.766 0.469 0.938 1.327 

CV (%) 82.3             
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Table C2.5. Regression analysis for total plants emerged where naked crabgrass seed, 

sampled in different years, was planted in two soil types at different burial depths. 

[Glasshouse trial: Figure 2.4] 

Total plants emerged for seed year 2007     
Soil 16 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 3232.2 1616.12 35.02 <.001 
Residual 6 276.9 46.15   

Total 8 3509.2 438.64   
      

Variance (%) 71.8     

R2 75.8     

SE 6.79     

      
Soil 36 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 5663.4 2831.69 34.76 <.001 
Residual 6 488.7 81.45   

Total 8 6152.1 769.01   
      

Variance (%) 53.3     

R2 60.00     

SE 9.03     

 

Total plants emerged for seed year 2008 

Soil 16 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 11725.7 5862.83 65.25 <.001 
Residual 6 539.1 89.85   

Total 8 12264.7 1533.09   
      

Variance (%) 84.5     

R2 86.7     

SE 9.48     

      
Soil 36 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 21863 10931.48 140.53 <.001 
Residual 6 466.7 77.79   

Total 8 22329.7 2791.21   

       

Variance (%) 90.3     

R2 91.7     

SE 8.82     

 

Total Plants emerged for seed year 2010     
Soil 16 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 12185 6092.5 57.01 <.001 
Residual 6 641.3 106.9   

Total 8 12826.2 1603.3   

       

Variance (%) 76.3     

R2 79.7     

SE 10.3     

      
Soil 36 % clay      
Source d.f. s.s. m.s. v.r. F pr. 

Regression 2 12939.5 6469.77 186.07 <.001 
Residual 6 208.6 34.77   

Total 8 13148.2 1643.52   

       

Variance (%) 92.9     

R2 93.9     

SE 5.9     
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Chapter 3 (Competitive ability) 

Table C3.1. ANOVA table for biomass parameters as influenced by competitive ability of 

both naked crabgrass and large crabgrass in a replacement series trial. [Glasshouse trial:] 

Figures 3.1 and 3.2; Tables 3.1 and 3.2] 

Panicle mass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 14.28 2.04 0.4 0.8766     
Soil profile (SOIL) 1 20.57 20.57 4.01 0.0853     
SOIL*REP 7 35.90 5.13       
Treatment combinations (RATIO) 4 71.22 17.81 14.18 <.0001     
RATIO*SOIL 4 3.20 0.80 0.64 0.6368     
Grasses (SPECIES) 1 4.25 4.25 3.38 0.0689     
SOIL*SPECIES 1 0.09 0.09 0.07 0.7941     
RATIO*SPECIES 2 126.07 63.04 50.19 <.0001     
RATIO*SOIL*SPECIES 2 7.82 3.91 3.11 0.049     
Residual 96 120.56 1.26       
Total 125 403.96        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL.  
SPECIES 

LSD (P = 0.05) 0.954 0.666 0.396 0.942 0.561 0.793 1.122 
CV (%) 39.53             

                

Seed mass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 31.77 4.54 0.64 0.7161     
Soil profile (SOIL) 1 29.23 29.23 4.11 0.0823     
SOIL*REP 7 49.79 7.11       
Treatment combinations (RATIO) 4 44.47 11.12 3.46 0.011     
RATIO*SOIL 4 9.90 2.48 0.77 0.5468     
Grasses (SPECIES) 1 54.59 54.59 17 <.0001     
SOIL*SPECIES 1 0.19 0.19 0.06 0.8081     
RATIO*SPECIES 2 85.67 42.83 13.34 <.0001     
RATIO*SOIL*SPECIES 2 14.09 7.04 2.19 0.1172     
Residual 96 308.35 3.21       
Total 125 628.04        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 1.124 1.065 0.634 1.507 0.896 1.268 1.795 
CV (%) 86.25             

                

Tiller mass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 460.23 65.75 0.62 0.728     
Soil profile (SOIL) 1 371.65 371.65 3.51 0.1033     
SOIL*REP 7 741.87 105.98       
Treatment combinations (RATIO) 4 2283.74 570.93 20.15 <.0001     
RATIO*SOIL 4 197.98 49.50 1.75 0.146     
Grasses (SPECIES) 1 45.12 45.12 1.59 0.2101     
SOIL*SPECIES 1 1.97 1.97 0.07 0.7928     
RATIO*SPECIES 2 3169.79 1584.90 55.94 <.0001     
RATIO*SOIL*SPECIES 2 162.90 81.45 2.87 0.0613     
Residual 96 2720.11 28.33       
Total 125 10155.35        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 4.338 3.162 1.883 4.475 2.663 3.767 5.33 
CV (%) 36.6             

                

  



229 
 

Shoot mass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 673.00 96.14 0.54 0.7822     
Soil profile (SOIL) 1 483.21 483.21 2.72 0.1433     
SOIL*REP 7 1245.32 177.90       
Treatment combinations (RATIO) 4 2934.99 733.75 17.04 <.0001     
RATIO*SOIL 4 216.37 54.09 1.26 0.2927     
Grasses (SPECIES) 1 45.78 45.78 1.06 0.3051     
SOIL*SPECIES 1 0.15 0.15 0 0.9529     
RATIO*SPECIES 2 4938.24 2469.12 57.34 <.0001     
RATIO*SOIL*SPECIES 2 169.80 84.90 1.97 0.1448     
Residual 96 4133.80 43.06       
Total 125 14840.66        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 5.62 3.898 2.321 5.517 3.283 4.643 6.571 
CV (%) 37.41             

                

Root mass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 40.21 5.74 1.04 0.4792     
Soil profile (SOIL) 1 21.83 21.83 3.96 0.0869     
SOIL*REP 7 38.60 5.51       
Treatment combinations (RATIO) 4 207.80 51.95 15.88 <.0001     
RATIO*SOIL 4 18.13 4.53 1.39 0.2446     
Grasses (SPECIES) 1 0.49 0.49 0.15 0.701     
SOIL*SPECIES 1 0.05 0.05 0.01 0.903     
RATIO*SPECIES 2 224.93 112.46 34.38 <.0001     
RATIO*SOIL*SPECIES 2 3.62 1.81 0.55 0.5768     
Residual 96 314.01 3.27       
Total 125 869.65           

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 0.989 1.074 0.639 1.521 0.905 1.279 1.811 
CV (%) 43.99             

                

Total biomass (g.pot-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 653.89 93.41 0.43 0.8567     
Soil profile (SOIL) 1 299.63 299.63 1.38 0.2792     
SOIL*REP 7 1524.58 217.80       
Treatment combinations (RATIO) 4 4602.85 1150.71 20.86 <.0001     
RATIO*SOIL 4 258.69 64.67 1.17 0.328     
Grasses (SPECIES) 1 55.69 55.69 1.01 0.3176     
SOIL*SPECIES 1 0.37 0.37 0.01 0.9348     
RATIO*SPECIES 2 7268.36 3634.18 65.87 <.0001     
RATIO*SOIL*SPECIES 2 149.82 74.91 1.36 0.2622     
Residual 96 5296.90 55.18       
Total 125 20110.79        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 6.219 4.413 2.627 6.245 3.716 5.256 7.438 
CV (%) 34.3             
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Root:Shoot ratio 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 0.39 0.06 2.87 0.0091     
Soil profile (SOIL) 1 0.26 0.26 13.53 0.0004     
SOIL*REP 7 0.12 0.02       
Treatment combinations (RATIO) 4 0.06 0.01 0.73 0.5747     
RATIO*SOIL 4 0.06 0.01 0.72 0.5779     
Grasses (SPECIES) 1 0.02 0.02 1.21 0.274     
SOIL*SPECIES 1 0.00 0.00 0.07 0.785     
RATIO*SPECIES 2 0.01 0.00 0.2 0.8151     
RATIO*SOIL*SPECIES 2 0.01 0.00 0.16 0.8493     
Residual 96 1.87 0.02       
Total 125 2.80        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 0.055 0.083 0.049 0.117 0.069 0.098 0.139 
CV (%) 52.44             

                

Number of panicles (per pot) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 193.02 27.57 0.37 0.8917     
Soil profile (SOIL) 1 2328.22 2328.22 31.49 0.0008     
SOIL*REP 7 517.51 73.93       
Treatment combinations (RATIO) 4 1410.53 352.63 18.6 <.0001     
RATIO*SOIL 4 1594.87 398.72 21.03 <.0001     
Grasses (SPECIES) 1 119.34 119.34 6.29 0.0138     
SOIL*SPECIES 1 435.04 435.04 22.94 <.0001     
RATIO*SPECIES 2 1556.90 778.45 41.05 <.0001     
RATIO*SOIL*SPECIES 2 493.17 246.59 13 <.0001     
Residual 96 1820.38 18.96       
Total 125 10468.98        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 3.623 2.587 1.54 3.661 2.178 3.081 4.36 
CV (%) 34.75             

                

Number of tillers (per pot) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 247.35 35.34 0.43 0.8554     
Soil profile (SOIL) 1 1747.34 1747.34 21.31 0.0024     
SOIL*REP 7 574.01 82.00       
Treatment combinations (RATIO) 4 2263.74 565.93 30.91 <.0001     
RATIO*SOIL 4 1630.14 407.54 22.26 <.0001     
Grasses (SPECIES) 1 9.28 9.28 0.51 0.4783     
SOIL*SPECIES 1 394.63 394.63 21.55 <.0001     
RATIO*SPECIES 2 1795.59 897.79 49.03 <.0001     
RATIO*SOIL*SPECIES 2 416.78 208.39 11.38 <.0001     
Residual 96 1757.75 18.31       
Total 125 10836.61        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL. 
SPECIES 

LSD (P = 0.05) 3.816 2.542 1.513 3.597 2.141 3.028 4.285 
CV (%) 30.17             

  



231 
 

Table C3.2. ANOVA tables of competitive indices where naked crabgrass and large 

crabgrass was grown in a replacement series trial. [Glasshouse trial: Tables 3.4 and 3.5] 

Competitive ratio (Shoot mass g.plant-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 1.146 0.164 0.4 0.8732     
(Soil profile) SOIL 1 0.038 0.038 0.09 0.7698     
SOIL*REP 7 2.844 0.406       
Treatment combinations (RATIO) 2 11.744 5.872 10.34 0.0001     
RATIO*SOIL 2 1.990 0.995 1.75 0.1808     
Grasses (SPECIES) 1 1.848 1.848 3.26 0.0755     
SOIL*SPECIES 1 5.539 5.539 9.76 0.0026     
RATIO*SPECIES 2 153.165 76.582 134.89 <.0001     
RATIO*SOIL*SPECIES 2 0.410 0.205 0.36 0.6983     
Residual 70 39.741 0.568       
Total 95 218.466        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL.  
SPECIES 

LSD (P = 0.05) 0.308 0.376 0.307 0.531 0.434 0.531 0.751 
CV (%) 46.36             

                

Competitive ratio (Root mass g.plant-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 3.543 0.506 0.64 0.7152     
(Soil profile) SOIL 1 0.549 0.549 0.69 0.4324     
SOIL*REP 7 5.541 0.792       
Treatment combinations (RATIO) 2 11.004 5.502 7.16 0.0015     
RATIO*SOIL 2 0.847 0.424 0.55 0.5787     
Grasses (SPECIES) 1 1.302 1.302 1.69 0.1973     
SOIL*SPECIES 1 4.744 4.744 6.17 0.0154     
RATIO*SPECIES 2 139.351 69.676 90.69 <.0001     
RATIO*SOIL*SPECIES 2 1.488 0.744 0.97 0.3846     
Residual 70 53.781 0.768       
Total 95 222.150        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL.  
SPECIES 

LSD (P = 0.05) 0.429 0.437 0.357 0.618 0.505 0.618 0.874 
CV (%) 55.38             

                

Competitive ration (Total biomass g.plant-1) 

Source d.f. s.s m.s. v.r. F pr.     

REP 7 1.878 0.268 1.58 0.2807     
(Soil profile) SOIL 1 0.004 0.004 0.02 0.888     
SOIL*REP 7 1.189 0.170       
Treatment combinations (RATIO) 2 12.094 6.047 13.94 <.0001     
RATIO*SOIL 2 2.400 1.200 2.77 0.0697     
Grasses (SPECIES) 1 0.092 0.092 0.21 0.6467     
SOIL*SPECIES 1 6.526 6.526 15.05 0.0002     
RATIO*SPECIES 2 164.049 82.024 189.12 <.0001     
RATIO*SOIL*SPECIES 2 0.221 0.110 0.25 0.776     
Residual 70 30.360 0.434       
Total 95 218.813        

                

  
SOIL RATIO SPECIES RATIO. 

SOIL 
SOIL. 
SPECIES 

RATIO. 
SPECIES 

RATIO. 
SOIL.  
SPECIES 

LSD (P = 0.05) 0.199 0.328 0.268 0.464 0.379 0.464 0.657 
CV (%) 40.12             
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Table C3.3. ANOVA tables of relative yield and relative yield total for naked crabgrass and 

large crabgrass in a replacement series experiment. [Glasshouse trial: Table 3.6] 

    Digitaria nuda Digitaria sanguinalis 

    Shoot mass (g.plant-1) 

Source d.f. s.s m.s. v.r. F pr. s.s m.s. v.r. F pr. 

REP 7 0.383 0.055 0.34 0.9107 0.969 0.138 0.83 0.5918 

(Soil profile) SOIL 1 0.013 0.013 0.08 0.7873 0.141 0.141 0.85 0.3869 

SOIL*REP 7 1.126 0.161   1.162 0.166   

Treatment 
combinations (RATIO) 

3 6.142 2.047 35.32 <.0001 4.209 1.403 18.64 <.0001 

RATIO*SOIL 3 0.079 0.026 0.46 0.7139 0.341 0.114 1.51 0.2263 

Error 41 2.377 0.058   3.086 0.075   

Corrected Total 62 10.120    9.908    

                    

  
  

SOIL RATIO RATIO. 
SOIL 

  SOIL RATIO RATIO. 
SOIL   

LSD (P = 0.05)   0.239 0.118 0.167   0.243 0.134 0.189   

CV (%)   36.490       39.870       

                    

    Root mass (g.plant-1) 

Source d.f. s.s m.s. v.r. F pr. s.s m.s. v.r. F pr. 

REP 7 0.496 0.071 1.22 0.4016 0.899 0.128 0.89 0.5607 

(Soil profile) SOIL 1 0.174 0.174 2.99 0.1275 0.106 0.106 0.73 0.4213 

SOIL*REP 7 0.408 0.058   1.014 0.145   

Treatment 
combinations (RATIO) 

3 5.428 1.809 27.54 <.0001 4.402 1.467 18.19 <.0001 

RATIO*SOIL 3 0.061 0.020 0.31 0.817 0.081 0.027 0.34 0.8 

Error 42 2.759 0.066   3.308 0.081   

Corrected Total 63 9.327    9.810    

                    

  
  

SOIL RATIO RATIO. 
SOIL 

  SOIL RATIO RATIO. 
SOIL   

LSD (P = 0.05)   0.143 0.125 0.177   0.227 0.139 0.197   

CV (%)   38.520       47.353       

                    

    Total biomass (g.plant-1) 

Source d.f. s.s m.s. v.r. F pr. s.s m.s. v.r. F pr. 

REP 7 0.292 0.042 0.32 0.9206 0.538 0.077 0.53 0.7903 

(Soil profile) SOIL 1 0.032 0.032 0.25 0.6322 0.131 0.131 0.9 0.3749 

SOIL*REP 7 0.904 0.129   1.017 0.145   

Treatment 
combinations (RATIO) 

3 6.014 2.005 38.78 <.0001 4.463 1.488 26.37 <.0001 

RATIO*SOIL 3 0.064 0.021 0.41 0.7446 0.254 0.085 1.5 0.2283 

Error 41 2.120 0.052   2.313 0.056   

Corrected Total 62 9.426    8.716    

                    

  
  SOIL RATIO RATIO. 

SOIL 
  SOIL RATIO RATIO. 

SOIL   

LSD (P = 0.05)   0.214 0.111 0.157   0.227 0.116 0.165   

CV (%)   34.490       35.799       
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Chapter 4 (Competition effect) 

Table C4.1. ANOVA table for soil water content (%) as effected by increasing densities of 

naked crabgrass and large crabgrass in competition with maize. [Glasshouse trial: Figure 

4.1.] 

Digitaria nuda Soil water content 

Source of variation d.f. s.s. m.s. v.r. F pr.     

Reps stratum 7 4379.55 625.65 15.34  
    

Reps.*Units* stratum      
    

Treatments (Density) 5 1753.97 350.79 8.6 <.001     

Soil type 1 808.38 808.38 19.81 <.001     

Time (Weeks) 6 10010.97 1668.49 40.9 <.001     

Treatment. Soil type 5 1150.88 230.18 5.64 <.001     

Treatment. Time 30 813.95 27.13 0.67 0.914     

Soil type. Time 6 9655.24 1609.21 39.44 <.001     

Treatment. Soil type. Time 30 828.97 27.63 0.68 0.904     

Residual 491 20032.16 40.8   
    

Total 581 43986.6    
    

                

  

Treatment Soil type Time Treatment. 
Soil type 

Treatment. 
Time 

Soil 
type. 
Time 

Treatment. 
Soil type. 
Time 

SE 0.604 0.348 0.652 0.854 1.597 0.922 2.258 

LSD (P = 0.05) 1.661 0.959 1.794 2.348 4.393 2.536 6.213 

CV (%) 11.1             

                

Digitaria sanguinalis Soil water content 

Source of variation d.f. s.s. m.s. v.r. F pr.     

Reps stratum 7 6175.87 882.27 31.12  
    

Reps.*Units* stratum      
    

Treatments (Density) 5 1143.26 228.65 8.06 <.001     

Soil type 1 77631.1 77631.1 2737.91 <.001     

Time (Weeks) 6 12008.84 2001.47 70.59 <.001     

Treatment. Soil type 5 179.89 35.98 1.27 0.276     

Treatment. Time 30 1093.35 36.45 1.29 0.146     

Soil type. Time 6 1143.18 190.53 6.72 <.001     

Treatment. Soil type. Time 30 395.39 13.18 0.46 0.994     

Residual 451 12787.7 28.35   
    

Total 541 96463.3    
    

                

  

Treatment Soil type Time Treatment. 
Soil type 

Treatment. 
Time 

Soil 
type. 
Time 

Treatment. 
Soil type. 
Time 

SE 0.503 0.29 0.543 0.712 1.331 0.769 1.883 

LSD (P = 0.05) 1.398 0.807 1.51 1.978 3.7 2.136 5.232 

CV (%) 10.4             
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Table C4.2. ANOVA table to determine the contribution effect of naked crabgrass and large 

crabgrass on the rate of water use in competition with maize grown in two soil types. 

[Glasshouse trial: Figure 4.2] 

Digitaria nuda Rate of water use (%) mean over time 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Reps stratum 4 84.174 21.044 4.89  

Reps.*Units* stratum      

Treatment 5 73.772 14.754 3.43 0.011 

Soil type 1 0.071 0.071 0.02 0.899 

Treatment. Soil type 5 28.457 5.691 1.32 0.272 

Residual 44 189.379 4.304   

Total 59 375.852    

            

  
Treatment Soil type Treatment. Soil 

type     

SE  0.656 0.379  0.928      

LSD (P = 0.05)  1.87 1.08  2.644      

CV (%)  12.9         

            

Digitaria sanguinalis Rate of water use (%) mean over time 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Reps stratum 4 97.066 24.266 3.74  

Reps.*Units* stratum      

Treatment 5 141.857 28.371 4.38 0.003 

Soil type 1 947.361 947.361 146.12 <.001 

Treatment. Soil type 5 28.188 5.638 0.87 0.509 

Residual 44 285.276 6.484   

Total 59 1499.749    

            

  
Treatment Soil type Treatment. Soil 

type     

SE  0.805 0.465  1.139      

LSD (P = 0.05)  2.295 1.325 3.246      

CV (%) 18.6          
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Table C4.3. ANOVA table of dry mass per plant as influenced by increasing densities of 

naked crabgrass and large crabgrass [Glasshouse trial: Figure 4.3] 

Nuda Dry mass per plant (g.plant-1) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Soil type 1 83.929 83.929 83.93 <.0001 

Reps stratum 14 30.180 2.155   

Treatment (Density) 4 24.549 6.137 6.14 0.0004 

Treatment. Soil type 4 9.009 2.252 2.25 0.0751 

Residual 55 55 1   

Total 78 202.66    

            

  
Treatment Soil type Treatment.  

Soil type     

SE  2.087 1.320  2.951      

LSD (P = 0.05)  5.89 3.731  8.341      

CV (%)  9.19         

      

Sanguinalis Dry mass per plant (g.plant-1) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Soil type 1 206.122 206.122 4.38 0.0409 

Reps stratum 14 536.807 38.343   

Treatment (Density) 4 2218.16 554.54 11.78 <.0001 

Treatment. Soil type 4 104.126 26.031 0.55 0.697 

Residual 56 2636.42 47.079   

Total 79 5701.65    

            

  
Treatment Soil type Treatment. 

Soil type     

SE  1.70 1.075  2.404      

LSD (P = 0.05)  4.804 3.038  6.794      

CV (%)  26.94         
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Table C4.4. Regression analysis of maize biomass parameters when in competition with 

increasing densities of naked crabgrass [Glasshouse trial: Figure 4.4] 

Maize dry mass (g.plant-1) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 6821.9 6821.9 43.42 0.003 664.7 664.65 19.49 0.012 

Residual 4 628.5 157.1   136.4 34.11   

Total 5 7450.3 1490.1   801.1 160.22   

                    

R2   89.5    78.7       

SE   12.5    5.84       

                    

Maize Kernel weight (g) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 4213.6 4213.6 33.17 0.005 2009.3 2009.31 67.98 0.001 

Residual 4 508.1 127   118.2 29.56   

Total 5 4721.7 944.3   2127.5 425.51   

                    

R2   86.5    93.1       

SE   11.3    5.44       

                    

Mean plant height (cm) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 1053.2 1053.16 32.72 0.005 825.9 825.9 49.95 0.002 

Residual 4 128.7 32.18   66.14 16.53   

Total 5 1181.9 236.38   892.04 178.41   

                    

R2   86.4    90.7       

SE   5.67    4.07       
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Table C4.5. Regression analysis of maize biomass parameters when in competition with 

increasing densities of large crabgrass [Glasshouse trial: Figure 4.4] 

Maize dry mass (g.plant-1) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 9066.7 9066.7 38.56 0.003 15088 15087.6 22.15 0.009 

Residual 4 940.5 235.1   2724 681.1   

Total 5 10007.3 2001.5   17812 3562.4   

                    

R2   88.3    80.9       

SE   15.3    26.1       

                    

Maize kernel weight (g) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 3587.9 3587.91 37.5 0.004 2581.8 2581.8 17.12 0.014 

Residual 4 382.7 95.68   603.3 150.8   

Total 5 3970.6 794.13   3185.1 637   

                    

R2   88    76.3  
    

SE   9.78    12.3  
    

                    

Mean plant height 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 77.11 77.112 18.82 0.012 63.74 63.735 12.67 0.024 

Residual 4 16.39 4.098   20.11 5.029   

Total 5 93.5 18.701   83.85 16.77   

                    

R2   78.1    70       

SE   2.02    2.24       

 

Table C4.6. Regression analysis to fit the model of Cousens  (1985) to maize yield loss 

when in competition with naked crabgrass and large crabgrass [Glasshouse trial: Figure 4.5] 

D. sanguinalis Yield loss (%) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 3970.94 3970.94 147.07 0.0003 4978.65 4978.65 222.606 0.0001 

Residual 4 107.99 26.99   89.46 22.36   

Total 5 4078.94    5068.11    

                    

R2   0.973    0.982  
    

SE   5.196    4.729  
    

          
D. nuda Yield loss (%) 

    Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 2479.62 2479.62 110.209 0.0005 2483.527 2483.527 89.209 0.0007 

Residual 4 89.997 22.499   111.357 27.83924   

Total 5 2569.617    2594.884    

           

R2  0.965    0.957    

SE  4.743    5.276    
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Table C4.7. Regression analysis to fit the model of Kropff and Spitters  (1991) to determine 

maize yield loss using total share in biomass of maize and grass species, respectively 

[Glasshouse trial: Figure 4.6] 

D. sanguinalis Total share in dry mass (Yield loss %) 
 

 Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 0.399 0.399 237.4 0.0002 0.501 0.5014 464.732 <0.0001 

Residual 4 0.008 0.002   0.0055 0.0011   

Total 6 0.407    0.5068    

                    

R2   0.979    0.989       

SE   0.041    0.033       
 

         
D. nuda Total share in dry mass (Yield loss %) 
  Clay soil Sandy soil 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 1 0.2502 0.2502 185.742 0.00004 0.2452 0.2452 85.899 0.0003 

Residual 4 0.0067 0.0014   0.0142 0.0028   

Total 6 0.2569    0.2594    

                    

R2   0.974    0.945  
    

SE   0.037    0.053  
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Table C4.8. ANOVA of yield parameters of maize in competition with either naked crabgrass 

or large crabgrass on two soil types [Glasshouse trial: Table 4.2] 

    Digitaria nuda Digitaria sanguinalis 

Days to 50% silking 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Soil type 1 27.250 27.250 27.25 <.0001 32.667 32.667 2.68 0.106 

Reps stratum 14 14.079 1.006   285.833 20.417   

Treatment (Density) 5 42.457 8.491 8.49 <.0001 2117.208 423.442 34.73 <.0001 

Treatment. Soil type 5 2.379 0.476 0.48 0.793 34.708 6.942 0.57 0.723 

Residual 70 69.000 1.000   853.417 12.192   

Total 95 155.166    3323.833    

                    

  
  Treatment Soil type Treatment.  

Soil type   
Treatment Soil type Treatment.  

Soil type   

SE  0.281 0.1691 0.3498   0.824 0.854 1.092   

LSD (P = 0.05)  4.15 2.97 7.28   2.46 1.422 3.48   

CV (%)  1.48       4.39       

                    

Days to ear initiation 

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Soil type 1 56.585 56.585 56.59 <.0001 0.094 0.094 0.01 0.927 

Reps stratum 14 21.607 1.543   429.479 30.677   

Treatment (Density) 5 46.598 9.320 9.32 <.0001 2306.677 461.335 42.03 <.0001 

Treatment. Soil type 5 3.995 0.799 0.8 0.554 164.094 32.819 2.99 0.017 

Residual 70 69.000 1.000   768.396 10.977   

Total 95 197.785    3668.740    

                    

    
Treatment Soil type Treatment.  

Soil type   
Treatment Soil type Treatment.  

Soil type   

SE  0.326 0.179 0.359   0.958 0.896 1.301   

LSD (P = 0.05)  4.35 2.78 6.81   2.34 1.994 3.3   

CV (%)  1.45       4.06       

                    

Number of ears per plant 

Source  d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Soil type 1 2.202 2.202 7.67 0.007 0.260 0.260 1.4 0.242 

Reps stratum 14 4.052 0.289   7.813 0.558   

Treatment (Density) 5 8.339 1.668 5.81 0.000 14.177 2.835 15.19 <.0001 

Treatment. Soil type 5 1.225 0.245 0.85 0.517 1.927 0.385 2.07 0.08 

Residual 70 19.803 0.287   13.063 0.187   

Total 95 35.621    37.240    

                    

    
Treatment Soil type Treatment.  

Soil type   
Treatment Soil type Treatment.  

Soil type   

SE  0.138 0.086 0.187   0.126 0.898 0.173   

LSD (P = 0.05)  0.379 0.219 0.537   0.305 0.176 0.431   

CV (%)  36.6       36.06       
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Chapter 5 (Critical periods of weed control) 

Table C5.1. ANOVA table where maize yield was determined for different weed interference 

periods at Potchefstroom during 2009/2010 and 2010/2011 seasons. [Field trial 1: Table 5.1] 

Yield (t.ha-1) Potchefstroom 2009/2010 season 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Planting date. REP stratum      

Planting date 1 16.695 16.695 7.55 0.052 

Residual 4 8.847 2.212 1.75  

Planting date. REP.*Units* stratum      

Weed control  11 96.945 8.813 6.99 <.001 

Planting date. Weed control 11 29.061 2.642 2.1 0.041 

Residual 44 55.475 1.261   

Total 71 207.022    

            

  
Planting 
date 

Weed 
control 

Planting date.  
Weed control     

SEM 0.248 0.458 0.668     

LSD (P=0.05) 0.973 1.307 1.902     

CV (%) 18.3         

            

Yield (t.ha-1) Potchefstroom 2010/2011 season 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Planting date. REP stratum      

Planting date 1 0 0 0 0.995 

Residual 4 5.141 1.285 0.99  

Planting date. REP.*Units* stratum      

Weed control  11 21.475 1.952 1.51 0.165 

Planting date. Weed control 11 4.173 0.379 0.29 0.984 

Residual 41 53.019 1.293   

Total 68 83.479    

            

  
Planting 
date 

Weed 
control 

Planting date.  
Weed control     

SEM 0.189 0.464 0.656     

LSD (P=0.05) 0.742 1.326 1.87     

CV (%) 24.9         
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Table C5.2. ANOVA table where maize yield was determined for different weed interference 

periods at Wesselsbron during 2010and2011 seasons. [Field trial 2: Table 5.2] 

Yield (t.ha-1) Wesselsbron 2010/2011 season 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Planting date. REP stratum      

Planting date 1 38.852 38.852 42.26 0.003 

Residual 4 3.677 0.919 0.79  

Planting date. REP.*Units* stratum      

Weed control  11 49.101 4.464 3.82 <.001 

Planting date. Weed control 11 6.007 0.546 0.47 0.914 

Residual 44 51.469 1.17   

Total 71 149.107    

            

  
Planting 
date 

Weed control Planting date.  
Weed control     

SEM 0.16 0.442 0.619     

LSD (P=0.05) 0.627 1.258 1.76     

CV (%) 30.5         
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Table C5.3. Regression analysis of the critical periods of weed control determined for 

Potchefstroom during 2009/2010 and 2010/2011 seasons at two planting dates (Early and 

Late). [Field trial: Figure 5.3] 

Relative yield (%) Weedy: Potchefstroom season 2009/2010  

    Early       Late       

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 2468 1233.98 21.43 0.007 1215.4 607.69 7.35 0.046 

Residual 4 230.3 57.58   330.6 82.66   

Total 6 2698.3 449.71   1546 257.67   

                    

Variance (%)  87.2    67.9       

R2  0.915    0.789       

SE  7.59    9.09       

                    

Relative yield (%) Weed-free: Potchefstroom season 2009/2010 

    Early       Late       

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 2050.8 1025.41 25.68 0.005 1231 615.49 10.04 0.028 

Residual 4 159.7 39.93   245.3 61.32   

Total 6 2210.5 368.42   1476.3 246.04   

                    

Variance (%)   89.2    75.1  
    

R2   0.982    0.834  
    

SE   6.32    7.83  
    

    
      

    

Relative yield (%) Weedy: Potchefstroom season 2010/2011  

   Early    Late    

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 957.27 478.634 49.52 0.002 641.7 320.85 15.76 0.013 

Residual 4 38.66 9.665   81.44 20.36   

Total 6 995.93 165.988   723.14 120.52   

                    

Variance (%)  94.2    83.1       

R2  0.961    0.887       

SE  3.11    4.51       

                    

Relative yield (%) Weed-free: Potchefstroom season 2010/2011 

   Early    Late    

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 853.5 426.75 16.88 0.011 1153.82 576.91 24.72 0.006 

Residual 4 101.1 25.29   93.33 23.33   

Total 6 954.6 159.11   1247.16 207.86   

                    

Variance (%)   84.1    88.8       

R2   0.894    0.925       

SE   5.03    4.83       
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Table C5.4. Regression analysis of the critical periods of weed control determined for 

Wesselsbron during 2010/2011 seasons at two planting dates (Early and Late). [Field trial: 

Figure 5.4] 

Relative yield (%) Weedy: Wesselsbron season 2010/2011  

    Early    Late       

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 712.2 356.11 6.84 0.051 4501.4 2250.69 47.54 0.002 

Residual 4 208.2 52.05   189.4 47.34   

Total 6 920.4 153.4   4690.8 781.79   

                    

Variance (%)   66.1    93.9       

R2   0.774    0.96       

SE   7.21    6.88       

                    

Relative yield (%) Weed-free: Wesselsbron season 2010/2011 

    Early    Late      

Source d.f. s.s. m.s. v.r. F pr. s.s. m.s. v.r. F pr. 

Regression 2 712.69 356.35 16.44 0.012 4903.3 2451.66 54.55 0.001 

Residual 4 86.72 21.68   179.8 44.95   

Total 6 799.41 133.23   5083.1 847.19   

                    

Variance (%)   83.7    94.7       

R2   0.892    0.965       

SE   4.66    6.7       
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Chapter 6 (Evaluation of herbicides) 

Table C6.1. AOVA table for percentage control of naked crabgrass and large crabgrass 

where two herbicides was evaluated in two soil types over time (Weeks after application = 

WAA) [Glasshouse trial: Figure 6.2] 

Digitaria nuda (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr.     

Herbicides 1 319.8 319.8 0.41 0.524     

Soil type 1 87769.5 87769.5 112.03 <.001     

Time (WAA) 5 13574.3 2714.9 3.47 0.005     

Herbicide. Soil type 1 6.9 6.9 0.01 0.926     

Herbicide. Time  5 2899.2 579.8 0.74 0.594     

Soil type. Time 5 8063.8 1612.8 2.06 0.073     

Herbicide. Time. Soil type 5 4361.3 872.3 1.11 0.355     

Residual 168 131614.6 783.4   
    

Total 191 248609.3    
    

                

  
Herbicides Soil type Time 

Herbicide. 
Soil type 

Herbicides. 
Time 

Soil type. 
Time 

Herbicide. 
Soil type. 
Time 

SEM 2.86 2.86 4.95 4.04 6.99 6.99 9.89 

LSD (P=0.05) 7.98 7.98 13.81 11.28 19.54 19.54 27.63 

CV (%) 37.9       

                

Digitaria sanguinalis (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr.     

Herbicides 1 0.08 0.08 0 0.962     

Soil type 1 2236.18 2236.18 64.45 <.001     

Time (WAA) 5 6337.16 1267.43 36.53 <.001     

Herbicide. Soil type 1 94.86 94.86 2.73 0.1     

Herbicide. Time  5 749.99 150 4.32 0.001     

Soil type. Time 5 1319.62 263.92 7.61 <.001     

Herbicide. Time. Soil type 5 1585.78 317.16 9.14 <.001     

Residual 168 5828.6 34.69   
    

Total 191 18152.27    
    

                

  
Herbicides Soil type Time 

Herbicide. 
Soil type 

Herbicides. 
Time 

Soil type. 
Time 

Herbicide. 
Soil type. 
Time 

SEM 0.6 0.6 1.04 0.85 1.47 1.47 2.08 

LSD (P=0.05) 1.68 1.68 2.91 2.37 4.11 4.11 5.81 

CV (%) 6.2             
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Table C6.2. ANOVA for percentage control of naked crabgrass where nine herbicides were 

evaluated over time (weeks after application = WAA). [Field trial 1: Table 6.2] 

PRE herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 2625.1 875 1.78  

Rep.*Units* stratum      

Herbicides 2 850.7 425.3 0.86 0.442 

Time (WAA) 1 936.8 936.8 1.9 0.188 

Herbicides. Time 2 138.3 69.2 0.14 0.87 

Residual 15 7392.9 492.9   

Total 23 11943.8    

      

 

Herbicides Time Herbicides. 
 Time  

SEM 7.85 6.41 11.1 
 

 
LSD (P=0.05) 23.66 19.32 33.46 

 

 
CV (%) 39.6   

 

 

      
Pre- fb post emergence herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 410.33 136.78 1.7  

Rep.*Units* stratum      

Herbicides 2 677.43 338.71 4.21 0.035 

Time (WAA) 1 11.26 11.26 0.14 0.714 

Herbicides. Time 2 35.65 17.83 0.22 0.804 

Residual 15 1207.23 80.48   

Total 23 2341.9    

      

 

Herbicides Time Herbicides. 
 Time  

SEM 3.17 2.59 4.49   
LSD (P=0.05) 9.56 7.81 13.52   
CV (%) 9.5   

  

      
Post emergence herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 5418.2 1806.1 3.61  

Rep.*Units* stratum      

Herbicides 2 9649.3 4824.6 9.64 0.002 

Time (WAA) 1 2450.1 2450.1 4.89 0.043 

Herbicides. Time 2 2043.8 1021.9 2.04 0.164 

Residual 15 7510 500.7   

Total 23 27071.3    

      

 

Herbicides Time Herbicides.  
Time  

SEM 7.91 6.46 11.19   
LSD (P=0.05) 23.85 19.47 33.72   
CV (%) 49.1   

  

  



246 
 

Table C6.3. ANOVA table for percentage grass cover of naked crabgrass where nine 

herbicides were evaluated over time (weeks after application = WAA). [Field trial 1: Figure 

6.3] 

PRE herbicides (% Cover) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 399.4 133.1 0.78  

Rep.*Units* stratum      

Herbicides 2 1373 686.5 4 0.028 

Time (WAA) 4 19202.5 4800.6 27.95 <.001 

Herbicides. Time 8 396.4 49.5 0.29 0.965 

Residual 34 5840.2 171.8   

Total 51 24516.5    

            

  
Herbicides Time Herbicides.  

Time     

SEM 4.14 3.78 6.55     

LSD (P=0.05) 8.42 10.87 18.83     

CV (%) 19.4         

            

Pre- fb POST herbicides (% Cover) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 613.56 204.52 2.33  

Rep.*Units* stratum      

Herbicides 2 451.69 225.85 2.58 0.088 

Time (WAA) 4 978.58 244.64 2.79 0.038 

Herbicides. Time 8 954.77 119.35 1.36 0.241 

Residual 42 3682.08 87.67   

Total 59 6680.69    

            

  
Herbicides Time Herbicides. 

Time     

SEM 2.09 2.7 4.68     

LSD (P=0.05) 5.98 7.71 13.61     

CV (%) 51         

            

POST herbicides (% Cover) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 15058.5 5019.5 15.39  

Rep.*Units* stratum      

Herbicides 2 9912.3 4956.1 15.19 <.001 

Time (WAA) 4 15891 3972.8 12.18 <.001 

Herbicides. Time 8 2703.1 337.9 1.04 0.425 

Residual 42 13701.9 326.2   

Total 59 57266.8    

            

  
Herbicides Time Herbicides. 

Time     

SEM 4.04 5.21 9.03     

LSD (P=0.05) 11.53 14.88 25.77     

CV (%) 24.6         
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Table C6.4. ANOVA table for plant height and biomass of naked crabgrass determined in 

nine herbicide treatments [Field trial 1: Table 6.3] 

Digitarua nuda plant height (cm) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 948.2 316.1 0.61  

Rep.*Units* stratum      

Treatment 9 33154.3 3683.8 7.1 <.001 

Residual 27 14000.6 518.5   

Total 39 48103.2    

            

  Herbicides         

SEM 11.39         

LSD (P=0.05) 33.04         

CV (%) 43.0         

            

Digitaria nuda biomass (g) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 309.1 103 0.76  

Rep.*Units* stratum      

Treatment 9 8991.5 999.1 7.4 <.001 

Residual 27 3646.4 135.1   

Total 39 12947    

            

  Herbicides         

SEM 5.81         

LSD (P=0.05) 16.86         

CV (%) 42.0         
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Table C6.5. ANOVA for percentage control of naked crabgrass where nine herbicides were 

evaluated over time (weeks after application = WAA). [Field trial 2: Table 6.4] 

PRE herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 120.83 40.28 0.48  

Rep.*Units* stratum      

Herbicides 2 475 237.5 2.84 0.09 

Time (WAA) 1 37.5 37.5 0.45 0.513 

Herbicides. Time  2 25 12.5 0.15 0.862 

Residual 15 1254.17 83.61   

Total 23 1912.5    

            

  Herbicides Time Herbicide. Time     

SEM 3.23 2.64 4.57     

LSD (P=0.05) 9.74 7.98 13.78     

CV (%) 10.9         

            

Pre- fb POST herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 1.3333 0.4444 0.77  

Rep.*Units* stratum      

Herbicides 2 0.3333 0.1667 0.29 0.753 

Time (WAA) 1 0.6667 0.6667 1.15 0.3 

Herbicides. Time  2 2.3333 1.1667 2.02 0.167 

Residual 15 8.6667 0.5778   

Total 23 13.3333    

            

  Herbicides Time Herbicide. Time     

SEM 0.269 0.219 0.38     

LSD (P=0.05) 0.81 0.661 1.146     

CV (%) 0.8         

            

Post emergence herbicides (% Control) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 69.46 23.15 1.83  

Rep.*Units* stratum      

Herbicides 2 27729.08 13864.54 1095.77 <.001 

Time (WAA) 1 1162.04 1162.04 91.84 <.001 

Herbicides. Time  2 1366.58 683.29 54 <.001 

Residual 15 189.79 12.65   

Total 23 30516.96    

            

  Herbicides Time Herbicide. Time     

SEM 1.26 1.03 1.78     

LSD (P=0.05) 3.79 3.09 5.36     

CV (%) 4.8         
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Table C6.6. ANOVA table for yield parameters of maize where nine herbicide treatments 

were evaluated [Field trial 2: Table 6.5] 

Total mass of ears (% of control treatment) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 2202 734 0.53  

Rep.*Units* stratum      

Herbicides 10 48493 4849 3.5 0.004 

Residual 30 41514 1384   

Total 43 92208    

      

  Herbicides         

SEM  18.60         

LSD (P=0.05)  53.72         

CV (%)  43.0         

            

Total kernel weight (% of control treatment) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 2423 808 0.54  

Rep.*Units* stratum      

Herbicides 10 51822 5182 3.43 0.004 

Residual 30 45271 1509   

Total 43 99516    

            

  Herbicides         

SEM  19.42         

LSD (P=0.05)  56.10         

CV (%)  44.7         

            

Yield (t.ha-1) (% of control treatment) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Rep stratum 3 2551 850 0.49  

Rep.*Units* stratum      

Herbicides 10 57657 5766 3.35 0.005 

Residual 30 51702 1723   

Total 43 111910    

            

  Herbicides         

SEM  20.76         

LSD (P=0.05)  59.95         

CV (%)  45.4         
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Abstract report 

Urochloa mosambicensis and U. panicoides are morphologically very closely related species.  

The correct identification of these species is often very difficult especially for maize producers 

because of the lack in knowledge and the subtle differences between the two species. The 

incorrect identification of U. mosambicensis and U. panicoides grass weed species could lead 

to using inappropriate herbicides for control and misdiagnosing resistance for these two 

Urochloa species. The germination characteristics of these species are species specific which 

is the case of most grasses. The germination trials conducted with U. mosambicensis and U. 

panicoides during this study showed dormancy and poor germination percentages. Different 

pre-treatments were evaluated to determine if the germination percentage of these Urochloa 

spp. could be enhanced and to determine the optimal conditions to conduct germination trials. 

Their growth patterns in different soil types together with the rainfall patterns were taken into 

account to calculate the rate of invasiveness and determine when a crop might be threatened 

by a flush outbreak of these weed species. This was done at three localities (Potchefstroom, 

Ventersburg and Bethlehem) with different soil types, and including 10 randomised quadrats 

at each locality and monitoring them every second week for grass seedling emergence. The 

practice of conservation farming is on the increase in the agricultural sector and with the no-

tillage method being adapted by more farmers, it is important to monitor and control weeds. 

Weeds that once were not a problem are now starting to occur in cropping systems where 

they compete for nutrients and minerals that potentially lead to yield loss. In this study different 

herbicide treatments were evaluated to determine the most effective herbicide and the 

optimum weed growth stage to control these two Urochloa species in the glasshouse. This 

study focussed on the biology, optimal conditions and control of U. mosambicensis and U. 

panicoides to address challenges producers experience in cropping systems in the agricultural 

sector in South Africa. This will contribute to sustainable control of these relative unknown 

Urochloa species that most probably will become more dominant in years to come. The 

hypothesis of this study is therefore that the biology of these two Urochloa species is different 

and that the control measures for these grass weeds are species specific. 

Section 7: Biology and germination characteristics of Urochloa mosambicensis and 
Urochloa panicoides 

 
 

Malan L. 2017. Biology and germination characteristics of Urochloa mosambicensis and 

Urochloa panicoides. MSc thesis. North-West University, Potchefstroom 
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Key words: Aggressivity, biology, control, dormancy, emergence, germination, grass weed 

species, patterns, Urochloa mosambicensis, Urochloa panicoides, sustainable control. 

 

Chapter 1 - Introduction and Literature Review 

Domestic uses of weeds 

There are approximately 250 plant species which are sufficiently troublesome, to be regarded 

as weeds (Altieri and Liebman, 1988) and their evolution has been greatly influenced through 

agriculture. Weeds are introduced into cultivated areas with the required ecological conditions 

through the worldwide exchange of planting material of crop plants. Some of these weeds 

have been cultivated in the past as crops while some species are progenitors of, or closely 

related to, the wild progenitors of these crop plants. The genetic relationships between two 

crop relative species can be so close that introgression is common, contributing to crop 

species diversity. The selection for uniformity in crop species promotes the loss of genetic 

diversity which may in turn increase the instability of agroecosystems. Weed relatives of crop 

species play an important role in agriculture because they remain as a reservoir that should 

be conserved since they may be needed in the future (Hillocks, 1998). 

According to Hillocks (1998), many of the known weed species are also used as food 

and traditional medicine (Table 1.1), although these cases are more often found in rural 

communities. Weeds should therefore not only be viewed from a negative aspect, since it 

plays an important role in the community and agriculture (Hillocks, 1998). 
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Table 1.1 Some of the domestic uses of common weed species in eastern and central 

Africa (Hillocks, 1998). 

Weed species Domestic use 

Ageratum 

conyzoides 

Medicinal use: leaves pounded to treat wounds. Popular with the Luo in Kenya 

as a haemostatic. Also, known as a remedy for stomach pains. 

Amaranthus spp. Food use: leaves of several species of Amaranthus are eaten as a relish 

throughout eastern Africa. Seed can be roasted and pounded to produce 

biscuits, or it can be used in preparation of bread. 

Other uses: Amaranthus hybridus can be used to make a red dye. 

Argemone 

mexicana 

Other uses: seeds are narcotic and used in Tanzania to make traditional beer 

more intoxicating. Seeds have insecticidal properties and can be poisonous to 

livestock. 

Bidens pilosa Food use: leaves and shoots are edible. It is one of the weeds most widely 

used as a famine food due to its abundance, rather than its taste which is rather 

aromatic. 

Medicinal use: leaves can be made into a poultice to treat wounds and the 

juice used to treat eye complaints. 

Roots and stem used to treat diarrhoea and abdominal pains. 

Boerhavia diffusa Medicinal use: occasionally, leaves pounded and used medicinally. 

Celosia spp. Food use: leaves and inflorescence used as a vegetable and in soups and 

stews. 

Chenopodium spp. Medicinal use: Chenopodium ambosioides leaves applied to face to treat 

convulsions in Zimbabwe. Also, powdered leaf mixed with oil and applied to 

skin to treat ringworms. 

Other uses: believed in some parts of Malawi to repel snakes. 

Commelina spp. Food use: in times of famine leaves and young shoots used either fresh or 

boiled as a vegetable. Rhizome can also be eaten. 

Medicine use: Commelina africana used to treat leprosy, eye problems and 

colds. 

Crotalaria spp. Food use: leaves and flowers of some species can be cooked and eaten as a 

relish but it is often mixed with groundnut to make it more palatable. 

Cynodon dactylon Medicinal use: known in Malawi as a remedy for indigestion and heartburn. 

Other uses: pasture grass. 

Datura stramonium Medicinal use: in Zimbabwe leaves burned and smoke inhaled as a treatment 

for asthma. Leaves and seed contain the alkaloids hyoscine and atropine and 

are crushed and mixed with ghee to make an ointment for treatment of 

ringworms. Crushed leaves are used as an insect repellent. 

Other uses: in Malawi, it is believed that the leaves sprinkled around the house 

repel cockroaches. Datura spp. used as rat poison in stored grain. 
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Weed species Domestic use 

Eleusine indica Food use: eaten as a famine food in Zambia and Ethiopia.  

Other uses: straw used for bedding 

Medicinal use: reputed in Malawi to be effective as a remedy for coughs and 

blood problems. 

Galinsoga 

parviflora 

Food use: leaves eaten as a relish in some areas. 

Medicinal use: stem and leaves pounded and juice squeezed into wound. 

Hibiscus 

cannabinus 

Food use: in times of famine may be eaten as a relish; the leaves have to be 

pounded with potash. 

Potulacca oleracea Food use: contains high levels of oxalic acid. May be eaten in salads and soups 

particularly in Mozambique and Malawi. Large leaved types cooked as a 

vegetable. 

Medicinal use: as a snake bite remedy. 

Tagetes minuta Medicinal use: crushed in oil and applied to skin to treat wound maggots. 

Physalis angulata Food use: fruit can be consumed and is rich in vitamin A and C. 

Medicinal use: to improve female fertility. 

 

Weed status and crop-weed competition 

According to Charles (1991), weeds have a positive aspect to them, although they are mostly 

seen for the negative impact that they impose in agriculture. Some plants that are usually 

thought of as weeds may have a beneficial impact on the environment and economy and 

contribute to the improvement of cropping systems. These attributes include the stabilization 

of soil, habitat and feed for animals and wildlife, nectar for bees, aesthetic qualities, addition 

of organic matter to soil, providing genetic reservoirs, human consumption and provide 

employment opportunities (Milberg and Hallberg, 2004).  Nevertheless, the presence of weeds 

in crop fields is regarded as a problem because they affect crop yields when competing for 

water, sunlight, space and nutrients. The critical timing of weed control is crucial in order to 

protect crop yield. Yield loss depends on several factors such as the weed species present, 

weed densities, the specific crop, weed emergence in relation to crop emergence, 

environmental conditions and production practices (Clarence and Weise, 1991). Not only is 

weed management complex, it must also be flexible to respond to changes in farming systems 

(Charles, 1991). In the past farmers controlled weeds considerably well by means of repeated 

applications of broad-spectrum herbicide mixtures (Foresman and Glasgow, 2008). 

According to Dille et al. (2015), North America’s crop production is significantly 

threatened by weeds which interfere with the quality and quantities of crop yields. The cost of 

controlling weeds also has a significant impact on the profitability of crop production. It has 

been estimated that annually $ 2.6 billion are used for weed management, excluding chemical 

control, while in the United States (U.S.), $ 3.6 billion are used for chemical control of weeds. 
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Different field crops

During the 1900’s weed control could already reach costs of $15 - 20 billion per annum in the 

U.S. (Monaco et al., 1991). Weeds are commonly found on 1.9 million hectares of crop lands 

and more than 400 000 hectares of range and pastures in the U.S. Weed competition with 

crop plants can lead to a decrease in crop yield that negatively impacts the economics of the 

production system (Figure 1.1). The estimated average annual monetary loss caused by 

weeds under the control strategies in 46 crops grown in the U.S. during 1991 was $ 4 billion. 

It was calculated that if herbicides were not used during that period the loss could have been 

as high as $19.6 billion. The loss in field crops due to weeds accounted for 81% of this total 

(Dille et al., 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Typical yield losses of different field crops due to weed competition (Anon., 

2016 (b)). 

According to Dille et al. (2015), eight to 18% maize yield loss across the U.S and three to 12% 

maize yield loss across Canada is due to the infestation of weeds. It was reported that one to 

15% maize yield loss across the U.S were due to weeds even when the best management 

practices with herbicides were used. Also, 10 - 60% maize yield losses were reported when 

best management practices with no herbicides were used.  

Maize is the most important field crop in southern Africa because it is the most 

important source of carbohydrates. South Africa is the main producer of maize in the Southern 

African Development Community (SADC). More than 9000 commercial maize producers and 

thousands of small scale producers are responsible for crop production in South Africa. The 

main maize producing areas are the Free State, North-West province, Mpumalanga Highveld 

and Kwazulu-Natal provinces. South Africa produces approximately 10 - 12 million tons of 

maize on 2.7 million hectares of which more than half of the production is white maize that is 

used for human food consumption (Anon., 2016a). 
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Since weeds compete with crops for nutrients it is important to do weed control during 

the first six to eight weeks after planting to ensure maximum yield. The differences in weed 

type, environmental conditions and the type of crop contribute to the decrease in yield of the 

crop if the yield losses are attributable to weeds. It is rarely reported that no yield losses occur 

in crops where weeds are present, with losses ranging between 10 - 100%, depending on 

weed control practices (Anon., 2016a). 

The grassy weed species Urochloa mosambicensis (Hack.) Dandy and Urochloa 

panicoides P. Beauv., threatens maize crop production which is already under constraint due 

to drought conditions and increasing input costs. These Urochloa spp. can be in direct 

competition with the crop (Figure 1.2). This interference includes allelopathy and competition 

that are two natural phenomena’s (Anon., 2016b). According to Walker et al. (2011), this can 

lead to agriculture and animal health being adversely affected. These two weeds species have 

high reproductive potential and is invasive outside their native range (Walker et al., 2011). 

Weed seeds are also difficult to detect and identify as a commodity contaminant and may be 

challenging to control which may result in costly weed management (Invasive Species 

Compendium, 2015).  

 

 

 

 

 

 

 

 

Figure 1.2 Example of direct competition between a) Urochloa mosambicensis and 

maize and b) Urochloa panicoides and maize. 

According to Ross and Lembi (1999), different types of crops have different problem weed 

species complexes. The input costs, for example herbicides, seed and fuel to run implements 

to remove weeds mechanically, depend on weed species. There are several factors that 

contribute to determine the relative profitability of herbicide applications which differ from one 

crop to another. These include the ability of the crop to compete with the weeds present, the 

tillage method, the influence of non-chemical control practices, the value of the crop and 

management decisions (Ross and Lembi, 1999). 

According to Omafra (2009), it is critical to know the correct timing of control that will 

promote effective weed control. This can help reduce yield loss caused by weeds to less than 

a) b) 
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5%. It was also stated that late germinating weeds have relatively low seed production which 

minimizes their negative impact on crop yields. 

Herbicide products contain labels which list all the ingredients and adjuvants, and 

indicate the optimum growth stage during which herbicide should be applied as well as the 

recommended dosages to be used against specific weed species. The critical period for weed 

control in field crops varies annually and by site due to the variation in soil type, climate, weed 

species present and their density (Table 1.2) (Omafra, 2009). 

Environmental factors play an important role in the competitiveness of weeds in 

cropping systems. Soil moisture is an environmental factor that should be taken into account 

when estimating weed competitiveness. The impact that weeds have on crop yield is limited 

when soil moisture is abundant. For example, this was observed when yield losses of maize 

and soybeans were compared at the Elora Research Station in North America, during a 

season with adequate moisture compared to a dry season (Table 1.2) (Omafra staff, 2009). 

 

Table 1.2 Maize and soybean yield losses ascribed to weeds under adequate soil 

moisture in comparison with inadequate soil moisture (Omafra, 2009). 

 

Origin and distribution of Urochloa spp. 

The genus Urochloa P. Beauv, includes approximately 12 species that is distributed 

throughout the Old World tropics and is mainly native to Africa (Gibbs et al., 1990). The shape 

of the spikelets and spikelet orientation distinguishes it from the related Brachiaria Stapf. 

species, but due to numerous intermediate species, the boundary between these two genera 

is unclear. It has been suggested that Brachiaria be reduced completely to Urochloa (Burkill, 

1994). This occurrence will increase the number of Urochloa spp. to approximately 120 

species, with a pantropical distribution. It is often difficult to distinguish between different 

Urochloa species. According to Burkill (1994), U. mosambicensis is the perennial counterpart 

of the annual Urochloa trichopus (Hochst.) Stapf. which does not have dormant buds at the 

base of the plant. 

Urochloa panicoides, also known as liverseed grass, is an annual grass with a C4 

photosynthetic pathway and is native to eastern and southern Africa, the Arabian Peninsula 

and Indian sub-continent (Cook and Storrie, 2004). According to Cook and Storrie (2004), U. 

panicoides is mainly a weed in summer cropping systems and can be regarded as a weed 

Precipitation (mm) 

May to August 

Maize yield losses  

(%) 

Soybean yield losses 

(%) 

458 18 23 

218 96 84 
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that invades native vegetation. One factor that contributes to U. panicoides being a key pest, 

is its ability to emerge in high volume flushes in a concentrated area. Cook and Storrie (2004) 

also reported that the control of these flushes may result in suppression of the seed bank. U. 

panicoides produces a large number of seeds that makes control of this grass more 

challenging than that of other species. 

U. panicoides is one of the main problem weeds in dryland cotton cropping systems in 

Australia (Dorado et al., 1999). Together with Echinochloa spp., U. panicoides is one of the 

most common summer grass weeds in southern Queensland and northern New South Wales 

(Walker et al., 2011). These grasses are abundant in systems with reduced tillage and have 

increased their presence in cropping systems over the last two decades. Not only are these 

grasses prolific seeders, they are also highly competitive and commonly used herbicides do 

not control these grasses consistently. It has been recorded that when these weeds are left 

uncontrolled they can reduce the yield of sorghum between 25-40% (Ustarroz et al., 2015). 

Weed management strategies are often complex and should be of such a nature that it 

takes into account both short and long term strategies to control weeds and limit seed bank 

establishment. Studies on the economic impact of weeds in Australia indicated that a wider 

adoption of weed control strategies was needed across the whole cropping system of 

Australia. Weed pressure must be limited as well as the impact that weeds have on the 

economy in the long term. Effective strategies should be implemented to minimise the 

replenishing of weed seeds into the soil and to optimise the performance of herbicides (Walker 

et al., 2011). Late infestations of weed species are, however, more troublesome and difficult 

to control and the effect on maize yield have not been determined under South African 

conditions. According to Botha (2010) and Bromilow (2010), reports of maize producers 

experiencing increased grass infestations and low herbicide efficacy against grasses have 

increased since the early 2000’s. Although several grass weeds can influence maize 

production negatively (Botha, 2010; Bromilow, 2010), insufficient control was more evident 

within the Urochloa species complex, especially in the North West and Free State provinces. 

A key factor that make U. panicoides an important and difficult to control weed species 

is its ability to emerge in one major flush. This grass has the ability to develop resistance 

against herbicides and can produce a large number of seeds. It has also been reported that 

this grass species acts as a host for several cereal diseases (Pengelly and Eagles, 1999). 

According to Ustarroz et al. (2015), U. panicoides benefits the most from continuous 

winter cropping systems that are under no-tillage cultivation and cropping practices that 

include a fallow period. Both these scenarios cause the build-up of this weed that result in a 

negative effect on the crop. Urochloa panicoides serves as a good indicator for severely 

grazed pastures. It has been found that U. panicoides together with oats (Avena sativa), 

ryegrass (Lolium spp.), maize (Zea mays) and button grass (Dactyloctenium radulans) can be 
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poisonous to cattle in some cases, because these grasses can accumulate toxic amounts of 

nitrate. This occurrence is more likely to happen when these grass species grow in nitrogen-

rich soils (e.g. fertilised pastures, cattle camps), when wilting occurs in plants or the weather 

is overcast. Urochloa panicoides may have been introduced as a contaminant of cereal seed 

where this species has been introduced into Australia and the USA (Ustarroz et al., 2015). 

Urochloa mosambicensis, also known as buffalo grass, is native to Africa and can be 

found from Kwazulu-Natal North-wards to east Africa (Gibbs et al., 1990). It is also planted as 

a cultivated pasture in Australia. In central Africa, this species usually occurs as a woodland 

species or in open savanna, but in South Africa it favours grassland. This species is also 

known as a ruderal species that is commonly found in areas such as fallow lands, road sides 

and trampled ground and is known to grow in abundance in the presence of light and fertile 

soils (Gibbs et al., 1990). Urochloa mosambicensis is a perennial grass that can remain 

dormant for six to 12 months after harvest. This is due to the physical obstruction that the 

enclosing lemma and palea provide to the embryo. This species prefers habitats with an 

altitude of up to 1600 m above sea level and regions where the annual rainfall is between 400 

- 1200 mm. This species often occurs in grasslands which is overgrazed or disturbed and is 

located in regions of the savanna woodlands and open grasslands. Urochloa mosambicensis 

is not subjected to any major diseases and has no major pests, but it has been reported as 

host to a number of viruses which include Maize Dwarf Mosaic Virus (MDMV) (Gibbs et al., 

1990). 

According to McIvor (1992), seed germination of U. mosambicensis occurs early in the 

wet season and seeds mature between three to four weeks after germination was successful. 

Young plants continue to produce leaves up to 25 weeks after emergence, depending on the 

availability of water. Flowering occurs three to four weeks after the rainy season has started 

and continues until growth ceases. The vegetative growth of this grass species continues until 

the water in the soil is exhausted. Urochloa mosambicensis is an obligate apomict, which 

follows the C4 photosynthetic pathway (McIvor, 1992). 

 

The key to effective control of these problem weeds is a holistic weed management 

approach and not to concentrate only on a single part of their lifecycle. To ensure effective 

control of weeds different integrated weed management strategies must be combined during 

different stages of the weed plant lifecycle. It is important to not only rely on chemical control 

of seedlings (Figure 1.3; Table 1.4). Different weed management strategies can be followed 

(Table 1.4). Limiting the replenishment of the seed-bank diligently will substantially decrease 

future weed problems (Walker et al., 2011). 
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Figure 1.3 The lifecycle of an annual summer grass species (Walker et al., 2011). 

 

Physiology, biology and germination of Urochloa species 

Urochloa species possess good grazing qualities, especially U. mosambicensis, since it 

appeals to livestock and has a high rate of leaf production that can accommodate livestock in 

grazing fields.  In Namibia multiple purposes have been reported for the grain of U. brachyura 

(Hack.) Stap. It is used as a food resource and is distributed in eastern and southern Africa 

where it occurs naturally. According to Whiteman and Gillard (1971), this species is also 

planted as grazing for livestock and is a forage crop introduced into tropical countries, where 

it is also typical to disturbed areas. Under dry conditions these species can contribute to the 

effectiveness of re-establishment since its broad leaves and stolon protects the soil against 

sun, rain and wind (Whiteman and Gillard, 1971). 

Urochloa mosambicensis seed production have been commercialised in Australia. It was 

reported that the germinability of the harvested seeds was very low and under many 

circumstances it was difficult to induce the seed to germinate. These results were observed 

especially when germination tests were done within 12 months after harvest (Silcock et al., 

2015). 

The seeds of these species exhibit strong dormancy and only a small number of them 

will germinate in the following season. According to Walker et al. (2010), germination of these 

species is greatly influenced by temperature. Studies have shown that seed favour 

temperatures higher than 25 °C and that they emergence predominantly during the first year 

after seed rain, which is followed by smaller flushes in the following year. Monitoring and 
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managing of each flush is essential during the warmer months for numerous years after 

replenishment of the seed bank and to prevent outbreaks (Ustarroz et al., 2015). 

According to Walker et al. (2011), Echinochloa crusgalli (L.) Beauv. (barnyard grass) is one of 

the most common summer grass weeds along with U. panicoides in southern Queensland and 

northern New South Wales in Australia. This weed species emerge in several flushes following 

rain and germinate throughout late spring and summer. Urochloa panicoides mostly emerges 

in one large flush late in spring (Walker et al., 2011). The seeds that occur in the soil surface 

layers are only viable for a short period of time, but the deeper the seed burial, the more 

persistent they become. Studies showed that after seeds have been buried for two years at a 

depth of 1-2 cm, only 1-2% remain viable, in contrast to seeds being buried for two years at a 

depth of 10 cm of which approximately 20% remained viable (Figure 1.4) (Walker et al., 2011). 

This indicates that zero tillage systems could effectively lower seed viability when buried at a 

depth of 1-2 cm and that the seed-bank levels can be reduced significantly (Figure 1.4) 

(Walker et al., 2011). 
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Figure 1.4 Relationship between the incidence of barnyard grass seed and burial depth 

in soil over a period of three years (Walker et al., 2011).  

 

According to Milton (2004), grasses use one of two photosynthetic pathways. The first pathway 

is the C3 type that is a carbon-fixing pathway which is most efficient in high altitude 

environments that have cool growing seasons. The second pathway is the tropical C4 type 

which is more efficient in environments where temperatures are relatively high during the 

growing season. South African grasses tend to follow the latter pathway, whereas all annual 

invasive and some of the most invasive perennial alien species tend to follow the C3 pathway 

(Figure 1.5) (Milton, 2004). C4 grasses can outcompete C3 grasses that occur in undisturbed 

vegetation because they use nitrogen more efficiently. This competitive balance is expected 

to change in the future because of the occurrence of global changes in environmental 

conditions. The addition of fertilizers, clearing of vegetation and atmospheric nitrogen levels 

that escalate, all contribute to increases in the availability of nitrogen in the soil. This 

occurrence and the increase in atmospheric CO2 will improve the nitrogen-use efficiency of C3 

grasses that will give C3 grasses a great advantage above C4 grasses (Milton, 2004). 
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Figure 1.5 Process of C3 invasive alien grass introduction, establishment, spread and 

persistence in shrub lands of C4 grasslands (Milton, 2004). 

 

Identification of Urochloa mosambicensis and Urochloa panicoides 

According to Botha (2010), Urochloa mosambicensis is a tufted or spreading perennial grass 

that can grow to a height of up to 1.2 m. Plants are stoloniferous, root and branch from the 

lower nodes and their basal sheaths are densely haired which do not split into fibres. Urochloa 

mosambicensis is easily confused with U. panicoides which is a very short season annual 

plant. The glumes surrounding the U. mosambicensis seeds are more pointed than in the case 

of U. panicoides (Botha, 2010) (Figure 1.6). 

Urochloa panicoides is a tufted annual grass that can grow up to 60 cm high (Botha, 

2010). Its culms, which can be between 6 and 60 cm high, sometimes lie along the soil surface, 

with the extremity curving upwards, rooting from the lower nodes usually with flowering 

branches.  The leaves have hairs that are usually densely to loosely arrange with tubercle-

base hairs (Kackar and Shekhawat, 1991). The leaf blades can grow up to 12 mm wide and 

is expanded, light green in colour and the margins are thickened and crinkled. 

The ligule which of U. panicoides is the narrow strap-shaped part of the plant, with a 

membrane on the inner side of the leaf sheath, situated at the junction. The blade in most 

grasses and sedges have a line of hairs 1 mm long. The inflorescence is up to 8 cm long, 

containing 2-7 racemes that can grow up to 6 cm long. The spikelet is somewhat flattened, 4-
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5 mm long and forms two regular rows which is solitary and almost sessile. The glumes of U. 

panicoides are unequal, the lower one-quarter to one-third as long as the spikelet and the 

upper lemma is mucronated (Kackar and Shekhawat, 1991). 

The small lower glume of U. panicoides readily distinguishes it from other species of 

Urochloa found in South Africa. A number of Brachiaria species also have short lower glumes 

and may be confused, but spikelets in Brachiaria are generally plump, not flattened, and the 

upper lemma is not mucronated. Seedlings of U. panicoides are easily distinguished because 

of their broad, yellow-green, pale leaves that have hairs on the leaf sheaths and margins 

(Figure 1.7) (Walker et al., 2011). 

 

Table 1.3 Description of the different plant organs of Urochloa mosambicensis and U. 

panicoides and how they differ from each other (Botha, 2010). 

Organs Urochloa mosambicensis Urochloa panicoides 

Culms Lower ones are kneed (geniculate), often with 

roots at the lower nodes, which are hairy 

(hirtous). 

Often decumbent with roots at 

the lower nodes, spread 

outwards from the centre. 

Leaf sheaths Finely striped, sometimes purple at the nodes, 

hairy with fine white hairs up to 3 mm long. 

Ligule is a hairy ring up to 2 mm long. 

Loosened from the clums, 

finely striped, hirtous with small 

knobs at the base of the hairs, 

the ligule is a deep, ciliate 

edge. 

Leaves Up to 30 cm long and 2 cm wide, wavy 

(undulate) and hairy, especially at the margins, 

main vein and near the sheath. 

Up to 8 cm long and 1.8 cm 

wide, light green and 

characteristically wavy 

(undulate) even as a seedling. 

Inflorescence Consist of 4-7 spikes, each up to 10 cm long, 

alternately arranged on an anthoclinium up to 1 

m long. 

Consist of 2-7 spikes, each up 

to 6 cm long. 

Spikelets In two regular rows, each up to 5 mm long, the 

lower glume more than two-thirds the length of 

the spikelet. 

In two regular rows, alternately 

arranged on the anthoclinium, 

hairless (glabrous), with the 

lower glumes one third of the 

length of the spikelet. 

Seeds 

(caryopses) 

Are light straw-coloured, nearly white, oval, 

flattened, the whole surface is covered in fine 

ridges, up to 2 mm long and 1.3 mm wide 

(Figure 1.6 a). 

Straw-coloured, oval flattened, 

with fine ridges across one 

side, with a short, blunt apex, 

and are up to 3 mm long and 

1.7 mm wide (Figure 1.6 b). 
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Figure 1.6 Photos of the seed of a) Urochloa mosambicensis and b) U. panicoides, 

illustrating the differences between the shape of their seeds. 

 

Figure 1.7 Photos of a) Urochloa mosambicensis and b) U. panicoides plants illustrating 

the differences between their tufts. Weed control strategies and reducing the risk of 

glyphosate resistance 

The agricultural sector has transformed over time from a traditional, low-input practice to an 

intensive, chemical-driven sector which has changed farming systems. The introduction of 

glyphosate (commercially formulated Roundup®) during the 1970’s started a new era in weed 

control. Glyphosate is often considered as the herbicide of choice in comparison with other 

herbicides currently on the market and is the world’s top selling herbicide due to its affordability 

(Helander et al., 2012). 

 

Herbicides 

Herbicides are classified according to the weed control spectrum, labelled crop usage, mode 

of action, chemical families and the application method or timing (Armstrong, 2013). 

Herbicides have different modes of controlling weeds. Contact herbicides will only kill a plant 

if the herbicides come into direct contact with the leaves of the plant, the flowers or the stem 

a) b) 

a) b) 
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surface, whereas systemic herbicides are applied onto the soil where it is absorbed through 

the foliage or roots and translocated throughout the entire plant (Anonymous, 2016). 

Herbicides are considered either as selective or non-selective according to their activity. 

Selective herbicides only target a specific species without damaging the desirable plants, in 

contrast to non-selective herbicides that control all plant species present when the herbicide 

is applied according to the label rate (Anonymous, 2016). 

For herbicides to work effectively they must (1) come in contact with the plant 

successfully, (2) be absorbed by the plant, (3) not be deactivated while moving through the 

plant to the site of action, and, (4) at the site of action, reach a toxic level (Anonymous, 2016). 

The order of events from the starting point where the plant absorbs an herbicide until its final 

destination where the plant is killed is referred to as the “mode of action” while the “site or 

mechanism of action” is the specific site the herbicide affects (Table 1.4) (Nandula and Vencill, 

2015). 

It is important to understand the herbicides mode of action, because it will specify the 

application technique, help identify the group of weeds it will affect, identify possible herbicide 

injury problems and contribute to preventing herbicide-resistance in weeds (Tables 1.4 and 

1.5) (Nandula and Vencill, 2015). 

  



266 
 

Table 1.4 Important herbicide groups used in this study and their credentials 

(Armstrong, 2013). 

 

                    *Family- Herbicides with common chemistry (Armstrong, 2013). 

                      *WSSA group- Weed Science Society of America (Table 1.4) (Vink et al., 2012). 

  

Mode of action Site of action WSSA 

group 

family Active 

ingredient 

Trade name 

Cell membrane 

disrupters 

Photosystem 1 22 bipyridyliums Paraquat Gramoxone 

Amino acid 

biosynthesis 

inhibitors 

EPSP enzyme 9 amino acids, 

derivative 

(glycines) 

Glyphosate Roundup® 

Seedling growth 

inhibitors (shoot) 

Unknown 15 chloroacetamides Acetochlor Harness® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Mesotrione Callisto® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Tembotrione Laudis® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Topramezone Stellar® 

Mode of action Site of action WSSA 

group 

family Active 

ingredient 

Trade name 

Cell membrane 

disrupters 

Photosystem 1 22 bipyridyliums Paraquat Gramoxone 

Amino acid 

biosynthesis 

inhibitors 

EPSP enzyme 9 amino acids, 

derivative 

(glycines) 

Glyphosate Roundup® 

Seedling growth 

inhibitors (shoot) 

Unknown 15 chloroacetamides Acetochlor Harness® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Mesotrione Callisto® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Tembotrione Laudis® 

Pigment inhibitors 

(bleaching) 

4-HPPD enzyme 27 triketones Topramezone Stellar® 
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Table 1.5 Summary of herbicide mechanisms of action according to the Weed Science 

Society of America (WSSA) (Vink et al., 2012). 

Group Mechanism of action 

1 Acetyl CoA Carboxylase (ACCase) Inhibitors 

2 Acetolactate Synthase (ALS) or Acetohydroxy Acid Synthase (AHAS) Inhibitors 

3, 15, 23 Mitosis Inhibitors 

4 Synthetic Auxins 

5, 6, 7 Photosystem II Inhibitors 

8, 16 Fatty Acid and Lipid Biosynthesis Inhibitors 

9 Enolpyruvyl Shikimate-3-Phosphate (EPSP) Synthase Inhibitors 

10 Glutamine Synthetase Inhibitors 

11, 12, 13, 27  Carotenoid Biosynthesis Inhibitors 

14 Protoporphyrinogen Oxidase (PPG oxidase or Protox) Inhibitors 

17, 25, 26 Potential Nucleic Acid Inhibitors or Non-descript mode of action 

18 Dihydropteroate Synthetase Inhibitors 

19 Auxin Transport Inhibitors 

20, 21, 28, 29 Cellulose Inhibitors 

22 Photosystem I Inhibitors 

24 Oxidative Phosphorylation Uncouplers 

 

Cell membrane disrupters 

Cell membrane disrupters controls mostly broadleaf weeds, but some products have an effect 

on grasses. Paraquat (Gramoxone) is a broad-spectrum herbicide which controls many weed 

species (Anonymous, 2016). These herbicides are known as contact herbicides which 

destruct the cell membranes and within hours after application appears to burn the plant 

tissue. To ensure maximum activity the plant tissue needs thorough herbicide coverage and 

bright sunlight (Nandula and Vencill, 2015). 

According to Nandula and Vencill (2015), the injury symptoms of these contact herbicides 

which destroys the cell membranes through means of cellular breakdown, allows the cell 

contents (sap) to leak through which gives the plant a “water-soaked” appearance that is 

followed by wilting and burning, or the leaf appears brown with speckling. The plant dies within 

a few days.  

 

Amino acid biosynthesis inhibitors 

This group of herbicides is effective on annual broadleaves. However, glyphosate, which is 

also in this large group have activity on grasses, perennial plants and nutsedge. Glyphosate 

(Roundup®), is also a broad-spectrum herbicide which enables this herbicide to have activity 

over a wide range of plant species. These herbicides target one or more key enzymes and 
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interfere with these enzymes catalysing the production of certain amino acids in the plant 

which then slowly starts to slow down the metabolic process of the plant (Harding et al., 2003). 

Sensitive plants stop growing almost immediately and the injury symptoms shows that the 

plant become straw coloured a few days or weeks after application, turning brown gradually 

and then die off (Harding et al., 2003). 

 

Seedling growth inhibitors (root and shoot) 

According to Locke et al. (2000), cell division is prevented by herbicides in this group, mainly 

in developing root tips. These herbicides are most effective on annual, small-seeded, 

germinating grasses and some broadleaves. 

The injury symptoms show that treated seeds that germinate tend to fail to emerge or the 

seedlings that emerge have thickened shortened low stems, smaller leaves and short, club-

shaped roots. Grass seeds generally fail to emerge (Locke et al., 2000). 

 

Pigment inhibitors 

These herbicide products are referred to as “bleachers” and control a wide range of broad 

leave species and some grasses. The normal formation of chlorophyll is altered which inhibit 

the carotenoid biosynthesis (the HPPD enzyme) (Dawson et al., 1999). 

The injury symptoms are very notable and the identification thereof is easy. Treated plants 

either do not emerge or are deformed, white or bleached, older leaf tissue is affected first, and 

eventually die off (Dawson et al., 1999). 

 

1.6.1.5 Glyphosate  

For Glyphosate to work sufficiently the enzymes of the shikimate metabolic pathway has to be 

inactivated (Figure 1.8). The shikimate pathway is found in plants and microbes (Helander et 

al., (2012). According to Helander et al. (2012), glyphosate targets and kills non-selectively 

and is efficient against almost all herbaceous plants. 

  



269 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.8 Glyphosate inhibits the 5-enolpyruvylshikimate-3-phosphate synthase 

(EPSPS) in the shikimate acid pathway. This interferes with the production of proteins 

and other molecules that require tryptophan, tyrosine or phenylalanine as precursors. 

Some of the blocked molecules act as growth promotors or defence metabolites for 

plants (Helander et al., 2012). 

The application of herbicides expanded significantly with the trend to minimise tillage in crop 

production and the introduction of transgenic Roundup Ready® (RR) crops. Glyphosate is a 

broad spectrum herbicide that can be applied post-emergence to RR crops and weeds, 

thereby minimising production costs in the long-term. Herbicide selectivity (crop safety) 

should, however, be protected at all costs. With the current repeated application of glyphosate 

at high rates in RR crops, a strong selection pressure is maintained which increases the risk 

of resistance evolution of certain weed species (Johnson, 1997). There are however also 

effects on weed species composition in crops fields and reports of effects on soil biota (Duke 

and Cerdeira, 2010). 

According to Walker et al., (2010), resistance have been documented in Australia 

against atrazine and glyphosate in U. panicoides populations. The latter authors also reported 

that U. panicoides can be controlled with 2,4-D during its seedling stage, however, the mature 
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plants were not controlled completely and regrowth started from the root reserves. Other active 

ingredients have been applied to Urochloa sp. post emergence and failed to control it (Walker 

et al., 2010). 

In farming systems where zero tillage practices are followed in predominantly winter 

cropping systems a very high risk is present of summer grasses developing resistance against 

glyphosate. Integrated weed management will help to prevent weeds reaching problematic 

levels and minimise the risk of resistance development. It is important to ensure that after 

glyphosate is applied no seed will be shed by surviving weed plants (Walker et al., 2011). 

A resistance model compiled by the Department of Primary Industries and Fisheries (DPI&F) 

applied in Australia, predicted that in a winter cropping system, Echinochloa crusgalli 

(barnyard grass) may develop resistance to glyphosate within 15 to 20 years of commencing 

zero tillage. This is in cases where the control of summer fallow weeds exclusively relies on 

glyphosate and the survivors are not controlled (see scenario 1 in Figure 1.9) (Walker et al., 

2011). 

Adding a summer crop and using additional effective grass-selective herbicides, for 

example atrazine in sorghum, will increase the sustainability of glyphosate use by 

approximately 5 to 6 years (scenario 2 in Figure 1.9). The sustainable life of glyphosate can 

be extended further if the surviving plants of the first fallow flush are controlled either by means 

of tillage or double knock (scenario 3 in Figure 1.9). Double knocking is the use of two different 

weed control techniques consecutively, one to 14 days apart. This is expected to give 100% 

control of the target species that emerge, thus preventing surviving plants from adding more 

seeds to the soil bank (Storrie, 2008). The model predicts that if the survivors in the following 

fallow summer flushes are effectively managed it will add 30 years or more to the glyphosate-

susceptible period of barnyard grass populations (scenario 4 in Figure 1.9) (Walker et al., 

2011). 
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Figure 1.9 The predicted evolution of glyphosate resistance in barnyard grass under 

different cropping and weed management systems (Walker et al., 2011).
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Table 1.4. Strategies to control annual summer grass weeds in different stages of their lifecycle (Walker et al., 2011). 

Annual summer grass lifecycle 

Strategies to stop 

 seed production 

Strategies to stop  

seed rain 

Strategies to deplete seed bank Strategies to control 

 seedlings 

Strategies to prevent 

introduction of new seeds 

Fallow 

Spot spraying 
Grazing 
Chipping 

Few effective options 
are available during this 
part of the weed plants 
lifecycle 

Fallow 

Residual herbicides 

Fallow 

Cultivation 
Knock-down herbicides 
Double knock 

Fallow 

Manage adjacent non-crop 
areas 
Machinery hygiene 
Stop movement with stock 

At and just prior to planting 

Sow competitive crop 

At and just prior to planting 

Pre-emergent residual 
herbicides 
Band application of residual 
herbicides 
Delayed sowing 

At and just prior to planting 

Sowing with full disturbance 
Knock-down herbicides 
Double knock 
Sow competitive crop 

At and just prior to planting 

Manage adjacent non-crop 
areas 
Sow weed-free seed 
Machinery hygiene 

In-crop 

Crop desiccant for late flushes 
Spot spraying 
Chipping 

In-crop 

Lay-by application of residual 
herbicides (Directed/shielded) 

In-crop 

Selective post-emergent 
herbicides (Overall/banded over 
row) 
Inter-row cultivation 
Shielded spraying of knockdown 
herbicides 

In-crop 

Manage adjacent non-crop 
areas  
Machinery hygiene 
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Several herbicides have been registered for the chemical control of U. mosambicensis and U. 

panicoides (Table 1.5) and the lines highlighted in h grey indicate herbicides that are 

registered for both U. mosambicensis and U. panicoides grass weed species. 

 

 

 

*List compiled as indicated on the labels provided by different companies. 

Problem statement and impact of research 

Urochloa mosambicensis and U. panicoides are morphologically very closely related species. 

The correct identification of these species is often very difficult especially for maize producers 

because of the lack in knowledge regarding these species and because the differences 

between these two species are very subtle. The incorrect identification of these grass species 

could lead to the use of wrong herbicides for control, which could lead to the weeds becoming 

problematic. This study focussed on the biology, optimal conditions where these species 

flourish and the control of U. mosambicensis and U. panicoides to help address challenges 

that producers experience. This will help promote sustainable control of the relatively unknown 

U. mosambicensis and U. panicoides species that may become more dominant in years to 

come if precautions are not taken. 

 

Aims and objectives 

The aims of this study were to:  

Evaluate the comparative aggressivity and competition abilities of U. mosambicensis and U. 

panicoides 

Determine the most effective method of chemical control for each of these species. 

  

  

  

  

  

  

  

  

  

  

  

Table 1.5 Herbicides registered in South Africa for control of Urochloa mosambicensis and 

Urochloa panicoides.  
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Report on attempts to develop methods to induce germination and/or break the dormancy 

effect of U. mosambicensis and U. panicoides seed. 
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Chapter 2 - Comparative interference of the aggressivity and competition status 

between Urochloa mosambicensis and Urochloa panicoides 

  

2.1 Abstract report 

The competitive ability of Urochloa mosambicensis and Urochloa panicoides has not been 

studied on crops in South Africa. As a result, trials were done to determine the comparative 

level of aggressivity of these grass weed species for a wet and dry soil profile in two soil types. 

The two soil types were a sandy loam (16% clay, 79% sand and 5% silt) and sandy clay-loam 

(35% clay, 59% sand and 5% silt). A replacement series design was used in which U. 

mosambicensis and U. panicoides plants were grown in five ratios of the two grass weed 

species (4:0, 3:1, 2:2, 1:3 and 0:4). The respective Urochloa species were planted at a density 

of four plants per pot in two soil profiles (a wet and dry soil profile) per soil type. After the 

seedlings were established, the trial was maintained until plants reached maturity. Tiller and 

panicle numbers as well as above- and below-ground biomass were determined at 81 days 

after planting. Competitive indices, including the competitive ratio (CR), relative yield (RY), 

aggressivity index (AI), relative yield total (RYT) and relative crowding coefficient (RCC) were 

calculated for dry mass of shoots, roots and total biomass. It was expected that U. panicoides 

would outperform U. mosambicensis because it is a better known weed and more herbicides 

are registered on U. panicoides than on U. mosambicensis, indicating a bigger weed status. 

However, U. mosambicensis had the highest number of tillers, tiller mass, panicle mass, shoot 

mass, root mass and total biomass for both the soil treatments and their respective profiles. 

This indicates that this species may become more troublesome in the future. Both Urochloa 

species performed better in the 16% clay soil treatment and in the wet soil profile.
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2.2 Introduction  

The effective use of herbicides, cultivation methods and crop rotation are the main attributes 

of successful weed control programs. However, the constant use of a variety of chemicals 

increases the number of weeds that develop resistance to herbicides (Park et al., 2003). 

Biodiversity of weeds are changing from mixed weeds to single grass weed species that 

dominate the weed flora of arable fields (Salonen et al., 2005). Concerns for public health are 

increasing because of excessive use of pesticides in some cases (Conway and Pretty, 1991). 

Due to this, interest in non-chemical weed control have increased, moving away from herbicide 

use and focusing more on other methods of control (Weiner et al., 2001), for example, inter 

cropping and organic farming (Lampkin, 2003).  

According to Weigelt and Joliffe (2003), competition is a valuable factor in biology and it 

has been studied in many settings and for many purposes. Studies of weed and crop 

competition can be useful since such analyses can be used to predict yield losses due to weed 

presence and to determine optimum periods of weed control (Radosevich, 1987). The severity 

of weed competition and manifestation thereof in crop losses will depend on the time of 

emergence, dominant weed species, level of infestation and the duration of the infestation 

period (Weigelt and Joliffe, 2003). Collecting information on competitive abilities of Urochloa 

mosambicensis and U. panicoides will contribute to improving the implementation of weed 

control practices in agriculture and forestry systems and help to achieve biological or 

economically optimal crop production. Since plant communities and population functions and 

structure are easily affected by competition, it is important to understand the influence 

competition may have on the allocation patterns of plant biomass for resources (Xu et al., 

2010).  

Competition is the competitive interaction between individuals, brought about by a 

mutual requirement for limited resources, leading to a reduction in fitness reproduction, growth 

and survival (Weigelt and Jolliffe, 2003). Competition consists of different characteristics that 

can be examined from different perspectives, for example, importance, intensity, effect and 

outcome (Weigelt and Jolliffe, 2003). According to Radosevich (1987) the process of 

competition can be determined or influenced by environmental factors, emergence 

characteristics, growth rates and other components such as plant size and function. 

According to Joliffe (2000) and Snaydon (1991), the replacement series design is commonly 

used to investigate and determine the interaction between two species. The replacement 

series generates valuable information when establishing the degree of competition between 

two species and relating the effect of competition (Xu et al., 2010). When studying the 

interactions among neighbouring plants it is important to take in account the proximity factors 

of plant density, spatial arrangement and proportion of species. According to Xu et al. (2010), 

plants can interact with each other positively or negatively, simultaneously and bi-directionally, 
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resulting in a net balance. The direction and intensity of plant interactions differ as a function 

of resource availability and plant performance, and the net balance influences the composition 

and structure of the plant community. When a plant responds to resource limitations, for 

example nutrients and water, it could result in changes in leaf morphology, phenology, 

biomass accumulation, root:shoot ratio and resource-use efficiency (Xu et al., 2010).  

When selecting indices to work with it should be experiment specific and should have 

an imperative understanding on the interpretation of results (Xu et al., 2010). Only selective 

indices can be successfully utilized in a replacement series design. Statistical and 

mathematical properties should therefore be included, as well as specificity and clarity of 

meaning (Snaydon, 1991; Weigelt and Jolliffe, 2003). Understanding the aggressivity and 

competitive ability of U. mosambicensis and U. panicoides can offer beneficial information for 

control purposes to be involved in an integrated weed control program where one or both of 

these species occur. The aim of this study was to determine competitiveness between and 

aggressivity of two Urochloa species, based on their vegetative growth and biomass 

production in a replacement series design.  

 

2.3 Materials and methods 

2.3.1 Growth conditions 

A glasshouse trial was conducted at the Agricultural Research Council (ARC) – Grain Crop 

Institute, Potchefstroom, North West province, South Africa (-26o43’57.46”; +27o4’.44.98”). 

Seeds of U. mosambicensis and U. panicoides were collected as described in chapter one 

and stored in the germination chamber (15 °C) at the ARC-Grain Crops Institute, 

Potchefstroom, until the trials commenced.  

Two soil types were used to conduct this glasshouse trial namely a sandy loam soil (16% clay, 

79% sand and 5% silt) and a sandy clay-loam (35% clay, 59% sand and 5% silt). The soil was 

sterilized separately with methyl bromide, sieved into square asbestos pots with a diameter of 

360 x 360 x 360 mm and drainage holes in the bottom for the free flow of water. Greenhouse 

conditions were 15/30 °C, with a photoperiod of 10/14 h (dark/light) to simulate natural growing 

conditions. The containers were watered daily for three months and unwanted weeds removed 

before planting commenced. After all the unwanted weeds were removed, the two soil types 

were sub-divided into two soil profiles each that served as a wet treatment, where water was 

not a limiting resource and a dry treatment, where water availability was limited. The wet soil 

profile received 2 L water daily and the dry soil profile received 1 L daily. Soil water content 

(SWC) was measured using a Decagon ECH2O check hand held meter (SWC measured in 

volume percent, cm.m-1). Decagon 10HS (20 cm in length) probes were positioned and buried 

in the middle of each asbestos pot to measure SWC before watering of pots. The wet soil 

profile was maintained at a SWC greater than 60% and the dry soil profile was kept at a SWC 
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lower than 40%. Watering volumes were adjusted to ensure that the wet soil profile received 

50% more moisture than the dry soil profile before the trial commenced. 

 

2.3.2 Species combination design 

Four holes with a depth of 2 cm were made in the four outer corners of each pot and according 

to a replacement series experimental design, seeds of the respected grasses were planted on 

15 August 2016. When two true leaves were visible, the grass seedlings were thinned out to 

only one plant per hole so the respected grass weeds were grown at a density of four plants 

per pot. The sandy soil treatment (35% clay) and sandy loam soil treatment (16% clay) each 

had a wet and dry soil profile which contained five treatment combinations each at proportions 

percentages of 100:0, 75:25, 50:50, 25:75 and 0:100. Definite plant numbers per pot for each 

treatment combination were 4:0, 3:1, 2:2, 1:3 and 0:4 respectively. Treatments were replicated 

three times in each soil treatment and their respected profiles. The trial was maintained until 

the grasses reached maturity, when the leaves started to die off, 88 days after planting (DAP). 

 

 

 

Figure 2.1 Illustration of the aggressivity trial layout in the glasshouse. 
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2.3.3 Biomass sampling 

Tillers and panicles were counted and noted 88 DAP. The panicles (most seeds intact) were 

separated for each plant per pot and each grass species, respectively. Shoots were cut off at 

soil surface. Roots were carefully recovered from the soil and washed to remove excess soil. 

Wet mass of the panicles and tillers were recorded directly after harvest. Panicles, tillers and 

roots were then placed in an oven for 48 hours at 55 °C and thereafter the dry mass was 

noted. Total dry biomass per species and for each treatment were calculated as the sum of 

panicle mass and tiller mass (shoots). The root: shoot ratio was determined for each treatment. 

Seed mass of a 100 seeds per species was determined and total seed mass was calculated 

as a function of panicle mass.  

 

2.3.4 Competition indices 

Weigelt and Jolliffe (2003) summarised the competitive indices used for the competition trials. 

The Aggressivity index (AI) and Competitive ratio (CR) indices were used to study the intensity 

of competition between the two Urochloa species and the relative yield (RY) index was used 

to analyse the competition effect between these grass species. All the indices were calculated 

accordingly for this study. To compare the relative competitiveness of each Urochloa species, 

the relative crowding coefficient (RCC) was calculated. All indices were calculated for shoot, 

root and total biomass per pot.  

 

2.3.5 Aggressivity index (AI) 

Aggressivity compares the relative biomass increase of species “a” with species “b” in a 

mixture, as well as measures the interspecies competition of the two components compared 

to their respective monocultures (Jolliffe, 2000). The AI was calculated in this study to 

determine to which extent U. mosambicensis and U. panicoides combinations differ from their 

respective monoculture plantings, using the following equations:  

For mixtures:  𝐴𝐼𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 𝑥 𝑍𝑎𝑏
−

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 𝑥 𝑍𝑏𝑎
  [3.1] 

   𝐴𝐼𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 𝑥 𝑍𝑏𝑎
−

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 𝑥𝑍𝑎𝑏
 [3.2] 

For monoculture: 𝐴𝐼𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎
−

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
  [3.3] 

   𝐴𝐼𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
−

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎
  [3.4] 

DMYab: dry mass yield of shoot, root and total biomass production for species “a” (U. 

mosambicensis) in mixture with species “b” (U. panicoides) 

DMYaa: dry biomass of U. mosambicensis in monoculture  

DMYbb:  dry biomass for U. panicoides in monoculture 
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Zab (da/dab) and Zba (db/dba): sown proportions of U. mosambicensis and U. panicoides, 

respectively. 

 

2.3.6 Competitive ratio (CR) 

Jolliffe (2000) explained that the CR index measures and compares the competitive ability and 

changes in growth parameters of plants within a given combination. This index also identifies 

which plant characteristics are associated with its competitive abilities. The CR index was 

calculated using the following equation:  

 

For mixtures:  CR𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
/

𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏 
  [3.5] 

   CR𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
/

𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
  [3.6] 

 

2.3.7 Relative yield (RY) 

Relative yield explains a species’ demand for resource(s) that are limited (Zada et al, 1988; 

Jolliffe, 2000). Relative yield was calculated using the equation: 

For mixtures:  RY𝑎𝑏 =
𝐷𝑀𝑌𝑎𝑏

𝐷𝑀𝑌𝑎𝑎 
    [3.7] 

   RY𝑏𝑎 =
𝐷𝑀𝑌𝑏𝑎

𝐷𝑀𝑌𝑏𝑏
    [3.8] 

 

2.3.8 Relative crowding coefficient (RCC) 

The competitive capability of one species to gain limiting resources while grown in a mixture 

with other species, compared to its capability to use those resources when grown in a 

monoculture is determined through the relative crowding coefficient (RCC). The total dry mass 

yield (DMY) was used to determine the RCC values using an equation adapted by Novak et 

al. (1993): 

RCC = (((DMYa(75:25)/DMYb(75:25) + (DMYa(50:50)/DMYb(50:50) + (DMYa(25:75)/DMYb(25:75))/3 / 

(DMYa(100:0)/DMYb(100:0))   [3.9] 

 

2.3.9 Statistical analyses 

An experimental block design was used. The treatment layout was a split-plot with whole plots 

as the two water regimes (wet and dry soil profile) randomly allocated within each of the four 

block replicates. The sub-plot treatments were five mixture ratios 4:0, 3:1, 2:2, 1:3, 0:4 of the 

two species allocated within each main plot.  

The measurements were subjected to appropriate analysis of variance (PROC GLM 

procedure) using SAS version 9.2 statistical software (Clark, 1999). Shapiro-Wilk's test was 
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performed on the standardised residuals to test for deviation from normality (Zada et al, 1988). 

Means of significant effects were compared using Student t-LSD (Least Significant 

Differences) at a 5% significance level (Clark, 1999). 

 

2.4 Results 

The effects of the respective treatment combinations of U. mosambicensis and U. panicoides 

on dry mass accumulation when grown in the wet and dry profiles of the sandy loam soil (16%) 

and sandy clay-loam soil (35%) treatments are shown in Tables 2.1 and 2.2. 

Treatment ratios are denoted throughout as Urochloa mosambicensis: Urochloa panicoides 

(M: P). Although the treatment combinations for the two soil types (16% and 35% clay) had a 

significant main effect on all parameters, the treatment combination x species interaction had 

a significant effect on all the parameters for both the weed species (Tables 2.1 and 2.2).  

In the 16% soil treatment, the only significant soil profile x species interaction was recorded in 

the number of tillers (F=6.1; P=0.0199) (Table 2.1), whereas in the 35% treatment the root 

mass (F=7.13; P=0.0125) (Table 2.2) was the only parameter that showed a significant soil 

profile x species interaction. 

The number of panicles (F=12.67; P=0.0001), shoot mass (F=3.87; P=0.0327) and total 

biomass (F=4.01; P=0.0294) were the only parameters in the 16% soil that showed a 

significant treatment combination x soil x species interaction (Table 2.1). However, in the 35% 

soil profile, no significant three-way interactions were observed in any of the parameters 

(Table 2.2). 
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Table 2.1 The effect of treatment combinations on numbers of tillers and panicles, tiller 

mass, panicle mass, shoot mass, root mass and total biomass of Urochloa 

mosambicensis and Urochloa panicoides per pot for the wet and dry soil profiles in the 

sandy loam (16%) soil treatment (See ANOVA table 2.12). 

Treatment 

ratio 

Soil 

profile 

No. of 

tillera 

No. of 

paniclesb 

Tiller 

massc 

Panicle 

mass 

Shoot 

massd 

Root 

mass 

Total 

biomasse 

Urochloa mosambicensis 

4M:0P Dry 1.83 3.04 2.19 0.61 2.81 0.09 2.91 

3M:1P 2.29 3.33 2.54 0.54 3.08 0.14 3.22 

2M:2P 3.55 7.58 3.45 1.35 4.80 0.23 5.03 

1M:3P 9.00 15.50 9.30 2.31 9.01 0.41 9.43 

4M:0P Wet 2.08 4.73 2.94 0.85 3.79 0.14 3.93 

3M:1P 2.40 9.11 4.15 1.27 5.42 0.21 5.64 

2M:2P 4.08 14.58 6.13 1.80 7.93 0.31 8.24 

1M:3P 8.33 24.33 12.06 3.61 15.67 0.57 16.24 

Urochloa panicoides 

0M:4P Dry 1.56 7.18 1.18 0.33 1.52 0.09 1.61 

1M:3P 3.74 8.44 3.51 0.69 4.20 0.13 4.34 

2M:2P 3.75 14.16 3.55 0.96 4.52 0.16 4.68 

3M:1P 12.33 15.33 8.34 1.07 9.42 0.42 9.84 

0M:4P Wet 1.94 10.62 2.01 0.58 2.59 0.13 2.73 

1M:3P 2.81 9.55 2.64 0.83 3.47 0.16 3.64 

2M:2P 3.75 21.75 6.21 2.14 8.36 0.31 8.68 

3M:1P 9.00 39.00 8.71 2.94 11.65 0.72 12.37 

 LSD   (Soil profile X Species)  0.71 ns ns ns ns ns ns 

LSD (Treatment ratio X 

Species)  

1.01 3.76 2.25 0.48 2.32 0.10 2.36 

LSD   (Treatment ratio X Soil 

profile X Species) 

ns 5.32 ns ns ns ns ns 

a
Number of tillers; 

b
Number of panicles; Shoot mass is the sum of panicle and tiller mass; 

e
Total biomass is the sum of shoot 

and root mass 
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Table 2.2 The effect of treatment combinations on numbers of tillers and panicles, tiller 

mass, panicle mass, shoot mass, root mass and total biomass of Urochloa 

mosambicensis and Urochloa panicoides for the wet and dry soil profiles in the sandy 

clay-loam (35%) soil treatment (See ANOVA table 2.12). 

Treatment 

ratio 

Soil 

profile 

No. of 

tillersa 

No. of 

paniclesb 

Tiller 

massc 

Panicle 

mass 

Shoot 

massd 

Root 

mass 

Total 

biomasse 

Urochloa mosambicensis  

4M:0P Dry 1.16 1.48 0.78 0.13 0.91 0.10 1.02 

3M:1P 1.52 2.41 1.38 0.15 1.53 0.11 1.65 

2M:2P 2.44 2.00 1.24 0.21 1.46 0.19 1.66 

1M:3P 9.66 15.33 6.24 0.99 7.24 0.64 7.88 

4M:0P Wet 1.44 2.96 0.72 0.14 0.87 0.24 1.12 

3M:1P 1.70 5.18 1.74 0.37 2.10 0.12 2.23 

2M:2P 3.75 4.16 1.52 0.35 1.87 0.27 2.14 

1M:3P 7.33 16.33 6.83 1.70 8.53 1.76 10.30 

Urochloa panicoides  

0M:4P Dry 1.56 2.10 0.25 0.06 0.31 0.08 0.39 

1M:3P 3.07 3.96 0.95 0.08 1.03 0.13 1.16 

2M:2P 3.83 5.33 0.92 0.12 1.55 0.17 1.72 

3M:1P 4.33 5.66 4.12 0.10 4.23 0.70 4.93 

0M:4P Wet 1.35 2.96 0.36 0.1 0.45 0.10 0.56 

1M:3P 1.55 4.85 1.14 0.35 1.50 0.12 1.62 

2M:2P 2.33 5.83 1.09 0.35 1.45 0.15 1.60 

3M:1P 7.00 19.33 4.57 0.66 5.23 0.35 5.58 

LSD (Soil profile X Species ns ns ns ns ns 0.25 ns 

LSD (Treatment ratio X 

Species) 

2.87 7.92 1.07 0.43 1.44 0.35 1.42 

LSD   (Treatment ratio X 

Soil profile X Species) 

ns ns ns ns ns ns ns 

a
Number of tillers; 

b
Number of panicles; 

c
Tiller mass includes panicle mass; 

d
Shoot mass is the sum of panicle and tiller mass; 

e
Total biomass is the sum of shoot and root mass 

 

The treatment combination x species interaction was only significant for tiller numbers in the 

sandy loam (16%) soil (Table 2.1).  The number of tillers (F= 11.18; P<0.0024) differed 

significantly between species in the 16% soil treatment (Table 2.3). Urochloa mosambicensis 
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(1M: 3P) had on average two tillers less compared to U. panicoides (3M: 1P). In Table 2.3 it 

is shown  that four U. mosambicensis had more tillers than four U. panicoides while a single 

U. panicoides plant had more tillers than a single  U. mosambicensis plant.  Tillers differed 

significantly between the soil x species and ratio x species treatment combinations. Urochloa 

mosambicensis and U. panicoides had on average four tillers in both soil profiles in the sandy 

loam (16%) soil treatment. 

Combination x species and combination x soil profile x species were the only significant 

interactions in terms of panicle numbers (Table 2.1). The number of panicles (F=28.27; 

P<0.0001) differed significantly between species in the 16% soil treatment (Table 2.3).  

Urochloa panicoides (0M: 4P) had on average four more panicles than U. mosambicensis 

(4M: 0P). Urochloa mosambicensis and U. panicoides had significantly fewer panicles (50% 

less) in the dry soil profile in comparison with the wet soil profile (Table 2.3). 
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Table 2.3 Tiller and panicle numbers of Urochloa mosambicensis and Urochloa 

panicoides grown in different ratios within a replacement series for a wet and dry soil 

profile in the 16% soil treatment (See ANOVA table 2.12). 

 

 

The combination x species interaction treatment was the only significant interaction for the 

tiller and panicle numbers in the sandy clay loam soil (35% clay) (Table 2.4). The number of 

tillers differed significantly between the different treatment ratios of the two grass species. 

Urochloa mosambicensis (1M: 3P) had on average three tillers per pot more compared to U. 

panicoides (3M: 1P). Tiller numbers did not differ significantly between the other treatment 

combinations. The number of tillers of U. mosambicensis and U. panicoides did not differ 

Treatment 
ratio 

Urochloa mosambicensis Urochloa panicoides 

Dry Wet Mean Dry Wet Mean 

Number of Tillers per pot  

0M:4P    1.56 1.94 1.75 

1M:3P 9.00 8.33 8.67 3.74 2.82 3.28 

2M:2P 3.58 4.08 3.83 3.75 3.75 3.75 

3M:1P 2.30 2.41 2.35 12.33 9.00 10.67 

4M:0P 1.83 2.08 1.96    

Mean 4.18 4.23  5.35 4.38  

LSD(Soil profile X Species) = 0.71 

LSD(Treatment ratio X Species)= 1.00 

LSD(Treatment ratio X Soil profile X Species)= ns 

Treatment 
ratio 

Urochloa mosambicensis Urochloa panicoides 

Dry Wet Mean Dry Wet Mean 

Number of Panicles per pot  

0M:4P - - - 7.19 10.62 8.91 

1M:3P 15.50 24.33 19.92 8.45 9.56 9.00 

2M:2P 7.58 14.58 11.08 14.17 21.75 17.96 

3M:1P 3.33 9.11 6.22 15.33 39.00 27.17 

4M:0P 3.04 4.73 3.89 - - - 

Mean 7.36 13.19  11.28 20.23  

LSD(Soil profile X Species)= ns 

LSD(Treatment ratio X Species)= 3.76 

LSD(Treatment ratio X Soil profile X Species)= 5.31 
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between the wet and dry soil profiles of the sandy clay-loam (35%) soil treatment. The same 

tendencies were observed for panicle numbers. However, U. panicoides had significantly 

fewer panicles (50%) in the dry soil profile (Table 2.4). 
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Table 2.4 The effect of treatment ratio within a replacement series on the tiller and 

panicle numbers of Urochloa mosambicensis and Urochloa panicoides for a wet and 

dry soil profile in the sandy clay-loam (35%) soil treatment (See ANOVA table 2.12). 

Treatment 
ratio 

Urochloa mosambicensis Urochloa panicoides 

Dry Wet Mean Dry Wet Mean 

Number of Tillers per pot (35%) 

0M:4P    1.56 1.35 1.46 

1M:3P 9.67 7.33 8.50 3.07 1.55 2.31 

2M:2P 2.44 3.75 3.10 3.83 2.33 3.08 

3M:1P 1.52 1.70 1.61 4.33 7.00 5.67 

4M:0P 1.17 1.44 1.30    

Mean 3.70 3.56  3.20 3.06  

LSD(Soil profile X Species) = ns 

LSD(Treatment ratio X Species)= 2.87 

LSD(Treatment ratio X Soil profile X Species)= ns  

Treatment 
ratio 

Urochloa mosambicensis Urochloa panicoides 

Dry Wet Mean Dry Wet Mean 

Number of Panicles per pot (35%) 

0M:4P    2.11 2.96 2.53 

1M:3P 15.33 16.33 15.83 3.96 4.85 4.41 

2M:2P 2.00 4.17 3.08 5.33 5.83 5.58 

3M:1P 2.41 5.19 3.80 5.67 19.33 12.50 

4M:0P 1.48 2.96 2.22    

Mean 5.31 7.16  4.27 8.24  

LSD(Soil profile X Species)= ns 

LSD(Treatment ratio X Species)= 7.92 

LSD(Treatment ratio X Soil profile X Species)= ns 

 

There were no significant differences in seed, shoot, root and total biomass per pot between 

U. mosambicensis and U. panicoides in the 16% soil treatment. There was no significant 

difference at the 2M:2P species combination in any of these parameters (Figure 2.2). A large 

difference was noted in the seed mass between pots of U. mosambicensis in the 16% soil 

treatment but did not differ significantly from that of U. panicoides. However, U. 

mosambicensis had a 2.5 g mass increase across all the species combinations for this 

parameter. Seeds of U. mosambicensis matured and developed much earlier than U. 

panicoides and 100 g seeds weighed 0.06 g and 0.19 g for the respective  species. Seed 
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mass of U. mosambicensis in monoculture and across all the other species combinations was 

75% higher than that of U. panicoides (Figure 2.2). Root mass per pot did not differ significantly 

between these two species, however, at the 2M:2P combination, U. mosambicensis had a 

slightly higher gram weight per pot. At the 3M:1P ratio U. panicoides had the highest dry weight 

at 0.57 g pot-1, indicating once again that intra-species competition could have an effect 

(Figure 2.2). In contrast to our other findings the shoot and total biomass per pot of U. 

mosambicensis in monoculture had the highest dry weight followed by the 3M:1P and the 

1M:3P combinations. The shoot and total biomass at the 2M:2P combination however, did not 

differ significantly between species (Figure 2.2). 
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Figure 2.2 The seed, shoot, root and total biomass of Urochloa mosambicensis and 

Urochloa panicoides in their various treatment combinations within a replacement 

series (mean of two soil profiles) of the 16% soil treatment. Bars represent the standard 

errors of the mean (see ANOVA table 2.14). 

 

A significant interaction was observed in the shoot (F=3,43; P=0,0465), root (F=7,82; P=0,002) 

and total biomass (F=4,98; P=0,0141) for the ratio x species combination in the 35% soil 

treatment. The dry mass of all the individual species combinations (1M:3P and 3M:1P) were 

the highest in all of the parameters (seed, shoot, root and total biomass), except for the seed 

mass of U. panicoides. Urochloa mosambicensis had the highest dry weight at the 2M:2P 
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species combination in all the parameters. There was no significant difference in the seed 

parameter between these two Urochloa species. However, U. mosambicensis dry weight was 

65% higher in the 1M:3P combination than U. panicoides in the 3M:1P combination. The root 

mass per pot of U. mosambicensis in the individual combination (1M:3P) was significantly 

higher (P=0.002) (60%) than that of U. panicoides in the individual combination (3M:1P). 

However, U. mosambicensis in monoculture had a higher dry weight than U. panicoides in any 

of the species combinations. The shoot and total biomass showed the same tendencies. U. 

mosambicensis dry weight in the individual combination (1M:3P) were significantly higher 

(shoot:  P=0.0465 and total biomass: P=0.0141) than that of U. panicoides in the individual 

combinations (3M:1P). At the 2M:2P combination there was no significant difference between 

U. mosambicensis and U. panicoides for any of the parameters. However, for all the 

parameters, U. mosambicensis had a slightly higher dry weight than U. panicoides (Figure 

2.3). 
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Figure 2.3 The effect of various combination treatments within a replacement series 

(mean of two soil profiles) on the seed, shoot, root and total biomass of Urochloa 

mosambicensis and Urochloa panicoides in the sandy clay-loam (35%) soil treatment. 

Bars represent the standard errors of the mean (See ANOVA table 2.14). 

 

The root: shoot ratio is shown separately for each respected grass weed species in the 

different soil profiles and soil treatments to show their ability to capitalize biomass under stress 

conditions (Table 2.5). These Urochloa spp. showed a significant difference in both soil profiles 
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in all the species combination treatments (Table 2.5). In the higher clay soil the root:shoot 

ratios were  much more affected by the species combination treatments. 

Table 2.5 The root: shoot ratio of Urochloa mosambicensis and Urochloa panicoides in 

their various treatment combinations within a replacement series for the wet and dry 

soil profiles of the 16% and 35% soil treatments (See ANOVA table 2.13). 

Treatment Ratio Urochloa mosambicensis Urochloa panicoides 

Dry Wet Dry Wet 

Root: Shoot ratio (16%) 

0M:4P 
  

0.06 0.05 

1M:3P 0.05 0.04 0.03 0.05 

2M:2P 0.04 0.04 0.04 0.04 

3M:1P 0.04 0.04 0.05 0.05 

4M:0P 0.04 0.04 
  

LSD (Soil X Ratio X Species) = 0.0171 

Treatment Ratio Urochloa mosambicensis Urochloa panicoides 

Dry Wet Dry Wet 

Root: Shoot ratio (35%) 

0M:4P 
  

0.24 0.26 

1M:3P 0.10 0.23 0.16 0.08 

2M:2P 0.14 0.15 0.11 0.12 

3M:1P 0.08 0.07 0.16 0.08 

4M:0P 0.11 0.34 
  

LSD (Soil X Ratio X Species) = 0.1338 

 

Competitive indices 

A value of 0 for AI indicates that both species are equally competitive. A positive value 

indicates dominance, while a negative value indicates the dominated species. A positive AI 

value was recorded for U. mosambicensis shoot mass (1.61) in the 1M:3P species ratio, but 

at this ratio U. mosambicensis did not dominate U. panicoides (-1.61) significantly in the 16% 

soil treatment (Table 2.6). However, in the 35% soil treatment U. mosambicensis (5.54) 

dominated U. panicoides (-5.54) significantly in the 1M:3P species ratio. According to the AI 

index U. mosambicensis was the most dominant species with regard to shoot, root and total 

biomass for the 16% and 35% soil treatments in the 1M:3P species ratio and this species also 

dominated significantly in shoot and total biomass in the 35% soil treatment, indicating that 

the soil treatment had a significant effect on the species aggressivity. Urochloa panicoides 

was the dominant weed species in both the soil treatments in the species ratio combinations 

of 2M:2P and 3M:1P. However, in the 16% soil treatment U. panicoides was dominated by U. 

mosambicensis at the 2M:2P species ratio (Table 2.6). 
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Table 2.6 Aggressivity Index (AI) values based on shoot, root and total biomass of 

Urochloa mosambicensis and Urochloa panicoides in their various treatment ratios 

within a replacement series for the sandy loam soil (16%) and sandy clay-loam (35%) 

soil treatments (See ANOVA table 2.13). 

 

The interaction for the soil profile x species combination treatment in the 16% soil profile was 

highly significant for the shoot (F=38.73; P<.0001), root (F=17.62; P=0.0004) and total 

biomass (F=38.94; P<.0001), as well as in the 35% soil profile for the shoot (F=227.85; 

P<.0001), root (F=49.21; P<.0001) and total biomass (F=253.27; P<.0001) (Table 2.7). 

Urochloa panicoides was significantly more competitive in the 16% soil treatment in the wet 

and dry profiles. However, in the 35% soil treatment U. panicoides was only significantly 

competitive in the dry soil profile and not in the wet soil profile (Table 2.7). 

  

 

 

 

 

 

 

 

 

 Shoot mass Root mass Total biomass 

Treatment 
ratio  

Urochloa 
mosambicensis 

Urochloa 
panicoides 

Urochloa 
mosambicensis 

Urochloa 
panicoides 

Urochloa 
mosambicensis 

Urochloa 
panicoides 

Sandy loam soil  

1M: 3P 1.61 -1.61 2.78 -2.78 1.67 -1.67 

2M: 2P -0.59 0.59 0.09 -0.9 -0.56 0.56 

3M: 1P -4.07 4.07 -3.55 3.55 -4.04 4.04 

LSD (ratio x 

Species) 
ns ns ns 

sandy clay-loam  

1M: 3p 5.54 -5.54 1.45 -1.45 5.52 -5.52 

2M: 2P -1.10 1.10 -0.39 0.39 -0.93 0.93 

3M: 1P -8.38 8.38 -2.11 2.11 -7.80 7.80 

LSD (ratio x 

Species) 
2.83 ns 2.49 
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Table 2.7 Aggressivity index (AI) values based on shoot, root and total biomass of 

Urochloa mosambicensis and Urochloa panicoides for a wet and dry soil profile in a 

sandy loam soil (16%) and sandy clay-loam (35%) soil treatment (See ANOVA table 

2.13). 

 

The CR was only significantly affected by the treatment ratio combinations for the shoot and 

total biomass in the 35% soil treatment. The interaction for the combination x species 

treatment was highly significant for the shoot (F=4.02; P=0.0341), root (F=9.71; P=0.0011) 

and total biomass (F=4.67; P=0.0217) and had the greatest effect on competitiveness (Table 

2.8). Urochloa panicoides was significantly more competitive in all the combination x species 

interactions treatments for both the soil treatments, except in the 16% soil treatment at the 

2M: 2P combination and in the 35% soil treatment in the 1M: 3P combination (Table 2.8). 

Competitive root-shoot was the only parameter that had a significant interaction between soil 

profile and species in both the soil treatments (16% treatment: F=7.48; P=0.0128 and 35% 

treatment: F=4.81; P=0.0402) (Table 2.9). However, total biomass (F=7.28; P=0.0138) in the 

16% soil treatment also differed significantly in the soil profile x species interaction treatment 

(Table 2.9). U. panicoides is therefore largely more competitive in the wet and dry soil profiles 

with regard to shoot, root and total biomass. Only in the 16% soil treatment was U. 

mosambicensis CR-shoot more competitive in the wet soil profile and CR-root more 

competitive in the dry soil profile (Table 2.9). The highest CR value for U. mosambicensis 

(1.23) was obtained in the 16% soil treatment for the shoot mass in the dry soil profile and for 

U. panicoides (2.43) was obtained in the 35% soil treatment for the shoot mass in the dry soil 

profile (Table 2.9). 

 

 

 Shoot mass Root mass Total biomass 

Soil 
profile 

Urochloa 
mosambicensis 

Urochloa 
panicoides 

Urochloa 
mosambicensis 

Urochloa 
panicoides 

Urochloa 
mosambicensis 

Urochloa 
panicoides 

sandy-loam  

Dry -1.75 1.75 -0.07 0.07 -1.67 1.67 

Wet -0.27 0.27 -0.37 0.37 -0.27 0.27 

LSD 

(Soil 

profile x 

Species) 

1.39 1.40 1.34 

sandy clay-loam  

Dry -2.93      2.93 -0.89 0.89 -2.55 2.55 

Wet 0.30 -0.30 0.19 -0.19 0.41 -0.41 

LSD 

(Soil 

profile x 

Species) 

2.31 1.08 2.03 
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Table 2.8 Competitive ratio (CR) values based on shoot, root and total biomass of 

Urochloa mosambicensis and Urochloa panicoides in their various treatment ratios 

within a replacement series for the sandy loam soil (16%) and sandy clay-loam (35%) 

soil treatments (See ANOVA table 2.13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Shoot mass Root mass Total biomass 

Treatment 

ratio  

Urochloa 

mosambicensis 

Urochloa 

panicoides 

Urochloa 

mosambicensis 

Urochloa 

panicoides 

Urochloa 

mosambicensis 

Urochloa 

panicoides 

16% 

1M: 3P 1.03 1.50 1.03 1.02 0.73 1.75 

2M: 2P 1.15 1.48 1.17 0.97 0.68 1.88 

3M: 1P 1.01 1.31 0.91 1.18 0.81 1.50 

LSD (ratio x 

Species) 

ns ns ns 

35% 

1M: 3P 0.92 1.15 1.79 0.76 0.98 1.07 

2M: 2P 0.55 2.33 0.94 1.26 0.57 2.10 

3M: 1P 0.70 2.65 0.49 2.65 0.67 2.63 

LSD (ratio x 

Species) 

0.987 1.06 0.95 
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Table 2.9 Competitive ratio (CR) values based on shoot, root and total biomass of 

Urochloa mosambicensis and Urochloa panicoides for a wet and dry soil profile in a 

sandy loam soil (16%) and sandy clay-loam (35%) soil treatment (See ANOVA table 

2.13). 

UROMO* = Urochloa mosambicensis; UROPA** = Urochloa panicoides; RYT*** = Relative Yield Total 

Relative yield was not significantly influenced by any of the ratio x soil combinations for any of 

the biomass parameters in the 16% and 35% soil treatments for U. mosambicensis and U. 

panicoides (Tables 2.10 and 2.11). However, the relative yield was significantly influenced by 

the treatment combinations for the 35% soil treatment on the root mass (F=8.26; P=0.0030) 

and the total biomass (F=6.13; P=0.0090) parameter (Table 2.11). When RYT = 1, both 

species demands the same limiting resources. This states that a RYT value <1 indicates a 

mutual antagonism and a >1 RYT indicates a species demand for different resources, avoiding 

direct competition amongst the species or show a relationship of a symbiotic nature. Urochloa 

panicoides had the largest relative yield in all the treatment combinations in the 16% soil 

treatments for both the wet and dry soil profiles except for the 1M:3P ratio combination for the 

shoot, root and total biomass in the wet soil profile (Table 2.10). In the 35% soil treatment, 

once again it was observed that U. panicoides had the largest relative yield in all the treatments 

combinations for the shoot and total biomass parameters. It was noted that only in the 1M:3P 

treatment combination did U. mosambicensis have a higher relative yield in both the soil 

profiles (Table 2.11). No significant interaction effects (treatment ratio x soil treatment) or main 

effects (soil treatment) were noted on the relative yield total (RYT) for any of the biomass 

parameters. When these Urochloa species were in full competition (2M:2P), U. panicoides RY 

were always greater than U. mosambicensis in both the soil treatments and soil profiles for all 

the biomass parameters, except in the root parameter in the 16% dry soil profile (Table 2.10 

and 2.11). 

 Shoot mass Root mass Total biomass 

Treatme
nt ratio  

UROMO* UROPA
** 

RYT**
* 

UROM
O 

UROPA RYT UROM
O 

UROPA RYT 

35% Dry 

0M:4P  1.00 1.00  1.00 1.00  1.00 1.00 

1M:3P 1.98 2.46 4.44 1.54 1.30 2.84 1.94 2.24 4.18 

2M:2P 0.77 2.46 3.23 0.93 1.12 2.05 0.81 2.22 3.03 

3M:1P 1.25 3.36 4.61 0.84 2.27 3.11 1.22 3.16 4.38 

4M:0P 1.00  1.00 1.00  1.00 1.00  1.00 

35% Wet 

0M:4P  1.00 1.00  1.00 1.00  1.00 1.00 

1M:3P 2.44 2.48 4.92 1.19 0.88 2.07 2.30 2.18 4.48 

2M:2P 1.07 1.59 2.66 0.55 0.72 1.27 0.96 1.42 2.38 

3M:1P 1.81 1.96 3.77 0.38 0.83 1.21 1.49 1.72 3.21 

4M:0P 1.00  1.00 1.00  1.00 1.00  1.00 
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 2.10 Relative yield (RY) and relative yield total (RYT) for shoot, root and total biomass 

of Urochloa mosambicensis and Urochloa panicoides for the wet and dry soil profile in 

the sandy loam (16%) soil treatment. 

UROMO* = Urochloa mosambicensis; UROPA** = Urochloa panicoides; RYT*** = Relative Yield Total 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Shoot mass Root mass Total biomass 

Treatmen

t ratio  

UROMO* UROPA

** 

RYT 

*** 

UROMO UROPA RYT UROMO UROPA RYT 

16% Dry 

0M:4P  1.00 1.00  1.00 1.00  1.00 1.00 

1M:3P 0.80 2.07 2.87 1.07 1.11 2.18 0.81 2.02 2.83 

2M:2P 0.85 1.80 2.65 1.17 0.89 2.06 0.86 1.76 2.62 

3M:1P 0.82 1.55 2.37 1.06 1.18 2.24 0.83 1.53 2.36 

4M:0P 1.00  1.00 1.01  1.01 1.00  1.00 

16% Wet 

0M:4P  1.00 1.00  1.01 1.01  1.00 1.00 

1M:3P 1.03 1.00 2.03 1.00 0.92 1.92 1.03 1.00 2.03 

2M:2P 1.04 1.61 2.65 1.08 1.17 2.25 1.05 1.59 2.64 

3M:1P 1.07 1.12 2.19 1.15 1.33 2.48 1.08 1.13 2.21 

4M:0P 1.00  1.00 1.00  1.00 1.00  1.00 
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Table 2.11 Relative yield (RY) and relative yield total (RYT) for shoot, root and total 

biomass of Urochloa mosambicensis and Urochloa panicoides for the wet and dry soil 

profile in the sandy clay-loam (35%) soil treatment.  

UROMO* = Urochloa mosambicensis; UROPA** = Urochloa panicoides; RYT*** = Relative Yield Total 

2.5 Discussion 

Since members of the same species have similar resource requirements, intraspecific 

competition will generally be more competitive than interspecific competition. The combined 

demand may therefore exceed the immediate supply. Interspecific competition is less 

competitive as different species will have slightly dissimilar requirements contesting for 

different resources (Begon et al., 2009). 

According the Begon et al. (2009), some common species competing for the same resources 

are deprived, leading to a decrease in their growth potential. This could explain why the 

monoculture of both these Urochloa species reflected poor development in the number of 

tillers and panicles and tiller mass, panicle mass, shoot mass, root mass and total biomass. 

This phenomenon occurred in all the monocultures for both the Urochloa species, across all 

the parameters in both the soil types and their respective wet and dry profiles. 

Mature plants of U. mosambicensis are more vertically growing plants and the species is 

defined as a perennial tall grass (Gillard, 1971), whereas the mature plants of U. panicoides 

forms a mat-like ground cover in dense populations (Prameela and Venkaiah, 2016) (Figure 

2.4). Because of these grass species’ growth style and requirements, it could be that the 

restricted surface area in pots limited their growth, especially when these Urochloa species 

were in monoculture. The cover grass growth style of U. panicoides would most likely result 

in competition for the limited surface area available when in monoculture and in a species 

combination of 1M:3P. Plants of U. mosambicensis that grow upwards, would have a larger 

 Shoot mass Root mass Total biomass 

Treatment 

ratio  

UROMO* UROPA*

* 

RYT 

*** 

UROMO UROPA RYT UROMO UROPA RYT 

35% Dry 

0M:4P  1.00 1.00  1.00 1.00  1.00 1.00 

1M:3P 1.98 2.46 4.44 1.54 1.30 2.84 1.94 2.24 4.18 

2M:2P 0.77 2.46 3.23 0.93 1.12 2.05 0.81 2.22 3.03 

3M:1P 1.25 3.36 4.61 0.84 2.27 3.11 1.22 3.16 4.38 

4M:0P 1.00  1.00 1.00  1.00 1.00  1.00 

35% Wet 

0M:4P  1.00 1.00  1.00 1.00  1.00 1.00 

1M:3P 2.44 2.48 4.92 1.19 0.88 2.07 2.30 2.18 4.48 

2M:2P 1.07 1.59 2.66 0.55 0.72 1.27 0.96 1.42 2.38 

3M:1P 1.81 1.96 3.77 0.38 0.83 1.21 1.49 1.72 3.21 

4M:0P 1.00  1.00 1.00  1.00 1.00  1.00 
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amount of growth space, whereas U. panicoides would have three plants competing for limited 

available surface area and vice versa. 

 

 

 

 

 

 

 

 

Figure 2.4 The growth styles of a) Urochloa mosambicensis and b) Urochloa 

panicoides. 

In the 16% soil treatments, it was found that U. mosambicensis had the greatest dry weight in 

all the parameters (seed, shoot, root and total biomass) while U. panicoides had the lowest 

dry weight at the 0M:4P species combination throughout all the parameters. Urochloa 

panicoides growth and development could have been hindered and influenced because of the 

limited space available for its growth style (cover grass) as explained above, and intra-species 

competition could take its toll. Urochloa mosambicensis dry weight in the 16% soil treatment 

for the shoot and total biomass parameter were the only monoculture combinations that 

outweighed any of the other species combinations in the 16% and 35% soil treatments. This 

could be because U. mosambicensis was less limited by the lack of available space since it is 

a vertically growing species. In the 35% soil treatment, it was noted that U. mosambicensis 

had a higher dry weight throughout all the species combinations for all the parameters except 

for the root parameter in the 3M:1P combination.  Urochloa mosambicensis had the highest 

dry weight in the 2M:2P combination for all parameters. These phenomena could indicate that 

U. mosambicensis is better adapted to develop in soils with a higher clay percentage. Once 

again it was noted that when these species were grown in combinations of 1M:3P and 3M:1P, 

the dry mass was higher than in the monocultures.  

Urochloa panicoides had the greatest relative yield in all the combination ratios for both the 

wet and dry soil profiles, except in the 1M:3P combination ratio in the wet soil profile. This 

could be an indication that U. panicoides is more adaptable to different soil types and more 

adaptive to change in water availability because it is an annual grass with new plants emerging 

throughout the year. Urochloa mosambicensis is a perennial grass that can stay dormant for 

long (Gibson, 2009). A possible explanation for the fact that U. mosambicensis relative yield 

was higher than that of U. panicoides in the 1M:3P combination ratio at the 16% wet soil 

treatment, could be because the intra-species competition plants were too high and space 

was limited. According to Whiteman and Gillard (1971), U. mosambicensis has a higher rate 

of leaf production which could also contribute to the higher percentage relative yield in 

comparison to U. panicoides. When an environment has reached a point that it cannot sustain 

any more individuals of a certain species, the carrying capacity of that species has been 

reached. This prohibits a species population to further increase in size because of the 

limitations in term of water, food, space and other resources (Begon et al., 2009). U. 

a) b) 
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mosambicensis had the greatest relative root mass yield in the 35% soil treatment and its 

respective soil profiles, which could indicate that U. mosambicensis had a more adaptive root 

system than U. panicoides.  

2.6 Conclusions 

Urochloa mosambicensis and U. panicoides performed poorly in terms of all the biomass 

parameters when the species were in monoculture because of intra-species competition 

between the same species. The individual Urochloa species grown in a 1:3 / 3:1 combination 

excelled in all biomass parameters. Urochloa mosambicensis had the greatest performance 

in the number of tillers, tiller mass, panicle mass, shoot mass, root mass and total biomass for 

both the soil treatments and their respective profiles. Both Urochloa species excelled more in 

the 16% soil treatment and in the wet soil profile. 

In the lower percentage clay soils U. mosambicensis and U. panicoides had similar growth 

potential in terms of dry weight. However, as the clay percentage of the soil increased, U. 

mosambicensis did comparatively better and its growth was only constrained when intra-

species competition occurred.    

Urochloa mosambicensis root yield was greater than U. panicoides in the 16% and 35% soil 

treatments and their respected profiles. This indicates that U. mosambicensis has a 

morphologically stronger root system than U. panicoides and that U. mosambicensis can 

successfully grow and develop in soils with a high clay percentage and minimal moisture.  
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Table 2.12 ANOVA table 

 

Table 2.13 ANOVA table 

 

Table 2.14 ANOVA table 

 

ANOVA tables 

Source DIF F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F

SOIL 1 13,17 0,0222 830,95 <,0001 57,3 0,0016 76,77 0,0009 61 0,0015

REP(SOIL) 4

RATIO 4 2,01 0,1201 3,72 0,0151 2,37 0,0767 0,95 0,448 2,32 0,0812

RATIO*SOIL 4 1,36 0,2745 1,23 0,3213 0,81 0,5307 0,6 0,6679 0,82 0,5243

SPECIES 1 0,98 0,3296 3,65 0,0663 0,79 0,382 0,24 0,6291 0,79 0,3804

SOIL*SPECIES 1 3,12 0,0881 0,03 0,8557 3,51 0,0715 0,39 0,5376 3,3 0,0798

RATIO*SPECIES 2 0,35 0,7045 0,79 0,4652 0,04 0,6733 0,55 0,5856 0,36 0,7033

RATIO*SOIL*SPECIES 2 0,78 0,4669 2,01 0,1529 1,88 0,1712 0,57 0,5729 1,89 0,1694

SOIL 1 1,76 0,2554 21,54 0,0097 5,76 0,0744 4,03 0,115 3,2 0,0386

REP(SOIL) 4

RATIO 4 8,74 0,0001 2,56 0,0605 6,7 0,0006 3,83 0,0133 7,58 0,0003

RATIO*SOIL 4 0,11 0,9787 0,83 0,5173 0,28 0,8909 2,66 0,0532 0,29 0,8818

SPECIES 1 8,6 0,0066 6,01 0,0207 7,15 0,0124 6,51 0,0165 3,16 0,0053

SOIL*SPECIES 1 0,08 0,7849 0,05 0,8253 0,18 0,6724 7,58 0,0102 0,73 0,3998

RATIO*SPECIES 2 3,57 0,0417 1,12 0,3412 3,43 0,0465 7,82 0,002 4,98 0,0141

RATIO*SOIL*SPECIES 2 0,03 0,9669 0,07 0,9318 0,07 0,9295 1,99 0,1554 0 0,9977

16% SOIL PROFILE

BioMass

35% SOIL PROFILE

TillMass PanMass ShootMass RootMass

ANOVA tables 

Source DIF F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F

SOIL 1 16,75 0,0006 0,07 0,7928 1,94 0,1787 0 1 0 1 0 1

REP(SOIL) 4 0,45 0,7743 0,08 0,9887 0,3 0,8759 0 1 0 1 0 1

RATIO 2 0,13 0,882 0,04 0,959 0,1 0,9018 0 1 0 1 0 1

RATIO*SOIL 2 0,49 0,6226 0,03 0,9732 0,04 0,9589 0 1 0 1 0 1

SPECIES 1 2,13 0,1598 0,02 0,8773 16,86 0,0005 194,54 <.0001 304,61 <.0001 201,25 <.0001

SOIL*SPECIES 1 7,48 0,0128 0,74 0,4012 7,28 0,0138 38,73 <.0001 17,62 0,0004 38,94 <.0001

RATIO*SPECIES 2 0,04 0,9607 1,11 0,3489 0,41 0,6711 0,74 0,4896 2,01 0,1599 0,69 0,5108

RATIO*SOIL*SPECIES 2 0,92 0,4145 1,27 0,3015 1,05 0,3685 3,26 0,0597 1,94 0,1705 3,21 0,062

SOIL 1 0,42 0,5265 0,18 0,6801 0,1 0,753 0 1 0 1 0 1

REP(SOIL) 4 0,15 0,962 0,26 0,9025 0,19 0,9411 0 1 0 1 0 1

RATIO 2 1,86 0,1809 0,85 0,442 1,89 0,1774 0 1 0 1 0 1

RATIO*SOIL 2 0,79 0,4654 0,1 0,9067 0,53 0,5988 0 1 0 1 0 1

SPECIES 1 23,29 0,0001 2,65 0,1195 20,65 0,0002 227,85 <.0001 49,21 <.0001 253,27 <.0001

SOIL*SPECIES 1 4,81 0,0402 0,08 0,7827 3,16 0,0908 33,37 <.0001 17,07 0,0005 40,61 <.0001

RATIO*SPECIES 2 4,02 0,0341 9,71 0,0011 4,67 0,0217 3,82 0,0394 2,93 0,0765 5,04 0,0169

RATIO*SOIL*SPECIES 2 1 0,3848 0,43 0,6545 0,53 0,5973 0,82 0,4558 1,89 0,1766 1,15 0,3379

35% SOIL PROFILE

16% SOIL PROFILE

CR-Shoot CR-Root CR-TBM AI-Shoot AI-Root AI-TBM

ANOVA tables 

Source DIF F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F

SOIL 1 3,52 0,071 64,76 <.0001 6 0,0208 42,91 <.0001 18,56 0,0002 20,19 0,0001 19,7 0,0001

REP(SOIL) 4 0,28 0,8897 0,5 0,7375 1,01 0,4169 0,25 0,9079 0,29 0,8842 0,4 0,8075 0,29 0,8807

RATIO 4 56,86 <.0001 20,18 <.0001 10,88 <.0001 16,48 <.0001 13,88 <.0001 15,37 <.0001 14,64 <.0001

RATIO*SOIL 4 2,64 0,0549 6,21 0,001 0,49 0,7428 2,54 0,0621 0,66 0,6236 1,05 0,4 0,68 0,6139

SPECIES 1 11,18 0,0024 28,27 <.0001 1,49 0,2317 7,67 0,0099 1,2 0,2833 0,05 0,8166 1,14 0,2944

SOIL*SPECIES 1 6,1 0,0199 2,86 0,1021 1,65 0,2097 0,78 0,3853 2,99 0,0948 1,03 0,3191 2,76 0,1075

RATIO*SPECIES 2 198,02 <.0001 75,64 <.0001 34,29 <.0001 51,24 <.0001 42,94 <.0001 56,17 <.0001 45,89 <.0001

RATIO*SOIL*SPECIES 2 3,26 0,0533 12,67 0,0001 0,7 0,5055 6,79 0,0039 3,87 0,0327 2,99 0,0667 4,01 0,0294

SOIL 1 0,04 0,8415 2,27 0,1428 0,98 0,3301 6,88 0,0139 1,79 0,1915 2,01 0,1671 2,92 0,0988

REP(SOIL) 4 0,64 0,6409 0,45 0,7695 0,72 0,5876 0,15 0,9634 0,32 0,8631 1,18 0,3429 0,45 0,7716

RATIO 4 4,2 0,0087 2,49 0,0657 25,18 <.0001 5,79 0,0016 18,77 <.0001 5,81 0,0016 24,64 <.0001

RATIO*SOIL 4 0,73 0,5806 0,63 0,6449 0,09 0,9845 0,75 0,566 0,28 0,8871 2,41 0,0725 0,57 0,6865

SPECIES 1 0,78 0,385 0 0,9734 11,47 0,0021 8,52 0,0069 10,14 0,0035 6,2 0,019 14,81 0,0006

SOIL*SPECIES 1 0,01 0,9204 0,46 0,5021 0,05 0,8232 0 0,9927 0,14 0,7104 7,13 0,0125 1,08 0,3066

RATIO*SPECIES 2 13,5 <.0001 7,11 0,0032 63,39 <.0001 10,55 0,0004 47,93 <.0001 19,49 <.0001 65,77 <.0001

RATIO*SOIL*SPECIES 2 0,93 0,407 0,78 0,4666 0,05 0,9489 0,88 0,4242 0,21 0,808 2,48 0,1021 0,55 0,5832

ShootMass RootMass

16% SOIL PROFILE

35% SOIL PROFILE

BioMassNoTiller NoPanicle TillMass PanMass
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Chapter 3 - Critical periods of control for Urochloa mosambicensis and Urochloa 

panicoides grass weeds in South Africa 

Abstract report 

Urochloa mosambicensis is a perennial grass native to Africa and has good grazing qualities. 

Because these grass species are present all year round, they can provide fresh feed outside 

dominant rainfall seasons. Urochloa panicoides is an annual grass and is native to eastern 

and southern Africa. It is considered a key pest because of its ability to emerge in high volumes 

in a concentrated area. Dormancy plays a big role in these species. It has been found that 

they can stay dormant for six to 12 months, emerging only during favourable conditions. These 

species were not considered problematic weeds in the past, especially U. mosambicensis, but 

with no-till conservation agriculture becoming more acceptable in farming communities, these 

species increase up to problematic population densities in cropping systems, resulting in 

economic yield loss. The ability of these species to emerge throughout the year or stay 

dormant until favourable conditions arise, are problematic, because the dormant seeds can 

germinate and emerge after pre-emergence control has been applied and crops are 

established. There are only limited chemical control methods available to control these 

species, especially post-emergence control. 

 

Introduction 

Plant species introduced into a region provides benefits such as food supply, medicine, shelter 

and aesthetic enjoyments, but benefits are often accompanied by costs. When a plant species 

goes beyond its natural area and invades other ecosystems or agricultural sectors it can have 

an adverse effect on the environment, agriculture, economy and society. As invaders, these 

plants are seen as weeds (Sinden et al., 2004). 

Grass weeds are becoming more problematic since no-till systems have been 

introduced into maize farming. Grazing grasses are becoming problematic because they are 

moving into cropping systems. Agriculture sectors that are following conservation agriculture 

are struggling, because the farming methods used to prevent the migration of weeds are no 

longer being used. 

According to Milton (2004), it is very important to raise awareness of weeds that play 

an important role in cropping systems, both to formulate management priorities and to guide 

research and responses. It has been anticipated that grass invasions will not become 

important only at global scale but at local scale as well. This is because the flammability of 

grass prolongs or prevents the recovery of woody vegetation, thereby maintaining grass 

dominance, which results in changed microclimates and decreased nutrient status of soils. 



306 
 

Factors that contribute to grasses being dominant weeds are  because they are extremely 

successful world travellers, especially in livestock-based economies (Milton, 2004). 

To control any weed successfully it is important to know the biology of the species so 

that the necessary precautions can be taken (Duncan et al., 2004). Therefore, distinctions 

between species are useful in an ecological sense because the potential control strategies 

and impacts could vary for species to species. To help distinguish between different grass 

species they have been categorised into two different classes, annual and perennial species 

(Ekeleme et al., 2004). When a grass completes its life cycle in a single year and only occurs 

as a seed for a part of its life cycle, it is classified as an annual grass species. The ephemeral 

lifestyles that annual grasses have allow them to take advantage of favourable conditions that 

don’t occur regularly. Perennial grass species on the other hand are long-lived, survive grazing 

pressures by sprouting or repeated fires and spread by means of vegetation or seeding 

(Milton, 2004). 

It is important to know the difference between broadleaf plants, grasses and sedge 

weeds. Broad-leafed weeds have two seed leaves, which are the first leaves that emerge 

through the soil. In general, their leaves are wider than that of grass weeds and veins on the 

leaves are net-like or branched. Their stems are often branched and oval, squared or round 

in shape. They may have beautiful flowers (McAfee and Baumann, 2007). 

Grass weeds have one seed leaf and narrow leaf blades with parallel veins. The stems 

are oval or round. It is possible for some species to develop seed heads on the stem end 

points and if they possess flowers, these are inconspicuous (McAfee and Baumann, 2007). 

Sedges are easily confused with grasses because they have many similarities. Sedge stems 

are triangular and their leaves are generally smooth and shiny. Sedge roots usually have 

tubers or “nuts” attached and it is often found that the tubers are connected in a chain 

formation, especially in purple nutsedge (McAfee and Baumann, 2007). 

According to Milton (2004), African grasses can successfully invade ecosystems 

where there are fewer large herbivores and domestic livestock introduced. African grasses are 

generally palatable to herbivores, their seeds are adapted for dispersal on or in herbivores 

and they recover well after grazing, therefore they are pre-adapted to survive in these 

situations. 
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Table 3.3 Some of the herbicides that are registered on Urochloa species across the world. 
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Economic impact of weeds 

According to Sikkema and Hamill (2005), determining the correct timing for herbicide 

application is essential for optimal maize yields. Researchers in Canada showed that maize 

and soybean possesses a “switch-point” which means that these crops can embrace their full 

yield potential until a specific development point in their lifecycle is reached. Thereafter, the 

competition of weeds will lead to real, irreversible yield loss (Duncan et al., 2004). As soon as 

maize emerges, the effect of irreversible weed costs set into motion. When post emergence 

herbicides are applied three weeks after the emergence of the maize, cost reached an average 

of $31.50 per acre, whereas soybean lost yield more rapidly, but only three weeks after their 

emergence (Figure 3.1) (Sikkema and Hamill, 2005). 

 

Figure 3.1 The cost of herbicide application timing (weeks after emergence) and the 

income penalty from late weed control (Sikkema and Hamill, 2005). 

It is very important to assess crop fields individually in terms of weed control and monitor the 

weeds present. Occurrences that can lead to great yield risk include the presence of broadleaf 

weeds, weeds emerging close to the time of crop emergence, moisture and other economically 

important stresses. Occurrences that can lead to low yield risk include low weed pressure, late 

weed emergence and favourable growing conditions for the crop (Sikkema and Hamill, 2005). 

It is very important to know the crop field, monitor and keep good record of crops, especially 

in maize where the switch-point occurs earlier. The importance of early weed control 

management in maize fields should be emphasised to farmers, because it can economically 

benefit their yield. 

A few management opportunities to improve per-hectare returns are: awareness that 

yield loss is irreversible and occurs earlier than expected, and knowledge that yield loss 

Soybean 
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becomes greater with every day that weed control is delayed after the switch-point (Sikkema 

and Hamill, 2005). It is important to identify and monitor the impacts of weeds so that effective 

management decisions and policy formations can be formulated to ensure maximum yield 

(Sinden et al., 2004). 

The importance of managing weeds from a financial point of view can have huge 

impact. For example, in Australia in 1981/82, a negative impact of 2096 million Australian 

dollars was caused by mismanaged weeds (Table 3.4) (Sinden et al., 2004). This estimation 

was calculated based on direct control costs, which included, cultivation, labour in application, 

herbicide cost and yield loss, which accounted for both weeds that were not sprayed and 

weeds that were sprayed but not controlled.  

 

Table 3.4 Monetary losses due to weeds in Australian $ between during the 1981/ 82 

cropping season (Sinden et al., 2004). 

 

No-till or reduced tillage conservation agriculture are becoming more acceptable in farming 

communities. The practice thereof is encouraging grass species to move into cropping 

systems and become problematic, causing yield loss and affecting the economy. Post 

emergence herbicides registered on grass weeds is an option to control these species, but 

correct timing of application is essential for effective control (Culpepper et al., 1998, 2001; 

Myers et al., 2005). 

Most herbicide product labels in South Africa that are registered on grass weed species 

include U. panicoides but not U. mosambicensis (Myers et al., 2005). Tropamezone treatment 

was the only treatment used in this study that was registered on both of the Urochloa species. 

The paraquat, glyphosate and acetochlor treatments were only registered for U. panicoides 

Industry Type of impact Cost ($) Total 

Cropping 

  

Direct 762   

Yield losses 508 1270 

Pasture 

  

Direct 44   

Yield losses 450 494 

Horticulture 

  

Direct 42   

Yield losses 171 213 

Other land  

issues 

  

Direct 119   

Yield losses ? 119 

Total loss $     2,096 
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and the tembotrione treatment were not registered on either of these Urochloa species. 

Herbicides not registered on these grass weed species were also used in this study to 

emphasise the importance of staying within label recommendations and not generalizing grass 

weed control with similar species (Myers et al., 2005). 

The objective of this study was to evaluate different chemical spray programs for effective 

post-emergence control of these two Urochloa grass species during different growth stages of 

each species. 

 

Materials and methods 

Glasshouse trial 

In this study a glasshouse trial was conducted at the Agricultural Research Council – Grain 

Crop Institute, Potchefstroom, North-West province, South Africa (-26o43’57.46”; 

+274’.44.98”). A sandy loam soil (16% clay, 5% silt, 79% sand), was collected from Bethlehem 

and sieved to remove all unwanted materials, rocks and clots, thereafter the soil was sterilized 

with methyl bromide (305 kg gas from 35 m2). Plastic rectangular containers measuring 320 x 

445 x 90 mm were used and four small holes were drilled into the bottom to warrant free flow 

during irrigation. The holes were covered with a mesh material to ensure that the soil stay in 

place. The plastic containers were there after filled with the soil up until 2 cm from the top. The 

plastic containers were placed in the glasshouse maintained at an average temperature of 

24°C. Pots were irrigated daily and monitored to remove all unwanted weeds that remained in 

the soil after it had been sieved. Four holes with a depth of 2 cm were made close to the outer 

corners of each plastic container. Urochloa mosambicensis and U. panicoides grass weed 

species were collected in the field at a very young leaf stage (two leaf stage) and transplanted 

into the plastic containers at a plant density of four plants per container. The plants were 

irrigated daily, with 1,5 L water, until they reached the desired growth stages (0-5 cm, 10-20 

cm and 30+ cm).  

When plants reached the desired growth stage, they were grouped accordingly. Each 

growth stage was treated with six different post-emergence herbicide treatments (mesotrione 

(480 g.L-1), paraquat dichloride (200 g.L-1), tembotrione (420 g.L-1), glyphosate (540 g.a.i.L-1), 

acetochlor (960 g.L-1), topramezone (50 g.L-1)) and an untreated control. Each treatment was 

replicated three times and applied according to their label rates (Table 3.5).  

A conveyor belt band applicator with E-band nozzle 8002, flatfan 110 degree with 02 

drop size, was used for post emergence application on the grass tuffs. Calibrated to deliver 

spray volume of 250 L/ha. All the herbicides were mixed according to the label rates and 

recommendations.  

The containers were placed on mesh tables in the glasshouse in a completely randomised 

design. Grass control was recorded daily for 35 days. A container with four plants was 
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assessed individually according to a visual damage scale and assigned a percentage damage 

rating. Damage was assessed using a reference scale as indicated in Figure 3.2. The 

interaction between treatments and the control percentage of days after application were also 

monitored. 

 

Figure 3.2 Photographs illustrating the damage scale for weed seedlings treated with 

different herbicides that in the glasshouse trial. 

  

50 % > damage 90 - 100 % < damage 50 - 89 % < damage 
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Table 3.5 treatments applied to weeds in the glasshouse were mixed and made up to 

one (1) litre per treatment as follows: 

a= Polyether- polymethyl siloxane – copolymer 1000 g.L-1 

Field trial 

Seed of U. mosambicensis and U. panicoides grass species were sown during November 

2015 at the Agricultural Research Council - Grain Crops Institute experimental farm in 

Potchefstroom to ensure sufficient infestation levels. No crop was planted and the soil was a 

sandy clay loam soil with a pH of 6.58 and 36% clay, 5% silt and 59% sand content. The trial 

layout was a systematic block design with the same seven treatments used in the glasshouse 

trial (see paragraph 3.3.1). Eight replicates of each treatment with individual plot sizes of 5 m 

X 5 m each were included in the trial. Herbicides were applied using an experimental tractor 

sprayer with six separate 20 litre tanks delivering 220 Lha-1
 with a flatfan 110 02 (Figure 3.3). 

Grass control recordings were collected at 7, 14 and 21 days after application. Damage 

percentage was visually estimated by identifying three plants per block and assessing their 

damage on the above mentioned days according to the reference scale (Figure 3.2). 

  

Treatment no. Active Ingredient Dosage 

1 Control - 

2 paraquat 200 g.L-1 3 L/ha 

 Complement supera 200 ml/ 100L 

3 glyphosate 540 g.a.e.L-1 2 L/ha 

 Herbiboost 2 L/ 100L 

4 acetochlor 960 g.L-1 1.2 L/ha 

 Herbiboost 2 L/ 100L 

glyphosate 540 g.a.e.L-1 2 L/ha 

5 mesotrione 480 g.L-1 508 ml/ha 

 atrazine (triazine) 291 g.L-1; terbuthylazine 
(triazine) 291 g.L-1; related active triazines 18 g.L-1 

416 ml/ha 

mesotrione 480 g.L-1 260 ml/ha 

Complement super 200 ml/ 100L 

6 tembotrione 420 g.L-1 120 ml/ha 

 atrazine 500 g.L-1 1 L/ha 

methylated vegetable oil 700 g.L-1; emulsifiers 300 
g.L-1 

500 ml/ha 

7 topramezone 50 g.L-1 700 ml/ha 

 atrazine 500 g.L-1 1500 ml/ha 
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Figure 3.3 Herbicides applied with tractor in systematic block design. 

Results 

Glasshouse trial 

Herbicide treatments significantly affected the growth of U. mosambicensis, especially during 

the growth stage of < 5 cm. Results showed that the paraquat, glyphosate and acetochlor 

treatment had a control percentage of > 95% 14 days after application (DAA) and their efficacy 

differed significantly from the tembotrione, mesotrione and topramezone treatments. It was 

found that 21 DAA all the treatments provided > 60% control (Figure 3.4). 

All the treatments except the paraquat treatment during the 10 – 20 cm growth stage 

of U. mosambicensis had an insignificant effect on the control of this grass species. The 

paraquat treatment was the only treatment that was significant with a 100% control 14 DAA. 

Tembotrione treatment had the second largest control percentage of 27% which is not up to 

standard (Figure 3.4). 

Once again it is seen at the > 30 cm growth stage that no significant effect reflected 

on the control of U. mosambicensis except for the paraquat treatment that resulted in 100% 

control 14 DAA. All treatments provided partial control up until 14 DAA and thereafter the 

control rapidly decreased except for the tembotrione treatment (Figure 3.4). 
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Figure 3.4 The percentage control of Urochloa mosambicensis treated according to six 

different herbicide treatments during the three different growth stages in a glasshouse 

experiment. 

 

Results reflected a significant effect on the growth of U. panicoides at the < 5 cm growth stage 

after the herbicide treatments were applied (Figure 3.5). The paraquat, glyphosate and 
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acetochlor programs provided 100% control 7 DAA and differed significantly from the 

mesotrione and topramezone treatments which only controlled 35 – 45% 7 DAA. After 21 days 

of application all the herbicide treatments had a > 60% control at the < 5 cm growth stage 

(Figure 3.5). 

Glyphosate and acetochlor treatments during the 10 – 20 cm growth stage of U. 

panicoides provided 100% control 7 DAA. However, 21 DAA the control percentage decreased 

with 24% indicating that the plants were not 100% controlled and had the ability to initiate 

regrowth (Figure 3.5). Paraquat was the only treatment that had a significant effect on the 

growth of U. panicoides 21 DAA with a 98% control rate. 

Paraquat, glyphosate and acetochlor treatments during the > 30cm growth stage of U. 

panicoides had a significant effect on the growth and provided 90% control 21 DAA. 

Mesotrione and topramezone treatments during the > 30cm growth stage of U. panicoides 

had a less satisfactory effect with < 50% control (Figure 3.5). 
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Figure 3.5 The percentage control of Urochloa panicoides treated according to six 

different herbicide treatments during the three different growth stages in a glasshouse 

experiment. 

 

Field trial  

The paraquat herbicide treatment had the highest control percentage (76%) and differed 

significantly from the glyphosate and acetochlor treatments 14 DAA. Acetochlor treatment 
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provided the lowest control efficacy (50%) 14 DAA but not significantly less than all the others 

except paraquat (Table 3.6). 

 

Table 3.6 Field trial: percentage control on day seven and 14 after application. 

 

Treatment 
no. 

Active Ingredient % Control 

7 DAAa 14 DAA 

  % 

1 Control treatment 0 0 a 

2 paraquat 200 g.L-1 68 76 d 

Complement supera 

3 glyphosate 540 g.a.e.L-1 39 51 bc 

Herbiboost 

4 acetochlor 960 g.L-1 30 50 b 

Herbiboost 

glyphosate 540 g.a.e.L-1 

5 mesotrione 480 g.L-1 57 64 bcd 

atrazine (triazine) 291 g.L-1; terbuthylazine (triazine) 291 
g.L-1; related active triazines 18 g.L-1 

mesotrione 480 g.L-1 

Complement super 

6 tembotrione 420 g.L-1 50 64 cd 

atrazine 500 g.L-1 

methylated vegetable oil 700 g.L-1; emulsifiers 300 g.L-1 

7 topramezone 50 g.L-1 43 63 bcd 

atrazine 500 g.L-1 
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Figure 3.6 Regrowth in field trial a) 7 days after application and b) 21 days after 

application. The red circle indicates a yellow marker pen that was used in this trial and 

is barely visible as a result of the regrowth of these two Urochloa species. 

 

Discussion 

To emphasize the importance of staying within label specifications, herbicides that are not 

registered for these Urochloa species were also incorporated into this study (Table 3.7). 

Urochloa mosambicensis were not categorised as a general grass weed species until recently, 

when no-till practice came into play, therefore only a limited number of herbicides are 

registered for the control of this grass weed species.  The tembotrione, glyphosate, acetochlor 

and topramezone herbicides evaluated in this study are not registered for control of U. 

mosambicensis. 

According to Milton (2004), determining the correct time for herbicide application is 

crucial to obtain maximum yield potential. The results obtained during the glasshouse and field 

trials corresponds with the findings of Milton (2004), indicating that timing of herbicide 

application during different growth stages of grass weed species plays an important role in 

successful control which directly corresponds with yield potential. Results obtained from the 

glasshouse trial reflected the following: Although mesotrione and paraquat treatments are the 

only two herbicides registered for both the Urochloa species (Table 3.7), the mesotrione 

treatment only had a significant effect on the growth of these Urochloa species when it was 

applied at the < 5 cm growth stage and the mesotrione treatment had virtually no effect on the 

growth of U. mosambicensis when it has passed the < 5 cm growth stage. 

Paraquat, glyphosate and acetochlor were the most effective treatments and provided 

100% control efficacy at the < 5 cm growth stage for both the Urochloa species. However, at 

any growth stage > 10 cm the control efficacy of the glyphosate and acetochlor treatments 

decreased drastically (< 30%) when applied to U. mosambicensis.  

a) b) 
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The paraquat treatment was the most effective treatment for both Urochloa species 

throughout each growth stage. The paraquat treatment was 100% efficient when applied onto 

U. mosambicensis and 98% efficient against U. panicoides at the > 30 cm growth stage. 

Results show that when U. mosambicensis passes a 5 cm growth stage, this weed species 

cannot be effectively controlled with any of these treatments, except paraquat. Tembotrione 

is not registered for controlling either of these Urochloa species and desired control 

percentage was not obtained at the > 30 cm growth stage. This is an indication of how 

important label specifications are and why it is important not to deviate from the herbicide label 

(Milton, 2004). Even though most of these treatments are registered for U. panicoides, a 

desired control percentage of 100% was only achieved at the < 5 cm growth stage where the 

paraquat, glyphosate and acetochlor treatments were applied.  

Producers usually apply pre-emergence herbicides with planting and achieve effective 

control. However due to high seed numbers in the soil seedbank, more than one flush of 

emergence have been recorded for both Urochloa species that negatively affects this method 

of control. Thus, late infestation levels are problematic and difficult to control and therefore 

selective post-emergence herbicides needs to be applied (Ekeleme et al., 2004). 

During the field trial, modifications were made to the colour of these weed species 

when the herbicide treatments were applied. The ability of the plant to re-grow indicates that 

no or minimal damage were made to the plant tissue and therefore the discolouration 

appeared. The whole plant or parts of the plant underwent discolouring, chlorosis, whitening, 

change in intensity of colour (lighter or darker), browning or reddening. The discolouration may 

be localized (internal or external spots). Results indicated at 21 DAA, any percentage of 

survival of these weed species will provide  them the ability to re-grow and restore the plant to 

its natural state (Figure 3.6). 

 

Table 3.7 Six herbicide treatments used on the two Urochloa species in this study and 

an indication of whether they are registered on these Urochloa species or not. 

Treatment Registered on U. mosambicensis Registered on U. panicoides 

Mesotrione XX XX 

Paraquat XX XX 

Tembotrione   

Glyphosate  XX 

Acetochlor  XX 

Topramezone  XX 
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Conclusions 

Only significant interactions between treatments and days after application was recorded for 

the < 5 cm growth stage for both the Urochloa species. Effective control was only recorded for 

paraquat, glyphosate and acetochlor. For both the growth stages where seedlings were larger 

than 20 cm, no significant interaction was recorded and only treatment effects were significant. 

Paraquat was the most effective treatment while the rest of the treatments showed poor 

control. Urochloa mosambicensis was more tolerant to herbicides. During the field trial 

regrowth was observed in all the treatments. Effective control depends on the growth stage of 

Urochloa species and the number of seeds present in the soil bank. Poor control was recoded 

when tufts exceed 10 cm in height. It is commercially acceptable when the control percentage 

of any herbicide program is > 90%. 
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Chapter 4 - Germination characteristics and emergence patterns of Urochloa 

species 

4.1 Abstract report 

Understanding the relationships between environmental variables and germination and 

emergence of Urochloa mosambicensis and Urochloa panicoides may contribute to the 

explanation of why these grass species are common weeds in agricultural systems. The aim 

of this study was to investigate the effects of temperature fluctuations, soil depth and 

dormancy on Urochloa spp. seed germination. Pilot studies on seed of the two species 

collected at the ARC research station in Potchefstroom showed that cold stress, heat stress, 

wetting and drying, treatment with sulphuric acid and mechanical scarification did not improve 

germination of dormant seeds. Urochloa mosambicensis and U. panicoides seed samples 

were then collected from 10 different localities. The samples were sent to the Department of 

Agriculture, Forestry and Fisheries – Seed Evaluation department, which conducted viability, 

tetrazolium and germination tests on the different samples. The results showed that more than 

50% of the seed was physiological immature. Climate change has a direct correlation with the 

alteration of rainfall patterns, which affects the regeneration dynamics of plant species. The 

response of different species to infrequent rainfall influences seed establishment and 

germination which determines the distribution of these species and their seed yield.  

 

4.2 Introduction 

Dormancy is a characteristic seed property that indicates unfavourable environmental 

conditions under which seeds are unable to germinate. Dormancy characteristics are 

determined by genetics with significant environmental influence, which is partly correlated with 

production of plants hormones gibberellins and abscisic acid (Finch-Savage & Leubner-

Metzger, 2006). In the field of seed biology, dormancy is one of the least understood 

phenomena (Bewley, 1997b Hilhorst, 1995). 

Dormancy periods were recorded in seed of many annual weed species and it has 

been reported that this dormant state even persists after maturity and desiccation of plants. 

Thus, in many cases seed dormancy is seen as a physiological block to hinder the completion 

of seed germination during favourable conditions (Tang et al., 2010). Because seed 

morphology varies between species, their ability to adapt to the ever changing environment 

also differs. This has led to the physiological dormancy block against germination to also 

evolve differently. This ensures that only when conditions are deemed suitable, a new plant 

generation will establish (Hilhorst, 1995; Vleeshouwers et al., 2001). Different dormancy 

mechanisms evolved in the diverse climates and habitats in which they operate (Finch-Savage 

& Leubner-Metzger, 2006). Baskin and Baskin (1985) introduced a more sophisticated and 
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experimentally valuable definition of dormancy which state: “a dormant seed does not have 

the capacity to germinate in a specified period of time under any combination of normal 

physical environmental factors that are otherwise favourable for its germination, i.e. after the 

seed becomes non-dormant”. According to Fenner and Thompson (2005), the absence of 

germination should not be the only consideration when declaring dormancy, but it should 

rather be seen as a beneficial seed characteristic that determines the necessary conditions 

required for germination. 

Studies have shown that the dormancy of seeds can be broken when seeds are placed 

into various stress environments. Compounds containing nitrogen (nitrate, nitrite, cyanide, 

ammonium and azide) promotes breaking of the dormant states of weed seeds and enables 

germination (Li et al., 2005; Balouchi & Sanavy, 2006; Bethke et al., 2006). 

Early seedling emergence and growth are extremely dependent on, but also susceptible to 

climatic events such as the availability of water and extreme temperatures (O’Brien et al., 

2013). Temperature has a great effect on seed germination periodicity and the distribution of 

species (Guan et al., 2009). According to Alvarado and Bradford (2002), increased 

temperatures are directly related to increased germination rate, however, the rate declines at 

very high temperatures. 

A seed soil bank is created when seeds of different species are preserved in the soil. 

However, seed longevity is species-related and different species emerge annually in periodical 

cycles (Bouwmeester & Karssen, 1992). It has been found that high summer temperatures 

can induce secondary seed dormancy of summer and spring annual weeds. However, the 

dormant seeds of these weed groups cannot germinate in autumn or late summer, but on the 

contrary dormancy will be interrupted during low temperatures in winter (Baskin & Baskin, 

1985). According to Anderson and Milberg (1996), soil temperature is not the only factor to 

consider when determining the cause of seed dormancy. Temperature is however considered 

to be the main contributing factor to the phenomenon of seed dormancy in the majority of 

species in the Asteraceae family. Ageratum conyzoides emergence percentage is highly 

dependent on the increase in soil temperature and soil moisture content within the first 20 mm 

of the soil surface layer. Soil moisture, soil aeration and oxygen content have a significant 

impact on the emergence of weed species in crop fields (Doohan et al., 1991). It has therefore 

been concluded in previous studies that a severe emergence wave of weeds usually occur 

after soil cultivation or intensive rainfall (Doohan et al., 1991). 

A better understanding of germination and emergence of U. mosambicensis and U. 

panicoides in relation to environmental variables may contribute to the explanation of why this 

grass species is a common weed. An important prerequisite to ensure proper development of 

an environmentally-safe and integrated strategy of weed management is detailed knowledge 

about the environmental conditions required for weed seed germination and seedling 
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emergence. The aptitude to anticipate seed germination and emergence ability in response to 

environmental conditions is crucial. This will allow better timing of physiological, mechanical, 

biological, and other management strategies (Ghorbani et al., 1999). 

The aims of this chapter are to describe attempts at inducing germination in Urochloa spp. 

seed and to report on the effects of temperature fluctuations, soil depth and dormancy on the 

germination of the two Urochloa spp. It will also help to estimate when flush outbreaks will 

occur in relation to rainfall patterns to ensure timely control measures.  

 

4.3 Material and methods 

Seeds of U. mosambicensis and U. panicoides were collected in the field by means of hand 

seed harvesting during the 2014/2015 season at the Agricultural Research Council (ARC)- 

Grain Crops Institute (GCI), experimental farm (-26o43’57.46”; +27o4’.44.98”), in 

Potchefstroom in the North West province. The seed stock was then stored in plastic 

containers in germination chambers at room temperature (23 oC - 25 oC).   

 

4.3.1 Germination trials and pre-treatments 

Samples of seeds were taken from the seed collection stock and were subjected to the 

different germination inducing treatments outlined below. One hundred seeds of each 

Urochloa spp. were used to evaluate each treatment (Figure. 4.1). One germination trial was 

conducted and after it was deemed unsuccessful, five more germination trials were conducted 

(listed 4.3.1.1 - 4.3.1.6) to find a method to successfully germinate seed of these Urochloa 

species. All the attempts described from 4.3.1.1 - 4.3.1.6 consisted of three repetitions and 

each method and its replicates were repeated twice per species. A control treatment that 

consisted of seeds that were not subjected to any form of sterilization or pre-treatment was 

included in all experiments. The different treatments are described below.  
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Figure 4.1 A visual presentation of the six different treatments used in attempts to 

induce germination of Urochloa spp. seed:  sodium hypochlorite, sulphuric acid 

scarification and day and night environmental conditions, sulphuric acid sterilization, 

mechanical scarification, hot water treatment and wetting and drying treatment each 

with graphic illustrations. 

 

Sodium hypochlorite (JIK) sterilization 

This trial consisted of five treatments: 

Control I - seeds were kept at room temperature and were not sterilized. 

Control II - seeds were sterilized with a 2% JIK solution for 10 min.  

Treatment 1 - seeds were washed for 24 hours with running distilled water and there after 

sterilized with a 2% JIK solution for 10 min. 

Treatment 2: cold stress treatment - seeds were left at 4 °C for three weeks and thereafter 

sterilized with a 2% JIK solution for 10 min. 

Treatment 3: heat stress treatment - seeds were left for 5 min at 60 °C and washed thereafter 

with a 2 % JIK solution for 10 min. 
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A 100 seeds per treatment were placed between two sheets of Anchor paper, one placed at 

the bottom of the container and the other on top with the seeds in-between. The anchor paper 

was watered daily with 20 ml water. The treatments were placed in germination chambers at 

the ARC (GCI). This pre-treatment and its repetitions, as explained above, were conducted 

twice with identical treatments, one at a constant temperature of 30 °C and the other at 

fluctuating temperatures of 15 °C and 30 °C for 10 and 14 hours respectively. Germination 

recordings were taken bi-weekly, however none of the seeds germinated successfully and 

sufficient data could not be recorded.  

The bleach concentration was calculated by means of the following equation:   

(Concentration1)(Volume1) = (Concentration2)(Volume2). 

 

Sulphuric acid scarification and day and night environmental conditions 

Seeds were left in a dry room at the ARC (GCI) Potchefstroom at 15 ° C and a relative humidity 

of 40% for 24 hours before the trial was conducted. The seeds were then divided into three 

groups and submerged in concentrated? sulphuric acid for either 5, 10 or 15 min. Thereafter 

seeds were removed from the sulphuric acid and submerged in distilled water for one hr. 

Seeds were washed for 1 min with running distilled water after removal from the distilled water. 

The seeds were then dried with blotting paper. A 100 seeds per treatment were placed 

between two sheets of Anchor paper in an orderly form and watered with 20 ml water daily. 

The treatments were placed in germination chambers at the ARC in Potchefstroom at 

temperatures of 15 °C and 30 °C for 10 and 14 hours respectively. White light was present 

during the 30 °C time intermediate. Germination recordings were done bi-weekly. 

 

Sulphuric acid scarification  

The seeds were divided into four different treatment groups and each group subjected to a 

different treatment as follows: 100%, 90%, 70% and 50% sulphuric acid solutions. The 

sulphuric acid concentrations were calculated with the following equation: (C1)(V1) = (C2)(V2). 

All treatments were replicated two times, one where the seeds were submerged for three min 

in the different concentrations listed above and the second treatment where a second set of 

new seeds were submerged for five min into the different concentrations as listed above. After 

the seeds were submerged for three min they were washed for three min in distilled water. 

Seeds submerged for five min were washed for five min in distilled water. The seeds were 

then removed from the distilled water and dried with blotting paper. A 100 seeds per treatment 

were placed between two sheets of Anchor paper in an orderly form and watered with 20 ml 

water daily. The treatments were placed in a germination chamber (28°C) and germination 

recordings were taken bi-weekly.  
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Mechanical scarification 

Seeds were collected from the germination chambers where they were stored at room 

temperature (22 °C – 25 °C) and placed into a glass container that contained small pebbles. 

The container was then shook heavily for 5 min, resulting in weakening and opening of the 

seed coat. Seeds were removed from the container and placed into petri dishes in pairs of ten. 

Distilled water was poured into the petri dishes in time intervals of 24 hours. The petri dishes 

were placed in the germination chamber (25°C) and germination recordings were taken daily. 

 

Hot water treatment - break seed dormancy 

Seeds were collected from the germination chambers where they were stored at room 

temperature (22 °C – 25 °C) and divided into 10 groups of 10 seeds each. The seed groups 

were each dipped into boiling water for different time periods of 1, 2, 3, 4 and 5 sec. The seeds 

were allowed to cool down and were then soaked in distilled water. Seed of each treatment 

were strategically placed into a petri dish that contained filter paper. The seeds were then 

watered as needed and germination was monitored daily. 

 

Wetting and drying 

Seeds were collected from the germination chambers where they were stored at room 

temperature (22 °C - 25 °C) and placed into a petri dish. The seeds were then soaked in 

distilled water for a period of 24 hours and then sun-dried for 24 hours.  This method of wetting 

and drying was repeated five times with all the seed. The seeds were then placed on filter 

paper in petri dishes. The seeds were watered as needed and germination was monitored 

daily to visually note any signs of germination. 

 

The effect of soil depth on seed dormancy. 

Seeds of U. mosambicensis and U. panicoides were collected in the field at ARC-GCI in 

Potchefstroom during the 2014/2015 season. Seed were collected by means of hand seed 

harvesting three mesh bags were filled with U. mosambicensis seeds and another three mesh 

bags were filled with U. panicoides seeds. The three bags of each species were buried at 

depths of two, five and 10 centimetres respectively. After six months the bags were collected 

from the soil and the germination trials mentioned above, 2.3.1.1 - 2.3.1.6 were repeated to 

see the effect that the dormancy of the seeds have on the germinability of these seeds. 

 

All the germination trials mentioned above showed little to none effect on the germination of 

the two weed species, even after the second and third repetition. Urochloa mosambicensis 

and U. panicoides seeds were then collected from 10 different localities (Table 4.1) and sent 

to the Department of Agricultural Forestry and Fisheries (DAFF) for further germination tests. 
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Table 4.1 The different localities where U. mosambicensis and U. panicoides were sampled. 

- Species could not be located in that area 

4.3.2 Emergence patterns 

A field trial was conducted at two different localities with slightly different soil types and rainfall 

patterns. These localities were situated in Bethlehem (28°09'55.12"S 28°18'32.97”E) and 

Ventersburg in the Free State province (27.9784”S, 27.0264”E). 

These localities were scouted and ten quadrants were randomly placed in an area of 20 by 30 

m. These quadrants were monitored and U. mosambicensis and U. panicoides species were 

removed and noted every second week to determine their growth pattern in correlation with 

rainfall patterns. 

 

Results and discussion 

The series of six different germination trials were conducted over a period of two years, 

however, no concrete results were obtained during any of these trials. The only attempt that 

succeeded in inducing some germination was treatment with sulphuric acid (Table 4.2). These 

germination levels were however extremely low.  

Location GPS  

coordinates 

U. mosambicensis U. panicoides Date 

sampled 

1. Villiers 27.0362°S, 

28.6148°E 

* * 04/05/2016 

2. Kriel 26.2551°S, 

29.2634°E 

* - 04/05/2016 

3. Meyerton 26.5854°S, 

28.0069°E 

* * 11/05/2016 

4. Parys 26.9111°S, 

27.4909°E 

* - 11/05/2016 

5. Vanderbijl 26.7034°S, 

27.8077°E 

* * 11/05/2016 

6. Wesselsbron 27.8337°S, 

26.3663°E 

* * 19/05/2016 

7. Ottosdal 26.8207°S, 

26.0059° E 

* * 19/05/2016 

8. Hartebeesfontein 26.7649°S, 

26.4253°E 

* * 19/05/2016 

9. Bothaville 27.3740°S, 

26.6200°E 

* * 19/05/2016 

10. Potchefstroom 26.7145°S, 

27.0970°E 

* * 01/06/2016 
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After the unsuccessful attempts described above, seeds were collected from 10 different 

locations and sent to the DAFF for viability testing and purity analysis. These analyses 

consisted of two main categories; 1) purity percentage (percentage by weight) that were sub 

divided into pure seed, inert matter and other seed, and 2) germination percentage. According 

to McCloskey (2015), inert matter refers to sand, dirt, sticks, stones, stems, glumes, broken 

seed and other various non-seed items that have moved into the seed bag and is described 

as the percentage of weight of an entire seed bag. These items do not contribute anything to 

crop yield, seed germination or any growing components. The United States Department of 

Agriculture states that a bag of grass seed should contain less than 15% inert matter to be 

suitable for cultivation (McCloskey, 2015). 

 

Table 4.2 Germination percentages recorded after treating Urochloa seeds with the 

different sulphuric acid concentrations for 3 and 5 min. 

 

Urochloa mosambicensis had the lowest percentage of pure seeds and purity percentages 

between 8 - 46%, however, seed collected at Ottosdal had 62,9% purity. The inert matter 

percentage in the U. mosambicensis seed bags was high and ranged between 35-92% which 

is not ideal. Urochloa mosambicensis had the highest percentage of normal seedlings at the 

Meyerton (61%) and Ottosdal (60%) location. Parys location had 81% dead seeds which was 

the highest and the Hartebeesfontein location 6% which was the lowest. No liable U. 

mosambicensis seeds were obtained from any of the sites (Table 4.3). 

Urochloa panicoides had the highest percentage of pure seeds with purity ranging between 

55 and 68% at all the locations except at the Villiers location the seed purity was 16,7%. 

Concentration 

H2SO4 

Treatment submerged 

(min) 

Mean 

germination (%) 

Absolute 3 

5 

3 

7 

90% 3 

5 

0 

0 

70% 3 

5 

0 

0 

50% 3 

5 

0 

0 

Control 3 

5 

1 

3 
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Although U. panicoides had the highest percentage of pure seed this species had the highest 

percentage of dead seeds that ranged between 81-96%. The Villiers location had the lowest 

percentage of pure U. panicoides seeds and no dead seeds were recorded from this locality. 

The inert matter found in the U. panicoides seed bags at all the locations were >15% which is 

not ideal according guidelines developed by the United States Department of Agriculture 

(Table 4.3). 

These germination results indicate that these Urochloa species may require a period 

after seed shed to ripen for maximum germination potential. According to Hampson and 

Simpson (1990), after-ripening is defined as the loss of a dormant state, over time, through 

exposure of seed after maturation and separation from the parent plant to a set of 

environmental conditions. Care should also be taken when seed is sampled from mature 

plants. The sampling method by hand could have been improved and seed must be separated 

from the rachis very carefully as to not damage any part of the caryopsis (seed). This could 

have played a role in the poor germination of both species. 
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Table 4.3 Germination results obtained from DAFF for Urochloa spp. seeds collected at 

the different localities. 

Emergence patters: TP : 20 ≤≥ 35°C 

At the Bethlehem location it was noted that in middle February 2016 U. mosambicensis had 

the highest plant count of 112 plants for the trial duration. This occurred after good rainfall on 

21 January 2016 (14 mm). However, this rainfall event was not the highest rainfall recorded 

Location Purity percentage  

(% by weight) 

Germination percentage 

 (% by number) 

Pure 

seed 

Inert 

matter 

Other 

seed 

Duration 

of 

tests 

(days) 

Normal 

seedlings 

Hard 

seeds 

Fresh 

seeds 

Abnormal  

seedlings 

Dead 

seeds 

Urochloa mosambicensis 

Bothaville 8,5 91,5 0 ‒ ‒ ‒ ‒ ‒ ‒ 

Hartebeesfontein 44,1 55,8 0,1 21 33 0 0 1 6 

Kriel 8,3 91,5 0,2 ‒ ‒ ‒ ‒ ‒ ‒ 

Meyerton 51 49 0 21 61 0 0 0 39 

Ottosdal 62,9 34,9 0,2 21 60 0 0 0 40 

Parys 26,2 73,7 0,1 21 12 0 0 1 87 

Potchefstroom 38,4 61,3 0,3 21 41 0 0 6 53 

Vanderbijlpark 37,1 62,2 0,7 21 48 0 0 2 50 

Villiers 46,2 53,4 0,4 21 27 0 0 1 72 

Wesselsbron 12,9 87,1 0 ‒ ‒ ‒ ‒ ‒ ‒ 

Urochloa panicoides 

Bothaville 60,9 39,1 0 21 17 0 0 2 81 

Hartebeesfontein 68,6 31,4 0 21 4 0 0 0 96 

Meyerton 66,6 33,4 0 21 7 0 0 0 93 

Ottosdal 55,1 44,9 0 21 6 0 0 1 93 

Potchefstroom 60,8 39,1 0,1 21 19 0 0 1 80 

Vanderbijlpark 63,1 36,8 0,1 21 17 0 0 0 83 

Villiers 16,7 82,7 0,6 ‒ ‒ ‒ ‒ ‒ ‒ 

Wesselsbron 56 44 0 21 6 0 0 1 93 

Inert matter 

includes: 

Stalks, flower parts, soil, chaff, stones, dead insects, sterile units, plant materials, sand excreta 

stalks 
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during the study, since 24 mm was recorded on 17 March 2016 (Figure 4.2 a). Urochloa 

panicoides had the highest plant count on 5 January 2016 (243 plants during this trial 

duration). This occurred after a 7.6 mm rainfall event in Bethlehem. After March 2016 plant 

counts started declining drastically (Figure 4.2 a).  

In the Ventersburg location U. mosambicensis had the highest plant count of 54 plants 

during this trial duration on 4 February 2016. This peak occurred after 13.6 mm rainfall was 

recorded on 21 January 2016. This was the third highest recorded rainfall during the trial 

duration. The highest rainfall of 24 mm, similar to the previous year,  was recorded on 17 

March 2016 in the Ventersburg location (Figure 4.2 b). Urochloa panicoides had the highest 

plant count of 452 plants during this trial duration on 9 November 2015. Once again it was 

noted that the numbers of established Urochloa plants declined as the winter months arise 

(Figure 4.2 b).  

 

Figure 4.2 A comparison between the number of new Urochloa spp. plants established at trial 

sites in a) Bethlehem and b) Ventersburg and the amount of rainfall (mm) in the respective 

localities.

b

aa

b
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It was noted that these two Urochloa species were active growers during the summer months 

and the number of established plants declined during the winter months. It was illustrated that 

only a small amount of rainfall is needed for a flush outbreak to occur, especially for U. 

panicoides. The reason for U. panicoides to occur in abundance at these two localities could 

be because the trial quadrants were placed in an established maize field. As explained in 

chapter one, U. mosambicensis only started moving into cropping systems recently since 

conservation agriculture became a more accepted practice. However, both the Bethlehem and 

Ventersburg locations quadrants were placed in maize fields where conventional agriculture 

was practiced. 

The number of established plants could also decrease over time because the Urochloa 

plants were removed every second week leaving the newly established plants more exposed 

to predation by insects and termites and the loss of soil moisture as the area around them was 

bare and a big surface area is exposed to sunlight (Figure 4.3 a and b). 

Figure 4.3 Example of quadrants in maize fields at a) Bethlehem and b) Ventersburg. 

Conclusions  

Little research has been conducted on the biology of U. mosambicensis and U. panicoides 

species and no published research is available to the knowledge of the author which 

addresses seed biology. Likewise, no information is available with reference to the persistence 

of these seeds in the environment. If effective management plans for these species are to be 

developed, there is a need for better understanding of both the environmental factors that 

affect seed germination and persistence of U. mosambicensis and U. panicoides seeds when 

buried or as part of a usually observed surface seed deposits.  

Urochloa panicoides is a weed which occurs in abundance in conventional farming 

fields. Minimal rainfall can cause these species to emerge in a major flush that may result in 

crop yield loss. Urochloa mosambicensis is gradually moving into cropping systems where 

conventional farming practices are used and needs minimal moisture to occur in abundance. 

b) a) 
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These Urochloa species are present right through the year, especially in the summer months, 

which makes timely control essential.  
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Chapter 5 - Conclusions and recommendations  

This study provided new insight into the germination and biology of U. mosambicensis and U. 

panicoides, their competitive nature and the ability to successfully compete in different soil 

types and moisture profiles. The competition between these two Urochloa spp. was studied in 

an aggressivity experiment using a replacement series design where these two Urochloa 

species were grown in five different combinations (4:0, 3:1, 2:2, 1:3 and 0:4). To determine 

their aggressive nature, the tiller and panicle numbers as well as above- and below-ground 

biomass were estimated using competitive indices. It was expected that U. panicoides would 

be more competitive than U. mosambicensis since U. panicoides has a higher status as weed 

in South Africa.  However, results indicated that U. mosambicensis was the more aggressive 

Urochloa species because it had the highest number of tillers, tiller mass, panicle mass, shoot 

mass, root mass and total biomass when grown in the two different soil types and at two water 

stress conditions in their profiles. This indicates that this species may become more 

troublesome in the future, especially U. mosambicensis as it is reported to be moving into 

cropping systems. Both Urochloa species excelled more in low clay percentage soil and where 

moisture was in abundance.  

Dormancy plays a big role in these species and it has been found that their seed can 

stay dormant for six - 12 months (Harty, 1972). This makes effective timely control difficult 

resulting in the regrowth of these grass weeds that affect crop yield.  Results indicated that 

only significant interaction between treatments and days after application was recorded for the 

< 5 cm growth stage for both the Urochloa species. Paraquat, glyphosate and acetochlor were 

the only herbicides that provided effective control. The most effective control treatment was 

paraquat and the other treatments showed poor control. Glasshouse trials indicated that U. 

mosambicensis was more tolerant to herbicides. This causes concern since very few 

herbicides are tested and registered for this specific Urochloa species. The field control trial 

also indicated that herbicide efficacy is very dependent on the specific weed growth stage at 

the time of application and the number of seeds present in the soil bank. Regrowth was 

observed in all the treatments and tuffs exceeding 10 cm in diameter were not effectively 

controlled. Herbicide control percentage must be > 90% to be commercially acceptable 

(Steenkamp, 2004). This informs us to be cautious of these Urochloa species and to further 

investigate their biology to facilitate development of the necessary precaution measures and 

to effectively control these weed species. 

Understanding the relationship between germination, environmental variables and the 

emergence of these Urochloa spp. may contribute to the development of better herbicides and 

control methods and aid to explain why these species are common weeds in agricultural 

systems. Pilot studies showed that cold stress, heat stress, wetting and drying, treatment with 

sulphuric acid and mechanical scarification did not improve germination of dormant seeds. 
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Test results from the Department of Agriculture, Forestry and Fisheries – Seed Evaluation 

Department, showed that more than 50% of the seeds were physiologically immature. Rainfall 

pattern has a direct correlation with climate change which affects the regeneration dynamics 

of plant species. Distribution of these species and their seed yield is directly influenced by the 

seed establishment and germination which is determined by the response of different species 

to infrequent rainfall. 

Further research should be done on the dynamics of these Urochloa species to 

understand their competitive nature. The ability of these Urochloa spp. to emerge throughout 

the year or only when favourable conditions arise makes it extremely important to explore 

alternative control methods or herbicides that can effectively control these Urochloa spp. post 

emergence. Different methods of harvesting Urochloa seeds from mature plants should be 

investigated to conduct successful germination trials to better understand the biology of these 

seeds. 
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Abstract report 

Commelina benghalensis, (Benghal Wandering Jew) is one of the world’s worst weeds. 

It’s competitive within crops for water and nutrients. This weed produces aerial and 

subterranean flowers. It also has the ability to root at nodes and propagate vegetative from 

cutlings. Due to its high tolerance to commonly used herbicides, particularly glyphosate, 

infestation of C. benghalensis are increasing, especially under conservation agricultural 

systems. The aim of this study was to evaluate different herbicides applied at different 

growth stages to determine efficacy. Aerial and subterranean seed were planted in 

rectangular containers to evaluate the efficacy of six pre-emergence and eight post-

emergence herbicides. Post-emergence herbicides were applied at two growth stages of 

the weed (V4 and flowering stage). The most effective pre-emergence herbicides were 

acetochlor/atrazine/terbuthylazine, mesotrione/s-metolachlor, S-metolachlor, 

dimethenamid-P and acetochlor 840 which gave greater than 90% control at 76 DAA. The 

application of tembotrione at V4 stage resulted in 80% control, with glyphosate + 2,4D at 

100% effective control 36 DAA. Bromoxynil and glyphosate + 2-4D applied post-

emergence at the flowering stage gave 100% control 31 DAA. Although this weed is 

difficult to control, an early identification followed by a pro-active chemical control program 

can greatly reduce its impact on crop yields.  

 

Key words: Commelina benghalensis, post-emergence, pre-emergence, , residual effect, 

regrowth

Section 8: Efficacy of different pre-and post-emergence herbicides on control of 

Benghal Wandering Jew (Commelina benghalensis) 

Reynolds L., 2015. Efficacy of different pre-and post-emergence herbicides on control 

of Benghal Wandering Jew (Commelina benghalensis). Hons study. North-West 

University. 

 thesis. North-West University, Potchefstroom 
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Introduction 

The Bengal Wandering Jew, also known as the tropical spiderwort (Commelina 

benghalensis), is one of the world’s worst weeds and is a reported weed in 25 different 

crops such as soybean, maize, sugarcane in 29 different countries (Holm et al., 1977). 

The weed is a strong competitor with crops for water and nutrients and infestation levels 

of this weed has been reported to increase in crop production fields due to its resistance 

or high tolerance to many commonly used herbicides, particularly glyphosate (Owen and 

Zelaya, 2005). Walker et al. (1989) stated that six weeks of interference from Bengal 

dayflower eliminated peanut pod production (100% reduction in yield). Benghal dayflower 

has a prostrate growth habit and the ability to reduce cotton and peanut yields up to 60 

and 100%, respectively, through season-long interference (Webster et al. 2009). This 

weed can behave as a perennial in tropical zones or as an annual in more temperate zones 

(Wilson, 1981). Commelina benghalensis is a creeping monocotyledon, succulent stems 

and leaves that can be creeping or ascending and climbing if supported, with a length of 

20 to 90cm. The leaves possess a fine pubescence and ovate elliptical with a length 

between 3 to 7cm and have also a parallel venation (Faden and Hilfinger, 1982).  

C. benghalensis has the unique ability to produce both aerial as well as 

subterranean flowers (Maheshwari and Maheshwari, 1955). The aerial flowers are open 

pollinated flowers. They are never wind-pollinated but are insect or self-pollinated although 

they lack nectar (Faden, 2000). Aerial flowers consist of three purple petals. These flowers 

open rapidly in the morning and begin wilting by midday. There will be approximately 240 

aerial flowers per plant which will start to form 8-10 weeks after emergence (Kaul et al., 

2002). The subterranean flowers are self-pollinating flowers (cleismogamous) which are 

pale yellow to white in colour and develop on a rhizome. They will convert to aerial flower 

when exposed to light for a long-term (Walker and Everson, 1985). The fruit is a capsule, 

4-6 mm in length and pyriform and contains three to five dimorphic seeds (Faden and 

Haflinger, 1982). The aerial fruit contains one large and four small seed where the 

subterranean seed capsule contain one large and only two small seed. The small aerial 

seed have a greater dormancy than the larger seed (Budd et al., 1979). This brownish-

black in colour seed are rectangular and 1.6 to 3mm in length and 1.3 to 1.8 mm in width 

(Walker and Everson, 1985). It has been estimated that one C. benghalensis have the 

ability to produce 1600 seeds (Wilson, 1981). C. benghalensis does also have the ability 

to root at the nodes and can therefore propagate from cut or broken stems (Budd et al., 

1979). 

Culpepper et al. (2004) stated that C. benghalensis has a high tolerance against 

glyphosate and can pose a serious problem since glyphosate is most commonly used to 

control this weed in glyphosate resistant maize and soybeans.  Because C. benghalensis 
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is a significant weed in South Africa, other herbicides that are most effective on C. 

benghalensis included flumetsulam, acetochlor/atrazine/terbuthylazine, mesotrione / s-

metolachlor, s-metolachlor, dimethenamid-P, acetochlor 840, all pre-emergence 

herbicides and bendioxide, mesotrione, glyphosate/mesotrione/s-metolachlor, 

tembotrione, glyphosate, glyphosate + 2,4-D, topramezone/dicamba, bromoxynil. It is 

important to use residual herbicides in weed management programs to control the C. 

benghalensis because seeds can continually germinate throughout the season. 

 

Aim of Study 

The aim of this study was to evaluate different herbicides applied either pre- or post-

emergence to determine the most effective active ingredient to control Commelina 

benghalensis.  

 

Material and Methods 

Preparation  

The aerial seeds were harvested from mature plants obtained from the farm Ditsem near 

Skandinawieëdrift in the Free State. Seeds were separated from the capsule by hand and 

left to dry from December 2014 to January 2015.  

Figure 1: Different size soil sieves used to separate small and large aerial seeds 

The larger aerial seeds were used because Budd et al. (1979) stated that small aerial 

seeds have a greater dormancy than larger seed (Budd et al., 1979). The large and small 

seed was separated by using a soil sieve of 2 mm where large seed measured 

approximately >2mm and small seeds approximately 1.6mm.  



 341 

 

Figure 2:  ry-oven where seeds were treated at 90°C for 2 hours 

 

  

Seeds were also treated in a dry-oven at 90°C for 2 hours to remove the impermeable 

seed coat (Budd et al., 1979). This was also facilitate moisture uptake and alleviate the 

physical dormancy constraint. 

 

Study area 

Two glasshouse trials were conducted at the ARC-Grain Crops Institute (Potchefstroom) 

where sandy clay loam top soil (16% clay) was placed into rectangular plastic containers 

measuring 320 mm x 445 mm x 90 mm. Six herbicides namely; flumetsulam, 

acetochlor/atrazine/terbuthylazine, mesotrione / s-metolachlor, s-metolachlor, 

dimethenamid-P, acetochlor 840 were applied pre-emergence (PRE)(Table 1). Eight 

herbicides were applied post-emergence (POST), namely bendioxide, mesotrione, 

glyphosate/mesotrione/s-metolachlor, tembotrione, glyphosate, glyphosate + 2,4-D, 

topramezone/dicamba, bromoxynil (Table 2) at two growth stages; V4 and flowering stage. 

The trial layouts was a complete randomized design consisted of 5 replicates (PRE trial) 

and 3 replicates (POST trial), respectively. 
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Figure 3: Glasshouse trial at the ARC-Grain Crops Institute (Potchefstroom) 

Glasshouse growing conditions were regulated for the obtaining and managing of optimal 

growth conditions at 18 - 35°C. Walker and Evenson (1985) reported that optimum C. 

benghalensis seed germination occurs between 15 - 35°C. Temperature plays a major role 

in the germination of all weed species seeds. The day durations were extended from 5am 

to 7am and again from 5pm to 7pm. Containers were watered daily to accommodate 

emergence and growth of C. benghalensis.  

Holes at the bottom of each container allowed free drainage of water. Efekto’s 

Multifeed® Classic, a water soluble fertilizer (NPK 2:1:2) for young developing seedlings, 

was applied on a weekly basis to provide the plants with essential nutrients. The fertilizer 

was prepared dissolving one measuring spoon (5 g) in 2 ℓ of water. This was applied just 

before watering so that the soil was drenched after application. 

 

Herbicides types, time of application and rates 

Pre-emergence 

The pre-emergence herbicide treatments were applied using a CO2-powered conveyer-

band sprayer fitted with one TEEJET 8004 E-band nozzle with a delivery of 250 l.ha-1 at a 

pressure of 200kPa at 1m/s. Control treatments received no herbicide or adjuvant 

applications. Larger droplets (8004 nozzle) were used to ensure that the herbicide was 

washed in. 

There were six herbicides tested as well as the control, each with 5 replicates. Six 

seeds were planted in each pot, 1cm deep. Pre-emergence was sprayed 6 days after 

planting to ensure the germination of the seed. 
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Figure 4: A CO2 band pray used to spray the different pots at the speed of 1m/s, a 

delivery of 250 l/ha, pressure of 2 kpa and with a nozzle: E-band 8004 (pre-

emergence) and E-band 8002 (post-emergence), (TEEJET), 

 

Post-emergence 

The post-emergence herbicide treatments were applied, using a CO2-powered conveyer-

band sprayer fitted with one TEEJET 8002 E-band nozzle with a delivery of 250 l.ha-1 at a 

pressure of 200kPa at 1m/s. Control treatments received no herbicide or adjuvant 

applications. Fine spray (8002 nozzle) was used to ensure maximum leaf surface 

coverage for maximum penetration and absorption of herbicides and to prevent herbicide 

runoff. 

There were eight products tested as well as the control, each with 3 replicates. Six 

seeds were planted in each pot, 1cm deep. The post-emergence was sprayed at two 

different stages namely: V4 stage and flowering stage to show if an early control of C. 

benghalensis will be more effective and more economic viable. An adjuvant was also 

added for maximum absorption and penetration at leaf surface 

V4-stage: Post-emergence was sprayed as soon as the average of all the pots was 

at four-leaf stage. 
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Flowering stage: Post-emergence was sprayed as soon as the average of all the 

pots was at the flowering stage. 

Figure 5: Examples of V4-stage (left) and flowering stage (right) 

 

Data Collection techniques 

Visual evaluations of necrosis, yellowing, twisting or curling of leaves was recorded for 

each treatment and compared to control treatments as a percentage. This was done 

weekly for PRE as soon as the control seedlings started to emerge (7 DAP), till 36 DAP. 

Visual evaluations for POST was also done weekly from 5 DAA till 36 DAA(V4-stage) and 

31 DAA (flowering-stage). The same visual observations were done to determine regrowth 

in all treatments. The following control standards were used in this study: Control between 

90 and 100% was approved as "acceptable, sufficient or effective" weed control. Weed 

control less than 90%, namely between 50 and 89% was a reflection on "reduced or 

suppressed" weed control, and less than 50% weed control is totally unacceptable for 

producers and was thus referred to as "insufficient control." 

 

Statistical analysis 

All data were expressed as a percentage of the control treatments and were subjected to 

a multivariate ANOVA to compare treatments at the 5% significance level using Fischer’s 

Protected LSD to determine the efficacy (Genstat® for Windows Release 14.1, VSN 

International Ltd). 
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Results and Discussion 

Pre-emergence 

 

Figure 6: Control of C. benghalensis recorded at 48 DAA where six pre-emergence 

herbicides were applied. (Means above bars followed by the same 

letter(s) do not differ significantly at P=0.05 according to Fisher’s Protect 

LSD) 

All PRE herbicides rated between 90 and 100% control except flumetsulam (Figure 6). 

Flumetsulam showed a control of 22% (<50%) and is therefore classified as “insufficient” 

weed control on C. benghalensis. Acetochlor/atrazine/terbuthylazine, mesotrione / s-

metolachlor, s-metolachlor, dimethenamid-P and acetochlor 840 have greater than 90% 

percentage control which is “acceptable, sufficient or effective” control. The efficacy of 

these herbicides did not differ significantly from each other. Mesotrione / s-metolachlor and 

s-metolachlor alone had both a complete control percentage (100%.) 

Webster (2006) stated that s-metolachlor provided effective and sufficient control above 

90% as well as clomazone. All other 4 pre-emergence herbicides were also “insufficient” 

weed control such as flumetsulam (Webster, 2006). 

Isaac (2013) also stated that s-metolachlor, clomazone and flumetron provided a 

control percentage of >80%. Recent studies on the use of residual herbicides have 

identified s-metolachlor as providing excellent residual control (>80%) on C. benghalensis 

(Prostko Iet alI., 2005). Benjamin & Ruben (1982) stated that atrazine and s-metolachlor 

gave good to excellent control for C. benghalensis. Ferreira et al. (1999) and Klingman et 

al. (1982) stated that atrazine as well as terbthylazine both caused severe inhibition of 

photosynthesis. 
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Post-emergence 

V4-stage 

 

Figure 7: Efficacy of eight POST herbicides on the control of C. benghalensis at 

V4-stage from 5-36 days after application   

Glyphosate/mesotrione/s-metolachlor showed poor control of C. benghalensis at a 

percentage of less than 10% at 36 DAA (Figure 7). Glyphosate tends to show a control 

percentage of 40% up to 25 DAA, but may have had a greater effect after 36 DAA as its 

control percentage did not decrease after 25 DAA but still increased to 50% at 36 DAA 

(last day of survey).  Tembotrione had the second best control percentage, already from 

19 DAA at a control of 80% where Glyphosate + 2,4D had complete control (100%) at 19 

DAA and both decreased at 19 DAA 

From 5 DAA, Glyphosate + 2-4D had a more effective control of 20% than most of 

the other herbicides already. Bendioxide tends to show an effective control of 60% at 12 

DAA but show a decrease in control after 19 DAA. With the application of herbicides at 5 

DAA, there were 4 herbicides which control percentage decreased after 25 DAA, namely: 

topramezone/dicamba, bromoxynil, bendioxide and glyphosate/mesotrione/s-metolachlor. 

This also shows that the regrowth may have increased on these stages of decreased 

control at 25 DAA. 
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Figure 8: Efficacy of eight POST herbicides on the control of C. benghalensis at 

V4-stage at 36 days after application. (Means above bars followed by the 

same letter(s) do not differ significantly at P=0.05 according to Fisher’s 

Protect LSD) 

The application of bendioxide, bromoxynil, glyphosate, mesotrione, and 

topramezone/dicamba did not differ significantly (Figure 8). Glyphosate/mesotrione/s-

metolachlor showed poor control of C. benghalensis, less than 10%  

However, no significant differences were found between bromoxynil and glyphosate + 2,4-

D but did differ significantly with the other remaining herbicides as well as with the control. 

Tembotrione showed control of 80% and differ significantly from glyphosate + 2,4-D 

showing 100% control. 

According to the efficacy scale used, bendioxide, bromoxynil, glyphosate, 

glyphosate/mesotrione/s-metolachlor, mesotrione and topramezone/dicamba all achieved 

less  than 50% control and are classified as “insufficient” weed control. Tembotrione 

showed control of 80%, still between 50% and 89% which is an herbicide classified as 

“reduced or suppressed” weed control of C. benghalensis. Glyphosate + 2,4-D were the 

only herbicide at V4 stage which had an acceptable, sufficient or effective control on C. 

benghalensis. 
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Figure 9: Regrowth of eight POST herbicides after the control of C. benghalensis 

at V4-stage at 40 days after application. (Means above bars followed by 

the same letter(s) do not differ significantly at P=0.05 according to 

Fisher’s Protect LSD) 

C. benghalensis showed the highest percentage regrowth (57%) in the bendioxide 

treatment 36 DAA, followed by glyphosate/mesotrione/s-metolachlor (44%) and 

topramezone/dicamba (33%). Glyphosate + 2-4D, mesotrione and tembotrione showed no 

regrowth 36 DAA and are acceptable for producers (Figure 9). Mesotrione had a control 

percentage of only 40% (Figure 8) but had no regrowth.  

Maneechote et al. (2012) stated that glufosinate-ammonium was the most effective 

herbicide giving complete control. In contrast, glyphosate was poorly effective <50% in this 

study. Paraquat gave an excellent control but also started to regenerate new shoots from 

the remaining stems after two weeks. 
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Flowering-stage 

 

Figure 10: Efficacy of eight POST herbicides on the control of C. benghalensis at 

flowering-stage from 5-31 days after application   

All the post-emergent herbicides had an increase in efficacy from 5 DAA except 

glyphosate/mesotrione/s-metolachlor only started to increase at 10 DAA (Figure 10). At 17 

DAA there was a decrease in efficacy and thus may result as where the regrowth of the 

C. benghalensis at flowering stage. Bromoxynil and glyphosate + 2-4D had both a 100% 

control. Bromoxynil was at 100% already at 17 DAA where glyphosate + 2-4D were at 

100% only at 23 DAA. Glyphosate also showed effective control of 70% at 31 DAA. 



 350 

 

Figure 11: Efficacy of eight POST herbicides on the control of C. benghalensis at 

flowering-stage at 31 days after application. (Means above bars followed 

by the same letter(s) do not differ significantly at P=0.05 according to 

Fisher’s Protect LSD) 

Figure 11 indicates that bendioxide, mesotrione and tembotrione gave poor control for C. 

benghalensis (<22%). The least significant difference was glyphosate/mesotrione/s-

metolachlor and all the other had a significant difference. Bendioxide, 

glyphosate/mesotrione/s-metolachlor, mesotrione, tembotrione and 

topramezone/dicamba had poor control (<50%) and are classified as “insufficient” weed 

control. Glyphosate gave 70% control 31 DAA of 70 % and is classified as “reduced or 

suppressed” weed control of C. benghalensis. Bromoxynil and glyphosate + 2,4-D gave 

the most effective control of 100% and is a “acceptable, sufficient or effective” control on 

C. benghalensis at flowering stage.  

Isaac (2013) stated that a study was conducted in 2010 where a single application 

of 23 post-emergence herbicides resulted in the following: mesotrione, lactofen, 

oxyfluorfen, clomazone and flumioxazin provided a complete control of 100% where 

oxadiazon, fomesafen, metribuzin, acifluorfen, isoproturon, MCPA-sodium, carfentrazone-

ethyl, fluroxypyr, fluoroglycofen-ethyl and bentazone were also sufficient and effective 

(>90%). 
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These herbicides are not all registered in South Africa but this shows that there are 

still other herbicides as well that still have sufficient and effective control on C. 

benghalensis. 

 

Webster et al. (2006) stated a significant difference on control of C. benghalensis at 

different growth stages (3 WAT vs. 6 WAT). 

 

 

Figure 12: Regrowth of eight POST herbicides after the control of C. benghalensis 

at flowering-stage at 40 days after application (Means above bars 

followed by the same letter(s) do not differ significantly at P=0.05 

according to Fisher’s Protect LSD) 

At the flowering stage, 40 DAA, not a single herbicide prevented regrowth although 

bromoxynil, glyphosate and glyphosate + 2,4-D had no significant difference (Figure 12). 

By comparing Figure 8 and Figure 12, a difference in regrowth can be seen and this shows 

that control at earlier stages also reduce regrowth. Bendioxide, glyphosate/mesotrione/s-

metolachlor, mesotrione, tembotrione and topramezone/dicamba had a significant 

difference with a regrowth >40%.  

Mei & XingXiang (2012) found that a single application of 23 post-emergence 

herbicides resulted in the following: mesotrione, lactofen, oxyfluorfen, clomazone and 

flumioxazin provided complete control of 100% where oxadiazon, fomesafen, metribuzin, 

acifluorfen, isoproturon, MCPA-sodium, carfentrazone-ethyl, fluroxypyr, fluoroglycofen-

ethyl and bentazone were also sufficient and effective (>90%). Paraquat, 2,4-D butylate, 
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rimsulfuron and thifensulfuron-methyl are recorded as herbicides with good activity (80.0 

- 90.0% control), and nicosulfuron, bensulfuron-methyl, dicamba and glyphosate-

isopropylammonium are relatively ineffective (< 80.0% control) at their own recommended 

dose, respectively (Isaac 2013). 

 

Conclusion and Recommendations 

Bromoxynil had a great control efficacy at V4 stage but a poor control efficacy at flowering 

stage where tembotrione also had a great control at flowering put poor at V4. This show 

that there is a greater efficacy of the control C. benghalensis at pre-emerge and at an 

earlier growth stage. Although this weed is difficult to control, an early identification 

followed by a proactive management can greatly reduce its impact on crop yields. 
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Table 1: Six different pre-emergence products with its active ingredients  

Pre-emergence Active Ingredient 

Broadstrike  Flumetsulam  

Bullet acetochlor/atrazine/terbuthylazine  

Camix  mesotrione / s-metolachlor  

DualGold  s-metolachlor  

Frontier Optima dimethenamid-P 

Guardian acetochlor 840 

 

Table 2: Eight different post-emergence products with its active ingredients 

 

 

 

 

 

 

 

 

 

 

 

  

Post-emergence Active Ingredient 

Basagran  bendioxide  

Cantron  mesotrione  

Halex  glyphosate/mesotrione/s-metolachlor  

Laudis  tembotrione  

Roundup PowerMax  glyphosate  

RPM+2-4D glyphosate + 2,4D 

Stellar Star topramezone/dicamba  

Voloxynil bromoxynil  

Section 9: Competition effect of Eleusine coracana (Goose grass) in maize 

J. Haasbroek. 2016. Competition effect of Eleusine coracana (Goose grass) in maize Hons 

study.  North-West University, Potchefstroom 
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1. Abstract report 

Eleusine coracana subsp. africana more commonly known as goose grass is a classified 

weed in South-Africa. It is a tufted annual grass, with an exceptionally strong root system, 

that grows in most conditions found in the agricultural regions of the country. In certain 

conditions, yield loss in maize due to weed competition can be between 35-86%. It is 

essential to know the economic threshold level of a crop for cost effective weed control. 

The competition pot trail conducted in a glass house between maize (Zea mays) and goose 

grass was done using a wet and dry soil profile in a complete randomized block design 

each with six treatments. The interference ratios (maize: grass treatments) were; 1:0, 1:1, 

1:3, 1:5, 1:7, 1:9. Plant height of maize was measured weekly. Dry biomass of both maize 

and grass were weighed 60 days after planting. Dry shoot mass of the maize and grass 

were used to describe the total share in biomass. Data showed grass interference had a 

significant effect on maize when 5 or more grass seedlings competed with one maize plant. 

Grass biomass decreased in the dry soil profile with 13,2% compared to mass in the wet 

soil profile. A loss in biomass correlated similarly with the theoretical relationship between 

yield loss and leaf area of weeds demonstrated by Kropff and Spitters (1991). The use of 

leaf-coverage and root-shoot ratios can further be used to enhance the study of 

competition effect on grain yield. An integrated weed management program will be the 

most effective in controlling goose grass infestations and prevent resistance toward 

herbicides. 

 

2. Introduction 

Maize is one of the most important crops in South-Africa, for both food produce and animal 

feed. An estimated 60% of the cropping area in South-Africa is planted with maize and 

about 70% of the total grain production is constituted by maize (Durand, 2006). Maize is 

mostly planted in the semi-arid parts of South-Africa during the summer months of October 

to December. Maize is a crop that prefers a climate with higher precipitation that is found 

on the Highveld areas of South-Africa, but is however highly adaptable to these harsher 

conditions found in most of the maize cropping area of South-Africa (Durand, 2006). Goose 

grass, (Eleusine coracana (L.) Gaerth.) is an important grass weed in maize production, it 

successfully adapted to conditions that is most likely to be encountered on the Highveld 

area of South-Africa, subsequently affecting yield. Goose grass is a strong competitor with 

maize in these areas for water and nutrients since its emergence and growth patterns 

coincide with maize (Roder et al., 1995). Not only would weed interference cause yield 
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loss, it causes quality degrading, irrigation insufficiency, reduced value and productivity of 

the land (Smith, 1982). 

In an agro-ecosystem like a maize field the main goal is to achieve the highest 

possible yield in order to be economically successful. Factors like pests, disease and 

weeds will inhibit the farmer of reaching this goal. The number one factor contributing to 

yield loss is weeds. Weeds compete with crops for sunlight, water and soil-nutrients (Galon 

and Agostinetto, 2009). In order to be economically successful the farmer must lower his 

input costs, this means limiting herbicide use to a minimum. Limiting herbicide use does 

not only limit input costs, but is also important for protecting the environment (Kropff and 

Spitters, 1991). The ability to predict yield loss caused by weed interference would enable 

farmers to use herbicides more timeously, and possibly reduce the volumes sprayed 

annually (Kropff and Spitters, 1991). By using predictive, empirical models the effect of 

weeds on crop yield loss can be described (Galon and Agostinetto, 2009). It is important 

to remember when using predictive empirical models that in an agro-ecosystem the 

dynamics of the different plant communities are not taken into account. This means that 

the accuracy of the predictive empirical models will differ with an increase in variables 

(Kropff and Spitters, 1991). Many empirical models have been developed to describe crop 

yield responses to a variety of parameters with which weed interference can be 

characterized. Weed density, as well as the relative time of emergence seems to be the 

two most important parameters (Kropff and Spitters, 1991). In the field, weed infestations 

often appear in flushes making it difficult to use as a descriptive parameter. Weed density 

can be used to describe the effects on maize plants that can be recorded as loss in dry 

mass. A loss in dry mass correlated similarly with the theoretical relationship between yield 

loss and leaf area of weeds demonstrated by Kropff and Spitters (1991). 

2.1. Hypothesis 

When goose grass is planted together with a single maize plant, weed density will influence 

the plant height and dry mass of both the weed and crop. The more weeds present, the 

more biomass los and stunting will occur.  

2.2. Aim 

The aim of the trail is to study the effect of different interference levels of goose grass on 

maize plants grown in two soil water regimes. 

 

3. Literature Study 

3.1 Biology of Eleusine coracana 

Eleusine coracana is commonly referred to as goose grass in the most parts of the world 

where it occurs. In South Africa, the common Afrikaans name for E. coracana is “Osgras”. 

A cultivated form of E. coracana is known as finger millet which is grown as a crop in the 
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temperate regions of East-Africa (Van Oudtshoorn, 1992). The crop is used to make bread, 

cereal and is even used to make liquor, making it a staple food source in these regions.  It 

is therefore important to give attention to the taxonomy of this specific weed. Eleusine 

coracana as a weed is known as E. coracana subsp. Africana, and E. indica is a known 

synonym of E. corocana.  Just like the cultivated form, it has the similar taxonomic 

classification up to sub-specie. The taxonomic classification of the weed is as follow: 

Kingdom: Plantae 

Phylum: Tracheophyta 

Class: Liliopsida 

Order: Cyperales 

Family: Poaceae 

Genus: Eleusine 

Specie: E. coracana 

Sub specie: africana 

 

(a)        (b) 

Figure 1(a): Eleusine coracana (Finger millet) in its cultivated form in Kenya  (b) Eleusine 

coracana subsp. africana which is the weed (Source: Prof. Hannalene du 

Plessis, NWU).  

Goose grass prefers temperate climates to grow in and is found in most parts of the world 

with that specific kind of climate. The grass can tolerate cooler climates, but it prefers and 

thrives under warm conditions. The grass can be found in most parts of Africa, Mexico and 

Australia (Van Oudtshoorn, 1992). The grass has a relatively high drought tolerance but 

cannot withstand floods. It is a tufted annual grass that can reach a height between 200-

600 mm depending on climate conditions and soil types. It prefers a loamy soil type with a 
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high clay percentage, which is often found in South-Africa (Van Oudtshoorn, 1992). 

 

Figure 2: A world map indicating goose grass occurrence. It clearly shows that the grass 

prefers climates around the equator of the earth where the sun shines for long 

periods of the day. (Source: 

http://www.discoverlife.org/mp/20q?search=Eleusine+indica) 

  



 359 

 

Figure 3: A map of South-Africa showing the areas where goose grass is mostly found. 

(Source: http://www.agis.agric.za/wip/) 

In order to identify goose grass in the field, its morphological characteristics can be used 

(Van Oudtshoorn, 1992). The grass has panicles of 3-17 subdigitate racemes. Spikelets 

of the grass are normally between 4.5 - 8 mm long and are elliptic, with an acute glume. 

Compressed and culms are typically green in color. Culm nodes are glabrous. Culm 

internodes can be solid or hollow. The leaf sheath is prominently flattened with leaf blades 

that are linear, narrow, flat or folded, without cross veination (Van Oudtshoorn, 1992). 

3.2 Germination characteristics 

Seed germination is the single most important event in determining the success of 

weed establishment and infestation in an agro-ecosystem. Germination will be influenced 

by several factors, including temperature, light, soil salinity, moisture, and pH. Chauhan 

and Johnson (2008) reported on the effect of temperature and light, effect of high-

temperature ‘‘pretreatment’’ on germination, effect of salt and osmotic stress, effect of pH 

of buffered solutions, effect of seed burial depth on seedling emergence, effect of crop 

residue on seedling emergence, effect of tillage systems on seedling emergence pattern. 

The results of the study can be used as an indication of what the germination effects will 

be in field conditions under the studied effects. 

The effect of temperature and light: It was found that the seed had greater 

germination in higher alternating day/night temperatures (30/20 and 35/25 oC) than in 

cooler temperatures (25/15 oC). The study also showed that the seed had greater 

germination at light/dark conditions than in dark conditions. Seeds of E. coracana showed 
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a high to moderate level of dormancy and did not germinate in inadequate light (Chauhan 

and Johnson, 2008). 

Effect of high-temperature as a ‘‘pretreatment’’ on germination: Germination was 

greater than 87% when seeds were exposed to temperatures up to 100 oC but declined 

progressively with further increases in temperature, resulting in complete inhibition of 

germination at 180 oC. In Asia, farmers usually burn their fields as a weed managing 

practice. The burning will increase the surface temperature dramatically and will burn the 

seeds on the surface. The study indicated that seeds buried deeper than 4 cm survived 

and will be able to germinate (Chauhan and Johnson, 2008).  

Effect of salt and osmotic stress: The study was done with NaCl concentrations 

from 0 to 200 mM. Germination was completely inhibited at 200nM. Germination was 

greater than 78% up to the concentration of 50 mM and 25% of seeds germinated at 100 

mM (Chauhan & Johnson, 2008). The study indicated that goose grass requires a moist 

environment for germination. Germination percentage decreased from 92 to 5% as 

osmotic potential decreased from 0 to -0.6 MPa (Chauhan & Johnson, 2008).  

Effect of pH of buffered solutions: A pH range of 5 - 10 was tested in this study. Goose 

grass seed germination was not affected by this range and germination percentages did 

not decrease below 92% across the entire range tested (Chauhan and Johnson, 2008).  

Effect of seed burial depth on seedling emergence: For goose grass, the greatest 

germination success was conceded with seeds that were placed on the soil surface. The 

deeper the seeds were buried, the less it germinates (Chauhan and Johnson, 2008). No 

seeds germinated at a depth of 8 cm. However, seeds that were buried at a depth of 8 cm 

and then emerged through tillage did germinate. These results suggested that farming 

practices that achieve shallow burial of weed seeds can promote greater emergence of 

goose grass seedlings making the management of this weed particularly difficult (Chauhan 

and Johnson, 2008). 

Effect of crop residue on seedling emergence: Results from this study proved that 

crop residue left on the field suppressed seedling emergence. This is mostly due to the 

fact that the residue can have an allelopathic effect and that crop residue reduced light 

emittance to seedlings (Chauhan and Johnson, 2008). The allelopathic effect is mainly 

contributed to the type of crop planted. Physical cover provided by the residue can also be 

a factor for the suppressing of seedling emergence (Chauhan and Johnson, 2008).  

Effect of tillage systems on seedling emergence patterns: No-tillage practices did not affect 

seedling emergence patterns because seeds stayed on the surface where germination 

was most successful (Chauhan and Johnson, 2008). Tillage practices will bury the seed 

making the emergence of seedlings weak. Deep tillage will bury seed at depths of greater 

than 8 cm reducing germination significantly.  
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Goose grass can effectively overcome a wide range of effects making grass such 

an efficient and difficult to control weed. Toleration and adaption to these effects 

contributes to the wide spread of goose grass over the world where it can be found as a 

weed in a wide range of crops (Chauhan and Johnson, 2008). 

3.3 Interference of Eleusine coracana. 

Studies have been done to prove that weed competition in agriculture reduces 

yields and quality of grain-crops (Smith, 1983). In addition to yield and quality losses 

sustained by weeds , losses , due to costs of herbicides, cultural and mechanical practices, 

and hand weeding to prevent losses that can increase input costs significantly. 

Competition is an important factor for the composition of a plant community. Plants 

compete for sunlight, water and nutrients found in soil. For a plant to be an efficient 

competitor it has to prescribe to certain biochemical characteristics, with emphasis on 

factors affecting photosynthesis. Both weeds and crops in an agricultural aspect can be 

efficient or inefficient competitors (Smith, 1983). Efficient plant competitors, which are 

more competitive than non-efficient ones, have: 

• Increased uptake of carbon dioxide as light intensity increases to nearly full sunlight 

and as temperature increases up to 30-40°C. 

• Photosynthesis uninhibited by oxygen at atmospheric levels (21%), 

• No detectable photorespiration, 

• C4 carbon dioxide fixation, and 

• Low photosynthetic carbon dioxide compensation concentration of 5 ppm or less 

Grass weeds such as Digitaria sanguinalis (L.) Scop. and E. coracana are classified 

as efficient competitors; crops like rice are inefficient competitors which makes yield loss 

due to competition relatively high if these grasses are present in high enough densities in 

rice fields (Smith, 1983).  There are a few non-biochemical factors that will also contribute 

to competition in crop-weed communities. Factors such as planting practices can have a 

direct influence on the competition effect. In a study done in Japan on rice fields, it was 

proven that weed competition was less in hand-transplanted fields than in machine-

transplanted fields (Smith, 1983). The reason for this being that the machine-transplanted 

method needed smaller seedlings predisposing them more to weed-competition. A longer 

interval was also needed between puddling and transplanting, for soil to reach a more solid 

state for cultivation, allowing weeds to establish (Smith, 1983). Other factors include weed 

density, the soil-fertility level, weed type, water management, the duration of the crop-

weed competition and row spacing between crops. Certain weeds possess an allelopathic 

agent which involves the use of a chemical compound to stun the growth of other 

competing plants. These types of weeds can have a dramatic influence on yields as well 

as the botanical composition of a certain area (Smith, 1983).  
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3.4 Resistance and Management  

Goose grass is classified as one of the top ten weeds of the world that is economically 

important in agricultural practices. Goose grass plants are capable of producing up to 140 

000 seeds per plant, making this species of grass highly prolific. As soon as the weed is 

well established farmers shift to desperate measures to control the weed effectively. 

Farmers can spray herbicides with the same mode of action up to 7 times per annum or 

planting season. This means that the weed can develop resistance towards certain 

chemicals more easily. This, together with the weeds high fecundity, is a recipe for the 

selection of a resistant biotype in goose grass populations. There are already reported 

cases of resistance against aryloxyphenoxypropionate and cyclohexanedione herbicides 

in Malaysia in vegetable fields. In a more recent study done by Lee and Nigm (2000), 

cases of goose grass being resistant to glyphosate in Malaysia was reported. The biotypes 

of the grass are area specific, which means an integrated weed management system in 

areas with no reported resistance is crucial to prevent further resistance of other biotypes 

(Lee & Nigm, 2000).  

Goose grass is most effectively controlled with pre-emergence herbicides. 

Herbicides that are registered worldwide for the management of goose grass in maize 

fields are listed in Table 1. Goose grass can be found worldwide in any commercially 

produced crop where the conditions are suitable for the weed to establish high infestation 

levels that may have significant economic implications. 
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Table 1:  Registered active ingredients and formulations registered for the control of E. 

coracana subsp. africana in maize. (Source: AVCASA, 2012) 

Active Ingredient Formulation  (g/ℓ) 

Acetochlor 700,840,900,960  

2,4-D 480,500,720 

Acetochlor/atrazine/terbuthylazine 124/187,5/187,5; 250/225/225 

Acetochlor/dichlormid 700/93 

Acetochlor/EPTC 150/350 

Alachlor 480,384 

Alachlor/atrazine 336/114 

Atrazine 500 

Atrazine/cyanazine 167/333; 250/250 

Atrazine/metolachlor 300/300 

Atrazine/metolachlor/terbuthylazine 174/252/174 

Atrazine/S-metolachlor 370/290 

Atrazine/sulcotrione 300/125 

Atrazine/ terbuthylazine 250/250; 300/300 

Flumetsulam 200 

Flumetsulam/ S-metolachlor 20/630 

Glyphosate 500,700 g/kg 

Linuron 500 

Mesotrione 480  

Mesotrione/ S-metolachlor 83,3/416,7 

Metolachlor 800,840,915,960 

S-metolachlor 915,960 

S-metolachlor/ terbuthylazine 102,8/497,2; 312,5/187,5 

Terbuthylazine 600 g/kg 
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To control goose grass effectively resistance towards herbicides must be avoided. In order 

to avoid resistance completely, an integrated weed management system that will ensure 

complete control must be implemented. Goose grass can effectively be controlled with 

mechanical tillage practices and type of tillage or cultivation will dependent on the soil type.  

The exceptionally strong root system of Goose grass makes it very hard to control 

mechanically in soils with high clay percentages. Control of weeds in reduced tillage 

practices have been found to be more challenging and poor control of weeds and can be 

responsible for the build-up of weed seedbanks (Ball, 1992). Weed seedbanks are 

responsible for weed infestations in crop fields (Ball, 1992).  The use of deep tillage 

practices will probably be the most effective because seeds on the surface will be buried 

beyond 8 cm that was proven to be the depth that no germination was achieved. A 

technique used to make tillage and herbicide usage more effective in controlling weeds 

and especially grass weeds, is the implementation of crop rotation (Ball, 1992). 

Weed plant compositions are greatly influenced by disturbances in an ecosystem. 

A crop field can be seen as an agro-ecosystem which has the characteristic of being 

greatly disturbed on a regular basis (Ball, 1992). Crops being planted and cultivation 

practices like tillage and herbicide application can be seen as the greatest disturbances. 

The type of crop being planted will directly influence weed management practices. If 

management practices differ it will be more effective for the prevention of weed 

infestations. For example certain herbicides can only be sprayed on soybeans for the 

control of goose grass. If a goose grass infestation occurs in a maize field, it can be 

controlled positively if the crop is rotated with, for example soybeans. A different herbicide 

with a different mode of action can be applied and different tillage practices can be used, 

enhancing the effect of integrated weed management (Ball, 1992). Other cultural control 

methods of goose grass can include the use of mulching, burning of residue and grazing 

of crop fields after harvesting. 

In a study done by Figliola et al (1988) a potential bio-control agent for goose grass 

was tested. Pathogens that can act as mycoherbicides which is host-specific, genetically 

stable and environmentally safe were tested. In their study they established that Bipolaris 

setaria and Piricularia grisea can be potential bio-control agents for goose grass. These 

fungi were able to kill the host plant under field conditions and ensure effective control. 

These pathogens are strictly host-specific and will be able to be produced commercially. 

Further studies will be necessary in order to release these pathogens for the role of weed 

control agents (Figliola et al., 1988). 
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4. Material and Methods 

4.1 Experimentation 

A crop-weed competition trail with goose grass (E. coracana) and maize (Z. mays) was 

conducted in a greenhouse located at the Agricultural Research Council’ Institute for Grain 

Crops (ARC-GCI) in Potchefstroom, North-West Province during the summer of 2016. 

Mature seed of Eleusine coracana was sampled in maize fields on the experimental farm 

(26°43'26.1"S 27°04'50.2"E) during May 2014.  Seed was kept in air-tight plastic 

containers at 15 °C until commencement of the trial. Rectangular asbestos pots measuring 

360 x 360 x 360 mm with drainage holes in the bottom were used to plant the different 

interference ratios of maize and Eleusine coracana. Pots were filled with a sandy loam soil 

collected at the ARC’s experimental farm (16% clay, 79% sand and 5% silt).  E. coracana 

seeds collected at the ARC experimental farm were planted in six seedling trays filled with 

the same soil as the trail pots. For the seedling trays soil was sifted to ensure a fine 

seedbed for good soil-seed contact for optimal germination. After the seeds were sown on 

the soil surface, the soil was watered thoroughly and compacted to further ensure 

maximum germination so enough seedlings were available throughout the trail. Seedlings 

were transplanted to asbestos pots when one true leaf was fully unfolded, eliminating the 

effect of different seedling sizes. Grasses were spaced evenly around in the pots to ensure 

the same planting pattern for each ratio treatment. The maize cultivar DKC78-35R was 

planted one week after grass seedlings to ensure crop-weed competition from the seedling 

stage. Two maize seeds per container were planted in the centre of each pot. After 

emergence maize was thinned to one maize plant per pot. The respective species were 

planted to obtain the following maize: grass ratios, 1:0 (only maize), 1:1, 1:3, 1:5, 1:7, 1:9 

and 0:1 (only E. coracana). These treatments were replicated in a wet and dry soil profile  

The fertilizer Chemicult was applied twice post-emergence, two and four weeks after 

planting. The layout of each trail was a complete randomized block design with four 

replicates of each treatment. The wet soil profile was determined at field capacity and the 

dry soil profile received 50% less of the volume of water at field capacity. For the wet 

profiles the trail started with 1ℓ for two weeks. After which the volume increased to 2ℓ for 

the wet soil profile. The dry soil profile pots always received half the water that the wet 

profiles received. During the trail, no insecticides, fungicides or herbicides were used on 

the maize. The maize was planted by hand at a depth of 5cm. The watering of the pots 

continued as soon as the grass seedlings were transplanted. All other weeds were 

removed from the pots to ensure no other weed had a competition effect on both the maize 

and E. coracana plants. 

Maize plant heights were measured weekly from 14 days after planting up to 49 

days after planting. Maize and E. coracana plants were cut off at the soil surface, 60 days 
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after planting. The grass panicles were separated from the tufts to be counted and 

weighed. Plant material of each treatment was put in brown paper bags, keeping grass 

material and maize material separate. Shoot mass of maize and grass shoots and panicles 

was separately dried at 50 °C for three weeks until a constant weight was recorded. 

 

4.2 Statistical Analysis 

All data recorded were analyzed using a multifactor analysis of variance (ANOVA) with 

interference ratios and soil moisture as factors. Significance between means was 

determined using Fisher’s protected LSD at P=0.05. Trend analysis was carried out using 

Genstat Release 18.1 for Windows®. The decrease in maize shoot loss and total biomass 

(dry mass) of the respective grass species (weed) and maize (crop) was used to describe 

the total share in biomass of the respective grass species (Galon and Agostinetto, 2009) 

indicating relative biomass loss: 

     𝐵𝑠 =
𝐵𝑤

𝐵𝑐+𝐵𝑤
    [1.1] 

Where Bs = total share in biomass, Bw = biomass of weed species (shoots and panicles) 

and Bc = biomass of crop (shoots). The relationship between biomass and increasing 

grass density correlated similarly with the theoretical relationship between yield loss and 

leaf area of weeds demonstrated by Kropff and Spitters (1991). 

5. Results and Discussions  

5.1. Results 

Table 2: The effect of E. coracana on maize plant height in two soil moisture profiles. 

(Decreased plant height can be correlated with stunting.)  

 

 

 

 

 

 

 

Plant height maize: 

Soil moisture had the greatest effect on maize plant height, followed by interference ratios 

of E. coracana. A significant interaction between soil moisture and interference ratios was, 

however, observed and will be discussed (Table 2). Plant height was reduced with no more 

than 6% in the dry soil profile where three or more grass seedlings competed with maize. 

Source of variation 

                   Stunting of maize   
 

  d.f.              (% of control) 

          F 
          
          P 

Treatments 5 5.09        <.001 

Moisture 1 13.21        <.001 

Treatments X Moisture 5 3.73        0.003 
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The most stunting was, however, observed in the wet soil profile where maize height was 

reduced with 14% where seven and more grass seedlings interfered with maize growth 

(Figure 3). 

 

 

Figure 3: The effect of soil moisture and interference of Eleusine coracana on maize 

plant height (Significance determined at P=0.05 according to Fisher’s LSD). 

Dry mass of maize: 

Soil moisture and interference ratios of E. coracana affected dry mass of maize 

significantly (Table. 3). Dry mass was reduced between 13, 27 and 22% where 3, 5 and 7 

grass seedlings interfered with maize growth, respectively. The highest reduction in maize 

dry mass (35%) was recorded in the highest maize: grass seedling ratio (1:9) (Figure 4). 

The competition effect of E. coracana on maize was significantly greater in the wet soil 

profile, where dry mass was reduced with 22% compared to 9% in the dry soil profile (data 

not shown).  

 

Dry mass of E. coracana: 

Dry mass of E. coracana was only significantly affected by the increase in interference 

ratios (Table. 3). At a 1:1 (maize:grass) ratio, E. coracana dry mass was reduced with 

19%, indicating that maize was the stronger competitor. Dry mass of E. coracana 

increased to more than 20% where seven and more grass seedlings competed with maize 

(Figure 5). The increase in E. coracana was more pronounced in the wet soil profile 
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compared to dry mass in the dry soil profile, indicating that E. coracana is the stronger 

competitor in wet conditions. 

 

Table 3: The effect of six interference ratios on the dry mass of E. coracana and maize 

in two soil moisture profiles 

Source of variation d.f. 

Dry mass E. 

coranana 
Dry mass Maize 

% of control 

F P F P 

Treatment 5 3.54 0.011 4.94 0.002 

Moisture 1 1.37 0.249 5.98 0.02 

Treatment X Moisture 5 0.18 0.968 0.63 0.678 

 

 

Figure 4: The interference effect of Eleusine coracana on dry mass of maize. Means 

within columns or rows followed by the same letter(s) do not differ significantly 

at P=0.05 according to Fisher’s Protect LSD). 

 

    1:1                           1:3                          1:5                          1:7                          

1:9 
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Figure 5: The effect of soil moisture and a single maize plant on the Eleusine coracana 

dry mass. (Although data are not significant, data are shown to indicate 

difference between soil profiles). 

Share in biomass: 

The share in maize biomass in relation to E. coracana interference was described with a 

linear regression model. For each increment of shared biomass, maize dry mass reduced 

with 74% in the wet soil profile and with 70% in the dry soil profile. Since dry mass is highly 

correlated with reduction in yield, it can be predicted that E. coracana interference will lead 

to significant yield losses in maize demonstrated by Kropff and Spitters (1991). The greater 

E. coracana biomass present will in fact mean a decreasing of maize dry mass. From a 

loss in biomass it can be assumed that the plant did not function optimally, due to the fact 

that the competing goose grass consumed resources in the form of water, light and soil 

nutrients that was otherwise meant for the maize plant. A plant that does not function 

optimally will in effect neglect the filling of grain, causing yield loss (Spitters and Aerts, 

1983). The high relation coefficients of determination (R2>0.90 and R2>0.93) are most 

likely due to the absence of environmental factors and the grass weed competing with a 

single maize plant from commencement of the trials. The predictive capacity of empirical 

models can, however, be compromised due to a lack of quantifying the effect of population 

dynamics, time of emergence (crop and weed) and the size of weeds especially (Gibson 

et al., 1999). However, Deen et al. (2003) evaluated four crop-weed competition models 

on a common data set and concluded that more complex models do not improve the fit of 

        1:1                           1:3                       1:5                        1:7                         

1:9 



 370 

observed data sets. Prediction models should, however, be verified in field trials to proof 

accuracy. 

 

 

Figure 6: The linear regression model used to describe interference of E. coracana on 

dry mass of maize in a wet soil profile. 

 

Figure 7: The linear regression model used to describe interference of E. coracana on 

dry mass of maize in a dry soil profile. 
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5.2. Discussion 

Maize and E. coracana are both C4 type plants meaning that the wasteful proses of 

photorespiration do not occur. Photorespiration is a wasteful reaction that occurs when 

plants take in oxygen and give out carbon dioxide instead of taking in carbon dioxide and 

releasing oxygen. C4 type plants manufacture a four-carbon sugar during the Calvin cycle. 

This larger sugar allows more CO2 to reach the RuBisCO enzyme. This means that oxygen 

levels are reduced making the process more energy-intensive (Ehleringer and Pearcy, 

1983). C4 type plants uses water more efficiently through a water saving stomatal reaction 

(Spitters and Aerts, 1983). This is possibly the reason that E. coracana had such a minimal 

effect on the maize plant height in the dry soil profiles. The greatest interference effects 

were in the wet soil profiles where the highest percentage of stunting of maize was 

obtained. The shorter grass weed plant will suffer less under conditions were soil moisture 

is decreased, because the evaporative demand is lower at the bottom of the canopy 

(Spitters and Aerts, 1983). In the wet soil profiles water was available to an extent where 

the stress factor due to moisture was eliminated. Pots containing a larger interference ratio 

meant that more grass roots were available to cover a greater area which then increased 

the amount of soil moisture being absorbed away from the maize plant causing the stunting 

effect (Spitters and Aerts, 1983). The effect of higher moisture levels created conditions 

where optimal photosynthesis could occur. Better photosynthesis, greater root ratios and 

a larger surface area covered meant that E. coracana could serve as the better competitor 

for resources. 

Loss in biomass greatly depends on the time of emergence, the growth habit and 

vigor of both the crop and weed (Smith, 1968). Eleusine coracana and maize both 

emerged as seedlings relatively at the same time. The similar time of emergence ensures 

that E. coracana will start competing with maize seedling at the start of the planting season. 

Competition starts as soon as seedlings are established and root systems develop. The 

longer the maize plant is present in the competing area of E. coracana, the greater the 

loss in biomass of the maize plant will be (Smith, 1968).  The more plants present and 

emerged at the time of the crop will establish greater competition for resources that is 

needed for bio-chemical processes. As seen in the study done by Smith (1968), if the 

stand of the crop is increased, the competitive ability of maize would increase making the 

effect of E. coracana on the biomass of maize less severe. The interference effect on a 

single maize plant was, therefore, significantly greater as observed in this study. 

 

6. Conclusion 

Goose grass interference affected maize plant height and biomass significantly in both a 

wet and dry soil profile.  Eleusine coracana proved to be a stronger competitor in the wet 



 372 

soil profile, where interference ratios of 5 or more goose grass plants to a single maize 

plant was simulated. Due to the high correlation between biomass and yield loss, a linear 

regression of shared biomass (crop to weed) predicted a 70% relative loss in crop biomass 

with every increment of shared biomass (weed). Prediction models are useful tools in 

quantifying possible yield loss due to crop-weed competition, but knowledge of the biology 

of both the crop and the weed will enhance the accuracy of such models. Effective control 

of grass weeds in a grass crop (maize) depends on a better understanding of weed growth 

habits and its interaction with crop growth and needs to be investigated further. 
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8. Appendix 

8.1 Seedling trays and trail pots 

 

8.2 Trail photos 

 
 

 

 

Abstract report 

Herbicide damage due to the use of chloroacetamide herbicides or mixtures thereof has been 

found in many crops worldwide.  Phytotoxicity symptoms are usually observed in the seedling 

stage, early in the season since these herbicides are mostly applied pre-emergence.  

Section 9: Effect of chloroacetamide herbicide damage on the physiology and yield of 

maize 
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Glasshouse and field trials were conducted on two soil types to determine the effect of these 

early season phytotoxicity symptoms on the growth, development and yield of four maize 

cultivars. Chlorophyll fluorescence was used to observe herbicide damage on a physiological 

level in glasshouse trials.   Although phytotoxicity symptoms were more severe on clay soil, 

maize plants were more stressed on a physiological level on sandy soil according to low PIabs 

index values. Chlorophyll fluorescence is functional to determine and elucidate stress in plants 

due to herbicide damage, especially where herbicides impede photosynthesis such as the 

triazines. Plant growth and development were significantly affected in all herbicide treatments 

when compared to control treatments in field trials.  Chloroacetamide herbicides tested  

included  safeners, but damage could still be visually observed as stunting and a decrease in 

dry mass especially on sandy soil. However, cultivar and soil type had the greatest effect on 

these parameters and reactions differed between seasons.  Cultivars showed herbicide 

damage early in the season, but out-grew these symptoms later in the season (50 DAP).  

Maize yield was reduced by herbicide treatments on both soil types and confirmed that early 

phytotoxicity symptoms can lead to yield losses.  However, a significant interaction between 

cultivars and herbicide treatments was also observed and differed between seasons. 

 

Keywords: chloroacetamide, chlorophyll fluorescence , maize,  phytotoxicity,  yield loss  

 

Introduction 

Chloroacetamide (syn. acetanilide, chloroacetanilide, acetamide) herbicides are registered on 

a wide range of crops including some vegetables, grain crops and sugar cane.  The most 

commonly used active ingredients applied in crop production in South Africa from this group 

include acetochlor [2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6- methylphenyl)acetamide], S-

metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide] 

and alachlor [2-chloro-N-(2,6-diethylphenyl)-N-methoxymethyl)acetamide].  These active 

ingredients are, however, also frequently used in combination with active ingredients of the 

triazine group (i.e. atrazine [6-chloro-N-ethyl-N’-(1-methylethyl)-1,3,5-triazine-2,4-diamine], 

and terbuthylazine [6-chloro-N-(1,1-dimethylethyl)-N’-ethyl-1,3,5-triazine-2,4-diamine]).  Most 

of the above-mentioned herbicides are used to control grasses in maize (Zea mays L.), 

especially Digitaria sanguinalis, Urochloa spp. and Panicum spp.  Several reports indicated 

that chloroacetamide herbicides can cause crop damage when applied incorrectly or when 

certain environmental conditions prevail (Foy & Witt, 1990; Rowe & Penner, 1990; Saayman-

Du Toit, 2002; Bernards et al. 2006). The introduction of various seed protectants and/or 

safeners built into herbicides improved the safety of these products to a large extent (Leavitt 

& Penner, 1978; Roeth et al. 1983; Kunkel et al. 1996). However, despite all the information 

available on correct application methods and enhancement of herbicides, numerous cases of 
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herbicide damage are reported and investigated where chloroacetamide herbicides were 

applied on grain crops, mainly maize  and grain sorghum (Sorghum bicolor  (L.) Moench.).  

Typical damage symptoms caused by chloroacetamides include whiplashing, twisting and 

curling of leaves at the seedling stage and even stunting and malformation of plants which 

may decrease yield (Rowe & Penner, 1990; Cottingham & Hatzios, 1992).  These symptoms 

are more severe where cold and wet conditions prevail just after application of these 

herbicides (Petersen, 1988; Viger et al. 1991). Soil water availability can influence 

chloroacetamide herbicides to a large extent and together with hybrid susceptibility / tolerance 

may have a significant effect on plant growth (Francis & Hamill, 1980).  It also seems that 

chloroacetamide damage is more severe on sandy soil with a low soil organic matter content. 

Chloroacetamide herbicides are inhibitors of very long-chain fatty acids which play an 

important role in protein synthesis (Mallory-Smith & Retzinger, 2003) and are inhibitors of cell 

division. Herbicides from the triazine group are inhibitors of photosynthesis of photosystem II.  

These herbicides, alone or in combination, are registered to be soil applied, pre-emergence 

(Pre-E) of the crop and can be applied at planting or early pre-planting. The extent to which 

this damage to maize at the seedling stage can affect crop yield has not been elucidated.  

Significant cultivar and herbicide interactions have been observed and a range of responses 

to herbicide damage in the field have been reported for various maize and grain sorghum 

cultivars (Narsaiah & Harvey, 1977; Francis & Hamill, 1980; Breaux, 1987; Rowe & Penner, 

1990; Cottingham & Hatzios, 1992). The amount of physiological stress crops have to endure 

when chloroacetamide herbicides are soil applied need to be quantified. Research have 

shown that the physiological process known as chlorophyll fluorescence can be used to 

quantify stress in plants due to external factors/stressors such as herbicide damage (Daley, 

1995; Christensen et al. 2003; Abbaspoor & Streibig, 2005).  The effect of herbicides of which 

the mode of action is detrimental to photosynthesis takes place in the photosystem II reaction 

centre of plants and is a direct indication of the functionality of photosynthesis (Krause & Weis, 

1991; Maxwell & Johnson, 2000).  The Performance Index (PIabs) is an important parameter 

to quantify stress and can be derived from the Kautsky curve (Percival & Baker, 1990; Daley 

1995; Govindjee, 1995). The PIabs is an indicator of a sample’s vitality and is therefore an 

expression or explanation of the three main functional steps of photosynthetic electron 

transport namely, the absorption of light, capturing (trapping) of excitation energy, and the 

conversion of excitation energy to electron transport (Srivastava et al., 1996; Lazar et al. 

1997).  The aim of this study was 1) to determine if chlorophyll fluorescence can be used to 

quantify physiological stress caused by herbicide injury, 2) to elucidate the effect of 

chloroacetamide herbicides on different soil types and 3) to determine crop yield loss where 

chloroacetamide herbicides are applied alone or in combination with other herbicides. 
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Material and methods 

Glasshouse trial  

Seven chloroacetamide  herbicides were tested alone or in combination with herbicides in the 

triazine group, using two soils of different clay content. A summary of the herbicides tested 

and dosage rates used is presented in Table 2. A control treatment, where no herbicides were 

applied, was included for both soil types.  The experimental design was a complete 

randomised block design with four replicates per treatment.  One pot was used per treatment-

replicate. Soil was collected from experimental farms of the ARC-Grain Crops Institute at 

Potchefstroom and the ARC-Small Grain Institute at Bethlehem with clay content of 35% and 

16%, respectively. Soil analyses are presented in Table 1.  A glasshouse trial was conducted 

where 4L polyethylene (20 cm) pots were evenly filled with 4 kg soil each and planted with the 

maize cultivar CRN3505 which is known to be relatively sensitive to chloroacetamide 

herbicides. Two maize seeds per pot were planted and thinned after emergence to one plant 

per pot to prevent competition between seedlings.  Plastic pots were lined with plastic bags 

to prevent contamination from previously used herbicides. Soil water content to field capacity 

was determined with the pot weighing method for both soils.  Herbicides were applied Pre-E 

one day before planting by means of a specially designed conveyer belt pot sprayer with an 

even flat fan spray nozzle (8002E) (spray width 50cm).  The sprayer delivered a spray mixture 

at the equivalent of 250 l ha-1. After herbicide application 100 ml water was applied to each 

pot in order to leach and activate the herbicides into the soil.  This trial was watered regularly 

to ensure no water stress.  Holes at the bottom of each pot allowed free drainage.  Chemicult 

fertilizer was applied to each pot (±100ml) after emergence of all the seedlings to prevent  

nutrient deficiencies.  Pots were kept in the greenhouse at optimal conditions (15°C / 25°C, 

night/day) for the duration of the trial (40 days).  Natural day length of app. 13 hours was not 

altered. 

The mean time to emergence, total number of emerged seedlings and visual 

symptoms of phytotoxicity were recorded throughout the observation period.  Plant height 

(cm) and chlorophyll fluorescence  (CF) measurements were conducted at weekly intervals 

up to 30 DAP. CF measurements were done using a Hansatech Handy PEA chlorophyll meter.  

Three measurements per plant were done on the youngest mature leave (collar fully unfolded) 

per plant.  Leaves were fully dark-adapted and intact when measurements were taken.  Dry 

mass (g) was recorded 40 DAP. The above- ground plant parts (stems and leaves) were cut 

off and dried at 55°C for 48h. Visual phytotoxic symptoms such as whiplashing of leaves, 

curling of the leaves, chlorosis, necrosis, stunting and malformation of plant parts were 

recorded by comparing plants from treated pots with the untreated control. Visual phytotoxicity 

(%) was expressed as a percentage of the untreated control treatments (EPPO, 2007).  
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Field trials  

Two field trials were conducted at the above mentioned experimental farms during 2007/2008 

and 2008/2009. The experimental layout was a split-plot design with herbicide treatments as 

subplots and cultivars as whole-plots, replicated three times. According to results obtained 

from glasshouse trials the herbicides tested in field trials were combinations A, B, and C as 

well as chloroacetamide B.  Four maize cultivars  were planted and evaluated for herbicide 

damage namely CRN3505, LS8053, PAN6966 and PHB30H05. Cultivars were chosen 

according to their tolerance / sensitivity and adaptability to both locations.  Plot size was  four 

rows per cultivar x 5m, with an inter-row spacing of 0.9m.  Seedbed preparation was done 

according to the standard cultivation methods for the different soil types.  Herbicides were 

applied Pre-E using tractor sprayers delivering 186 l ha-1 at 300KPa at Potchefstroom and 

320 l ha-1 at 550KPa at Bethlehem. Herbicides were applied at the standard registered dosage 

rates (DR) or label rates and double this dosage rate (see table 1) one day after planting.  Trial 

sites received overhead irrigation of 20 mm, 2 DAP to ensure herbicide activity in the soil.  

Control plots for each cultivar were included and were kept free from weeds by hand hoeing 

to compare plant height, dry mass, herbicide damage and yield differences.  Plant height (cm) 

and dry mass (g) of above-ground plant parts were recorded 23, 42 and 53 DAP at both 

localities, using five maize plants per plot (15 per replicate). These  were cut off just above 

the soil surface and were dried at 55°C for 48h. Visual phytotoxicity was recorded 23 and 40 

DAP at both localities. Yield was determined by hand harvesting the middle two rows of each 

plot.  Maize yields were corrected to 15% moisture content. 

Data were expressed as a percentage of the control for both glasshouse and field trials 

and were subjected to multi-factorial analyses using Genstat 9th edition for Windows. Means 

were compared at P=0.05 using Fisher’s protected LSD test. All possible main effects and 

interactions were tested.  Each season’s data of the field trials were analysed separately and 

each year-location combination was considered to be an environment. 

 

Results and discussion 

Glasshouse trial 

Mean time to emergence and total number of emerged seedlings were not significantly 

affected by either herbicide treatments, dosage rates or soil type (data not presented).  Maize 

seedlings emerged within 4-5 days after planting and a mean seedling emergence of  98 and 

96 % were recorded for clay and sandy soils, respectively, which are commercially acceptable 

(ISTA, 2009). 

The highest percentage visual phytotoxicity (whiplashing) on maize was observed 

where combination A and chloroacetamide A were applied, i.e. 37.5%, for both clay and sandy 

soil (Table 3).  Chloroacetamide B  showed 31% phytotoxicity on maize planted in sandy soil 
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(Table 3). The effects of phytotoxicity symptoms due to Pre-E herbicide damage can be 

observed on crops at emergence, during the growth cycle or may be expressed at harvest.  

These observed symptoms can be only temporary or longer lasting depending on the severity 

of damage to the crop. With Pre-E application of all the herbicides tested, maize seedlings 

had to grow through that part of the soil where herbicides had been applied and could take up 

some of the herbicide through the coleoptile of  seedlings.  Factors influencing the severity of 

damage to crops include soil moisture content, application rate of herbicides and cultivar 

choice (genetic variability) (Rowe & Penner, 1990). The formulations of all the active 

ingredients tested (combination and chloroacetamides) contained safeners and should reduce 

herbicide damage to the minimum when applied at registered dosage rates.  The safener used 

with acetochlor formulations is usually dichlormide (N,N-diallyl-dichloro-acetamide) (Scott-

Craig et al. 1998). 

The PIabs of maize plants differed significantly between herbicide and control 

treatments for both soil types (Table 4). The PIabs recorded for maize was, however, 

significantly lower where combinations A, B and C were applied in sandy soil compared to the 

control treatment. This result was not observed in maize where herbicides were applied on 

clay soil. The combination herbicides are mixtures with chloroacetamide and triazine 

herbicides and the effect of triazine herbicides on the photosynthesis process on maize was 

elucidated by the PIabs measurements. These physiological results, however, did not concur 

with visual phytotoxicity recordings, emphasizing the need to quantify herbicide damage to 

crops on a physiological level. 

Stunting of crops is also considered a phytotoxic symptom and was quantified with 

plant height measurements over time. Dosage rate of herbicides had a significant effect on 

mean plant height of maize planted in both soils (Table 5). Maize was more stunted where 

herbicides were applied double the registered dosage rate and the effect was more evident 

early in the season (17 DAP, data not shown) where maize was planted in clay soil. The effect 

of herbicides on plant height decreased, however, over time and maize had outgrown 

symptoms 40 DAP when the trial was terminated.  It has been found in previous studies that 

maize seedlings can usually recover where herbicide injury symptoms were not as severe 

(Bernards et al. 2006). Only maize in the chloroacetamide B treatment still showed significant 

stunting for both dosage rates  40 DAP. 

The effect of stunting was, however, more severe on maize seedlings planted in sandy 

soil (Table 5, 16% clay).  In sandy soil, severe stunting (>20% of control) was observed which 

is not commercially acceptable and it seemed that maize seedlings did not outgrow the 

stunting effect caused by herbicide applications as readily as on the clay soil.  In sandy soil, 

stunting of maize plants was significant for the combination C and chloroacetamide B 

treatments at both dosage rates when compared to plants in control treatments. 
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Chloroacetamide A and C in sandy soil, also caused stunting of maize (>20%), but only where 

these herbicides were applied at double the registered dosage rates.  On average 

chloroacetamide B stunted maize seedlings >30% in sandy soil.  The question often raised 

by producers is whether such severe stunting will affect maize physiology significantly to 

manifest in yield losses. Extensive research on the effect of alachlor, S-metolachlor and 

acetochlor  on cell division and cell enlargements on various crops confirmed the effects that 

are visually observed where herbicide damage occurs (Deal & Hess, 1980; Alleman & 

Reinhardt, 1995; Vasilakoglou & Eleftherohorinos 1997).  Slower, early growth of susceptible 

seedlings can cause a more severe reaction since the coleoptiles of these seedlings have 

prolonged contact with herbicides applied to the soil, especially under field conditions 

(Cottingham & Hatzios, 1992). 

The herbicide treatments x dosage rates were highly significant for dry mass of maize 

planted in clay soil, 35% clay (Table 6).  Combination B and Chloroacetamide B showed the 

highest reduction in dry mass where double the registered dosage rate was applied to clay 

soil.  The effect of herbicides and dosage rates was again more severe on maize planted in 

sandy soil (Table 6, 16% clay).  Combination A, B, C and Chloroacetamide B decreased dry 

mass of maize planted in sandy soil with more than 45% when compared to plants in control 

treatments. Although this concurs with the PIabs values recorded for Combination A, B and C 

no significant positive correlation could be found between PIabs and dry mass of maize plants. 

Christensen et al. (2003) did, however, found that herbicide effects on plants were visible on 

a physiological level (Kautsky curve) before visual symptoms could be observed on plants. 

 

Field trials 

Visual phytotoxicity symptoms were only observed during seedling emergence. However, 

data could not be analysed due to low and uneven occurrence.  The most obvious visual 

symptom was whiplashing of and was recorded in the chloroacetamide B treatments where 

the dosage rate was double  that of the registered dosage rate on both soil types.  Combination 

B and C also showed these symptoms, but these were more severe on the clay soil.   

 

Herbicide treatments had a significant effect on plant height on both soil types for the 2007/08 

season 23 DAP. Cultivars had a significant effect on plant height on both soil types and 

seasons 23 DAP. The herbicide treatment x cultivar interaction was only significant for plant 

height, 23 DAP on clay soil (Table 7). Plant height was significantly reduced in the 

Combination A and Chloroacetamide B treatments for both dosage rates on clay soil. All the 

herbicide treatments reduced plant height significantly (>10%) on sandy soil during the 

2007/08 season, but only the Combination A and Chloroacetamide (2.7 l.ha-1) treatments 

reduced plant height significantly during the 2008/09 season on sandy soil (Table 7). 
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PHB30H05 was significantly less tolerant to herbicide treatments on both clay and sandy soil 

during the 2007/08 season, whereas LS8053 was less tolerant on sandy soil during 2008/09, 

23 DAP. Acetochlor and most likely other chloroacetamide herbicides are more readily 

metabolized in tolerant than in susceptible hybrids (Breaux, 1987). 

Herbicide treatments and cultivars had a significant effect on dry mass of maize on both 

soil types and seasons 23 DAP.  The herbicide treatment x cultivar interaction had a significant 

effect on dry mass on clay soil during 2007/08 and on sandy soil during 2008/09 23 DAP 

(Table 7). Chloroacetamide B treatment reduced dry mass significantly at both dosage rates 

on clay soil (2007/08), while all the herbicide treatments reduced dry mass of maize 

significantly (>20%) on sandy soil during both seasons 23 DAP. Only CRN3505 showed no 

mean dry mass reduction on clay soil, but dry mass was severely reduced on sandy soil for 

all cultivars tested during both seasons 23 DAP. CRN3505 showed severe (>60%) significant 

dry mass reduction for all herbicide treatments on sandy soil during the 2008/09 season. 

LS8053 and PHB30H05 showed similar results on sandy soil during 2008/09 while PAN6966 

showed more tolerance to herbicide treatments on sandy soil with regard to dry mass of maize 

23 DAP. 

Herbicide treatments had a significant effect on plant height and dry mass only on sandy 

soil during 2007/08 42 DAP.  Cultivars had a significant effect on plant height only on sandy 

soil for both seasons.  The herbicide treatment x cultivar interaction had a significant effect on 

plant height on sandy soil during 2008/09 (Table 8).  Plant height of LS8053 was significantly 

reduced (>25%) in the Chloroacetamide B treatment on sandy soil (2007/08).  PAN6966 was 

most tolerant to herbicide treatments on sandy soil during both seasons 42 DAP.  Cultivars 

had a significant effect on dry mass on both soil types during both seasons (Table 8).  

Combination A and Chloroacetamide B reduced dry mass of maize significantly at both 

dosage rates on sandy soil during 2007/08.  Dry mass of maize cultivars were differently 

affected on different soil types and during both seasons but CRN3505 and LS8053 showed 

the highest reduction in dry mass on sandy soil 42 DAP. 

Only cultivars had a significant effect on both plant height and dry mass of maize on 

both soil types and seasons 53 DAP. The herbicide treatments x cultivar interaction had a 

significant effect on dry mass on sandy soil during 2007/08 (Table 9). CRN3505, PAN6966 

and PHB30H05 outgrew the stunting effect of  herbicide treatments completely. However, 

LS8053 still showed a significant stunting effect  when compared to the rest of the cultivars 

53 DAP. Only PAN6966 outgrew the stunting effect completely on sandy soil during both 

seasons.  The same tendency was observed with regard to dry mass on clay soil.  

Combination A (2.75 l.ha-1) and Chloroacetamide B (both dosage rates) showed a significant 

reduction in maize dry mass for CRN3505 on sandy soil during 2007/08.  Cultivars again 

reacted differently on sandy soil between the two seasons, only PAN6966 showed consistent 
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results during both seasons with regard to dry mass 53 DAP.  It seems that cultivars and not 

herbicide type or clay content, had the largest effect on all the biological parameters measured 

in both field trials.  Severe stunting was observed for certain maize cultivars early in the 

season, but cultivars seemed to out-grow these symptoms. 

Cultivars and the interaction of herbicide treatment x cultivars had a significant effect on 

yield where maize was planted on clay soil.  A 30% yield loss was recorded for CRN3505 

where combination C was applied at double the registered dosage rate.  PAN6966 showed 

yield loss of  >25% where chloroacetamide B was applied at double  the dosage rate.  Yield 

of PHB30H05 was reduced significantly where combination B and chloroacetamide B were 

applied at double the registered dosage rates (Table 9).  PHB30H05 was the only cultivar that 

had a yield loss of  27% where combination A was applied at the registered dosage rate.  

Cultivars, herbicide treatments and the interaction between the parameters had a significant 

effect on maize yield during the 2007/08 season on sandy soil.  Yield loss of >40% was 

recorded for CRN3505 where combination A and B were applied at double the registered 

dosage rate (Table 10).  Yield loss for CRN3505 was, however, significantly reduced at both 

dosage rates where chloroacetamide B was applied. LS8053 showed yield loss of >20% 

where combination A was applied at double the registered dosage rate and at both dosage 

rates where combination B was applied. Yield loss of >20% was recorded for PHB30H05 

where combination A was applied at the registered dosage rate and for chloroacetamide B, 

applied at double the dosage rate. Only the herbicide treatment x cultivar interaction had a 

significant effect on maize yield during the 2008/09 season on sandy soil (Table 10). The 

highest yield loss was recorded for CRN3505 where combination A was applied at double the 

registered dosage rate (>40%), followed by PAN6966 where chloroacetamide B was applied 

at double the registered dosage rate (>30%). The highest average yield loss over season and 

soil type was, however, recorded for maize cultivars where combination B was applied at 

double the registered dosage rate (9%, 19% and 25%).  Maize cultivars reacted differently to 

the various herbicide treatments and no consistent tendency could be observed between the 

growing seasons. 

 

Conclusions 

Typical chloroacetamide phytotoxic symptoms were visually observed on maize seedlings in 

both soil types.  The damage effect of the herbicides tested was more severe under controlled 

conditions in the glasshouse and the damage in maize seedlings on a physiological level was 

more pronounced on sandy soil. Chlorophyll fluorescence could be used to observe herbicide 

damage in maize plants, but only of those herbicides that will have a direct influence on the 

photosynthetic process, such as triazines. Herbicide damage was expressed in more than just 

visually observed symptoms and a need for research on herbicide damage on a physiological 
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level is needed. Although plant height and dry mass of maize cultivars were differently 

influenced by soil type and herbicide treatments, it was apparent  that herbicide applications 

can cause severe reductions when based on these biological parameters.  Significant yield 

losses were recorded especially for chloroacetemide B treatments but maize cultivars showed 

different sensitivity towards the various herbicide treatments. Environmental conditions such 

as excessive soil moisture and low soil temperatures will also enhance herbicide damage. 

Herbicide applications are, however, necessary in maize production to ensure sustainable 

yields.  The effect of herbicide damage should therefore be considered in cultivar choice, 

correct calibration, application and dosage rate to minimize yield loss. 
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Tables: 

Table 1: Analyses of experimental soil 

Soil 
P K Ca Mg Na Sand Clay Silt 

pH(KCl) 
mg kg-1 % 

Bethlehem (FS) 
Potchefstroom (NW) 

78.6 
65 

135 
220 

504 
988 

135 
308 

40 
20 

79 
55 

16 
35 

5 
10 

4.34 
4.79 

 
Table 2: Herbicides and dosage rates applied on the different soil types 

 

Herbicide treatments 

35% clay 16% clay 

Active ingredient 
Dosage rate g/l 

Combination A*  
  
                                 1x 
                                 2x 

acetochlor/atrazine/terbuthylazine + safener (Furilazole) 
(250g/225g/225g) 

5 
10 

2.75 
5.5 

Combination B 
  
                                  1x 
                                  2x 

atrazine/S-metolachlor/terbuthylazine 
(248.6g/102.8g/102.8g) 

3.2 
6.4 

2.5 
5 

Combination C 
  
                                  1x 
                                  2x 

atrazine/S-metolachlor 
(370g/290g) 

4.2 
8.4 

3.5 
7 

Chloroacetamide A 
  
                                  1x 
                                  2x 

acetochlor + safener(AD-67) 
(840g) 

1.8 
3.6 

1.3 
2.6 

Chloroacetamide B 
  
                                  1x 
                                  2x 

acetochlor + safener (dichlormide) 
(700g) 

2.7 
5.4 

2.1 
4.2 

Chloroacetamide C 
   
                                  1x 
                                  2x 

S-metolachlor 
(915g) 

1.1 
2.2 

9 
1.7 

      * Combination = chloroacetamide + triazine 
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Table 3: Effect of visual herbicide damage (% visual phytotoxicity) on maize planted in the 
glasshouse in two soil types  

Herbicide treatments 
Phytotoxicity (% of control) ANOVA 

35% clay 16% clay Mean Source F P 

Control 
Combination A 
Combination B 
Combination C  
Chloroacetamide A  
Chloroacetamide B  
Chloroacetamide C 

0 
37.50 
6.20 
6.20 
37.50 
18.80 
6.20 

0 
6.20 

0 
0 

12.50 
31.20 

0 

0a* 
21.85b 
3.10a 
3.10a 
25.00b 
25.00b 
3.10a 

A: Herbicides 
B: Dosage rates 
C: Soil type 
Interactions: 
AXB 
AXC 
BXC 
AXBXC 

7.85 
0.32 
8.07 
 
1.08 
3.17 
0.32 
1.45 

0.0001 
0.5716 
0.0057 
 
0.3840 
0.0076 
0.5716 
0.2052 

Mean 16.06b 7.13a 

LSD(AXC) 26.97 22.02 

  *Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 

 
Table 4: PIabs values of maize treated with different herbicides in the glasshouse on 

two soil types 

Herbicide treatment 
PIabs ANOVA 

35% 16% Mean Source F P 

Control 
Combination A 
Combination B 
Combination C 
Chloroacetamide A 
Chloroacetamide B 
Chloroacetamide C 

18.12 
19.32 
18.01 
19.45 
19.96 
20.84 
19.80 

18.05 
14.89 
13.87 
14.48 
16.89 
17.68 
17.28 

18.08bc* 
17.10ab 
15.94a 
16.96ab 
18.43c 
19.26c 
18.04bc 

A: Herbicides 
B: Dosage rates 
C: Soil type 
Interactions: 
AXB 
AXC 
BXC 
AXBXC 

6.11 
2.43 
82.86 
 
2.00 
3.82 
0.19 
1.33 

P<0.0001 
0.1232 
P<0.0001 
 
0.0751 
0.0021 
0.6611 
0.2551 

Mean 19.21b 16.16a 

LSD(AXC) 2.804 2.145 

  *Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 

 
Table 5: Interaction between herbicide and dosage rates on mean plant height of maize 

planted in the glasshouse in two soil types  

  
Herbicide treatment 
  

Mean plant height (% of control) 
ANOVA 

35% 16% 

1X 2X Mean 1X 2X Mean Source F P 

Control 
Combination A 
Combination B 
Combination C 
Chloroacetamide A 
Chloroacetamide B 
Chloroacetamide C 

100 
91.86 
104.39 
95.23 
99.66 
96.06 
98.27 

100 
98.24 
87.01 
94.04 
87.71 
82.56 
99.99 

100.00c* 
95.05abc 
95.70abc 
94.64abc 
93.68ab 
89.31a 
99.13bc 

100 
81.60 
85.36 
78.48 
86.18 
74.68 
85.92 

100 
84.81 
84.26 
73.51 
77.32 
63.37 
75.00 

100.00d 
83.21c 
84.81c 
75.99b 
81.75bc 
69.02a 
80.46bc 

A: Herbicides 
B: Dosage rates 
C: Soil type 
Interactions: 
AXB 
AXC 
BXC 
AXBXC 

15.78 
17.58 
122.59 

 
3.81 
4.92 
0.01 
1.94 

0.0001 
0.0001 

P<0.0001 
 

0.0021 
0.0020 
0.9066 
0.0836 

Mean 97.74b 92.13a  84.35b 78.36a  

LSD(AXC) 9.37 8.49 

*Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 
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Table 6: Interaction effect between herbicide and dosage rates on dry mass per plant of 
maize planted in the glasshouse in two soil types 

Herbicide treatments 
35% clay 16% clay 

ANOVA 
Dry mass per plant (% of control) 

 DR 1X 2X Mean 1X 2X Mean Source F P 

Control 
Combination A 
Combination B 
Combination C 
Chloroacetamide A 
Chloroacetamide B 
Chloroacetamide C 

100 
69.80 
104.30 
95.60 
93.70 
88.00 
91.90 

100 
93.30 
61.80 
87.50 
69.50 
57.60 
86.40 

100.00c* 
81.55ab 
83.05ab 
91.55bc 
81.60ab 
72.80a 
89.15bc 

100 
50.00 
51.10 
48.10 
64.30 
52.20 
70.50 

100 
50.70 
51.00 
36.90 
41.10 
36.10 
55.80 

100.00d 
50.35ab 
51.05ab 
42.50a 
52.70b 
44.15a 
63.15c 

A: Herbicides 
B: Dosage rates 
C: Soil type 
Interactions: 
AXB 
AXC 
BXC 
AXBXC 

17.76 
20.06 
133.64 

 
4.37 
5.11 
0.44 
2.59 

0.0001 
0.0001 

P<0.0001 
 

0.0007 
0.0002 
0.5080 
0.0241 

Mean 91.90b 79.44a  62.31b 53.08a  

LSD(AXC) 22.89 13.10 

*Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 
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Table 7: The effect of herbicide treatments and cultivars on plant height and dry mass of maize planted on clay soil as evaluated 23 days after 
planting (two seasons, 3 field trials) 

 Herbicides 
DR 

l ha-1 

Plant height (% of control) Dry mass per plant (% of control) 

CRN3505 LS8053 PAN6966 PHB30H05 Mean CRN3505 LS8053 PAN6966 PHB30H05 Mean 

35% Clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
5.0 
10.0 
3.2 
6.4 
4.2 
8.4 
2.7 
5.4 

100.00 
98.87 
93.29 

116.74 
105.09 
112.37 
98.81 
85.95 
90.97 

100.00 
80.64 
86.61 
92.45 
98.62 
110.15 
90.45 
93.12 
94.03 

100.00 
104.89 
86.29 
90.14 
100.31 
93.98 
85.43 
96.05 
82.42 

100.00 
78.16 
90.00 
84.14 
84.67 
86.73 
77.14 
78.96 
76.74 

100.00a* 
90.64bcd 
89.05cd 
95.87abc 
97.17ab 
100.81a 
87.96d 
88.52cd 
86.04d 

100.00 
116.10 
70.70 
143.50 
113.30 
113.50 
110.50 
83.90 
87.00 

100.00 
72.40 
68.30 
84.10 
87.40 
142.00 
84.10 
53.10 
89.10 

100.00 
92.60 
66.60 
59.60 
89.40 
77.70 
59.80 
113.00 
59.50 

100.00 
64.50 
91.20 
74.00 
76.80 
78.50 
58.90 
69.00 
65.40 

100.00ab 
86.40bcd 
74.20d 
90.32abc 
91.73abc 
102.94a 
78.32cd 
79.78cd 
75.22d 

Mean  100.23a 94.01b 93.28b 84.06c  104.28a 86.72b 79.80b 75.37b   

LSD(AxB) 13.16 37.10 

16% clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
5.0 
10.0 
3.2 
6.4 
4.2 
8.4 
2.7 
5.4 

100.00 
68.54 
72.40 
89.27 
85.49 
87.35 
87.87 
80.84 
71.96 

100.00 
72.81 
77.37 
82.32 
83.82 
91.46 
84.66 
78.72 
81.45 

100.00 
93.93 
91.81 
93.47 
98.98 
90.75 
93.14 
81.39 
95.79 

100.00 
67.09 
78.35 
74.01 
75.79 
77.55 
63.54 
76.05 
69.34 

100.00a 
75.59c 
79.98bc 
84.77b 
86.02b 
86.78b 
82.30bc 
79.25bc 
79.64bc 

100.00 
41.60 
35.10 
80.20 
68.60 
66.50 
74.40 
61.30 
53.90 

100.00 
57.70 
55.50 
67.00 
65.60 
87.30 
76.60 
60.30 
68.20 

100.00 
91.90 
80.50 
79.20 
76.20 
83.90 
87.40 
55.40 
85.70 

100.00 
37.50 
54.20 
35.70 
52.90 
55.60 
38.20 
55.60 
42.40 

100.00a 
57.18bc 
56.33c 
65.53bc 
65.83bc 
73.33b 
69.15bc 
58.15bc 
62.55bc 

Mean  82.64b 83.62b 93.25a 75.75c   64.62b 70.91b 82.24a 52.46c   

LSD(AxB) 16.24 ns 

16% Clay 
2008/09 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
5.0 
10.0 
3.2 
6.4 
4.2 
8.4 
2.7 
5.4 

100.00 
73.80 
90.10 
94.10 

106.20 
92.60 

100.00 
93.50 
90.70 

100.00 
65.50 
71.10 
93.50 
85.20 
71.40 
72.20 
79.40 
88.00 

100.00 
85.10 
88.10 
86.50 
90.20 
90.60 
91.00 
70.00 
83.10 

100.00 
79.00 
79.60 
87.20 
89.40 
76.00 
85.20 
78.40 
95.50 

100.00a 
75.85b 
82.23b 
90.33ab 
92.75ab 
82.65ab 
87.10ab 
80.33b 
89.33ab 

100.00 
33.40 
30.40 
34.60 
30.50 
37.10 
37.80 
16.10 
28.90 

100.00 
22.20 
28.70 
70.50 
32.40 
26.30 
28.80 
26.80 
51.90 

100.00 
88.30 
80.50 
92.60 
75.60 
53.50 
68.20 
52.50 
64.20 

100.00 
62.10 
47.00 
57.70 
67.00 
42.30 
64.60 
48.20 
45.40 

100.00a 
51.50bc 
46.65c 
63.85b 
51.38bc 
39.80c 
49.85bc 
35.90c 
47.60bc 

Mean  93.50ab 80.70b 87.20ab 85.60ab  38.80c 43.10c 75.00a 59.30b   

  LSD(AxB) 26.81 23.03 

Source  
Plant height 

35% clay 2007/08 16%clay 2007/08 16% clay 2008/09 Source 
Dry mass 

35% clay 2007/08 16%clay 2007/08 16% clay 2008/09 

F P F P F P F P F P F P 

A: Herbicides 
B: Cultivars 
Int:  A x B 

4.97 
19.42 

2.60 

0.003 
P<0.001 

0.002 

5.35 
14.72 
1.11 

0.002 
P<0.001 

0.366 

1.58 
3.34 
0.61 

0.208 
0.026 
9.06 

A: Herbicides 
B: Cultivars 
Int: A x B 

4.90 
7.27 
2.02 

0.003 
P<0.001 

0.017 

5.92 
14.29 
1.45 

0.001 
P<0.001 

0.128 

11.41 
53.82 
3.12 

P<0.001 
P<0.001 
P<0.001 

*Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 
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Table 8: The effect of herbicide treatments and cultivars on plant height and dry mass of maize planted on sandy soil as evaluated 42 days after 
planting (two seasons, 3 field trials) 

 Herbicides 
DR 

l ha-1 

Plant height (% of control) Dry mass (% of control) 

CRN3505 LS8053 PAN6966 PHB30H05 Mean CRN3505 LS8053 PAN6966 PHB30H05 Mean 

35% clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
90.64 
100.11 
105.23 
98.74 
98.55 
97.74 
89.09 
95.14 

100.00 
84.65 
95.40 
93.46 
94.31 
102.29 
93.56 
90.45 
96.22 

100.00 
94.14 
100.43 
93.71 
86.44 
103.15 
94.13 
88.37 
86.46 

100.00 
97.67 
99.12 
87.95 
100.32 
97.63 
100.27 
99.85 
96.67 

100.00 
91.78 
98.77 
95.09 
94.95 
100.41 
96.43 
91.94 
93.62 

100.00 
88.30 
118.90 
136.40 
106.70 
110.10 
124.60 
78.90 
92.60 

100.00 
109.50 
100.00 
126.40 
141.30 
116.20 
98.80 
110.00 
153.00 

100.00 
116.30 
105.10 
69.90 
61.90 
117.90 
83.20 
73.80 
76.30 

100.00 
73.60 
86.20 
62.00 
93.10 
88.90 
104.70 
121.70 
80.20 

100.00 
96.93 
102.55 
98.68 
100.75 
108.28 
102.83 
96.10 
120.80 

Mean   97.25 94.48 94.09 97.72  106.28ab* 117.24a 89.38b 90.04b   

LSD(AxB)   ns ns 

16% Clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
84.10 
84.20 
99.20 
84.30 
124.90 
79.20 
80.20 
65.40 

100.00 
95.30 
81.90 
89.40 
86.20 
91.00 
84.30 
73.30 
75.50 

100.00 
103.70 
96.40 
89.80 
98.80 
102.40 
105.10 
105.80 
95.90 

100.00 
84.90 
87.10 
78.70 
99.40 
90.80 
92.40 
82.00 
88.00 

100.00a 
92.00ab 
87.40b 
89.28ab 
92.18ab 
102.28a 
90.25ab 
85.33b 
81.20b 

100.00 
65.40 
52.90 
82.20 
51.10 
89.50 
49.20 
47.10 
28.80 

100.00 
42.60 
66.60 
60.90 
75.90 
82.80 
70.00 
45.60 
49.00 

100.00 
105.70 
101.20 
80.20 
97.10 
117.40 
110.90 
75.80 
89.60 

100.00 
48.20 
63.40 
61.40 
93.60 
85.70 
62.30 
49.60 
55.70 

100.00a 
65.48bc 
71.03bc 
71.18bc 
79.43abc 
93.85a 
73.10abc 
54.53c 
55.78c 

Mean   89.06b 86.32b 99.77a 89.26b  62.91b 65.93b 97.54a 68.88b   

LSD(AxB)   20.51 ns 

 
 
 
 

16% Clay 
2008/09 

 
 
 
 
 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
82.98 
78.00 
84.32 
90.76 
80.79 
83.10 
74.85 
81.93 

100.00 
71.32 
81.68 
90.08 
93.96 
78.18 
86.51 
85.21 
85.09 

100.00 
92.90 
97.78 
96.99 
98.93 
93.08 
94.20 
87.57 
89.91 

100.00 
98.44 
98.44 
94.03 
96.06 
99.80 
103.15 
96.73 
100.66 

100.00 
86.41 
88.98 
91.36 
94.93 
87.96 
91.74 
86.09 
89.40 

100.00 
54.20 
46.70 
54.60 
105.30 
57.40 
63.40 
48.50 
52.70 

100.00 
34.10 
49.10 
66.10 
88.80 
45.10 
52.40 
47.40 
65.80 

100.00 
81.40 
79.50 
65.80 
76.70 
57.80 
75.70 
55.50 
73.60 

100.00 
107.50 
92.50 
88.90 
104.90 
88.30 
89.60 
87.00 
91.10 

100.00 
69.30 
66.95 
68.85 
93.93 
62.15 
70.28 
59.60 
70.80 

Mean   84.08b 85.78b 94.60a 98.59a  64.80b 61.00b 74.00b 94.40a  

LSD(AxB)   ns ns 

Source 
Plant height 

35% clay 2007/08 16% clay 2007/08 16% clay 2008/09 Source 
Dry mass 

35% clay 2007/08 16% clay 2007/08 16% clay 2008/09 

F P F P F P F P F P F P 

A: Herbicides 
B: Cultivars 
Int:  A x B 

1.49 
1.13 
0.75 

0.236 
0.346 
0.799 

2.57 
6.71 
1.89 

0.051 
P<0.001 

0.029 

1.31 
13.47 
0.75 

0.304 
P<0.001 

0.782 

A: Herbicides 
B: Cultivars 
Int: A x B 

0.26 
5.56 
1.35 

0.971 
0.002 
0.081 

2.56 
11.06 
0.80 

0.052 
P<0.001 

0.723 

1.60 
6.65 
0.69 

0.202 
P<0.001 

0.836 

*Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 



 391 

Table 9: The effect of herbicide treatments and cultivars on plant height and dry mass of maize planted on sandy soil as evaluated 53 days after 
planting (two seasons, 3 field trials)      

 
Herbicide 
  

DR 
l ha-1 

Plant height (% of control) Dry mass (% of control) 

CRN3505 LS8053 PAN6966 PHB30H05 Mean CRN3505 LS8053 PAN6966 PHB30H05 Mean 

35% Clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
  

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
109.40 
102.80 
98.90 
100.10 
96.80 
110.30 
108.90 
102.50 

100.00 
90.20 
87.70 
101.40 
89.80 
94.10 
90.30 
90.00 
90.30 

100.00 
100.70 
108.90 
114.60 
106.90 
105.90 
109.70 
111.10 
106.50 

100.00 
101.50 
101.00 
106.20 
105.20 
100.70 
96.60 
100.50 
93.20 

100.00 
100.45 
100.10 
105.28 
100.50 
99.38 
101.73 
102.63 
98.13 

100.00 
62.40 
99.40 
88.80 
119.90 
94.30 
91.80 
137.80 
134.20 

100.00 
62.50 
62.70 
70.50 
93.70 
55.30 
87.00 
68.10 
104.40 

100.00 
68.50 
120.60 
78.10 
138.90 
151.10 
158.40 
138.20 
130.90 

100.00 
139.50 
120.00 
144.30 
95.70 
99.40 
91.70 
106.90 
103.60 

100.00 
83.23 
100.68 
95.43 
112.05 
100.03 
107.23 
112.75 
118.28 

Mean   103.30ab 92.64c 107.14a 100.54b  103.18ab 78.24b 120.52a 111.23ab  

LSD(AxB)   ns ns 

16% clay 
2007/08 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
88.03 
95.92 
103.37 
94.22 
91.95 
92.03 
97.48 
92.47 

100.00 
90.42 
86.77 
95.40 
93.22 
99.05 
97.42 
78.87 
86.56 

100.00 
114.52 
102.75 
99.00 
111.71 
109.95 
107.04 
103.61 
105.01 

100.00 
93.21 
90.54 
94.90 
93.59 
84.59 
82.32 
88.96 
93.01 

100.00 
96.55 
94.00 
98.17 
98.19 
96.39 
94.70 
92.23 
94.26 

100.00 
45.30 
81.60 
115.10 
84.60 
75.00 
88.00 
73.70 
56.40 

100.00 
136.30 
89.50 
90.40 
124.90 
149.50 
111.70 
94.10 
96.50 

100.00 
123.10 
131.90 
96.50 
141.90 
70.70 
102.80 
111.20 
95.00 

100.00 
95.40 
86.90 
90.40 
99.10 
68.80 
66.00 
73.70 
90.10 

100.00 
100.03 
97.48 
98.10 
112.63 
91.00 
92.13 
88.18 
84.50 

Mean   95.05b 91.97b 105.95a 91.24b   79.97b 110.32a 108.12a 85.60b   

LSD(AxB)   ns 37.91 

16% clay 
2008/09 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

- 
2.75 
5.50 
2.50 
5.00 
3.50 
7.00 
2.10 
4.20 

100.00 
102.50 
96.70 
99.30 
98.30 
98.10 
101.00 
98.10 
89.60 

100.00 
92.10 
89.50 
98.60 
99.80 
94.30 
85.90 
95.60 
89.60 

100.00 
109.60 
106.80 
117.40 
110.30 
113.00 
118.70 
111.40 
108.40 

100.00 
100.00 
96.60 
94.40 
95.60 
89.20 
94.50 
93.10 
97.50 

100.00 
101.05 
97.40 
102.43 
101.00 
98.65 
100.03 
99.55 
96.28 

100.00 
99.60 
88.00 
66.30 
170.30 
75.50 
107.30 
62.30 
56.80 

100.00 
60.40 
61.90 
78.70 
85.70 
62.00 
107.40 
83.80 
75.80 

100.00 
126.80 
97.00 
90.00 
103.10 
93.60 
112.18 
151.00 
133.90 

100.00 
64.10 
90.80 
84.90 
85.20 
72.60 
136.70 
86.50 
76.10 

100.00 
87.73 
84.43 
79.98 
111.08 
75.93 
137.70 
95.90 
85.65 

Mean   98.20b 93.90b 110.60a 95.70b  91.80ab 79.50b 111.95a 88.50b  

LSD(AxB)   ns ns 

Source 
Plant height 

35% clay 2007/08 16% clay 2007/08 16% clay 2008/09 Source 
Dry mass 

35% clay 2007/08 16% clay 2007/08 16% clay 2008/09 

F P F P F P F P F P F P 

A: Herbicides 
B: Cultivars 
Int:  A x B 

0.57 
8.64 
0.59 

0.790 
P<0.001 

0.922 

1.57 
11.98 
0.99 

0.210 
P<0.001 

0.497 

0.11 
11.37 
0.49 

0.998 
P<0.001 

0.969 

A: Herbicides 
B: Cultivars 
Int: A x B 

0.36 
3.42 
1.18 

0.927 
0.025 
0.305 

1.72 
11.48 
2.28 

0.170 
P<0.001 

0.007 

0.92 
5.86 
1.12 

0.522 
0.002 
0.355 

*Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 
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Table 10: The effect of herbicide treatments and cultivars on maize yield in both soil types (field 
trials) 

 
Herbicides 

Yield (% of control) 

CRN3505 LS8053 PAN6966 PHB30H05 Mean 

35% clay 
2007/08 
 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

100.00 
124.40 
95.10 
110.70 
92.70 
68.70 
130.50 
96.60 
118.90 

100.00 
112.10 
133.90 
104.00 
104.60 
131.00 
93.20 
118.10 
119.40 

100.00 
137.90 
84.80 
109.60 
105.60 
107.20 
103.20 
99.50 
71.20 

100.00 
73.20 
92.10 
99.20 
63.80 
87.20 
82.40 
91.80 
71.00 

100.00 
111.90 
101.48 
105.88 
91.68 
98.53 
102.33 
101.50 
95.13 

Mean 104.18ab* 112.92a 102.11b 84.52c  

LSD(AxB) 31.77 

16% clay 
2007/08 
 
  
 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

100.00 
80.90 
59.70 
114.00 
58.30 
85.60 
107.00 
73.60 
62.00 

100.00 
99.30 
79.30 
78.70 
76.30 
103.10 
90.70 
88.00 
120.80 

100.00 
131.50 
103.30 
112.20 
109.50 
97.40 
107.10 
85.50 
101.90 

100.00 
72.70 
105.80 
81.80 
82.20 
83.60 
81.40 
85.80 
73.30 

100.00a 
96.10ab 
87.03bc 
96.68ab 
81.58c 
92.43abc 
96.55ab 
83.23c 
89.50abc 

Mean 82.34c 92.91b 105.38a 85.18bc  

LSD(AxB) 26.24 

  
16% clay 
2008/09 

Control 
Combination A 
 
Combination B 
 
Combination C 
 
Chloroacetamide B 
 

100.00 
95.50 
58.50 
94.80 
80.60 
88.20 
68.40 
83.90 
94.80 

100.00 
73.50 
94.70 
114.10 
74.90 
63.90 
70.00 
97.20 
85.10 

100.00 
70.40 
73.60 
104.10 
77.50 
92.70 
97.10 
80.60 
67.50 

100.00 
104.00 
121.00 
88.20 
68.30 
105.30 
99.70 
76.50 
82.30 

100.00 
85.85 
86.95 
100.30 
75.33 
87.53 
83.80 
84.55 
82.43 

Mean 84.97 85.93 84.83 93.92   

LSD(AxB) 29.68 

Source 
35% clay 2007/08 16% clay 2007/08 16% clay 2008/09 

F P F P F P 

A: Herbicides 
B: Cultivars 
Int: A x B 

0.71 
12.27 
2.93 

0.680 
P<0.001 
P<0.001 

2.84 
10.05 
2.65 

0.036 
P<0.001 

0.002 

1.76 
1.76 
2.28 

0.159 
0.168 
0.008 

  *Means followed by different letters differ significantly at P=0.05 according to Fisher’s protected LSD 


