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1

Introduction

The goal of the projet was to evaluate several years of Crop Quality Data in order to identify unique South
African trends. The purpose was to provide a decision making tool to the maize industry stakeholders
assisting in the identification of potential problem areas in maize quality and the focus future research
activities.

2.

2.1

Data manipulation and statistics

Random selections and strata

The summary frequency tables of both the white maize and the yellow maize crop quality data for eleven
seasons are shown in Tables 1 and 2. From the tables it is clear that the datasets are skew with some
regions having more than 300 sampling points while others have less than 50. The tables also indicate
that in some seasons no samples were received from certain regions (indicated by the value “0” in the

table).

A professional statistician was consulted (Mrs. Merle Werbeloff, Monash University) who has expertise in
the field of biological data manipulation on Statistica software. She made the following
recommendations:;

The datasets are too large, with this number of observations the actual statistical tests become
inefficient, because although very poor correlations may exist the statistics will incorrectly show
it as highly significant. Therefore, in order to have a statistical valid representation it is necessary
to take a sub-sample of the dataset. That means random sampling from the original set using a
suitable software package.

Meaningful tests cannot be done on skew datasets. A solution is the selection of random sets in
strata, namely to limit the number of samples taken from regions with many samples, but take ail
the samples received from regions with a few samples.

As the results are influenced by both factors and continuous traits (season, region and colour are
factors and values such as %protein and %starch are continuous traits) it will not be possible to
use only one type of tests. Multifactor ANOVA can only test the factors while Principal Component
Analysis (PCA) is the prefered option for the continuouis datasets. For a holistic view of all the
effects it is necessary to use Classification and Regression Trees, a data mining machine learning
tool to efficiently combine factorial and regression analysis.

Itis best practice to do all the methods since each one of them has adva ntages and disadvantages.
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After the data subsets were selected based on strata limitations to compensate for skewness, the new
datasets were subjected to

e  Fisher LSD ANOVA with ranking and Post Hoc tests
e CART Trees
¢« PCA

The summary frequency tables of the subsets used for further analysis are shown in Tables 3 and 4. In
the subset tables there are a more balanced representation of the number of samples from each region.
The few sets where no data was received are indicated. Based on the limited number of white maize
samples received from regions 10 and 11, it was decided to exlude these regions from the dataset to
prevent a negative effect on the statistics.
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2.2 ANOVA tests and homogenous groups {Post Hoc comparisons)
Data mining selection of multiple comparison tests.

Due to the inherent unequality of sample sizes, even after statistical selection of random measurements
within strata {Tables 3 and 4), multiple comparison tests that will accommodate unequal n must be
selected. This will require tests to be based on mean values of data.

For this particular project our objective is to identify differences in samples. These differences don’t have
to be significant in the traditional sense, as it is not designed for dispute resolution or similar applications
where a significant difference must be proven beyond reasonable doubt. We are rather looking for
pointers towards areas where specific traits may be consistently higher or lower than the average or in
comparison with other areas. For example, if a specific area always has the highest value for protein no
matter what season, it points towards something influencing the value even if the actual difference from
the other regions is not always significant in the mathematical sense using traditional statistics.

Therefore we need to use a liberal ANOVA test such as Fisher’s LSD (Least significant difference} which is
suitable for unequal n experiments, where we can see which areas and/or seasons are different from the
others, Differently explained — if a variable such as % protein for two regions tested exactly the same
using the Fisher LSD test at a 95% significance level (or 0.05 level for alpha), chances are very good that
the variable for those regions are truly the same.

It was then decided to use Fisher LSD at 95% for the construction of the GIS maps. The GIS maps shows
the mean values for a trait for a specific region either as an average for all seasons combined or for
individual seasons on a year to year basis. The GIS classification will then assign a colour to each mean
but cannot distinguish between significantly different means. The use of ANOVA Post Hoc homogenous
groups have been proven to be the most sensitive. Regions that did not have significant differences for
all the homogenous groups in the data were assigned the same colour on the GIS regional graph.

An example for the use of homogenous group applications for the effect of region on the % protein for
yellow maize for all seasons combined is shown in Table 5. The asterisks will be exactly the same if two
or more regions have no significant differences at alpha < 0.05 between the means (even though the
actual mean values on the left hand side may differ slightly — it shouldn’t be confused it with the statistical
test). The coloured rows indicate which regions on the corresponding GIS map should be the same colour.

IMPORTANT NOTE: As there are 264 GIS maps and a set of homogenous groups was constructed for each
of them, it was decided to include only one example as illustration although the process was done for
all the graphs of which the data is available at the SAGL.
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2.3 Classification and Regression trees (CART)

Decision Trees are commonly used in data mining with the objective of creating a model that predicts the
value of a target (or dependent variable) based on the values of several input (or independent
variables). The CART or Classification & Regression Trees methodology was introduced in 1984 by Leo
Breiman, Jerome Friedman, Richard Olshen and Charles Stone as an umbrella term to refer to the
following types of decision trees:

» Classification Trees: where the target variable is categorical and the tree is used to identify the "class”
within which a target variable would likely fall into.
*  Regression Trees: where the target variable is continuous and tree is used to predict its value.

It essentially combines the power of both the traditional multifactor ANOVA tests with interactions
between factors and the more systematic multiple regression technique where the independent variables
are added in series to build a model. The disadvantage of using either ANOVA or multiple regression alone
is that complex datasets where both factorial data and continuous data is of importance are difficult to
analyse holistically. For data mining, where thousands of data points have been collected over long
periods of time, it is more useful to be able to find overall trends, based on a series of questions asked,
and that is where regression trees become a powerful statistical technique.

The important output of the regression tree analyses is the so-called “importance plot”. Atthe completion
of the tree building process, the independent variable that has the biggest statistical influence on the data
is listed first followed by the less important variables in sequence. This allows an answer to the question:
“Are seasonal effects more important than regional effects?” For maize crop quality data it becomes a
straightforward answer based on the result of the importance plot.

Some useful features and advantages of CART:

= CART is nonparametric and therefore does not rely on data belonging to a particular type of
distribution. This is often problematic when using traditional testing (ANOVA) especially with many
types of crop quality data where the distribution is not normal. A typical example is maize milling
index, which will always be skewed towards the “harder” end of the scale.

» CART is not significantly impacted by outliers in the input variables. Qutliers is a major problem with
linear regression and even PCA {Principal Component Analysis).

e CART incorporates both testing with a test data set and cross-validation to accurately assess the fit.

» CART can use the same variables more than once in different parts of the tree. This capability can
uncover complex interdependencies between sets of variables. This is especially useful for data
collected over many seasons and also for example weather prediction models.

» CART can be used in conjunction with other prediction methods to select the input set of variables. It
is often used in conjunction with PCA.

The complexity discussion of the trees itself are beyond the scope of this report, therefore only an
example of a tree is given along with the importance plots for the crop quality data.
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The 3D PCA plots are also shown in the results for a better visual picture of the crop quality data.

2.4 GIS software development

One of the major challenges when dealing with very large datasets such as crop quality data over many
seasons and regions is to present the results in a logical manner to quickly see how the trends of the
results develop. When comparing crop quality data there are regional, seasonal, colour and grade
differences which are all independent factors but can have interactions with each other. The effect of
interactions is included in the CART (regression tree) analysis. The challenge remained on how to present
these differences between regions meaningfully. Historically, the data was presented in table format
showing mean values and standard deviations of results for regions, with each region having a number
and a description. The region boundaries are all historically taken from the old railway infrastructure and
stations, as most grain in the past (more than 20 years ago) was transported by railway which differs from
today where most grain is transported by road. It was then decided to explore the possibility of
developing a GIS map system, where grain production regions are presented on a map of South Africa,
with the boundaries illustrated. The results of the crop quality traits can then be represented in a colour
scale format, with the highest values having the darkest colour and the lowest values the lightest colour.
The mean values can then also be shown on the maps as a iegend.

SAGL approached SIQ and along with data received from GSI on the regional boundary specifications, the
company created a software package based on an open source GIS package {QGIS). The software
communicates with Excel and Access, crop quality results can therefore be presented using this software.
To do the maps for ali data from all eleven seasons is time consuming with 264 maps excluding the data
for the latest season - the total number of maps will be more than 300. Only the most important maps
are included in the report.

The maps shows crop quality mean data for all regions, and it can be shown either for each season
individually or for all seasons combined for an average of the South African maize crop.

3. Results
3.1 GIS Maps general regions

The next three maps shows the regions, municipal boundaries, provinces and silo points for grain delivery
in South Africa. A detailed description of each region with the original railway station names are inlcuded
in the annual Maize Crop Quality report published by the SAGL.
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3.2 GIS Mops eleven seasons combined data

The maps below all show the mean values of the crop data per region and the corresponding colour
indicating the ranking of the means. Areas with the same colour are not statistically different (refer to
section 2.2). Light yellow areas are areas for which no data is available, and white areas are outside the
Republic of South Africa. Blue textured regions have no silo points, and the legends are indicated on each

map.
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RSA Crop Reglons i

% BREAK 3, ELEVEN SEASONS
COMBINED, WHITE MAIZE.

Legend
Region_Lahde_Points
RSA Crop Regians
LINK TO D8
o
3 2521328827841
[ 25,26954073606459
[ 5.5131655756317
] 25.3719518516212
[ 155060350457 236
] 25.5853902581124
[0 25.6353000710016

20 25.6002735841621

(] 25.7167794538626
£ 25.7222008435543
79 25.7270479304961
[ 25.7412150697972
71 257851501 738582
] 25.5131651114853
WK 25.5429300100801
[ 25.5648041967255
MED 25.9996622885165
I 25.2891850990403
I 26.2892832939804
I 26.3831421201692
B 26.511519115671
W 25.7793847626151
B 26.89045 20036064
I 26.9027543D6291
M 26.9320677055036
[

‘Dmm|mm:hm;'

RSA Crop Raglong [+

% GRITS, ELEVEN SEASONS
COMBINED, WHITE MAIZE.

Legend
1 Region Lable_ Points
.} . RSA Crop Regions
| LINK TO 0B
fluss )
+ ] 26.6018391BBBE51
' CF 27.1558426287812
1271 2734313518875
. 27.6719630434884
{[C] 2 rse3s77370704
; [ 25.0502976674383
[ 28.1258850279457
127 28.2139691590672
[ 20,3301357473733
1] 28.3909375543913
2 28.6094947742172
ES3 28.8057935057357
I 2n.8527720974258

29.2291116172018
. S 29.262962706804
I 29.325842890058
0 29.4007063242855
: I 29.6648471023211
W 30.096:2650660859
I 30.5745851200008
W 30.522064418167
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RSA Crop Reglons Q615

- Legend

% BRAN, ELEVEN SEASONS | mﬁm

COMBINED, WHITE MAIZE. et
1 ] 20.7445696975796
TI___I 20,6362828451521
1 53 20.0350485463657
1] 209300831 204162
(7 3104010247561
{2 21.3293110800765
+ £ 21.40707710067659
1] 21 410650250165
1) 21.4311266286037
{[ETT 21.450821591464
+ [T 21.9708800820242
| I 21.5650500563619
- M 21.6322361896873
{ I 21.65716617118
* [ 21.7565639013753
: ] 21.7841148782916
Y W 20.7972333626857
- P 21.8903020229956
- I 71,9624428856006
; M 21.9670597571956
s Il 2201037469947
+ I 22.2980006904753
<[ 22.3544675493805
| I 22.3850216698283
I 22.5233205544080
;i
= [0 Municpel anees with na

The combined results of eleven seasons’ Roff Milling data is reflected in the five maps above. High starch
fractions (%Break 1 and % Break 2) as well as the % Bran fractions were the highest in the cooler regions
along the Drakensberg escarpment and the Eastern regions as can be seen by the dark band of regions.
The fractions with more hard endosperm (% Break 3 and % Grits) are higher in the regions on the Western
side of the maize growing regions where the climate is much hotter and drier.

The rest of the crop quality parameters are shown with the white and yellow maize results for all seasons
together for each trait, to illustrate the power of the GIS map generator. A specific colour setting can be
saved for a specific trait for example the specific green hues for protein will be used for all new maps
displaying protein. The interpretation of the observed means for each region can become quite complex
and it will also be more productive if done in collaboration with scientists from other fields such as
agronomy, the fertilizer industry and the silo industry. Soil conditions in a region may also explain on a
particular observation.
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34 Regression trees
3.4.1 Explaining a regression tree: example

The regression tree shown is the tree for the effects of season, region, %protein, %starch, %fat, hectoliter
mass, 100 kernel mass and total deviation on the yield of % Grits in white maize samples taken over eleven
seasons (from 2001/2002 year to 2011/2012 year). 2900 samples were tested (see Table 3 for sample
numbers and selections). In the tree the first factor, which is the most important factor having an effect
on the data is the season. The season parameter divides the %Grits into two large subgroups, indicating
that the %Grits yield cannot be predicted using a simple regression test alone. The branches of the
subgroups on the left-hand side of the tree further indicates that season alone was the most important
predictor for %Grit yield for those particular years, e.g seasons 3 (2002/2003), 4 (2003/2004), 5
(2004/2005) and 11 {2010/2011). Although season 2 seems to be a separate group as it is on the right
side of the tree, the seasonal effect still seems to be the dominant effect.

However, on the right-hand side of the tree, the results from the seasons excluded on the left-hand side
are influenced by %Protein and %Starch. If the protein is less than 8.53% it is correlated with the yield of
grits. If the protein is more than 8.53% the yield of grits is also correlated by the starch content. From a
chemical perspective this is quite significant as it is known from literature that maize hardness, which in
turn is linked to %Grits, is also related to the levels and type of zein present in the maize endosperm. Zein
is the primary storage protein in maize, and the two forms namely alpha zein and gamma zein are
responsible for the structural appearance of the maize. Alpha zein are the “bricks” and gamma zein the
“cement”. Both types must be present in the correct ratios and guantities in order to “build” the hard
endosperm structure which almost resembles a brick wall. But the brick wall in this case also has starch
“bricks” interspersed and that is why starch becomes a predictor of %Grits yield as well. The tree
confirmed that neither protein nor starch alone can be used to predict %Grits which is something that
commercial millers know from practical experience. The importance plots in sections 4.4.2 and 4.4.3
shows various resuits each from regression trees constructed for the data, for both white and yellow
maize. The description of the results are given below the graphs. The graph for %Grits (section 4.4.3)
clearly shows that season is the most important predictor, followed by %protein, then %starch and only
then the region becomes Important. It also highlights the relative unimportance of physical properties
such as hectoliter mass and 100 kernel mass, which, although referred to by seed breeders and graders,
actually has limited links with maize hardness because it is a bulk density parameter linked to the maize
kernel shape as the main predictor. The regression tree results have shown the unimportance of these
tests as a maize hardness predictor.
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34.2 Independent variable {predictor) importance plots for season, region and colour {yellow or white
muaize, total dataset, n = 5756)
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Classification and Regression Tree {CART) importance plots for Protein, Fat and Starch, comparing Season,
Region and colour, all maize (white and yellow), from season 2001/2002 to 2011/2012 (eleven seasons),
n =5756. Season is the main predictor but for %fat the region is almost as important as the season. It
shows strong regional effects in certain seasons that will need closer investigation upon identification as
the regression tree identifies and highlights the groups (in this case seasons) that can be analysed further.
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Importance plot
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CART importance plots for physical properties, grading and NIT Milling Index — note the high importance
of colour in all the sets which is an interesting observation. The NIT scans does not have separate
calibration sets for yellow and white maize which may explain this observation. For the other properties
it may well be that yellow and white maize have different bulk densities as a result of many years of
breeding for a specific application. Yellow maize for animal feed tend to be softer than white maize for
milling. The regression tree indicates a correlation that can be investigated further.
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importance plot
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Importance plot
Dependent variable: %Grits |

Saassn Reglen

Importance plot
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The five importance plots above tested only the effects of season and region on the five Roff milling
parameters. The data is only available for white maize. In all the parameters the season does seem to
have a greater effect than region but region is an important effect not to be ignored. The regional effects
showed clearly in the ANOVA maps but section 4.3 illustrated the dramatic differences between seasons
on ayear to year basis.

Unfortunately, no detailed information about the types and names of cultivars planted each season is
available. The reality is that cultivars change all the time and farmers also don’t plant the same cultivars
each year. Therefore the seasonal variation observed is confounded not only by seasonal and weather
phenomena, but also by cultivar rotation. On top of that the quality of soils will differ each year and the
use of fertilizer also changes. The anly true constant in the entire dataset is the region boundaries and if
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a region then shows high importance in relation to season for a particular quality trait, it is highly
significant in the context of crop quality data.

3.4.3  Regression tree importance plots for milling properties, white maize only, n = 2900, eleven
seasons
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Importance piot
Dependent variable: NIT MI
1.1 | r—— - e—_ - ——

1.0} { |
0.9
0.8
0.7

Importance

The CART importance plots for %Grits and milling properties (NIT Milling Index and calculated Roff Milling
Index on an as is basis (NMI)} are compared above. A surprising result is the contrast between the relative
unimportance of hectoliter mass as a predictor of %Grits yield and the high level of importance on both
NMI and NIT Milling Index. A further interesting observation is that Protein and Hectolitre Mass are both
more important as a predictor of NIT Milling index than season. The fact that both protein and hectoliter
mass both came out almost equally important to NMI rules out the possibility that the correlation on the
NIT Mi graph was an artifact of the NIT spectral corretations. The large size of the dataset (n = 2900) is
sufficient support that these observations can be investigated further although it is not possible at this
stage to explain why hectoliter mass suddenly featured so strongly in the NMI and NIT MI and not in
%Grits.

0_0 — . & = . == __ __ - | S i S T
Protein Season Region 100 pit massa Colour
Hectoliter kg/hl Fat Starch Total deviation, %

35 PCA

Principal Component Analysis (PCA) is a powerful tool to show correlations and groupings between
continuous datasets, and is often used in conjunction with regression trees to support observations. It
shows regional and seasonal effects in a different format, The PCA results of the raw data for white maize
over eleven seasons are given below:

3.5.1 Whatis PCA

*  Suited for large data sets with many samples and variables
*  Principal component analysis (PCA) is the workhorse of multivariate data analysis
* It decomposes large data sets into smaller principal components
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*  Visual interpretation of plots possible
*  Allows for an immediate overview of correlations between samples and variables

3.5.2 loading plot: In order to understand the PCA loading plot, the following statements are applicable:

* Variables lying close together are highly correlated

* Variables lying far apart are different/not correlated

* Variables in opposite quadrants are negatively correlated

* Variables close to the origin have little to no influence on the model.
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Loading Plot of the Principal Component Analyses (PCA) of the raw data of white maize Roff Milling and
quality characteristics over eleven seasons {more than 5000 data points).

The 3-dimensional scatterplots of factors 1, 2 and 3 {the most important) are shown below. Each season’s
data is assigned a different colour and the factor coordinates for each sample is shown as a point in a
three-dimensional space on the graphs. The first four graphs are presentations of exactly the same plot
but from different angles, in order to see if any of the seasons is different from the other. The fifth graph
is the same scatterplot but with the regions assigned different colours and not the seasons. In the data it
can be clearly seen that some seasons for example season 11 (2010/2011) forms a separate group which
indicates that the seasonal effect is quite severe and it supports the observations from the regression
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trees. The fifth graph shows that the regional data points are very mixed and therefore the effect of
region is less important than season, again supporting the observations from the regression trees. It is
difficult to break down the results further using PCA alone, and the regression trees will be the method of
choice for detailed analysis of crop quality data to find correlations. But it is a powerful tool to get an
overview of the data in order to decide the way forward for statistical analyses.

3D Scatterplot of factor 3 against factor 1 and factor 2; categorized by season
Sheet1 in PCA scores white maize data 4v*2900c
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4. Conclusion

A complete statistical analysis of maize quality data since the 2001/2002 production season provided a
means to interpret the crop quality analytical data and identify trends to assist with future direction of
decisions. The goal of the project to present the data in a more accessible fashion to the market has been
achieved.
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