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Abstract

In this study, monthly precipitations between 2007-2018 in Eskisehir, Konya, Afyonkarahisar, Usak and Kiitahya provinces were
examined and their effects on protein content, zeleny sedimentation (MSDS), thousand seed weight and test weight, constituting of the
quality components in wheat, were revealed. Monthly precipitations affecting these quality components were determined by using
correlation analysis, principle component analysis (PCA), stepwise regression analysis, path analysis and decision tree analysis. In the
research; the effects of precipitations falling in September, October, November, March, April, May and June and total precipitation on
the quality components (protein content, zeleny sedimentation (MSDS), thousand seed weight and test weight) in Eskisehir, Konya,
Afyonkarahisar, Usak and Kiitahya were determined. It is also aimed to determine effective monthly precipitations on the quality
components by determining different analysis programs. As a result; March precipitation, April precipitation, June precipitation,
October precipitation and total precipitation were determined as significant precipitations affecting the quality components (protein
content, macro sedimentation (MSDS), thousand seed weight and test weight) in bread wheat. Increasing June precipitation, October
precipitation and total precipitation affect the quality of bread wheat increase seed weight and test weight, while it causes a relative
decrease in protein content and MSDS. Usak and Kiitahya provinces were found to be superior regions for thousand seed weight and
test weight, whereas, Eskisehir and Konya provinces were determined as better provinces for zeleny sedimentation (MSDS) and protein
content.

Keywords: Bread wheat, quality, rainfall, monthly rainfall, protein content, zeleny sedimentation (MSDS), thousand seed
weight and test weight, statistical methods

Introduction

Wheat is known as one of the most cultivated crop with the
largest acreage and production in the world. The highest
production is done in Asia, Europe and America, and wheat
cultivation is mostly done in the northern hemisphere
(Feldman, 2001; Shewry; 2009). On the other hand, due to its
wide adaptability, wheat could be grown anywhere in the
world without any problems except the poles. Moreover,
wheat, as an important crop for nutrition industry and trade of

countries in the world, has been occupying an important place
in the nutrition of the future (Slafer et. al, 1996; Shewry;
2009). Since there is no possibility to add any hectare to the
existing cultivation areas in the world, to meet the need of food
the increasing population in the future; only one possibility is
to increase the yield obtained from the unit area. This is only
possible with the application of optimum cultivation
techniques and the use of high yielding and quality genotypes.
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Registered genotype refers to a genotype that is high yielding
and quality, resistant to biotic and abiotic stresses and stable in
terms of these characteristics (Calderini et. a. 1997; Tiwari,
and Lal, 2014; Fasahat et al., 2015; Jaruchai et al., 2018).
Wheat meets a very important part of the daily calorie required
in human nutrition and constitutes the main food of the country
as many carbohydrates and proteins in the world. High
adaptability, easy storability, long-term preservation of
quality, easy cultivation and high yield and quality are the
indicators of why wheat is used more in the world (Peterson et
al., 1992; Curic et al. 2001). Yield and quality in wheat are
under the threat of biotic and abiotic stresses as well as genetic
potential. Therefore, yield and quality are shaped under the
influence of genotype X environment interaction. The external
biotic and abiotic stresses, that wheat is exposed to during the
growing period, affect the quality as well as the yield. It has
been revealed by many researchers that the quality of wheat is
affected by at least 50 percent of external factors such as biotic
and abiotic stresses (Wang et al., 2004; Wang et. al. 2014;
Baraki et al., 2014; Spaldon et al., 2017). In wheat breeding,
the quality concept consists of protein content, zeleny
sedimentation (MSDS), thousand seed weight and test weight,
and genotypes with high values for these components are
accepted as quality varieties (Tipples et. al. 1981; Leibinger
and Reiners 2001). Since the concept of quality is affected by
environmental conditions as well as genotypic effect, it is
greatly affected by the prevailing precipitation. (Burnett and
Clarke 2002), excess/insufficient rainfall during the growing
period significantly determines the amount of protein content,
zeleny sedimentation (MSDS), thousand seed weight and test
weight in wheat. In the researches, it was determined that with
increasing rainfall, test weight and thousand seed weight
increase while relative decrease occur in protein content and

MSDS (Zwingelberg, 1961; Panozzo and Eagles 2000). This
shows that the amount of precipitation significantly affects
wheat quality. In addition to this, monthly precipitations in
certain months are effective during the season in wheat, they
determine the quality level to be obtained for protein content,
zeleny sedimentation (MSDS), thousand seed weight and test
weight. In this study, monthly precipitations between 2007-
2018 in Eskisehir, Konya, Afyonkarahisar, Usak and Kiitahya
provinces were examined and their effects on protein content,
zeleny sedimentation (MSDS), thousand seed weight and test
weight were revealed by using correlation analysis, principle
component analysis (PCA), stepwise regression analysis, path
analysis and decision tree analysis.

Materials and Methods

In this study, the effects of precipitations in September,
October, November, March, April, May and June, (these
months are known as plant growing period) and total
precipitations between 2007-2018 in Eskisehir, Konya,
Afyonkarahisar, Usak and Kiitahya provinces on quality
components (protein content, zeleny sedimentation (MSDS),
thousand seed weight and test weight) were determined, and
the effective monthly precipitations were revealed by different
analysis programs. Monthly and total precipitations of
provinces were taken from Eskigehir 3rd Regional Directorate
of Meteorology (2007-2018). Data for quality components
(protein content, zeleny sedimentation (MSDS), thousand seed
weight and test weight) that were the average values, obtained
from the Regional Yield Trials, carried out in five provinces
between 2007-2018. The monthly and annual precipitation
values of the examined locations and the maximum, minimum
and average values of the quality components are given in
Table 1.

Table 1. Monthly and annual precipitation values of the examined locations and maximum, minimum and average values of
quality components.

Variable Mean Minimum  Maximum Variable Mean Minimum  Maximum
March 41,37+18,97 9,41 91,26 November 37,04+£21,25 0,10 125,00
April 423342325 6,13 104,98 Total Ra. 471,42+95,43 225,9 885,3
May 52,32+27.39 5,76 124,21 Test We. 77,04+1,86 70,64 82,11
Zel.Sed.
June 45,83+38,45 1,94 170,56 (MSDS) 39,11+8,11 18,34 51,75
Thou. Seed

September 25,79+32,38 0.21 134,57 We. 34,71£2,62 21,42 41,57
October 46,23+27,79 0,45 105,93 Protein 12,44+0,97 7,93 17,01
Total annual precipitation average in the region was the issue in this way, the society's need for quality products is

determined as 471,424+95,43 mm. The precipitations of March,
April, May, June, September, October and November are
respectively;, 41,37+18,97, 42,33423,25, 52,32+27,39,
45,83+38,45, 25,79+£32,38, 46,23£27,79 and 37,04+21,25,
respectively. Again, average test weight, zeleny sedimentation
(MSDS), thousand seed weight and protein content values was
determined as; 77,04+1,86, 39,11+8,11, 34,71+2,62 and
12,44+0,97, respectively.

Results and Discussion

Quality is a phenomenon that has been increasing its
importance in wheat production in recent years; the need for
high quality genotypes and their use is increasing. So, it is no
longer important how much wheat is produced, but also how
much high quality wheat seeds are produced. By addressing

also answered. Therefore, a product rich in protein is obtained
and presented to the society. Since, the quality criterion is
highly influenced by the environment, genotypes having
different quality levels could be obtained from year to year,
from region to region, so quality has to be considered as a
variable concept. While saying this, it is impossible to say that
the quality is affected by the environment and the quality
characteristics of the varieties should not be taken into
account. Although it is affected by the environment and the
quality varies between certain values, the use of high quality
varieties is important in terms of increasing the quality
(Guarda et al., 2004); therefore, quality has to be considered as
a variable concept. While saying this, it is impossible to say
that the quality is affected by the environment and the quality
characteristics of the genotypes should not be taken into
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account. Therefore, while developing high-yielding and high-
quality varieties, it should be taken into account that they are
less affected by biotic and abiotic stresses as much as possible.
In this context, it is important to determine the effects of
environmental effects on quality and to consider them while
developing high yielding and quality genotypes accordingly to
increase breeding success (Burnett and Clarke 2002). In this
study, by taking into account the distribution of precipitation,
which is one of the important climatic factors, in five different

locations, the effect of precipitation on quality was revealed by
different statistical methods.

Correlation analysis is important in terms of revealing the
result and direction of the relationship between the examined
components. Therefore, it is the coefficient showing the
positive or negative strength of the relationship between the
two components examined in this analysis (Armitage et al.,
2002).

Table 2. The correlation between the monthly and annual precipitation values of the locations and the quality components
(protein content, MSDS, test weight, thousand seed weight).

March April May June September October
April -0,025ns
May 0,040ns 0,166ns
June 0,061ns 0,015ns 0,403**
September 0,102ns -0,009ns -0,025ns 0,070ns
October -0,190ns 0,279* 0,127ns 0,325** 0,072ns
November 0,178ns -0,112ns -0,191ns -0,294* -0,019ns -0,343**
Total Ra. 0,307* 0,457** 0,466** 0,445** 0,176ns 0,368**
Test We. -0,254* 0,266* 0,003ns -0,06ns 0,012ns -0,256*
MSDS -0,035ns -0,141ns -0,136ns -0,087ns -0,013ns -0,027ns
Thou. Seed Ve. -0,061ns 0,153ns 0,053ns -0,059ns -0,025ns -0,271*
Protein Con. -0,140ns -0,341** -0,262* -0,106ns -0,013ns -0,039ns

November Total Ra. Test We. MSDS Thou. Seed Ve.

Total Ra. 0,098ns
Test We. -0,258* -0,033ns
MSDS 0,126ns -0,306* -0,326**
Thou. Seed Ve. -0,055ns -0,002ns 0,674** -0,300*
Protein Con. 0,298* -0,351** -0,447** 0,649** -0,385**

Correlation coefficient takes a value between -1 and +1; the
positive coefficient indicates the positive relationship between
the two relationships, and the negative coefficient indicates the
inverse relationship between the two relationships (Sing and
Chaudhary 1977; Sheskin, 2011). The correlation relationship
between the climatic factors and protein content, MSDS, test
weight and thousand seed weight examined in our study is
given in Table 2. Here, the months of September, October,
November, March, April, May, June and the annual total
precipitation are taken into account. Considering the table, a
positive and significant relationship was determined between
the protein content and the month of November and June.
Again, a negative relationship was determined between protein
and precipitation in April, precipitation in May and total
precipitation. While determining the positive and significant
relationship between protein content and MSDS; a negative
and significant relationship was determined between protein
content and test weight and thousand seed weight. While
determining the negative and significant relationship between
MSDS and total precipitation, thousand seed weight and test
weight; a positive and significant relationship was determined
between MSDS and protein content. While a negative and
significant relationship was determined between thousand
seed weight and October precipitation, MSDS and protein
content; a positive and significant relationship was found
between thousand seed weight and test weight. While a
negative and significant relationship was determined between
test weight and March precipitation, October precipitation,
November precipitation, MSDS and protein content; a positive
and significant relationship was determined between test
weight and April precipitation.

Here, the relationship between protein, MSDS and test weight,
thousand seed weight was reversed. This means that,
depending on the increasing amount of precipitation, there is a
decrease in the protein content and MSDS ratio, while an
increase in thousand seed weight and test weight occurs. This
means that with increasing precipitation, there is an increase in
plant growth and, accordingly, in dry matter production and
carbohydrate production, and this increase rate is higher than
protein accumulation and related MSDS accumulation.
Therefore, the accumulation of protein and MSDS gives the
appearance of decreasing relative to the increasing
precipitation, that is, it does not increase, but decreases
depending on the precipitation. This situation clearly shows
the increasing or decreasing relationship between precipitation
and quality components. As a matter of fact, it has been
determined in studies that nitrogen does not increase that much
in wheat compared to increased carbohydrate accumulation
and it decreases relatively (Plenet and Lemaire, 2000).
Depending on the increase in vyield and carbohydrate
accumulation due to falling precipitation, although thousand
seed and test weights increase, protein and MSDS increase. As
a result of the correlation analysis, it was determined that the
precipitation in October, April, May and the total precipitation
had a negative effect on the protein content and MSDS, while
it caused a significant increase in terms of thousand seed
weight and test weight. Therefore, the precipitations in
October, April, May and the total precipitation were
determined as the precipitations that had a significant impact
on the quality.

Principle Component (PCA) analysis is an effective form of
analysis in defining, classifying and evaluating data, and it is
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a method that reduces the large number of data sets and enables
to reveal the active elements without losing their
properties. The basic logic of PCA analysis is to evaluate
the multidimensional data set in terms of basic features
and to express it by transforming it into fewer factors
(Armitage et al., 2002; Caussinis et al., 2003; Poudel et.
al. 2017). In our study, the PCA analysis showing the
interaction between monthly and annual precipitation
and quality components and the biplot graph accordingly
are given in Table 3. As could be seen in Table 3, the
explicability of the interaction between monthly
precipitation values and quality components was
revealed at the PC5 level. As a result of the analysis,
protein content, MSDS, test weight and thousand seed
weight were determined as important factors such as
March  precipitation, April  precipitation, June
precipitation,  September  precipitation,  October
precipitation, and November precipitation. In addition,
when the biplot graph is examined, it is possible to reach
the following results. There is a positive relationship
between the total precipitation in April, May, June and
the thousand and test weight, that is, the increase in the
total precipitation in these months creates an increase in
both quality components. Usak and Kiitahya provinces
give better results in terms of thousand seed and test
weight. In addition, protein content and MSDS decrease
with increasing precipitation. The provinces of Eskisehir
and Konya, which receive less precipitation, are the
provinces with better results in terms of higher protein
and MSDS. In addition, the rains falling in November
allow better protein and MSDS values to be obtained. As
a result of PCA and biplot analysis, April, May, June and
annual total precipitation lead to better thousand seed
and test weights, and the decrease in precipitation in
these months causes protein and MSDS to decrease.
While Usak and Kiitahya provinces are superior regions

in terms of thousand seed weight and test weight,
Eskisehir and Konya provinces are provinces with better
MSDS and protein contents. In addition, March
precipitation, April precipitation, June precipitation,
September precipitation, October precipitation, and
November precipitation were determined as important
factors on protein content, MSDS, test weight and
thousand seed weight. While the strength of the
relationship between the two components is correlation,
the shape of the relationship is expressed as regression.
Therefore, the relationship between the two components
can be positive or negative, linear, polynomial,
logarithmic; Regression analysis is a successful method
that explains the relationship between the components
examined. While applying the regression analysis, the
process of choosing the most appropriate variables
among the independent variables that are effective on the
determined dependent variable is called stepwise
regression.

In other words, in this analysis, the most suitable
components among all independent variables are
selected, and this method is called stepwise regression
analysis, since this selection is made step by step
(Tibshirani, 1996; Buhlmann and Yu, 2003; Efron et al.,
2004; Chen et al., 2011). In this analysis, unnecessary
elements are removed from the model, the removed
elements are added to the model again, and this time both
processes are applied together and the result is reached.
This uncomplicated and simple system is used as an
effective form of analysis for regression analysis. The
stepwise regression analysis showing the effect of
monthly and total precipitation on the protein content,
one of the quality component, is given in Table 4,
considering the protein content, one of the quality
components examined in the study, as the dependent
variable.

Table 3. PCA analysis and biplot plot showing the interaction between monthly and annual precipitation and quality factors.

PC: PC2 PCs PCs PCs
Eigenvalue 2,940 2,211 1,523 1,078 1,021
Proportion 0,245 0,184 0,127 0,09 0,085
Cumulative 0,245 0,429 0,556 0,646 0,731
Variable PC1 PC2 PC3 PC4 PC5 Variable PC1 PC2 PC3 PC4 PC5
March 0,025 -0,155 -0,616 0,165 -0,059 November -0,237 0,028 -0539 -0,272 0,184
April 0,323 -0,049 0,022 -0,665 0,164 Total Ra. 0,368 -0,359 -0,303 -0,187 0,05
May 0,297 -0,247 -0,021 0,337 0,302 Test We. 0,306 0466 0,138 -0,023 -0,094
June 0,239 -0368 0,122 0439 -0,024 MSDS -0,381 -0,15 0,146 -0,079 0,044
September 0,051 -0,107 -0,133 -0,07  -0,907 Thou.Seed We. 0,267 0448 -0,063 0,076 -0,004
October 0,158 -0,415 0,384 -0,31  -0,082 Protein Con. -0,469 -0,152 0,116 -0,043 0,01
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Table 4. Stepwise regression analysis showing the effect of monthly and total precipitation on the protein content of the quality
components by considering the protein content as the dependent variable in the quality components examined.

Model Sum of Squares df Mean Square F Significance

Regression 20,722 1 20,722 8,881 0,004°

1 Residual 147,008 63 2,333
Total 167,731 64
Regression 39,438 2 19,719 9,530 0,000°¢

2 Residual 128,293 62 2,069
Total 167,731 64
Regression 50,516 3 16,839 8,763 0,000¢

3 Residual 117,215 61 1,922
Total 167,731 64

a: Dependent component, Protein content, b. Predictors: (Constant), Total rainfall, c. Predictors:; (Constant), Total rainfall,
April rainfall, d. Predictors: (Constant), Total rainfall, April rainfall, October rainfall

Unstandardized Coef.

Standardized Coef.

B Standard Er. Beta t Significance
1 (Constant) 14,120 0,691 20,445 0,000
R?: 0,351 Total -0,004 0,001 -0,351 -2,980 0,004
rainfall
(Constant) 13,567 0,676 20,074 0,000
2 Total rain. -0,005 0,001 -0,384 -3,443 0,001
R?: 0,485 April rain. 0,020 0,007 0,336 3,007 0,004
(Constant) 13,190 0,670 19,685 0,000
Total -0,006 0,001 -0,507 -4,258 0,000
3 rainfall
R2: 0,549 April rain. 0,027 0,007 0,451 3,830 0,000
October 0,018 0,007 0,303 2,401 0,019
rain.

a. Dependent component: Protein

As can be seen from the table, when the parameters affect the
quality are considered step by step; especially the three
effective parameters, total precipitation, April rain and
October precipitations are effective on protein content, and
their effects are so negative and significant.

While the total precipitation on protein content was
approximately 35%, the effects of April and October

precipitations were approximately 13% and 16%. Therefore,
the effect of all three components on protein was determined
as 54,9% in total. The stepwise regression analysis showing
the effect of monthly and total precipitation on the MSDS,
which is one of the quality components, is given in Table 5.

Table 5. Stepwise regression analysis showing the effect of monthly and total precipitation on the MSDS, one of the quality
components, by considering the MSDS as the dependent variable.

Model Sum of Squares df Mean Square F Significance
Regression 419,812 1 419,812 6,492 ,013°
1 Residual 4073,950 63 64,666
Total 4493,762 64
a: Dependent component, MSDS., b. Predictors: (Constant), Total rainfall,
Unstandardized Coef. Standardized Coef.
B Standard Er. Beta t Significance
1 (Constant) 44,706 3,636 12,296 0,000
R%0,306  Total rainfall -0,019 0,007 -0,306 -2,548 0,013

a. Dependent component: MSDS

As seen from the table, the total precipitation has a
significant negative effect on the MSDS and the degree of this
effect is 30,6%. The stepwise regression analysis showing the

effect of monthly and total precipitation on thousand seed
weight, one of the quality components, is given in Table 6.
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Table 6. Stepwise regression analysis showing the effect of monthly and total precipitation on thousand seed weight, one of the
quality components, by considering the thousand seed weight as the dependent variable.

Model Sum of Squares df Mean Square F Significance
Regression 1 44,521 4,997 0,029°
1 Residual 63 8,909
Total 64
Regression 2 39,476 4,646 0,013°
2 Residual 62 8,498
Total 64

a: Dependent component, Thousand seed weight., b. Predictors: (Constant), October rainfall, c. Predictors: (Constant),

October rainfall, April rainfall

Unstandardized Coef.

Standardized Coef.

B Standard Er. Beta t Significance

1 (Constant) 36,450 0,722 50,456 0,000

R?: 0,271 October -0,030 0,013 0,271 2,235 0,029
rain.

(Constant) 35,414 0,873 40,548 0,000

2 October -0,038 0,014 0,340 2,760 0,008
R?: 0,361 rain.

April rain. 0,033 0,016 0,248 2,013 0,048

a. Dependent component: Thousand seed weight

In the analysis, the October precipitation and the April
precipitation positively contributed to the thousand seed
weight. Monthly precipitations caused an increase in thousand
seed weight in contrast to protein and MSDS. While the effect
degree of October on the thousand seed weight was determined
as approximately 27%, the effect degree of the precipitation in
April was determined as approximately 9%. The total effect of
both months was determined as 36,1.

Therefore, it has been determined that the precipitations that
are effective on the thousand seed weight are the precipitations
of October and April. The stepwise regression analysis
showing the effect of monthly and total precipitation on test
weight, one of the quality components, by considering test

weight as a dependent variable, is given in Table 7. As can be
seen from the table, monthly precipitations that have a
significant effect on the test weight are revealed as
precipitation in April, precipitation in October, precipitation in
November and precipitation in March. The precipitation
falling in these months has a positive effect on the test weight.
With increasing precipitation, the test weight also increases.
The highest contribution to the increase in test weight was
determined as April with approximately 26%, October
precipitation ~ with  approximately  15%, November
precipitation with approximately 12%, and March
precipitation with approximately 6%.
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Table 6. Stepwise regression analysis showing the effect of monthly and total precipitation on test weight, one of the quality
components, by considering test weight as a dependent variable.

Model Sum of Squares df Mean Square F Significance

Regression 20,605 1 20,605 4,807 0,032°
1 Residual 270,069 63 4,287

Total 290,674 64

Regression 49,429 2 24,714 6,352 0,003°
2 Residual 241,245 62 3,891

Total 290,674 64

Regression 85,428 3 28,476 8,463 0,000¢
3 Residual 205,245 61 3,365

Total 290,674 64

Regression 106,829 4 26,707 8,716 0,000¢
4 Residual 183,845 60 3,064

Total 290,674 64

a: Dependent component, Test weight, b. Predictors: (Constant), April rainfall, c. Predictors: (Constant), April rainfall,
October rainfall, d. Predictors: (Constant), April rainfall, October rainfall, November rainfall, e. Predictors: (Constant),
April rainfall, October rainfall, November rainfall, March rainfall

Unstandardized Coef.

Standardized Coef.

B Standard Er. Beta t Significance
1 (Constant) 77,963 0,537 145,254 0,000
R?0266  April rain. 0,024 0,011 0,266 2,192 0,032
(Constant) 78,770 0,591 133,282 0,000
)2 April rain. 0,033 0,011 0,358 2,970 0,004
R:0.412  October 20,025 0,009 0,328 2,722 0,008

rain.
(Constant) 80,327 0,727 110,461 0,000
April rain. 0,032 0,010 0,351 3,134 0,003
)2 October -0,035 0,009 0,454 3,834 0,000

R2: 0,542 rain.
November -0,029 0,009 0,375 3,271 0,002

rain.
(Constant) 81,641 0,854 95,652 0,000
Total 0,033 0,010 0,360 3,367 0,001

4 rainfall
R%0606  April rai -0,038 0,009 0,498 4,353 0,000
prifrain. ) , , ) )

November -0,026 0,009 0,339 3,076 0,003

rain.
March rain. -0,031 0,012 0,279 2,643 0,010

a. Dependent component: Test weight
components on the dependent component

Therefore, the main actors of the high test weight
are the precipitation in April and October. The effect
degree of the test weight of the precipitation
received in all four months was determined as
60.6%. As a result of the stepwise analysis, the
precipitation in April, the precipitation in October
and the total precipitation were effective on the
quality. The rainfall in these months causes a
significant decrease in protein content and MSDS,
while increasing the of thousand seed weight and
test weight.

Path analysis has been successfully used to
determine the relationship hierarchy among the
examined components. Path analysis is successfully
used in terms of revealing the direct and indirect
effects (effect percentages) of other independent

determined between the components (Scheiner et
al., 2000; Kashif and Khalig, 2004; Anwarmalik et
al., 1997; Dalkani et al., 2011). Path analysis is also
useful in explaining the variation of the independent
components on the dependent, as it effectively
shows the direct and indirect effects of the
independent components on the dependent. In the
path analysis, which can be expressed as the
interaction of the correlation relations of the
selected independent components with each other
and with the dependent component and shown
directly and indirectly, the direct effect of each
component on each dependent component and the
indirect effects on the others are shown, and the
effects of the independent components on the
dependent component could be successfully
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demonstrated (Dewey and Lu, 1959). In this study,
the path analysis showing the effects of monthly
precipitation and total precipitation on protein
content, MSDS, thousand and test weight is given in
Figure 1.

The months with the greatest effect on the protein
content were determined as April, September,
October precipitation and total precipitation.
Likewise, the factors that have a significant impact
on the MSDS were determined as total precipitation
and October precipitation. It has been revealed that
the total precipitation and precipitation in March,
April, September, October and November have a
significant effect on the thousand seed weight.
Likewise, it was determined that the total
precipitation, October, November, March and April
precipitations had a significant effect on the test
weight. As a result of the path analysis, total
precipitation, autumn September and October
precipitation, and spring April precipitation
decreased the protein content and MSDS. On the
other hand, total precipitation, March, April, May
precipitation and September, October and
November precipitation had a significant effect. It
has been revealed that with increasing precipitation
amount and an increase in thousand seed and test
weights.

Decision tree, which is one of the analysis methods
that has been put forward in recent years and its use
is becoming more and more widespread, is an
important analysis in terms of revealing the effect
hierarchy of the components in question. In this
analysis, the main factor in the form of tree branches
and sub-factors are determined according to the
values of the main factor, and the value of the
dependent variable at each factor point is
determined theoretically. The decision tree is widely
used in the analysis of multiple components and
shows the effect of other factors on the determined
dependent variable in a hierarchical manner. This
method, both visually and scientifically, shows the
effect values of the main factors and the side factors
under them by affecting the dependent variable and
the value that the dependent variable will take in
terms of these values (Smith, 1989; Call and Miller,
1990; Pal and Mather, 2003; Danielson et al., 2007,
Nie et al., 2009; Phadatare et al., 2014). In our study,
although protein content, MSDS, thousand seed and
test weight are considered as dependent variables,
the effects of monthly precipitation and annual total
precipitation on protein content, MSDS, thousand
seed and test weight, which are considered as

dependent variables, are given in Figure 2. As seen
in the figure, the main factor affecting the protein
content is the total precipitation, but the protein
content was determined as 12,562% when the total
precipitation was below 551,250 mm, and 11,124%
when the precipitation was higher than 551,250 mm.
June precipitation is effective when precipitation is
more than 551,250 mm. Protein content is 12,406%
when the June precipitation is less than 21,250 mm,
and 10,666% when the precipitation is higher than
21,250 mm. Again, if the June precipitation is less
than 221,250 mm, the October precipitation is
effective. Protein content is determined as 9,527%
when the October precipitation is less than 48,595
mm, and 11,121% when it is higher than 48.595
mm. According to the decision tree analysis, total
precipitation, June and October oils have a
significant effect on the protein content (R%0,717).
It was determined that the main factor on the MSDS
was total precipitation. It has been revealed that the
MSDS is 37,870 ml when the total precipitation is
less than 551,250 mm, and 30,781 ml when the total
precipitation is higher than 551,250 mm. If the total
precipitation is less than 551,250 mm, the October
precipitation is effective, when the October
precipitation is less than 2.8 mm, the MSDS is
32.317 ml, and when it is higher than 2.8 mm, the
MSDS is 40.058 ml. Again, when the October
precipitation is less than 2.8 mm, the May
precipitation is effective, when the May
precipitation is less than 40,250 mm, the MSDS is
23,043 ml, and when the May precipitation is higher
than 40,250 mm, the MSDS is 35,980 ml. Here, total
precipitation and precipitation in October and May
are determined as effective on MSDS (R2:0.669).
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Figure 1. Path analysis showing the effects of monthly precipitations and total precipitation of the locations on protein content, MSDS, thousand seed weight and test weight.
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October precipitation mainly affects the
thousand seed weight. When the October
precipitation is less than 33,750 mm, the
thousand seed weight is 36,568 g. If it is more
than 33,750 mm, thousand seed weight is
34,183 g. If the October precipitation is less
than 33,750 mm, the June precipitation is
effective. When the precipitation in June is
less than 4,700 mm, a thousand seed weight is
33,197 g. In the case where the precipitation
in June is above 4,700 mm, the weight of a
thousand seeds is 37,049 g. In the case of
April less than 30,150 mm, the thousand seed
weight is 34,782 g, and in the case of April
precipitation higher than 30,150 mm, the
thousand-seed weight is 28,443 gr. October
precipitation is effective when April is less
than 30,150 mm. When the precipitation in
October is less than 25,300 mm, a thousand
seed weight is 34,751 g. If the precipitation in
October is more than 25,300 mm, thousand
seeds weight is 37,585 g. June precipitation is
effective when the precipitation in October is
less than 25,300 mm.

When the June precipitation is less than
17,250 mm, the thousand seed weight is
36,030 g. In case the June precipitation is
more than 17,200 mm, the of a thousand seed
weight becomes 33,805 g. If the precipitation
in October is more than 33,750 mm,
November precipitation is effective. When the
precipitation in November is less than 62,150
mm, the thousand seed weight is 37,409 g. In
case the November precipitation is more than
62,150 mm, the thousand seed weight is
30,313 gr. If the November precipitation is
less than 62,150 mm, the April precipitation
comes into play. When the precipitation in
April is less than 52,100 mm, the thousand
seed weight is 33,789 g, and when it is higher
than 52,100 mm, it is 35,688 g (R% 0.543).
Here, the precipitations affecting the thousand
seed weight were determined as April, June,
October, and November precipitations.

The main precipitation affecting the test
weight appears as the precipitation of March.
In the case where the precipitation in March is
less than 84 mm, the test weight is 79,196
kg/hl, and when precipitation in March is
above 84,000 mm, it becomes 72,210 kg/hl. If
the precipitation in March is less than 84 mm,
the November precipitation comes into play.

When the November precipitation is less than
89,550 mm, the test weight is 79,343 kg/hl,
and when November precipitation is more
than 89,550 mm, test weight is 76.267 kg/hl.
October precipitation is effective when
November precipitation is less than 87,550
mm, test weight is determined as 80,142 kg/hl
when October precipitation is less than 33,750
mm, and test weight is determined as 78,280
kg / hl when October precipition is higher than
33,750 mm.
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Figure 2. Decision tree analysis showing the effects of monthly precipitations and annual total precipitation on protein content, MSDS, thousand seed and test weight.
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September precipitation is effective when October
precipitation is less than 33,750 mm. If the September
precipitation is less than 49,650 mm, the test weight is
80,350 kg/hl, and when the September precipitation is
more than 49,600 mm, the test weight is 79,007 kg/hl.
When the September precipitation is less than 49,600
mm, the March precipitation comes into play. When the
March precipitation is less than 60,750 mm, the test
weight is 79,984 Kkg/hl, and when the March
precipitation is more than 60,750 mm, it is 87,835
kag/hl. When the October precipitation is higher than
30,750 mm, the March precipitation comes into play
(R2: 0,281). Here, the precipitations that affect the test
weight are the precipitations of March, September,
October and November. Here, the test weight is mainly
affected by the autumn precipitation. As a result of the
decision tree analysis, rainfalls in March, April, May,
June and October, September, November and total
precipitation were determined as effective precipitation
on quality.

The quality concept, including the protein content of
precipitation, MSDS, thousand seed weight and test
weight in bread wheat, is highly affected by the
precipitation regime which is, one of the environmental
factors. Therefore, although quality is affected at
different rates by environmental factors including
precipitation; The aim of breeding studies is to develop
high vyielding and quality, stabile genotypes versus
biotic and abiotic stresses (Panozzo and Eagles, 2000;
Guarda et al., 2004; Anwarmalik et al. 2007). As a
result; March precipitation, April precipitation, June
precipitation, October precipitation and total
precipitation were determined as significant factors
affecting the quality (protein content, MSDS, thousand
kernel weight and test weight) in bread wheat.
Increasing precipitation, June precipitation, October
precipitation and total precipitation cause increase in
protein content and MSDS, while they cause a relative
decrease in protein content and MSDS. Usak and
Kiitahya provinces are superior regions in terms of test
weight, thousand seed weight, Eskisehir and Konya
provinces were determined as better provinces for
MSDS and protein content.
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