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Determination of the Effects of Mineral on Seed Yield by Different Statistic Methods
in Bread Wheat (Triticum aestivum L.) under Drought Conditions
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Ardi¢™!, Onur Koyuncu

ABSTRACT

The purpose of this study is to determine the effect of minerals (N, P, K, Ca, Mg, S, Fe, Mn, Zn and Cu)
on yield components by different statistical methods and this will help to understand efficiency of them in
breeding programs. This study was carried out in the location of Eskigehir Osmangazi University, Faculty
of Agriculture, in 2014-15 arid cropping seasons. Success mainly depends on power of effectiveness
parameters used and statistical methods could be safely used to reveal effectiveness of parameters in the
breeding programs. Results of correlation, cluster, principal component and conditional formatting analyses
revealed that with in the efficiency limits (between the lowest dose and toxicity level) integrative effects of
minerals were determined. This means that behavior of minerals among genotypes are mainly similar. some
minerals called MEPG (N, P, K, Ca, S and Zn) are mostly effective in growth, others called MECA (Mg,
Fe, Mn and Cu) are mostly effective in photosynthesis, and 0,767 unit increase MEGA and 0,481 unit in
MECA increases result in 1 unit increase in the grain yield. Harmankaya, Sultan, Miifitbey and Tosunbey
were found as higher performance and stabile bread wheat genotypes. To determine the changes of the
minerals in the genotypes, are important for definig their effect on yield as well as the yield components.
Obtained data will make contributions to the success of breeding programs that will be done in the future.
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in different environments, resistance to pests and
1. INTRODUCTION diseases make bread wheat popular in the world.
Moreover, bread wheat is processed as source of
starch, protein, minerals, vitamins etc. [11], [17],
[45]. Meeting almost the need of 50% of
carbohydrates, proteins and minerals in daily
human nutrition, bread wheat occupy more than
50% of total food cereal production in the world
[5], [44]. Like the other living organism, plants
need certain minerals in enough level to act basic
and important roles in physiological and
biochemical processes. Studies reported that

Bread wheat (7Triticum aestivum L.) is one of the
most produced crop and plays vital role in human
nutrition, trade and industry in the world. Human
population has been increasing more and more but
increase in acreage and production of bread wheat
haven’t been meeting this. With these
characteristics, wheat also appears to be far from
meeting the growing need of humans for nutrition
in the near future. Extensive adaptation capability
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effectiveness and necessity of minerals for plants
closely depend upon availability of minerals in
plants and soil plant growth stage, health of
biochemical processes, effect of genotype x
environment interaction, effect of stress
environment [10], [22], [29], [30], [37], [41].

Plant growth effects the grain yield which is one of
the important characters and so subject to many
factors. Knowledge on genetic association
between yield and yield components might
develop the effectiviness of breeding programs
with determining and using key criteria for
selecting wheat genotypes. Basic purpose of wheat
breeding programs is improve novel cultivars
which have high winter resistance, high yielding
ability and finally resistance to drought and
diseases. These novel cultivars have high
importance for breeding of the world. Some
essential plant characteristics such as grain yield
and seed weight per spike are known as important
ingredients in bread wheat breeding programs [1],
[16], [34], [40], [48]. As well as knowing the
minerals that are effective in the plant and their
mode of action in plants will be of benefit to the
development of highly efficient genotypes [10],
[29], [30], [41]. Determining the effect of plant
characteristics on yield helps to create opportunity
developing novel genotypes. Different statistical
methods  including  correlation,  principal
component, cluster, factor and conditional
formatting analyses could be used to assess plant
characteristics in breeding programs [4], [35],
[38], [46]. The purpose of this study is to
determine the effect of minerals (N, P, K, Ca, Mg,
S, Fe, Mn, Zn and Cu) on yield components by
different statistical methods and this will help to
understand efficiency of them in breeding
programs.

2. MATERIALS AND METHODS

This study was carried out in the location of
Eskisehir Osmangazi University, Faculty of
Agriculture, in 2014-15 arid cropping seasons.
Soil in the experimental area was loamy texture
(39,4% sand, 40,2% silt and 20,4% clay); 0.38%
CaCO;3, 228,5mmol kg! P2Os, 307,44mmol kg
K>0, 6,18 pH, 2,13% organic matter and 2,13dS
m'electrical conductivity. Average, minimum and
maximum temperatures, precipitations in 2014-15
and long term years in Eskisehir were given in
Table 1. Precipitations in 2014-15 and long term
years were 346,0 mm and 326,6 mm, respectively.
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Maximum, minimum and average temperatures in
2014-15 and long term years were 25,3 and 23,8, -
3,9 and-6,1, 10,2 and 8,9, respectively. Fifteen
bread wheat genotypes (Alpu, Atay, Bezostaja,
Harmankaya, S6nmez, Sultan, Miifitbey, Cetinel,
Ikizce, Nacibey, Es 26, Gerek, Tosunbey, Yildirim
and Palandoken 97) were used.

Table 1. Average, minimum and maximum
temperatures, precipitations in 2014-15 and long term
years in Eskisehir

Climati
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Years
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Long 11
Tot Rainf 201415
Long

*Data of regional meteorology station, Eskisehir. Long
term years (1970-2015)

Fertilizers given were 60 kg N ha™! (half at sowing
stage and half at tillering stage) and 60 kg ha’!
P>Os (once at sowing). Seeds were planted at the
second week of September with 500 seed/ m? rate.
Experimental design was randomized complete
block design with three replications. Plot size was
6 m/1.2 m (7.2 m?). Grain yield, seed weight per
spike (Ceylan 1994; Singhl et al. 2002), minerals
as N, P, K, Ca, Mg, S, Fe, Mn, Zn and Cu [36]
were evaluated. Samples for determining minerals
were taken at tillering period, flowering period,
maturity period and seed. The Kjeldahl method
and a Vapodest 10 Rapid Kjeldahl Distillation
Unit (Gerhardt, Konigs winter, Germany) were
used to determine the total N content [13], [49].
The Ca, Mg, K, P, Fe, Cu, Mn, Zn contents in
genotypes were determined by using an
Inductively Coupled Plasma spectrometer (Perkin-
Elmer, Optima 2100 DV, ICP/OES, Shelton, CT
06484-4794, USA [36]. Correlation principal
components clusters, factor and conditional
formatting analysis were used to determine the
effect of minerals on wheat yield. Minitab 16,
SPSS 16 and Excel 2016 software programs were
used.

3. RESULTS

In the study, minimum, maximum, mean values of
plant characters and minerals in bread wheat
genotypes were given in Table 2. Correlation
analysis is the way of evaluation of relationship
between two variables. It is commonly used in
breeding programs to assess relationships between
plant characters. Once coefficient reaches to zero,
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it means that two plant characters seem to be
independent from each other.

Table 2. Minimum, maximum, mean values of plant
characters and minerals in bread wheat genotypes

‘Variable Mean Minimum  Maximum Variable Mean Minimum  Maximum

SeedYield 3,16+0.39 2.39 3.81 Mg 896.5£231.3 569.8 1311.6
SeedWe./Spike 1,77£0.14 1,57 2,060 S 846,8+£229,5 517.8 1148.9
N 3.00=0.45 2,13 3.73 Fe 80.93£6,94 70.45 91,22
P 1855,3+290.8 1464.4 23457 Mn 37.62£5.43 26,77 46,54
K 14793£4254 10855 25513 Zn 40,43£11.69 25,02 60,29
Ca 1116,6=180.2 859.6 14724 Cu 50,17£6,37 39.47 59,00

If coefficient closes to 1/-1, it means that two
characters are negatively/positively related to each
other [38], [20]. Correlation analysis on plant
characteristics in bread wheat was given in Table
3.

Table 3. Correlation analysis on plant characteristics in
bread wheat
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Once relationship between Mn and seed yield was
insignificant, significant relationship (p<0,05)
between Cu and seed yield was found. Cluster
analysis is a hierarchical method, and the
procedure forms its own set of closely related
variables. In other words, the variables form
groups according to the degree of closeness. In this
method, the variables closest to each other are
combined. The variables then join the same or
different clusters according to their closeness [15],
[27]. Cluster analysis in plant characteristics and
bread wheat was given in Figure 1. Minerals have
important roles in plants such as structural,
enzymatic and osmotic processes [32]. Depending
upon roles and efficiencies, concentrations of
minerals expose changes, they increase and draw
polynomial range during the developmental stage
in plants [9]. Higher grain and biomass
productions are direcly related to amount and
availability of minerals in soil [7].
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Figure 1. Cluster analysis in plant characteristics and
bread wheat

Plant characteristics covered four groups; one big,
three alone clusters. Fe, Cu and Mn occupied their
separate groups; seed yield, P, Mg, S, K, Zn seed
weight per spike, Ca and N joined big group.
Besides, bread wheat genotypes were also divided
into four clusters. Harmankaya and Sultan
genotypes occupied separate groups. Alpu, Atay,
Es 26, Gerek, Nacibey, Bezostaja, Ikizce and
Sénmez joined same group; Miifitbey, Tosunbey,
Yildirim, Cetinel and Palanddken 97 genotypes
got into another group (Figure 1).

Nitrogen is the basic building block of the tissues
in plants, and it is found in the structure of
enzymes, organic and amino acids, nucleic acids,
chlorophyll [3]. Phosphorus plays a role in the
formation and storage of dry matter in generative
development, such as flower, fruit and seed
formation, in photosynthetic and metabolic events
where energy transfer and storage events are
required. phosphorus is found in the transfer and
storage of energy in photosynthetic and metabolic
events, flower, fruit and seed formation and
development are found in the structure of various
organic and amino acids [31]. Potassium plays a
role in osmoregulation of the plant, in water intake,
transport of metabolites and minerals, protein
synthesis, regulation of stoma, cell division [33].
Calcium plant growth cell division is involved in
many metabolic events such as ion uptake, and is
involved in the formation of calmodulin, a Ca-
linked protein in stress conditions, including
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drought, and serves as a signal for stress proteins
in stress conditions [8].

Principal component analysis (PCA) is a
mathematical model to give information for
multivariate data with lower variables. Besides,
principal component analysis assist to reveal
covariance properties of variables. It makes
variables into smaller numbers in this form [2],
[12], [24]. Principal component analysis on plant
characteristics in bread wheat, and bi plot analysis
of plant characteristics and bread wheat genotypes
was given in Table 4 and Figure 2. The first and
the second principal components (PC1 and PC2)
explained 80,9% of total variability with variance
8,3368 (PC1-69,5%, variance 1,3697 and PC2-
11,4%, variance 0,6903). PC1 having similar sign,
represented seed yield, seed weight pers pike, N,
P, K, Mg, S and Zn. Moreover, PC2 had Mn and
Cu (Table 4). In biplot analysis (Figure 2), PC1
shows performance abilities of parameters, while
PC2 denotes variations/stabilities of parameters. In
this instance, inside of triangle assign better
performance and stability in parameters.

0
3, L]
& Alpa
§ Palanddken 97
- 1 . M * Seed Yield o Tosunbey
- . ¥ ¢ K ]
= " Aray .5"""""5 Cj;/_}_-‘f": _Ij'_il."rm Mg ¥ "
3 B Gorek Nowby . ol oty x pas
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Figure 2. Biplot analysis of plant characteristics and
bread wheat genotypes

Palandoken 97, Miifitbey, Yildirim, Cetinel,
Tosunbey and Harmankaya genotypes seemed to
be high performance and stabile genotypes.
Furthermore, all minerals (N, P, K, Ca, Mg, S, Na,
Fe, Mn, Zn and Cu), seed yield and seed weight
per spike in all bread wheat genotypes were
showed well performance and stability.

Table 4. Principal component analysis on plant
characteristics in bread wheat
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Eigenvalues of The Correlations

PCy PC: PCs PCy PC; PCs
Eigenvalue 8,3368 1,3697 0,6903 0,6127 0,3932 0,2039
Proportion 0,695 0,114 0,058 0.051 0.033 0,017
Cumulative 0,695 0,809 0.866 0.917 0,950 0,967

PC, PCsg PCy PCuno PCn PC12
Eigenvalue 0.1812 0.1179 0,0498 0,0248 00125 0,0072
Proportion 0.015 0.010 0.004 0.002 0.001 0.001
Cumulative 0,982 0.992 0,996 0.998 0,999 1.000
Variable PCy PC: PCs PCy PCs PCs
SeedYield 0,325 0.101 -0,025 -0.176 -0.001 0.173
SeedWe./Spike 0,295 0.045 -0,042 -0.531 -0.299 0,492
N 0,293 -0.237 0.189 -0.224 0467 0.050
P 0,312 -0.093 -0.024 0.278 0.275 0,333
K 0,321 -0.212 -0.233 0.021 -0.190 -0.036
Ca 0.253 -0.342 0,351 0.301 -0.625 -0,032
Mg 0,333 -0.022 0,203 0.187 -0.053 -0,081
S 0,324 -0.093 0.067 0.285 0.277 -0.341
Fe 0.259 0.297 -0,228 -0.338 -0.194 -0.662
Mn 0.154 0,600 0.660 -0.060 0.081 -0.009
Zn 0,322 -0.071 -0.292 -0.074 0.235 -0.037
Cu 0.179 0,565 -0.407 0.478 -0.108 0,222
Variable PC+ PCs PCy PCyp PCnpy PCia
SeedYield 0.370 0.636 0,007 -0.481 -0.152 -0,023
SeedWe./Spike -0.039 -0.289 0.037 0.034 0.356 0284
N -0.522 0.280 -0,319 0.174 0.154 -0.213
P 0,383 -0.241 -0.260 0.350 0,043 -0.199
K -0.120 0.259 0,394 0.551 -0.416 0217
Ca -0.125 -0.044 -0,393 -0.162 -0.120 -0,036
Mg -0.022 -0.081 0,638 -0.099 0.366 -0,493
8 0.083 -0.026 0,023 -0.139 0.332 0.686
Fe 0.187 -0.062 -0.278 0.177 0.110 -0,222
Mn -0.048 -0.104 0,056 0.139 -0.344 0,127
Zn -0,220 -0.494 0,050 -0.453 -0.490 -0,063
Cu -0.356 0,123 -0,168 0,011 0,149 -0,02

Palandoken 97, Miifitbey, Yildirim, Cetinel,
Tosunbey and Harmankaya genotypes seemed to
be high performance and stabile genotypes.
Furthermore, all minerals (N, P, K, Ca, Mg, S, Na,
Fe, Mn, Zn and Cu), seed yield and seed weight
per spike in all bread wheat genotypes were
showed well performance and stability.

Magnesium is involved in metabolic events such
as storage of photosynthetic energy, protein
synthesis, nucleotide formation, and hydrolysis of
many organic compounds [25], [33]. Sulfur
influences product quality and product quality
changes due to its various functions within the
plant. It helps proteins, enzymes and vitamins
function in plants. In plants, root hydraulic
permeability, stoma openings and photosynthesis
decrease in sulfur deficiency. Protein synthesis is
reduced in sulfur deficiency. Chloroplast and
chlorophyll synthesis decrease in sulfur deficiency
[47]. Iron is the essential element of chlorophyll,
which has vital importance in plant dry matter
production, and functions in photosynthesis and
associated enzymatic reactions in chlorophyll.
Therefore, the development of young parts of the
plant is closely related to the amount of Mg in dry
matter production [28], [33]. Manganese is
important for plant growth at a certain
concentration. Trace element Mn plays a role in
photosynthesis, respiration, enzyme activation and
antioxydative metabolism [18], [39]. Zinc plays a
role in the synthesis of carbohydrates, in structure
of enzymes, in protein synthesis in membrane
stability, photosynthesis and respiratory events,
taking place in different metabolic events in plants
[14], [42]. Copper is quite useful at a certain
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concentration in plant development. Copper plays
a role in protein synthesis by entering into the
structure of certain enzymes. Cu, acting as a signal
for certain hormones, plays a role in mitochondrial
respiration in photosynthesis [50].

Analysis of conditional formatting in Excel is a
way of revealing better variants. When two or
more conditional formatting rules are applied to a
cell range, these rules are evaluated according to
the order of priority listed (from top to bottom) in
the dialog box [4]. Conditional formatting of plant
characteristics and bread wheat genotypes were
given in Table 5. Clear information in plant
characteristics and bread wheat genotypes could
be observed.

Table 5. Conditional formatting of plant characteristics
and bread wheat genotypes

Seed Yield Seed We/Spike N P K Ca Mg S Fe Mn Zn Cu Mean

Alpu 1, 24 16632 115564 859,6 | 8056 6509
Atay 1510,2 10975,0
Bezostaja 1,7 1 1503,1 12159,2
Harmankaya 3, I 3,6 22241 11282 91,

Sonmez
Sultan 2, 37 22235 255134 14724 11489 87,

Miifitbey 3, ,3 21454 | 18456,2 1352,8 1116,6 85,7 43,5
Cetinel L K ¥ 975,7 40,6
kizee 12547,7

Nacibey 30 1,7 2,8 1687,6 11546,5 (11049 8215 276 425 13414

Es 26 24 16 ,6 14644 10854,7 9924 5824 5744 759 31,9 317 455 12216
Gerek X B 1502,4 11346,3 5 70,5 | 33,6
11084 89,5 44,6

Tosunbey 3,8 2, 35 18976,5 13983 1
Yildinm
Palandoken 97 » 1000,5 89,0 41,5

Mean 32 4 3, X X 846,8 37.6

Harmankaya, Sultan and Tosunbey in seed yield;
Sultan and Tosunbey in seed weight per spike;
Harmankaya, Sultan and Tosunbey in N and P;
Sultan in K; Sultan and Tosunbey in Ca; Sultan,
Miifitbey and Tosunbey in Mg; Harmankaya,
Sultan, Miifitbey and Tosunbey in in S and Fe;
Alpu, Miifitbey and Tosunbey in Mn,
Harmankaya, Sultan and Tosunbey in Zn, Alpu,
Sonmez, Tosunbey and Palandéken 97 in Cu had
the best performances. As a means of plant
characteristics, Harmankaya, Sultan, Miifitbey and
Tosunbey were similar and had the best
performance. In means of genotypes, bread wheat
genotypes in seed yield, N, Ca, Mg, S, Fe, Mn and
Cu gave similarities (Table 5).

Factor analysis is a multivariate analysis technique
that conceptually reduces to a smaller number of
dimensions to facilitate the determination of
relationships between variables known to be
correlated. In other words, factor analysis
facilitates the interpretation of the relationships
between the concepts of the variables by revealing
the factors belonging to the various variables
related to each other. In other words, main aim in
this technique is to allow summarize of covariance
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structure on fewer dimensions in data collected
[6], [19], [26]. Mineral concentrations in plant are
formed by genotype x environment interactions.
Mineral uptake and level are significantly related
to plant health. Increase in mineral uptake by
plants causes to increase dry matter and mineral
content in plant and relatively more yield occurs
[41], [43]. Minerals are generally known to be
effective in plants such as biochemical events,
photosynthesis, and growth, resistance to stress
conditions, osmotic regulation; Minerals such as
Mg, Cu, Fe, Mn play an important role mainly in
photosynthetic events [33]. Inspired by this, the
minerals were examined in two groups; MEPG:
Minerals effective on plant growth (N, P, K, Ca, S
and Zn) and MECA: Minerals effective on
chlorophyll activity (Mg, Fe, Mn and Cu) in the
present study. Descriptive factor analysis of plan
characteristics and minerals were given in Table 6.

Table 6. Descriptive factor analysis of plan
characteristics and minerals in bread wheat

Characters Loadings % of Variance explained Suggested Factor Name
FACTORI 5,860 56,396 MEPG: Minerals
X 0.938 effective on plant growth
S 0,897
N 0,881
Zn 0.875
P 0.860
Ca 0,825
FACTORII 1,353 24,067 MECA: Minerals
< effective on chlorophyll
Cu 0,845 activity
Mn 0,820
Fe 0,620
Mg 0,760
Cumulative variance 80,163
*KMO Measure of Sampling Adequacy 0.70
FACTORIII 1,829 91,430 Seed Weight per Spike
Seed We./Spike 0,956
Seed Yield 0,956
Cumulative variance 91,430
*KMO Measure of Sampling Adequacy 0.50

*KMO: Kaiser Meyer Olkin Measure

Table 6 shows that two main factors are
determined in parameters for 80,163% of total
variability in the study. The first and the second
factors accounted for 56,396% and 24,087%,
respectively. The third factor covered 91,430% of
total variability. The first factor gave 56,396% of
total variability. The loading coefficients of the
parameters are very close to each other, meaning
that all parameters considered in FACTOR I, have
almost equal effect on the total variance. So, all of
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them created MEPG and they (N, P, K, Ca, S and MECA increases result in 1 unit increase in the
Zn) are all recommended. In the same way, all grain yield.

parameters (Mg, Fe, Mn and Cu) occupied for

MECA with 24,067% of total variability in

FACTOR II and all were suggested. Seed yield Table 7. Multiple regression analysis in plant
and seed weight per spike in FACTOR III had characteristics in bread wheat genotypes

Al

same loading coefficient covering 91,430% of ndependent Standardized Regtesson ¢ P
total variability. Suggested character was seed MEPG 0767 6213 <0.0001
weight per spike (Table 6). Kaiser Meyer Olkin oo e ATERE) oL 2218 oo
(KMO) test measures the fitness of the working “(ﬁif::’f;iffﬁiifi ;fnj;%ﬁ%Zii—f.lfgem o plant o) s 0SB

volume for factor analysis. The value of KMO is
set at 0.70, which is usually greater than 0.50 in
scientific research, indicating that the working
volume is sufficient. In addition, in FACTOR III,
the loading coefficients of the seed yield and seed
weight per spike were the same. Seed yield (SY)
as dependent variable, MEPG and MECA as
independent variables were taken, when preparing
the hypothesis, H1 and Hz, given below, and the
regression analysis was constructed on this (Figure
3).

(Seed Yield)

}\P’\k s &
o 4
MECA|(Minerals effective

on chlorophyll activity)

H;: The effect of MEPG an SY is significant.
H:z: The effect of MECA an SY is significant.

(Minerals effective
on plant growth)

Figure 3. Hypothesis preparing diagram

Multiple regression analysis should cover some
assumptions such as; linear Relationship between
the dependent variable and the independent
variables; normal distribution in variables; no high
correlations among independent variables; similar
variance of error terms in independent variables
[21], [23]. Multiple regression analysis in plant
characteristics was given in Table 7. In the
analysis, MEPG and MECA as independent
variables seed yield (SY) as dependent variable
were taken into consideration. Table 7 assigns that
the effect of variables in total was significant at
1%. Moreover, the individual effects of MEPG
and MECA on seed yield (SY) were also found to
be significant (p <0,01). Formula explains that in
0,767 unit in increase MEGA and 0,481 unit in

Sakarya University Journal of Science, 22 (6), 1711-1719, 2018. 1716
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DISCUSSION

Success mainly depends on the power of
effectiveness parameters used and the statistical
methods could be safely used to reveal
effectiveness of parameters in the breeding
programs. Results of correlation, cluster, principal
component and conditional formatting analyses
revealed that with in the efficiency limits (between
the lowest dose and toxicity level) integrative
effects of minerals were determined. This means
that behavior of minerals among genotypes are
mainly similar. As known, levels and trenchancies
of minerals are generally under the influence of the
genotype X environment interaction, but
considerably under genotypic influence [1], [16],
[40]. Minerals as nutrients and/or effective
ingredients on enzymatic processes play vital role
on biochemical processes of plant growth and
development of seed, therefore on yield. Some
minerals have mainly important in growth,
resistance to stress conditions, osmotic regulation;
some have mainly photosynthesis [22], [33].
Factor analysis revealed that while some minerals
called MEPG (N, P, K, Ca, S and Zn) are mostly
effective for growth, others called MECA (Mg, Fe,
Mn and Cu) are mostly effective on
photosynthesis, and 0,767 unit in increase MEGA
and 0,481 unit in MECA increases result in 1 unit
increase in the grain yield. Harmankaya, Sultan,
Miifitbey and Tosunbey were found as higher
performance and stabile bread wheat genotypes.
Correlation principal components clusters, factor
and conditional formatting analysis revealed that
N, P, K, S, Mg, Zn and Fe are closely related to
plant yield. Factor analysis revealed the effect of
minerals on yield with a different approach by
divides minerals into MEGA and MEPG. Factor
analysis determined the real effect shapes of
mineral on yield. To determine the changes of the
minerals in the genotypes their effect on yield as
well as the yield components will increase the
success of breeding programs. Evaluating plants
for minerals, distribution and effect of minerals on
seed yield could make breeding objectives more
successful.

REFERENCES

[1] E. Acevedo, A. P. Conesa, P. Monneveux
and J. P. Srivastava, “Physiology-Breeding
of Winter Ceceals for  Stressed

Sakarya University Journal of Science, 22 (6), 1711-1719, 2018.

2]

[3]

[10]

[11]

[12]

[13]

[14]

Determination of the effects of mineral on seed yield by different statistic methods in bread wheat (triticum aestivum 1.) under drought con..."

Mediterranean Environments” , INRA
Editions, Versailles Cedex, France, 1989.
W. Anderson, “An Introduction to
Multivariate Statistical Analysis” , 2nd
edn., Wiley, New York, 1984.

J. 1. Andriolo, L. Erpen, F. 1. Cardoso, C.
Cocco, G. S. Casagrande and D. 1. Janisch,
“Nitrogen Levels in the Cultivation of
Strawberries in  Soilless  Culture”
Horticultura Brasileira, vol. 29, 516-519,
2011.

Anonymous, “https://www.actx.edu/web/
files/filecabinet/folder7/Excel” , 2007.

M Ashraf and P. J. C., “Harris Potential
biochemical indicators of salinity tolerance
in plants” , Plant Science, vol. 166, 3—16,
2004.

D. F. Austin and M. Lee, “Comparative
mapping in F2:3 and F6:7 generations of
quantitative trait loci for grain yield and
yield components in maize” , Theor Appl
Genet, vol. 92, no 7, 817-826, 1996.

D. J. Bonfil and U. Kafkafi, “Wild wheat
adaptation in different soil ecosystems as
expressed in the mineral concentration of
the seeds” , Euphytica, vol. 114, 123-134,
2000.

J. H. F. Bothwell and C. K. Y. Ng “The
evolution of Ca’"  signalling in
photosynthetic eukaryotes” , New Phytol,
vol. 166, 21-38, 2005.

F. Branca and M. Ferrari, “Impact of
micronutrient deficiencies on growth: The
stunting syndrome” , Annals of Nutrition
and Metabolism, vol. 46, 817, 2002.

I. Cakmak, “Enrichment of cereal grains
with  zinc: agronomic or genetic
biofortification?” , Plant and Soil, vol. 302,
1-17, 2008.

A. Ceylan, “Field Crop Production” ,
Aegean University Press, Izmir, 1994.

W. Dillon and M. Goldstein, “Multivariate
Analysis: Methods and Applications™ ,
Wiley, New York, 1984.

R. Dogan, “Determination of Grain Yield
and Some Agronomic Characters of Bread
Wheat (Triticum aestivum L.) Lines” ,
Journal of Agricultural Faculty of Uludag
University, vol. 16, no 2, 149-158, 2002.
A. A. El-Ghamery, M. A. El-Kholy and A.
ElYousser, “Evaluation of cytological
effects of Zn™ in relation to germination
and root growth of Nigella sativa L. and

1717



"Murat Olgun, Okan Sezer, Metin Turan, Zekiye Budak Bascift¢i, Nazife Gézde Ayter Arpacioglu, Murat Ardig, Onur Koyuncu

Determination of the effects of mineral on seed yield by different statistic methods in bread wheat (triticum aestivum 1.) under drought con..."

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Sakarya University Journal of Science, 22 (6), 1711-1719, 2018.

Triticum aestivum L.” , Mutation Research,
vol. 537, 29-41, 2003.

S. E. Fienberg, “The Analysis of Cross-
Classified Categorical Data” , The MIT
Press, 1987.

L. F. Garcia del Moral, Y. Rharrabti, D.
Villegas and C. Royo, “Evaluation of grain
yield and its components in durum wheat
under Mediterranean conditions: An
ontogenic approach” , Agron J, vol. 95, no
2,266-274,2003.

I. Geng, “Physiological and Morphological
Basis in Cereals” , Cukurova Univ Agric
Fac Press, no 22, Ankara, 1977.

N. Giir, A. Topdemir, O. Munzuroglu and
D. Cobanoglu, “The effect of heavy metal
ions (Cu*?, Pb™, Hg™, Cd") on pollen
germination and tube growth in Clivia sp.”
, FU Journal of Science and Math, vol. 16,
no 2, 177-182, 2004.

J. F. Hadr, R. E. Anderson, R. L. Tatham
and W. C. Black, “Multivariate Data
Analysis” , Prentice Hall, New Jersey,
1998.

J. Hiltbrunner, B. Streit and M. Liedgens,
“Are graining densities an opportunity to
increase grain yield of winter wheat in a
living mulch of white clover?” , Field
Crops Research, vol. 102, 163—171, 2007.

W. Hoyt, S. Leierer and M. Millington,
“Analysis and interpretation of findings
using multiple regression techniques” ,
Rehabilitation Counseling Bulletin, vol.
49, no 4, 223-233, 2006.

A. Hussain, H. Larsson, R. Kuktaite and E.
Johansson, “Mineral Composition of
Organically Grown Wheat Genotypes:
Contribution to Daily Minerals Intake” , Int
J Environ Res Public Health, vol. 7, no 9,
3442-3456, 2010.

J. Jaccard, V. Guilamo-Ramos, M.
Johansson and A. Bouris, “Multiple
regression analyses in clinical child and
adolescent psychology” , Journal of
Clinical Child and Adolescent Psychology,
vol. 35, no 3, 456479, 2006.

B. B. Jackson, “Multivariate Data Analysis
An Introduction” , Ilnois, Richard, D.
Irwin, Inc., 2004.

M. Jezek, C. M. Geilfus, A. Bayer and K.
H. Miihling, ‘“Photosynthetic capacity,
nutrient status and growth of maize (Zea
mays L.) upon MgSO4 leaf-application” ,
Front Plant Sci, vol. 5, 781, 2014.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

R. A. Johnson and D. W. Wichern,
“Applied Multivariate Statistical Analysis”
, Prentice Hall, New Jersey, 2002.

K. Joreskog, “Factor Analysis by Least
Squares and Maximum Likelihood
Methods”, In: K. Enslein, A. Ralston ve H.
Wilf, (eds) “Statistical Methods for Digital
Computers” , Wiley, New York, 125-153,
1977.

C. Kaya and D. Higgs, “Improvements in
the  physiological and  nutritional
developments of tomato cultivars grown at
high zinc by foliar application of
phosphorus and iron” , Journal of Plant
Nutrition, vol. 25, no 9, 1881-1894, 2002.
H. Kirchmann, L. Mattsson and .
Eriksson, “Trace element concentration in
wheat grain: Results from the Swedish
long-term soil fertility experiments and
national monitoring program” , Environ
Geochem Health, vol. 31, 561-571, 2009.
B. Kouakou, KS. S. Alexis, D. Adjehi, D.
K. Marcelin and G. Dago, “Biochemical
changes occurring during germination and
fermentation of millet and effect of
technological  processes on  starch
hydrolysis by the crude enzymatic extract
of millet” , Journal of Applied Science
Research, vol. 4, 1502—-1510, 2008.

H. Lambers, M D. Cramer, M. W. Shane,
M. Wouterlood, P. Poot and E. .
Veneklass, “Structure and Functioning of
Cluster Roots and Plant responses to
Phosphate Deficiency” , Plant and Soil,
vol. 248, 9-19, 2003.

H. W. Lopez, V. Krespine, A. Lemaire, C.
Coudray, C. Feillet-Coudray, A. Messager,
C. Demigne and C. Remesy, “Wheat
variety has a major influence on mineral
bioavailability; Studies in rats” , Journal of
Cereal Science, vol. 37, 257-266, 2003.
H. Marschner, “Mineral Nutrition of
Higher Plants” , 2nd edn., London
Academic Press, London, 1995.

M. C. Martinez-Ballesta, R. Dominguez-
Perles, D. A. Moreno, B. Muries, C.
Alcaraz-Lopez, E. Bastias, C. Garcia-
Viguera and M. Carvajal, “Minerals in
plant food: effect of agricultural practices
and role in human health. A review” ,
Agronomy for Sustainable Development,
vol. 30, 295-309, 2009.

D. L. Massart, B. G. M. Vandeginste, L. M.
C. Buydens, S. de Jong, P. J. Lewi and J.

1718



"Murat Olgun, Okan Sezer, Metin Turan, Zekiye Budak Bascift¢i, Nazife Gézde Ayter Arpacioglu, Murat Ardig, Onur Koyuncu

Determination of the effects of mineral on seed yield by different statistic methods in bread wheat (triticum aestivum 1.) under drought con..."

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Sakarya University Journal of Science, 22 (6), 1711-1719, 2018.

Smeyers-Verbeke,
regression  and

“Straight line
calibration” , In:
“Handbook  of chemometrics and
qualimetrics” , Amsterdam, The
Netherlands, Elsevier, vol. A, 171-231,
1997.

D. Mertens, “AOAC official method
975.03” , In: W. Horwitz, and G. W.
Latimer (eds), “Metal in Plants and Pet
Foods. Official Methods of Analysis” |,
18th edn., Maryland, USA, 3—4, 2005.

K. M. Murphy, K. G. Campbell, S. R. Lyon
and S. S. Jones, “Evidence of varietal
adaptation to organic farming systems” ,
Field Crop Research, vol. 102, 172-177,
2007.

K. Ozdamar, “Statistical Data Analysis
with Computer Programs” , 2nd edn.,
Eskisehir, Turkey, vol. I-II, 1999.

M. W. Paschke, A. Valdecantos and E. F.
Redente, “Manganese toxicity thresholds
for restoration grass species.
Environmental Pollution” , vol. 135, 313—
322, 2005.

D. C. Rasmusson, “A plant breeder’s
experience with ideotype breeding” , Field
Crop Res, vol. 26, no 2, 191-200, 1991.
T. L. Roberts, “Nutrient best management
practices: Western perspectives on global
nutrient stewardship” , Proceedings of the
19th World Congress of Soil Science: Soil
solutions for a changing World, 172-175,
2010.

G. R. Rout and P. Das, “Effect of metal
toxicity on plant growth and metabolism: 1.
Zinc” , Agronomie, vol. 23, 3-11, 2003.
M. R. Schlemmer, D. D. Francis, J. F.
Shanahan and J. S. Schepers, “Remotely
measuring chlorophyll content in corn
leaves with differing nitrogen levels and

[44]

[45]

[46]

[47]

[48]

[49]

[50]

relative water content” , Agronomy
Journal, vol. 97, no 1, 106—112, 2005.

U. B. Schulthess, J. Feil and S. C. Jutzi,
“Yield independent variation in grain
nitrogen and phosphorus concentration
among Ethiopian wheat” , Agronomy
Journal, vol. 89, no 3, 497-506, 2000.

P. R. Shewry, “Improving the protein
content and composition of cereal grain” ,
Journal of Cereal Science, vol. 46, 239—
250, 2007.

L. Slavkovic, B. Skrbic, N. Miljevic and
A. Onjia, “Principal component analysis of
trace elements in industrial soils”
Environmental Chemistry Letters, vol. 2,
105-108, 2004.

M. F. Soliman, S. F. Kostandi and M. L.
Beusichem-Van, “Influence of sulphur and
nitrogen fertilizer on the uptake of iron,
manganase and zinc by corn plants grown
in calcareous soil comm” , Soil Sci Plant
Anal, vol. 23, 1289-1300, 1992.

A. J. Stewart, W. Chapman, G. 1. Jenkins,
I. Graham, T. Martin and A. Crozier, “The
effect of nitrogen and phosphorus
deficiency on flavonol accumulation in
plant tissues” , Plant Cell Enviroment, vol.
24,1189-1197, 2001.

B. Varga, Z. Svecnjak and A. Pospisi,
“Grain yield and yield components of
winter wheat grown in two management
systems” , Die Bodenkultur, vol. 51, no 3,
145-150, 2002.

H. Wang, X. Q. Shan, B. Wen, S. Zhang
and Z. J. Wang, “Responses of
antioxidative enzymes to accumulation of
copper in a copper hyperaccumulator of
Commoelina communis” , Archives of
Environmental Contamination and
Toxicology, vol. 47, 185-192, 2004.

1719



