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ABSTRACT

In order to investigate the relationship between traits and analysis to causal relationships in winter wheat, an
experiment was conducted on 9 promising wheat lines and Shahriar cultivars (control) in a randomized complete
block design with two replications at Agriculture and Natural Resources Research Sation of Ardabil in 2012. The
statistical analysis of the survey included 14 important traits such as total number of tillers, number of fertiletillers,
number of infertile tillers, spike length, grain weight per spike, plant height, biomass, peduncle length, peduncle
weight, seed weight, days to flowering, days to maturity, harvest index and grain yield. Results of variance analysis
showed that there are significant differences between 10 wheat genotype in terms the number of fertile tiller, number
of spike per square meter, grain weight per spike, peduncle weight, days to flowering, days to maturity, harvest
index, grain yield (at 1% level), biomass and seed weight (at 5% level), indicates that there is variation among the
genotypes studied. Correlation coefficients indicated that the peduncle elongation and reduction in the number of
infertile tillers will have a positive effect on performance. The high correlation between grain yield and number of
grains per spike indicates that this attribute can also be a good measure for the selection of high yielding varieties.
Grain yield had the highest correlation with the length of the spike (0.903) between traits. Multiple stepwise
regression analysis for the grain yield showed that characteristics such as infertile tillers and peduncle length
remained in the model and about 92% of the variations are controlled by these traits. The significant coefficient in
the regression eguation show effective traits in increasing the grain yield. So that the peduncle length increase and
reduction in the number of infertile tillers will have a positive impact on performance. Path analysis of remained
characters in the regression model showed that peduncle length had the most direct effect (0.672) with grain yield
and infertile tiller had the negative and direct impact on grain yield (-0.193). Also the number of infertile tillers had
more indirect effect through peduncle length than the indirect effect length of peduncle through the number of
infertile tillers on the yield. So, the most important traits were identified as selection criteria to improve the yield
which included infertile tillers and peduncle length.
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INTRODUCTION

Wheat with the scientific name @fiticum aestivum is the most important crop in the world. As a testiits wide
range and high adaptability and also the variowges of this crop in human feeding it is known las most
important crop in the world particularly in develog countries and it accounts for approximately 26Rtvorld's
food sources [1] and has always been of interetheasaw material for bread preparation, wheat largdd as the
symbol of God's blessing have been highly respemtekit has been considered a misdeed to squandéthiough,
currently there are various types of crops beirggd all over the world and people rely less upbpat for their
feeding, this strategic crop is being focused uppmvorld people and various investigations are d¢peionducted to
improve its quality and quantity. Correlation betmeraits is also important in plant breeding, lseait measure
the amount and type of genetic and non-genetitioakhip between two or more traits. Genotype amenptypic
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correlations between different traits may help plareeders in indirect selection for importanttgahrough least
important traits that they are easier to measuemno@pe correlation between traits is mainly dugeaes linkage.
This correlation represent amount of covarianctwat similar genes or strongly continuity betweero tdifferent

traitsand environmental correlations is due to the faat an environment can cause different simultangatiance

in the two traits [2].

One of the main goals of wheat breeding is to iaseegrain yield per area unit. Regarding the matip between
grain yield and important agronomic, finding thepegpriate indicators to apply selection can hagaificant role
to improved yield [3] although, these correlati@rs useful in determining the main components bey tdo not
show the relative importance of direct and indireffects. Path analysis is a method that reveagdtationships
between traits and their direct and indirect efem performance. This method requires the ideatifin of causal
relationships among traits [4]. In order to findedations and describe the relationship betweenmartteristics at
individual and genotypes, factor analysis is usased on the number of index influence on theseacheristics [5].
In this method, the hidden factors that cause tieelation between traits are identified and a grofivariables are
identified that have the highest interclass coti@ieand show less dependence with other groups.

Hence, improving wheat grain yield through breeding improving yield components are among the reffistient
methods in breeding programs, thus studying theiogls between yield components and yield playsrgrortant
role in this context. Analysis of path coefficientsa method for separation of correlation coeffits into their
direct and indirect effects through other traitsl @an provide useful information about the reladibetween traits
and how they are affected by each others. The ibotibn made by each component of yield to accdongrain
yield can also be affected indirectly by rest af tomponents [6]. Khan et al [7] after investiggtthe correlation
between the traits of bread wheat showed that tisesiehigh correlation between grain yield and yraimber per
spike, 1000 grain weight and harvest index. Inrarestigation on vernal wheat Gupta and Chaturvédsiowed
that harvest index, plant height, date of matutiiglogical yield and date of flowering had a direffect on grain
yield. Moghaddam et al [5] showed in their studgttgrain number per spike and 1000 grain weightlpeced high
correlation with grain yield and had a highly sfigant direct effect on this trait. Mondal et al [@oncluded from
the path coefficients in path analysis conducte®@®ibread wheat genotypes in India that grain nurpbke spike,
100 grain weight and tiller number per plant hatiract effect on grain yield, whereas traits susthaight and date
of maturity had a negatively direct effect on grgiald. Bakhit et al [10] by examining the corrétet and path
analysis in Durum wheat in Egypt showed that spiember per plant had the highest direct effect i@ingyield.
Dakioku and Akaya [11] by conducting path analysiswheat genotypes for yield and its componenterteg that
spike number per m2 and grain weight per spikeahadsitively direct effect on grain yield and grammber per
spike had a positively indirect effect on yieldabgh grain weight. Hoxha and Sulovari [12] by stad the
relation between production and some quantitati@ist of hard wheat by path analysis showed thatpheight,
period of vegetative growth and mean spike weigtat thirect effect on yield, whereas traits sucheas area, fertile
tiller number, spike length, spikelet number, hatiedex and leaf angle had indirect effect ondyiel

Mohammadi Gonbad et al [13] by exploring the relasi between yield and its components in bread wheat
genotypes under condition of heat stress showedrttaafavorable conditions spike number per m2 thedhighest
positively direct effect on grain yield, whereasaim unfavorable condition biomass had the highesitigely direct
effect on grain yield among the study traits.

Zakizadeh et al [14] showed in their study that gheatest direct effects on grain yield belongetraits such as
spike number per m2, grain weight per spike andobiocal yield. Ahmadizadeh [15] by path analysisdan
examining the correlation during an investigatiemducted on genetic variation of local masses ofisiuwheat in
terms of antioxidant activities and some of physiidal traits under drought condition showed thadlar these
conditions plants being selected based on traith si3 grain number per spike, plumule length (iramstress),
1000 grain weight, total tiller number and stemglén(in intensive stress) and damage on membra@éo (2
polyethylene glycol stress) produce a high amoéigtedd.

Mollasadeghi [16] by studying the correlation aradhpanalysis of bread wheat showed that the highiestt effect
belonged to grain number per main spike, whereadaivest one belonged to grain number per secorstakes.
The highest positively indirect effect belongedgrain humber per main spike that was controlledugh grain
number per secondary spikes, whereas the highgstively indirect effect belonged to grain number pnain
spike that was controlled through 1000 grain wegtmain spike.

Mollasadeghi et al [17] after an investigation coctegd on correlation and path analysis of morpholigraits for
9 bread wheat genotypes under the condition ofiterindrought stress reported that grain yield hgubsitively
direct effect on harvest index, whereas straw yled a negatively direct effect on harvest indexadldition,
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among traits effective on grain yield, four traigmely grain number per spike, grain weight, 10@0ngweight and
biological yield had the highest positively direftect on grain yield, whereas three traits nanspife length, spike
weight and biological yield had the highest direffect on straw yield.

Mollasadeghi and Shahryari [18] in an investigatam relations of some of the most important morpbial
indicators with grain yield demonstrated that thghbst direct effect on grain yield belongs to bgital yield
(2.143) followed by weight of main spike (0.12%ey claimed that biological yield and weight of mapike can
be used as criteria for selection aimed at impmptie yield of wheat grain.

Therefore, in this study, with determining the raled contribution of each component of the perforrea we can
specify appropriate selection indicators for parfance modification.

MATERIALS AND METHODS

In order to investigate the relationship betweemparntant agronomic traits, yield and its componeams also
analysis to causal relationships in winter wheat,eaperiment was conducted on 9 promising wheasliand
Shabhriar cultivars (control) in a randomized conwlelock design with two replications at Agricuktuand Natural
Resources Research Station, located 12 kilometeith ®f Ardabil (Khalkhal road) in 2012. The statibas a cold
semi-arid climates, the temperature is often betevo in winter. Altitude is 1352 mm, average rain37.1 mm,
longitude length and width 48° and 15' of eastammgitude, 38° and 15' northern latitude. The aweragnual
minimum and maximum temperatures is respective®8 land 18.18 and the maximum absolute temperasure i
21.8° C. list the 9 wheat lines and Shabhriar calgv(control) is shown in Table 1. Seed consumgtas been 452
seeds per square meter and fertilizer consumptive based on soil test results has been 92 kggeitr@and
phosphate and 62 kg potassium. Thus, total phosplentd potash fertilizer was used in the autumnratndgen
fertilizer was used at three stages tillering améding. Broadleaf weed control was performed ugngt-D
herbicide in the tillering stage. During the growpleriod characteristics such as time to 52% flomgerand
physiological maturity were recorded. Half-footdhrlines were harvested when crop handling anévtkeage of
three samples, unfertilized spike dry matter pet area and harvest index were determined. Plaighhend
number of grains per Spikes was measured the avefaty spikes randomly harvested. Yield per uhharvested
crop were measured from each plot. Seed weightmeessured after final harvest of the plots. In giigdy traits
such as total number of tillers, the number ofileettller, the number of infertile tiller, lengtbf spike, grain weight
per spike, plant height, biomass, peduncle weiglt langth , days to flowering, days to maturityrvest index,
grain yield and seed weight were evaluated. Digtdretween two plants was considered 25 and betivaerows
were 75. Crop care was uniformly carried out fotrélatments during the experiment. Care such &sisveras done
with specific chemicals when tillering. In this d{y the software SPSS, Minitab and Path analysssusad.

Table 1 — List of study genotypes in this investigen

-86-1 nahrya

-86-2 -80-4

-86-3 loudan/3/Bb/7C*2//Y50E/3*Kal/4/MV 1
-86-4 an 7578. 128/4/Chil/24*St

-86-5 an 7578. 128/5/Chil/2*St

-86-6 an 7578 128/6/Chil/2*Star

-86-7 1800994W/Vee//FO00K/3/Pony/Opi
-86-8 hr*5/Aga//Sni/3/Trk13/4/Dr

-86-9 ilinmiyen 96. 4(

-86-10 > 909 Mime

RESULTS AND DISCUSSION

Results the variance analysis in the agronomicraarphological traits showed (Table 2) that there significant

differences between 10 wheat genotype in termistsaich as number of fertile tillers, number okepper square
meter, grain weight per spike, peduncle weight,sdayflowering, days to maturity, harvest indexaigryield (at

1% level), biological yield and thousand grain weidgat 5% level) that indicates there is variatemmong the
genotypes but there is no significant differencéemms traits such as the number of infertile rtdjgolant height and
peduncle length. This indicates that the studigtbtyges are close to each other in terms theds.t@oefficients
of variation (CV %) except for plant height and rhen of infertile tillers was below 22% for otheaitis which

indicate a high accuracy measurement or experithemtar are low. As can be seen, there was signifidifference
between genotypes for agronomic and morphologiaétstat 1% level. The issue has high potentialeah wheat
breeding programs. Results of yield average conyeutay Duncan's multiple range test showed thabl@'d) the

highest yield belong to the cultivar 4 with 3.9 @hd lowest yield belong to the cultivar 5, witll 2ons per acre.
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Table 2 - Variance analysis of studied traits

MS
S.0.V df  total number the number of the number of length of grain weight plant Biological
of tillers fertile tiller infertile tiller spike per spike height yield
Replication 1 56.23 21 3.73 1.562 0.112 735.4 1963.3
Genotypes 9 869.98** 905.9** 4.83 487.88** 1.209** 293.9 6238
Error 18 65.41 2.58 0.47 37.114 0.152 695.7 1935.9
CV% 4.05 0.82 35.21 5.88 14.45 28.31 19.33

* and ** Sgnificantly at p < 0.05 and < 0.01, respectively.

Table 2 — Continue

MS
S.0.V df Peduncle Peduncle 1000 grain Harvest Days to Days to Grain
length weight weight index flowering maturity yield
Replication 1 54.75 0.001 30.75 3.9 0.001 3.55 3.83
Genotypes 9 31.76 0.009** 132.8* 32.31* 7.46** 118.9** 0.855
Error 18 14.23 0.01 513.57 0.937 0.667 21.92 0.183
CV% 10.02 13.22 14.34 0.7 0.46 9.18 14.29

* and ** Sgnificantly at p < 0.05 and < 0.01, respectively.

Table 3 - Comparison of the yield average for 9 pmaising lines and one control varieties by Duncan &% level

Number Genotypes Grain (Ton / ha)
C-86-1 1ahrya 2.66 bc
C-86-2 -80-4 3.71 a
C-86-3  oudan/3/Bb/7C*2//Y50E/3*Kal/4/MV 1 3.22 ab
C-86-4 an 7578. 128/4/Chil/24*St 3.9 a
C-86-5 an 7578. 128/5/Chil/2*St. 21 c
C-86-6  an 7578. 128/6/Chil/2*St. 3.21 ab
C-86-7 1800994W/Vee//F900K/3/Pony/Op: 2.76 bc
C-86-8  ar*5/Aga//Sni/3/Trk13/4/Dr 2.81 bc
C-86-9  linmiyen 96. 4( 2.8 bc
C-86-10 =909 Mime 2.68 bc

Simple correlation between different traits is eefed in (Table 4). In the breeding research, imprdrought
tolerance that it is considered in order to fintladt as an indirect selection criterion, must berelated with yield
or drought tolerance, in addition high heritabiligor this reason, Pearson's correlation coefficiaas used. Results
of simple correlation measure, is presented in §ahl In this study, yield showed positive and digant
correlations with its components, but showed naifiant correlation with harvest index. Harvestiéx showed
positive and significant correlations with traitsch as number of spikes, grain weight per spikdupele length,
grain weight and also showed negative and sigmificrrelations (-0.858**) with infertile tiller. Ae results
indicated that the highest correlation is a functd the number of grains per spike. Experimentarimet al (2007)
also verifies this result. In the optimal condiothe highest correlation with grains yield isated to the number of
grain per spike. Accordingly, it may do the genatygelection for greater grain yield using highestrelation with
grain yield in any wet conditions. There was nagagicant positive genotype correlation betweelertd per plant
with harvest index and grain weight. The resultsrtht match the findings of Kouchaki and NikkhaB][1

To investigate the effects of each trait on theedelent variable and also reduce the number of @wtignt
variables and eliminate variables that have ndgkgeffect on the dependent variable and fitting iest model,
stepwise regression method was used. In stepwisession analysis, yield as the dependent varig)land other
evaluated traits was considered as an independeiable (X). To determine the characteristics cutiuk effect on
the performance, multivariate linear stepwise regjgn method was used. The results of this anadysipresented
in Table 5. The results showed that infertile tdleand peduncle length explained 7.48% of yieldat@ans.

Considering the number of infertile tillers (X1)eguncle length (X2) and yield (Y), the following wedion was
obtained:

Y = 0.477°- 0. 157X, + 0. 087 X,

Significant coefficient in successful regressionatipn shows these traits to be effective in insirggthe yield. The
above equation showed that the positive influerfceealuncle length and the number of infertile tilthat had
negative effect on yield increase. by comparing thgression coefficients and correlation coeffitsernt was
determined that yield have significant and positifationship with peduncle length (r=0.856**) asidnificant and
negative relationship with number of infertile ell(r=-0.833**).
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Vaezi [20] claimed that the traits such as biolagigield, harvest index, 1000 grain weight, straeld/and plant
height are effective on grain yield through stepskgp regression. In the investigation conductedaghavi et al
[21] grain number per spike had the highest regrassoefficient and individually accounted for 8286 yield
changes. After that, 1000 grain weight followeddpykelet number per spike, were introduced intorttoelel and
finally these three variables accounted 94% ofdyighanges. Moghaddam et al [5 and 22] by condudiiva
separate investigations studied wheat native tdSthetheast and Southwest of Iran and after doirdysis, they
found a significant regression for traits such agschumber to flowering, plant height, spike numer plant, grain
number per spike and 1000 grain weight. Mass qR3] after doing a phased regression analysis fheat
demonstrated that grain yield is dependent upomtimeber of fertile tiller produced by each plantlgarvar et al
[24] after a study on 567 bread wheat genotypesladed that traits such as grain number per pladtgain yield
per spike had the highest positively direct effattgrain yield of plant, whereas the trait of graimmber per spike
had the highest negatively direct effect on it. @&fiyand Mahluji (2005) after conducting phased esgion analysis
on 42 lines and varieties of bread wheat demorestrdiat traits such as grain filling period, gratimber per spike,
spike number per frand plant height were introduced into the modelierathan other traits and were the most
effective traits on grain yield. Zakizadeh et a4][In an investigation titled as examining the geneariation and
relation between various traits and grain yieldbirad wheat genotypes based on phased regressadized that
biological yield, grain weight per spike, spike ren per i were among the most important components of yield
and made more effective contribution to grain yield

Grain yield is a very complex feature resultingnfrthe process of plant growth. Grain yield resesiaerimary
function where yield components to some extent@eted to each other in its improvement [25]. Add&6] based
on studies which he conducted on balancing thalydemponents in so many crops concluded that giald is a
result of interaction between numerous genes awlogrment and for this reason direct selection iatsproven so
successful for that and does lead to remarkablease in yield and so that the selection for yadhponents has
been suggested as a solution for evermore progregsld increase. Unfortunately, negative coriielas between
yield components lead to trade off between thensalaction. Although it is important to estimate ttwarelation
between traits and yield, the simple correlatioeffidients by itself doesn’t completely specify thature of relation
between traits. Thus, path analysis was used tttifgdedirect and indirect effects of traits effaation grain yield.
The results (table 6) showed that peduncle lengththe direct effect (0.672) with grain yield aie thumber of
infertile tiller had the direct negative effect (t03) on the yield, also the number of infertilketihad less indirect
effect through peduncle length than indirect efféfdhe peduncle length through the number of tiléetiller on the
yield.

Table 4- Simple correlation coefficients between thevaluated traits

pas 5 E
IS G _ 2 3 - E=} ) o % E
= = @ a = < Q < [ £ - =
o Q o= @ = 2 > QL = T = c o2 <
€S €3 5 9¢ 2 3 = 2 55 % of E
i o = < = Q = =
Traits So s2 2 23 = Qo g 3] oG 2 22 o
c ct =] o c =2 c S 2 >
o 5 o2 = = < k=l 32 S S g 03 3
£ £ £ 5} g a ke 3 3 = g z
Qo S m o o [a)]
the number of fertile tiller 1
the number of infertile tiller  -0.638* 1
length of spike 0.681* -0.928** 1
grain weight per spike 0.547  -0.84**  0.798** 1

plant height
Biological yield
Peduncle length
Peduncle weight
1000 grain weight
Harvest index
Days to flowering
Days to maturity
Grain yield

-0.475 0.278
0.6 -0.089
0.72* -0.95**
-0.285 0.045
0.24 0.057
0.401 0.083
0.521 -0.844*
0.515 -0.858**
0.642* -0.832**

-0.208  -0.241 1

0.105 0.272  -0.665 1
0.979* 0.828* -0.332 0.242 1

-0.012 -0.037 -0.39 -0.124 0.014 1

-0.004 0.27 -0.417 0.544  0.007 -0.01 1

-0.106 0.058 -0.432 0451 -0.095 -0.17 0.801* 1

0.72* 0.634* -0.524 0.216 0.807** 0.146 -0.229 -0.266 1

0.82** 0.676* -0.093 -0.161 0.809** 0.017 -0.327 -0.2  0.718* 1
0.903**  0.73* -0.176 0.096 0.856** -0.016 0.225 0.015 052 0.59

* and ** Sgnificantly at p < 0.05 and < 0.01, respectively.

Table 5 - Summary of stepwise regression analysis estimate the yield 9 promising lines and 1 contteultivar (Shahriar)

Standardized Coefficients

Traits Bota B sig VIF
o 0.477 - - -
the number of infertile tiller -0.157 -0.193 0.04 3.519
Peduncle length 0.087 0.672 0.03 1.412
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Naghavi et al [21] claimed after their investigasothat among the studied traits grain number pikeshave the
highest direct effect on yield, followed by 100@igrweight which have the highest positively direffect on spike
yield, whereas the spikelet number only has thé Ipigsitively indirect effect on yield through graimmber per
spike. Heydari et al [6] demonstrated that graimber per spike had the highest positively dire@atfon grain
yield over the two years of evaluation. Mobser 2] by examining the path analysis for grainlgief barley
expressed that grain number per spike with a dieffeict of 1.36 is considered the most importannhgonent
effective on grain yield. In addition, the diredfeet of spike number per unit area and grain weighs also
positive. Mohammadi [28] after studying the relatiof yield with its own components in 600 nativeedl wheat
genotypes of Iran demonstrated that the highesicdieffect on grain yield belongs to 100 grain \meitait.

Tarinejad [29] reported that the direct effect taf height on grain yield was negative and neleg{-0.051), and
argued that due to the positively direct effectrafts such as grain number per main spike, 10@thgreight per
main spike on grain yield, selection for each tfi@i of these traits will lead to increased yidlthghaddam et al.
[quoted by 29] reported that the direct effectlofee main yield components on grain yield was pa@sih native
masses of Southeastern Iran. Basirat [30] declt#ratdthe highest direct effect on grain yield bg®rio grain
number per spike. Ahmadzadeh [31] reported thadttect effect of 1000 grain weight and spike léngh yield

was positive.

Table 6 - Causality analysis of tuber yield with réated traits in 9 wheat promising lines and 1 conwl cultivar (Shahriar)

Indirect effect through

Traits Direct effect the number of infertile tiller Peduncle length Total correlation
the number of infertile tiller -0.193 -0.64 - -0.833**
Peduncle length 0.672 - 0.183 0.856**

Residual effect = 0.0.513
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