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Abstract: In order to evaluate the relationship between yield and some
relevant traits and estimation of the most effective traits on grain yield, a split-plot
experiment based on completely randomized block design with four replications
was carried out in 2006-2007 in the research field of Islamic Azad University of
Karaj. The irrigation schemes scheduled as main plots included the following: (T)
40% moisture depletion throughout the growing season (control); (T,) 60%
moisture depletion throughout the growing season; (T3) 80% moisture depletion
throughout the growing season; (T,) no irrigation during the stem elongation stage
and continuing with adequate irrigation to the end of the growing season; (Ts) no
irrigation from the stem elongation stage to the end of the growing season; (Ts) no
irrigation at flowering and continuing with adequate irrigation to the end of the
growing season; (T5) no irrigation from flowering to the end of the growing season;
and (Tg) no irrigation from the milk stage to the end of the growing season; and 2
wheat cultivars [Marvdasht (V,), Chamran (V,)] as sub-plots. According to the
results of simple correlation, the grain yield exhibited the most positive correlation
with biomass (0.877), number of infertile spikelets (0.876) and harvest index
(0.855). The results of step-wise regression showed that, in the absence of drought
stress, biomass and harvest index had respectively the most important effects on
the grain yield but both exhibited different results under drought stress. Path
analysis results showed that the most important effect on the grain yield in the total
tested treatments was related to the biomass, justifying a total of 87% of grain yield
variations, 72% of which is the direct effect of this trait on grain yield.
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Introduction

Drought stress is one of the most important environmental stresses in
agriculture (Cattivelli et al., 2008), therefore, understanding plant response to
drought stress can play a main role in stabilizing crop responses under these
conditions (Mirtaheri et al, 2013).

Sanjari and Yazdansepas (2008) in an investigation on twenty winter wheat
genotypes under drought stress reported that the 1000-grain weight and weight of
kernels per spike exhibited the greatest decrease as a result of water shortage;
they also reported a positive correlation between grain yield and grain weight per
spike and 1000-grain weight.

Shahryari et al. (2008) evaluated 42 genotypes of bread wheat under drought
stress and reported that there was a positively significant correlation between
grain yield and 1000-grain weight and total number of tillers per plant; on the
other hand, genotypes showed significant differences in grain yield at 1% level.
Nofouzi et al. (2008) used correlation coefficient, backward regression and path
analysis to evaluate grain yield and reported that the number of seeds per spike,
spike length and 1000-grain weight increased grain yield under drought stress.
According to Aycicek and Yildirim (2006), an investigation by path analysis
showed that there was a positive direct effect of plant height and grain weight per
spike and a negative direct effect of time to heading with grain yield. In another
study, the results of path analysis of durum wheat genotypes under drought stress
showed that harvest index had the greatest positive effect and number of fertile
tillers had the greatest negative effect on grain yield (Khaiatnezhad et al., 2010).
The results of path analysis in well-watered conditions showed that biological
yield, lawn length and harvest index had the greatest direct positive effects on
durum wheat yield (Ahmadizadeh et al., 2011).

The aim of this research was to investigate the correlation between yield and
yield components and other traits and to determine effective traits on yield under
drought stress at different stages and under non-stress conditions.

Material and Methods
Description of the Research Site

The study was conducted at the research field of Islamic Azad University,
Karaj branch, Mahdasht, Karaj, Iran (35°45'N, 51°06'E, 1313 m) in the 2006—
2007 growing season. The location has a semi-arid climate with an average
annual precipitation of 275 mm. The soil is clay loam with a pH of 7.6 and its
salinity in 0-30 cm of soil profile is 5.55 dS m™".
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Experiment Design and Treatments

A split-plot experiment was used based on a completely randomized block
design with four replications. The following irrigation schedules were used: the
main plot (T;) at 40% moisture depletion throughout the growing season (control);
(T,) 60% moisture depletion throughout the growing season; (T;) 80% moisture
depletion throughout the growing season; (T;) no irrigation during stem elongation
followed by adequate irrigation to the end of the season; (Ts) no irrigation from
stem elongation to the end of the season; (Ts) no irrigation at flowering followed
by adequate irrigation to the end of the season; (T;) no irrigation from flowering to
the end; and (Tg) no irrigation from milk stage (70 in Zadoks scale) to the end.
Wheat cultivars including two Iranian [Marvdasht (V;), Chamran (V,)] were sown
with a plant density of 500 plant m” with the 15-cm row spacing.

The experimental field received 100 P205 kg/h in the form of triple
superphosphate applied during deep ploughing in autumn. Nitrogen fertilizer was
applied at a rate of 150 kg of nitrogen per hectare in the form of urea, the first half
of which was supplied during planting and the remaining half at the stem
elongation stage. Sowing date was 13 November. Plots included 7 rows (4 m in
length and 15 cm in width), with a distance of 1 m between the main plots, 0.5 m
between the sub-plots and 3 m between replications. In order to apply drought
stress, chalk blocks were used to constantly control the moisture in the plots, which
were regulated with the soil moisture calibration curve as shown in Figure 1.
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Figure 1. Soil moisture curve and changes of electrical conductivity of gypsum blocks.

All the plots were irrigated using an installed pipeline system. The first
irrigation was scheduled on 13 November just after planting and then irrigation was
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carried out according to defined treatment protocols. Data analysis was done using
SAS (9.1) software and means were compared using Duncan’s multiple range tests
at 0.05 probability level. Before statistical analysis, all data passed normality test
and were transformed when needed.

Crop Sampling and Data Analysis

Measurements of the four traits under study [ plant height (cm), peduncle
length, and the number of fertile and infertile spikelets were carried out on 10
normal plants randomly selected from the two middle rows of each plot. In other to
evaluate grain yield, 1000-seed weight (g), biomass (g), harvest index (%), spike
numbers in m” and number of seeds per spike, two middle rows of each plot were
harvested.

Results and Discussion
Variance Analysis and Comparison of Mean Values

The results indicated that all stress treatments had exerted significantly
different effects compared to the control treatment (Table 1); the highest grain
yield was observed in the control treatment and the lowest grain yield was
observed in T; treatment, with T, to Tg treatments exhibiting decreases of 15.7%,
37.8%, 13%, 61%, 45%, 62% and 43% in yield, respectively, compared to the
control (results not reported here).

Table 1. Analysis of variance for grain yield and yield competitions for two wheat
varieties sown under drought stress and normal conditions.

. . 1000-  Number Spike Length  Fertile Infertile
Grain Biomas Harvest . Plant . .
S.0.V df . . grain ofseed  numbers . of spikelet  spikelet
yield s index . S 2 height
weight  spikes m peduncle numbers numbers

*

Replication 3 77.48™ 34.04™ 80.75" 151.05" 10.62™ 14101227 963" 292™ 328"  0.17™

Drought 1) 09" 105.5™ 25530 44005 1430° 766945" 27817 14727 1477 055"
stress (A)

Error 21 1091  7.14 4338 3422 8.27 321544 92 452 0.79 0.25
variety B) 1 g 5cns 0.0043™ 383.87 3358 48307  1344.1™ 196.8” 3464™ 2557  19.06”
A*B 7 16.66™ 3.33™ 81.08" 257 1020  7583.2™ 463" 367 297 039"
Error 24 1111 126 220 215 5.4 5.0 6.2 17.4 0.34 0.09
(A% - 1620 1218 129 15.67 9.20 185 3.08 155 35 132

ns, *and ** mean non-significant, significant at the 5% and 1% levels of probability, respectively
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Some other researchers have reported that drought stress reduces grain yield in
wheat (Sio-Se Marde et al., 2006; Li et al., 2011), the main results of which are
reduction in photosynthesis rate and aging of leaves (reduction in source) and
reduction in sink capacity (Ritchie et al., 1990).

Furthermore, stress treatment exhibited significant effects on the yield and all
measured yield components. The interaction between drought stress and cultivars
was significant for harvest index, plant height and fertile and infertile spikelet
number traits and consequently it is expected that the cultivars will have different
reactions to these traits.

Simple Correlation Coefficients

According to the results of simple correlation coefficients between wheat
grain yield and other relevant traits, which are presented in Table 2, in case of no
drought stress (treatment T1), the grain yield exhibited the most positive
correlation with biological yield traits (0.877), number of infertile spikelets (0.876)
and harvest index (0.855).

Table 2. Simple correlation coefficients between grain yield and 9 traits for wheat
genotypes under drought stress.

1000- Number  Spike Fertile Infertile
grain  of seeds numbers Plant = Length of spikelet  spikelet

weight perspike  m? height  peduncle numbers numbers

(T) 0.877" 0.855" 0243 -0433 0321 -0.071 -0.043  -0.032 0.876"
(T2) 0873 0547 -0.710" -0245 -0.090 -0.127 -0.122  -0458  0.256
(T3) 0272 0.796™ -0.050 -0.052 -0.521 -0.355  0.073  -0.622  0.369
(T4) 09157 0.827" 0068 0715 0349 0289  0.491 0368  -0.557
(T5)  0.748° 0.711° 0381 -0.632 0.739" 0936~ -0.148 -0.188  0.115
(T6) 0231 0549 0513 0503 0477  0.104  -0.109 -0.082  0.717"
(T7) 0466 09017 0.706° -0.483  0.741°  0.466  -0305  0.128  -0.096
(T8) 0933 0432 0055 -0416 0.793" 0275 0.0308  0.682  0.458

(T}) 40% moisture depletion throughout the growing season (control); (T,) 60% moisture depletion throughout the
growing season; (Ts) 80% moisture depletion throughout the growing season; (T4) no irrigation during the stem
elongation stage followed by adequate irrigation to the end of the season; (Ts) no irrigation from the stem
elongation stage to the end of the season; (Ts) no irrigation at flowering followed by adequate irrigation to the end
of the season; (T;) no irrigation from the flowering stage to the end of the season; and (Ts) no irrigation from the
milk stage (70 in Zadoks scale) to the end of the season.

Biomass Harvest
index

With an increase in irrigation intervals, from irrigation at 40% of available
moisture depletion to 80% of available moisture depletion, the drought stress
exerted results in a positive and significant relationship between grain yield and
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harvest index (Tables 2 and 3). Such a process of increasing the effect of harvest
index on the yield might be observed when the finite stress treatment at the
flowering stage is compared with infinite stress treatments (and consequently
severe) from this stage up to the period end (Tables 2 and 3).

Table 3. A step-wise regression analysis between grain yield and 9 traits for wheat
genotypes under drought stress.

Step-wise selection

Level Variable Model Grain vield models
of stress entered R-Square y
1 B“(’;“)ass 0.8377  Grain yield= -151.74828+0.63106(x)
Tl 2
2 Ha”?it)‘ndex 0.9981  Grain yield = -354.92020+0.45687(x2)+7.98092(x5)
3
1 B“(’;“)ass 0.7624  Grain yield = -13.61708+0.43955(xz)
T2 2
2 Harv‘zf(t)mde" 0.9996  Grain yield = -331.04501+0.42217(x2)+7.87025(x5)
3
1 Ham(’it)‘nde" 0.6336  Grain yield = 59.18145+7.13017 (x5)
T3 Bi ¥
2 1‘(’;")"“ 0.9986  Grain yield = -339.37151+0.36603(x2)+9.24706(x5)
2
1 B“(’;n)ass 0.8377  Grain yield = -151.74828+0.63106(x)
T4 2
2 Ha”'fit)‘“de" 0.9981  Grain yield = -354.92020+0.45687(x2)+7.98092(x5)
3
P lan(txh)e‘ght 0.8763  Grain yield = -643.99037+11.60164(x7)
T5 e
2 Ham(’it)‘nde" 0.9790  Grain yield = -595.69413+2.62735(x3)+9.57686(x7)
3
| Infertilespikelet ) 5130 Gin vield = 124.40492431.41017(x10)
numbers (Xio)
T6 2 B“();n)ass 0.8817  Grain yield = -15.88222+0.14181(x,)+44.37667(x,0)
2
Length of S
3 cdumdle (x 09962 Grain yield =121.39170+0.19268(x;)-6.81364(x9)+45 21956(x10)
1 Ha”?it)‘ndex 0.8127  Grain yield = -0.13194+5.53691(x3)
3
7 Biomass L.
2 o 0.9958  Grain yield = -152.17927+0.28 185(xy)+ 5.42465(xs)
1 Blz’f’)““ 0.8703  Grain yield = -45.00099+0.38885(xx)
T8 2
2 Ham(’f(t)mdex 0.9969  Grain yield = -259.14339+0.37653(x2)+6.82884(x3)
3

(Ty) 40% moisture depletion throughout the growing season (control); (T») 60% moisture depletion throughout the
growing season; (T3) 80% moisture depletion throughout the growing season; (T,) no irrigation during the stem
elongation stage followed by adequate irrigation to the end of the season; (Ts) no irrigation from the stem
elongation stage to the end of the season; (Ts) no irrigation at flowering followed by adequate irrigation to the end
of the season; (T) no irrigation from the flowering stage to the end of the season; and (Ts) no irrigation from the

milk stage (70 in Zadoks scale) to the end of the season.
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The most major factors affecting grain yield are biological yield and harvest
index and with less effect, the number of grains per spike. However, the effect of
drought stress, which will continue from this stage up to the end of growth period,
was observed with less intensity; rather, plant height had the most positive
relationship with grain yield (Table 2). The stress created during the stem
elongation stage reduces plant height and peduncle length; however, because stem
length is affected prior to peduncle length, it seems that the stem length might
improve with the continuation of irrigation, but continuing this process causes the
length of such plants affected by drought stress during the stemming stage to have
the lowest rate (79 cm in the present study, Table 2). During drought stress, from
the flowering stage to the end of growth period, the most negative effect on the
number of grains per spike is observed, indicating the deleterious effects of drought
on the grain formation, although this effect is not significant. On the whole, to have
a drought stress at the flowering stage and then irrigating to the end of the season,
did not show a negative effect. It might be attributed to differences in flowering
stages between the main stems and tillers, compensating for the negative effects.

Step-wise Regression Analysis

According to Agrama (1996), a step-wise regression can reduce the effect of
significantly non-important traits in regression model; in this way, traits accounting
for considerable variations of dependent variables could be determined. The results
of a step-wise regression analysis have been presented in Table 3 in order of
priority of the most important and effective traits on the yield and separately in
terms of appropriate irrigation conditions and different levels of drought stress.

Table 4. Direct and indirect effects of some yield components on grain yield
based on path analysis.

Biomass 0.72 0.14 0.04 -0.15 0.12 0.87
Harvest index 0.18 0.56 0.04 -0.06 -0.05 0.68
1000-grain weight 0.28 0.21 0.10 -0.10 -0.03 0.46
Plant height 0.42 0.12 0.04 -0.25 0.19 0.51
Spike numbers 0.25 -0.10 -0.01 -0.15 0.32 0.31

Statements: underlined numbers indicate direct effects.

The results of a step-wise regression in the absence of drought stress indicated
that biomass (0.8377) and harvest index (0.1604) had the greatest effect on grain
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yield, respectively. Such results were observed in 60% moisture depletion stress
treatment (T,), but in stress treatment with 80% moisture depletion (T3), harvest
index (0.6336) and biological yield (0.3650) had the greatest effect on grain yield,
confirming the results reported in the simple correlation section. This finding
necessitates the control of an increase in biomass under drought stress. Also in the
second stage, plant height has a very important role.

Path analysis

In order to better explain the results of simple correlations and stage
regression and also to determine the cause-and-effect relations to identify direct
and indirect effects on components and enter the traits into a regression model, path
analysis was applied following the method used by Dewey and I[u (Dewey and Iu,
1959). Considering the results of path analysis presented in Table 4, the greatest
direct effect on the grain yield in the total treatments evaluated was related to the
biological yield which justifies a total of 0.87 (the direct effect of this trait was
0.72) of grain yield variations (according to the findings of Singh et al., 2010). In
this context, plant height traits had an indirect negative effect (-0.15) and harvest
index traits (0.14), spike numbers (0.12) and grain weight (0.04) had direct positive
effects. After this trait, harvest index with the direct effect of 0.56 had the greatest
positive effect. According to the report of Jag Shoran et al. (2000), the next
effective traits were spike numbers with 0.32 of positive effect and 1000-grain
weight with 0.10 of positive effect, respectively. Meanwhile, the plant height trait
with a direct negative effect of 0.25 had an important role.

Considering the results of comparison of the means (results not reported here),
drought treatments, during the flowering stage, have the lowest grain yield rate,
revealing the susceptibility of this stage to drought stress. Drought at flowering
usually results in infertility, a major cause of which, though not the only one, is a
reduction in assimilate flux to the developing ear below some threshold level
necessary to sustain optimal grain growth (Yadav et al., 2004). Sangtarash (2010)
reported the same results in different wheat genotypes. T; treatment had a yield
equal to Tg drought stress treatment during grain filling, despite spending a major
part of its growth under intense low-irrigating stress, indicating the relative
adaptation to drought stress conditions during the whole season compared to stress
conditions at special physiologic stages, particularly flowering and grain filling.
The plants under this treatment exhibited more resistance to drought stress, i.e. the
adaptation mechanisms in wheat in reaction to end-season stress are weaker than
adaptation mechanisms in reaction to drought stress during the whole growth
season; in relation to the effect of stress on grain yield, Chamran cultivar had an
overall more favorable reaction compared to Marvdasht cultivar. Similar results
have been reported by Paknejad et al. (2007). Simple correlation coefficients
showed that in the absence of drought stress (T1), grain yield had a positive and
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quite significant correlation with the number of infertile spikelets, indicating
probable source limitations in these two cultivars so that the limited substrate
cannot support the large number of grains and upon its relative decrease, more
appropriate distribution has occurred and finally grain yield has improved. The
same result was shown in Ts (drought stress only during the flowering stage),
confirming previous results. A step-wise regression showed that increasing the
irrigation intervals from irrigation in 40% moisture depletion to 80% moisture
depletion, the drought stress resulted in a positive and significant relationship of
grain yield with harvest index, indicating that upon a significant decrease in
biological yield and grain yield, harvest index does not follow this trend and the
decrease is so minor (Tables 2 and 3) because plant productivity under drought
stress is strongly related to the processes of dry matter partitioning and temporal
biomass distribution (Kage et al., 2004). On the other hand, in stress treatment
from the stemming stage up to the end of attending stage, the plant height is very
effective and considering this point, it might be suggested that in the regions where
these varieties of stresses are common, it is better to use varieties with more height,
and from among the applied varieties in this study, Marvdasht is better than
Chamran.

According to direct and indirect effects of different traits on grain yield (Table
4), biomass and harvest index are the most important traits in these conditions.
Habibi (2011) reported that, according to direct effects, characters under drought
stress conditions, biomass and harvest index of wheat are the most important traits
on grain yield. On the other hand, plant height has a negative direct effect on grain
yield (Table 4) because reduced plant height in wheat, via the introduction of
dwarfing genes (Rht-B1b and Rht-D1b) (Gale and Youssefian, 1985), has been
associated with increased yield potential because of greater HI and lodging
resistance (Araus et al., 2008). Totally simple correlation, a step-wise regression
and path analysis concluded that biomass and harvest index could be the reliable
criteria for selecting better cultivars in normal and drought areas. Therefore,
emphasis on these traits during wheat breeding programs will be useful and a direct
selection through this trait will be effective for yield improvement.
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Rezime

U cilju procene odnosa izmedu prinosa i nekih relevantnih osobina i procene
osobina koje najvie utiCu na prinos zrna, sproveden je eksperiment sa podeljenim
parcelama zasnovan na potpuno sluc¢ajnom blok sistemu sa Cetiri ponavljanja tokom
2006-2007. godine na istrazivackom polju Islamskog slobodnog univerziteta u
Karadzu. Sheme navodjavanja planirane kao glavne parcele su ukljucivale sledece
tretmane: (T;) 40% smanjenje vlage tokom vegetacione sezone (kontrola); (T,) 60%
smanjenje vlage tokom vegetacione sezone; (T;) 80% smanjenje vlage tokom
vegetacione sezone; (T;) bez navodnjavanja u fazi intenzivnog porasta stabla i
nastavljenje adekvatnog navodnjavanja do kraja sezone; (Ts) bez navodnjavanja od
faze intenzivnog porasta stabla do kraja vegetacione sezone; (Ts) bez navodnjavanja
u fazi cvetanja i nastavljanje sa adekvatnim navodnjavanjem do kraja sezone; (T,)
bez navodnjavanja od faze cvetanja do kraja vegatacione sezone; i (Tg) bez
navodnjavanja od faze mlecnog zrenja do kraja sezone; i dve sorte pSenice
[Marvdasht (V;), Chamran (V,)] kao potparcele. Prema rezultatima jednostruke
korelacije, prinos zrna je bio u pozitivnoj korelaciji sa biomasom (0,877), brojem
infertilnih klasic¢a (0,876) i Zetvenim indeksom (0,855). Rezultati delimic¢ne regresije
su pokazali da, u odsustvu stresa izazvanog suSom, biomasa odnosno Zetveni indeks
imaju najvaznije uticaje na prinos zrna, ali da su oba pokazala razliCite rezultate u
uslovima stresa izazvanog suSom. Rezultati path analize su pokazali da je najvazniji
uticaj na prinos zrna kod svih proucavanih tretmana povezan sa biomasom,
opravdavajuci ukupno 87% varijacija prinosa zrna, od ¢ega 72% predstavlja direktan
uticaj ove osobine na prinos zrna.

Kljuéne reci: Hlebna pSenica, stres izazvan suSom, prinos zrna,
multivarijaciona analiza, komponente prinosa.
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