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ABSTRACT 

 
In order to examine the effect of source and sink limitation and post 
anthesis water deficiency stress in determining of grain yield potential 
in nine modern bread wheat cultivars in the west of Iran with arid and 
semi-arid weather that is one of the main centers of crop diversity in 
the world, a split plot-factorial experiment based on randomized 
complete block design with three replications was used in crop year 
2010-2011. Three treatments includes: control, flag leaf removal and 
removal of half of each spike was applied in the field research campus 
of agriculture and natural resources of Razi University. Water 
deficiency stress was started at anthesis and continued till 
physiological maturity (withholding of irrigation). Water deficiency 
caused significant reduction in the grain yield and the 1000 grain 
weight and caused significant increase in the number of fertile 
spikelets per spike. Flag leaf removal (source limitation) treatments 
showed that flag leaf contribution in grain yield production during 
grain filling in control and post-anthesis water deficiency stress 
condition were 10.1% and 13.4% respectively. In both conditions 
removal of spikelets spike-1 (sink limitation) treatment had higher 
significant effect on fertility of spikelets, grains spike-1, grain yield 
spike-1 and 1000 grain weight than flag leaf removal. Flag leaf 
removal treatment in some cultivars not only had no reduction effect 
on grain yield and 1000 grain weight but also increased them. These 
results may be due to an increase in photosynthesis rate of remaining 
leaves and/or increase in amount of carbohydrates remobilization that 
is stored in the stems. This phenomenon is called the compensatory 
effect. In both water regimes, there was a correlation between lower 
grain weight, no grains spike-1 and fertile spikelet spike-1 and lower 
yield potential of ‘Chamran’ cultivar. But, ‘Zarin’ and ‘Pishgam’ 
cultivars due to higher grain yield potential in post-anthesis under 
water deficiency stress and control, performed more studies, to advise 
farmers to cultivate them. There are probably better than any other 
cultivars that are common in these regions and sowing of them by 
farmers will be associated with less risk.  
 
Key words: wheat, grain yield, water deficiency, source, sink, flag 
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IZVLEČEK 
   

OMEJITVENI VPLIV VIRA IN PONORA NA PRIDELEK IN 
NEKATERE AGRONOMSKE LASTNOSTI NOVEJŠIH SORT 
KRUŠNE PŠENICE V RAZMERAH POMANJKANJA VODE 

PO ANTEZI  

Za preučevanje omejitvenega učinka vira in ponora v razmerah pomankanja 
vode po antezi na potencial pridelka zrnja pri devetih novejših sortah krušne 
pšenice je bil v zahodnem Iranu, s sušnim in polsušnim podnebjem, na območju 
enega izmed glavnih centrov diverzitete kulurnih rastlin, izveden “split-plot” 
faktorski poskus, temelječ na naključno izbranih blokih v treh ponovitvah v 
pridelovalni sezoni 2010-2011. Tri obravnavanja so obsegala: kontrolo, 
odstranitev najvišjega lista (“zastavarja”) in odstranitev polovice vsakega klasa 
na raziskovalnem polju Kampusa za agronomijo in naravne vire Razi univerze. 
Stres pomanjkanja vode je nastopil ob antezi s prekinitvijo namakanja in je trajal 
do fiziološke zrelosti. Pomanjkanje vode je povzročilo značilno zmanjšanje 
pridelka zrnja, zmanjšanje teže 1000 zrn in značilno povečanje števila fertilnih 
klaskov na klas. Odstranitev lista zastavarja (omejitev vira) je pokazala, da ta 
prispeva pridelku zrnja v obdobju polnjenja zrn v kontroli in v poanteznem 
stresu pomankanja vode 10.1 %, oziroma 13.4 %. V obeh razmerah je imela 
odstranitev klaskov v klasu (omejitev ponora) večji značilni vpliv na fertilnost 
klaskov, število zrn na klas, pridelek zrnja na klas in na težo 1000 zrn kot 
odstranitev lista zastavarja. Odstranitev lista zastavarja pri nekaterih sortah ne 
samo, da ni zmanjšala pridelka zrnja in teže 1000 zrn ampak ju je celo povečala. 
To bi lahko bilo posledica povečanja fotosinteze preostalih listov in /ali 
povečanja količine sproščenih ogljikovih hidratov iz zalog v steblu. Ta pojav se 
imenuje nadomestni učinek. V obeh vodnih režimih je bila korelacija med 
parametri kot so manjša teža zrnja, nič zrn na klas in fertilnimi klaski na klas z 
manjšim potencialom pridelka pri sorti ‘Chamran’. Toda s sortama ‘Zarin’ in 
‘Pishgam’, bi bilo zaradi njunega večjega potenciala v pridelku zrnja v razmerah  
sušnega stresa po cvetenju kot v kontroli, potrebno opraviti še več poskusov 
predenj bi svetovali kmetom njuno pridelovanje. Ti dve sta verjetno boljši kot 
katerakoli druga sorta, ki so pogoste v tem območju, in njuno sejanje bi kmetom 
povzročilo manjše tveganje glede na okoljske strese.  
 

Ključne besede: pšenica, pridelek zrnja, pomanjkanje vode, vir, ponor, list 
zastavar, klas 
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1 INTRODUCTION 
 
Wheat (Triticum aestivum L.) is one of the most 
important food resources. This plant is cultivated 
in a wide range in agricultural land of the world 
(Royo et al., 2005). Approximately one third of the 
world population is using this plant as main food 
(Gallagher, 1984). 
 
Different types of abiotic environmental stresses 
cause reduction in quantity and quality of wheat 
grain yield production (Jones, 2009). Among 
different types of abiotic environmental stresses, 
water stress is the most important factor in limiting 
wheat growth and grain yield formation (Ercoli et 
al., 2007). Due to the geographical situation, Iran's 
climate is Mediterranean and with respect to 
average participation (240 mm), is considered as 
arid and semi-dry regions of the world (Heidari-
Sharifabad, 2008). Flowering and grain filling of 
wheat are the most sensitive stages to 
environmental stresses such as water stress 
(Winkel, 1989). Water stress in such areas often 
occurs during these periods. Under such 
conditions, providing of carbohydrates that are 
needed for grain filling to form the economical 
yield is very important. The most important factor 
in reducing grain yield in such areas is grain 
weight reduction (Saeidi et al., 2010). 
 
Grain yield is a complex trait and influenced by 
many factors. So, to enhance grain yield 
production in wheat, determining factors should be 
identified (Acreche and Slafer, 2006). For 
breeders, determination of source and sink 
limitation in grain yield production of wheat is 
very important. So far, despite the importance of 
source and sink limitation in grain yield production 
of wheat, there has been little discussion about 
them especially in different bread wheat cultivars 
of Iran. 
 
Leaves and spikes in wheat are two main 
photosynthetic tissues and have very important 
roles in grain filling and yield production (Birsin, 
2005). Movement of photo-assimilates from 
sources (leaves, spikes and stems) to sinks (grains) 
are dependent on both source and sink strength 
(Fischer et al., 1977). Water stress during grain 
growth by creating of imbalance between source 
and sink strength caused reduction in grain yield. 

Wardlaw (1980) demonstrated that if photo-
assimilates are not used in physiological sinks, 
photosynthetic production of photo-assimilates is 
reduced as a result of the feedback. Also Wardlaw 
(1980), Fischer et al. (1977) and Blum et al. (1988) 
concluded that, one way to increase grain yield in 
wheat is manipulation of sink (grain) capacity. In 
another major study, Miralles and Slafer (1995) 
found that in dwarf cultivars of wheat under water 
stress condition by reducing number of spikelets 
(artificial removing), the weight of remaining 
grains was increased. But this result was not found 
in long-legged cultivars. Increasing of grain weight 
and grain yield of wheat cultivars under removal of 
some spikelets in each spike was expressed in 
other reports (Calderini and Reynolds, 2000; 
Mahfoozi and Jasemi, 2010). In relation to source 
limitation, Zhu et al. (2004) found that in wheat 
cultivars, leaves defoliation at the early and the 
mid of tillering stage had no significant effect on 
grain yield production, but at the stage of tillering 
and at the jointing  it significantly reduced it. 
 
Whether, limiting factors in grain yield production 
at sink or source levels are dominant, is an issue 
that is still discussed (Cruz-Aguado et al., 1999). 
So that, some researchers have expressed that the 
grain yield of wheat is limited by the source 
(Duggan et al., 2000; Radmehr et al., 2004; Saeidi 
et al., 2012) or sink strength (Blum et al., 1983; 
Borra´s et al., 2004; Reynolds et al., 2007; Fischer, 
2008), while some researchers have emphasized 
the concurrent limitations of source and sink 
(Aggarwal et al., 1986). These disagreements are 
probably because of differences in cultivars, 
environmental conditions and application time of 
treatments. 
 
Due to occurrence of water deficiency stress after 
anthesis each year and reduction yield potential of 
different wheat cultivars in arid and semi-arid 
regions of world such as most of the areas in the 
western region of Iran, the objectives of this 
research are to determine the roles of source and 
sink limitations on formation of grain yield and its 
components in different improved wheat cultivars 
that are treated with water deficiency stress.  
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2 MATERIALS AND METHODS 
 
The present study was conducted during 2010-
2011 in the field research of Razi university in 
Kermanshah state in the west of Iran (47º 9′ E and 
34º 21′ N), 1319 meters above sea level. The 
research was conducted on a field where the 
previous crop was a corn. The soil is a clay loam 
(36.1% clay, 30.7% silt) and the experiment was 
laid out in a split plot design arranged in a 
randomized complete blocks with three 
replications. Factors evaluated were moisture 
regimes (two levels), bread wheat cultivars (nine 
levels) and source/sink limitation (three levels). 
Moisture regimes as the main-plot factor included 
(1) irrigation in all stages of plant growth and (2) 
post-anthesis water deficiency with withholding of 
irrigation. Tested cultivars (subplot factor) were 
different improved bread cultivars: ‘Bahar’, 
‘Parsi’, ‘Pishtaz’, ‘Pishgam’, ‘Chamran’, ‘Zarin’, 
‘Sivand’, ‘Marvdasht’ and ‘DN-11’. And also sink 
and source limitation treatments as sub-plot were 
considered. For the application of sink and source 
limitation during flowering in the middle rows of 
each plot for each cultivar 15 similar stems were 
selected and following three treatments were 
applied for five out of 15 stems: (1) control, (2) 
removing flag leaves (source limitation treatment) 
and (3) removing spikelets on one side of each 
spike using the forceps (sink limitation). 
 

The investigated cultivars were chosen because of 
their contrasting grain yield productivity and the 
highest area under cultivation in the west of Iran. 
Also, post-anthesis water deficit occurr almost 
every year of in cultivated area in these regions. 
Date of anthesis was determined from middle rows 
in each plot when 50% of the spikes had extruded 
anthers (Ehdaie et al., 2006 a). Each plot included 
54 rows 20 cm apart, 4 meters long, 4 and 3 meters 
distances were taken between test plots and 
replicates, respectively. Seeds were sown at a 
density of 400 seeds m-2 on 12th October. Based on 
soil analysis, nitrogenous fertilizer as urea 
(CO(NH2)2) was applied prior to planting, as 
topdressing at tillering stage and at flowering 
stage, 80 kg N/ha in each stage. At economical 
maturity, number of grain spike-1, grain weight 
spike-1, number of fertile and infertile spikelet 
spike-1 and 1000 grain weight in each treatment in 
five spikes were calculated. 
 
The Analysis of variance using MSTATC and SAS 
soft-wares was performed for each parameter 
measured or calculated. The means were compared 
using the least significant differences (LSD) test at 
level of 0.05 probability (Steel et al., 1997). 
Weather conditions during the crop season are 
presented in Table 1. 

 

Table 1.  Minimum and maximum of temperature and relative humidity also precipitation in the Kermanshah region 
in the west of Iran during 2010-2011. 

Month 
Average of temperature 

(°C) Monthly total of precipitation 
(mm) 

Average of relative humidity 
(%) 

minimum maximum minimum maximum 
Oct. 10.6 30.3 1 13.2 46.4 
Nov. 4.5 21.9 31 22.8 66.8 
Dec. -1.5 16.8 24 26.5 62.4 
Jan. -2.2 9.6 50 47.1 91.0 
Feb. -2.7 8.0 65 52.1 94.2 
Mar. 0.6 15.4 21 28.1 82.0 
Apr. 4.5 20.1 47 24.6 78.8 
May. 9.5 23.6 128 33.6 87.4 
Jun. 12.8 33.8 0 11.3 51.1 
Jul. 17.1 38.5 0 6.6 32.1 
Aug. 18.1 39.5 0 6 27.7 
Sep. 13.8 34.6 0 7.8 32.0 
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3 RESULTS AND DISCUSSION 
 
3.1 Cultivar evaluated in terms of yield and its 

components 

According to the results of mean comparisons, the 
highest grain yield under both control and post 
anthesis water deficiency was observed for ‘Zarin’ 
and ‘Pishgam’ cultivars and the lowest for 
‘Chamran’ cultivar (Table 2). Post anthesis water 
deficiency stress significantly reduced the grain 
yield (18%), the 1000 grain weight (20%) and 
significantly increased the number of fertile 
spikelet per spike (3%) in evaluated cultivars 
(Table 2). There are similarities between the results 
observed in this study and those described in 
literature such as: Shah and Paulsen (2003), Yang 
and Zhang (2006), Ehdaie et al. (2006 b) and 
Saeidi et al. (2010). 
 
Significant reduction of 1000 grain weight in 
evaluated cultivars in response to post anthesis 
water deficiency stress as seen in this study, 
probably reflects the lack of an adequate supply of 
photo-assimilates that needed for grain filling 
during grain growth. This finding is in agreement 
with Ahmadi et al. (2009 a). 

Different responses of 1000 grain weight of 
cultivars to post-anthesis water deficiency stress in 
this research showed that there was different 
sensitivity or resistance to post-anthesis water 
deficiency among cultivars. Greatest reduction in 
1000 grain weight after exposure to post-anthesis 
water deficiency was seen in ‘Zarin’ and 
‘Marvdasht’ (32.1 and 28.6 %) cultivars and 
lowest reduction was seen in ‘Pishgam’ and 
‘Chamran’ (11.7 and 13.5%) cultivars (Table 5). 
Between control and stress conditions, in terms of 
the number of grains spike-1 there was 
no significant difference. 
This result is probably due to the fact that 
the potential of this component is 
formed before anthesis. These results are 
consistent with those of other studies such as 
Kobata et al. (1992), Araus et al. (2002), Shah and 
Paulsen (2003) and Tavakoli et al. (2009). In terms 
of the number of grain spike-1, significant 
differences were observed between cultivars. 
‘Zarin’ cultivar had the highest (59 grain spike-1) 
and ‘Chamran’ cultivar had the lowest (36.4 grain 
spike-1) value in both water regimes (Table 2). 

 
Table 2: Mean comparisons of agronomic traits in wheat cultivars under well water and post-anthesis water 

deficiency stress. 
 

Traits 
Grain yield 
(g/spike) 

1000 grain 
weight (g) 

Grain spike-1 
Fertile 
spikelet 

Non fertile 
spikelet  

Irrigation  
Water 1.96 a 43.3 a 45.4 a 16.2 b 1.99 a 
Stress 1.61 b 34.7 b 46.5 a 16.7 a 1.67 a 
decrease (%) -17.9 -19.9 2.53 2.84 -16.1 

Cultivars  
Bahar 1.83 b 37.8 c 48.4 c 17.7 a 1.61 e 
Parsi 1.56 ef 40.6 b 38.4 de 15.5 c 2.51 b 
Pishtaz 1.67 cde 42.6 a 36.2 d 15.1 c 2.11 cd 
Pishgam 2.20 a 41.2 ab 53.1 b 17.7 a 1.17 f 
Chamran 1.48 f 40.8 ab 36.4 e 15.5 bc 3.18 a 
Zarin 2.18 a 36.5 c 59.0 a 17.7 a 1.05 f 
Sivand 1.62 de 41.5 ab 38.9 de 15.1 c 2.28 bc 
Marvdasht 1.78 bc 32.6 d 54.1 b 17.4 a 0.62 g 
DN-11 1.70 cd 37.1 c 45.9 c 16.2 b 1.86 de 

Treatments  
Control 1.68 b 37.7 b 45.4 b 16.4 b 2.25 a 
Remove flag leaf 1.49 c 36.1 c 41.9 c 15.1 c 1.73 b 
Remove one side spike 2.16 a 43.2 a 50.6 a 17.8 a 1.49 c 

Means in each column followed by at least one similar letter are not significantly different at 5% probability level, 
using LSD Test. 
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Under well-watered and post-anthesis water 
deficiency stress there were significant differences 
between cultivars in term of fertile spikelets per 
spike. Post-anthesis water deficiency significantly 
decreased fertile spikelet spike-1 (Table 2). In both 
control and post anthesis water deficiency stress 
‘Zarin’, ‘Marvdasht’, ‘Bahar’ and ‘Pishgam’ 
cultivars had the highest and ‘Sivand’ and 
‘Pishtaz’ cultivars had the lowest fertile spikelets 
per spike. Post-anthesis water deficiency had no 
significant effect on infertile spikelet spike-1 but in 
terms of this treat there were significant 
differences among of cultivars. In terms of 
numbers infertile spikelets ‘Chamran’ and 
‘Marvdasht’ cultivars had the highest and the 
lowest values respectively (Table 2). 
 
Despite lower grain yield of ‘Chamran’ cultivar 
than other cultivars in both conditions, water 
deficiency caused the lowest reduction in grain 
yield of this cultivar. So, using of this cultivar for 
physiological studies and finally transfers of its 
resistance traits to high-yield cultivars but sensitive 
to post-anthesis water stress can be useful. In both 
water regimes, there was a correlation between 
lower grain weight, no grains spike-1 and fertile 
spikelet spike-1 and lower yield potential of 
‘Chamran’ cultivar (Table 5). But, ‘Zarin’ and 
‘Pishgam’ cultivars due to higher grain yield 
potential in post-anthesis water deficiency stress 
and control, after more studies, to advise farmers to 
cultivate are probably better than any other 
cultivars that are common in these regions and 
sowing of them by farmers will be associated with 
less risk. 

3.2 Flag leaf removal treatment 

The results showed the flag leaf removal in the 
control and stress after anthesis conditions reduced 
grain yield per spike, 1000 grain weight, grain 
number per spike and number of spikelets was 
fertile and infertile (Table 2). Similary, a loss of 
yield caused by removal of the flag leaf has been 
reported by Biade and Baker (1991) and Radmehr 
et al. (2004). Reduced yield and 1000 grain weight 
removal in the flag leaf this suggests that important 
role in the flag leaf photosynthesis and grain 
filling. In this connection Cruz-Aguado et al. 
(1999) and Biade and Baker (1991) reports leaves, 
especially flag leaf as source material for 
production of photosynthetic and the most 
influential factors on the growth of the reservoir 
(seeds). The flag leaf removal in the control and 
stress after anthesis conditions reduce the yield 
spike, respectively 10.1 and 13.4%, 1000 grain 
weight 2.2 and 7.1%, number of grains per spike 
8.4 and 7.2%, number of fertile spikelets 9.2 and 
7.5% and number of non-fertile spikelets 23.8 and 
22.2% toward control condition (Table 3). Reduce 
the number of grains per spike, 1000 grain weight 
and grain yield due to defoliation in other reports 
including Birsin (2005) and Alam et al. (2008). In 
this context Mohamadtaheri et al. (2010) in their 
research on cultivar of wheat were effect of 
defoliation on the number of grains per spike 
Significant but here was no significant effect on 
1000 grain weight. Esmaielpur (2007) with no 
significant decrease in yield due to reduced power 
source the removal of leaves in the wheat. 

 
Table 3: Variation in mean yield and its components in bread wheat cultivars as affected by the removal flag leaf 

and unremoval flag leaf treatments under well-water and water stress after anthesis conditions 
 

Traits 

Well water Water stress after anthesis 

Control 
Remove 
the flag 

leaf 

Changes of 
control 

(%) 
Control 

Remove 
the flag 

leaf 

Changes of 
control 

(%) 
Grain yield (g/spike) 1.87±0.10 1.69±0.09 10.1 1.50±0.06 1.30±0.06 13.4 
1000 grain weight (g) 42.3±1.2 41.4±1.0 2.2 33.1±1.4 30.7±1.2 7.1 
Grain spike-1 44.8±3.0 41.0±2.5 8.4 46.0±2.7 42.7±2.1 7.2 
Fertile spikelet 16.2±0.4 14.7±0.5 9.2 16.6±0.5 15.4±0.4 7.5 
Non fertile spikelet 2.45±0.30 1.87±0.29 23.8 2.05±0.27 1.60±0.26 22.2 

Data were means ± SE. 
 
Results of the flag leaf removal treatments on grain 
yield per spike in control (no stress) conditions 
showed, in applying this treatment in ‘Chamran’ 

and ‘Pishgam’ cultivar grain yield was not reduced 
even increased the amount 4.8 and 3.7%, the 
cultivar were respectively but in the ‘Pishtaz’, 
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‘Sivand’ and ‘DN-11’ this treatment caused the 
greatest drop in yield (17.9, 17.3 and 17.3%, 
respectively) in moisture control conditions. Flag 
of the defoliation treatments in terms of stress after 
anthesis in the ‘Chamran’ cultivars (0.1%) 
minimum and ‘Parsi’ and ‘Marvdasht’ cultivars 
(25.3 and 24.1%) maximum yield loss created 
(Table 5). No reduction in grain yield due to 
removal of the flag leaf in the ‘Chamran’ and 
‘Pishtaz’ show that likely in these cultivar, there is 
no resource constraints and perhaps remove of flag 
leaf in the cultivars stimulate the remobilization of 
this material stored stems the seed growing and or 
compensatory effect of other photosynthetic tissues 
including photosynthesis spike these conditions 
prevent a drop in yield has been. 
 
1000 grain weight in the ‘Pishgam’ and 
‘Marvdasht’ cultivars in remove flag leaf 
treatments showed a no decrease but an increase of 
about 4.2% and ‘Zarin’ cultivars the highest 
reduction (6.8%) in the control condition this trait 
of Allocated. In stress after anthesis conditions 
‘Bahar’ cultivars with 2.6 % increased 1000 grain 
weight and ‘Chamran’ cultivars with 14 % 
decrease the different reaction conditions showed. 
Remove the flag leaf in control conditions 
respectively cause increase and reduce the number 
of grains per spike ‘Chamran’ cultivar (6.5%) and 
‘Marvdasht’ (19.2%). Also stress after anthesis 
cause increased the number of grains per spike 
‘Pishtaz’, ‘Chamran’ and ‘DN-11’ cultivars (2.9, 
2.7 and 2.7%) and this feature reduces in 
‘Marvdasht’ cultivar (18.6%). Remove the flag leaf 
in control conditions, increasing the number of 
fertile spikelet per spike ‘Chamran’ cultivar (5%) 
and reduce the number of fertile spikelets per spike 
‘Sivand’ cultivar (20.3%). In terms of stress, 
removes the flag leaf to enhance and reduce the 
number of fertile spikelets per spike ‘Pishtaz’ 
cultivar (2.7%) and ‘Marvdasht’ cultivar (19.6%) 
(Table 5). 
 
Failure to reduce some of the traits, especially 
grain yield and 1000 grain weight the number of 
cultivars, probably this is due to the number of 
leaves removed from the flag leaf (reducing 
photosynthetic resources) need source to the other 
leaves or part of the plant photosynthetic including 
spike photosynthesis is supplied (Junmin et al., 
1999; Mohamadtaheri et al., 2010) and or perhaps 
photosynthetic material before the flowering 

period the plant is stored stems by remobilization 
to grain transferred and order to prevent loss of 
yield and seed weight (Noshin et al., 1996; 
Janmohammadi et al., 2010). 
 
3.3 Treatment removal spikelet from one side 

of spike 

Treatments artificial removal of spikelets per spike 
in the number cultivar a review increased 1000 
grain weight, yield per spike, number grain and 
number of fertile spikelets and reduce the number 
of infertile spikelet per spike was treated (Table 2). 
In control conditions in the non-treated spikelets 
remaining grain weight, 1000 grain weight, 
number of grains per spike and number of fertile 
spikelets after removal of one side spike 
respectively 23, 9.1, 12.4 and 8.9% and in 
conditions of drought stress after anthesis 35.2, 
21.8, 10.7 and 7.8% showed an increase (Table 4), 
the results with the results Mahfoozi and Jasemi 
(2010) increase in grain weight within 50% 
spikelet removal at the irrigation and drought stress 
of the growing season, was consistent. In other 
words, by removing one side of spikelet per spike 
compared with control, the average difference in 
grain weight per spike, 1000 grain weight, grain 
number per spike and spikelet fertility was 
significant, scilicet reducing the capacity of the 
reservoir (seed) traits is increased, therefore sink 
was not a limiting factor and the cultivar study 
limited supply of trained and transfer of resources.  
 
Between cultivars study in terms of removing the 
seeds of a spike, yield spike cultivar ‘Pishgam’ 
maximum (35.6 %) and cultivar ‘Sivand’ and ‘DN-
11’ minimum (Both 11.4%) increase showed in 
control conditions. In terms of stress after anthesis 
treatment to remove one side spike in all cultivars 
increased grain weight. In these circumstances the 
greatest increase ‘Zarin’ cultivar (60.5%) and 
Minimal increase to ‘Parsi’ and ‘Chamran’ (18.7 
and 18.6%) (Table 5). 
 
In the control condition highest increase in 1000 
seed weight in the ‘Pishgam’ and ‘Marvdasht’ 
(19.9 and 15%) and the lowest cultivar ‘DN-11’ 
(0.4%) the control condition. In terms of stress 
after anthesis ‘Marvdasht’, ‘Zarin’, ‘Bahar’ and 
‘Pishtaz’ cultivars most (33.8, 32.7, 31.7 and 31%, 
respectively) and the lowest ‘Chamran’ cultivar 
(1.3%) increase the 1000 grain weight. 
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Removing the grains of one side spike in the 
control condition the greatest increase in the 
number of seeds remaining in the spike cultivar 
‘Zarin’ and ‘Chamran’ (18.9 and 16.6%) and the 
lowest increase in the number of grains per spike 
remaining ‘Sivand’ cultivar (5.8%) grains per 

spike was not treated to remove. In terms of stress 
after anthesis treated grains removed, cultivar 
‘Zarin’ the highest increase in the number of seeds 
remaining in the spike (21.8%) and cultivar ‘Parsi’ 
the lowest. 

 
Table 4: Variation in mean yield and its components in bread wheat cultivars as affected by the removal of spikelet 

from one side of spike and unremoval of spikelets under control water and water stress after anthesis conditions. 
 

Traits 

Well water Water stress after anthesis 

Control 
Remove 
one side 

spike 

Changes of 
control 

(%) 
Control 

Remove 
one side 

spike 

Changes of 
control 

(%) 
Grain yield (g/spike) 1.87±0.10 2.31±0.15 23.0 1.50±0.06 2.03±0.10 35.2 
1000 grain weight (g) 42.3±1.2 46.2±1.3 9.1 33.1±1.4 40.2±1.3 21.8 
Grain spike-1 44.8±3.0 50.3±3.5 12.4 46.0±2.7 50.9±3.2 10.7 
Fertile spikelet 16.2±04 17.7±05 8.9 16.6±0.5 18.0±0.5 7.8 
Non fertile spikelet 2.45±0.30 1.64±0.26 -33.3 2.05±0.27 1.35±0.27 -34.4 

Data were means ± SE. 
 
Remove the seeds form one side spike the greatest 
reduction in the number of fertile spikelet per spike 
in the remaining ‘Pishgam’ and ‘Chamran’ cultivar 
(12.4%) and reduce the minimum in the cultivar 
‘Sivand’ (4.1%). In terms stress cultivar ‘Pishtaz’ 
most (13.6%) and ‘Marvdasht’ minimum (5%) 
reduce the number of fertile spikelet at the showed 
a spike control. 
 
Therefore, drought stress causes increasing 
resource limitation, the performance yield and 
1000 grain weight. Other terminal drought stress 
additive effect on the resource constraints. 
Exacerbate resource constraints of drought stress 
during the reduced grain filling period (Koocheki 
et al., 2006), leaf senescence (Martinez et al., 
2003; Gregersen and Holm, 2007) and reduction in 
leaf photosynthesis (Yang and Zhang, 2006). 

According to the results obtained, likely resource 
constraints in modern bread wheat cultivar studied 
in the west region of Iran important factor in the 
potential of achieving high yield and to solve this 
problem should be followed cultivars with higher 
levels of green leaf and also leaf photosynthetic 
rate per unit area more in terms of the environment 
variable. Other ways of achieving cultivars storage 
materials with high photosynthetic in the stems 
before flowering and also it features high transfer 
material to the grain growing in terms of 
environment variable. The findings of Yang and 
Zhang (2006) and Yang et al. (2003) to achieve 
cultivars with high potential for remobilization in 
such environments is of best practices to sustain 
high performance. 
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Table 5: Mean comparison of interactions between irrigation regimes and treatments on agronomic traits in different improved wheat cultivars under post anthesis water 
deficiency. 
 

Cultivars Treatments 
Grain yield (g/spike) 1000 grain weight (g) Grain spike-1 Fertile spikelet Non fertile spikelet 

water 
Changes 

(%) stress 
Changes 

(%) water 
Changes 

(%) stress 
Changes 

(%) water 
Changes 

(%) stress 
Changes 

(%) water 
Changes 

(%) stress 
Changes 

(%) water 
Changes 

(%) stress 
Changes 

(%) 

Bahar control 1.84 1.57 40.7 30.5 45.2 51.2 17.0 18.1 2.3 1.8 
Remove flag leaf 1.69 -8.5 1.40 -10.5 38.2 -6.1 31.3 2.6 44.2 -2.3 45.3 -11.6 16.4 -3.6 16.5 -8.6 1.8 -18.8 1.2 -30.2 
Remove one side spike 2.35 27.4 2.15 37.1 45.7 12.2 40.2 31.7 51.4 13.7 53.2 3.8 18.7 9.8 19.6 8.3 1.7 -26.5 0.9 -49.1 

Parsi control 1.61 1.45 43.3 35.5 37.2 40.5 15.3 15.5 3.2 2.3 
Remove flag leaf 1.56 -3.2 1.08 -25.3 41.9 -3.2 31.1 -12.5 37.2 -0.1 34.8 -14.1 15.2 -0.2 13.8 -11.2 2.7 -13.6 2.0 -10.9 
Remove one side spike 1.98 22.7 1.72 18.7 49.4 14.1 42.5 19.9 40.1 7.8 40.5 0 16.4 7.1 16.5 6.4 2.4 -24.2 2.4 4.3 

Pishtaz control 1.77 1.37 46.0 35.8 38.3 38.1 15.0 14.6 3.0 2.4 
Remove flag leaf 1.45 -17.9 1.23 -9.8 45.0 -2.3 31.6 -11.6 32.2 -15.9 39.2 2.9 12.5 -17 15.0 2.7 1.9 -36.6 2.0 -15.3 
Remove one side spike 2.22 25.7 2.04 48.9 50.5 9.7 46.9 31 44.0 14.8 43.4 14.1 16.7 11.1 16.6 13.6 1.7 -43.8 1.8 -26.9 

Pishgam control 2.15 1.95 41.6 36.8 52.0 52.6 16.8 17.7 1.8 1.3 
Remove flag leaf 2.23 3.7 1.59 -18.4 43.4 4.2 31.6 -14 51.3 -1.3 50.1 -4.9 16.6 -0.8 17.3 -2.2 1.3 -29.8 1.1 -19.5 
Remove one side spike 2.91 35.6 2.39 22.5 49.9 19.9 43.8 19.2 58.3 12 54.5 3.6 18.8 12.4 19.2 8.7 0.8 -54.3 0.8 -40 

Chamran control 1.43 1.34 43.8 37.9 32.6 35.4 14.5 15.5 4.0 3.7 
Remove flag leaf 1.50 4.8 1.34 -0.1 43.3 -1.3 37.0 -2.5 34.7 6.5 36.4 2.7 15.2 5 15.3 -1.2 3.5 -14 3.0 -19.7 
Remove one side spike 1.69 18.3 1.59 18.6 44.7 2 38.4 1.3 38.0 16.6 41.4 16.8 16.3 12.4 16.4 6 2.7 -33.9 2.2 -40.2 

Zarin control 2.41 1.61 41.9 28.4 57.5 56.3 18.0 18.2 1.8 1.4 
Remove flag leaf 2.03 -15.7 1.44 -11.1 39.1 -6.8 27.8 -2.2 52.1 -9.4 51.3 -8.8 15.7 -12.8 15.5 -14.4 1.1 -36.3 0.8 -41.5 
Remove one side spike 3.01 24.9 2.59 60.5 44.0 5 37.7 32.7 68.3 18.9 68.5 21.8 19.8 10 19.3 6.4 0.8 -54.7 0.4 -71.4 

Sivand control 1.84 1.35 47.5 34.2 38.8 39.6 15.4 15.2 2.8 2.4 
Remove flag leaf 1.52 -17.3 1.14 -16.1 45.0 -5.4 31.3 -8.5 33.8 -12.8 36.0 -8.9 13.3 -13.5 13.8 -9 2.2 -20.1 1.9 -23.4 
Remove one side spike 2.05 11.2 1.84 35.5 50.0 5.1 41.2 20.5 41.0 5.8 44.4 12.1 16.0 4.1 17.0 11.8 2.5 -11.9 1.9 -23.3 

Marvdasht control 2.00 1.40 35.4 25.3 56.5 55.2 17.8 18.6 1.0 1.0 
Remove flag leaf 1.68 -15.9 1.06 -24.1 36.9 4.2 23.5 -7 45.6 -19.2 44.9 -18.6 14.3 -20.1 14.9 -19.6 0.6 -39.7 0.5 -50.4 
Remove one side spike 2.52 26 2.05 47.1 40.8 15 33.9 33.8 62.0 9.7 60.6 9.8 19.1 7.1 19.5 5 0.5 -50 0.2 -83.3 

DN-11 control 1.82 1.49 40.6 33.1 44.9 45.0 16.4 16.5 2.3 2.1 
Remove flag leaf 1.51 -17.3 1.44 -3.5 39.8 -1.9 31.1 -5.9 37.8 -15.7 46.3 2.9 13.6 -17.3 16.3 -1.1 1.7 -26.7 1.8 -13.7 
Remove one side spike 2.03 11.4 1.93 29.3 40.7 0.4 37.6 13.6 49.7 10.8 51.5 14.4 17.3 5.7 17.3 5.3 1.7 -23.5 1.6 -23.8 

LSD (0.05) 0.48 7.74 4.52 0.48 0.53 
CV (%) 10.8 7.13 9.07 6.55 26.5 
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