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ABSTRACT: In order to determine the origin of the yield limitation in different environmental conditions 
and the limitations of terminal drought in wheat, this study was conducted with 42 genotypes of bread 
wheat in two separate experiments in a randomized complete block design twice in moisture regimes in 
two ways: normal irrigation (favorable conditions) and terminal drought (unfavorable conditions). Flag 
defoliation treatment for the sink limits and spikelet treatment of one side spike for the source limitations 
was performed five to seven days after pollination. After harvest, the percent of source and sink limits 
were calculated based on the remaining seeds weight of treatments and control spikes (without removal 
of the flag leaves and spikelet one side of a spike) and intensification rate of source limitations. Results 
showed that removing the flag leaf both normal irrigation and in drought conditions, genotypes grain 
weight increased compared with control (without removing the leaf). There was significant difference in 
all genotypes between control treatments and flag leaf removing in terms grain weight. Changes in seed 
weight depend on the genetic diversity, the effects of defoliation treatments and also the feedback 
mechanism and hormonal effects. All genotypes showed different reactions in terms source limitation in 
normal irrigation and drought condition. In other words, temperature changes in the final stages of 
growth had highly significant positive effects on source limitations. Changes range of source limitation 
was variable between -0.41 and -58.92 (The mean -33.84) percent under normal irrigation condition. The 
maximum and minimum limitations respectively belonged to genotype 10 and 23. Changes range of 
source limits was variable between 12.50 and -52.23 (The mean -33.19) percent under drought 
condition. The maximum and minimum limitations respectively belonged to genotypes 30 and 10. So, 
there was a high genetic diversity among the genotypes. Intensification of source limitation was variable 
in the genotypes between 0.58 and 40.52 percent. Lack of correlation between seed weight of control 
with the yield implies result that the performance (seed weight) has not major role in determining final 
yield of the grain. And lack of performance must be searched in the number of grains per spike and 
number of spikes per square meter and the overall number of seeds per square meter. Lack of source 
limitation correlation that is calculated by grain weight with the yield is also confirmed the result. 
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INTRODUCTION 
 

 Wheat is an important crop in the world. Drought stress at different growth stages of grain and a sharp 
reduction in wheat grain yield in arid and semi-arid regions like Iran is one of the well-known issues in this product 
(Xu et al, 2004). It is obvious that any effects of stress at pollination and grain filling will result in limiting the number 
and size of them. Drought stress mainly caused during wheat grain growth and it significantly decreases the yield. 
Reduction in grain yield is reported primarily due to lower growth, chlorophyll content, soluble protein, stomata 
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conductance and leaves photosynthesis. Wheat grain yield is characterized as an important cereal a lot by the ratio 
between the source and sink and the transfer of materials between them. Balance the allocation and distribution of 
dry matter between the sinks of plant physiologic is essential as the end result of the Assimilate process in 
determining the performance (Radmehr et al., 2005). Determine the physiological factors that limit the performance 
are important to increase potential performance in crop varieties. The first step in this direction is to be determined. 
Does the growth of economic organs is limited by the source or by capacity of organs to attract and use assimilates 
substances (the sink). Source and sink are working together and both may limit the grain yield. The usual approach 
in these studies is that limiting factor for the performance should be identified by changing the ratio of source and 
sink in different situations and for different numbers (Laffite and Travis, 1984). 
 Diagnose the limitations of source is not always possible. Sometimes limitation can be detected experimentally 
by the change in the source or sink. For example, if the source is reduced (eg defoliation) and performance does 
not change, thus, there is sink limitation. If the number of reproductive locations change but the performance not 
changes, in this case, there is source limitation. Of course priority of foliage physiological source on the 
physiological sink reproductive or storage organs limits source (Robert and Walker, 1994). Understanding the 
source and sink relationships in wheat can be used in recognition of physiological parameters for selection and 
change seed yield (Ma et al., 1996). Genotype-environment interactions about manipulating the source and sink 
relationships have been widely reported. In other words, the growth of some varieties in a sink and in other terms of 
the source is limit (Blade and Baker, 1991 and Gustav and Savin, 1994). The aim of this study was to investigate 
the limitation effect of the source and sink on the terminal drought stress tolerance in 42 wheat genotypes. 
 

MATERIALS AND METHODS 
 

 The experiment was performed in the research field at Islamic Azad University located in the village area of 

Hasan Baroogh (5 km West of Ardabil). The height from sea level is 1350 m in this location and its latitude and 

longitude is 48.2 East and 38.15 North.The list of 42 wheat genotypes have been received from Agriculture and 

Natural Resources Research Center of Ardabil are shown in the table 1. Irrigation was performed in a randomized 

complete block design in two separate experiments twice in moisture regimes in two ways: normal irrigation 

(favorable conditions) and terminal drought (unfavorable conditions). Each plot consisted of three rows 20 cm apart 

from each other and three-meter length. Each plot dimensions was 3 ×1.2 square meters. 30 cm was considered 

as marginal from the beginning and the end of each plot. Seeding levels were determined based on 450 seeds per 

square meter for each cultivar and was planted in late November. The irrigation was performed in two types: It 

performed twice in autumn and three times in spring. Treatments were under drought stress, irrigation was not 

performed twice. Fighting the weeds took place mechanically and manually at all stages from tillering to grain filling 

stage. The number of 30 spikes of the second- line plants in the main stem was marked by a red ribbon in each 

plot during the heading stage. For this purpose, 10 spikes were considered for each of two treatments (Five spikes 

to run treatment and five spikes as a control). And five to seven days after pollination were measured the 

treatments as following. In order to evaluate the sink
1
 limitations, flag leaf of main stem were removed in five plants 

then they were harvested during reach of the plant spikes separately with five control spikes (no leaf removal). To 

investigate the source 
2
limitation, all spikes were maintained in one side and the spikes of other side were removed 

by forceps. During the product arrival, only one side of spikelet per spike was kept with similar operations on the 

control spikes. Finally, five treatment spikes and five control spikes were harvested separately and grains per spike 

were separated in both main treatments. The number of seeds in each treatment and control were counted and 

weighed. And average seed weight was calculated. The source and sink limitations of varieties and lines were 

examined by comparing the reduction of seeds weight had remained in control in two conditions (normal and 

terminal drought). 

 The percent of source limitations were calculated using the following formula (Robert and Walker, 1994). 

100   × [(a-b) / b]   = SL 
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 In this formula, SL is the percent of source limitation, a, is potential grain weight (the remaining seeds) and b is 

the grain weight per control spike. This equation was used to calculate the percent of the sink limitation. The 

difference is that a, is the weight of control grain and b is the weight of treatment grain of defoliation of flag. 

Intensify the source limitation caused by the unfavorable environmental conditions (drought) was calculated 

through differences of each cultivars limitations in unfavorable conditions from the same cultivar limitation in 

favorable conditions (normal irrigation) (Robert and Walker, 1994 and Naderi, 2000). Environmental sensitivity 

index (s) was calculated based on yield and seed weight using the Fisher and Maurer equation (1978). 

100  × S = [1- (Ys / Yp)] / D  

In this formula, s is the environmental sensitivity index, Ys is the average seeds per cultivars under drought stress 

(unfavorable), Yp is the average of seed yield the same cultivar under irrigation environmental condition (favorable) 

and D is the intensity of environment.  

100  × D = [1- (Ys / Yp)]  

Its value is derived from the following equation: In this formula, Ys and Yp are respectively the average of grain 

yield of all cultivars under drought stress (unfavorable) and normal irrigation condition (favorable). For statistical 

data analysis, Software MSTAT-C, SPSS-19, Minitab-16 and Excel were used. 

 
Table 1 . Name of the cultivars tested in this study 

Number Genotype Number Genotype Number Genotype 

1 Appolo/90 zhong 87 15 SAVALAN/4/VRZ/3/ 29 Saesonz 

2 Mv 17/Zrn 16 ATAY/GALVEZ87 30 MV 17 

3 NVd/Gaspard 17 LFN/STDY//LOV24(ES8424)/5/ 31 Zarien 

4 Shahriar 18 PYN/BAU/3/AGR1/BJY//VEF 32 Londa 

5 Viking/5/Gds/4/Anza/3/Pi/Nar//Hys/6/Spn/Mcd// 19 Toos (control) 33 5204 

6 Viking/5/Gds/4/Anza/3/Pi/Nar//Hys/6/Spn/Mcd// 20 Cross Shahi (control) 34 4061 

7 Aghbugda/90Zhong87/4/Spn/Mcd//Cama/3/Nzr 21 Fenkan 35 4057 

8 Bkt/90-Zhong 87 22 Gasgogen 36 4025 

9 Bkt/90-Zhong 23 Bezostaya 37 9203 

10 Alvd/90-Zhong 87 24 Sardari 38 5041 

11 Apollo/Alvd/4/Spn/Mcd//Cama/3/Nzr 25 Savalan 39 4041 

12 Mv 17/Bcn88 26 Azar2 40 4033 

13 SARDARI-HD39/6/SN64//SKE/2*ANE/3/SX/4/BEZ/5/SERI 27 Agosta 41 4063 

14 SARDARI-HD39/6/SN64//SKE/2*ANE/3/SX/4/BEZ/5/SERI 28 Gaspard 42 4032 

 
RESULTS AND DISCUSSION 

 

 Seed weight of all genotypes increased with the removal of the flag leaf both in normal irrigation and drought 

stress conditions compared with control treatment (without the removal of flag leaf). This suggests that a few 

genotypes have no sink limitations. In other words, seed weight has increased with increasing the photosynthesis 

in other plant organs and the necessary materials remobilization and due to the reduction of current photosynthesis 

of flag leaf removal (Table 2). There were significant difference in all genotypes between the control treatment and 

the removal of flag leaf in terms of grain weight. The changes of seed weight depend on the genetic diversity, the 

effects of removal of flag leaf and also feedback mechanism and hormonal effects (Naderi, 2000). Difference of 

seed weight average in 42 genotypes was so significant with the removal of spikelet in one side of spike compared 

with the control (without spikelet removal). This means by reduction sink capacity (grains) the remaining grains 

weight has decreased (Table 3). Thus, the capacity of seed was restrictive and studied genotypes had not only 

sources limitation. Increasing the grain weight caused by the removal of flag leaf implies that flag leaf 

photosynthesis had not required for storage the necessary materials in the seed. In other words, with the intensity 

of current photosynthesis in other parts of the plant and materials remobilization, photosynthesis reduction of flag 

leaf removal was compensated and grain weight was not significantly reduced. However, the intensity of the sink 

limitation in genotype 30 is more than other genotypes (Table 4). The results of the study did not match (Naderi 

,2000). Grain weight has increased in 42 wheat genotypes (Table 2). The increase in normal irrigation conditions 

was about 8.69% and in drought condition was 6.76 percent. All genotypes have shown different responses the 
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source limitation under normal irrigation and drought. In other words, temperature changes in the final stages of 

development had highly significant positive effects on source limitation. Thus the source limitation in some 

genotypes was constant under normal irrigation condition, while the temperature changes increased source 

limitation (limitation intensity) (Table 5). Changes range of the source limitation was variable between -0.41 and -

58.92 (the mean -33.84) percent in normal irrigation condition. Genotype 10 had the highest limitation and 

genotype 23 had the lowest. Changes range of the sink limitation was variable between 12.50 and -52.23 (the 

mean -33.19) percent in drought condition. Genotype 30 had the highest limitation and genotype 10 had the lowest. 

Thus, there was a high genetic diversity among the genotypes studied. Faced with the final stages of development 

with high temperature and terminal drought stress, source of limitations have been exacerbated except for 

genotypes 2, 4, 5, 7, 8, 10, 12, 17, 18, 21, 25, 26, 27, 28, 32, 35, 36, 37 and 39. Intensification of source of 

limitations can be attributed to accelerate development, reduce the durability of grain growth and shrink leaves, 

preterm aging of leaves and other photosynthetic organs. Intensity range of the source limitation was variable 

between 0.58 and 40.52 percent in the genotypes studied. In fact the column numbers of the source intensity 

indicate the percent of performance reduction in each genotype (Table 5). It is obvious that, this reduction has been 

due to the source limitation intensity in faced with final stages of development with high temperature and terminal 

drought stress. About 65% percent from 34.05 the yield reduction was related to the source limitation intensity at 

terminal drought stress. It is reminded that the source limitation under drought stress has been less than normal 

irrigation in genotypes 2, 4, 5, 7, 8, 10, 12, 17, 18, 21, 25, 26, 27, 28, 32, 35, 36, 37 and 39. In other words, severe 

limitations have been negative. It seems, this arises from effects of treatments stimulation, the feedback 

mechanism (Blum et al., 1985, Ma et al., 1990; Arnon, 1998 and Naderi, 2000), hormonal effects (Ma et al., 1990 

and Robert and Walker, 1994), aging (Vardlav, 1980) and has been making the mistake in the sampling. Also 

removing the spikelet of a spike may have an adverse effect on the storage the photosynthetic materials and 

balance hormones (Ma, et al., 1990). 

 Correlation coefficients of traits were studied in this study in normal irrigation and drought conditions are shown 

in the tables 6 and 7. Correlation between seed weight (control) and seed weight (treatment) was positive and 

significant in both normal irrigation (r =0.552**) and drought stress conditions (r =0.591**). The results indicate that 

genotype had higher seed weight; have more source limitation and vice versa. In other words, there is no a balance 

between source and sink capacities in these genotypes. The results are consistent (Ma et al., 1990), (while Blade 

and Baker, 1991) have reported inconsistent results. However, conflicting results have been reported by various 

researchers. Lack of correlation between control grains weight with grain yield (Table 6) implies the result that the 

performance component (Seed weight) has no role in determining grain yield and lack of performance must be 

searched in the number of grains per spike and number of spikes per square meter and generally number of grains 

per square meter. Lack of correlation between source limitations which is calculated by grain weight, the result is 

also confirmed by the grain yield. 

 
Table 2. The changes of seed weight mean in 42 wheat genotypes and the reduction percent due to the removal of flag leaf 

both in normal irrigation and drought stress conditions 

Increase% Treatment Control Conditions 

8.69 2.07 1.89 Normal irrigation 

6.76 1.48 1.38 Drought stress 

7.72 1.78 1.64 Mean 

 

Table 3. The changes of seed weight mean in 42 wheat genotypes due to the removing the spikelet in one side spike and 

control (without removal of spikelet) in normal irrigation and drought stress conditions 

Source limitation aggravation Source limitation % Treatment Control Conditions 

0.8 

52.4 1.89 1.24 Normal irrigation 

51.6 1.38 0.91 Drought stress 

52 1.64 1.02 Mean 
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Table 4. The changes of seed weight mean in 42 wheat genotypes due to the removal of flag leaf and control (without the flag 
leaf removal) in normal irrigation and drought stress conditions 

Sink limitation aggravation 
Normal Irrigation Drought Stress 

Genotypes 
Sink limitation % Treatment Control Sink limitation % Treatment Control 

-15.5 -4.32 1.62 1.55 11.18 1.7 1.89 1 

26.4 -5.54 1.81 1.71 -31.95 2.41 1.64 2 

-27.1 -6.15 1.87 1.76 20.91 1.98 2.4 3 

-12.9 5.44 1.47 1.55 18.37 2.15 2.54 4 

-1.9 -17.07 1.88 1.55 -15.20 2.34 1.98 5 

-14.1 -14.32 1.85 1.58 -0.21 2.39 2.38 6 

6.5 -15.06 1.76 1.49 -21.53 2.16 1.69 7 

12 13.27 1.96 2.22 1.26 2.38 2.42 8 

17.9 -0.85 1.76 1.75 -18.8 2.58 2.09 9 

42.4 -6.55 1.68 1.57 -48.96 2.4 1.23 10 

2.5 -6.17 1.54 1.45 -8.66 2.02 1.85 11 

-7.2 -11.59 1.51 1.34 -4.36 1.72 1.65 12 

-1.3 -4.03 1.36 1.31 -2.74 1.83 1.77 13 

-6.6 -9.12 1.37 1.25 -2.56 1.76 1.72 14 

8.8 -8.87 1.24 1.13 -17.71 2.4 1.97 15 

29.4 33.68 0.96 1.29 4.27 2.11 2.2 16 

1.8 -0.31 1.59 1.58 -2.14 2.34 2.29 17 

6.2 9.42 1.38 1.51 3.25 2 2.06 18 

-2.7 -15.04 1.23 1.05 -12.38 2.14 1.87 19 

-4.5 -10.28 1.07 0.96 -5.8 1.47 1.38 20 

12.4 -2.54 1.38 1.35 -14.94 1.98 1.68 21 

-21.6 -18.75 1.44 1.17 2.87 1.74 1.79 22 

-28.2 -1.23 1.22 1.21 27.02 1.61 2.05 23 

-3.3 -4.35 1.04 0.99 -1.06 1.42 1.41 24 

-7.9 -22.96 1.66 1.27 -15.09 2.12 1.8 25 

16.7 -15.49 1.48 1.26 -32.19 2.04 1.38 26 

-14.3 -11.51 1.39 1.23 2.75 1.82 1.87 27 

16.5 -14.22 1.13 0.965 -30.72 2.95 1.59 28 

8.7 -9.12 1.48 1.35 -17.86 2.38 1.95 29 

-81.2 -21.13 1.42 1.12 60.08 1.22 1.95 30 

-4.6 -20.74 1.88 1.49 -16.19 2.81 2.36 31 

1.3 -6.79 1.62 1.51 -8.04 1.99 1.83 32 

-1.4 -12.59 1.43s 1.25 -11.14 2.02 1.79 33 

-12.8 -35.51 1.61 1.04 -22.67 2.47 1.91 34 

23.7 3.39 1.18 1.22 -20.27 2.22 1.77 35 

20.7 13.5 1.37 1.56 -7.18 2.16 2.01 36 

18.2 6.07 1.4 1.48 -12.11 2.23 1.96 37 

0.1 2.11 1.42 1.45 2 2 2.04 38 

3.7 -16.23 1.51 1.26 -19.91 2.11 1.69 39 

-17.5 -21.52 1.65 1.29 -4.02 1.74 1.67 40 

14.5 -1.06 1.42 1.41 -15.53 2.35 1.98 41 

21.5 23.31 1.18 1.46 1.81 1.93 1.96 42 
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Table 5. The changes of seed weight mean in 42 wheat genotypes due to the removing one side spikes and control (without 
removing spikes) in normal irrigation and drought stress conditions 

Source limitation aggravation 
Normal Irrigation Drought Stress 

Genotypes 
Source limitation % Treatment Control Source limitation % Treatment Control 

4.33 -40.65 0.92 1.55 -44.97 1.04 1.89 1 
-24.04 -31.96 1.16 1.71 -7.93 1.51 1.64 2 
14.15 -31.05 1.21 1.76 -45.21 1.315 2.4 3 
-1.08 -32.9 1.04 1.55 -31.83 1.735 2.54 4 
-18.06 -41.8 0.905 1.55 -23.74 1.51 1.98 5 
9.44 -31.86 1.08 1.58 -41.3 1.4 2.38 6 
-4.64 -24.41 1.13 1.49 -19.74 1.36 1.69 7 
-9.6 -44.59 1.23 2.22 -34.99 1.57 2.42 8 
1.56 -27.79 1.26 1.75 -29.36 1.48 2.09 9 
-51.82 -52.23 0.75 1.57 -0.41 1.22 1.23 10 
2.07 -24.22 1.095 1.45 -26.29 1.36 1.85 11 
-1.8 -38.58 0.82 1.34 -36.78 1.04 1.65 12 
6.86 -35.11 0.85 1.31 -41.97 1.03 1.77 13 
3.8 -36.14 0.795 1.25 -39.94 1.03 1.72 14 
2.72 -38.05 0.7 1.13 -40.76 1.17 1.97 15 
-1.56 -37.98 0.8 1.29 -45 1.21 2.2 16 
-2.43 -39.12 0.965 1.58 -37.55 1.43 2.29 17 
26.62 -42.38 0.87 1.51 -39.95 1.24 2.06 18 
11.82 -15.79 0.88 1.05 -42.4 1.08 1.87 19 
-1.38 -38.54 0.59 0.96 -50.36 0.685 1.38 20 
2.02 -51.67 0.65 1.35 -50.30 0.835 1.68 21 
16.19 -39.32 0.71 1.17 -41.34 1.05 1.79 22 
17.2 -42.74 0.69 1.21 -58.92 0.84 2.05 23 
-5.42 -33.33 0.66 0.99 -50.53 0.695 1.41 24 
-29 -44.31 0.71 1.27 -38.89 1.1 1.8 25 
-0.29 -48.21 0.65 1.26 -19.2 1.115 1.38 26 
-9.17 -41.46 0.72 1.23 -41.18 1.1 1.87 27 
3.15 -40.93 0.57 0.965 -31.76 1.085 1.59 28 
40.52 -22.68 01.04 1.35 -25.83 1.45 1.95 29 
0.58 12.5 1.26 1.12 -28.02 1.4 1.95 30 
-13.13 -30.2 1.04 1.49 -30.79 1.63 2.36 31 
10.83 -34.44 0.99 1.51 -21.31 1.44 1.83 32 
19.77 -36.8 0.79 1.25 -47.63 0.94 1.79 33 
19.77 1.45 1.05 1.04 -18.31 1.54 1.91 34 
-6.23 -32.79 0.82 1.22 -26.55 1.3 1.77 35 
-3.7 -49.84 0.78 1.56 -46.13 1.08 2.01 36 
-3.11 -28.62 1.06 1.48 -25.51 1.46 1.96 37 
2.36 -39.31 0.88 1.45 -41.67 1.19 2.04 38 
-3.59 -20.16 1.01 1.26 -16.57 1.41 1.69 39 
9.86 -8.11 1.19 1.29 -17.96 1.37 1.67 40 
2.85 -19.57 1.13 1.41 -22.42 1.54 1.98 41 
1.8 -38.14 0.9 1.46 -39.95 1.18 1.96 42 

 
Table 6. Simple correlation coefficient in treatment and control seed weight, source limitations and yield in the removing spikelet 

in one side spike in normal irrigation and sensitive environmental indicator 
Susceptibility index Grain yield Source limitation % Grain Weight (control) Traits 

0.298 0.352* 0.648** 0.552** Grain Weight (Treatment) 
0.044 0.262 -0.26 1 Grain Weight (control) 
0.331* 0.194 1  Source limitation % 
0.098 1   Grain yield 

 
Table 7. Simple correlation coefficient in treatment and control seed weight, source limitations and yield in the removing spikelet 

in one side spike in terminal drought condition and sensitive environmental indicator 
Susceptibility index Grain yield Source limitation % Grain Weight (control) Traits 

-0.334* -0.051 0.62** 0.591** Grain Weight (Treatment) 
-0.065 0.105 -0.252 1 Grain Weight (control) 
-0.329* -0.222 1  Source limitation % 
-0.079 1   Grain yield 
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