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Abstract 
This study was conducted to determine the effect of source manipulation at different growth stages on dry matter remobi-
lization, yield and yield components of wheat. In 2008, two factorial experiments laid out under water stress and non-
stress conditions based on a randomized complete block design with three replications. Three varieties named: Fincan, 
Sysonz, and Gasqugen and three treatments D0 = Control (no defoliation), D1 = leaf defoliation (except flag leaf) at boot-
ing stage, D2 = defoliation at anthesis, (D2 = D1), and all leaves defoliation at booting stage (D3 = D1) were used. The 
results showed that Sysonz demonstrated the highest expressions in traits such as plant density; plant height, 1000-grain 
weight and biomass as compared to the other varieties, but it presented the lowest grain per plant. The highest and lowest 
grain yields (1.4 and 1.2 g/plant) were obtained for Fincan and Sysonz under non-stress condition, respectively. Regarding 
to the defoliation treatments, D0 produced the highest (2.985 g/plant) and D3 the lowest (2.142 g/plant) biomasses. The 
highest (53.95%) harvest index (HI) obtained for D3. Comparison of defoliations indicated that D3 presented the maxi-
mum (40.23) HI was among the other treatments. In respect of stress tolerance indices, Gasqugen had the highest value of 
stress tolerance idex (STI) and it is concluded that this variety is more stable than the other varieties for the yield perfor-
mance in various conditions.. 

Keywords: Wheat; defoliation; stress index; water stress; genotypes. 

Introduction 

It is possible to efficiently implement carbon 
fluxes between plant components based on gra-
dients in driving forces (i.e. Ohm’s law analogy) 
(Allen et al., 2005; Prusinkiewicz et al., 2007). 
Water stress interferes with both the production 
of photo-assimilate and its allocation into the de-
veloping grains in cereals. Potential yield in ce-
reals is limited by the capacities of both the sink 
(Slafer and Savin, 1994) and the assimilatory 
source (Duggan et al., 2000). Entz and Fowle 
(1990) reported that grain yield of winter wheat 
in rainfed areas is positively associated with the 
kernel number. This positive association indi-
cates that grain yield is predominantly limited by 
sinks (Borras et al., 2004). By increasing the 
number of kernels which comprises the sink even 

at the expense of kernel weight can theoretically 
increase grain yield. Blade and Baker (1991) ex-
pressed the view that sink-related limitations to 
spring wheat yield are not important in a semiarid 
environment where drought stress typically limits 
photo-assimilation that means source limitation is 
more important. Removal of all leaves caused a 
reduction of grains spike-1, 1000-grain weight 
and grain yield per main spike by 17.17%, 13.27 
and 27.92%, respectively (Alam et al., 2008). It 
is concluded that defoliation at early growth stage 
of wheat (April) with that of the middle to late 
tillering stage could leat to greater yield and wa-
ter use efficiency (WUE) (Zhu et al., 2004). De-
foliation decreased kernel growth rate and indi-
vidual kernel mass of all wheat cultivars and the 
relative decreases were greater for responsive 
cultivars (susceptible to stress) than for irrespon-
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sive (tolerant) cultivars. The mass and kernel 
growth rate of individual kernels of responsive 
cultivars were normally source-limited, while 
source (photosynthesis rate) and sink strengths 
(kernel reservoirs formation) of irresponsive cul-
tivars were more closely balanced than those of 
responsive cultivars (Yong-Zhan et al., 1999). 

Seeds of wheat appeared to grow mostly at sa-
turated assimilate availability, so yield is mainly 
sink-limited in all growing conditions × cultivar 
combinations explored in the analysis (Borras et 
al., 2004). Availability of assimilates and diffe-
rential kernel responses caused by spikelet re-
moval (SR) indicated that kernel growth of irres-
ponsive cultivars was sink-limited, while kernel 
growth of responsive cultivars was initially 
source-limited and then sink-limited when maxi-
mum kernel growth was reached (Yong-Zhan et 
al., 1999). Grain yield of wheat depends on the 
number of kernels and kernel weight per unit 
area. Narrowing the gap between genetic poten-
tial and phenotypic expression of plants requires 
deep knowledge about diversity in physiological 
traits and the mechanism of grain growth and 
seed development (Barnabas et al., 2008; Rey-
nolds and Trethowan, 2007). Gutteiri et al (2001) 
showed that stress sensitivity indices have corre-
lated with variety yields potential and it is possi-
ble to expect a yield decrease of crop under water 
stress intensity in comparison with the normal or 
low water deficit conditions. Blum (1998) dem-
onstrated that correlation between yield potential 
and genotypic drought tolerance indicated that 
varieties with the highest yield potential (under 
stress and non-stress conditions) showed higher 
performances than other cultivars, although a 
negative relation still existed between the poten-
tial and expressed yield under sever water stress. 

The objectives of this study were to determine 
the effect of water deficit on wheat yield and to 
define the source – sink relationships in wheat 
yield production under drought stress and non-
stress conditions. 

Materials and Methods 

A field experiment was carried out at the re-
search station of University of Mohaghegh Arda-
bili, Ardabil, Iran in 2008 to study the effect of 
defoliation (source-sink manipulation) on wheat 
grain yield under normal and water deficit condi-
tions. Fertilizers were applied to the field accord-
ing to the soil analysis. The experiment was laid 
out in a factorial based on randomized complete 

block design with three replications. The culti-
vars were Fincan, Sysonz, and Gasqugen and the 
defoliation factors D0 = control (no defoliation), 
D1 = defoliation of all leaves except flag leaf at 
booting stage, D2 = defoliation of all leaves ex-
cept flag leaf at anthesis and D3 = defoliation of 
all leaves at booting stage. Seeds were sown in 
October 2008. The plant density was 400 seedm-

2. The experimental plots received similar man-
agement practices such as land preparation, weed 
control and etc. A second experiment was carried 
out under water stress at the stages of booting to 
maturity. Plants of two middle rows (in each plot 
1 m2) were harvested at harvest time. Yield com-
ponents, such as grain weight, number of plants 
per m2, grain number per plant, and 1000-grain 
weight were measured or calculated after harvest. 
Plant height was measured in 20 plants in each 
plot and harvest index was also calculated using 
the formula: HI (%) = (Grain yield per shoot) / 
(total aboveground biomass per shoot) × 100. 

Stress sensitivity index (SSI) and stress toler-
ance index (STI) were used to measure the 
drought response of the three genotypes using 
Fisher and Maurer (1978) and Fernandez (1992) 
methods as follows: 

SSI = [1-(YS / YP)] / SI 
and 

STI = (Yp) (Ys) / (Yp) 2 
Where Ys = potential yield of genotype under 
stress condition, Yp = potential yield of genotype 
under normal condition and SI is stress intensity 
that is obtained from equation: SI= 1– (Ys / 
Yp) thatYp andYs are average yield of all 
genotypes under normal and stress conditions, 
respectively. Tolerance index (TOL) and mean 
productivity (MP) were calculated according to 
Rosielle and Hamblin (1981) by the following 
formulas: 

TOL= Yp- Ys 
and 

MP= (Yp+Ys)/2 
The Geometric Mean Productivity (GMP) in-

troduced by Fernandez (1992) was calculated 
through the following equation: 

GMP= √ (Yp* Ys) 
Data were subjected to analysis of variance by 

SAS 9.1 software (Delwiche and Slaughter, 
2008) and means were compared by least signifi-
cant difference at p = 0.05 level (LSD 0.05). 

Results and Discussion 

Three wheat varieties had significant differ-
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ences for all characters in non-stress (Table 1) 
and in stress conditions (Table 2).  

Despite significant differences of plant densi-
ty between varieties, defoliations treatment had 
no effect on this trait in both conditions (Tables 1 
and 2). Sysonz had the highest plant density as 
compared to the other two varieties either in 
stress or non- stress conditions with an average of 
432.9 and 384.5 plant/m2, respectively (Table 3). 
Plant density is one of the important factors in 
determining grain yield (Sinebo, 2002). Gutteiri 
et al (2001) showed that water deficit would 
cause differences in plant density among wheat 
varieties. 

Defoliations had no significant effects on 
plant height under both conditions (Tables 1 and 
2), although Sysonz presented the highest height 
in both stress and non-stress conditions with 73.8 
and 66.2 cm, respectively (Table 3). 

Various grain yields were found among varie-
ties and no significant effects of grain number per 
plant was obsereved due to defoliation in stress 
or non-stess experiments (Tables 1 and 2). In 

non- stress condition, Fincan produced the high-
est weight of grains per plant (36.2 gr), but in 
stress condition, Fincan and Sysonz showed the 
highest and lowest values of grain number/plant 
(29.8 and 19.1), respectively (Table 3). Simane et 
al. (1993) revealed that there was a positive cor-
relation between grain number per plant and 
grain weight and this correlation could recover 
grain yield in both water stress and non-stress 
conditions. Gutteiri et al. (2001) detected that 
water deficit caused yield reduction via declining 
grain weight. Entz and Fowler (1990) reported 
that grain yield in winter wheat was positively 
associated with the kernel number in rain-fed 
conditions. 

Grain yield was significantly different among 
the varieties, but defoliation had no essential ef-
fects on grain yeild in both conditions (Tables 1 
and 2). Fincan had the highest grain yield per 
plant with 1.4 and 0.978 g under normal and 
stress conditions, respectively (Table 3). Impos-
ing drought stress at different growth stages re-
duced grain yield in both wheat and barley crops 

Table 1. Analysis of variance for yield and yield components in non-stress condition. 

Source of variation df Plant 
density 

Plant 
height 

Grain/ 
plant 

Grain 
yield 

1000-grain 
weight 

Biomass HI 

Replication 
Variety 
Defoliation 
Variety × defoliation 
Error 

2 
2 
3 
6 
22 

10.1 
1150.7 ** 

95.5ns 
121.7ns 
163.9 

73.69 
3308.4** 
29.44ns 
33.22ns 
40.14 

91.74 
521.8** 
5.31ns 
26.18ns 
39.42 

0.065 
0.755** 
0.05ns 
0.026ns 
0.038 

433.4** 
264.9** 
17.78ns 
29.39ns 
37.58 

0.171 
1.81** 
1.12** 
0.079ns 
0.165 

162.5* 
1204.4** 
250.2** 
59.25ns 
37.34 

CV (%)  20.6 11.5 21.9 16.6 14.5 15.7 13.1 

ns, * and ** show non-significance, and significance at 5% and 1% levels of probability, respectively. 

Table 2. Analysis of variance for yield and yield components in stress condition. 

Source of variation df Plant 
density 

Plant 
height 

Grain/ 
plant 

Grain 
yield 

1000-grain 
weight 

Biomass HI 

Replication 
Variety 
Defoliation 
Variety × defoliation 
Error 

2 
2 
3 
6 
22 

75.02 
1135.4** 
58.25ns 
46.17ns 
127.57 

147.69 
2246.0** 

4.51ns 
107.1ns 
57.33 

24.17 
349.6** 
23.72ns 
27.96ns 
25.83 

0.007 
0.077** 
0.010ns 
0.02ns 
0.014 

46.67 
497.3** 
18.03ns 
26.23ns 
30.78 

0.096 
0.074ns 
0.47** 
0.105ns 
0.071 

55.25* 
280.9** 
53.19** 
12.61ns 
11.77 

CV (%)  20.6 15 20.4 13.5 14.9 11.2 9.2 
ns, * and ** show non-significance, and significance at 5% and 1% levels of probability, respectively. 

Table 3. Mean comparison of three varieties for different traits in non-stress condition. 

Traits Plant height 
(cm) 

 Plant density m-2  Grain/plant  1000-grain 
weight (g) 

 Yield 
(g plant-1) 

 Biomass 
(g) 

 HI 
(%) 

Varieties NS S  NS S  NS S  NS S  NS S  NS S  NS S 

Gasqugen 
Fincan 
Sysnoz 

46.5b 
43.8b 
73.8a 

43.9b 
41.3b 
66.2a 

 315.9b 
364.9b 
432.9a 

267.9b 
332.5a 
384.5a 

 24.2b 
36.2a 
25.5b 

25.6a 
29.8a 
19.1b 

 35.15b 
40.89b 
47.31a 

33.61b 
33.42b 
44.66a 

 0.91c 
1.41a 
1.20b 

0.84b 
0.98a 
0.84b 

 2.26b 
2.48b 
3.02a 

2.43a 
2.30a 
2.45a 

 42.04b 
58.13a 
39.74b 

34.63b 
43.01a 
34.62b 

Columns with the same letter(s) show no significant differences; NS = non-stress and S = stress condition. 
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(Jamison et al., 1995). Nevertheless, leaves are 
the major sources of assimilate production and 
the influential factor on sink growth, but Cruz-
Aguado et al (1999) and Junmin et al (1999) re-
ported that defoliation of some leaves in the plant 
increases the sink requirement in the remained 
leaves and by considering the relationship be-
tween source - sink in the plant, photosynthesis 
rate will be increased to compensate the sink re-
duction in the residual leaves. 

The results showed that the varieties were 
significantly different for 1000-grain weight, but 
the defoliation treatments had no significant ef-
fects on this trait in both stress and dnon-stress 
conditions (Tables 1 and 2). Gasqugen had the 
highest value of 1000- grain weight, 47.3 and 
44.7 g, in stress and non-stress experiments, re-
spectively (Table 3). Despite the results obtained 
in this experiment, defoliation affected two wheat 
varieties, Suneca (resistant) and Batavia (sensi-
tive to drought stress) in the greenhouse, showing 
that defoliation reduced grain weight in both va-
rieties, while considerable reduction was oc-
curred in the plants grown under stress conditions 
(Plaut et al., 2004). In stress condition, reduction 
in 1000-grain weight, tiller number, plant density 
and grain per plant resulted in reduced final grain 
yield (Samarah, 2005). It seems that drought re-
sistant varieties may be affected by plant source-
sink relationship beside environmental stresses. 
Abd El Gawad (1993) showed that deficit irriga-
tion inhibited metabolites allocation to primordial 
head in wheat and caused leakage or absence of 
metabolites in the sink. 

Both the variety and defoliation treatments 
significantly affected biomass per plant in non 
stress condition (Table 1). Wheat varieties under 
water stress had similar amounts of biomass per 
plant (Table 2). In non-stress conditions, Sysonz 
produced the highest biomass among three varie-
ties (3.02 g/plant) and D0 showed the highest 
biomass production (2.99 g/plant) among defolia-

tions treatments (Tables 3 and 4). Defoliation of 
all leaves at booting stage presented the lowest 
biomass under either non-stress (2.16 g/plant) or 
stress (2.14 g/plant) experiments. Many research-
ers believe that defoliation effects on the grain 
yield depend on time, severity, and the way of 
treatment application (Zhu et al., 2004). This ef-
fect may be expressed via altering gas- exchange 
pattern (Zhu et al., 2004) and appropriate assimi-
lates (Gruz- Agudo, 1999) in the plants. It seems 
that when the defoliation occurs closely to anthe-
sis, plant reaction is extreme to such treatment 
(Cruz-Aguado, 1999). Defoliation at booting 
stage reduced biological yield in wheat greatly 
(Zhu et al., 2004). Indeed, Giunta et al (1995) 
reported that biological yield reduced significant-
ly in wheat varieties under water stress condi-
tions. 

Both the varieties and defoliation treatments 
had significant effects on harvest index in stess 
and non-stress conditions (Tables 1 and 2). The 
Fincan variety presented the highest harvest in-
dex with a value of 58.13 and 43.01% under non-
stress and stress conditions, respectively. Defolia-
tion of all leaves at booting stage had the highest 
values, 83.95 and 40.23%, in non-stress and 
stress conditions, respectively (Tables 3 and 4). 
Zhu et al (2004) showed that defoliation in win-
ter wheat at latter tiller increased harvest index 
12.5 and 5.1 percentage under irrigated and rain-
fed areas, respectively. Defoliation at middle til-
lers improved harvest index about 7.4%. They 
also mentioned that higher harvest index de-
pended on the grain yield, although defoliation at 
booting stage decreased biological and economi-
cal yield. Therefore, defoliation severity, water 
availability, sowing date, and defoliation time 
can affect the harvest index. 

Selecting genotypes for low amount of TOL 
selects for stress tolerance. It seemed that Gasqu-
gen variety showed low sensitivity to water 
stress. The low value of SSI indicates that yield 

Table 4. Mean comparison of four defoliation treatments for different traits in drought stress condition. 

Traits Plant height 
(cm) 

 Plant density m-2  Grain/plant  1000-grain 
weight (g) 

 Yield 
(g plant-1) 

 Biomass 
(g) 

 HI 
(%) 

Defoliation 
treatments 

NS S  NS S  NS S  NS S  NS S  NS S  NS S 

D0 
D1 
D2 
D3 

56.3a 
54.3a 
55.9a 
52.3a 

49.8a 
49.9a 
51.11a 

51a 

 391.9a 
384a 

353.3a 
355.9a 

348a 
232.6a 
318 a 
314.6a 

 29.4a 
27.8a 
29.1a 
28.1a 

26.1a 
25.87a 
22.55a 
24.65a 

 43.41a 
41.37a 
43.18a 
40.51a 

37.18a 
35.73a 
39.14a 
36.88a 

 1.237a 
1.116a 
1.242a 
1.105a 

0.94a 
0.87a 
0.87a 
0.86a 

 2.98a 
2.52bc 
2.70ab 
2.16c 

2.68a 
2.27bc 
2.45ab 
2.14c 

 41.61b 
44.5b 
46.47b 
53.95a 

34.92c 
38.67ab 
35.87bc 
40.23a 

D0 = control (no defoliation); D1 = defoliation of all leaves except flag leaf at booting stage; D2 = defoliation of all leaves except flag leaf 
at anthesis stage; and D3 = defoliation of all leaves at booting stage. Columns with the same letter(s) show no significant differences; NS = 
non-stress and S = stress condition. 
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variation in both stress and normal conditions is 
low and the yield stability is high (Fischer and 
Maurer, 1978). The lowest value of SSI was 
found for Gasqugen, so this variety had yield sta-
bility under different conditions. Based on STI, 
varieties with a high value of STI are more stable 
to different environmental fluctuations (Fernan-
dez, 1992). According to STI, Gasqugen pre-
sented the highest value of STI, so this variety 
will have potentially more yield stability in both 
stress and non-stress conditions than the other 
two varieties examined in this study (Table 5). 
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