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Abstract: With the aim of evaluating agronomic traits related to two rapeseed varieties subjected to 
Drought stress condition under different potassium fertilizer levels a field experiment  was carried out 
as factorial based on a randomized complete block design (RCBD) with three replications at Qazvin 
region, Iran. The effect of three irrigation regimes (I1-Irrigation after 40 %, I2-Irrigation after 60% and 
I3-Irrigation after 80% soil-water depletion) and three potassium levels including K1: non-application 
,K2:100 kg/ha and K3:200kg/ha of K2SO4  were studied during the growing seasons of 2008/2009 and 
2009/2010. The tested varieties were “Zarfam” and “Opera”. Results revealed that, with increase in 
stress intensity seed yield and rest of tested traits drastically decreased. Regarding seed yield “Zarfam” 
showed 18.49% superiority rather than “Opera”. Plots with irrigation condition of I1 (control) showed 
36.89% enhancement of seed yield as compared to units with I3 condition (severe stress). Application 
of potassium solphate (K2SO4) declined negative effect of drought stress and boosted all of the studied 
traits (seed yield, seed/siliqua and siliqua/plant) in both tested varieties. Clearly, plots, which received 
200 kg K/ha, increased the Seed yield up to 36.16% as compared to non-application of this manure. 
Ultimately, under severe drought stress (I3) and also normal irrigation condition (I1), consumption of 
200 kg K /ha caused 59.95% and 21.48% increase in seed yield, respectively. 
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INTRODUCTION 

 
The decrease in crop yield as a result of kind of stress has been reported between 54% and 82%. The 

maximum decrease is of abiotic stresses including drought, salinity, heat, cold, light intensity, inadequate 
nutrients and soil acidity (Bray et al., 2000). Drought stress is one of the most important limiting factors for   
growth and yield of crop, which affects 40 to 60 percent of world agricultural lands (Bray et al., 2000; Reddy et 
al., 2004). Rapeseed is a new oily herb, which is cultivated in the most agricultural systems worldwide and it is 
a suitable plant for alternation (Rotation) with grasses and production in dry and saline regions (Azizi, 1999). 
Recently, it is the third important source of edible oil in the world after soybean and palm oil with the oil rate of 
40-44 percent (Albarrak, 2006). The reproductive growth stages of plants are considered as the most sensitive 
period in confronting with water stress, and the stress occurrence at this stage would cause the highest decrease 
in yield comparing to the other growing stages. Researches show that rapeseed is primarily sensitive to drought 
during the stages of germination, flowering and growth of siliquae. Irrigation in these stages increases the 
number of siliquae per square meter (Paseban-Islam et al., 2000; Sinaki et al., 2007). Jensen et al. (1996) 
reported the decrease in Brassica species under the influence of drought stress. Researchers believe that the soil 
moisture stress can influence the reproductive mechanisms, which determine the rapeseed yield such as 
formation of flower and siliqua, seed in siliquae and seed filling. Indeed, the extent of this effect is function of 
genotype, stress intensity and duration, climate conditions and growth and development stages (Farooq et al., 
2009). Rao and Mendham (1991) reported the increase in number of siliquae from 6000 to 8000 /m2 and number 
of seeds per siliqua from 14 to 21 seeds, by increasing the numbers of irrigations at flowering stage. As Shirani 
Rad (2000) declared, rapeseed had the highest seed yield under non-stress conditions, but no significant change 
was observed by stopping irrigation during the stages of seedling emergence to rosette, stem and siliqua 
formation. Accordingly, halt in irrigation caused a significant decline in seed yield during the flowering and 
seed filling stages. Chhabra et al. (2007) were on the view that the seed yield is a complex trait, which is 
determined by some physiological traits like photosynthesis, velocity and rate of assimilate transfer from source 
to sink. Albarrak (2006) reported a significance decrease resulted by moisture stress on growth characteristics 
and seed yield of rapeseed and stated that by increasing irrigation intervals ( 7 → 14 → 28 days), a significance 
decrease was observed in the number of siliquae per plant, number of seeds per siliquae and seed yield. Other 
researchers also reported a reduction by water shortage in total dry matter, leaf area, number and size of seed, 
number of siliquae and finally the seed yield (Nasri et al., 2008). Sinaki et al. (2007) declared that the highest 
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decrease in seed yield was observed by moisture stress during the flowering and siliquae development stages. 
They found that the decrease in seed yield due to short-term water stress during the stem elongation, flowering 
and siliquae development stages and also during the seed development stage is highly linked to number of 
siliquae per plant and grain weight loss respectively.  

The latest worldwide studies demonstrate that soil fertility decreased through its erosion and intensive usage 
without considering appropriate tillage management. It is estimated that growth limitation in 60 percent of 
agricultural soil is due to the mineral nutrient deficiencies (Cakmak, 2002). Mineral elements play important and 
critical roles in increasing plant resistance to environmental stresses (Marschner, 1986). Among mineral 
elements, potassium plays an important role in plants’ survival and perseverance under environmental stress. 
Potassium is essential for physiological processes including photosynthesis, assimilates transmission into sink, 
cell turgor maintenance, enzyme activities and lessening the additional absorption of sodium and iron ions in 
saline and torrential soils (Mengel and Kirkby, 2001). Cakmak (2002) stated that in case of potassium 
deficiency, plant sensitivity to environmental stress will decrease and accordingly the active oxygen radicals 
would be stimulated in the plants. Sharma (2002) reported that potassium is essential in biophysical process and 
osmolytic material formation for eliminating damages of environmental stresses. As claimed by the researcher, 
potassium consumption increased the rapeseed yield up to 15%-25% under water stress and non-stress 
conditions. Umar (2006) reported the increase and improvement of seed yield, dry material by using higher 
amount of potassium under moisture stress conditions in Indian mustard (Brassica Juncea) and Sorghum. Field 
studies in Egypt also showed that using the potassium could prevent the seed yield to decrease in water shortage 
conditions (El-Hadi et al., 1997). Zaman- Khan et al. (2004) reported the highest number of siliquae per plant in 
treatments, which received higher amount of potassium.  The increase in number of siliquae per plant, by 
enhancing the amount of potassium, has been reported earlier (Pervez et al., 2004).  

Keeping in view the importance of drought stress and potassium fertilizer, the present study was conducted 
to find out optimum irrigation regime and appropriate level of potassium for obtaining higher yield of two tested 
Rapeseed varieties (including “cv. Zarfam” and “cv. Opera”) under the agro-ecological conditions of Qazvin, 
Iran. 

MATERIALS AND METHODS 
 

This research was undertaken in an experimental area, Qazvin region, Iran, during 2008-2009 and 2009-
2010 growing seasons. The site is located at Latitude 36° 18´ N, Longitude 49° 57´ E; in a semi-arid zone (mean 
annual rainfall of 312 mm). It should be mentioned that the mean temperature in Qazvin during the last 30 years 
before the experiment was 38.7 and 8.2°C in the hottest and coldest months of a year, respectively. For 
conducting the research, a field below the critical level of potassium has been chosen and soil analysis was done 
each year before planting (Table1).  

 
Table 1: Physical and chemical properties of experimental soil before planting.  

Soil        
texture 

Sand 
% 

Silt  
% 

Clay 
% 

K    
Mg/kg 

P     
Mg/kg 

T.N 
% 

O.C 
% 

S.P 
% 

T.N.V  
% 

pH EC 
ds/m 

Soil 
depth cm 

Year 

Loamy-
clay 

26 45 29 165 14.2 0.08 0.83 35 8.25 7.8 1.33 0-30 2008/ 

Loamy-
clay 

27 46 27 148 15.3 0.06 0.96 37 8.46 7.4 1.15 30-60 2009 

Loamy-
clay 

25 44 31 135 12.8 0.07 0.88 33 8.16 7.5 1.38 0-30 2009/ 

Loamy-
clay 

24 48 28 126 13.3 0.05 0.97 36 8.28 7.2 1.18 30-60 2010 

Note. EC: Electric conductivity; T.N.V: Total Neutralizing Value; S.P: Saturation Percentage; O.C: Organic carbon 

 
The experiment was carried out as factorial based on a randomized complete block design (RCBD) with 

three replications. The treatments were combination of 3 irrigation regimes (I1-irrigation after 40%, I2-irrigation 
after 60% and I3-irrigation after 80 % soil water  depletion)  and 3 potassium levels (K1-0, K2-100 and K3-200 
kg K2SO4/ ha) as well as two variety of rapeseed including “Zarfam” and “Opera”. Water deficit stress was 
based on irrigation, scheduled in terms of different percentages of soil water depletion (Alizadeh, 2005). 
Combined treatments were randomized in the experimental units. In both cropping season (2008-2009, 2009-
2010), the sowing was done manually in a wet planting pattern. The planting dates in the first and second year 
were on 29 October 2008 and 29 October 2009 respectively. Each experimental plot included 6 planting rows 
with 4 m length, 30 cm within the rows and in-row spacing of 4 cm. The net plot area size was 7.2 m2. In order 
to prevent moisture penetration, 6 m distance between the replications (blocks) and 1.8 m between the plots 
were considered. According to the soil test results , 180 kg N/ha from source of urea in 30, 40 and 30 percent 
splits were applied to the soil  before  sowing, end of rosette stage and the beginning of flowering stage. Various 
rates of potassium from source of K2SO4 were distributed in the studied plots after the final land leveling and 
before the sowing. In 4-6 true leaf stage, hand weeding wad performed along with the thinning operation. 
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Fighting with aphids during the flowering and siliquae formation stage was done by using Endosulfan (an off-
patent organochlorine insecticide) by the rate of 2mil/lit. The latest method of Canola Council of Canada was 
used to explain the growth and development stages (Shirani Rad, 2002). The irrigation regimes were started 
from sowing date. The re-irrigation was based on moisture depletion in effective root depth of about 40, 60 and 
80 percent of the plant available water. The irrigation time of the plot was determined through the soil moisture 
curve (pF) and by using TRIM-TDR (Time Domain Reflectometry) soil moisture meter. Thus, the pipes, which 
are designed for TDR system, were installed at the depth of one meter between the rows at the time of plants’ 2-
4 leaf stage. Then, the water depletion of experimental unit was observed at interval of every 3 days. The 
volume of water applied to each unit at each time of irrigation was calculated through the following equation:  

                            
(Alizadeh, 2005)  

 
Where, Vm is volume of irrigation water based on cubic meter, Fc: soil moisture weight percentage at field 

capacity, �: soil moisture percentage at treatments, BD: apparent specific weight of soil based on g/m2, A: main 
plot’s area based on m2, D: effective root depth based on meter at the time of drought stress, and ea is irrigation 
water usage based on percent which is considered 95%.  

After estimating the amount of required water for the treatments by the water tank indicator, water interred 
the plots precisely and in a controlled manner. The number of irrigation for the treatments with 40, 60 and 80 
percent of soil moisture depletion during the first and second year of study was (2, 3 and 4 times) and (1, 3 and 4 
times) respectively. Totally, the amount of consumed water for the three treatments (40, 60 and 80 percent) 
during the first and second year of study were (Y1: 5788, Y2:5893), (Y1:5073, Y2: 5531) and (Y1:4121, Y2:3868) 
m3/ha, respectively. After the studied plants reached to the physiological maturity stage, 10 random samples 
from each experimental unit (from 4 inner planting lines) were selected for evaluating the agronomic traits. 
Then, the traits such as number of siliquae per plant and number of seeds per siliqua were measured. Thus, total 
number of siliquae related to 10 aforementioned selected plants were counted and their mean recorded as 
number of siliquae/plant. For calculating the number of seeds per siliqua, 100 siliquae from the said plants were 
chosen randomly (separately). Next, the number of seeds per siliqua for 100 selected siliquae was counted and 
the obtained mean was considered as number of seeds per siliqua.  The seed yield was evaluated through manual 
harvesting from the inner planting lines of each plot (equal to 2.4 m2) by discarding the margin lines and after 
the complete dryness of the plants in an ambient air. The seeds separation from the siliquae (Seed Treshing) was 
done using a special combine. Afterwards, seeds weight for each plot was computed using a precise scale and 
expressed as kg/ha. 

The collected data were analyzed statistically by using Fisher’s analysis of variance technique (ANOVA) 
and differences among the treatment means were compared using Multiple Range Test of Duncan at 0.05 
probability level. All statistics was performed with MSTATC software (version 2.10). 

 
RESULTS AND DISCUSSION 

 
 Siliqua Plant: 

The results in Table 3 indicated that, the number of siliquae per plant had a significant change during the 
years of study and the highest number of siliquae per plant was observed in the second year (193.7). Regarding 
the number of siliquae per plant, “Opera” variety with the mean of 174.4 was identically superior to “Zarfam” 
variety with the mean of 149.8 (Table 3). The mean comparison of the year and variety interaction revealed that 
the both varieties in the second year of study had the highest number of siliquae per plant (V1:177.6, V2:210.8). 
The mean comparison of the number of siliquae per plant affected by the irrigation regimes showed that, by 
increasing the stress intensity of water deficit, the number of siliquae per plant was decreased. Therefore, as a 
result of the stress intensity, it declined from 181.9 to 134.8. The constant stress in flowering and siliquae 
development stages causes non-fertility, non-siliquae formation and higher percent of siliquae abscission to 
some extent. The decrease in number of siliquae per plant, in plots under I3 (80% soil moisture depletion) 
treatment to the other irrigation regime, goes back to the fact that the stress duration and intensity was high and 
the flowering and siliquae formation stages  was more under the effect of water restriction. Comparing to the 
non-stress conditions, in severe moisture stress condition the decline in plant growth is a decreasing factor for 
number of siliquae per plant. Flower and siliquae abscission in the early stages shows the cause of decrease in 
number of siliquae per plant in I3 treatment. The impact of water restriction on the flowering and siliquae 
formation stages and, consequently, a decline in the siliquae numbers has been mentioned earlier (Paseban-
Islam et al., 2000; Sinaki et al., 2007 and Albarrak, 2006). Siliquae growth and formation depends on the 
continuity in supplying the photosynthetic materials. Latifi (1995), in a study on the effect of water deficit on 
pre and post flowering stages observed that,  the total number of siliquae in the plants which were not irrigated 
after the flowering stage  were 66% less than the non-stress affected plants. Wright et al. (1996), also by 
studying the effect of water stress on seed yield and its components in 3 varieties of rapeseed and Indian 

  eaDABDFcVm /×××
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mustard found that the number of siliquae per plant is one of the sensitive components to the drought stress. In 
addition, means comparison of different potassium levels (K2SO4), showed a significant effect on the number of 
siliquae per plant (Table 3). The decrease in number of siliquae per plant in K1 (non-applying potassium sulfate 
manure) to the other potassium application treatments was noticeable. As a result, the decrease due to the 
consumption of 200 kg K2SO4/ha and 100 kg K2SO4/ha were 31.8 and 23.6 percent respectively. In order to 
explain the negative effect of potassium deficiency in soil on the rapeseed yield attributes, the important role of 
potassium ions in Synthesis and Carbohydrate transmission in plant organs should be noticed. In photosynthesis 
process, the potassium ions have direct effect on transmission of photosynthetic material and this effect is the 
result of photophosphorylation. Rosseto et al. (1998) reported that, although, seed yield was not affected by 
potassium application, it could preserve the siliquae up to 147 and 154 days after planting. The increase in 
number of siliquae per plant by increasing the potassium rate was reported by Mahadkar et al. (1996), Pervez et 
al. (2004) and Zaman- Khan et al. (2004). The interaction effect of the year and potassium on number of 
siliquae per plant was significant (p<0.05) (Table 2). The mean comparison results indicated that, the 
application of 200 kg K2SO4/ha in “Zarfam” leads to the highest siliquae/ plant (Table 3).  

 
Seed Siliqua: 

In this study, the effect of year on the number of seeds per siliqua was not significant (Table 2). This might 
be due to the stronger genetic effect to the environment and not changing in environmental conditions during the 
formation of this yield-related part. In this study, there was a significant difference among 2 tested varieties in 
terms of the studied trait, therefore, “Zarfam” with the mean value of 27.1 proved its superiority over “Opera” 
with the mean value of 19.7 (Table3). The yield component with higher 1000-seed weight and siliquae length 
(Fig 1 a, b) in “Zarfam” could rectify its low number of siliquae/plant. Therefore, comparing to “Opera”, 
“Zarfam” had significantly higher seed yield.  

 
Table 2: The mean squares of ANOVA for Seed/Silique, Silique/plant and Seed yield in combined analysis of 2008–2009 and 2009–2010 

data. 
Seed yield Seed.siliqua-1Siliqua.plant-1df S.O.V 

2012156.321* 91.123ns 99876.215** 1 Y 
167868.125 14.381 461.317 4 Ea 

6176815.453** 976.171** 15421.116** 1 V 
45125.671ns 93.716** 1822.312* 1 Y V 

6871276.681** 112.725** 19121.216** 2 I 
20512.322ns 1.382ns 822.711ns 2 Y I 

2256271.162** 8.122** 276.312ns 2 V I 
25721.237ns 1.961ns 351.722ns 2 Y V I 

6671848.716** 261.262** 29264.516** 2 K 
566378.127** 0.141ns 2035.617** 2 Y K 
33862.248ns 4.371* 14.481ns 2 V K 
27862.581ns 4.175ns 45.362ns 2 Y V K 

177158.114** 2.752ns 751.713ns 4 I K 
31587.152ns 2.132ns 246.316ns 4 Y I K 
9876.175ns 1.891ns 281.714ns 4 V I K 
41897.762ns 0.692ns 319.216ns4 Y V I K 
26789.135 1.481 356.121 68 E 

7.51 7.56 14.45 – C.V (%) 
Note. * – P < 0.05, ** – P < 0.01, ns – P > 0.05.Y – year effect, V –variety effect, I –irrigation 
 effect, K –potassium sulfate effect. Y V, Y I, V I, Y V I, Y K, V K, Y V K, I K, Y I K, V I K, 
Y V I K represents interaction terms between the treatment factors 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Relationship between varieties with 1000-seed weight (a) and siliqua length (b) in combined analysis of 
2008–2009 and 2009–2010 data. 
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Table 3: Individual effect of year, variety, irrigation and potassium (K2SO4) levels as well as interaction thereof on Seed/siliqua, 
Siliqua/plant and Seed yield in estimated means. 

Seed yield (kg/ha) Seed/siliqua   
    

Siliqua/plant     
 

Potassium 
(kg/ha) 

Irrigation     
    

Variety 
         

Year    
      

3947b 24.6a 129.5b    Y1 
4341a 22.1a 193.7a    Y2 
4493a 27.1a 149.8b   V1  
3792b 19.7b 174.4a   V2  
4328a 27.1a 120.9d   V1 Y1 
3565a 20.9b 138c   V2 Y1 
4661a 27.1a 177.6b   V1 Y2 
4020a 17.2c 210.8a   V2 Y2 
4757a 24.6a 181.9a  I1   
4199b 23.4b 168b  I2   
3475c 20.9c 134.8c  I3   
5214a 28.3a 171.2a  I1 V1  
4846b 27.1b 153a  I2 V1  
3423d 23.4c 124.1a  I3 V1  
4299c 20.9d 191.5a  I1 V2  
3552d 18.5e 184a  I2 V2  
3528d 17.2f 146.6a  I3 V2  
3465c 19.7c 128.4c K1    
4248b 23.4b 168b K2    
4718a 25.8a 188.3a K3    
3479d 20.9a 104.9e K1   Y1 
3956c 24.6a 134.8d K2   Y1 
4404b 27.1a 147.7cd K3   Y1 
3450d 18.5a 153c K1   Y2 
4539b 22.1a 202.2b K2   Y2 
5032a 24.6a 227.9a K3   Y2 
----- 23.4c 115.6a K1  V1  
----- 27.06b 156.2a K2  V1  
----- 29.5a 167.3a K3  V1  
----- 16f 141.2a K1  V2  
----- 19.7e 180.8a K2  V2  
----- 22.1d 200.1a K3  V2  

2863c ----- ----- K1 I1   
3300b ----- ----- K2 I1   
3478a ----- ----- K3 I1   
2393d ----- ----- K1 I2   
2857c ----- ----- K2 I2   
3258b ----- ----- K3 I2   
1766e ----- ----- K1 I3   
2453d ----- ----- K2 I3   
2825c ----- ----- K3 I3   

           Note. Y_ Cropping year (Y1: First year; Y2: Second year), V_ Variety (V1: Zarfam; V2: Opera), I_ Irrigation     
           (I1-irrigation after 40 %, I2-irrigation after 60% and I3-irrigation after 80% soil water depletion), K_ Potassium 
            Fertilizer (K1:0, K2:100 and K3:200 kg/ha of K2SO4).  Means in each column followed by similar letters are  
           not   significantly different at 5% probability level using Duncan Multiple Rang Test (DMRT). 

 
The interaction between the year and variety represented that the highest number of seeds per siliqua was 

related to “Zarfam” in both years and the lowest one was seen in “Opera” in the second year (Table3).This fact 
reflects the environmental changes and genetic effects on the studied trait. The number of seeds per siliqua was 
remarkably affected by the irrigation regimes. Hence, by increasing the stress intensity, the number of seeds per 
siliqua decreased from 24.6 to 20.9 under I3 (i.e., 80% soil moisture depletion) treatment (Table3). These results 
are in agreement with the findings of Paseban-Islam et al. (2000), Sinaki et al. (2007) and Albarrak (2006) who 
pointed out the increase in number of seeds per siliqua under water shortage during the flowering and siliqua 
formation stages. By increasing the assimilate production, the stress can cause a decrease in seed yields through 
seed and siliquae shattering (Diepenbrock, 2000). According to Table 3, irrigation × variety interaction shows 
that, the highest (28.3) and the lowest (17.2) seed.siliquae-1 belongs to “Zarfam” in I1 (40% soil water depletion) 
condition and Opera in I3 (80% soil water depletion) condition respectively. Ma et al. (2006), in a survey on the 
B.napus and B.juncea seed yield during various growth stages, stated that the drought itself had little effect on 
the seed growth and yield of the tested varieties during the vegetative growth and stem elongation stages. 
However, water stress by decreasing the number of siliquae/plant and seed/siliqua reduced the rapeseed yield 
during the pollination and seed filling stages. However, the mustard was not affected by it seriously. In this 
study, potassium had an increasing effect on the number of seeds per siliqua, which this enhancing trend was 
similar to that of siliqua/ plant trait. In a condition of non- consuming potassium fertilizer (k2SO4) to 100 kg/ha 
and 200 kg/ha K2SO4 consumption, the decrease in the number of seeds per siliqua was noticeable (15.8 and 
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23.6%, respectively) (Table3).  The obtained results are in accordance with the results of Zaman-khan et al. 
(2004) who emphasized that the seed yield, the number of siliquae per plant and number of seeds per siliqua 
increased by increasing the potassium fertilizer. The number of seeds per siliqua was significantly affected by 
the interaction between variety and potassium (Table 2). Hence, the highest number of seeds per siliqua (29.5) 
was achieved in “Zarfam” by application of 200 kg/ha K2SO4 (V1K3). 

 
Seed Yield: 

Result showed that, since the environmental condition during the years of study was different, the seed 
yield was also affected by the years drastically (p<0.05) (Table 2).Comparing to the second year, the seed yield 
decreased in the first year under the influence of different irrigation regimes and the amount of potassium. The 
drop in temperature  and frost in early and mid of growing season for a long and intermittent time created more 
difficult condition for the two cultivars during the first year and consequently, the seed yield decreased in the 
same year of study. Indeed, the seed yield with the mean of 3947 kg/ha in the first year had 9.1 percent decrease 
comparing to the mean of 4341 kg/ha in the second year (Table3). The evaluated varieties in terms of the seed 
yield had a significant difference with probability level of 1% (Table2). Comparing to “Opera” (3792 kg/ha), 
“Zarfam” (4493 kg/ha) had 18.5 percent increase in production. The genetic differences among the varieties are 
involved in their efficiency to convert dry matter to the economic yield. At the beginning of the growing season, 
the falling temperature and cold climate created a tougher condition for “Opera” as compared to “Zarfam” 
variety. These results are in conformity with the findings of Gunasekera et al. (2003). The two-year average 
seed yield at different irrigation regimes indicated that the highest yield (4757 kg/ha) and the lowest yield (3475 
kg/ha) are observed in control treatment (I1) and in plots with 80% depletion of soil moisture (I3), respectively. 
On the other hands, the rate of relative seed yield (the yield under limited moisture condition to the yield with 
adequate moisture condition), in 60% and 80% soil water depletion are 88% and 73%  seed yield of control 
treatment,  respectively, which itself is the indicator of stress intensity in these treatments. The reduction in seed 
yield is mainly due to decrease in the number of siliquae/plant and seeds/siliqua to the non-stress condition 
(Table3). The results of this survey are consistent with the results gained by Paseban-Islam et al. (2000), Sinaki 
et al. (2007) and Albarrak (2006) who came up with the decrease in seed yield in drought stress condition. The 
variety × irrigation interaction showed that “Zarfam” had the highest seed yield (5214 kg/ha) under non-stressed 
conditions (I1) and the lowest seed yield (3423 kg/ha) in severe stress condition (Table3). These findings are 
partially in line with the findings by Gunasekera et al. (2006), Iqubal et al. (2008) and Ma et al. (2006).  The 
means comparison of seed yield at different potassium values are represented in Table 3. The results show that 
the increase in potassium consumption is in line with the increase in seed yield; thus, the highest seed yield 
(4718 kg/ha) was achieved by application of 200 kg/ha K2SO4 which comparing to the plots with no potassium 
consumption and 100 kg/ha potassium sulfate consumption showed superiority of 36.2 and 11.1 % respectively. 
The increase in seed yield proves the positive effect of potassium in improving the traits such as: seed yield 
components, leaf relative water content (RWC), stomata conductance, Proline, carbohydrate and nutrient intake.  
The increase in seed yield as a result of potassium application in the rapeseed and other crops is reported in 
several results by Sharma and Kuhad (2006) and Jianwei et al. (2007). During our investigation, combined 
analysis of variance showed that, interaction of the year and potassium on the seed yield showed a highly 
significant difference (p<0.01). The highest seed yield in both years was produced by consumption of 200 kg of 
K2SO4. However, in the second year, the impact was more obvious and this proves that the manure management 
is vulnerable to the environmental changes (Table3). The significant effect of I×K interaction on the seed yield   
might be due to the fact that the trend of yield difference in different irrigation regimes was dissimilar under 
difference potassium amounts (Table2,3). In this study, the seed yield had a positive reaction to potassium 
amount through stress intensification. In terms of irrigation after 80% soil moisture depletion (I3), the difference 
between the least seed yield (in the absence of potassium intake) and the highest seed yield (application of 200 
kg/ha potassium sulfate) was 1567 kg/ha. While, this difference in the irrigation regimes after 40 and 60% soil 
moisture depletion was 910 and 1280 kg/ha, respectively. The high soil moisture, which is resulted from 
increasing the number of irrigation in non-stressed condition, dilutes the potassium and prevents its positive 
effect on the plant in the higher moisture amounts. In this regards, Kafi and Mahdavi Damghani (2008) noted 
the lower effect of high potassium level under high moisture condition. Azizi et al. (1999) reported that, the 
increase for K2SO4 up to 120 kg/ha, in all moisture levels caused the seed yield in soybean to increase relatively 
with a gentle slope. Whereas, the use of 160 kg/ha of potassium sulfate in all moisture levels especially under 
severe stress condition decreased the seed yield to some extent. The contradiction in the results presented by this 
researcher, to the present study can be attributed to the environmental differences particularly the soil conditions 
under which these experiments were conducted. Concerning the results, it can be inferred that as the soil water 
content decreases, the seed yield loss can be compensated only by means of potassium application. 
Subsequently, under severe stress condition (irrigation after 80% soil water depletion) by application of 200 
kg/ha of K2SO4 (I3K3),we would have higher seed yield comparing to not applying the potassium fertilizer under 
mild stress condition (60% soil water depletion) and also similar yield is gained  by application of 100 kg/ha of 
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K2SO4 under mild stress condition (I2K2). Indeed, under drought stress, chloroplasts loses higher amount of 
potassium as the result of further decline in photosynthesis and formation of non- active oxygen forms (Mengel 
and Kirkby, 2001). This strongly confirms that, the increase in drought stress intensity increases the plant 
potassium requirements, which are essential in protecting the active photosynthesis and chloroplasts against 
oxidative damages. Although, Umar (2006) asserted that in the crops with low potassium amounts, the 
photosynthesis decreases drastically due to the drought stress. The reduction in the seed yield by the irrigation 
limitation can be dramatically lowered through the increased availability of potassium (El-Hadi et al., 1997). 
The results reporting the increase in seed yield in water deficit condition by potassium application (Sharma, 
2002; Sharma and Kuhad, 2006) are in well agreement with the results of this research. Clearly, application of 
higher amount of potassium fertilizer (200 kg/ha K2SO4) in dry soil makes the soluble concentration to remain 
in high level around the root area. Therefore, by establishing a larger concentration gradient, potassium ion will 
transport continuously toward the root without being influenced by drought condition of the soil (Seiffert et al., 
1995). Hence, by the decrease in soil moisture, the soil ventilation would be increased and more oxygen is 
available for the plant root. The researchers believe that the presence of oxygen in the soils with higher 
concentration of potassium ion is another reason for the better absorption of potassium ion in these soils (Azizi 
et al., 1999). 
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