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 This experiment was carried out using by a factorial design with three replications to 
determination influence of Zn and Fe foliar application and Variety on quality and 
quantity characteristics in Canola (Brassica napus L.) under different levels water 
deficit stress at Iran in 2012. The factors were included Irrigation (Normal irrigation, 
Cut irrigation from silique stage, Cut irrigation from flowering stag) and Variety were 
included RGS003 and Sarigol and foliar application (Pure water, 4/1000 Zn-foliar 
application, 4/1000 Fe-foliar application and Fe+Zn foliar application together) that 
sprayed by the results of soil analysis. The results of analysis of variance revealed that 
the interactions effects Irrigation, Variety and Zn And Fe foliar application  of number 
of silique per plant, number of grain in silique , 1000 grain weight, grain yield, total 
above ground biomass, HI, hight plant, chlorophyll a, chlorophyll b, oil seed percentage 
and oil seed yield affected significant at the 1% and5% levels. In this study showed 
that, the maximum grain yield (5668 kg/ha-1), biological yield(23460 Kg ha-1), oil 
yield(2519 Kg ha-1), oil seed percentage (44.47%), were obtained from consumes 
normal irrigation and Zn+Fe foliar application and Sarigol treatment had no significant 
difference with consumes RGS003 Variety. In this experiment, two Area no significant 
effect on characteristics.  
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INTRODUCTION 

 
 Irrigation management is about controlling the rate, amount, and timing of applied irrigation water in a 
planned and efficient manner. With good irrigation management, a canola crop can have high yield and quality 
potential [16]. Water deficiency is one of the factors limiting crop production [21]. According to the short 
growing period of Canola, for achieving optimum yield adequate water should be available to plants [6]. 
Masoud Sinaki et al [12] found that the highest rapeseed yield reduction was obtained when water stress 
occurred at flowering and then at pod developmental stages. The available water in soil is one of the most 
important factors of increasing crop yields [5]. 
 Rapeseed (Brassica napus L.) is a relatively new crop in the irrigation districts of world [22]. Canola is an 
important oilseed with worldwide importance; it is currently ranked third, after soybean and palm oils, and fifth 
in the world trade in agricultural crops, after rice, wheat, maize and cotton [26]. New varieties naturally contain 
%40- %45 oil which is used as raw materials to produce industrial and hydraulic oil, cleanser, soap and 
biodegradable plastics [3]. After extracting the oil, the remained, which contains % 38-% 44 high-quality 
proteins, is used for animal nutrition. Drought and its stress is one of the commonest environmental stresses 
which limit farm products in around %25 of world's land. 
 Growth of rapeseed may be limited by nutrient deficiencies in particular Zn, Fe with the higher levels of 
productivity achieved under irrigated conditions [25]. 
 Under water shortage conditions, the effectiveness of fertilizers decreases, especially if consumption of 
these fertilizers is not compatible with the vegetative growth of plants. Among fertilizers, zinc sulfate fertilizer 
plays a more important role in adjusting stomata and ionic balance in plant system to decrease stresses caused 
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by water shortage; therefore, under water shortage conditions, consumption of fertilizers should be balanced and 
optimized and special attentions should be taken to the consumption of zinc sulfate fertilizers. Zinc, however, is 
needed in very small amounts. Plant uptake of this nutrient is calculated in terms of ounces per acre instead of 
pounds per acre. Therefore, Zn is classified as a micronutrient [9]. Nasri et al. [18] reported that lack of zinc in 
microelements creates the major problems for producing crops, especially in soils of dry and semiarid regions 
with shortage of water. 
 If adequate and absorbable amounts of Fe are not available for the plant chlorophyll production in leaf 
decreases and the leaves become pale. It should be noted that not only Fe deficiency results in yellowish leaf, 
but also in some cases deficiency of nitrogen and some other nutrients, some pests and diseases and low light 
lead to pale leaf [17]. 
 Jiang and Huang [8] reported that the yield and its components in wheat are increased due to the effects of 
iron and zinc on the amount of chlorophyll and concentration of abscisic acid. 
 The increase of chlorophyll increases yield through the increase of photosynthesis. Although plants need a 
little amount of zinc, if sufficient amount of this element is not available, plants suffer physiological stresses 
resulted from inefficiency of various enzyme systems and other metabolic functions related to zinc [1,2].  
 Monsef Afshar et al, [14] pointed that irrigation disruption treatment after 80% flowering dramatically 
decreased seed yield (3/1483 kg/ ha) compared to the other levels of drought stress. The highest amount of yield 
was obtained in irrigation disruption after 80% of pod formation. Monjezi et al, [13] showed that influencing the 
seed filling process, in interaction with iron, which is an important leaf's chlorophyll cation, zinc increased the 
seed yield. The drought stress reduced the thousand kernels weight (TKW) and the number of seeds per spike 
increased about 24% and 8.5% more than the one of control treatment, respectively. 
 Pourgholam et al, [20] obtained that grain yield is directly related to the rise and fall of each of the 
components, the yield will be affected. Grain yield of the control treatment with foliar iron concentration was 
3484 kg ha-1. 
 Therefore, the aim of the present experiment to study the role of variety and Fe, Zn in canola growth, grain 
yield on oil yield (kg/ha) and quality under water deficit stress. 
 

MATERIALS AND METHODS 
 
 This experiment was carried out in order to investigate effect of Zn and Fe foliar application and Variety on 
quality and quantity characteristics in Canola (Brassica napus L.) under different levels water deficit stress at 
Iran in 2012. In this respect, Research was conducted with complete randomized block experimental design with 
factorial arrangement with three replications. In this experiment, the The factors were included Irrigation 
(Normal irrigation, Cut irrigation from silique stage, Cut irrigation from flowering stag) and Variety were 
included RGS003 and Sarigol and foliar application (Pure water, 4/1000 Zn-foliar application, 4/1000 Fe-foliar 
application and Fe+Zn foliar application together) that sprayed by the results of soil analysis. The site is located 
at 15':36"N latitude, 54':49"E longitude, with an altitude of 1285 m above sea level. The soil consisted of 24% 
clay, 32% silt and 44% sand. The soil bulk density was 1.21 g cm–3; the field was prepared in a 7.2 m2 area (4 
m × 1.8 m). Initially, Plant nutrient feed of phosphorus was added by applying 110 Kg/ha triple super phosphate 
after cultivation. At the end of growth stage we collected 8 plants from each plot randomly for determination of 
plant characteristics. Grain yield was calculated in each plot after grain moisture reached 14% and the weight of 
each grain was determined after counting. Within each plot, an area of 3.6 m2 was hand harvested to determine 
grain yield and total above ground biomass. Plant dry mass (DM) and its partitioning into grain, stover and 
Silique was determined by hand-harvested eight plants from each plot. Subsamples of the chopped stover were 
taken to determine their water content. The silique and grain were air-dried to a moisture content of about 15–
16% and hand-shelled. 
 Oil percentage of grain was determined with Infra Red Grain Analyzer (IRGA) and oil yield was calculated 
by multiplying grain yield to oil.  
 
Statistical analysis: 
 The end of the experiment, the results of each of the characters, after expansion to hectar. all data were 
analyzed using the SAS (9) [23] computer software. When ANOVA showed significant treatment effects, 
Duncan’s multiple range test (p< 0.05) was applied for mean separation when F values were. 
 

RESULTS AND DISCUSSION 
Grain yield: 
 The results obtained from the analysis of data variances showed that the interaction between water deficit 
stress, Variety and elements (Zn and Fe) spray on the grain yield is significant (p < 0.05) (Table 1). The area 
wasn’t significant on grain yield. 
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 Data in Table (2) reveals that the the maximum grain yield (5668 kg/ha-1) consumes normal irrigation and 
Zn+Fe foliar application and RGS003 (Table. 2). The lowest grain yield (1010 kg/ha-1) amount of pure water 
foliar application 
 under the cut irrigation condition at the silique stage and sarigol(Table. 2). The effect of stress timing on 
final yield was also evaluated by plotting the average a measure of water stress against final grain yield for each 
week from crop emergence to physiological maturity (Table, 2). 
  In Water deficit condition, grain yield increased significantly by spraying Zn+Fe (Table2). This research is 
corresponded with the results Pourgholam et al, [20]. Zinc spray increased the grain yield significantly in two 
stress treatments at the seed filling stage and stress-free condition Monjezi et al, [13]. Gharache et al, [4] Water 
stress at silique feeding reduced grain per silique and grain yield, biological yield, harvest index characteristics. 
The results was showed maximum grain yield (3528.4 kg.ha) at cut irrigation in vegetative stage reach to 
minimum grain yield (1525.2 kg.ha) at cut irrigation in silique feeding stage. 
 
Yield component and physical characteristics:  
 Data in Table (1) reveals that water stress deficit Variety and Zn ,Fe foliar application were affected  on 
Number of silique per plant, Number of grain in silique,1000grain Weight, Height plant, chlorophyll a and 
chlorophyll b  are significant (p < 0.05) (Table 1). According to means comparison chart of effected of different 
levels of irrigation disruption, variety and Zn, Fe foliar application amount of the highest Number of silique per 
plant(222.6 N.o), Number of grain in silique(30.93N.o),1000grain Weight(5.49gr), Height plant(180.9 Cm), 
chlorophyll a (1.232µg/gr)  were obtained  of normal irrigation , Zn+Fe foliar application, RGS003 and Sarigol  
treatments. The most of chlorophyll b was observed in irrigation, Zn foliar application and Sarigol  treatment 
(0.925 µg/gr). These results are in harmony with those obtained by Monjezi et al, [13]. They showed that zinc 
increased the seed yield. The drought stress reduced the thousand kernels weight (TKW) and the number of 
seeds per spike increased about 24% and 8.5% more than the one of control treatment, respectively. New 
varieties naturally contain %40- %45 oil which is used as raw materials to produce industrial and hydraulic oil, 
cleanser, soap and biodegradable plastics [3]. Jensen et al [7] reported that the eruption of water deficit stress in 
vegetative growth and flowering stages didn’t have significant effect on each rapeseed weight. However, during 
water shortage in grain filling stage their weight reduce. It has shown that supplemental irrigation of rapeseed 
increases the number of silique and grains per silique by extending flowering stage; and it's because of having 
many leaves in this stage [10]. Inhibition of leaf growth by water stress can be considered to be an adaptive 
response. Thus it limits leaf area production, eventually plants rate of transpiration [19]. It seems imposed water 
stress from the flowering stage in this experiment reduces the number of silique per plant through the reduction 
of flowering period and reproductive growth, and also, no fertilization of some flowers lead to fall of the flowers 
[27]. In this investigation, available strategies for an improved tolerance to water deficit are discussed. These 
results indicate that irrigation at flowering and grain filling stages of canola are sensitive under water deficit 
stress. The Grain yield timing can have a considerable effect on physiological characteristic oilseed.  
 
Table 1: Analysis Variance of agronomical characteristic. 

  M.s    
S.O.V df Number of silique 

per plant 
Number of grain 

in silique 
1000grain 

Weight 
grain yield total above ground 

biomass 
HI 
 

Area 1 1941.137 ns 55.254 ns 1.444 ns 1601912.111 ns 19552610.028 ns 9.902 ns 
Error 4 1385.606 46.998 1.229 1524373.632 12366212.111 29.774 

Irrigation 2 183685.534** 3816.522** 106.486** 157675649.59** 1496445621.049** 1145.265** 
Area*  Irrigation 2 741.281 ns 12.609 ns 0.265 ns 416518.757 ns 6961346. 924 ns 4.17 ns 

foliar 3 14665.769** 328.996** 10.138** 11267814.843** 120615631.824** 68.49** 
Area * foliar 3 305.811 ns 5/204 ns 0.071 ns 608274 ns 2126296.12 ns 9.37 ns 

Irrigation * foliar 6 606.954 ns 16.189 ns 0.144 ns 913027.6 ns 7875374.65 ns 17.473* 
Area * Irrigation * 

foliar 
6 423.352 ns 13.791 ns 0.126 ns 381291.563 ns 3338316.6 ns 4.11 ns 

Error 44 783.694 18.72 0.561 572050.867 5767720. 497 5.901 
Variety 1 835.692 ns 35.007 * 1.396* 343005.444 ns 8311689 ns 1.588 ns 

Area*  Variety 1 103.87 ns 3.3 ns 0.195 ns 217000.694 ns 2786673.778 ns 0.039 ns 
Irrigation * Variety 2 547.612 ns 6.037 ns 0.38 ns 426904.924 ns 6203401.896 ns 1.576 ns 

Area * Irrigation * 
Variety 

2 182.144 ns 8.11 ns 0.154 ns 133344.424 ns 1722049.049 ns 0.326 ns 

foliar*  Variety 3 139.841 ns 3.485 ns 0.262 ns 98346.593 ns 1466153.611 ns 0.725 ns 
Area * foliar * Variety 3 326.846 ns 6.336 ns 0.246 ns 277126.546 ns 2004866.093 ns 3.426 ns 

Irrigation * foliar * 
Variety 

6 496.329* 36.971* 1.113* 356499. 433* 3772997.201* 4.066* 

Area * Irrigation * 
foliar * Variety 

6 124.977 ns 3.479 ns 0.162 ns 183427.47 ns 1878560.169 ns 2.886 ns 

Error 48 226. 938 7.33 0.216 228354.611 2562511.021 2.387 
Total 143 - - - - - - 

CV (% ) - 10.1 14.51 13.79 13.56 19.65 7.74 
*, ** means significant in 0.05 and 0.01 level of probability respectively and NS: non-significant. 
 

Biological Yield: 
 Biological Yield of canola is represented as the grain yield and shoots. According to the results of data 
analysis the interaction effect of Fe, Zn and irrigation disruption and Variety on biological yield was significant 
in 5% probability level (Table 1). Comparisons of means showed that a combination of irrigation disruption 
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treatments after the first harvest and after the 80% of silique formation with Fe + Zn foliar application and 
Sarigol to increase biological yield compared to the other treatments. Main reason for decrease of biological 
yield under water deficit stress conditions can be due to the decomposition of leaves in stress condition and lack 
of their synthesis in this condition [11]. 
 
Table 2: Means comparison of agronomical characteristic. 

Irrigation foliar Variety Number of 
silique per 
plant(N.O) 

Number of 
grain in 

silique(N.O) 

1000grain 
Weight(gr) 

grain yield 
(Kg.ha) 

total above ground 
biomass(Kg.ha) 

HI 
(%) 

 Pure water RGS003 190.8cd 24.38 de 4.11 ef 4864cd 20400cde 23.85 ab 
  Sarigol 192.1 cd 25.2 cde 4.23 def 5012 bcd 20970 bcd 23.88 ab 
 Zn RGS003 200 bc 26.72 bcd 4.64 cde 4976 bcd 21670 a-d 22.92 abc 

Normal  Sarigol 205.8 abc 25.93 cd 4.77 bcd 5091 ab 21550 a-d 23.53abc 
 Fe RGS003 212ab 27.08 bcd 4.97 abc 5284 abc 22180 abc 23.84 ab 
  Sarigol 212.7ab 28.28 abc 5/24 ab 5402 abc 22730 ab 23.77ab 
 Zn+Fe RGS003 222.6a 29.53 ab 5.49 a 5668 a 23260a 24.36a 
  Sarigol 220.1a 30.93a 5.35 ab 5566ab 23460 a 23.76ab 
 Pure water RGS003 125.5gh 14.08 hi 2.69 ij 2770hi 13670 ij 20.29 ef 
  Sarigol 125.7gh 14 hi 2.72 ij 2657hi 13480 ijk 19.63fg 

 Zn RGS003 141.4fg 16.72 gh 2.81 ij 3226 gh 15270 hi 20.88def 
Cut ir from silique stage  Sarigol 159.5ef 19.85 fg 3.45 gh 3861 f 17520 fg 21.64 cde 

 Fe RGS003 147.5f 18.22 g 3.16 hi 3641 fg 16100 gh 22.46 a-d 
  Sarigol 147.8de 22.27ef 3.93 fg 4137 ef 18820 ef 21.79 b-e 
 Zn+Fe RGS003 186.9 cd 24.35 de 4.08 ef 4631 de 19940 de 23.09 abc 
  Sarigol 191.7 cd 24.47 de 4.25 def 4807cd 20250 cde 23.69 abc 
 Pure water RGS003 59.9j 6.95 k 1.37 n 1122 kl 9148 n 12.26jk 
  Sarigol 59.83j 7.07 k 1.36 n 1010 l 8878 n 11.42 k 
 Zn RGS003 77.35ij 8.1 k 1.63 mn 1456 jkl 10440 mn 13.67 ij 

Cut ir from flowering  stage  Sarigol 74.92ij 8.37 k 1.76 lmn 1270 jkl 9934 mn 12.85 jk 
 Fe RGS003 89.48i 9.72 jk 1.98 klm 1750 j 11500 klm 15.02 i 
  Sarigol 88.48i 9.85 jk 2.09 klm 1677jk 11240 lm 14.85 i 
 Zn+Fe RGS003 108h 12.05 ij 2.31 jkl 2317 i 12650 Jkl 18.07 gh 
  Sarigol 113.6h 13.53 hi1 2.46 jkl 2385 i 13170 Jkl 17.39 h 

Means with the same letter in each column have not statistically significant difference 

 
Table 3: Analysis Variance of quantity characteristic. 

   M.s  
S.O.V df Height plant chlorophyll a chlorophyll b Oil seed percentage Oil seed yield 
Area 1 15.537 ns 20.13 ns 1.46 ns 4. 091 ns 350957.073 ns 
Error 4 404.73 5.92 6.739 2.172 314194.06 

Irrigation 2 24198.666** 235.361** 123.756** 201.378** 33194475.491** 
Area*  Irrigation 2 199.926* 1.13 ns 0.652 ns 1.152 ns 71565.849 ns 

foliar 3 2714.844** 16.216** 1.109 ns 17.772** 2385535.358** 
Area * foliar 3 7.379 ns 1.178 ns 1.239 ns 0.334 ns 116582.191 ns 

Irrigation * foliar 6 137.616* 1.614 ns 3.531 ns 1.178 ns 186792.239 ns 
Area * Irrigation * foliar 6 13.695 ns 2.317 ns 3.084 ns 0.755 ns 78008.524 ns 

Error 44 58.447 1.613 8.549 1.142 129476.998 
Variety 1 103.531** 0.403 ns 0.102 ns 1.125 ns 108296.081 ns 

Area*  Variety 1 9.766 ns 0.533 ns 0.011 ns 0.371 ns 42401.824 ns 
Irrigation * Variety 2 200.625** 1. 026 ns 1.584 ns 0.659 ns 91531.15 ns 

Area * Irrigation * Variety 2 22.817** 0.302 ns 7.24 ns 0.197 ns 32009.859 ns 
foliar*  Variety 3 5.215* 1.05 ns 22.126 ns 0.282 ns 27339.782 ns 

Area * foliar * Variety 3 0.449 ns 1.681 ns 8.851 ns 0.175 ns 49349.09 ns 
Irrigation * foliar * Variety 6 6.122* 2.204* 20.284* 2.223** 133560.418** 

Area * Irrigation * foliar * Variety 6 0.432 ns 1.221 ns 6.915 ns 0.166 ns 39318.976 ns 
Error 48 2.842 1.484 6.28 0.314 51804.03 
Total 143 - - - - - 

CV(% )  - 11.13 13.56 17.72 4.33 14.96 
*, ** means significant in 0.05 and 0.01 level of probability respectively and NS: non-significant. 
 
Table 4: Means comparison of quantity characteristic. 

Irrigation foliar Variety Height plant 
(cm) 

Chlorophyll a 
(µg/gr) 

chlorophyll b 
(µg/gr) 

Oil seed percentage 
(%) 

Oil seed yield 
(Kg/ha) 

 Pure water RGS003 160.9 f 1.092 abc 0.616 a-e 43.61 b-e 2122 cd 
  Sarigol 164 e 1.077 abc 0.757 a-d 43.56 cde 2186bcd 
 Zn RGS003 166 e 1.024 bcd 0.925 a 43. 95 a-d 2189bcd 

Normal  Sarigol 170 d 1.078 abc 0.572 b-e 43.86 a-d 2289 a-d 
 Fe RGS003 170.4 d 1.11 ab 0.529 b-e 44.23 abc 2341 abc 
  Sarigol 174.1 c 1.089 abc 0.849 ab 44.33 ab 2395 abc 
 Zn+Fe RGS003 178 b 1.101 ab 0.81 abc 44.33 a 2519a 
  Sarigol 180.9 a 1.232 a 0.556 b-e 44.47 a 2477ab 
 Pure water RGS003 135.5m 0.843 efg 0.313 e 41.32h 1147 hi 
  Sarigol 140.1 k 0.847 efg 0.493 cde 41.33h 1102 hi 

 Zn RGS003 145.5 j 0.894 def 0.568 b-e 42.2 g 1369 gh 
Cut ir from silique 

stage 
 Sarigol 149.6 i 0.967 b-e 0.393 e 42.96ef 1672f 

 Fe RGS003 152.2 h 0.896 def 0.537 b-e 42. 38 fg 1551 fg 
  Sarigol 156.4 g 0.927 c-f 0.549 b-e 43.24 de 1800 ef 
 Zn+Fe RGS003 159.6 f 1.068 abc 0.465 cde 43.5 cde 2018 de 
  Sarigol 165.3 e 1.02 bcd 0.566 b-e 43.64 b-e 2100cd 
 Pure water RGS003 118 r 0.557 i 0.432 de 39.16 kl 440 kl 
  Sarigol 114.8 s 0.552 i 0.405 e 38.99l 394l 
 Zn RGS003 123.4 p 0.62 i 0.403 e 39.7 jk 580/2 kl 

Cut ir from flowering 
 stage 

 Sarigol 120.3q 0.677 hi 0.279 e 39.76 jk 505/5 kl 

 Fe RGS003 130 n 0.712 ghi 0.327 e 40.17 ij 705 jk 
  Sarigol 127.3 o 0.666 hi 0.386 e 40.25 ij 675/5 jkl 
 Zn+Fe RGS003 137.5i 0.799 fgh 0.345 e 40.82 hi 952/5 ij 
  Sarigol 134.6m 0.71 ghi 0.528 b-e 41.2h 996i 

Means with the same letter in each column have not statistically significant difference 
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 Mamedov  reported that with consumption of 25 kg/ha of Fe Sequestrine and 40 kg per/ha zinc sulfate and 
spraying of 2 and 3 per 1000 Fe and zinc the highest amount of Fe accumulation was obtained in canola leaf.  
 Movahdi Dehnavi [15] also reported that water deficit stress in reproductive stage limits Fe and manganese 
elements transport to the seed. Similar results were obtained on soybean plant with the consumption of Fe- 
EDDHA [24]. It appears that with the occurrence of drought at reproduction stages, seed filling stage period 
decreases which leads to weight loss of seeds. Water deficit stress reduces nutrient transfer from leaves to grain 
as well. This result conforms to the ones obtained in the other studies [13]. 
 
Conclusion: 
 The present study has shown that water deficit leads to a reduction in plant growth and biomass 
accumulation. The results obtained from the present research showed that iron and zinc spray has fairly 
improved the effects caused by water deficit stress. Zinc plays an important role in many biochemical reactions 
within the plants. Plants such as maize and sorghum and sugarcane shows reduced photosynthetic carbon 
metabolism due to zinc deficiency. 
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