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ABSTRACT 
 
 In order to investigating the effects of drought stress and consumption of various amounts of nitrogenous 
fertilizer on yield and  yield components of safflower (Carthamus tinoctorious L.) in summer culture at Khoy 
climate condition, an experiment were conducted as split plot designs based on randomized complete blocks in 3 
replications. Main factor in this experiment was irrigation cycle in 3 level including I1 = 80 mm, I2 = 120 mm 
and I3 = 160 mm evaporation from Pan A class basin and secondary factor was 5 level of nitrogen consumption 
including: N1 = 0 Kg (Sample), N2 = 50 Kg, N3 = 100 Kg, N4 = 150 Kg, N5 = 200 Kg nitrogen fertilizer (Urea 
source) in hectare. Various levels irrigation in this experiment had meaning full effect on traits such as Plant 
height, seed number in head, thousand seed weight, grain yield, oil percentage, seeds protein percentage 
.Furthermore, the water use efficiency affected by various levels of irrigation. The maximum grain yield 
obtained from 1360/6 Kg/ ha in irrigation treatment after 80 mm evaporation. The maximum percentage of seed 
oil also is obtained with 37/64 % at the same irrigation treatment. The maximum efficiency of water 
consumption also is obtained with 0/123 Kg / m3 in irrigation based on 80mm evaporation, although there was 
not meaningful difference based on 120 mm irrigation cycle. The effect of consuming various amounts of 
nitrogen was meaningful on the plant height, seed number in head, thousand seed weight, and grain yield and 
water use efficiency. The maximum grain yield obtained with 1141 Kg/ha by using 200 Kg nitrogen that had not 
meaningful difference with 150 and 100 Kg in hectare. This treatment also had maximum oil percent with 38/3 
%. Using 200 and 150 Kg of nitrogen had highest water use efficiency with 0/12 and 0/108 Kg/ m3 respectively. 
Regarding to results of this experiment, it is recommended irrigation based on 120 mm evaporation from the 
Pan A class basin along with consuming 150 Kg nitrogen in planting safflower at relay cropping. 
 
Key words: safflower, nitrogen, yield, oil, water use efficiency. 
 
Introduction 
 
 Growing increase of population and concerns 
about providing edible oil, have been introduced 
safflower as important plant in industry of edible oil 
production. Safflower is one of the important oil 
seeds that is relatively resistant against dryness and 
salinity conditions of soil and we can use it in 
semiarid regions at dry farming. In Iran, edible oils is 
provided more than plant resources, but, 
unfortunately, internal production of country was low 
and more than 85 percent of required oil is imported 
[25]. Among oil seeds, safflower oil had high quality 
and considered as desiccated oil with high percentage 
of Linoloeic acid and also viewed as safest plant oils 
[24]. This plant can produce substantial crop with 

300 – 400 mm rainfall.Iran considered as arid and 
semiarid countries that shortage of rainfall is serious 
challenge for its agricultural development. Therefore 
developing of plant culturing that are resistant 
against drought and salinity has high importance. 
Safflower is one of these plants that away from 
proper efficiency in water consuming. This plant can 
be cultured as after crop, after harvesting fall crops 
(cool season crops) such as wheat, colza (canola) and 
barley. But in such conditions, it’s growing period 
often subjected to summer heat and water consuming 
will be high in it and due to limiting or short aging 
water resources exiting competition on water will be 
possible among various farm with different cultured 
crops, so choosing suitable irrigation cycle with 
emphasizing on economy of water consuming can be 
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considered as important agricultural action. On the 
other hand, management of nitrogen consuming has 
significant importance for sufficient crop production 
and also avoiding of environmental contaminations. 
 Safflower after crop as summer culturing had 
not recorded in northwest of Iran and is restricted to 
central zones of Iran. For this reason, there is not 
exact information and data about irrigation cycle and 
also the amount of nitrogen consuming 
(consumption) and any research that be performed in 
this regard will have substantial importance. Drought 
is one of the most important restricting factors of 
plant yield and even in some cases that incoming 
damage to crop is not to serious, but falling and 
reducing of crop yield is significantly. Drought stress 
affect vegetative growth more than generative 
growth and its reason is for sensitivity of cell 
division and cell growth process against drought 
stress [3, 19]. However, reducing the height of plant, 
number and surface of leaf can cause to reducing 
photosynthesis and finally economic efficiency of 
plant or crop [19]. Although safflower is proposed as 
resistant plant to drought, reducing irrigation and 
incidence of drought stress because of damage to 
crop canopy cause to reduction yield in safflower 
[20]. Hashemi Dezfuli [12], considering the effects 
of drought stress on safflower, showed that leaf 
surface, plant height, the number of branch and the 
head is reduced against drought but weight ratio of 
root to stem is increased in humidity restriction. 
 Bagheri [2006] reported that drought stress 
cause to reducing safflower height. Hang and Ivanz 
[11] showed that plant height and head diameter is 
reduced because of drought stress, but plant height is 
reduced more than head diameter. Drought stress in 
blooming stage of safflower result in reducing yield 
parameters specially  thousand grain weight, seed 
number in head and head number in plant [16]. 
Omidi et al [21] reported that drought stress in 
different stage of growth, cause to reducing 
photosynthesis and reducing of dry matter production 
and if irrigation stopping is done in seed formation 
stage, then it will have least effect on final 
performance or efficiency of seed but drought stress 
in blooming stage and beginning of granulation will 
have utmost reduction in safflower yield. 
 Nitrogen is fourth constituent element of plant 
dry weights and one of the constituent element 
parameters in many of the important molecules such 
as proteins, nucleic acids, and some of the hormones, 
chlorophylls. [14]. Safflower reaction to nitrogen is 
high in comparison to other fertilizers. Nitrogen 
result in increase of branch and leaf of safflower but 
excessive consumption of it cause to dormancy of 
stem and also expansion of fungus disease in humid 
and sub humid regions giving proper amount of 
nitrogen to safflower not only cause to increasing 
grain yield in safflower but also prohibited from 
leaching this fertilizer and contamination of 
environment [15]. Shortage of nitrogen can cause to 

reduction vegetative and generative, speed of  Leaf 
formation and yield and yield components such as 
head Number in plant, seed number in each head 
[23]. Due to the fore going, this experiment were 
conducted with the purpose of investigating various 
levels of irrigation and consumption of nitrogenous 
fertilizer and studying of reciprocal effect of this two 
factor on yield and water use efficiency of safflower 
at relay cropping carried out to study the effects of  
nitrogen and irrigation in Khoy condition. 
 
Materials And Methods 
 
 This experiment were conducted in the research 
farm of agriculture and natural resources station in 
Khoy township, west Azerbaijan province 
(Northwest of Iran) that locate in 2 Km distance from 
town. Experiment farm is located in longitude in 44 
degree and 58 minutes east and latitude of 38 degree 
and 33 minutes north. The height of this region from 
the sea level is 11.3 m, average of heat degree 
annually is 11.3 siliceous and average of its annual 
irrigation is 395 mm, and based on Copan’s climatic 
classification, this region has semiarid climate, 
meteorological data and information's show that 
close to half of annual rainfalls of this region occur 
between the mounts January to may month that a few 
crops planted in this season of. This experiment were 
done in the soil with loamy clay texture with   PH = 
7.7. Other. 
 This experiment was conducted as split plots in 
randomized complete blocks design in three 
replication. Main factor in this experiment was 
irrigation cycle based on evaporation from pan A 
class basin that include I1 = irrigation after 80 mm 
evaporation, I2 = irrigation after 120 mm evaporation 
and I3 = irrigation after 160 mm evaporation from 
pan A class basin. Secondary factor was different 
levels of nitrogenous fertilizer consumption in five 
level such as: N1 = 0, N2 = 50, N3 = 100, N4 = 150 
and N5 = 200 Kg urea fertilizer. The safflower 
variety was locally Esfahan with 120 – 130 day 
growth cycle was low thistle and red color blooms. 
Ready operation of seed bed was including two 
vertical disk plow. Phosphorous fertilizers selected 
from triple super phosphate source amount to 150 Kg 
and potassium fertilizer from potassium sulfate 
source amount to 150 Kg along with half of 
nitrogenous fertilizer that is given to soil with disk 
after planting. After disk, leveling and provided 
furrows created with 60 cm distance. Every plot were 
constituted from 4 planting line with 4 m length and 
for avoiding from leakage of water to adjacent plots, 
it was created 2 m distance between plots. Seeds are 
planted in 3 cm depth of furrows surface and with 10 
cm distance from each other in 10th of Juan.  Initial 
irrigations is done with 4 day distance from each 
other for good and proper sprouting of cathouse 
seeds and after sprouting and initial establishment of 
plant, next irrigation is done based on considered 
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treatment. Weed control in time of growth cycle is 
done by hand puling and controlling. Half of 
nitrogenous fertilizer also is given to plant in 
blooming stage. Crop harvest operation is done in 1th 
of November with yellowing and drying of heads. 
Trait measuring is performed from 2 centric lines and 
with regarding marginal effect from two end of lines. 
The experimented traits included plant height, 
number of heads in plant, seed number in head, 1000 
seed weight, seed yield per hectare, harvesting index, 
seed oil percentage and percentage of seed protein 
and also water use efficiency. Variance analysis and 
comparison of data results is done by MSTATC 
software and plotting of curves also is done by 
software excel software.  
 
Results:  
 
Stem Height: 
 
 The results obtained from variance analysis of 
experiment data about stem height showed that 
irrigation period and nitrogenous fertilizers had 
meaningful effect on stem height (table 2).  Based on 
the results of comparison of means, irrigation 
treatment based on 80 mm evaporation from class A 
basin with average of 103.16 cm in stem high laid 
topmost statistic group, and least height of stem with 
average of 88.78 cm was related to irrigation after 
160 mm evaporation from class A basin (table 2). 
Between irrigation treatments based on 80 and 120 
mm evaporation, it is not observed meaningful 
difference statistically. Maximum height of stem 
with average of 104.62 cm was related to 200 Kg 
consumption of nitrogen (N5), although there was not 
meaningful difference among this fertilizer treatment 
and treatments N3, N4 (150 and 100 Kg).Least height 
of stem with average of 90.622 cm was related to 
observer treatment (without nitrogen consumption) 
that placed in the lowest statistical group. 
 
Head Number Per Plant: 
  
 The results obtained from variance analysis of 
head number in plant showed that both factors, i.e., 
irrigation cycle and various amounts of nitrogen 
consumption had not any meaningful effect on this 
studied trait and all of them placed in one statistical 
group (table 2). Although, number of head is reduced 
with increasing drought stress from 24.31 number 
per plant to 20.04 number in irrigation cycle 80 and 
160 mm respectively, but this reduction in head 
number was not meaningful statistically. The head 
number is increased with increasing amount of 
nitrogen consumption such that it got from 22.27 
numbers in sample treatment to 24.2 number in N5 
treatment, but this increase was not meaningful 
statistically (table 3). 
 
 

Seed Number Per Head: 
 
   In this experiment, the effect of irrigation cycle 
on seed number was meaningful statistically. (Table 
2). Seed number in head is reduced with increasing  
irrigation interval and got from 15.7 number in 
normal irrigation conditions (I1) to 11.71 number in 
extreme stress conditions (I3) (table 3). There were 
not meaningful differences between I2 and I3 
irrigation levels. Nitrogen consumption in various 
amounts also had meaningful effect on seed number 
in head (table 2). Comparison of seed number means 
showed that, the number of seed in head is increasing 
with increasing amount of nitrogen consumption. 
The maximum number of seed in head is obtained 
with average of 14.96 numbers in N5 treatment that is 
consumed 200 Kg nitrogen in hectare, and placed in 
a statistically group. In sample treatment, the means 
of seed number in head was 11.99 numbers (table 2). 
There were not meaningful difference among the 
treatment of 200 Kg nitrogen consumption (N5) with 
treatments of 150 and 100 Kg nitrogen consumption 
(N3, N4) statistically (table 3). 
 
Thousand Seed Weight:  
 
 The effect of irrigation cycle and consumption 
of nitrogen on thousands seed weight was 
meaningful statistically (table 2). Thousand seed 
weight is reduced with increasing severity of drought 
stress, as it is reduced from 31.15 gram in normal 
irrigation conditions (I1) to 23.02 gram in stress 
irrigation conditions based on 160 mm evaporation. 
There were not meaningful difference between 120 
and 160 mm evaporation in irrigation cycles and both 
of experimental treatments placed in one group. 
Among five different levels of nitrogen consumption 
that compared, maximum weight of thousand seed 
weight with average of 28/00 gram was belonged to 
the treatment of 200 Kg nitrogen consumption that is 
placed in high group than observer treatment with 
average of 24.86 gram statistically. There were not 
meaningful difference among N2, N3, N4 treatments 
with N5 treatment and all of the above mentioned 
treatments placed in high group statistically. 
 
Seed Yield:  
 
 The results obtained from various analysis of 
experiment data showed that the effect of irrigation 
and amounts of nitrogenous fertilizer were 
meaningful effect on seed yield in the level of p ≤ 
1% (table 2). Meanwhile, the most efficiency of seed 
with 1360.61 Kg in hectare was related to irrigation 
cycle based on 80 mm evaporation from class A 
basin and the least efficiency of it with 588.01 Kg in 
hectare was related to irrigation cycle based on 160 
mm evaporation. There was not meaningful 
difference between 80 and 120 mm evaporation in 
irrigation cycle statistically (table 3). The seed yield 
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is increased with increasing the amount of nitrogen 
consumption, such that it got from 735.31 Kg in 
treatment without nitrogen consumption to 1141.87 
Kg with consuming 200 Kg nitrogen. In other words, 
it is showed that the seed efficiency of the Safflower 
with consuming 200 Kg nitrogen in hectare is 
increased about 36 % that is significant number. In 
this study, there was not meaningful difference 
between nitrogen consumption and different levels of 
irrigation (table 2). 
 
Harvesting Index: 
 
 In this research, the effect of irrigation cycle on 
the harvesting index was not meaningful statistically, 
but different amounts of nitrogen consumption had 
signification effect on the harvesting index in the 
level of P ≤ %5. In this investigation, although 
harvesting index is reduced with extending drought 
stress from 80 mm to 160 mm evaporation in class A 
basin and got from 14.87 to 9.86, this reduction was 
not meaningful statistically. Among five different 
levels of nitrogen consumption, the most index of 
harvesting with 14.47 was belonged to 200 Kg/ha in 
nitrogen consumption treatment, although there were 
not meaningful difference among this level of 
nitrogen consumption with 150 and 100 Kg nitrogen 
treatments. The least harvest index with average 
10.70 is obtained from treatment without nitrogen 
consumption and is placed in the lowest statistical 
group. Also, there is not observed any mutual 
meaningful effect between nitrogen consumption in 
different levels of irrigation cycle (table 2). 
 
Oil Percent: 
 
 Percentage of seed oil is one of the qualitative 
traits in this experiment that is considered. The 
results obtained from variance analysis of experiment 
data showed that irrigation cycle had meaningful 
effect on the percentage of seed oil in the level of P ≤ 
% 1     (table 2). With esteeming drought stress and 
increasing irrigation interval, it is reduced from 
percentage of seed oil so that the maximum or 
highest percentage of seed oil with average 33.00 % 
is obtained in irrigation treatment based on 160 mm 
evaporation and placed in C static group. Nitrogen 
consumption also had meaningful effect on the 
percentage of seed oil (table 2). Increasing nitrogen 
consumption cause to decreasing the seed oil with 
38.30 % is obtained from treatment of without 
nitrogen consumption and placed in high static group 
and least percent of seed oil with average of 33.12 % 
is obtained from the treatment 200 Kg nitrogen 
consumption and is placed in D static group. Mutual 
effect of irrigation cycle and various amount of 
nitrogen consumption was not meaningful on the 
percentage of seed oil. 
 
 

Protein Percent: 
 
 Percentage of seed protein was another 
qualitative trait that is investigated. The results of 
variance analysis of data indicate that intensifying of 
stress cause to increasing the amounts of seed 
proteins (table 3). The highest percentage of seed 
protein with average of 20.00 % is obtained from 
irrigation treatment based on 160 mm evaporation in 
class A basin and the least percentage of seed protein 
with average of 17.62 % is obtained from normal 
irrigation treatment (80 mm evaporation). The 
amount of nitrogen consumption also had meaningful 
or significant effect on the percentage of seed protein 
(table 2). We observed that the percentage of the 
seed protein with average of 21.43 % is belonged to 
200 Kg nitrogen consumption treatment that placed 
in a static group and the least percentage of the 
protein with average of 16.334 % is obtained from 
sample treatment (without nitrogen consumption) 
and placed in E group (table 3). On the other words, 
with consuming 200 Kg nitrogen, protein percentage 
of seed is increased about 31.3 %. Mutual effect of 
irrigation and nitrogen was not significant on the 
protein percentage of seed (table 2). 
 
Water Use Efficiency (WUE): 
 
 Evaluating the efficiency of water consumption 
on the seed production was one of the important trait 
that is investigated in this experiment. The results of 
variance analysis showed that irrigation cycle had 
meaningful effect on this studied trait in the level of 
P ≤ % 5.The maximum WUE with average of 0.133 
Kg / m3 is obtained from irrigation treatment based 
on 80 mm evaporation, although there was not 
meaningful difference with irrigation treatment 120 
mm with average of 92 % statistically. The effect of 
various amounts of nitrogen consumption also was 
meaningful on the efficiency of water consumption 
in the level of P ≤ % 10 (table 2), and the efficiency 
of water consumption is increased with increasing 
the amount of nitrogen consumption. The maximum 
water use efficiency was related to 200 Kg nitrogen 
level in hectare that is placed with average of 0.120 
Kg / m3 along with 150 Kg nitrogen consumption is 
one of static group. The least WUE with 0.75 Kg / 
m3 is placed in lowest static group 
 
Discussion: 
  
 In this study, the height of plant is reduced with 
increasing irrigation intervals and got to irrigation 
cycle based on 160 mm evaporation from class A 
basin (table 2). The results of investigations show 
that any drought stress in plant cause to decreasing 
turger pressure inside cells and reduce the length 
growth and cell division. Such conditions result in 
reducing photosynthesis organisms in plant and also 
reduce photosynthesis [17] And plant height and 
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distance between the nodes became small [16] also 
obtained same result. But, nitrogen consumption 
cause to increasing the height of the stem in plant 
because one of the important roles of nitrogen in 
plant is, increasing cell division and continuing 
vegetative growth and in this way cause to increasing 
stem growth and stem length in plants. The results of 
Bagheri researches [4] about nitrogen consumption 
and it's positive effect on the increasing of stem 
height in Safflower agree with the results of this 
experiment. The number of head in plant was not 
meaningful and seems that effect of stress on the 
other characteristics of head is meaningful such as 
seed number in head, seed weights of head and in 
this way result in increasing efficiency. Bagheri [4] 
assumed that the trait of head number in plant as an 
important generative trait and one of the important 
components in Safflower efficiency, but this is more 
following the lateral branches. But, seed number in 
head was the trait that affected by two factor of 
irrigation cycle and nitrogen consumption and seed 
number in head reduced with intensity of drought 
stress (table 2). Stopping irrigation or decreasing the 
water volume cause to sterility of some of the head 
blooms and it's following, seed number in head also 
reduce. Also, if the stress of water shortage be in the 
stage of generative growth, then it's bad effect will be 
visible on the seed number in head [4,9,24].  
 Meanwhile, nitrogen consumption result in 
increasing seed number in head, it’s reason may be 
existence of sufficient extract with using nitrogen 
and also developing leaf areas and following it, the 
photosynthesis potential of plant that cause to 
provide enough materials for sending towards 
blooms and seed and also cause to decreasing seed 
abortions or inoculation. Enough irrigation cause to 
increasing thousand seed weight of safflower (table 
2). Thousand seed weight is reduced significantly, 
with intensifying stress and creating distance 
between irrigation cycles from each other in I3 
treatment. The possible reason of this reduction can 
be decreasing generative growth and leaf area index 
(LAI) and decreasing seed portion in receiving 
reservoir compounds. Furthermore, decrease of 
attraction of mineral compounds because of drought 
stress can have negative effect on the vegetative 
growth and then generative growth of plant and 
cause to decreasing thousand seed weight. The 
results of researches of Abolhashem et al[1] and 
Heidari and Assad [13], verify this issue. But, 
consuming 200 Kg nitrogen in hectare caused to 
increasing the weight of safflower seeds (table 2). In 
high amounts of nitrogen, investments of 
photosynthesis materials increase in the leaf and stem 
sections and at the result it is addition to accumulated 
matters in seed. The results of this investigation have 
full agree with the researches Omidi et al [21]. Seed 
yield in safflower is one of the efficiency 
components and increase in one of the efficiency 
components can cause to final increase in seed 

efficiency of safflower in this investigation seed 
efficiency is affected by two factors such as 
irrigation and nitrogen (table 2). With increasing 
irrigation intervals from 80 mm to 160 mm 
evaporation, the seed efficiency got from 1360.61 Kg 
in hectare to 588.8 Kg that it show 60 % decrease, 
and this indicate that, although safflower is drought 
resistant plant, it's successful production is depend to 
providing enough water for plant. But, placing two 
I1, I2 irrigation level in one static group (table 3) 
shows that we can use from 120 mm evaporation 
from class A basin instead of 80 mm evaporation in 
irrigation cycle, without observing significant 
decrease in seed efficiency. Several researchers have 
pointed out to decreasing seed efficiency of safflower 
in drought stress conditions [20,22]. 
 Addition of nitrogen to soil in comparison to 
observer treatment could increase the seed efficiency 
of safflower significantly such that the highest 
efficiency of safflower with average of 114/187 KG 
is obtained with consuming 200 KG Nitrogen. 
Nitrogen cause to increasing vegetative and 
generative growth in safflower and existing enough 
amounts of Nitrogen in soil can cause to remaining 
more numbers of fertile blooms and prevented from 
bloom and seed abortions, that its final result is 
increase of seed efficiency. various researchers have 
pointed out of this point that providing enough 
Nitrogen with effect on yield and yield components 
result in increasing safflower efficiency [2,6,7]. 
 harvest index is as representation of assigning 
photosynthesis matters to economic part of plant that 
this part is seed in safflower and if one of the studded 
factors cause to increasing harvest index, that this 
will have high importance in view of researchers and 
formers. In this investigation, irrigation had not 
meaningful affection the harvest Index .It seems that 
the effect of irrigation was equal on the vegetative 
and generative components of plant and both aeration 
organs and seeds reduced equally due to low 
irrigation. Naderi Dorbaghshahi et al [20] also 
observed that drought stress have not meaningful 
effect on the harvesting Index was meaningful or 
significant (Table 1) and with increasing Nitrogen 
consumption, index of harvesting also increased. It 
seems that increase of harvesting index due to 
enough nutrition within cause to increasing the 
number of fertile seeds and thousand seed weight and 
speed of increasing seed weights is more than 
increasing branch and leaf and its final result is 
increase of leaf area index (LAI).  
 In this experiment, the percentage of seed oils in 
safflower is reduced with increase of drought stress. 
Drought stress in safflower cause to disturbance in 
filling seed and increase of shell ratio to core and 
finally decrease of oil temperature of plant canopy 
and temperature is important factor in decreasing oil 
percentages in seeds [27] . Nitrogen consumption 
result in decrease of oil percentage because Nitrogen 
cause to increase of fat acids and its final result is 
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decrease of oil percentage in oil seeds [5]. He  also 
pointed out negative effect of Nitrogen consumption 
on oil percentage of seeds. Protein of safflower seed 
have high importance because of its use in animal 
nutrition that in this investigation, irrigation cycle 
had effect on protein percentage and stress of water 
shortage caused to increase of protein percentage of 
seed. It seems that drought stress cause to shorting 
fill cycle of seed and since proteins are initial 
reservoirs compounds in seeds, so there isn't enough 
chance for reserving fat acids or carbohydrates and at 
the result, the protein percentage of seed increase in 
drought stress conditions. The researches of Naderi 
Dorbaghshahietal, [2], and pourdad et al [22], also 
agree with the results of this research. Consuming 
Nitrogenous fertilizer with positive effect on the 
synthesis of amino acids caused to increase of raw 
protein percentage and increase in soil Nitrogen can 
cause to increase of protein percentage of seed. The 
results of Fatemi Naghadeh and Soroushzadeh [10], 
Kholdehbarin and Eslamzadeh [18], also verify the 
above matters. 
 Evaluating the efficiency of water consumption 
is one of the goals of any research about drought 

stress of irrigation cycle. In this investigation, the 
efficiency of water consumption is reduced with 
increase of drought stress but in medium stress (I2), 
there was no difference with normal irrigation (I1) 
and this indicate that we cause from 120 mm 
evaporation in irrigation cycle instead of irrigation 
based on 80 mm evaporation from class A basin .But, 
Nitrogen consumption could cause to increase of 
efficiency of water consumption. 
 Nitrogen result in the plant has had more depth 
root and use from the existing water blooms reduce 
and weights increase and the efficiency of water 
consumption also increase .The research results of  
Uhart and Andradeh [26], [26] is agree with the 
results of this experiment. Regarding to above results 
and interpretations, consuming of 150 KG Nitrogen 
can recommendable with positive effect on 
efficiency and performance components and also 
protein percentage and oil efficiency in culturing of 
safflower in late culture conditions at Khoy. Also, 
irrigation cycle based on 120 mm evaporation from 
class A basin with positive effect on the efficiency of 
water consumption can have the same efficiency with 
the irrigation based on 80 mm evaporation.

 
Table 2: variance analysis result of experimental traits in different irrigation levels and various amount of nitrogen consuming. 

Means of square 
 
Protein 
percent 

 
Oil 
percent 

 
Harvest 
index 

 
1000 
grain 
weight 

 
Grain yield 

 
Grain 
per head 

 
Head per 
plant 

 
Plant 
height  

 
Degree 
of 
freedo
m 

 
Source of variance 

 
 

2.315 10.808 3.855 6.778 64480.706 3.558 42.05 97.044 2 Replication 
21.511** 121.736** 95.725 249.088 2263243.551** 59.991* 105.805 839.64

3* 
2 Irrigation period 

0.013 0.276 28.580 6.841 115895.335 4.972 32.699 73.109 4 Error 
44.660** 65.252** 16.991* 15.312** 215.346.033** 11.915** 11.195 374.52

6** 
4 Nitrogen 

 
1.396** 0.466 5.091 2.293 16148.904 1.667 7.112 41.474 8 Irrigation * 

Nitrogen 
0.007 0.400 6.173 3.031 27708.888 1.504 26.928 59.968 24 Error 
0.43 1.80 19.83 6.47 17.51 9.01 22.48 7.97  Correction factor % 

** and *difference in %1 and 5% respectively. 
 
Table 3: means comparison of experimental traits in different irrigation levels and various amount of nitrogen consuming. 

Protein 
percent 

Oil percent Harvest 
index 

1000 grain 
weight 

Grain yield Grain per 
head 

Head per 
plant 

Plant height Experiment
al 

treatments 
Irrigation period 
17.615 c 37.639 a 14.876 31.147 a 1360.612 a 16.699 a 24.307 103.160 a I1=80 mm 
18.961 b 35.536 b 12.885 26.587 b 903.850 ab 13.410 b 24.913 99.553 a I2=120 mm 
20.003 a 32.001 c 9.855 23.017 b 588.011 b 11.711 b 20.040 88.780 b I3=160 mm 

Nitrogen levels      
16.324 e 38.302 a 10.699 b 24.856 b 735.30 c 11.990 c 22.267 90.622 b N1=0 kg 
16.749 d 37.301 b 12.008 b 26.400 ab 879.959 bc 13.074 bc 21.567 90.744 b N2=50 kg 
19.560 c 34.670 c 12.553 ab 27.672 a 958.511 ab 13.646 ab 23.722 97.611 ab N3=100 kg 
20.243 b 32.903 d 12.910 ab 27.656 a 1038.479 ab 14.357 ab 23.678 102.022 a N4=150kg 
21.421 a 32.117 d 14.474 a 28.000 a 1141.867 a 14.961 a 24.200 104.822 N5=200 kg 

 
Reference 
 
1. Abulhashem, L, Amin Majumdar, M.N. and M. 

Hossein, 1998. Drought stress on seed yield, 
yield attributes, growth, cell membrane stability 
and gas exchange of synthesized (Brassica 
napus L.). Crop Science, 180: 129-136. 

2. Allen, E., & J. Morgan, 1995. Quantitative 
comparison of the growth, development and 
yield of different varieties of oilseed rape. 
Journal of agricultural science, 58: 159-174. 

3. Alyari, H. and F. Shekari, 2000. Oilseed crops, 
culturing and ecology. Amidi published, Tabriz, 
Iran. pp: 182. 



2680 
Adv. Environ. Biol., 6(10): 2674-2680, 2012 

 

 

4. Bagheri, M., 2006. Effect of Azetobacter and 
Azosprillum inoculation on yield and yield 
components of two safflower variety under 
drought stress condition. M.sc thesis of 
Agronomy, Tabriz Branch, Islamic Azad 
University, pp: 118. 

5. Baradaran, R., 1995. Evaluation of Genetically 
relationship of yield and yield components in 
study of important Agronomic Traits by Result 
decomposing. M.sc Thesis of Breeding, Tehran 
University(In Farsi).  

6. Bohra, G., 2000. Effect of levels of nitrogen and 
row spacing in safflower, 63(23): 652. 

7. Chakeral-Hosseini, M.R., 2005. Effect of 
nitrogen and phosphorus fertilizer on Yield of 
safflower in semitropical condition. 9th National 
conference of Agronomy And  Breeding of Iran.  

8. Dahnke, W.C., C. Fanning and A. Cattanach, 
1992. Fertilizing Safflower. North Dakota 
University, NDSU Extension Service. 

9. Effatdoost, N., 2003. Evaluation of drought 
stress on various genotypes of safflower. M.sc 
Thesis of Agronomy, Tabriz Branch, Islamic 
Azad University. pp: 122. 

10. Fatemi Naghadeh, H., & A. Soroosh Zadeh, 
2002. Effect of planting date and Sprayed 
nitrogen and boron Reproductive stage on 
soybean yield and yield components. In: 
Proceedings of the seventh set of Crop Science 
Congress of Iran. Karaj, 233. (in Farsi). 

11. Hang, A.N., D.W.E. Vans, 1995. Deficit 
sprinkler irrigation of sunflower and sunflower 
Agron. J., 77: 588-592. 

12. Hashemi Dezfuli, A., 1994. Growth and yields 
of safflower by drought stress. Crop Res. Hisar. 
7(3): 313-319. 

13. Heidari, S. and M.T. Assad, 1998. Effect of 
irrigation regimes, Nitrogen fertilizer and plant 
density on safflower Var. Zargan in Arsanjan 
Conditions. 5th nation conference of Agronomy 
and breeding of Iran. (Abstract). 

14. Hopkins, W.G., 2004. Introduction to plant 
physiology (3rd ed.). John Wiely & Sons. New 
York, PP: 557. 

15. Jacobsen, J., G. Jackson and C. Jones, 2003. 
Fertilizer guidelines for Montana crops. 
Montana State University Extension Service, pp: 
16-24. 

 
 
 
 
 
 
 
 
 
 
 
 

16. Karimi, Asl, A., 2006. Study on drought stress 
effects on physiological and agronomic 
characters in new safflower genotypes. M.sc 
thesis of Agronomy, Tabriz Branch, Islamic 
Azad University, pp: 133.  

17. Khalili Mahalleh, J., 2012. Effect of 
superabsorbent application on corn yield under 
deficit irrigation condition. PhD thesis of 
Agronomy, Tehran Science and Research 
Branch, Islamic Azad University, pp: 246.  

18. Kholdebarin, B., & T. Eslam zadeh, 2001. 
Mineral nutrition of higher plants. Shiraz 
University publication. First edition, 1(495) 
pages. (in Farsi). 

19. Kouchaki, A., M.H. Rashed Mohassel., M. 
Nasiri Mahallati and R. Sadrabadi, 1995. 
Fundamental of physiology, growth and 
development. Emam Reza University published. 
pp: 404. 

20. Naderi Dorbaghshahi, M.R., G. 
Nourmohammadi, I. Majidi, F. Darvish, A.H. 
Shirani Rad and H. Madani, 2004. Effect of 
drought stress and plant density on echo-
physiological characters of three safflower lines 
at relay cropping in Isfahan. Nahal va Bazr 
Journal, No: 20: 281-296. 

21. Omidi, A.H., M.R. Ahmadi, M.R. Shasavari,  
and S. Karimi, 2000. Study of seed and oil yields 
stability in some winter safflower cultivar and 
lines. Seed and Plant, 16: 130-145 (in Farsi). 

22. Pourdad, S., 2006. Safflower. Sepehr published, 
Iran. pp: 123. 

23. Smith, J.R., 1996. Safflower. AOCS Press, 
Champaign, IL, USA. pp: 624. 

24. Shokri, F., A. Alizadehand, V. Rashidi, 2004. 
Evaluation of some traits and drought tolerance 
indexes in various lines and varieties of 
safflower. Agricultural Science Journal, (3):1-11 
(in Farsi).  

25. Tahmasbpour, B., 2006. Response of safflower 
genotypes to drought stress. M.sc Thesis of 
Breeding, Tabriz University, pp: 103. 

26. Uhart, S.A. and F.H. Andrade, 1995a. Nitrogen 
deficiency in maize. I. Effects on crop growth, 
development to dry matter-partitioning, and 
kernel set. Crop Sci., 35: 1376-1383. 

27. Zeinali, A., 2001. Safflower. Gorgan University 
press, Iran (In Farsi), pp: 144.  


