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ABSTRACT 
 
Damage caused by water shortages leads to physiological and biochemical changes in metabolism of 
plants and make them predispose to attack by pests and diseases and reduce the quality of the crops. In 
order to evaluate the effect of supplemental irrigation on safflower fly (A. helianthi) population of 
safflower cultivars, an experiment conducted as a split plot based on randomized complete block design 
with three replications in field conditions. supplemental irrigation included four levels as follows: no 
irrigation (control) (I1), supplemental irrigation at budding stage (I2), supplemental irrigation at flowering 
stage (I3) and irrigation at seed filling stage (I4) as main plots and six cultivars including Padideh, 
Goldasht, Varamin 295, Zarghan 279, Mec.88 and Sina as sub plots. Results showed that with 
supplemental irrigation number of safflower fly (A.helianthi) decresed and no irrigation (control) 
treatment had the highest number of safflower flies with an average of 81.97±3.13 pests in the square 
meter. Amomg studied cultivars, Mec.88 with an average of 93.31±2.88 and Goldasht with an average of 
45.89±6.63 had the highest and lowest flies in the square meter, respectively. The results of interactions 
between supplemental irrigation and cultivar showed that the highest number of safflower fly (A. 
helianthi) abtained from I2V5 treatment (no irrigation and Mec.88 cultivar). In general, the results 
showed that yield amount for Sina cultivar and supplemental irrigation at the flowering stage (I3V6) with 
an average of 2721±12.35 kg/ha was higher than other treatments. 
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Introduction  
 
Safflower (Carthamus tinctorius L.) is member of Compositae family which is one of the oldest oilseeds. 
Safflower with having vertical root type can penetrate to soils a depth of two to three meters (Aliary et al., 
2000). Safflower generally grows in semi-arid areas with temperate climates in many parts of the world 
and is used as industrial oil, spice and birdseed (Johnston et al., 2002; Zeide, 1993). Supplemental 
irrigation in order to improve and stabilize production, small amounts of water are added to crops which 
are essentially rainfed, during periods which rain can not provide sufficient moisture for normal 
development of plants (Oweis, 1997). Damage caused by water shortages, reduced production due to 
delays or failure of plant establishment, weakening or loss of established plants, the plants prone to pests 
and diseases, changes in the plant biochemical and physiological metabolism and decrease crops quality 
(Pierce-Gardner et al., 1985). Safflower fly Acanthiophilus helianthi Rossi., (Dip: Tephritidae) is one of 
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the most important pests of safflower and attacks late planted crop and in the absence of timely and 
continuous spraying, much damage imports to safflower seed.  Damage to the safflower may reach to 90 
percent (Zeinali, 1999). In crops such as safflower, attact of different pests such as flies cause direct 
damage by decreasing the amount of seed production and decreasing oil in contaminated seeds compared 
with normal seeds is 37.8 percent (Jakhmola and Yadav, 1980). Severe drought conditions, increase 
safflower flies population and their damages. However, mild drought stress significantly reduced the 
percentage of infested bolls by safflower fly (A.helianthi) and increased 1000 seeds weight in healthy 
boll, and also caused to water saving (Hasanshahi and Askarianzadeh, 2012). Results of Hasan Shahi and 
et al. (2012) showed that the amount of direct damage of safflower fly (A. helianthi) on Goldasht, 
Padideh and C44 cultivars was 50.09, 68.05 and 66.66 percent, respectively (Hasanshahi et al., 2012). 
Hasan Shahi and Askarian Zadeh expressed that offsetting phenomenon in Goldasht cultivar on the 
amount of safflower fly (A. helianthi) damages is visible (Hasanshahi and Askarianzadeh, 2012). Some 
agricultural practices such as irrigation may be able to have an impact on the population and the amount 
of safflower fly (A.helianthi) damages, so that drought may affect the amount of damage of crop pests 
such as safflower fly (A.helianthi). In order to evaluate effect of drought stress on population and damage 
of safflower fly (A.helianthi) in Esfahan region has indicated that severe drought with no spraying, 
increases safflower pests especially safflower fly (A. helianthi) and decreased 30.23 percent of  yield 
(Hatami et al., 2008). Occurrence of droughts in Czech country, increased population of aphids in wheat 
fields (Stary and Lukasova, 2003). 
 

MATERIAL AND METHODS 
 
The experiment was conducted at Agricultural and Natural Resources Research Center of Lorestan, 
located in the city of Khorramabad, Iran, in 2012. The farm is located at an altitude of 1171 m above 
mean sea level, and located at 33°29´ N and 48°21´ E. The average annual rainfall of the region is 440 
mm, average annual temperature is 17.19 ° C and annual evaporation is 1842.52 (based on long-term 
weather statistics) and has a semi-arid climate. Main plots was included four levels as follows: no 
irrigation (control) (I1), supplemental irrigation at budding stage (I2) (175-180 day after planting), 
supplemental irrigation at flowering stage (I3) (195-200 day after planting) and irrigation at seed filling 
stage (I4) (210-215 day after planting) and sub plots was included six cultivars including Padideh (V1), 
Goldasht (V2), Varamin 295 (V3), Zarghan 279 (V4), Mec.88 (V5) and Sina (V6). Length and width of 
each plot was 6 and 1/5 meters, respectively, so each plot had 6 sowing line with row spacing of 25 cm 
and plant spacing of 10 cm.  the distance between main plots was 2 m and the distance between sub plots 
was 50 cm, and the distance between blocks was 5 m. Supplementary irrigation in three stages (based on 
treatments) on 2012.05.15, 2012.06.06 and 2012.06.12 were performed. The treatment was irrigated 
based on flooding irrigation method until the soil was saturated. The first sampling was done after plant 
growth and based on irrigation treatment shortly before budding stage. Sampling was conducted weekly 
and totally 6 times. Sampling was begun from budding stage (third week of May) and continued until 
reproductive growth finished (fourth week of June) and safflower fly (A.helianthi) population were 
measured. Different methods of sampling sucg as yellow sticky cards, net, counting in place, were used. 
Colored sticky traps as a warning system are desirable before pest population be out of control. In the 
experiment, yellow sticky cards made by Russell IPM Ltd company of UK, with size 25×10 cm and on 
the both sides of adhesive, was used. At each sampling time for trapping flying insects, two sticky cards 
was used. Colored sticky cards on a wooden base were installed. Insects that were trapped by sticky 
cards, collected and transported to the laboratory and by a magnifying glass, sterio microscop and eye 
were counted. In using net method, 5 net above each plot was used weekly and in medial rows randomly 
insects were collected and then counted. In counting in place method, 10 plants per plot were randomly 
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selected and insects were counted. Insects by funnel that was connected to a bottle containing 70% 
ethanol, were collected. In order to determine yield, after physiological maturity and comes seeds water to 
about 12 percent, plants of 4 square meter with consideration of marginal effect were harvested and their 
seeds weight separately. Statistical analysis was carried out using MstatC software. Significant difference 
was set at P ≤ 0.05 and determined using the Duncan test. Excel 2007 software was used to draw graphs. 
 

RESULTS AND DISCUSSION 
 
Analysis of variance results of this experiment showed that the effect of supplemental irrigation, cultivars 
and their interactions on the number of safflower fly (A.helianthi) at 1% level (P ≤ 0.01) were significant. 
Comparison of different levels of supplemental irrigation showed an increase of safflower fly (A. 
helianthi) in the no irrigation treatment (control), with an average of 81.97±3.13 pests in the square meter. 
The minimum number of safflower flies obtained from supplemental irrigation on the budding stage with 
an average of 52.88±6.99 pests in the square meter (Figure 1). Luna Research in 1998 showed that 
imbalance in plant nutrients is reason of increasing in safflower fly (A.helianthi) population under drought 
stress conditions, because usually nutrients balance can increase resistance to insects. So that more or less 
uptake of nutrients under drought stress conditions can changes prime or secondary plant metabolism and 
caused creation risk on resistance or tolerance to insect dameges (Luna, 1998). Reason of reduction in 
safflower fly (A.helianthi) population with usage supplemental irrigation can due to optimum 
management and changes in agricultural practices which insect interest to feed from plant decrease and 
consequently pest damage decrease too. It seems that in this situation there is no preference for feeding on 
insects. Outbreak this property in insect, is due to sectional changes in environmental conditions and may 
is benefit for sensitive plants and look them as tolerant plants. This lack of preference can be a ecological 
resistance (Metcalf and Luckmann, 1982), in other plants also increase in stress caused to increase in pest 
populations, for example Lynch reported that damages of European corn borer worm Orstrinia nubilalis 
Hubner. During dry years were higher (Lynch, 1980). The results of this experiment showed significant 
differences among cultivars at the 1% percent (P ≤ 0.01). Comparison of means using Duncan 's test 
showed that among cultivars Mec.88 cultivar with an average of 93.31±2.88 had the highest number of 
flies per square meter and Goldasht with an average of 45.89±6.63 had the lowest number of flies per 
square meter (Figure 2). Hasan Shahi and Askarian Zadeh (2012) reported that the most infection of boll 
was belonged to Padideh cultivar (68.05%) and the lowest percentage of bollworm infection was 
belonged to Goldasht (50.09%) (Hasanshahi and Askarianzadeh, 2012). In general, the results of 
interactions of supplemental irrigation and cultivar showed that the highest number of safflower flies 
obtained from I2V5 treatment (no irrigation and Mec.88 cultivar) (Table 1). 
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Figure 1. Effect of supplemental irrigation on safflower fly (Acanthiophilus helianthi) (Duncan’s p≤0.05). 

 

 

 
Figure 2. Effect of cultivars on safflower fly (Acanthiophilus helianthi) (Duncan’s p≤0.05). 
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Yield  
 
cultivars and their interactions on seed yield at 1% level (P ≤ 0.01) were significant. Drought stress 
decrease seed yield, so that the highest seed yield obtained from supplemental irrigation at budding stage 
and supplemental irrigation at flowering stage, and the lowest seed yield obtained from no irrigation 
treatment (figure 3). Severe drought stress, while caused to pests outbreak, reduced safflower yield too. 
Thus, it is necessary to avoid severe drought stress in safflower (Hatami et al., 2008). Marashi (2007) 
suggested that in addition to supplemental irrigation lead to a relative reduction in insect population, save 
water consumption too (Marashi, 2007). Comparison means of yield showed that the highest seed yield 
with an average of 1991±138.72 kg per hectare got from Sina cultivar and the lowest seed yield with an 
average of 1202±45.20 kg per hectare got from Zarghan279 cultivar (Figure 4). In general, results showed 
that seed yield of safflower in Sina cultivar and irrigation at flowering stage treatment (I3V6) with an 
average of 2721±12.35 kg/ha was higher than other cultivars and the lowest seed yield was belong to 
Varamin295 cultivar under no irrigation treatment (I1V3) with an average of 874.4±29.68 kg/ha (Table 
2). Feizoallahi (2003) suggested that irrigation has a significant effect on wheat yield increasing and the 
highest yield obtained with irrigation at heading stage (Feizoallahi, 2003). In addition to use of suitable 
cultivar, decrease in drought levels with supplemental irrigation can also increase production efficiency in 
regard to without irrigation conditions (14). 
 
 

 
Table 1.  Effect of interaction of supplemental irrigation and Cultivars on safflower fly (Acanthiophilus 
helianthi). 

Treatments  Dry farming 
Supplemental 

irrigation in late 
vegetative phase 

Supplemental 
irrigation in 

flowering phase 

Supplemental 
irrigation in seed 

filling phase 

Padideh  1.07±98.92 b 0.87±26.83 n 1.55±49.88 j 0.40±25.1 n 

Goldasht  1.47±82.65 e 1.26±34.26 m 0.84±41.22 k 0.63±25.44 n 

Varamin 295 0.96±76.86 f 1.24±63.46 lm 1.22±57.07 h 0.20±34.2 m 

Zarghan 279 0.65±83.69 de 0.66±38.35 l 1.76±53.51 i 0.40±55.15 hi 

Mec.88 1.64±91.68 c 1.02±108.2 a 0.58±81.96 e 0.32±91.39 c 

Sina  0.62±58.03 h 1.19±73.15 g 0.34±83.25 e 1.48±86.18 d 

Means within columns not followed by the same letter are significantly different at the p≤0.05 level by 
Duncan’s multiple range test, (± SE). 
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Figure 3. Effect of supplemental irrigation on safflower yield (Duncan’s p≤0.05). 

 

 

 

Figure 4. Effect of cultivars on safflower yield (Duncan’s p≤0.05). 
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Conclusions  
 
In general, the results of this experiment showed that supplemental irrigation reduced fly population. 
However, in no irrigation condition pests population was higher, but among supplemental irrigation 
treatments, irrigation at flowering stage caused to increasing safflower fly (A. helianthi) population. So 
according to same yield of supplemental irrigation at budding and flowering stages treatments, it is 
advised to avoid increasing in population safflower fly (A. helianthi), supplemental irrigation should be 
done at budding stage. In studied cultivars, safflower fly (A. helianthi) population in each of the them 
were quite different, and each of them different population of Safflower flies were attracted to 
themselves. It seems that, the increase in fly populations is due to type of feeding (leaves and flowers) 
regardless of morphological (number of lint and fluff and tissue firmness) and physiologically (available 
nutrient in plant tissue) growth status which continue to their feeding without interruption. Also, 
possibility of quick movement and their ability to fly to avoid morphologic and physiologic obstacles led 
to significant differences in their populations in cultivars. Quantity and quality of cultivars and nutrient 
feeding by an insect can directly affect the insect survival and reproduction rates. Differences in cultivars 
resistance at different irrigation stages also can as to the insect's ability to complete critical stages 
immediately prior to the maturity and reach the stage of producing offspring and available nutrients in 
different cultivars which some cultivars may have high strength and effectiveness on inhibition of pest by 
rebate stages prior to the maturity and lengthen time of reach to the stage of 
producing offspring. According to results it seems that under drought conditions it is necessary 
to consider the lower economic threshold for safflower fly (A. helianthi) damage, because drought 

Table 2.  Effect of interaction of supplemental irrigation and Cultivars on safflower yield 

Treatments Dry-farming 
Supplemental 

irrigation in late 
vegetative phase 

Supplemental 
irrigation in 

flowering phase 

Supplemental 
irrigation in seed 

filling phase 

Padideh 1180±34.49 k 1863±19.38 c 1543±22.81 ef 1269±73.93 jk 

Goldasht 1214±10.2 k 1910±7.45 c 1745±33.38 d 1375±37.76 hi 

Varamin 295 874.4±29.68 m 1620±39.47 e 1489±70.68 fg 1023±30.81 l 

Zarghan 279 1070±40.29 l 1236±70.25 jk 1408±42.07 gh 1092±12.51 l 

Mec.88 905.2±4.91 m 1202±49.26 k 1490±46.17 fg 1317±16.56 lj 

Sina 1597±29 e 2039±50.97 b 2721±12.35 a 1607±22.46 e 

Means within columns not followed by the same letter are significantly different at the p≤0.05 level by 
Duncan’s multiple range test, (± SE). 
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stress meanwhile increasing  safflower fly (A. helianthi) population, lead to a reduction in safflower yield. 
Thus, as far as possible it is necessary to prevented from increasing safflower fly (A. helianthi)  
population. Severe damage of pest under drought stress conditions probably is due to effect of stress on 
increasing safflower fly (A. helianthi) population and also is due to lack of plant tolerance to increasing 
population of this pests under drought stress conditions. 
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