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ABSTRACT: In order to study the effect of irrigation withholding at flowering and seed setting stage and boron 

foliar application on quantitative and qualitative traits of safflower a field experimental in randomized complete 

block design arranged in split plot with three replications was conducted in 2011. Irrigation with holding was 

comprised of water stress at two stages (flowering and seed setting) as main plot and three concentration of boron 

(0, 0.5 and 1 %) considered as sub plots. Results showed, exertion of water stress at flowering and seed setting 

stage decreased seed yield of safflower significantly. In addition, plan growth indexes, harvest index, and oil yield 

were affected by water stress negatively. Use of foliar boron increased seed yield under water stress; on the other 

hand, use of boron foliar application had the highest positive effect on plant biological yield, harvest index and 

seed boron content.  In general, application of boron under conditions of late season drought stress is recommended 

to safflower seed production.   
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INTRODUCTION 
 

 Generally safflower is produced on marginal lands 

that are relatively dry and deprived of the benefits of 

fertilizer inputs. Attempts to improve seed yield and 

quality by developing new genotypes and agronomic 

practices are underway throughout the world. Due to water 

deficits, the physiology of crop is disturbed which causes a 

large number of changes in morphology and anatomy of 

plant. These changes have an extensive effect on growth 

and thus ultimate yield of the crop (Reisdorph & Koster 

1999). In Iran water is a scarce resource due to the high 

variability of rainfall. The effects of water stress depend 

on the timing, duration and magnitude of the deficits 

(Pandey et al. 2001). Identification of the critical irrigation 

timing and scheduling of irrigation based on a timely and 

accurate basis to the crop is the key to conserving water 

and improving irrigation performance and sustainability of 

irrigated agriculture (Ngouajio et al. 2007). Foliar 

application of various macro and micro nutrients has been 

proved beneficial, foliar feeding is a relatively new and 

controversial technique of feeding plants by applying 

liquid fertilizer directly to their leaves. Six micronutrients 

that are Mn, Fe, Cu, Zn, B and Mo are known to be 

required for all higher plants (Welch 1991). Iron is critical 

for chlorophyll formation and photosynthesis and is 

important in the enzyme systems and respiration of plants 

(Halvin et al. 1999). Macro and micronutrients 

deficiencies have been reported for different soils and 

crops (Hussain et al. 2006). Boron is the essential elements 

required for the growth and development having specific 

role in cell division and cell metabolism. Burkalov (1969) 

indicated that, spraying with 0.5 per cent boron increased 

the seed cotton yield by 14.4 per cent. Similarly, 

application of boron at 116 lb per acre increased the yield 

of cotton (Koegh & Mapples 1969). Malewar et al. (1992) 

concluded that, the application of phosphorous through 

bronated single super phosphate was beneficial in 

increasing yield and uptake of phosphorus and boron in the 

cotton and groundnut. However, to the best of our 

knowledge, information regarding the effect of foliar 

application of boron on the growth and development of 
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safflower under water deficiency is not available. 

Therefore, the purpose of this study is to understand 

whether application of boron, raises seed yield and quality 

of safflower under water deficiency at two different 

growing stages; flowering and seed setting. 

 

MATERIALS AND METHODS 

 

       In order to study effect of boron foliar application and 

irrigation withholding at two growth stages, flowering and 

seed setting, on quantitative and qualitative characteristics 

of safflower an experiment was conducted in research filed 

of Agricultural Research Center, Ardabil,  Iran during 

2011. The experimental design was randomized complete 

block arranged as split plot with three replications. Main 

plots included three different levels of irrigation (complete 

irrigation or no irrigation withholding, irrigation 

withholding at flowering and irrigation withholding at seed 

setting stage) and different concentration of boron (0, 0.5 

and 1%) was allocated to subplots were. Nitrogen was 

supplied from ammonium nitrate source (300 kg.ha
-1

) at 

three stages; seed sowing, end of rosette stage and before 

flowering stage. In order to evaluate crop growth rate, 

plants were sampled every 15 days. 

 

RESULTS AND DISCUSSION 

 

 Foundlings that there was significant difference 

among irrigation regimes on seed yield. Irrigation 

withholding, at flowering and seed setting stage, decreased 

seed yield by 22.6% and 14%, respectively when data 

were compared with control treatment.  This decrease can 

be due to early senescence and decrease seed filling 

period. Similar results were obtained by Ghorpad et al. 

(1993) who reported that water stress significantly 

decreased seed yield. Ashri (1971) reported that in 

safflower flower number is the most important yield 

components and then seed number per flower is the next 

important component while seed weight role is negligible 

for determining final seed yield. Boron foliar application 

had significant effect on safflower seed yield while there 

was no significant difference between two boron 

concentrations. Boron has metabolic role in biochemical 

reactions and protect plant cell from stressors. Our results 

showed that, complete irrigation and boron foliar 

application had positive and considerable effect on 

safflower seed yield. Abdiun et al. (1994) reported that 

boron foliar application increased wheat yield by 31.6 % 

compared with control treatment. 

Harvest index was affected by different irrigation regimes, 

in the other word irrigation withholding at both flowering 

and seed setting stage decreased harvest index although 

there was no significant difference between two irrigation 

withholding treatments. Singh & Saxena (1998) showed 

that seed yield has positive correlation with harvest index 

while it has negative with plant growth. Under water 

deficit stress, economical yield and biological yield affect 

by different factors such as plant growth rate, leaf size, 

root hydrolytic resistance and evaporation and then harvest 

index changes. Small leaves decrease transpiration rate 

and conserve more water into the soil, this water will 

consume during seed setting and seed filling stage. One of 

the most important physiological processes which affect 

by water deficit stress is assimilate transport. There was 

significant difference between boron foliar application and 

control treatment. In general, boron significantly increased 

harvest index. Two boron concentrations had similar effect 

on harvest index. It has been reported that boron increases 

seed yield in canola and mustard and it plays an important 

role in pollination (Rashid et al. 1994). In addition, Grant 

& Baily (1998) showed that nitrogen and boron 

application increase seed weigh, seed number and final 

yield. Different irrigation had significant effect on oil 

percentage so that water stress during reproductive stage 

decreased oil percentage. The highest oil percentage was 

obtained from control treatment while water stress at 

flowering stage and seed setting stages decreased oil 

percentage by 26.48% and 29.86%, respectively. Although 

safflower is a high tolerate plant to drought stress, water 

deficit stress effects on qualitative and quantitative 

characteristics of produced oil. Decease of oil percentage 

is due to decrease in seed weight. Rudra naik et al. (2001) 

has reported that water deficit stress decreased seed weight 

and oil percentage of safflower plants.  Oil percentage was 

not affected by boron foliar application. It has been 

reported that boron is involved in nitrogen metabolism and 

boron deficiency leads to nitrate accumulation in plants 

(Marschner 1995). Nuttal et al .(1987) showed that boron 

application increased protein by 15% but had not any 

effect on oil percentage. Since Oil yield is obtained by 

multiplying seed yield by oil percentage so oil yield 

decreased on account of water deficit stress. Water stress 

whether at flowering stage or seed setting stage deceased 

seed boron content. The highest boron content was 

observed in non stress plots (67.1 ppm) while water stress 

at flowering and seed setting stages decreased boron 

content to 59.8 and 63.6 ppm, respectively. In addition, 

boron foliar application increased boron content in seeds.         
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Table 1. Analysis of variance on safflower attributes affected by water stress and boron foliar application 

S.O.V d.f Seed yield  
Harvest  
index 

Oil yield  Seed boron content  

Irrigation 2 598795.19 ** 19.00 * 294751.99** 0.022 * 

Error (a) 4 87663.34 18.44 18811.94 0.0056 

Foliar application 2 710263.78 ** 28.33 * 67051.20 ** 0.0067 * 

Interaction 4 63261.26 ns 1.22 ns 6921.77 * 0.02 ns 

Error (b) 12 29948.18 1.47 3086.55 0.0031 

*, ** and ns significant at 0.05, 0.01 probability level and no significant, respectively 

 

Table 2. Comparison of means safflower attributes affected by water stress and boron foliar application 

Treatments Seed yield (kg) 
Harvest 
Index (%) 

Oil yield (kg) Seed boron content (ppm) 

Water  1756.67 b 22.02 b 690.06 a 51.6 b 

Boron foliar application  0.5%  2137.89 a 23.05 b 645.42 a 68.6 a 

Boron foliar application 1%  2291.89 a 25.34 a 540.50 b 70.4 a 

Complete irrigation    2349.2 a 25.24 a 791.59 a 67.1 a 

Irrigation withholding at flowering  2020.0 b 22.67 b 601.98 b 63.6 ab 

Irrigation withholding at seed setting   1817.2 b 22.50 b 482.41 b 59.8 b 

Means with the same letter are not significantly different 

 
 

Table 3. Interaction of means safflower attributes affected by water stress and boron foliar application 

Treatments Seed yield (kg) 
Harvest 

Index (%) 
Oil yield (kg) 

Seed boron content 

(ppm) 

A× D 1861.66b 23.50b 647.83a 55.2 c 

B× D 1840.00b 22.10b 568.73b 49.3 d 
C× D 1568.33b 20.46b 404.93b 50.3 d 

A× E 2513.00a 25.23a 830.40a 70.9 ab 
B× E 2020.00a 21.76b 601.06b 70.5 ab 

C× E 1880.66b 22.16b 504.80b 64.3 b 

A× F 2673.00a 27.00a 896.53a 75.3 a 
B× F 2200.00a 23.63b 636.13a 71.1 ab 

C× F 2002.66a 23.50b 647.83a 64.8 b 

Means with the same letter are not significantly different. 

(Complete irrigation=A: Irrigation withholding at flowering =B: Irrigation withholding at seed setting = C: Water = D: Boron 
foliar application  0.5% = E: Boron foliar application 1%=F) 
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