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Abstract 
 
Nitrogen (N) effects on crop–weed competition and its information may help to improved integrated weed management systems. A 2- 
year field experiment (2015 and 2016) was conducted on a silty clay loam soil in semi-arid climatic conditions to determine the 
combined effects of N sources (ammonium nitrate (AN), ammonium sulfate (AS), sulfur coated urea (SCU), urea (U)) and timing 
fertilization (sowing, stem elongation, flowering) on weed-safflower (Carthamus tinctorius L.) competition and safflower yield at Shiraz 
University, Iran. The experimental design was a split split-plot with three replications. Results showed that weeds significantly reduced 
safflower yield components approximately 39% and caused a decrease in seed yield up to 70%. In weed free, the highest seed yield 
(3303.52 kg ha

-1
) and oil yield (753.09 kg ha

-1
) were achieved by AN and U fertilizers, respectively, when N fertilization was applied half 

(50 kg N ha
-1

) at sowing and other half (50 kg N ha
-1

) at stem elongation and zero N application at flowering stage (T1N1
2⁄ , T2N1

2⁄ , and 

T3N0). However, A N or U fertilizer timing of T1N1
2⁄ , T2N1

2⁄ , and T3N0 increased relative competition intensity (RCI) and ability to 

withstand competition (AWC) indices approximately 80%. On the contrary, U fertilizer timing of T1N1
2⁄ , T2N1

2⁄ , and T3N0 increased 

ability to compete (AC) index up to 20% as compared to the AN fertilizer. Our research has shown that U fertilizer timing of one third of 
the N (33.5 kg N ha

-1
) fertilization at sowing, two thirds of the N (66.5 kg N ha

-1
) fertilization at stem elongation and zero N application at 

flowering (T1N1
3⁄ , T2N2

3⁄ , and T3N0) can be used to advise farmers of the importance of strategic fertilizer management in terms of both 

weed management and safflower yield. 
 
Keywords: Ammonium nitrate; Competition indices; Fertilization management; Seed yield. 
Abbreviations: AN_ammonium nitrate; AS_ammonium sulfate; SCU_sulfur coated urea; U_urea; RCI_relative competition intensity, 
AWC_ability to withstand competition; AC_ability to compete; N_Nitrogen. 
 
Introduction 
 
Oilseeds are of great value in nutritional demands of mankind, 
animal feeding and medicine. Of them, safflower produces 
high quality oil, being one of the safest crop oils (Mundel et al., 
2004; Bergman and Kandel, 2013). Safflower response to N is 
generally greater than other nutrients. However, N fertilizer 
sources play a significant role in maximizing the quality and 
quantity of oilseeds. Osman et al. (2014) showed that AN 
fertilizer increases growth and yield parameters of oilseed rape 
(Brassica napus L.) as compared to the other N fertilizer 
sources. Ozturk (2010) found that U fertilizer gave higher crop 
yield than AN fertilizer. Muharnmad et al. (2007) reported that 
the highest seed protein was obtained when oilseed rape was 
by calcium ammonium nitrate (CAN). Rathke et al. (2005) 
found that mineral N fertilization (CAN fertilizer) versus cattle 
manure slurry application and influence the productivity of 
winter oilseed rape resulted in lower oil content and higher 
crude protein content. Timing of N fertilization is another 
important aspect to ensure nutrient availability when crops 
need it (Cheema et al., 2010). Narits (2010) showed that the 
highest seed and oil yields of oilseed rape were obtained by 

split AN fertilizer treatment (40 kg ha
-1

 at the beginning of 
spring vegetation, 40 kg ha

-1
 at stem elongation, and 40 kg ha

-1
 

at flowering) of 120 kg ha
-1

. Sheibani and Ghadiri (2012) 
observed that half of the N (152 kg U ha

-1
) application at the 

sowing time and the other half at the end of rosette stage of 
oilseed rape enhanced grain yield up to 35%.  

Because weeds are often better able to exploit N fertilizer 
than agricultural crops, proper use of N fertilization strategies 
is required to optimize crop yield (Dordas and Sioulas, 2008) 
and reduce weed infestation (Johnson et al., 2007). Research 
has shown that weed growth can be affected by N fertilizer 
sources and also may alter the crop-weed competitive 
interactions (Davis and Liebman, 2001). Redroot pigweed 
(Amaranthus retroflexus L.) seed germination was stimulated 
by 10 to 100 ppm of AN or U fertilizer sources (Sardi and Beres, 
1996). Paschke et al. (2000) found that the addition of mineral 
N to disturbed rangelands increased the relative abundance of 
cheat grass (Bromus secalinus L.). Several lines of research 
suggest that low early-season N levels could result in selective 
weed suppression. Early-season soil N levels are kept 
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intentionally low in a split application management system 
because crop demand for N at this time is low, whereas the 
potential for loss of excess N from the system is high (Liebman 
and Davis, 2000; Blackshaw et al., 2004). Amy et al. (2008) 
found that emergence of sown giant foxtail increased as N 
application rate increased, particularly at the early N 
application date, but the influence of N on weed emergence is 
dependent on the weed species, and environmental 
conditions. Thus, most researchers agree that the 
management of N should be tailored to optimize use efficiency 
and reduce weed interference (Benech-Arnold et al., 2000; 
Berger et al., 2007; Blackshaw and Brandt, 2008). Sheibani and 
Ghadiri (2012) reported weed biomass increased significantly 
when all N fertilizer (304 kg U ha

-1
) was used at the end of 

rosette stage of oilseed rape. Terry et al. (2012) found that 
high rate of urea ammonium nitrate (UAN) application at early 
season of growth increased the competitive effects of weed in 
corn (Zea mays L.).  

So, greater knowledge of split N sources effects on weed 
growth and competitive interactions with safflower will allow 
for a better understanding and would aid the development of 
fertilization strategies for the better weed control as 
components of integrated weed management programs. 
Therefore, in order to realize the maximum potential of the 
safflower quality and quantity and weed suppression, this 
study was conducted to determine the combine effects of N 
sources and timing pattern of fertilization on weed control, 
competitive ability safflower, yield and its components.  
 
Results  
 
Safflower yield and yield components 
 
Safflower yield quality and quantity was significantly (p<0.01) 
influenced by all treatments. In both years, the lowest yield 
response of safflower was observed in weedy condition (Table 
1). In weedy condition, AN fertilizer timing of T1N1

3⁄ , T2N2
3⁄ , 

and T3N0 maximized seed yield, whereas U fertilizer timing of 
T1N1

2⁄ , T2N1
2⁄ , and T3N0 caused a decrease in seed yield up to 

30% compared to AN fertilizer and similar timing pattern. 
Furthermore, AN fertilizer timing of T1N1

3⁄ , T2N2
3⁄ , and T3N0 

increased oil yield to 153.45 kg ha
-1

, but the highest protein 
yield (58.78 kg ha

-1
) and biological yield (3348.96 kg ha

-1
) were 

obtained with timing pattern of T1N1
4⁄ , T2N3

4⁄ , and T3N0, while 

U fertilizer and similar timing pattern increased harvest index 
(Table 1). Similarly, in weed free the highest seed yield 
(3303.52 kg ha

-1
), protein yield (695.95 kg ha

-1
), biological yield 

(8443.60 kg ha
-1

) and harvest index (39.14%) were achieved by 
AN fertilizer timing of T1N1

2⁄ , T2N1
2⁄ , and T3N0. However, the 

highest oil yield (753.09 kg ha
-1

) was observed by U fertilizer 
and similar timing pattern. Furthermore, AS or SCU fertilizer 
timing of T1N1

3⁄ , T2N1
3⁄ , and T3N1

3⁄  increased safflower yield 

and yield components to a lesser extent (Table 1). In weed 
free, increasing capitulum number tended to enhance seed 
yield, but seed yield was slowly declined in weedy condition as 
capitulum number (70 per m

2
) increased to more than (Fig.1a). 

Furthermore, seed yield maximized in weedy condition as 
seeds increased to more than 40 per capitulum, but in weed 

free increasing seed number up to 80 per capitulum maximized 
seed yield (Fig.1b). Similarly, seed yield increased as seed 1000 
weight increased. In weedy condition, seed yield increased as 
seed 1000 weight increased to more than 25 g progressively. 
On the contrary, seed yield increased in weed free as seed 
1000 weight increased to more than 39 g gradually (Fig.1(c)). 
 
Weed interference 
 
Results showed competition indices were significantly (p<0.01) 
influenced by N sources, timing patterns and their interactions. 
Applying AN or U fertilizer and timing pattern of T1N1

2⁄ , 

T2N1
2⁄ , and T3N0 increased RCI index up to 80%, while RCI 

index was reduced approximately 13% by U fertilizer timing of 
T1N1

3⁄ , T2N2
3⁄ , and T3N0 compared to  AN fertilizer and similar 

timing pattern (Table 2). Furthermore, the highest AWC index 
(79.81%) was obtained by AN fertilizer timing of T1N1

2⁄ , T2N1
2⁄ , 

and T3N0, but U fertilizer application and similar timing pattern 
reduced AWC up to 30%. On the contrary, RCI and AWC 
increased to a lesser extent by SCU or AS fertilizers. The lowest 
RCI (40.80%) and AWC (18.45%) indices were achieved by SCU 
fertilizer timing of T1N1

3⁄ , T2N2
3⁄ , and T3N0 and T1N1

2⁄ , T2N1
2⁄ , 

and T3N0 ,respectively (Table 2). Ammonium Nitrate fertilizer 
timing of T1N1

2⁄ , T2N1
2⁄ , and T3N0 reduced safflower AC index 

versus (vs.) weeds. Applying U fertilizer and timing pattern of 
T1N1

3⁄ , T2N2
3⁄ , and T3N0 increased safflower AC index vs. 

weeds so that increased rate of safflower AC index vs. redroot 
pigweed and field bindweed was approximately 3%, vs. 
common lambsquarters was 17.8%, and vs. wild safflower was 
10.5%. Also, safflower AC index vs. redroot pigweed maximized 
by SCU fertilizer and timing pattern of T1N1

2⁄ , T2N1
2⁄ , and T3N0, 

while timing pattern of T1N1
3⁄ , T2N1

3⁄ , and T3N1
3⁄  and similar 

N source maximized safflower AC vs. common lambsquarters 
and wild safflower. However, safflower AC vs. field bindweed 
was maximized by AS fertilizer timing of T1N1

3⁄ , T2N1
3⁄ , and 

T3N1
3⁄  (Table 2). 

 
Discussion 
 
In weed free, our results showed that applying AN and/or U 
and timing pattern of T1N1

2⁄ , T2N1
2⁄ , and T3N0 fertilizer sources 

are able to stimulate safflower growth by means of an 
enlarged leaf canopy and a greater rate of leaf expansion, 
which increases light interception and enhances 
photosynthesis, resulting in more capitulum as compared to 
the other N fertilizer sources. These results are in agreement 
with those Osman et al. (2014), who reported that in oilseed 
rape, seed yield is closely related to the number of capitulum 
per plant and the physiological restrictions to capitulum 
formation are related to poor crop growth and limited leaf 
expansion. Bagavan and Ravikumar (2001) reported a positive 
correlation between number of capitulum per plant and 
safflower seed yield. Johnson et al. (2001) indicated that seed 
yield was positively correlated with safflower seed weight. 
Dordas and Sioulas (2008) reported that N fertilization 
increased seed yield by an average of 19%, consequently 
increased the seed weight to 18%, the number of capitulum 
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Table 1. Effects of N sources and timing fertilization on seed yield (kg ha
-1

), oil yield (kg ha
-1

), protein yield (kg ha
-1

), biological yield (kg 
ha

-1
), and harvest index (%). 

Treatments 

Seed Yield Oil yield Protein yield Biological yield Harvest index Weed Nitrogen source Timing pattern 

  T1
a T2

b T3
c 

Weedy  

Ammonium Sulfate 
(AS) 

1/4 3/4 0 340.44fg 73.70g 25.69g 2498.03l 13.62e 
1/3 1/3 1/3 270.12g 56.79g 18.38g 2214.70l 12.03e 
1/2 1/2 0 376.55fg 85.68fg 34.64fg 2640.23l 13.96e 
1/3 2/3 0 402.90fg 90.55fg 33.81fg 2542.10l 15.69cde 

Urea (U) 

1/4 3/4 0 572.28ef 121.17fg 50.95fg 2779.54kl 20.09b-e 
1/3 1/3 1/3 392.72fg 101.54fg 37.54fg 2898.45jkl 13.47e 
1/2 1/2 0 392.21fg 102.86fg 23.83g 2782.53kl 13.88e 
1/3 2/3 0 581.91e 144.15efg 53.74fg 3149.91i-l 17.80b-e 

Ammonium Nitrate 
(AN) 

1/4 3/4 0 598.30e 147.87efg 58.78fg 3348.96h-l 17.84b-e 
1/3 1/3 1/3 323.67fg 76.42g 31.10g 2772.17l 11.69e 
1/2 1/2 0 580.21e 126.16fg 39.15fg 3129.38i-l 18.38b-e 
1/3 2/3 0 612.19e 153.45efg 58.23fg 3291.88h-l 18.00b-e 

Sulfur Coated Urea 
(SCU) 

1/4 3/4 0 355.98fg 87.01fg 19.67g 2211.49l 15.72cde 
1/3 1/3 1/3 253.65g 51.68g 16.66g 2236.47l 11.31e 
1/2 1/2 0 401.76fg 72.42g 23.19g 3022.56i-l 13.27e 
1/3 2/3 0 425.53fg 88.88fg 37.12fg 2737.41kl 15.54cde 

Weed free 

Ammonium Sulfate 
(AS) 

1/4 3/4 0 754.74de 171.25efg 80.71fg 4195.54g-j 17.95b-e 
1/3 1/3 1/3 628.43e 143.59efg 60.22fg 4199.45g-j 14.82de 
1/2 1/2 0 713.88de 184.24d-g 88.09fg 4118.49g-k 17.28b-e 
1/3 2/3 0 834.42de 231.92c-g 81.23fg 4566.98e-h 17.78b-e 

Urea (U) 

1/4 3/4 0 1688.06bc 485.86a-d 249.95cde 5643.47def 29.52ab 
1/3 1/3 1/3 1039.35cd 393.89b-f 124.86d-g 5042.12efg 20.45b-e 
1/2 1/2 0 2708.77a 753.09a 425.29b 7124.73abc 37.19a 
1/3 2/3 0 1664.46bc 512.04abc 255.87cd 5828.38cde 28.46abc 

Ammonium Nitrate 
(AN) 

1/4 3/4 0 2599.97ab 720.79a 377.51bc 6799.73bcd 37.55a 
1/3 1/3 1/3 1685.22bc 446.03a-e 186.65def 5910.33b-e 28.28a-d 
1/2 1/2 0 3303.52a 715.65a 695.95a 8443.60a 39.14a 
1/3 2/3 0 2715.58a 673.88ab 508.24b 7292.34ab 37.15a 

Sulfur Coated Urea 
(SCU) 

1/4 3/4 0 840.49de 177.90d-g 90.21fg 4321.90f-i 19.27b-e 
1/3 1/3 1/3 640.37e 164.46efg 76.42fg 4052.13g-k 15.62cde 
1/2 1/2 0 1134.83cd 238.31c-g 114.22d-g 4834.63efg 23.39b-e 
1/3 2/3 0 743.26de 167.82efg 98.98efg 4211.70g-j 17.59b-e 

HSD (5%)d 812.60 310.76 154.64 1393 13.51 
a
 Sowing time, b Stem elongation stage, c Flowering stage, d Honest significant difference at P=0.05. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Correlation between safflower seed yield with capitulum number (a), seed number (b), and seed 1000 weight (c) under weedy and 
weed free condition. 
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                                             Table 2. Effects of N sources and timing fertilization on RCI (%), AWC (%), and AC (%) indices. 

Treatments 

RCI
e
 AWC

f
 

AC
g
 

Nitrogen sources 
Timing 
pattern 

Safflower 
vs. 

Redroot 
pigweed 

Safflower vs. 
Common 

lambsquarters 

Safflower 
vs. Field 

bindweed 

Safflower vs. Wild 
safflower 

 T1
a
 T2

b
 T3

c
       

 

Ammonium 
Sulfate (AS) 

1/4 3/4 0 54.78de 24.98bcd 11.98abc 21.71cd 48.17def 82.66abc 
1/3 1/3 1/3 51.79def 38.09bc 13.08abc 30.68a 61.57a 88.04ab 
1/2 1/2 0 46.82ef 21.74cd 13.46abc 22.62cd 51.94bcd 78.87bcd 
1/3 2/3 0 46.39ef 38.99bc 13.46abc 28.97ab 50.28cde 78.49bcd 

Urea (U) 

1/4 3/4 0 65.59cd 47.54abc 10.87bc 20.70cde 40.78gh 76.47cd 
1/3 1/3 1/3 61.11cde 34.23bc 14.21ab 30.71a 45.46efg 79.31bcd 
1/2 1/2 0 84.71a 50.32abc 11.45abc 19.03cde 37.57hi 74.09cd 
1/3 2/3 0 66.23cd 46.10abc 11.41abc 21.14cde 41.52gh 77.64bcd 

Ammonium 
Nitrate (AN) 

1/4 3/4 0 74.56bc 34.61bc 10.15bc 20.26cde 39.92gh 78.38bcd 
1/3 1/3 1/3 79.90ab 37.48bc 11.33abc 22.55cd 42.22fgh 77.69bcd 
1/2 1/2 0 82.12a 79.81a 8.06c 15.64e 32.63i 62.62e 
1/3 2/3 0 75.79bc 54.74ab 11.11abc 17.95de 40.19gh 70.24de 

Sulfur Coated 
Urea (SCU) 

1/4 3/4 0 55.24de 44.14bc 12.51abc 24.76bc 52.13bcd 79.09bcd 
1/3 1/3 1/3 57.25de 26.22bcd 15.10ab 31.14a 56.78ab 90.80a 
1/2 1/2 0 63.58cd 18.45d 15.92a 23.91bc 49.50cde 80.04abcd 
1/3 2/3 0 40.80f 21.59cd 15.34ab 30.67a 55.36abc 81.13abcd 

HSD (5%)
d
    42.95 34.58 5.58 5.87 6.44 11.29 

                                        a
 Sowing time, b Stem elongation stage, c Flowering stage, d Honest significant difference at P≤0.05. e Relative competition intensity, f Ability to withstand competition, g Ability to compete. 

 
                                                                

Table 3. Monthly weather summary during the safflower growing season from 2015 to 2016 at Shiraz, Iran. 

Months Average temperatures (ºC) Precipitation (mm) Average relative humidity (%) 

 2015 2016 30 Years
*
 2015 2016 30 Years 2015 2016 30 Years 

April 13.90 10.20 11.23 39.50 33.50 45.82 43.10 43.16 51.85 
May 17.60 17.30 16.15 10.00 0.50 11.70 34.56 33.81 48.41 
June 23.00 20.30 20.49 0.00 0.00 0.76 24.65 27.29 39.47 
July 26.00 25.29 25.43 0.00 0.00 0.30 24.48 25.31 37.49 

Average/Total 20.13 18.27 18.33 12.38 9.63 14.65 31.69 32.39 44.31 
                                                                     * Represent values of thirty years’ (1986–2016) average. 
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per plant to 32%, and the number of seeds per capitulum to 
41%, which was consistent with our results. 

Whenever a crop emerges, weeds also appear. Certainly, 
competition for light, water, and nutrients is the major factors 
accounting for the adverse effect of weeds on crop growth and 
yield, so uncontrolled weeds can stunt crop growth (Zoschke 
and Quadranti, 2002). We found that AN fertilizer source and 
timing pattern of T1N1

2⁄ , T2N1
2⁄ , and T3N0 maximized yield 

response of safflower, this potentially have the unintended 
consequence of increasing the growth and competitive ability 
of weeds in weedy plots. It is believed that shifting the N 
source from the current AN to AS or U fertilizers would reduce 
weed infestations by inhibiting germination and radicle 
elongation (Mumera and Below, 1993; Liebman and Davis, 
2000). Because weeds are often better able to exploit 
nutrients than agricultural crops, applying low early-season N 
levels can reduce weeds germination (DiTomaso, 1995; 
Benech-Arnold et al., 2000). Results of field experiments 
indicate that for certain crop-weed combinations, delaying soil 
N availability can shift the competitive balance to favor crop 
growth. In other words, timing patterns of N fertilizer that 
minimize N availability early in the growing season should 
reduce weed infestation (Davis and Liebman, 2001). Blackshaw 
et al. (2003) documented that N can markedly alter crop-weed 
competitive interactions and, depending on the weed species 
and density, N fertilizer can increase the competitive ability of 
weeds more than that of the crop, and crop yield remains 
unchanged or actually decreases in some cases. 
 
Materials and method 
 
Experimental conditions 
 
A 2-year field experiment (2015 and 2016) was conducted at 
the experimental research station (Badjgah), Shiraz University 
(52° 46' E, 29° 50' N and 1810 m), Iran. The soil was silty clay 
loam with a pH of 7.25 and an EC of 0.475 dS m

-1
. Total N, 

mean phosphorus (P) and mean potassium (K) were 0.07%, 12 
mg kg

-1
 and 250 mg kg

-1
, respectively. Monthly average 

temperature, rainfall, and relative humidity are shown for the 
time of the study and for the last 30 years (Table 3). The 
experiment was arranged as split split-plot based on 
randomized complete block design with three replications. The 
treatments consisted of two levels of weed control (weedy and 
weed free) as main plot, N fertilizer sources in four levels: 
ammonium nitrate (AN; 25% N), ammonium sulfate (AS; 21% 
N), sulfur coated urea (SCU; 34% N), and urea (U; 46% N) as 
sub plot, and timing pattern of N was top-dressed (broadcast 
method) at three stages of safflower growing season (T1= 
Sowing, T2= Stem elongation, and T3= Flowering) and in four 
levels (N0= No N fertilization, N1

2⁄ = Half of the N fertilization, 

N1
3⁄ = One third of the N fertilization, N1

4⁄ = One quarter of the 

N fertilization, N2
3⁄ = Two thirds of the N fertilization, and 

N3
4⁄ = Three quarters of the N fertilization) as sub sub-plots. 

Nitrogen requirement of the safflower (at a rate of 100 kg N 
ha

-1 
during growing season) was determined according to the 

soil test analysis. T1N1
4⁄ , T2N3

4⁄ , and T3N0 represent one 

quarter of the N (25 kg N ha
-1

) fertilization at sowing, three 

quarters (75 kg N ha
-1

) at stem elongation, and zero N 
application at flowering stage of the safflower, respectively. 

T1N1
3⁄ , T2N1

3⁄ , and T3N1
3⁄  represent one third of the N (33.3 

kg N ha
-1

) fertilization at sowing, stem elongation, and 
flowering stage, respectively. T1N1

2⁄ , T2N1
2⁄ , and T3N0 

represent half of the N (50 kg N ha
-1

) fertilization at sowing and 
other half (50 kg N ha

-1
) at stem elongation and zero N 

application at flowering, respectively. T1N1
3⁄ , T2N2

3⁄ , and T3N0 

represent one third of the N (33.5 kg N ha
-1

) fertilization at 
sowing, two thirds of the N (66.5 kg N ha

-1
) fertilization at stem 

elongation and zero N application at flowering of the 
safflower, respectively. Land preparation practices included 
plowing, disking and ridging plots (sized 3 by 3 m). Each plot 
was separated by two ridges to avoid cross contamination 
among plots. The seeds of safflower (Zendehrood cultivar) 
were sown two cm deep in rows spaced 15 cm apart (30 plant 
m

-2
) on March 25

th
 in 2015 and 2016 years. Triple super 

phosphate fertilizer was applied at the sowing time at a rate of 
50 kg ha

-1
 according to the soil test analysis. Other 

management practices, such as pest control, were conducted 
according to local agronomic practices unless otherwise 
indicated. In weed free plots, weeds were controlled by hand 
hoeing throughout the growing season. The irrigation period 
was set at 10 days for all treatments and field soil of plots was 
sampled at three depths (30, 60 and 90 cm) at the time of 
irrigation using the gravimetric method, and the percentage of 
moisture was determined and each plot was uniformly 
irrigated by siphon.  
 
Traits measurements 
 
At the end of growth period (approximately middle of July in 
both years), weeds and safflower samples were randomly 
hand harvested from the central 1 m

2
 of the middle rows in 

each plot after maturity. Predominant weed species were 
redroot pigweed, common lambsquarters (Chenopodium 
album L.), field bindweed (Convolvulus arvensis L.), and wild 
safflower (Carthamus oxycanthus L.). Weeds species were 
separated and then oven dried at 76 

◦
C for 48 h and weighed. 

Then, relative competition intensity (𝑅𝐶𝐼) =
(Y weed free–Y weedy)

Y weed free
×

100 (Grace, 1995), ability to withstand competition (𝐴𝑊𝐶) =

(
Cbwf

Cbw
) × 100, and ability to compete (𝐴𝐶) = 100 − [(

bw

bt
) × 100] 

(Szumigalski and Van Acker, 2005) indices were used to 
quantify the changes in competitive ability between safflower 
and weed. Y weed free is crop yield in weed free and Y weedy is crop 
yield in weedy condition. Weed biomass is bw and total plant 
biomass (crop and weed) is bt. Cbwf is crop biomass in weed 
free and Cbw is crop biomass in weedy condition. 
Furthermore, safflower seed yield, oil yield (soxhelt method 
according to Jensen, 2007), protein yield (semi micro-Kjeldahl 
digestion according to Bremner and Mulvaney, 1982), 
biological yield (total plant dry weight), and harvest index 

(𝐻𝐼) =
Seed yield

Biological yield
 were calculated.  
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Statistical analysis 
 
Differences between means were tested using the statistical 
program SAS 9.1 software (SAS Institute, 2003). Statistical tests 
performed include one-way analysis of variance (ANOVA) 
followed by Tukey’s (HSD) test at 5% probability level (Little 
and Jackson, 1978) to determine whether there are any 
significant differences between the means of each treatment, 
assuming a normal distribution of the dependent variable data 
and homogeneity of variances. The effect of year and 
interaction between year and all treatments were not 
significant so the combined data were reported. 
 
Conclusion 
 
The present study provided new information about the 
common perception that timing of N fertilizer sources could 
change weed interference and yield response of safflower. Our 
findings showed that either AN or U fertilizer sources and 
timing pattern of T1N1

2⁄ , T2N1
2⁄ , and T3N0 not only increased 

safflower yield, but also enhanced weeds infestations. So, to 
enhance the productivity of safflower cropping and suppress 
weeds growth, use of N efficient management strategies like 
choice of variety, source and timing of N application adapted 
to site conditions, could be a remarkable growth strategy in 
safflower production and weeds control. Our results indicated 
that U fertilizer timing of one third of the N (33.5 kg N ha

-1
) 

fertilization at sowing, two thirds of the N (66.5 kg N ha-1) 
fertilization at stem elongation and zero N application at 
flowering (T1N1

3⁄ , T2N2
3⁄ , and T3N0) can be used to advise 

farmers of the importance of strategic fertilizer management 
in terms of both weed management and safflower yield. 
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