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 ABSTRACT- The benefits of foliar nitrogen feeding and exogenous cytokinin application 

on wheat performance, particularly their effects on grain yield and grain nutrient content, are 

of considerable importance. A field experiment was conducted to evaluate the efficacy of 

foliar urea and 6-benzylaminopurine (6-BAP) application on grain nutrient composition and 

yield in the ‘Saji’ wheat cultivar during the 2021–2022 growing season in Sirvan County, 

Ilam Province, Iran. The experiment followed a 4 × 2 factorial arrangement, with three 

replications. Urea was foliar-applied at four concentrations (0%, 2%, 3%, and 4%, w/v), 

while 6-BAP was applied at two levels (0 and 100 mg L–1). Foliar spraying was performed at 

the late flowering stage. Results indicated that the highest number of grains per spike (37.2) 

was obtained with the 3% (w/v) urea treatment, while a higher concentration (4%, w/v) 

negatively affected this trait. The greatest total grain weight per spike (1.77 g) and 1000-grain 

weight (47.8 g) were achieved with 3% (w/v) urea combined with exogenous 6-BAP 

application. The maximum grain yield (2180 kg ha–1) was also recorded under this treatment. 

Additionally, the highest grain nitrogen (1.5%) and Zn (46.2 mg kg–1) contents were observed 

with 3% urea application. These findings suggest that the foliar application of urea at lower 

concentrations, in combination with 6-BAP, represents an effective approach for enhancing 

grain yield and quality in durum wheat. 

 

INTRODUCTION  

It is widely recognized that nitrogen (N) is the most 

crucial nutrient for optimizing crop yield. Grain N 

content and yield can be maximized by applying 

nitrogen at key growth stages, as wheat requires a 

continuous supply of N throughout its growth cycle. 

Application of nitrogen during the grain-filling stage 

has been reported to exert a significant positive effect 

on grain yield (Wang et al., 2023). However, the N 

requirement and response to N application in wheat 

depend on the growth stage and duration of the crop 

cycle. Post-flowering N uptake contributes between 5% 

and 40% of the total grain N (Taulemesse et al., 2015). 

Woolfolk et al. (2002) also reported that late-season N 

applications increase both grain yield and grain N 

content in wheat. Moreover, the accumulation of seed 

nitrogen may continue until the end of the seed-filling 

period (Borghi et al., 1983; Sarandón and Gianibelli, 

1992). While post-flowering N uptake plays a 

significant role in determining grain yield (Kichey et al., 

2007), N absorption from the soil tends to decline after 

flowering (Bingham and Garzon, 2023). In semi-arid 

regions, rainfall shortages and high temperatures 

frequently occur during the grain-filling stage, limiting 

the feasibility of soil-applied nitrogen (top dressing). 

Consequently, foliar N application has emerged as an 

effective strategy to meet the plant’s nitrogen demand 

during the post-flowering phase. Several studies have 

demonstrated that foliar application of N enhances grain 

protein content (Lyu et al., 2022), maintains wheat 

productivity (Delfine et al., 2005), and improves 

photosynthesis, remobilization, and yield (Ru et al., 

2024). Additionally, foliar urea application has been 

shown to improve drought tolerance in wheat and 

significantly accelerate grain filling (Lv et al., 2021). 

Cytokinin is one of the five classical phytohormones 

known to play a pivotal role in plant growth and 

development. It has been widely used to enhance crop 

growth and yield, including in wheat (Koprna et al., 

2016). Numerous studies have examined the effects of 

exogenous cytokinin application in wheat (Zarea, 

2025b; Faridnia et al., 2024; Zarea and Karimi, 2023; 

Prasad, 2022). Cytokinin is crucial in regulating the 

grain-filling process in wheat (Zarea, 2025b) and can 

delay leaf senescence (Nagar et al., 2015), thereby 
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maintaining active photosynthesis during the grain-

filling stage, an essential factor for achieving higher yields. 

Hormone metabolism can be significantly influenced 

by nitrogen fertilization (Buezo et al., 2019). Although 

there is evidence indicating that foliar-applied nitrogen and 

exogenous cytokinin can enhance wheat performance and 

yield, their combined effectiveness under field rainfed 

conditions remains uncertain. Previous studies have 

examined the exogenous application of 6-

benzylaminopurine (6-BAP), a synthetic cytokinin, as well 

as foliar nitrogen application in wheat. However, the 

interactive effects of 6-BA and varying concentrations of 

foliar urea applied at the flowering stage on grain yield and 

nutrient content have received limited attention. Therefore, 

the present study aimed to elucidate the effects of different 

foliar urea concentrations, applied with and without 6-

BAP, on field-grown durum wheat. Specifically, the study 

evaluated how various concentrations of foliar urea and 6-

BAP (synthetic cytokinin) influence nitrogen (N), 

phosphorus (P), and zinc (Zn) accumulation in the grain, as 

well as their impact on grain yield and yield components. 

All foliar treatments were applied once at the end of 

flowering, and the plants were grown under rainfed 

conditions, receiving no irrigation during the grain-filling 

stage until maturity. 

MATERIALS AND METHODS  

The experiment was conducted during the 2021–2022 

wheat growing season under predominantly rainfed 

conditions. However, due to the soil dryness, 

supplemental irrigations were applied during crop 

establishment and stem elongation. The field 

experiment was carried out on a farmer’s field in Sirvan 

County (33°36′0″ N, 46°40′0″ E), Ilam Province, Iran. 

The physical and chemical properties of the 

experimental soil are presented in Table 1, while the 

rainfall pattern and the average monthly minimum and 

maximum temperatures are shown in Table 2. The 

wheat cultivar used was the durum wheat cultivar ‘Saji,’ 

a facultative type well adapted to rainfed conditions. 

Depending on environmental factors, this cultivar has a 

potential grain yield ranging from 2214 to over 3691 kg 

ha–1 with an average grain protein content of 13% 

(Mohammadi et al., 2010). The 1000-grain weight of 

this cultivar ranges from 33 g (Naseri et al., 2022) to 42 

g (Zarea, 2023), depending on the rainfall pattern in 

Ilam Province. The experiment was arranged in a 

factorial design (4 × 2) based on a randomized complete 

block design (RCBD) with three replications. The first 

factor was the foliar application of urea (46% nitrogen) 

at four concentrations: 0%, 9.2%, 13.8%, and 18.4%. 

The second factor was the exogenous application of 6-

BAP, consisting of either distilled water (control) or 6-

BAP (purity ≥ 98%; Merck). Wheat was sown on 31 

November 2022, and foliar treatments were applied on 

14 May 2023. Each experimental plot measured 1 m × 3 

m. Before sowing, chemical fertilizers were applied at 

rates of 150 kg ha–1 urea as the nitrogen source and 100 

kg ha–1 triple superphosphate as the phosphorus source, 

incorporated into the soil prior to seeding. Surface 

irrigation was applied twice, once at sowing and again 

during stem elongation, while no irrigation was 

provided from flowering until harvest. Weed control 

was achieved using locally adopted herbicides (Granstar 

+ Apiros).  

 
Table 1. Physical and chemical properties of the soil prior to 

experiment. 

P 

(mg kg-1) 

K 

(mg kg-1) 

 

N 

(%) 

OC 

(%) 

pH 

 

EC 

(dS/m) 

ST 

19 221 0.07 0.77 7.2 2.9 Clay 

loam 

ST, soil texture; pH, soil potential hydrogen; OC, organic 

carbon; N, nitrogen; K, potassium; P, phosphorus 

 

Urea was foliarly applied at four concentrations: 0%, 

2%, 3%, and 4% (w/v). 6-BAP was exogenously 

applied at two concentrations: 0 and 10 mg L–1, 

following the method described by Zheng et al. (2016). 

A 0.02% Tween-20 solution was used as a surfactant, 

while control treatments received distilled water 

containing 0.2% Tween-20. All foliar treatments were 

applied using a backpack sprayer during the evening at 

the end of flowering (Zadoks growth stage 69; Zadoks 

et al., 1974). Plants were sprayed with 1000 L ha–1 of 

urea and/or 6-BAP solution, a volume sufficient to 

ensure full wetting of the wheat spikes and leaf surfaces. 

Foliar urea treatments were applied at equivalent rates 

of 0 (U0), 9.2 (U2%), 13.8 (U3%), and 18.4 (U4%) kg N 

ha–1. Foliar cytokinin (6-BAP) was applied at 0 and 10 g 

ha–1 using the same spray volume (1000 L ha–1). For 

combination treatments (urea + 6-BAP), the respective 

concentrations of urea and 6-BAP (0 and 100 mg L–1) 

were thoroughly mixed immediately before application. 

Sowing was carried out mechanically in October 2021. 

Each plot measured 6 m × 1.2 m, with 0.5 m between 

blocks and 1 m spacing between plots. To determine 

yield components (spike weight, grain weight per spike, 

number of grains per spike, and spike chaff weight), 

five plants were randomly selected from the innermost 

rows of each plot at harvest. The total spike weight was 

recorded, after which spikes were separated into grains 

and chaff to determine the number of grains per spike 

and the respective weights of chaff and grain. The 1000-

grain weight (g) was calculated by counting all grains 

obtained from five spikes and then expressing the value 

per 1000 grains. Grain yield was determined by 

harvesting all plants from 1 m of the innermost section 

of each plot, air-drying them, and weighing the grains. 

Grain nitrogen content was analyzed at maturity using 

the Kjeldahl method (Jackson, 1969). To determine 

grain Zn concentration, samples were ashed at 550 °C, 

cooled, dissolved in nitric acid, filtered, and brought to a 

final volume of 50 mL. Zinc concentration was 

measured using an atomic absorption spectrophotometer 

at 546 nm. Grain phosphorus (P) content was 

determined using the molybdate–vanadate method with 

a UV–visible spectrophotometer. Statistical analyses 

were performed using SAS software (version 9). 

Treatment means were compared using the least 

significant difference (LSD) test at a 5% probability 

level. Pearson correlation analysis was conducted using 

SAS to assess relationships among spike weight, grain 

weight per spike, and spike chaff weight. 
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Table 2. Average monthly rainfall and average monthly 

maximum and minimum temperatures during the wheat 

growing season in 2021-22 

Rainfall (mm)  Temperature (°C)  Month 

  Maximum Minimum   

50.2  12.2 -0.8  November 

27.4  10.8 -2.9  December 

33.6  6.2 -6.5  January 

26.6  4 -11  February 

72  10.1 -2.1  March 

13.4  17.6 0.5  April 

40  19.3 3.3  May 

0.4  28.9 7.3  June 

0  33.5 9.9  July 

RESULTS AND DISCUSSION  

Table 3 shows the summary of results pertaining to the 

analysis of variance for the effect of foliar urea application 

and exogenous application of 6-BAP on number of grain 

per spike, spike weight, spike chaff, total grain weight per 

spike, thousand grain weight, and grain yield. 

Number of grain per spike  

Grain number per spike was significantly influenced by 

foliar application of urea at the flowering growth stage 

(Table 3). However, the effects of 6-BAP and its 

interaction with urea on this trait were not significant 

(Table 3). Although the application of 6-BAP slightly 

increased the number of grains per spike, this increase was 

not statistically significant. The highest number of grains 

per spike was obtained with the application of 3% (w/v) 

urea, whereas a higher concentration of urea (4%, w/v) had 

a negative effect on grain number (Fig. 1). The final 

number of grains per spike is largely determined during the 

early stages of wheat development; however, the retention 

of grains and prevention of grain sterility occur after 

flowering. Therefore, supplying the plant with urea—a key 

source of nitrogen, one of the most essential nutrients for 

plant growth—can effectively enhance grain formation. 

Wu et al. (2025) reported that wheat plants receiving 

nitrogen application at the flag leaf stage exhibited a higher 

grain number per spike. The present experiment was 

conducted under rainfed conditions, with negligible rainfall 

during the grain-filling period. Lv et al. (2021) found that 

foliar nitrogen application at anthesis improved sink 

capacity and mitigated drought stress in wheat. Although 

chlorophyll content was not measured in the present study, 

Noor et al. (2023) demonstrated that nitrogen fertilizer 

application significantly enhanced photosynthesis in flag 

leaves, leading to a 12% increase in grain number per 

spike. Conversely, excessive nitrogen fertilization has been 

reported to negatively affect grain number in wheat (Noor 

et al., 2023; Saleem Kubar et al., 2021). While the potential 

number of grains (florets) is determined prior to flowering, 

the development of inflorescences and successful grain set 

are influenced by post-anthesis environmental conditions. 

In this study, foliar urea was applied during the anthesis 

stage, suggesting that the observed variation in grain 

number may be attributed to improved physiological 

conditions induced by nitrogen application. 

Grain weight per spike and 1000-grain weight 

Total grain weight per spike was significantly influenced 
by foliar-applied urea, exogenous 6-BAP, and their 
interaction (Table 3). Similarly, both foliar urea and 
exogenous 6-BAP had significant effects on 1000-grain 
weight, although their interaction was not significant for 
this trait (Table 3). Compared with the control treatment, 
exogenous application of 6-BAP increased grain weight 
per spike by up to 16.6%. In the absence of 6-BAP 
application, the highest grain weight per spike was 
observed with the second and third levels of urea 
application (Fig. 2). However, when 6-BAP was applied, it 
enhanced the positive effect of foliar urea, resulting in the 
maximum grain weight per spike (1.77 g) in plants treated 
with 3% (w/v) urea plus exogenous 6-BAP (Fig. 2). The 
highest 1000-grain weight (47.8 g) was also obtained from 
the 3% (w/v) urea treatment (Fig. 3). Cytokinins regulate 
numerous aspects of plant growth and development. They 
are known to promote cell division, delay leaf senescence, 
and influence assimilate partitioning. Increasing 
endogenous cytokinin levels during the reproductive stages 
of wheat can significantly affect grain filling and final 
grain weight (Zarea, 2025a). Although the present study 
did not investigate the effect of 6-BAP on dry matter 
translocation to the grains, Luo et al. (2018) reported that 
exogenous application of 6-BAP enhanced wheat grain 
weight by promoting the transport of dry matter to the 
developing grains. Based on this evidence, it can be 
postulated that the applied 6-BAP in this study may have 
facilitated assimilate transport, promoted grain cell 
division, and delayed leaf senescence, thereby improving 
grain weight. Foliar urea application also significantly 
increased grain weight, consistent with the findings of Luo 
et al. (2018), who reported that foliar nitrogen application 
improved wheat grain weight. Previous studies have shown 
that nitrogen deficiency induces premature leaf senescence 
(Buchanan-Wollaston et al., 2003), whereas adequate 
nitrogen supply delays leaf senescence (Martre et al., 2006) 
and the onset of flag leaf senescence (Luo et al., 2018). The 
positive interaction observed between 6-BAP and nitrogen 
in the present study suggests a synergistic effect in 
enhancing grain weight per spike. In this experiment, 
plants treated with a 3% urea foliar spray exhibited the 
highest grain weight per spike and 1000-grain weight, 
while the highest urea level (4%) significantly reduced 
these traits. The positive influence of nitrogen fertilization 
on grain weight has also been reported by Arabi and 
Jawhar (2002). Conversely, excessive nitrogen application 
has been shown to have detrimental effects on grain filling. 
Liu et al. (2021) found a negative correlation between high 
nitrogen application and sucrose transport and starch 
accumulation in wheat grains. Similarly, Zhang et al. 
(2020) reported that although nitrogen fertilization 
significantly enhanced flag leaf photosynthesis, grain-
filling capacity, and water use efficiency, higher nitrogen 
levels ultimately reduced wheat yield. 

Spike and spike chaff weights 

Analysis of Variance ANOVA results (Table 3) showed 

the significant effects of the main factors, foliar urea and 

exogenous 6-BAP, as well as their interaction on spike 

weight. Spike chaff was not affected by either the main 

treatment or their interaction, while spike weight was 

significantly affected. 
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Table 3. Summary of the statistical analysis of data for grain yield and yield component, total spike weight, and total grain 

weight per spike 

Sources of 

variance 

df  Mean square value 

 No. of grain 

per spike 

Grain weight 

per spike 

1000-Grain 

weight 

Spike chaff 

weight 

Spike 

weight 

Grain 

yield 

Block 2  2.73ns 0.04* 36.9* 0.13* 0.32** 0.05** 

Urea 3  7.05* 0.07** 24.5* 0.01ns 0.11** 0.08** 

6-BAP 1  4.69ns 0.13** 61.1** 0.06ns 0.38** 0.23** 

Urea × 6-BAP 3  1.03ns 0.03* 10.3ns 0.03ns 0.07* 0.029* 

Error 14  1.56 0.009 6.1 0.032 0.021 0.008 

C.V.   3.45 6.53 6.13 26.91 6.95 4.95 

df, Degrees of freedom; ns = non-significant at 0.05 probable level; ** and * = F-test significant at 1% and 5% levels, 

respectively; C.V., Coefficient of Variation. 

 

 

Fig. 1. Effect of foliar application of urea and 6-bezylaminopurine, given at the flowering growth stage, on number of 

grain per spike in durum wheat. Treatment code: U1%, U2%, U3%, and U4% = foliar applied urea at 0%, 2%, 3%, and 

4% (w/v), respectively. Values given on the bars are the mean ± standard error; LSD, Least Significant Difference.

  

 

Fig. 2. Effect of foliar application of urea and 6-bezylaminopurine, given at the flowering growth stage, on grain weight 

per spike in durum wheat. Treatment code: U1%, U2%, U3%, and U4% = foliar applied urea at 0%, 2%, 3%, and 4% 

(w/v), respectively; Values given on the bars are the mean ± standard error; LSD, Least Significant Difference. 

 

 

 

 

 

 

Fig. 3. Effect of foliar application of urea and 6-bezylaminopurine, given at the flowering growth stage, on 1000 grain in 
durum wheat. Treatment code: U1%, U2%, U3%, and U4% = foliar applied urea at 0%, 2%, 3%, and 4% (w/v), 
respectively. Values given on the bars are the mean ± standard error; LSD, Least Significant Difference.  

Spike weight was significantly affected by foliar urea, 

exogenous 6-BAP, and their interaction (Table 3). 

Exogenous 6-BAP enhanced the positive effect of foliar 

urea, particularly at the third level of urea application (Fig. 

4). As shown in Fig. 4, the highest spike weight was 

obtained with the 3% urea treatment in combination with 

35.14 37.21 37.22
35.59

0

10

20

30

40

50

U0% U2% U3% U4%

G
ra

in
 n

u
m

b
e
r 

sp
ik

e-1 LSD = 1.55 

1.31
1.49 1.44

1.03
1.62

1.51
1.77

1.42

0

0.5

1

1.5

2

2.5

U0% U2% U3% U4% U0% U2% U3% U4%

6-BAP (0 mg/L) 6-BAP (100 mg/L)

G
ra

in
 w

ei
g

h
t 

(g
 s

p
ik

e-1
) LSD = 0.16 

38.7 41.12 42.69
38.47

0

10

20

30

40

50

60

U0% U2% U3% U4%

1
0

0
0

-g
ra

in
 w

ei
g

h
t 

(g
)

LSD  = 3.05 



H. Alihoseini & M. J. Zarea  Iran Agricultural Research 44 (2025) 110-118. 

114 

6-BAP, followed by 2% urea plus 6-BAP. In contrast, 

foliar application of higher urea concentration (4%) 

negatively affected spike weight, reducing it to a level even 

lower than that of the control. The application of 6-BAP 

alone significantly increased spike weight by 14.9% 

compared with the control treatment. Variations in spike 

weight can result from changes in either spike chaff weight 

and/or grain weight, as grain weight depends on both the 

total number of grains per spike and individual grain 

weight. In the present study, the treatments did not 

significantly affect spike chaff weight. The results further 

indicated that grain number per spike did not respond 

significantly to 6-BAP application but showed a significant 

response to foliar urea. Both grain number and grain 

weight increased significantly with urea application. A 

strong positive Pearson correlation was observed between 

grain weight and spike weight (R2 = 0.74, P < 0.01), while 

the correlation between spike chaff and spike weight was 

moderate (R2 = 0.64, P < 0.01). The correlation between 

grain number and spike weight was weak (R2 = 0.11, P < 

0.5). Therefore, the observed increase in spike weight can 

be primarily attributed to the enhancements in grain weight 

rather than to the spike chaff or grain number. 

Grain yield 

ANOVA for the effect of foliar urea and exogenous 6-BAP 

on grain yield is presented in Table 3. As shown in Table 

3, the main effects of foliar urea and 6-BAP, as well as 

their interaction (urea × 6-BAP), significantly influenced 

grain yield. The interaction between foliar urea and 6-BAP 

is illustrated in Fig. 5. Exogenous 6-BAP application 

significantly increased yield by up to 10.7% compared 

with the control. The combined foliar application of 3% 

(w/v) urea and 10 mg L–1 6-BAP produced the highest 

grain yield (2180 kg ha–1) among all treatments (Fig. 5). 

Grain yield in wheat is determined by several yield 

components, including grain number per spike, grain 

weight, and spike number per plant. In the present study, 

treatments were applied at the flowering stage, followed by 

a three-week period of drought stress. As most tillers in 

wheat are formed before the onset of stem elongation, the 

treatments had no significant effect on tiller number per 

plant. The number of grains per spike was significantly 

affected by urea application but not by 6-BAP, while grain 

weight per spike and thousand-grain weight were 

significantly increased by both urea and 6-BAP. In 

addition to leaves, other photosynthetically active parts of 

wheat such as the stem and spike play important roles in 

grain filling (Aschan and Pfanz, 2003). Several studies 

have confirmed the contribution of the spike and stem to 

wheat grain yield (Li et al., 2017; Kong et al., 2016). 

Depending on variety and environmental conditions, the 

spike can contribute between 10% and 59% to total grain 

filling (Kriedemann et al., 1966), while the leaves 

contribute approximately 9–12% (Wang et al., 2001). 

Saleem Kubar et al. (2021) reported that nitrogen fertilizer 

application significantly enhances the photosynthetic rate 

and chlorophyll content in wheat, and that split nitrogen 

application further improves photosynthetic capacity 

(Hamani et al., 2022), emphasizing the role of nitrogen in 

photosynthetic performance. Similarly, Noor et al. (2023) 

reported that nitrogen application improves photosynthetic 

productivity and delays leaf senescence in wheat. It is 

therefore postulated that foliar urea application, by 

improving photosynthetic performance and delaying leaf 

senescence, could enhance grain yield under drought stress. 

In the present study, exogenous 6-BAP significantly 

increased grain weight but did not significantly affect grain 

number per spike, although a slight increase was observed. 

The positive effect of 6-BAP on grain yield may thus be 

attributed to its role in enhancing grain filling and grain-

filling capacity. It has been reported that drought stress 

occurring during anthesis and grain-filling stages can 

drastically reduce wheat yield (Zhang et al., 2017). During 

the present experiment, rainfall totaled 40 mm from spike 

emergence to the late grain-filling period, indicating that 

plants likely experienced drought stress, particularly during 

grain filling. Previous studies have shown that plants under 

water deficit often exhibit nitrogen deficiency (Alam et al., 

2020; Nazar et al., 2020). Nitrogen plays a crucial role in 

conferring drought tolerance (Guo et al., 2019; Lv et al., 

2021), as it helps maintain normal physiological functions 

and enhances reactive oxygen species scavenging (Guo et 

al., 2019), aiding plants in coping with water deficit. Since 

grain filling is a nutrient transport process highly sensitive 

to soil water content (Chu et al., 2015), nitrogen 

application under limited soil moisture can support grain 

filling and improve yield.  

 
Fig. 4. Effect of foliar application of urea and 6-bezylaminopurine, given at the flowering growth stage, on spike weight in 

durum wheat. Treatment code: U1%, U2%, U3%, and U4% = foliar applied urea at 0%, 2%, 3%, and 4% (w/v), 
respectively. Values given on the bars are the mean ± standard error; LSD, Least Significant Difference. 
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Fig. 5. Effect of foliar application of urea and 6-bezylaminopurine, given at the flowering growth stage, on rain yield in 

durum wheat. Treatment code: U1%, U2%, U3%, and U4% = foliar applied urea at 0%, 2%, 3%, and 4% (w/v), 
respectively; Values given on the bars are the mean ± standard error; LSD, Least Significant Difference. 

 
Nutrient content of grains 

In the present study, foliar application of urea 

significantly increased N and Zn contents in wheat 

grains, but had no significant effect on phosphorus (P) 

accumulation (Table 4). Exogenous application of 6-

BAP had no significant effect on grain N, P, or Zn 

contents (Table 4). The highest grain N uptake was 

recorded at the 4% urea application level (Fig. 6). 

However, foliar application of 4% urea significantly 

reduced Zn accumulation in the grain (Fig. 7). Wheat 

absorbs only a small amount of nitrogen during grain 

filling, with most of the N (approximately 60–90%) 

being remobilized from source organs such as leaves 

and stems (Kong et al., 2016). In addition, drought 

stress can negatively affect nitrogen uptake by plants 

(Lv et al., 2021). In the present study, total rainfall 

during spike emergence to late grain filling was only 40 

mm, suggesting that plants experienced drought stress 

during this critical stage. Previous evidence indicates 

that plants often exhibit nitrogen deficiency under 

water-deficit conditions (Alam et al., 2020; Nazar et al., 

2020). It is postulated that foliar-applied urea was 

effectively absorbed by the leaves and subsequently 

translocated to the grains. Earlier studies have reported 

that wheat leaves are more efficient at nutrient 

absorption during grain filling compared with roots 

(Uscola et al., 2014; Visioli et al., 2018). This could 

explain the improved grain N and Zn contents observed 

with foliar urea application in the present experiment. 

CONCLUSION  

Wheat is one of the most important staple foods in Iran; 

however, its grain Zn content is relatively low (Zarea, 

2025b; 2024; 2023). Therefore, strategies that can 

enhance both wheat grain yield and Zn concentration 

are of great agronomic importance. The current study 

demonstrated that foliar application of urea at the 

flowering stage is a promising approach for 

simultaneously improving grain yield and Zn content in 

wheat. Increasing urea concentration from 2% to 3% 

positively enhanced wheat performance, whereas a 

higher concentration (4%) had a detrimental effect on 

grain yield and Zn accumulation. Exogenous application 

of 6-BAP (10 mg L–1) improved grain weight and grain 

yield but did not significantly affect grain N, P, or Zn 

content. The highest grain yield was obtained with the 

combined treatment of 6-BAP and 3% (w/v) urea. This 

combination can be recommended for wheat production 

under rainfed conditions to achieve better yield 

performance without compromising grain nutrient 

quality. 
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Table 4. Summary of the statistical analysis of data for grain nutrient content 

Sources of variance df N P Zn 

Block 2 0.007ns 12480ns 55.5ns 

Urea 3 0.010* 35867ns 71.4* 

6-BAP 1 0.003ns 26347ns 31.7ns 

Urea × 6-BAP 3 0.0007ns 25070ns 18.9ns 

Error 14 0.003 69626 22.2 

C.V.  21.3 3.7 10.7 

df, degrees of freedom; ns = non-significant at 0.05 probable level; ** and * = F-test significant at 1% and 5% levels, respectively; C.V., 

Coefficient of Variation; N, nitrogen; P, phosphorus; Zn, zinc. 
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Fig. 6. Effect of foliar application of urea and 6-

bezylaminopurine, given at the flowering growth stage, on 

grain nitrogen content. Urea applied at 0%, 2%, 3%, and 4% 

(w/v), respectively. Values given on the bars are the mean ± 

standard error; LSD, Least Significant Difference. 

 

 
Fig. 7. Effect of foliar application of urea and 6-

bezylaminopurine, given at the flowering growth stage, on 

grain Zn content. Treatment code: U1%, U2%, U3%, and 

U4% = foliar applied urea at 0%, 2%, 3%, and 4% (w/v), 
respectively. Values given on the bars are the mean ± standard 

error; LSD, Least Significant Difference. 
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