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Abstract 
 

A field experiment was conducted to evaluate the effect of foliar application of urea 
applied in different concentrations and at different stages on yield and yield components of 
wheat (Triticum aestivum L) cv. “Kiran-95” under agro-climatic condition of Sindh. The 
experiment was laid out according to randomized complete block design having two factors 
with four repeats. Six concentrations of urea i.e., 0, 2, 4, 6, 8 and 10% as foliar application 
along with 60 and 120 kg N ha-1 were applied as soil application. The results revealed that 
foliar application of urea significantly increased plant height, spike length, number of grains 
spike-1, hundred grain weight, biological yield, grain yield and N uptake by the crop. The 
foliar spray of 4% urea solution was found to be most effective for enhancing the 
quantitative and qualitative traits when sprayed at tillering, stem elongation and boot stage. 
The grain yield was increased by 32% when 4% urea solution was applied as foliar spray. 
Further increase in the concentrations of urea spray was not found to be useful and 
economical as it declined the grain yield by 25% or even more probably due to its toxicity. 
 
Introduction  
 

The role of macro and micro nutrients is crucial in crop nutrition for achieving 
higher yields (Raun & Johnson, 1999).  The soils of Pakistan are deficient in nitrogen and 
are supplemented with chemical fertilizer for enhancing the crop productivity. 
Nitrogenous fertilizers play a vital role in modern farm technology, however only 20-
50% of the soil applied nitrogen is recovered by the annual crops (Bajwa, 1992). The left 
over nitrogen is lost from the soil system through denitrification, volatilization and 
leaching. The partial and in-efficient use of nitrogen results in lower crop harvests. 
Moreover, fertilizers are energy intensive to produce and are very expensive. The present 
price hike of fertilizers is one of the main constraints to increase the economic yield of 
crops. Thus efforts are needed to minimize its losses and to enhance its economic use. 
Foliar fertilization, that is nutrient supplementation through leaves, is an efficient 
technique of fertilization which enhances the availability of nutrients. It has been 
observed that utilization of fertilizers especially urea applied through soil is not as 
effective as when it is supplied to the plant through foliage along with soil application 
(Mosluh et al., 1978). It also ensures the ample availability of nutrients to crops for 
obtaining higher yield (Arif et al., 2006). Several researchers justified the idea that 
nutrients (like N) may be taken up through roots and leaves and may spread within the 
plant (Ahmed & Ahmed, 2005; Hassanein, 2001). The efficiency of N assimilation 
through foliage, however, depends upon several factors including varieties or genotypes. 
The study under report was initiated to investigate the efficiency of foliar application of 
urea for yield and yield components of wheat when applied at different growth stages. 
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Materials and Methods 
 

A field study was conducted at NIA, Experimental Farm during 2004-05 to evaluate the 
effect of foliar application of urea on yield and yield components of wheat genotype “Kiran-
95”. The experimental site was silty clay in texture, non-saline (ECe, 0.88 dS m-1), low in 
organic matter (0.81%), Kjeldahl N (0.046 %) and Olsen’s P (6.8 mg kg-1). The experiment 
was laid out in randomized complete block design having two factors with four replications.  
The basal dose of phosphorus @ 90 kg ha-1 and nitrogen @ 60 and 120 kg ha-1 was applied at 
the time of sowing. Foliar spray of urea at concentrations 0, 2, 4, 6, 8, 10% was prepared by 
the addition of urea fertilizer in water (w/v) and a surfactant tween-80 was mixed @ 0.1% v/v 
(1 ml/ 1 liter) with the solution to increase adhesion of solution with plant foliage. The 
required quantity of foliar spray of urea in formulated concentrations was applied to crop at 
tillering, stem elongation and boot stage according to the respective protocol of the treatment. 
The control treatment was sprayed with sole water. Leaf samples were collected to determine 
N at tillering, stem elongation and boot stage after 24, 48 and 72 hour of spray. The data were 
recorded for yield and yield parameters at maturity. After harvesting the crop, plant samples 
were collected randomly from each treatment for grain and straw. Both of these plant parts 
were dried at 70 oC for 48 hours in forced draft oven. A uniform sub portion of the dried 
material was ground in Wiley’s mill and a known quantity of the ground material was 
digested by modified Kjeldahl’s method in which N is converted in NH4

+ form by digestion 
with H2SO4. The NH3 is distilled into boric acid and determined by titration with standard 
H2SO4 (Jackson, 1979). The results obtained were subjected to statistical analysis using 
standard method of analysis (Steel et al., 1997). The differences among the treatment means 
were compared by using Duncan Multiple Range test (Duncan, 1970). 
 
Results and Discussion 
 
Nitrogen concentration at different stages: The data regarding N concentrations in 
plant at tillering stage have been shown in Table 1. It is obvious from the data that 
N concentration within the plant leaves increased by increasing N concentration 
either in soil or by foliar applications. The maximum N concentration in leaves 
after 72 hours was recorded when 10% urea spray was applied which was 5.67%. 
The N concentration in plant leaves was 5.61% after 48 hours and 5.57% after 24 
hours at said level of foliar application. Minimum absorption of N was noted in 
plants when sprayed only with water having no urea. Soil application however, 
showed marginal increasing trend for N in plant when N application was raised 
from 60 to 120 kg N ha-1. The higher N concentrations reflect the higher absorption 
of NH4

+ ions when the urea spray concentrations were increased from 2 to 10%. 
These results are in line with Altman et al., (1983) who also reported increase in N 
concentration in plant leaves with the increase of urea spray in wheat. Similar trend 
was noted at stem elongation and boot stages (Tables 2 & 3). At stem elongation 
stage, the absorption of N was higher after 48 hours which again declined after 72 
hours. However, increasing N trend in plant was similar to that in tillering stage. 
The maximum N concentration of 6.05% was found at stem elongation stage after 
48 hours in the leaves of plants when supplied with 10% urea spray. These results 
are in agreement with the result of those of Vagen, (2003) in broccoli. 
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Table 4. Effect of foliar spray of urea on plant height and spike length of wheat. 
Plant height (cm) Spike length (cm) 

N level (kg ha -1) N level (kg ha -1) Treatments  
(Urea spray) 

60 120 Mean 60 120 Mean 

Control 65.2 c 74.7 b 70.0 b 9.8 c 10.9 ab 10.3 b 
2% 80.4 ab 83.3 a 81.9 a 10.4 abc 10.5 abc 10.5 ab 
4% 85.3 a 86.9 a 86.1 a 10.9 ab 11.2 a 11.1 a 
6% 85.2 a 85.8 a 85.5 a 10.8 ab 11.1 a 11.0 ab 
8% 81.2 ab 84.5 a 82.9 a 10.8 ab 11.1 a 11.0 ab 
10% 85.3 a 85.6 a 85.4 a 10.2 bc 10.7 ab 10.5 ab 

Means followed by different letters in the same column are significantly different from each other at 5% 
level of significance 

 
Table 5. Effect of foliar spray of urea on numbers of grain spike and 100 grain weight of wheat. 

Numbers of grain spike 100 grain weight (g) 
N level (kg ha -1) N level (kg ha -1) Treatments  

(Urea spray) 
60 120 Mean 60 120 Mean 

Control 48.0 b 48.3 b 48.1 b 3.45 d 3.54 d 3.49 c 
2% 65.4 a 67.7 a 66.5 a 4.07 c 4.20 bc 4.14 b 
4% 66.7 a 68.3 a 67.5 a 4.31 abc 4.55 a 4.42 a 
6% 65.9 a 67.8 a 66.8 a 4.14 bc 4.57 a 4.35 a 
8% 65.6 a 66.3 a 65.9 a 4.14 bc 4.51 a 4.32 ab 
10% 65.7 a 65.9 a 65.8 a 4.11 c 4.43 ab 4.27 ab 

Means followed by different letters in the same column are significantly different from each other at 5% 
level of significance 

 
Plant height and spike length: The data revealed that foliar application of urea resulted in 
a significant increase in plant height (Table 4). Maximum plant height of 86.9 cm was 
recorded where 4% urea solution was sprayed while the minimum plant height of 65.2 cm 
was recorded in control (water spray). The data on spike length revealed significant increase 
with foliar application of urea (Table 4). Maximum spike length of 11.2 cm was produced 
by 4% urea spray, while minimum spike length was recorded by control (water spray). 
These results are in agreement with those of Alston (1979) who reported better vegetative 
growth of wheat with foliar application of N. Similarly, (Soylu et al., 2005; Kenbaev & 
Sade (2002) and Arif et al., (2006) reported significant increase in plant height of wheat 
crop with foliar application of different nutrients individually or in combination.  
 
Number of grains per spike and 100-grain weight: The data revealed significant effect 
of foliar application of urea on number of grains per spike (Table 5). Number of grains 
spike-1 increased significantly in all the urea sprayed treatments as compared to sole 
water supply treatments, whereas differences among fertilizer treatments were at par to 
each other. Gooding & Devies (1992) reported better performance of wheat crop for 
foliar application of N. Similarly, Seth & Mosluh (1981) reported marked increase in 
number of grains per spike of wheat when urea was applied as foliar spray.  
 In case of 100 grain yield the analysis of the data revealed that foliar application of 
urea solution resulted a significant increase in hundred grain weight (Table 5). The foliar 
spray of 4% urea solution yielded heavier grains (4.42g) followed by 6% urea spray 
(4.35g), while control (water spray) produced grains with lesser weight (3.49g). This may 
be due to the provision of N through urea spray at later growth stages which might have 
enhanced accumulation of assimilates in the grains and thus resulting in heavier grains of 
wheat. These results are in line with Soylu et al., (2005) and Guenis et al., (2003) who 
reported significant increase in thousand grains weight with foliar application of nutrients.  
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Table 6. Effect of foliar spray of urea on yield of wheat. 

Biological yield (ton ha-1) Grain yield (ton ha-1) 

N level (kg ha -1) N level (kg ha -1) 
Treatments  
(Urea spray) 

60 120 
Mean 

60 120 
Mean 

Control 8.13 d 12.08 abc 10.10 c 3.18 f 3.91 ef 3.54 d 
2% 11.78 bc 12.89 ab 12.34 b 4.01 cdef 4.84 abcd 4.43 bc 
4% 13.52 a 13.75 a 13.63 a 4. 90 abc 5.73 a 5.31 a 
6% 12.16 abc 13.03 ab 12.60 ab 4.22 bcde 5.15 ab 4.68 ab 
8% 11.77 bc 12.29 abc 12.03 b 4.04 cdef 4.01 cdef 4.02 bcd 
10% 10.94 c 12.08 abc 11.51 b 4.01 cdef 3.96 def 3.99 cd 

Means followed by different letters in the same column are significantly different from each other at 5% 
level of significance 

 
Crop harvest: The data on biological yield revealed significant increase with foliar 
application of urea (Table 6). Maximum biological yield was produced by 4% urea spray 
(13.75 ton ha-1) followed by 6% urea spray (13.03 ton ha-1), while minimum biological 
yield was recorded in control treatment (water spray) (8.13 ton ha-1). These results are in 
line with those of Alston, (1979) who reported better vegetative growth with foliar 
application of N. Soleimani (2006) also reported increase in biological yield of wheat by 
foliar application of zinc. 

The grain yield also increased significantly with foliar application of urea (Table 6). 
Maximum grain yield was produced by 4% urea spray (5.73 ton ha-1), while minimum 
grain yield was produced in control (3.18 ton ha-1). All sprays were found beneficial as 
compared to control (water spray) at both levels of N application in soil. The results are 
in conformity with Alston (1979) who reported increased straw yield with foliar 
application of N. Kolota &  Osinska (2001) concluded that a multi-component foliar 
fertilizer containing N significantly increased the yield of cabbage. The high 
efficiency of foliar urea application found in this study is in agreement with the 
findings of Zahran & Abdoh (1998) for onion and Zeidan (2003) for faba bean. 
 
Nitrogen uptake: The enhanced yield of a crop is often associated with optimum 
nutrient uptake particularly N. It has been observed that integrated application of N 
through soil and foliage facilitated the higher N uptake in plants. There was a substantial 
increase in N uptake in plants sprayed with urea as compared with control. Average N 
uptake of 149.9 kg ha-1 was observed in the treatment where 6% urea solution was 
sprayed at tillering, stem elongation and boot stage, which was significantly higher than 
all other treatments (Table 7). The higher concentration of urea (10%) significantly 
reduced N uptake which may be due to phyto-toxicity of urea and leaves could not 
function properly thus the additional N uptake was hindered (Vagen, 2003). 
 
Conclusion 
 

Foliar application of urea increased the productivity and quality of crops and  the N 
fertilizer efficiency can be increased with foliar application  it can be safely concluded that 
4% foliar application of urea enhanced yield and yield parameters of wheat. 
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