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Abstract 

 

This study aimed to investigate how slow-release fertilizers affect nitrate leaching, soil profile, and yield of wheat. In the 

current climate, there is growing interest in developing new controlled-release fertilizers based on eco-friendly raw materials. 

Neem oil coating layers on urea granules were compared and different parameters were investigated in the present study. 

When comparing several coating layers, single coatings showed a higher release than double and triple coatings earlier in the 

fertilizer application process, indicating a less efficient coating. A triple coating significantly reduced the amount of release 

that might not meet plant requirements. In the second study, physiological parameters and crop yield were compared between 

neem oil-coated fertilizers (75, 50%, and 25%) and untreated fertilizers (Control). Results of the pot study showed that a 

reduced dose of fertilizer (75%) favored a better response in photosynthetic parameters and nutritional status in wheat plants. 

There was a significant increase in the yield of grain weight and number of grains with the neem oil coating, since it was 75% 

more effective than the uncoated coating. Results showed that the neem oil-coated urea fertilizer improved crop management 

and reduced N losses, which are usually caused by conventional fertilizers. A completely randomized design was used for all 

laboratory and pot experiments. Hence, natural neem oil as a coating material has the potential to boost growth and yield as 

well as control negative environmental effects. 
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Introduction 

 

The application of synthetic nitrogen (N) fertilizer to 

cropland alters greenhouse gas emissions, water quality, 

global nutrient balance and feedback to the climate system, 

in addition to increasing agricultural production. However, 

due to the lack of geographic data on fertilizer inputs, 

existing Earth system and land surface modeling studies 

must ignore or use oversimplified data (e.g., static, 

spatially uniform fertilizer use) to characterize agricultural 

N inputs over decades or centuries (Lu & Tian, 2017). 

Nitrogen fertilizer is widely used to increase crop 

production in arable land (Vitousek et al., 2009; Martinez-

Feria et al., 2018). N supply over the crop’s demand leads 

to N losses as NO3--N leaching (Valkama et al., 2016; 

Hansen et al., 2019; Umar et al., 2020), NH3 volatilization 

(Pfromm, 2017; Ying et al., 2019), N2O/NO/N2 emission 

(Loick et al., 2016; Huddell et al., 2020), resulting in non-

point-source pollution (Sha et al., 2020) global warming 

(Ogle et al., 2014) and other negative environmental 

impacts. Among these losses, major N loss is via ammonia 

volatilization (Shaviv & Mikkelsen, 1993; Frame, 2017; 

Ashraf et al., 2019). Therefore, it is crucial to improve 

strategies to reduce negative environmental impacts while 

maintaining crop yields (Suter et al., 2020). 

Wheat (Triticum aestivum L.) is the most widely grown 

crop in temperate climates and is used for both human and 

cattle feed. Wheat provides the human diet with important 

vitamins, minerals, and amino acids, as well as beneficial 

dietary fiber and phytochemicals, which are particularly 

abundant in whole-grain products (Shewry, 2009). Wheat 

production feeds millions of people around the world and is 

largely reliant on adequate nitrogen supply. 

Nitrogen is a major nutrient that restricts the 

productivity of wheat (Fradgley et al., 2021). There is 

also a lot of variation in how wheat cultivars acquire and 

use nitrogen to produce higher yields (Belete et al., 

2018). Thus, applying the correct rate of nitrogen 

fertilizer is regarded as a main means of raising wheat 

grain yield, and enhancing N uptake and use efficiency, 

but N-losses due to volatilization leads to reduced yield 

and nutrient-use efficiency of wheat (Fageria, 2014). To 

enhance nitrogen-use efficiency (NUE) and minimize N 

losses effectively, several strategies have been employed 

in recent years (Langholtz et al., 2021). Use of urease 

and nitrification inhibitors is an effective technique in 

minimizing the N losses (Byrne et al., 2020), but urease 

and nitrification inhibitors are too expensive for 

common farmers (Zaman et al., 2013). Breeding 

approaches are also employed for enhancing nitrogen 

fixation but this is a time-consuming process Lindström 

and Mousavi, 2020). To avoid the negative 

environmental consequences of urea application, it is 

recommended to use controlled-release urea (CRU). At 

soil pH 6.0, CRU effectively reduces N2O emissions and 

NH3 volatilization (Zhang et al., 2019). Blending urea 
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reduces the ammonia volatilization losses very 

effectively up to 17–20% as compared to the uncoated 

urea (Zhang et al., 2021). Polymer coating of urea is a 

cheaper and effective technique to lower the N losses, 

and for enhancing the nitrogen-use efficiency (Wang et 

al., 2015). Polymer coated urea significantly enhanced 

the corn yield and nitrogen-use efficiency by lowering 

the N losses (Xie et al., 2020). 

Furthermore, during the application of slow release 

fertilizer the loss of nitrogen is reduced (Joshi et al., 

2014). In some countries, this is the traditional method to 

mix the urea with neem cake to increase the nitrogen use 

efficiency (Singh et al., 2019). Urea is coated by neem oil 

and reduces the N losses and N is slowly released to crop 

throughout its life cycle (Thind et al., 2010). Although it 

had been established long ago that neem products, when 

applied along with urea can enhance NUE in crops 

(Meena et al., 2018). Therefore, research investigations 

based on science-based experiments were critically 

analyzed to better understand the agronomic benefits of 

different coating layers and amounts of neem oil-coated 

urea compared to ordinary urea. 

 

Material and Methods 

 

Experimental location and treatments (coating on 

urea granules): A laboratory and pot experiment was 

conducted at Wahdat Ingegrated Agro Farm, Sargodha 

to optimize the use of neem oil for coating on urea with 

the aim of enhancing nitrogen use efficiency of wheat 

crop. Concentrations of neem oil (1.0%) were made in 

acetone and coated on urea granules with the help of 

coating machine (Fig. 1). Controlled conditions were 

maintained to avoid any contamination, during these 

activities under laboratory conditions. Coated urea was 

dried under laboratory conditions and stored at room 

temperature (25°C).  

 

 
 

Fig. 1. Flow chart diagram coating on urea granules with the help 

of urea coating machine. 

 

Soil analysis: Soil to be used in the laboratory and pot 

experiments was bulk sampled from the top layer 15cm 

layer. Composite sample was pre-analyzed for various 

physio-chemical parameters at departmental Laboratory. 

The details of the tested soil sample are given in table: 

Table 1. Physico-chemical properties of soil taken 

for experiments. 

Properties Units Readings 

Sand % 50.54 

Silt % 27.36 

Clay % 22.10 

Textural class - Sandy loam 

Moisture percentage % 30 

ECe dS m-1 1.85 

pH - 7.67 

CEC meq/100 g 4.27 

O.M % 0.50 

K mg kg-1 soil 106 

N % 0.07 

P mg kg-1 soil 6.5 

 

This study was conducted in the laboratory to check 

the effect of different number of coatings of neem oil 

(1.0%) on urea fertilizer. The experiment was designed 

according to completely randomized design CRD. Each 

treatment was replicated three times. The treatment plan 

was consisted of: 
 

a) Uncoated urea (Control) 

b) Number of coatings (uncoated, single, double and 

triple) 

 

Four treatment sets were run for the determination of 

NH4
+ and NO3

− release at 10, 20 and 30 days intervals. 

A pot experiment was conducted in the Wahdat 

Ingegrated Agro Farm Sargodha, to evaluate the effect of 

neem oil coated urea rates on growth, yield and nitrogen 

use efficiency of wheat. Best number of coating layers 

(Double) was selected from Laboratory experiment. The 

treatment plan was comprised of: 
 

a) Control (without N fertilizer) 

b) Uncoated urea (Control) 

c) Fertilizer rates (75, 50 and 25% of recommended rate 

of neem oil coated urea in comparison with 

recommended rate of uncoated urea) 

d) Wheat varieties: Barani (Barani-2017) and Irrigated 

(Akbar-2019) 

 

Pots were filled with pre-analyzed soil at the rate of 10 

kg per pot. Pots were arranged according to completely 

randomized design (CRD) for 5 treatments and each 

treatment with three replications. Tap water was applied to 

all pots to achieve field capacity level. At field capacity 5 

seeds of wheat varieties “Barani-2017 and Akbar-2019” 

were sown in pots. After germination two plants were 

maintained in each pot by manual thinning. Urea fertilizer 

was used as N source while single super phasphate (SSP) 

and sulphate of potash (SOP) were used as P and K sources 

at the rate of 120: 90: 60 Kg ha-1 (N: P: K). All P and K was 

applied at sowing, while urea (in coated and uncoated 

form) was applied with first irrigation. Uncoated urea was 

applied at recommended rate, while coated fertilizers were 

applied at 75, 50 and 25% of recommended rate of N. All 

other agronomic practices for pest control and growth 

requirements were adopted as and when needed. 
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Measurement of ammonium, nitrate and cumulative 
nitrogen: Different number of coatings of neem oil on urea 
fertilizer was carried out at Laboratory. Neem oil was coated 
in single, double and triple layers on urea. Field capacity 
moisture was maintained each after 24 hours and NH4

+ and 
NO3

− were measured after (10, 20, 30) days of incubation 
through indophenol blue method (Phenol and hypochlorite 
react with ammonia to form indophenol blue that is 
propotional to the ammonia concentration. The blue color 
formed is intensified with sodium nitroprusside and 
measured colorimetrically) and phenol disulphonic acid 
method (Nitrate reacts with phenol disulfonic acid and 
produces a nitro derivatives which in alkaline solution 
develops yellow colour due to rearrangement of its structure) 
respectively (Keeney & Nelson, 1989). Calculation for 
cumulative N was measured by sum of ammonium and 
nitrate concentration. The collected data were analyzed 
following Fisher’s analysis of variance for CRD and LSD 
test was used for mean comparison (Steel et al., 1997). 
 

Evaluation of plant growth and yield of wheat: At the 
crop’s physiological maturity, the chlorophyll contents were 
recorded using a SPAD meter (Estimation of chlorophyll 
contents by correlations between SPAD‐502 meter and 
chroma meter in butterhead lettuce). Plant height and spike 
length were measured using a meter rod. After harvesting of 
wheat crop, number of fertile, unfertile and total tillers per 
pot were counted and yield components (fresh and dry 
weight of shoot, 1000 grains weight, straw yield and 
biological yield weighed using a weighing balance) of wheat 
were noted. Number of grains per spoke and spikelets per 
spike were noted. Harvest index % was calculated. 
 

Harvest index (%) = 
Grain yield 

x 100 
Biological yield 

 

Chemical analysis of soil and plant: Several soil 
properties were measured to characterize soil fertility in 
both experiments. pH and EC were determined in a 1/5 
(w/v) aqueous soil extract by shaking and filtration. pH was 
measured by a pH meter (Crison mod.2001, Barcelona, 
Spain) and EC with a Conductivity meter (Crison micro 
CM2200, Barcelona, Spain). Total and organic soil C 
(SOC) and total N (N) were determined by combustion gas 
chromatography in a Flash EA 1112 Thermo Finnigan 
(Franklin, MA, USA) elemental analyzer after eliminating 
carbonate by acid digestion with HCl. The total nutrient 
contents (P, K, Ca, Mg, Cu, Fe, K, Mg, Mn, and Zn) were 
extracted by aqua regia digestion (3:1, v/v, HCl/HNO3) 
and determined by ICP-AES (Thermo Elemental Iris 
Intrepid II XDL, Franklin, MA, USA).  

Chemical analysis for N concentrations in the grain, 
straw and roots were performed at departmental laboratory. 
Grain, straw and root samples were digested following 
method proposed by Wolf (1986) by using sulfuric acid and 
hydrogen peroxide. Nitrogen concentration from digested 
plant samples was estimated following the Kjeldahl 
method (Jackson, 1982). 
 

Statistical analysis 
 

Data collected from lab and pot experiments was 
analyzed using completely randomized design (CRD) for 
Fisher’s analysis of variance (Steel et al., 1997). Treatment 
means were compared through LSD test. 

Results 
 

Ammonium ion concentration in soil at different time 
intervals (10, 20, 30): Table 2 depicted that ammonium 
release from uncoated urea was maximum at first interval, 
but it was reduced enormously at latter intervals (after 20 
and 30 days of interval). While all coating layers with neem 
oil (single, double, triple) lowered the ammonium release 
at first interval in comparison to uncoated urea, but it was 
significantly increased at second interval. At third interval, 
though ammonium release was significantly lower than at 
second interval but it was still higher than release at first 
interval. However, maximum ammonium release was 
given by double coating of neem oil that was 1563 mg kg-

1. Among number of coating layers, double coating 
released maximum ammonium at second and third interval 
for all coating layers. 
 

Nitrate ion concentration at different time intervals (10, 
20, 30): The nitrate release was significantly lower in 
coated treatments than uncoated treatment at first and 
second interval. At third interval nitrate concentration from 
coated treatments was a little increased than uncoated 
treatment (Table 3). At first interval maximum nitrate 
concentration (1162.0 mg kg-1) was found in soil treated 
with uncoated urea, while minimum was found with 
negative control (1.0 mg kg-1). Single coating released 
more nitrate in the soil than double and triple coating for 
neem oil at first interval. But at third interval, double layer 
coating of neem oil higher nitrate release than single and 
triple layer coating.  
 

Cumulative N concentration in soil at different time 
intervals (10, 20, 30): Cumulative nitrogen showed a 
consistent decline in negative control and uncoated urea 
treatment, while in coated fertilizers cumulative nitrogen 
concentration was increased up to second interval then 
slightly lowered at third interval but the value were still 
higher than that of first interval, as indicated in Table 4. At 
first interval maximum cumulative N release was seen for 
uncoated urea (2618.0 mg kg-1), while among coated 
treatments double coating of neem oil induced highest 
cumulative N release that was 714 mg kg-1. At second 
interval maximum release of cumulative N was given by 
double coating of neem oil (1.0%). It was noted that 
cumulative N release was much consistent from double 
layer coating of all number of coating layers. As highest 
cumulative N release (2146.0 mg kg-1) was given by double 
coating of neem oil at 20 days interval. 
 

Plant height: Plant height is considered a fundamental 
morphological character which is genetically controlled but 
also influenced by nutrients, water and environmental stress. 
Plant height is a best indicator of vegetative growth of plant, 
more the vegetative growth more will be the plant height. 
Maximum plant height (82.95 cm) was seen where 75% neem 
coated urea as compared to recommended rate of commercial 
urea was applied followed by uncoated recommended urea 
(76.85 cm) in irrigated wheat variety “Akbar-2019”. Reduced 
rates of all types of coated urea also gave excellent response; 
even 25% of recommended rate neem oil coated urea gave 
plant height (69.75 cm) best to negative control (Fig. 2). 
Furthermore, in barani wheat variety “Barani-2017” 75% 
neem oil coated urea gave more plant height (78.87 cm) in 
comparison to all other treatments. 
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Table 2. Effect of coating layers on ammonium concentrations in the soil at different time intervals (10, 20, 30). 

Fertilizer sources Number of coating layers 

Ammonium (mg kg-1) 

Time interval (days) 

10 days 20 days 30 days 

Negative control No fertilizer, No coating 1.7 K 0.7 K 0.4 K 

Positive control Uncoated 1456 C 432 H 238 J 

Neem oil coated urea 

Single 457 G 1496 B 957 DE 

Double 453 G 1563 A 965 EF 

Triple 346 I 1178 D 882 F 

 

Table 3. Effect of coating layers on nitrate concentrations in the soil at different time intervals (10, 20, 30). 

Fertilizer sources Number of coating layers 

Nitrate (mg kg-1) 

Time interval (days) 

10 days 20 days 30 days 

Negative control No fertilizer, No coating 1.0 H 0.6 H 0.5 H 

Positive control Uncoated 1162 A 843 B 307 EF 

Neem oil coated urea 

Single 264 F 431 E 663 C 

Double 261 F 583 D 671 C 

Triple 243 G 424 E 602 CD 

 

Table 4. Effect of coating layers on cumulative N concentrations in the soil at different time intervals (10, 20, 30). 

Fertilizer sources Number of coating layers 

Cumulative nitrogen (mg kg-1) 

Time interval (days) 

10 days 20 days 30 days 

Negative control No fertilizer, No coating 2.7 J 1.3 J 0.9 J 

Positive control Uncoated 2618 A 1275 F 545 I 

Neem oil coated urea 

Single 721 G 1927 BC 1620 CD 

Double 714 G 2146 B 1636 C 

Triple 589 H 1602 D 1484 E 

 

Chlorophyll content: Chlorophyll is an important 

photosynthetic pigment to the plant, largely determining 

photosynthetic capacity and hence agronomic plant 

growth. Figure 3 depicted that minimum chlorophyll 

contents were found where no nitrogen (N) fertilizer was 

applied, while all rates of N fertilizers significantly 

improved the chlorophyll contents in both varieties 

(Irrigated and Barani) wheat plants. Among neem oil 

coated urea treatment, 75% rate of recommended dose 

induced maximum chlorophyll contents (46 and 43). Even 

the reduced rate (50% of recommended) of neem oil coated 

urea induced greater chlorophyll contents (40 and 38) in 

wheat plants than control. 
 

Fresh weight of shoot: Shoot fresh weight (SFW) is one 

of the parameters, used to estimate the total plant biomass 

yield in wheat. Shoot fresh weight was increased in the 

wheat of plant treated with all levels of coated urea (Fig. 

4). Even reduced rates (75, 50 and 25% of recommended 

rate) of all coated urea fertilizer induced higher chlorophyll 

contents than recommended rate of uncoated urea 

indicating net saving of urea fertilizer up to 25 to 50%. 

However, maximum Shoot fresh weight was observed in 

the treatment of neem oil coated urea 75% (2.06 and 1.86 

g in both wheat varieties) followed by recommended rate 

of uncoated urea (1.81 and 1.71). Control treatment 

induced Shoot fresh weights up to (1.53 and 1.37 g) that 

were lower than all other treatments. 

Dry weight of shoot: The conventional means of 
determining shoot dry weight (SDW) is the measurement of 
oven-dried samples. In this method, tissue is harvested and 
dried, and then shoot dry weight is measured. Shoot dry 
weight was increased in the wheat of plant treated with all 
levels of coated urea (Fig. 5). Even reduced rates (75, 50 and 
25% of recommended rate) of all coated urea fertilizer 
induced higher chlorophyll contents than recommended rate 
of uncoated urea indicating net saving of urea fertilizer up to 
25 to 50%. However, maximum Shoot dry weight was 
observed in the treatment of neem oil coated urea 75% (0.42 
and 0.38 g in both wheat varieties) followed by 
recommended rate of uncoated urea (0.40 and 0.36). Control 
treatment induced Shoot dry weights up to (0.27 and 0.24 g) 
that were lower than all other treatments. 

 
Spike length: Spike length is a main character of variety 
which is much influenced by water and nutrients. Results 
regarding spike length (cm) of wheat as affected by the 
application of different levels of coated urea. It is clear 
from the data that spike length was significantly affected 
by the coated urea levels. The interaction between coated 
urea fertilizer and their levels also provided a significant 
effect on the spike length. Coated urea 75% showed 
maximum spike length (12.33 cm and 11.29 cm in both 
varieties) as compared to other levels of coated urea. The 
second most spike length (11.50 cm and 10.74 cm) was 
recorded in uncoated urea fertilizer. Minimum spike length 
(8.33 cm and 7.50 cm) was found in control treatment 
where N fertilizer was not applied (Fig. 6).  
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Fig. 2. Impact of different rates of neem oil coated urea on plant 

height (cm) of wheat. 

 
 

Fig. 3. Impact of different rates of neem oil coated urea on 

chlorophyll content (SPAD) of wheat. 

 

 
 

Fig. 4. Impact of different rates of neem oil coated urea on shoot 

fresh weight (g) of wheat. 

 
 

Fig. 5. Impact of different rates of neem oil coated urea on shoot 

dry weight (g) of wheat. 

 

 
 

Fig. 6. Impact of different rates of neem oil coated urea on spike 

length (cm) of wheat. 

 
 

Fig. 7. Impact of different rates of neem oil coated urea on 

spikelet’s per spike of wheat. 
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Fig. 8. Impact of different rates of neem oil coated urea on number 

of grains per spike of wheat. 

 

 
 

Fig. 9. Impact of different rates of neem oil coated urea on 1000 

grains weight (g) of wheat. 

 

 
 

Fig. 10. Impact of different rates of neem oil coated urea on 

harvest index (%) of wheat. 

 

 
 

Fig. 11. Impact of different rates of neem oil coated urea on grain 

yield per plant (g) of wheat. 

 

 
 

Fig. 12. Impact of different rates of neem oil coated urea on total 

nitrogen concentration (%) in soil. 

 
 

Fig. 13. Impact of different rates of neem oil coated urea on 

nitrogen concentration (%) in root. 
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Fig. 14. Impact of different rates of neem oil coated urea on 

nitrogen concentration (%) in shoot. 

 

 
 

Fig. 15. Impact of different rates of neem oil coated urea on 

nitrogen concentration (%) in grains of wheat. 

Spikelet's per spike: Figure 7 depicted the highest 

spikelets per spike (16.85 and 15.89 in both varieties) in 

the treatment of neem oil coated urea 75 % among all rates 

of different levels of coated urea and uncoated urea. 

However, reduced rate at 50 and 25% of recommended rate 

neem oil coated urea produced the high spikelets per spike 

among the control treatment in both varieties. However, 

minimum spikelets per spike (13.22 and 11.07) were found 

in control treatment where N fertilizer was not applied. 

 

Grains per spike: Number of grains per spike is an 

important parameter which has a prime position to 

contributing the grain yield. More the number of grains per 

spike more will be grain yield. Trend for number of grains 

per spike minimum grain yield was given by control where 

no N fertilizer was applied that was 31 per spike in irrigated 

and 25 per spike in barani wheat variety. Uncoated urea at 

recommended produced 45 and 41 grains per spike in both 

varieties respectively that was greater than 50 and 25% of 

recommended neem oil coated urea (Fig. 8). However, 

75% of recommended rates of neem oil coated urea 

significantly improved the number of grains per spike than 

recommended rate of uncoated urea in both verities. 

 

1000 grains weight: Minimum 1000 grains weight was 

given by control where no N fertilizer was applied that was 

34 g and 31 g in irrigated and barani wheat varieties 

respectively (Fig. 9). Uncoated urea at recommended 

produced 41 g and 39 g grain yield that was greater than 50 

and 25% of neem oil coated urea. However, recommended 

and 75% of recommended rates of neem oil coated urea 

significantly improved the 1000 grain weight than 

recommended rate of uncoated urea. 

 

Harvest index %: The physiological effectiveness of a 

crop to convert dry matter into economic yield is calculated 

by the harvest index formula. Harvest index is the ratio of 

economic yield over biological yield and multiplied by 

100. Maximum harvest index (36.23% and 34.13%) was 

recorded in coated urea applied 75% to recommended dose 

of commercial urea in irrigated and barani wheat varieties. 

The minimum harvest index of wheat (27.76% and 

26.76%) in both varieties was recorded in control having 

no use of N fertilizer (Fig. 10). The outcome exposed that 

highest harvest index due to the coated urea fertilizer with 

75% level for wheat. 

 

Grain yield per plant: Figure 11 showed the influence of 

different rates of application of neem oil coated urea and 

uncoated urea on grain yield of wheat per plant. In both 

wheat varieties (Akbar-2019 and Barani 2017), neem oil 

coated urea yielded the maximum grain yield at 75% of the 

recommended rate of application, which was 4.3 and 4.2 g 

pot-1, while even its reduced application rates (50 and 25% 

of recommended rate) led to higher yields than control (2.5 

and 2.2 g pot-1). 

 

Chemical parameters of soil and plant (pot) 

 

Total nitrogen concentration in soil: Nitrogen 

concentration in soil was also influenced greatly by the 

application of various levels of neem oil coated urea (Fig. 

12). There was a maximum concentration of N in the soil 

(0.22 and 0.18% in both wheat varieties trials) when 75% 

neem oil coated urea of the recommended dose was 

applied. After 75% neem oil coated urea, uncoated urea 

induced second highest N concentration in soil by inducing 

0.17 and 0.16% N with recommended rate of application. 

With regard to coating materials, neem oil applied at 75% 

of the recommended rate of application produced a higher 

level of nitrogen in soil than uncoated urea. 

 

Nitrogen concentration in root: As given in Fig. 13 

lowest N concentration in wheat roots was seen where no 

N fertilizer was applied, while N fertilizers in all levels and 

rates of application gave higher N concentration in wheat 

roots than control. Levels of coated urea at full, 75% of 

recommended rate gave higher N concentration in wheat 

roots than recommended rate of uncoated urea (0.88% and 

0.83%) in both varieties. However, 50% of recommended 

rate induced slightly lower N in roots than recommended 

rate of uncoated urea. 
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Nitrogen concentration in shoot: Nitrogen concentration 

in shoot was found maximum in plots treated with 75% 

neem oil coated urea at recommended rate (0.70% in 

Akbar-2017) followed by uncoated urea at recommended 

rate (0.66%). Reduced rates of all levels of coated urea also 

gave excellent response; even 25% of recommended rate 

neem oil coated urea gave nitrogen concentration in shoot 

(0.42% and 0.36% respectively) best to negative control 

(Fig. 14). Furthermore, in barani wheat variety “Barani-

2017” 75% neem oil coated urea gave more N 

concentration in shoot (0.62%) in comparison to all other 

treatments, as depicted in Fig. 14. 

 

Nitrogen concentration in grain: The concentration of 

nitrogen (N) in the grains of wheat was highly variable among 

applied treatments, as given in Fig. 15. The lowest N 

concentration in the grains of wheat (0.39% in Akbar-2019 

variety and 0.30% in Barani-2017 variety) was found where 

no N fertilizer was applied (control). While all N applied 

treatments at all rates significantly enhanced N concentration 

in grains of wheat in both varieties. Reduced rates of neem oil 

coated urea (75% of recommended rate) induced N 

concentrations in the grains of wheat varieties higher than that 

induced by uncoated urea at recommended rate. 
 

Discussion 

 

In modern agriculture, chemical fertilizers are widely 

used (Yan et al., 2010. It is important to pay special 

attention to fertilizers containing nitrogen (N), an essential 

macronutrient for plants (Li et al., 2021). Numerous issues 

arise, however, when N fertilizer is introduced into the soil, 

due to the significant losses that occur during nitrification 

and subsequent denitrification processes (Belete et al., 

2018; Van-Eerd et al., 2017). In several studies, applied N 

has been found to undergo several chemical processes as 

well as interact with soil bacteria and plant roots. 

(Castellano-Hinojosa et al., 2019; Abbas et al., 2020). In 

two successive steps, nitrifying bacteria transform 

ammonium into nitrite and then into nitrate. Nitrogen may 

be lost in the form of nitrous oxide or nitrite during this 

process (Zhu et al., 2021). During nitrate leaching or 

denitrification processes, groundwater, surface water, and 

air pollution may occur as a result (Wang et al., 2019). As 

a result, keeping an eye on the nitrogen dynamics of the 

soil is crucial. Using neem oil coated urea, a series of 

laboratory and pot trials have been conducted to boost 

agronomic yields. 

In my first study, comparison for number of coating 

layers of neem oil on urea granules was investigated and 

different parameters were monitored like ammoinum and 

nitrate concentration. The release of fertilizer from a 

single coating was higher than from a double and triple 

coating at the early stages of fertilizer application, which 

may indicate that the coatings were inefficient. A triple 

coating significantly reduced the amount of release that 

might not meet plant requirements. The double layer 

coating, however, consistently released nitrogen at all 

intervals, meeting plant needs at all times. Due to the fact 

that coating thickness influences nutrient release, double 

coating layers might be a result of the thickness of the 

coating on the surface of urea granules. In a similar study 

Noor et al., (2017) has also proved that double layer of 

coating showed more consistent release which was 

suitable to fulfill crop demand. 

The results of pot experiment (Second study) were 

based on the performance of neem oil coated urea for 

improving the growth and yield of wheat crop. Compared 

to the control, all growth and physiological attributes, 

including plant height, chlorophyll content, fresh and dry 

weight of shoots, spike length, and spikelets per spike, 

were significantly higher with coated urea. Even reduced 

rate (75% of recommended) of coated urea also gave higher 

growth than uncoated urea. This might be due to the 

consistent supply of nitrogen from coated urea. Because of 

nitrogen plays vital role in the vegetative growth of plants. 

It also plays role in the physiological functioning of the 

plants. Ghafoor et al., (2021) also proved that coated 

fertilizer enhanced the plant growth of wheat. The yield 

attributes of wheat like grains per spike, 1000 grains weight 

and grain yield per plant were also influenced highly with 

neem oil coated urea. However, highest yield was seen with 

the application neem oil coated urea at 75% of 

recommended rate. In line with our findings, Zhang et al., 

(2020) described that nitrogen fertilization with consistent 

supply improved the growth of wheat. Several other 

strategies adopted to improve the nitrogen fertilization like 

deep placement and coated fertilizer application resulted in 

crop growth improvement in maize and rice (Wu et al., 

2017; Rychel et al., 2020; Ghafoor et al., 2021). 

In wheat leaves, chlorophyll content was also 

influenced by all kinds of coated fertilizers. In comparison 

to uncoated urea, neem oil coated urea @ 75% induced 

higher chlorophyll contents. As nitrogen is a structural 

component of chlorophyll, its consistent supply during a 

crop plant's physiological growth could help increase its 

physiological activity. This might lead to higher 

chlorophyll contents at the physiological maturity of crop. 

In two similar experiments, Oad et al., (2004) and 

Khalofah et al., (2021) proved that coated N fertilizer and 

deep placement of N fertilizer lead to higher chlorophyll 

contents due to consistent N supply. 
 

Conclusions 
 

Neem oil is an environmentally notorious material 

that can be used effectively to manage urea utilization 

efficiency issues based on the results of the experiment. 

It will also help to manage environmental problems 

associated with ammonia emission and nitrate leaching 

into groundwater due to fertilizer use efficiency. As a 

result, the farmer can increase his income and the 

environment suffers a minimum loss. It performed well 

under normal soil and environmental conditions when 

coated with urea.  Among all other treatments, double-

layer neem oil-coated urea (1%) showed the best results. 

Temperature and moisture levels increased, which 

resulted in an increase in ammonium and nitrate releases. 

Growth, yield, N concentration in different parts of the 

plant, and nitrogen use efficiency were the highest with 

neem oil coated urea 75% as compared with the 

recommended rate. Neem oil coated urea application is 

beneficial to agronimic parameters of wheat. 
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