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1. INTRODUCTION 

 

Wheat (Triticum aestivum L.) is an edible grain grown under a wide range of 

climates, soils and best adapted to temperate regions with rainfall between 30 and 90 

cm. Currently, about 95% of the wheat grown globally is hexaploid bread wheat 

(Triticum aestivum L.), which is known as common/ bread wheat and valued for bread 

making and remaining 5% being tetraploid durum wheat. 

Globally wheat (Triticum spp.) occupies an area of about 216.14 million 

hectares with an estimated annual production of 763.58 million tonnes with a 

productivity of 3.53 metric tonnes (USDA, 2020). In the world main wheat producing 

countries are China, India, Russia, USA, France, Canada, Ukraine, Pakistan, Germany, 

Argentina and Turkey (FAO, 2019). In India, wheat is farmed on around 31.76 million 

hectares, yielding 108.75 million tonnes with a productivity of 34.24 quintal hectare-1 

(Progress report, IIWBR, Karnal, 2021). In Rajasthan, wheat crop covers an area of 

34.97 lakh hectares with an annual production of 10.92 million tonnes and an average 

productivity of 3.5 tonnes ha-1 which is slightly higher than national average. Rajasthan 

state is on fifth position in terms of wheat production after Uttar Pradesh, Punjab, 

Haryana and Madhya Pradesh (Government of Rajasthan, 2021).  

Wheat is mainly grown for human food but about 10 per cent is retained for 

seed and industry (for production of starch, malt, dextrose, gluten). Wheat grain 

contains all essential nutrients; kernel contains about 12 per cent moisture, including 

carbohydrate (60-80% mainly as starch), protein (8-15%) containing adequate amounts 

of all essential amino acids (except lysine, tryptophan and methionine), fats (1.5-2%), 

minerals (1.5-2%), vitamins (such as B complex, vitamin E) and 2.2% crude fibers. 

According to the Food and Agriculture Organization (FAO) of the United 

Nations, the world population is expected to increase to almost 10 billion by 2050. 

Considering the limited land availability, the increased frequency of extreme climate 

events and the current inefficient utilization of resources (e.g., water, energy and 

nutrients), meeting the future global food demand sustainably is one of the major 

challenges that agriculture and the whole food supply chain need to face in the future. 

The intensive application of conventional agrochemicals has already been 

demonstrated to result in an unsustainable impact on the environment.  



Recent estimates suggest that the usage of fertilizers may contribute around 30 

per cent of the total crop yield, while the rest 70 per cent depending on the effective 

application of other factors and agricultural inputs. Nevertheless, a massive amount of 

fertilizers that are applied either become fixed in the soil or are lost to the environment 

due to volatilization, leaching and water runoff. However, 50–70 per cent of 

nitrogenous fertilizers applied through conventional fertilization are either lost as 

water-soluble nitrates, gaseous ammonia, nitrogen oxides or they are incorporated as 

minerals in the soil through the action of microorganisms. Nitrogen is the most crucial 

nutrient for crop productivity and it also plays the major role in agriculture. 

In India, the total consumption, production and import of nitrogen as a fertilizer 

is 191.01, 136.85 and 51.91 lakh tonnes, respectively (Pocket book of agricultural 

statistics, 2020). The most common nitrogenous fertilizer used today is urea which 

accounts for roughly 82 per cent of India's overall fertilizer use and about 55 per cent 

of the world's total nitrogen fertilizer usage. Due to its high solubility in water, non-

polarity, quick leaf absorption and minimal phytotoxicity urea is the most widely 

utilized nitrogen source (Bondada et al., 2001). The use of urea has been demonstrated 

to reduce fertilizer efficiency, resulting in higher costs. Ironically, the unbalanced and 

haphazard use of inorganic fertilizers had a negative effect on availability of nutrients 

to plants as well as on soil fertility and soil health resulted lowering productivity of 

crops and caused chronic diseases in human beings.  

To overcome all these drawbacks, nanotechnology holds promise and nano 

fertilizers can go a long way in ensuring sustainable soil health and crop production 

(Lal, 2008). New approaches are therefore required to improve agricultural yield and 

quality while reducing the environmental impact of farming. In this situation, 

nanotechnology-based nano liquid urea is an eco-friendly, smart fertilizer with high 

nutrient use efficiency and a long-term solution for reducing pollution and global 

warming as it lowers nitrous oxide emissions, doesn't contaminate soil, air and water 

bodies and offers great promises for the secure and effective delivery of nutrients. 

Fertilizers, nutrients encapsulated inside nano porous materials (10-9m size), 

coated with thin polymer film or delivered as particle or emulsions of nano scales 

dimensions are known as Nano-fertilizers. The use of nano fertilizers to specifically 

release nutrients inside the plant can minimize their losses, avoiding rapid changes in 

their chemical nature. NFs can release their nutrients in 40–50 days, while synthetic 



fertilizers do the same in 4–10 days. As a result, a synthetic urea fertilizer can rapidly 

lose more than 70 per cent of its N content after field application through leaching and 

volatilization, leaving less than 20 per cent to be readily available for plants.  

One nano urea particle is roughly 30 nanometers in size (IFFCO, 2021) and has 

10,000 times larger surface area to volume than ordinary urea. Furthermore, because of 

its extreme small size and surface penetrable abilities nano urea is readily grabbed by 

plants when sprayed on their leaves. These nanoparticles penetrate to the areas of the 

plant where nitrogen is needed and release nutrients in a controlled way. The site-

specific and regulated release of the active ingredient from conventional agri-inputs in 

nano form helps to reduce excess runoff, avoid eutrophication and eliminate residual 

contamination. 

As nano-fertilizers contain nutrients and growth promoters enclosed in nano 

scale polymers they deliver the major nutrients to the crop with as needed in a phased 

manner. Through ensuring improved nutrient use efficiency these nanoscale polymers 

ensure low and target efficient release for providing nutrients to the crop in a sustained 

way throughout its life cycle. Therefore, in order to provide farmers with a feasible and 

financially viable option for maintaining sustainable crop production with improved 

crop quality and increased resource use efficiency (nutrients) the current study was 

undertaken to evaluate the response of wheat crop to eco-friendly granular as well as 

foliar nano-N. The assessment of these environmentally friendly nano-fertilizers might 

be quite helpful.  

Therefore, sustainable efforts are being made to synchronize nutrient 

availability and improve NUE values in agricultural systems without a further 

deterioration of surrounding environments. Nano urea has been proposed as a way to 

increase the overall NUE values of fertilizers through a more controlled and slower 

nutrient release. 

 Keeping in mind the optimistic results of nano urea and demand of wheat, an 

experiment entitled “Effect of Nano urea on NUE and Productivity of Wheat 

(Triticum aestivum L.) under Restricted Irrigation Conditions” was conducted 

during rabi, 2021-22 at the Instructional Farm, Rajasthan College of Agriculture, 

Maharana Pratap University of Agriculture and Technology, Udaipur, Rajasthan to 

fulfill following objectives: 



1. To assess the effect of nano urea on growth and yield of wheat. 

2. To evaluate the effect of nano urea on nutrient content and uptake.  

3. To work out the economics of treatments. 

 

 

 

 



2. REVIEW OF LITERATURE 
 

 The current situation requires a change away from traditional crop production 

methods to modern technologies like smart fertilizer application which are both 

environmentally friendly and effective. This is necessary to ensure food security for 

the growing population, to reduce environmental risks and to ensure long-term 

sustainability. Numerous studies have shown that using nano fertilizers in conjunction 

with commercial fertilizers increases crop yields. This chapter is a summary of 

research findings on the “Effect of Nano urea on NUE and Productivity of Wheat 

(Triticum aestivum L.) under Restricted Irrigation Conditions”. 

2.1  EFFECT OF NANO FERTILIZERS  

2.1.1  Crop growth  

Liu et al. (2012) from China conducted research to examine the effects of 

combined application of nitrogen fertilizer and nano-carbon on nitrogen use of soil 

and rice yield to a rice cultivar. The research indicates that applying nitrogen fertilizer 

and nano-carbon together considerably improved dry matter accumulation compared 

to using inorganic conventional fertilizers. In Iran Jafarzadeh et al. (2013), carried out 

a field experiment on the wheat crop with three levels of potassium soil application 

(no application, 150 kg ha-1 potassium sulfate and 10 kg ha-1 nano potassium) as well 

as four levels of nano potassium foliar application (no application, foliar application 

at tillering, foliar application at stem elongation and foliar application at tillering and 

stem elongation) and observed that soil application of nano potassium resulted in 

significant rise in plant height and tillers plant-1.  

Adhikari et al. (2015) carried out an experiment to determine the 

characterization of zinc oxide nano particles and their effect on growth of maize. 

Their experiment gave positive result with higher plant height, root volume, root 

length and dry matter weight by the application zinc oxide nano particle as compared 

to the conventional Zn fertilizer (ZnSO4). In South Korea an experiment was 

conducted to examine the impact of nano fertilizers on rice crop growth and 

development. They found that applying the full recommended amount of conventional 

and nano fertilizer treatments augmented plant height by 3.6 per cent over control 

(Benzon et al., 2015). 



In order to determine the impact of foliar application of nano chitosan-NPK 

fertilizer on wheat plants Aziz et al. (2016) carried out an experiment in Mansoura 

(Egypt) and they found that there was a significant upsurge in all growth variables, 

including plant height (51.32 cm), shoot length (43.56 cm), fresh weight (0.8 g plant-

1), dry weight (0.3 g plant-1) and leaf area (14 cm2 plant-1), as well as a significant 

reduction in days taken to 50 per cent ear head stage, days to physiological maturity 

and days to harvesting than the yield attributes of wheat plants treated with non-

fertilized and normal fertilized NPK. Manikandan and Subramanian (2016) carried 

out and research experiment at Coimbatore (Tamilnadu) to determine the response of 

maize plants to the zeolite-based nitrogen nano fertilizers and conventional fertilizers 

in Inceptisols and Alfisols type of soil. They reported significant increase in plant 

height (152.3 cm, 178.1 cm), root length (65.9 cm, 76.4 cm) and dry matter 

accumulation (151.4 and 130.1 g) by foliar application nano-zeourea in comparison to 

application of conventional urea. 

Al-Juthery et al. (2018) conducted a field experiment at Al-Shafeieyah (Iraq), 

to study the effect of foliar application of different sources of nano fertilizers on 

growth and yield of wheat. According to study foliar application of super micro 

(SMP) plus nano fertilizer followed by the spraying combined of tri (N+P+K), di 

(N+P), (N+K) and (P+K) nano fertilizer compared to control and traditional 

(NPK+TE) fertilizer treatments was proved to be efficient. Application of super 

microplus (SMP) nano fertilizer significantly increased plant height (87.77 cm), spike 

length (12.22 cm) and chlorophyll (58.22 SPAD). Astaneh et al. (2018) carried out an 

experiment of nano chelated nitrogen and urea fertilizers on wheat plant under normal 

and drought stress condition at two locations at Khodayan and Nasrabad in Iran. The 

results revealed that application of urea (110 kg ha-1) and nano chelated nitrogen (41 

kg ha-1) had significant effects on stem weight (1.37 kg m-2 and 1.05 kg m-2), spike 

weight, spike length, plant height, number of tillers and stem diameter. 

Morsy et al. (2018) conducted an experiment during two winter seasons at 

Abu Simbel (Egypt). The results revealed that foliar application with nano fertilizer 

(400 ppm) with N-levels (100 kg N fed-1) in combination with irrigation (100 %) 

increased plant height (87.7 and 85.7 cm), spike length (9.1 and 9.1cm), grains spike-1 

(64.2 and 60.8) and number of tillers m-2 (6.68 % and 5.38 %) compared to the control 

treatment. An experiment was carried out by Rathnayaka et al. (2018) at 



Sammanthurai (Sri Lanka) involving the use of NPK fertilizers and nano nitrogen 

fertilizer to test the growth attributes and yield of rice cultivar. The results revealed 

that plant height (57.9 cm), number of tillers plant-1 (6) and plant dry weight (9.9 g) 

were significantly improved by application of 100 per cent nano nitrogen.  

Al-Juthery et al. (2019) carried out a field experiment on wheat cultivar at the 

Al-Shafeieyah, (Iraq). They observed that foliar spray of the combined nano-(Fe + Cu 

+ Zn) application significant increase plant height, length of spike, by 27.47, 28.53, 

respectively compared to control plot. Al-Juthery et al. (2019) conducted a field 

experiment at Husseiniya (Iraq) to study the effect of foliar nutrition with some of 

nano fertilizers and nano amino acids on growth and yield of wheat. The results 

showed that significant response was recorded with foliar nutrition of tri nano mixture 

of nano chelated super granules (NCSF), nano amino acids (NAA) and nano 

potassium (NK) treatments in all growth parameters of wheat for plant height (81.66 

cm), length of spike (11.88 cm), total chlorophyll (51.99 SPAD) in comparison to 

control. 

Mehta and Bharat (2019) conducted an experiment on use of nano and non-

nano fertilizers in wheat (Triticum aestivum L.) at Jammu (Jammu & Kashmir) during 

the rabi 2015-2016. The results indicated that among the applied treatments 100 per 

cent NPK + nano NPK (liquid) recorded significantly greater number of effective 

tillers (75.19), supreme length of the ear (14.38 cm), highest number of grains ear-1 

(39.06) and uppermost 1000 grain weight (42.50 g) than control. Rani et al. (2019), 

conducted an experiment to study the effect of chemical and nano nitrogenous 

fertilizer on yield and yield attributes of sorghum crop (Sorghum bicolor L.) a pot 

culture experiment was carried out at Junagadh (Gujrat). The results revealed that 

significant increase in plant height (177.67 cm), maximum number of leaves (17.73) 

and maximum length of spike (25.53) was recorded with the treatment T4 (2.5 times 

reduction of RDN) through nano fertilizer which was statistically at par with T7 (RDN 

through nano fertilizer). To examine the effect of IFFCO nano fertilizer on growth 

and yield attributes of maize an investigation was carried out by Kumar et al. (2021) 

at several locations across India. The results revealed that the application of 50 per 

cent N, 100 per cent PK, 0 per cent Zinc + 2 sprays of IFFCO nano N (4 ml litre-1) in 

combination with IFFCO Sagarika (2 ml litre-1) had greatest influence on plant height 

(226 cm), maximum leaf area (801.16 cm2) and girth of stem (6.97 cm). 



Morsy et al. (2021) investigated the impact of the preceding crop, sowing 

methods, and nano fertilizer on the growth, production and quality of bread wheat at 

the Abu Simbel (Egypt). The foliar application of nano fertilizer with 500 ml fed-1 

gave the highest mean values for plant height (90.29 and 89.91cm), number of spike 

plant-1 (5.28 and 5.44), number of leaves plant-1 (19.31 and 19.23) and flag leaf area 

(42.50 and 41.98 cm-2) in 2018-19 and 2019- 20 seasons, respectively.  

At Bogor, (Indonesia) an experiment was carried out by Rostaman et al. 

(2021) on rice crop. They found that using inorganic nano fertilizer in conjunction 

with NPK + urea fertilizer is beneficial. When nano inorganic fertilizers with 400 

times dilution were combined with NPK + urea fertilizer at a recommended dose of 

75 per cent recorded increment in plant height at 30 and 60 DAS by 57.95 and 96.05 

cm as compared to the control. The effect of nano ZnO fertilizer and bulk ZnO on the 

development of commonly grown traditional (Pachchaperumal, Suwandel) and inbred 

(Bg 94-1) rice varieties was investigated in Sri Lanka. In comparison to the other 

variety, rice variety Suwandel expressed an upsurge in mean plant height (96.10 cm) 

when treated with nano-ZnO 60 mg l-1. Nano-ZnO-fertilizer concentrations of both 60 

and 120 mg l-1 shows significant increase in mean biomass and per cent dry weight of 

Bg 94-1, Pachchaperumal, and Suwandel. (Somaratne et al., 2021) 

2.1.2  Yield attributes and yield 

Fan et al. (2012) conducted an experiment at Jilin (China) to access the effects 

of combined nitrogen fertilizer and nano-carbon application on yield and nitrogen use 

of rice grown on saline-alkali soil. They observed the significant increase in dry 

matter accumulation and yield of rice in saline- alkali soil with combined application 

of nitrogen fertilizer and nano-carbon particle. Jafarzadeh et al. (2013) conducted a 

field experiment on the wheat crop in Iran with three levels of soil applied potassium 

(no application, 150 kg ha-1 potassium sulfate and 10 kg ha-1 nano potassium), four 

levels of foliar applied nano potassium foliar application (no application, foliar 

application at tillering, foliar application at stem elongation and foliar application at 

tillering and stem elongation) and they testified that soil application of nano 

potassium had substantial effect on number of tillers plant-1, 100 grain weight, 

economic and biological yield but had not any significant effect were pronounced on 

spike length and number of seed spike-1, whereas foliar application of nano potassium 



had substantial effect on all yield parameters and biological yield except 100 grain 

weight. 

Armin et al. (2014) conducted an experiment at Sabzevar (Iran) to study the 

effect of different concentrations and different application times of nano-Fe fertilizer 

on wheat crop. They observed that number of tillers, seeds spike-1, grain yield, 

biological yield and 1000 grain weight were significantly affected by the 

concentration and timing of the administration of nano fertilizers. They reported that 

foliar application of nano Fe at tillering + stem elongation and at tillering stage 

exhibited grain yield increment of 9.17 per cent and 5.19 per cent, respectively as 

comparison to foliar application of Fe at stem elongation. In South Korea, an 

experiment was carried out to examine the impact of nano fertilizers on rice crop 

growth and development and results revealed that the application of full 

recommended rate of conventional and nano fertilizer boosted the grain yield and 

yield attributes viz., number of reproductive tillers (9.10 %), spikelets (15.42 %) 

panicle weight (17.4 %), total grain weight (unpolished-17.5 %, polished - 20.7 %), 

total shoot dry weight (15.3 %) and harvest index (2.9 %) than treatments in 

comparison (Benzon et al., 2015). 

In Iran, experiment was carried out by Mosanna et al. (2015) to study the 

morpho-physiological response of maize (Zea mays L.) to zinc nano chelate foliar and 

soil application at different growth stages. They observed that 94 per cent more seed 

yield plant-1 was obtained when nano chelate Zn applied to crop through foliar 

application while, soil + foliar application of nano chelate Zn had 51 per cent more 

harvest index compared to control. Aziz et al. (2016), reported substantial increment 

in spike length, 100 grain weight (4.64 g), number of grains spike-1 (8.66), grain yield 

plant-1 (4.28 g), and straw yield plant-1 (0.163 g) of the wheat when it was treated with 

nano chitosan-NPK 10 % fertilizers as compared to wheat plants treated with normal 

non-fertilized and normal fertilized NPK. 

Manikandan and Subramanian (2016) evaluated the response of maize plants 

to the zeolite-based nitrogen nano fertilizers and conventional fertilizers in two 

greenhouse experiments at Coimbatore (Tamilnadu) under two distinct soil textures 

(Inceptisol and Alfisols). They reported that Zeourea and nano-zeourea fertilized 

maize plants recorded significantly higher grain yield plant-1 (295 g and 254 g) in 

Inceptisol and Alfisols over conventional urea treatment. At Tehran (Iran), Ghasemi 



et al. (2017) testified that the utmost biological yield (13800 kg ha-1), grain yield 

(6332 kg ha-1) and straw yield (7470 kg ha-1) were obtained from spraying 20 ppm 

zinc nano oxide at mid-tillering and panicle initiation. 

At Sari (Iran),) rice cultivars (Tarom Mahalli and Tarom Hashemi) chosen as 

the primary factors and nitrogen rates (34 and 69 kg N ha-1 and nitroxin) with 

nanoparticles (nano potassium, nano silicon and control) serving as sub factors. The 

results shows that Tarom Hashemi obtained the highest paddy yield (5000 kg ha-1) 

with the application of 34 kg N ha-1 and nano potassium treatment, while Tarom 

Mahalli obtained the highest paddy yield (4657 kg ha-1) with nitroxin and nano 

potassium consumption. While, the highest harvest index was also obtained by 

application of nitroxin and nano silicon. (Lemraski et al., 2017). 

Al-Juthery et al. (2018) conducted a field experiment at Al-Shafeieyah (Iraq) 

to examine the effect of foliar application of different sources of nano fertilizers 

affected wheat growth and yield. In comparison to control and traditional (NPK+TE) 

fertilizer treatments, foliar application of super micro plus (SMP) nano fertilizer 

followed by spraying combined of tri (N+P+K), di (N+P), (N+K), and (P+K) nano 

fertilizer showed superior results. Application of super micro plus (SMP) nano 

fertilizer noted substantially higher biological yield (13.36 Mg ha-1) and grain yield 

(5.99 Mg ha-1), 1000 grain weight (47.88 g) and harvest index (44.96%). Astaneh et 

al. (2018) carried out an experiment of nano chelated nitrogen and urea fertilizers on 

wheat plant under drought stress condition at two locations viz., Firoozabad and 

Ramhormoz in Iran. Results revealed that nitrogen (urea) and nano chelated nitrogen 

had significant effects on 1000 seed weight, biological and seed yield and harvest 

index. At Sammanthurai (Sri Lanka), the number of tillers plant-1 (06) and yield (2.8 

tonnes ha-1) was significantly improved by 100 per cent nano nitrogen application 

(Rathnayaka et al., 2018). 

From Abu Simbel (Egypt), Morsy et al. (2018) reported that 100% irrigation 

level with nano fertilizer @ 400 ppm in combination with N level of 100 kg fed-1 

significantly higher spike length (9.1 and 9.1 cm),1000 grain weight (47.7 and 47.0 

g), grain yield (2617.1 and 2672.0 kg fed-1) than other treatment. Al-Juthery et al. 

(2019) carried out a field experiment on wheat cultivar at the Al-Shafeieyah, (Iraq). 

They recorded that foliar spray of the tri nano fertilizer (Fe + Cu + Zn) gave the 

highest grain yield (12.30 Mg ha-1), biological yield (91.87 Mg ha-1), weight of 1000 



(53.47 g) and harvest index (18.09 %) as compared to other treatments. At Husseiniya 

(Iraq), the highest grain yield (7.036 Mg h−1), biological yield (15.53 Mg h−1), weight 

of 1000 grains (50.43 g), harvest index (45.59 %) and agronomic productivity was 

achieved when foliar nutrition of tri nano mixture of NCSF + NAA + NK was applied 

compared to control (Al-Juthery et al., 2019). 

Experiment was investigated on use of nano and non-nano fertilizers on yield 

and yield attributes of wheat (Triticum aestivum L.) during the rabi season of 2015-

2016 at Jammu (Jammu & Kashmir). Mehta and Bharat (2019) reported that 

application of 100 per cent NPK + nano NPK (liquid) recorded significantly 

maximum grain yield (44.45 q ha-1) and straw yield (55.99 q ha-1) than other 

treatments. They concluded that integrated use of nano and non-nano fertilizers had 

significant effect on the grain yield.  

Rani et al. (2019) conducted a pot experiment on a sorghum crop in Junagadh 

(Gujrat) to access the effect chemical and nano nitrogenous fertilizer.  They recorded 

that application of T4 (2.5 times reductionof RDN through nano fertilizer) followed by 

T7 (RDN through nano fertilizer) produced the greatest test weight (28.33 g), seed 

yield (51.23 g pot-1) and straw yield (117.13 g pot-1) when compared to conventional 

RDN treatment through chemical fertilizer. In Uttar Pradesh (India), various field 

demonstrations conducted on farmers' fields by Kumar et al. (2020) to study the effect 

of nano fertilizers on wheat crop. They showed that the application of 50 per cent 

conventional nitrogen + 2 nano-N sprays increase yield with 9.76 per cent over 

traditional nitrogen and this treatment also resulted in the uppermost mean yield from 

several demonstrations, which was 4,779 kg ha-1.  

During the winter season of 2019-20, Kumar et al. (2020) conducted a wheat 

study in in several district of Rajasthan. They discovered that yields obtained with 50 

per cent less nitrogen + one spray of nano N, Zn, and Cu were the highest (4628 kg 

ha-1) with an extra gain of 297.5 kg ha-1 over control and a 6.87 per cent increase over 

control.  

During the winter season of 2019-20, Kumar et al. (2020) conducted a barley 

study in various districts of Rajasthan. They discovered that applying 50 per cent less 

nitrogen plus one spray of each of nano N, Zn, and Cu resulted in a maximum mean 



yield (4625 kg ha-1) with an additional yield of 395 kg ha-1 and a 9.34 per cent 

increase over farmer fertilizer practise.  

An experiment was conducted by Kumar et al. (2020) in various locations of 

Rajasthan (India) to investigate the impact of IFFCO nano urea on maize yield 

metrics. It was found that yield with 50% less nitrogen and one spray of nano N, Zn, 

and Cu was maximum mean yield (5250 kg ha-1) with an additional yield of 450 kg 

ha-1 over farmers' practice and a 9.38 per cent increase. Kumar et al. (2021) 

investigated the influence of IFFCO nano fertilizer on growth and yield parameters of 

maize at different parts of India. It was observed that application of 50 per cent N, 100 

per cent PK, 0 per cent Zinc + 2 sprays of IFFCO nano N (4 ml litre-1) mixed with 

IFFCO Sagarika (2 ml litre-1) showed significant increase in grain yield (58.90 q ha-1). 

An experiment was set up on a wheat crop in Udaipur (Rajasthan) to assess the 

impact of foliar spraying nano fertilizers on microbial count and yield. They came to 

the conclusion that highest wheat grain yield (5565.20 kg ha-1) and straw yield 

(7135.46 kg ha-1) were achieved with the application of 100% RDF + 1st spray of 

nano Zn at 14 DAS + 2nd spray of nano Zn at 28 DAS (Meena et al., 2021). 

Morsy et al. (2021) studied the impact of the previous crop, sowing methods 

and nano-fertilizer on the growth, productivity and quality of bread wheat at Abu 

Simbel (Egypt). In the 2018-19 and 2019-20 seasons, foliar spraying wheat plants 

with 500 mLfed-1 of nano fertilizer resulted in increases in spike length by 32.31 per 

cent, number of grain spike-1 by 10.51 per cent, 1000 grain weight by 9.01 per cent 

and grain yield by 45.45 per cent when compared to the control treatment in the first 

season. In the second season, the comparable increases were 30.86 per cent, 10.08 per 

cent, 10.34 per cent and 40.71 per cent in the same order than the control treatment. 

In Indonesia (Bogor), Rostaman et al. (2021) conducted an experiment on rice 

crop. According to the findings, using inorganic nano fertilizers in combination with 

NPK + urea fertilizer is found effective. When nano inorganic fertilizers with 400 

times dilution were combined with NPK + urea fertilizer at a recommended dose of 

75 per cent increases weight of milled dry rice grain by 22.6 per cent compared to 

control. 

Valojai et al. (2021) carried out an experiment at Amol (Iran), to estimate the 

influence of conventional and nano fertilizers on grain yield and quality of two rice 

https://www.tandfonline.com/author/Sadati+Valojai%2C+Seyed+Taghi


cultivars (Tarom and Shiroudi). The results showed that application of NPK, nano 

NPK and its combination (NPK + nano NPK) significantly increased the grain yield 

by (11.24 -149.78 per cent in Tarom and 16.86-95.85 per cent in Shiroudi cultivars) 

and milled rice yield (25.33–157.35 per cent in Tarom and 16.05–112.39 per cent in 

Shiroudi cultivars).  

2.1.3  Quality parameters 

Qiang et al. (2008), conducted an experiment to evaluate performance of slow 

controlled release fertilizer made up of nano materials on quality of winter wheat and 

summer corn and reported that application of nano fertilizers resulted in insignificant 

increase in protein content whereas soluble sugar content was found to be decreased 

insignificantly by use of these fertilizers in comparison with conventional NPK 

chemical fertilizer. Jian et al. (2008) conducted a research experiment to explore the 

application effect of nano synergism fertilizer on winter wheat and reported that 

application of nano synergism fertilizer resulted in decreased protein content of the 

wheat (7.52 %) whereas, the fat content was increased significantly (33 %) upon 

application of these nano materials. 

Ghafari and Razmjoo (2013), conducted an experiment at Isfahan (Iran) to 

evaluate the effects of foliar application of nano iron oxide (2 and g litre-1), iron 

chelate (4 and 8 g litre-1) and iron sulphate (4 and 8 g litre-1) on quality of bread wheat 

(Triticum aestivum L.) and reported that significantly higher grain carbohydrate yield 

besides chlorophyll, grain protein and iron contents were observed with application of 

8 g litre-1 iron sulphate followed by application of 2 g litre-1 of nano iron oxide than 

control plots in comparison. At Coimbatore (Tamilnadu), two greenhouse 

experiments of two distinct soil textures, (Inceptisol and Alfisols) was carried out by 

Manikandan and Subramanian (2016). They evaluated the zeolite-based nitrogen nano 

fertilizers on maize crop and reported that the crude protein content in maize grain 

(4.9 and 4.7 %) in Inceptisol and Alfisols, respectively, was significantly higher for 

nano-zeolite urea treatment in comparison to other treatments. 

Al-Juthery et al. (2018) conducted a field experiment at Al-Shafeieyah (Iraq), 

to study the effect of foliar application of different sources of nano fertilizers on 

growth and yield of wheat. The application of nano super micro plus (SMP) fertilizer 

recorded highest protein (13.69 %) content of the wheat grains in compared to other 



treatments. From Astaneh et al., (2018) carried out an experiment at two locations i.e., 

Firoozabad and Ramhormoz in Iran to study the effect According to research, the 

maximum means of proline (15.65 and 31.5) and chlorophyll a (2.51 and 2.11) were 

obtained by 110 kg ha-1 urea and 41 kg ha-1 nano fertilizer under normal and stressful 

conditions respectively.  

Morsy et al. (2018) conducted two winter seasons of research at the 

experimental at Abu Simbel, Egypt. They observed that 100% irrigation level with 

nano fertilizer @ 400 ppm in combination with N level of 100 kg fed-1 had a 

significantly higher protein (14.70 %) and ash (2.03 %) content than other treatments. 

Al-Juthery et al. (2019) carried out a field experiment on wheat cultivar at the Al-

Shafeieyah, (Iraq). They reported that significantly higher protein content (14.22%) 

and total chlorophyll SPAD (18.22) was obtained with triple nano (Cu +Zn +Fe) 

application than other treatments.  

Burhan and AL-Hassan (2019) carried out an experiment in Baghdad (Iraq) 

and investigators reported that spraying wheat plant with the liquid nano NPK 

fertilizer treatment (20:9:10 per cent) with 15% concentration of the levels 

750:90:600 mg litre-1 recorded the maximum protein in grain (11.83 %), gluten in 

grain flour (16.99 %) and carbohydrates in grain (59.27 %). Morsy et al. (2021) 

studied the impact of preceding crops, sowing methods, and nano fertilizer on the 

growth, yield, and quality of bread wheat over two seasons at the Abu Simbel in 

Egypt. They reported that the first and second seasons' grain yield from plants sprayed 

with 250 ml fed-1 nano fertilizer had the greatest mean values of protein (12.45 and 

12.69%), wet gluten (35.03 and 35.23%) and dry gluten (11.55 and 11.69%), 

respectively.  

2.1.4  Nutrient content and uptake 

At Coimbatore (Tamilnadu) a research experiment was conducted by 

Manikandan and Subramanian (2016) and the research findings showed that in 

inceptisol and alfisol soil highest nitrogen content in grain (0.78 and 0.76 %) were 

significantly increased by nano-zeourea fertilization while in shoot observed by 

zeourea. Al-Juthery et al. (2018) conducted a field experiment at Al-Shafeieyah 

(Iraq), to study the effect of foliar application of different sources of nano fertilizers 

on growth and yield of wheat. The application of super micro plus (SMP) nano 



fertilizer recorded maximum N, P (2.88 %, 0.6 %) and K (2.66 %) content in leaves 

compare with traditional fertilizer. To examine the impact of foliar nutrition with 

some of nano fertilizers and nano amino acids on growth and yield of wheat a field 

experiment was conducted at Husseiniya (Iraq). It was found that spraying tri mixture 

of NK (nano potassium), NAA (nano amino acids) and NCSF (nano chelated super 

granules) significantly increased N, P, K content in grain (2.53, 0.48 and 2.23%, 

respectively) compared to all other treatment (Al-Juthery et al., 2019). 

 Al-Juthery et al. (2019) carried out a field experiment on wheat cultivar at the 

Al-Shafeieyah (Iraq). The results revealed that significant response of the combined 

nano-(Fe + Cu + Zn) followed by the di and single spraying treatments showed a 

significant response compared to the control treatment, with increases of 141. 23, 33. 

33, and 57. 40 per cent for Cu, Zn, and Fe concentrations, respectively. Burhan and 

Hassan (2019) reported that foliar application of nano NPK fertilizers increase 

nitrogen, phosphorus, and potassium content in wheat by 19.37, 44.11, and 12.03 per 

cent, respectively, in Baghdad (Iraq). 

At Udaipur (Rajasthan), Meena et al. (2021) reported that application of 100% 

RDF + 1st spray of nano Zn at 14 DAS + 2nd spray of nano Zn at 28 DAS produces the 

maximum P, K and Zn uptake by wheat grain and wheat straw, respectively, of 17.58, 

28.54, and 330.32 kg ha-1 and 14.84, 101.10, 305.88 kg ha-1. According to research 

conducted at Ludhiana (Punjab), the highest Zn content (4.16 mg kg-1) was recorded 

with application of ZnO NPs @20 mg l-1 in shoot and root of maize fodder at 60 DAS 

while, seed priming and coating with ZnO NPs @ 40 mg l-1 significantly augment the 

N (1.25%), P (1.29%), and K (9.20%) content (Tondey et al., 2021). 

2.1.5  Economics 

During the winter season of 2019-20, Kumar et al. (2020) conducted a wheat 

study in in several district of Rajasthan. They reported that greatest economic return 

was obtained with 50 per cent less nitrogen + one spray of nano N, Zn, and Cu. 

Similar study was conducted in barley, and reported that when compared to farmer 

fertilizer practise, the highest economic return (Rs. 6023.75 ha-1) was also highest 

with application of 50 per cent less nitrogen + one spray of each of nano N, Zn, and 

Cu. 



An experiment was conducted by Kumar et al. (2020) in various locations of 

Rajasthan (India) to investigate the impact of IFFCO nano urea on maize yield 

metrics. It was found that with 50% less nitrogen and one spray of each of nano N, 

Zn, and Cu, the economic return (Rs.7920 ha-1) was highest.  



3. MATERIALS AND METHODS 

The present investigation entitled “Effect of Nano urea on NUE and 

Productivity of Wheat (Triticum aestivum L.) under Restricted Irrigation 

Conditions” was conducted at the Instructional Farm, Agronomy, Rajasthan College 

of Agriculture, Udaipur (Rajasthan) during the rabi season of 2021-22. The details of 

the materials used, experimental procedures followed and techniques adopted during 

the course of investigation have been presented in this chapter. 

3.1  EXPERIMENTAL SITE  

During rabi 2021-22, the experimental trial was set up in the Rajasthan College 

of Agriculture's Instructional Farm (Agronomy), Udaipur, which is located in the 

southern-eastern region of Rajasthan at 24° 35' N latitude, 73° 42' E longitude, and an 

altitude of 581.13 metres above mean sea level. This area is part of Rajasthan's agro-

climatic zone IV a (Sub-Humid Southern Plain and Aravalli Hills). 

3.2  CLIMATE AND WEATHER CONDITIONS 

This zone's climate is characteristic of the subtropics with mild winters and 

moderate summers, as well as high relative humidity from July to September. Udaipur 

receives 600.7 mm of annual rainfall on average, with a range of 373-1140 mm, with 

the majority of this occurring from the South-West monsoon from July to October. 

Table 3.1 and Fig. 3.1 show the mean weekly meteorological parameters 

obtained at the RCA's agrometeorological observatory in Udaipur during the crop 

growing season. The maximum and minimum temperatures, according to the data, were 

38.0oC and 3.2oC, respectively. Throughout the crop growing season, both maximum 

and minimum temperatures altered greatly. The maximum temperature decreased from 

the time of sowing to the month of January and afterward, with increasing trends up to 

harvest of crop. The maximum and minimum relative humidity during the experimental 

period were 96.0 and 14.8 per cent, respectively. During the crop growing season, there 

was a total of 209.1 mm of rain. The evaporation from USWB Class-A pan 

evaporimeter during the crop season ranged from 0.57 to 6.26 mm day-1.   



Table 3.1 Mean weekly meteorology observations during crop period (Rabi, 2021-22) 

Standard 

met 

weeks 

Duration 

Temperature (ᵒC)  Relative Humidity (%)  Sunshine  

(hrs day-1) 

Rainfall 

 (mm) 

Evaporation 

 (mm day-1) Max. Min.  I II  

45 5 Nov-11 Nov 29.5 8.5  87.8 52.8  8.0 0.0 3.80 

46 12 Nov-18 Nov 27.4 7.3  93.2 62.7  6.4 0.0 3.09 

47 19 Nov-25 Nov 24.8 12.4  94.8 58.7  5.0 12.0 1.88 

48 26 Nov-2 Dec 26.9 10.2  95.1 57.5  6.5 170.8 2.79 

49 3 Dec-9 Dec 23.6 9.4  95.0 59.5  4.6 0.0 1.43 

50 10 Dec-16 Dec 25.0 6.4  95.8 55.2  6.1 0.0 1.50 

51 17 Dec-23 Dec 23.6 3.3  92.2 51.1  7.7 0.0 1.06 

52 24 Dec-31Dec 23.5 7.8  94.3 59.3  6.9 0.0 1.46 

1 1 Jan - 7Jan 23.3 8.9  94.4 69.0  5.9 18.0 1.13 

2 8 Jan -14 Jan 20.8 3.8  95.7 53.1  8.8 4.8 0.79 

3 15 Jan - 21 Jan 23.5 3.8  96.0 61.8  8.2 0.0 0.57 

4 22 Jan - 28 Jan 21.5 3.2  92.5 64.0  8.8 0.0 0.93 

5 29 Jan - 4 Feb 27.0 4.2  89.2 59.7  8.5 0.0 1.07 

6 5 Feb -11 Feb 25.8 5.0  92.0 69.1  8.8 0.0 1.03 

7 12 Feb - 18 Feb 26.6 5.1  95.2 66.7  8.7 0.0 1.10 

8 19 Feb -25 Feb 30.0 7.5  86.1 57.8  9.4 0.0 3.43 

9 26 Feb - 4 Mar 30.0 8.9  90.4 70.5  8.2 0.0 3.90 

10 5 Mar -11 Mar 31.4 12.3  82.7 48.0  7.5 0.0 4.31 

11 12 Mar - 18 Mar 36.2 12.3  59.2 17.1  8.3 3.5 5.86 

12 19 Mar - 25 Mar 37.7 13.1  48.8 19.8  7.3 0.0 6.24 

13 26 Mar - 1 Apr 38.0 11.9  45.5 14.8  8.4 0.0 6.26 

 

Source: Agrometeorological observatory, Instructional Farm Rajasthan College of Agriculture, MPUAT, Udaipur 

  



 

Figure 3.1 Mean weekly weather parameters during the crop growth period (Rabi, 2021-22)
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3.3  PHYSICO-CHEMICAL PROPERTIES OF SOIL 

Before the set-up of experiment, random samples were gathered from five spots 

of the experimental field up to a depth of 15.0 cm. The samples were then pooled to 

generate a composite sample than sample was left in oven for drying at 105oC for 72 

hours than after sieving that was used to determine the various physio-chemical 

characteristics of soil. Table 3.2 lists the findings of the soil sample analysis. 

Table 3.2  Physical, chemical and biological properties of the soils of the 

experimental field before the sowing of the crop 

Characteristics Content Method of analysis Reference 

Mechanical composition 

Sand (%) 35.10 International pipette 

method 

Piper (1950) 

Silt (%) 29.70 

Clay (%) 35.00 

Texture  Clay loam Texture triangle Triangular diagram 

(Brady, 1983) 

Physical properties 

Bulk density (g cc-1) 1.35  

Core sampler method 

Black (1965) 

Particle density (g cc-1) 2.58 Black (1965) 

Porosity (%) 47.28 Black (1965) 

Chemical properties 

Organic carbon (%) 0.66 Rapid titration 

method 

Walkley and Black 

(1934) 

Available nitrogen 

(kg ha-1) 

286.50 Alkaline KMnO4 

method 

Subbiah and Asija 

(1956) 

Available phosphorus  

(kg ha-1) 

21.60 Olsen’s method 

 

Olsen et al. (1954) 

Available potassium 

(kg ha-1) 

369.70 Flame photometer 

 

Richards (1968) 

Electrical conductivity 

(dSm-1 at 25oC) 

0.892 Conductivity bridge  Richard (1968) 

pH (1:2.5 soil water ratio) 7.75 pH meter  Richard (1968) 

From the above-mentioned Table 3.2 it is noticeable that the soil texture of the 

experimental unit was clay loam and the pH was 7.75 depicting the slightly alkaline 

reaction. The bulk density of the soil is optimum (1.35 g cc-1). The nutrient status of the 

soil showed organic carbon content (0.66%), available nitrogen content (286.50 kg  

ha-1), available phosphorus content (21.60 kg ha-1) and available potassium content 

(369.70 kg ha-1) depicting overall medium nutrient status of the soil. 



3.4  CROPPING HISTORY 

 Before the current experiment in rabi 2021-22, the experimental field had been 

following a maize-wheat crop rotation for a number of previous years.  

3.5 EXPERIMENTAL DETAILS 

3.5.1 Treatment details and layout 

 Field experiment was conducted during 2021-2022. The experiment was 

comprised of 9 treatments which were laid out in a Randomized block Design with 3 

replications. Details of the treatments are given in Table 3.3 and plan of layout is given 

in Figure 3.2.  

Table 3.3: Treatment details along with their designated symbol 

S. No. Symbol  Treatments 

1 N1 : One spray nano urea at tillering (40-45 DAS) 

2 N2 : Two spray nano urea at tillering (40-45DAS) and 

jointing (60-65 DAS) 

3 N3 : RDN (1/3rd basal, 2/3rd CRI-Rec. N) 

4 N4 : RDN+ one spray of nano urea at tillering 

5 N5 : RDN+ two spray of nano urea at tillering and jointing 

6 N6 : RDN+ one spray of urea (5%) at tillering 

7 N7 : RDN+ two spray of urea (5%) at tillering and jointing 

8 N8 : RDN+ one spray of urea (5%) + nano urea at tillering 

9 N9 : Absolute control (No nitrogen) 

 

3.5.2 Other experimental details 

1. Season : Rabi 2021-22 

2. Test crop : Wheat (Raj 4079) 

3. Design :  RBD 

4. Total number of 

treatments 

: 09 

5. Number of replications : 03 

6. Total number of plots : 27 



7. Plot size :  

 Gross  1.80 m × 8.0 m = 14.40 m2  

 Net  1.40 m × 7.0 m = 9.80 m2 

8. Row spacing : 20 cm 

9. Seed rate : 100 kg ha-1 

10. Weed management : Sulfosulfuron 75% WP (32.5 g) + 

Metsulfuron 20% WP (20 g) 

3.6  DETAILS OF AGRONOMIC OPERATIONS 

Table 3.5 lists the details of all pre and post-sowing procedures carried out in 

the experimental field throughout the cropping season rabi, 2021-22 in chronological 

order and with full explanation mentioned below. 

3.6.1  Field preparation 

 The field was prepared with tractor-drawn equipment after the harvested of last 

crop. The experimental field was cross-harrowed and levelled properly after one deep 

ploughing to break up clods and bring the soil to the desired tilth for proper wheat 

germination and crop growth. Individual plots were levelled with a rake after all bunds 

and irrigation channels were prepared. As per layout (Fig 3.2) plots were drawn along 

with irrigation channels. 

3.6.2  Nutrient management 

Urea, SSP and MOP are commercial fertilizers that used to deliver the 

recommended dose of nutrients i.e., 80, 40 and 20 NPK kg ha-1. As a basal dose, the 

full doses of phosphorus and potassium were applied in each plot while, recommended 

nitrogen was applied in desired quantity as per treatment.  

Application of nano urea 

Nano urea was applied in each plot as per the treatments during the crop growth 

with the help of sprayer. Because one bottle of nano urea (500 ml) is equal to one bag 

of urea, a total of 1250 ml nano urea is required per hectare for wheat crops. The first 

nano urea spray was applied at the tillering stage (45 DAS) and the second was applied 

during the jointing stage (65 DAS). 

  



Table 3.4: Detailed information of treatment application plot-1 given below 

Treatments Treatment dose plot-1  

N1 1.8 ml nano urea plot-1 litre-1 water 

N2 1.8 ml nano urea plot-1 litre-1 water+ 1.8 ml nano urea plot-1 

litre-1 water 

N3 249.9 g plot-1 

N4 249.9 g plot-1 + 1.8 ml nano urea plot-1 litre-1 water 

N5 249.9 g plot-1 + 1.8 ml nano urea plot-1 litre-1 water+ 1.8 ml 

nano urea plot-1 litre-1 water 

N6 249.9 g plot-1 litre-1 water + 50.4 mg urea plot-1 litre-1 water 

N7 249.9 g plot-1 litre-1 water + 50.4 mg urea plot-1 litre-1 water + 

50.4 mg urea plot-1 litre-1 water 

N8 249.9 g plot-1 litre-1 water + 50.4 mg urea plot-1 litre-1 water + 

1.8 ml nano urea plot-1 litre-1 water 

N9 No nitrogen  

3.6.3  Seed rate and sowing 

The wheat variety Raj 4079 was used as test crop. Seeds were manually sown 

in all the plots on 11th November, 2021. Sowing at 3.0 cm depth by opening furrows in 

lines at a distance of 20.0 cm row to row spacing keeping the total number of rows in 

each plot 9. Seeds were sown at the rate of 100 kg ha-1. The seeds in all the plots were 

covered with thin layer of soil thereafter.  

Raj 4079: - Wheat variety Raj 4079 is highly heat tolerant and recommended for 

warmer areas. It is dwarf with good spikes. Due to its height, it resolves lodging 

problem. It matures in 137 days. This variety was released in year 2010. 

3.6.4  Water management 

          Prior to sowing the crop, a pre-sowing irrigation was given to the field. Then, 

various irrigations were applied to the field at CRI (21 DAS), late jointing (63 DAS) 

and milking (105 DAS) stage of the crop.  

  



3.6.5 Weed management 

 For effective weed control Sulfosulfuron 75% WP (32.5 g) + Metsulfuron 20% 

WP (20 g) was sprayed with the help of knapsack sprayer fitted with flat fan T-jet nozzle 

using a spray volume of 500 litres hectare-1 at 32 days after sowing. 

3.6.6  Harvesting 

The crop was harvested after 137 days from sowing on 27th March, 2022. The 

crop was harvested manually with sickles at maturity. Two rows from each side of the 

plots of individual plots were harvested separately to eliminate the border effects. The 

crop plants after cutting from the ground level were allowed for sun drying for 2-3 days. 

After drying, the harvested produce of net plot size was tied separately into bundles, 

tagged and the bundle weight was recorded with the help of spring balance.  

3.6.7 Threshing and winnowing 

The sun-dried produce of the crops from each plot was threshed manually by 

mini power operated thresher which separated the grain out from the straw. The grain 

of wheat from the individual plots were collected, weighed and kept in the bags and 

weight of grain was recorded on pan balance.  

Chronological record of crop management 

The test crop (wheat) was raised as per the package and practices of the wheat 

crop. Agronomic operations that were carried out in the experimental field are stated 

below in chronological order in Table 3.5. 

Table 3.5: Schedule of crop raising activities 

S. No. Detail of operations Date of 

operation 

1. Field preparation with plough and rotavator 28.10. 2022 

2. Preparation of layout 04.11. 2022 

3. Sowing and basal fertilizer application 11.11. 2022 

4.  Irrigation for germination 11.11. 2022 

5. First irrigation 02.12. 2022 

6. Herbicide spray at 32 DAS 12.12. 2022 



S. No. Detail of operations Date of 

operation 

7. 1st nano urea spray  26.12. 2022 

8. 1st urea (5%) solution spray 26.12. 2022 

8. Second irrigation 11.01. 2022 

9. 2nd nano urea spray 13.01. 2022 

10. Third irrigation 25.02.2022 

11. Harvesting and tagging  27.03.2022 

12. Threshing and winnowing  31.03.2022 

3.7  OBSERVATIONS RECORDED 

 Following observations were noted and analyzed to test the effect of different 

treatments on soil as well as the crop.  

3.7.1  Growth characters 

 Initially the growth parameters were recorded at 15 days after sowing and 

subsequent observations were taken at different stages.  

3.7.1.1 Plant population 

The number of plants was counted from three randomly selected 0.5 m row 

length of each plot at 15 DAS. These were averaged and expressed as numbers of plant 

at 0.5 m row length. 

3.7.1.2 Plant height 

Five plants selected randomly from each plot and the height of wheat plant was 

measured with the help of metre scale from the base of the plant to the top of the last 

fully developed leaf at 50, 75 and 100 days and at harvest. Plant height at harvest was 

measured from the ground level to the topmost portion of the ear head and mean values 

are presented in centimetres (cm). Average of all the five plants was taken for statistical 

analysis. 

3.7.1.3 Dry matter accumulation 

Plant samples for dry matter accumulation were taken from 0.5 m row length 

from the border row at different growth stages at 50, 75, 100 DAS and at harvest. The 



plants were cut from the ground level and the sample plants were put into punched 

paper bags. These samples were subjected to sun drying and thereafter shifted in the 

oven to dry at a temperature of 65±5°C till a constant weight was achieved. Then, the 

samples were weighed for estimating total dry matter accumulation (g) under each 

treatment. 

3.7.1.4 Number of tillers plant-1 

The numbers of tillers plant-1 were calculated at harvest from randomly selected 

five plants in each plot. Average of these counts was taken for statistical analysis. 

3.7.1.5 Crop growth rate   

The increase in dry weight unit-1 land area at unit-1 time. 

cumulative crop growth rate (CGR) was calculated at 50-75 and 75-100 DAS and 100-

harvest as per the formula given by Radford (1967) and was expressed as g m-2 day-1:  

CGR =
1

P
×

W2 − W1

T2 − T1
 

P = Land area, W1= Dry matter at T1 time and W2= Dry matter at T2 time 

3.7.1.6 Relative growth rate  

 The relative growth rate (RGR) defines the dry weight increase in time interval 

in relation to the initial weight. It was calculated at 50-75 and 75-100 DAS and 100-

harvest and expressed as g g-1 day-1. The was calculated by following formula: 

RGR =
(loge W2 −  loge W1)

T2 − T1
 

W1= Dry matter at T1 time and W2= Dry matter at T2 time 

3.7.1.7. Total tillers  

The total number of tillers 0.5 m-1 row length was recorded from the two 

sampling rows of outer side. Mean of both the counts was taken for statistical analysis. 

3.7.2  Yield attributes and yield 

3.7.2.1 Number of effective tillers plant-1 

 Tillers which bear ears were counted from randomly selected five plants of each 

plot at crop maturity. Average of these counts was taken for statistical analysis. 



3.7.2.2 Number of grains ear-1  

Randomly selected five productive ears from each plot at harvest and threshed 

discretely then recorded the number of grains ear-1 and it was expressed as average 

number of grains ear-1. 

3.7.2.3 Weight of grains ear-1  

The five randomly selected ears from each plot were threshed separately, 

weighed and expressed in gram. Average of these used for statistical analysis. 

3.7.2.4 Test weight 

1000 grains from produce of each net plot were taken, weighed and expressed 

as gram. 

3.7.2.5 Grain yield 

 After the threshing and winnowing process of each plot the grain yield from 

each plot was recorded and expressed in kg ha-1. 

3.7.2.6 Straw yield 

 Straw yield was calculated by subtracting the economic yield from biological 

yield of treatment and expressed in kg ha-1.   

3.7.2.7 Harvest index 

 Harvest index was calculated by dividing the economic yield (grain yield) to 

the biological yield and expressed in percentage as suggested by Donald and Hamblin 

(1976).  

    Economic yield (grain yield) 

Harvest index (%) =    ___________________________________ × 100 

                                                          Biological yield 

3.7.3  Quality parameter 

3.7.3.1 Chlorophyll content 

A chlorophyll meter (SPAD-502, Minolta, Japan) was used to obtain readings 

estimating leaf chlorophyll concentration (SPAD value). Five plants per treatment were 

selected randomly and SPAD values were recorded from the fully matured leaves 

counted from the top of the plants, the youngest fully expanded leaf.  As such data were 



recorded at 60 DAS. Three SPAD readings were taken plant-1 and thus each SPAD 

value represents a mean of 15 readings per treatments.  

3.7.3.2 Proline estimation 

Free proline content in leaves (µmol g-¹) was extracted at 65 DAS and 

determined by the method of Bates et al. (1973). 100 mg fresh leaf sample was 

standardized in 5 ml of 3 per cent aqueous sulphosalicylic acid and the supernatant was 

collected after centrifugation at 5000 rpm for 5 min. The volume of supernatant was 

made to 10 ml with the sulphosalicylic acid. The sample extract of 2 ml was taken in 

one test tube and at the same time in a series of test tubes 0.2, 0.4, 0.6, 0.8 and 1.0 ml 

of proline solutions were prepared by dissolving 10 mg of proline in 100 ml of 3 per 

cent sulphosalicylic acid. In each test tube, the volume was made to 2 ml with 3 % 

sulphosalicylic acid. A tube with 2 ml of sulphosalicylic acid was served as a control. 

In all test tubes, 2 ml ninhydrine reagent (1.25 g ninhydrine in 20 ml of 6 N 

orthophosphoric acid) and 2 ml glacial acetic acid were added and kept in boiling water 

bath at 100°C for 10 minute and then cooled in ice bucket. Then, 4 ml toluene was 

added and mixed thoroughly by vortex mixer for 10 seconds. Optical density was 

measured at 520 nm against a reagent blank using spectrophotometer. The quantity of 

free proline in the 100 mg of leaf was then calculated using the standard curve. Its 

amount was calculated on fresh weight basis using the following formula: 

µmoles of proline g-1 fresh leaf tissue = 

(µg proline/ml × ml toluene)/115.5 µg /µ mole

g sample/5
 

3.7.3.3 Protein content 

Protein content of seeds were computed Lowry et al. (1951) method. Protein 

content expressed as percentage.  

3.7.4 Plant analysis 

 Following chemical analysis were carried out in plant samples (seed and 

haulm) to evaluate the effect of each treatment of experimental trial. 

3.7.4.1. N, P and K (%) content in grain and straw at harvest 

 Five plants were selected at random after harvest and grain were collected from 

these plants. The collected samples were oven dried at 65oC till constant weight is 



obtained. Then, samples were grounded to produce fine powder and passed through 60 

mesh sieves to obtain final sample for the nutrient analysis. Table 3.6 represents the 

methods that were adopted to carry out the analysis. 

Table 3.6 Methods of chemical analysis of grain and straw 

S. No. Parameters Method of analysis References 

1. Nitrogen 

content 

N was estimated by using 

spectrophotometer after developing 

colour with Nessler’s reagent 

Linder (1959) 

2. Phosphorus 

Content 

P was estimated by using 

spectrophotometer after developing 

colour with vanado-molybdo 

phosphoric yellow colour method 

 

Richards (1968) 

3. Potassium 

Content 

Flame photometer Jackson (1973) 

3.7.4.2 Nutrient uptake  

The total uptake of nitrogen, phosphorus and potassium by grain and straw at 

harvest were analyzed by multiplying per cent nutrient content with their corresponding 

dry matter accumulation using the following formula: 

Formula: 

   Nutrient content (%) x dry matter accumulation (kg ha-1) 

Nutrient uptake = ____________________________________________________________________ 

(kg ha-1)                     100 

 

3.7.5 Soil studies 

3.7.5.1 Nitrogen, phosphorus and potassium content 

 For estimation of N, P and K content in soil, soil sample were collected after 

harvest from each plot with the help of khurpi. Then after samples were grinded (by 

mortar and pestle), sieved and dried for laboratory analysis. Then the nutrient status of 

the soil is estimated by methods presented in the Table 3.2. 

  



3.7.5.2 Nitrogen use efficiency 

The nitrogen use efficiency of crop were calculated by subtracting yield of no 

nitrogen treated plot from the yield of nitrogen treated plot and its result was divided 

by amount of nitrogen applied. It is expressed as kg kg-1. 

Formula: 

                                                  Yield N (kg) - Yield C (kg) 

 Nitrogen use efficiency = _________________________________________ 

          (kg kg-1)                         Quantity of nitrogen applied (kg) 

 

Where: - 

Yield N = Yield of treated plot (kg) 

Yield C = Yield of control plot (kg) 

3.8 Economics 

 For interpreting any experimental trial, the most important criterion is to check 

the economic feasibility of the treatments by evaluating and calculating the economics, 

net return (₹ ha-1) and benefit-cost ratio (B-C ratio). Cost of production and the produce 

was calculated with the help of average market price of the inputs and the output so 

obtained. 

3.8.1 Net return 

 Gross return was calculated by multiplying the grain yield and straw yield with 

their respective selling prices in the market. Later by deducting the cost of the 

cultivation from the gross return, net return was calculated. 

 Net return (₹ ha-1) = Gross return (₹ ha-1) – Cost of cultivation (₹ ha-1) 

3.8.2 Benefit-cost ratio 

 Treatment-wise benefit-cost ratio was calculated to analyze and determine the 

economic viability of the treatments by using the formula: 

                                                              Net return (₹ ha-1) 

                         B-C ratio =     ________________________ 

                                                              Total cost (₹ ha-1) 

 

  



3.8.3 Statistical analysis 

All the data were subjected to statistical analysis by adopting suitable method 

of analysis of variance for testing the significance of variation in experimental result. 

Wherever, the F value was found significant at 5% level of significance, the critical 

difference (CD) value was calculated for making comparison between the treatment 

means. Moreover, regression equations and coefficient of correlation were calculated 

among selected characters in order to establish cause and effect relationship. These 

calculations were all completed using the usual statistical method recommended by 

Panse and Sukhatme in 1989. 



 

Treatment Details 

(A) Integrated nutrient supply (09)   

N1 : One spray nano urea at tillering (40-45 DAS)  N6 : Rec. N + one spray of urea (5%) at tillering 

N2 : Two spray nano urea at tillering (40-45 DAS) and 

jointing (60-65 DAS) 

 N7 : Rec. N + two spray of urea (5%) at 

tillering and jointing 

N3 : Recommended N (1/3rd basal, 2/3rd CRI-Rec. N)  N8 : Rec. N + one spray of urea (5%) + nano 

urea at tillering 

N4 : Rec. N + one spray of nano urea at tillering  N9 : Absolute control (No nitrogen) 

N5 : Rec. N + two spray of nano urea at tillering and jointing     
 

Experiment Details 

Design : RBD  Plot size :  

Total number of treatments : 09  Gross  1.80 m x 8.00 m =14.40 m2   

Number of replications : 03  Net  1.40 m x 7.00 m = 9.80 m2 

Total number of plots : 27  RDN (kg ha-1) : 80+ 40 +20 kg NPK 

Row spacing : 20 cm     

Figure 3.2 Plan of Layout 
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4. EXPERIMENTAL RESULTS 

This chapter presents the findings of field experiment entitled “Effect of Nano 

urea on NUE and Productivity of Wheat (Triticum aestivum L.) under Restricted 

Irrigation Conditions” conducted at Instructional Farm Agronomy, Rajasthan College 

of Agriculture, Udaipur (Rajasthan) during rabi 2021-22. 

4.1  GROWTH CHARACTERS 

4.1.1  Plant Population at 15 DAS 

Application of different sources of nitrogen did not cause any substantial 

variation on plant population (0.5 m row length) at 15 DAS (Table 4.1). 

4.1.2  Plant height 

50 DAS 

An analysis of data from Table 4.2 indicates that application of various sources 

of nitrogen cause significant variation in plant height at 50 DAS. The application of N5 

(RDN + two spray of nano urea at tillering and jointing) recorded the maximum plant 

height (57.56 cm) which was statistically at par with all treatment combinations except 

control (N9). Data further indicated that the maximum plant height obtained under 

application of N5 (RDN + two spray of nano urea at tillering and jointing) which was 

statistically higher by means of 16.07 per cent over control (49.59 cm). 

75 DAS 

Data (Table 4.2) indicates that the highest plant height (77.80 cm) at 75 DAS 

was found under the application of N5 (RDN + two spray of nano urea at tillering and 

jointing) which was in proportionate with other remaining treatments except control 

(N9). The application of N5 (RDN + two spray of nano urea at tillering and jointing) 

recorded an increase of 22.19 per cent over control (63.67 cm). 

100 DAS 

Results revealed that the application of  N5 (RDN + two spray of nano urea at 

tillering and jointing) stage had recorded the maximal plant height (94.20 cm) at 100 

DAS and it was comparable with all treatments i.e., N1 (One spray nano urea at 

tillering), N2 (Two spray nano urea at tillering and jointing) , N3 (RDN 1/3rd basal, 2/3rd 

CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 



%) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 

(RDN + one spray of urea (5 %) + nano urea at tillering) however, remain significantly 

superior over control. The application of N5 (RDN + two spray of nano urea at tillering 

and jointing) increased plant height with the magnitude of 25.38 per cent over control 

(Table 4.2). 

At harvest 

Data explicate from Table 4.2 show that the highest plant height (95.00 cm) was 

found under application of N5 (RDN + two spray of nano urea at tillering and jointing) 

and this was statistically comparable to all nitrogen sources used under investigation 

but it was statistically higher over control. Data further indicates that the application of 

RDN + two spray of nano urea at tillering and jointing (N5) shows increase in respect 

of plant height by 23.90 per cent over control (76.67 cm). 

4.1.3  Dry matter accumulation 

50 DAS 

The results revealed that the application of RDN + two spray of nano urea at 

tillering and jointing (N5) growth stages of wheat crop recorded significantly higher dry 

matter accumulation (23.0 g) and it was statistically at par with N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) but significantly superior over other sources of 

nitrogen. Data further depicted that dry matter accumulation under N5 (RDN + two 

spray of nano urea at tillering and jointing) recorded maximum and it was significantly 

higher over control by means of 55.09 per cent (Table 4.3). 

75 DAS 

A reference of data (Table 4.3) indicates that different sources of nitrogen 

influenced the dry matter accumulation at 75 DAS in wheat crop. The maximum dry 

matter accumulation (61.15 g) was recorded under the application of N5 (RDN + two 

spray of nano urea at tillering and jointing) which was statistically at par with N7 (RDN 

+ two spray of urea (5 %) at tillering and jointing) but statistically higher over other 

applied nitrogen sources. The magnitude of increase in dry matter accumulation with 

application of N5 (RDN + two spray of nano urea at tillering and jointing) was 27.39 

per cent over control (48.0 g). 

 



100 DAS 

A perusal of data shows that the loftier dry matter accumulation (184.67 g) at 

100 DAS was recorded under N5 (RDN + two spray of nano urea at tillering and 

jointing) and this finding was statistically at par with N7 (RDN + two spray of urea (5 

%) at tillering and jointing) however, this was statistically superior over control with 

the magnitude of 18.12 per cent (Table 4.3). 

At harvest 

Data depicted in Table 4.3 indicate that the highest dry matter accumulation 

(196.53 g) was recorded under N5 (RDN + two spray of nano urea at tillering and 

jointing). Data further analysed and indicates that the maximal dry matter accumulation 

obtained under treatment N5 however, it was statistically at par with N7 (RDN + two 

spray of urea (5 %) at tillering and jointing) but it was statistically higher over other 

remaining treatments. The magnitude of increase in dry matter accumulation at harvest 

by N5 (RDN + two spray of nano urea at tillering and jointing) over control was 19.83 

per cent. 

4.1.4  Number of tillers plant-1 

Results revealed that among the different sources of nitrogen under study, the 

highest number of tillers plant-1 (7.56) was recorded under application of N5 (RDN + 

two spray of nano urea at tillering and jointing) and it was statistically at par with 

several treatments i.e., N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano 

urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano 

urea at tillering) but significantly greater over remaining treatments. The application of 

N5 (RDN + two spray of nano urea at tillering and jointing) significantly increased 

number of tillers plant-1 by 44.82 per cent control (Table 4.4). 

4.1.5  Crop Growth Rate  

An appraisal of data (Table 4.4) indicates that various sources of nitrogen did 

not affect the crop growth rate (g m-2 day-1) of wheat crop at various growth stages i.e., 

between 50-75 DAS, 75 -100 DAS and 100 DAS to at harvest. 

  



4.1.6  Relative Growth Rate  

It is clear from data (Table 4.5) that the significant difference in relative growth 

rate (g g-1 day-1) was not established due to different sources of nitrogen used under 

study. 

4.1.7  Total tillers  

Data presented in Table 4.5 indicates that diverse application of nitrogen 

sources produced significant variation on total number of tillers in wheat. The 

maximum number of total tillers (41.50) was recorded under application of N5 (RDN + 

two spray of nano urea at tillering and jointing) and it was comparable with several 

treatments i.e., N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at 

tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray of urea 

(5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at 

tillering) however, it was significantly superior over rest of the applied nitrogen 

sources. Data further depicted that application of N5 (RDN + two spray of nano urea at 

tillering and jointing) significantly increased total number of tillers by 22.05 per cent 

over control. 

4.2  YIELD ATTRIBUTES AND YIELD 

4.2.1 Number of effective tillers 

A perusal of data (Table 4.6) shows that the highest number of effective tillers 

(39.55) measured from 0.5 m row length was obtained under N5 (RDN + two spray of 

nano urea at tillering and jointing) and it was statistically at par with N3 (RDN 1/3rd 

basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray 

of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) 

and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) but higher over rest of 

the treatments. The application of N5 (RDN + two spray of nano urea at tillering and 

jointing) increased number of effective tillers by 27.17 per cent over control (31.10). 

4.2.2  Number of grains ear-1 

 It is noted from data given in Table 4.6 shows that premier number of grain  

ear-1 (42.70) was found under application of N5 (RDN + two spray of nano urea at 

tillering and jointing) which was statistically congruent with various applied treatments 

i.e., N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) 



at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN 

+ one spray of urea (5 %) + nano urea at tillering) but significantly greater over other 

treatments. Application of N5 (RDN + two spray of nano urea at tillering and jointing) 

increased number of grains ear-1 by the tune of 24.23 per cent over control. 

4.2.3  Weight of grains ear-1  

A close examination of data (Table 4.6) indicates that under application of N5 

(RDN + two spray of nano urea at tillering and jointing) the maximum weight of grain 

ear-1 (2.20) was obtained and this result was statistically at par with N3 (RDN 1/3rd basal, 

2/3rd CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of 

urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and 

N8 (RDN + one spray of urea (5 %) + nano urea at tillering) however, superior over rest 

of the treatments. Application of N5 (RDN + two spray of nano urea at tillering and 

jointing) represented an increase in weight of grains ear-1 by 4.76 per cent over control. 

4.2.4  Test weight 

  Data (Table 4.6) indicates that the utmost test weight (49 g) was obtained with 

the application of N5 (RDN + two spray of nano urea at tillering and jointing) and this 

was statistically analogous with N4 (RDN + one spray of nano urea at tillering), N6 

(RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at 

tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) 

but it was significantly higher over control (42.37 g). The magnitude of increase in test 

weight with application of N5 (RDN + two spray of nano urea at tillering and jointing) 

was 15.64 per cent over control. 

4.2.5  Grain yield  

A perusal of data from Table 4.7 shows that application of N5 (RDN + two spray 

of nano urea at tillering and jointing) improved grain yield. Data further indicates that 

N5 (RDN + two spray of nano urea at tillering and jointing) had the maximum grain 

yield (50.01 q ha-1) which was statistically at par with N3 (RDN 1/3rd basal, 2/3rd CRI), 

N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at 

tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + 

one spray of urea (5 %) + nano urea at tillering) but it was significantly superior over 

N1 (One spray nano urea at tillering) , N2 (Two spray nano urea at tillering and jointing) 

and control (33.49 q ha-1). The magnitudes of increase of grain yield with application 



of RDN + two spray of nano urea at tillering and jointing were 27.35 over N1, 21.86 

over N2 and 49.32 per cent over control. 

4.2.6  Straw yield 

 The data from Table 4.7 indicates that application of N5 (RDN + two spray of 

nano urea at tillering and jointing) improve straw yield. Data further indicates that N5 

(RDN + two spray of nano urea at tillering and jointing) had maximum straw yield 

(144.50 q ha-1) which was statistically at par with N4 (RDN + one spray of nano urea at 

tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + 

one spray of urea (5 %) + nano urea at tillering) but significantly higher over other 

treatments. The magnitudes of rise in straw yield with application of N5 (RDN + two 

spray of nano urea at tillering and jointing) were 49.86 per cent over control. 

4.2.7  Harvest index 

Application of different sources of nitrogen did not cause any significant 

variation on harvest index (Table 4.7). 

4.3  QUALITY PARAMETERS  

4.3.1  Chlorophyll content in leaves at 60 DAS 

The maximum chlorophyll content (42.50 SPAD) was recorded with N5 (RDN 

+ two spray of nano urea at tillering and jointing) which was statistically at par with N2 

(Two spray nano urea at tillering and jointing), N3 (RDN 1/3rd basal, 2/3rd CRI), N4 

(RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at 

tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + 

one spray of urea (5 %) + nano urea at tillering) but higher over other treatment 

combination. The application of N5 (RDN + two spray of nano urea at tillering and 

jointing) enhanced the chlorophyll content with magnitude of 19.6 per cent over control 

(Table 4.8).  

4.3.2  Proline content in leaves at 65 DAS 

Different sources of nitrogen used under experiment did not cause any 

significant variation on proline content at 65 DAS (Table 4.8). 

  



4.3.3  Protein content in grain 

A reference of data (Table 4.8) shows that application of N5 (RDN + two spray 

of nano urea at tillering and jointing) recorded the maximum protein content (11.92 %) 

in grain which was found statistically at par with various treatments i.e., N2 (Two spray 

nano urea at tillering and jointing), N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one 

spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 

(RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of 

urea (5 %) + nano urea at tillering) but significantly higher over rest of applied sources 

of nitrogen. Data further indicated that application of N5 (RDN + two spray of nano 

urea at tillering and jointing) recorded 5.86 per cent increment in protein content over 

control.   

4.4  PLANT ANALYSIS 

4.4.1  N, P and K content (%) in grain and straw at harvest 

4.4.1.1 Grain 

4.4.1.1.1 Nitrogen 

 The higher value of nitrogen content (1.907 %) in grain was found under 

application of N5 (RDN + two spray of nano urea at tillering and jointing) that was 

statistically at par with N2 (Two spray nano urea at tillering and jointing), N3 (RDN 

1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one 

spray of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and 

jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) but statistically 

superior over N1 (One spray nano urea at tillering) and control. The magnitude of 

increase in nitrogen content with application of N5 (RDN + two spray of nano urea at 

tillering and jointing) was 5.88 per cent over control (Table 4.9). 

4..4.1.1.2 Phosphorus 

An analysis of data (Table 4.9) shows that application of various sources of 

nitrogen did not cause any significant variation for phosphorus content in grain.  

4.4.1.1.3 Potassium 

It is clear from data (Table 4.9) that the significant difference for potassium 

content in grain was not established due to different sources of nitrogen application. 



4.4.1.2 Straw 

4.4.1.2.1 Nitrogen 

An assessment of data presented in Table 4.9 indicates that maximum nitrogen 

content (0.490 %) in straw was recorded under N5 (RDN + two spray of nano urea at 

tillering and jointing)  which was statistically at par with N2 (Two spray nano urea at 

tillering and jointing), N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano 

urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano 

urea at tillering) however, it was statistically higher over N1 (One spray nano urea at 

tillering) and control by means of 4.03 and 6.06 per cent respectively. 

4.4.1.2.2 Phosphorus 

According to Table 4.9, phosphorus content in straw was determined to be non-

significant for the several sources of nitrogen studied under experiment. 

4.4.1.2.3 Potassium 

Data persuaded in Table 4.9 did not notice any significant variation for 

potassium content in straw under the various applied sources of nitrogen. 

4.4.2  N, P and K uptake in grain and straw at harvest 

4.4.2.1 Nitrogen uptake 

4.4.2.1.1 Grain 

It is evident from data (Table 4.10) shows that the maximum uptake of nitrogen 

(95.38 kg ha-1) was obtained with application of N5 (RDN + two spray of nano urea at 

tillering and jointing) that was significantly comparable with N3 (RDN 1/3rd basal, 2/3rd 

CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 

%) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 

(RDN + one spray of urea (5 %) + nano urea at tillering) but statistically higher over 

control by means of 58.17 per cent. 

4.4.2.1.2 Straw 

It is clear from data (Table 4.10) that the maximum nitrogen uptake (30.73 kg 

ha-1) was observed under N5 (RDN + two spray of nano urea at tillering and jointing) 

application, such result was statistically at par with N4 (RDN + one spray of nano urea 



at tillering) and N7 (RDN + two spray of urea (5 %) at tillering and jointing) however, 

superior over control by 58.89 per cent. 

4.4.2.1.3 Total  

The Table 4.10 clearly shows that the highest total uptake of nitrogen (126.10 

kg ha-1) was recorded under application of N5 (RDN + two spray of nano urea at tillering 

and jointing) and which was statistically analogous with various treatment i.e., N4 

(RDN + one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at 

tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + 

one spray of urea (5 %) + Nano urea at tillering) but higher over control. Application 

of N5 (RDN + two spray of nano urea at tillering and jointing) observed significantly 

higher total uptake of nitrogen by 58.33 per cent over control (79.64 kg ha-1). 

4.4.2.2 Phosphorus uptake 

4.4.2.2.1 Grain 

The maximum phosphorus uptake (22.53 kg ha-1) by grain was recorded when 

crop was treated with  N5 (RDN + two spray of nano urea at tillering and jointing) and 

it was statistically at par with N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of 

nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two 

spray of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + 

nano urea at tillering) but significantly greater over remaining sources of nitrogen i.e., 

N1 (One spray nano urea at tillering), N2 (Two spray nano urea at tillering and jointing) 

and control with the tune of 33.78, 26.78 and 59.11 per cent (Table 4.10) 

4.4.2.2.2 Straw 

Data (Table 4.10) shows that the greatest phosphorous content (10.23 kg ha-1) 

was attained with the application of N5 (RDN + two spray of nano urea at tillering and 

jointing) and it was statistically at par with N4 (RDN + one spray of nano urea at 

tillering) and N7 (RDN + two spray of urea (5 %) at tillering and jointing) but 

statistically greater over remaining sources nitrogen. The magnitude of increase in 

phosphorus content with application of N5 (RDN + two spray of nano urea at tillering 

and jointing) was 59.84 per cent over control 

  



4.4.2.2.3 Total 

The results revealed that the maximum total uptake of phosphorus (32.76 kg  

ha-1) was recorded when crop was treated with N5 (RDN + two spray of nano urea at 

tillering and jointing) which was statistically proportionate with N4 (RDN + one spray 

of nano urea at tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) 

and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) but significantly higher 

as compare to other treatment combinations. Application of N5 (RDN + two spray of 

nano urea at tillering and jointing) increase total phosphorus uptake over control by 

59.33 per cent (Table 4.10). 

4.4.2.3 Potassium uptake 

4.4.2.3.1 Grain 

 Table 4.10 illustrates that treatment N5 i.e., RDN + two sprays of nano urea at 

tillering and jointing) had recorded the highest potassium uptake (18.49 kg ha-1) by 

grain, which was statistically comparable to N4 (RDN + one spray of nano urea at 

tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray of urea 

(5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at 

tillering) but significantly superior over control with the tune of 58.71  per cent. 

4.4.2.3.2 Straw 

 A close examination of data given in Table 4.10 indicates that the maximum 

potassium uptake (105.21 kg ha-1) by straw was found under N5 (RDN + two spray of 

nano urea at tillering and jointing) that was statistically at par with N4 (RDN + one 

spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering) and N7 

(RDN + two spray of urea (5 %) at tillering and jointing) but higher over remaining 

treatments. The application of N5 (RDN + two spray of nano urea at tillering and 

jointing) represented an increased potassium uptake by 55.31 per cent over control. 

4.4.2.3.3 Total 

The maximum total potassium uptake (123.71 kg ha-1) by straw was recorded 

with application of N5 (RDN + two spray of nano urea at tillering and jointing) which 

was statistically at par with N4 (RDN + one spray of nano urea at tillering) and N7 (RDN 

+ two spray of urea (5 %) at tillering and jointing) but significant superior over 

remaining nitrogen sources. The magnitude of increase in total potassium uptake with 



application N5 (RDN + two spray of nano urea at tillering and jointing) was 55.82 per 

cent over control (Table 4.10). 

4.4  SOIL STUDIES 

4.4.1  N, P and K content in soil after harvest 

4.4.1.1 N content  

Data presented in Table 4.11 did not notice any significant variation for nitrogen 

content in soil under the various applied sources of nitrogen. 

4.4.1.2 P content  

There was no significant result was observed in respect to phosphorus content 

in soil after harvest of the wheat crop (Table 4.11).  

4.4.1.3 K content  

Table 4.11 represented that non-significant result was observed in regard to 

potassium content in soil after harvest of wheat crop. 

4.4.2  Nitrogen use efficiency 

 It is clear from Table 4.10 that the peak nitrogen use efficiency (15.41 kg kg-1) 

was gained under treatment N7 (RDN + two spray of urea (5 %) at tillering and jointing) 

that was statistically at par with N1 (One spray nano urea at tillering), N3 (RDN 1/3rd 

basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at tillering) and N6 (RDN + one 

spray of urea (5 %) at tillering) but significantly higher over lasting treatments. 

4.5 ECONOMICS 

4.5.1 Net return 

 According to the data (Table 4.12), the highest net return (119937 ₹ ha-1) was 

obtained using N5 (RDN + two sprays of nano urea at tillering and jointing) which was 

statistically comparable to N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of 

nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two 

spray of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + 

nano urea at tillering) and higher over rest of the treatments. The increase of net return 

with application of N5 (RDN + two spray of nano urea at tillering and jointing) was 

75.71 per cent over control. 



4.5.2  B-C ratio 

 It is clear from data (Table 4.11) that application with N5 (RDN + two spray of 

nano urea at tillering and jointing) recorded the maximum B-C ratio (2.81) which was 

statistically at par with N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano 

urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano 

urea at tillering) however, significantly greater over N1 (One spray nano urea at 

tillering), N2 (Two spray nano urea at tillering and jointing) and control. Data further 

indicates that the application of N5 (RDN + two spray of nano urea at tillering and 

jointing) increase in B-C ratio with magnitudes of 67.26 per cent over control. 



Table 4.1 Effect of nitrogen sources on plant population of wheat 

Treatments Plant population at 15 DAS (0.5 m row) 

N1 12.83 

N2 13.17 

N3 13.50 

N4 13.50 

N5 13.33 

N6 12.92 

N7 13.33 

N8 13.08 

N9 13.25 

SEm± 0.50 

CD (P= 0. 05) NS 

 

 

 



Table 4.2 Effect of nitrogen sources on plant height of wheat  

Treatments 
Plant height (cm)  

50 DAS 75 DAS 100 DAS At harvest 

N1 55.67 72.40 90.42 90.73 

N2 53.89 71.77 89.47 90.63 

N3 55.33 72.13 90.00 90.67 

N4 55.78 73.07 91.80 92.33 

N5 56.89 73.93 92.95 93.33 

N6 56.00 73.40 92.87 93.00 

N7 57.56 77.80 94.20 95.00 

N8 54.56 72.00 89.73 90.67 

N9 49.59 63.67 75.13 76.67 

SEm± 1.42 2.24 3.22 3.29 

CD (P= 0. 05) 4.27 6.72 9.66 9.87 

 

 



Table 4.3 Effect of nitrogen on dry matter accumulation of wheat 

Treatments 
Dry matter accumulation (g) 0.5 m row length 

50 DAS 75 DAS 100 DAS At harvest 

N1 17.00 48.67 158.00 168.50 

N2 17.33 50.33 158.67 171.17 

N3 17.67 50.33 162.00 172.33 

N4 18.33 52.83 163.33 176.50 

N5 23.00 61.15 184.67 196.53 

N6 20.17 53.00 168.67 179.33 

N7 21.33 54.17 170.33 180.67 

N8 18.17 50.83 162.67 173.33 

N9 14.83 48.00 156.33 164.00 

SEm± 0.90 2.38 5.24 5.35 

CD (P= 0.05) 2.68 7.12 15.72 16.05 

 

 



Table 4.4 Effect of nitrogen sources on number of tillers plant-1 and CGR of wheat 

Treatments Tillers plant-1 
CGR (g m-2 day-1)  

Between 50-75 DAS Between 75-100 DAS Between 100 DAS-At harvest 

N1 5.33 8.44 29.16 2.80 

N2 5.78 8.80 28.89 3.33 

N3 6.89 8.71 29.78 2.76 

N4 6.56 9.20 29.47 3.51 

N5 7.56 10.17 32.94 3.16 

N6 6.89 8.76 30.84 2.84 

N7 7.44 8.76 30.98 2.76 

N8 6.56 8.71 29.82 2.84 

N9 5.22 8.84 28.89 2.04 

SEm± 0.36 0.65 1.55 1.42 

CD (P = 0.05) 1.09 NS NS NS 

 

 



Table 4.5 Effect of nitrogen sources on total tillers and RGR of wheat 

Treatments 
RGR (g g-1 day-1) Total tillers  

(0.5 m row length) Between 50-75 DAS Between 75-100 DAS Between 100 DAS- At harvest 

N1 0.0421 0.0470 0.0026 36.17 

N2 0.0427 0.0461 0.0030 38.00 

N3 0.0420 0.0468 0.0025 39.50 

N4 0.0423 0.0453 0.0031 40.33 

N5 0.0392 0.0441 0.0025 41.50 

N6 0.0385 0.0465 0.0024 40.83 

N7 0.0372 0.0459 0.0024 41.00 

N8 0.0412 0.0465 0.0025 39.67 

N9 0.0471 0.0473 0.0019 34.00 

SEm± 0.0025 0.0023 0.0012 1.07 

CD (P = 0. 05) NS NS NS 3.21 

 

 



Table 4.6 Effect of nitrogen sources on yield attributes of wheat 

Treatments 

Yield attributes 

Effective tillers 

(0.5 m row length)                    

Grains ear-1 Weight of grain ear-1   

(g) 

Test weight 

 (g) 

N1 33.88 38.00 1.60 38.76 

N2 35.00 40.30 1.68 39.43 

N3 35.55 40.03 2.07 45.70 

N4 37.90 42.33 2.13 48.53 

N5 39.55 42.70 2.20 49.00 

N6 36.83 41.93 2.08 48.31 

N7 37.67 42.03 2.10 48.23 

N8 36.33 41.20 2.10 47.39 

N9 31.10 34.37 2.02 42.37 

SEm± 1.35 0.86 0.06 0.67 

CD (P = 0.05) 4.07 2.57 0.17 2.02 

 



 

Table 4.7 Effect of nitrogen sources on yield and harvest index of wheat 
 

Treatments 
Yield (q ha-1) Harvest Index 

(%) 
Grain Straw 

N1 39.27 49.06 44.42 

N2 41.04 51.70 44.26 

N3 44.74 56.03 44.57 

N4 47.19 58.98 44.44 

N5 50.01 62.75 44.17 

N6 45.05 56.22 44.32 

N7 45.80 57.12 44.41 

N8 44.91 55.13 44.84 

N9 33.49 41.87 44.41 

SEm± 2.60 2.09 1.47 

CD (P = 0.0 5) 7.80 6.27 NS 

 



 

Table 4.8 Effect of nitrogen sources on quality parameters of wheat 

Treatments 
Quality parameters 

Chlorophyll (SPAD) at 60 DAS Proline (μ mol g-1) at 65 DAS Protein (%) 

N1 39.07 0.784 11.62 

N2 39.83 0.767 11.65 

N3 40.43 0.772 11.66 

N4 41.63 0.765 11.74 

N5 42.50 0.733 11.92 

N6 42.27 0.762 11.73 

N7 39.37 0.777 11.78 

N8 40.60 0.775 11.82 

N9 35.53 0.799 11.26 

SEm± 1.06 0.011 0.09 

CD (P = 0.05) 3.17 NS 0.27 

 



 

Table 4.9 Effect of nitrogen sources on nutrient content in grain and straw of wheat  

Treatments 

Nutrient content (%) 

Grain Straw 

N  P K N P K 

N1 1.860 0.429 0.352 0.471 0.153 1.636 

N2 1.863 0.433 0.357 0.475 0.155 1.646 

N3 1.865 0.427 0.351 0.476 0.154 1.627 

N4 1.879 0.438 0.364 0.482 0.156 1.657 

N5 1.907 0.451 0.371 0.490 0.163 1.677 

N6 1.876 0.435 0.362 0.479 0.156 1.653 

N7 1.884 0.441 0.366 0.485 0.158 1.661 

N8 1.891 0.445 0.369 0.488 0.160 1.668 

N9 1.801 0.423 0.348 0.462 0.153 1.618 

SEm± 0.014 0.006 0.005 0.005 0.002 0.026 

CD (P = 0.0 5) 0.044 NS NS 0.015 NS NS 



 

Table 4.10 Effect of nitrogen sources on nutrient uptake by grain, straw and total 

Treatments 

Nutrient uptake (kg ha-1) 

Nitrogen 
 

Phosphorus 
 

Potassium 

Grain Straw Total Grain Straw Total Grain Straw Total 

N1 73.04 23.11 96.15   16.84 7.50 24.34   13.84 80.23 94.07 

N2 76.46 24.55 101.01  17.77 8.01 25.79  14.66 85.14 99.79 

N3 83.48 26.66 110.14  19.11 8.68 27.79  15.70 91.46 107.16 

N4 88.67 28.43 117.10  20.69 9.20 29.89  17.19 97.74 114.93 

N5 95.38 30.73 126.10  22.53 10.23 32.76  18.49 105.21 123.71 

N6 84.51 26.93 111.45  19.63 8.78 28.41  16.27 92.91 109.19 

N7 86.14 27.70 113.84  20.19 9.03 29.22  16.75 94.94 111.70 

N8 84.94 26.91 111.85  20.00 8.82 28.82  16.58 91.96 108.53 

N9 60.30 19.34 79.64  14.16 6.40 20.56  11.65 67.74 79.39 

SEm± 4.84 1.02 5.18  1.22 0.42 1.36  0.92 4.20 4.46 

CD (P = 0.05) 14.53 3.06 15.53  3.65 1.25 4.08  2.75 12.58 13.38 



 

Table 4.11 Effect of nitrogen sources on nutrient content of soil and nitrogen use efficiency 

Treatments 
Nutrient content (kg ha-1) 

Nitrogen use efficiency 

(kg kg-1) 
N P K 

N1 275.29 21.40 351.16 10.05 

N2 277.19 21.61 353.09 6.56 

N3 279.05 21.96 359.30 14.10 

N4 281.74 21.89 361.02 9.98 

N5 285.53 22.08 364.81 8.48 

N6 283.09 22.01 359.73 14.48 

N7 284.83 22.54 363.39 15.41 

N8 283.83 22.24 362.19 8.32 

N9 265.86 21.38 347.59 0.00 

SEm± 4.46 0.39 6.28 2.15 

CD (P = 0.05) NS NS NS 6.45 

 



Table 4.12 Effect of nitrogen sources on economics of wheat 

Treatments 
Economics 

Net return (₹ ha-1) B-C ratio 

N1 86423 2.10 

N2 91825 2.20 

N3 103931 2.50 

N4 111226 2.64 

N5 119937 2.81 

N6 104814 2.52 

N7 107222 2.58 

N8 103217 2.45 

N9 68255 1.68 

SEm± 6939 0.16 

CD (P = 0.05) 20802 0.50 

 



 

Figure 4.1 Effect of nitrogen sources on plant height (cm) 
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Figure 4.2 Effect nitrogen sources on dry matter accumulation (g) 0.5 m row length 
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Figure 4.3 Effect of nitrogen sources on crop growth rate (g m-2 day-1) 
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Figure 4.4 Effect of nitrogen sources on yield (kg ha-1) 
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Figure 4.5 Effect of nitrogen sources on chlorophyll content (SPAD) 
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Figure 4.6 Effect of nitrogen sources on net return (₹ ha-1) 
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5. DISCUSSION 

The consequences of the present experimental investigation entitled “Effect 

of Nano urea on NUE and Productivity of Wheat (Triticum aestivum L.) under 

Restricted Irrigation Conditions” executed at Instructional Farm Agronomy, 

Rajasthan College of Agriculture, MPUAT, Udaipur (Rajasthan) during the rabi season 

of 2021-22 have been described in detail in the previous chapter. The most appropriate 

experimental findings are discussed below along with conceivable explanations and 

evidences supported by relevant findings where it was deemed important to separate 

the information into categories of practical values and to evaluate the cause and effect 

relationship between various treatments with regard to the many researched features. 

The yield potentiality of a variety is undoubtedly influenced by the genotype 

from which it was developed but it can also be influenced by adopting appropriate 

agronomic practices especially nutrient management taking precedence. 

5.1  EFFECT OF NITROGEN SOURCES  

5.1.1  Growth parameters 

The statistical analysis of Table 4.2 indicates that the maximal plant height 

(57.56, 77.80, 94.20 and 95.00 cm) at 50, 75, 100 DAS and at harvest was obtained 

under the application of treatment N5 (RDN + two sprays of nano urea at tillering and 

jointing). This behaviour could be explained by the fact that the impact of nano urea on 

wheat crop growth and development was evident, as shown by the significance of 

nitrogen in plants as a primary component of amino acids, proteins, vitamins, hormones 

and enzymes all of which have an immediate effect in promoting cell division and 

enlargement both longitudinally and transversely and increased meristematic activities 

leads to an increase in internodal length resulting in an increased plant height. 

Furthermore, plant height was increased even at lower application rates when nano 

fertilizer was combined with traditional fertilizers. The findings of experiment 

corroborate with results of Hanafey et al. (2014), Benzon et al. (2015), Hamoda et al. 

(2016), Manikandan and Subramanian (2016), Kandil and Eman (2017), Singh et al. 

(2017), Burhan and AL-Hassan (2019), Abd El-Aal and Rania (2018), Mahil and 

Kumar (2019) and Kumar et al. (2020). 



 It is evident from the data presented in Table 4.4 and 4.5 that the uppermost dry 

matter accumulation (23.00, 61.15, 184.67 and 196.53 g) at 50, 75, 100 DAS, at harvest 

and number of tillers attained from RDN + two sprays of nano urea at tillering and 

jointing (N5) treated wheat plants. This behaviour of rise in dry matter accumulation 

might be due to that nitrogen is required for chlorophyll synthesis and photosynthetic 

activity both of which enhance vegetative growth and this enhancement was largely 

determined by the quantity and efficiency of photosynthetic active radiation intercepted 

by the crop. Additionally, the application of nano NPK has a significant effect on the 

growth of wheat crops because the tiny size of nano fertilizers results in better 

absorption of nano nutrients which affects plant growth mechanisms. It is also 

perceived that the activity of water was boosted after introducing nanomaterials and N, 

P and K and these were absorbed into the plants with the absorption of water resulting 

in an enhanced in dry matter production.  In the same way the conceivable reason 

behind increased number of tillers was that nano fertilizers enhance the activity of 

chloroplast, antioxidant enzyme system and nitrate reductase which are potential 

mechanisms that enhanced growth and resulted in a higher number of tillers. The 

research findings showed a positive and significant relationship between the amount of 

dry matter accumulated at harvest and wheat crop growth characteristics i.e., plant 

height at 50 DAS (r = 0.752**), plant height at 75 DAS (r = 0.835**), plant height at 

100 DAS (r = 0.679**), plant height at harvest (r = 0.692**), tillers plant-1 (r= 

0.836**), total number of tillers (r = 0.801**) and number of effective tillers (r = 

0.885**) and test weight (r = 0.680**) (Table 5.1). This is also substantiated through 

regression studies which revealed that a unit increase in aforementioned characters 

increased the dry matter accumulation by 3.032, 2.110, 1.118, 1.210, 9.166, 2.992, 

3.328 and 1.566 g.  Similar findings were recorded by Changmei et al. (2002), Hong et 

al. (2005), Moore (2006), Liu et al. (2008), Navarro et al. (2008), Eichert and Goldbach 

(2008), Ma et al. (2009), Fernandez and Eichert (2009), Nekrasova et al. (2011), Junejo 

et al. (2012), Dhoke et al. (2013), Mahmoodzadeh et al. (2013), Xin et al. (2014), Aziz 

et al. (2016), Manikandan and Subramanian (2016), Ali and Al Juthery (2017), 

Rathnayaka et al. (2018), Morsy et al. (2018), Asibi et al. (2019) and Kumar et al. 

(2020). 

 

 



5.1.2  Yield attributes and yield 

Data obtainable in Table 4.6 revealed that application of various sources of 

nitrogen had significant effect on number of effective tillers of wheat crop. Among the 

different treatment of nitrogen sources that the determined number of effective tillers 

was noted under treatment N5 i.e., RDN + two sprays of nano urea during tillering and 

jointing. it may be due that the use of conventional fertilizer in conjunction with nano 

fertilizer had a substantial impact on the number of effective tillers. The reason behind 

that nano fertilizer has a harmonious effect on the practicality of conventional fertilizer 

for enhanced nutrient fascination by plant cells resultant in optimal growth of plant 

parts and metabolic processes such as photosynthesis which translates to higher 

photosynthates accumulation and translocation to the economically important plant 

parts resulting in increased number of reproductive tillers. The correlation studies 

validate that positive and significant relation between effective tillers and growth and 

yield parameters such as number of total tillers (r = 0.959**) and crop dry matter 

accumulation at harvest (r = 0.801**) (Table 5.1). These findings were similar with 

results of Benzon et al. (2015). 

As shown in Table 4.6 the maximum number of grains ear-1 (42.70) was 

recorded under application of N5 (RDN + two sprays of nano urea during tillering 

and jointing). The increase in the number of grains ear -1 in nano urea applied 

treatment may be due to that the nano nitrogen plays a pivotal role in increasing height 

and leaf area of the plant including obtaining a high carbon representation and 

transfer its products to the downstream (grain) and the nano fertilizer also cause 

an increase in biological reactions, enzymatic reactions and the regularity of hormones 

which has created a new opportunity for plant to accumulate the required dry material 

for the pollination and fertilization process and it also diminishes the proportion of 

ovarian abortion and thus increased pollination and fertilization which leads to increase 

the number of grains ear-1. In addition to their nutritional role the readiness of the 

nitrogen element produces a regulation in the hormones and control the auxin at top 

of the ear. The cytokinin acts to prevent the transfer of auxin from old to new grain 

and then increase the grain set in an ear, which is reflected in the increase of the number 

of grains ear-1. These results are in line with Sharifi and Taghizadeh (2009), Grover 

et al. (2012), Moosapoor et al. (2013), Hassan et al. (2015), Aziz et al. (2016), 

Khospeyak et al. (2016) and Rani et al. (2019).   



Results from Table 4.6 revealed that the maximum weight of grain ear-1 and 

test weight was recorded under the application of RDN + two sprays of nano urea 

during tillering and jointing (N5). The enhancement in grain weight is directly 

proportional to plant growth which related genetically to the synthetic and all the 

factors that affect the growth, where the development and fullness of seeds is an 

important indicators of plant yield. The probable reason behind an increase in grain 

weight with the nano fertilizers is that nano fertilizer provides major nutrients in a 

balanced manner which results an increase in leaf area, sustained vitality in carbon 

representation and formation of carbohydrates and proteins and thus increased the 

grain weight. Such types of the beneficial effect of nano fertilizer were observed by 

Jabouri and Anwar (2008), Benzon et al. (2015), Sharifi and Namvar (2016), 

Hasaneen et al. (2016), Kaviani et al. (2016) and Rani et al. (2019). 

The results of Table 4.7 revealed significant differences between the 

different nitrogen treatments in respect to grain yield. The treatment of N5 (RDN + 

two sprays of nano urea during tillering and jointing) gave the highest grain yield 

(50.01 q ha-1) and straw yield. As, grain yield was influenced by the genotype, 

environmental factors and other agronomic practices, including fertilization which 

depends on the carbon representation rate and the efficiency of transfer its outputs 

to grain. Increasing the yield of wheat crop with nano fertilizer application might be due 

to that nanoparticle induced enhancement in photosynthesis and nutrient use efficiency 

leading to more production of grain yield. Furthermore, nanoparticles may also expand 

leaf duration, improve leaf area index and slow down leaf senescence all of these 

increase grain output. Another potential explanation for the higher grain yield is that 

nano fertilizer increased nutrient uptake by the plant resulting in ideal growth of the 

plant parts, as well as metabolic processes like photosynthesis which resulted in the 

maximum accumulation and translocation of photosynthates to the economic parts of 

the plant ensuring the higher yield that may be related to increased source (leaves) and 

sink (economic part) strength. Frequent rainfall during the crop growth period provides 

sufficient moisture and favorable temperature during the crop growth period up to early 

march might be the potential reason for higher grain yield. Likewise, the increase in 

straw production with the foliar spray of nano nitrogen fertilizers might be credited to 

nano fertilizers because of the rapid fascination of nano fertilizers by the plant and ease 

of translocation which assisted in a quicker rate of photosynthesis and more dry matter 



accumulation, resulting in a loftier straw yield. It was also noticed that the addition of 

nano nitrogen increases the absorption area which contributes to increasing the 

accumulation of dry material in the unit area and improving plant growth in general.  

The correlation studies stated positive and substantial relation among grain yield and 

yield components of the wheat crop viz. crop dry matter accumulation at 100 DAS (r = 

0.774**), dry matter accumulation at harvest (r = 0.839**), plant height at 100 DAS (r 

= 0.902**), plant height at harvest (r = 0.869**), total number of tillers (r = 0.966**) 

and number of effective tillers (r = 0.982**), grain ear-1 (r = 0.955**), grain weight ear-

1 (r = 0.572*) and test weight (r = 0.769) (Table 5.1). This is also corroborated through 

regression studies which shows that a unit increase in the aforementioned characters 

increased the grain yield by 0.434, 0.439, 1.193, 0.749, 1.890, 1.933, 1.751, 13.392 and 

0.926 q ha-1. Similar findings were reported by Corredor et al. (2009), Ma et al. (2009), 

Sharifi and Taghizaden (2009), Liu et al. (2009), Al abode and Hamoud (2010), 

Valadkhan et al. (2015), Razzaq et al. (2016), Kandil and Eman (2017), Singh et al. 

(2017), Nadi et al. (2013), Tarafdar et al. (2014), Benzon et al. (2015), Drostkar et al. 

(2016), Gommaa et al. (2017), Kandil and Eman (2017), Morsy et al. (2018), Rani et 

al. (2019), Al-Juthery et al. (2019), Burhan and AL-Hassan (2019), Choudhary et al. 

(2019), Kumar et al. (2020), Meena et al. (2021), Morsy et al. (2021) and Somaratne 

et al. (2021).  

5.1.3  Quality   

Data presented in Table 4.8 shows that the maximum chlorophyll content (42.50 

SPAD) was found under the application of N5 (RDN + two sprays of nano urea during 

tillering and jointing) treatment it may be because of the higher contribution of N 

content, which might have increased leaf-area duration and thus increased chlorophyll 

content in wheat. It may also be possible that nitrogen plays a role in many 

physiological functions of plant growth and development. These functions include the 

synthesis of chlorophyll and the development of thylakoid and chloroplasts thus leading 

to higher chlorophyll content. A positive and significant correlation was observed 

between straw yield and chlorophyll content (r = 0.906**) at 60 DAS. This evidence 

was supported by the findings of Bayu et al. (2005), Saeid and Maryam (2011) and 

Masoud et al. (2012).  

The data presented in Table 4.8 reveals that the different treatments of nano and 

chemical nitrogen fertilizer had significant effect on protein content (%) of wheat crop. 



The significantly highest protein content (11.92 %) was observed with the application 

of N5 (RDN + two sprays of nano urea during tillering and jointing) treatment. The 

logical explanation for this phenomenon is that nano fertilizer increases the crop plant's 

surface area and nutrient availability, both of which contribute to the rise of plant 

quality metrics (such as protein and sugar content) by quickening the rate of response 

or synthesis processes. It might be also possible that the control and steady release 

property of nano fertilizer balance the increased nitrogen content and uptake by plant 

which resulted in improved protein content in plants. The correlation studies expressed 

positive and substantial relationship between protein content and nitrogen content in 

grain of wheat crop. The positive correlation observed between protein content in grain 

and nitrogen (r = 1.000**) content in grain. This result of increment in protein 

percentage was in accordance with the finding of Masoud et al. (2012), Amirnia et al. 

(2014), Celsia and Mala (2014), Havlin et al. (2014), Dimkpa et al. (2015), Hasaneen 

et al. (2016), Khanday et al. (2017), Morsy et al. (2018), Qureshi et al. (2018), Mahil 

and Kumar (2019), Burhan and AL-Hassan (2019), Hasan and Saad (2020). 

5.1.4  Nutrient Content and Uptake and NUE 

As shown in Table 4.9 the nano-fertilizer treatment in combination with RDN 

has significant effect on grain and straw nitrogen content. In present study, the 

maximum nitrogen content in grain (1.907 %) and straw (0.49 %) was perceived under 

treatment N5 (RDN + two sprays of nano urea during tillering and jointing). This may 

be because of nano fertilizers have larger surface area and particle size less than the 

pore size (5 to 50 nm) of leaves of the plant which can enhance penetration into the 

plant tissues from applied surface and augment content and uptake of the nutrients. The 

optimistic and weighty correlation observed between grain yield and nitrogen (r = 

0.937**), phosphorous (r = 0.808**) and potassium (r = 0.815**) content in grain, 

similarly between straw yield and nitrogen (r = 0.902**), phosphorous (r = 0.744**) 

and potassium (r = 0.799**) content in straw and also in case of test weight positive 

and significant relation with nitrogen (r =0.856**) content in grain. The results are 

agreed with results of Junrungrean et al. (2002), Aljabri et al. (2010) and Junejo et al. 

(2012). 

Data from Table 4.10 indicates that significant rise shown in nitrogen uptake in 

grain (99.88 kg ha-1) and straw (30.73 kg ha-1) of wheat with the application of N5 

treatment i.e., RDN + two sprays of nano urea during tillering and jointing. This may 



be due to fertilizer particles coated with nano membranes facilitate slow and steady 

release of nutrients. Coating and cementing of nano and sub nano-composites are 

capable of regulating the release of nutrients from the fertilizer capsule and nano 

particles having both positive and negative charged binding site that adsorbed available 

nitrogen in soil to minimize different type losses resulted in increased uptake of 

nitrogen by crop. Similarly, significant increase in phosphorus and potassium uptake in 

wheat grain (22.53 and 10.23 kg ha-1, respectively) and straw (18.49 and 105.21 kg ha-

1, respectively) was also recorded under N5 treatment (RDN + two sprays of nano urea 

during tillering and jointing). This could be because nanoparticles triggering metabolic 

activities in plants resulting in increased exudation and acidity. Subsequently, 

desorption of PO4
3- may occurs as a result of a ligand exchange reaction triggered by 

plant root exudation, potentially disrupting the adsorption-desorption equilibrium and 

releasing phosphorus into the soil solution where it is easily available for uptake. While, 

the better uptake of potassium from nano fertilizer than conventional fertilizer may be 

due to the application of nano fertilizer may expose the plant nutrient (NPK) to more 

surface area that can augment the fixation of plant nutrient of nanoparticle which leads 

to minimize the losses and it will release on later stage of crop growth when plant need 

it. The positive correlation observed between grain yield and nitrogen (r =0.999**), 

phosphorous (r = 0.994**) and potassium (r =0.995**) uptake by grain, likewise 

positive and substantial correlation observed between straw yield and nitrogen (r 

=0.997**), phosphorous (r = 0.992**) and potassium (r =0.998**) uptake by straw. 

These results are in conformity with Buerkert et al. (1998), Kumar et al. (2014), 

Dimkpa et al. (2015), Guru et al. (2015), Hussien et al. (2015), Kaviani et al. (2016), 

Soliman et al. (2016), Singh et al. (2017), Shrivastava et al. (2017), Togas et al. (2017), 

Al Juthery et al. (2018), Dhasil et al. (2018) and Qureshi et al. (2018). 

Data (Table 4.11) the peak nitrogen use efficiency was observed under 

treatment N7 (RDN + two spray of urea (5 %) at tillering and jointing). This might be 

due to that the amount of nitrogen applied in N7 treatment is lower as compared other 

treatments that results in higher nitrogen utilization and reduces the risks of nitrogen 

losses i.e., leaching, denitrification and volatilization. It is also noticed that addition of 

phosphorus and potassium on top of nitrogen fertilizer played important role in 

improving nitrogen use efficiency (NUE). The correlation studies show positive and 



substantial interrelationship between NUE (r =0.644*) and grain yield of wheat This 

result is in mark with results of Fofana et al. (2005) and Duan et al. (2014). 

5.1.5  Economics 

Among the several applied treatments under experiment application of 

treatment N5 (RDN + two spray of nano urea at tillering and jointing) attained the 

highest net return and benefit- cost ratio among which was statistically comparable with 

various treatments i.e., N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano 

urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano 

urea at tillering) whereas, the lowermost net returns and B-C ratio were recorded under 

absolute control (N9). 

 Nano fertilizers may boost crop development and yield characteristics as well 

as make active photosynthetic activities and source-sink relationships which directly 

affect yield. Reduced urea treatment and efficient foliar nano fertilizer application led 

to lower cultivation costs, which in turn increased grain and straw yield and ultimately 

net return. These results were consistent with the results of Mehta and Bharat (2017), 

Manikandan and Subramanian (2016) and Kumar et al. (2020). 

   

  

 



 

Table 5.1 Correlation coefficient and regression equation showing relationship between (X) and (Y) variable of nitrogen sources 

S.No. Dependent variable (Y) Independent variable (X) Correlation coefficient (r) Regression equation  

(Y = a+ b x) 

1 Effective tillers Total tillers 0.959** Y= -1.178+0.952 

2 Crop DMA at Harvest (g) Plant height (cm) at 50 DAS 0.752** Y= 8.961+3.032 

3 Crop DMA at Harvest (g) Plant height (cm) at 75 DAS 0.835** Y= 23.373+2.110 

4 Crop DMA at Harvest (g) Plant height (cm) at 100 DAS 0.679* Y= 75.654+1.118 

5 Crop DMA at Harvest (g) Plant height at harvest (cm) 0.692* Y= 66.551+1.210 

6 Crop DMA at Harvest (g) Total tillers plant-1 at harvest 0.836** Y= 116.521+9.166 

7 Crop DMA at Harvest (g) Total number of tillers at harvest 0.801** Y= 59.143+2.992 

8 Crop DMA at Harvest (g) Number of effective tillers 0.885** Y= 56.059+3.328 

9 Crop DMA at Harvest (g) Test weight 0.680* Y= 104.892+1.566 

10 Grain yield (kg ha-1) Crop DMA at 100 DAS 0.774** Y= -28.103+0.434 

11 Grain yield (kg ha-1) Crop DMA at harvest 0.839** Y= -33.736+0.439 

12 Grain yield (kg ha-1) Plant height (cm) at 100 DAS 0.902** Y= -42.686+1.193 

13 Grain yield (kg ha-1) Plant height at harvest (cm) 0.869** Y= -23.606+0.749 

14 Grain yield (kg ha-1) Total number of tillers at harvest 0.966** Y= -30.207+1.890 

15 Grain yield (kg ha-1) Number of effective tillers 0.982** Y= -26.048+1.933 

16 Grain yield (kg ha-1) Grains ear-1 0.955** Y= -27.117+1.751 

17 Grain yield (kg ha-1) Grain weight ear-1 0.572* Y= 16.741+13.392 

18 Grain yield (kg ha-1) Test weight 0.769** Y= 1.548+0.926 

19 Grain yield (kg ha-1) N (%) in grain 0.937** Y= -246.35+155.04 



S.No. Dependent variable (Y) Independent variable (X) Correlation coefficient (r) Regression equation  

(Y = a+ b x) 

20 Grain yield (kg ha-1) P (%) in grain 0.808** Y= -148.598+440.820 

21 Grain yield (kg ha-1) K (%) in grain 0.815** Y= -128.850+478.752 

22 Grain yield (kg ha-1) N uptake (kg ha-1) by grain 0.999** Y= 4.578+0.478 

23 Grain yield (kg ha-1) P uptake (kg ha-1) by grain 0.994** Y= 5.664+1.992 

24 Grain yield (kg ha-1) K uptake (kg ha-1) by grain 0.995** Y= 5.624+1.377 

25 Straw yield (kg ha-1) Plant height (cm) at harvest 0.882** Y= -36.464+1.005 

26 Straw yield (kg ha-1) Crop DMA at 75 DAS 0.817** Y= -11.679+1.266 

27 Straw yield (kg ha-1) Crop DMA at 100 DAS 0.784** Y= -36.032+0.548 

28 Straw yield (kg ha-1) Crop DMA at harvest 0.850** Y= -43.291+0.555 

29 Straw yield (kg ha-1) Total number of tillers at harvest 0.962** Y= -37.163+2.346 

30 Straw yield (kg ha-1) Chlorophyll content at 60 DAS 0.906** Y= -50.752+2.618 

31 Straw yield (kg ha-1) N (%) in straw 0.902** Y= -243.524+622.275 

32 Straw yield (kg ha-1) P (%) in straw 0.744** Y= -158.831+1362.158 

33 Straw yield (kg ha-1) K (%) in straw 0.799** Y= -361.629+252.207 

34 Straw yield (kg ha-1) N uptake (kg ha-1) by straw 0.997** Y= 6.562+1.834 

35 Straw yield (kg ha-1) P uptake (kg ha-1) by straw 0.992** Y= 7.238+5.527 

36 Straw yield (kg ha-1) K uptake (kg ha-1) by straw 0.998** Y= 4.049+0.560 

37 Protein content (%) in grain Nitrogen content in grain (%) 1.000** Y= 0.000+6.250 

38 Nitrogen use efficiency (kg kg-1) Grain yield (kg ha-1) 0.644* Y= 3708.7+ 66.07 

* and ** Significant at 5 and 1% level of significance, respectively 

 



6. SUMMARY 

 This section summarises the findings of a field experiment named “Effect of 

Nano urea on NUE and Productivity of Wheat (Triticum aestivum L.) under 

Restricted Irrigation Conditions” done during the rabi 2021-22 at the Instructional 

Agronomy Farm, Rajasthan College of Agriculture, MPUAT, Udaipur. 

6.1  EFFECT OF NITROGEN SOURCES  

 Non-significant result was found in respect of plant population at 15 DAS under 

various sources of nitrogen used under the study.    

  The maximum plant height at 50, 75, 100 DAS and at harvest was recorded 

under treatment N5 (RDN + two spray of nano urea at tillering and jointing) 

which was statistically at par with N7 (RDN + two spray of urea (5 %) at tillering 

and jointing). 

 The highest dry matter accumulation at 50, 75, 100 DAS and at harvest was 

recorded under application of N5 (RDN + two spray of nano urea at tillering and 

jointing) and it was statistically at par with N7 (RDN + two spray of urea (5 %) 

at tillering and jointing) but higher over remaining treatments.                

  The determined number of tillers plant-1 was obtained with application of 

treatment N5 (RDN + two spray of nano urea at tillering and jointing) which 

was statistically at par with N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one 

spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), 

N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 (RDN + 

one spray of urea (5 %) + nano urea at tillering) but superior over rest of the 

treatments. 

 Crop growth rate between 50 to 75 DAS, 75 to 100 DAS and between 100 DAS 

to at harvest found non stimulus by application of different nitrogen sources.   

 The application of various nitrogen sources did not cause any weighty impact 

on relative growth rate between 50 to 75 DAS, 75 to 100 DAS and 100 DAS to 

at harvest. 

 Application of treatment N5 (RDN + two spray of nano urea at tillering and 

jointing) had recorded the maximum number of tillers at 0.5 m row length 



(41.50) that was found statistically comparable with several treatment 

combinations i.e., N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of 

nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN 

+ two spray of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of 

urea (5 %) + nano urea at tillering) but superior over other nitrogen sources.      

 The application of various sources of nitrogen significantly influences yield 

attributing traits viz, effective tillers, grains ear-1, weight of grains ear-1 and test 

weight. The maximum value of yield attributing characters had recorded under 

application of N5 (RDN + two spray of nano urea at tillering and jointing) which 

was statistically at par with N4 (RDN + one spray of nano urea at tillering), N6 

(RDN + one spray of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 

%) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea 

at tillering) however, effective tillers and weight of grains ear-1 was found at par 

with one extra treatment i.e., N3 (RDN 1/3rd basal, 2/3rd CRI) but statistically 

higher over remaining treatments. 

 The significantly higher values of grain and straw yield (50.01 and 62.75 q  

ha-1) was recorded under treatment N5 (RDN + two spray of nano urea at 

tillering and jointing). Here, the grain yield was found statistically comparable 

with N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at 

tillering), N6 (RDN + one spray of urea (5%) at tillering), N7 (RDN + two spray 

of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) 

+ nano urea at tillering) but straw yield was found statistically at par with N4 

(RDN + one spray of nano urea at tillering), N7 (RDN + two spray of urea (5 

%) at tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea 

at tillering). In case of harvest index, it was found non-significant in respect to 

various applied treatment of nitrogen under experiment.    

 The maximum total chlorophyll content at 60 DAS was found with N5 (RDN + 

two spray of nano urea at tillering and jointing) and this was statistically at par 

with N2 (Two spray nano urea at tillering and jointing), N3 (RDN 1/3rd basal, 

2/3rd CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray 

of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and 

jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) but 

significantly higher over rest of the treatments.  



 Various sources of nitrogen used under study did not cause any significant 

variation on proline content at 65 DAS of wheat crop. 

 The application of treatment N5 (RDN + two spray of nano urea at tillering and 

jointing) recorded the maximum values of protein content which was 

statistically at par with several treatments i.e., N2 (Two spray nano urea at 

tillering and jointing), N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of 

nano urea at tillering), N6 (RDN + one spray of urea (5 %) at tillering), N7 (RDN 

+ two spray of urea (5 %) at tillering and jointing) and N8 (RDN + one spray of 

urea (5 %) + nano urea at tillering) but higher over other treatments. 

 Treatment N5 (RDN + two spray of nano urea at tillering and jointing) recorded 

maximum nitrogen content in grain and straw of wheat, which was statistically 

comparable with N2 (Two spray nano urea at tillering and jointing), N3 (RDN 

1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN 

+ one spray of urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at 

tillering and jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at 

tillering). While, phosphorous and potassium content in grain and straw was 

found non-significant.  

 The maximum nitrogen, phosphorous and potassium uptake by grain, straw and 

total was recorded under N5 (RDN + two spray of nano urea at tillering and 

jointing). The N, P and K uptake by grain was statistically at par with N4 (RDN 

+ one spray of nano urea at tillering), N6 (RDN + one spray of urea (5 %) at 

tillering), N7 (RDN + two spray of urea (5 %) at tillering and jointing) and N8 

(RDN + one spray of urea (5 %) + nano urea at tillering) however, N and P 

uptake by grain were also analogous to treatment N3 (RDN 1/3rd basal, 2/3rd 

CRI). While, in case of straw N, P and K uptake by straw was at par with N4 

(RDN + one spray of nano urea at tillering) and N7 (RDN + two spray of urea 

(5 %) at tillering and jointing) however, P uptake by straw was also analogous 

to treatment N6 (RDN + one spray of urea (5 %) at tillering). Similarly, total 

uptake of N, P and K were comparable with N4 (RDN + one spray of nano urea 

at tillering) and N7 (RDN + two spray of urea (5 %) at tillering and jointing) 

however, total N and P uptake were also analogous treatment N8 (RDN + one 

spray of urea (5 %) + nano urea at tillering).  



 Non-significant results were found in respect to nitrogen, phosphorus and 

potassium content in soil after harvest of crop under several sources of nitrogen 

used under experiment. While, the peak nitrogen use efficiency was 

accomplished under treatment N7 (RDN + two spray of urea (5 %) at tillering 

and jointing) which was comparable to N1 (One spray nano urea at tillering), N3 

(RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one spray of nano urea at tillering) 

and N6 (RDN + one spray of urea (5 %) at tillering).  

 When wheat crop was treated with treatment N5 (RDN + two spray of nano urea 

at tillering and jointing) recorded the maximum net return (₹ 119937 ha-1) and  

B-C ratio (2.81) which was statistically at par with N3 (RDN 1/3rd basal, 2/3rd 

CRI), N4 (RDN + one spray of nano urea at tillering), N6 (RDN + one spray of 

urea (5 %) at tillering), N7 (RDN + two spray of urea (5 %) at tillering and 

jointing) and N8 (RDN + one spray of urea (5 %) + nano urea at tillering) 

however, significantly greater over N1 (One spray nano urea at tillering), N2 

(Two spray nano urea at tillering and jointing) and control. 



7. CONCLUSION 

 

On the basis of one year experimentation results during rabi 2021-22, it is 

concluded that under restricted irrigation wheat crop should be fertilized with 

recommended dose of nitrogen i.e., 80 kg ha-1 along with two foliar sprays of nano urea 

at tillering and jointing stage to achieve higher nitrogen use efficiency and productivity 

in prevailing agro climatic conditions of zone IV a (Sub-Humid Southern Plain and 

Aravalli Hills) of Rajasthan. 
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Performance of Wheat (Triticum aestivum L.) under various 

sources of nitrogen and Restricted Irrigation  
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ABSTRACT 

During the rabi 2021-2022, a field experiment entitled “Effect of Nano urea 

on NUE and Productivity of Wheat (Triticum aestivum L.) under Restricted 

Irrigation Conditions” was conducted at Instructional Farm, Agronomy, Rajasthan 

College of Agriculture (MPUAT), Udaipur (Rajasthan). 

The experiment was conducted in randomised block design with nine different 

sources of nitrogen i.e., N1 (One spray of nano urea at tillering stage), N2 (Two spray 

nano urea at tillering and jointing), N3 (RDN 1/3rd basal, 2/3rd CRI), N4 (RDN + one 

spray of nano urea (5 %) at tillering), N5 (RDN + two spray of nano urea at tillering and 

jointing), N6 (RDN + one spray of urea ( 5%) at tillering), N7 (RDN + two spray of urea 

(5 %) at tillering and jointing), N8 (RDN + one spray of urea (5 %) + nano urea at 

tillering) and N9 (absolute control). Wheat variety “Raj 4079” was used under the 

experiment. 

The result show that in comparison to other nitrogen treatments, the highest 

crop growth parameters (plant height, dry matter accumulation, tillers plant-1 and 

number of total tillers) and yield attributes (effective tillers, grains ear-1, weight of 

grains ear-1, and test weight) were recorded under treatment N5 i.e., RDN + two spray 

of nano urea at tillering and jointing. While, the crop growth rate and relative growth 

rate found non-significant. The application of N5 (RDN + two spray of nano urea at 

tillering and jointing) resulted considerable increase in the yield traits i.e., grain yield, 

straw yield except harvest index. Superior performance of quality parameters 

(chlorophyll content and protein content) was also measured under treatment N5 (RDN 

+ two spray of nano urea at tillering and jointing) whereas, proline content was 

measured as non-significant. Similarly, the maximum nitrogen content in grain and 

straw of wheat was obtained under treatment N5 (RDN + two spray of nano urea at 
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tillering and jointing) however, phosphorus and potassium content found non-

significant. Likewise, the maximum uptake of nitrogen, phosphorus and potassium in 

grain, straw and total were recorded under application of RDN + two spray of nano urea 

at tillering and jointing (N5). Correspondingly, when crop was treated with N5 (RDN + 

two spray of nano urea at tillering and jointing) the supreme net return (₹ 119937 ha-1) 

and B-C ratio (2.81) were obtained. 



izfrcaf/kr falapkbZ fLFkfr;ksa ds rgr xsg¡w ¼fVªfVde ,fLVoe ,y.½ dh u=tu 

mi;ksx {kerk ¼,u;wbZ½ vkSj mRikndrk ij uSuks ;wfj;k dk izHkko  

 

fjrs”k ikVhnkj*  MkW- ts- pkS/kjh ** 

“kks/kdrkZ  eq[; lykgdkj  

vuq{ksi.k 

jch  _rq 2021&22 ds nkSjku ^^izfrcaf/kr falapkbZ fLFkfr;ksa ds rgr xsg¡w 

¼fVªfVde ,fLVoe ,y.½ dh u=tu mi;ksx {kerk ¼,u;wbZ½ vkSj mRikndrk ij 

uSuks ;wfj;k dk izHkko^^ uked ,d iz{ksi iz;ksx funsZ”kkRed QkeZ] lL; foKku 

foHkkx] jktLFkku d`f’k egkfo|ky; ¼,eih;w,Vh½] mn;iqj ij vk;ksftr fd;k x;kA 

;g iz;ksx ;kn`f”pd [k.M+  vfHkdYiuk esa u=tu ds ukS fofHkUu L=ksrksa ds 

lkFk fd;k x;kA tks bl izdkj gS& ,u1 ¼dYys QqVku voLFkk ij uSuks ;wfj;k dk 

,d fNM+dko½] ,u2 ¼dYys QqVku vkSj xk¡B fuekZ.k voLFkk usukS ;qfj;k ds nks 

fNM+dko½] ,u3 ¼vkj Mh ,u 1@3 Hkkx vk/kkj] 2@3 Hkkx “kh’kZ tM+ QwVku½] ,u4 

¼vkj Mh ,u $ dYys QqVku ij ;qfj;k ¼5%½ dk ,d fNM+dko½] ,u5 ¼vkj Mh ,u 

$ dYys QqVku ,o xk¡B fuekZ.k voLFkk ij uSuks ;qfj;k ds nks fNM+dko½] ,u6 ¼vkj 

Mh ,u $ dYys QqVku voLFkk ij ;qfj;k ¼5%½ dk ,d fNM+dko½] ,u7 ¼vkj Mh 

,u $ dYys QqVku ,ao xk¡B fuekZ.k voLFkk ij ;qfj;k ¼5%½ ds nks fNM+dko½] ,u8 

¼vkj Mh ,u $ dYys QqVku voLFkk ij ;qfj;k ¼5%½ dk ,d fNM+kdko $ uSuks 

;wfj;k dk ,d fNM+dko½ vkSj ,u9 ¼lEiw.kZ fu;aa=.k½A   

ifj.kkeksa ls ;g irk pyk dh vU; u=tu mipkjks dh rqyuk esa ,u5 ¼vkj 

Mh ,u $ dYys QqVku ,o xk¡B fuekZ.k voLFkk ij usukS ;qfj;k ds nks fNM+dko½ 

ds vUrxZr Qly o`f) ekin.M+ks ¼ikS/ks dh Å¡pkbZ] “kq’d inkFkZ lap;u] dqy QqVku 

dh la[;k] QqVku la[;k izfr ikS/k½ ,oa mit ?kVd ¼izHkkoh QqVku la[;k] nkus dh 

la[;k izfr ckyh] nkuksa dk otu izfr ckyh ,oa ijh{k.k Hkkj½ vf/kdre izkIr gq,A 

tcfd Qly o`f) nj  vkSj lkis{k o`f) nj ykxw fofHkUu u=tu L=ksrksa ds laca/k 

esa xSj egRoiw.kZ ik, x,A ,u5 ¼vkj Mh ,u $ dYys QqVku ,o xk¡B fuekZ.k voLFkk 

ij uSuks ;qfj;k ds nks fNM+dko½ ds mi;ksx ls nkuk ,oa Hkwlk mit esa mYys[kuh; 

o`f) gqbZA xq.koÙkk ekin.M+ks ¼i.kZgfjr ek=k] izksVhu ek=k½ dk csgrj izn”kZu mipkj 

,u5 ¼vkj Mh ,u $ dYys QqVku ,ao xk¡B fuekZ.k voLFkk ij uSuks ;qfj;k ds nks 
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fNM+dko½ ds rgr~ izkIr gqvk] tcfd izksyhu ek=k dks xSj egRoiw.kZ ekik x;kA 

blh rjg nkuk o Hkwlk mit esa vf/kdre u=tu ek=k mipkj ,u5 ¼vkj Mh ,u 

$ dYys QqVku ,o xk¡B fuekZ.k voLFkk ij uSuks ;qfj;k ds nks fNM+dko½ ds rgr~ 

izkIr dh xbZ tcfd QkWLQsjl ,oa iksVsf”k;e ek=k lkFkZd ugh ikbZ xbZA blh rjg 

,u5 ¼vkj Mh ,u $ dYys QqVku ,o xk¡B fuekZ.k voLFkk ij uSuks ;qfj;k ds nks 

fNM+dko½ ds mi;ksx ds rgr~ nkuk ,oa Hkwlk esa u=tu] QkWLQksjl ,oa iksVsf”k;e 

dk vf/kdre mnxzg.k izkIr gqvkA ,u5 ¼vkj Mh ,u $ dYys QqVku ,o xk¡B 

fuekZ.k voLFkk ij uSuks ;qfj;k ds nks fNM+dko½ ds mi;ksx ds rgr~ vf/kdre “kq) 

YkkHk ¼: 119937@gsDVs;j½ ,oa ykHk ykxr vuqikr ¼2-81½ ntZ fd;k x;kA    
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APPENDIX I 

Analysis of variance for plant population at 15 DAS 

Source of variation d. f. 
MSS 

Plant population at 15 DAS (0.5 m row length) 

Replication 2 1.641 

Treatment 8 0.167 

Error  16 0.740 

CV (%)   6.51 

 

 

APPENDIX II 

Analysis of variance for plant height (cm) at 50, 75, 100 DAS and at harvest 

Source of variation 

                   d. f. 

  

MSS 

Plant height (cm) 

 

50 DAS 75 DAS 100 DAS At harvest 

Replication 2 6.370 0.811 3.102 22.278 

Treatment 8 16.121* 41.111* 96.764* 85.927* 

Error  16 6.088 15.081 31.141 32.501 

CV (%)   4.48 5.38 6.23 6.31 

* Significant at 5 % level of significance  
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APPENDIX III 

Analysis of variance for dry matter accumulation at 50, 75, 100 DAS and at harvest 

Source of variation d. f. 

MSS 

Dry matter accumulation (g) 0.5 m row length 

50 DAS 75 DAS 100 DAS At harvest 

Replication 2 3.343 11.639 54.481 11.678 

Treatment 8 18.280** 46.480* 228.787* 261.985* 

Error  16 2.405 16.935 82.481 85.961 

CV (%)   8.32 7.89 5.51 5.27 

* Significant at 5 % level of significance ** Significant at 1 % level of significance 

 

 

APPENDIX IV 

Analysis of variance for tillers plant-1, crop growth rate and relative growth rate 

Source of variation d. f.  
MSS 

Tillers 

plant-1 

CGR (g m-2 day-1)  

    50 - 75 DAS 75-100 DAS 100-At harvest 

Replication 2 0.016 0.339 8.274 8.052 

Treatment 8    2.182** 0.763 5.169 0.533 

Error  16 0.396 1.280 7.215 6.034 

CV (%)   9.73 12.66 8.93 18.85 

** Significant at 1 % level of significance 
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                                                                                                   APPENDIX V 

Analysis of variance for relative growth rate and total tillers 

Source of variation d. f. 
MSS 

RGR (g g-1 day-1) Total tillers  

(0.5m row length)   50-75 DAS 75-100 DAS 100-At harvest 

Replication 2 0.00000573 0.00002146 0.00000682 1.083 

Treatment 8 0.00002460 0.00000294 0.00000035      18.792** 

Error 16 0.00001805 0.00001546 0.00000444 3.438 

CV (%)  10.27 8.51 18.53 4.75 

** Significant at 1 % level of significance 

 

APPENDIX VI 

Analysis of variance for yield attributes 

 

Source of variation 

 

d. f.  

MSS 

Yield attributes 

    

Effective tillers 

(0.5 m row length) 
Grains ear-1 Weight of grains ear-1 

Test weight  

(g) 

Replication 2   3.541 0.111 0.001 2.299 

Treatment 8      18.546*      21.352**     0.131**     49.539** 

Error  16   5.539 2.202 0.010 1.358 

CV (%)   6.54 3.68 5.04 2.57 

* Significant at 5 % level of significance ** Significant at 1 % level of significance 
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APPENDIX VII 

Analysis of variance for yield and harvest index 

Source of variation d. f.  
MSS 

Yield (q ha-1) 
Harvest index (%) 

    Grain  Straw 

Replication 2 34.819 4.372 18.554 

Treatment 8   71.793*        111.505** 0.112 

Error 16 20.283 13.110 6.498 

CV (%)  10.35 6.67 5.74 

* Significant at 5 % level of significance ** Significant at 1 % level of significance 

 

 

APPENDIX VIII 

Analysis of variance for quality parameters 

Source of variation d. f.  
MSS 

Chlorophyll content Proline content Protein content 

Replication 2 3.485 0.000124 0.0038 

Treatment 8     13.382** 0.000958    0.1026** 

Error 16 3.355 0.000383 0.0250 

CV (%)  2.54 1.35 4.56 

** Significant at 1 % level of significance 
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APPENDIX IX 

Analysis of variance for nutrient content in grain and straw of wheat 

Source of variation d. f.  

MSS 

Nutrient content (%) 

Grain  Straw 

N P K  N P K 

Replication 2 0.000099 0.000011 0.000019  0.00004113 0.0000014 0.000235 

Treatment 8    0.002628** 0.000241 0.000208   0.00023463* 0.0000333 0.001122 

Error  16 0.000640 0.000111 0.000090  0.00007572 0.0000152 0.002036 

CV (%)   1.35 2.42 2.63  1.81 2.49 2.73 

* Significant at 5 % level of significance ** Significant at 1 % level of significance 

APPENDIX X 

Analysis of variance for nutrient uptake by grain, straw and total 

Source of variation d. f.  

MSS 

Nutrient uptake (kg ha-1) 

Nitrogen 

 

Phosphorus 

 

Potassium 

 Grain Straw Total Grain Straw Total Grain Straw Total 

Replication 2 113.434 1.20 92.246  5.900 0.0725 4.783  3.539 16.352 5.992 

Treatment 8 313.806** 33.02** 550.146**    17.900**     3.597**    37.496**  12.448** 354.018** 498.484** 

Error 16 70.511 3.13 80.489  4.446 0.525 5.552  2.526 52.857 59.793 

CV (%)  10.31 6.79 8.35  11.10 8.50 8.57  10.13 8.10 7.34 

** Significant at 1 % level of significance 
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APPENDIX XI 

 Analysis of variance for nutrient content in soil and nitrogen use efficiency 

Source of variation d. f.  

MSS 

Nitrogen use efficiency 

(kg kg-1) 
Nutrient content of soil (kg ha-1) 

N P K 

Replication 2 93.355 0.799 125.641 41.952 

Treatment 8 116.473 0.440 107.262     68.362** 

Error 16 59.886 0.457 118.566 13.890 

CV (%)  2.77 3.09 3.04 6.45 

** Significant at 1 % level of significance 

 

APPENDIX XII 

Analysis of variance for economics 

Source of variation d. f. 
MSS 

Economics 

  Net return (₹) B-C ratio 

Replication 2 189258874.65 0.11 

Treatment 8     705918469.44**     0.35** 

Error 16 144438991.66 0.08 

CV (%)  12.06 11.99 

** Significant at 1 % level of significance 
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APPENDIX-XIII 

Treatment wise cost of cultivation, yield and economic returns 

 

 

Treatment 
Yield (q ha-1) 

 
Economics 

 
Grain Straw Biological 

 
Cost of cultivation Gross return Net return B-C ratio 

N1 39.27 49.06 88.33 

 

41190 127613 86423 2.10 

N2 41.04 51.70 92.74 

 

41790 133615 91825 2.20 

N3 44.74 56.03 100.77 

 

41545 145476 103931 2.50 

N4 47.19 58.98 106.18 

 

42145 153370 111226 2.64 

N5 50.01 62.75 112.76 

 

42745 162682 119937 2.81 

N6 45.05 56.22 101.27 

 

41545 146359 104814 2.52 

N7 45.80 57.12 102.92 

 

41545 148767 107222 2.58 

N8 44.91 55.13 100.04 

 

42145 145362 103217 2.45 

N9 33.49 41.87 75.36 

 

40590 108845 68255 1.68 
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APPENDIX- XIV 

COST OF CULTIVATION AND PRICES USED TO COMPUTE ECONOMICS 

WHEAT 

 

Common Cost of Cultivation 

 

S 

No. 

Particulars Cost (`) 

Unit cost Cost ha-1 

A.  Common cost of cultivation   

1. Field preparation (12 hrs. through 2 ploughings) ` 600 h-1 7200.00 

2. Layout and opening of furrows (6-man days) ` 300 man-1 day-1 1800.00 

3. Fertilizer application and sowing (2.5 hrs.) ` 800 h-1 2000.00 

4. Fertilizer (kg ha-1): SSP: 250 kg, MOP: 33.3 kg 

ha-1  
SSP: ` 7.24 kg-1 

MOP: ` 17.40 kg-1 

  1810.00 

 580.00 

   2390.00 

5. Seed (100 kg ha-1) ` 32 kg-1 3200.00 

6. Irrigation (03) ` 1600 irrigation-1 4800 

7. Sulfosulfuron 75% WP (32.5 g) + Metsulfuron 

20% WP (20 g) 
` 2500 kg-1  2500.00 

8. Herbicide spray (2-man days) ` 300 man-1 day-1 600.00 

9. Spray of nano urea twice (2-man days) ` 300 man-1 day-1 600.00 

10. Harvesting (30-man days) ` 300 man-1 day-1 9000.00 

11. Threshing and winnowing (5 hours) ` 1200 hours-1 6000.00 

12. Miscellaneous  500.00 

  Total (`)  40590.00 
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Treatment Cost 

 

(B) Common cost of treatment Cost (`) 

Unit cost  

(`) 

Cost ha-1  

(` ha-1) 

1. N1 1250 ml nano urea ` 240/500 ml 600 

2. N2 1250 ml nano urea + 1250 ml nano 

urea 
` 240/500 ml +   

` 240/500 ml 

1200 

3. N3 173.6 kg urea ` 5.50 kg-1 954.8 

4. N4 173.6 kg urea + 1250 ml nano urea `5.50 kg-1 +   

` 240/500 ml 

1554.8 

5. N5 173.6 kg urea + 1250 ml nano urea 

+ 1250 ml nano urea 
` 5.50 kg-1 +  

`240/500 ml+   

` 240/500 ml 

2154.8 

6. N6 173.6 kg urea + 5 g per 100 ml ` 5.50 kg-1  

955 

7. N7 173.6 kg urea + 5 g per 100 ml + 5 

g per 100 ml 
` 5.50 kg-1  

955.18 

8. N8 173.6 kg urea + 5 g per 100 ml + 

1250 ml nano urea 
` 5.50 kg-1 + ` 5.50 

kg-1 + ` 240/500 ml 

1555 

9. N9 No nitrogen 0 0 

 Selling price of Wheat   

 1. Grain kg-1 (₹) 25.00  

 2. Straw kg-1 (₹) 06.00  
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