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ABSTRACT

A field experiment was conducted in the wired 
net house under pots, to study the combined effect 
of foliar application of Nano Urea and Boron on 
growth, yield attributes and yield in wheat (Triticum 
aestivum L.) were conducted during rabi-season in 
the year 2021-22 in Department of Crop Physiology, 
Chandra Shekhar Azad University of Agriculture 
and Technology, Kanpur, Uttar Pradesh (UP). The 
experiment comprising three levels of nitrogen (Nano 

urea) i.e., Nano urea @ 2000 ppm, Nano urea @ 2500 
ppm and Nano urea @ 3000 ppm and three levels of 
boron i.e., Boron @ 0.20 kg ha-1, Boron @ 0.25 kg 
ha-1 and Boron @ 0.3 kg ha-1 in Factorial Completely 
Randomized Design (FCRD) with three replications. 
The results indicated that the foliar application of 
nitrogen (Nano urea) @ 3000 ppm show better 
growth, yield attributes and yield viz., Plant height 
(82.23 cm), Dry weight plant-1 (22.41 g), No. of leaves 
plant-1 (27.17), Leaf area plant-1 (433.69 cm-2), at 75 
DAS, Chlorophyll intensity (45.13) at pre flowering 
and Chlorophyll intensity (40.32) at post flowering, 
Days of heading (78.96), Days of maturity (123.40), 
No. of tillers plant-1 (6.15) at maturity and seed yield 
plant-1 (14.34 g). However, the boron level @ 0.30 kg 
ha-1 gave better growth, yield attributes and yield viz., 
Plant height ( 82.03 cm), Dry weight plant-1 (22.36 
g), No. of leaves plant-1 (27.08), Leaf area plant-1 
(432.16) at 75 DAS, Chlorophyll intensity (44.94) 
at pre flowering and Chlorophyll intensity (45.13) 
at post flowering, Days of heading (78.90), Days 
of maturity (122.96), No. of tillers plant-1 (5.84) at 
maturity and Seed yield plant-1 (14.28 g). The results 
obviously suggest and may be concluded that foliar 
application of nitrogen and boron on wheat variety 
K-1006 significantly changed in morphological char-
acteristics,  yield attributes and yield due to improve-
ment in vegetative and reproductive growth for higher 
productivity. On the basis of observed results were 
advised to farmers raise wheat with foliar application 
of nitrogen (Nano urea) @ 3000 ppm and boron @ 
0.30 kg ha-1 for increases the production of wheat 
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crop. Where the interaction effect was non-significant.

Keywords  Wheat, Nano urea, Boron, Yield, Yield 
attributes.

INTRODUCTION

Wheat (Triticum aestivum L.) is a self-pollinated 
cleistogamous type of annual plant, belonging to the 
family poaceae (grasses). It is an allohexaploid in 
nature with 21 pairs of chromosome (2n=42) and size 
of genome was approx 16 GB. These chromosomes 
are subdivided into 3 closely related (homoeologous) 
groups of chromosomes, A, B and D genomes. Each 
of these homoeologous groups normally contains 7 
pairs of chromosomes (AABBDD). Generally, two 
species of wheat are commonly grown worldwide. 
The first one is Triticum aestivum or bread wheat, 
forms the classes hard red winter, hard red spring, 
soft red winter, hard white and soft white. The sec-
ond, Triticum turgidum spp. durum, includes the 
durum and red durum wheat classes (macaroni or 
pasta wheat). 

World wheat production is 779.30 million tones, 
in an area of 222.27 million hectares and productivity 
of 3.51 million tones per hectare (USDA 2021-22). 
To ensure global food security for rapidly growing 
population, wheat production needs to be doubled by 
2050 (Hunter et al. 2017). India is the third largest 
wheat producer in the world. It contributes about 
12% of wheat production in world. India produced 
109.59 million tones and ranked next to the China in 
global wheat production during 2021-22 with acreage 
of 31.13 million hectares and average yield is 35.20 
q ha-1. In India, Uttar Pradesh, Maharashtra, Punjab, 
Haryana are major wheat producing states. In Uttar 
Pradesh, the area under wheat growing is 10.80 lakh 
ha and production was 38.00 lakh tones, with average 
productivity was 1740  kg  ha-1 (Anonymous 2021-
22). Wheat is a rabi season crop that is grown-up in 
tropics and sub tropics region and conjointly want 
cool temperature throughout its growth cycle. 

Wheat kernel contains about 12% water includ-
ing carbohydrates (65–80%) mainly as starch, protein 
8–15%, containing adequate amounts of all essential 

amino acids (except lysine and tryptophan), fats (1.5-
2%) minerals (1.5-2%), vitamins (such as B complex 
and vitamin E) and 2.2%  crude  fibers. Wheat straw 
is used for livestock feed and bedding industrial uses 
of wheat grain include starch for paste, alcohol oil and 
glut in straw may be used for now print paper board 
and other products. 

Boron is one of the essential plant micronutrients 
taken up via the roots mostly in the form of boric 
acid. Its important role in plant metabolism which 
involves the stabilization of molecules with cis-diol 
groups. This element involves in the cell wall and 
nurtures membrane structure and functioning. It 
also participates in numerous ion, metabolite and 
hormone transport reactions. Plant species, as well 
as the genotypes within the species, dramatically 
differ in terms of boron requirements. The available 
soil boron which is deficient for one crop may exhibit 
toxic effects on another. Boron (B) deficiency is a 
widespread problem in relatively humid areas of the 
world (Gupta 2016). Despite such a problem, there are 
a few research publications on boron toxicity of crops. 
Boron is a unique micro-nutrient in that the threshold 
between deficiency and toxicity is narrow (Chatzista-
this et al. 2021). It was found that 5-8 mg B kg-1 soil 
is unsuitable for some crops to grow. The deficiency 
problem can be solved by fertilization, whereas soil 
boron toxicity can be ameliorated using various 
procedures, however, these approaches are costly 
and time-consuming and they often show temporary 
effects.  Boron poses a challenge as its management 
is difficult due to its high permeability and presence 
as an uncharged molecule at physiological pH. Boron 
is highly soluble and can be easily leached under high 
rainfall conditions to cause, deficiency in plants. Un-
der low rainfall conditions, the opposite is often true 
that it is not sufficiently leached and, therefore, may 
accumulate to a level in the leaves that become toxic 
to plant growth and metabolism (Reid  2007). Boron 
may also accumulate in top-soil due to irrigation 
of crops using groundwater containing high boron 
content. Underground water for irrigation contains 
toxic amounts of B in arid or semiarid states of India, 
such as Uttar Pradesh, Rajasthan, Haryana, Punjab, 
and Gujrat (Sharma et al. 2014) demonstrated that B 
tolerance as well as drought tolerance is needed in 
dry areas having high levels of subsoil B. Similar, B 
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and salinity or alkalinity tolerance are also needed in 
many areas having these problems. Our understanding 
of B toxicity is rather fragmented and limited despite 
agronomic importance (Lauchli 2002). Given the 
large areas of 3.79 m ha of alkaline soils in the Indo 
gangetic  plains (CSSRI-A journey to excellence) and 
the association of B toxicity with saline and alkaline 
soils could be a major constraint to wheat production 
in India (Sharma et al. 2014). The particular focus of 
this research is to highlight any genetic differences in 
B tolerance of Indian relative to other wheat varieties. 

Boron is also involved in the transport of sug-
ars, synthesis and lignification of cell wall, cell wall 
structure, metabolism of carbohydrate and RNA, res-
piration, functions of membranes, synthesis of DNA  
and regulation of metal activated enzymes (Bhat et 
al. 2020). The range between the concentration of 
B essential for plant growth and the concentration 
causing toxicity is narrow (Nejad  and Etesami  2020). 
In the regions of the world where climate is arid and 
semi-arid, high B concentrations are usually found 
in saline soils (Rengasamy  2006). It is reported that 
B toxicity reduces photosynthetic efficiency, leaf ex-
pansion and fruit set which ultimately decreased crop 
productivity (Yang et al. 2021). Plants exposed to B 
toxicity have reduced the root growth than at optimal 
B application and also toxicity causes abnormalities in 
the process of cell division in the meristematic regions 
of root (Gunes et al. 2003). Boron toxicity causes the 
oxidative stress in which the production of O2 - and 
H2O2 is increased, and the excess B induces a signif-
icant reduction in photosynthetic rate and increase 
in intercellular CO2 concentration (Sotiropoulos et 
al. 2002). Although it has been known that excess B 
inhibits photosynthesis, yet the information regarding 
the mechanism is still scarce (Chen et al. 2012). The 
various factors including decrease in photosynthetic 
enzymatic activities, oxidative load and diminished 
electron transport seem to reduce CO2 assimilation 
under excess B conditions (Han et al. 2009). 

Nitrogen is most important nutrient, which deter-
mine the growth and development of plant and also 
increase the protein content and yield of wheat crop 
(Haileselassie et al. 2014). It is considered essential 
for synthesis of protein and other biochemical product 
of the plant such as protoplasm which is the basis of 

life. Therefore, nitrogen is directly concerned with 
physiological process occurring within the plant. 
Although nitrogen is the most important element 
which play the vital role in wheat nutrition as it is 
required throughout the growing period of the crop. 
Nitrogenous fertilizers play vital role in production 
and quality of wheat (Aulakh and Malhi 2005). The 
nitrogen fertilizer which is applied directly to the soil 
is utilized only 20–50% by crops and rest of nitrogen 
is lost through denitrification and leaching, therefore, 
some struggles are required to reduce these losses. 
Foliar spray of nitrogen is a successful method which 
increases the accessibility of nitrogen to crop. Foliar 
applications of nitrogen have increased grain yield, 
especially when applied at tillering stage. Foliar spray 
of nitrogen is also very beneficial to get more growth 
and higher yield. The objectives of the experiments 
were to assess the effect of foliar application of nano 
urea and boron and it’s combination on growth, yield 
and yield attributes of wheat.

MATERIALS AND METHODS

Experimental site 
 
The experiment was conducted in the wire net house 
under pots, during rabi season 2021-22 in the De-
partment of Crop Physiology, CS Azad University of 
Agriculture and Technology, Kanpur (UP).

Climatic conditions

Climate is a summation of weather conditions over 
a region during a comparatively long period. It is 
related to longer area like zone, state, country and 
continent and for long-duration like months, season, 
and year. Geo-graphically, Kanpur is situated in the 
central part of Uttar Pradesh and the sub-tropical 
semi-arid tract of North India. It lies between 26°29’ 
35” North latitude and 80°18’ 25” East longitudes 
and is located on an elevation of about 125.9 meters 
above mean sea level in Gangetic plain. It is situated 
in the central plain zone of Uttar Pradesh which is 
located on the right bank of the holy river the Ganga 
and falls under the upper Indo-Gangetic plain zone 
of India. The average annual rainfall is about 885.6 
mm out of which normally about 88.70% is received 
during July to September.
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Experimental details

The experiment comprising three levels of nitrogen 
(Nano urea) i.e. Nano urea @ 2000 ppm, Nano urea 
@ 2500 ppm and nano urea @ 3000 ppm and three 
levels of boron i.e., boron @ 0.20 kg ha-1, boron @ 
0.25 kg ha-1 and boron @ 0.3 kg ha-1 in Factorial 
Completely Randomized Design (FCRD) with three 
replications in 30 pots. 
 
Variety

K-1006 (Shekhar) : It was released from Chandra 
Shekhar Azad University of Agriculture and Tech-
nology (UP) Kanpur in 2014. The optimum time 
of sowing this variety ranges from the 1st week of 
November to the 2nd week of December and its yield 
potential is 50–60 q ha-1.

Characteristics of pot soil

The pot soil was sandy loam texture taken from the 
top 30 cm of the adjacent from the soil and it was 
completely free from roots and shoots and well pul-
verized. The chemical characteristics of pot soil viz., 
Organic carbon (0.48%), Total nitrogen (0.055%), 
Total phosphorus (0.083%), Total potash (0.024%) 
and was PH (7.3). The 8 kg of air-dried soil was in 
each pot in small lots and compacted after each fill-
ing. The pots were irrigated two days before sowing.

Fertilization

The phosphorus and potassium @ 60 kg/ha, 40 kg/
ha, respectively were given by DAP and MOP as 
basal at the time of sowing, boron by borax while 
nitrogen through nano urea were sprayed on standing 
crop at three spits as per treatment. The use of a hand 
sprayer, the solution was carefully sprayed on the 
plants, and 1 liter of the solution was sprayed on the 
leaves. Through foliar spray at 30, 50 and 70 DAS 
after sowing and data took 35 DAS, 55 DAS, 75 DAS 
and maturity stage.

Sowing and harvesting

Foundation seed of wheat varieties K 1006 is sown on 
16 November 2021. Sowing was done by manually 

at proper moisture with a uniform seed rate of 100 
kg ha-1and cover the seeds properly by manually. 
The crop was harvested when the ear head turned 
golden yellow in color and leaves and stem became 
dry. The plants were cut close to the ground and kept 
for drying. Bundled, and tagged separately. Bundles 
were brought to the floor and weighted after complete 
drying in the sunlight. Threshing was done pot-wise 
through manually, yield and yield attributes data were 
recorded carefully.

Observations recorded

Morphological characters 

Plant height (cm) : Plant height was measured with 
the help of meter scale and recorded at 35, 55, and 75 
DAS and maturity stage in three tagged plants in each 
pot. The height was measured from the base of the 
plant to the tip of the main stem of randomly tagged 
plants and mean values were calculated. 

Leaf area plant-1 (cm2) : Leaf area of three selected 
plants were measured with the help of automatic ear 
area meter and average leaf area was calculated and 
recorded at 35, 55 and 75 DAS was noted.
 
Dry weight of plant (g) :  Three plants were selected 
randomly from each plot uprooted and chopped in 
all pieces and put them in the oven at 80°C till the 
constant weight after the dried samples were kept 
overnight in desiccators and then their dry weight of 
stem, leaf and total weighed. 

Chlorophyll content (SPAD)

It was recorded by a hand-held device chlorophyll 
model: SPAD-502 PLUS (MANTOLA) and taken at 
pre- flowering and post-flowering stages. 

Yield and yield component 

Number of tiller plant-1  : Number of tiller on different 
stage of each of the randomly three selected each 
treatment per replication were counted separately 
and expressed on per plant basis as mean number of 
tiller on different plant. 
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Seed yield plant-1 (g) : Five samples plants were ran-
domly selected from each plot and threshed weighed 
these. Separately and mean of these were count and 
recorded in gram to represent the seed yield plant. 

Statistical analysis
 
The allocation of different treatments in the pot was 
allotted as per design. The data recorded on different 
growth characters, yield attributes, and grain yield 
during the investigation was subjected to statistical 
analysis of variance techniques in a Factorial Com-
plete Randomized Design (Gomez and Gomez 1976).

RESULTS AND DISCUSSION

Growth indices

The perusal of the data reveals that the growths of 

plant (Table 1) were observed significantly better with 
the application of nitrogen (Nano urea) @ 3000 ppm 
and boron @ 0.3 kg ha-1. The growth characteristics 
viz., Plant height (82.23 cm), Dry weight plant-1 
(22.41 g), Number of leaves plant-1 (27.17, 27.08), 
Leaf area plant-1 (433.69, 432.16) at 75 DAS were 
found to be maximum by foliar application of nitrogen 
3000 ppm. Among boron level the maximum plant 
growth was also recorded by application of @ 3 kg 
ha-1 boron viz, Plant height (82.03 cm), Dry weight 
plant-1 (22.36 g) at maturity, No. of tillers plant-1 
(65.84) at maturity, No. of leaves plant-1 (27.08), Leaf 
area plant-1 (432.16)  at 75 DAS. The interaction effect 
of nitrogen and boron was statistically non-significant 
and maximum growth was recorded with treatment 
combination of nitrogen (Nano urea) @ 3000 ppm 
+ boron @ 0.3 kg/ha. Similar finding were also 
observed by Kamal (2009), Rahale (2010), Tulasi et 
al. (2011), Rawashdeh and Sala (2013), Raliya et al. 
(2013), Rawashdeh and Sala (2014), Leghari et al. 
(2016) and Mekdad and Shaaban (2020).

Table 1. Effect of foliar application of nano urea and boron on 
growth indices of wheat.
 
Treatments Plant  Dry No. of Leaf 
  height weight leaves area
 (cm) at  plant-1 plant-1  plant-1

 maturity at ma- at 75  (cm2) at
  turity DAS plant
    75 DAS

Nitrogen (nano urea)

2000 ppm urea 75.12 20.49 24.83 396.20
2500 ppm urea 78.58 21.42 25.95 414.26
3000 ppm urea 82.23 22.41 27.17 433.69
SEm(±) 1.25 0.36 0.62 7.07
CD (p=0.05) 2.64 0.76 1.32 14.85

Boron

0.2 kg ha-1 
boron 75.23 20.52 17.24 397.20
0.25 kg ha-1 
boron 78.67 21.44 18.00 397.20
0.3 kg ha-1

boron 82.03 22.36 18.75 397.20
SEm (±) 1.25 0.36 0.62 7.07
CD (p=0.05) 2.64 0.76 1.32 14.85

Interaction (urea × boron)

SEm (±) 2.17 0.63 1.08 12.24
CD (p=0.05) NS NS NS NS

Table 2. Effect of foliar application of nano urea and boron on 
chlorophyll intensity,  day of heading and day of maturity of wheat.
 
Treatments Chlo- Chloro- Day of  Day of
 rophyll  phyll in- head- maturity
 inten- tensity ing
 sity at  at post
 pre flo- flow- 
 wering ering   

Nitrogen (nano urea)

2000 ppm urea 41.37 36.94 79.36 121.50
2500 ppm urea 43.27 38.66 78.81 122.50
3000 ppm urea 45.13 40.32 78.96 123.40
SEm (±) 0.50 0.33 0.14 0.31
CD (p=0.05) 1.07 0.71 0.30 0.66

Boron

0.2 kg ha-1 boron 41.11 36.73 79.20 121.86
0.25 kg ha-1 boron 43.31 36.73 78.64 122.56
0.3 kg ha-1 boron 44.94 40.15 78.90 122.96
SEm (±) 0.50 0.33 0.14 0.31
CD (p=0.05) 1.07 0.71 0.30 0.66

Interaction (urea × 
boron)

SEm (±) 0.88 0.58 0.24 0.54
CD (p=0.05) NS NS NS NS
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Chlorophyll intensity

The data showed that the chlorophyll intensity (Table 
2) at different growth stage were observed signifi-
cantly better with the application of nitrogen (Nano 
urea) @ 3000 ppm and boron @ 0.3 kg ha-1. The 
chlorophyll intensity at pre-flowering (45.13) and 
post-flowering (40.32) were found to be maximum 
by foliar application of nitrogen 3000 ppm. Similarly 
the maximum chlorophyll intensity of plant recorded 
at pre flowering (44.94) and at post flowering (40.15) 
with foliar spray of boron @ 0.30 kg ha-1. Interaction 
effect was found to be non-significant but numerically 
higher value was observed with treatment nitrogen 
(Nano urea) @ 3000 ppm + boron @ 0.30 kg ha-1  

at pre flowering (47.18) and post flowering (42.15).  
Similar finding were also observed by Tulasi et al. 
(2011) and by Nadim et al. (2012).

Days of heading

The data showed to the day of heading (Table 2) of 
wheat was significantly influenced by level foliar 
applied of Nano urea and boron. The foliar applica-
tion of Nitrogen (Nano urea) @ 3000 ppm recorded 

highest day of heading (78.96) to followed by fo-
liar application nitrogen (Nano urea) @ 2500 ppm 
(78.81). The days of heading increased significantly 
with increasing spraying of boron level @ 0.25 kg ha-1 

(78.64 day) and @ 0.30 kg ha-1 (78.90 day). Combined 
effect was found to be non-significant but numerically 
higher value was observed with treatment nitrogen 
(Nano urea) @ 3000 ppm + boron @ 0.30 kg ha-1at 
(77.20 day). Similar finding were also observed by 
(Zhang et al. 2012).

Day of maturity

The data showed to the day of maturity (Table 2) of 
wheat was significantly influenced by level foliar 
applied of nano urea and boron. The maximum day 
of maturity with foliar application of nitrogen (Nano 
urea) @ 3000 ppm (123.40). The day of maturity 
increased significantly with increasing spraying dose 
of boron level @ 0.25 kg ha-1 (122.56 days) and @ 
0.30 kg ha-1 at day maturity (122.96 days). Combined 
effect was found to be non-significant but numerically 
higher value was observed with treatment (nitrogen @ 
3000 ppm + boron  @ 0.30 kg ha-1 at 123.90). Similar 
finding were also observed by Wang et al. (11).

Number of tiller plant-1

The  data  showed to the number of tillers plant-1 (Ta-
ble 3) of wheat was significantly influenced by level 
foliar applied of nano urea and boron. The highest 
number of tillers plant-1 (6.15) recorded with foliar 
application of nitrogen (Nano urea) @ 3000 ppm 
followed by foliar application of nitrogen (Nano urea) 
@  2500 ppm (5.24).  Among boron level, the highest 
number of tillers plant-1 (5.84) with application of bo-
ron @ 0.30 kg ha-1 followed by @ 0.25 kg ha-1  (5.50). 
Combined effect was found to be non-significant but 
numerically higher value was observed with treatment 
Nitrogen (Nano urea @ 3000 ppm + boron 0.30 kg 
ha-1 at 14.99 g). Similar finding were also observed 
by Kamal  (2009) and Rawashdeh and Sala  (2013).

Seed yield plant-1

The data showed to the seed yield plant-1 (Table 3) 
of wheat was significantly influenced by level foliar 
applied of nano urea and boron. The highest seed yield 

Table 3. Effect of foliar application of nano urea and boron on 
number of tiller plant-1 and seed yield plant-1 (g) of wheat.
 
Treatments No. of tiller Seed yield
 plant-1 at  plant-1  (g) 
 maturity

Nitrogen (nano urea)

2000 ppm urea 4.93 13.13
2500 ppm urea 5.24 13.75
3000 ppm urea 6.15 14.34
SEm (±) 0.20 0.18
CD (p=0.05) 0.42 0.38

Boron

0.2 kg ha-1 boron 4.97 13.06
0.25 kg ha-1 boron 5.50 14.24
0.3 kg ha-1 boron 5.84 14.28
SEm (±) 0.20 0.18
CD (p=0.05) 0.42 0.38

Interaction (urea × boron)

SEm (±) 0.35 0.31
CD (p=0.05) NS NS
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plant-1 (14.34 g) recorded with foliar application of 
nitrogen (Nano urea) @ 3000 ppm followed by foliar 
application of nitrogen (Nano urea) @ 2500 ppm 
(13.75 g). Among boron level, the highest seed yield 
plant-1 (14.28 g) with application of boron @ 0.30 kg 
ha-1 followed by @ 0.25 kg ha-1 (14.24 g). Combined 
effect was found to be non-significant but numerically 
higher value was observed with treatment nitrogen 
(Nano urea @ 3000 ppm + boron 0.30 kg ha-1 at (14.99 
g). Similar finding were also observed by Gunes et al.  
(2003), Bielski et al. (2020), Karthik et al. (2021).

CONCLUSION

On the basis of the experiment and discussion and it 
may be concluded that foliar application of Nano urea 
and boron on wheat significantly brought changes 
in growth, yield and yield attributes in vegetative 
and reproductive growth for higher yield. These 
substances insidiously workout can be employed 
successfully for yield maximization of wheat crop. 
Growth characteristics and yield viz., plant height, 
number of tillers plant-1, number of leaves plant-1, leaf 
area plant-1, chlorophyll intensity, dry weight of plant 
and seed yield plant-1 were found to be maximum at 
foliar application of nitrogen (Nano urea) @ 3000 
ppm and boron @ 0.3 kg/ha.   
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