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Chapter-1 INTRODUCTION

The daily food consumption rises in India due to the country's expanding
population, while agricultural output does not. In India, extensive cropping with hybrid
cultivars to increase food production has led to nutrient depletion in the soil. Deficits in
macro and micronutrient have been discovered in Indian soils as a result. (Bhalla et al.
1999). On the other side, agricultural productivity has increased, but people’s access to and
availability of food (i.e., food security) continues to be a major concern. Furthermore, not
only is nutritional security important, but also food security. Nutritional security is
necessary for food security. Human needs can only be addressed by consuming a wide
range of macro- and micronutrients in order to maintain optimum health. One of the most

crucial factors in raising agricultural productivity is nutrition.

The growing demand for food grains, which is expected to reach 300 million
tonnes by 2030 to meet the needs of a growing population, represents a significant
challenge for the current agricultural environment (Fischer et al., 2009).The 1960s green
revolution, which lasted for more than three decades, is now in jeopardy, and future
increases in food production must instead come mostly from crop intensification and
increased productivity. On many platforms, agricultural scientists have emphasized the
importance of increasing soil productivity through a variety of practices, such as organic
farming, integrated nutrient management, and biodiversity. In order to maintain the same
level of production, nitrogen dosage was increased by three to four times from the 1960s,

when it was applied to paddy at a rate of 80 to 100 kg ha™.

Paddy production in India is an important part of the national economy. Paddy
(Oryza sativa L.) belongs to the family Poaceae. Paddy, (Oryza sativa)is one of the
most important cereal crops of kharif season (Chaturvedi et al. 2023)Paddy is an
excellent source of carbohydrates and protein, which has nutritious and possesses
lesser crude fibers and fat (1 to 2 percent). About 20per cent of the world’s dietary
energy supplier is paddy alone and higher than wheat or maize (Chaudhari et al., 2018)
. Therefore, paddy production needs to be increased to satisfy consumer demand,;
concerns about increasing paddy productivity are more prevalent in scenarios of rising

food demand as a result of consistent population growth and agricultural land
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shrinkage. In the 2020-2021, paddy is farmed all over the world and is one of the most
significant cereal crops. Paddy dominates overall crop output and food consumption in
China more than anywhere else on the planet. China produced over 148 million metric
tons of milled paddy, a higher volume than any other country India came in second
place with 122 million metric tonnes of milled paddy in a year. Paddy occupies nearly
43.8 m ha area in India, which has a total production of 177.6 million tons and
productivity of 4,057 kg ha(FAOSTAT, 2021). Paddy production in India is
contributed by four states namely West Bengal, Uttar Pradesh, Punjab and Andhra
Pradesh. The other major producers are Odisha, Bihar, Chhattisgarh, Assam, Tamil
Nadu, Haryana, Karnataka, Jharkhand, Madhya Pradesh, Maharashtra, Gujarat and
Kerala. West Bengal is the largest producer of paddy in India contributing about 14.33
percent of the total paddy production from 12.8 percent of the paddy producing area of
the country. In Uttarakhand paddy is cultivated in an area of 2.56 lakh hectare with the
production of 6.17 lakh tones, and productivity of 2412 kg ha*(DES, 2018). Crops
require nitrogen, an essential ingredient that is frequently added as fertilizer to boost
production In fact, according to Erisman et al. (2008), half of the world's population
depends on N fertilizers for food in the twenty-first century. The usage of N fertilizer
will keep rising as a result of the expanding world population (Good and Beatty,
2011).

The structures of proteins, enzymes, co-enzymes, nucleic acids, and other
cytochromes are affected by nitrogen, a nutrient that is commonly ingested (Hasegawa et
al., 2008). Chlorophyll molecules, which are essential to photosynthesis, must include
nitrogen. Increased chlorophyll synthesis can result in greater photosynthetic efficiency

and better crop performance when nitrogen is more readily available (Evans et al., 2019).

A contentious topic is the loss of 30-50 percent of nitrogen fertilizers. In order to
meet the needs of plants, significantly more fertilizer is needed; nevertheless, over use of
chemical N fertilizers has a negative impact on global water resources and causes lagoon
processes in aquatic ecosystems (Chinnamuthu and Boopathi, 2009). Using slow-release
fertilizers to gradually supply nitrogen to the plant at each stage of its development is one
straightforward solution to this issue (Akhlaghi, 2008). Release nutrients gradually
throughout the crop growing season, allowing the plant to receive the maximum amount of

nourishment while reducing leaching-related fertilizer loss.
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According to Peng et al. (2016), paddy plants can take a sizable amount of
nitrogen from the soil and have a high demand for nitrogen. The researchers found that
during the vegetative and reproductive growth stages, paddy crops absorbed roughly 70—
80 percent of their entire nitrogen requirement. If not properly managed, this significant

nitrogen intake may deplete soil nitrogen stores and cause nutrient shortages.

For paddy production to be at its best, nitrogen control must be effective.
Nitrogenous fertilizers are essential for increasing crop yield since they are made
specifically to deliver nitrogen to paddy plants. Agricultural practices have a significant
impact on the quality of the global environment in addition to crop productivity (Tilman
et al., 2002). Therefore, we should aim for high crop yields with high nutrient usage

efficiency and also minimizing the influence on the quality of the world's ecosystem.

Fertilizers are essential in the agricultural production system. Fertilizer application
began in the country in the 1960s, coinciding with the introduction of the green revolution,
when fertilizer-responsive varieties were introduced into Indian agriculture. Despite the
fact that fertilizer application significantly increased grain growth, yields of several crops
have plateaued across the country due to low fertilizer response ratios, imbalanced
fertilization, low organic matter, and increased intensities of multi-micronutrient
deficiencies. Balanced fertilization is one of the most critical factors for N management
among the challenges confronting soil scientists. Farmers began using nitrogenous
fertilizers heavily, particularly urea, because of the universal response in crops and the low
paddy due to decontrol (subsidized rate), resulting in the current NPK ratio of 8.2:3.2:1. In
contrast, the optimal ratio is stipulated as 4:2:1. This is a significant problem that causes
nitrate pollution in ground water and eutrophication in aquatic systems. This necessitates
the development of slow-release fertilizers to regulate the nitrification processes and thus

maintain N availability throughout the crop period (Trenkel et al., 2021).

Nitrogen is a vital nutrient required for the healthy growth and development of
plants. In agricultural practices, nitrogenous fertilizers play a crucial role in providing an
accessible and sufficient nitrogen supply to crops. Traditionally, nitrogenous fertilizers
were available in solid form, but with advancements in technology, liquid and nano

fertilizers have emerged as alternative formulations.
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Fertilizers are one of the most important inputs required for increasing the
production on various crops. Balanced use of chemical fertilizer has become our
necessity to meet the increasing demand of food grains as well as vegetables crops.
Efficient and economic use of fertilizers would help in increasing the production and
input cost for obtaining maximum returns. Supplementing the nutrient requirement of
crops through organic manures plays a key role in sustaining soil fertility, crop
productivity and restoring overall soil quality. Intensive land use with continuous use
of higher doses of inorganic fertilizers significantly influences soil health and crop
growth. This has raised concerns about the potential long term adverse effects on soil
health and environmental quality. Organic materials hold great promise as source of
multiple nutrients because of their ability to improve soil characteristics. Therefore,
integration of inorganic with organics may go long way in maintaining sustainable
crop production and enhancing soil health through their complementary effects. By
supplying plant nutrients through- nanotechnology, nano fertilizer or nano
composites could possibly boost the plant growth. NMs are defined as materials with
a single unit between 1 and 100 nm in size in at least one dimension (Liu and Lal,
2015). Hence, nano fertilizers are either NMs which can supply one or more nutrients
to the plants resulting in enhanced growth and yield, or those which facilitate for
better performance of conventional fertilizers, without directly providing crops with
nutrients (Liu and Lal, 2015).

The Indian government has allowed the use of Nanotechnology in the
production of plant nutrients. IFFCO has created a form of fertilizer known as Nano
N. It was created in-house at IFFCO's Nano Biotechnology Research Centre (NBRC)
in Kalol using proprietary technologies. The new Nano N liquid, according to
IFFCO, will increase crop productivity while improving nutritional quality. The new
product is projected to reduce environmental pollution produced by granular urea by
eliminating its excessive use, which intance soil, water, and air pollution, as well as

climate change problems.

The Central Fertilizer Committee, which oversees fertilizer products in India,
anticipated that adopting Nano N will increase production by 15per cent and reduce urea

needs (and import dependence) by half.
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Lower usage and costs, higher productivity

Every crop season, an Indian farmer will normally spread two bags of urea per
acre, with the quantity fluctuating slightly depending on the crop. According to IFFCO,
field tests have demonstrated that a 500 mL bottle of Nano N may substitute for one bag of
traditional urea which has 40,000 ppm of nitrogen, because it has the same amount of

nitrogen that one bag of conventional urea provides.
Liquid fertilizers

Modern agricultural practices rely heavily on liquid fertilizers because they
provide ease of use, effectiveness, and diversity in nutrient delivery. Liquid fertilizers, as
opposed to conventional granular fertilizers, are created as solutions or suspensions of
vital nutrients, making them easily absorbable by plants. This introduction examines the
advantages, methods of application, and potential difficulties related to liquid fertilizers,

utilizing pertinent citations and references to support the topic.

Benefits of Liquid Fertilizers: Compared to traditional solid fertilizers, liquid
fertilizers provide a number of advantages. First off, their liquid nature makes application
simple and consistent, especially when used with irrigation systems, foliar sprays, or
fertigation techniques (Havlin et al., 2014). This makes accurate nutrient targeting easier,
ensures that crops absorb nutrients optimally, and lowers the chance of nutrient
imbalances or loss. Liquid fertilizers can also be combined with other inputs like
insecticides or micronutrients with ease, allowing farmers to apply numerous items at once
and save time and effort (Saeed et al., 2017). Because of their adaptability in composition
and use of liquid fertilizers are a favorite among many farmers. Foliar sprays apply
nutritional solutions directly to plants, facilitating quick absorption and resolving nutrient

deficits

Due to its low cost when compared to other nitrogen sources, urea is the most
significant inorganic nitrogen fertilizer for crop production worldwide. In addition to urea,
another source of nitrogen is urea ammonium nitrate (UAN) solution (28-32 percent). A
complex fertilizer called urea ammonium nitrate contains nitrogen in three different forms:
urea, ammonium, and nitrate. Urea ammonium nitrate solution is a source of nitrogen for plant

nourishment 25 percent of the nitrate is immediately available for plant absorption. Although
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25 percent of it can be taken up directly by plants, ammonium oxidizing bacteria quickly
convert it to nitrate. The remaining 50 percent of the urea is digested by soil enzymes to create
ammonium, which is then converted to nitrate in the majority of the soils. For many crops,
UAN solutions serve as a source of plant nourishment.

Solid fertilizers

Solid nitrogenous fertilizers are essential for increasing the yield and productivity of
paddy crops. These fertilizers supply critical nutrients, especially nitrogen (N), which is

necessary for the rapid growth and development of paddy plants.
Importance of Solid Nitrogenous Fertilizers in Paddy Cultivation:

To meet the nitrogen needs of the crop, solid nitrogenous fertilizers including urea,
ammonium sulphate, and ammonium nitrate are frequently employed in paddy production
(Khan et al., 2020). The synthesis of chlorophyll, the creation of proteins, and enzymatic
activity are just a few of the physiological processes that nitrogen is essential for in paddy
(Kumar et al., 2020). To maintain the balance of nutrients and support the healthy

development of paddy crops, solid nitrogenous fertilizers must be applied.

There are several ways to apply solid nitrogenous fertilizers to paddy, including
broadcasting, banding, and top-dressing. Before planting or during the first phases of crop
growth, fertilizer is broadcast evenly over the entire field (Dobermann et al., 2002).
When seeds are sown, fertilizer is positioned in little bands either below the seed or
alongside it (Fageria, 2007). During the crop's active growth stage, top-dressing entails
applying fertilizer to the soil's surface (Khan et al., 2020). The efficiency of nutrient
uptake by paddy plants can be greatly impacted by choosing the right delivery method,
which is dependent on variables, such soil quality, crop stage, and nutrient availability.
The development, productivity, and quality of paddy crops are directly influenced by the
use of solid nitrogenous fertilizers. Increased grain yield is the outcome of improved
tillering, leaf area development, and panicle formation brought about by an adequate
nitrogen supply (Kumar et al., 2020).

One of the most crucial inputs needed to boost the production of diverse crops is
fertilizer. To address the rising demand for food grains and vegetable crops, judicious use of
artificial fertilizer has become essential. Utilizing fertilizers effectively and economically
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would help to raise output and input costs in order to get the best returns. Maintaining soil
fertility, increasing agricultural output, and improving soil quality all depend on
supplementing crops' nutrient needs with organic manures. Crop growth is severely impacted
by intensive land usage combined with ongoing use of increased doses of inorganic fertilizers.
Concerns have been expressed regarding the potential long-term negative consequences on the
environment's quality and soil health. Because they can enhance soil properties, organic
materials have a lot of potential as sources of various nutrients. Because of their
complementing effects, combining inorganic and organic materials can help maintain
sustainable crop production and improve soil health. Nano fertilizer or nano composites that

deliver plant nutrients through nanotechnology may accelerate plant growth.

The best fertilizer management strategies involve applying tiny amounts of nitrogen
frequently using various fertilizers, such as liquid fertilizers like urea ammonium nitrate
(UAN), and better fertilizer application techniques. The nitrogen content of urea ammonium
nitrate ranges from 28 percent to 32 percent with a100 percent solubility. because nitrogenous
liquid fertilizers commonly mix with solutions containing P and K and other crucial plant
nutrients, improved fertilizer delivery procedures should result in greater application
uniformity, decreased fertilizer waste, and reduced environmental effects. It is possible to
carefully mix liquid fertilizers to fulfill the needs of the soil and crop. Through improved
fertilizer application methods and improved fertilizer supply, it is necessary to manage the
amount of fertilizer applied and its distribution over the cultivated area. All In the field, the
plants get a same amount of fertilizer without going overboard.

Owing to all above points, the present investigation ‘COMPARISON OF
DIFFERENT FORM OF NITROGENOUS FERTILIZERS APPLIED ON PADDY
CROP (Oryza sativa L.) GROWN IN NORTH WESTERN PLAINS OF INDIA’ will

be carried out with following specific objectives:

1. Comparison of soil fertility status viz. pH, EC, OC, available N, P and K under
fertilization of Nano urea, urea ammonium nitrate (UAN) and solid fertilizers.

2. Impact of different form of nitrogenous fertilizers on nutrient uptake viz. N, P and
K.

3. Comparison of different fertilizers on yield and yield attributes of paddy crop.
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Chapter-2 REVIEW OF LITERATURE

In this chapter an attempt has been made to review the research work done in India and

abroad on the respective on the respective objective mentioned as follows:

2.1  Comparison of soil fertility status viz. pH, EC, and O.C. available N, P, K,
under the fertilization of Nano urea, urea ammonium nitrate (UAN) and solid

fertililizers.

Yogananda et al. (2004) conducted field trials on farmers field revealed that
although KRH-2 hybrid paddy out yielded over IR-64. The soil EC, organic carbon,
available NPK was found almost same between varieties. Soil pH and EC were significantly
decreased by the application of 4.25 t urban compost + 100:50:50 kg NPK ha™, 8.5 t urban
compost + 50:50 kg PK ha™ and 4.25 urban compost + 50:50:50 kg NPK ha™.

Subehia et al. (2005) conducted field trials in maize and wheat and observed that
the organic carbon content increased in all the treatments as compared to its initial value
with the application of P, FYM and lime. There was a significant increase in the organic
carbon content of the soil which might be due to addition of organic matter through FYM,
incorporation of biomass through root and leaf fall from the plants in varying degrees and

creation of favorable conditions for the growth and development of soil microorganisms.

Laxminarayana et al. (2006) conducted an experiment during kharif 2002 on
paddy. Treatment 100per cent NPK + poultry manure and 100 NPK + FYM application of
different organic manures showed a significant increase in soil pH from 5.9 to 6.1 over the
initial value of 5.6 after three years of continuous cropping. This finding suggests that the
incorporation of organic manures in combination with conventional NPK fertilizers had a
positive influence on the soil pH, leading to a slight increase in alkalinity over the

cropping period.

Hati et al. (2008) conducted an experiment on soybean—wheat crop rotation. NPK
+ FYM treatment maintained the pH of surface soil as compared to the initial level, a
slight decrease in soil pH was observed under control, NP and NPK treatments, whereas a
considerable decrease in soil pH was recorded in N alone treatment. Similar trend was

observed in sub-surface layer of the soil.
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Raj et al. (2014) studied nitrogen availability nitrogen from different N sources i.e.
prilled urea, urea gypsum, rock phosphate coated urea, coal tar coated urea and neem cake
blended urea in semi dry paddy on sandy loam soil during two consecutive rabi seasons of
2009 &2010 and found that maximum amount of soil available N (285, 274, 256 and 235
kg ha ) was observed with application of neem cake blended urea in four equal splits at
the rate of 100 kg N ha™ followed by rock phosphate coated urea in four equal splits at the
rate of 100 kg N ha™ (282, 269, 248 and 230 kg ha™ ) than prilled urea at the rate of 100
kg N ha (266, 253, 232 and 214 kg ha™) at all phenological stage.

Aula et al. (2016)evaluated the nitrogen application on winter wheat during 1993
to 2014.Considerable increase in TN (total nitrogen) was reported and it was mentioned
that TN was maximum at high N rates. soil organic carbon was greatly raised by fertilizer
N, especially when N rates were greater than 90 kg ha™*. The annual application of 134 kg
N ha™ resulted in the greatest SOC (13.1 g kgl) was recorded. High rates of long-term N

application led to an increase in TN and SOC in the topsoil.

Shawer et al. (2019) conducted an experiment on wheat-maize crop to investigate
the effect of organic and nano N fertilization. Following the harvest, they observed that all
the treatments led to a reduction in soil pH as compared to the control treatment. This
finding suggests that both organic and nano N fertilization had an acidic impact on the soil
after crop cultivation.

Sahar et al. (2020) conducted an experiment on paddy crops and observed the
effects of different fertilization methods. Specifically, they found that after the harvest of
soybeans, the electrical conductivity (EC) values of the soils tended to decrease with
increasing rates of mineral fertilizers combined with compost or NPK nano-fertilizers. The
result indicates that the application of these fertilizers had a beneficial impact on reducing

soil salinity after the cultivation of soybean crops.

Ajithkumar et al. (2021) conducted an experiment on maize crop and concluded a slight
increase in the soil chemical properties after the harvest of the crop. Treatments Control + 2 sprays
of nano nitrogen (4mL L™ ) + 2 sprays of IFFCO nano N 2X (8mL L™ ) + 2 sprays of IFFCO nano
Zn (2mL L") + 2 sprays of IFFCO nano N (4mL L™ ) mixed with IFFCO nano Zn (2 mL L™
) RDF (100per cent NPK) + 100per cent zinc 50per cent N, 100per cent PK + 2 sprays of IFFCO
nano N (4mL L) RDF (100per cent NPK) + 2 sprays of IFFCO nano Zn (2mL L™ ) 50per cent
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N, 100per cent PK, Oper cent Zinc + 2 sprays of IFFCO nano N (4mL L™ ) mixed with IFFCO
nano Zn(2 mL L™ ) 50per cent N, 100per cent PK, Oper cent Zinc + 2 sprays of IFFCO nano N
(4mL L) mixed with IFFCO nano Zn (2 mL L™ ) and IFFCO nano Cu (2mL L™ ) 50per cent N,
100per cent PK, Oper cent Zinc + 2 sprays of IFFCO nano N (4mL L™ ) mixed with IFFCO
Sagarika (2 mL L™ ). The soil pH was slightly decreased from 8.12 to 8.05 and slight increase in
EC and slight increase in OC, available N, P, K, were slightly increased.

Sarwar et al. (2021) studied the different level of nano fertilizer on sweet corn at

different time interval sand they found that the significant effect was found on pH, EC and
organic carbon content of soil.
Sha et al. (2022) conducted an experiment in flooded paddy crop applied urea and
ammonium bicarbonate recorded high pH because unstable nitrogen sources, While urea
treated with Limus reduced NH3 loss under simulated flooded conditions by 36.6per cent
compared to urea alone, the pH of the floodwater had a substantial impact on the
inhibitor's efficiency.

AL Aasmi, et al. (2022) conducted an experiment on paddy investigate and the
impact of different nitrogen fertilizer treatments on soil pH and soil-available nitrogen in
the root zone. They applied varying levels of nitrogen fertilizers, ranging from no added
nitrogen (control treatment) to light, moderate, and heavy nitrogen application. As a result,
under each fertilizer treatment, the soil pH exhibited a significant decrease. Specifically,
the soil pH values were measured at 7, 6.5, and 5.6 for the control treatment, and as the
soil water content increased, these pH values declined. In contrast, the concentration of
soil-available nitrogen in the root zone demonstrated a significant increase, with values
measured at 22, 24, and 26 mg for the same control treatment, light, and moderate nitrogen
applications, respectively. This indicates a relationship between soil pH, nitrogen fertilizer

application, and soil-available nitrogen in the root zone of paddy crop soil.

Choudhary et al. (2022) conducted an experiment on Indian mustard nutrient
management practices increased organic carbon in soil significantly over control. Highest
organic carbon content (0.445 per cent) was found with the application of 75 percent NPK
and S + Zn 5 kg ha™ + Bio-stimulants + Nano N + Nano Zn spray at 40 DAS. The
available N, K, and Zn in soil were significantly altered due to the foliar application of
nano fertilizers after harvest of maize crop over control. It was observed that the combined
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application of conventional fertilizers and nano fertilizers increased the available amount

of N, K and Zn in soil when tested at the harvest of the crop.

Singh et al. (2023) conducted an experiment during Kharif 2022 in maize and
paddy. TNU (Urea nanoparticles) 100per cent RDN (in three equal splits) + TNU: 75per
cent RDN (in three equal splits) + TNU: 50per cent RDN (in three equal splits) + TNU
:100per cent RDN: 50per cent RDN (only basal dose) + TNU through two foliar
applications: 33per cent RDN (only basal dose) + TNU through two foliar applications:
75per cent RDN + 2per cent bulk urea spray T9: 50per cent RDN + 2per cent bulk urea
spray: Negative control. pH of 7.1, organic carbon of 0.41per cent, available N of 112.0 kg
per hectare, available P of 29.0 kg per hectare and available K of 115 kg per hectare, while
paddy experiment had a pH of 6.98, organic carbon of 0.34per cent, available N of 84.7 kg
per hectare, available P of 27.0 kg per hectare, and available K of 113 kg per hectare.

Yadav et al. (2023) laid an experiment on lentil in split plot arrangement had four
nitrogen management treatments in main plot viz., control (only P and K), RDF (150-60-
60 kg ha™ N-P205-K20), 75per cent RDN (Inorganic) + 25per cent through FYM, 75per
cent RDN (Inorganic) + 25per cent through Vermicompost. Maximum value of soil
electrical conductivity (EC) was recorded in treatmentN2 (75per cent RDN (inorganic)
+25per cent through FYM) being on par withN3 (75per cent RDN (inorganic) +25per cent
through VVC) and N1 (100per cent nitrogen through inorganic). Lowest value of EC was
observed in NO (only P and K).

Dawood et al. (2023) conducted an experiment in pearl millet .FYM application
resulted the highest soil organic carbon, whereas the control treatment recorded the lowest
soil organic carbon. The FYM application increased soil organic carbon by 39.13per cent
and 40.00 percent as compared to the control treatment and also available N in soil was
significantly altered and overall urea + FYM application and seed inoculation with RB
resulted in the highest values of soil-available N during the study. Urea + FYM application
increased soil-available N by 250.00per cent and 233.33per cent.

2.2 Impact of different form of nitrogenous fertilizers on nutrient uptake viz. N,
P, and K by paddy crop
Meena et al. (2008) investigated the application of neem-coated urea compared to

prilled urea at a rate of 120 kg N ha™, applied in three splits. They found that neem-coated
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urea resulted in significantly higher uptake of nitrogen (93.4 kg ha™), phosphorus (26.0 kg
ha), and potassium (132 kg ha™®) compared to prilled urea at the same dose and splits.
This improved nutrient uptake was attributed to the slow and steady release of nitrogen
from neem-coated urea, which enhanced the use efficiency of the applied nutrients. The
study suggests that the utilization of neem-coated urea can be a more effective approach in

enhancing nutrient uptake and improving crop productivity.

Bazaya et al. (2009) investigated the effect of different nitrogen levels on total
nutrient uptake in paddy. They observed that as the nitrogen level increased from 0 to 120
kg N ha?, there was a significant rise in total NPK uptake. The highest value of total
nutrient uptake was recorded when 150 kg N ha™* was applied. Specifically, the application
of 150 kg N ha™ in recommended splits resulted in the highest total N (74.64 kg ha™), P
(23.20 kg ha™), and K (96.81 kg ha™) uptake, surpassing the uptake observed with lower
nitrogen doses. This finding suggests that proper nitrogen management, particularly at the
150 kg N ha™ level, can lead to increased overall nutrient uptake and potentially enhance

crop productivity.

Yadav et al.(2023) evaluated the efficiency of substituting different proportions of
fertilizer nitrogen (25%, 50%, and 75% of total N) with various organic nitrogen sources,
including farm yard manure (FYM), green leaf manure (GLM), poultry manure, and blue-
green algae (BGA) on nutrient uptake (NPK) and yield of paddy variety Sarju-52. They
observed that the highest uptake of nutrients and grain yield were achieved when 25% of
nitrogen was applied through green manure, and the remaining 75% was applied through
urea fertilizer. Among all the organic sources tested, green leaf manure (GLM)
demonstrated the highest efficiency at all the different proportions of nitrogen substitution.
At also indicates that utilizing a combination of green manure and urea, with GLM as the
organic source, could be an effective approach in promoting nutrient uptake and

maximizing the yield of paddy crops, particularly for the Sarju-52 variety.

Sunitha et al.(2010) conducted an experiment on paddy(Oryza sativa) during
Kharif 2007 to determine the effect of INM approach on soil properties, available nutrient
status, concentration and uptake of major nutrients. The treatments were: control; 50per
cent N; - 100per cent N; - 50per cent N + 50per cent N GLM; - 50per cent N+ 50per cent

N FYM and farmers practices. The treatment had received organic manures viz., glyricidia
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or FYM in combination with 50per cent N recorded maximum uptake of N, P and K as
compared to farmer's practice and 100per cent N applied through urea. It was mentioned
that the adoption of integrated nutrient management approaches comprising 50per cent N
through urea + 50per cent through GLM.

Kumar et al. 2018) assessed the relative efficiency of prilled urea coated with
major neem oil components in lowland irrigated paddy of the Indo-gangetic plains. The
results showed that the concentration and uptake of nitrogen in paddy grain and straw, as
well as total nitrogen uptake, were significantly influenced by the neem oil components
and their varying doses. Among the different coated urea treatments, meliacins-coated
urea demonstrated the highest nitrogen content in grain (1.12%) and straw (0.60%), as
well as the highest total nitrogen uptake in grain (71.5 kg ha™*) and straw (127.5 kg ha™).
These findings suggest that the use of meliacins-coated urea could be a promising
approach to enhance nitrogen content and uptake in paddy crops, contributing to improved

yield and productivity in the lowland irrigated paddy of the Indo-gangetic plains.

Singh et al. (2011) revealed that the application of N, P and K fertilizers (100per
cent RDF or 50per cent RDF), lime and sulphur in combination with FYM, significantly
increased the total uptake of N, P, K and S by upland paddy in paddy-pea cropping
system. The highest total N, P and K uptake by paddy obtained with application of 100 per
cent RDF was at par with integrated use of 50per cent RD F along with application of 5t
FYM + 250 kg lime + 20kg S ha™. Integration of sulphur in INM resultedthe higher
uptake of S by paddy over rest of the treatments. Total K uptake by paddy crop was quite
higher in comparison to the uptake of N, P and S with the application of INM treatments.

Rahman et al. (2011) conducted an experiment on maize to evaluate the impact of
elemental sulfur and nitrogen fertilizer on nutrient uptake in sandy calcareous soil. The
researchers found that the application of sulfur at a rate of 5 t ha™ along with nitrogen at
0.34 t ha™ resulted in significantly higher nutrient uptake by the plants. Specifically, the
plants exhibited higher nitrogen uptake (34.19 mg g™) and phosphorus uptake (14.67 mg
g™1) compared to the control group where no sulfur and lower nitrogen (5.65 and 5.70 mg
g™ for N and P, respectively) were applied. This suggests that the combined application of
sulfur and nitrogen had a positive effect on nutrient uptake by maize plants in sandy

calcareous soil, potentially leading to improved crop growth and yield.
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Bhatt et al. (2012) reported that application of lower dose of nitrogen (80per cent
of RDN) in three equal splits to paddy crop recorded higher nitrogen use efficiency. N
applied than the higher doses 120 kg N ha™ (100per cent) with same source and splits.
Among the sources, neem coated urea was resulted in higher NUE compared to prilled
urea at both 80 and 100per cent nitrogen doses. The beneficial effect of NCU over prilled

urea was due to its nitrification inhibiting action of neem coating in neem coated urea.

Gopakkali et al. (2012)found that the application of the recommended dose of
fertilizer along with farmyard manure (FYM) at a rate of 10 t ha™ resulted in significantly
higher nutrient uptake by the paddy plants. Specifically, this treatment recorded a higher
nitrogen uptake of 122.9 kg ha™, phosphorus uptake of 31.3 kg ha™, and potassium uptake
of 94.0 kg ha™* compared to the other treatments tested on sandy clay loam soils. These
findings suggest that the combination of the recommended dose of fertilizer with FYM at
a suitable rate can enhance nutrient uptake in paddy crops and potentially lead to improved

growth and yield on sandy clay loam soils.

Sannagoudra et al. (2012) found that the application of the recommended dose of
fertilizer along with farmyard manure (FYM) at a rate of 10 t ha™ resulted in significantly
higher nutrient uptake by the paddy plants. Specifically, this treatment recorded a higher
nitrogen uptake of 122.9 kg ha™*, phosphorus uptake of 31.3 kg ha™, and potassium uptake
of 94.0 kg ha™ compared to the other treatments tested on sandy clay loam soils. These
findings suggest that the combination of the recommended dose of fertilizer with FYM at
a suitable rate can enhance nutrient uptake in paddy crops and potentially lead to improved

growth and yield on sandy clay loam soils.

Bandaogo et al. (2015) conducted an experiment on irrigated paddy and reported
that the highest nutrient uptake i.e. N, P and K by using urea super granules-USG were
73.67, 2.71 and 41.01 kg ha *, respectively. and also it was observed that the application
of USG increase the grain N uptake by 3 per cent, P uptake by 6 per cent and K uptake by
8 per cent over PU And highest P (3.36 kg ha*) and K (50.16 kg ha*) grain uptakes were
observed with the combination of USG and FKR 19 treatment. The combination of paddy
varieties and urea fertilizer type significantly (P < 0.05) affected straw N and P uptakes,
and highest N (41.53kgha™) and P (1.21kgha ') uptakes were obtained from the
combination of FKR 19 and PU treatment.
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Khatun., et al. (2015) conducted experiment on lowland paddy (BRRI dhan-28) to
investigated the nitrogen use efficiency of paddy affected by different organic and
chemical nitrogen sources. The compared the effects of urea combined with poultry
manure and urea combined with cow dung on nitrogen uptake in paddy grain and straw.
The results showed that the treatment with urea + poultry manure resulted in the highest
nitrogen uptake in paddy grain (66 kg ha—1) and straw (38 kg ha—1). The urea + cow dung
treatment also led to a significant nitrogen uptake in paddy grain (36 kg ha™) and straw.
This suggests that the combination of urea with poultry manure proved to be more
effective in enhancing nitrogen uptake in the paddy crop compared to the urea with cow
dung treatment, indicating its potential for improving nitrogen use efficiency in lowland

paddy cultivation.

Selvarajh et al. (2020) resulted in an increase of nutrient uptake. The paddy plant
N uptake in treatment amended with RSRH biochar at 5 t ha™* (T2),10 t ha™(T3)100 g soil
+ 0.97 g urea + 0.14 g paddy straw biochar + 0.14 g paddy husk biochar and 100 g soil +
0.97 g urea + 0.28 g paddy straw biochar + 0.28 g paddy husk biochar) was significantly
higher than other treatments. The plant P and K uptake showed a significant increase in
T2 and T3 as compared to toTO, T1, T4, and T5.100g soil alone and 100g soil + 0.97g
urea, 100g soil + 0.97g urea + 0.42g paddy straw biochar + 0.42g paddy husk biochar,
100g soil + 0.97g urea + 0.56g paddy straw biochar + 0.56g paddy husk biochar. The
increase in plant dry weight, height, tiller number, panicle number, and greenness was

observed.

Chandana et al. (2021) revealed that the effects of different fertilization
treatments on paddy grain yield and nitrogen uptake. They compared the application of
100% NPK with Nano N at active tillering and 75% N with 100% PK along with Nano N
at active tillering stage, They found that both treatments resulted in increased grain yield,
with the first treatment recording a yield of 5112 kg ha™ and the second treatment at par
with it. Additionally, the application of 100% NPK with Nano N at active tillering showed
significantly higher total nitrogen uptake at harvest (106.48 kg ha™). This indicates that
using Nano N in combination with NPK fertilizer can enhance grain yield and nitrogen

uptake in paddy crops, potentially improving overall productivity and nutrient utilization.
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Singh et al. (2023) observed that the fertilizing treatment had the combination of
75per cent dose of the conventional fertilizer in addition with urea nanoparticles (TNU)
applications as the supplementary nitrogen source outperformed the other treatments in
terms of growth, yield in paddy crop. Application of TNU along with conventional urea in
paddy via 75per cent RDN + TNU leads to the significantly higher amount of N uptake in
grain and straw as compared to other N treatments except 100per cent RDN and 100per
cent RDN + TNU. The improved N content of grain and straw in 75per cent RDN + TNU
was significantly higher than total N uptake of 115.4 kg per hectare as compared to

93.0 kg per hectare in 75per cent RDN + 2per cent conventional urea spray.

Paramesh et al.(2023) observed that farmyard manure and chemical fertilizer had
significantly higher crop yield and nutrient (N P and K) uptake by paddy crop. The N and
K uptake was 75 per cent N-NCU + 25per cent N-FYM followed by 100per cent N-FYM,
while the P uptake was found to be higher in 100per cent N-FYM for both seasons. The
application of 75per cent N-NCU + 25per cent N-FYM ensued in 231per cent, 308per
cent, and 134per cent higher N, P, and K uptake.

2.3 Comparison of different fertilizers on yield and yield attributes of paddy crop

Cahill et al. (2007) compared Urea Formaldehyde Polymer (UFP) aqueous Urea
Ammonium Nitrate (UAN) in wheat and maize. The UFP and UAN at the rate
0,50,75,106,134,168 and190 kg N ha™in wheat and 0,39,78,118,157,196 and235 kg N ha™
for maize were taken. UAN was applied less than one-third at planting, and remaining was
applied before tillering stage of wheat and corn. UAN gave satisfactory or better grain
yield and nitrogen use efficiency than UFP in both crops. Under laboratory conditions,
UFP release of urea and urea hydrolysis were completed in less than 2 weeks. It was
concluded that UFP release was limited to time and insignificant for summer crop.
Maragatham et al. (2010) conducted an experiment on paddy to studied the impact of
different nitrogen fertilizer treatments on various growth parameters, yield attributes, and
grain yield. They compared the effects of applying 50% of nitrogen as Urea and 50% as
poultry manure, and 100% of nitrogen as urea. The results showed that the treatment with
50% of N as Urea + 50% of N as poultry manure resulted in higher growth characteristics,
yield attributes, and grain yield compared to the application of 100% of N as urea. This

suggests that the combination of Urea and poultry manure as nitrogen sources can lead to
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improved crop growth and higher grain yield in paddy crops, making it a potentially

beneficial nitrogen management practice for paddy cultivation.

Siddaramet al. (2010) conducted an experiment on paddy at different levels of
nitrogen which increases the yield attributes like number of productive tillers per hill,
number of filled grains per panicle and 1000 grain weight. Similarly, Ashouri and Amiri
(2011) showed that weight of 1000 grain in paddy, 150 kg ha™ N fertilizer was 22.2 g in
2008 and 23.3 g in 2009. The highest paddy yield at 200 kg N per hectare was due to the
higher number of grains per panicle.

Gagnon et al. (2012) conducted an experiment during 2008-2010 and found that
fertilizer treatments increased the corn yield in all 3 years of the study, but the magnitude
of the response varied with years. In the wet years i..2008 and 2009 polymer coated urea
(PCU), urea ammonium nitrate 32per cent (UAN) and nitrification inhibitor urea (NIU)
significantly increased yields by 1.6, 1.4 and 0.6 Mg ha™ over urea; respectively. Grain N
concentration showed linear response with increased rates of urea and PCU in 2010 and
quadratic in 2008 and 2009.1n 2008, only polymer coated urea and urea ammonium nitrate

treatments (UAN) at the rate of 150 kg N ha™* gave higher grain N than the control.

Pramanik et al. (2013)conducted an experiment on hybrid paddy and observed
that the five levels of nitrogen viz., NO, N50, N100, N150 and N200 kgha™, among the
different nitrogen levels N200 kg ha™ gave significant higher plant height, panicle
initiation, number of tillers hill™, total chlorophyll content, panicle length and straw yield
followed by nitrogen levels N150 kg ha™ gave significant higher number of effective
tillers per hill, effective tiller index, panicle weight, filled grain panicle™®, 1000 grain
weight, grain yield, and harvest index as compared to NO, N50, N100 during both years.
N150 kg ha® recorded significantly higher grain yield (6286 and 6652 kg ha™,
respectively) in 2010 and 2011.

Saleem et al., (2013)conducted trials on wheat for three consecutive years and
found that the soil application of urea was compared with 1per cent spray of urea (6 sprays
from 2 leaves to booting stage), 2per cent spray of urea (at two leaves, tillering and
booting stage), 3per cent spray of urea (at tillering and booting stage) and Y2 urea as soil
application + 2per cent spray of urea (at tillering and booting stage) in order to assess their

impact on Yield components, grain yield data, nitrogen concentration in grain and uptake
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and cost benefit ratio were calculated. Based on three years observation reported that Y2
soil + 2 sprays of 2per cent urea significantly increased the grain yield (4.97 t ha™) and
was at par with soil application of urea alone. Concentration and uptake of nitrogen
increased in grain by foliar application of urea as compared to soil application at sowing

due to efficient mobilization of nitrogen to grain after foliar application.

Son et al. (2013) conducted the experiment on paddy to study the effect of
different treatments on paddy yield and yield attributes. They found that the combined
application of composted paddy straw with 100% NPK fertilizer resulted in the highest
plant height, measuring 78.6 cm. On the other hand, the lowest plant height of 63.5 cm
was recorded when raw paddy straw was applied alone. These results suggest that the use
of composted paddy straw, in combination with NPK fertilizer, led to better plant growth
and taller paddy plants compared to using raw paddy straw alone. The incorporation of
composted paddy straw may have contributed to improved soil fertility and nutrient
availability, thereby promoting healthier and taller paddy plants.

Akhand et al. (2013) studied the suitability of urea spraying for nitrogen
management on paddy cultivation. Urea at 266 kg/h was applied in Boro and 175 kg ha
was applied in aman which was top dressed at 20, 30 DAT (date after transplanting) and
at panicle initiation stage, 2/3rd of recommended N, top dressed at 20, 30 DAT along with
3.5per cent urea spraying at Pl stage, 2/3rd of recommended N, top dressed at 20, 30 DAT
along with 3.5per cent urea solution spraying at Pl and booting stage, 2/3rd of
recommended N along with 3.5per cent urea spraying at maximum tillering, Pl and
booting stage. It was found that urea could be saved by 4per cent in Aman and 17per cent
in Boro seasons without scarifying grain yield when 2/3™ of recommended N, top dressed
at 20 and 30 DAT along with urea solution spraying with 3.5per cent concentration at

tillering, panicle initiation and booting stages.

Moro et al. (2015) reported the impact of different nitrogen (N) levels on paddy
crop performance. They observed that the total number of tillers per square meter (m?)
increased significantly as the N level was increased to 90 kg N ha™. However, the total
number of panicles did not show the same relationship and did not increase proportionally
with N levels. The total biomass yield of the paddy crop display a significant and linear

increase with increasing N levels. This indicates that higher N application resulted in
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greater biomass production in the paddy plants. Moreover, the paddy yield, showed a
significant increase with increasing N levels. The control treatment (no added N) yielded
1.7 t ha*, while the maximum yield of 9.4 t ha™ was achieved with the application of 90
kg N ha’. This demonstrates that proper N fertilization played a crucial role in

significantly enhancing paddy yield and overall paddy productivity.

Farnia and Omidi, et al., (2015) investigated the effects of zinc Nano fertilizer
and Nano bio-fertilizer on maize biomass yield. The researchers found that the application
of zinc Nano fertilizer and Nano bio-fertilizer resulted in a significantly higher biomass
yield of 17,000 kg ha™, compared to the control treatment with a biomass yield of 11,000
kg ha™. Additionally, the study examined the interaction between irrigation frequency and
zinc Nano fertilizer application on maize grain yield. The results showed that when
irrigation was done once every 7 days in combination with zinc Nano fertilizer, the maize

crop achieved the highest grain yield of 10.5 t ha™.

Benzon et al. (2015) reported that the recommended rate of conventional and Nano
fertilizer (FRR-CF+FRR-NF) enhanced the plant height, chlorophyll content, number of
reproductive tillers, panicles, and spikelets in paddy significantly increase over the full
recommended rate of conventional fertilizers were 3.6per cent, 2.72per cent, 9.10per cent,
9.10per cent, and 15.42per cent, respectively. Similar results were seen in panicle weight
(17.4per cent), total grain weight (unpolished™7.5per cent, polished-20.7per cent), total
shoot dry weight (15.3per cent), and harvest index (2.9per cent) of paddy.

Amrutha et al., (2016) conducted field experiment on paddy to study the impact
of different levels and timing of nitrogen application during the kharif season in red sandy
loamy soil. The study focused on the growth parameters of the paddy crop. This showed
that the number of productive tillers per hill was significantly higher, with a value of
22.77, when nitrogen was applied at a rate of 120 kg ha™. On the other hand, lower yield
parameters were observed when nitrogen was applied at a lower rate of 80 kg ha™. So this
suggests that the application of nitrogen at a higher level (120 kg ha™) positively
influenced the development of productive tillers in aerobic paddy, contributing to
improved yield parameters. Conversely, a lower rate of nitrogen application (80 kg ha™)
led to reduced yield parameters in the red sandy loamy soil conditions during the kharif

season.
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Chen et al. (2016) conducted an experiment to determine the effects of placement
methods (broadcast and band) and N rates (60, 150 and 240 kg ha*) on the fate of urea’
5N in the wheat. the fertilizer N banding, the 15N labeled urea as basal fertilizer was
side-banded by shovel 5 cm from wheat and 10 cm under the soil surface. N fertilizer
applied in bands increased grain yield by 15per cent compared with broadcast application.
The N fertilizer application rate had a significant effect on grain yield, straw yield and

aboveground biomass, as well as on N uptake and N concentration of wheat.

Jamil et al. (2016) conducted experiment on paddy to studied the effect of
different treatments on plant height in the crops. They observed that the application of 4 t
ha™ of vermicompost resulted in the highest plant height, measuring 93.89 cm. On the
other hand, the control treatment, where no vermicompost was applied, showed the lowest
plant height of 90.05 cm. This indicates that the use of vermicompost at the rate of 4 t ha™
had a positive impact on the growth and development of the crops, leading to taller plants
compared to the control treatment. Vermicompost is a rich source of nutrients and organic
matter, which likely contributed to improved soil fertility and plant growth, resulting in
taller plants in the field. The findings highlight the potential benefits of using
vermicompost as a soil amendment to enhance plant height and overall crop performance

in clay loamy soils.

Kumar et al.(2018) conducted a study in silt loam soil on transplanted paddy and
revealed that plant height was significantly influenced by different nitrogen management
practices at 30, 60, 90 DAT and at harvest. The plant height increased continuously with
the advancement of crop age up to 90 DAT and thereafter, it was reduced gradually. At all
the growth stages, application of 150 kg N ha™ through NCU as 50per cent basal, 25per

cent at active tillering and 25per cent at panicle initiation recorded the highest plant height.

Abdel-Aziz et al., (2018) studied that the effects of foliar application of nano
chitosan nitrogen, phosphorus, and potassium (NPK) fertilizer on wheat plants. and found
that the application of nano chitosan NPK resulted in a decreased life cycle of wheat plants
by 23.5% (130 days for yield production from the date of sowing). This also indicates that
the foliar application of nano chitosan NPK had a significant impact on accelerating the
growth and development of wheat plants. Moreover, the study observed that treating

wheat plants with nano chitosan NPK at 10% induced notable improvements in various
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growth and yield parameters. Specifically, this treatment led to increased plant height
(86.33 cm), a higher number of spikelets per main spike (17.33), greater 100-kernel weight
(6.02 g), and higher grain yield per plant (6.12 g). These findings suggest that the use of
nano chitosan NPK at an appropriate concentration had positive effects on enhancing
wheat plant growth, spikelet formation, and grain yield, indicating its potential as a

promising fertilizer option for improving wheat crop productivity.

Al-Saray and Al-Rubaee (2019) showed the significant differences between
different fertilization treatments in wheat. The Nano fertilizer treatment (2 ml nano
nitrogen I"* water) achieved the maximum number of row in ears (16.867, 16.011 row ear’
1), number of grain in row (39.31 and 41.91 grain row™), number of grains in ear (651.88
and 693.77 grain ear™), 500 grain weight (157.600 and 159.478 g) and a total grain yield

of 9.28 and 9.35 t ha™ at both spring and autumn seasons, respectively.

Pradhan et al. (2019) conducted an experiment on low land paddy and revealed
that application of 80 kg N ha " as NCU was effective over application of 100 kg N ha™ as
prilled urea (PU). The highest plant height was 109.8 cm with panicle length of 24 cm and
effective tiller (11.5) was observed with (100 kg N ha™ as PU) whereas lowest value of
84.5 cm, 20.6 cm and 9.1 cm for plant height, panicle length and effective tillers per hill

! was observed in T8 (80 kg N ha™ as

respectively. The highest grain yield of 47.3 q ha -
NCU) and lowest value - of 32.7 g ha™ in control. The grain yield of paddy under (100 kg
N ha® as PU) was 47.0 q ha™ which was statistically at par with (80 kg N ha™* as NCU)
indicating the higher efficiency of NCU than that of PU. With the doses at 80 kg N ha™ the
yield advantages were due to application of NCU which had a 5.1per cent more yield

advantages than that of PU.

Singh et al. (2020) conducted an experiment on paddy with six treatments viz.,
control, Azolla incorporation at the rate of 1.6 tonnes hat, 30 kg N ha through urea, 60 kg
N ha-t through urea, 30 kg N ha! through urea + Azolla incorporation at the rate of1.6
tonnes ha and 60 kg N ha-t through urea with Azolla incorporation at the rate of 1.6 tonnes
ha'. The application of 60 kg N ha' through urea along with Azolla incorporation at the
rate of 1.6 tonnes hat recorded highest dry matter i.e. 58.15 g hill* at maturity of paddy. 60
kg N ha! through urea with Azolla incorporation at the rate ofl.6 tonnesha produced

highest grain and straw yield i.e. 4.2 tha and 7.68 t ha followed by T, and Ti. The increase
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in N, P and K concentration and uptake in grain was 28.57, 97.02; 26.09, 84.21 and 15.69,
76.47 percent in T, over Ti.

Yogendra et al. (2020) reported the effect of different fertilizer treatments on the
grain yield of maize and barley. The researchers found that the treatment with FFP, which
represents the farmer's traditional fertilizer practice, resulted in the lowest grain yield for
both maize (4100 kg/ha) and barley (3200 kg/ha). the treatment with FFP combined with
50% of the recommended nitrogen (N) application, along with one spray of nano N, one
spray of nano Zn, and one spray of nano Cu, showed significantly higher grain yields for
both maize (6000 kg/ha) and barley (5900 kg/ha). This indicates that the combination of
reduced conventional nitrogen application and foliar sprays of nano N, nano Zn, and nano

Cu had a positive impact on enhancing grain yield in both crops.

Ajithkumar et al. (2021) observed that a specific treatment with 50% N, 100%
PK, and no zinc, along with two sprays of IFFCO nano N mixed with IFFCO Sagarika,
resulted in the highest growth and yield parameters for maize. The treatment led to
maximum plant height (226 cm), leaf area (801.16 cm2), stem girth (6.97 cm), 100-kernel
weight (40.71 g), cob weight (182.68 g), and grain yield (58.90 g ha™). These findings
suggest that this particular combination of fertilizers and foliar sprays positively impacted

maize crop productivity during the study.

Lahari et al. (2021) conducted an experiment in Sandy loam soils during rabi,
2020 to study the effect of nano nitrogen and nano zinc on the yield of paddy with the
application of 50per cent conventional nitrogen fertilizer + foliar spray of 4 mL ™ nano
nitrogen at tillering and before panicle initiation stage + foliar spray of 2 ml L™ nano zinc.
At tillering and before panicle initiation stage the grain yield significantly increased with
6810 kg ha™ and uptake of nitrogen by 147.7 kg ha™ , phosphorous by 30.0 kg ha™ and
potassium by 137.9 kg ha™ .

Tezera et al. (2021)demonstrated that the treatment combination of 2 g ha™ of
nano urea and nano DAP seed dressing, along with 39 g DAP and 10.8 g urea, resulted in
the highest plant height (132.4 cm), highest grain yield (38 q ha™), and the earliest
maturity date (119 days) in the experimental maize crop. On the other hand, the control
treatment, without any nano fertilizers or specific nutrient application, recorded the least

grain yield of 2.5 q ha™. These results indicate that the application of nano urea and nano
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DAP seed dressing, along with DAP and urea, significantly improved maize crop
performance, leading to taller plants, higher grain yield, and an earlier maturity date. The
findings suggest the potential of utilizing nano fertilizers in combination with conventional

fertilizers to enhance maize productivity and expedite crop maturity.

Midde et al. (2021)conducted experiment on paddy with the treatment viz.,
Control, 100per cent Nano N, 90per cent RDN + 10per cent Nano N, 80per cent RDN +
20per cent Nano N, 70per cent RDN + 30per cent Nano N, 60per cent RDN + 40per cent
RDN, 50per cent RDN + 50per cent Nano N, 40per cent RDN + 60per cent Nano N. The
results of the study revealed that the maximum highest plant height (104.7 cm), Number of
Tillers (348) and Grain yield (7056 kg ha™), Straw yield (8342 kg ha™) found in the
treatment 50per cent RDN + 50per cent Nano N (T7).

Sharma et al. (2022) conducted experiment on pearl millet during Kharif season
of 2021. (50per cent RDN, 75per cent RDN and 100per cent RDN) and three treatment of
Nano-Urea (control, one spray of nano urea at 4 mL " water at 30 DAS and two spray of
nano urea at 4 mL " water at 30 and 45 DAS).showed that highest plant height, dry matter
accumulation, chlorophyll content, nitrogen content, phosphorus content and potassium
content in grain and straw of pearl millet was obtained with the application of 100per cent
RDN which was significantly superior to 50per cent RDN. Results further showed that
foliar spray of Nano-Urea (4 mL ™ water) at 30 and 45 DAS significantly increased the
plant height, dry matter accumulation, chlorophyll content, nitrogen content, phosphorus
content and potassium content in grain and straw of pearl millet over control and foliar
spray of Nano-Urea (4 mL ™ water) at 30 DAS.

Kothari et al. (2023) investigated the effect of different treatments on various
growth and yield parameters of paddy. They found that the treatment with 50%
recommended dose of nitrogen (RDN) in combination with 50% Nano N resulted in the
highest values for plant height (104.7 cm), number of tillers (348), grain yield (7056 kg ha’
1), and straw yield (8342 kg ha™). However, the exact differences in yield among the
treatments labeled as T2, T3, T4, and T5 were not specified in the provided text. Further
information would be required to determine the specific variations in yield among these
treatments. and the study suggests that the combined application of 50% RDN and 50%

Nano N had a significant positive impact on various growth and yield parameters of
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paddy, potentially making it a promising approach to improve paddy productivity and

sustainability.

Ranjan et al.(2023)conducted an experiment on paddy and found the highest
number of tillers meter-2 , number of panicles meter-2 , number of filled grains panicle™,
1000-grain weight (g), grain yield (4899 kg ha™ ) and straw yield 6094 kg ha™ ) was
observed in treatment 100per cent RDN through urea along with 2 foliar sprays of Nano-
urea (4mL L™ ) at AT and PI which was at par with 100per cent RDN through urea [50per
cent basal + 25per cent active tillering (AT) + 25per cent panicle initiation (PI)]. The
lowest grain and straw yield (3287 and 4051 kg ha™) was recorded under control.

Reddy et al. (2023) conducted an experiment to study the impact of nano Nitrogen
in combination with zinc (soil application or foliar spray) on yield of paddy. The
recommended dose of nitrogen was applied through NCU granules along with RDPK and
soil application of 25 kg zinc sulphate ha™*which resulted in an increase in grain and straw
yields by 23 and 24per cent. The highest dry matter was recorded at panicle initiation, grain
and straw yield in the treatment applied with 100 percent recommended dose of nitrogen
through neem coated urea(NCU) granules along with RDPK and soil application of 25 kg
zinc sulphate haresulted in an increase in grain and straw yields by 23 and 24 per cent
over basal application of 1/3rd of 100 per cent RDN through NCU granules along with
RDPK coupled with Nano nitrogen sprays (each at MT and PI stages in paddy).

Krishna et al. (2023) showed that the recommended dose of fertilizers along with
nano urea applied with 100per cent N+Nano N applied twice at 30 and 60 days after
sowing an it was the best treatment in terms of growth and yield (7.2 t/ha) of maize. The
highest test weight (35.7 g) and number of grains per row (25.3) was recorded in
(Recommended NPK +2 foliar spray nano urea at knee height stage) and silking stage,
followed by (Recommended NPK +1 foliar spray nano urea at knee height stage) while the

lowest test weight (22.7 g) and number of grains (17.3) was observed in control.

Aher et al. (2023) experiment the three levels of nano urea i.e.N1- 1 mL ™ foliar
spray nano urea, N2 -2 mL ™ foliar spray nano urea and N3 - 3 mL " foliar spray nano urea
on paddy. The result showed the nano urea on plant height at harvest and the data

indicated the significant impact on plant height during the crop growth period. Application
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of Nano urea 3mL L™ t. had significantly influenced the plant height in baby corn at 60
DAS. The maximum plant height (175.25 cm) was recorded in Nano urea3 mL L™ t.

Rauvi et al. (2023) conducted an experiment on paddy and reported that application
of 125 per cent RDN along with foliar spray of nitrogen at the rate of 4000 ppm and nano
Zn at the rate of 2000 ppm had significantly higher grain yield, straw yield, soil available
N, P20s, K;0, S and Zn during kharif season and which was at par with and 100 per cent
RDN along with spray of nano nitrogen at the rate of 4000 ppm and nano Zn at the rate of
2000 ppm.Soil available N (246.90 and 227.65 and 274.78 and 244.24 kg ha™ ), P,0s
(55.41 and 40.20 and 58.31 and 46.56 kg ha™), K,O (344.22, and304.57 and 348.80 and
309.80 kg ha™), S (18.85 and 15.46 and 19.70 and 15.37 mg kg™ ) and Zn (1.25 and 1.16
and 1.31 and 1.22 mg kg™ ) was recorded with the combination of 125 per cent RDN
along with FS of nano N at the rate of 4000 ppm and nano Zn at the rate of 2000 ppm.

Ramesh and chhabra (2023) conducted an experiment on maize with ten
treatment combinations i.e. 100per cent Recommended dose fertilizers (RDF) + Farmyard
manure(FYM)15 t ha™, 100per cent RDF + Vermicompost7.5 t ha™*;100per cent RDF +
seed priming with Biofertilizers (Azotobacter), 75per cent RDF + FYM 11 t ha™ 75per
cent RDF + Vermicompost 5.6 t ha®, T6-75per cent RDF +seed priming with
Biofertilizers (Azotobacter);, 50per cent RDF basal dose + Nano urea spray 0.15per cent
(25 and 50 Days After Sowing);, 50per cent RDF basal dose + Nano urea spray 0.30per
cent (25 and 50 DAS), Vermicompost 3.5 t ha™ + seed priming with Biofertilizers
(Azotobacter), control. The results showed that application of 100per cent RDF +
Vermicompost 7.5 t ha™ had significant effect on growth and yield of maize. The plant
height, number of leaves per plant and dry matter accumulation were also significantly
higher in T,followed by 100per cent RDF + FYM 15 t ha™*. The highest grain yield (64.36
q ha™) was obtained in T, followed by T; (63.6 g ha), T3 (57.92 q ha™) andT8 (56.16 q
ha).

Bhargavi et al. (2023) the impact of nano urea on paddy production and growth in
the context of paddy intensification. Five replications of the experiment were used in its
randomized block design layout. Four different approaches were used: Farmer's practice
with RDF 120:40:40 (NPK kg/ha), 100per cent RDN + nanourea (2 foliar sprays) + P + K,

75per cent RDN+ nanourea (2 foliar sprays) + P + K, and 50per cent RDN + nanourea (2
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foliar sprays) + P + K. According to the experimental results, 75per cent RDN + nanourea
(2 foliar sprays) + P + K was most effective in increasing plant height (32.1, 65.7, and
83.6 cm), leaf area index (5.10), dry matter production (3.2, 7.2, and 13.2 t/ha), and the
number of productive tillers/m2 (17.6), which in turn increased grain yield (5485.2 kg/ha)
and straw yield (7525.2 kg/ha).
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Chapter-3 MATERIALS AND METHODS

The present study, entitled "COMPARISON OF DIFFERENT FORM OF
NITROGENOUS FERTILIZERS APPLIED ON PADDY CROP (Oryza sativa L.)
GROWN IN NORTH WESTERN PLAINS OF INDIA " was carried out at Norman E.
Borlaug Crop Research Centre Pantnagar. During the course of the investigation, the
following materials were used, experimental procedures were followed, and statistical

techniques were used to analyze the data.

3.1 The Experimental Site

The experiment was carried out during kharif, 2022 at C-1 block of the Norman E.
Borlaug Crop Research Centre of Govind Ballabh Pant University of Agriculture and
Technology Pantnagar, District Udham Singh Nagar, (Uttarakhand).Pantnagar is located at
the foothills of the Siwalik range of the Himalayas, also known as Tarai. It has a latitude

of 29°N, alongitude of 79° 29'E, and an elevation of 243.84 m. above mean sea level.

3.2 Climate and Weather Conditions

Climate of Pantnagar is sub-humid and sub-tropical, with hot and dry summers and
cold winters. It is in the Tarai region, and the dry season lasts from early October to mid-
June, and the wet season lasts from mid-June to early October. The maximum temperature
ranges between 40 and 45° C in May and June, and minimum 2 to 5° C in December and
January. The average relative humidity is highest in July and lowest in April and May. The
average annual rainfall is 1400 mm, with the majority coming from the south-west
monsoon, with 85-90 percent falling between June and September. The mean weekly data
of weather for the cropping season (08/06/2022 to 28/10/2022) obtained from the Crop
Research Centre Meteorological Observatory during the experimental period for various
important meteorological parameters which was tabulated in appendix and shown in Fig

3.1.
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Fig 3.1Meterological observations during paddy growing season 2022 on weekly basis

3.3  Vegetation

The Tarai region is a fertile zone with clay-rich marshes and mixed vegetation. Semal
(Bombaxceiba), sal (Shorearobusta), and khair are the most frequent tree species
(Acaciacatechu). Perennial grasses found in the Tarai region include rhod grass
(Phragmitesspontannum), soru grass (Thimidearundinacea), tiger grass
(Saccharumspontannum), and khush grass (Vetiveriazizamodies).

3.4 Soil of the Area

The soil at the experimental location (Table 3.1 and 3.2) is alluvial in origin and
characterized as Mollisol (Deshpande et al., 1971). The soils are well-drained to poorly-
drained, dark in colour, and formed beneath calcareous alluvium out wash of the Shivalik

range of mountains.
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Table 3.1: The soil of experimental site was classified as

Order: Mollisol

Suborder: Udoll

Greatgroup: Hapludoll

Subgroup: Aquichapludoll

Family: Fine-silty mixed hyperthermic
Series: Benisilty clay loam

Table 3.2:Initial soil properties of experimental site

Particulars Initial status
0-15cm

(A)Physical properties
1.Textural analysis
Sand% 9.24%
Silt% 38.31 %
Clay% 52.45 %
Textural class Silty clay
(B)Chemical properties
1. pH (1:2) 6.5
2. Electrical conductivity 0.16
(dS m™)
3. Organic carbon (%) 0.69
4. Mineralizable N (kg ha™) 149.8
5. Extractable P (kg ha™) 18.8
6. Exchangeable K (kg ha) 130.8

3.5 Experimental Details

The details of experiment (Table 3.3, 3.4 and 3.5) and (Fig 3.2) conducted in
kharif 2022-23 are given below:

Materials and Methods... =



30

Table3.3: The details of the experiment

Sr. No.  |Particular Details

1. Location NEB Crop Research Centre, Pantnagar
2. Year of study 2022 (Kharif)

3. Crop Paddy

4. Design of experiment Randomized Block Design (RBD)
5. Variety Paddy: HKR-47

6. No. of replications 3

7. No. of treatments 10

8. Total number of plots 30

0. Gross plot size 6m X 5m = 30m?

10. Total plot area 53m X 22m = 1166m?

11. Date of paddy transplanting  29.06.2022

Table 3.4: Treatment details

Treatments | Paddy

T1 Control

T2 General Recommended Dose (GRD) (N=150 kg ha™* recommended dose of
N through prilled urea as per recommendation for basal and top dressing.

T3 Basal dose of N through prilled urea as per recommendation and foliar
application of UAN @2mL L™ it of water at recommended time of top
dressing for N application.

T4 UAN@ 4mL L it of water

T5 Basal dose of N through prilled urea as per recommendation and foliar
application of Nano urea @2mL L™ it of water at reccommendation time of
top dressing for N application.

T6 Nano urea @4mL L7 it

T7 Basal dose of N through prilled urea as per recommendation and foliar
application of UAN @1.5mL L™ it of water at reccommendation time of top
dressing for N application.

T8 Basal dose of N through prilled urea as per recommendation and foliar
application of Nano urea @1.5mL L™ it of water at recommendation time
of top dressing for N application.

T9 Basal dose of N through prilled urea as per recommendation and foliar
application of UAN @6.0mL L™ it of water at recommendation time of top
dressing for N application.

T10 Basal dose of N through prilled urea as per recommendation and foliar

application of Nano urea @6.0mL L™ it of water at recommendation time
of top dressing for N application.
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Table3.5: Details of Field Operations during Kharif 2022

S. No. | Operations (Kharif)
Paddy Crop 2022

1. Pre sowing irrigation 07/06/2022
2. Nursery sowing 09/06/2022
3. Field preparation 22/06/2022
5. Transplanting 29/06/2022
6. Basal application of fertilizers 29/06/2022
7. Foliar application 30,60, 90 DAT
8. First irrigation 15DAT
9. Second irrigation 25DAT
10. | Weeding Manually at 30, 60 and 90 DAT
11. | Harvest 27/10/2022
12. | Date of plant sample collection 27/10/2022
13. | Date of post-harvest soil sample collection 27/10/2022

3.6 Collection and Processing of Soil Samples

Soil samples were collected using an auger at 0-15 cm. depths. Both before sowing
and harvesting of paddy. The samples were air dried in the shade and crushed with a
hardwood roller, sieved with a 2 mm sieve and stored in a labeled polythene bag for

further analysis work.
3.7  Soil Analysis

The processed soil samples were subjected to chemical analysis (Table 3.6). The

following standard methods used to ware analyze the soil samples.
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Table 3.6: The methods used in soil analysis

S.NO. | Properties Method
1. Soil texture Bouyoucos hydrometer method (Bouyoucos, 1936)
2. pH (1:2soil:waterratio) Glass electrode on a digital pH meter (Jackson,
1971)
3. Electrical Conductivity meter method (Bower
conductivity and Wilcox, 1965)
(EC)
4. Organic carbon Walkley and Black (1934) as described by
Jackson (1967)
5. Mineralization nitrogen | Alkaline KMnO, method (Subbiah and Asija,
1956)
6. Extractable phosphorus Olsen’s method (Olsen et al., 1954)
7. Exchangeable potassium | 1 N neutral ammonium acetate method (Black,
1965)

3.8 Plant analysis

The processed plant samples were subjected to chemical analysis (Table 3.7).

Table 3.7: Analysis of paddy grain and straw

S.NO | Properties Method
1. Nitrogen(N) Kjeldahl method (Jackson, 1973)
2. Phosphorus(P) Yellow colour method (Jackson,1973)
3. Potassium(K) Flame-photometer method (Jackson,1973)

3.9  Fertilizer application

N, P, K and fertilizers were applied as a basal at the sowing time. Foliar
application of UAN and Nano N was 30 DAS (1%spray), 60 DAS (2" spray).
3.10 Irrigation

Irrigation was provided following the agronomic practices package and it is

given based on paddy crop requirements.

Materials and Methods... =



34

3.11 Harvesting

Paddy was ready to harvest when moisture content remained 20%. The crop

was harvested by hand. The grain and straw yield were both measured.
3.12 Observation made during the research
3.12.1 Collection and processing of soil

Representative soil sample were collected at 0-15 cm depth from ten treatment
of all three replication before paddy sowing. These soil samples were air-dried in the
shade and stored in polythene bags for further analysis. The air-dried soil samples
were ground gently with a wooden pestle and mortar and sieved. The polythene bags
were correctly labeled and were preserved for study. For the biological properties of

the soil, samples were collected at 40 DAS, 75 DAS and harvesting stages.

3.13 The processed samples were used for the following observations
3.13.1 Soil physical properties

3.13.1.1 Soil texture
The soil texture was determined using the Bouyoucos hydrometer method
(Bouyoucos, (1936).

3.13.2 Soil chemical properties
3.13.2.1 Soil reaction (pH)

The pH of soil was determined in a 1:2 soil and water suspension using a glass

electrode on a microprocessor-based pH meter, as described by Jackson (1967).
3.13.2.2 Soil electrical conductivity (EC)

The soil electrical conductivity was determined with the help of conductivity meter

in 1:2 Soils: water suspension (Bover and Wilcox, 1965).
3.13.2.3 Soil organic carbon

Organic carbon of soil was determined by modified Walkley and Black method
(1934) as described by Jackson (1967).

The % age of organic carbon in the soil was then computed using the following
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given equation.

(meq. of k,cr,0, — meq. of FAS)0.0003 x 1.3 X 100
weight of dry soil (g)

Soil Organic carbon (%) =

3.13.2.4 Mineralisable Nitrogen (N)

The procedure described by Subbiah and Asija (1956) was used to
determine available soil nitrogen using 0.32 % alkaline KMnO,. 5 g of soil sample
was placed in the kjeldahl's flask and treated with 25 mL of 0.32 % KMnO4 in this
procedure. The kjeldahl's flask was then connected to the distillation apparatus, and
the distillation was carried out with 2.5 % NaOH. The liberated ammonia was
collected in a conical flask containing a 4% boric acid solution with a mixed indicator
(pH 4.5). The color of boric acid changes to green when ammonia is absorbed. It was
then titrated with 0.02 NH,SO. until the color changed to pink at the end point.

Formula used for calculating available nitrogen in the soil is given below:

0.02X 14 X 1000 X 2.24
Weight of soil ing

Available N (Kg/ha) = (S — B)

Where,

S=A volume of 0.02 NH,SO,in mL is required for sample titration.

B=A volume of 0.02 NH,SO, in mL is required for blank titration.
3.13.2.5 Extractable Phosphorus (P)

The procedure described by Olsen et al. (1954) was used to extract available P
from soil using sodium bicarbonate extractant (0.5M NaHCOs3) at pH 8.5. 1 g of soil
was taken and treated with 20mL of 0.5M NaHCOs in this procedure (pH8.5).The
suspension was filtered after 30 minutes of shaking the flask, and colour development
was done in the filtrate using the ascorbic acid method described by Murphy and
Riley (1962). Using a pnitrophenol indicator, the extracted solution was treated with
ammonium molybdate, potassium antimony tartarate, and ascorbic acid. The intensity
of the blue colour was then measured at 882 nm with a spectrophotometer. KH,PO,

was used to create a standard curve.
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Available P (kg ha™) was calculated using the following formula:

Available P (kg ha™)=Pxdilution factorx2.24
Where,

P=Phosphorus concentration (ppm) In samples determined using a standard
curve.
3.13.2.6 Exchangeable Potassium (K)

The available K in soil was determined using 1 N NH;,OAc (pH 7) according to
the Black (1965) procedure. According to the procedure, 5 g of soil sample was
treated with 25 mL of neutral ammonium acetate (pH 7) and shaken for 5 minutes.

The K concentration in the filtrate was then determined using a flame photometer.

The potassium concentration was then calculated using the following formula: Available
K (kgha) =flame photometer reading x dilution factorx2.24

3.14 Crop Yield and Nutrient Uptake
3.14.1 Grain yield

The total produce of paddy and wheat crop from the net plot area was harvested,
threshed, cleaned, and the weight of the grains was recorded in kg. The final grain yield

was expressed in quintals per hectare.
3.14.2 Straw yield

The paddy straw yield was worked out after separation of grains and expressed in

quintal per hectare.
3.14.3 Nutrient uptake

Nutrient uptake in paddy grain and straw was calculated by using the following

formula:

Uptake of major nutrient (kg ha™) =Nutrient concentration in grain/straw (%)
xgrain/straw yield (gha™)

N uptake by grain (kg/ha) = N conc. in grains x grain yield (kg/ha)

100
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N uptake by straw (kg/ha) = N conc. in straw x straw yield (kg/ha)

100

Total N uptake by paddy (kg/ha) = Nitrogen uptake by grain (kg/ha) + Nitrogen uptake by
straw (kg/ha)

P conc.in grain (%) x grain yield (fl—i)
100

Phosphorus uptake by grain (E) =

P conc.in straw (%) x straw yield kg/ha
100

Phosphorus uptake by straw (kg/ha) =
Total P uptake by paddy (kg/ha) =P uptake by grain(kg/ha)+P uptake by straw(kg/ha)

K uptake by grain (kg/ha) = K conc. In grains (%) grain yield kg/ha

100

K conc._In straw (%) straw yield kgha

K uptake by straw (kg/ha) =
100

Total K uptake by paddy (kg/ha) = K uptake by grain (kg/ha) + K uptake by straw (kg/ha)
3.15  Field Observation

Field observations for the crop were recorded at 30, 60, 90 120days interval.
3.15.1 Plant height

Five plants in each plot were selected at random and tagged for recording plant
height. The height of the main shoot was measured in centimeter from ground level up to

the tip of the growing point of the crop in kharif seasons.
3.15.2 Number of tillers per square meter

At all stages of the recording, the 11 hills within an area of (1 x 1 m) located in the
third and fourth rows of the plot on both sides were marked for counting the number of

tillers.
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1000-Grainweight

To calculate the 1000-grain weight, weight of one hundred dried filled grains from
each plot were measured in gram, then the weight were multiplied by ten to find out

the1000-grainweight the crop.
3.16  Statistical analysis

The data sets were analyzed using analysis of variance in compliance with the
randomized block design, using the least significant difference as described by Gomez
and Gomez (1984). Correlation studies were performed in accordance with conventional
techniques to explain the relationship between two or more series of data (Panse and
Sukhatme, 1962 and Snedecor and Cochran, 1967).
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Chapter-4 RESULTS AND DISCUSSION

The research, entitled ‘COMPARISION OF DIFFERENT FORM OF
NITROGENOUS FERTILIZERS APPLIED ON PADDY CROP (Oryza sativa L.)
GROWN IN NORTH WESTERN PLAINS OF INDIA’ was carried out during the
Kharif seasons (2022-23). This chapter presents and discusses the results obtained for

various parameters during the investigation.

4.1 Growth and Yield Attributes
4.1.1 Plant height

The data pertaining to plant height are presented in table 4.1 and Fig 4.1, the highest
plant height was observed in treatment T3 (basal dose of nitrogen through prilled urea as per
recommendation and foliar application of UAN @ 2.0 mL L™ of water at recommended time of
top dressing for N application and the lowest plant height was observed in (control) T; treatment
at 30, 60, 90 and 120 DAT of rice crop, which was significantly higher than all other treatments
at 30, 60 and 90 DAT. At 120 DAT is significantly higher among all the treatments except
the treatment Ty where recommended dose of nitrogen as prilled urea was applied as basal and
foliar application of Nano urea @ 6.0 mL L™ of water at the recommended time of nitrogen top
dressing. The foliar application of UAN @ 4.0 mL L™ of water showed the significant more
plant height than the treatment T2 (GRD of nitrogen i.e. 150 kg N ha™) at 30, 60, 90 while at
120 DAT statistically at par.

The plant height was recorded 30.1cm and 46.2cm under the treatment when
recommended dose of nitrogen is applied through prilled urea in combination with Nano
urea application @ 6.0 mL " of water at recommended time of nitrogen top dressing,
which was significantly higher than the treatments T8 (basal dose of nitrogen through
prilled urea as per recommendation and foliar application of Nano urea @ 1.5 mL L™ of
water at recommended time of top dressing for N application) and T5 (basal dose of
nitrogen through prilled urea as per recommendation and foliar application of Nano urea
@ 2.0 mL L™ of water at recommended time of top dressing for N application) i.e. 28.6
cm, 25.5 cm and 42.6 cm and 43.8 cm at 30 and 60 DAT respectively and non significant
difference at 90DAT , while non significant with the treatment Tg and significantly higher

than the treatment Ts.
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The application of recommended dose of nitrogen through urea prilled in
combination with foliar application of UAN @ 1.5 mL L™ of water at recommended
time of top dressing for nitrogen showed the significantly more plant height with the
treatment Tg where we apply recommended dose of nitrogen through prilled urea and
foliar application of Nano urea @ 1.5 mL L™ of water at recommended time of top
dressing for nitrogen at 60 and 90 DAT while statistically at par at 30 and 120 DAT.

Among all the treatments that involved the application of nitrogenous
fertilizers, treatment T3 emerged as the clear frontrunner, exhibiting the highest rice
plant height. This remarkable outcome can be attributed to the incorporation of foliar
application of nitrogenous fertilizer, which facilitated faster and more efficient
nutrient uptake and provided balanced crop nutrition during the critical crop growth
period. By directly supplying nitrogen through foliar application, the plants could
rapidly access this essential nutrient, bypassing the conventional soil and root
pathway. This method of nutrient delivery allowed for an immediate and targeted
supply of nitrogen, which likely played a pivotal role in promoting enhanced plant
growth and development. Benzon et al. (2015) corroborated the beneficial effects of
nitrogenous fertilizers, both conventional and Nano-based, on plant height. In their
study, the application of the full recommended rate of conventional and Nano
fertilizers resulted in increased plant height, yielding taller plants. These findings
align with the research conducted by Abdel-Aziz et al. (2018), who reported that the
application of nano chitosan NPK at a rate of 10% induced a significant increase in
plant height, reaching 96.33 cm. Furthermore, Ajithkumar et al. (2021) observed
similar promising results, where the treatment involving 50% N, 100% PK, and 0%
zinc, along with two sprays of IFFCO Nano N (4 mL L™ ) mixed with IFFCO Nano
Zn (2 mL L), led to the highest plant height recorded at 214.33 cm. These findings
recommend tailored nutrient management and targeted foliar application in
promoting remarkable plant height in rice crops. The study conducted by Amanullah
et al. (2014) also reported increased nitrogen availability positively impacts plant
growth attributes. They reported that higher nitrogen and zinc application rates led to
maximum vegetative growth of plants, indicating the critical role of nitrogen

availability in promoting robust growth and development.
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Table 4.1: Effect of different nitrogenous fertilizers applied to soil and foliar

application on paddy plant height.

Plant height(cm)

Treatments 30DAT | 60DAT | 90DAT | 120DAT

Control 25 41.1 80.0 95.3
GRD (N=150 kg ha® recommended dose of N
through prilled urea as per recommendation for | 26.6 43.1 84.3 112.6
basal and top dressing.
Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@2 mL Lit* of water at recommended time of
top dressing for N application.
Basal dose of N through prilled urea as per the
recommendation and foliar application of | 30.1 46.8 92.0 112
UAN@ 4.0 mL L™ of water
Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @2.0 mL L™ of water at recommendation
time of top dressing for N application.
Basal dose of N through prilled urea as per the
recommendation and foliar application of Nano | 26.4 41.5 88.5 111
urea @4ml Lit™ of water
Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@1.5 mL L? of water at recommendation time
of top dressing for N application.
Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @1.5 mL L™ of water at recommendation
time of top dressing for N application.
Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@6.0 mL L of water at recommendation time
of top dressing for N application.
Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @6.0 mL L™ of water at recommendation
time of top dressing for N application.
SEmz+ 0.2 0.5 1.0 1.2
C.D.at5% 0.6 1.7 3.1 3.8

315 48.5 99.3 123.2

25.5 43.8 92.1 114.3

29.3 45.5 92.1 120.1

28.6 42.6 88.2 118.3

31.1 46.1 93.3 121.3

30.1 46.2 89.2 120.1
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Fig 4.2: Effect of different nitrogenous fertilizers applied to soil and foliar application

on paddy plant height.
4.1.2 Total number of tillers per meter square

The data pertaining to number of tillers are presented in table 4.2 and Fig 4.2,
the maximum number of tillers i.e. 232, 270,259 and 254 respectively was observed
with the treatment T3 where we applied recommended dose of nitrogen as basal and
foliar application of UAN @ 2 mL " of water at the recommended time of nitrogen top
dressing and the minimum under the treatment (Control) at all the stages (30, 60, 90,
120 DAT) of crop growth. The application of recommended dose of nitrogen through
urea prilled as per recommendation for basal and top dressing treatment (T,) showed
significantly more number of tillers ( than the treatment T, (foliar application UAN
@4.0 mL L™) and the treatment T (Nano urea @4.0 mL L™) at 60, 90 and 120 DAT of
crop growth while statistically at par with the treatment T, at 30 DAT of crop growth.
The foliar application of Nano urea at recommended time of top dressing of nitrogen
along with the recommended basal dose of nitrogen(Tio) gave significantly more
number of tillers than the treatment where we apply Nano urea @4.0 mL L™ of water
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along with recommended basal dose of nitrogen (Ts) at all the stages of crop growth.

The nitrogen application in the treatment T, (GRD) as well as basal and top
dressing showed more number of tillers (228, 253, 244 and 242) than the treatment T
where we apply UAN @ 1.5 mL L™ of water through foliar spray at the recommended
time of nitrogen top dressing which was significantly higher at all the stages of crop
growth.

The treatment where basal dose of N through urea prilled and foliar application
of UAN @ 4.0mL * of water at the recommended time of top dressing (T.) applied,
significantly more number of tillers 226 was recorded at 120 DAT of crop growth than
the treatment where we apply UAN @1.5 mL L™ of water along with recommended

basal dose of nitrogen(T>).

The finding recommends foliar application in optimizing plant growth and
overall crop performance in rice cultivation. It is crucial to consider these results in the
context of sustainable agricultural practices to achieve higher yields and enhance the

productivity of rice crops.

Among all the treatments involve in foliar application, the maximum number of
tillers were observed in treatment T3. This notable outcome might be attributed to the
combination of RDN with 10% Nano N, as revealed by previous studies. For instance,
Midde et al. (2021) reported that the treatment involving 50% RDN combined with
50% Nano N resulted in the highest number of tillers (348). This finding is consistent
with other research studies that support the positive impact of Nano N on tiller

development.

The higher number of tillers in treatment T3 can likely be attributed to the
enhancement of soil fertility achieved through the management of foliar application
with nitrogenous fertilizers. By efficiently supplying nitrogen through a foliar
application, the treatment positively influenced crop height and vigor, thereby
encouraging the development of more tillers. The targeted and immediate nutrient
supply facilitated by foliar application likely played a crucial role in stimulating the
vegetative growth of the rice plants, leading to an increased number of tillers per

plant.
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Table 4.2: Effect of different nitrogenous fertilizers applied to soil and foliar
application on paddy number of tillers of paddy per square meter

Number of tillers per square
Treatments meter

30DAT | 60DAT | 90DAT | 120DAT

Control 198 206 204 200

GRD (N=150 kg ha™ recommended dose of N
through prilled urea as per recommendation for | 228 253 244 242
basal and top dressing.

Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@2 mL L of water at recommended time of top
dressing for N application.

232 270 259 254

Basal dose of N through prilled urea as per the
recommendation and foliar application of | 222 236 228 226
UAN@ 4.0 mL L™ of water

Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @2.0 mL L™ of water at recommendation
time of top dressing for N application.

224 240 230 228

Basal dose of N through prilled urea as per the
recommendation and foliar application of Nano | 219 232 227 225
urea @4.0 mL L

Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@1.5 mL L? of water at recommendation time
of top dressing for N application.

218 228 224 221

Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @1.5 mL L™ of water at recommendation
time of top dressing for N application.

224 245 232 230

Basal dose of N through prilled urea as per
recommendation and foliar application of UAN
@6.0 mL L™ of water at recommendation time
of top dressing for N application.

225 250 235 233

Basal dose of N through prilled urea as per
recommendation and foliar application of Nano
urea @6.0 mL L™ of water at recommendation
time of top dressing for N application.

230 264 255 249

SEm+ 2.6 2.5 3.2 1.4

C.D.at5% 7.7 7.5 9.5 4.3

Notably, the study conducted by Ranjan et al. (2023) showcased similar results,
where the application of 100% RDN through urea along with 2 foliar sprays of Nano-
urea (4.0 mL L™ resulted in the highest number of tillers per square meter. This
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highlights the significant impact of combining conventional nitrogen fertilization with
the foliar application of Nano N on tiller development. Additionally, Moro et al. (2015)
revealed that the total number of tillers per square meter (440) increased significantly
with increasing levels of nitrogen (90 kg N/ha). This finding is consistent with the
understanding that nitrogen is a vital nutrient for tiller initiation and development in rice
crops. Furthermore, Pramanik et al. (2013) and Siddaram et al. (2010) also reported
similar results, further supporting the positive relationship between nitrogen application
and tiller development.

300

=30 DAT =60 DAT =90 DAT =120 DAT

250

200

150

effective tillers

100

50

1 2 3 4 5 6 7 8 9 10
Treatments

Fig 4.2: Effect of different nitrogenous fertilizers applied to soil and foliar

application on paddy number of tillers of paddy per square meter
4.1.3 1000-Grainweight

The data presented in table 4.3 and Fig 4.3 reveals significant variations in the
1000-grain weight (g) among various treatments on rice crop. The application of
nitrogenous fertilizers through foliar spray has been shown to have a profound impact on
rice plants, stimulating photosynthetic efficiency and enhancing nutrient uptake. These
effects ultimately lead to increased assimilate production and translocation to the

developing grains, resulting in higher 1000-grain weight.
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Among all the treatments, treatment T3 exhibited the maximum 1000-grain weight,
recording an impressive 32.86 grams, which was significantly higher among all the
treatments except the treatment T, (GRD) and the minimum grain weight 22.02g was
observed with the treatment T(control). This outcome can be attributed to the specific
foliar application regimen utilized in T3z, which likely facilitated optimized nutrient
availability and improved photosynthetic activity. The enhanced nutrient uptake and
assimilation in treatment T3 contributed to more efficient grain filling and nutrient

accumulation, ultimately leading to the observed higher 1000-grain weight.

The significantly more grain weight 28.30g was recorded in the treatment T, (
recommended basal dose of nitrogen with foliar application of UAN @4.0 mL L™ at
recommended time of nitrogen top dressing) than the treatment Ty (recommended basal
dose of nitrogen with foliar application of UAN @6.0 mL L™ at recommended time of
nitrogen top dressing).The grain weight 26.73 g was recorded in the treatment Tg
(recommended basal dose of nitrogen with foliar application of Nano urea @4.0 mL ™ at
recommended time of nitrogen top dressing) which was significantly higher than the
treatment T9 (recommended basal dose of nitrogen with foliar application of Nano urea
@6.0 mL L™ at recommended time of nitrogen top dressing). Treatment T,(GRD) showed
the significantly more grain weight 29.76 g than the treatment Tg(recommended basal dose
of nitrogen with foliar application of Nano urea @1.5 mL L™ at recommended time of
nitrogen top dressing), To(recommended basal dose of nitrogen with foliar application of
UAN @6.0 mL L' at recommended time of nitrogen top dressing) and
T10(recommended basal dose of nitrogen with foliar application of Nano urea @6.0 mL L
! at recommended time of nitrogen top dressing) while at with the treatment Tg
(recommended basal dose of nitrogen with foliar application of Nano urea @4.0 mL L™ at
recommended time of nitrogen top dressing) and T7 (recommended basal dose of nitrogen
with foliar application of UAN @1.5 mL L™ at recommended time of nitrogen top

dressing).

The study by Khospeyak et al. (2016) likely investigated the effects of different
fertilizer treatments, including conventional and Nano fertilizers, on rice crop parameters,
with a specific focus on 1000-grain weight. The researchers observed a significant
increase in 1000-grain weight in response to the Nano fertilizer treatment compared to the

conventional fertilizer treatment. Nano fertilizers are designed to provide essential
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nutrients in a more targeted and efficient manner, owing to their nanoscale size and unique
properties. This allows for improved nutrient uptake and utilization by plants, promoting
better assimilate production and nutrient translocation to the developing grains. As a
result, Nano fertilizer treatments can lead to higher grain weight, as reflected in the 1000-

grain weight measurements.
Grain yield

The data presented in the table4.3 and fig 4.3 reveals that the rice grain yield (q ha’
1y from various treatments, showcasing notable variations in yield outcomes. The highest
grain yield, reaching 64.10 q ha™, was obtained in the treatment T3 (application of
recommended basal dose of Nitrogen through Urea and foliar application of UAN @ 2.0
mL L™ of water at the recommended time of nitrogen top dressing), which significantly
surpassed all other treatments except the treatment T, (GRD) and the minimum grain yield
was obtained in treatment T, (Control). This impressive yield enhancement in T3 can be
attributed to the application of nitrogenous fertilizers, which likely increased nutrient
availability for a season or a short period, leading to a substantial boost in crop
productivity. The treatment T, (GRD) showed significant increase in grain yield 59.73 g
ha' of rice over the treatments Tg (recommended basal dose of nitrogen with foliar
application of Nano urea @4.0 mL L™ at recommended time of nitrogen top dressing), T,
(recommended basal dose of nitrogen with foliar application of UAN @1.5 mL ™ at
recommended time of nitrogen top dressing), Tg (recommended basal dose of nitrogen
with foliar application of Nano urea @1.5 mL L™ at recommended time of nitrogen top
dressing) and Ty (recommended basal dose of nitrogen with foliar application of Nano
urea @6.0 mL L™ at recommended time of nitrogen top dressing) while at par with the
treatments T4(recommended basal dose of nitrogen with foliar application of UAN @4.0
mL ™ at recommended time of nitrogen top dressing) and Ts(recommended basal dose of
nitrogen with foliar application of Nano urea @2.0 mL L™ at recommended time of
nitrogen top dressing). The recommended basal dose of nitrogen through prilled urea and
foliar application Nano urea @2.0 mL L™ of water (Ts) showed the significantly
increased in grain yield 55.73 q ha™ of rice over the treatments Tg (recommended basal
dose of nitrogen through urea with foliar application of Nano urea @1.5 mL L™ at
recommended time of nitrogen top dressing) and T;o(recommended basal dose of nitrogen

with foliar application of Nano urea @6.0 mL L™ at recommended time of nitrogen top
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dressing). Treatment Ty (recommended basal dose of nitrogen with foliar application of
UAN @6.0 mL L™ at recommended time of nitrogen top dressing) significantly increased
the grain weight 60.73 g/ha than the treatment T; (recommended basal dose of nitrogen
with foliar application of UAN @1.5. mL L™ at recommended time of nitrogen top
dressing). This supports the idea that the specific foliar application in T3 played a

significant role in achieving the highest grain yield among all the tested treatments.

This could be due to increased plant growth and metabolic processes like
photosynthesis, resulting in increased photosynthates accumulation and translocation to
the plant's economic parts. Maragatham et al. (2010) conducted an experiment in rice
crops where 50% of the nitrogen was applied as Urea, while the remaining 50% was
applied as poultry manure. The results showed a higher grain yield under this specific
nutrient management approach. This could be due to the balanced supply of nitrogen
through different sources, promoting optimal plant growth and ensuring sufficient nutrient
availability during the crop's development stages. Heba et al. (2018) explored the effects
of foliar application of Nano NPK formulation on rice crop performance. The study
demonstrated increased yield attributing parameters and grain yield as a result of this
application. The researchers justified the yield increase by attributing it to enhanced
photosynthesis and the formulation acting as a "biological pump." This suggests that the
Nano NPK formulation facilitated more efficient nutrient and water absorption by plants,

leading to improved yield attributing parameters and ultimately higher grain yield.

Similarly, Akhand et al. (2013) found that when 2/3rd of the recommended nitrogen was
applied, urea consumption could be reduced by 4% during the aman season and 17%
during the boro season, without sacrificing grain yield. This indicates that strategic
nutrient management practices, such as optimized nitrogen application, can lead to
significant resource savings without compromising crop productivity. Saleem et al. (2013)
also reported similar results, further supporting the notion that proper nutrient

management can result in improved grain yield without excessive nitrogen use.
Straw yield

The data on straw yield of rice presented in the table 4.3 and fig 4.3 reveals that
the highest rice straw yield (88.70 g/ha) was obtained with the treatment, when we apply

recommended dose of nitrogen as basal and foliar application of UAN @2.0 mL L™ of
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water at the recommended time of nitrogen top dressing (T3), which was highly
significant over all the treatment, except the treatment T, (GRD) and minimum straw yield
of rice was obtained in the treatment T, (control). This impressive straw yield in T3 can be
attributed to the application of nitrogenous fertilizers, which likely temporarily or
seasonally enhanced nutrient availability, promoting robust growth and biomass

production.

The treatment T,, where GRD were applied, rice straw yield was obtained 82.20
g/ha which was significantly more than the treatments T; (recommended basal dose of
nitrogen with foliar application of UAN @1.5 mL L™ at recommended time of nitrogen
top dressing), Tg (recommended basal dose of nitrogen with foliar application of Nano
urea @1.5 mL L™ at recommended time of nitrogen top dressing), To (recommended basal
dose of nitrogen with foliar application of UAN @6.0 mL * at recommended time of
nitrogen top dressing) and Ty (recommended basal dose of nitrogen with foliar
application of Nano urea @6.0 mL L™ at recommended time of nitrogen top dressing)
while at par with the traement T¢ (recommended basal dose of nitrogen with foliar

application of Nano urea @4.0 mL L™ at recommended time of nitrogen top dressing).

When we applied recommended dose of nitrogen as basal and foliar application
at the recommended time of nitrogen top dressing (Ts) gave significantly higher rice straw
yield (78.66 g/ha) than the treatments Tg (recommended basal dose of nitrogen with foliar
application of Nano urea @1.5 mL L™ at recommended time of nitrogen top dressing) and
T10 (recommended basal dose of nitrogen with foliar application of Nano urea @6.0 mL ™

at recommended time of nitrogen top dressing).

The findings presented above are further supported by the research conducted by
Midde et al. (2021) Their study reported that when comparing the treatment involving
50% Recommended Dose of Nitrogen (RDN) combined with 50% Nano N to the
treatment without any fertilizer application, there was a significant improvement in yield

attributing characters of rice, ultimately leading to higher straw yield in rice crops.
Total biomass (grain + straw)

The data on total biomass of rice presented in the table 4.3 and fig 4.3 provides

valuable insights into the across various treatments, highlighting significant variations in
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biomass production. Treatment T3 (recommended dose of nitrogen as basal and foliar
application of UAN @2.0 mL L™ of water at the recommended time of nitrogen top dressing)
emerges as the most productive, achieving the highest total biomass of 152.80 g/ha, which was
significantly surpasses all other treatments while the minimum total biomass production was
observed in T; (control). This notable increase in biomass in Tz can be attributed to the
application of nitrogenous fertilizers, which likely provided a temporary or seasonal
enhancement in nutrient availability, fostering vigorous plant growth and leading to higher
biomass accumulation. Conversely, treatment T,(GRD), recorded the second highest total
biomass of 141.93 g/ha. The treatment T, (recommended basal dose of nitrogen with foliar
application of UAN @1.5 mL L™ at recommended time of nitrogen top dressing) significantly
increases the total biomass production (127.07 g/ha) than the treatment T (recommended
basal dose of nitrogen with foliar application of UAN @6.0 mL L™ at recommended time of
nitrogen top dressing). Whereas the application of recommended basal dose of nitrogen with
foliar application of Nano urea @4.0 mL ™ at recommended time of nitrogen top dressing
treatment (Tg) significantly increases the total biomass production of rice than the treatment
T10 where we apply recommended dose of nitrogen as basal along with the foliar application
of Nano urea @ 6.0 mL L™ of water at recommended time of nitrogen top dressing while
statistically at par with the treatment Tg (recommended basal dose of nitrogen with foliar

application of Nano urea @1.5 mL L™ at recommended time of nitrogen top dressing).

The application of nitrogenous fertilizers likely led to an increase in nutrient
availability, stimulating various physiological processes in the plant. This, in turn, resulted
in improved photosynthesis, enhanced assimilates production, and increased nutrient
uptake, leading to overall enhanced plant growth and development. The increase in total
biomass includes both above-ground biomass, such as leaves and stems, and below-ground
biomass, such as roots. The optimized nutrient supply likely promoted extensive root
growth, enabling efficient nutrient and water uptake, which ultimately contributed to the
overall increase in biomass. The findings by Tezera et al. (2021) further support the role
of nutrient management in influencing total biomass in rice crops. Their study
demonstrated that the combination of nano urea and nano DAP seed dressing, along with a
specific dosage of DAP (39 g), resulted in significantly higher biomass (132.4 g ha™®). This
emphasizes the importance of targeted nutrient application, such as using nano fertilizers

and seed dressing, to enhance total biomass production in rice cultivation.
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1000 Grain yield Straw yield Total
Treatments Grain wt.(g) g/ha g/ha biomass
Control 22.02 45.27 59.43 104.70
GRD (N=150 kg ha™* recommended dose of N through prilled urea as per]
recommendation for basal and top dressing. 29.76 59.73 822 141.93
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @2 mL L' of water at recommended time of top dressing for N 32.86 64.10 88.7 152.80
application.
Basal dose of N through prilled urea as per the recommendation and foliar
application of UAN@ 4.0 mL L™ of water 28.30 56.17 79.83 136.00
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @2.0 mL L™ of water at recommendation time of top dressing for N 27.82 55.73 78.66 134.40
application.
Basal dose of N through prilled urea as per the recommendation and foliar
application of Nano urea @4.0 mL L™ 26.73 5340 74.63 128.03
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @1.5 mL L™ of water at recommendation time of top dressing for N 26.29 53.03 74.03 127.07
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @1.5 mL L™ of water at recommendation time of top dressing for N 24.40 49.07 68.46 117.53
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @6.0 mL L™ of water at recommendation time of top dressing for N 22.70 60.73 65.33 112.07
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @6.0 mL L™ of water at recommendation time of top dressing for N 23.33 46.33 64.8 111.43
application.
SEmz 1.77 4.12 2.48 4.12
C.D.at5% 3.22 5.32 7.43 12.34
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Fig 4.3: Effect of different nitrogenous fertilizers applied to soil and foliar application
on paddyl000-grain weight, grain yield, straw yield and total biomass of
paddy

4.2  Chemical Properties
4.2.1 Soil pH

The presented data in the table 4.4 and Fig. 4.4 clearly demonstrates the impact of
foliar application on soil pH after rice crop harvesting. Soil pH is a crucial parameter that
influences soil health, nutrient availability, and overall plant growth and development. The
measurements of soil pH were performed using a glass electrode on a microprocessor-
based pH meter (Jackson, 1967), ensuring precise and reliable pH readings. The results
indicate a non significant difference in soil pH among the various treatments due to the
implementation of foliar application. The pH of the soil ranges from 6.3 to 6.8 after
harvest of paddy crop. The lowest pH value was recorded 6.3 in the treatment, where we
applied recommended dose of nitrogen as basal through urea along with the foliar
application of Nano urea @ 6.0 mL L™ of water at the recommended time of nitrogen top
dressing (T1p), where as the highest pH value was observed in the treatment GRD ( 50 kg
N ha™. As basal and top dressing) after harvest of the paddy crop. The treatment T»(GRD)
showed significantly higher soil pH (6.8) than the treatments T5 ( recommended dose of
nitrogen as basal and foliar application Nano urea @ 2.0 mL L™ of water at recommended
time of nitrogen top dressing), Tg (recommended dose of nitrogen as basal and foliar

application UAN @ 6.0 mL L™ of water at recommended time of nitrogen top dressing)
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and Tyo (recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0
mL * of water at recommended time of nitrogen top dressing) i.e. 6.5,6.4 and 6.3
respectively, while at par with the treatments T; ( control), T4 (recommended dose of
nitrogen as basal and foliar application UAN @ 4.0 mL L™ of water at recommended time
of nitrogen top dressing), Ts (recommended dose of nitrogen as basal and foliar
application Nano urea @ 4.0 mL L™ of water at recommended time of nitrogen top
dressing), T, (recommended dose of nitrogen as basal and foliar application UAN @ 1.5
mL L of water at recommended time of nitrogen top dressing) and Tg (recommended
dose of nitrogen as basal and foliar application Nano urea @ 1.5 mL L™ of water at

recommended time of nitrogen top dressing) after harvest of paddy crop.

The data consistently shows that all treatments involving foliar application resulted
in different soil pH values compared to the control treatment. This indicates that foliar
application has a non-significant impact on soil pH and can alter the soil's chemical

properties, potentially affecting nutrient availability and plant growth.,

The observed decrease in soil pH with increasing nitrogen (N) rates and over time
can be attributed to the nitrification process, a biological transformation of ammonium
(NH4") to nitrate (NO*) by soil microorganisms. During nitrification, hydrogen ions (H")
are released into the soil solution, leading to a decrease in pH. This process is consistent
with previous research findings, where it has been observed that higher N fertilization
levels can result in a reduction in soil pH (Tuyen et al., 2006 Rezig et al., 2013). The
study by Elsayed et al. (2020) also reported similar findings regarding soil pH changes
with foliar applications of NPK nano fertilizers, either alone or in combination with NPK-
mineral fertilizers. The researchers observed a minor decrease in soil pH due to these
foliar applications, but the differences in pH were not statistically significant. These
results suggest that the addition of nitrogen through both conventional and nano fertilizers,
either through soil application or foliar application, can lead to changes in soil pH. The
nitrification process, driven by microbial activity in response to increased nitrogen inputs,
contributes to the release of hydrogen ions, thereby lowering soil pH levels. The impact of
changes in soil pH due to nitrogen fertilization is essential to consider in agricultural
practices. Soil pH directly affects nutrient availability to plants, microbial activity, and
overall soil health. Maintaining optimal soil pH levels is crucial for promoting nutrient

uptake by crops and ensuring proper nutrient cycling in the soil.
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Soil EC

The data presented in the table 4.4 and Fig. 4.4 indicates the impact of different
nitrogenous fertilizers on electrical conductivity (EC) of the soil after harvesting of paddy
crop. Soil EC is a measure of the soil's ability to conduct electrical current, which is
influenced by the concentration of dissolved salts in the soil solution. The measurements
of soil EC were observed after harvest of paddy crop, providing valuable insights into the
changes in soil salinity due to different treatments, including foliar application. The data
indicate that the maximum soil EC 0.21 dS m™ was observed in the treatment Ts (
recommended dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL L™ of
water at recommended time of nitrogen top dressing) and the minimum soil EC 0.16 dS m”
Lin the treatment T, (control). This indicates that foliar application has a non significant

impact on soil salinity and can influence the soil's electrical conductivity.

This suggests that the specific foliar application used in the treatments did not lead
to a significant buildup of salts in the soil, which could have affected the soil's EC. The
findings of Ajitkumar et al. (2021) further support this idea. Their research on maize crop
observed a slight increase in soil EC after harvest when some portion of conventional
fertilizer was replaced by Nano fertilizer. This suggests that the use of Nano fertilizer did
not cause a drastic increase in soil salinity, and the overall change in EC was relatively
minor. The lack of significant changes in soil EC can be seen as a positive outcome, as
excessive salt accumulation in the soil can be detrimental to plant growth and crop
productivity. High soil salinity can negatively affect nutrient uptake by plants and disrupt
their water balance, leading to reduced crop yields and overall plant health. It is important
to note that maintaining proper nutrient management practices, including the judicious use
of fertilizers (both conventional and Nano fertilizers), can help prevent undesirable
increases in soil salinity. The careful selection of fertilizer types, application rates, and

timing can all play a crucial role in optimizing soil health and crop performance.
Soil organic carbon

The data presented in the table 4.4 and Fig. 4.4 clearly indicates the significant
impact of different nitrogenous fertilizers on soil organic carbon (O.C.) after harvesting
of paddy crop. Soil organic carbon is a critical component of soil health, as it plays a vital

role in nutrient cycling, water retention, and overall soil fertility. The measurements of

Result and Discussion... &



55

soil organic carbon were observed after harvest of paddy crop, providing valuable
insights into the changes in soil carbon content due to different treatments, including
foliar application. The results indicate that the highest organic carbon content ( 0.78%) in
soil was recorded in the treatment T3 ( recommended dose of nitrogen as basal and foliar
application UAN @ 2.0 mL L™ of water at recommended time of nitrogen top dressing),
which was significantly higher than T, (GRD), T4 ( recommended dose of nitrogen as
basal and foliar application UAN @ 4.0 mL L™ of water at recommended time of
nitrogen top dressing), Ts ( recommended dose of nitrogen as basal and foliar application
Nano urea @ 2.0 mL ™ of water at recommended time of nitrogen top dressing), T7 (
recommended dose of nitrogen as basal and foliar application UAN @ 1.5 mL L™ of
water at recommended time of nitrogen top dressing), Tg ( recommended dose of nitrogen
as basal and foliar application Nano urea @ 1.5 mL L™ of water at recommended time of
nitrogen top dressing), T ( recommended dose of nitrogen as basal and foliar application
UAN @ 6.0 mL L™ of water at recommended time of nitrogen top dressing) and T (
recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0 mL L™ of
water at recommended time of nitrogen top dressing) while at par with the treatment Tg
(recommended dose of nitrogen as basal and foliar application Nano urea @ 4.0 mL L™

of water at recommended time of nitrogen top dressing) after harvesting of paddy crop.

The treatment Tg (recommended dose of nitrogen as basal and foliar application
Nano urea @ 4.0 mL L™ of water at recommended time of nitrogen top dressing)
significantly increases the soil organic matter content (0.75%) over the treatment Ty (
recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0 mL L™ of
water at recommended time of nitrogen top dressing) while at par with the treatments Ts (
recommended dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL L™ of
water at recommended time of nitrogen top dressing) and Tg ( recommended dose of
nitrogen as basal and foliar application Nano urea @ 1.5 mL L™ of water at recommended
time of nitrogen top dressing) i.e. 0.72% and 0.72% respectively after harvest of paddy

crop.

The treatment T3 ( recommended dose of nitrogen as basal and foliar application
UAN @ 2.0 mL L™ of water at recommended time of nitrogen top dressing) significantly
increased the soil organic carbon content (0.78%) over the treatments T4 ( recommended

dose of nitrogen as basal and foliar application UAN @ 4.0 mL L* of water at

Result and Discussion... e



56

recommended time of nitrogen top dressing), T ( recommended dose of nitrogen as basal
and foliar application UAN @ 1.5 mL L™ of water at recommended time of nitrogen top
dressing) and Ty ( recommended dose of nitrogen as basal and foliar application UAN @
6.0 mL L™ of water at recommended time of nitrogen top dressing) i.e. 0.67, 0.66 and
0.67% respectively after harvest of paddy crop. This indicates that the specific application
of UAN at the specified rate had a significant positive impact on soil organic carbon
levels. In comparison to the control treatment (T,), all other treatments displayed superior
soil organic carbon levels, highlighting the positive influence of nutrient management

practices, particularly foliar application, on enhancing soil organic matter content.

This increase in soil organic carbon can be attributed to the higher nitrogen (N) rates
applied in this treatment. Increased N rates often lead to an increase in soil organic carbon,

as it promotes the sequestration of carbon in the plant biomass during photosynthesis.

The higher levels of N likely stimulated plant growth and biomass production,
resulting in more organic matter being incorporated into the soil as crop residue after
harvest. The findings are consistent with previous research studies by Aulakh et al. (2001)
and Dolan et al. (2006), which demonstrated that increased N rates can enhance soil
organic carbon levels due to the increased carbon sequestration in plant tissues and

subsequent return of organic matter to the soil through crop residues.

Similarly, Raun et al. (1998) and Halvorson and Reule (1999) reported similar
results, showing that the application of N fertilizer had a significant impact on soil organic
carbon. Their research indicated that the addition of N led to an increase in soil organic
carbon content, likely due to the increased biomass production and organic matter input.
Overall, the data provides evidence that the application of nitrogenous fertilizers, as seen
in treatment T3, can positively influence soil organic carbon levels. This is because the
higher N rates encourage plant growth and carbon sequestration in the form of biomass,

which, in turn, contributes to higher soil organic carbon content.
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Table 4.4: Effect of different nitrogenous fertilizers applied to soil and foliar application on paddy pH, EC, and O.C.

Treatments pH EC 0.C.
Control 6.6 0.16 0.61
GRD (N=150 kg ha™ recommended dose of N through prilled urea as per
X . 6.9 0.19 0.71
recommendation for basal and top dressing.
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @2 mL Lit" of water at recommended time of top dressing for N 6.7 0.20 0.78
application.
Basal dose of N through prilled urea as per the recommendation and foliar 6.5 017 0.67
application of UAN@ 4ml Lit™ of water ' ' '
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @2ml Lit™ of water at recommendation time of top dressing for N 6.5 0.21 0.72
application.
Basal dose of N through prilled urea as per the recommendation and foliar 6.5 0.19 0.75
application of Nano urea @4ml Lit™ of water
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @1.5ml Lit" of water at recommendation time of top dressing for N 6.5 0.20 0.66
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @1.5ml Lit™ of water at recommendation time of top dressing for N 6.6 0.18 0.72
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of UAN @6.0ml Lit" of water at recommendation time of top dressing for N 6.4 0.19 0.67
application.
Basal dose of N through prilled urea as per recommendation and foliar application
of Nano urea @6.0ml Lit™ of water at reccommendation time of top dressing for N 6.3 0.17 0.68
application.
SEmz 0.1 0.03 0.01
C.D.at5% NS 0.08 0.03
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Fig 4.4: Effect of different nitrogenous fertilizers applied to soil and foliar
application on paddy pH, EC, and O.C.

4.2.4 Mineralizable nitrogen

The data on mineralizable nitrogen in soil is presented in table 4.5 and Fig. 4.5
reveals that application of different nitrogenous fertilizers on paddy crop showed the
highest mineralizable nitrogen content in soil (176.6 kg ha™) was observed in the
treatment T, (GRD) which was significantly higher than all other treatments T, (control),
T4 ( recommended dose of nitrogen as basal and foliar application UAN @ 4.0 mL ™ of
water at recommended time of nitrogen top dressing), Ts ( recommended dose of nitrogen
as basal and foliar application Nano urea @ 2.0 mL ™ of water at recommended time of
nitrogen top dressing), T ( recommended dose of nitrogen as basal and foliar application
Nano urea @ 4.0 mL ™ of water at recommended time of nitrogen top dressing), T7 (
recommended dose of nitrogen as basal and foliar application UAN @ 1.5 mL ™ of water
at recommended time of nitrogen top dressing), Tg ( recommended dose of nitrogen as
basal and foliar application Nano urea @ 1.5 mL ™ of water at recommended time of
nitrogen top dressing), To ( recommended dose of nitrogen as basal and foliar application
UAN @ 6.0 mL * of water at recommended time of nitrogen top dressing) and Tio (
recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0 mL ™ of
water at recommended time of nitrogen top dressing) while non- significantly with T3 (

recommended dose of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of water

Result and Discussion... e



59

at recommended time of nitrogen top dressing) and the minimum (145.2 kg ha™) in the
treatment Ty (control) after harvest of paddy crop. The foliar application of UAN @ 2.0
mL * of water at recommended time of nitrogen top dressing along with recommended
dose of nitrogen as basal (T3) significantly increased mineralizable nitrogen in soil (173.8
kg ha™) than the treatment T, ( recommended dose of nitrogen as basal and foliar
application UAN @ 4.0 mL ™ of water at recommended time of nitrogen top dressing), T;
( recommended dose of nitrogen as basal and foliar application UAN @ 1.5 mL ™ of water
at recommended time of nitrogen top dressing), and Tg ( recommended dose of nitrogen
as basal and foliar application UAN @ 6.0 mL ™ of water at recommended time of

nitrogen top dressing) i.e. 168.4,158.4 and 143.8 kg ha™ respectively after harvest of crop.

Indeed, the observed increase in soil organic carbon and nutrient availability in
response to the application of nitrogenous fertilizers, particularly through foliar sprays,
could be partially attributed to the role of root exudates in facilitating nutrient mobilization
and solubilization in the soil. Root exudates are compounds released by plant roots into the
rhizosphere, the region of soil surrounding the roots. These exudates consist of a diverse
array of organic substances, such as organic acids, enzymes, sugars, and amino acids.
They serve various functions, including improving nutrient availability, promoting
beneficial microbial activity, and enhancing soil structure. One essential function of root
exudates is their ability to enhance nutrient mobilization and solubilization in the soil. The
exudates release organic acids and enzymes that contribute to the breakdown of organic
matter and mineral weathering processes in the soil. This process leads to the release of
bound nutrients, making them more available for plant uptake. In the context of
nitrogenous fertilizers applied through foliar sprays, root exudates can play a significant
role in the nutrient assimilation process. By applying nitrogenous fertilizers directly to the
leaves, the plants can bypass the soil and root system to some extent. This reduces the
dependence on soil-based nutrient absorption and allows for a more efficient and rapid
uptake of nitrogen. As a result, the exudates can contribute to the mobilization of nitrogen
and other essential nutrients from the soil, further enhancing nutrient availability and
contributing to increased plant growth and soil organic carbon. The research conducted by
Ajithkumar et al. (2021) aligns with these findings, indicating that inorganic nitrogen,
particularly released by nitrogenous fertilizers, is prominently involved in nutrient cycling

and assimilation processes. This highlights the importance of both soil and foliar nutrient
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management strategies in optimizing nutrient availability and promoting overall crop

productivity.
Extractable phosphorus

The data on extractable phosphorus is presented in table 4.5 and Fig. 4.5 showed
the range of extractable phosphorus from 16.5 to 26.2 kg ha™ in soil after harvest of paddy
crop. The treatment T, (GRD) significantly increased the extractable phosphorus 26.2 kg
ha* among all other treatments. The treatment T (recommended dose of nitrogen as basal
and foliar application UAN @ 2.0 mL ™ of water at recommended time of nitrogen top
dressing) significantly increased the extractable phosphorus (22.5 kg ha™) than the
treatment T, ( recommended dose of nitrogen as basal and foliar application UAN @ 4.0
mL ! of water at recommended time of nitrogen top dressing) while at par with the
treatment Ty ( recommended dose of nitrogen as basal and foliar application Nano urea @
6.0 mL ™ of water at recommended time of nitrogen top dressing) in soil after harvest of
paddy crop. The treatment Ty (recommended dose of nitrogen as basal and foliar
application UAN @ 6.0 mL ™ of water at recommended time of nitrogen top dressing)
significantly increased extractable phosphorus in soil (23.4 kg ha') than T, (
recommended dose of nitrogen as basal and foliar application UAN @ 4.0 mL ™ of water

at recommended time of nitrogen top dressing) after harvest of crop.
Exchangeable potassium

The data on exchangeable potassium is presented in the table 4.5 and Fig. 4.5,
clearly indicates that exchangeable potassium in the soil ranged from 122.09 to 154.3 kg
ha™. The maximum exchangeable potassium (154.3 kg ha™*) was found in the treatment T,
(GRD) which was significantly higher than all other treatments except T9 (recommended
dose of nitrogen as basal and foliar application UAN @ 6.0 mL ™ of water at
recommended time of nitrogen top dressing) and T1o (recommended dose of nitrogen as
basal and foliar application Nano urea @ 6.0 mL ™ of water at recommended time of
nitrogen top dressing) after harvest of paddy crop. The exchangeable potassium in soil
significantly higher (150.6 kg ha™) was recorded in the treatment (T1o) where we applied
recommended dose of nitrogen though urea as basal along with the foliar application of
Nano urea @ 6.0 mL * of water at recommended time of nitrogen application as top

dressing over the treatments T4 (recommended dose of nitrogen as basal and foliar

Result and Discussion... &



61

Table 4.5: Effect of different nitrogenous fertilizers applied to soil and foliar application on paddy available N, P and K

Mineralizable N Extractable Exchangeable
Treatment p K
Control 145.2 16.5 122.5
— -1 .
GRD (N=150 kg ha™ recommended dose of N through prilled urea as 176.6 6.2 154.3

per recommendation for basal and top dressing.

Basal dose of N through prilled urea as per recommendation and
foliar application of UAN @2 mL Lit™ of water at recommended time 173.8 225 144.0
of top dressing for N application.

Basal dose of N through prilled urea as per the recommendation and
foliar application of UAN@ 4ml Lit™ of water

Basal dose of N through prilled urea as per recommendation and
foliar application of Nano urea @2ml Lit* of water at 168.4 21.8 125.7
recommendation time of top dressing for N application.

Basal dose of N through prilled urea as per the recommendation and
foliar application of Nano urea @4ml Lit™

Basal dose of N through prilled urea as per recommendation and
foliar application of UAN @1.5ml Lit™ of water at recommendation 158.4 21.9 146.7
time of top dressing for N application.

Basal dose of N through prilled urea as per recommendation and
foliar application of Nano urea @1.5ml Lit* of water at 153.2 21.7 137.4
recommendation time of top dressing for N application.

Basal dose of N through prilled urea as per recommendation and
foliar application of UAN @6.0ml Lit™ of water at recommendation 143.8 234 149.3
time of top dressing for N application.

Basal dose of N through prilled urea as per recommendation and

160.6 19.3 143.5

160.4 21.8 121.5

foliar application of Nano urea @6.0ml Lit' of water at 147.4 20.6 156.6
recommendation time of top dressing for N application.

SEm + 14 0.8 2.2
C.D.at 5% 4.2 53 6.6
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application UAN @ 4.0 mL ™ of water at recommended time of nitrogen top dressing), Ts (
recommended dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL ™ of
water at recommended time of nitrogen top dressing), T ( recommended dose of nitrogen
as basal and foliar application Nano urea @ 4.0 mL ™ of water at recommended time of
nitrogen top dressing) and Tg ( recommended dose of nitrogen as basal and foliar
application Nano urea @ 1.5 mL " of water at recommended time of nitrogen top dressing)
while at par with the treatment Ts (recommended dose of nitrogen as basal and foliar
application UAN @ 2.0 mL " of water at recommended time of nitrogen top dressing)

after harvest of crop.

This suggests that the specific foliar application sources used in these treatments
might have had a lesser impact on potassium availability in the soil compared to
conventional fertilizer application. When compared to the control treatment (T,), all

treatments displayed superior exchangeable potassium in soil after harvest of paddy crop.

The data supports the idea that root exudates can indeed facilitate the mobilization
and solubilization of nutrients in the soil, including potassium. Root exudates release
organic compounds that promote nutrient cycling and mineral weathering processes,
making nutrients more available for plant uptake. This likely contributed to the enhanced

potassium availability observed in treatments involving foliar application.
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Fig 4.5: Effect of different nitrogenous fertilizers applied to soil and foliar
application on paddy available N, P and K
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4.3 Plant sample of paddy crop
4.3.1 Nitrogen content in grain and straw of paddy

4.3.1.1 N content in grain

The data pertaining to nitrogen content in paddy grain are presented in table 4.6
and Fig. 4.6 varied from 0.92 to 1.62%. The highest 1.62% N content in grain was
observed under the treatment T3 (recommended dose of nitrogen as basal and foliar
application UAN @ 2.0 mL * of water at recommended time of nitrogen top dressing)
which was significantly higher than all other treatments while at par with the treatment Ts
(recommended dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL ™ of
water at recommended time of nitrogen top dressing). The significantly higher nitrogen
content in paddy grain 1.56% was recorded in the treatment Ts ( recommended dose of
nitrogen as basal and foliar application Nano urea @ 2.0 mL ™ of water at recommended
time of nitrogen top dressing) than the treatments Tg ( recommended dose of nitrogen as
basal and foliar application Nano urea @ 4.0 mL ™ of water at recommended time of
nitrogen top dressing) and Tg ( recommended dose of nitrogen as basal and foliar
application Nano urea @ 1.5 mL * of water at recommended time of nitrogen top
dressing). The treatment T3 (recommended dose of nitrogen as basal and foliar application
UAN @ 2.0 mL ™ of water at recommended time of nitrogen top dressing) significantly
increases the nitrogen content in grain (1.62%) over the treatments T, (recommended dose
of nitrogen as basal and foliar application UAN @ 4.0 mL ™ of water at recommended
time of nitrogen top dressing), T; (recommended dose of nitrogen as basal and foliar
application UAN @ 1.5 mL ™ of water at recommended time of nitrogen top dressing) and
Te (recommended dose of nitrogen as basal and foliar application UAN @ 6.0 mL ™ of

water at recommended time of nitrogen top dressing)i.e. 1.36,1.42 and 1.22% respectively.
4.3.1.2 N uptake by grain

The data pertaining to nitrogen uptake by paddy grain is presented in table 4.6 and
Fig. 4.6 revealed that the nitrogen uptake in grain varied from 41.65 to 101.42 kg ha™.
The highest 101.42 kg ha™ nitrogen uptake was observed under the treatment Tj
(recommended dose of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of water
at recommended time of nitrogen top dressing) which was significantly higher than all

other treatments except the treatment To (recommended dose of nitrogen as basal and
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foliar application UAN @ 6.0 mL * of water at recommended time of nitrogen top
dressing). The treatment T, (recommended dose of nitrogen as basal and foliar application
UAN @ 6.0 mL ™ of water at recommended time of nitrogen top dressing) significantly
increases the nitrogen uptake by grain (99.3 kg ha™) than the treatments T4 (recommended
dose of nitrogen as basal and foliar application UAN @ 4.0 mL * of water at
recommended time of nitrogen top dressing) and T; (recommended dose of nitrogen as
basal and foliar application UAN @ 1.5 mL ™ of water at recommended time of nitrogen
top dressing).

Among all the treatments where UAN as foliar application were applied are found
to be statistically superior than the treatments where nano urea is applied as foliar

application.
4.3.1.3 N content in straw

The data pertaining on nitrogen content in paddy straw is presented in table 4.6
and Fig. 4.6 varied from 0.62% in the treatment T, (Control) to 0.90% with the treatment
T3 (recommended dose of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of
water at recommended time of nitrogen top dressing). The highest N content in paddy
straw (0.90%) was observed under the treatment T3 (recommended dose of nitrogen as
basal and foliar application UAN @ 2.0 mL ™ of water at recommended time of nitrogen
top dressing) which was significantly higher among all other treatments. The treatment T1g
(recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0 mL ™ of
water at recommended time of nitrogen top dressing) significantly increases the nitrogen
content in paddy straw (0.84%) than the treatment T8 (recommended dose of nitrogen as
basal and foliar application Nano urea @ 1.5 mL ™ of water at recommended time of
nitrogen top dressing) while statistically at par with the treatment Ts (recommended dose
of nitrogen as basal and foliar application Nano urea @ 2.0 mL * of water at

recommended time of nitrogen top dressing ).

This could be because foliar applications have very small particle sizes and are
easily absorbed by rice plant parts surface like leaves when foliar spraying is used. Above
finding were supported by Kaviani et al. (2016), discovered that, when compared to a
control, foliar application of nitrogenous fertilizers had a significant positive effect on
plant leaf N, P, and K contents.
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4.3.1.4 N uptake in straw

The data on nitrogen uptake by paddy straw is presented in table4.6 and Fig. 4.6,
revealed that the highest nitrogen uptake by paddy straw varied from 28.1 to 53.9 kg ha™.
The highest nitrogen uptake 53.9 kg ha™ was recorded in the treatment T3
(recommended dose of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of water
at recommended time of nitrogen top dressing) which was significantly higher among all
the treatments except the treatment Ty (recommended dose of nitrogen as basal and foliar
application UAN @ 6.0 mL ™! of water at recommended time of nitrogen top dressing)
while minimum with the treatment T1 (control) 28.1 kg ha™. The treatment Ts
(recommended dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL ™ of
water at recommended time of nitrogen top dressing) significantly increased the nitrogen
uptake by paddy straw (45.7 kg ha™) than the treatment Tg (recommended dose of nitrogen
as basal and foliar application Nano urea @ 1.5 mL ™ of water at recommended time of
nitrogen top dressing) and Tip (recommended dose of nitrogen as basal and foliar
application Nano urea @ 6.0 mL ™ of water at recommended time of nitrogen top
dressing) i.e. 37.9 and 38.6 kg ha™ respectively while at par with the treatment T
(recommended dose of nitrogen as basal and foliar application Nano urea @ 4.0 mL ™ of
water at recommended time of nitrogen top dressing). The treatment T, (GRD)
significantly increased the nitrogen uptake by paddy straw (52.4 kg ha™) than the
treatments T4, Ts, Tg, T7, Tg and To.

4.3.1.5 Total nitrogen uptake by paddy

The data pertaining to total nitrogen uptake by paddy crop is presented in Table4.6
and Fig. 4.6 indicates that the total nitrogen uptake by paddy crop varied from 69.4kg ha™
in treatment Ty (control) to 154.3 kg ha™ in treatment T3 (recommended dose of nitrogen
as basal and foliar application UAN @ 2.0 mL ™ of water at recommended time of
nitrogen top dressing). The highest 154.3 kg ha™ total nitrogen uptake by paddy crop was
observed under the treatment T;, which was significantly higher than all other
treatments except the treatment T9(recommended dose of nitrogen as basal and foliar
application UAN @ 6.0 mL ™ of water at recommended time of nitrogen top dressing),
while the lowest 69.72 kg/ha uptake was under the treatment control (T;). The treatment

To (recommended dose of nitrogen as basal and foliar application UAN @ 6.0 mL ™ of
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water at recommended time of nitrogen top dressing) significantly increased total nitrogen
uptake by paddy crop (151.9 kg ha™) than the treatment T, (GRD), T4 (recommended dose
of nitrogen as basal and foliar application UAN @ 4.0 mL " of water at recommended
time of nitrogen top dressing) and T; (recommended dose of nitrogen as basal and foliar
application UAN @ 1.5 mL " of water at recommended time of nitrogen top dressing) i.e.
125.7, 139.9 and 124.1 kg ha™ respectively. The treatment T5 (recommended dose of
nitrogen as basal and foliar application Nano urea @ 2.0 mL ™ of water at recommended
time of nitrogen top dressing) significantly increased the total nitrogen uptake (129.5 kg
ha™) by paddy crop over the treatment Tg (recommended dose of nitrogen as basal and
foliar application Nano urea @ 1.5 mL ™ of water at recommended time of nitrogen top
dressing) and T (recommended dose of nitrogen as basal and foliar application Nano
urea @ 6.0 mL ™ of water at recommended time of nitrogen top dressing). The foliar
application of UAN @ 4.0 mL ™ of water at the recommended time of Nitrogen top
dressing with recommended dose of nitrogen as basal (T,) significantly increased the total

nitrogen uptake by paddy crop than the treatment T, (GRD).

The enhanced nitrogen content and uptake in maize crops can be attributed to the
slow-release pattern of Nano fertilizer, which ensures a sustained and steady supply of
nitrogen to the plants. This unique slow-release mechanism allows for better nutrient
availability to the crops over an extended period, leading to increased nitrogen uptake in
both grains and straw. Among the various treatment combinations tested, the treatment
with 50% nitrogen (N) combined with Nano N and Nano Zn demonstrated the highest
crop yield and exhibited the most significant increase in nitrogen uptake by maize. This
suggests that the synergistic effect of Nano N and Nano Zn played a crucial role in
promoting nutrient uptake and overall crop performance. These findings align with
previous research by Bhuva and Sharma (2015), who observed significant improvements
in pearl millet nutrient uptake with different nitrogen levels. Similarly, Rajonee et al.
(2016) reported higher nitrogen content and uptake in Kalmi plants treated with both
conventional fertilizer and Nano fertilizer, with the latter showing superior results. A
noteworthy observation from earlier studies indicates that foliar NPK application can lead
to increased nutrient uptake by maize roots (Ling and Silberbush, 2002). The foliar
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Table 4.6 Effect of different nitrogenous fertilizers applied to soil and foliar application on N content and uptake by grain and

straw of paddy crop
Content (%) Uptake (kg ha™) Total N
Grain Straw Grain Straw uptake
Treatments (kg ha™)
Control 0.92 0.62 42.3 28.1 69.4
GRD (N=150 kg ha™ recommended dose of N through prilled urea as per recommendation
for basal and top dressing. 1.45 0.90 73.1 52.4 125.7
Basal dose of N through prilled urea as per recommendation and foliar application of UAN
@2 mL Lit" of water at recommended time of top dressing for N application. 1.62 0.85 101.6 53.9 154.3
Basal dose of N through prilled urea as per the recommendation and foliar application of]
UAN@ 4ml Lit™ of water 1.36 0.83 924 46.6 139.9
Basal dose of N through prilled urea as per recommendation and foliar application of Nano
urea @2ml Lit™" of water at recommendation time of top dressing for N application. 1.56 0.81 85.9 45.7 1295
Basal dose of N through prilled urea as per the recommendation and foliar application of
Nano urea @4ml Lit™ of water 1.27 0.82 86.1 43.3 128.9
Basal dose of N through prilled urea as per recommendation and foliar application of UAN
@1.5ml Lit™ of water at recommendation time of top dressing for N application. 1.42 0.80 82.3 44.4 124.1
Basal dose of N through prilled urea as per recommendation and foliar application of Nano
urea @1.5ml Lit™ of water at recommendation time of top dressing for N application. 1.42 0.76 74.8 37.9 1121
Basal dose of N through prilled urea as per recommendation and foliar application of UAN
@6.0ml Lit™ of water at recommendation time of top dressing for N application. 1.22 0.82 99.3 51.3 151.9
Basal dose of N through prilled urea as per recommendation and foliar application of Nano
urea @6.0ml Lit™ of water at recommendation time of top dressing for N application. 1.24 0.84 74.8 38.6 112.9
SEmz 0.02 0.01 1.3 0.7 1.7
C.D.at5% 0.05 0.03 3.9 2.1 49
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application of nutrients allows for direct absorption and utilization by the plant, bypassing
potential losses through soil interactions. Consequently, this method optimizes nutrient
delivery to the crops, positively impacting nutrient uptake and subsequent growth. The
collective evidence from the aforementioned studies reinforces the significance of nitrogen
fertilizer application in augmenting the nitrogen content of maize crops. The increase in
nitrogen content percentage over the control, as discovered by Das et al. (2000), further
underscores the vital role of nitrogen fertilization in enhancing crop nutrition and

productivity.

The slow-release pattern of Nano fertilizer emerges as a pivotal factor in driving
increased nitrogen content and uptake in maize crops. The combination of Nano N and
Nano Zn in specific treatments shows promising results in elevating crop yield and
nutrient assimilation. These findings are in harmony with previous research, emphasizing
the positive impact of nutrient management practices, such as foliar application, on
nutrient uptake and overall crop performance. The insights gained from these studies can
serve as valuable guidelines for optimizing fertilizer usage and improving nutrient use
efficiency in maize cultivation, ultimately contributing to sustainable agriculture and

meeting global food demands.

4.4  Phosphorus content in grain and straw
4.4.1 Phosphorus content in grain

The data on phosphorus content in paddy grain is presented in table4.7 and Fig.
4.7 indicates that the highest Phosphorus content in grain 0.56% to 0.29 %. The highest
P content 0.56% was observed under treatment T3 (recommended dose of nitrogen as
basal and foliar application UAN @ 2.0 mL " of water at recommended time of nitrogen
top dressing) which was significantly higher than all other treatment while statistically at
par with the treatment T, (GRD) and the minimum with the treatment T1(control) i.e.
0.29 %. The phosphorus content in paddy grain (0.51%) was observed with the treatment
T2(GRD) which was significantly higher than the foliar application of UAN and Nano
urea treatments (T4,Ts, Te, T7, Ts, Tg and Tyo. The phosphorus content in paddy straw
(0.45%) with the treatment Ts (recommended dose of nitrogen as basal and foliar

application Nano urea @ 2.0 mL * of water at recommended time of nitrogen top

Result and Discussion... &



69

dressing) was significantly higher than the treatment T,y (recommended dose of nitrogen
as basal and foliar application Nano urea @ 6.0 mL ™ of water at recommended time of
nitrogen top dressing) while statistically at par with the treatment T (recommended dose
of nitrogen as basal and foliar application Nano urea @ 1.5 mL ™ of water at
recommended time of nitrogen top dressing). and Tg (recommended dose of nitrogen as
basal and foliar application Nano urea @ 4.0 mL ™ of water at recommended time of

nitrogen top dressing).
4.4.2 P uptake ingrain

The data on phosphorus uptake by paddy grain is presented in table 4.7 and Fig.
4.7 revealed that the highest phosphorus uptake by grain 35.9 kg ha™* with the treatment
(T3) which was significantly higher than all other treatments except the treatment
T,(GRD). The treatment T, (GRD) significantly increased the phosphorus uptake by
grain 34.7 kg ha™ over the foliar application of UAN and Nano urea i.e. the treatments
T4, Ts, Te, T, Tg, Tg and Tyo. The treatment Ts (recommended dose of nitrogen as basal
and foliar application Nano urea @ 2.0 mL ™ of water at recommended time of nitrogen
top dressing) significantly increased the phosphorus uptake by grain 24.8 kg ha™ than the
treatment T (recommended dose of nitrogen as basal and foliar application Nano urea @
4.0 mL " of water at recommended time of nitrogen top dressing), Ts (recommended dose
of nitrogen as basal and foliar application Nano urea @ 1.5 mL " of water at
recommended time of nitrogen top dressing) and Tio (recommended dose of nitrogen as
basal and foliar application Nano urea @ 6.0 mL ™ of water at recommended time of
nitrogen top dressing). T3 (recommended dose of nitrogen as basal and foliar application
UAN @ 2.0 mL * of water at recommended time of nitrogen top dressing) treatment
significantly increased the phosphorus uptake by grain 35.9 kg ha™ than the treatmentsT4
(recommended dose of nitrogen as basal and foliar application UAN @ 4.0 mL ™ of water
at recommended time of nitrogen top dressing),T; (recommended dose of nitrogen as
basal and foliar application UAN @ 1.5 mL " of water at recommended time of nitrogen
top dressing) and Tg¢ (recommended dose of nitrogen as basal and foliar application UAN
@ 6.0 mL " of water at recommended time of nitrogen top dressing). The data presented
in this table clearly indicated that the foliar application of UAN is better than the foliar
application of Nano urea and GRD.

Result and Discussion... e



70

4.4.3 P contentin straw

The data on phosphorus content in paddy straw is presented in table 4.7 and Fig.
4.7 varied from 0.14 % to 0.25 %. The highest P content 0.25 % was observed under the
treatment T3 (recommended dose of nitrogen as basal and foliar application UAN @ 2.0
mL ™ of water at recommended time of nitrogen top dressing) which was significantly
higher than the treatments T, (recommended dose of nitrogen as basal and foliar
application UAN @ 4.0 mL ™ of water at recommended time of nitrogen top dressing)
and Tg (recommended dose of nitrogen as basal and foliar application UAN @ 6.0 mL ™
of water at recommended time of nitrogen top dressing)i.e. 0.19% and 0.16%
respectively while Statistically at par with the treatment T; (recommended dose of
nitrogen as basal and foliar application UAN @ 1.5 mL ™ of water at recommended time

of nitrogen top dressing).
4.4.4 P uptake in straw

The data on phosphorus content in paddy straw is presented in table4.7 fig. 4.7
varied from 15.9 kg ha® to 51.2 kg ha™. The highest P uptake 51.2 kg ha™ was
observed under the treatment T3 (recommended dose of nitrogen as basal and foliar
application UAN @ 2.0 mL ™ of water at recommended time of nitrogen top dressing)
which was significantly higher among all the treatments, while the lowest 16.13 kg ha™
under the treatment control (T1) whereas the second highest uptake of phosphorus by
paddy straw was recorded under the treatment T¢ (recommended dose of nitrogen as basal
and foliar application UAN @ 6.0 mL ™ of water at recommended time of nitrogen top
dressing). The significantly higher phosphorus uptake by paddy straw 45.3 kg ha™ was
recorded under the treatment To (recommended dose of nitrogen as basal and foliar
application UAN @ 6.0 mL ™ of water at recommended time of nitrogen top dressing) than
the treatments T, and T i.e. 38.7 and 37.7 kg ha™® respectively. The treatment Ty
(recommended dose of nitrogen as basal and foliar application Nano urea@ 6.0 mL ™ of
water at recommended time of nitrogen top dressing) gave significantly higher phosphorus
uptake by paddy straw 37.6 kg ha™ than the treatments Ts (recommended dose of nitrogen
as basal and foliar application Nano urea @ 2.0 mL ™ of water at recommended time of
nitrogen top dressing), T (recommended dose of nitrogen as basal and foliar application

Nano urea @ 4.0 mL ™ of water at recommended time of nitrogen top dressing)and Tg
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(recommended dose of nitrogen as basal and foliar application Nano urea @ 1.5 mL ™ of

water at recommended time of nitrogen top dressing).

Among all the treatments where UAN as foliar application were applied are found
to be statistically superior than the treatments where nano urea as foliar application were
applied and treatment T, treatments was statistically at par to Ty,

445 Total phosphorus uptake by paddy

The data on total phosphorus uptake by paddy crop is presented in table 4.7 and Fig 4.7
varied from 29.6 kg ha™ to 86.7 kg ha™ . The highest total phosphorus uptake 86.7 kg ha™ by
paddy crop was observed under treatment T3 (recommended dose of nitrogen as basal and foliar
application UAN @ 2.0 mL ™ of water at recommended time of nitrogen top dressing) which
was significantly higher among all the treatments, while the lowest total phosphorus uptake
was recorded under the treatment control (T;). The total phosphorus uptake by paddy crop 70.7
kg ha® was recorded under the treatment To(GRD)was significantly higher than the foliar
application of Nano urea with different doses these are Ts (recommended dose of nitrogen as
basal and foliar application Nano urea @ 2.0 mL ™ of water at recommended time of nitrogen
top dressing), Ts (recommended dose of nitrogen as basal and foliar application Nano urea @
4.0 mL ™ of water at recommended time of nitrogen top dressing), Ts (recommended dose of
nitrogen as basal and foliar application Nano urea @ 1.5 mL ™ of water at recommended time of
nitrogen top dressing) and Ty (recommended dose of nitrogen as basal and foliar application
Nano urea @ 6.0 mL * of water at recommended time of nitrogen top dressing) i.e.
55.3,47.4,51.4 and 58.4 kg ha™* respectively. The foliar application of UAN at the different doses

was found better than the foliar application of Nano urea.

The positive impact of nitrogen on phosphorus uptake by maize grain and straw can be
attributed to the unique surface coatings of Nanomaterials present in the Nano fertilizer. These
coatings on the fertilizer particles create a larger surface area, leading to more intense nutrient
holding capacity compared to conventional fertilizers. As a result, Nano fertilizers facilitate a
controlled release of nutrients and reduce the fixation of phosphorus in the soil. The findings
from the current study align with previous research conducted by Mala et al. (2017), which
demonstrated that Nano fertilizer application significantly enhances phosphorus content and
uptake compared to conventional fertilizers. This confirms the efficacy of Nano fertilizers in

promoting phosphorus uptake and utilization by maize crops. Similarly, Nirere et al. (2021)
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provided further support for the benefits of nutrient management practices involving the
application of Nano fertilizers. Their study revealed that combining soil application of 100%
recommended dose of fertilizer (RDF) with foliar sprays of NPK at specific growth stages
significantly increased maize crop's nitrogen, phosphorus, and potassium uptake. These findings
underscore the potential synergistic effects of proper nutrient management, which can further
enhance phosphorus uptake in maize crops. Additionally, Meena et al. (2021) reported a
significant increase in phosphorus uptake by both grain and straw of wheat crops through the
application of Nano fertilizers via foliar spraying. This indicates that Nano fertilizers have the
capacity to improve phosphorus acquisition in various cereal crops, including wheat, further
reinforcing their potential in promoting nutrient uptake efficiency. Furthermore, Zaki (2016)
observed a direct relationship between nitrogen fertilization and phosphorus uptake in rice grain
and straw. Increasing nitrogen fertilization resulted in an increase in phosphorus uptake,
highlighting the interconnectedness of nutrient interactions in crop plants. In line with the above
findings, Rana et al. (2017) reported that nitrogen application led to elevated phosphorus
concentrations in wheat plants during the maximum tillering stage. This suggests that nitrogen
fertilization positively influences phosphorus assimilation during crucial growth periods,

ultimately contributing to enhanced crop performance.

Overall, the use of Nano fertilizers shows promise in promoting phosphorus uptake
and nutrient use efficiency in maize and other cereal crops. The surface coatings of
Nanomaterials in Nano fertilizers provide distinct advantages, such as controlled nutrient
release and reduced nutrient fixation, resulting in better nutrient availability for plant
uptake. As demonstrated by previous studies, proper nutrient management practices,
involving the application of Nano fertilizers alongside conventional fertilizers, can lead to
improved phosphorus content and uptake, ultimately contributing to enhanced crop

productivity and agricultural sustainability.
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Table 4.7: Effect of different nitrogenous fertilizers applied to soil and foliar application on P content and uptake by grain
and straw of paddy crop

Content (%) Uptake (kg ha™) Total P uptake
-1
Treatments Grain Straw Grain Straw (kg ha”)
Control 0.29 0.14 13.0 15.9 29.6
GRD (N=150 kg ha™* recommended dose of N through prilled urea as per recommendation for 0.51 0.23 34.7 35.8 70.7
basal and top dressing.
Basal dose of N through prilled urea as per recommendation and foliar application of UAN 0.56 0.25 35.9 51.2 86.7
@2 mL Lit™* of water at recommended time of top dressing for N application.
Basal dose of N through prilled urea as per the recommendation and foliar application of 0.43 0.19 22.9 38.7 73.7
UAN@ 4ml Lit™ of water
Basal dose of N through prilled urea as per recommendation and foliar application of Nano 0.45 0.20 24.8 30.4 55.3
urea @2ml Lit™ of water at recommendation time of top dressing for N application.
Basal dose of N through prilled urea as per the recommendation and foliar application of Nano 0.38 0.19 16.4 30.9 47.4
urea @4ml Lit™ of water
Basal dose of N through prilled urea as per recommendation and foliar application of UAN 0.43 0.21 23.1 37.7 60.4
@1.5ml Lit™ of water at recommendation time of top dressing for N application.
Basal dose of N through prilled urea as per recommendation and foliar application of Nano 0.39 0.20 18.1 33.6 51.4
urea @1.5ml Lit™ of water at recommendation time of top dressing for N application.
Basal dose of N through prilled urea as per recommendation and foliar application of UAN 0.31 0.16 22.9 453 68.3
@6.0ml Lit™ of water at recommendation time of top dressing for N application.
Basal dose of N through prilled urea as per recommendation and foliar application of Nano 0.32 0.19 20.7 37.6 58.4
urea @6.0ml Lit™” of water at recommendation time of top dressing for N application.
SEmz 0.01 0.01 0.9 0.9 1.2
C.D.at5% 0.02 0.03 2.8 2.8 3.5
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45  Potassium content in grain and straw by

45.1 Kcontentingrain

The data on potassium content in grain of paddy rice is presented in table 4.8
and Fig.4.8 varied from 0.30 % to 0.53 %. The highest potassium uptake (0.53 %) by
paddy grain was observed under the treatment T, (GRD) was significantly higher than
the other treatments such as T, (recommended dose of nitrogen as basal and foliar
application UAN @ 4.0 mL * of water at recommended time of nitrogen top
dressing),Ts (recommended dose of nitrogen as basal and foliar application Nano urea
@ 2.0 mL ™ of water at recommended time of nitrogen top dressing), T (recommended
dose of nitrogen as basal and foliar application Nano urea @ 4.0 mL " of water at
recommended time of nitrogen top dressing),T;(recommended dose of nitrogen as
basal and foliar application UAN @ 1.5 mL ! of water at recommended time of
nitrogen top dressing),Tg (recommended dose of nitrogen as basal and foliar
application Nano urea @ 1.5 mL ™ of water at recommended time of nitrogen top
dressing), and Ty (recommended dose of nitrogen as basal and foliar application Nano
urea @ 6.0 mL ! of water at recommended time of nitrogen top dressing) while
statistically at par with the treatment T3 (recommended dose of nitrogen as basal and
foliar application UAN @ 2.0 mL ™ of water at recommended time of nitrogen top
dressing) and Ty (recommended dose of nitrogen as basal and foliar application UAN
@ 6.0 mL ™ of water at recommended time of nitrogen top dressing). The potassium
uptake by paddy grain 32.4 kg ha™ significantly increased the with the treatment T
(recommended dose of nitrogen as basal and foliar application UAN @ 6.0 mL ™ of
water at recommended time of nitrogen top dressing). Over the treatment T4
(recommended dose of nitrogen as basal and foliar application UAN @ 4.0 mL ™ of
water at recommended time of nitrogen top dressing) while at par with the treatment T
(recommended dose of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of

water at recommended time of nitrogen top dressing).
4.5.2 K content in straw

The data on potassium content in paddy straw is presented in table 4.8 and Fig. 4.8
revealed that the maximum potassium content in paddy straw 1.53 % was recorded in the
treatment T, (GRD) and the minimum 0.83 % with the treatment T; (control). The

Result and Discussion... &



75

significantly more potassium content in paddy straw 1.53 % was observed under the
treatment T,, which was significantly higher among all the treatments. The potassium
content in paddy straw (1.36%) was observed significantly more with the treatment T
(recommended dose of nitrogen as basal and foliar application Nano urea @ 6.0 mL ™ of
water at recommended time of nitrogen top dressing) than the treatment Ts (recommended
dose of nitrogen as basal and foliar application Nano urea @ 2.0 mL * of water at
recommended time of nitrogen top dressing) while statistically at par with treatment Tg
(recommended dose of nitrogen as basal and foliar application Nano urea @ 4.0 mL ™ of
water at recommended time of nitrogen top dressing) whereas non-significant with the
treatment Tg (recommended dose of nitrogen as basal and foliar application Nano urea @
1.5 mL ™ of water at recommended time of nitrogen top dressing). The potassium content
in paddy straw (1.44%) in the treatment T, (recommended dose of nitrogen as basal and
foliar application UAN @ 4.0 mL ™ of water at recommended time of nitrogen top
dressing) significantly increased than the treatment T3 (recommended dose of nitrogen as
basal and foliar application UAN @ 2.0 mL " of water at recommended time of nitrogen
top dressing) while at par with the treatment T ( recommended dose of nitrogen as basal
and foliar application UAN @ 6.0 mL ™ of water at recommended time of nitrogen top
dressing) and non-significant increased with treatment T; (recommended dose of nitrogen
as basal and foliar application UAN @ 1.5 mL ™ of water at recommended time of

nitrogen top dressing).
4.5.3 Potassium uptake in grain by paddy

The data on potassium uptake by paddy grain is presented in table 4.8 and Fig. 4.8
varied from 18.2 Kg ha™ to 34.1 Kg ha™. The highest 34.1 Kg ha™ potassium uptake by
paddy grain was observed under the treatment T, (GRD) which was significantly more
among all the treatments, while lowest 24.82 Kg ha™ with the treatment T, (control). The
treatment To (recommended dose of nitrogen as basal and foliar application UAN @ 6.0
mL * of water at recommended time of nitrogen top dressing) significantly increased the
potassium uptake (32.4 kg ha™®) by grain than the treatment T, (recommended dose of
nitrogen as basal and foliar application UAN @ 4.0 mL ™ of water at recommended time
of nitrogen top dressing) and T; (recommended dose of nitrogen as basal and foliar
application UAN @ 1.5 mL ™ of water at recommended time of nitrogen top dressing)

significantly at par with the treatment T3 (recommended dose of nitrogen as basal and
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foliar application UAN @ 2.0 mL ™ of water at recommended time of nitrogen top
dressing). Similar study was carried out by Tiwari et al. (2020) and reported that the
higher potassium content in grain was recorded with treatment having foliar application of
nitrogenous fertilizer applied similarly; the highest potassium uptake.

454 K uptake in straw

The data on potassium straw uptake by paddy is presented in table 4.8 potassium
straw uptake by paddy varied from 49.33 Kg™*(Ty) to 116.79 Kg™(T>). Highest 116.79 Kg’
Ipotassium straw uptake by paddy was observed under the treatment T,. While lowest
49.33Kg uptake under the treatment control T1. From the data whileTg and T3 were at par
with T, and T, is superior than T3, Tg and T4, Ts, Tg, T7 and Tg were inferior. In

comparison to the T, all the treatments were superior.
455 Total potassium uptake by paddy

The data on total uptake of potassium by paddy crop is presented in table 4.8 and
Fig. 4.8 showed that the maximum potassium uptake by paddy crop (151.2 kg ha™) was
observed under the treatment T, (GRD) significantly higher than all other treatments while
minimum potassium uptake with the T1 (control). The treatment T3 (recommended dose
of nitrogen as basal and foliar application UAN @ 2.0 mL ™ of water at recommended
time of nitrogen top dressing) significantly increased the potassium uptake by crop (145.2
kg ha™) significantly increased the potassium uptake by paddy crop than the treatment T
(recommended dose of nitrogen as basal and foliar application UAN @ 1.5 mL ™ of water
at recommended time of nitrogen top dressing) and T, (recommended dose of nitrogen as
basal and foliar application UAN @ 6.0 mL ™ of water at recommended time of nitrogen
top dressing) i.e. 134.0 and 132.7 kg ha™ respectively while statistically at with the
treatment T4(recommended dose of nitrogen as basal and foliar application UAN @ 2.0
mL 7 of water at recommended time of nitrogen top dressing). The foliar application of
UAN showed better than the foliar application of Nano urea on paddy crop.

The higher potassium content and uptake observed in treatment T,, where 50% of the
traditional chemical recommended dose of nitrogen was replaced by Nano N fertilizer,
could be attributed to the unique properties of nano structured formulations. Nano

fertilizers have the ability to control the release speed of nutrients, aligning with the crop's
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uptake patterns. The incorporation of nano-sized mineral nutrient formulations may
enhance the solubility and dispersion of insoluble nutrients in the soil, ultimately reducing
nutrient losses and fixation while increasing nutrient bio availability. This, in turn, leads to
improved potash use efficiency and greater potassium uptake by the crops, such as maize.
The unique characteristics of nanostructured fertilizers may enable them to enter plant cell
walls more easily, reaching the plasma membrane and enhancing nutrient uptake,
including potassium. Furthermore, similar research findings were reported by Das et al.
(2000), who observed that the application of nitrogen fertilizer significantly increased
potassium concentration and uptake in cotton crops. This suggests a potential synergistic
effect between nitrogen and potassium nutrients, which may be further amplified by the
slow nitrogen release pattern of Nano fertilizers. Additionally, Gunaratne et al. (2016)
found that urea-coated hydroxyapatite fertilizer increased potassium uptake by shoots of
Gliricidia sepium more effectively than conventional fertilizers added to the soil. This
supports the idea that specific nano formulations may promote better nutrient uptake,
leading to enhanced crop growth and productivity. The collective evidence from previous
research by Bahmanyar and Mashaee (2010), Zaki (2016), and Rana et al. (2017)
further strengthens the notion that nano structured fertilizers can positively impact
potassium uptake in various crops. These studies highlight the potential benefits of using
Nano fertilizers to enhance nutrient availability, improve nutrient use efficiency, and

optimize crop performance.

Result and Discussion... e



78

Table 4.8: Effect of different nitrogenous fertilizers applied to soil and foliar application on K content and uptake by grain and straw of

paddy crop
Content (%) Uptake (kg ha™) Total K uptake
Treatments Grain Straw Grain Straw (kg ha™)
Control 0.30 0.83 18.2 49.4 67.7
GRD (N=150 kg ha™ recommended dose of N through prilled urea as per recommendation
for basal and top dressing. 0.53 1.53 34.1 117.3 151.8
Basal dose of N through prilled urea as per recommendation and foliar application of
UAN @2 mL Lit™ of water at recommended time of top dressing for N application. 0.51 1.32 31.4 114.2 145.2
Basal dose of N through prilled urea as per the recommendation and foliar application of
UAN@ 4ml Lit™ of water 0.45 1.44 25.3 115.5 141.7
Basal dose of N through prilled urea as per recommendation and foliar application of
Nano urea @2ml Lit™ of water at recommendation time of top dressing for N application. 0.47 0.99 26.1 78.2 104.1
Basal dose of N through prilled urea as per the recommendation and foliar application of
Nano urea @4ml Lit™ of water 0.40 1.30 21.3 98.5 119.9
Basal dose of N through prilled urea as per recommendation and foliar application of
UAN @1.5ml Lit™ of water at recommendation time of top dressing for N application. 0.38 1.43 20.3 113.3 134.0
Basal dose of N through prilled urea as per recommendation and foliar application of
Nano urea @1.5ml Lit" of water at recommendation time of top dressing for N
application. 0.32 1.35 24.7 92.1 117.5
Basal dose of N through prilled urea as per recommendation and foliar application of
UAN @6.0ml Lit™ of water at recommendation time of top dressing for N application. 0.50 1.39 32.4 100.2 132.7
Basal dose of N through prilled urea as per recommendation and foliar application of
Nano urea @6.0ml Lit* of water at recommendation time of top dressing for N
application. 0.47 1.36 26.6 88.8 114.4
SEmz+ 0.01 0.01 0.42 1.2 1.7
C.D.at5% 0.02 0.05 1.25 34 4.9
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Fig 4.8: Effect of different nitrogenous fertilizers applied to soil and foliar

application on K content and uptake by grain and straw of paddy crop
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Chapter-5 SUMMARY AND CONCLUSION

The study "COMPARISION OF DIFFERENT FORM OF NITROGENOUS
FERTILIZERS APPLIED ON PADDY CROP (Oryza sativa L.) GROWN IN
NORTH WESTERN PLAINS OF INDIA” was carried out during the kharif season of
2022 at the Norman E. Borlaug Crop Research Centre, G.B.P.U.A & T, Pantnagar, Udham
Singh Nagar, Uttarakhand. The field experiment was carried out in RBD (Randomized
Block Design) with ten treatments and three replications. The paddy variety HKR 47 was

used for the research trial and sown in the kharif season of 2022.

There were ten treatment combinations, including Control (T;) with no treatment, GRD
(150:60:40 kg ha™ N:P,0s5:K,0) (T,), UAN @2.0 mL ha*(Ts), UAN @ 4.0 mL ha™ (Ty),
Nano Urea @2.0 mL ha™ (Ts), Nano Urea 4.0 mL ha™ (T¢), UAN @1.5 mL ha™ (T),Nano
Urea @1.5 mL ha™ (Tg), UAN @6.0 mL ha™ (Tg), Nano Urea @6.0 mL ha™(Ty). All
treatments include 100% PK and three Nano and UAN fertilizer sprays at 30DAS, 60DAS
and 90DAS. Soil samples were collected after crop harvesting to determine soil pH, EC,
organic carbon, available N, P, and K. The yield attributes were observed at different
stages of crop growth and plant and grain samples were also collected and processed for
chemical analysis to determine the nitrogen, phosphorus, and potassium content in paddy

grain and straw.
The current study's findings are summarized below:

1. Plant height increased from T; to Ty at knee height and during the vegetation stage,
but there was no statistically significant difference between treatments. Plant height
increased as N fertilizer application (foliar) increased. Plant height at active tillering

stage was higher than the knee height stage.

2. Maximum plant height attains at harvesting stage it varies from 80 to 123.2 cm.
Highest plant height under treatment T5 (UAN @2.0 mL ha™) with 123.2 cm while
80 cm lowest plant height observed under Ty (control). T3 plants grew 6.43% taller

than T, plants.T3 was at par with Tg followed by Ti, Ty, Ta, Ts, Ts, and Ts.

3. Paddy grain yield ranged from 45.27 to 64.10 g/ha. The treatment control (T;)
produced the lowest grain yield of 45.27 g/ha, while the treatment receiving 2.0 mL
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ha(Ts) produced the significant highest grain yield of 64.10 g/ha. Grain yield
increased by 7.31%when transitioning from T, (GRD) to Ts. In terms of grain yield,

T3 was significantly at par with Tg, followed by Tg, Tg, and T+.

4. Paddy 1000-grain weight (g) ranged from 22g to 32g. The treatment (T1) produced
the lowest 1000-grain weight of (22 g), while the treatment receiving UAN 2.0 mL
ha*(Ts) produced the highest 1000-grain weight of (32 g). 1000-grain weight
increased by 10.41% when transitioning from T, to Ts. In terms of grain yield, T3

was significantly

5. Paddy straw yield ranged from 59.43 to 88.70 g/ha. The treatment control (T,)
produced the lowest straw yield of 59.43 g/ha, while the treatment receiving 2.0 mL
ha™(T3) produced the highest grain yield of 88.70 g/ha. Straw yield increased by

7.9% when transitioning from T, to Ts. In terms of straw yield, T3 was significantly

6. Paddy total biomass yield ranged from 104.70 to 152.80 g/ha. The treatment control
(T1) produced the lowest total biomass of 104.70 g/ha, while the treatment receiving
UAN 2.0 mL ha(Ts) produced the highest grain yield of 152.80 g/ha. Total
biomass increased by 7.65% when transitioning from T, to Ts. In terms of total

biomass, T3 was significantly

7. After harvest, soil pH was ranged from 6.6 to 6.9 Results from analyzed data found
all treatments were non-significant effects for soil pH. The treatment control (T;)
reported the lowest pH with 6.6 while the treatment receiving UAN 2.0 mL ha™
(T3) reported the highest pH with 6.7 same results demonstrated under Ts.

8. Electric conductivity after paddy crop harvest was measured and results from data
analysis revealed that all treatments had a non significant effect. The range of EC
obtained was 0.16 dS m™* under T; to 0.20 dS m™ under Ts.

9. Soil organic carbon ranged from 0.61 to 0.78 %. The treatment control (T,) reported
the lowest organic carbon with 0.61% while the treatment with UAN 2.0 mL ha™
(T3) reported the highest organic carbon in soil with 0.77%. Soil organic carbon non
significant increased by 8.45% when comparing T, to Ts. Treatment received UAN
2.0 mL ha™ (T5)
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After harvesting of paddy crops, soil mineralizable N varies from 145.2 to 176.6 kg
ha™. As the increase in the basal dose of N, increased soil nitrogen availability in
soil. The treatment control (T;) reported the lowest mineralizable N with 145.2 kg
ha, while the treatment with GRD (T>) reported the highest mineralizable N in soil
with 176.6 kg ha™. Soil mineralizable nitrogen non significantly increased by

33.8% in T, when compared with Ty (control).

After harvest of paddy crop, soil extractable P varies from 16.5 to 26.3 kg ha™. The
treatment with GRD (T>) reported the highest available P with 26.3 kg ha™, while
the treatment T, reported the lowest extractable P in soil with 16.5 kg ha™. Soil

extractable phosphorus increased by 53.1% in T, when compared with T, (control).

After harvesting of paddy crop, soil exchangeable K varies from 122.5 to 154.3 kg
ha™. Treatment GRD (T,) reported the highest exchangeable K with 154.3 kg ha™,
while the treatment control T; reported the lowest exchangeable K in soil with
122.5 kg ha™. Soil exchangeable potassium increased by 24.8% in T, when
compared with T; (control).

N content in grain varies from 0.92 to 1.62 %. Treatment control (T;) observed
minimum content with 0.92%, while significant highest under the treatment T3 with
1.62 % grain nitrogen content in T3 (UAN 2.0 @ml ha)increased by 11.72% when
compared with (GRD).

N uptake in grain varies from 42.3 to 101.6 kg ha™. Treatment control (T.)
observed minimum uptake with 42.3 kg ha™*, while maximum under the treatment
Ts with 101.6 kg ha™. Grain nitrogen uptake increased by 33.9% when comparing
T, to Ts. N content in straw varies from 0.62 to 0.85%. Treatment control (T1)
observed minimum content with 0.62%, while the maximum under treatment Tj

with 0.85%. Straw nitrogen content increased by 1.2% when comparing T, to Ts.

N uptake in straw varies from 28.1 to 53.9 kg ha™*. Treatment control (T,) observed
minimum straw uptake with 28.1 kg ha™, while maximum under the treatment T
with 53.9 kg ha™. Straw nitrogen uptake increased by 2.72% when comparing Ts to
T,.
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16. Total N uptake by paddy varies from 69.4 to 154.3 kg ha™*. Treatment control (T3)
observed minimum total uptake with 69.3 kg ha®, while maximum under the
treatment Tz with 154.3 kg ha™. Total nitrogen uptake increased by 23.3% when
comparing Tz to To.

17. P content in grain varies from 0.29 to 0.56 kg ha™*. Treatment control (T1) observed
minimum P uptake with 0.29 kg ha™*, while maximum under the treatment T3 with
0.58 kg ha™. Grain phosphorus content increased by 9.3% when comparing T5 to
To.

18. P uptake in grain varies from 13.0 to 35.9 kg ha™. Treatment control (T:) observed
minimum P uptake with 13.0 kg ha™*, while maximum under the treatment T3 with
35.9 kg ha™. Grain phosphorus uptake increased by 1.06% when comparing T3 to
To.

19. P content in straw varies from 0.14 to 0.25%. Treatment control (T;) observed
minimum content with 0.14%, while maximum under the treatment T3 with 0.26%.

Straw phosphorus content increased by 8.7% when comparing T3 to To.

20. P uptake in straw varies from 15.9 to 51.2 kg ha™*. Treatment control (T;) observed
minimum straw P uptake with 15.9 kg ha™, while maximum under the treatment T3
with 51.2 kg ha™. Straw phosphorus uptake increased by 42.9% when comparing T3
to T,.

21. Total P uptake by paddy varies from 29.6 to 86.7 kg ha™. Treatment control (T1)
observed minimum total phosphorus uptake with 29.6 kg ha™, while maximum
under the treatment Ts with 86.7 kg ha™*. Total P uptake increased by 22.3% when
comparing T3 to To.

22. K content in grain varies from 0.30 to 0.53%. Treatment control (T;) observed
minimum K content with 0.30%, while the maximum under treatment T3 with
0.53%. Grain potassium content increased by 3.92% when comparing T, to T3. K
content in straw varies from 0.83 to 1.53%. Treatment control (T;) observed
minimum content with 0.83%, while the maximum under the treatment Ty with

1.53%. Straw potassium content increased by 15.9% when comparing T3 to To.
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23. K uptake in grain varies from 18.2 to 34.1 kg ha™*. Treatment control (T;) observed
minimum K uptake with 18.2 kg ha™*, while maximum under the treatment T5 with
34.1 kg ha*. Grain potassium uptake increased by 9.54% when comparing T, to Ts.
K uptake in straw varies from 49.4 to 117.3kg ha™. Treatment control (T1) observed
minimum straw K uptake with 49.4 kg ha*, while maximum under the treatment T
with 114.2 kg ha™. Straw potassium uptake increased by 2.14% when comparing T
to Ts.

24. Total K uptake by paddy varies from 67.7 to 151.8 kg ha™’. Treatment control (Ty)
observed minimum total potassium uptake with 67.7 kg ha™, while maximum under
the treatment T, with 151.8 kg ha™. Total potassium uptake increased by 3.73%

when comparing T, to Ts.
Conclusion

The current study demonstrated that foliar application of UAN fertilizer
significantly improved paddy crop yield by 7.31% compared to GRD and 41.6%
compared to the control. Treatment Ts (UAN @2.0 mL L™ it ha™) outperformed other
treatments in promoting paddy growth and nutrient availability. Also, foliar application of
nitrogenous fertilizer has not declined soil nutrient status. However, as foliar application
of nano fertilizers with basal doses in paddy given significant results in Northwestern
region of India specifically in Mollisol, further research is necessary to validate these
findings and provide practical recommendations for implementation in agricultural

practice
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APPENDIX

Meteorological data collected during crop growth period

Maximum Minimum " l(_‘l/L:))maI\?Ity R, Hunliﬂtzy(%) at
Month | Date U\?éeolj Temperature Temperature (ZI%/IZ PM Rainfall(mm) | Sun-shine hrs. wind Velocity(Km/hr) Evap.(mm)
Max. Min. 0712(am) 1412(pm)

June-July|29-01| 26 33.9 26.6 83 65 80.6 4.7 8.1 6.0
July [02-08| 27 344 27.6 79 60 20.6 6.2 2.9 5.7
July |9-15| 28 344 274 83 64 92.8 7.6 35 6.8
July [16-22| 29 337 27.1 82 66 41.2 7.0 4.6 6.1
July |23-29| 30 32.2 26.3 81 70 14.6 6.7 5.6 54

July-Aug.|30-05| 31 31.3 255 92 69 63.6 2.6 2.0 4.0
Aug |06-12| 32 328 26.3 81 66 16.8 6.1 16 4.2
Aug |[13-19| 33 34.1 26.3 84 67 3.0 8.6 2.9 5.0
Aug |[20-26| 34 33.9 25.9 88 64 57.8 8.5 2.8 5.2

Aug-Sep [27-02| 35 334 254 94 67 74.5 5.6 24 54
Sep |03-09| 36 33.0 251 88 65 2.8 7.1 14 3.9
Sep |10-16| 37 315 24.5 88 70 39.1 6.6 5.3 4.1
Sep |17-23| 38 305 250 89 76 197.4 3.1 16 3.1

Sep-Oct (24-30| 39 311 22.3 87 67 134.6 5.9 4.7 3.8
Oct [01-07| 40 324 23.0 88 62 60.6 7.8 2.8 3.9
Oct [08-14| 41 26.3 195 90 69 233.7 3.9 3.8 45
Oct |[15-21| 42 30.7 18.0 85 50 0.0 8.2 0.9 3.3
Oct [22-28| 43 304 14.3 88 43 0.0 9.5 0.4 3.8

Oct-Nov [29-04| 44 28.7 153 89 49 0.0 7.0 0.3 2.8
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ABSTRACT

The field experiment was set up in randomized block design (RBD) with three
replications and ten treatments at Norman E. Borlaug Crop Research Centre, G.B.P.U.A&T,
Pantnagar during the spring season of 2022 to examine the effect of different nitrogenous
fertilizers on paddy crop productivity. After wheat paddy is second most popular cereal
crop. It is a highly exhaustive crop that necessitates a lot of nutrient for growth and
development. Liquid fertilizers when compared to conventional chemical fertilizers allow
for control nutrient release, reducing nutrient loss and increasing nutrient efficiency. In the
current study, the different levels (i.e. 1.5, 2.0, 4.0 and 6.0 mL L™ of water) of Urea
ammonium nitrate (UAN) and Nano urea fertilizers were foliar sprayed on the paddy crop at
the recommended time of nitrogen top dressing. Among all the treatments, there was non
significant change in pH and EC of soil, while the treatment T, (GRD) shoed significant
change in soil organic matter content after crop harvest. T, (GRD) treatment significantly
increased the mineralizable nitrogen, Extractable phosphorus and exchangeable potassium
among all the treatments in soil after crop harvest.

The treatment T3 (basal dose of nitrogen through prilled urea as per recommendation and
foliar application of UAN @ 2.0mL L™ of water at recommended time of top dressing for N
application) significantly increased yield and yield attributes among all the treatments
followed by T, (GRD). The highest nitrogen, phosphorus and potassium content in grain
and paddy straw was recorded with the treatment T3 (basal dose of nitrogen through prilled
urea as per recommendation and foliar application of UAN @ 2.0mL L™ of water at
recommended time of top dressing for N application) and the uptake of nitrogen,
phosphorus and potassium by grain and starw and total uptake was also recorded highest
with the same treatment.

Overall, the two foliar application of UAN @ 2.0 mL L™ at the recommended time of
nitrogen top dressing along with the recommended basal dose of nitrogen was better in term
of yield and total uptake of nitrogen, phosphorus and potassium than the two foliar spray of
Nano Urea @2.0 mL L™ at the recommended time of nitrogen top dressing along with the

recommended basal dose of nitrogen application
»@4“”” | (\M—-
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