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ABSTRACT

Nitrogen management has a substantial impact
on crop growth stages and yields. Split nitrogen
administration at specific growth stages improves
nutrient utilization, reduce losses and increase yield.
Several studies have shown that applying nitrogen in
fractions throughout the life cycle improves nutrient
uptake efficiency while minimizing environmental
contamination. Proper judicious nitrogen application
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impacts soil properties by affecting nutrient availabil-
ity. Nitrogen management based on the Leaf Color
Chart (LCC) is successful in terms of optimizing
nitrogen delivery and enhancing yield characteristics.
Silicon fertilization has shown encouraging outcomes
in terms of plant growth, yield, and stress tolerance
across a variety of crops. Silicon also improves the
soil features such as nutrient availability and pH reg-
ulation, resulting in increased plant nutrient uptake.
The interaction effects of silicon with other nutrients
show synergistic effects that improve nutrient ab-
sorption and yield. Silicon interacts with nitrogen,
phosphorus, potassium, and other nutrients, which
promotes crop performance and nutrient efficiency.
Application of nitrogen and silicon management
strategies can boost crop yield, nutrient efficiency,
and sustainability in agricultural systems. However,
additional research is needed to understand the intri-
cate mechanisms behind the interactions of nitrogen,
silicon, and other nutrients in crop-soil systems
to develop more effective nutrient management
strategies. This review deals with different aspects
of nitrogen fertilization in crops and simultaneous
silicon application and interaction among both. The
aspects of growth parameters, yield attributes, yield,
economics, soil characteristics and efficiency studies
have been assessed.

Keywords Agricultural management, LCC, Nitro-
gen, Silicon.

INTRODUCTION

Nutrient management has been a crucial factor in
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Fig. 1. Annual input of nitrogen fertilizers in crop fields (West ez al. 2014).

agricultural production and its sustainability. Nutrient
applied has direct role on crop growth and develop-
ment, yield attributes and yield due to its relation with
nutrient content of plant and nutrient uptake. With
average growth rate of 1.1%, to feed the increasing
population in a sustainable manner, choosing proper
nutrient management practices plays an indispensable
role. Proper nutrient management strategies based on
maximizing resource utilization can be a way forward
towards sustainability.

Fertilizer in most of the cultivated regions are
managed using some blanket recommendations

common for a vast area. In many countries across
the world over use of nitrogen fertilizers is a burning
issue which generally leads to little output gain but
higher losses (Fig. 1). The excessive use of nitrogen
fertilizers without much improvement in crop yield
have been illustrated in the Fig. 2. This kind of nutri-
ent management especially nitrogen leads to excess
amount of fertilizer application and environmental
pollution in return.

Leaf color intensity is directly related to chloro-
phyll content of leaf, which in turn is related to leaf
nitrogen (N) status. Leaf color chart (LCC) is a high
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Fig. 2. Gap between nitrogen over-applied without gains in yield (Wuepper et al. 2020). Color from yellow and red indicate countries
over applying nitrogen without yield gains.
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Fig. 3. Advantages of nitrogen and silicon in crop.

quality plastic strip with shades light yellowish green
to dark green. Japan developed first LCC. However,
International Rice Research Institute (IRRI) devel-
oped the latest and well evaluated version of LCC. It
has four panels of rice leaf color. LCC is monitored
every 7-10 day starting from 15 days after transplant-
ing or 21 days after sowing till initiation of flowering
and prescribed amount of fertilizer N is applied when-
ever the color of rice leaves falls below the critical
LCC score (Thind and Gupta 2010). Scheduling of
fertilizer N is the main target behind LCC. Farmers
can use the LCC as a visual indicator of the rice crop
nitrogen status of the crop. Then, they can easily
manage the N fertilizer application. This will lead to
appropriate nitrogen management reducing nutrient
loss and environmental pollution. Oxygen is the most
abundant element in earth’s crust and silicon lies just
after that. But, it has low availability in soil because of
its low solubility from soil source (Lindsay 1979). Si
is recognized as a “quasi-essential” or “agronomically
essential” and “functional” element for rice present
in much higher concentration than macronutrients
nitrogen, phosphorus and potassium (Savant et al.
1996, Ma and Takahashi 2002). Rice accumulates
silicon in its system and tends to accumulate Si in
its tissue in concentrations of 5% or higher (Epstein
1999). Si responds well in the poaceae family of crops
like rice, wheat, barley, oat, sorghum. Silicon in rice
under unstressed conditions by favors remobilization
of amino acids during grain development to support

increased nitrogen demand (Detmann et al. 2012).
With intensive rice production in the range of 5 t/ha
of grain yield, rice crop removes 230-470 kg of Si
from the soil without Si fertilization leading to decline
or stagnation of yield in many countries (Savant et
al. 1997). Si generally improves the concentration
of N in rice plant tissues (Singh et al. 2006b). The
advantages of nitrogen and silicon in crop plants are
illustrated in Fig. 3.

However, information on the usefulness of dif-
ferent sources of Si and nitrogen management are still
a debatable topic to consider (Prakash 2002). In this
review, we included nitrogen management in aspects
of split application and LCC based application along
with silicon fertilization in different crops. The review
is sub divided into different effects in growth, yield,
soil and efficiency parameters.

Nitrogen fertilizer management

Nitrogen (N) fertilizer has been crucial in raising rice
yields (Majumder et al. 2023), and the global amount
of nitrogen used in rice farming has been steadily
rising (Yogendra ef al. 2014). Nitrogen plays a direct
role in electron transmission, protein synthesis, and
chloroplast pigmentation, so farmers see the visible
effect of nitrogen fertilization much more prominent-
ly. Hence, most farmers go for blanket recommenda-
tions or sometimes imbalanced application of nitrogen



fertilizers in the crops. Nitrogen, generally applied
in ample concentrations, is lost and finds its way to
water bodies and groundwater, causing pollution.
Judicious nitrogen management is notably crucial for
this reason. Efficient nutrient management following
the principles of “4R”, i.e. the right dose, right time,
right source and right place, can help increase nutrient
use efficiency. Following the recommended dose of
fertilizers or using LCC can play an efficient role in
this regard.

i) Effect of nitrogen management on the growth
of crop

According to Mahapatra et al. (1990), for a given
amount of N, applying N in fractions that correspond
to the growth stages of robust absorption and effec-
tive N assimilation by the plant may produce better
outcomes than administering the N dose as basal.
Similar results were noted by Kondo ef al. 2005,
that applying nitrogen as per the demand of rice after
active tillering, significantly enhances N-recovery.
Geetha and Balasubramanian, 2016 also noted that
applying nitrogen in splits at transplanting, active
tillering and panicle initiation have positive effect on
growth characters like tiller number, root growth and
dry matter accumulation.

Reduced organic matter concentration (less than
10 g/kg soil) in the soils of South Asian countries is
the primary reason of low nitrogen contents in the
soil (Lal 2004). Therefore, to increase the use-effi-
ciency of nitrogen in agricultural fields we have to
adhere to the government’s recommendation to apply
split doses of nitrogenous fertilizers and site-specific
nitrogen management techniques like LCC. The leaf
color chart is commonly used as a visual indicator of
the crop’s need for nitrogen fertilizer since the color
intensity of LCC is highly correlated with the leaf’s
chlorophyll content and nitrogen status (Reddy and
Pattar 2006). Bhavana et al. (2020) found significant-
ly taller mature plants, more tillers, higher leaf area
index, higher SPAD value, and increased dry matter
accumulation in treatment of LCC-4 at 150 kg N/ha.
Compared to the suggested split applications, Maiti
et al. (2004) and Lone et al. (2017) indicated also
found comparable results of higher growth charac-
teristics and panicle number in LCC-4 treatments.
The results of a field experiment by Jayanthi et al.
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(2023) showed that that growth characteristics, yield
attributes and yield of rainfed rice improved when
the recommended dose of nitrogen was applied in
more splits at a critical value of LCC 3 (20 kg N/ha).
When nitrogen fertilizers were supplemented further
in vegetative and reproductive stages in addition to
the basal application of nitrogen, rice responded
favorably and gave better results in terms of plant
height, dry matter accumulation and leaf area index.

ii) Effect of nitrogen management on yield attributes
and yield of crop

Crop output and yield attributes improved when nitro-
gen was supplied in split doses and while advocating
site-specific or real time nutrient management. Yield
and yield characteristics were significantly higher
when 100 kg N/ha was applied in three splits—one-
third at transplanting, one-third at tillering, and one-
third at panicle initiation—as compared to N appli-
cation in a single dose (Geetha & Balasubramanian
2016). Singh et al. (2005b) also observed that while
considering total spikelets per panicle, total tillers,
and productive tillers, split nitrogen application of
N outperformed foliar application of nitrogen. The
longest panicle length and higher number of spike-
lets were linked to split nitrogen application during
flowering and panicle initiation (Singh et al. 2015).

When the rice plant’s flag leaf color was less
intense than LCC 3, 30 kg N/ha was applied, this
produced a greater yield than when 80 and 120 kg
N/ha were applied in four equal split doses at prede-
termined periods (Singh et al. 2006b). According to
research by Porpavai et al. (2000), in direct seeded
rice, the LCC 3-based nitrogen-applied plots had the
highest yield during the dry season, which was at par
with SPAD-32, SPAD-35, and LCC 4. The experiment
conducted at the Agricultural Research Station in
Mugad, Karnataka, showed that N management based
on LCC 3 considerably boosted grain yield and yield
attributes such panicles per meter row length and full
grains per panicle when compared to the recommend-
ed dose and check (Premalatha 2001). Singh ef al.
(20064a) reported that grain yield of rice in nitrogen
management by LCC 4 was found at par to blanket
application of 120 kg N/ha in three equal splits. Using
a leaf color chart (LCC), Premalatha and Angadi
(2005) assessed how well direct dry-seeded rainfed
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rice responds to crop-need-based N control. They
found that in addition to having more panicles, pani-
cle weight, filled grains per panicle, and test weight,
treatment LCC 3 gave highest grain yield which was
15.5% more than the treatment where 100% recom-
mended N fertilizer was applied.

iii) Effect of nitrogen fertilization on soil charac-
teristics

LCC-based N management may be the best option for
farmers to preserve soil fertility and conserve N fer-
tilizer because there have been significant differences
in soil-accessible nutrients between LCC-based treat-
ments and typical blanket N treatment (Gunasekhar et
al. 2007). According to Arvind et al. (2006), reported
significant reduction in NO,-N in soil profile (45-105
cm) depth when nitrogen application in field was done
through LCC 5 (160 kg/ha), LCC 4 (120 kg/ha) and
LCC 3 (90 kg/ha) to apply recommended nitrogen
(120 kg/ha) and farmers practice (150 kg/ha). A
leaf color chart was used to evaluate the quantity of
available nitrogen in the soil after bread wheat was
harvested in order to assess the amount of nitrogen
applied. It was found that LCC 3 (90 kg N/ha) and
LCC 4 (90 kg N/ha) had considerably lower levels
of available nitrogen (128.86 and 170.34 kg/ha) in
their soil than LCC 5, which had the highest quantity
(197.26 kg/ha) as compared to LCC 4, LCC 3 and
recommended application of nitrogen (120 kg N/ha)
(Dinesh Kumar 2010). Srinivasagam and Stephan
(2013) found that at various phases of rice growth,
the maximum available N and P were found when
nitrogen was applied in six splits using LCC 5 (140
kg N/ha). Achieng et al. (2023) studied the changes in
pH, N, P and K depending on nitrogen fertilizer rates
and split applications. They observed that splitting
the nitrogen rate raised the amount of nitrogen in the
soil, maintained the pH levels within a suitable range,
showed no discernible changes in phosphorus levels,
and only caused a change in potassium levels because
of the variety’s higher uptake rate. Study regarding
how different nitrogen fertilization rates affect crop
productivity and soil characteristics in banana farming
was done by Sun et al. (2020). The findings revealed
higher quantities of available potassium, phosphorus,
and nitrogen as well as an enhanced rate of enzymes
like urease and invertase. They concluded that plant
physiological activity is positively impacted by both

soil enzymatic activity and nutrient availability, which
was again decided by the application of nitrogen rates
at different stages of crop growth.

iv) Effect of nitrogen fertilization on economics

Any technology must be technically and financially
viable before it can be used in farmer fields, there-
fore, an economic analysis of the results is essential.
LCC-based nitrogen management and split nitrogen
application greatly increase nitrogen utilization and
decrease nutrient losses. The most effective way to
lower the quantity of fertilizer used for crops and
increase economic returns is through LCC-based
nitrogen management. In order to maximize
productivity and profit from their small agricultural
holdings, farmers need to consider the non-fixed in-
puts, like fertilizers, than fixed inputs and technical
improvements. (Wang ef al. 2017). Ramu (2008)
found that while managing wheat crop, nitrogen
management @ 100 kg N/ha in three splits—20 kg
N as the basal dose + 30 kg N at 20 DAS + 50 kg
N at 40 DAS—produced significantly higher gross
returns, net returns and benefit-cost ratios than other
levels and splits. When compared to farmers’ fertilizer
practices, nitrogen management techniques using leaf
color charts greatly increased rice crop productivity
and profit. Using LCC for N management increased
average grain output in rice across villages and
seasons by 0.1 to 0.7 t/ha without changing farmers’
crop management or fertilizer dosages, which in re-
turn gave higher return from their crop (Alam et al.
2005). Pandu ef al. (2022) noted that compared to
merely administering the appropriate nitrogen dose,
the nitrogen management through LCC 3 generated
net returns and a Benefit: Cost ratio that were consid-
erably higher. Sapkota et al. (2020) pointed out that
rational N management is necessary to balance the
systems’ economic and environmental performance
in order to sustainably boost the economic production
of rice-wheat cropping systems on small and medi-
um-sized farms.

Silicon fertilizer application

Silicon treatment has a good effect on plant dry
matter, height and yield and is an environmentally
safe method of fostering plant development. Since
silicon is non-corrosive and non-polluting to plants,
even in excess, its application reduces a varied range



of biotic and abiotic stresses (Kowalska et al. 2021).
Growth characteristics such as plant height, number of
leaves per plant, and dry matter in the roots and shoots
increase when cucurbitaceous crops are treated with
silicic acid (Alam et al. 2021). When water melon
was fertilized with silicon, the number, weight, and
overall production of fruits increased (do Nascimento
etal. 2020). Additionally, Siis known to make plants
more rigid and upright, which promotes improved
nutrient translocation and photosynthetic activity,
perhaps increasing growth characteristics and also
dry matter accumulation (Sirisuntornlak ez al. 2021).
Through a number of mechanisms, such as osmotic
adjustment, changed gas exchange characteristics, im-
proved mineral absorption from soil and an enhanced
antioxidant defence system, silicon has positive ef-
fects under water-deficit stress, including improved
seed germination, higher dry matter accumulation,
and a faster rate of photosynthetic reaction (Alam et
al. 2021). Applying silicon to rice improves canopy
photosynthesis, increases root oxidative power, pre-
serves rice water balance and reduces water loss (Li
et al. 2023).

i) Effect of silicon fertilization on growth and yield
characteristics of crop

Effect of silicon on variety of crops with respect to
growth and yield characteristics have been tabulated
in Table 1.

Silicon application in crops significantly effects
the growth of crops. The application and absorption
of'silicon in plants, strengthens the stems and leaves,
which may be contributing to growth enhancement
(Jinger et al. 2023). Silicon fertilization is also linked
with reduced chlorophyll destruction, higher root
biomass, higher uptake, increased leaf area, increased
photosynthetic activity which strengthens the carbon
sink by increased dry matter accumulation, stem stiff-
ness and better plant stand (Gerami et al. 2012, Naik
et al. 2022 and Vasudevan and Thiyagarajan 2022).
Applying silicon reduces stomata width, forms silica
cuticles on leaves, maintains water balance, avoids
vessel compression, and decreases water loss through
transpiration, according to Othmani et al. (2021).

Maghsoudi et al. (2016) also reported that apply-
ing silicon typically boosted the levels of carotenoids,
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membrane stability, and chlorophyll a, b and total
chlorophyll. Si deposition in plant stems has been
reported to enhance the thickness of the cell wall,
vascular bundles, and sclerenchyma content, all of
which plays a positive role towards plants resistance
to lodging (Jinger ef al. 2023).

Silicon fertilization increased grain numbers per
panicle as well as test weight of grains which has
a positive impact on yield of crop (Li et al. 2023).
An increased spike formation impacting weight and
length of wheat is observed when silicon is applied
in liquid form I soil or leaves of wheat (Kowalska e?
al. 2021). Silicon application improved the sunflower
plants’ ability to absorb CO,, expanded their leaf
area, and improved the number and quality of flowers
(de MeloPeixoto et al. 2022). Because flag leaves
have a high concentration of N, P, K and Si, hence
application of Si to white oat increased its biomass
production, number of grains per panicle, and grain
yield, according to Othmani ef al. (2021).

ii) Effect of Si fertilization on soil characteristics

Although silicon is abundant in soil, but availability of
silicon in soil solution is less, and the soil’s capacity to
provide available silicon to crops is the major factor
behind silicon uptake and better crop growth (Jawa-
har and Vaiyapuri 2013). Silicon has a high affinity
for collecting nitrogen in the nitrate and ammonium
forms, which are then loaded into the xylem stream
of the maize crops’ shoot component with the help
of transporter gene participation (Naik et al. 2022).

Prakash ef al. (2019) inferred that the pH of acid-
ic soil increased and the pH of alkaline soil decreased
under both field capacity and submergence, irrespec-
tive of the Si doses in the form of diatomite. Silicon
fertilizers contain calcium which helps in neutralizing
acidic soils, which enhances crop growth (Sahrawat
2005). After 15 and 30 days of incubation, the soil’s
pH may have increased due to improved ionization
and the dissolution of applied Si fertilizer material
(Camargo ef al. 2007).

The application of silicon (Si) improved the
availability and efficiency of nitrogen in the soil,
which progressively improved as silicon levels
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Table 1. Effect of silicon on growth and yield characteristics of different crops.

S1. No. Crops

Observations

Literature cited

1

Maize

Rice

Rice-wheat
cropping
system

Wheat

French bean

Mungbean
Chickpea

Groundnut

With application of seed priming with 1.5 mm of sodium meta silicate
& foliar application of silicic acid @ 0.2% increase in plant height (7%),
dry matter production (11%), cob length(7%), cob weight (8%), no. of
grains/cob (13%), grain yield (11.3%), stover yield (2.1%) was observed
as compared to control

Silicon dose (1 mm) application increased in plant height (8.2%), leaf
area (9.5%), cob length (10%), number of kernels per cob (47%), grain
yield (g/plant) increased 12% as compared to control

With application of 1.8 mmol/l of silicic acid increased accumulated
nitrogen in the plant shoots (31%), accumulated Si in the plant shoots
mg per pot (90%), plant shoot dry mass (16.5%)

Application of 150 kg silicon/ha increased dry matter production of
shoot (11.3%), dry matter production of root (5%, silicon content in
the shoot (15%), silicon content in the root (26%) when compared

to control

With application of silicon at 200 kg/ha increased plant height at harvest
(25%), dry matter accumulation at harvest (63%), weight per cob (with
husk) (63%), number of filled cobs per plant (16%) as compared

to control

Application of 250 kg/ha silicon (potassium silicate) resulted in maxi-
mum plant height (18.73%), the number of tiller (66.6%) and 1000 grain
weight (47%), silicon content of stem (501%), leaves (421.5%) as com-
pared to control

There was an increment in plant height (14.7%), no. of tiller/m?
(19.6%), no. of panicle/m? (22%), 1000-grain weight (17%), leaf area
index (77%), grain yield (89.7%), straw yield (58.7%) as compared

to control

With application of silicon 15% increased in panicle length (2.5%),

no. of spikelets/panicle (18%), no. of grains/panicle (9.8%),
1000-grain weight (1.1%)

With application of Si dose 300 kg/ha increase in plant height (9%),
shoot dry matter (8.5%), number of panicle/plant (58%), panicle
length (8.6%), number of spikelet/panicle (12.7%), grain yield

(40%), shoot silicon content (28%) as compared to control

Application of silicon doses 120 kg/ha increased available P

(kg/ha) (29%), available Si (mg/kg) (8.1%), gross returns

(INR/ha) (40%), net returns (INR/ha) (70%), B:C ratio (70%)

as compared to control

Increase in spike length (11%), spike weight (8.5%), number of

grains per spike (16.2%), 1000 grains weight (12 %), grain yield
(60.6%), photosynthetic rate (97%) by silicon application

With application of 5 g/kg of silicon increased plant height (130%),
pod length (151%), pod yield/plant (122%) with application of

10 g/kg of silicon as compared

With application of 2 kg/ha of silicon significantly increased in plant
height (10%), leaf area (36%), dry biomass (23%), seed yield (70%).
With application of 1 mm silicon increased grain yield (6.7%), leaf
number (11.7%), total dry matter (30%) as compared to control
Application of potassium silicate @ 0.4% increased plant height
(4.45%), specific leaf area (2.29%), relative water content (7.46%),
pod yield (89.86%)

Application of 100 mg/! silicon resulted significant increase in plant
height (cm) (20%), no of pods per plant (45%), 100-seed weight (g)
(25%), pods per plant (36%), pod yield (17%), dry matter (21%),0il
content (3.44%) when compared to control

Manoj Kumar et al.
(2018)

Sirisuntornlak ez al.
(2021)
da Silva et al. (2021)

Vasudevan and
Thiyagarajan (2022)

Naik ez al. (2022)

Hoseinian et al. (2020)

Pati et al. (2016)

Jan et al. (2018)

Ullah ef al. (2018)

Jinger et al. (2023)

Jeer et al. (2021)

Kumar et al. (2020)

Mahmood et al. (2016)
Zamani et al. (2017)

Mikhina et al. (2019)

Khalaf et al. (2020)
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SI. No.

Crops

Observations

Literature cited

9

10

11

12

13

14

15

16

17

Sunflower

Soybean

Rapeseed

Sesamum

Pearl millet

Finger millet

Kodo millet

Grapes

Tuberose

With application of 100 mg/kg of silicon there was a significant increase

in head diameter (22-30%), leaf area (26%), higher achene yield
(17-23%), achene weight (25%) and membrane stability index (28%),
shoot dry weight (31%), head diameter (30%)

Significant increase in leaf number (25%), total leaf area (21%),
accumulated Si in leaf (782%), leaf N (13%) with application of

3.36 Si (g/l)

Foliar application of silicic acid @ 2 ml/l significantly increased haulm
yield (85%), pod yield (79%), seed yield (89.6%) as compared

to control

Foliar application of potassium silicate 4 g/l resulted in highest seed
yield (kg/ha) (10%), oil yield (kg/ha) (9%) as compared to control
Foliar application of potassium silicate (3 g/l) significantly influenced

silique per plant (16%), seed per silique (21%), 1000-seed weight (14%),

oil content (2.6%) as compared to control

Application of silicon 44 kg/ha increased plant height (7.3%), number
of branches per plant (8.4%), number of capsules per plant (5.5%),
biological yield (45%), seed yield (22%) as compared to control
Application of 3.36 g/l of silicon significantly increased plant height
(9%), leaf area (27%), stomatal conductance (44.6%), transpiration
(101.3%), photosynthesis (76%), shoot dry matter production (15%)
as compared to control

Application of 6 mg/l silicon increased seeds per ear (4%), 1000-seed
weight (66%), ear length (26%), grain yield (10%), biological yield
(33%) as compared to control

With application of 3 g calcium silicate/kg soil there was a significant
increase in plant height (54%), root fresh weight (144%), root dry
weight (128%), shoot fresh weight (221%), shoot dry weight (157%),
number of leaves per plant (14%)

There was increment with application of 4 ml/l of silicon on grain
yield (9%), straw yield (17%), test weight (3%), Si content in straw
(23.3%) and grains (26%), Si uptake (54%) when compared

with control

Application of 75 kg silicon/ha increased the plant height (43%),

no. of tillers/hill (74%), dry matter production (145%), no. of
panicles/hill (209%), number of filled grains per panicle (52%), grain
yield (90%), straw yield (200%) as compared with no silicon
application

Increased bunch weight (267%), berry length (4.6%), berries per
bunch (90%), berry firmness (9.7%) with application of amorphous
silica fertilizer as compared to control treatment

There was increment in plant height (90%), number of leaves/plant
(60%), root length (43%), stalk length (54%), spike length/stalk (76%),
floret number/spike (47%), floret length (14%), floret fresh weight
(77%), bulb fresh weight (27%) with application of 150mg/1 silicon
as compared to control

Hussain et al. (2018)

de MeloPeixoto
et al. (2022)

Shwetha Kumari and
Prakash (2018)

Moghadam et al. (2022)

Shirani Rad et al. (2022)

Manaf et al. (2020)

Flores et al. (2021)

Wasaya et al. (2022)

Jadhao and Rout (2020)

Sandhya et al. (2020)

Jawahar et al. (2022)

do Nascimento
et al. (2023)

Shahzad et al. (2021)

increased (Singh et al. 2005a). In acidic soil, the ex-
tractable Si level increased 30 days after incubation,
decreased to 45.61 ppm at 90 days, and increased to
55.72 ppm Si at 120 days (Prakash ef al. 2019).

Enhanced root exudation of organic acids like
citrate and malate, as well as enhanced expression of

the phosphorus transporter gene, are associated with
phosphorus uptake (Naik et al. 2022). Applying 600
kg/ha of diatomite during submergence resulted in
the highest Si concentration both in field capacity as
well as in submerged conditions (Prakash et al. 2019).
Application of Si increases phosphorus use efficiency
due to increased phosphorus absorption by plants
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resulting from higher availability of phosphorus in
soil as well as decreased phosphorus fixation in soil
layers (Li et al. 2023 and Greger et al. 2018). When
rice receives the proper doses of other fertilizers’ and
Si in a balanced manner, its total absorption of nitro-
gen, phosphorus, and potassium is greatly enhanced
(Chanchareonsook et al. 2002).

iii) Interaction effect of silicon with other nutrients

Through a synergistic effect, applied Si can raise
the optimum rate of nitrogen, potentially increasing
yields through effective use of nitrogen fertilizers
(Savant et al. 1997). Through amino acid biosynthe-
sis, silicon may help green-pigmented cells produce
nitrogen-bonded protein molecules in chlorophyll
a and b and increase their metabolism (Jan et al.
2018). Applying silicon in sweet corn’s @ 200 kg/ha
increases yield, quality and nitrogen usage efficiency
(Naik et al. 2022).

Silicon fertilization promotes a positive interac-
tion between phosphorus and silicon enhancing the
root growth which leads to higher vegetative growth,
causing an increase in dry matter accumulation in rice
(Gholami and Falah 2013). The intake of phosphorus
increased due to Si fertilization in soil, resulting to
enhanced uptake of phosphorus in grain and straw
(Sreenivasan & Prakash 2017). Si and P fertilization
work together to increase crop yield, water efficiency,
and the economics of aerobic rice-wheat cropping
systems (Li et al. 2023). Si alters the microbial
community’s dynamics, reduces P sorption by soil
minerals because of P and Si competition, or raises
the amount of P available in the soil by changing the
pH (Li et al. 2023). Using a basal dose of 120 kg Si
and 90 kg P,O /ha in a rice-wheat cropping system
improved soil health, crop yield, water productivity,
profitability and reduced lodging (Jinger ef al. 2023).
Silicon have a positive interaction with potassium
enhancing yield moreover concentration of silicon
is found to be higher in plants as compared to nitro-
gen and potassium (Savant ef al. 1997). Combined
application of N and Si has been seen to boost nitrate
reductase activity, dry matter accumulation and N and
Si absorption in above-ground biomass (da Silva et
al. 2021).

As more silicon was added to the soil, the con-

centration of zinc steadily dropped and deficiency
symptoms of zinc due to deposition of zinc in the
form of insoluble Zn,SiO, (Jinger et al. 2022). Hence,
symptoms of zinc deficiency may also be apparent in
rice farming (Bokor ef al. 2014). High Si accumu-
lation in the root endoderm of rice plants prevented
heavy metals from entering the apoplast by acting
as a barrier and reducing the permeability of the cell
walls of the inner root tissues (Jinger et al. 2022).

The quantities of nitrogen, potassium, iron,
manganese and zinc in water melon’s leaves in-
creased linearly when silicon was added to the soil
(do Nascimento et al. 2020). Wheat fertilized with
Si increases the availability of calcium, magnesium,
and phosphorus in soil as well as the absorption of
nutrients in plants (Neu et al. 2017). Following soil
fertilization with silicon, plants absorbed more S, Mg,
Ca, B, Fe and Mn from the solution; N, Cu, Zn and
K were less readily absorbed, while Cl and Mo were
not absorbed (Greger ef al. 2018).

iv) Effect of silicon fertilization on economic output

Application of silicon foliar sprays and giving farm
yard manure the soil improved the wheat’s growth
and yield components as well as quality metrics,
increasing the crop’s gross returns, net returns, and
Benefit-Cost ratio (Hellal ez al. 2012 and Yadav et al.
2017). Jawahar and Vaiyapuri (2013) reported that
adding S at 45 kg/ha along with Si at 120 kg/ha in-
creased the rice crop’s net return and return per rupee
invested. This was due to rice’s increased capacity to
absorb silicon, which raised grain and straw yields.
Rao et al. (2018) reported that a significant increase
in net income, gross revenue, and the B:C ratio was
the result of the inclusion of silicon sources such as
rice husk ash (250 kg/ha) and fine silica (50 kg/ha).
Yadav et al. (2017) reported that using 120 N kg/ha
and 15% Si-based nutrient management, a higher
B:C ratio and greater net returns (Rs 106107) were
attained as a result of the improved grain and straw
yield in rice due to increased uptake of silicon.

When 125% RDF, 25 kg/ha of silica GR (soil
conditioner), and 12.5 kg/ha of a micronutrient
combination were applied to the soil, the net return
was higher than the other treatments, at Rs 87932/ha,
and the benefit-to-cost ratio was 2.78 (Arigovindan



2022). The highest B:C was achieved when Si was
given as a basal dosage due to the higher yield and
lower expenses of intercultural activities (Jinger et
al. 2023). Although the silicon application, which
applied 120 kg Si/ha, produced the best gross returns,
the net returns were similar to those of 80 kg/ha,
which produced the highest B:C (2.02 and 1.96 in both
years) (Arigovindan 2022). Lower cultivation costs
and higher yield may have contributed to the max-
imum Benefit:Cost ratio in treatment where silicon
was entirely treated as basal, which was followed by
treatment 50% basal + 50% during the panicle-initi-
ation stage (Singh et al. 2005a).

Effect of fertilization with nitrogen and silicon on
nutrient uptake and use efficiency

Dobermann et al. (2000) found that site-specific
nutrient management (SSNM) improved plant N
utilization efficiency by 40% and enhanced plant
absorption of N, P and K by 10% to 20%. Similar
results was also confirmed by Sarnaik (2010) in
wheat, who found applying 150 kg N/ha of nitrogen
based on LCC 5 significantly boosted the absorption
of potassium, phosphorus and nitrogen. Nitrogen
applied in three splits at basal, active tillering, and
panicle initiation or half at basal and half at panicle
initiation boosts the amount of N, P and K nutrients
that are absorbed by rice grain and straw (Geetha and
Balasubramanian 2016). In field studies on wheat,
maximum total nitrogen uptake (124.86 and 125.67
kg/ha) was noted when nitrogen was supplied @ 120
kg per ha in five splits but more available nitrogen
in the soil (235.13 and 232.93 kg/ha) was recorded
in the treatment where nitrogen was applied @ 120
kg per ha in four splits (Ramu 2008). Total nitrogen
intake was higher in the Dodiga rice variety when
LCC-3 nitrogen management was used because of
the accumulation of the nutrients in plant parts such
as leaves, panicles, grains (Pandu et al. 2022).

Up until 120 kg N/ha, agronomic efficiency
increases greatly with an increase in N application
rate; after that, agronomic efficiency dramatically
decreases, according to Mahajan e al. (2012). While
physiological efficiency increased up to 120 kg N/ha,
agronomic usage efficiency and recovery efficiency
(%) sharply decreased as the N dose increased from
30 to 150 kg/ha (Dar et al. 2000). Compared to
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complete basal nitrogen application, split nitrogen
application reduced losses and enhanced uptake of
nutrients of extra nitrogen in rice, demonstrating a
higher nitrogen use efficiency (Majumdar ez al. 2005).
When compared to 0, 60 and 90 kg N/ha in wheat,
Nasseri et al. (2009) found that applying 30 kg N/ha
(three splits at planting, tillering, and stem elongation)
resulted in a greater nitrogen consumption efficiency
of 33.9 kg grain per kilogram of nitrogen. The best
split application dose for increasing partial factor
productivity of nitrogen was 10 kg N/ha applied every
two weeks at LCC 3, as opposed to 20 and 30 kg N/
ha (Jayanthi et al. 2023). Yields obtained in accor-
dance with general principles suggest that real-time
nitrogen management using an LCC can greatly lower
fertilizer-N use and increase use efficiencies in rice
crops, according to Thind et al. (2017).

The silicon-use-efficiency of rice under various
rice establishment techniques was investigated by
Sharma et al. (2021). They came to the conclusion
that transplanted rice had a greater silicon efficiency
than both dry bed and wet bed rice growth. Addi-
tionally, the transplanted rice absorbed silicon from
fertilizer more readily. According to MalavJugal and
Ramani (2017), silicon has an impact on rice’s sili-
con and nitrogen concentrations as well as nitrogen
use efficiency. The optimal quantity of N in terms of
use-efficiency was found to be 100 kg N/ha. While
physiological efficiency rose at 400 kg Si/ha, silicon
reduced both agronomic efficiency and perceived N
recovery. It was observed during rice harvest that
both N and Si, as well as their interaction, had a
considerable influence on the amount of accessible
N and Si in the grain and straw.

CONCLUSION

The review emphasized how different farming prac-
tices have a major effect on crop productivity and soil
health. The split application of nitrogen and the use of
the LCC have been shown to enhance nitrogen use ef-
ficiency, resulting in improved crop growth and yield.
These practices help in the precise timing and dosing
of nitrogen, reducing losses and ensuring that crops
receive adequate nutrition throughout their growth
stages. Silicon (Si) fertilization, on the other hand,
has demonstrated remarkable benefits in enhancing
plant resilience to biotic and abiotic stresses. Sili-
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con’s role in strengthening plant structure, improving
photosynthetic efficiency and mitigating the effects
of pests and diseases contributes to better growth and
yield attributes. Additionally, silicon improves soil
characteristics by increasing the availability of essen-
tial nutrients and enhancing soil physical properties,
which further supports plant health and productivity.
When combined, the split application of nitrogen and
silicon fertilization creates a synergistic effect that
optimizes both growth and yield attributes of various
crops. This combination not only boosts the overall
yield but also improves the quality of the produce.
The economic analysis of these practices indicates a
positive return on investment, making them viable
options for sustainable agricultural production.

Overall, integrating split nitrogen application and
silicon fertilization into crop management strategies
offers a promising approach to achieving higher
efficiencies in nutrient use, enhancing soil health,
and ensuring economic benefits for farmers. Future
research should focus on fine-tuning these practices
for different crops and environments to maximize
their potential benefits and support sustainable agri-
cultural development.
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