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Abstract

An experiment was conducted during kharif season of 2022 and 2023 to
evaluate the performance of rice under integrated nutrient management using
inorganic, organic and nano fertilizers. The experiment was designed as a
Randomized Block Design (RBD) for rice during Kharif. The rice variety “Kalinga
Dhan 1204” was sown in July with seven treatments: T:- Control (No fertilizer),
T~ Full soil test based nitrogen recommendation (STBNR) through inorganic
sources, Ts- Full STBNR through organic sources (FYM), T,- Full STBNR through
50 % organic (FYM) + 50 % inorganic sources, Ts- Full STBNR through 25 %
organic (FYM) + 75 % inorganic sources, Te- 50 % N through inorganic sources +2
nano urea spray (Tillering & PI stage), Tz- 75% N through inorganic sources + 2
nano urea spray (Tillering & Pl stage). Pooled data indicated application of Full
STBNR through 25 % organic (FYM) + 75 % inorganic sources resulted in highest
plant height (117.05 cm), leaf area index (LAI) (5.26), dry matter production per
square meter (1085.50 g m?), number of tillers per square meter (393.17),
panicle length (26.60 cm), panicle weight (2.96 g), number of filled grains per
panicle (166.67), grain yield (6.64 t ha?), straw yield (7.45 t ha) and harvest
index (47.13 %).
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Introduction

India's agriculture heavily relies on rice-based cropping systems, which play a
crucial role in ensuring food security, boosting incomes, enhancing livelihoods,
generating employment and mitigating poverty. These systems support over
half a billion farming families. Rice (Oryza sativa L.) serves as the main dietary
staple for approximately two-thirds of the world's population. In 2023, India
reached a record rice production of about 137.8 million metric tons. The rice
cultivation area was around 47.8 million hectares, showcasing consistent
agricultural practices over recent years. The average yield of rice stood at 4.3
tons per hectare, continuing a positive trend in productivity improvements over
the last decade. This marked an increase from the 135.7 million metric tons
produced in the previous year, indicating the effectiveness of enhanced farming
techniques and resilience despite environmental challenges (1). Kharif
agriculture is vital for food security, economic growth, rural employment and
sustainable water use, relying on monsoon rains for high-yield crop production.
Major kharif crops are rice, maize and cotton, whereas major fertilizers used are
urea, di ammonium phosphate (DAP) and muriate of potash (MOP). In the state

Plant Science Today, ISSN 2348-1900 (online)


http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https:/doi.org/10.14719/pst.7788
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.7788&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.7788
mailto:sagarpradhan906@gmail.com

SAGARET AL

of Odisha rice is the predominant kharif crop.in the year 2023
out of total cultivated area of 6.18 million hectares, kharif rice
area was 4.06 million hectares. In Odisha rice is mostly grown
in low and medium lands. Major low land verities are CR Dhan
810, CR Dhan 510, Swarna and Lalat (150-165 days duration),
while major medium land verities are CR Dhan 309,
Pratikshya, Ajay and Khandagiri (130-145 days duration). For
this experiment recently released medium land high yielding
verity Kalinga Dhan 1204 was used. Application of only
traditional N, P, K fertilizers resulted in increasing cost of
cultivation, soil and atmosphere pollution, declining soil
health and low nutrient use efficiency. Application of only N,
P, K fertilizer without any organic manure resulted in
declining response of crop to fertilizers gradually. Hence
application of NPK fertilizers alone is insufficient to maintain
soil productivity under continuous intensive cropping (2).
Integrated Nutrient Management (INM) using organic manure
and nano fertilizers is crucial for sustaining crop production
and productivity while maintaining soil health in these
conditions. Fertilizers have become increasingly vital for
enhancing food production and quality, especially with the
development of high-yielding and fertilizer-responsive
cultivars. While researchers have focused on improving rice
production, there have been limited studies on the
application of nanomaterials in agriculture (3, 4).
Nanomaterials are units that range in size from 1 to 100 nm in
at least one dimension (5). Nano fertilizers represent the next
advancement in nanotechnology for achieving more
sustainable agriculture. For instance, compared to over 1 mm
of traditional urea prill, nano urea contains 55000 nitrogen
particles (6). Nano urea reduces the need for conventional
urea by half or more while enhancing crop production, soil
health and the nutritional quality of the yield without
compromising soil productivity. Additionally, nano urea is
less expensive than conventional urea, reducing input costs
for farmers and increasing their profits. The addition of
organic manures enhances soil's physical and biological
properties, soil fertility and crop yields (7). However, organic
manures cannot fully replace chemical fertilizers due to their
lower nutrient content. Determining the optimal substitution
level of chemical fertilizers with organic nutrients is essential
to maintain yields. The long-term nutrient release from
organic sources can also fulfil the nutrient needs of the
succeeding crop, potentially reducing the need for additional
fertilizers. Application of biofertilizer helps to convert the
nutrients into available form and resulting in better uptake
and utilisation of nutrients. Previously some experiments had
been conducted by integrating organic manure with N, P, K
fertilizers but research on nano fertilizers in integrated
nutrient management was very much limited. Hence
considering all the factors, the study was conducted on kharif
rice to evaluates impact of integrated nutrient management
including inorganic, organic and nano fertilizers to improve,
productivity and profitability of rice without hampering soil
health.

Materials and Methods

The field experiment was conducted at Agronomy Main
Research Farm, Central Research Station, Odisha University
of Agriculture and Technology, Bhubaneswar during the
Kharif season of 2022 and 2023. The latitude and the
longitude of the research station was 20°15'53.7"N and
85%52'45,78"E respectively, with an altitude of 25.9 m above
the mean sea level. The study aimed to evaluate the
performance of rice under integrated nutrient management
using inorganic, organic and nano fertilizers.

The experiment was designed as a Randomized Block
Design (RBD) for rice during Kharif. The rice variety “Kalinga
Dhan 1204” was sown in July with seven treatments: T:i-
Control (No fertilizer), T~ Full soil test based nitrogen
recommendation (STBNR) through inorganic sources, Ts- Full
STBNR through organic sources (FYM), T4~ Full STBNR through
50 % organic (FYM) + 50 % inorganic sources, Ts- Full STBNR
through 25 % organic (FYM) + 75 % inorganic sources, Tes- 50 %
N through inorganic sources + 2 nano urea spray (Tillering &
Pl stage), T+- 75 % N through inorganic sources + 2 nano urea
spray (Tillering & Pl stage).

Data on yield parameters were collected at harvest
from five randomly selected plants in each plot and averaged
to obtain replicated data. Plant height, leaf area index (LAI) at
90 days after transplanting (90 DAT), Soil and Plant Analytical
Development (SPAD) value at 60 days after transplanting (60
DAT) and dry matter production were the growth attributes
measured. Number of tillers per square meter, number of
grains per panicles, grain yield, straw yield and harvest index
were all gathered as yield characteristics of rice.

Plant height

Ten plants were selected from each plot randomly and their
height was measured. The average height was taken as the
plant height for that treatment.

Leaf area index (LAl)

Five plants were randomly selected from every plot at 90 days
after transplanting (DAT) and leaf area was measured using
leaf area meter. The leaf area was determined by calculating
the average leaf area per plant. This average leaf area was
then divided by the ground area or spacing of the plant to find
LAL.

Total area of leaf surface per plant

Leaf areaindex =
Ground area occupied by the plant

Soil and Plant Analytical Development (SPAD) and green
seeker value

Ten hills were randomly selected from each plot and SPAD
and green seeker readings were recorded from the lower,
middle and upper leaves of each plant using a SPAD meter at
60 days after transplanting (DAT)

Dry matter production per square meter

Five hills were randomly selected from each treatment. The
leaves, stems and roots were separated and oven-dried for 24
hrs at 60 + 5 °C. The dry weight of all parts, except the roots,
was summed and average then converted into grams per
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square meter (g m?) by multiplying it with population per
square meter.

Number of tillers per square meter

Five hills were taken randomly from each treatment and
tillers of each hill counted at harvest. The mean numbers of
tiller hill™* were calculated and multiplied by number of plants
per square meter for that treatment.

Number of grains per panicle

Ten panicles were taken each plot and the number of grains
was then counted. The average number of grains per panicle
for each treatment was then calculated.

Grain yield and straw yield- Grain yield and straw yield were
taken separately for each treatment after threshing and
expressed in tons per hectare (t ha?).

Harvest index (%)

Harvest Index was calculated by using the following formulae;

Grainyield
x 100

Harvest index =
Grainyield + Straw yield

Soil microbial (Bacteria, actinomycetes, fungus population

Specific culture media were prepared for microbial isolation,
including nutrient agar for bacteria, actinomycete isolation
agar for actinomycetes and potato dextrose agar for fungi. The
total counts of soil bacteria, actinomycetes and fungi were
determined using the serial dilution and plate count method.
These microbial populations were calculated per gram of dry
soil using the formula:

Total population per gram of oven dry soil =

Number of colonies x Dilution factor

Dry weight of one gram moist soil

Soil organic carbon content

Soil organic carbon content was determined using a standard
protocol (8).

Results and Discussion

Effect of integrated nutrient management on growth
attributes of rice: Among different treatments, full STBNR (25
% organic (FYM) + 75 % inorganic) produced the highest plant
height (115.43 cm and 118.67 cm) during both 2022 and 2023
and it was at par with full STBNR (50 % organic (FYM) + 50 %
inorganic) (108.33 cm and 114.33 c¢m) at harvest. Similarly
lowest plant height at harvest was recorded with control (No
fertilizer) (96.50 cm and 96.33 cm) during both the years, as
shown in Table 1. Highest mean plant height was obtained
with full STBNR (25 % organic (FYM) + 75 % inorganic) (117.05
c¢m) whereas lowest mean plant height (97.58 cm) was
obtained with control (No fertilizer) as shown in Table 1. As
the plants matured, their height increased dramatically
compared to the control group.

Nitrogen contributes to an increase in chlorophyll
content at all growth stages, as it is an essential component
that likely enhances photosynthesis and, consequently, plant

3

height. The significant increase in plant height may be
attributed to the enhanced availability and consistent release
of nutrients provided by organic sources such as FYM
(farmyard manure). These nutrient sources may support
plant recovery and growth, particularly towards the
reproductive stage. Adequate supply of plant nutrients
positively affects plant height (9). The observed maximum
plant height could be linked to the application of
combination of inorganic fertilizer and FYM, which may have
boosted the plant's metabolic and physiological activities,
enabling greater nutrient assimilation and growth.
Additionally, integrated nutrient management practices
might have increased nutrient availability, thereby facilitating
the conversion of carbohydrates into proteins and enhancing
meristematic cellular activities such as cell division and
elongation. This cellular activity is expressed in measurable
growth attributes, such as increased plant height, which
ultimately leads to greater dry matter accumulation. Similar
outcomes were previously reported (10).

Similarly plant height at harvest obtained with 75 % N
through inorganic sources + 2 nano urea spray (Tillering & Pl
stage) (103.67 cm and 105.67 cm) was found to be at par with
50 % N through inorganic sources + 2 nano urea spray
(Tillering & PI stage) (101.53 cm and 101.67 cm) and full
STBNR through inorganic sources (102.67 cm and 104.67 cm)
during both years (2022 and 2023). The effectiveness of nano
urea may be attributed to the slow and controlled release of
nutrients from nano-nitrogen, which regulates plant
development and enhances nutrient uptake. Nano fertilizers
improve nutrient absorption, transportation and utilization.
Similar findings have already reported (11).

The leaf area index (LAI) was kept on increasing up to
90 days after transplanting, then it was reduced. Among
different treatments, highest leaf area index (LAI) at 90 DAT
(5.22 and 5.29) was obtained with full STBNR through 25 %
organic (FYM) + 75 % inorganic sources in both years (2022
and 2023) followed by full STBNR through 50 % organic (FYM)
+ 50 % inorganic sources (5.02 and 5.09). Lowest leaf area
index (LAI) (3.43 and 3.53) was recorded with control (No
fertilizer). Leaf area index (LAI) at 90 DAT obtained with 75 %
N through inorganic sources + 2 nano urea spray (Tillering &
Pl stage) (4.73 and 4.82) was found to be at par with full
STBNR through inorganic sources (4.67 and 4.59). Higher
mean leaf area index was obtained with full STBNR through
25 % organic (FYM) + 75 % inorganic sources (5.26) whereas
lowest mean leaf area index (3.48) was recorded with control
(No fertilizer) as shown in Table 1.

Among different treatments, full STBNR (25 % organic
(FYM) + 75 % inorganic) resulted in highest Soil and Plant
Analytical Development (SPAD) reading (39.43, 40.00 and
39.72) (during 2022, 2023 as well as pooled) and green seeker
reading (0.63, 0.64 and 0.63) at 60 DAT (during 2022, 2023 as
well as pooled). Similarly lowest SPAD reading (32.70, 33.10
and 32.90) and green seeker reading (0.51, 0.51 and 0.51) at
60 DAT was recorded with control (No fertilizer) during both
the years as well as mean as shown in Table 2.

Leaf area development plays a crucial role in
determining a crop's response to added nitrogen. Increased
leaf area facilitates greater light interception, contributing to
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Table 1. Effect of integrated nutrient management on plant height and leaf area index of rice

Particular Plant height (cm) Leaf area index (90 days after transplanting)
Integrated nutrient management 2022 2023 Pooled 2022 2023 Pooled

T1-Control (No fertilizer) 96.50 96.33 96.42 3.43 3.53 3.48
T2-Full STBNR through inorganic sources 102.67 104.67 103.67 4.67 4.59 4.63
T3-Full STBNR through organic sources (FYM) 99.97 99.33 99.65 4.00 3.96 3.98
T4-Full STBNR (50% organic (FYM) + 50% inorganic) 108.33 114.33 111.33 5.02 5.09 5.06
T5-Full STBNR (25% organic (FYM) + 75% inorganic) 115.43 118.67 117.05 5.22 5.29 5.26
T6-50% N inorganic sources + 2 nano urea spray 101.53 101.67 101.60 4.46 4.50 4.48
T7-75% N inorganic sources + 2 nano urea spray 103.67 105.67 104.67 4.73 4.82 4.78
SEmz 3.49 3.39 2.24 0.21 0.23 0.14
CD (P=0.05) 10.75 10.44 6.53 0.65 0.71 0.41

Values indicate mean of 3 replications; Pooled data indicate average of 2022,2023

SEm = Standard error of mean, CD = Critical difference

higher dry matter production. Additionally, the combined use
of organic manure and chemical fertilizers promotes
chlorophyll and carbohydrate production, potentially leading
to increased photosynthesis, leaf expansion and an increased
leaf area index. These findings align with the previous
observations (12, 13). Similarly, use of nano urea increases
chlorophyll formation and the rate of photosynthesis, leading
to overall plant growth and the development of a greater
number of leaves. Use of nano urea increases nutrient use
efficiency, nutrient uptake leading to better plant growth and
higher leaf area index (14, 15).

The treatment full STBNR through 25 % organic (FYM)
+ 75 % inorganic sources resulted in the highest dry matter
production per square meter at harvest (1068.33 g m* and
1102.66 g m?) during both the years (2022 and 2023) and it
was at par with full STBNR through 50% organic (FYM) + 50 %
inorganic sources (1009.33 g m2cm and 102856 g m?),
whereas lowest dry matter production per square meter at
harvest (497 g m?and 512.98 g m?) was recorded with control
(No fertilizer). Similarly dry matter production per square
meter at harvest obtained with 75 % N through inorganic
sources + 2 nano urea spray (Tillering & Pl stage) (890.67 g m*
and 921.18 g m?) was found to be at par with full STBNR
through inorganic sources (898.00 g m2and 908.96 g m?).
Higher mean dry matter production per square meter at
harvest was obtained with full STBNR through 25 % organic
(FYM) + 75 % inorganic sources (1085.50 g m*) whereas lowest
mean dry matter production per square meter at harvest
(504.99 g m?) was recorded with control (No fertilizer) as
shown in Table 2.

The combined use of inorganic fertilizers and organic
manure ensures balanced nutrient availability, improving soil
structure, nutrient uptake and microbial activity, leading to
favourable soil conditions. This supports increased vegetative
growth and dry matter production through enhanced leaf
and stem dry weight. Nitrogen contributes to higher
photosynthetic activity, light interception, tiller production
and leaf area development, boosting overall dry matter
accumulation. These findings align with previous research
(16). Similarly larger surface area and smaller particle size of
the nano urea, which allows it to penetrate the plant more
effectively and improve nutrient use efficiency, leading to
increased dry matter production.

Effect of integrated nutrient management on yield
attributes and yield of rice: Highest number of tillers per
square meter at harvest obtained with full STBNR (25 %
organic (FYM) + 75 % inorganic) (382 and 404.33) during both
years (2022 and 2023) and it was at par with full STBNR
through 50 % organic (FYM) + 50 % inorganic sources (347.33
and 359.33). Lowest number of tillers per square meter
(282.33 and 297.00) was recorded with control (No fertilizer).
Highest number of tillers per square meter (pooled) at harvest
obtained with full STBNR (25 % organic (FYM) + 75 %
inorganic) (393.17) whereas lowest number of tillers (pooled)
per square meter (289.67) was recorded with control (No
fertilizer).

This could be attributed to the enhanced nutrient
availability provided by FYM and inorganic fertilizer, as well as
the microbial stimulation and gradual nitrogen mineralization
from FYM. These findings align with those reported in similar

Table 2. Effect of integrated nutrient management on SPAD reading, green seeker reading and dry weight per square meter of rice

Particular SPAD (60 days after  Green seeker (60 days after Dry weight per square meter
transplanting) transplanting) (gm?)

Integrated nutrient management 2022 2023 Pooled 2022 2023 Pooled 2022 2023  Pooled
T1-Control (No fertilizer) 32.70 33.10 32.90 0.51 0.51 0.51 497.00 512.98 504.99

T2-Full STBNR through inorganic sources 37.97  38.47 38.22 0.57 0.57 0.57 898.00 908.96  903.48
T3-Full STBNR through organic sources (FYM) 33.60 34.03 33.82 0.54 0.54 0.54 751.67 765.18 758.42
T4-Full STBNR (50% organic (FYM) + 50% inorganic) 38.67 39.53 39.10 0.61 0.62 0.61 1009.33 1028.56 1018.95
T5-Full STBNR (25% organic (FYM) + 75% inorganic) 39.43 40.00 39.72 0.63 0.64 0.63 1068.33 1102.66 1085.50
T6-50% N inorganic sources + 2 nano urea spray 37.53 3757 3755 0.54 0.54 0.54 764.67 778.18 771.42
T7-75% N inorganic sources +2 nano urea spray 38.13 38.60 38.37 0.58 0.61 0.59 890.67 921.18 905.92

SEmz 1.08 1.42 0.80 0.02 0.02 0.01 34.00 36.60 22.43

CD (P=0.05) 3.32 4.37 2.33 0.05 0.06 0.05 104.75 112.77  65.47

Values indicate mean of 3 replications; Pooled data indicate average of 2022,2023

* SEm = Standard error of mean, CD = Critical difference
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studies (17, 18). Additionally, the combination of inorganic
fertilizers with organic manure and promoted the growth and
development of rice tillers, resulting in an increased number of
tillers per hill (19).

Number of tillers per square meter at harvest obtained
with 75 % N through inorganic sources + 2 nano urea spray
(Tillering & PI stage) (329.33, 345.67 and 337.50) was found to
be at per with full STBNR through inorganic sources (324.67,
336.33 and 330.50), as shown in Table 3.

The effectiveness of nano urea is due to the reduced
particle size, which enhances the specific surface area and the
number of particles of the fertilizer per unit area. This increase
in surface area allows for more interactions with the fertilizer,
leading to improved penetration and nutrient uptake. It
resulted in better leaf expansion, better photosynthesis and
ultimately resulting in a higher number of tillers per square
meter (20).

In comparison to other treatments panicle length
(26.20 cm, 27 cm and 26.60 cm), panicle weight (2.87 g,3.04 g
and 2.96 g) and number of filled grains per panicle (159,
169.33 and 166.67) was higher in full STBNR (25 % organic
(FYM) + 75 % inorganic) in both years (2022 and 2023) as well

as mean. This effect might be attributed to the enhancement
in enzymatic activity, which leads to the formation and
transportation of photosynthates. This, in turn, may result in
an increase in the panicle length, panicle weight and number
of grains per panicle (19), as shown in Table 3.

The use of integrated nutrient management practices
has a significant impact on grain (Fig. 1). Highest grain yield
(6.54 t ha?, 6.73 t hatand 6.64 t ha) was recorded with full
STBNR (25% organic (FYM) + 75 % inorganic) during both years
(2022 and 2023) as well as pooled followed by full STBNR
through 50 % organic (FYM) + 50 % inorganic sources (6.12 t ha-
1,6.26 t ha'and 6.19 t ha). Lowest grain yield (2.94 t ha?,2.98 t
ha' and 2.96 t ha') was recorded with control (No fertilizer).
Similarly grain yield obtained with treatment 75 % N inorganic
sources + 2 nano urea spray (5.49 t ha', 5.68 t hatand 5.59 t ha
1) was also found to be at par with grain yield obtained with full
STBNR through inorganic sources (5.42 t ha, 5.55 t ha and
5.49 t ha') during both the years and mean.

Among different treatments highest straw yield was
recorded with full STBNR (25 % organic (FYM) + 75 %
inorganic) (7.34 t ha ,7.55 t ha™ and 7.45 t ha) during both
the years (2022 and 2023) as well as mean, followed by full

O = N W A U o N D
L

Grain yield (t/ha)

2022 @2023 OPooled

T1- T2 T3 T4

T5 T6 T7

Fig. 1. Effect of integrated nutrient management on grain yield of rice (T1-Control (No fertilizer); T2-Full STBNR through inorganic sources; T3-Full STBNR
through organic sources (FYM); T4-Full STBNR (50 % organic (FYM) + 50 % inorganic); T5-Full STBNR (25 % organic (FYM) + 75 % inorganic); T6-50 % N inorganic

sources +2 nano urea spray; T7-75 % N inorganic sources + 2 nano urea spray).

Table 3. Effect of integrated nutrient management on number of tillers per square meter, panicle length, number of filled grains per panicle and panicle weight

of rice
Particular Number of tillers m Panicle length (cm) Numbe;g:if(l:lllee_:i grains Panicle weight (g)
Integrated nutrient
T ement 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled
T1-Control (No fertilizer) 28233 297.00 289.67 1933 19.73 1953 12367 13067 127.17 176 185 181
T2-Full STBNS%H}E‘;‘;gh inorganic 3,467 33633 33050 23.17 23.10 23.13 142.67 151.00 146.83 246 249 247
T3-FullSTBNRthroughorganic 54, 55 30967 30533 2227 2020 2123 13567 142.33 139.00 194 204 199
sources (FYM)
T4-Full STBNR (50% organic (FYM)
T 20% iorson) 34733 359.33 353.33 2420 2447 2433 15333 161.00 157.17 272 2.83  2.78
T5-Full STBNR (25% organic (FYM)
750 orered 382.00 40433 393.17 2620 27.00 26,60 159.00 17433 166.67 2.87 3.04  2.96
T6-50% N inorganic sources +2
Ry 307.67 31633 312.00 22.57 22.00 2228 137.67 149.67 143.67 233 240 237
T7-75% N inorganic sources +2
Ry 32933 34567 337.50 23.30 2330 2330 144.67 15267 148.67 252 252  2.52
SEmz 1663 1891 1131 092 113 068 641 723 438 008 007 003
CD (P=0.05) 5122 5827 33.02 283 348 200 1974 2227 1278 023 022  0.09

Values indicate mean of 3 replications; Pooled data indicate average of 2022,2023

* SEm = Standard error of mean, CD = Critical difference
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Straw vyield (t/ha)

2022 @2023 OPooled

T1 T2 T3 T4

T5 T6 T7

Fig. 2. Effect of integrated nutrient management on straw yield of rice (T1-Control (No fertilizer); T2-Full STBNR through inorganic sources; T3-Full STBNR
through organic sources (FYM); T4-Full STBNR (50 % organic (FYM) + 50 % inorganic); T5-Full STBNR (25 % organic (FYM) + 75 % inorganic); T6-50 % N inorganic

sources +2 nano urea spray; T7-75 % N inorganic sources + 2 nano urea spray).
STBNR (50 % organic (FYM) + 50 % inorganic) (7 t ha’, 7.14 t
ha'and 7.07 t ha'), as depicted in Fig. 2. Lowest straw yield
(3.63 t ha, 3.75 t ha* haand 3.69 t ha) was recorded with
control (No fertilizer). The ideal blend of traditional fertilizers
and FYM resulted in maximum straw production. Similarly
straw yield obtained with treatment 75 % N inorganic sources
+2 nano urea spray (6.18 t ha', 6.41 t ha' and 6.29 t ha) was
also found to be at par with straw yield obtained with full
STBNR through inorganic sources (6.14 t ha* and 6.32 t ha*
and 6.23 t ha™) during both the years as well as pooled.

Among different treatments, highest harvest index
was recorded with the application of full STBNR (25 % organic
(FYM) + 75 % inorganic) (47.16 % and 47.11 %) which was
statistically at par with 75 % N inorganic sources + 2 nano
urea spray (47.05 % and 46.99 %), full STBNR through
inorganic sources (46.87 % and 46.75 %) and full STBNR (50 %
organic (FYM) + 50 % inorganic) (46.66 % and 46.71 %) during
both the years of study. However, control (No fertilizer)
resulted in the lowest harvest index (44.86 % and 44.34 %).
Highest mean harvest index was recorded with the
application of full STBNR (25 % organic (FYM) + 75 %
inorganic) (47.13 %) whereas control (No fertilizer) resulted in
lowest mean harvest index (44.60 %), as depicted in Fig. 3.

Organic fertilizers (FYM) are highly effective in
enhancing crop yields due to their rich nutrient content and
low C/N ratio, which allows for faster mineralization
compared to other organic materials. This gradual nutrient
release supports higher nutrient availability and uptake,
leading to better accumulation and translocation of
photosynthates, ultimately resulting in increased grain yield.
Combining NPK with FYM further improves grain yield by
enhancing soil fertility and nutrient supply gradually
throughout the season, which leads to better leaf expansion
and better photosynthesis as well as efficient translocation of
photosynthates to the grain. Increased straw yield with
integrated nutrient management (INM) treatments is linked
to higher leaf area expansion, better photosynthesis which
leads to a greater number of tillers. This resulted in better dry
matter production and improved growth attributes. A higher
harvest index indicates more economic yield which was
mainly due to proper nutrient availability during
reproductive, panicle initiation and grain filling stages as well
as efficient translocation of photosynthates to the grains.
These outcomes are consistent with the previous research
findings (19-21), who observed significant positive effects of
combining organic and chemical fertilizers on rice straw and
biological yields.

47.5 -
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46.5 -
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455 -
45
445
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Fig. 3. Effect of integrated nutrient management on harvest index of rice (T1-Control (No fertilizer); T2-Full STBNR through inorganic sources; T3-Full STBNR
through organic sources (FYM); T4-Full STBNR (50 % organic (FYM) + 50 % inorganic); T5-Full STBNR (25 % organic (FYM) + 75 % inorganic); T6-50 % N inorganic

sources + 2 nano urea spray; T7-75 % N inorganic sources + 2 nano urea spray).
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Similarly, combined application of conventional
fertilizer as a basal dose and the split application of nano urea
sprayed on the plant surface leads to the storage of residual
nitrogen in plant cells, which is released slowly, thereby
preventing biotic and abiotic stress and resulting in higher
grain yield. The application of nano urea boosts yields by
promoting the growth of plant parts and enhancing
metabolic processes such as photosynthesis. This leads to the
accumulation and translocation of more photosynthates to
the economic parts of the plant. Similar findings have been
reported (22-24). Controlled release of nutrients, which meets
the plant's nutrient demands, regulates growth and enhances
target activity, leading to increased biological production of
the crop. The rapid uptake and efficient translocation of nano
fertilizers by the plant likely contributed to improved
photosynthesis rates and increased dry matter formation,
leading to higher straw production when applied as a foliar
spray. Similar results were also reported (25).

Effect of integrated nutrient management on soil
biochemical properties: The chemical properties of the soil
after two years of cropping (Table 4) showed a slight increase
in pH and organic carbon content compared to the initial
values except organic carbon content of control plot which
was found lower than initial. Application of FYM alone or in
combination with inorganic fertilizers resulted in higher soil
organic carbon content after harvest as compared to other
treatments and similar trend was also observed in soil p*.

After two years of cropping, the population of bacteria
and actinomycetes increased, while the fungal population
declined compared to the initial levels (Table 4). Organic
management in rice promoted microbial colony formation
more effectively than INM and inorganic practices (bacteria
11.77 x108, actinomycetes 8.44 x10° and fungi 8.20 x10* cfu/g
soil). This could be attributed to the superior influence of
organic inputs on microbial populations and their activities
compared to their combined use with inorganic inputs (26).

Correlation studies: Correlation analysis depicted that;
correlation coefficient values between grain yield with most
of the growth and yield attributes was more than 0.9 which
indicates grain yield has a strong positive correlation with
green seeker reading, SPAD reading, dry weight per square
meter, , leaf area index, number of filled grain per panicle,
panicle length and panicle weight as shown in Fig. 4.
Correlation coefficient value between grain yield and plant
height was less than 0.9 which indicates less strong
correlation compared to other treatments. Panicle length has
a strongly positive correlation with number of filled grain per
panicle. Similarly, R? value between grain yield and green
seeker reading (Fig. 5), SPAD reading (Fig. 6), dry weight per
square meter (Fig. 7), plant height (Fig. 8), leaf area index (Fig.
9), number of filled grain per panicle (Fig. 10), panicle length
(Fig. 11) and panicle weight (Fig. 12) were found to be 0.9461,
0.8909, 0.997, 0.8076, 0.9451, 0.9402, 0.924 and 0.9129
respectively.

Panicle
length

Panicle
weight

Grain yield

Number of
filled grain

SPAD
reading

Green
seeker

Leaf area

index Plant height Dry weight

Grain yield
Panicle weight
Panicle length

Number of filled grain
Leaf area index

Plant height

Dry weight
SPAD reading

Green seeker reading

Fig. 4. Correlation plot between grain yield, green seeker reading, SPAD reading, dry weight per square meter, plant height, leaf area index, number of filled grain

per panicle, panicle length and panicle weight.

Table 4. Effect of integrated nutrient management on soil organic carbon, pH, bacteria, actinomycetes and fungal population in soil

Particular Organic carbon Bacteria (x 10° Actinomycetes Fungi

Integrated nutrient management (%) PH cfu /g soil) (x 10° cfu /g soil)  (x 10* cfu /g soil)
T1-Control (No fertilizer) 0.51 5.11 8.77 6.77 4.99
T2-Full STBNR through inorganic sources 0.57 5.32 8.11 5.89 5.66
T3-Full STBNR through organic sources (FYM) 0.64 5.57 11.77 8.44 8.20
T4-Full STBNR (50% organic (FYM) + 50% inorganic) 0.61 5.53 11.00 7.78 777
T5-Full STBNR (25% organic (FYM) + 75% inorganic) 0.60 5.37 9.07 7.66 6.22
T6-50% N inorganic sources + 2 nano urea spray 0.56 521 8.55 6.64 5.55
T7-75% N inorganic sources + 2 nano urea spray 0.56 5.26 7.66 6.11 5.64
SEm# 0.04 0.04 0.46 0.29 0.30
CD (P=0.05) NS 0.13 141 0.89 0.93
Initial 0.55 5.04 6.31 7.15 9.34

*cfu = Colony forming unit, SEm = Standard error of mean, CD = Critical difference
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Conclusion

Based on findings of the experiment conducted for two
consecutive years, it can be concluded that application of
full STBNR (25 % organic (FYM) + 75 % inorganic) is the best
practice to achieve higher productivity in rice as well as to
maintain ideal soil health. Similarly combined application
of 75 % N through inorganic sources with 2 nano urea
spray can be used to reduce urea requirement to produce
same amount of rice yield.
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