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Abstract

An experiment was conducted at the Agronomy main research farm, College of Agriculture, Odisha University of Agriculture and
Technology, Bhubaneswar, during the Kharif and Rabi seasons of 2022-23 and 2023-24. The research was worked out in randomized
block design (RBD) during kharif and split plot design (SPD) during rabi. The rice variety “Kalinga Dhan 1204” was transplanted in kharif
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), T+- 75% N
through inorganic sources + 2 nano urea spray (tillering & PI stage). During rabi season each main plot divided into 3 sub plots and
groundnut (variety- Kadiri lepakshi) was sown with 3 treatments: Z;-100 % recommended dose of fertilizer (RDF), Z>-75 % RDF+ 2 nano DAP
spray, Zs- 75 % RDF+ 2 nano di ammonium phosphate (DAP) spray + Phosphorus solubilizing bacteria (PSB). Pooled data revelled that
highest number of panicles per square meter (393.17), total number of grains per panicle (176.83), test weight (25.27), grain yield (6.64 t ha-
1), straw yield (7.45 t h) and harvest index (47.13 %) of rice were obtained with full STBNR (25 % organic (FYM) + 75 % inorganic). Among
different treatment combinations, highest system yield (13.85 t rice equivalent yield ha?), system gross return (Rs. 303807), system net
return (Rs. 164039) and system B/C ratio (2.17) were obtained with TsZ; combinations.
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cropping systems significantly alters their economic
dynamics. These crops are gaining increased attention due to
their relatively low production levels and higher market
values (4). In Odisha, rice is cultivated in medium and
lowlands. In the year 2023 out of total cultivated area of 6.18
million hectares, kharif rice area was 4.06 million hectares.
Prominent low land verities are Swarna, CR Dhan 510, CR
Dhan 810 and Lalat (150-165 days duration), while major
medium land verities are Pratikshya, CR Dhan 309, Khandagiri
and Ajay (130-145 days duration). Major fertilizers used in rice
are urea, di ammonium phosphate (DAP) and muriate of
potash (MOP).

Introduction

Rice (Oryza sativa L.) is a staple food for nearly two-thirds the
population in the world. It is cultivated 165 million hectares
worldwide, with an annual production of approximately 523.9
million tonnes (on a milled basis). Near about 90 % of the
global rice cultivation and production is from Asian countries
(1). Over the past five years, production increases have been
attributed to both expanded cultivation areas and higher
yields. China and India together account for nearly 50 % of
the world’s total rice production. In the 2023-24 estimates,
India cultivates rice across roughly 43.5 million hectares,
producing about 130 million metric tons with an average
yield of nearly 3000 kg per hectare. India ranks as the second-
largest producer globally, following China. In Odisha, rice is
grown at approximately 4.2 million hectares, generating
about 9 million metric tons of production with a productivity
of around 2200 kg per hectare (2). However, the country's low

Peanut (Arachis hypogaea L.) is a leguminous oilseed
and is widely cultivated in India, with an average yield of 1422
kg/ha. India ranks first globally in groundnut acreage and is
the second-largest groundnut producer after China, with an
estimated production of 67 lakh tonnes. In 2023, groundnut

productivity poses a concern for over 60 % of the population
that relies on rice for their food and nutritional needs (3). The
incorporation of oilseeds and legumes into rice-based

was cultivated in 1.10 lakh hectares in Odisha (2). In Odisha,
several major groundnut (peanut) varieties are cultivated,
suitable for different agro-climatic conditions. These varieties
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are selected based on their adaptability, disease resistance,
oil content and yield potential. Prominent groundnut verities
are Dharani, AK 12-24 and Kadiri.

The rice-groundnut cropping system holds
significant importance in Odisha. Rice is the dominant crop,
occupying nearly 67 % of the total cultivable area during the
rainy (kharif) season. Groundnut, the primary oilseed crop,
is cultivated on approximately 0.26 million hectares, with
the winter (rabi) season contributing to about 69 % of the
total groundnut area. Both crops are nutrient-intensive and
highly sensitive to climate variations. However, the
sustainability and productivity of this system are
increasingly under threat due to soil degradation caused by
improper nutrient management practices (5).

Continuous rice monocropping and over-reliance on
chemical fertilizers can lead to soil quality degradation. It is
crucial to recommend appropriate rice-based cropping
systems and nutrient management strategies to achieve
higher yields and income while preserving soil fertility.
Excessive use of high-analysis fertilizers often results in
nutrient imbalance, depriving crops of essential
micronutrients. This issue can be mitigated by adopting a
rice-legume cropping system. Incorporating organic
manures, nano fertilizers and biofertilizers into rice-
groundnut systems not only improve soil quality but also
benefits subsequent crops because of their residual effects.
Integrated nutrient management (INM) practices in rice
cultivation can reduce the fertilizer requirement for the
following crop to a suboptimal level, such as 75 % of the
recommended fertilizer dose (RDF). By integrating various
nutrient sources, crops’ nutrient needs can be efficiently
met, enhancing productivity. Combining organic with
inorganic fertilizers promotes better yield, soil health and
nutrient-use efficiency (6).

Low productivity in groundnut cultivation is often
attributed to the use of imbalanced plant nutrients
particularly phosphorus. The application of manures,
biofertilizers and combination of normal as well as nano
fertilizers plays a critical role in influencing the availability of
nutrients and altering the soil's physical properties, which
significantly affect groundnut growth (7). However,
comprehensive research on balanced nutrient management
for groundnut, especially within the rice-groundnut cropping
system, remains limited and scattered. Considering all the
factors, a field experiment was worked out on the rice-
groundnut cropping system to find out the effects of
integrated nutrient management practices on productivity
and profitability of the system.

Material and Methods

The experiment was conducted at the Agronomy main
research farm, College of Agriculture, Odisha University of
Agriculture and Technology, Bhubaneswar, during the
Kharif and Rabi seasons of 2022-23 and 2023-24. The farm is
positioned at latitude of 20°15'53.7"N and longitude of
85952'45.78"E, with an elevation of 25.9 meters above mean
sea level (MSL). The site is located approximately 64
kilometers from the Bay of Bengal, falling within the East

2

and Southeastern Coastal Plain Agro-climatic zone of
Odisha.

The research was worked out in randomized block
design (RBD) during kharif and split plot design (SPD) during
rabi. The rice variety “Kalinga Dhan 1204” was transplanted
in kharif 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 & Pl stage), T-- 75 % N
through inorganic sources + 2 nano urea spray (tillering & PI
stage). During rabi season each main plot divided into 3 sub
plots and groundnut (variety- Kadiri lepakshi) was sown
with 3 treatments: Z,-100 % recommended dose of fertilizer
(RDF), Z,-75 % RDF+ 2 nano DAP spray (30DAS & 45DAS), Zs-
75 % RDF+ 2 nano DAP spray (30 DAS & 45 DAS) +
phosphorus solubilizing bacteria (PSB). Data on yield
parameters were collected at harvest from five randomly
selected plants in each plot and averaged to obtain
replicated data. The economic analysis was conducted by
assessing the cost of cultivation, gross revenue, net profit
and the benefit-to-cost ratio. The data were analysed using
pooled data from two years, as per the prescribed
methodology and subjected to standard analysis of
variance (ANOVA). A randomized block design was used for
rice, while a split-plot design was applied for groundnut and
the system.

Yield attributes and yield of rice

Number of panicles per square meter: After harvest, total
number of panicles per square meter was counted for each
treatment and denoted as the number of panicles per
square meter.

Total number of grains per panicle: Five panicles were
selected randomly from each plot and total number of
grains per panicle was counted. Average number of grains
per panicle for each treatment, across three replications,
indicates the average grains per panicle for each individual
treatment.

Test weight of rice: From each treatment 1000 filled grains
were collected and dried in an oven at 60 °C until a
constant weight was achieved. It indicates the test weight
for each treatment.

Grain and straw yield of rice: Followed by harvesting of
rice, the samples were bundled and weighed to determine
the total biomass yield. The bundles were then threshed.
The grain and straw yields were recorded separately for
each treatment.

Harvest index of rice: Harvest Index was calculated by
using the following formulae;

Grain yield X 100

Harvestindex =
(Grainyield + Straw yield)
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Yield attributes and yield of groundnut

Number of pods per plant and pod weight per plant: Pods
from five randomly selected plants from each plot were
counted and averaged to determine the number of pods per
plant. These pods were then dried in air and weighed and
the average weight was calculated.

Kernels per pod: Five pods were randomly selected from
each plot and manually shelled. The number of kernels from
each pod was then counted, averaged over the ten pods and
expressed as kernels per pod.

Pod length: Five pods were randomly selected from each
plot and their lengths were measured. Lengths were
averaged and expressed as pod length.

Test weight: Two batches of 1000 kernels were counted
from each plot after shelling. The kernels were weighed and
averaged to obtain the test weight.

Pod yield: After harvesting the pods were detached and
dried for 3-5 days. They were then weighed and the weight
was converted to tons per hectare (t ha).

Haulm yield: After detachment of pods, the plants were sun-
dried for an additional 2-3 days. They were then weighed
and the stover was converted to tons per hectare (t ha).

Shelling percent: From each plot, 100 grams of clean pods
were weighed. After shelling, the kernels were weighed and
shelling percent was calculated using the following
formulae;

Kernel weight

Shelling percent = x 100

pod weight
Harvest index: Harvest index was worked out using the
following formulae;

pod yield X 100

Harvest index =
(pod yield + Haulm yield)

System yield and economics

Rice equivalent yield of system: It was worked out using the
following formulae;

Rice equivalent yield of system =Yield of rice +

(Yield of groundnut x Price of groundnut)

Price of rice

System gross return: It was worked out using the following
formulae;

System gross return = Rice equivalent yield of system x Price
of rice

System net return: It was worked out using the following
formulae;

System net return = System gross return - Cost of cultivation

Benefit to cost ratio (B/C ratio): It was worked out using the
following formulae;

Gross return

B/C ratio=
/Cratio Cost of cultivation

Results and Discussion

Effect of integrated nutrient management on yield
attributes and yield of rice

Among different treatments highest number of panicles per
square meter (393.17), total number of grains per panicle
(176.83), test weight (25.27) was obtained with full STBNR
(25 % organic (FYM) + 75 % inorganic) applied plot and it is
followed by plot treated with full STBNR through 50 %
organic (FYM) + 50 % inorganic sources. Lowest number of
panicles per square meter (289.67), total number of grains per
panicle (146.00), test weight (22.97) was recorded with
control (no fertilizer), as shown in Table 1. The
implementation of integrated nutrient management
practices significantly affects both grain and straw yield
(Table 1). Highest grain yield, straw yield and harvest index
(6.64 t hal, 7.45 t h'! and 47.13 %) were recorded with full
STBNR (25 % organic (FYM) + 75 % inorganic) whereas lowest
grain yield (2.96 t ha’, 3.69 t ha’ and 44.60 %) w recorded
with control (no fertilizer). Similarly grain yield recorded with
treatment 75 % N inorganic sources + 2 nano urea spray (5.59
t ha?) was also found to be at par with grain yield obtained
with full STBNR through inorganic sources (5.49 t ha'), as
shownin Table 1.

The increased yield with 25 % or 50 % organic nutrient
substitution could be attributed to the gradual release and
sustained supply of essential nutrients throughout different
growth stages. This steady nutrient availability supports
optimal photosynthesis, leading to a greater number of
effective tillers (more panicles with fertile grains), higher
number of grains per panicle, improved test weight,
increased grain yield, straw yield and harvest index (8, 9).

Nano urea's effectiveness is attributed to its smaller
particle size, which increases the specific surface area and
the number of fertilizer particles per unit area. This
expanded surface area enhances interactions with the
fertilizer, facilitating better penetration and nutrient
absorption. As a result, the uptake efficiency improves,
leading to a greater number of tillers (10).

Residual effect of integrated nutrient management in
rice onyield attributes and yield of groundnut

Residual effect of integrated nutrient management in rice
significantly affected vyield attributes of subsequent
groundnut crop. The residual impact of full STBNR through
organic sources (FYM) in rice was the highest, followed
closely by full STBNR (50 % organic (FYM) + 50 % inorganic),
while the lowest effect was observed with control (no
fertilizer). This was evident from parameters such as the
number of pods per plant, pod weight per plant, kernels per
pod, pod length and test weight. Highest number of pods
per plant (14.79), pod weight per plant (13.59 g), seeds per
pod (2.22), test weight (446.67 g) and pod length (4.28 cm)
were obtained with residual effect of full STBNR through
organic sources (FYM) in rice followed by number of pods
per plant (13.83), pod weight per plant (12.63 g), seeds per
pod (2.18), test weight (445.56 g) and pod length (4.22 cm)
obtained with residual effect of full STBNR (50 % organic
(FYM) + 50 % inorganic). Whereas lowest number of pods per
plant (7.99), pod weight per plant (6.00 g), seeds per pod
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Table 1. Effect of integrated nutrient management in rice on number of panicles m, total number of grains panicle?, test weight, grain yield,

straw yield and harvest index of rice

Particular Numberof Total number of Testweight Grainyield Strawyield Harvest

Integrated nutrient management panicles per grains per (8) (tha?) (tha?')  index (%)
T:1-Control (No fertilizer) 289.67 146.00 22.97 2.96 3.69 44.60
To-Full STBNR through inorganic sources 330.50 160.83 24.33 5.49 6.23 46.81
Ts-Full STBNR through organic sources (FYM) 305.33 155.67 23.53 4.49 5.40 45.31
T4-Full STBNR (50% organic (FYM) + 50% inorganic) 353.33 168.50 24.60 6.19 7.07 46.69
Ts-Full STBNR (25% organic (FYM) + 75% inorganic) 393.17 176.83 25.27 6.64 7.45 47.13
Te-50% N inorganic sources + 2 nano urea spray 312.00 159.17 23.37 4.51 5.44 45.33
T7-75% N inorganic sources + 2 nano urea spray 337.50 161.33 24.08 5.59 6.29 47.02
SEmz= 241 5.80 0.12 0.20 0.22 0.26
CD (P=0.05) 8.35 17.87 NS 0.57 0.65 0.75

Values indicate mean of 3 replications; Pooled data indicate average of 2022-23,2023-24

SEm = Standard error of mean, CD = Critical difference

(1.82), test weight (439.89 g) and pod length (3.52 cm) were
obtained with residual effect of control (no fertilizer) as
depicted in Table 2.

Yield of groundnut was significantly affected by
residual effect of integrated nutrient management in
preceding rice crop. Highest pod yield (2.37 t ha), shelling
per cent (73.11 %), haulm vyield (3.76 t ha?) and harvest
index (38.65 %) were obtained with residual impact of full
STBNR through organic sources (FYM), followed by pod yield
(2.31 t ha), shelling per cent (72.53 %), haulm yield (3.70 t
ha) and harvest index (38.39 %) obtained with residual
effect of full STBNR (50 % organic (FYM) + 50 % inorganic).
Lowest pod yield (1.41 t ha), shelling per cent (69.47 %),
haulm yield (2.77 t ha') and harvest index (33.63 %) were
obtained with residual effect of control (no fertilizer) as
depicted in Table 3.

Better yield attributes and vyield of groundnut
because of FYM based treatments in rice mainly due to
combined effect of organic and inorganic fertilizers that
improved soil physical conditions to conserve moisture,
gradual nutrient availability throughout the season and
better microbial activity, resulting in better nutrient
absorption, crop growth and pod formation (11- 14).

Direct effect of integrated nutrient management on yield
attributes and yield of groundnut

The integrated nutrient management practices in
groundnut have significant effect on yield attributes.
Application of 75 % RDF with 2 nano DAP spray and PSB
resulted in highest number of pods per plant (13.38), pod
weight per plant (11.77 g), seeds per pod (2.16), test weight
(445.21 g) and pod length (3.97 cm), whereas lowest number
of pods per plant (11.13), pod weight per plant (9.20 g),
seeds per pod (2.04), test weight (440.98 g) and pod length
(3.72 cm) obtained from plot treated with 100 % RDF as
depicted in Table 2.

The integrated nutrient management practices in
groundnut have significant effect on yield. Application of 75
% RDF with 2 Nano DAP spray and PSB resulted in highest
pod yield (2.07 t ha?), shelling per cent (72.02 %), haulm
yield (3.46 t ha?) and harvest index (37.17 %), followed by
pod yield (1.89 t hal), shelling per cent (70.92 %), haulm
yield (3.24 t ha) and harvest index (36.56 %) obtained with
application of 75 % RDF with 2 nano DAP spray. Application
of 100 % RDF resulted in lowest pod yield (1.81 t hal),
shelling per cent (70.53 %), haulm yield (3.14 t ha') and
harvest index (36.36 %), as depicted in Table 3.

Table 2. Residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in groundnut on
number of pods per plant, pod weight per plant, number of seeds per pod, test weight and pod length of groundnut

Integrated nutrient management in rice Numbe;gn%ods per Podp\{\;?lltg?gt)per Numg::;(fnsieeds Test(vglght Pod(:;n)gth
T:1-Control (No fertilizer) 7.99 6.00 1.82 439.89 3.52
T2-Full STBNR through inorganic sources 12.37 10.72 2.16 444.33 3.77
Ts-Full STBNR through organic sources (FYM) 14.79 13.59 2.22 446.67 4.28
T+-Full STBNR (%ff’g‘;rn%?)mc (FYM) +50% 13.83 12.63 2.18 445.56 422
Te-Full STBNR (%ng’g‘;rn%?)mc (FYM) +75% 13.06 11.29 2.17 444.33 3.91
Te-50% N inorganic sources + 2 nano urea spray 9.70 7.76 1.97 440.33 3.56
T+-75% N inorganic sources + 2 nano urea spray 12.11 10.24 2.12 441.89 3.57
SEmz 0.28 0.28 0.03 1.60 0.04
CD (P=0.05) 0.82 0.83 0.10 4.66 0.11

Integrated nutrient management in groundnut

Z:-100% RDF 11.13 9.20 2.04 440.98 3.72
Z,-75% RDF + 2 Nano DAP spray 11.43 9.98 2.07 443.67 3.80
Z3-75% RDF + 2 Nano DAP spray + PSB 13.38 11.77 2.16 445.21 3.97
SEmz 0.20 0.18 0.02 0.94 0.02
CD (P=0.05) 0.57 0.52 0.07 2.66 0.07

Values indicate mean of 3 replications; Pooled data indicate average of 2022-23,2023-24

SEm = Standard error of mean, CD = Critical difference
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Table 3. Residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in groundnut on pod

yield, shelling percent, haulm yield and harvest index of groundnut

Integrated nutrient management in rice P?tdh)g_?)ld p esr::lrlnltn(%/o) Hazltlra)_(ll)eld Harvc::/:)lndex
T:1-Control (No fertilizer) 1.41 69.47 2.77 33.63
T2-Full STBNR through inorganic sources 1.84 70.62 3.17 36.67
Ts-Full STBNR through organic sources (FYM) 2.37 73.11 3.76 38.65
T4+Full STBNR (50% organic (FYM) + 50% inorganic) 2.31 72.53 3.70 38.39
Ts-Full STBNR (25% organic (FYM) + 75% inorganic) 221 71.86 3.57 38.16
Ts-50% N inorganic sources + 2 nano urea spray 1.63 70.20 2.96 35.54
T+-75% N inorganic sources + 2 nano urea spray 1.70 70.29 3.04 35.85
SEm+ 0.05 0.26 0.09 0.11
CD (P=0.05) 0.16 0.77 0.26 0.33

Integrated nutrient management in groundnut

Z;-100% RDF 1.81 70.53 3.14 36.36
Z,-75% RDF + 2 Nano DAP spray 1.89 70.92 3.24 36.56
Z5-75% RDF + 2 Nano DAP spray + PSB 2.07 72.02 3.46 37.17
SEmz 0.03 0.16 0.05 0.13
CD (P=0.05) 0.10 0.46 0.15 0.36

Values indicate mean of 3 replications; Pooled data indicate average of 2022-23,2023-24

SEm = Standard error of mean, CD = Critical difference

Better yield attributes and yield of groundnut by the
combined application of 75 % RDF with 2 Nano DAP spray
and PSB to groundnut may be attributed to the ability of
nano fertilizers to incorporate nanoscale mechanisms that
regulate the controlled release of nitrogen and phosphorus,
thereby enhancing nutrient uptake by crops (15). The
increased concentration of nano fertilizers results in a larger
surface area, facilitating better absorption of nutrients
through foliar application. As a result, there was higher
photosynthesis, hence promoting flower production and
improving nutrient distribution during the reproductive
stage. It leads to development of higher number of pods (16,
17). Similarly, higher pod yield, haulm yield and harvest
index could be attributed to the combined influence of PSB
inoculation and the foliar application of nano DAP, which
likely improved nutrient availability in a balanced and
sufficient manner during crucial growth stages resulting in
better canopy spread and photosynthesis (18, 19).

Interaction effect of integrated nutrient management in
rice and integrated nutrient management in groundnut
on yield attributes and yield of groundnut

Interaction between main plot and sub plot found to have
significantly effect on some of the yield attributes of
groundnut like number of pods per plant, pod weight per
plant and pod length. Among different treatment
combinations, highest number of pods per plant (16.42),
pod weight per plant (15.37 g) and pod length (4.47 cm)
were recorded with TsZs, followed by number of pods per
plant (16.15) and pod weight per plant (15.00 g) obtained
with TsZs. Lowest number of pods per plant (7.39), pod
weight per plant (5.03 g) and pod length (3.43 cm) were
recorded with T1Z;, as depicted in Table 4.

Pod yield and haulm vyield of groundnut were
significantly affected by interaction between main plot and
sub plot treatments. Among different treatment
combinations, highest pod yield (2.55 t ha?) and haulm yield

Table 4. Interaction between residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in
groundnut on number of pods per plant, pod weight per plant, number of seeds per pod, test weight and pod length of groundnut

Number of pods per Pod weight per plant

Number of seeds per pod

Test weight (g) Pod length (cm)

plant (g)
Z, 4 Y4 Z, Z, Z3 Z, Z, y £ Z, Z, Y4 Z, Z, Z3
T 7.39 8.15 8.42 5.03 6.28 6.68 1.75 1.87 1.85 438.83 440.50 440.33 3.43 3.52 3.60
T2 11.78 11.70 13.63 10.48 10.65 11.02 2.13 2.17 2.17 441.67 445.67 445.67 3.80 3.63 3.88
Ts 1395 14.00 16.42 12.03 13.38 1537 2.17 2.20 2.28 44433 445.83 449.83 4.10 4.27 4.47
Ta 12.38 13.12 16.00 11.12 12.17 14.62 2.15 2.17 2.23 44400 445.50 447.17 4.07 4.20 4.40
Ts 1143 1158 16.15 9.32 9.55 15.00 2.10 2.10 2.30 442.67 444.00 446.33 3.65 3.87 4.22
Te 9.38 9.50 10.22  7.23 7.75 8.30 1.90 1.90 2.10 436.83 441.17 443.00 3.52 3.57 3.58
T2 11.58 1195 12.80 9.17 10.11 11.43 2.07 2.10 2.18 438.50 443.00 444.17 3.50 3.55 3.65
SEmzt 0.54 0.49 0.06 2.48 0.06
(P=Col?05) 1.52 1.38 NS NS 0.18

* SEm = Standard error of mean, CD = Critical difference

(T1-Control (No fertilizer), To-Full STBNR through inorganic sources, Ts-Full STBNR through organic sources (FYM), Ta-Full STBNR (50% organic
(FYM) + 50% inorganic), Ts-Full STBNR (25% organic (FYM) + 75% inorganic), Te-50% N inorganic sources + 2 nano urea spray, T+75% N
inorganic sources + 2 nano urea spray, Z:-100% RDF, Z,-75% RDF + 2 Nano DAP spray, Zs-75% RDF + 2 Nano DAP spray + PSB)
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(3.99 t ha) were recorded with TsZs. Whereas lowest pod
yield (1.35 t ha!) and haulm yield (2.73 t ha!) were recorded
with T1Z;, as depicted in Table 5.

Higher yield in TsZ; interaction was mainly due to
solubilization of occluded phosphorus by PSB as well as
balanced nutrient availability to groundnut due to foliar
application of nano DAP (18, 19).

System yield

Application of full STBNR (25% organic (FYM) + 75%
inorganic) in rice resulted in highest system yield (13.02 t
rice equivalent yield ha?), followed by system yield (12.87 t
rice equivalent yield ha') obtained with application of full
STBNR (50 % organic (FYM) + 50 % inorganic). Lowest
system yield (7.03 t rice equivalent yield ha) was obtained
from control (no fertilizer) plot as depicted in Table 6.

The integrated nutrient management practices in
groundnut have significant effect on system yield.
Application of 75 % RDF with 2 nano DAP spray and PSB to
groundnut resulted in highest system yield (11.11 t rice
equivalent yield ha?) followed by system yield (10.59 t rice
equivalent yield ha') obtained with application of 75 % RDF
with 2 nano DAP spray. Application of 100 % RDF resulted in
lowest system yield (10.36 t rice equivalent yield ha?), as
depicted in Table 6.

System yield was significantly affected by interaction
between main plot and sub plot treatments. Among different
treatment combinations, highest system yield (13.85 t rice
equivalent yield ha?) obtained with TsZs. Whereas lowest
system yield (6.87 t rice equivalent yield ha?) obtained with
T:1Z;, as depicted in Table 7.

Table 5. Interaction between residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in
groundnut on pod yield, shelling percent, haulm yield and harvest index of groundnut

Pod yield (t ha?) Shelling percent (%) Haulm yield (t ha) Harvest index (%)
Z, Z, Z3 Z, Z, Z3 Z Z; Z3 Z, Z, Z3

T: 1.35 1.40 1.47 68.37 69.38 70.67 2.73 2.73 2.85 33.13 33.77 33.99

T, 1.86 1.63 2.02 70.03 70.02 71.80 3.28 2.81 3.41 36.15 36.67 37.18

Ts 2.23 2.34 2.55 72.33 72.95 74.05 3.56 3.74 3.99 38.47 38.49 39.00

Ta 2.16 2.30 2.45 71.60 72.00 74.00 3.53 3.73 3.84 38.03 38.16 38.98

Ts 1.93 2.19 2.49 71.42 72.00 72.17 3.19 3.55 3.97 37.76 38.17 38.56

T 1.49 1.79 1.62 69.97 69.90 70.73 2.73 3.33 2.81 35.21 34.95 36.47

T: 1.65 1.57 1.88 69.97 70.18 70.73 2.96 2.82 3.34 35.79 35.72 36.05
SEmz+ 0.09 0.43 0.14 0.33
(P=C0|?05) 0.25 NS 0.39 NS

* SEm = Standard error of mean, CD = Critical difference

(T1-Control (No fertilizer), To-Full STBNR through inorganic sources, Ts-Full STBNR through organic sources (FYM), T4-Full STBNR (50% organic
(FYM) + 50% inorganic), Ts-Full STBNR (25% organic (FYM) + 75% inorganic), Te-50% N inorganic sources + 2 nano urea spray, T+-75% N
inorganic sources + 2 nano urea spray, Z:1-100% RDF, Z,-75% RDF + 2 Nano DAP spray, Zs-75% RDF + 2 Nano DAP spray + PSB)

Table 6. Residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in groundnut on
system rice equivalent yield, system gross return, system net return and system B/C ratio

Integrated nutrient managementinrice

REY system (t ha')

System gross
return (Rs.)

System net

return (Rs.) System B/C ratio

T:i-Control (No fertilizer) 7.03 154846 25224 1.19
To-Full STBNR through inorganic sources 10.80 237390 101674 1.75
Ts-Full STBNR through organic sources (FYM) 11.36 248989 98688 1.65
T+-Full STBNR (50% organic (FYM) + 50% inorganic) 12.87 282486 139333 1.97
Ts-Full STBNR (25% organic (FYM) + 75% inorganic) 13.02 285885 146989 2.06
Te-50% N inorganic sources +2 nano urea spray 9.24 203480 66690 1.49
T7-75% N inorganic sources + 2 nano urea spray 10.51 231147 94067 1.69
SEmz+ 0.28 6200.71 6200.71 0.04
CD (P=0.05) 0.82 18095.87 18095.87 0.13

Integrated nutrient management in groundnut
Z:-100% RDF 10.36 227917 90767 1.66
Z,-75% RDF + 2 Nano DAP spray 10.59 232711 93145 1.66
Z3-75% RDF + 2 Nano DAP spray + PSB 11.11 244039 104373 1.74
SEm+ 0.10 2120.36 2120.36 0.02
CD (P=0.05) 0.28 6006.10 6006.10 0.04

Values indicate mean of 3 replications; Pooled data indicate average of 2022-23,2023-24

SEm = Standard error of mean, CD = Critical difference
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Table 7. Interaction between residual effect of integrated nutrient management in rice and direct effect of integrated nutrient management in
groundnut on system rice equivalent yield, system gross return, system net return and system B/C ratio

REY system (t ha?) System gross return (Rs.)

System net return (Rs.) System benefit to cost ratio

(B/C ratio)
Z, Z, Z3 Z, Z, Z3 Z, Z Z3 Z Z; Z;
T: 6.87 7.00 7.21 151465 154279 158793 23487 23886 28300 1.18 1.18 1.22
T. 10.86 10.19 11.34 238836 224183 249153 104763 87695 112565 1.78 1.64 1.82
Ts 10.94 11.26  11.87 240012 246877 260078 91354 95804 108905 1.61 1.63 1.71
Ts 12.46 12.86 13.29 273641 282302 291514 132132 138377 147490 1.93 1.96 2.02
Ts 12.22 12.98 13.85 268711 285138 303807 131458 145470 164039 1.96 2.04 2.17
Ts 8.84 9.69 9.19 194825 213317 202297 59679 75756 64635 1.44 1.55 1.47
T: 10.36 10.12  11.03 227931 222881 242629 92494 85029 104677 1.68 1.62 1.76
SEmz 0.26 5610 5610 0.04
(P=C0I?05) 0.73 15891 15891 0.11

* SEm = Standard error of mean, CD = Critical difference

(T1-Control (No fertilizer), To-Full STBNR through inorganic sources, Ts-Full STBNR through organic sources (FYM), T4-Full STBNR (50% organic
(FYM) + 50% inorganic), Ts-Full STBNR (25% organic (FYM) + 75% inorganic), Te-50% N inorganic sources + 2 nano urea spray, T+-75% N
inorganic sources + 2 nano urea spray, Z;-100% RDF, Z,-75% RDF + 2 Nano DAP spray, Z:-75% RDF + 2 Nano DAP spray + PSB)

System economics

Application of full STBNR (25 % organic (FYM) + 75 %
inorganic) in rice resulted in highest gross return (Rs.
285885), net return (Rs. 146989) and B/C ratio (2.06),
followed by gross return (Rs. 282486), net return (Rs.
139333) and B/C ratio (1.97) obtained with application of full
STBNR (50 % organic (FYM) + 50 % inorganic).

Application of 75 % RDF with 2 nano DAP spray and
PSB to groundnut resulted in highest gross return (Rs.
244039), net return (Rs. 104373) and B/C ratio (1.74),
followed by gross return (Rs. 232711), net return (Rs. 93145)
and B/C ratio (1.66) obtained with application of 75 % RDF
with 2 Nano DAP spray. Application of 100 % RDF resulted in
lower gross return (Rs. 227917), net return (Rs. 90767) but
same B/C ratio (1.66) as obtained with application of 75 %
RDF with 2 nano DAP spray, as depicted in Table 6.

Among different treatment combinations, highest
gross return (Rs. 303807), net return (Rs. 164039) and B/C
ratio (2.17) were obtained with TsZs;. Whereas lowest gross
return (Rs. 151465), net return (Rs. 23487) and B/C ratio
(1.18) were obtained with T1Z,, as depicted in Table 7.

Application of full STBNR (25 % organic (FYM) + 75%
inorganic) in rice resulted in highest rice equivalent yield
(REY) and gross return of the system mainly due to higher
yield of rice under it and 3" highest pod yield of groundnut
under its residual effect. Similarly higher REY and gross
return of 75 % RDF with 2 Nano DAP spray and PSB treated
plot was mainly due to highest pod yield. Higher net return
and B/C ratio was mainly due to higher gross return and
comparatively less increase in cost of cultivation due to
application of full STBNR (25 % organic (FYM) + 75 %
inorganic) to rice as well as application of 75 % RDF with 2
nano DAP spray and PSB to groundnut.

Conclusion

Based on results of the research conducted for two
successive years, it can be inferred that application of full
STBNR (25 % organic (FYM) + 75 % inorganic) to rice and
application of 75 % RDF with 2 nano DAP spray and PSB to
groundnut is the recommended practice to improve
productivity and profitability of rice groundnut cropping
system.
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