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ABSTRACT

A field experiment was conducted during the Kharif seasons of 2020 and 2021 at the research farm of Sardar
Vallabhbhai Patel University of Agriculture and Technology, Modipuram, Uttar Pradesh, to assess the performance
of Basmati rice cultivars under various nutrient management options. The experiment was laid out in a split-plot
design with three Basmati cultivars, viz. ‘Pusa Basmati 1121’, ‘Pusa Basmati 1509’, and ‘Pusa Basmati 1718’ in
the main plots and 5 nutrient treatments, viz. Control, 100% Inorganic, Integrated Nutrient Management (INM),
100% Organic, and Jeevamrit (5%) in subplots, replicated thrice. Results revealed that Pusa Basmati-1121 consis-
tently outperformed other varieties in plant height, effective tillers, dry matter accumulation, and yield-attributing
traits. INM (50% organic + 50% inorganic) significantly enhanced vegetative and reproductive parameters, result-
ing in the highest grain yield (38.99 g/ha), panicle length (26.99 cm), filled grains per panicle (93.53), and harvest
index (41.24%). In contrast, the Control and Jeevamrit (5%) recorded comparatively lower value. The application
of Jeevamrit showed moderate higher fertility ratio and yield traits in comparison to control. The synergistic effect
of INM supports balanced nutrient uptake, efficient biomass partitioning, and better grain development. The study
was concluded that the combination of high-yielding varieties, viz. ‘Pusa Basmati 1121’ with INM offers a sustain-

able and productive strategy for Basmati rice cultivation in the Indo-Gangetic Plains.
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Rice (Oryza sativa L.), grown on 43.8 million hectares
in India and yielding more than 120 million tons annually,
is the primary food for over 3.5 billion people worldwide.
Basmati rice is differentiated from other rice varieties by its
distinct aroma, long, thin grains, and high export value
(Ministry of Agriculture and Farmers Welfare, 2023). It is
especially important in the Indo-Gangetic Plains (IGP),
which comprises the fertile areas of Punjab, Haryana, Uttar
Pradesh, and Bihar (Singh ef al., 2020). This area contrib-
utes significantly to the domestic and international supply
networks for Basmati rice. Despite the economic impor-
tance of Basmati rice growing in the IGP, excessive
monocropping and reliance on chemical fertilizers have
resulted in stagnant yields, soil nutrient depletion, and a
loss in soil organic carbon (Tiwari et al., 2019). According
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to Pathak et al., 2011, traditional nutrient management
strategies frequently result in nitrogen imbalances and poor
fertilizer-use efficiency, which over time damages the eco-
system and reduces agricultural productivity. Therefore,
maintaining productivity and ensuring environmental
sustainability necessitates appropriate nutrition manage-
ment. In this context, organic farming has emerged as an
appropriate choice since it increases soil fertility, soil or-
ganic carbon content, and preserves ecological balance
while producing safe food (Pimentel et al., 2005; Almaz
et al., 2017). Organic substances such as farmyard manure,
vermicompost, and green manures increase soil microbial
activity, nitrogen cycling, and moisture-holding capacity,
all of which are important for rice yield (Basak ez al., 2021;
Mahajan et al., 2025). However, depending on only or-
ganic inputs may not always be sufficient to meet present
varieties and their high nutrient requirements. As a result,
integrated nutrient management (INM), which mixes or-
ganic and inorganic fertilizer sources, has gained popular-
ity for increasing nutrient efficiency, crop yield, and soil
health (Singh et al., 2019; Chaudhary et al., 2025). INM
not only eliminates the need for chemical fertilizers, but it
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also enhances soil structure and biological activity, ensur-
ing long-term sustainability (Ali ez al., 2019). Besides, the
usage of liquid organic manures like Jeevamrit and
Panchagavya, as well as bio-enhancers like liquid
biofertilizers, has been shown to improve nutrient solubil-
ity, stimulate microbial activity, and increase plant growth
and productivity (Subhashini and Sudhakar, 2017; Parihar
et al., 2020).In particular Jeevamrit enriches the rhizo-
sphere with beneficial microorganisms, promoting nutrient
mineralization and absorption efficiency (Datta et al.,
2021). These inputs are cost effective and environmentally
sustainable, making them ideal for resource-poor farmers
in the IGP. Because of genotype, environment, and man-
agement interactions, Basmati rice cultivars can perform
significant differently under different nutritional regimes.
Therefore, changing agronomic procedures to enhance
yield necessitates examining cultivar responses to various
feeding strategies (Kumar et al., 2022). This context in-
forms the current study’s goal, which is to assess the effects
of various nutrient management strategies including inor-
ganic, organic, integrated, and liquid manure-based ap-
proaches on the growth, yield, and yield components of
different basmati rice cultivars in the Indo-Gangetic Plains.
The findings will form the scientific foundation for devel-
oping resource-efficient, eco-friendly, and region-specific
nutrient management strategies to improve the
sustainability and profitability of Basmati rice agriculture.

MATERIALS AND METHODS

The present study was carried out at Research farm of
Sardar Vallabhbhai Patel University of Agriculture and
Technology, Modipuram, Meerut Uttar Pradesh during
rainy Kharif Season of 2020 and 2021. It comes under the
North-western plain agro-climatic zone of Meerut. It is
classified as semi-arid sub-tropical and experienced a rain-
fall of 331 mm and 833.50 mm during experiment. The soil
of experiment site was sandy-loam in texture having pH-
7.87, available nitrogen-179.4 kg/ha, available phosphorus
18.23 kg/ha, available potassium 271.49 kg/ha. The experi-
ment was conduct in split plot design with three replica-
tion, comprising three basmati rice varieties in main plot,
viz. V, ‘Pusa Basmati 1121°; v, ‘Pusa 1509’ and V,, ‘Pusa
Basmati 1718’ and 5 nutrient management options, viz. T ,
(Control); T,, (100% Inorganic Fertilizer); T,, (INM-50%
inorganic and 50% organic); T,, (100% Organic fertilizer
through 1/3"of each component, FYM + Vermi-compost +
Poultry Manure); T,, (Low budget Natural Farming 5%
jeevamruit) in sub plots. Twenty-five days old seedlings
were transplanted at the spacing of 20 cm x 15 cm spacing
with two seedlings/hill. At final puddling 40 kg phospho-
rus and 30 kg potash through DAP and MOP, respectively
were applied as per treatments in T, (100% inorganic) and
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in T, (50% inorganic + 50% organic sources) and in T,
(100% organic) on the basis of nitrogen content of applied
organic sources and in T, 5% jeevamruit solution applied.
Nitrogen was applied @ 100 kg/ha through urea into 3
splits doses; half at the time of transplanting and remaining
half at the time of maximum tillering and at panicle initia-
tion stage equally as per the treatments. Organic sources of
fertilizer, viz. FYM, vermi-compost, and poultry manure
were applied 15 day before the transplanting of crop as per
treatment and well mixed in the soil. Five hills were ran-
domly selected and tagged for recording plant morphologi-
cal parameters (plant height (cm), number of tillers/m and
dry matter accumulation g/m?) at 30, 60 DAT and at har-
vest stage and for dry matter accumulation the plant sample
from one meter row length was taken and dried in hot-air
oven at 65°C till it attains constant weight and for number
of effective tillers, panicle bearing tillers were recorded
from 5 tagged/hills from each plot at the time of maturity
and data were expressed as meter per square; Length of
panicle (cm) selected panicle from five tagged plants from
each plot and grouped into small, medium and large size.
For recording observations, five panicles were selected
from each plot to measure panicle length, and the average
was expressed as panicle length. Filled and unfilled grains
were counted from ten panicles/plot, and their averages
were calculated to determine the number of filled, unfilled,
and total grains/panicle. Fertility ratio was worked out as
the proportion of filled grains to the total grains/panicle.
Harvest index, the ratio of the economic yield and biologi-
cal yield in percentage. The crop harvested from each net
plot was bundled up separately and allowed for drying in
sun and threshed individually plot-wise by using pedal
operated paddy thresher. Cleaning of the grain was done
after threshing and then dried in sun to a constant weight to
record the final yield and grain straw, biological yield
(grains + straw) was recorded in kg/plot and then converted
into g/ha. All the parameters were subjected to statistical
analysis with analysis of variance for split plot design. The
evaluation of critical difference (CD) was done at 5% level
of significance. (Panse, V.G,, and Sukhatme, P. V. 1985)

RESULTS AND DISCUSSION

Growth Parameters

Significant differences were observed among Basmati
rice cultivars for plant height, number of tillers, (Table 1)
and effective tillers dry matter accumulation (Table 2).
‘Pusa Basmati 1121’ consistently recorded the highest plant
height (85.01 cm), effective tillers (189.38 /m?), and dry
matter accumulation (674.94 g/ m?) at harvest, followed by
‘PB 1718’, while ‘PB 1509’ recorded the lowest. The su-
perior performance of ‘PB 1121’ can be attributed to its
longer growth duration, greater leaf area, and enhanced
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photosynthetic efficiency, leading to higher biomass pro-
duction. Similar findings were reported by Kumar et al.,
(2016), Yadav et al., (2017), and Sharma et al., (2018),
who demonstrated that long-duration Basmati cultivars
sustain photosynthetic activity longer, thereby accumulat-
ing more assimilates for growth and yield. Among nutrient
management options, Integrated Nutrient Management
(INM) (T3, 50% inorganic + 50% organic) produced the
highest plant height (89.56 cm), number of tillers (206.21/
m?), and dry matter (803.63 g/m?). This improvement is
attributed to a continuous and balanced nutrient supply,
improved microbial activity, and enhanced root develop-
ment, which together promote nutrient uptake. Similar
findings were reported by Prasad et al., (2017), Nain et al.,
(2018), and Verma et al., (2021).The contribution of or-
ganic inputs like farmyard manure and vermicompost in
improving soil organic carbon, cation exchange capacity,
and microbial activity has been linked to improved rice
growth (Meena et al., 2020; Singh et al., 2021). Further-
more, Sarkar et al., (2020) observed that INM systems sig-
nificantly improve leaf chlorophyll content and net photo-
synthesis, thereby explaining the observed growth advan-
tage in the present study.

Yield attributes

Reproductive traits varied significantly across varieties
and nutrient treatments. PB-1121 exhibited superior
(Table 3) panicle length (25.66 cm), filled grains per
panicle (88.53), and test weight (23.81 g) (Table 4) com-
pared with ‘PB 1509’ and ‘PB 1718’. These traits directly
contributed to higher yield potential by ensuring better
spikelet fertility and grain development. Similar reports
were made by Singh et al., (2019), Yadav et al., (2020),
and Choudhary et al., (2021), who emphasized that panicle
size and spikelet filling efficiency are critical yield determi-
nants in Basmati rice. Nutrient management again had a
strong effect, with INM (T3) recording the highest panicle
length (26.99 cm), filled grains (93.53), and total grains per
panicle (114.28). INM also produced the highest fertility
ratio (0.81) and test weight (25.43 g), suggesting better
assimilate partitioning to the grains. Improved grain filling
under INM is attributed to balanced nutrient availability
that regulates hormonal activity, particularly cytokinins and
auxins, which enhance spikelet fertility and grain develop-
ment (Saha et al., 2010; Das et al., 2018; Mishra et al.,
2021). By contrast, the control and Jeevamrit (5%) treat-
ments recorded the lowest values for most traits, indicating
nutrient insufficiency. However, Jeevamrit maintained
moderate fertility ratios, suggesting its potential role in or-
ganic or low-input systems when supplemented with other
organic practices. Patel et al., (2019), Raj et al., (2021),
and Thakur et al., (2020) similarly observed that natural

Table 3. Effect of different varieties and nutrient management options on yield attributes of basmati rice cultivars

Length of panicle (cm) Filled grain/panicle Unfilled grain/panicle

Treatment

2021 Pooled 2020 2021 Pooled 2020 2021 Pooled

2020

Varieties

96.84 88.53 18.94 21.61 20.28
28.53

80.22
65.00

25.66
23.34
77.16

26.63

24.68

V, ‘Pusa basmati 1121

28.08
23.53

27.63

70.22

75.43

24.21

22.47
23.62
0.02
0.09

V, ‘Pusa basmati 1509’

83.38 22.77 24.29

89.59

23.74

23.86
0.13
0.54

V, ‘Pusa basmati 1718’

0.20
0.81

1.25 1.26 1.26 0.20 0.20
5.10 5.08 0.82 0.80

5.06

0.08
0.32

SEm+

CD (P=0.05)
Nutrient Options

T, Control

GROWTH AND YIELD OF BASMATI RICE UNDER NUTRIENT MANAGEMENT

31.83
20.86

31.30 32.36

20.15

59.73
91.74

22.20 53.51 65.95
25.03
93.53

26.99
23.94

23.10

23.58

20.81

21.56
21.23
23.05

24.35

99.43

84.04

25.18

24.88

T, 100% Inorganic

20.76

22.49

23.89
0.52
1.54

20.28

101.32

85.73
80.56
66.81

27.39

26.58

T, INM (50% OS* + 50 % IS*

T, 100% Organic

21.92
23.42

86.59
71.97
2.21
6.50

92.62
77.12

24.28

23.59

24.08

22.11

T, Jeevamrit (5%)

0.51
1.51

0.03 0.34 0.19 2.28 2.14 0.53
1.00 0.55 6.70 6.30 1.57

0.09

SEm+

CD (P=0.05)

419

* IS —Inorganic sources, OS-organic sources
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Grain, straw yield (q/ha) and harvest index (%)
2020 and 2021
60.00 45.00
- 40.00
50.00
35.00
‘S 40.00 30.00
i‘_ —
= s
[}
= 25.00 F
£ 30.00 |
& 2000 8
E4 &
g =
& 2000 15.00
10.00
10.00
5.00
0.00 0.00
(V1) Pusa (V2) Pusa (V3)Pusa  (T1) Control (T2) 100% (T3) INM (T4 100% (T5)
basmati-1121 basmati-1509 basmati-1718 Inorganic (50% OS* + 50 % Organic Jeevamrit (5%)
)
mmm Grain yield (g/ha) 2020 mssm Grain yield (q/ha) 2021 s Straw yield (q/ha) 2020
mmm Straw yield (q/ha) 2021 ====Harvest Index (%) 2021 ==+=THarvest Index (%) 2020

Fig. 1. Effect of different verities and nutrient management options on Grain, Straw yield (q/ha) and Harvest index (%) of basmati rice

cultivars

integrated nutrient management is recommended for
maximizing yield and sustaining soil fertility in the Indo-
Gangetic Plains.
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