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ABSTRACT

A field experiment was conducted to evaluate the interactive effects of sulphur, boron, and organic manure
on the growth, yield, and soil fertility of mustard (Brassica juncea L.) under Inceptisol. The experiment
comprised eleven treatments with varied combinations of RDF, sulphur, boron, and FYM. Results revealed
that the combined application of 75% RDF + FYM @6 tha' + B@3 kg ha' + S@ 30 kg ha* (T10) significantly
enhanced plant height, seed yield (18.05 and 18.94 q ha), and harvest index (29.07 and 31.02%) over control
and RDF alone. The improvement was attributed to synergistic nutrient interaction and improved soil
fertility status. The study concludes that integrated nutrient management involving organic manure with
balanced sulphur and boron supplementation optimizes mustard productivity and sustains soil health in
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Introduction

Mustard (Brassica juncea L.) is one of the most impor-
tant oilseed crops cultivated globally and plays a vi-
tal role in meeting the edible oil demand, especially
in India. Its productivity, however, is often con-
strained by nutrient deficiencies and sub-optimal
soil fertility, particularly in Inceptisol soils, which
are characterized by low organic matter and moder-
ate nutrient-holding capacity (Kumar, Singh, and
Prasad, 2022). Balanced nutrient management is es-
sential to improve growth, yield, and oil quality of
mustard while maintaining soil health. Sulphur (S)
and boron (B) are two key nutrients that signifi-
cantly influence mustard growth and productivity.

Sulphur is essential for the synthesis of amino acids,
proteins, and oils and its deficiency can reduce seed
yield and quality (Patel et al., 2020). Boron plays a
crucial role in flower retention, pollen viability, and
assimilates translocation, directly affecting seed set-
ting and yield (Meena, Lal, and Sharma, 2022).
Alongside chemical fertilizers, organic manures
such as farmyard manure (FYM) enhance soil physi-
cal properties, moisture retention, and microbial ac-
tivity, thereby improving nutrient availability and
uptake (Yadav and Meena, 2021).Integrated nutrient
management (INM), combining partial chemical fer-
tilizers with organic manures and micronutrients,
has been reported to enhance crop productivity and
sustainability by providing balanced nutrition and
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improving soil fertility (Sharma and Singh, 2023;
Tripathi, Gupta, and Singh, 2019). Despite the recog-
nized benefits of INM, information on the interac-
tive effects of sulphur, boron, and organic manure
on mustard growth, yields, and soil fertility under
Inceptisol conditions remains limited. Therefore, the
present study was undertaken to evaluate the inter-
active effects of sulphur, boron, and FYM on the
growth, yield, and post-harvest soil fertility of mus-
tard, with the aim of developing an effective and
sustainable nutrient management strategy suitable
for Inceptisol soils.

Materials and Methods

A field experiment was conducted during the Rabi
seasons of 2023-24 and 2024-25 at the Crop Research
Centre of Sardar Vallabhbhai Patel University of
Agriculture and Technology, Meerut, The experi-
mental field was sandy loam in texture. Pre-sowing
soil analysis indicated that the soil was low in avail-
able nitrogen (144.5 kg ha'), medium in phosphorus
(13.85 kg ha') and potassium (154.6 kg ha?), and
contained 0.43% organic carbon. The soil was
slightly alkaline (pH 7.9) with an electrical conduc-
tivity (EC 0.38 dS m™). The experiment was laid out
in a Randomized Block Design (RBD with three rep-
lications and using the variety was Pusa Mastured-
30 and All recorded data were subjected to statisti-
cal analysis using the Analysis of Variance
(ANOVA) technique as described by Gomez and
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Gomez (1984). The treatment details are: (T, ) Con-
trol (T,)100 % RDF(T,) 100 % RDF + B @ 3 kg ha™
(T,) 100 % RDF + B @ 4.5 kg ha™(T,)100 % RDF + S
@30 kg ha' (T,)100 % RDF + S @ 60 kg ha (T, ) 100
% RDF + B @3 kg ha'' + S 30 kg ha™(T,) 100 % RDF
+B@4.5kgha' +S560kgha'(T,) 75 % RDF + FYM
@6tha (T,))75 % RDF + FYM @6 tha' + B3 kg ha
'+S530 kg ha'(T,) 75 % RDF + FYM @6 t ha' + B
45kgha’ +S60kgha.

Results and Discussion

Effect of Sulphur, Boron, and Organic Manure on
Plant Height of Mustard

Mustard plant height increased significantly with
combined application of sulphur (S), boron (B), and
FYM during the experimental years (Table 1). The
treatment T10 (75% RDF + FYM @6 tha' + B@ 3 kg
hat + S @ 30 kg ha?) recorded the highest plant
height at 30 DAS 26.28, 26.44 cm and at harvest
145.60, 147.68 cm in 2023-24 and 2024-25, followed
by T11 and T7, while the lowest was in the control
(T1). The increase in plant height under integrated
nutrient management is attributed to the synergistic
effects of sulphur (S), boron (B), and FYM on nutri-
ent availability, chlorophyll synthesis, and cell elon-
gation. Sulphur enhances amino acid and protein
synthesis, boron improves meristematic activity and
assimilate translocation (Patel et al., 2020; Meena,
Lal,and Sharma, 2022), and FYM improves soil
structure, moisture retention, and microbial activity

Table 1. Effect of Sulphur, Boron and FYM application on plant height (cm) of Mustard

Sl.  Treatments

Plant Height at different stages (cm)

No. 30 DAS 60 DAS 90 DAS At harvest
2023 2024 2023 2024 2023 2024 2023 2024
T1 Control 18.95 19.07  80.22 81.15 92.61 93.82 104.99 106.49
T2 100 % RDF 23.09 23.23 97.76 98.89 112.85 114.33 12794 129.77
T3 100 % RDF + B @ 3 kg ha™! 23.64 23.78 100.06 101.22 115,50 117.02 130.95 132.82
T, 100 % RDF + B @ 4.5 kg ha! 23.37 23.51 98.93 100.08 114.20 115.70 129.48 131.33
T5 100 % RDF + S @ 30 kg ha! 23.90 24.04 101.18 10235 116.80 118.33 13242 134.31
T, 100 % RDF + S @ 60 kg ha! 24.30 2445 102.88 104.07 118.76 120.32 134.64 136.56
T7 100 % RDF + B @ 3 kg ha' + S30 kg ha'  25.41 25.56 107.56 108.81 124.17 125.80 140.78 142.79
T8 100 % RDF + B @ 4.5 kg ha' + S 60 kg ha® 25.03 25.18 10593 107.16 12229 123.89 138.64 140.63
T9 75 % RDF + FYM @ 6 t ha 24.61 2476 104.19 10540 120.28 121.86 136.36 138.31
T, 75 % RDF + FYM @ 6 t ha' + 26.28 26.44 111.25 11254 128.42 130.11 145.60 147.68
B3 kgha'!+S30kgha
T 75% RDF + FYM @6 tha' + B 25.75 2591 109.01 110.28 125.84 12750 142.67 144.71

-
=

4.5 kg ha' + S 60 kg ha!
SEm + 0.17
CD (P=0.05) 0.50

0.16 0.70 0.68 0.81 0.79 0.92 0.90
0.48 2.12 2.06 2.44 2.38 2.77 2.70
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(Yadav and Meena, 2021). These findings align with
Tripathi, Gupta, and Singh (2019), Kumar, Singh,
and Prasad (2022), and Sharma and Singh (2023),
who reported increased mustard growth with inte-
grated nutrient application. The superior perfor-
mance of T10 even at 75% RDF indicates that partial
substitution of chemical fertilizers with FYM,
supplemented with Sulphur and Boron, effectively
enhances growth and nutrient-use efficiency under
Inceptisol conditions.

Effect of Sulphur, Boron, and Organic Manure on
Soil nutrient availability (N, P, K)

The application of integrated nutrient management
significantly influenced soil nutrient status (Table 2).
Available nitrogen (N), phosphorus (P), and potas-
sium (K) were consistently higher in treatments
combining partial RDF with FYM, sulphur, and bo-
ron. The T10 treatment (75% RDF + FYM @ 6 t ha +
B @3 kg ha'! + S @ 30 kg ha) recorded the highest
available N (216.28 and 213.46 kg ha), P (19.25 and
19.12 kg ha?), and K (222.19 and 219.90 kg ha) dur-
ing 2023-24 and 2024-25, respectively, followed by
T11 and T9, while the lowest nutrient levels were
observed in the control (T1). The increase in soil nu-
trients under integrated treatments can be attributed
to the combined effects of FYM and micronutrients
in enhancing nutrient retention, reducing leaching
losses, and stimulating microbial activity (Yadav
and Meena, 2021; Meena, Lal, and Sharma, 2022;
Sharma and Singh, 2023). Treatments involving only
chemical fertilizers T2, T6 showed moderate im-
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provement in nutrient availability, whereas inclu-
sion of both FYM and micronutrients T7, T11 sub-
stantially enhanced soil N, P, and K status. The dif-
ferences among treatments were statistically signifi-
cant for all nutrients.

Effect of Sulphur, Boron, and Organic Manure on
yield attributes of mustard

The yield attributes of mustard were significantly
influenced by different nutrient management treat-
ments during both years (Table 3). The highest seed
yield (18.05 and 18.94 q ha), stover yield (44.04 and
42.12 g ha'), and biological yield (62.09 and 61.06 q
ha) were recorded with T10 (75% RDF + FYM @ 6
thal+ B @3 kg hal+S @ 30 kg ha?), followed
closely by T11, while the lowest yields were ob-
tained in the control (T1). The harvest index varied
from 23.19% to 31.02%, with maximum values re-
corded under T10 during both years. The improve-
ment in yield attributes and productivity under in-
tegrated treatments may be attributed to the syner-
gistic effects of sulphur, boron, and FYM, which en-
hanced nutrient availability, photosynthetic effi-
ciency, and assimilate partitioning towards repro-
ductive organs. Sulphur plays a vital role in oil and
protein synthesis, while boron improves flower re-
tention, pollen viability, and seed setting (Meena,
Lal, and Sharma, 2022; Patel et al., 2020). FYM im-
proves soil physical condition, moisture retention,
and microbial activity, leading to better nutrient
uptake and higher yields (Yadav and Meena, 2021).
Similar enhancement in mustard yield due to com-

Table 2. Effect of Sulphur, Boron and FYM application on available nitrogen, phosphorus and potassium in post-har-

vest soil of crop

Treatments Available N Available P Available K
(kg ha') (kg ha') (kg ha')

2023 2024 2023 2024 2023 2024
T, Control 147.85 146.32 13.96 13.89 157.53 156.22
T, 100 % RDF 195.38 192.84 17.39 17.27 200.73  198.66
T, 100 % RDF + B @ 3 kg ha™ 197.83 195.26 17.61 17.49 203.24 201.15
T, 100 % RDF + B @ 4.5 kg ha™ 196.84 194.28 17.52 17.40 202.22  200.14
T, 100 % RDF + S @ 30 kg ha™ 199.69 197.09 17.77 17.65 205.15 203.04
T, 100 % RDF + S @ 60 kg ha™ 201.69 199.06 17.95 17.83 207.20 205.07
T, 100 % RDF + B @ 3 kg ha + S 30 kg ha™ 205.60 202.92 18.30 18.17 211.22  209.04
T, 100 % RDF + B @ 4.5 kg ha™ + S 60 kg ha™ 202.31 199.68 18.01 17.88 207.85 205.71
T, 75 % RDF + FYM @ 6 t ha™ 207.82 205.12 18.50 18.37 213.50 211.30
T, 75 % RDF + FYM @ 6 t ha' + B 3 kg ha™ + S 30 kg ha'216.28 213.46 19.25 19.12 222,19 219.90
T, 75 % RDF + FYM @ 6 t ha' + B 4.5 kg ha'! + S 60 kg ha'211.77  209.01 18.85 18.72 21756 215.32
SEm + 2.85 2.83 0.10 0.10 1.55 1.22
CD (P=0.05) 9.86 9.80 0.36 0.35 5.37 4.23
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Table 3. Effect of Sulphur, Boron and FYM application on Seed yield (q ha™), Stover yield (q ha"), Biological yield (q

ha') and Harvest index (%) of Mustard

Treat- Seed yield Stover yield  Biological yield Harvest
ments (qha™) (qha?) index (%) (qha™)
2023 2024 2023 2024 2023 2024 2023 2024
T, Control 1148 11,55 38.02 38.02 4950 49.57 23.19 23.30
T, 100 % RDF 16.38 1727 4819 4596 6457 63.23 2537 27.32
T, 100 % RDF + B @ 3 kg ha™ 16.25 17.14 4857 4630 64.81 6344 25.07 27.01
T, 100 % RDF + B @ 4.5 kg ha™ 16.01 1690 49.23 4691 6524 63.80 2454 26.49
T, 100 % RDF + S @ 30 kg ha™ 16.41 1730 48.11 4589 6453 63.19 2544 27.38
T, 100 % RDF + S @ 60 kg ha™ 16.68 1757 4739 4523 64.08 62.80 26.04 27.98
T, 100 % RDF + B @ 3 kg ha™ + S 30 kg ha™ 17.44 1833 4549 4347 6293 61.80 27.71 29.66
T, 100 % RDF + B @ 4.5 kg ha' + S 60 kg ha! 1716 18.05 46.16 44.10 63.33 62.15 27.10 29.05
T, 75%RDF+FYM@6tha' 16.80 17.69 47.08 4494 63.89 62.64 2630 28.25
T, 75%RDF+FYM@6tha'+B3kgha'+ 18.05 1894 44.04 4212 62.09 61.06 29.07 31.02
S 30 kg ha!
T, 75%RDF+FYM@6tha'+B45kgha’+ 17.68 1858 4491 4291 6259 61.49 2824 30.21
S 60 kg ha!
SEm + 0.27 0.26 0.72 0.71 0.99 0.97 0.09 0.09
CD (P=0.05) 0.81 0.79 2.18 2.15 2.98 2.93 NS NS

bined application of Sulphur, Boron, and organic
manure was also reported by Kumar, Singh, and
Prasad (2022) and Tripathi, Gupta, and Singh (2019).
Thus, integrated nutrient management involving
75% RDF with FYM and balanced sulphur and bo-
ron application proved most effective for maximiz-
ing productivity and maintaining sustainability un-
der Inceptisol conditions.

Conclusion

Integration of sulphur, boron, and organic manure
had a pronounced effect on mustard growth, yield,
and soil fertility under Inceptisol conditions. Among
the treatments, T10 (75% RDF + FYM @ 6 t ha' + B
@ 3 kg ha' + S @ 30 kg ha) consistently exhibited
superior performance, recording the maximum
plant height, highest seed yield (18.05 and 18.94 q
ha), maximum harvest index (29.07 and 31.02%),
and the greatest improvement in post-harvest soil
nitrogen, phosphorus, and potassium. The findings
indicate that partial replacement of chemical fertiliz-
ers with FYM, along with balanced supplementation
of sulphur and boron, significantly enhances mus-
tard productivity while maintaining soil fertility.
Therefore, the combination of 75% RDF + FYM + S
@ 30 kg ha' + B @ 3 kg ha is recommended as an
effective and sustainable nutrient management

strategy for achieving higher yields and long-term
soil health in Inceptisol soils.
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