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ABSTRACT
South Odisha experiences significant agricultural fallow during the summer months, primarily due to limited irrigation facilities, in this
regard, gum cultivar of cluster bean was introduced to evaluate its adaptability to local agroclimatic conditions. Moreover, determining
the optimal levels of phosphorus and sulphur fertilization is essential for improving its seed quality and productivity. A field experiment
was conducted in randomized block design and replicated thrice. Treatments comprised of four levels of phosphorus (20, 40, 60
and 80 kg P2O5 ha-1) as one factor and three levels of sulphur (20, 40 and 60 kg S ha-1) as other factor. The experimental results
revealed that the application of 80 kg P2O5 ha-1 along with 40 kg S ha-1 significantly enhanced the growth and yield attributes of
clusterbean which was statistically at par with 60 kg P2O5 ha-1. However, 40 kg P2O5 ha-1 along with 40 kg S ha-1 resulted in highest net
returns and benefit-cost ratio.
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Cereal-based cropping systems often experiences fallow
during dry season due to scanty of irrigation facilities. The
cultivation of a second crop is viable with the selection of
ecologically sound, drought-tolerant crops that require
minimal water. Cluster bean (guar) could be the appropriate
crop as the gum variety of cluster bean was highly tolerant
to water scarcity. India accounts or about 75% of the world’s
production (Bhati et al., 2017; Bhatt et al., 2017), with a
cultivation area of about 3.1 million hectares, producing
1.52 million tonnes at an average yield of 484 kg/ha (GoI,
2022). Cluster bean is valued for its guar gum, widely used
as a thickener and stabilizer in the food industry. Besides,
certain varieties are cultivated as nutritious fodder
contributing to the agricultural value of guar beyond its
industrial use.

Cluster bean’s nitrogen-fixing ability reduces the need
for nitrogen fertilizers, making phosphorus and sulphur
application crucial for enhancing the productivity and seed
quality. Phosphorus is vital for various physiological and
biochemical processes in cluster bean. It is instrumental
in root development, which is essential for nutrient and
water uptake. Phosphorus also promotes nodulation, the
formation of nitrogen-fixing nodules (Mitran et al., 2018). It
is also involved in energy transmission within the plant
cells through high-energy phosphate bonds such as ATP.
However, sulphur is necessary for the production of sulfur-
containing amino acids, such as cysteine, methionine and
cystine (Narayan et al., 2023). These amino acids are
fundamental building blocks for proteins and enzymes,
playing a significant role in various metabolic processes.
Sulphur is also involved in the synthesis of vitamins and

chlorophyll, the latter being critical for photosynthesis and
energy production in plants.

Beyond their roles in improving yield, both phosphorus
and sulphur significantly enhance the quality and
marketability of the cluster bean crop (Chintha et al., 2021).
High-quality seeds fetch higher prices in the market, thus
benefiting the farmers economically.

Keeping the above points in consideration it is important
to determine the optimal doses of these fertilizers to
enhance the quality and productivity of cluster bean.

A field experiment was conducted in factorial
randomized design and replicated thrice. The experiment
comprised of four levels of phosphorous (20, 40, 60 and
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80 kg P2O5ha-1) as first factor and three sulphur levels (20,
40 and 60 kg S ha-1) as other factor. Experimental soil was
sandy loam soil in texture, low in organic carbon, low in
available nitrogen while medium in available phosphorus
and potassium. Clusterbean crop was fertilized through
inorganic sources of nutrients viz., urea, diammonium
phosphate, muriate of potash and bentonite sulphur.
Clusterbean cultivar ‘RGC1033’ was sown at a spacing of
45 cm  20 cm through dibbling method. Hand weeding
was done twice at 20 DAS and 40 DAS. Experimental results
obtained were tabulated and statistically analysed using
Microsoft Excel Data Analysis.

Effect of phosphorus and sulphur on growth of
clusterbean
Data presented in Table 1 revealed that the effect of
phosphorus and sulphur recorded significant effect on the
cluster bean growth parameters. Among the phosphorus
levels, 80 kg P2O5 ha-1 resulted significantly highest plant
height at harvest (110 cm), dry matter accumulation at
harvest (4121 g m-2) and number of primary branches at
harvest (7.42) which was statistically on par with 60 kg
P2O5 ha-1. This might have happened due to fact that higher
phosphorus levels promote greater vertical growth in cluster
bean, likely due to improved nutrient uptake, root
development and metabolic activity. The findings of Jat et al.
(2013); Parkash et al. (2017); Choudhary et al. (2025) and
Papakaloudis and Dordas (2023) are closely aligned with
this discussion and found a direct correlation between
phosphorus availability and enhanced stem elongation due
to its role in cell division and expansion. Similarly, in terms
of dry matter accumulation at harvest the former treatment
showed significant superiority of 10.80% and 17.60% over
40 kg P2O5 ha-1 and 20 kg P2O5 ha-1, respectively. Better
photosynthetic activity combined with more phosphorus
available could be the cause. Because phosphorus is an
essential component of ADP, ATP and nucleic acid, it may
have contributed to the increase in dry matter per metre

square in cluster beans by increasing plant height, leaf
area, root nodules and branch count. Research findings of
Bonepally et al. (2021) are closely aligned with this
discussion. The former treatment significantly
outperformed 40 kg P2O5 ha-1 and 20 kg P2O5 ha-1 in terms
of primary branches at harvest, by 33.31 per cent and
64.08%, respectively. This suggests that higher
phosphorus application facilitates better meristematic
activity, leading to increased branching. This response may
be attributed to improved nutrient translocation and
hormonal balance, particularly the regulation of auxins and
cytokinins, which promote lateral bud development. This
conversation closely aligns with the research findings of
Salman et al. (2017) and Kumar et al. (2014).

Among sulphur levels, 60 kg S ha -1 recorded
significantly highest plant height (104 cm) which was on
par with 40 kg S ha-1 (101 cm). The primary cause of this
could be the increased availability of sulphur for improved
xylem development, collenchyma fibres and promoting
meristematic activity in plant tissues also efficient metabolic
activity which might have resulted in better growth. These
results are in close conformity with the findings of Dudekula
et al. (2021) and Banothu et al. (2023). The highest dry
matter accumulation per square metre (3974 g m -2)
recorded with 60 kg S ha-1 which was at par with 40 kg S ha-

1 (3827 g m -2). It might be due to as sulphur being an
important component for protein formation and synthesis
of chlorophyll and other essential amino acids like cystine
and methionine. The research findings of Arun et al. (2018)
and Dudekula et al. (2021) are in line with the experimental
results. A similar pattern was observed in the number of
primary branches per plant at harvest. This could be
because a higher sulphur application increased the plant’s
protein and amino acid content, which improved growth
and increased the number of branches per plant. The
research findings of Singh et al. (2018) closely align with
the findings of the experimental results.

Table 1: Effect of phosphorus and sulphur levels on growth parameters of summer cluster bean.

Growth parameters
Treatments Plant height at Dry matter accumulation Primary branches

harvest (cm) at harvest (g m-2) at harvest

Phosphorus levels (kg ha-1)
20 86 3504 4.55
40 98 3719 5.57
60 106 3924 6.50
80 110 4121 7.42
SEm (±) 2.83 70.28 0.33
LSD (P=0.05) 8.31 206.09 0.96
Sulphur levels (kg ha-1)
20 95 3650 5.27
40 101 3827 6.03
60 104 3974 6.73
SEm (±) 2.46 60.86 0.28
LSD (P=0.05) 7.20 178.47 0.83
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Effect of phosphorus and sulphur on yield attributes and
yield of clusterbean
Data presented in Table 2 revealed that the effect of
phosphorus and sulphur recorded significant effect on the
cluster bean all yield attributes except 1000 grain weight.
Among the phosphorus levels, significantly highest number
of pods per plant was recorded by 80 kg P2O5 ha-1 which
was at par with 60 kg P2O5 ha-1 (54 plant-1). The results are
in good agreement with those of Salman et al. (2017) and
Nannam et al. (2020). As the number of pods per plant
increased, a higher phosphorus level produced more
seeds per pod. These results are in close conformity with
the findings of Bonepally et al. (2021). However, agronomic
manipulation had no effect on the most stable varietal
character, 1000 grain weight (Hasan et al., 2019).

Among sulphur levels, significantly maximum number
of pods plant-1 were obtained by 60 kg S ha-1 compared to
20 kg S ha-1 (47 plant-1). Interestingly, both former and latter
treatments were statistically at par with 40 kg S ha -1

(51  plant -1). This could be because there is enough

balanced sulphur available, which promoted the growth of
reproductive organs like floral primordia and increased
the number of pods plant-1. The studies of Dudekula et al.
(2021) and Jat et al. (2013) are closely aligned with these
results. Similar trend was observed by number of seeds
per pod due to increase in metabolic activity and sulphur
fertilization also maximum utilization and uptake of
available nutrients (Kuniya et al., 2018). However, 1000
grain weight did not vary significantly by different levels of
sulphur application.

Yield
Data presented in Table 3 revealed that the effect of
phosphorus and sulphur recorded significant effect on the
yield of cluster bean. Among the phosphorus levels, 80 kg
P2O5 ha-1 recorded the significantly highest seed yield,
stover yield and biological yield of cluster bean. Moreover,
the former treatment was at par with 60 kg P2O5 ha-1.
Interestingly, the 60 kg P2O5 ha-1 and 80 kg P2O5 ha-1 recorded
significant superiority over 20 kg P2O5 ha-1. It could be

Table 3: Effect of phosphorus and sulphur levels on yield of summer cluster bean.

Treatments Seed yield (kg ha-1) Stover yield (kg ha-1) Biological yield (kg ha-1)

Phosphorus levels (kg ha-1)
20 863 2391 3254
40 1087 2706 3793
60 1243 2948 4192
80 1247 3145 4393
SEm (±) 29 94 100
LSD (P=0.05) 85 274 294
Sulphur levels (kg ha-1)
20 964 2618 3583
40 1165 2846 4011
60 1201 2928 4130
SEm (±) 25 81 87
LSD (P=0.05) 73 237 255

Table 2: Effect of phosphorus and sulphur levels on yield attributes of summer cluster bean.

Treatments Yield attributes

Number of pods per plant Number of seeds per pod 1000 seed weight (g)

Phosphorus levels (kg ha-1)
20 43 7.45 26.77
40 51 9.21 28.00
60 54 10.16 28.66
80 56 10.46 28.77
SEm (±) 1.60 0.35 0.94
LSD (P=0.05) 4.71 1.02 NS
Sulphur levels (kg ha-1)
20 47 7.71 27.16
40 51 9.71 27.75
60 54 10.54 29.25
SEm (±) 1.39 0.30 0.81
LSD (P=0.05) 4.07 0.88 NS
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because as phosphorus levels rose, it had a positive
influence on yield attributing characters, contributing to
increased growth and yield characteristics. The findings of
Yadav and Naga (2021) and Musa et al. (2021) were
consistent with the experimental results. Among sulphur
levels, the highest seed yield, stover yield and biological
yield of cluster bean was recorded by 60 kg S ha-1 while,
the lowest (964 kg ha-1) was recorded by 20 kg S ha-1 which
was statistically inferior to the former treatment. However,
40 kg ha-1 of sulphur was at par with 60 kg ha-1 of sulphur.
It might be due to enhanced photosynthetic activity and
greater production of enzymes. It is mostly explained by
the fact that when sulphur levels rise, so do the yield
parameters. The results of Singh et al. (2018);  Deshbhratar
et al. (2010) and Phogat et al. (2018) in black gram are in
corroboration with the results.

Economics
Data presented in Table 4 revealed that the highest cost of
cultivation was incurred by 80 kg P2O5 ha-1. However, 60 kg
P2O5 ha-1 recorded the relatively higher net returns and
benefit-cost (B:C) ratio. Among the sulphur levels, 60 kg S ha-1

recorded the highest cost of cultivation. However, 40 kg
S ha-1 recorded the relatively higher net returns and benefit-
cost (B:C) ratio.

CONCLUSION
Based on the results obtained, it can be concluded that 60
kg P2O5 ha-1 along with 40 kg S ha-1 was found suitable for
enhancing productivity and profitability of clusterbean crop.
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