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Abstract

The present study conducted in 2022-23 to 2023-24 to evaluate the effects of organic manures on growth, yield,
fruit quality of ber (Ziziphus mauritiana) cv. Gola, enzymatic activities, and microbial populations in soil
under arid conditions. The combined application of vermicompost (20 kg plant™) with biofertilizers (consortium
biofertilizer) emerged as the most effective, significantly enhanced fruit physical traits, with the highest fruit
diameter (3.59 cm), fruit volume (24.68 ml), pulp fresh weight (23.36 g), and stone weight (1.25 g) compared to
the control. The superior fruit size and pulp weight were attributed to improved nutrient availability, stimulated
root growth, and enhanced microbial activity in the rhizosphere, which facilitated efficient nutrient uptake and
translocation. Quality attributes, including total soluble solids (22.86%), vitamin C content (111.57 mg 100 g!),
and acidity (0.33%), were also maximized under this treatment, reflecting increased availability and elevated
soil enzymatic activity. Activities of dehydrogenase, alkaline phosphatase, and urease were significantly higher
(10.99 ug TPF g' h!, 11.13 pg p-NP g' h!, 532.81 ug NH, g' h'!, respectively), indicating enhanced nutrient
mineralization. Soil microbial populations including bacteria, fungi, and actinomycetes progressively increased
from October to December, with the highest counts observed under vermicompost + biofertilizers (consortium
biofertilizer) demonstrating the synergistic effect of organic matter and beneficial microbes on soil biological
health. Overall, the study highlights that the combined application of vermicompost with biofertilizers improved
growth, yield, fruit quality, and soil biological activity in soil under arid conditions, the supporting sustainable
fruit production.

Keywords: Ber (Ziziphus mauritiana), Organic manure, Vermicompost, Biofertilizers, Ber yield and quality, Arid ecology
Introduction under such fragile environments not only limits
long-term productivity but also degrades soil
health, reduces microbial diversity, and adversely
affects fruit quality (Sharma ez al., 2018, 2021,
Meena et al., 2021). Therefore, sustainable
alternatives are required to maintain both soil and

India ranks among the largest fruit-producing
countries in the world, and within arid and semi-
arid horticulture, Ber (Ziziphus mauritiana)
occupies a distinct position owing to its
remarkable adaptability to drought, salinity, and

extreme temperatures. It is widely cultivated in
Rajasthan, Gujarat, Madhya Pradesh, and other
hot regions, where it provides both nutritional
security and livelihood support to farming
communities. The fruit is highly valued for its
richness in vitamin C, sugars, and essential
minerals, along with its ability to thrive under
harsh agro-climatic conditions. Despite its
resilience, ber productivity and quality in arid
ecosystems are often constrained by low soil
fertility, poor organic matter content, salinity, and
erratic rainfall. Reliance on chemical fertilizers

crop productivity.

In this context, organic manures and
biofertilizers have emerged as promising nutrient
management options. Organic manures such as
farmyard manure, vermicompost, green manures,
and crop residues improve soil structure, organic
carbon, and water-holding capacity, while also
stimulating beneficial microbial activity crucial for
sustaining productivity in arid regions (Aulakh,
etal., 2010, Aulakh and Adhya, 2005). Their slow
and steady nutrient release enhances nutrient use
efficiency (NUE) and minimizes leaching losses
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in coarse-textured soils of drylands (Yadav et al.,
2016). Importantly, organic amendments also
influence soil enzymatic activities such as
dehydrogenase, urease, and phosphatase, which
are vital indicators of microbial metabolism,
nutrient cycling, and soil biological health.
Enhanced enzymatic activity under organic
management reflects greater microbial population
and diversity, contributing to efficient nutrient
mineralization and improved root-soil interactions
(Kannan et al., 2005). From a fruit quality
perspective, the application of organic manures
and biofertilizers improves the biochemical
composition of ber, including total soluble solids
(TSS), sugars, ascorbic acid, and acidity, thereby
enhancing both consumer acceptance and market
value (Meena et al., 2013). Moreover, with growing
consumer awareness of safe food and
environmental sustainability, organically
produced fruits fetch premium prices in both
domestic and export markets (APEDA, 2022).
Beyond quality enhancement, organic nutrient
management plays a significant role in mitigating
abiotic stresses, as organic matter buffers soil
salinity, moderates soil temperature, improves
moisture retention, and enhances plant resilience
to drought and heat stress (Jatav ez al., 2025).

Thus, organic manures and biofertilizers
represent a holistic approach not only for
improving growth, yield, and fruit quality but also
for restoring soil fertility, enzymatic activity, and
microbial populations essential for long-term
sustainability. It is hypothesized that the
application of different organic manures and their
combinations will significantly enhance growth,
yield, and fruit quality of Ber (Ziziphus
mauritianalLLam.) cv.Gola, enzymatic activities,
and beneficial microbial populations in soil under
arid conditions. Considering these aspects, the
present study was undertaken to evaluate the
potential of organic manure-based technology in
optimizing soil quality and fruit production for
sustainable horticulture in arid ecosystems.

Materials and Methods

The present investigation was conducted during
2022-23 and 2023-24 at the ICAR-Central
Institute for Arid Horticulture (CIAH), Bikaner,
Rajasthan, to evaluate the effect of organic

manures and biofertilizers on growth, yield, fruit
quality, and soil biological properties of ber
(Ziziphus mauritiana) cv. Gola under hot arid
conditions. The experimental site represents the
Thar desert ecosystem, characterized by sandy
soils with poor water-holding capacity, low
organic matter, and extreme temperature
fluctuations. Initial soil analysis revealed an
alkaline reaction with pH 7.5-8.3, low organic
carbon (0.015%), and available nitrogen,
phosphorus, and potassium contents of 98.2, and
195 kg ha'!,respectively. Vermicompostused in the
study contained 1.5% nitrogen, 0.5% phosphorus,
and 1.65% potassium (K,O). The experiment was
laid out in a randomized block design with six
treatments, namely: (1) control, (2) farmyard
manure (FYM) @ 40 kg plant’, (3) vermicompost
@ 20 kg plant?, (4) FYM @ 40 kg plant! +
biofertilizers (consortium biofertilizer), (5)
vermicompost @ 20 kg plant! + biofertilizers
(consortium biofertilizer), and (6) crop residue @
20 kg plant! + decomposer (PUSA decomposer),
each replicated three times. Uniform and healthy
ber plants of cv. Gola were selected, and manures
along with biofertilizers were applied in basins at
the onset of active growth in June month.
Irrigation was mainly dependent on rainfall and
supplemented during dry spell to avoid moisture
stress, two to three supplementary irrigation was
given to ber orchard in the month of October to
December as per requirement. Observations on
fruit physical attributes (fruit diameter, fruit
volume, pulp fresh weight, and stone weight) and
quality parameters (total soluble solids, vitamin
C, and acidity) were recorded following standard
procedures (AOAC, 2000). Soil biological
properties were assessed by estimating microbial
populations through the serial dilution plate count
technique using selective media (nutrient agar for
bacteria, Rose Bengal agar for fungi, and
Kenknight’s agar for actinomycetes) with
incubation at 28 * 2 °C for 3-5 days. Enzymatic
activities were determined using standard
protocols, viz. dehydrogenase activity by the TTC
reduction method (Casida ez al., 1964), alkaline
phosphatase by the p-nitrophenyl phosphate
method (Tabatabai and Bremner, 1969), and
urease activity by estimating ammonia released
from urea hydrolysis (Tabatabai and Bremner,
1972). The data pooled over two years were
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subjected to analysis of variance (ANOVA) as per
the procedure suggested by Panse and Sukhatme
(1985).

Results and Discussion

Effect of organic manures on soil enzymatic
activities

Application of organic manures significantly
enhanced soil enzymatic activities such as
dehydrogenase, alkaline phosphatase, and urease
in ber orchards under hot arid conditions. A
consistent increase in enzymatic activity was
observed with higher application rates of organic
inputs. Among the treatments, vermicompost +
biofertilizers recorded the highest values for
dehydrogenase activity (10.99 ug TPF g! dry soil
h'), alkaline phosphatase activity (11.13 pg p-NP
gl drysoil h'!), and urease activity (532.81 ug NH,
g! dry soil h'), which were significantly superior
to the control (7.01, 7.28, and 240.10, respectively)
(Table 1). These improvements can be attributed
to the synergistic effect of nutrient-rich
vermicompost and microbial inoculants, which
enhanced soil organic carbon, stimulated
microbial proliferation, and accelerated nutrient
mineralization (Marinari et al., 2000).
Vermicompost alone also exhibited significantly
higher enzymatic activities (10.12 ug TPF g! dry
soil h'', 10.39 ug TPF g! dry soil h'), and 505.84
ug TPF g! dry soil h'), respectively) compared
with FYM or crop residue + decomposer,
indicating its superior role in enhancing soil
biological activity under arid conditions. Similarly,
FYM + biofertilizers outperformed FYM alone,
suggesting that biofertilizers play a key role in
enhancing microbial biomass and metabolic

functions. Comparable results were reported by
Marinari et al. (2000), Martens et al. (1992) and
Senthil kumar (2000), who emphasized that
integrated organic nutrient management supports
microbial proliferation and accelerates soil organic
matter. Thus, the vermicompost + biofertilizers
treatment not only improved soil enzymatic
activities but also strengthened soil fertility,
ultimately leading to better growth performance
of ber under arid ecosystems.

Effect of organic manures on soil microbial
populations

Soil microbial populations were significantly
influenced by organic manures and biofertilizers
during the growth period. As shown in Table 2,
bacterial, fungal, and actinomycete populations
progressively increased from October to December
across all treatments due to a combination of
moderate temperatures, optimal moisture, and
increased organic matter. After the monsoon, soils
remain moist but well-aerated, creating favorable
conditions for microbial growth. The ambient
temperatures during this period are ideal for most
microorganisms (Meng at ¢l., 2023, Katrina et
al.,1999) while fresh plant litter from fallen leaves
and residues provides abundant nutrients, boosting
microbial activity and biomass with maximum
values recorded in the vermicompost +
biofertilizers treatment. In this treatment, bacterial
populations increased from 153 X10t in October
to 176 x10t in December, fungal populations from
87 X102 to 101 X102, and actinomycetes from 86
%102 to 98 x102. These values were considerably
higher than those under control (134 x10t , 82
x102, and 85 x102, respectively) in December
(Table 2). The superior performance of

Table 1. Effect of different organic manures on enzymes activity in soil.

Treatments Dehydrogenase Alkaline phosphatase Urease

(ug TPF g dry soil h') (ug p-NP g'! dry soil h') (ug NH;' g dry soil' h)
Control 7.01 7.28 240.10
FYM 8.36 8.77 290.01
Vermicompost 10.12 10.39 505.84
FYM +Bio ertilizers 8.77 9.31 515.28
Vermicompost + Biofertilizers 10.99 11.13 532.81
Crop residue + Decomposer 7.55 7.96 303.50
LSD (p=0.05) 2.20 2.28 99.48
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Table 2. Effect of different organic manures on microbial population in soil during growth period Ber (Ziziphus mauritiana) cv. Gola.

Treatments Bacterial population (10+) Fungal Population (10?) Actinmycetes population (10?)
October November December October November December October November December
Control 100 127 134 66 76 82 64 77 85
FYM 111 136 145 70 77 86 73 82 89
Vermicompost 130 165 168 82 87 94 82 86 94
FYM +Biofertilizers 119 138 150 75 82 90 76 85 93
Vermicompost + 153 166 176 87 98 101 86 96 98
Biofertilizers
Crop residue + 108 130 138 65 73 81 61 75 83
Decomposer
LSD (p=0.05) 19 22 23 11 13 14 11 13 14
vermicompost can be attributed to its high organic management treatments, the combined

carbon, humic substances, and readily available
nutrients that favour microbial multiplication
(Dalal 1998; Weon et al., 1999, Alvarez et al.,
1995). The addition of biofertilizers further
enhanced microbial activity due to the synergistic
introduction of beneficial microbes such as
nitrogen fixers and phosphate solubilizers (Brady
and Weil, 1999; Alvarez et al., 1995). The observed
increase in microbial populations is consistent
with higher enzymatic activities, reflecting a
positive relation between organic inputs, microbial
proliferation, and nutrient cycling. Similar
observations have been reported by (Nannipieri
et al., 1990).

Effect of organic manures on fruit growth and
quality of Ber fruit

The findings of the present investigation
demonstrated that the application of organic
manures exerted a significant influence on the
growth, yield, and fruit quality of ber (Ziziphus
mauritiana) cv. Gola. Among the various nutrient

application of vermicompost (20 kg plant?') along
with biofertilizers proved most effective, recording
the highest values for both physical and
biochemical fruit attributes. This treatment
resulted in the maximum fruit diameter (3.59 cm),
fruit volume (24.68 ml), pulp fresh weight (23.36
g), and stone fresh weight (1.25 g) (Table 3), all of
which were significantly superior compared to the
control and other treatments. The improvement
in fruit size and weight under vermicompost +
biofertilizers may be attributed to better nutrient
availability, enhanced microbial and enzymatic
activity, which collectively supported superior
assimilate partitioning towards fruit development.
These results clearly indicate that the integrated
use of organic manures and biofertilizers not only
enhances soil fertility but also improves the
physical and nutritional quality of ber fruits,
thereby offering a sustainable approach for
productivity enhancement under arid horticultural
systems. These findings align with studies by
Bhadauria and Tripathi (2023a) in mango. The

Table 3. Effect of different organic manures on fruit physical attributes of Ber (Ziziphus mauritiana) cv. Gola.

Treatments Average Average  Average Pulp  Average stone  Total Vitamin C  Acidity
diameter  volume fress weight fresh weight  soluble  (mg 100 g') (%)
(cm) (ml) ® (® salt (%)
Control 2.78 19.16 18.32 1.08 19.16 102.51 0.19
FYM 2.99 21.53 20.21 1.18 21.22 107.89 0.24
Vermicompost 3.41 23.36 22.73 1.20 22.25 108.81 0.28
FYM + Biofertilizers 3.20 22.05 21.79 1.21 21.74 110.54 0.30
Vermicompost + Biofertilizers 3.59 24.68 23.36 1.25 22.86 111.57 0.33
Crop residue + Decomposer 2.92 20.74 19.58 1.13 19.67 106.34 0.21
LSD (p=0.05) 0.49 2.25 1.40 0.12 1.54 7.74 0.04
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improvement in fruit size and pulp weight may
be explained from the fact that the different
sources of nutrients enhance the nutrient
availability by enhancing the capability of plants
for better uptake of nutrients from rhizosphere.
These results are in conformity with the findings
as reported by Korwar et al. (2006); Singh et al.,
(2012); Athani ez al. (2014); and Singh ez al. (2010).
Fruit quality parameters were also positively
influenced by organic nutrition. The highest TSS
(22.86%), vitamin C (111.57 mg 100 g'), and
acidity (0.33%) were observed in vermicompost
+ biofertilizers, followed by FYM + biofertilizers.
The increase in TSS and vitamin C content under
organic manure treatments may be due to
improved macro and micronutrient availability,
coupled with enhanced soil enzymatic activities,
leading to better synthesis and accumulation of
sugars and ascorbic acid. This enhancement in
biochemical properties may be due to improved
carbohydrate metabolism and nutrient
translocation resulting from the synergistic action
of vermicompost and biofertilizers. These results
align with studies by Verma et al. (2019) in dragon
fruit, Tripathi et al. (2017) in strawberry and Singh
and Tripathi (2020b) in papaya. These findings
are in agreement with the result of Athani et al.
(2009) in guava and Yadav et al. (2010) in
strawberry, Jatav et al. (2025) et al. in Bael.

Effect of organic manures and biofertilizers on
yield of ber

Fruit yield of ber was significantly influenced by
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the application of organic manures and
biofertilizers (Fig. 1). The lowest yield (25.4 kg
tree!) was observed in the control, whereas the
highest yield (38.3 kg tree!) was recorded under
vermicompost + biofertilizers, representing a
50.8% increase over the control. This was followed
by vermicompost (33.8 kg tree), crop residue +
decomposer (31.4 kg tree!), and vermicompost
alone (29.7 kg tree) all of which outperformed
the control. The percentage yield response of ber
varied notably among the treatments. Compared
to the control, the highest increase (50.79%) was
observed under the combined application of
vermicompost and biofertilizers. This was
followed by vermicompost alone (33.07%), FYM
with biofertilizers (23.62%), and crop residue with
decomposer (23.62%). FYM alone resulted in a
comparatively lower increase of 16.93% over the
control, highlighting the enhanced effectiveness
of integrated organic nutrient management in
improving ber yield under arid conditions The
superior performance of vermicompost +
biofertilizers may be attributed to the combined
benefits of nutrient-rich vermicompost, which
supplies humic substances, readily available N, P,
K, and micronutrients, along with biofertilizers
that enhance nitrogen fixation and phosphorus
solubilisation (Bhalerao et al., 2009). These
synergistic effects improved soil structure, water-
holding capacity, microbial activity, and nutrient
uptake, leading to better fruit set, retention, and
ultimately higher yield. The enhanced fruit set and
retention can also be linked to a continuous supply
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Fig. 1 Effect of different organic manures on Yield of Ber (Ziziphus mauritiana) cv. Gola
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of essential nutrients from the start of the
experiment through harvesting, ensuring a steady
flow of photosynthates to developing fruits during
critical stages. The synergistic interaction of
organic manures and microbial inoculants not
only promoted vegetative growth but also
enhanced reproductive efficiency (Sharma et al.,
2021). These findings are in close conformity with
earlier reports of Goswami ef al., (2012) in guava
and Singh ez al., (2010) in ber, who also highlighted
the role of organic nutrient sources in improving
fruit set and yield. Similarly, Kumar et al., (2014)
and Singh ef al.,, (2017) and Bohane (2016)
observed that vermicompost and biofertilizers
improved productivity in ber and other fruit crops
by enhancing NUE and microbial biomass
(Meena et al., 2025b). More recently, Meena et al.,
(2025b) and Sharma, (2013) emphasized that
organic nutrient management ensures long-term
soil fertility, yield sustainability, and resilience of
arid horticultural systems.

Conclusion

The study revealed that organic manures
significantly enhanced growth, yield, fruit quality,
soil enzyme activity, and microbial population in
ber under arid conditions. Among treatments,
vermi-compost + biofertilizers proved most
effective, recording maximum fruit yield, pulp
weight, TSS, vitamin C, and soil microbial activity,
followed by FYM + biofertilizers. These results
confirm that organic nutrient management
enhances soil biological health by improving
microbial populations and enzymatic activities,
thereby contributing to long-term soil
sustainability in ber cultivation under arid and
semi-arid conditions.
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