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Bat Guano as an Alternative Fertilizer: Comparative Effects
with Farmyard Manure and Chemical Fertilizer on Tomato
(Solanum lycopersicum) Growth Parameters
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Abstract /!
The sustainable use of fertilizers is vital for maintaining soil fertility,
promoting plant growth and protecting the environment. The impact
of bat guano on tomato plants and soil fertility compared with farmyard Article History
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manure (FY_M) and ch_emlcal fertilizers (C!:) is not well studied. To Accepted: 01 October 2025
evaluate their comparative effects, an experiment was conducted from
February to May 2024 at BBAU campus. Three treatments- bat guano Keywords
(BG), farmyard manure, and chemical fertilizer were applied at three Bat Guano;
graded levels (BG1- 3, FYM1- 3, CF1- 3) to 27 plants, with three control Chemical Fertilizer;

. . . . . Farmyard Manure;
plants. Morphometric parameters including plant height, leaf width, leaf Plant Growth Parameter:
length, stem circumference, and the number of flowers and fruits were Tomato.

recorded and analyzed using ANOVA at a 5% confidence level. Significant
variations were observed in leaf width, flower production, and fruit yield
with CF3 and BG3 showing superior performance in promoting vegetative
growth and yield attributes. Soil physicochemical properties and tomato
fruit elemental composition, assessed by AAS, revealed the highest
soil organic carbon, nitrogen and sulfur under BG3. Elemental profiling
of tomato fruits highlighted BG3 and FYM3 as the most effective treatments
for nutrient accumulation. CF3 produced the tallest plants, while BG3 also
demonstrated strong positive effects. FYM2 achieved the maximum leaf
width and leaf length showed no statistically significant differences among
treatments. Control plants performed poorest across all parameters.
Overall, higher doses of organic fertilizers, particularly BG3, significantly
enhanced tomato growth and soil fertility, underscoring their potential as
sustainable alternatives to chemical fertilizers.

CONTACT Amita Singh B4 samita8101@gmail.com 9 Department of Zoology, Babasaheb Bhimrao Ambedkar University, Lucknow,
India.

© 2025 The Author(s). Published by Enviro Research Publishers.
This is an 8 Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CARJ.13.3.11



SINGH et al., Curr. Agri. Res., Vol. 13(3) 775-788 (2025)

Introduction

The intensive use of chemical fertilizers in modern
agriculture has led to a decline in soil health, nutrient
leaching and the pollution of water resources.! Over
time, soils become dependent on higher fertilizer
inputs while losing natural fertility, posing risks to
the environment and human health.? Sustainable
agricultural practices play a crucial role in addressing
the global issues of food security and environmental
preservation.® In light of healthy and safe food produc-
tion and the mitigation of environmental pollution
associated with the excessive application of chemical
fertilizers, organic farming has emerged as a global
priority.*5 A variety of organic manures derived
from animal sources, including bovine dung, sheep
manure, poultry manure, silkworm waste, vermicom-
post and bat guano are frequently employed in
organic farming.® Organic fertilizers present an
environmentally sustainable alternative to chemical
fertilizers, contributing to soil fertility, increased
crop yield, quality and the promotion of sustainable
agricultural practices.” The sustained application of
organic manure including bat guano, contributes to
the soil structure, enhancement of soil aggregation
and promotion of crop yield.®

Bat guano is recognized as highly beneficial organic
manure due to its rich composition of essential
nutrients including carbon, nitrogen, vital minerals
and advantageous microorganisms." Its application
enhances soil fertility, facilitates crop growth and
aids in the management of soil-borne fungi and
nematodes, while also exhibiting rapid mineralization
properties.”-'® Furthermore, the utilization of bat guano
has been linked to elevated levels of soil organic
carbon, which serve as critical indicators of soil health.*
The bat’'s guano is a better alternative compared
with other organic fertilizers.' It has also been
extensively used in vegetable cultivation and fulfills
the need of K, Ca, Mg, and other minerals that reduce
the requirement of chemical fertilizers for vegetable
crops such as tomato.®

Tomato (Solanum lycopersicum) is widely grown
vegetable crop across the world due to its high
production and consumption. It has significant
global importance that necessitates nutrient-dense
soils to achieve optimal growth and yield. The
utilization of organic and inorganic amendments
has been shown to considerably affect various
growth parameters, fruit quality of tomatoes and
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soil properties. Numerous studies highlighted the
advantages of bat guano, including its application in
tomato cultivation in Nigeria'” and its application in
other agricultural contexts.’®?° In several countries
such as Jamaica, Indonesia and Mexico, the use and
commercialization of bat guano as manure is well
established; however, this practice is not common
in India.™

Scientific research on the comparative effects of
bat guano, farmyard manure and chemical fertilizers
on plant growth and yield remains limited. Globally as
well, research findings on this subject are relatively
scarce and fragmented.®?-2 In India, only a few studies
have reported on the use of batguano forimproving crop
productivity.'®?* Therefore, the present study seeks
to evaluate bat guano as an alternative fertilizer in
comparison with farmyard manure and chemical
fertilizers, focusing on the growth parameters of
tomato (Solanum lycopersicum).

Materials and Methods

Collection of Bat guano, Farmyard Manure (FYM)
and Chemical Fertilizer

The old and degraded guano (5 Kg) accumulated at
roost site (situated on BBAU campus, 26°46'01"N,
80°55'12"E) of the insectivorous bat Scotophilus
heathii; was collected with adequate care and
proper sanitation. The Farmyard manure (5 kg) was
procured from the Department of Horticulture at
BBAU. While the chemical fertilizer (IFFCO), which
contains nitrogen, phosphorus, and potassium in
19:19:19 ratio, was acquired from an agrochemical
supplier.

Characterization of the Bat Guano and FYM
Samples of guano and farmyard manure (FYM)
were placed in desiccators overnight to eliminate
any residual moisture. Additionally, for elemental
analysis, the SEM system was equipped with Energy
Dispersive X-Ray Spectroscopy (EDS) (Oxford
INCA), which facilitated the determination of the
elemental composition of both guano and FYM
samples.

Selection of Plant Species

Solanum lycopersicum (Syngenta TO-3150),
developed by Syngenta India Private Limited
was chosen for this study owing to its significant
agronomic value and its adaptability to the agro-
climatic conditions prevalent in Uttar Pradesh,



SINGH et al., Curr. Agri. Res., Vol. 13(3) 775-788 (2025)

India. This particular variety is extensively cultivated
across India, and its short to medium growing
season, along with its predictable growth patterns,
renders it particularly suitable for fertilizer research.
Furthermore, the implementation of standardized
agronomic practices, such as optimal plant spacing,
treatment, and fertilization, allows for controlled
experimental conditions. These characteristics
contribute to the reliability of the results, thereby
establishing Syngenta TO-3150 as an appropriate
variety for evaluating the effects of bat guano, FYM
and chemical fertilizers on plant growth, yield, and
metal accumulation.
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Experimental Field

The current experiment was carried out at the
Department of Zoology, Babasaheb Bhimrao
Ambedkar University (BBAU) Lucknow
(26°46'11.75"N, 80°55'42.59"E) India. An experiment
was conducted during spring - summer 2024. Initially,
the field was cleared of weeds, after that it was
partitioned into ten square sections. Each section
comprised three pits, each approximately one foot
deep. Aspacing of 1.5 feet was maintained between
adjacent pits to facilitate appropriate spacing for the
experimental treatments (Figure 1).
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Figure 1. Experimetal design of the field: Layout of experimental plots (1 m x 2 m each) with
different treatments: Bat guano (BG1 - BG3), Farmyard Manure (FYM1 - FYM3), Chemical
Fertilizer (CF1 - CF3), and Control. Each plot contains three plants spaced 1.5 feet apart

in a row. A 0.5 m buffer space is maintained between adjacent plots to avoid contamination.

Implementation of the Experiment

Cultivation activities including transportation and
weeding/hoeing were conducted in accordance
with the guidelines outlined in the variety instruction
manual. Soil preparation involved plowing three
weeks prior to the establishment of plots for

transplantation. The transfer of healthy plants to
designated pits occurred during the evening hours.
Following transportation, the plants were irrigated
immediately with subsequent watering occurred
every 3 -4 days during the initial two months (February
and March). In contrast, during the months of April
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and May, irrigation was administered on an alternate
- day basis.

Application of Bat Guano, Farm Yard Manure and
Chemical Fertilizer

Three graded levels of each treatment were applied
per plant in triplicates. Bat guano was applied as
BG1 = 50 g/plant, BG2 = 100 g/plant, and BG3
= 150 g/plant; farmyard manure as FYM1 = 50 g/
plant, FYM2 = 100 g/plant, and FYM3 = 150 g/
plant; and chemical fertilizer (NPK) as CF1 = 30 g/
plant, CF2 = 60 g/plant, and CF3 = 90 g/plant. At
planting, the designated treatment dose was mixed
with the excavated soil and incorporated into the pit.
The same doses were reapplied at 21-day intervals
throughout the experimental period (5 times).

Soil and Fruits Sample Collection

Soil samples (100 gm each pit) were collected from
the root zone (15-20 cm depth) of three replicate
plants pertreatment after 60 days. To ensure represen-
tativeness, three subsamples were taken around each
plant and homogenized prior to analysis. Samples
were oven-dried at 105 °C to constant weight, ground,
and sieved through a 2 mm mesh. For fruit analysis,
mature tomato fruits were collected from plants per
treatment during the harvest season (April-May). Six
healthy fruits per plant of each treatment (18 fruits)
were washed thoroughly with distilled water, air-dried
under shade and subsequently sun-dried about 10
days. The dried fruits were ground and homogenized
into fine powder stored in polyethylene bags until
digestion with proper labels.?

Sample Digestion and Elemental Analysis

For tomato fruit digestion, 2.0 g of powdered sample
was placed in a 100 mL conical flask, followed
by the addition of a freshly prepared 2:1 mixture
of concentrated HNO, (50%) and H,0, (30%).
The digest was filtered and diluted to 50 mL with
deionized water according to Yaqub et al.?® For soil
digestion, 0.5 g of oven-dried soil was digested
with HNO,: HCIO, (3:1 v/v) following standard
protocols. The resulting solution was diluted to 50
mL with deionized water. Elemental concentrations
in both soil and fruit digests were determined using
Atomic Absorption Spectroscopy (AAS; Model
Hitachi 22300, Hitachi high-tech corporation Japan)
according to Singh et al.,?” Sampling was restricted
to a single time point (soil at 60 days and fruit at

harvest) to capture the peak nutrient availability
stage in soil and the final nutrient status of fruits,
which directly reflect treatment effects.

Data Collection and Statistical Analysis
Measurements of parameters including plant height,
stem circumference, leaf length, and leaf width were
obtained utilizing a measuring tape and vernier
calipers, while the counts of flowers and fruits were
assessed through direct visual observation at 30-day
intervals. Data were analyzed using a randomized
complete block design (RCBD) with 10 treatments (3
replicates per treatment). Each replicate consisted
of a single plot giving 30 observations in total.
Prior to analysis, assumptions of ANOVA were
tested. Residual normality was verified using the
Shapiro-Wilk test, and homogeneity of variances
was assessed using Levene’s test. Since no strong
deviations from assumptions were detected, raw
data were used. Where assumptions were not
strictly met, ANOVA was considered robust due to
equal replication across treatments.? Plant height
and other growth parameters were analyzed by one-
way ANOVA (SPSS v21), with treatment as the fixed
factor. Post-hoc comparisons were performed using
Tukey’s HSD test at a = 0.05. Results are presented
as means * standard deviation (SD), along with
95% confidence intervals (Cl). Effect sizes (n?) were
calculated as the proportion of variance explained
by treatment.

Results

Characterization of Bat Guano and Farmyard
Manure

The elemental analysis revealed distinct differences
between bat guano and farmyard manure
(Supplementary 1). Bat guano was characterized by
higher contents of O (52.83 %) and C (23.86 %), Zr
(7.57 %), while farmyard manure contained greater
amounts of P (1.47 %), Ca (2.15 %), and Si (3.31 %).
Sulfur levels were similar in both amendments (3.07—
3.78 %), whereas Cl was substantially higher in bat
guano (2.55 %) compared to farmyard manure
(0.89 %).

Plant Growth Parameters

Plant Height (cm)

Plant height varied significantly among treatments
across growth period (Table 1). At 28" day a significant
effect on plant height (F (9, 20) = 4.07, p = 0.004,
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n?=0.65) was recorded. Treatments increased plant
height compared to the control, with CF3 (25.34
+ 1.5cm) and FYM2 (24.34 + 1.5cm) producing
the tallest plants. Bat guano treatments (22.0 + 3
—24.67 + 1.5 cm) also enhanced growth, showing
effectiveness comparable to chemical fertilizer and
FYM. At 59th day significant effect on plant height
(F (9, 20) = 22.48, p < 0.001, n? = 0.91) was also
recorded. The height of FMY2 treated plants nearly
doubled (54.34 + 1.5 cm) compared to the control
(27.331£1.5 cm). The tallest plants were recorded
under CF3 (63.67 + 2.5 cm), followed by BG3 (53.83
+ 1.8 cm). At 89" day, highly significant effect of

fertilizer treatments on plant height (F (9, 20) = 69.56,
p<0.001,n?=0.97) was observed. The tallest plants
were obtained with CF3 (68.34 + 1.5 cm), followed
by BG3 (57.34 + 1.5 cm) and FYM2 (55.07 + 1.7
cm). At 118th day again highly significant treatment
effect on plant height (F =51.36, p <0.001, n?=0.96)
was recorded. The CF3 produced the tallest plants
(63.00 +2.00 cm), while BG3 (58.67 £ 1.5 cm), FYM2
(56.22 £ 1.7 cm) and FYM3 (57.00 £ 2.00 cm) also
significantly enhanced growth. The CF2 (32.67 +
1.5 cm) was comparable to the control (33.67 £ 1.7)
indicating poor effectiveness.

Table 1: Plant height (cm) of the tomato plants under different treatments: Values with
different letters (a-e) indicate significant differences (p < 0.05) among treatments within

each month in Tukey’s test.

Treatment 28t day 59t day 89t day 118 day
(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)
BG1 22.00 £ 3ab 40.00 + 11.1bc 43.34 +3.43b 44.00 + 4.00v
BG2 23.34 £+ 2.4eb 40.00 * 4.00bc 43.00 + 4.00p 43.50 + 4.00p
BG3 24,67 +£1.5b 53.83 + 1.8d 57.34 + 1.5de 58.67 + 1.5d
CF1 22.00 + 2.002b 35.67 £ 1.52b 42.67 + 1.5b 45.34 + 1.5b
CF2 23.34 £ 1.5eb 33.34 £ 1.5eb 33.67 £2.52 32.67 £ 1.52
CF3 2534 +1.5b 63.67 £ 2.5¢ 68.34 + 1.5 63.00 * 2.00d
FYM1 24,67 £2.5b 47.67 + 2.5¢cd 49.23 + 3.19bc 50.08 + 3.3bc
FYM2 2434 +1.5b 54.34 + 1.5d 55.07 £ 1.7¢d 56.22 + 1.7¢d
FYM3 21.00 £ 2.0b 48.67 + 1.00cd 53.34 + 1.5cd 57.00 + 2.00cd
CONTROL 17.67 £ 0.72 27.33+1.52 28.99 + 1.52 33.67 £ 1.72

Stem Circumference

Stem circumference increased progressively across
treatments from 28 to 118 days (Table 2). At 28" day
no significant differences were observed (F (9, 20) =
0.27,p=0.976,n2=0.11). Mean values (3.9-5.6 cm)
were similar across all groups, with overlapping
confidence intervals. At 59" day, treatments effect
was significant (F (9, 20) = 2.66, p =0.033, n?=0.55).
Fertilization increased stem thickness compared to
the control (5.20 £ 2.5 mm) with CF3 (10.69 + 2.2
mm), BG3 (9.44 + 1.7 mm) and FYM2 (8.86 + 2.4
mm) producing the thickest stems. CF1 and CF2 did
not differ from the control, highlighting variability in
treatment effectiveness. At 89th day, no significant
effecton stem circumference (F (9,20)=2.01,p=0.093,
n?=0.47). While mean values were higher under BG2
(11.48 £ 1.7 mm), CF3 (10.81 £ 2.2 mm) and FYM2

(10.41 + 2.2 mm) compared to the control (6.96
2.5 mm). At 118th day, no significant differences in
stem circumference among treatments (F = 2.01,
p=0.092, n?=0.48). Control plants had the thinnest
stems (6.91 £ 2.5 mm), while CF3 (11.62 £ 2.5 mm),
BG2 (11.11 £ 2.1 mm) and FYM2 (10.96 £ 2.2 mm)
showed the largest values. Although mean differences
suggested stronger growth under both chemical and
organic fertilizers, overlapping confidence intervals
and high within-group variability limited statistical
significance. Overall, while CF3 supplied readily
available nutrients for rapid structural growth,
BG and FYM offered a comparable benefit, likely
through gradual mineralization and micronutrient
enrichment. This indicates that both synthetic and
organic amendments can improve stem robustness,
contributing to greater plant vigor.
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Table 2: Stem circumference (mm) of the tomato plants under different treatments: Values
with different letters (a-b) indicate significant differences (p < 0.05) among treatments

within each month in Tukey’s test.

Treatment 28t day 59t day 89t day 118 day
(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)
BG1 455 + 3.4a 7.40 £ 1.00ab 8.86 + 1.52 8.78 + 1.52
BG2 488 +1.22 7.97 £ 1.2ab 1148 +1.72 11.11+2.12
BG3 5.30 + 1.52 9.44 +1.72b 9.16 £ 1.32 10.40 + 1.52
CF1 421+ 1.5 5.85 + 1.4ab 7.26 + 1.62 7.47 +1.52
CF2 3.91+1.52 5.83 £ 1.4ab 7.58 + 1.62 7.95+1.4a
CF3 5.56 + 1.72 10.69 + 2.2b 10.81+2.22 11.62 + 2.52
FYM1 455+ 1.62 7.19 £ 1.5ab 9.05 + 1.52 9.55 + 1.62
FYM2 5.01 +1.52 8.86 + 2.4ab 10.41+2.22 10.96 + 2.22
FYM3 465+ 1.82 7.69 £ 2.32b 8.99 + 2.002 9.75+2.52
CONTROL 3.89 +2.002 5.20 + 2.52 6.96 + 2.52 6.91 £ 2.52

Leaf Length (cm)

Leaf length varied across treatments and growth
stages (Table 3). Results showed no statistically
significant differences in leaf length among
treatments at any stage (all p > 0.05). At 28" days,
leaf length ranged from 3.67 £ 0.7 cm in CF1 t0 5.36
+0.5cmin FYM2 (F = 0.885, p = 0.555, n? = 0.29).
At 59th days, mean values ranged from 4.06 + 1.00
cmin the controlto 7.16 £ 0.5 cm in CF3 (F = 1.861,
p = 0.119, n2 = 0.46). At 89" and 118" days, leaf
length ranged from 4.50 + 1.00 cm (control) to 6.33
+0.5cm (CF3) (F=1.76, p = 0.140, n*> = 0.44) and

from 3.50 £ 1.00 cm (FYM1) to 5.86 + 0.5 cm (CF3)
(F=1.127,p=0.389, n>=0.34), respectively. Although
statistical significance was not achieved, the
moderate-to-large effect sizes (n? = 0.29-0.46)
indicate potential biological relevance. Across growth
stages, CF3, FYM2, and BG3 tended to produce
longer leaves compared to the control, whereas
FYM1 and CF1 were associated with the shortest
values. These patterns suggest that both organic
(FYM, BG) and chemical (CF) amendments may
promote leaf elongation relative to the control.

Table 3: Leaf length(cm) of the tomato plants under different treatments: Values with the
same letter (a) indicate no significant differences (p < 0.05) among treatments within

each month.

Treatment 28t day 59t day 89t day 118 day

(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)
BG1 5.00 + 2.00ab 5.97 £ 0.92b 517+ 1.1 467 £2.12
BG2 3.97 + 1.002 6.24 + 0.5ab 5.75 + 0.5ab 4.00 + 3.002
BG3 4.36 + 1.5 6.00 + 2.00ab 6.30 + 0.5ab 5.67 £ 0.72b
CF1 3.67 £0.72 467 +1.52 5.16 + 1.52 5.16 £ 0.52
CF2 4.00 + 1.002 5.50 + 1.00ab 5.16 £ 0.4 5.33 £ 0.52b
CF3 5.00 + 1.00ab 7.16 £ 0.5b 6.33 £ 0.5ab 5.86 + 0.52b
FYM1 4.16 £ 0.52 5.00 + 1.002 4.67 +1.002 3.50 £ 1.002
FYM2 5.36 £ 0.5b 6.67 + 1.00ab 5.84 + 0.5ab 5.33 £ 0.92b
FYM3 4.16 £ 0.52 5.56 + 1.5ab 5.83 £ 0.5ab 5.16 + 0.52b
CONTROL 3.73 £ 1.002 4.06 + 1.002 4.50 + 1.002 3.83 £ 1.002
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Leaf Width (cm)

Leaf width varied across treatments and growth
stages (Table 4). At 28" days, itranged from 1.67 £ 0.4
cm (CF1)to 3.16 £ 0.5 cm (FYM1), with no significant
treatment effect (F (9,20)=1.516,p=0.209,n*=0.41).
At 59 days, treatments significantly influenced leaf
width (F (9, 20) = 3.005, p =0.019, n?>=0.58), ranging
from 1.73+0.2cm (CF1)t0 3.83 + 1.00 cm (FYM2),
with FYM2, BG1 and CF3 outperforming the control
(2.05 £ 0.5 cm). At 89th days, mean values ranged
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from 2.23 £ 0.5 cm (control) to 4.66 + 1.5 cm (FYM2),
but differences were not significant (F = 1.282, p =
0.306, n? = 0.37). At 118th days, leaf width varied
from 2.33 + 0.5 cm (control) to 4.75 £ 1.5 cm (BG2),
with significant treatment effects (F (9, 20) = 2.567,
p = 0.038, n? = 0.54). Overall, moderate to large
effect sizes (n? = 0.37-0.58) indicate that fertilizer
amendments, particularly FYM2, BG2, BG1 and
CF3 enhanced leaf width compared to the control.

Table 4: Leaf width (cm) of the tomato plants under different treatments: Values with the
same letter (a) indicate no significant differences (p < 0.05) among treatments within each
month using Tukey’s test.

Treatment 28t day 59t day 89t day 118t day
(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)
BG1 3.12+£2.002 3.60 + 1.4 2.50 + 1.00a 2.67 +1.002
BG2 220+ 0.52 3.37 £ 0.52 3.50 + 1.52 475+ 1.5
BG3 2.63 £ 0.52 3.16 £ 0.52 3.33 £ 1.002 3.90 £ 1.002
CF1 1.67 £ 0.42 1.73+0.22 2.73 +£0.52 3.00 £ 0.5
CF2 1.96 + 0.32 2.56 + 0.52 2.50 + 0.52 2.66 + 0.42
CF3 2.90 + 0.52 3.66 + 0.42 3.33+0.52 3.16 £ 0.52
FYM1 3.16 £ 0.52 2.76 £ 0.82 2.67 +£0.32 2.83+0.32
FYM2 2.63+0.32 3.83 + 1.002 4.66 + 1.52 4.26+1.52
FYM3 1.76 £ 0.42 2.83+0.32 3.00 + 2.00a 2.67 +£0.32
CONTROL 210+ 0.52 2.05+0.52 2.23+0.52 2.33+0.52

Flowers and Fruits

Flower and fruit production varied significantly
among treatments, particularly between March and
April (Table 5). In March, flower production varied
significantly among treatments, ranging from 2.66 +
1.00 (control) to 39.33 + 4.00 (CF3), with an overall
mean of 16.74. Result showed a highly significant
treatment effect (F (9, 20) = 47.74, p < 0.001, n? =
0.96), indicating that fertilizer amendments strongly
influenced flowering. CF3 and BG3 (30.33 + 5.00)
recorded the highest flower counts, while the control
showed minimal flowering. In April, flowering was
limited but still varied significantly among treatments
(F (9, 20) = 18.78, p < 0.001, n2 = 0.89). The
highest flower counts were observed in CF1 (7.00
+2.00), BG2 (6.50 £ 2.00) and FYM1 (4.00 + 2.00),
whereas six treatments, including the control,
showed no flowering. These results indicate that
specific amendments sustained flowering into April,
while most treatments failed to support continued
production.

Fruit production in March also differed significantly
(F =28.94, p<0.001, n?=0.93) among treatments.
Our analysis showed highest fruit set under CF3
(17.00+£2.00), FYM2 (13.70+1.5)and FYM1 (13.33 +
2.00) with the lowest in the control (1.50 + 0.5).
In April a similarly strong treatment effect (F (9, 20) =
57.26, p <0.001, n? = 0.96), with CF3 (18.66 + 1.4)
and BG2 (13.50 + 2.00) fruits recorded the highest
yields, while the control (1.00 £ 00) and no fruits
were recorded in FMY2. Together, these findings
highlight the strong positive influence of CF and BG
amendments on fruiting potential, compared to the
inconsistent effects of FYM and the control. Notably,
not all treatments that enhanced flowering translated
into fruit set. For example, BG3 and FYM2 promoted
substantial flowering at 59 days but failed to sustain
fruit production by 89 days.
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Table 5: The numbers of flowers and fruits in different treatments: values with different
letters (a-e) indicate statistically significant differences at (p < 0.05). at Tukey’s test.

Flowers Fruits

Treatment 28t day 59t day 89t day 118 day

(Mean * SD) (Mean * SD) (Mean * SD) (Mean * SD)
BG1 9.66 + 2.4a 2.00 + 1.00ab 4.66 + 1.2ab 3.66 £ 0.8ab
BG2 19.00 £ 2.00p 6.50 + 2.00¢ 11.00 + 2.00¢cd 13.50 + 2.00d
BG3 30.33 £ 5.00° 0.00 + 002 12.00 £ 3.00¢cd 8.00 £+ 2.00¢
CF1 9.00 + 2.00a 7.00 + 2.00¢ 2.66 + 1.22 8.00 £ 1.00¢
CF2 10.33 £ 2.002 0.00 + 002 5.33 £ 0.52b 2.00 + 1.002
CF3 39.33 £ 4.00d 0.00 + 002 17.00 £ 2.00e 18.66 + 1.4¢
FYM1 8.46 + 2.52 4.00 + 2.00bc 13.33 £ 2.00de 6.00 + 2.00bc
FYM2 19.66 + 3.000 0.00 + 002 13.70 £ 1.5de 0.00 £ 002
FYM3 19.00 £ 2.00p 0.00 + 002 7.66 * 1.4bc 6.00 + 1.00bc
CONTROL 2.66 + 1.00a 0.00 + 002 1.50 + 0.52 1.00 + 002

Table 6: Macro and micronutrient composition of tomato fruits across treatments: The table
shows the nutrient composition of soil under different treatments, including macronutrients
(N, P, Kiin %) and sulfur (S in mg/kg), along with micronutrients (Zn, Cu, Fe, Mn in ppm).

Treatments N(%) P(%) K(%) S (mgkg) Zn(ppm) Cu(ppm) Fe (ppm) Mn (ppm)
BG1 2.89 0.48 3.91 0.26 39 11 116 12
BG2 3.13 0.58 4.79 0.31 38 14 132 14
BG3 3.38 0.55 3.69 0.29 38 12 228 13
CF1 1.97 0.49 3.76 0.22 10 14 162 11
CF2 1.67 0.36 3.18 0.18 18 11 172 9
CF3 2.07 0.41 3.59 0.21 32 12 115 6
FYM1 217 0.46 3.34 0.17 26 11 92 10
FYM2 2.04 0.51 3.9 0.3 42 15 136 8
FYM3 2.55 0.69 5.65 0.29 39 16 162 14
CONTROL 2.15 0.43 2.25 0.14 31 9 127 8

Soil Physicochemical Properties Post-Treatment
as Compared to Control

The soil analysis indicated considerable variation
among treatments (Supplementary 1). Bat guano
(BG) treatments enhanced soil organic carbon
(SOC: 0.35 - 0.91%) and nutrient status, with BG3
showing the highest SOC (0.91%), N (366.6 kg/ha),
P (37.8 kg/ha) and Mn (45.92 ppm). Chemical
fertilizer (CF) treatments markedly increased K,
particularly CF3 (1964 kg/ha) and P (100.7 kg/
ha), though SOC remained lower (0.40 - 0.71%).
FYM treatments also improved SOC (0.38 - 0.52%)
and micronutrient availability, with FYM3 recording

the highest Zn (4.24 ppm). In contrast, the control
showed lower nutrient levels, including N (214.7 kg/
ha), P (28.8 kg/ha) and Fe (9.88 ppm), highlighting
the positive influence of organic and inorganic
amendments on soil fertility.

Elemental Profile in Tomato Fruits

The elemental analysis of tomato fruits revealed
differences among treatments (Table 6). Bat guano
(BG) treatments showed higher concentrations of N
(2.89-3.38%), P (0.48-0.58%) and K (3.91- 3.69%)
compared to chemical fertilizer (CF) and control,
with BG3 also recording the highest Fe content (228



SINGH et al., Curr. Agri. Res., Vol. 13(3) 775-788 (2025) 783

ppm). Farmyard manure (FYM) treatments improved
nutrient accumulation, particularly FYM3, which
exhibited the maximum P (0.69%) and K (5.65%).
In contrast, chemical fertilizer treatments showed
relatively lower N (1.67 - 2.07%), P (0.36 - 0.49%),
and K (3.18 - 3.76%), while the control recorded
the lowest K (2.25%) and S (0.14 mg/kg). Overall,
organic amendments (BG and FYM) enriched both
macro- and micronutrient concentrations in tomato
fruits more effectively than chemical fertilizers and
the control.

Discussion

Characterization of Bat Guano and Farmyard
Manure

Itis noteworthy that platinum (9.31%) and zirconium
(7.82%) were detected in farmyard manure and bat
guano, respectively. However, these elements are
unusual in organic manures and their detection may
be attributed to analytical artifacts associated with
SEM-EDS analysis.™

Plant Growth Parameters

Organic amendments (BG, FYM) were nearly as
effective as chemical fertilizers, demonstrating
strong potential for sustainable crop production.
The superior performance of CF3 can be attributed
to the immediate availability of NPK nutrients, which
are rapidly absorbed and drive vigorous vegetative
growth.2*%0 |n contrast, bat guano and FYM
supplied nutrients more gradually through microbial
mineralization, supporting consistent but slightly
lower growth.®'32 Beyond direct nutrient supply,
organic amendments enhance soil organic matter,
microbial activity and nutrient retention, which
improve long-term fertility.3*** The relatively high
growth under BG3 further reflects guano’s richness
in both macro- and micronutrients, which contribute
to plant vigor. While chemical fertilizers ensured rapid
early growth, sole reliance may risk soil degradation
and nutrient imbalances over time.* Integrating
inorganic fertilizers with organic sources appears
to be a sustainable strategy, providing immediate
growth benefits while maintaining soil health.

Similar outcomes have been reported with bat guano
applications, where enhanced stem diameter was
linked to improved nutrient supply and cambial
activity.’ From a biological standpoint, increases in
stem circumference indicate enhanced secondary

growth and vascular tissue development, which
strengthen water and nutrient transport capacity.®
The superior performance of CF3 and BG treatments
may be attributed to higher nitrogen and phosphorus
availability, known to stimulate cambial division and
structural reinforcement.®” The absence of strong
statistical effects at later stages could be due to
variability and limited replication, which often reduces
the ability to detect differences in plant growth trials.?®

The absence of statistical significance likely reflects
high variability and overlapping standard errors,
which is common in plant growth experiments with
small sample sizes.?® Biologically, the consistent
tendency for CF3, FYM, and BG to enhance leaf
length indicates that nutrient-enriched treatments
supported leaf elongation compared to the control.
Longer leaves increase photosynthetic surface area
and light interception capacity.® This effect is most
plausibly linked to improved nitrogen availability,
which promotes chlorophyll synthesis and cell
expansion, thereby sustaining vegetative growth.®

The delayed significant differences suggest that
nutrient amendments exerted stronger effects on
leaf expansion during later growth stages, when
demands for photosynthetic surface area are
greatest. From a physiological perspective, wider
leaves enhance canopy photosynthesis and biomass
accumulation due to greater light interception.® The
superior performance of FYM and BG indicates that
organic amendments not only supplied macro and
micro-nutrients but also improved soil structure and
microbial activity, thereby promoting sustained leaf
expansion.“’ The significant increases in leaf width
under organic and CF3 treatments highlight the role
of integrated nutrient management in enhancing
structural traits that underpin photosynthetic
efficiency and crop productivity relative to unfertilized
control plants.

This discrepancy may result from nutrientimbalances,
where excessive nitrogen favors vegetative growth
and flowering but suppresses fruit initiation unless
potassium is sufficiently available.*' Conversely, CF3,
with its balanced NPK composition, consistently
supported flowering and fruiting, indicating efficient
nutrient uptake. From a physiological perspective,
potassium plays a central role in flower development,
fruit set and quality, while nitrogen drives vegetative



SINGH et al., Curr. Agri. Res., Vol. 13(3) 775-788 (2025) 784

growth.#243 The poor fruiting under BG3 and
FYM2, despite high flowering, suggests insufficient
potassium relative to nitrogen. In contrast, BG2,
which showed moderate flowering, produced a
relatively high fruit set, highlighting the importance
of nutrient balance over absolute flower count. In
the long term, reliance solely on chemical fertilizers
like CF3 may enhance short-term productivity but
risks soil degradation. Organic amendments such
as bat guano and FYM improve soil organic matter,
microbial activity, and nutrient buffering capacity,
supporting sustained fertility.""4'

Soil Physicochemical Properties Post-Treatment
as Compared to Control

Soil pH ranged from 7.2 (CF1, BG3) to 9.0 (FYM2),
with higher alkalinity under FYM2 potentially reducing
micronutrient availability, while moderate pH in BG3
favored nutrient uptake.*#® Electrical conductivity
remained low (0.13-0.28 dS/m), indicating no
salinity stress for tomato. Soil organic carbon was
markedly enhanced under guano, peaking in
BG3 (0.91%), reflecting rapid decomposition and
microbial activity that improve soil fertility and
structure.*64® Soils treated with guano, especially
BG3, displayed significantly higher SOC levels
in comparison to other treatments, suggesting a
marked enhancement in organic matter content.
Increased SOC is essential for the improvement
of soil structure, water retention, and microbial
activity.*® Guano also supplied the highest nitrogen
(366.6 kg/ha), consistent with its rapid mineralization.
The observed increase in nitrogen (N) levels in soils
treated with guano, particularly in BG3 which
exhibited the highest concentration, emphasizes
the effectiveness of guano as a nitrogen rich soil
amendment to provide readily available nitrogen
and promote plant growth.™

Whereas CF3 maximized phosphorus (100.7 kg/ha)
and potassium (1964 kg/ha) due to high solubility of
chemical fertilizers.5%" Sulfur was enriched under
CF3 and BG3, supporting amino acid and protein
synthesis in tomato.%" Micronutrient availability
improved significantly under organic amendments,
FYM3 enhanced Zn (4.24 ppm), while BG3 mobilized
Cu, Fe, and Mn, likely through organic acid-mediated
chelation.*652 Qverall, chemical fertilizers provided
immediate macronutrient supply, which can
effectively meet short-term nutrient requirements;

however, excessive use may result in long-term
soil degradation®® while guano and FYM improved
SOC and micronutrient availability, suggesting that
guano in particular can enhance both soil fertility
and long-term sustainability compared with chemical
inputs alone. Notably, the highest concentrations
recorded were in Cu, Fe, Mn in soils treated with BG3
emphasize the potential of organic amendments to
enhance micro-nutrient availability, which is crucial
for enzymatic functions and overall plant health.5

Elemental Composition in Tomato Fruits

Nitrogen content ranged from 1.67% (CF2) to 3.38%
(BG3), with guano consistently enhancing N
accumulation. This is consistent with the high
soil N availability under guano treatments (BG2-
BG3), reflecting rapid mineralization and efficient
plant uptake.*”%® The enhanced nitrogen content
in the fruits is essential for protein synthesis and
contributes to the overall quality of the fruit.55
The elevated potassium levels observed in fruits
treated with FYM3 underscore the effectiveness of
FYM in fulfilling potassium requirements, which are
essential for the development, coloration and flavor
of fruits.'? Phosphorus was maximized in FYM3
(0.69%), while potassium reached its highest level
in the same treatment (5.65%), underscoring the
role of FYM in supplying slowly mineralized P and
K reserves.®85! Sulfur concentrations were highest
under FYM2 and BG2, paralleling the elevated soil
S levels observed in these treatments, suggesting
that both guano and FYM enhance S assimilation
in tomato fruits. Among micronutrients, Zn and
Cu were significantly enriched under FYM2 and
FYM3, respectively, consistent with organic matter-
mediated mobilization of these elements.5 The most
striking, iron accumulation in BG3 reached 228 ppm,
substantially higher than in other treatments. The
elevated Fe reflects both high soil Fe availability
and guano-derived organic acids that enhance Fe
solubility and root uptake.*®52 From a health and
market perspective, high micronutrient levels like
Fe and Zn are advantageous for nutritional quality,
especially in addressing iron deficiency. But Fe
concentration in BG3 fruits substantially exceeded
common sufficiency range, warranting further
analysis regarding food safety and bioavailability.??
Similarly, Mn levels were highest in FYM3 and
BG2-BG3 (14 ppm), which align with improved soil
micronutrient availability. Overall, guano (especially
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BG3) enhanced N and Fe concentrations, while
FYM3 promoted P, K, Zn, and Cu accumulation.
These differences indicate that organic amendments
not only improve soil fertility but also translate into
nutrient-dense fruits.

Sustainability to use of Bat Guano as Organic
Manure

Bat guano contributes to long-term soil fertility by
enriching organic carbon, nitrogen, and phosphorus,
while enhancing microbial activity that promotes nutrient
cycling and soil structure.® Its rapid mineralization
and balanced nutrient profile make it especially
effective in tropical and sandy soils, sustaining soil
productivity over time.” However, there are potential
environmental risks. Nutrient leaching from over-
application may cause eutrophication in nearby
water bodies. Additionally, guano composition varies
with bat species and diet, sometimes containing
heavy metals that may accumulate in soils and
crops if not regularly monitored.” From a cost-
effectiveness perspective, bat guano is often locally
available in regions with large bat colonies, lowering
dependency on costly synthetic fertilizers. Although
collection and processing require labor, overall costs
are generally lower than chemical inputs, making
guano an economically viable organic amendment.5®

Conclusion

The study demonstrates that organic amendments,
particularly bat guano (BG) and farmyard manure
(FYM), offered substantial advantages over chemical
fertilizers (CF) in improving soil health and tomato
crop performance. BG3 consistently enhanced
soil organic carbon, nitrogen, and micro-nutrient
availability, which translated into superior vegetative
growth and fruit quality. The FYM3 treatment has
P, K, Zn enrichment, underscoring its potential for
nutrient supply. CF treatments, while effective in
boosting flowering and fruiting in the short term and
was less impact on soil nutrient profiles compared
to organic treatments. The elemental composition of
tomato fruits further validated the efficacy of BG and
FYM treatments, with BG3 and FYM3 contributing
to higher nitrogen, phosphorus, potassium, and
micro-nutrient accumulation. Overall, the study
highlights the dual benefits of organic amendments
in sustaining soil fertility and enhancing crop
productivity, advocating for their broader adoption in
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sustainable agricultural practices. Further research
is recommended to explore the long-term impacts of
these treatments on soil health and crop performance
across diverse agro-ecological settings.
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