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Abstract /l
The present work examines how organic manures affect the physical properties
of soil. It also investigates their relationship with the growth and yield of black
gram (Vigna mungo L.). With increasing concern over the excessive use of | Article History
chem.lcal fertilizers resyltmg in §0|I degradaﬁon, there is growing interest in ESS:;ZS (1;; X;rzlcgozz%%
sustainable and organic alternatives. Organic amendments like goat manure
(GM), swine manure (SM) and vermicompost (VC) were applied alone and in Keywords
combination at two concentrations viz., 8 t ha' and 17 t ha'. The experiment Black gram;
was conducted to evaluate changes in key soil physical attributes like bulk | Crop productivity;
. . . . . Days After Sowing;

density (BD), particle density (PD), water holding capacity (WHC), pore space Goat manure:
(PS), saturated moisture (SaM), hydraulic conductivity (HC), permeability Organic manure;
(PE). Additionally, the study aimed to statistically analyse the correlation | Plant biometric traits;

. . Randomized block design.
between these soil parameters and the yield of black gram. Data was analysed
using SPSS software, employing correlation and multiple linear regression
models. Results revealed that WHC, PS and SaM were strongly and positively
correlated with yield, while BD showed a consistent and significant negative
correlation. Biometric observations revealed that application of organic manure
had a substantial positive effect on plant growth. Parameters such as plant
height, number of pods per plant and number of leaves per plant showed
noticeable improvement. These improvements were especially evident under
manure treatments. This highlights the contribution of organic inputs towards
improved plant vigour and productivity. The best agronomic result (990 kg
ha') was recorded with GM+VC @ 17 t ha'. The regression model at 8 t
ha' produced the highest R? value (99.6%) indicating a reliable prediction of
yield in accordance with soil physical properties. The findings exemplify that
organic manure application not only improves soil health but also substantially
enhances the black gram productivity in an ecologically sound manner.
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Introduction

Pulses such as black gram and chickpea play a
crucial role in sustainable agriculture due to their
ability to fix atmospheric nitrogen and improve
soil fertility. However, their productivity remains
relatively low in many regions due to poor soil
structure, nutrient depletion, and improper nutrient
management practices. Sustainable farming aims
to improve soil health and maintain good crop
yields without harming the environment. Frequent
use of chemical fertilizers has led to deterioration
of soil health by reducing organic matter content,
disturbing soil microbial activity, and causing
nutrientimbalances and thereby reduced soil fertility.
This not only affects soil quality but also impacts
crop productivity and environmental sustainability.
Healthy characteristics such as bulk density, porosity,
water holding capacity and hydraulic conductivity
are essential for optimal root growth. These factors
also support efficient water movement and nutrient
availability for crops like black gram. Organic manures
play an important role in restoring these properties
by improving organic carbon and thereby increasing
soil aggregation and deducing compaction.' Goat
manure (GM) is rich in nitrogen and phosphorus,
which help improve soil structure and fertility.? Swine
manure (SM) provides a balanced nutrient supply and
supports better soil aeration.®> Vermicompost (VC)
enhances soil porosity and water holding capacity
while promoting the activity of soil organisms that
keep the soil loose and fertile.* These amendments
not only improve the soil’s physical environment but
also enhance root penetration and crop growth.® A
viable and sustainable approach is the integration of
organic and inorganic nutrient sources, commonly
referred to as Integrated Nutrient Management
(INM), which helps in maintaining soil health while
ensuring optimum crop yield. Despite these benefits,
research comparing the effects of different organic
manures on soil characteristics under black gram
cultivation remain limited. Statistical tools like
correlation and regression® helps to reveal how soll
properties like bulk density, porosity and especially
water retention capacity influences plant growth and
yield. Observing plant traits such as plant height, leaf
number and pod production alongside soil physical
soil parameters gives a clearer understanding of how
organic amendments contribute to sustainable crop
production. It is hypothesized that improvements in
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soil physical properties induced by organic manure
application have a significant positive relationship
with the growth and yield of black gram.

Materials and Methods

The field experiment was conducted at
Servaikaranmadam, Thoothukudi district, Tamil
Nadu (8 705’ latitude and 78 378’ longitude) during
Rabi season 2024-2025. The experimental field was
prepared by ploughing the soil thoroughly followed
by harrowing and levelling to obtain a fine tilth. The
plots were laid out as per the experimental design
before sowing. Eight different treatments comprising
of two levels of organic manure application viz.,
8 t ha' (A plots) and 17 t ha' (B plots) were
arranged in a randomized block design (RBD) with
three replications. The experimental design was
developed to test the hypothesis that organic manure
application influences soil physical properties and
crop yield. The treatments comprised T1+ — GM,
T2—-SM, Tz — VC, Ta — GM+SM, Ts — GM+VC, Ts
— SM+VC, Tr — GM+SM+VC, and Ts — Control (no
organic manures). The organic manures used in the
study, namely Goat Manure (GM), Swine Manure
(SM), and Vermicompost (VC), contain essential
nutrients such as nitrogen (N), phosphorus (P), and
potassium (K) in varying proportions, contributing
to improved soil fertility and crop growth. Black
gram variety of Vamban BG (4), released by Tamil
Nadu Agricultural University (TNAU) was used for
this study. 3 — 4 irrigations and hand weeding at
30 and 45 Days After Sowing (DAS) were followed
throughout the crop duration. Soil samples were
collected both before and after harvest to assess
changes in physical attributes including Bulk Density
(BD), Particle Density (PD), Water Holding Capacity
(WHC), Pore Space (PS), Saturated Moisture
(SaM), and Permeability (PE). These properties
were analysed by Keen Raczkowski box, following
the method described by Keen Raczkowski.” Each
plot measured 4 m x 3 m as gross plot size, while
the central area of 3 m x 2 m was considered
as net plot for recording yield. The yield of black
gram was recorded per plot and expressed in
kg ha"'. Data analysis was carried out using the
Statistical Package for the Social Sciences software
(SPSS). Correlation analysis was done to find the
strength and direction of the relationship between
soil physical properties and yield. Multiple linear
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regression was employed to develop prediction
models with yield as the dependent variable and the
various soil parameters as independent variables. It
can be expressed as,

Y =a + BaXi+ B2Xz2 +

Here, Y represents independent variable, a is the
intercept, B1, B2, .... B, are the regression coefficient
and Xi, Xz, ...X denote the dependent variables.
Regression equations were constructed for each
application rate and R? values were used to estimate
the goodness of fit for each model. In the initial
stage itself, ten plants were selected randomly and
tagged, to monitor and record various biometric
observations of black gram. The observations on
plant growth factors were made at 15, 30, 45, 60
and 90 Days After Sowing (DAS). The plant height
was ascertained by measuring from ground level
to top of the leaves using steel tape. The mean
height for ten plants was recorded as plant height
in cm for each plot. The number of matured pods
per plant was recorded at the time of harvest for
the randomly selected ten plants. This was done
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for each treatment and thus average was found
out. The number of leaves on ten randomly selected
ten plants were recorded, and the average was
calculated and presented per plant. The weight of the
pod was measured in wet condition and then it was
made to dry under sunlight to reduce the moisture
level to below 10 %. Then yield of the pod was noted
and expressed in kg ha™.

Results

Physical Properties of the Soil

Bulk density showed a significant decline in the
organically treated soils compared with the control.
For the concentration of 8 t ha™, bulk density (BD)
ranged from 0.8755 gm cm™ to 1.0599 gm cm,
while in the B plots it has reduced further reaching
0.8476 gm cmin T7-B as shown in Figure 1. Particle
density also declined in the treated plots compared
to the control. In the A plot, PD varied between
0.9686 gm cm? for Ts-A and 1.2791 gm cm for Ti-
A, whereas for the 17t ha-1 concentration it ranged
from 0.9020 gm cm™ (T+-B) to 1.0998 gm cm3 (T+-B)
as shown in Figure 2.
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Fig. 1: Bulk density of the organically treated soils
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Fig. 2: Particle density of the organically amended soils



RAJAGOPALAN & SIMSON, Curr. Agri. Res., Vol. 14(1) 239-249 (2026)

Water Holding Capacity improved significantly with
the addition of manure. In the A plots, WHC increased
from 16.13% to 22.68% in T+-A plot. Among the
B plots, the highest WHC was observed in T+-B
with 28.30%, T+-B (26.79%) and Ts-B (24.61%),
compared to the control (16.99%). Pore Space
increased significantly in organic input applied plots.
In A plots, PS ranged from 25.11% (T+-A) to 29.24%
(T+-A), while in B plots it improved further, reaching
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32.50% in Ts-B. This enhancement reflects improved
soil structure and aggregation with higher manure
application. Earlier work highlighted the role of
organic matter in maintaining stable aggregates
and continuous pores for air and water flow. The
highest PS was obtained with T5-B (32.50%) and
T4-B (31.90%), while the control had lower porosity
(25.72%).
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Fig. 3: WHC, PS and SaM of the organic manure applied plots

Saturated Moisture increased gradually with organic
manures. In A plots SaM plots ranged from 19.38%
(T1-A) to 25.36% (T+-A) as represented in Figure 3,
whereas, in B plots itincreased significantly, attaining
a maximum of 32.35% in T+-C. This improvement
can be attributed to the increased levels of organic
carbon and improved soil porosity. Together, these

factors enhance the soil’s ability to retain water
available to plants. These observations are in similar
and evident in concentration at 17 t ha™', where SaM
reached the highest levels in T+-B (32.35%) and Ts-B
(26.88%), while the control plot recorded the lowest
value (18.51%).
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Fig. 4: Hydraulic Conductivity of the organically amended soils

Hydraulic Conductivity increased under organic
treatments. In A plots, as displayed in Figure 4. HC
ranged from 0.2004 cm hr' (Ts-A) to 0.2829 cm hr
(Te-A), whereas in the B plots it raised to 0.3183
cm hr' (Ts-B). Higher HC at elevated manure
concentrations reflects improved aggregate stability
and macropore continuity, thereby enhancing
infiltration and drainage. In the B amended plots

like Ts-B (0.3183 cm hr') and Te-B (0.3069 cm hr)
proposed significantly higher HC than the control
(0.1998 cm hr'). Permeability was lowest in the
control (2.19 mm hr') as shown in Figure 5. and
increased under organic amendments, indicating
reduced soil compaction and better root penetration.
In A plots, PE ranged from 2.20 mm hr' (Ts-A) to
3.11 mm hr' (Te-A), while in B plots, it increased
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to 3.50 mm hr' (Ts-B), whereas in the B plots it
further increased to 3.49 mm hr'in Ts-B and 3.37
mm hr'in Te-B. The application of organic manures
also influenced the yield of black gram. Among all
treatments, GM + SM + VC (T+-A) recorded the
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highest yield of 605 kg ha™, which was 84.46%
higher than the control. This treatment also showed
lower bulk density (0.8755 g cm™) and higher
porosity (29.24%), water holding capacity (22.68%)
and soil moisture (25.36%).

Permeability ( mm hr? )
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Fig. 5: Permeability of the organically treated soils

The application of organic manures, namely
Goat manure (GM), Swine manure (SM), and
Vermicompost (VC), significantly influenced the
soil physical properties and yield of black gram
(Vigna mungo L.) at different application rates. At
the application rate of 8 t ha, the treatment GM +
SM + VC (T7-A) recorded the highest yield of 605
kg ha™, which was 84.46% higher than the control
(Table 1). This treatment also exhibited the lowest
bulk density (0.8755 g cm) and the highest porosity
(29.24%), water holding capacity (22.68%), and soil
moisture (25.36%).

Correlation analysis indicated a strong negative
correlation between bulk density and vyield (r =
-0.77**), whereas positive correlations were
observed between yield and porosity (r = 0.79**),
soil moisture (r = 0.73**), and water holding capacity
(r = 0.48). Although the SM + VC treatment (T6-A)
recorded the highest infiltration and percolation
rates, it did not produce the highest yield. Regression
analysis was conducted to assess the relationship
between soil physical parameters and yield at 8 t
ha™. The regression equation obtained was:

Y = 2164.563 — 1939.020 (BD) + 3602.016 (PD) +
41.367 (WHC) — 282.044 (PS) + 139.928 (SaM) —
66.284 (HC)

R*>=99.6 %

At the higher application rate of 17 t ha™, organic
manure treatments also significantly improved
soil physical properties and crop yield. Among the
treatments, GM + VC (T5-C) produced the highest
yield of 990 kg ha™, indicating the strong influence of
this combination on soil quality and crop productivity
(Table 2). The treatment plots amended with organic
manures, particularly in combination, demonstrated
lower bulk density, improved water holding capacity,
and increased porosity compared with the control.
The lowest bulk density (0.8476 g cm) was recorded
in GM + SM + VC (T7-C), indicating improved soil
aeration and structural stability. The highest water
holding capacity (28.30%) was observed in GM
+ SM (T4-C), while GM + VC (T5-C) showed the
maximum porosity (32.51%) and high soil moisture
content (26.88%). Correlation analysis revealed a
strong negative correlation between yield and bulk
density (r = —0.7360). In contrast, yield showed a
significant positive correlation with water holding
capacity and porosity (r = 0.8390) and a moderate
positive correlation with soil moisture (r = 0.6175**).
Water holding capacity exhibited a strong negative
correlation with bulk density (r = -0.8766**) and
positive correlations with porosity (r = 0.7900) and
soil moisture (r = 0.9236**). Hydraulic conductivity
and permeability were positively associated with yield
(r =0.6893 and r = 0.6892, respectively), although
these relationships were not statistically significant.
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Both hydraulic conductivity and permeability were
significantly and negatively correlated with particle
density (r = -0.7220 and r = -0.7219**)

Regression analysis for the manure concentration
of 17 t ha™ yielded the following equation:
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Y =2311.661 (BD) + 323.202 (PD) + 112.942 (WHC)
+134.158 (PS) — 99.655 (SaM) + 2422.785 (HC)
- 6712.18

R>=98.3 %

Table 1. Correlation for physical attributes of GM, SM & VC @ 8 t ha'

Properties Yield BD PD WHC PS SaM HC PE
Yield 1
BD -0.771(**) 1
PD 0.357 -0.307 1
WHC 0.478 -0.421 -0.509(**) 1
PS 0.790(**) -0.894 (**)  0.579 0.188 1
SaM 0.735(**) -0.718(**) -0.158 0.621 0.670 1
HC 0.337 -0.473 -0.140 0.517 0.293 0.38 1
PE 0.337 -0.473 -0.141 0.518 0.293 0.385 1.000(**) 1
** Correlation is significant at 0.05 level (2 — tailed)
BD - Bulk Density PD - Particle Density PE - Permeability
PS - Pore Space SaM - Saturated Moisture HC - Hydraulic Conductivity
WHC - Water Holding Capacity
Table 2: Correlation for physical attributes of GM, SM & VC @ 17 t ha™
Properties Yield BD PD WHC PS SaM HC PE
Yield 1
BD -0.7360(**) 1
PD -0.5884 0.7170 1
WHC 0.8390(**) -0.8766(**) -0.5587 1
PS 0.8390(**) -0.7062(**) -0.3701 0.7900(**) 1
SaM 0.6175 -0.6759 -0.3550 0.9236(**) 0.8660(**) 1
HC 0.6893 -0.3459 -0.7220(**) 0.2334 0.2869 0.1149 1
PE 0.6892 -0.3457 -0.7219(**) 0.2333 0.2868 0.1148 1.0000(**) 1

** Correlation is significant at 0.05 level (2 — tailed)
BD - Bulk Density PD - Particle Density
PS - Pore Space
WHC - Water Holding Capacity

Biometric Observations

Plant height increased gradually with crop growth
under all treatments. At 17 t ha”', the SM+VC
treatment recorded plant heights of 13, 21.8, 36.2
and 38.8 cm at 15, 30, 45 and 60 DAS respectively,
with the maximum height of 38.8 cm being 50.82%
higher than the control. When both concentrations

SaM - Saturated Moisture

PE - Permeability
HC - Hydraulic Conductivity

were compared at 60 DAS, the highest plant height
(40.8 cm) was observed in GM+SM+VC at 8 t ha
as represented in Figure 6 and Figure 7.

The number of pods per plant varied among
treatments. GM+SM+VC at 8 t ha™" recorded higher
pod numbers up to 45 DAS, with values of 3.8, 6.8
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and 12.7. At 60 DAS, the GM treatment producedthe ~ SM+VC recorded the highest number of pods per
maximum number of pods, which was 49.73% higher  plant (19.2), representing a 52.08% increase over
than the control, as displayed in Figure 8. At 17 tha™,  the control, as shown in Table 3

Plant Height (cm)
50
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30 7 5
) - o

20 i + + 7

N 3 3 1 7
10 B b b 3 o el

-A T3-A T4-A T5-A T8

M15DAS [130DAS E45DAS HG60DAS

Fig. 6: Average Plant Height (cm) at 15, 30, 45 and 60 DAS for the concentration of 8 t ha™
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Fig. 7: Average Plant Height (cm) at 15, 30, 45 and60 DAS under the application rate of 17 t ha!
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Fig. 8: Average number of pods per plant at 15, 30, 45, and 60 DAS under 8 t ha™ organic
manure application
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Table 3: Average number of pods per plant at 15, 30, 45, and 60 DAS under 17

t ha organic manure application
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Manure Plot Average Number of Pods Plant-1
15 DAS 30 DAS 45 DAS 60 DAS

GM T1-B 1.5 5.7 8.1 13.5
SM T2-B 21 7 9.4 17.1
VC T3-B 1.9 8.0 14.3 20.9
GM+SM T4-B 1.6 5.9 10.7 15.5
GM+VC T5-B 3.3 53 11.5 19.0
SM+VC T6-B 3.2 6.3 15.0 19.2
GM+SM+VC T7-B 3.2 5.6 7.3 11.0
CONTROL T8 1.8 4.9 8.4 9.2

The number of leaves per plant increased from  treatment produced the maximum number of leaves
15 DAS to 60 DAS across all treatments. In the  at 60 DAS (60 leaves), which was 84.93% higher
control, the number of leaves increased from 8.80 than the control. At 17 t ha', GM+VC recorded the
to 28.70, as given in Figure 9. The GM+SM+VC  highest number of leaves (61.70), as represented

treatment recorded the highest number of leaves in Figure 10.
at early stages (15 and 30 DAS), while the GM+VC

No.of leaves per plant

40

20

T3-A T4-A TE-A Ti-A
O15DAS B30 DAS H452DAS BoedDAS

T7-A

TS

Fig. 9: Effect of organic manures on the number of leaves per plant for concentrations 8 t ha™
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Fig. 10: Effect of organic manures on the number of leaves per plant for concentrations 17 t ha"

Discussion

The reduction in bulk density observed in the
organic manure treated soils indicates improved soll
structure and reduced compaction. The incorporation
of organic residues generally decreases soil density
because organic materials are lighter than mineral
soil particles and enhance aggregation. Similar
reductions in bulk density following organic manure
application have been reported in earlier studies.®
The addition of organic matter improves soil porosity
and enhances the development of soil aggregates,
which contributes to improved root proliferation and
nutrient uptake. Similar observations have been
reported previously.®'™ Particle density showed
slight variations among treatments, which may be
attributed to the incorporation of organic matter
having lower density compared to mineral particles.
The significant improvement in water holding
capacity with manure application reflects the role
of organic matter in enhancing soil aggregation
and increasing capillary pores. Organic matter
possesses hydrophilic properties that enable
soil to retain greater amounts of water, which is
particularly beneficial under water-limited conditions.
Earlier studies have also demonstrated that the
incorporation of organic residues enhances soil
water retention capacity." The increase in pore
space observed in the manure treated plots further
indicates improved soil structure and aggregation.

Organic amendments promote the formation
of stable soil aggregates and continuous pore
networks, which facilitate air and water movement
in soil."? Higher manure concentrations generally
produced greater porosity, suggesting improved
structural stability. The improvement in saturated
moisture in the treated plots may be associated
with increased soil organic carbon and enhanced
pore distribution.

Organic amendments improve the soil’s capacity
to retain plant-available water through enhanced
aggregation and capillary action. The higher saturated
moisture observed in the B plots indicates that greater
organic inputs enhance soil moisture retention.
Similarly, the increase in hydraulic conductivity under
organic manure treatments reflects improved
aggregate stability and macropore continuity. Improved
pore networks facilitate greater infiltration and
drainage. However, excessively high conductivity may
increase nutrient leaching, indicating the need for
balanced organic manure application. Permeability
also increased with organic amendments, indicating
reduced soil compaction and improved soil structure.
Enhanced permeability promotes better infiltration
and reduces surface runoff, thereby improving soil
moisture dynamics. The present study further
demonstrated that the application of organic
manures, particularly goat manure, swine manure
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and vermicompost, significantly improved soil
physical properties and increased the yield of black
gram. The highest yield recorded in treatment T--A
(GM + SM + VC) suggests that combined manure
applications produce synergistic effects on soil
quality and crop productivity.

The strong negative correlation observed between
bulk density and yield (r = -0.77) ** supports earlier
findings that reduced soil compaction enhances crop
growth." Furthermore, positive correlations between
yield and porosity (r = 0.79), soil moisture (r =0.73)
and water holding capacity (r = 0.48) confirm that
improved soil physical conditions play a key role in
crop productivity.'® Similar improvements have also
been reported in previous studies, which highlighted
the role of vermicompost in enhancing soil porosity
and plant available water.'® Interestingly, although
the SM + VC treatment (T,-A) showed the highest
infiltration and percolation rates, it did not produce
the highest yield. This indicates that balanced
improvementin multiple soil physical properties rather
than a single parameter is essential for maximizing
crop productivity. Integrated nutrient management
practices are therefore considered effective for
improving soil quality and crop yield simultaneously."”

The improved plant height, pod number and leaf
production under organic manure treatments may
be due to better nutrient availability, enhanced soil
structure and increased microbial activity. The
combined application of manures such as GM, SM
and VC provides balanced nutrients that support both
vegetative growth and reproductive development.
These results indicate that integrated organic
manure application can significantly enhance crop
growth compared with the control.

Conclusion

The present study clearly demonstrates that
the combined application of goat manure and
vermicompost (GM+VC) at 17 tha and goat manure,
swine manure and vermicompost (GM+SM+VC) at 8
t ha' was identified as the most effective treatment,
producing the highest yield of black gram. These
treatments notably improved soil physical properties,
including reduced bulk density and enhanced water
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holding capacity, porosity, and soil moisture. Farmers
are recommended to adopt this organic manure
combination to improve soil health and achieve higher
and sustainable crop productivity.
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