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Abstract

Soil fertility management through organic amendments plays an important role in improving soil quality and biological functioning in
vegetable cultivation systems. The present study evaluated the effects of traditionally prepared farmyard manure (FYM), conventional
vermicompost (Cvc) and their combined application on soil physico-chemical properties and enzymatic activities in vegetable growing lands.
Soil bulk density ranged from 0.81 + 0.34 g/cm?® to 1.88 + 0.33 g/cm?® among the sites and amendments. Soil moisture content ranged from
28.58 % to 64.06 % and water holding capacity varied from 42.53 % to 69.69 %. Soil texture varied from loam to sandy loam. Soil was acidic in
nature and pH value ranged from 4.49 + 0.29 to 7.27 + 0.96. Percentage of total organic carbon was recorded highest (3.84 + 0.12 %) in Cyc (Siro)
and lowest in Dutta (1.43 + 0.34 %). Percentage of organic matter followed similar trend to that of soil organic carbon. ABC exhibited highest
(0.28 £ 0.02 %) total nitrogen content and lowest (0.08 + 0.03 %) in Dutta. Similar trend was followed by total phosphorus and total potassium
content in the respective sites respectively. Correlation coefficient analysis revealed significant interrelationships among various soil
parameters and enzymatic activities. Soil bulk density and moisture content showed negative correlations with enzymatic activities, while
water holding capacity exhibited positive correlations with nitrogen and enzymatic activities. Soil pH exhibited significant positive
correlations with arylsulphatase (r = 0.567, p < 0.05), acid phosphatase (r = 0.623, p <0.01) and dehydrogenase (r =0.599, p < 0.01). A significant
positive correlation was observed between soil organic carbon and organic matter (r = 0.969, p < 0.001). Organic carbon showed significant
positive correlations with arylsulphatase (r = 0.825, p < 0.001), acid phosphatase (r = 0.676, p < 0.01), alkaline phosphatase (r = 0.648, p <0.01)
and dehydrogenase (r =0.706, p < 0.01). Total nitrogen exhibited significant positive correlations with arylsulphatase (r = 0.658, p < 0.01), acid
phosphatase (r = 0.720, p < 0.001) and dehydrogenase (r = 0.624, p < 0.01). Total phosphorus showed strong positive correlations with acid
phosphatase (r = 0.773, p < 0.001), alkaline phosphatase (r = 0.737, p< 0.001) and dehydrogenase (r = 0.738, p < 0.001). In contrast, total
potassium showed weak or no significant correlations with enzymatic activities. Strong inter enzyme correlations were observed between
dehydrogenase and acid phosphatase (r=0.929, p <0.001), arylsulphatase (r = 0.854, p <0.001) and alkaline phosphatase (r = 0.854, p < 0.001).
This study is an indicative of synergistic effects of incorporation of conventional vermicompost in traditional soil management system for
vegetable farmlands in maintaining soil nutrient and fertility. The results provide a transferable framework for improving soil strength and
nutrient cycling in low input vegetable systems and promote the use of locally produced organic inputs that support both environmental
sustainability and farm level economic sustainability.
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Introduction which play essential roles in supporting plant development and
ecosystem services. Sustainable soil management practices, such as
crop rotation, organic matter addition, reduced tillage and regular
soil testing, are widely recognized for maintaining soil fertility and
productivity. Among these, the application of organic amendments
has received increasing attention due to their ability to improve soil
structure, enhance nutrient status and stimulate biological activity.
Soil enzymes, in particular, are sensitive indicators of soil biological
functioning and are widely used to assess the impact of
management practices on soil health.

Soil health refers to the capacity of soil to function as a living
ecosystem that supports plant growth, regulates nutrient cycling
and sustains environmental quality. Healthy soils host diverse
microbial, plant and faunal communities that collectively contribute
to agricultural productivity and ecosystem stability. Because, soil
health directly influences crop yield, nutrient availability, water
quality and long-term sustainability, its preservation is a global
priority in modern agriculture. Soil quality is governed by a
combination of physical, chemical and biological properties, all of
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Farmyard manure (FYM) is one of the most commonly used
organic amendments worldwide and has been shown significantly
influence soil enzyme activity by enhancing microbial populations
and nutrient cycling. Several studies have reported increased
activities of enzymes such as urease, invertase and phosphatase
following FYM application, reflecting improved microbial functioning
(1-4). Farmyard manures derived from poultry and swine excreta
have also been reported to increase alkaline and acid phosphatase
activity in soils (1). Long-term FYM application enhances microbial
biomass, accelerates soil organic matter turnover and increases
exoenzyme activity, resulting in faster nutrient cycling rates (5). Soil
enzymes such as dehydrogenase, phosphatase and arylsulphatase
play key roles in soil biochemical processes and nutrient
transformations. Dehydrogenases are intracellular enzymes present
in all living microbial cells and are closely associated with microbial
oxidative metabolism, making them reliable indicators of overall soil
biological activity (6, 7). Phosphatase enzymes regulate phosphorus
mineralisation and availability, while arylsulphatase is involved in
sulphur cycling and is strongly influenced by soil organic matter
content (8, 9). Previous studies have demonstrated that organic
fertilisers and residue amendments can significantly enhance these
enzyme activities across different agricultural systems (10-13).

In the face of extensive research on organic amendments,
most studies have focused on standardised or commercially
prepared inputs, while traditional plant based farmyard manures
prepared through indigenous knowledge systems remain poorly
documented, particularly with respect to their effects on soil
enzymatic activity and nutrient dynamics. Such indigenous practices
represent low input, ecologically balanced soil management
strategies and may offer globally relevant insights for sustainable
agriculture. The Apatani farming system of Ziro Valley, Lower
Subansiri district of Arunachal Pradesh, India provides one such
example. Vegetable cultivation in this region is carried out on
elevated lands surrounded by paddy fields, where soils are prone to
nutrient loss through runoff and erosion. To replenish soil fertility,
farmers prepare farmyard manure using locally available weeds
biomass such as Alopecurus aequalis,Azolla sp., Eichhornia crassipes,
Lemna minor (Duckweed), Rotala rotundifolia and Spirodella sp.
(Duckweed), often combined with pig faeces. These organic inputs
are prepared and applied following long established indigenous
practices, with women playing a central role in their management.
These locally available organic resources hold economic relevance
as it lowers input costs and positively influence farm level
profitability in resource constrained situations. Such systems
represent highly integrated and sustainable farming traditions (14).
This agriculture system represents a broader model of low input
vegetable cultivation rather than a location specific case.

Despite comprehensive studies, scientific validation of
traditional organic amendments, particularly in comparison with
conventional vermicompost, remains limited. Therefore, the present
study aimed to evaluate the effects of traditional plant based
farmyard manure, conventional vermicompost and their combined
application on soil physico-chemical properties and enzymatic
activities in vegetable growing soils. The study hypothesized that the
combined application of traditional and conventional organic
amendments would exert synergistic effects on soil enzyme
activities and nutrient cycling, thereby improving soil functional
quality. A detailed examination of this hypothesis is both
environmentally and economically significant, as its confirmation
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would support the development of biologically effective and cost-
efficient soil management practices tailored to small holder, low
input vegetable farming systems.

Materials and Methods
Study site

Study sites were selected in the farmland of Ziro Valley, Lower
Subansiri district of Arunachal Pradesh, India which lies at 1500 m asl
between 27°33" N to 27°35” N latitude and 93°49" E to 93°50" E
longitude. The district covers an area of 1961.20 km? which is 2.34 %
of the state’s geographical area. The forest cover of the district is
1763.27 km? which is 89.91 % of the total geographical area of the
district (15). The Ziro Valley is popularly known as the Rice Bowl of
Arunachal Pradesh (16). The valley is entirely inhabited by the
Apatanitribe and have their unique culture, tradition and agricultural
knowledges. In the present study, 14 vegetable gardens spread
across 8 villages viz., Bamin Michi, Biirii, Dutta, Hari, Kalung, Reru,
Siiro and Tajang were selected randomly (Fig. 1). Soil samples were
collected from the respective farmlands and analyses were
conducted using standard methodologies.

Methods

The soil samples were collected randomly from 0-15 cm
depth in cold packs from selected croplands of all the listed villages
using soil corer and kept at about 5 °C. The soil samples were mixed
thoroughly and made composite. Separate soil samples were
collected for the estimation of bulk density. The indigenous
farmyard manure (FYM) and locally made vermicompost were
collected from progressive farmers of Kalung and Siiro village
respectively. The samples were shipped to the laboratory in cold
packs and kept at approximately 5 °C until analysis. The
experimental site was slightly elevated mixed vegetable farmland
that had been under continuous vegetable cultivation for more than
4 years prior to soil sampling. It was surrounded by low lying paddy
cum fish culture lands. Soil samples were collected randomly,
avoiding areas under tree canopies, near field boundaries, irrigation
channels and disturbed areas. Surface litter and plant residues were
removed prior to sampling to ensure representative samples.

Fresh soil samples were used for the analysis of soil pH and
moisture content. The remaining soil samples were air dried after
removing all the pebbles, plant or animal debris, etc. Then, the soil
samples were smashed and sieved through 2 mm sieve and kept for
further analysis. Soil moisture content (SMC) was estimated
following gravimetric method (17) and soil bulk density (BD) by soil
core method (18). Soil texture was determined following Bouyoucos
hydrometric method (19) and water holding capacity (WHC) was
determined using standard laboratory soilwater retention
procedures (20). Soil pH was determined using a digital pH meter by
weight: volume into a ratio of 1:2.5 (17). Soil organic carbon (SOC)
was determined following Walkley-Black dichromate oxidation
rapid titration method (21) and soil organic matter (SOM) was
calculated by multiplying the percent of SOC with Van Bemmelen
factor 1.724, assuming that SOM comprises 58 % carbon (22). Soil
total nitrogen (TN) was estimated following Kijeldahl digestion-
distillation method with Kel Plus nitrogen analyser (22). Total
phosphorus (TP) concentration was determined by molybdenum
blue method using UV Spectrophotometer (Shimadzu, UV-19001)
(23) and total potassium (TK) by the neutral ammonium acetate
method using Flame Photometer (22).

https://plantsciencetoday.online


https://plantsciencetoday.online

Arunachal Pradesh
v
L]
23°450"E Q34T I0E D3°S0T0"E 93°52'30"E 93°55"0"E 2400
I ] ] ] 1 1
: g
R -~
z ¢
= - ir,
2] K
R -~
4 &
= 2
5 £
“ &
£ &
2 L3
3 ?
- ~
-~
z z
z | Legend 2
= -
Lt [l
Y : -~
= A Villages S
Major Road

[ ] ziro Circle Boundary 012 4 6 8 }
. =
A KT O W (1 | =
- =
b T T T T T T T g
et 93°45'0"E 93947 30" E 23°50M0"E 93°52'30"E 93°55'0"E 935730 E 94200 E r

Fig. 1. Map showing the selected villages within the study area of the Ziro Valley, Lower Subansiri district, Arunachal Pradesh.

Dehydrogenase activity (DhA) was determined following
standard procedure (24) by quantifying the reduced triphenyl
tetrazolium formazan at 485 nm spectrophotometrically.
Arylsulphatase (AsA) and phosphatase activities, including acid
phosphatase (AcP) and alkaline phosphatase (AkP) were estimated
using the p-nitrophenyl substrate colorimetric method and the p-
nitrophenol released was measured spectrophotometrically at 400
nm and 410 nm respectively (25, 26). Soil enzymatic assays for
arylsulfatase, dehydrogenases, acidic phosphatases and alkaline

phosphatase were quantified and analysed at DBT-APSCS & T
Centre of Excellence for Bioresources and Sustainable Development,
Kimin, Arunachal Pradesh. The data gathered was statistically
analysed. The samples are listed below:

A. Soil composite (A)

Soil composites from vegetable farm sites at Kalung village free from
any chemical or organic inputs were collected for soil enzymatic
assays.
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B. Farmyard manure composite (Brw)

Farmyard manure (FYM) was selected based on information
collected through a questionnaire survey with the women farmers
on their unique, organic and native farming system and the utility of
plant resources for manure and mulching. The FYM was sourced
from a progressive farmer Mrs. Kalung Diming which was prepared
using pig manure and decomposed plant residues of Alopecurus
aequalis, Azolla sp., Eichhomia crassipes, Lemna minor, Rotalaro
tundifolia and Spirodella sp. The farmyard manure (Brw) used in the
study was prepared following traditional farm practices. It consisted
primarily of pig manure applied at approximately 160 kg acre? year*
and plant-based biomass applied at approximately 240 kg acre?
year?, corresponding to a pig manure to plant biomass ratio of
approximately 2:3 (w/w). In addition, fine soil collected from paddy
fields was incorporated as a bulking and moisture retaining material
during FYM preparation. As the FYM was prepared using customary
methods, the paddy field soil was not added in a fixed or quantified
proportion.

C.Vermicompost (Cyc)

The conventional vermicompost sample was collected from a
progressive farmer Mr. Takhe Tacha, Siiro village, who prepared
vermicompost locally for commercial sale to neighbouring farmers.
The vermicompost was produced using locally available organic
wastes and cow dung as a substrate following routine farmer
practice. Vermicompost was prepared using cow dung and plant-
based biomass in an approximate ratio of 3:2 (w/w), following
conventional vermicomposting practices. Bedding materials were
added without fixed proportions. The vermicompost sample was
included in the study for comparative analysis along with normal soil
and farmyard manure (FYM).

D.Soil composite from plot AB

The newly tilled bed of 10" x 10" was treated with 10 kg of farmyard
manure (Br) at the Kalung vegetable farm site.

E. Soil composite from plot AC

The newly tilled bed of 10" x 10" was treated with 10 kg of
vermicompost (Cuc) at Kalung vegetable farm site (A).

F. Soil composite from plot ABC

The newly tilled bed of 10 x 10" were treated with 5 kg of farmyard

manure (Brv) and 5 kg of vermicompost (Cv) at Kalung vegetable
farmssite (A).

The organic amendments evaluated in this study rely
exclusively on locally available plant biomass and animal manure,

requiring no external chemical inputs or energy-intensive
processing. Their preparation involves simple aerobic composting
and vermicomposting processes that can be implemented at the
farm level with minimal infrastructure. This low material and energy
requirements indicate potential cost reductions through decreased
reliance on synthetic fertilisers, making the approach economically
feasible for small holder vegetable production systems.

Statistical analysis

One-way ANOVA was performed to assess the variation of soil
parameters and enzymatic activities followed by Tukey’s multiple
comparison test was performed at the 95 % probability level.
Pearson correlation coefficient analysis was carried out between soil
properties and soil enzymatic activities across treatments.
Significance of correlation coefficients were assessed atp <0.05, p <
0.01 and p < 0.001 levels respectively. All statistical analyses were
performed using Microsoft Excel and Origin 7.

Results
Soil physical properties

Soil bulk density ranged from 0.81 +0.34 g/cm? to 1.88 +0.33 g/cm?. It
was found to be highest (1.88 + 0.33 g/cm®) in Bamin Michi and
lowest (0.81 + 0.34 g/cm?) in Kalung. Soil moisture content ranged
from 28.58+2.35 % to 64.06 + 4.97 %. Maximum soil moisture content
(64.06 +4.97 %) was recorded in Tajang followed by Hari (63.01+5.21
%) and lowest (28.58 + 2.35 %) in Cic (Siiro) (Table 1). Water holding
capacity varied from 42.53 +4.05 %10 69.69 + 4.17 %. It was recorded
maximum (69.69 +4.17 %) in G.c (Siiro) followed by Hari (63.01 +5.21
%) and minimum in Siiro (42.53 +4.05 %). It was observed that the
incorporation of FYM and Cic helped in moisture retention capacity
at sites ABC, AB and AC respectively. Soil particle size analysis
indicated the texture varied among the sites i.e., loam (Biiri, Dutta,
Tajang), sandy loam (Bamin Michi, Reru, Siiro), silt loam (Hari) and silt
clay loam (Kalung) (Table 1).

Soil chemical properties

It was observed that soils were acidic in nature and the pH value
ranged between 4.49 +0.29 to 7.27 + 0.96. Incorporation of farmyard
manure and vermicompost into sites at AB, AC and ABC seemed to
have an effect in alleviating their pH levels (Table 2). It was observed
that vermicompost (Cic) exhibited lowest (7.27 + 0.96) pH followed
by site ABC (6.64 + 0.32), FYM (Reru) (5.59 + 0.63), Brm(Kalung) (5.57 +
0.30) and highest (4.49 + 0.29) in Kalung (A) (Table 2). The percentage
of total organic carbon content ranged from 143 + 0.34 % to

Table 1. Soil physical properties of traditionally prepared vegetable farm soils of Ziro Valley, Lower Subansiri district, Arunachal Pradesh.

Bulk density Moisture content

Water holding

Sites/Soil parameters (g/em?) (%) capacity (%) Sand (%) Silt (%) Clay (%) Texture
Bamin Michi 1.88+0.33a 48.00+2.57ab 50.27+2.66ab 56.00 32.00 12.00 Sandy loam
Biirii 1.21+0.44ac 57.60+4.28a 51.46+3.77ab 36.00 46.00 18.00 Loam
Dutta 0.93+0.19bc 51.17+2.57ab 54.20+3.63ab 52.00 34.00 14.00 Loam
Hari 0.91+0.12bc 63.0115.21a 52.03+1.33ab 30.00 50.00 20.00 Silt loam
Kalung (A) 0.81+0.34c 51.76+3.84ab 52.41+2.13ab 20.00 48.00 32.00 Silt clay loam
Reru 1.19+0.22ac 61.18+3.77a 43.2916.11b 56.00 36.00 8.00 Sandy loam
Siiro 1.80+0.41ab 56.58+0.87a 42.53+4.05b 68.00 26.00 6.00 Sandy loam
Tajang 1.17+0.39ac 64.06+4.97a 49.88+2.66ab 44.00 38.00 18.00 Loam
FYM (Reru) - 51.78+7.12ab 45.31+3.54b - - -

B (Kalung) - 39.47+3.85ab 54.50+2.09ab - - -

Cuc (Siro) - 28.58+2.35b 69.69+4.17a - - -

AB 1.0240.33ac 40.22+2.88ab 54.57+3.43ab - - -

AC 1.0840.14ac 46.95+1.87ab 61.69+2.67ab - - -

ABC 1.11+0.34ac 41.54+2.08ab 60.07+3.11ab - - -

*Within columns, means followed by the same letter are not significantly different (p = 0.05) using Tukey’s multiple comparison test.
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346 £ 0.64 %. The Cyc (Siro) recorded highest total organic carbon
content (3.84 +0.12 %) followed by site ABC (3.46 +0.64 %) and lowest
(1.43 £ 0.34 %) in Dutta. Where as, relatively similar organic carbon
contents were observed in sites AB (3.39 +0.33 %) and AC (3.17 +0.28
%) respectively. The percentage of organic matter content followed a
similar trend to that of soil organic carbon (Table 2).

The percentage of total nitrogen content varied among the
sites, with the lowest (0.08 +0.03 %) value recorded in Dutta followed
by Kalung (A) (0.15+ 0.01 %), ABC (0.200 + 0.03 %) and highest (0.28 +
0.02 %) in Cyc (Siro). However, a decreasing trend was observed in
the nitrogen content from sites AB (0.17 + 0.06 %) and AC (0.16 + 0.05
%). Among the organic amendments, vermicompost sample (C)
resulted highest nitrogen content 028 + 0.02 % followed by
farmyard manure (FYM) from Kalung (B), which had a nitrogen
content of 0.19 + 0.04 % (Table 2). The percentage of total
phosphorus content was observed lowest (0.52 +0.07 %) in Reru and
highest (1.05 + 0.07 %) in Cyc (Siro). It was observed that site ABC
showed significant percentage of phosphorus content (0.79 + 0.10
%) followed by AC (0.68 + 0.07 %) and AB (0.64 + 0.18 %) respectively.
Cwc (Siro) exhibited highest (1.05 + 0.07 %) percentage of
phosphorous content followed by FYM from Kalung (B) (0.83 + 0.08
%) (Table 2). Low percentage of total soil potassium content was
observed amongst the sites. It was observed that vermicompost
sample exhibited the highest percentage of potassium content (0.02
+0.04 %) followed by site ABC (0.01 + 0.08 %), AB (0.01 + 0.14 %) and
AC (0.01+0.05 %) respectively (Table 2).

Soil enzyme activities

Enzyme activity for soils from the 6 soil mixtures were analysed and
are presented in Table 3 and Fig. 2. Soil mixture from site A (Kalung)
with no treatment showed least activity against arylsulphatase
enzyme (20.10 + 4.02) and highest activity against acid phosphatase
enzyme (34.47 + 7.53). The activity for dehydrogenase enzyme was

slightly higher (31.53 + 13.37) whereas a prominent low (22.25 +7.22)
activity was observed for alkaline phosphatase enzyme (Fig. 2, Table
3). The traditional organic farm input (Brw) showed least activity
against alkaline phosphatase enzyme (36.87 + 5.19) and highest
activity against acid phosphatase enzyme (96.05 + 10.76).
Dehydrogenase enzyme also exhibited slightly higher activity (64.99
+ 7.23) whereas for arylsulphatase enzyme the activity was
comparatively lower (47.78 + 11.69). The sample from commercial
vermicompost (Gc) showed least activity against alkaline
phosphatase enzyme (67.23 + 11.36) and highest activity was
exhibited against acid phosphatase enzyme (172.20 + 27.26). Activity
for dehydrogenase enzyme was found higher (127.79 + 18.17)
whereas the activity for arylsulphatase enzyme was comparatively
lower (77.65 + 15.46) (Fig. 2, Table 3).

Soil mixture of site AB treated with traditional farm input
(Brv) showed least activity against alkaline phosphatase enzyme
(30.67 £7.19) and highest activity against acid phosphatase enzyme
(76.71 + 8.36). Activity for arylsulphatase enzyme the activity was
comparatively lower (40.07 + 7.80) and dehydrogenase enzyme
activity was slightly higher (62.93 + 8.75). Soil mixture of site AC
treated with commercial vermicompost (G«) showed least activity
against alkaline phosphatase enzyme (33.80 + 5.25) followed by
arylsulphatase enzyme (46.03 + 7.58) and dehydrogenase enzyme
(67.66 + 3.89) (Fig. 2, Table 3). The highest activity was exhibited
against acid phosphatase enzyme (77.18 + 15.75). Soil mixture of site
ABC treated with both traditional farm input (Bv) and locally
sourced commercial vermicompost (Cc) showed least activity
against alkaline phosphatase enzyme (52.39 + 8.76) and highest
activity against acid phosphatase enzyme (134.40 + 25.98). Sample
ABC showed increased activity for both dehydrogenase enzyme
(115.47 £ 3.76) and arylsulphatase enzyme (62.43 + 12.03) (Fig. 2,
Table3).

Table 2. Soil chemical properties of traditionally prepared vegetable farm soils of Ziro Valley, Lower Subansiri district, Arunachal Pradesh.

Sites/Soil

parameters pH 0C (%) OM (%) N (%) P (%) K (%)

Bamin Michi 5.14+0.48ab 1.81%0.48cd 3.12+0.08cd 0.13£0.2b 0.58£0.02ce 0.01£0.01bc
Biirii 4.79£0.28ab 2.94+0.05b 5.07£0.08b 0.11£0.03b 0.63£0.02be 0.010.14bc
Dutta 5.06£0.05ab 1.43:0.34d 2.47+0.59d 0.08£0.03b 0.53£0.03de 0.01£0.02bc
Hari 5.30£0.12ab 1.6240.16d 2.79+0.27d 0.14+0.04ab 0.62+0.03be 0.01£0.03bc
Kalung (A) 4.49+1.06b 2.02+0.34cd 3.48£0.58cd 0.15£0.01ab 0.61£0.10be 0.01£0.03bc
Reru 5.42+0.48ab 2.69+0.08bc 4.64+0.4bc 0.110.04b 0.52+0.07e 0.01+0.01bc
Siiro 5.06£0.15ab 1.76:0.76d 3.04£0.13d 0.09£0.05b 0.57+0.03ce 0.010.07¢
Tajang 4.52+0.29ab 1.45:0.21d 2.50+0.36d 0.09£0.02b 0.65£0.09be 0.01£0.13bc
FYM (Reru) 5.590.63ab 2.960.42ab 5.10£0.72ab 0.19+0.05ab 0.76£0.08bcd 0.01£0.02bc
Bewi (Kalung) 5.57+0.44ab 2.99:0.44ab 5.16£0.75ab 0.19+0.04ab 0.83£0.08ab 0.01£0.07bc
Cue (Siro) 7.27+0.96a 3.8410.12a 6.62+0.21a 0.28+0.02a 1.05£0.07a 0.02+0.04a
AB 5.09+0.30ab 3.39£0.33ab 5.85£0.57ab 0.17+0.06ab 0.64£0.18be 0.010.14ac
AC 5.24+0.44ab 3.17+0.28ab 5.46£0.49ab 0.16£0.05ab 0.68+0.07be 0.01£0.05bc
ABC 6.64+0.32ab 3.46£0.64ab 5.96£1.09ab 0.20£0.03ab 0.79+0.10bc 0.01£0.08ab

*Within columns, means followed by the same letter are not significantly different (p = 0.05) using Tukey’s multiple comparison test.

Table 3. Variations in enzymatic activity across the soil mixtures in vegetable farm soils of Ziro Valley, Lower Subansiri district, Arunachal

Pradesh.
samples Dehyd!'loggnase ) erlsulphata_se - A<.:id phosphat_ase . Alka}ine phosph_atas.e )
(ug TPF gt soil 24 h?) (ng p-nitrophenol g soil h?) (ng p-nitrophenol g soil h?) (ng p-nitrophenol g soil h)
A 31.53+13.37c¢ 20.10+4.02c 34.47+7.53d 22.25+7.22¢
Brym 64.99+7.23b 47.78+11.69bc 96.05+10.76bc 36.87+5.19bc
Cvc 127.79+18.17a 77.65+15.46a 172.20+27.26a 67.23+11.36a
AB 62.93+8.75b 40.07+7.80bc 76.71+8.36¢d 30.67+7.19¢c
AC 67.66+3.89b 46.03+7.58bc 77.18+15.75¢cd 33.80+5.25bc
ABC 115.47+3.76a 62.43+12.03ab 134.40+25.98ab 52.39+8.76ab

*Within columns, means followed by the same letter are not significantly different (p = 0.05) using Tukey’s multiple comparison test.
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Fig. 2. Soil enzymatic activity across different soil mixtures of Ziro Valley, Lower Subansiri district, Arunachal Pradesh.

Pearson’s correlation coefficient analysis between the soil
physico-chemical properties and enzymatic activities

The Pearson’s correlation coefficient analysis revealed significant
interrelationships among various soil parameters and enzymatic
activities. Soil bulk density showed negative correlations with
enzymatic activities, whereas water holding capacity showed
positive correlations with nitrogen and enzymatic activities. Further,
soil moisture content exhibited significant negative correlations with
dehydrogenase, arylsulphatase and phosphatase activities (Table 4).
Soil pH exhibited significant positive correlations with arylsulphatase
(r = 0567, p< 0.05), acid phosphatase (r = 0.623, p < 0.01) and
dehydrogenase (r=0.599, p <0.01). A significant positive correlation
was observed between soil organic carbon and organic matter
(r = 0969, p < 0.001). Soil organic carbon and organic matter
exhibited significant positive correlations with all enzymatic
activities. Organic carbon showed significant positive correlations
with arylsulphatase (r=0.825, p<0.001), acid phosphatase (r=0.676,
p < 001), alkaline phosphatase (r = 0648, p < 0.01) and
dehydrogenase (r=0.706, p <0.01) (Table 4). Total nitrogen exhibited
significant positive correlations with arylsulphatase (r = 0.658,
p<0.01), acid phosphatase (r=0.720, p <0.001) and dehydrogenase
(r = 0.624, p < 0.01). Total phosphorus showed strong positive
correlations with acid phosphatase (r = 0.773, p < 0.001), alkaline
phosphatase (r = 0.737, p < 0.001) and dehydrogenase (r = 0.738,
p<0.001). In contrast, total potassium showed weak or no significant
correlations with enzymatic activities. Strong inter enzyme
correlations were observed between dehydrogenase and acid
phosphatase (r=0.929, p <0.001), arylsulphatase (r = 0.854,p<0.001)
and alkaline phosphatase (r=0.854, p<0.001),indicate coordinated
microbial activity across the treatments (Table 4).

Discussion

The low input vegetable farm systems in the present study have
been following a continuous mixed cropped pattern over the years,
which may affect the observed soil properties. These types of
farming methods include the application of regular organic
amendments that can alter nutrient content of the soil, pH and
organic carbon content. Vegetable crops like beans, chilli, cucumber,
lettuce, maize and soybean are frequently cultivated by local
farmers in the study sites. The soil physico-chemical properties and
enzymatic activities observed in the present study may be
influenced by the prior cropping pattern of continuous mixed
vegetable cultivation (27). The elevated nature of the vegetable
farms in contrast to the surrounding paddy cum fish culture fields
promotes aerobic soil conditions, which favours microbial
reproduction and enzyme linked nutrient cycling. Although crop
yield was not evaluated in this study, the observed soil biological
responses suggest that the existing cropping and land use system
has improved soil functional quality.

Soil bulk density, moisture content and water holding
capacity varied among the soil composites. The soil texture has been
found to vary from sandy loam to silt clay. According to one report,
the bulk density of croplands with minimum tillage was found to be
1.27 g/cm® that is consistent with our findings where elevated
vegetable croplands are tilled with minimal tools like daon and
wooden hoes (28). The higher bulk density values for sandy textured
soils may be attributed to their smaller particle size and higher
compaction. Water retention capacity for soil mixtures amended
with By and Cyc increased compared to soil mixtures with no
organic treatments. The incorporation of organic amendment has
found to be beneficial in uplifting the water retention capacity of the
vegetable farmland and reduce moisture loss (29). Significant
variations were found in the chemical characteristics and soil
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AkP

AcP

Dh
(ng PNP g'soilh?) (ug TPF g'soil24 h') (ug PNP g'soil h?) (ug PNP g*soilh?)

0.929***

As
0.854***
0.830***

pH
1
0.567*
0.623**

oM
(%)
1
0.611**

0.721*** 0.599**
0.657**

1

0.969***
0.825*** 0.843***

oc (%)
0.588*
0.706**
0.676**

K
(%)
1
0.348
0.35
0.560*
0.361
0.334
0.372

(%)

1
0.066
0.602**
0.562*
0.610**
0.683**
0.738***
0.773***

(%)

1
0.425
0.562*
0.477*
0.507*
0.472*
0.658**
0.624**
0.720***

SMC
(%)
-0.555*
-0.580*
-0.088
-0.587*
-0.594**
-0.351
-0.607**
-0.757***
-0.692**

WHC
(%)
-0.610**
0.695**
0.393
0.371
0.38
0.465
0.454
0.465
0.626**
0.579*

BD
(g/cm?)
0.048
-0.189
-0.290
-0.177
0.078
-0.033
0.007
-0.221
0.050
-0.083

0.055

Table 4. Pearson’s correlation coefficient between soil physico-chemical properties and enzymatic activities of Ziro Valley, Lower Subansiri district, Arunachal Pradesh.

(ug TPF gt soil 24 h?)

(ug PNP g soil h?)
AcP

Parameters
BD (g/cm?)
WHC (%)
SMC (%)

N (%)

P (%)

K (%)

0C (%)

OM (%)

Dh

pH
As

nutrient contents throughout the research area. The study indicated
that the combination of traditionally prepared farmyard manure
(Brv) and commercial vermicompost (Cw) helped the soil in
maintaining higher organic carbon content, organic matter content,
nitrogen, phosphorus and potassium contents compared to other
soil sample types. The soil samples except for Gy, all were acidic in
nature, but it was observed that samples with amendments of
organic matter showed comparative alleviation in their pH values.
Comparative analysis of soil organic matter in reference to soil sets
for enzymatic analysis with respect to soil from A that was not
treated with any amendment showed 71 % higher at site ABC, 68 %
higher at AB and 56 % higher at site AC. Site ABC with amendments
in combination of Bru and Cyc also showed 36 %, 29 % and 42 %
increase in total nitrogen, available phosphorus and potassium in
comparison to soil from A respectively. The findings are similar to
another study (30) where tea-based compost in combination with
vermicompost were observed to induce incremental effects on soil
chemical properties including soil organic matter content, total
nitrogen, total phosphorous and total potassium. The study also
highlights a similar decreasing trend in pH and soil bulk density.

0.854***

0.854***

Reports are on the importance of vermicompost and other
traditional organic amendments in compensating the soil organic loss
due to deep tillage as well as alleviating the overall soil organic matter
content (31). The incorporation of traditional vermicompost prepared
from water hyacinth along with conventional vermicompost
amendments was found to augment the concentration of total
phosphorous and exchangeable potassium in soils which is in
accordance with the earlier findings (32). Similarly, reports are also the
positive improvementin C/N ratio, phosphorus and potassium content
in soils treated with organic amendments over control soils (33). Studies
reveal that various farming practices can have an impact on the
amount of nitrogen that accumulates in soil profiles (34, 35) and can be
said to be truefor the unique age-old agricultural practises employed by
the farmers of Ziro Valley specific to vegetable farming. Furthermore,
the kind of planting areas such as upland or paddy fields can affect the
nitrogen content and spatial variations of the soil. According to a study
on cotton cultivation high phosphorus concentration in farming soil
improves soil nutrients, enzymatic activity and crop biomass, all of
which eventually increase crop output (36). Increased in nutrient
availability of soil indicated a high organic carbon concentration in
farmed soils as confirmed by the findings of various authors in their
studies (37-41).

The levels of arylsulphatase (AsA), dehydrogenase (DhA) and
phosphatases (AcP, AkP) in six soil composites were measured
enzymatically. The sample with the lowest enzyme activity across all
samples was observed at site A, where neither FYM nor VC was added.
All enzymatic activities showed similar trends where AC showed
higher activity than AB. The results of incorporating both B-w and G
on Kalung (A) combined showed a considerable increase in
enzymatic activity, with G composite exhibiting the highest activity
for all enzymes, followed by ABC. The overall findings showed that
adding organic inputs like B and Cic significantly increases
enzymatic activity (42). Aryl sulphatase activity (AsA) revealed an
upward trend in soil samples from plot A to ABC, pointing to the
impacts of higher organic inputs at site A (Kalung). While ABC showed
higher activity than B, B demonstrated higher activity than the
soil composites AB and AC. The maximum arylsulphatase activity was
shown by Grc composites. The results indicated a significant
andpositive correlation (r = 0.8979) with soil organic matter content
and it corroborates with the earlier works (43, 44).

0.878***

0.538* 0.737*** 0.129  0.648** 0.626™* 0.438

0.358 -0.624**

-0.230
and *** denote significance at p <0.05, p <0.01 and p < 0.001, respectively. As: Arylsulphatase; AcP: Acid phosphatase; AkP: Alkaline phosphatase; BD: Bulk density; Dh: Dehydrogenase; K: Potassium; N: Nitro-

gen; P: Phosphrus; PNP: p-nitrophenol; OC: Organic carbon; OM: Organic matter; SMC: Soil moisture content; TPF: Triphenyl formazan; WHC: Water holding capacity

2

k
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* kK
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A similar trend was observed for dehydrogenase activity
(DhA) across all soil samples. A simple linear regression analysis for
organic matter vs DhA indicated a significant relationship between
them as well as a positive correlation between organic matter
content and DhA. It was reported that dehydrogenase activity was
higher in soils amended with vermicompost and farmyard manures
as compared to soils treated with mineral fertilisers and unamended
soils respectively (45, 46). Similarly, reports are also on the use of
vermicompost amendments tend to increase dehydrogenase
activity and acid phosphatase activity but reduced the activity of
alkaline phosphatase activity (33). Acid phosphatase activity (AcP)
was significantly higher for soil treated both farmyard manure and
vermicompost (ABC, AB and AC) compared to those with no inputs
(A). AcP also showed a significant linear correlation with organic
matter content (r = 0.8557) indicating an increase in phosphorous
mineralisation with higher organic inputs. Similarly, alkaline
phosphatase activity (AkP) showed insignificant linear correlation
with soil organic matter contents (r = 0.8004). Several studies have
reported that higher soil phosphatase activity is associated with
higher soil organic carbon content (47, 48). Correlation analysis
validates the observed influence of soil physico-chemical properties
on enzymatic activities under organic amendment treatments in
other similar studies. Soil organic carbon displayed strong positive
linkages with all 3 enzymes investigated, indicating its role in
supporting microbial activity (49, 50). A close relationship was
observed between phosphorus and phosphatase activity, reflecting
increased microbial functioning in phosphorus mineralisation.
Phosphorus and nitrogen exhibited strong positive relationships
with dehydrogenase and phosphatase activities, indicating
improved nutrient transformation in amended soils (51). Strong inter
enzyme correlations amongst the soil enzyme activities indicate
coordinated microbial functioning and integrated cycling of carbon,
sulphur and phosphorus (52). Soil pH and enzymatic activities have
showed positive correlation, indicating favourable conditions for
enzyme stability. Enzyme activities correlated with potassium
yielded weak associations, implying a weak role in the regulation of
microbial activity. Soil physical properties also influenced enzymatic
activity. Bulk density has correlated negatively with enzymes,
suggesting that reduced soil compaction improves microbial
functioning through better aeration (53). The strong positive
correlations between soil organic carbon, nutrient availability and
enzymatic activities highlight the role of organic matter inputs in
enhancing soil biological quality. Present results suggest that
maintaining balanced soil moisture conditions is crucial for efficient
microbial-mediated nutrient cycling in vegetable cultivation
systems. The results of the present study are indicative and aligned
with their findings. According, to the results, adding organic inputs
like plant based green manure and conventional vermicompost
increases the enzymatic activity of the soil significantly (54-56). The
absence of crop productivity data is a limitation of the present study
and future investigations integrating soil biological indicators with
crop performance under similar cropping systems are warranted.

Conclusion

The present study demonstrates that the application of traditional
plant based farmyard manure and conventional vermicompost
significantly improved soil physico-chemical properties and
enzymatic activities in the vegetable growing soil of Ziro Valley,

8

Lower Subansiri district of Arunachal Pradesh. The combined
application of both amendments resulted in the most pronounced
improvement in organic matter, total nutrient concentrations and
the activities of dehydrogenase, arylsulphatase and phosphatase
enzymes, indicating a synergistic influence on soil biological
functioning and nutrient cycling. These findings confirm the
effectiveness of integrating indigenous organic inputs with
vermicompost as a sustainable soil fertility management strategy for
vegetable farmlands. The study also provides baseline information
on the nutrient and biochemical status of soil, contributing to the
scientific validation of traditional soil management practices. This
study reliance on locally available resources and low energy
processes, serves as an environmentally and economically
sustainable soil fertility mechanism, as it reduces dependence on
commercial inputs. The results have broader implications for low
input and ecologically resilient vegetable production systems in
comparable agroecological regions. Further investigation on long
term field performance and crop productivity responses would
strengthen the understanding of the agronomic benefits of such
integrated organic amendment practices.
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