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A study was conducted to assess the impact of different
nutrient management practices on soil quality in a per-
manent manurial experiment cotton field established in
1982 at the Agriculture Research Station of the Tamil
Nadu Agricultural University, which falls under the
dryland ecosystem of Kovilpatti in Tamil Nadu, India.
The experiment was carried out in a randomized block
design with nine different treatments. The effect of these
treatments in different depths (0-15, 15-30 and 30-
45 cm) was compared, and the soil quality index was
developed with a total of 27 parameters, including
physical, chemical and biological parameters. Principal
component analysis was carried out and the principal
components with eigenvalue >1 were selected to deter-
mine the indicators to be retained in the minimum data-
set. The highly weighted variables, viz. field capacity,
available water content, cation exchange capacity, nitro-
gen, phosphorus, potassium, calcium, magnesium, etc.
with a variance of 93.57% were retained for MDS. Linear
scoring functions were used to transform them into
unitless scores ranging from 0 to 1. Three different
methods of soil quality were analysed, viz. weighed ad-
ditive soil quality index (SQI,), additive soil quality
index (SQI,) and Nemoro soil quality index (SQI,). In
all three methods, the treatment receiving farmyard
manure at 12.5 t ha' showed superiority in maintain-
ing soil quality.

Keywords: Cotton, dryland ecosystem, nutrient manage-
ment practices, permanent manurial experiment, soil quality
index.

SOIL is a non-renewable vital resource that plays an impor-
tant role in nutrient absorption, water utilization, and in-
creasing productivity'. In the recent past, various global
challenges, like soil loss and erosion, degradation, nutrient
deficiency, soil compaction and pollution have been serious
concerns that have put agricultural management in risk’.
In the past two decades, the importance of soil quality in
human-influenced ecosystems has been given serious at-
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tention, and the demand for determining soil quality index
(SQI) in different regions over time is increasing’. Esti-
mating SQI is a time-consuming and difficult task®, especially
when it is linked to multiple functional goals. Nonetheless,
substantial progress has been achieved in estimating SQI
for a variety of soil types and management practices™®.
Among these, soil quality indicators and the scoring method
are two common approaches used to assess soil quality”.
However, most studies on soil quality evaluation are restricted
to topsoil layers, with the main focus on physical and
chemical properties. The biological properties are given the
least importance. The soil quality indicators in different
depths pertaining or with respect to individual crops are
limited®’. The long-term effects of organic and inorganic
fertilizers, either singly or in combination, on the physico-
chemical and biological properties of the soil, i.e. permanent
manurial experiments (PMEs) are limited. These experi-
ments have been conducted for more than 100 years and as-
sume great significance for evaluating soil quality. One
such permanent manurial trial on cotton was chosen for this
study at Kovilpatti, a dry region of Tamil Nadu, India, to
evaluate SQI in multiple soil layers.

Materials and methods
Site description

The study was undertaken in the 38th cotton (KC 3) crop
(cropping system: cotton—fallow—fallow) in a PME started
in 1982 at the Agricultural Research Station of the Tamil
Nadu Agricultural University, Kovilpatti (9.20'N lat., 77.87'E
long., altitude 90 m amsl). The monthly mean maximum
temperature ranged from 28°C to 38.5°C, while the monthly
mean minimum temperature ranged from 21°C to 27.5°C.
With an annual mean rainfall of 743 mm and evapotran-
spiration of 812 mm, the area is classified as a hot, semiarid
region. The soil in the experimental site falls under Kala-
thur soil series with fine montmorillonitic, isohyperthermic,
Udorthentic Chromusterts with heavy clay texture. Appendix
1 shows the initial soil properties of PME taken in 1982.
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Treatment details

The experiment consisted of nine treatments. T1 — Control
(no manure, no fertilizer); T2 — 100% recommended dose
of fertilizer (RDF, urea, di-ammonium phosphate (DAP) and
muriate of potash (MOP); 40 : 20 : 40 NPK kg ha'); T3 —
50% RDF (20 :10:20 NPK kg ha'); T4 —50% N (crop
residues — green gram (1626 kgha")); T5—50% N (FYM —
farm yard manure (4000 kg ha')), T6 —50% inorganic
N + 50% organic N (crop residues — green gram)— NEB
(nitrogen equivalent basis); T7 — 50% inorganic N+ 50%
organic N (FYM) + P (50%) + K (50%); T8 — 100% RDF +
25kg ZnSO, ha'; T9—FYM (12.5tha'). The experi-
ment was laid out in randomized block design (RBD) with
three replications and the plot size was 7.5 x 3.6 m. The
total area of PME was 0.06 ha and the spacing followed in
cotton crop was 45 x 15 cm.

Soil sample collection

Soil samples were collected in PME of cotton during March
2021 from each treatment in three different depths, viz. 0—
15, 15-30 and 3045 cm, following the quadrant method for
the assessment of SQI. The samples were shade-dried,
ground with a wooden hammer, and passed through a 2 mm
sieve. Finally, 1 kg of representative sample was preserved
in a labelled cloth bag for laboratory analysis.

Soil analysis

Soil physico-chemical properties: The soil samples were
analysed for physical and chemical properties. Soil bulk
density was analysed using the core sampler method’, infil-
tration by a double-ring infiltrometer®, while aggregate
stability and hydraulic conductivity were determined by
the wet and dry aggregate sieve method (Yoder apparatus)
and the constant hydraulic head method respectively®.

Soil pH and electrical conductivity were measured with
1:2: 5 soil water extract’. Organic carbon was estimated
by the chromic acid wet digestion method'’. Available nitro-
gen (N) was determined using the alkaline permanganate
method''. Available phosphorus (P) and potassium (K)
were determined according to the methods described by
Olsen et al."?, and Standford and English”. Exchangeable
calcium and magnesium were estimated according to Jack-
son’. Available micronutrients (diethylene triamine pen-
taacetic acid (DTPA) — Zn, Fe, Mn, Cu) were determined
using atomic absorption spectrophotometry'*.

Soil biological properties: Biological properties were ana-
lysed using the serial dilution plating method. Microbial
populations, viz. bacteria, fungi and actinobacteria were deter-
mined using nutrient agar medium", rose Bengal medium'®
and Kenknights agar medium respectively. Phosphatase and
urease were determined according to the method described
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by Tabatabai and Bremner'’, while dehydrogenase activity
was determined based on chloride reduction method'®.

Soil quality assessment: SQI assessment methods has been
widely used in qualitative evaluation. It comprises three
steps: (i) minimum dataset (MDS) or expert selection of in-
dicators; (ii) principal component analysis (PCA) transfor-
mation of data to remove redundant variables, and (iii)
normalization by assigning scores for uncorrelated indica-
tors and integration of scores to develop indices.

Selection of minimum dataset

To avoid dimensionality, PCA was used to select the repre-
sentative MDS. PCA depicts different principal components
(PCs) as a linear combination of indicators that accounts
for maximum variance within a set of data. In general, PCs
with eigenvalue >1 were chosen for MDS, and highly
weighed variables in each component were retained in one
PC with 10% of the highly weighed variables. If more
number of indicators were retained in a single PC, the in-
dicators will be examined using correlations and the indi-
cator with lowest correlation sum will be eliminated and
the remaining variables were retained under MDS based
on their functions in soil quality.

Transformation and normalization of variables

To reduce the number of variables, each indicator can be
converted into a score ranging from O to 1 that represents
contribution to soil function. Standard scoring functions,
such as linear and nonlinear scoring functions were used
to assign scores. Based on the sensitivity of each indicator,
which shows that more is better (eq. (1)), the highest obser-
ved value (denominator) was divided by the number of
observations, and a score of 1 was assigned. In cases where
less is better (eq. (2)), such as bulk density, the lowest obser-
ved (numerator) value was divided by the number of ob-
servations, yielding a score of 1 (ref. 19).

The following equations were used for scoring negative
and positive variables by standard scoring function

1 I x<l/
Nx)=11-09 X2 p<x<uU, (1)

0.1 x2L

0.1 x</
P(x)=109 X°= [<x<U, ©)
1 x=>L

0.1 x<L
OR(x)=109 X% [<x<uU, 3)
1 x>L
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where N is negative, P the positive, OR the optimum range, x
the score of indicator ranging from 0 to 1, and L is the
lower and U is the upper threshold value.

Computation of soil quality index

After normalization of variables, three different methods
of SQI was used for calculation®’, viz. (i) weighted soil
quality index (SQIly; eq. (4)); (ii) additive soil quality index
(SQIL; eq. (5)) and Nemoro quality index (eq. (6)).

SQIL, =>W.S,, 4)
i=0

where W is the assigned weight of indicators and S is the
score of indicators.

n

2N,
SQ1, =——, 5)

n

where N, is the indicator score and 7 is the number of indica-
tors.

P +P, n-1
SQIn — ave 2 min X nn s (6)

where P, is the average and P, is the minimum of the
scores of indicators selected.

Statistical analysis

The differences among the treatments were compared by
the least significant difference (LSD) test at a significance
level of P<0.05 using OPISTAT. PCA was performed
using STAR software. The correlation was analysed using
SPSS version 16.

Results and discussion

Effect of long time application of fertilizers and
manures on soil properties

(1) Physical properties: Long-term experiments provide
realistic scenarios on changes in soil properties and the effect
of fertilization on soil quality*'’. In the present study, among
the nine treatments, continuous application of organics
(FYM @ 12.5 tha") along with inorganics had a signifi-
cant effect on the physico-chemical properties (Table 1).
Similar studies on long-term fertilization involving organic
fertilizers have influenced soil aggregates in different agro-
ecosystems®>®. The lowest bulk density (1.31 Mg m™)
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was recorded in FYM @ 12.5 tha™' treatment at 0—15 cm
soil depth when compared to the control (1.50 Mg m ),
due to improved soil aggregation. The organic matter added
to the soil decreases bulk density. The reduced bulk density
in the upper soil layers may also be attributed to the fine
root turnover of cotton. These results are in agreement with
those of Das et al.”. The other physical properties, viz. field
capacity, permanent wilting point, available water content,
total porosity, dry and wet aggregate stability, performed
well at 0-15 cm soil depth under FYM @ 12.5tha ' treat-
ment (Table 1). Continued application of these treatments in-
creased the soil organic carbon (SOC) and exhibited better
physico-chemical properties than the other treatments, as
also reported in previous studies”**. The influence of all
the treatments was observed in all the soil depths; however, it
was significantly higher in the surface soil (0-15 cm) and
decreased with increasing depth (15-30 to 30—45 cm),
which might be due to the clayey nature of the soil, and
low rainfall resulting in poor eluviation and illuviation
process (Table 1).

(i) Chemical properties: After 38 years of cotton—fallow
cropping systems, the soil receives a prolonged applica-
tion of organics alone, viz. FYM @ 12.5 tha™' had a maxi-
mum reduction in pH (8.16-7.81), which was more
pronounced in 0—-15 cm soil depth. The reduction in soil
pH might be due to the release of H' ions as well as organic
and inorganic acidic species like H,SO4 and HNO;, and
soluble salts released during partial decomposition of FYM
and crop residues. Similar results of reduction in soil pH
have been reported in an earlier long-term manuring and
fertilization experiment conducted by Marian et al.>. Soil
soluble salt content was recorded at its maximum (0.19) in
the FYM @ 12.5 tha™' treatment at 0—15 cm soil depth (Ta-
ble 2). However, statistically on-par results were also ob-
tained for both pH and electrical conductivity (EC) by the
application of inorganics tailored with organics. Generally,
organic residue application will increase the soil cation
exchange capacity (CEC) due to the increase in negative
charges related to its carbon addition and its humified com-
pounds. Soil EC increases under increasing rate of continu-
ous application of P- and N-based manure when compared
to compost®®. There was also a 16.3% increase in CEC in
the FYM @ 12.5 tha ' treatment when compared to con-
trol at 0—15 cm depth (Table 2).

Chemical properties like SOC, macronutrients (availa-
ble N, P and K), secondary nutrients (exchangeable Ca and
Mg) and micronutrients (Fe, Zn, Cu and Mn) were found
to be significantly improved with the application of organics
alone (FYM @ 12.5 tha ') (Tables 2 and 3). Organic carbon
ranged from 3.60 gkg ' (FYM @ 12.5 tha ' treatment) to
1.40 gkg ' (control) at 015 cm depth, which exhibited
decreasing trends at 15-30 cm and 30-45 cm depth. The
long-term application of organic manure along with inor-
ganic fertilizers can increase SOC and play a vital role in
nutrient flux as well as soil chemical properties®’.
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The combined application of FYM and NPK also increa-
ses soil SOC in two ways, viz. immobilization (fertilization)
and mineralization (cotton crop and root residue)'. A sim-
ilar experiment on continuous application of fertilizers and
FYM conducted for 28 years reported significantly higher
SOC in manure-applied soil due to the addition of carbon
sourzce, root biomass and crop residue from the FYM-applied
soil®®.

The exchangeable Ca and Mg increased to the tune of
10.2% and 175% (FYM 12.5 tha') when compared to con-
trol. The effect of organic treatment (FYM 12.5tha™') on
DTPA-extractable Fe, Zn, Cu and Mn was significantly

Table 5. Principal component analysis of soil quality indicators with
different treatments and different depths in PME of cotton

Cotton—fallow

Cropping systems PC, PC, PC;
Standard deviation 4.501 1.977 1.047
Proportion variance 0.750 0.145 0.041
Cumulative proportion 0.750 0.895 0.936
Eigen values 20.25 3.907 1.097
Soil parameters*
BD —-0.159 -0.317 —0.058
Porosity 0.104 0.420 0.022
FC 0.213 0.005 0.219
PWP 0.129 0.292 0.120
AWC 0.207 -0.124 0.219
HC 0.177 -0.252 -0.213
DAS 0.196 —0.182 -0.219
WAS 0.195 —0.208 —0.080
pH 0.048 -0.474 0.058
EC 0.131 0314 0.009
CEC 0.211 -0.074 0.247
ocC 0.169 0314 -0.012
N 0.210 0.085 0.195
P 0.212 —-0.020 -0.191
K 0.214 0.029 0.179
Ca 0.207 —0.091 0.239
Mg 0.218* —0.032 —-0.076
Fe 0.217 —0.008 —0.065
Zn 0.212 -0.015 —0.079
Cu 0.192 0.061 —0.422
Mn 0.216 0.009 -0.113
DHA 0.192 0.060 —0.441
Ptase 0.198° —-0.102 0.282
Urease 0.215 —-0.035 -0.146
Bacteria 0.209 -0.124 0.194
Fungi 0.213 0.033 -0.076
Actinobacteria 0.218" —0.043 0.110

“Factor loadings are considered as highest weighted in each principal
component.

°Highest Pearson’s correlation sum.

‘Lowest Pearson’s correlation sum.

YBD, Bulk density; FC, Field capacity; PWP, Permanent wilting point;
AWC, Available water content; HC, Hydraulic conductivity; DAS, Dry
aggregate stability; WAS, Wet aggregate stability; EC, Electrical con-
ductivity; CEC, Cation exchange capacity; OC, Organic carbon; N, Ni-
trogen; P, Phosphorus; K, Potassium; Ca, Calcium; Mg, Magnesium; Fe,
Iron; Zn, Zinc; Cu, Copper; Mn, Manganese; DHA, Dehydrogenase;
Ptase, Phosphatase.
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higher in the present study (Table 3). The application of
organic manure significantly increased the availability of
native and applied micronutrients such as Fe, Zn, Cu and
Mn in the soil through the formation of stable complexes
with organic ligands, thereby decreasing their susceptibility to
adsorption, fixation and/or precipitation in the soil. Similar
results were reported by Chaudhary et al.** and Gupta et al.”.

(iii) Biological and biochemical properties: The biological
properties, viz. dehydrogenase (64.0 ug TPF g ' day '),
phosphatase (136 ug PNP g 'h™') and urease (10.0 pg of
NH, released g ' h™') exhibited a higher value range in the
organics treatment (FYM 12.5 tha™") plot, followed by 50%
NPK + 50% FYM-NEB and 50% NPK + 50% pulse crop
residue-NEB treatments. Organics treatment resulted in an
improvement of the substrate for microorganisms, which
directly increased the microbial population (Table 4). The
continuous application of FYM acts as a source of N and
C to heterotrophs, which in turn provides nutrition to micro-
organisms and their functions, especially for the production
of soil enzymes™. These results are in agreement with those
of Bhattacharya et al.*'. For biochemical properties, the
same trend was observed to be followed, and the microbial
population was found to decrease with increasing depth (Ta-
ble 4).

(iv) Soil quality: The soil quality indicators are highly de-
pendent on other soil physico-chemical and biological
properties or processes. They need to be land- and crop-spe-
cific on both temporal and spatial assessment of soil quality®’.
Table 5 shows the results obtained from PCA for PME of
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Figure 1. Biplot showing loadings of different variables (soil proper-
ties).
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Figure 2. Different methods of soil quality index under dryland ecosystem. a, Weighed additive soil quality index

(SQLy). b, Additive soil quality index (SQL,). ¢, Nemoro soil quality index (SQI,).

Kovilpatti. Three PCs with eigenvalue >1 which explains a
variance of 93.57% within the dataset, were considered
(Table 5). The variables with high weight in PC; were field
capacity (FC), available water content (AWC), CEC, N, P,
K, Ca, Mg, Fe, Zn, Mn, phosphatase, urease, bacteria, fungi
and actinobacteria. The correlation matrix was analysed
for these parameters under PC;, which showed a positive
correlation for most of the parameters (Table 6). However,
the variable phosphatase with the lowest correlation sum
was omitted from PCA, and all the remaining variables
were thus retained for MDS. In PC, and PC;, porosity and
phosphatase were the highly weighted variables and thus
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retained for MDS. Hence, the final MDS consisted of FC,
AWC, CEC, N, P, K, Ca, Mg, Fe, Zn, Mn, urease, bacteria,
fungi, actinobacteria, porosity and phosphatase as the soil
quality indicators for the PME field of Kovilpatti.

Figure 1 is a biplot demonstrating the integration of sur-
face and subsurface (dynamic and inherent properties) infor-
mation on soil quality. The results are in agreement with
those of earlier studies’*. However, in the present study,
SQI has been determined by comparing three methods, in
which the organic manure treatment (FYM 12.5tha)
showed noticeable results in the upper soil layer (0—15 cm
depth), followed by a decreasing trend (Figure 2 a—c). This
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Appendix 1.

Initial soil properties of PME, ARS, Kovilpatti

Properties

Value

EC (dsm™)

pH

Organic carbon (g kg™")
Available N (kg ha™)
Available P (kg ha™)
Available K (kg ha™)
Available Zn

Bulk density (Mg m™)
Particle density (Mg m™)
Infiltration rate (cm h™")
Pore space (%)
Permanent wilting point (%)
Field capacity (%)
Coarse sand (%)

Fine sand (%)

Silt (%)

Clay (%)

Texture

0.49
8.2
1.5
80
10
586
1.2
1.23t0 1.30
1.60 to 1.69
0.7t0 0.9
48.3t0 48.9
14
35
10.9to 11.5
9.4to 14.1
15.6 to 19.9
48.0 to 53.0
Clay

results in an increased microbial population (bacteria, fungi
and actinobacteria). Similar results have been reported in
the literature®™>’.

Conclusion

The main aim of assessing soil quality is to educate farmers
about sustainable soil management practices, which is also
the need of the hour. The results of the present study indicate
the importance of organics in influencing the soil quality
indicators and indices under different treatments and depths
of cotton—fallow in the dryland ecosystem of Tamil Nadu,
India. They also revealed that the treatment receiving organ-
ics has the highest SQI in the surface layer among the
three methods used. The indicators used in the present
study can be further utilized for the periodical assessment
of SQI. Hence, the treatment which received the best SQI
(FYM 12.5tha') can be recommended to the farmers
mainly on a long-term basis, and an integrated nutrient
management system on a short-term basis to maintain soil
quality.
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