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In this study, the impact of cropping systems on phy-
sicochemical properties of soil and microbial biomass
was evaluated. Soil was collected from four cultivated
fields (cropland, crop + single tree species, crop + multi-
ple tree species and homegardens) and one uncultivated
(agriculturally discarded) field and analysed. The out-
come of the present study indicated that cultivated land
squandered about 14% C and 5% N in 8 years of culti-
vation to the nearby uncultivated land. Soil microbial
biomass of cultivated land with multiple tree species
(C + mT) was greater than other systems and showed an
appreciable seasonal variation. The microbial biomass
carbon (C,;) assorted from 166 to 266 ug g and mi-
crobial biomass nitrogen (N;) from 11 to 41 ugg™.
Chic contributed 1.25-1.90% of soil C and N,;. 0.83-
3.77% of soil N. Among cultivated land, maximum C,;,
and N,;. were reported in C + mT system which sug-
gested that tree plantation in cultivated land has sig-
nificant positive effects on microbial biomass and other
soil properties by shifting natural soil properties un-
der the similar environmental circumstances.

Keywords: Cropping systems, microbial biomass,

microbial activity, tree plantation.

THE soil microbial biomass, an imported soil indicator
plays an efficient part in the formation of organic pool by
decomposing organic matter and by controlling the
nutrient dynamics which ultimately affect the primary
productivity in various biogeochemical progressions in
terrestrial ecosystems'. Therefore, microbial dynamics
effectively influence fertility and stability of an ecosys-
tem and has been accepted widely as a vital source of
nutrients due to its quick turnover’. Agricultural trends in
the last five decade have intensive production with in-
creased exercise of commercial seeds, pesticides, fertiliz-
ers, etc. These practices have adverse consequences on
soil health and hence, the urgency to develop new strate-
gies that use ecological interaction®. Crop productivity
primarily depends on the quantity of soil nutrients which
reflects the fruitfulness of the soil typically obtained from
the contribution of soil microbial biomass®.
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Cultivation accelerates the loss of organic matter and
microbial activities significantly’ in the soil. Therefore it
is necessary that nutrient uptake should be maintained by
nutrient replacement®. The microbial biomass regulates
nutrients accessibility in cropping systems. The manage-
ment practices persuade interactions between soil and mi-
croorganisms by the input of organic remnants and their
allocations, by physical changes and by nutrients supply
in the soil’. Management has long-term assortment on
soil ecology; for example disturbance of open crop land
is quite different from the well managed land use system
especially where trees are planted, because trees play a
prominent task in ecosystem functioning and therefore,
potentially generate the opportunities to restore efficient
soil microbial communities that can endorse plant
growth, nutrient cycling and promote soil health’.

To uphold the soil eminence, maintenance is the only
solution, whereas soil microbial biomass is used as a soil
indicator®. Assessment of microbial biomass is a valuable
tool for the divination of long-term productivity of soil in
cropping systems. Studies on soil microbial biomass in
this region with respect to change in cropping systems
have not been done earlier. Hence, an attempt was made
to analyse the soil microbial biomass carbon and nitrogen
under different cropping systems practised in Indian
Central Himalayan Bhabhar belt.

Materials and methods
Location and climate

The study was carried out in the Bhabhar belt of Nainital
district between 29°25" and 29°39'N lat. and 78°44’ and
79°07'E long. located at low altitude (424 m amsl). On
the basis of cropping systems, four systems, viz. crop
fields without tree/shrub species (OC), crop fields with
single tree species (C + sT), crop fields with multiple tree
species (C + mT) and home gardens (HG) were selected.
In addition, agriculturally discarded land (ADL) was also
selected as control, which was left uncultivated for the
last 8 years. The characteristics of selected cropping
system are given in Table 1.
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Table 1. Description of cropping systems

Cropping systems

Tree species

Herb species

Open crop land (OC)
Single crop with single tree species (C + sT)

Single crop with multiple tree species (C + mT)

Multiple crops with multiple trees (HG)

Agriculturally discarded land (ADL)

Mangifera indica

Mangifera indica, Eucalyptus sp.,
Artocarpus heterophyllus, Litchi chinensis,
Psidium guajava, Shorea robusta, etc.

Carica papaya, Mangifera indica,
Citrus limon, Litchi chinensis,
Psidium guajava, etc.

Shorea robusta, Mangifera indica,
Phyllanthus emblica, Ficus glomerata,
Cinnamomum tamala, Ziziphus jujuba,
Azadirachta indica, etc.

Glycine max/Triticum aestivum rotation
Glycine max/Triticum aestivum rotation

Glycine max/Triticum aestivum rotation

Solanum melongena, Capsicum annuum,
Colocasia esculenta, Curcuma longa,
and 25 other seasonal vegetables

Wild herbs like Cyperus rotundus,
Arthraxon lancifolius, Ageratum conyzoides,
Cannabis sativa, Commelina benghalensis,
Cynodon dactylon, Parthenium sp.,

Poa annua, etc.

The climate is sub-tropical, monsoonal and distin-
guished by clear seasonality. During the year, summer
season comprised of 4 months (March—June), rainy sea-
son of 3 months (July—September) and winter season of
4 months (November—February). October is as an inter-
mediary month between rainy and winter season. Tem-
perature reached beyond 40°C during summer and below
5°C during winter.

Soil sampling and analysis

To analyse the soil physico-chemical properties, 10 soil
samples were collected randomly during summer, rainy
and winter seasons from two different depths, viz. the
upper surface (0—15 cm) and deeper surface (15-30 cm),
while to determine the microbial activity, only upper sur-
face was taken because most microbial activities were
confined to this layer®. A compound sample was prepared
after mesh up of all collected samples in each season for
a particular system. Three sub-samples were prepared
from the compound sample to determine the soil charac-
teristics. The texture was determined through the sieving
of soil by nets of different sizes. Moisture content was
calculated on dry weight basis, water holding capacity
(WHC) and bulk density (BD) were estimated following
Misra’. Chemical properties of the soil, i.e. pH, total
organic carbon'’, total nitrogen'' and phosphorus'? were
determined by standard methods. Chloroform fumigation
and extraction (CFE) method"® was applied to assess the
Cmic and Nmic

_ TC(F) - TC(NF)

Cmic
KC
TN(F) - TN(NF)
Nmic = K—’
N

where C,,;. is the microbial biomass carbon, N,;. the
microbial biomass nitrogen, TC the total carbon, TN the
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total nitrogen, F the fumigated soil, NF the non-
fumigated soil, K¢ = 0.45 (ref. 2), Ky = 0.54 (ref. 14).

Results

Soil physico-chemical characteristics

The detailed description of physico-chemical properties
of the soil is given in Tables 2 and 3. All the systems
were almost similar in texture which indicated that the
soils were derived from similar parent matters and sug-
gested differences occurred in chemical and biological
characteristics owing to management practices instead of
their native character. The highest sand percentage was
observed in HG, silt in ADL and clay in C + mT. Com-
pared to uncultivated land (1.05 g/cm®), BD increased up
to 12% in cultivated land (1.27 g/cm’), indicating that
cultivation increased the bulk density. The porosity
ranged from 52.07 (C+sT) to 60.34% (ADL) while
WHC ranged from 31.45 (OC) to 46.71 (C + mT). The
soil temperature was speckled between 23.4°C (C + sT)
and 25.1°C (OC), while the soil moisture varied from
4.80% (OC) to 7.70% (C + mT).

The highest pH value was recorded in OC system (7.9)
while the other systems were sustained to the standard pH
(6.8-7.2). The application of more chemical pesticides
and fertilizers in crop fields might have increased the
pH considerably. In this study, soil carbon was better
recorded in the surface layer compared to deeper layer
and decreased from 1.60% (C + mT) to 0.93% (OC). The
total organic content ranged from 1.22% (OC) to 2.08%
(C + mT) and soil carbon and nitrogen contents followed
the same pattern. The soil phosphorus ranged from 26.34
(ADL) to 48.73 kg/ha (C + mT).

In the context of cultivation, the average carbon con-
tent (%) of cultivated land (systems 1 to 4) was 86% of
uncultivated land. The marginal loss of nitrogen due to
continuous cultivation was also observed from systems
1-4. In cultivated land, nitrogen represented 95% of the
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Table 2. Physical properties of soil in different cropping systems

Cropping systems

Parameters Depth (cm) oC C+sT C+mT HG ADL
Sand (%) 0-15 45.71 44.56 41.67 46.49 45.25
15-30 44.43 39.96 42.89 45.02 42.34
Av + SE 45.07 £ 0.64 42.26 £2.307 42.28 £0.612 45.76 £ 0.737 41.80 £ 0.547
Silt (%) 0-15 32.28 28.1 28.21 34.38 38.00
15-30 31.36 31.41 24.98 34.14 37.23
Av £ SE 31.82 £ 0.461 29.75 + 1.660 26.59 +1.620 3426 £0.120 38.61 £ 1.389
Clay (%) 0-15 22.01 27.34 30.12 19.13 16.75
15-30 24.21 28.63 32.13 20.84 20.43
Av + SE 23.11+1.103 27.99 £ 0.647 31.13 £1.008 19.99 £0.858 19.59 + 1.845
Texture Loam soil Loam soil Loam soil Loam soil Loam soil
BD (g/cm’) 0-15 1.19 1.23 1.17 1.06 1.02
15-30 1.29 1.31 1.25 1.11 1.09
Av + SE 1.24 £ 0.050 1.27 £ 0.040 1.21 £ 0.040 1.09 + 0.025 1.05 +£0.035
VR 0-15 1.23 1.16 1.27 1.50 1.61
15-30 1.06 1.03 1.13 1.39 1.44
Av £ SE 1.15£0.085 1.10 £ 0.065 1.20 £ 0.070 1.45 £ 0.055 1.52 £ 0.085
Porosity (%) 0-15 55.09 53.58 55.84 59.88 61.65
15-30 51.32 50.56 52.83 58.11 59.02
Av = SE 53.21 £ 1.891 52.07 £ 1.515 54.34 + 1.509 59.00 + 0.889 60.34 + 1.319
WHC (%) 0-15 30.42 42.92 47.67 33.78 32.36
15-30 32.47 40.02 45.74 30.81 42.08
Av + SE 31.45+£1.028 4147 £1.454 46.71 £ 0.968 32.30 £1.489 37.22 £4.875
ST (°C) 0-15 25.22 23.54 23.99 25.35 23.56
15-30 2491 23.27 23.70 24.89 23.29
Av + SE 25.12 £0.155 23.40 £0.135 23.85+0.145 25.07 £0.231 23.43 £0.135
SM (%) 0-15 5.09 7.00 8.43 5.45 5.88
15-30 4.58 4.94 7.05 4.21 4.56
Av + SE 4.83 +0.256 5.97 £1.033 7.74 + 0.692 4.84 +0.622 5.22 £ 0.662

OC, Open crop land; C + sT, Single crop with single tree species; C + mT, Single crop with multiple tree species; HG, Multiple crops with multiple
trees; ADL, Agriculturally discarded land; BD, Bulk density; VR, Void ratio; WHC, Water holding capacity; ST, Soil temperature; SM, Soil mois-

ture; Av + SE, Average with standard error.

uncultivated land. The difference in N content of culti-
vated and uncultivated lands was trivial due to the regular
application of nitrogen-based fertilizers artificially to
fullfil the loss of nitrogen.

Microbial biomass carbon (C,,;.) and nitrogen
(Nmic)-

The microbial biomass showed greater values in the cul-
tivated land with multiple tree species as compared to
other soils (Table 4). Across the systems, the average Cy;c
ranged from 178 ug g ' (OC) to 254 pg g ' (C + mT), while
Npic ranged from 15 pug g (OC) to 40 pg g’ (C + mT).
These findings are possibly endorsed by the accumulation
of more organic carbon under the cultivated land with
multiple tree species. The microbial biomass were drasti-
cally (P <0.001) affected by the cropping systems and
seasons (Table 5). Temporal variation in microbial bio-
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mass has been accounted due to variations in micro-
climatic conditions of the soil, circumstances existing for
vegetation growth and accessible substances. Compared
t0 Chic, Nmic showed more pronounced temporal variation
(Figure 1 a), possibly due to the fact that microorganisms
differ much more in their N content than in their C con-
tent, depending on their stage of growth.

The positive effects of the incorporation of multiple
tree species in crop fields were attributed to numerous
bases, viz. improved soil constitution, greater fine root
density, diversity and availability of plant litter all over
the year and alleviated microclimate. Contrast compari-
son revealed that C.;. and Np;. were lowest in OC
followed by HG. This may be due to less amounts of crop
remains left behind after crop harvesting. Cy,;. constitutes
about 1.42% to 1.68% of the total soil carbon whereas
Nmic accounted for 1.48% to 2.88% of the total soil nitro-
gen with the C: N ratio of 6.88 to 12.74.
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Table 3. Chemical properties of soil in different cropping systems

Cropping systems

Parameters Depth (cm) Season ocC C+sT C+mT HG ADL
pH 0-15 S 7.6 7.2 7.1 6.9 7.4
R 8.1 7 7.1 6.2 6.1
W 7.9 7.1 7.2 6.9 6.5
15-30 S 7.6 7.3 7.1 7.1 7.2
R 8.3 7.1 7.2 6.3 6.4
w 7.7 6.9 7.1 6.8 6.6
Av £ SE 7.9+0.117 7.1 £0.058 7.1 +£0.021 6.7 £0.148 6.7 £0.203
C (%) 0-15 S 1.1 1.34 1.56 1.28 1.45
R 1.26 1.51 2.10 1.31 1.56
w 1.10 1.23 1.76 1.20 1.60
15-30 S 0.67 1.02 1.35 1.01 1.24
R 0.72 1.23 1.47 1.09 1.36
w 0.75 1.13 1.34 1.02 1.39
Av £ SE 0.93 +0.102 1.24 +0.069 1.60 +0.119 1.15 £ 0.053 1.43 £0.055
kg/ha 11573.33 15790.33 19319.67 12553.17 15050.00
TOC 0-15 S 1.44 1.74 2.03 1.66 1.89
R 1.64 1.96 2.73 1.70 2.03
W 1.43 1.6 2.29 1.56 2.08
15-30 S 0.87 1.33 1.76 1.31 1.61
R 0.94 1.60 1.91 1.42 1.77
W 0.98 1.47 1.74 1.33 1.81
Av + SE 1.22£0.133 1.62 +0.089 2.08 £0.155 1.50 £ 0.069 1.87 £0.071
SOM 0-15 S 1.91 231 2.69 221 2.50
R 2.17 2.60 3.62 2.26 2.69
W 1.90 2.12 3.03 2.07 2.76
15-30 S 1.16 1.76 2.33 1.74 2.14
R 1.24 2.12 2.53 1.88 2.34
W 1.29 1.95 2.31 1.76 2.40
Av + SE 1.61 £0.177 2.14+0.119 2.75£0.206 1.99 £ 0.093 2.47 +£0.094
SCS (tCha™) 0-15 S 19.81 24.72 27.38 20.35 22.84
R 22.49 27.86 36.86 20.83 24.57
W 19.64 22.69 30.89 19.08 25.20
15-30 S 12.96 20.04 25.31 16.82 19.53
R 13.93 24.17 27.56 18.15 21.42
W 14.51 22.20 25.13 16.98 21.89
Av + SE 17.22 +1.605 23.61 +£1.087  28.86+1.819 18.70 £ 0.691 22.58 £ 0.860
N (%) 0-15 S 0.070 0.071 0.104 0.066 0.093
R 0.122 0.129 0.151 0.123 0.140
W 0.133 0.154 0.164 0.147 0.151
15-30 S 0.064 0.064 0.102 0.057 0.086
R 0.119 0.120 0.147 0.128 0.132
w 0.137 0.151 0.153 0.142 0.142
Av + SE 0.108 £0.013 0.115+0.016  0.137+0.011 0.111£0.016 0.124 £ 0.011
Kg/ha 1333.00 1458.38 1655.68 1204.45 1302.00
P (kg/ha) 0-15 S 42.58 30.78 50.27 39.5 27.19
R 36.93 41.55 48.73 35.39 28.73
W 35.39 52.32 49.24 31.29 25.65
15-30 S 41.55 26.67 47.19 36.93 25.65
R 33.34 40.52 48.22 33.34 25.65
w 29.75 49.76 48.73 27.7 25.14
Av £ SE 36.59 £2.003 40.27 £4.147  48.73 £0.420 34.03 +1.722 26.34 £ 0.559
C:N 08.68 10.83 11.67 10.42 11.56
C:P 316.30 392.14 396.46 368.94 571.48
N:P 36.43 36.22 33.98 35.40 49.44

OC, Open crop land; C + sT, Single crop with single tree species; C + mT, Single crop with multiple tree species; HG, Multiple crops with multiple
trees; ADL, Agriculturally discarded land; C, Carbon; TOC, Total organic carbon; SOM, Soil organic matters; SCS, Soil carbon stock; N, Nitrogen;
P, Phosphorus; Av + SE, Average with standard error; S, Summer; R, Rainy; W, Winter.
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Table 4. Soil microbial biomass carbon and nitrogen (ug g™') under different cropping systems

Cropping systems Seasons Chic (LEg g’l) Nimic (1g g") Cic : Niic N in biomass* (%)  Cuic/C (%) Nimie/N (%)
oC Summer 166 12 13.83 3.61 1.51 1.71

Rainy 193 23 8.39 5.96 1.53 1.89

Winter 176 11 16.00 3.13 1.60 0.83

Av + SE 178.33 + 7.881 15.33 £3.844 12.74 £2.263 4.23+0.874 1.55+£0.027 1.48 £ 0.327
C+sT Summer 211 14 15.07 3.32 1.57 1.97

Rainy 229 36 6.36 7.86 1.52 2.79

Winter 234 28 8.36 5.98 1.90 1.82

Av + SE 224.67 + 6.984 26.00 £ 6.429 9.93 +2.634 5.72 £ 1.317 1.66 £0.119 2.19 £ 0.301
C+mT Summer 235 31 7.58 6.60 1.51 2.98

Rainy 266 57 4.67 10.71 1.27 3.77

Winter 260 31 8.39 5.96 1.48 1.89

Av + SE 253.67 +9.493 39.67 £ 8.667 6.88 +1.130 7.76 +1.488 1.42 £0.076 2.88 +0.545
HG Summer 194 13 14.92 3.35 1.52 1.97

Rainy 229 28 8.18 6.11 1.75 2.28

Winter 213 24 8.88 5.63 1.78 1.63

Av + SE 212.00 + 10.116 21.67 £4.485 10.66 £ 2.140 5.03 £0.851 1.68 £ 0.082 1.96 £ 0.188
ADL Summer 221 18 12.28 4.07 1.52 1.94

Rainy 242 41 5.90 8.47 1.55 2.93

Winter 239 31 7.71 6.49 1.49 2.05

Av + SE 234.00 + 6.558 30.00 £ 6.659 8.63 + 1.898 6.34 + 1.272 1.52+0.017 2.31+£0.313

*Assuming that dry biomass contains 50% C (ref. 15); OC, Open crop land; C + sT, Single crop with single tree species; C + mT, Single crop with
multiple tree species; HG, Multiple crops with multiple trees; ADL, Agriculturally discarded land; C,yc, Soil microbial biomass carbon; Ny, Soil
microbial biomass nitrogen; Biomass C/total C (%), Microbial biomass carbon to total soil carbon; Biomass N/total N (%), Microbial biomass ni-
trogen to total soil nitrogen.

Microbial biomass carbon (ug g-")

Table 5. ANOVA (one way) for microbial biomass with different parameters

Mean square

Parameters df Chic Niic BD pH C N Mo
Systems 4 7048.07* 935.19* 0.059* 2.056* 0.694* 0.003™  6.582 N
Seasons 2 2049.76*  1940.44* 0.000™8 0.154N8 0.274N8 0.023*  414.10%

*Significant at P < 0.001; NS, Non significant; Cy., Soil microbial biomass carbon; Ny, Soil microbial biomass
nitrogen; BD, Bulk density; C, Soil carbon; N, Soil nitrogen; Mo, Moisture.
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Figure 1. Effect of (a) cropping system and (b) season on soil microbial biomass carbon and nitrogen.

CURRENT SCIENCE, VOL. 115, NO. 9, 10 NOVEMBER 2018 1745



RESEARCH ARTICLES

Table 6. Pearson’s correlation coefficient between vegetation, soil microbial biomass and different physiochemical parameters
S Se Cic Niic TOC TN P pH ST SM  BD Sa Si Cl WHC
S 1
Se 0.000 1
Coic 0.241 0.231 1
Niic 0.099 0.200  0.799** 1
TOC  0.042 0.020  0.839** 0.886** 1
TN 0.077 0.726** 0.599* 0.747** 0.557* 1
P —-0.133  0.047  0.569* 0.491 0.560*  0.349 1
pH —0.599* 0.088 -0.338 —0.006 0.019 0.201 0.100 1
ST —-0.003 -0.937**-0.383 -0.444 -0.207 -0.826**-0.102 -0.074 1
SM  -0.046 0315  0.552* 0.765** 0.602* 0.624* 0.128 -0.012 -0.585* 1
BD  -0.692** 0.226  0.181 0.264 0.279 0.380  0.489  0.590* -0.317 0.200 1
Sa 0.287 0.000 —0.745** —0.592* —0.799** —0.350 —0.741**-0.099  0.086 —0.236 —0.435 1
Si 0.519* 0.000 -0.150  0.020 0.004  0.166  0.009 0.210 0.013 —0.149 0.060 0.263 1
Cl —-0.541* 0.000  0.389  0.191 0.277 -0.018  0.253 -0.143 -0.041 0.210 0.102 —0.575* —0.941** 1
WHC 0.022 0.074  0.828** 0.532 0.667** 0.286  0.546* -0.339 -0.144 0.236 0.170 -0.851** —0.617** 0.736** 1

Correlation is significant at the *0.05 level and at **0.01 level; S, Systems; Se, Seasons; Cpic, Soil microbial biomass carbon; Ny, Soil microbial
biomass nitrogen; TOC, Total organic carbon; TSN, Total soil nitrogen; P, Phosphorus; ST, Soil temperature; SM, Soil moisture; BD, Bulk density;

Sa, Sand; Si, Silt; Cl, Clay; WHC, Water holding capacity.

Relationship between physicochemical
characteristics and microbial biomass

Pearson’s correlation between physicochemical characte-
ristics and microbial biomass is given in Table 6. The
Chic values showed significant positive correlation with
Nmic (#=10.79), total organic carbon (r = 0.84), total soil
nitrogen (r=0.60), soil moisture (»=0.55) and water
holding capacity (r = 0.82). Significant positive correla-
tions have also been recorded between N,;. and total
carbon (r = 0.88), total nitrogen (» = 0.74) and soil mois-
ture (r = 0.76). Both C;. and N,,;. were negatively corre-
lated with sand content.

Discussion
Effects of cropping system on soil characteristics

The higher proportion of silt and lower proportion of
sand in ADL were observed as compared to cultivated
lands. Abad et al."® also observed increased sand content
with changing forest to cultivated land, most likely as a
result of removal of silt and adding sand in soil surface
by accelerated soil erosion. The soil of cultivated land
had the highest bulk density compared to uncultivated
land. These results are consistent with earlier find-
ings'®!” where cultivation increased the bulk density
considerably. Low soil moisture (4.8%) and high soil
temperature (25.1°C) in OC system indicated that the
absence of tree canopy exposed the crop fields to direct
sunlight which resulted in decreased moisture and
increased temperature.

The cultivated lands showed higher soil pH than uncul-
tivated land probably due to the use of chemical fertiliz-
ers in cultivated lands. Soil organic matter (SOM)
showed a significant difference between different crop-
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ping systems and the values vary from 1.61% (OC) to
2.75% (C + mT). SOM is the most important indicator for
the assessment of productivity in different cropping
systems and management practices'®. The cultivation
promotes soil ventilation which exchange decomposition
by SOM®, thus resulting in low soil carbon content. In
this study, loss of soil C and N owing to continuous farm-
ing was 14% and 5% respectively, compared to unculti-
vated land. Wakene’ also reported about 30% and 76%
reduction in soil N under 40 years old cultivated farm and
deserted land respectively, in contrast to virgin land. The
physicochemical properties of the soils vary in space and
time because of variation in topography, climate, weather-
ing process, vegetation cover and microbial activities'® '
and several other biotic and abiotic factors?>*.

The results of PCA supported the analysed soil factors
as predictors of quality of cropping systems. PCA was
carried out with six biological soil quality indicators and
it was then reduced to few indicators, which explains
minimum relation using eigen value (Figure 2). The com-
ponent contributing to maximum variance always become
the first PC and hence, more quality indicators were selec-
ted from this component. The coordination of five crop-
ping systems on the basis of soil biological quality is
presented in Figure 3. There were two principal compo-
nents (PCs) which have the eigen value more than one
and therefore, were responsible for 90.56% of the total
variation. The first component, most reliable (¥,.,), reported
for 74.91% of the total variations in which the highest
loading value were found with soil Cp;. (P £0.01), Ny
(P £0.01), Cpic : Nppic (P £0.01), N in biomass (P < 0.01)
and Ny,;i/N (%) (P £0.05) (Tables 7 and 8).

Ype1 = 0.984 (Npyic) + 0.969 (N in biomass)
+0.901 (Nie/N) +0.861 (Cpie) +... .
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The second component (Y),.;) contributed 15.64% of the
total relationship and the highest loading was found with
microbial biomass carbon in total soil carbon.

Ype2 = 0.870 (Cypie/C) + 0.132 (Cypyic) + ... .

The OC system during summer season showed no rela-
tion with other parameters of F1 and F2 factors and there-
fore, represented as supplementary variable. The absence
of tree fostering and the reimbursement of crop residual
by burning after harvesting resulted in comparatively less
soil nutrients in OC system.

Effects of cropping system on microbial biomass

The microbial biomass varied significantly with respect
to different cropping systems. Due to its high turnover
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Figure 2. Screen plot for eigen values, variability and cumulative
variability for various factors.
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rate, microbial biomass could counter more quickly, the
changes in soil environment®*. Across the systems, Cp;c
ranged from 178 pg g (OC) to 255 ug g (C + mT) and
Nmic from 15 pg g™ (OC) to 40 ug g’ (C + mT). These
results suggested that variation in accumulated plant
debris and fine roots in the cultivated land with multiple
tree species favour the intensification of microbes and
hence more C and N are accumulated in the microbial
biomass'. The significant positive relationship (P < 0.001)
between C,,;. and soil carbon also indicated that soils rich
in organic matter contain comparatively good amount of
microbial biomass®’. N ;. also follow the same trend indi-
cating that the dynamics of N in mineral soil are closely
linked to C, because most of the N exists in organic com-
pounds and heterotrophic microbial biomass which utilize
organic C for energy. Nutrient availability such as P,
greatly influences soil microbial activity and function®.
However, in this study, microbial biomass showed insig-
nificant correlation with available P and soil pH.

The positive effect of C+ mT system on microbial
biomass compared to other cropping systems may be
attributed to better soil properties, quantity and diversity
of plant litter. The multiple tree species residue invite dif-
ferent type of microbes, which in turn release the nu-
trients more efficiently®’, resulting in increased microbial
biomass.

Our results indicated that significant positive correla-
tions occurred between C;. and soil C (P <0.001) and
Nmic and soil N (P <0.001) (Figure 4 a and b). The main
reason for reduction in C,; was lower input of soil
organic carbon®®. The accumulation of litter, dead and
decayed part of plants and fine roots may support the
expansion of microbial populations and resulted in depo-
sition of C in microorganisms. The significant positive
correlation between soil C and N (Figure 4 ¢) indicated
that total N increased with increase in organic C**. Kara
and Bolat' also suggested that nitrogen dynamics of the
soil are intimately associated with carbon; as a result,
Nmic showed a significant correlation (P <0.001) with
Chic (Figure 4 d).

Values of C,;. obtained in the present study (178—
253 ng g (ref. 4) are lower than forest soils (1326 ug g ™)
(ref. 29), higher than agricultural lands (116-184 ug g™")

Table 7. Rotated principal components of soil quality indicators

Principal components

Parameters F1 F2

Chic 0.861 0.132
Nmic 0.984 0.062
Chic : Nimic -0.903 -0.336
N in biomass (%) 0.969 0.104
Chic/C (%) -0.467 0.870
Nmic/total N (%) 0.901 -0.192

Values in bold correspond for each variable to the factor for which the
factor loading is the highest.
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Figure 4. Relationship between (a) the microbial biomass C (ug g") and soil organic C (%), (b) the microbial biomass
N (ug g™) and total soil N (%), (¢) the soil organic C (%) and total N (%) and (d) the microbial biomass C (ug g™') and

N (ug g in soil.

and tea gardens (121-188 ug g'") (ref. 30). The Ny val-
ues are comparatively low (1540 ug g') compared to
different land-use patterns (30-142 ugg') (ref. 4) of
agricultural, postural and forest soils (42—130 ugg")
(ref. 1), agricultural lands (42—51 pug g ') and tea gardens
(2641 pg g™ (ref. 30).

Microbial biomass is often restricted by the accessibili-
ty of organic carbon instead of nitrogen®', although the
role of nitrogen may be influenced by soil C:N ratio in
certain circumstances. The values of microbial biomass
nitrogen showed more chronological fluctuation than
those of biomass carbon®”. The significant positive corre-
lations between C;. and SOC and N, and TSN agreed
with earlier reports'**. A good fit correlation was found
between microbial biomass carbon and organic carbon,
which suggests that microbial biomass concentration
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depends mainly on the organic matter availability, which
was also reported in several studies®***’.

The Cpc : Niye ratio is frequently used to describe the
organization of the microbial community®*. Low ratio
predicts the higher concentration of bacterial population,
whereas high ratio proposed fungal dominancy in micro-
bial population®®. Jenkinson and Ladd® provided the
range of microbial C:N ratio between 10 and 12 for
fungal hyphae and between 3 and 5 for bacterial com-
munities. The Cy. : N attained in this study was mod-
erately higher (7-13), indicating the predominance of
fungi in soils, consistent with values reported for most
tropical soils (10—-12) (ref. 3). The cultivated land planted
with trees and uncultivated land had higher C,,;. and Ny,
than OC system with lower C:N ratio, which is an
indication of higher degree of humification and easy
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Table 8. Pearson’s correlation matrix of the soil biological quality indicators
Parameters Chic Nnic Chic : Ninic N in biomass (%) Chic/C (%) Numie/N (%)
Cmic 1
Nmic 0.840%* 1
Cmic : Nmic *0777** *0908** 1
N in biomass (%) 0.765%* 0.987** —0.936** 1
Chic/C (%) —0.196 —-0.350 0.115 -0.319 1
Nuic/total N (%) 0.682%* 0.849** —0.725%* 0.841%** —-0.500 1

Correlation is significant at **0.01 and *0.05 level (2-tailed).

mineralization of organic N (ref. 36). The present values
are lower than early reports (5.2-20.80) but higher than
those reported for forest stands (5.0) (ref. 5) and agricul-
tural fields (8.76) (ref. 25).

The Cpic and Ny, when articulated as SOC (%) and
STN (%), respectively provide an assessment of the
organic matter dynamics, magnitude of nutrients and sub-
strate accessibility in soils**. The Cinic/C(%) ratios in the
present study were 1.25-1.90%. The values fell within
the range (1.2-2.7%) reported for forest’. Values of
Nmic/N(%) reported in the present study (0.83-3.77%)
were in the lower range compared to estimated value for
agricultural soils (2—6%) (ref. 14) and for temperate for-
est soils (1.6-3.0%) (ref. 8); however, these values were
higher than that reported for forest soils (0.96-1.11%)
(ref. 3).

Effect of seasons on microbial biomass

In all the cropping systems, the values of C,,;. and Ny
were reported highest during rainy and lowest during
summer season (Figure 1a). These findings are in con-
formity to previous studies™'®?’. The lowest values of
microbial biomass were caused by slow microbial acti-
vities in extreme hot and dry period. Low soil moisture
limits the microbial biomass content, which is streng-
thened by the positive correlation between C,,;. and soil
moisture®®. The temporal variation in microbial biomass
may be due to change in soil moisture, temperature, rain-
fall land use pattern etc. In the present study, uncultivated
land showed least variation across the seasons while mul-
tiple tree species system showed the maximum variation
(Figure 1 ).

Conclusion

In conclusion, continuous cultivation resulted in de-
creased soil fertility but incorporation of tree plantation
in crop fields led to increased soil fertility by shifting
natural soil properties under the similar environmental
circumstances. Higher plant diversity via higher root
inputs and some other unidentified mechanism increase
metabolic activities of soil microorganisms, which govern

CURRENT SCIENCE, VOL. 115, NO. 9, 10 NOVEMBER 2018

the storage of carbon in the soil as indicated by strong
positive relationship between soil C content and microbi-
al biomass. Higher amount of soil organic carbon and
more favourable microclimatic conditions linked to more
diverse plant communities resulted in more active, abun-
dant and more diverse microbial communities as indi-
cated by higher microbial biomass carbon and nitrogen.
Therefore, incorporation of multiple tree species in crop
fields can significantly contribute to soil carbon and
nitrogen stock by increasing microorganism mediated
turnover rates of litter.
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