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ABSTRACT
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The organic matter is one of the important soil quality attribute can have beneficial effects
on soil quality because organic matter is related to soil physico-chemical properties and
availability of nutrients to crop. The present investigation was carried out during 2017-18
at research farm of Tirhut College of Agriculture, Dholi, Muzaffarpur to evaluate the
effect of cropping system on soil properties and enzymatic activities in calcareous soils.

%‘;L',fd“r%'é‘g’,;ase, qu the s_tudy, §0i| samples were coIIected_from each treatr_nent (cropping systems_) durin_g
Muzaffarpur, mid-April to mid-May, 2018 after completion of one cropping cycle for the analysis of soil
Pegionpea properties using standard procedure. The variability in soil pH under different cropping

; systems at surface layer ranged from 7.79 to 8.79. However, highest 8.81 and lowest soil
Article Info pH 7.85was recorded under different cropping systems at sub-surface layer. The carbon
Accepted: stock in different cropping systems varied from 6.98 to 11.95 t ha™and 4.89 to 10.81 t ha"

10 March 2020

Available Online:

10 April 2020

Yin surface and sub-surface soil layer under different cropping systems. The dehydrogenase
and alkaline phosphatase enzymes variation observed from 6.87 to 19.91 pg TPF g* soil
24 h™ and 6.77 to 33.55 pug PNP g™ soil h™* at the 0-15cm soil depth in which pigeon pea
cropping system obtained higher dehydrogenase and alkaline phosphatase enzymes than
others kinds od cropping systems.

Introduction

The crop rotations primarily rice-wheat and
maize-wheat cropping system in the Indo-
Gangatic Plains of India has caused nutrient
imbalance, soil degradation, and due to

intensification of crops may deteriorate the
soil quality (Ladha et al., 2003; Chauhan et
al., 2012). However, the long-term inclusion
of pulses in maize-wheat rotation improved
the soil fertility, subsequently increased the
crop  nutrient  acquisition and  crop
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productivity (Venkatesh et al., 2017). The
organic matter quality and quantity can have
beneficial effects on soil quality because
organic matter is related to aggregation, soil
structure, and water infiltration and
availability of nutrients to crop. Non-
cultivated land, the type of vegetative cover is
a factor influencing the soil organic carbon
content (Liu et al., 2010).

Bulk density (BD) is a major factor of soil
compaction which influenced by intense
operation of heavy machinery and implements
in the field causes soil compaction which may
increase bulk density and reduce the
transportation of water and air through the
soil. Soil aggregates are also an important
physical character which helps to facilitate a
good soil structure. Significant improvement
in  carbon  dioxide evolution and
dehydrogenase at two soil depths were
recorded as a consequence of green manuring
with both Sesbania species and incorporation
of mungbean residue in rice-wheat cropping
system (Datt and Sharma 2006).

Soil enzymes activities and microbial biomass
have an important influence on nutrient
cycling to sustain the soil fertility index
(Ullah et al., 2013).The microbial and enzyme
activities of the soil are closely related to the
organic matter content and influenced by
hydrothermal regimes of the soil (Bhavya et
al., 2018).The activity of soil phosphatases
can be influenced by numerous factors, and
soil properties and farming systems play a key
role among them. Considering the above
facts, the present study was aimed to evaluate
the effect of cropping systems on soil
properties and enzymatic activities in
calcareous soils.

Materials and Methods

The present investigation was carried out
during 2017-18 at research farm of Tirhut

College of Agriculture, Dholi, Muzaffarpur a
campus of Dr. Rajendra Prasad Central
Agricultural University, Pusa, Bihar under
different cropping pattern on same piece of
land more than five years. Each crop was
grown with normal cultural practices and
recommended dose of fertilizer. The Dholi
campus is situated on the southern bank of the
river Burhi Gandak at an elevation of 52.18
meter above mean sea level and intersected by
25.98°N latitude and 85.60°E longitude. It has
semi- arid, sub—tropical climate with hot dry
summer, moderate rainfall and cool winter
season. The research sites representing upland
and fairly uniform in topography and the soil
was deep, well drained and calcareous
alluvium soil, mostly alkaline in reaction.

For the study, the soil samples were collected
from each treatment (cropping system) during
mid-April to mid-May, 2018 after completion
of one cropping cycle for the analysis of soil
physico-chemical properties. Each cropping
systems were represented by three plots with
area 5 x 5 m. and the total of 27 (9 cropping
system x 3 plots) samples were collected in
replications then it brought into laboratory.

The processed soil samples were taken for
analysis of soil parameters used prescribed
standard parameters (Jackson, 1973).The soil
organic stock was calculated by soil organic
carbon (%) x bulk density (Mg m™) x depth
(cm)expressed in t ha™.

The activity of (alkaline) phosphatase was
assayed by using standard method described
by Tabatabai and Bremner (1969).
Dehydrogenase activity was assayed by
quantifying the 2,3,5-triphenyl formazon
(TPF) produced and expressed as mg TPF
produced g™ (24 h™) as described by Cassida
et al., (1964). Analysis of variance (ANOVA)
enunciated by Fisher (1938) was followed to
calculated the nature and magnitude of
treatment effects revealed by ‘F’-test.
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Results and Discussion

The variability in soil pH under different
cropping systems at surface layer ranged from
7.79 to 8.79. However, highest 8.81 and
lowest soil pH 7.85 was recorded under
different cropping systems at sub-surface
layer. The rice-wheat cropping system
exhibited lowest soil pH (7.79) followed by
pigeon pea cropping system might be
attributed to submergence of soil during rice
cultivation and greater amount of leaf litters
deposited in pigeonpea field shown in figure 1
& 2.

The comparable decrement in soil pH was
noticed in rice-wheat (12.84%) and pigeon-
pea cropping system (11.54%) over maize-
maize cropping system contained highest soil
pH (8.79) and it was found statistically
significant (Trehan et al., 2001).

The effect of cropping system on electrical
conductivity (dSm™) depicted in figure 1 & 2.
The variability in electrical conductivity
ranged from 2.54 to 1.16 dSm™ and 1.14 to
2.37 dSm™ salt concentration at surface
layer(0-15cm) and sub-surface layer (15-
30cm)soil depth. It was found higher in rice-
potato cropping system at surface soil and
onion and potato in sub-surface soil. The soil
and crop management practices and organic
matter content may influence the variability in
salts concentration. The salt concentration
observed reduces with soil depth depicted in
figure 1 & 2. The concentration of total
soluble salts found in desirable range which
was found less than 2 dSm™ under cropping
systems except onion-garlic  cropping
systems. The variation was found might be
due to cropping system irrespective of
electrical conductivity and it was found
statistically significant. The organic carbon
content under different cropping systems
ranged from 0.33 to 0.63 % at 0-15cm soil
depth given in the figure 3. The highest

organic carbon content (0.63%) was noticed
in pigeonpea cropping system followed by
mustard moongbean (0.62%), pigeon pea
(0.61%) and rice-wheat (0.55%) at surface
soil layer. The legume crops contributing
more organic matter maintained good quality
of soil.

The fallow land contained the minimum
quantity (0.33%) of organic carbon. The
distribution of soil organic matter reported
decline with the soil depth and found
comparatively less as compared to surface
soil. The pigeon pea based system, the fallen
leaves and root mass undergo decompose and
improve the soil structure through enrichment
of the organic content (Singh et al., 2012)
(Fig. 4). The carbon stock in different
cropping systems varied from 6.98 to 11.95 t
ha*and 4.89 to 10.81 t ha™ in surface and sub-
surface soil layer under different cropping
systems. Higher carbon stock was found in
the surface and sub-surface soil layer under
maize-maize cropping system than pigeonpea.
The lowest carbon carbon stock was found in
fallow land depends upon the organic carbon
and bulk density. Bulk density was recorded
greater in the fallow land than the rest of the
cropping systems as given in the figure 5.

The variability in Cation Exchange Capacity
ranged from 16.66 to 28.62 (Cmol (P kg™)
reveals in figure 6 contained higher cation
exchange capacity (Cmol P* kg') in
moongbean. This resulted in high variability
of cation exchange capacity (Cmol P* kg™
among the cropping systems may be
attributed to organic carbon content. The
dehydrogenase and alkaline phosphatase
enzymes showed significant changes under
different cropping systems depicted in figure
7 & 8. The dehydrogenase and alkaline
phosphatase enzyme showed variation from
6.87 to 19.91 ug TPF g soil 24 h* and 6.77
to 33.55 pg PNP g* soil h™ ! at the upper
surface layer, respectively (Table 1 and 2).
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Table.1 The geographic coordinates of nine locations under cropping system

Treatments = Cropping systems Latitude Longitude Range
Ty Onion-garlic 25%59°44.73'N  85"35°50.86’E 366m
e Tuber -Mungbean 25%59°39.55°'N | 8536°03.28°F 829m
e Pigeon Pea 2559°35.68'N  85°35°43.19°E 365m
T, Rice-Potato 25%59°43.58°'N | 85"35°43.29’E 853m
s Mustard-Mungbean 25%59°37.67°’N  8536°80.48’F 1083m
s Turmeric-Mungbean | 25°59°36.65°'N  85°36°27.94’E 828m
T, Fallow land 25%59°30.59°'N  85"35°57.36’E 2785m
T Rice-Wheat 25%59°41.53'N | 85"36°80.43’E 1428m
To Maize-Maize 25%59°33.83'N  85"36°14.29’E 1080m

Table.2 Correlation among soil properties and soil enzymes

oC Carbon | CEC BD Dehydrogenase | Alkaline Phosphatase

(%) stocks Cmol (Mgm-3)  (ug TPF g-1 (ugPNP g-1soil h-1)
(tha-1)  (PY)/kg 24h-1)

1

Carbon stocks (t ha-1) 1 0981 1

CEC 0.943  0.932 1

BD (Mg m-3) -0.744 | -0.609 -0.687 1

Dehydrogenase 0.836  0.815 0.686 -0.662 1

(ug TPF g-1 24h-1)

Alkaline Phosphatase | 0.694 | 0.638 0.530 -0.738 0.846 1

(Mg PNP g-1 soil h-1)
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Fig.1 Effect of cropping systems on soil pH and electrical conductivity (dSm-1)
at 0-15cm soil depth
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Fig.2 Effect of cropping systems on soil pH and electrical conductivity (dSm-1)

at 15-30cm soil depth
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Fig.3 Effect of cropping systems on soil OC (%) and Carbon stocks (t ha-1)

at 0-15cm soil depth
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Fig.4 Effect of cropping systems on soil OC (%) and Carbon stocks (t ha-1)

at 15-30cm soil depth
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Fig.5 Effect of cropping system on soil bulk density at 0-15cm and 15-30cm soil depth
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Fig.6 Effect of cropping system on soil CEC at 0-15cm and 15-30cm soil depth
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Fig.7 Effect of cropping system on soil dehydrogenase activity at 0-15and 15-30cm depth
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Fig.8 Effect of cropping system on soil Alkaline phosphatage activity at 0-15
and 15-30cm soil depth

Among cropping systems, pigeon pea
maintained higher amount of dehydrogenase
and alkaline phosphatase enzymes in the soils
than rest of the crop rotation, whereas, fallow
land showed the lowest value. The
observations on dehydrogenase and alkaline
phosphatase enzymes showed variability in
enzymatic activities with organic carbon.

Organic carbon is related to soil biological
properties such as microbial biomass carbon
and dehydrogenase activity (Kanchikerimath
and Singh, 2000). The soil systems under
cropping systems with the highest organic
matter input tended to have the greatest
dehydrogenase and alkaline phosphatase
enzyme. The lowest dehydrogenase and
alkaline phosphatase enzyme obtained in
fallow land may be due to low organic carbon
content.

A significant and positive correlation of
dehydrogenase enzymes and phophatage
enzymes was observed between organic
carbon, carbon stock and cation exchange
capacity whereas, the negative correlation of
bulk density was found among the soil
properties depicted in table 2.
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