
Asian Jr. of Microbiol. Biotech. Env. Sc. Vol. 23, No. (2) : 2021 : 269-276
© Global Science Publications
ISSN-0972-3005

IMPACT OF LONG-TERM ZERO-TILLAGE AND CROPPING SYSTEM
ON CHEMICAL AND MICROBIOLOGICAL PROPERTIES OF SOIL

DHINU YADAV* AND LEELA WATI

Department of microbiology, CCS Haryana Agricultural University, Hisar 125 004, India

(Received 2 February, 2021; accepted 14 April, 2021)

Key words: Crop-rotations, Enzyme activities, Functional diversity, NPK content, Zero tillage

Abstract– Long-term tillage methods and crop rotations can change the physico-chemical and
microbiological properties of soil. Under different climatic conditions, the tillage system may have an impact
on soil qualities. In the present investigation, soil microbial diversity at different depths was studied in long
term tillage experiment continued since 1997-98 (sorghum-wheat), 2014-15 (pearl millet-wheat), 2010-2011
(rice-wheat) and 2006-07 (guar-wheat) that was carried out in sandy loam, sandy, loamy sand and sandy
textured soil at Hisar, Rewari, Karnal and Mahendragarh (Haryana) during 2017-18, respectively. Adoption
of ZT practice positively affected EC, pH, Total NPK content, viable counts, enzymatic activities and
functional diversity of microbes. As a result, ZT appears to be a successful method for improving the
physico-chemical and microbiological properties of soil, which could lead to increased soil health and crop
productivity.

INTRODUCTION

Soil quality highly depends on its structure, natural
productivity and human influence and tillage is one
of the major management practices affecting soil
physical parameters. It is the mechanical
disturbance of the soil through plowing, cultivation
or digging and has been used by the farmers since
ancient time. Tillage systems influence physical,
chemical and biological properties of soil and have
a major impact on productivity and sustainability.
Conventional tillage practices increase the soil
erosion and decrease the organic matter in soil
which may adversely affect long-term soil
productivity. Sustainable soil management can be
practiced through conservation tillage (including
ZT), high crop residue return, and crop rotation
(Hobbs et al., 2008). Studies conducted under a wide
range of climatic conditions, soil types and crop
rotations showed that soils under ZT have
significantly higher soil organic matter contents
compared with conventionally tilled soils (Alvarez,
2005). Conventional tillage can lead to soil microbial
communities dominated by aerobic
microorganisms, while conservation tillage
practices increase microbial population and activity
as well as microbial biomass (Balota et al., 2003). For

sustainable agriculture, soil microflora is essential as
its activity subsidizes to increasing agricultural
production.

Microbial activity responds quickly to
disturbances in a shorter period of time than other
parameters. As a consequence, microbiological
properties such as microbial biomass and different
soil enzyme activities have been suggested as
potential indicators of soil quality and fertility
(Saviozzi et al., 2001) because of changes in soil
management quickly. The effect of tillage on soil
microbial populations have generally been studied
by comparing microbial numbers, soil microbial
community (Klikocka et al., 2012) and enzyme
activities (dehydrogenase, phosphatase, cellulose
and urease). Enzymes are responsible for carrying
out mineralization of different soil nutrients such as
phosphatase for P, urease for N and dehydrogenase
represents total microbial activity of soil.

             MATERIALS AND METHODS

Collection and preparation of soil samples: To
study the effect of conservational practices on
various properties of soil under different cropping
systems, soil samples (0-15 and 15-30 cm depths)
were collected from Agronomy Research Farm, CCS
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Haryana Agricultural University, Hisar, Rewari,
Karnal and Mahendragarh fields after harvesting of
wheat in 2017, having sorghum-wheat, pearl millet-
wheat, rice-wheat and guar-wheat cropping system
under continuous zero and conventional tillage.

Characterization of Physico-chemical properties

Soil EC, pH, CaCO3, Total N, P and K content:
Five-gram soil was combined with 12.5 ml distilled
water to test the pH and EC (electrical Conductivity)
of different soil samples. It was shaken for 30
minutes and the pH of soil suspension was
measured with Systronics 331 pH meter at room
temperature, and EC was measured with Naina
electrical conductivity meter. Calcium carbonate
(CaCO3) content in different soil samples was
determined by the rapid titration method. Total
nitrogen, phosphorous and potassium content in
different soil samples was estimated by standard
scientific methods.
Enumeration of microorganisms: Viable counts of
bacteria and fungi in different soil samples were
determined by serial dilution making and plating
on respective media.
Soil Enzyme Activities: Soil dehydrogenase,
alkaline phosphatase, cellulase and urease activities
were determined by the standard scientific
methods.
Functional diversity of different microorganisms
using CLPP: Biolog microplate comprising of 22
different sugars and 9 amino-acids as a substrate
and a control well without a carbon source was used
to study functional diversity of different
microorganisms. Serial dilution of each soil sample
was made and 100 l of diluted soil sample was
added in a well of microtitre plate having sugar
basal medium and the plates were incubated at
20±2°C in dark. Development of color from blue to
yellow was measured after every 24 h for 5 days
using an Elisa plate reader at 592 nm and substrate
utilization was calculated.

RESULTS AND DISCUSSION

Physico-chemical properties

EC, pH, CaCO3: The data on pH, EC and CaCO3 of
soils under conventional and zero- tillage systems
under different crop rotations presented in Table 1
indicated that shifting from conventional to zero-
tillage had increased EC, pH and CaCO3 content. All

the soils were non-saline as the EC at different
locations was lower than the critical limit of 0.8 dS
m-1. EC of soils under conventional-tillage ranged
from 0.12 to 0.35 dS m-1 at 0-15 cm depth while 0.14
to 0.39 dS m-1 at 15-30 cm depth whereas EC of soils
under zero- tillage ranged from 0.13 to 0.36 dS m-1 at
0-15 cm depth while 0.15 to 0.41dS m-1 at 15-30 cm
depth. The pH of soils varied from 7.3 to 8.7 at
different locations under different systems with the
values ranging between 7.7-8.1at 0-15 cm depth and
7.3-7.7 at 15-30 cm depth under conventional-tillage
whereas pH of different soils upon adoption of
zero-tillage ranged between 7.7-8.7 at 0-15 cm depth
and 7.5-7.9 at 15-30 cm depth. Although, a slight
change in pH was observed upon adoption of zero-
tillage practice but no definite trend was observed
between the two systems at different locations.
CaCO3content of different soil samples varied from
0.27-0.57 % at 0-15cm depth while 0.23-0.56 % at 15-
30 cm depth under conventional tillage whereas
with the adoption of zero-tillage system CaCO3
content ranged from 0.36-0.62% at surface soil
which decreased in a range of 0.31 to 0.61% at
subsurface soil.

Tillage practices can influence the chemical
characteristics of soil and conservational tillage
affect the soil pH and soluble salt contents at
different depths due to buffering capacity of soils
based on carbonate contents which may resist
change in pH of soils during organic matter
decomposition under zero-tillage practices. These
results are supported by the observations ofRoldan
et al. (2005) that EC was not affected by the tillage
practices. Gholami et al. (2014) reported that ZT had
highest EC value compared to CT because lower
electrical conductivity of soil under the ZT system
compared to CT pertained to the enhanced water
movement in the soil that improved soil aggregate
development. Kumar et al. (2018) observed
decreased soil EC under CT that might be due to
opening and aeration of the top soil layers which
allowed increased leaching to occur at surface soil.

Similar observations have been reported by other
researchers. Asenso et al. (2018) observed no
significant difference on soil pH at 0–40 cm depth
under zero-tillage that might be due to the fact that
no limning material was applied as part of
treatment.

The CaCO3 content of different soil samples was
affected by different crop rotations under
conventional and zero-tillage to different extent, in
present study and similar findings have been
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reported in literature also. Neugschwandtner et al.
(2014) reported increased calcium carbonate at 30–
40 cm depth because the loss of CaCO3 was reduced
by conversation tillage due to greater retention of
water in the soil profile. Celik et al. (2017) observed
that calcium carbonate content of the soil was not
significantly different within 0-30 cm depth, may be
due to the tillage practices did not cause to
accumulate calcium carbonate content within 30 cm
of the soil surface.
Total N, P and K: Total nitrogen (N), phosphorus
(P) and potassium (K) content of different cropping
systems are important for sustaining crop
productivity and food security and a large volume
of literature is available which supports that long
term ZT increases the total N, P and K content of soil
at surface layer as compared to CT under different
cropping systems (Neugschwandtner et al., 2014).

In present study, conservational tillage at
different locations was found to affect total N, P and
K content under different crop-rotations varying in
soil texture and higher total N, P and K content was
observed under ZT system (Table 2). The total N, P,

and K content of RWCS was higher in upper layer
than bottom layer with the values 0.061-0.052, 0.39-
0.34 and 0.99-0.85 % in ZT at 0-15 and 15-30 cm
depth, respectively, while respective values under
conventional tillage were 0.055-0.047, 0.33-0.28 and
0.89-0.82. These results are consistent with the
findings of Dorr de Quadros et al. (2012) reported
significantly higher total N and P content in the no-
tillage system because of high microbial diversity
and high accumulation of soil organic matter.
Microbiological properties: No-tillage or
conservation tillage preserves or enhances soil
quality by maintaining soil structure and moisture,
growing soil organic matter, and supplying soil
microbes with a home. Most notably it is the
bacteria that’s why soil microbes are the earth’s
workhorses. To study the effect of tillage practices
under different cropping patterns, the microbial
count in soil samples was determined to know total
viable count of bacteria and fungi. The microbial
population increased by adoption of zero-tillage as
compared to conventional tillage and was higher in
surface soil under both systems.

Table 1. Effect of conventional and zero tillage on soil EC, pH, CaCO3 and soil organic carbon under different crop
rotations

Crop-rotations Tillage EC (dS m-1) pH CaCO3 (%)
Locations Depth (cm)

0-15 15-30 0-15 15-30 0-15 15-30

Sorghum-Wheat (Hisar) CT 0.3 0.33 7.7 7.3 0.54 0.48
ZT 0.32 0.35 7.8 7.5 0.57 0.52

Pearl-millet-Wheat (Rewari) CT 0.12 0.14 7.8 7.7 0.27 0.23
ZT 0.13 0.15 8.2 7.9 0.36 0.31

Rice- Wheat (Karnal) CT 0.35 0.39 7.7 7.4 0.57 0.56
ZT 0.36 0.41 7.7 7.6 0.62 0.61

Guar-Wheat (Mahendragarh) CT 0.2 0.18 8.1 7.6 0.35 0.31
ZT 0.22 0.2 8.7 7.6 0.37 0.33

Table 2. Crop-rotations from 0.26rom 0.26ice y.l 3.1-6.6 illage system in .24-0.43% at subsurface layer of soil. Effect of
conventional and zero tillage on total N, P and K content of soil under different crop rotations

Crop-rotations Tillage Total N (%) Total P (%) Total K (%)
Locations Depth (cm)

0-15 15-30 0-15 15-30 0-15 15-30

Sorghum-Wheat (Hisar) CT 0.05 0.045 0.23 0.16 0.66 0.58
ZT 0.061 0.052 0.26 0.18 0.71 0.63

Pearl-millet-Wheat (Rewari) CT 0.039 0.033 0.16 0.13 0.33 0.31
ZT 0.041 0.037 0.24 0.18 0.35 0.32

Rice- Wheat (Karnal) CT 0.055 0.047 0.33 0.28 0.89 0.82
ZT 0.061 0.052 0.39 0.34 0.99 0.85

Guar-Wheat (Mahendragarh) CT 0.044 0.04 0.25 0.18 0.41 0.35
ZT 0.049 0.042 0.33 0.28 0.44 0.39
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Microbial count: The microbial count in soil
samples was determined to know the total viable
count of bacteria and fungi for studying the impact
of tillage practices under different cropping
patterns. Compared with traditional tillage, the
microbial population increased by implementing
zero-tillage and was higher in surface soil under
both systems. Bacteria and fungi are a very
significant functional group of soil species and
involved in many biogeochemical processes.

In present study the effect of tillage practices on
microbial groups under different cropping patterns
was studied and population of bacteria and fungi
was observed relatively higher in zero tilled soil at
0-15 cm depth compared to conventional tilled soil
and bacteria were most abundant under all systems.
The effect of tillage practices on total bacterial
population is presented in Figure 1 revealed that
bacterial population remained higher at surface soil
and total bacterial count in different soil samples
ranged from 4.82 to 8.36 ×106 and 4.41 to 7.42×106 cfu
g-1 soil at 0-15 and 15-30 cm depths, respectively,
under conventional system with corresponding
values 5.22 to 8.82×106 and 4.69 to 7.94 ×106 cfu g-1

soil under zero-tillage.
There was significant increase in fungal count

and maximum in rice-wheat cropping system at
surface layer (14.82×103cfu/g) which further
decreased up to subsurface layer (11.56×103cfu/g)
upon adoption of zero tillage practices while guar-
wheat cropping pattern had lower count at surface
and subsurface layer 12.48×103cfu/g and
9.82×103cfu/g respectively and similar trend was
observed under two cropping pattern at surface and
subsurface layer in conventional tillage.

Such findings are consistent with Dorr de

Quadros et al. (2012)’s observations that microbial
diversity in the no-tillage environment was
substantially higher, as soil management affected
soil biodiversity and abundance of individual
organisms. Under the conservational agriculture
method. Dongre et al. (2017) attributed
comparatively higher bacterial and fungal counts at
0-15 cm depth to submerged conditions in a deeper
layer.
Enzyme activity: Soil microbial processes are
regulated by different enzymes and are influenced
by many factors of physical, chemical and
environmental significance. Enzymes in soil are
biologically important because they affect plant
nutrient availability and all microbial activities are
directly linked to the various enzymatic activities
produced extracellularly by specific
microorganisms or plant roots. In soil, the principal
sources of enzymes are microorganisms, active
roots, and dead cells. Soil enzymatic activity is a
delicate marker of the impact on microbial functions
of ecological factors. In this study, the effect of soil
management practices on different enzymatic
activities under different crop-rotations at different
locations viz. Dehydrogenase, alkaline phosphatase,
cellulase, and urease were studied, and different
enzyme activity was observed higher in the 0-15 cm
layer compared to the 15-30 cm layer.

Measurement of dehydrogenase activity (DHA)
is one of the analyzes of the overall soil condition,
being a highly sensitive indicator of environmental
changes (Galazka et al., 2017). It is closely related to
the cycles of carbon and nitrogen, and the biological
oxidation of organic soil (Bloñska et al., 2016). The
activity of dehydrogenase represents the complete
oxidizing activity of soil microflora and in present

Fig. 1. Crop-rotations from 0.26rom 0.26ice y.l 3.1-6.6 illage system in .24-0.43% at subsurface layer of soil. Effect of
conventional and zero tillage on viable count of microbes under different crop rotations
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study, DHA was affected with different tillage
practices under different cropping systems and
decreased with depth. DHA activity of different soil
samples ranged between 51.4 to 64.4 and 44.7 to 55.5
µg TPF/g soil/24 h under the conventional tillage
system and increased in a range from 55.2 to 66.8
and 47.2 to 59.0 µg TPF/g soil/24 h at surface and
subsurface soil in zero-tillage system, respectively
(Figure 2). Individually and interaction of crop-
rotation, tillage and depth was significant. Our
results are similar with the findings of
Janušauskaite et al. (2013) that the highest
dehydrogenase activity at a depth of 0-10 cm under
no-tillage may be attributed to high NT microbial
biomass and nutrients than CT. Similarly, Majchrzak
et al., 2016 and Bhaduri et al., 2017 observed
substantial effect of tillage systems on DHA, which
was substantially higher under NT due to
accumulation of organic matter and nutrients at the
surface layer of soil under no-tillage.

During present investigation, long term impact of
conservational tillage affected the alkaline
phosphatase activity in soil. Upon the adoption of
zero tillage system, alkaline phosphatase activity
was relatively higher under rice-wheat cropping
system 37 and 31 µg PNP/g soil/ 24 hat surfaces and
subsurface layer, respectively (Figure 2).
Individually and interaction of crop-rotation, tillage
and depth was significant. The explanation for
increased alkaline phosphatase activity in the
surface layer may be due to high concentrations of
inorganic phosphate released from organic matter

under zero tillage, resulting in increased alkaline
phosphatase activity in the surface layer, the results
are supported by the findings of that Acosta-
martinez et al., 2003 and Gajda et al., 2013.

In present study, cellulase activity in soil under
different tillage practices is shown in Figure 2.
Cellulase activity was found higher in rice-wheat
cropping pattern at 0-15 cm depth (0.058 µg
glucose/g soil/24 h) and (0.049 µg glucose/g soil/24
h) at 15-30 cm depth under zero-tillage and guar-
wheat cropping pattern had lower enzymatic
activity at surface and subsurface layer 0.048 µg
glucose g-1 soil 24 h-1 and 0.041 µg glucose/g soil/24
h, respectively, with same tillage and the similar
trend was observed under conventional tillage.
Individually, the effect of tillage and depth was
significant at all locations. The findings of present
study on relatively higher cellulase activity under
ZT system are contrary to the observation of Bini et
al. (2014) that no-tillage cellulase production was
lower than traditional tillage due to increased
organic matter inputs into the soil due to CT
plowing and harrowing, which made organic C
pools more vulnerable to microbial and soil enzyme
attacks. However, Balota et al. (2003) reported 90%
increase in cellulase activity under no-tillage as
compared with CT in wheat-based cropping
systems may be due to high microbial biomass in
no-till soils which contained more nutrients than
microbial biomass in CT systems.

In present study, urease activity was relatively
higher in rice-wheat cropping system at surface soil

Fig. 2. Crop-rotations from 0.26rom 0.26ice y.l 3.1-6.6 illage system in .24-0.43% at subsurface layer of soil. Effect of
conventional and zero tillage on different enzymatic activities under different crop rotations
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(56.4 µg NH4
+-N released /g soil/ 24 h) which further

decreased in subsurface soil (43.6 µg NH4
+-N

released /g soil/ 24 h) under zero tillage but with
conventional tillage system respective values were
(322.4 µg NH4

+-N released /g soil/ 24 h) and (36.2 µg
NH4

+-N released /g soil/ 24 h) the similar trend was
observed in other crop-rotations under conventional
tillage (Figure 2). The findings of the present study
on urease activity under various systems are similar
to the observations of Raiesi and Kabiri (2016) that
higher urease activity recorded under reduced
tillage practices compared to CT practices may be
due to high soil organic carbon accumulation under
no-tillage. In comparison, Asenso et al. (2018) found
the highest enzyme activity under subsoiling (SS)
treatment relative to ZT treatment since SS
treatment loosened the soil and resulted in higher
organic C added to the soil, increasing the
abundance of soil microorganisms resulting in
increased soil enzyme activity due to increased
substratum and oxygen availability.
Effect of tillage on functional diversity of micro-
organisms: Community-level physiological

profiling assesses the microbial community on the
basis of sugar and amino acid utilization patterns
and capacity to metabolize specific sole carbon
sources. EcoPlate™ method can be used to study
the variability of the community-level physiological
profiling of microorganisms. During the present
investigation, the results of Biolog® Ecoplate™
from different tillage practices with different crop-
rotations revealed that the microbial community
was relatively higher at surface layer under ZT in all
cropping systems (Figure 3a-d).

Similar findings were reported by Habig and
Swanepoel, (2015) that microbial diversity and
activity were higher at surface layer under no-till
than conventional tillage because the stimulation of
soil microbial populations in no-tillage, promoted
the availability of carbon sources for microbial
utilization. Nivelle et al. (2016) found lowest AWCD
and Shannon index under bare fallow and highest
under cover crop-NT plots might be due to higher
total nitrogen content and total organic carbon
content that led to increased the diversity of
substrate-richness and induced more microbial

*Dot means CT 0-15, Plus means CT 15-30, Square means ZT 0-15 and fill square means ZT  15-130

Fig. 3. Principal component analysis of conventional and zero tillage for (a.) Sorghum-wheat crop rotation at Hisar (b.)
pearl millet-wheat crop rotation at Rewari (c.) Rice-wheat crop rotation at Karnal (d.) Guar-wheat crop rotation
at Mahendragarh
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enzymes because of greater metabolism of phenolic
compounds and carbohydrates (under no-till) and
polymers (under conventional till) as carbon sources
in plots under standard cover crop. In contrary to
our results, Janušauskaite et al. (2013) found higher
AWCD values under conventional tillage than no-
tillage because higher availability of hydrocarbon
sources in conventional tillage could promote
microbial community’s diversity and increased use
of carbon sources.

During present investigation, different soil
samples under different crop-rotations were found
related to each other, based on C source utilization
pattern on principal component analysis. Galazka et
al. (2017) observed that principal component
analysis showed strong correlation between soil
quality parameters and biodiversity indicators that
explained 71.51 % biological variability in no-tilled
soils.

CONCLUSION

Zero-tillage practice resulted in relatively higher
chemical and microbiological properties at the
surface layer, as well as changes in the soil microbial
community and the tillage effect on microbial
community varied by soil depths. The use of
community level physiological profiling allows us
to have better understanding regarding the changes
of the microbial community under different
management systems and might provide insights
into how conservation tillage practice improves soil
quality and sustainability.

REFERENCES

Acosta-Martínez, V., Zobeck, T. M., Gill, T. E. and Kennedy,
A. C. 2003. Enzyme activities and microbial
community structure in semiarid agricultural soils.
Biology and Fertility of Soils. 38(4): 216-227.

Asenso, E., Li, J., Hu, L., Issaka, F., Tian, K., Zhang, L.,
Zhang, L. and Chen, H. 2018. Tillage effects on soil
biochemical properties and maize grown in latosolic
red soil of southern China. Hindawi. Applied and
Environmental Soil Science. 2018: 1-10.

Alvarez, R. 2005. A review of nitrogen fertilizer and
conservation tillage effects on soil organic carbon
storage. Soil Use Management. 21 : 38-52.

Balota, E. L., Colozzi Filho, A., Andrade, D. S. and Dick,
R. P. 2003. Microbial biomass in soils under different
tillage and crop rotation systems. Biology and Fertility
of Soils. 38 (1): 15–20.

Bhaduri, D., Purakayastha, T. J., Patra, A. K., Singh, M.
and Wilson, B. R. 2017. Biological indicators of soil

quality in a long-term rice–wheat system on the Indo-
Gangetic plain: combined effect of tillage–water–
nutrient management. Environmental Earth Sciences.
76(5) : 1-14.

Bini, D., dos Santos, C.A., Bernal, L.P.T., Andrade, G. and
Nogueira, M.A. 2014. Identifying indicators of C and
N cycling in a clayey Ultisol under different tillage
and uses in winter. Applied Soil Ecology. 76 : 95-101.

B³oñska, E., Lasota, J., Gruba, P. 2016. Effect of temperate
forest tree species on soil dehydrogenase and urease
activities in relation to other properties of soil derived
from loess and glaciofluvial sand. Ecological Research.
31: 655–664.

Çelik, I., Acir, N., Günal, H., Acar, M. and Barut, Z. B.
2017. Effects of long-term soil tillage practices on soil
chemical characteristics. International conference on
agriculture, forest, Food sciences and technologies, 15-17
May, 2017 at Turkey.

Dorr de Quadros, P., Zhalnina, K., Davis-Richardson, A.,
Fagen, J. R., Drew, J., Bayer, C., Camargo, F. A. O.
and Triplett, E. W. 2012. The effect of tillage system
and crop rotation on soil microbial diversity and
composition in a subtropical acrisol. Diversity. 4(4):
375-395.

Dongre, K., Sachidanand, B. and Porte, S. S. 2017.
Assessment of different microbial population in the
rhizosphere of main kharif crop under conventional
and conservation agriculture system. International
Journal of Current Microbiology and Applied Sciences.
6(9) : 813-819.

Galazka, A., Gawryjolek, K., Perzyñski, A., Galazka, R.
and Ksiêzak, J. 2017. Changes in enzymatic activities
and microbial communities in soil under long-term
maize monoculture and crop rotation. Polish Journal
of Environmental Studies. 26 : 39–46.

Gholami, A., Asgari, H. R. and Zeinali, E. 2014. Effect of
different tillage systems on soil physical properties
and yield of wheat (Case study: Agricultural lands
of Hakim Abad village, Chenaran township,
Khorasan Razavi province). International Journal of
Advanced Biological and Biomedical Research. 2(5) : 1539-
52.

Habig, J. and Swanepoel, C. 2015. Effects of conservation
agriculture and fertilization on soil microbial
diversity and activity. Environments. 2(3) : 358-384.

Hobbs, P. R., Sayre, K. and Gupta, R. 2008. The role of
conservation agriculture in sustainable agriculture.
Philosophical Transactions of the Royal Society B:
Biological Sciences. 363 : 543–555.

Januðauskaite, D., Kadþienë, G. and Auðkalnienë, O. 2013.
The Effect of tillage system on soil microbiota in
relation to soil structure. Polish Journal of
Environmental Studies. 22(5) : 1387-1391.

Klikocka, H., Narolski, B., Klikock, O., Glowack, A.,
Juszczak, D., Onuch, J., Gaj, R., Michalkiewicz, G.,
Cybulska, M. and Stepaniuk, S. 2012. Fertilization
on microbiological parameters of soil on which
spring triticale is grown. Polish Journal of
Environmental Studies. 21(6) : 1675-1685.



276 YADAV AND LEELA WATI

Majchrzak, L., Sawinska, Z., Natywa, M., Skrzypczak, G.
and Glowicka-Woloszyn, R. 2016. Impact of different
tillage systems on soil dehydrogenase activity and
spring wheat infection. Journal of Agriculture, Science
and Technology. 18(20): 1871-1881.

Neugschwandtner, R.W., Liebhard, P., Kaul, H. P. and
Wagentristl, H. 2014. Soil chemical properties as
affected by tillage and crop rotation in a long-term
field experiment. Plant Soil and Environment. 60(2):
57-62.

Nivelle, E., Verzeaux, J., Habbib, H., Kuzyakov, Y., Decocq,
G., Roger, D., Lacoux, J., Duclercq, J., Spicher, F.,

Nava-Saucedo, J. E., Catterou, M., Dubois, F. and
Tetu, T. 2016. Functional response of soil microbial
communities to tillage, cover crops and nitrogen
fertilization. Applied Soil Ecology. 108 : 147–155.

Raiesi, F. and Kabiri, V. 2016. Identification of soil quality
indicators for assessing the effect of different tillage
practices through a soil quality index in a semi-arid
environment. Ecological Indicators. 71 : 198-207.

Saviozzi, A., Levi-Minzi, R., Cardelli, R. and Riffald, R.
2001. A comparison of soil quality in adjacent
cultivated, forest and native grassland soils. Plant and
Soil. 233 : 251-259.


