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Abstract

Conservation agricultural practices in rice-wheat cropping system could help in achieving food security and leading to a
sustainable development. In the present study, field experiment was conducted for two consecutive years with rice and
wheat crops to assess the effect of conservation agricultural practices on nitrogen availability and soil biological properties.
Four different treatments were selected i.e. Transplanted rice + Conventionally tilled wheat (T,), Direct seeded rice + Zero
tilled wheat with residue retention (T,), Transplanted rice + Zero tilled wheat (T,), Transplanted rice + Zero tilled wheat with
residue retention (T,). Results showed that zero tillage along with residue retention in wheat increased microbial biomass as
well as microbial activity in soil which increased availability of N to the crops. Multiple correlation analysis showed that soil
available N was positively correlated with MBC (r = 0.83), MBN (r = 0.76) and dehydrogenase activity (r = 0.88) in soil.
Treatments with residue retention had accumulation of more total organic carbon in soil. Higher soil carbon, more microbial
activity and better nitrogen availability also increased yield of rice and wheat crops in zero tillage with residue applied

treatment.
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Introduction

Rice-wheat cropping system covers an area of around
10.3Mha in India of which 85 percent falls in Indo
Gangetic plains (IGP) (Ladha et al., 2003; Timsina and
Conor, 2001). Food security of the country is dependent
on this production system feeding 40% of the country’s
population (Dhillon et al., 2010; Panigrahy et al., 2010).
But in recent times the cropping system is showing lower
marginal returns and there are reports of decline in
physical and chemical properties of soil, nutrient mining
as well as depletion of the groundwater table (Bhatt et
al., 2016 and Chauhan et al., 2012). This intensively
cultivated cropping system is also a source of greenhouse
gas (GHG) emission from agriculture (Mittal et al., 2018;
Gupta et al, 2015). In order to overcome these challenges,
conservation agricultural practices has emerged as a
viable alternative for improving yield, increasing input use
efficiencies along with reducing the harmful effect of
*Author for correspondence : E-mail: mittalrashmi6 @gmail.com

agriculture on the environment. Conservation agriculture
(CA) includes three main principles i.e. minimum soil
disturbance, providing permanent soil cover and crop
diversification (FAO, 2015). CA based management
practices like zero tillage, zero tillage with residue
incorporation, seeding in rice, crop diversification, laser
levelling etc. are being adopted by farmers in the Indo
Gangetic plains (IGP) (Pathak et al., 2012). There are
reports that conservation agricultural practices enhances
yield, improves input use-efficiency, restores soil health,
reduces cost of cultivation, and suppresses air and soil
pollution (Chauhan et al., 2002; Sapkota et al., 2015 and
Jat et al., 2010). CA practices are also effective in
enhancing soil carbon content (Bhattacharyaetal., 2012).
In northwestern India certain CA practices like direct
seeded rice is becoming popular to overcome the shortage
of water and labour (Mahajan et al., 2013). Besides this
in rice-wheat cropping system, zero tillage and
incorporation of rice residue in wheat field reduces the
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weed growth and increases yield after 2 to 3 years of
cultivation (Gathalaetal., 2011; Jat et al., 2014 and Singh
et al, 2005). Although work has been done on benefits of
CA practices but the effect of these management
practices on availability of nutrients and biological activity
of soil is still limited. Keeping these in view, the present
study was undertaken to assess the availability of nitrogen
and biological activity of soil in rice-wheat cropping system
under conventional and conservation agricultural
practices.

Materials and Methods
Details of study site

Farmer’s field with rice-wheat cropping system was
selected in Taraori village in Karnal district, Haryana.
The site is located at 29.7°N and 76.9°E with sub-tropical
monsoon climate. The average annual rainfall of the
region was 700 mm and the mean annual maximum and
minimum temperatures were 35°C and 18°C respectively.
The soil of the experimental field was sandy clay loam in
texture with pH 8.1 and soil organic carbon 0.46 %. The
experimental field was under continuous rice-wheat
cropping system for more than 10 years. Pusal121 variety
of rice and HD2967 variety of wheat were grown in the
fields.

Experimental Design and Treatments

In the current study the field experiment was
conducted for two consecutive crop years for rice and
wheat in 2015-2016 and 2016-2017. There were four
treatments viz; 1. Transplanted rice + conventionally tilled
wheat (T,) 2.Direct seeded rice + Zero tilled wheat with
residue retention (T,), 3.Transplanted rice + Zero tilled
wheat (T,), 4. Transplanted rice + Zero tilled wheat with
residue retention (T,). The design of the experiment was
randomized block design (RBD) with plot size of 7.5m x
6m. Plots with the four treatments were randomized with
five replicates each. N, P and K were applied at
recommended doses of 120 kg N, 60 kg P,O, and 60 Kg
K,O respectively in both the crops. Nitrogen fertilizer
was applied in three equal splits i.e. at sowing, tillering
and panicle initiation stages in rice. Similarly in wheat,
nitrogen was applied in three equal splits at sowing, crown
root initiation (CRI) and remaining one at booting stage.
Crop protection measures like herbicide and weedicides
spray were carried out as and when required. Need based
weeding was done in both the crops. In transplanted rice
irrigation was applied every alternate day to maintain 6
cm water depth in the field, whereas in direct seeded
rice (DSR), irrigation was applied every 4 to 5 days to
maintain soil water content at field capacity. In wheat, 5
irrigations were applied at sowing, CRI, tillering, booting
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and flowering stages. In the next year of experiment,
both rice and wheat crop treatments were grown in the
same plot area as that of previous year.

Collection and analysis of soil samples

Initial soil samples were collected and then samples
were collected at flowering stage and after harvesting of
each crop. Soil samples were collected from 0 to 15 cm
depth from all four treatments. Each sample was divided
into 2 parts, one being stored at 4°C in refrigerator and
the other kept in shade for air drying. The air dried samples
were processed and sieved using 0.5 mm screen and
stored in plastic jars for further analysis. The refrigerated
samples were used for analysis of soil biological properties
and enzymatic activities.

Analysis of different soil parameters
Available nitrogen

Available nitrogen in soil was estimated from fresh
soil samples collected at flowering stage of the crops.
Soil available N was analysed using Subbiah and Asija
(1956) method.

Total organic carbon in soil

Total carbon content (TOC) in soil was analysed by
the dry combustion method (950°C) (Nelson and
Sommers 1982). Vario TOC select elementar analyzer
(Serial no.-39112009) Inc. Hanau, Germany was used
for the analysis. Representative subsamples of soil were
taken and weighed on a tin foil. Soil samples along with
tin foils were injected into the combustion reactor at a
temperature 950°C in an air carrier gas stream. Evolved
CO, was dried and measured by non-dispersive infrared
detector (NDIR) which absorbs infrared energy by CO,
at a wavelength (2.6p and 4u), LECO; 1996. The
decrease in the measured energy is directly proportional
to the CO, concentration in terms of percent carbon in
soil.

Microbial biomass carbon and microbial biomass
nitrogen

Microbial biomass carbon (MBC) and microbial
biomass nitrogen (MBN) in soil were estimated from
fresh samples collected at flowering stage using fumigation
extraction method as given by Jenkinson and Powlson
(1976).

Dehydrogenase activity

Dehydrogenase activity in fresh soil samples collected
at flowering stage was determined using the method given
by Klein et al., (1971).

Yield attributes
Rice and wheat crops were harvested and threshed
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manually from 1m?area from each plot for every
treatment. Weight of dried straw and grain biomass were
recorded and reported in units of Mg ha.

Statistical analysis

Statistical analysis of the experimental data was done
by using ANOVA (analysis of variance) technique
recommended for the design to check whether the
differences bsetween means were statistically significant
or not (Gomez and Gomez, 1984). Unless indicated
otherwise, differences were considered significant at
P<0.05.

Results and Discussion
Grain and straw yield

Grain yield of both rice and wheat crop was affected
by different crop management practices. Rice yield was
maximum (4.16 Mg ha* in first year and 4.36 Mg ha* in
second year) in T, treatment in both the years (Table 1).
On the other hand T, treatment with direct seeded rice
recorded 3.51 and 3.73 Mg ha® grain yield in first and
second year respectively which was significantly lower
than T treatment (transplanted rice). Similarly straw yield
was also lowest in direct seeded rice in both the years
(Table 2). Zero tilled wheat with residue retention (T,
treatment) recorded highest grain yield of 4.89 and 5.27
Mg hatin first and second year respectively (Table 1).
Straw yield of wheat was also maximum in T, treatment
with 6.63 Mg ha' and 7.21 Mg ha? in first and second
year respectively (Table 2). Ram et al., (2013) reported
that rice residue incorporation enhanced grain yield and
water use efficiency in wheat crop. Sarwar et al., (2008)
reported that crop residue in combination with chemical
fertilizer significantly enhanced the biological yield of rice.
There are reports that adequate crop rotation, continuous
zero tillage practices with crop residue retention results
in higher crop yield under both favorable or adverse
climatic conditions (Congreves et al., 2015, Kassam et
al., 2014).

Soil biological properties
Soil microbial biomass carbon (MBC) and microbial

Table 1: Grain yield (Mg ha?) of rice and wheat crop under
different management practices during 2015-2017

Treatments 2015-16 2016-17
Rice Wheat Rice | Wheat
T, 401 4.39 410 498
T, 351 442 373 503
T, 4,09 440 420 5.08
T, 416 4.89 4.36 527
LSP (P<0.05) 0.25 0.20 0.20 0.29
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Table 2: Straw yield (Mg ha) of rice and wheat crop under
different management practices during 2015-2017

Treatments 2015-16 2016-17
Rice Wheat Rice | Wheat
T, 6.26 6.23 6.87 6.74
T, 6.34 6.51 6.36 6.81
T, 6.11 6.23 6.53 6.74
T, 6.38 6.63 6.81 721
LSP(P<0.05) 0.20 0.22 0.23 0.32

biomass nitrogen (MBN) were higher in T,, T, and T,
treatments as compared to T, (Fig. 1 and 2). Maximum
value of MBC was observed in T2 treatment (555.6 mg
kg) followed by T, treatment (548.2 mg kg™) in second
wheat crop. Similar trend was observed in the first wheat
crop where MBC was maximum in T, (538 mg kg™)
followed by T, (507.9 mg kg*). MBN of soil was also
higher in T, and T, treatment under wheat crop. MBN
values ranged from 41.9 to 56.9 mg kgt in rice and 53.4
to 73.5 mg kg*in wheat crop. In T4 treatment, soil MBN
was 56.9 mg kg™ followed by T, (54 mg kg™) during
second year under rice crop. Retention of rice residue in
both these treatments led to the increased microbial
activity thereby increasing MBC and MBN of soil.
Choudhary et al., (2018) also reported that zero tillage
maize-wheat-mungbean rotation recorded 56% increase
in microbial biomass carbon and 70% increase in
microbial biomass nitrogen than conventional tillage rice-
wheat system, This might be attributed to the reduced
tillage along with increased carbon inputs added to soil
through residue application (Wang et al., 2012). Increased
microbial biomass also enhanced the microbial activity
which was evident from the higher dehydrogenase
activity of soil in T,, T, and T, treatment. Dehydrogenase
activity of soil ranged from 1.06 to 1.27 mg TPF g* h!
during the 2 years of rice-wheat cultivation (Fig. 3). T4
treatment recorded maximum values of dehydrogenase
activity (1.57 mg TPF g* ht) in second wheat crop. The
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Fig. 1: Microbial biomass carbon (Mg kg?) in soil under different
management practices during 2015-2017
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Fig. 2: Microbial biomass nitrogen (Mg kg?) in soil under
different management practices during 2015-2017
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Fig. 3: Dehydrogenase activity (mg TPF g*h?) in soil under
different management practices during 2015-2017

soil under zero tillage and zero tillage along with residue
retention retains higher soil moisture than conventional
tillage systems (Pathak et al., 2017). This in turn
influences the moisture availability which finally affects
the enzymatic activities in soil (Jin et al., 2009).

Total nitrogen and available nitrogen in soil

Total N in soil ranged from 0.11 to 0.16%. After 2
years of cultivation total N in soil slightly increased in
different treatments (Fig. 4). A significant variation in
soil available nitrogen was observed during the two years
of rice wheat cropping system. In rice crop available N
ranged from 378 to 491.5 kg ha! whereas in wheat crop
it ranged from 390 to 531.9 kg ha* (Table 3). Maximum
available N in soil (531.9 kg ha!) was recorded in T4
treatment in first wheat crop. Rahman et al., (2005)
reported that higher nitrogen fertilizer recovery could be

Table 3: Soil available nitrogen (kg ha') under different
management practices in rice-wheat cropping system
during 2015-2017

Treatments 2015-16 2016-17
Rice Wheat Rice | Wheat
T, 378.0 4094 3548 390.0
T, 3975 462.7 3746 480.7
T, 400.6 4205 4487 4571
T, 4859 531.9 4915 525.5
LSP (P<0.05) 311 196 2238 26.6

Fig. 4: Total nitrogen (%) in soil under different management
practice
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Fig. 5: Total organic carbon (%) in soil under different
management practices

TOC (%)

achieved possibly by crop residue incorporation. Earlier
workers also reported that retention of nutrient rice crop
residue along with minimum soil disturbance resulted in
increased availability of nitrogen in soil surface under
CA management practices (Jat et al., 2018; Chakrabarti
etal., 2014).

Organic carbon in soil

Total organic carbon in soil increased significantly
after 2 years of cropping sequence in T, and T, treatment.
Maximum value of soil organic carbon (1.36%) was found
in T, treatment (Fig. 5). Rice residues applied to soil in
T, and T, treatments were a source of organic matter
which after microbial degradation enriched the carbon
status (Chakrabarti et al., 2014). T, treatment with direct
seeded rice and zero tilled wheat also recorded higher
values of soil carbon (0.97%) as compared to T,
treatment (0.91%). Conventional tillage in T, treatment
broke the soil aggregates thereby exposing the soil for
rapid organic matter decomposition. Chauhan et al.,
(2002) stated the importance of zero tillage for enhancing
organic matter content in surface soil. There are reports
that conservation tillage leads to soil carbon sequestration
in long-term experiments (Rudrappa et al., 2006; Singh
et. al, 2004).
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Table 4: Correlation matrix of yield and soil parameters in rice-wheat cropping system
AvailableN | Total N (%) | TOC (%) | MBC MBN | Dehydrogenase | Grain Yield | Straw Yield
Available N 1
Total N (%) 0.72* 1.00
TOC (%) 0.83* 0.76* 1.00
MBC 0.83* 0.73* 0.54* 1.00
MBN 0.76* 0.65* 043 0.90* 1.00
Dehydrogenase 0.88* 0.77* 0.76* 0.79* | 0.77* 1.00
Grain Yield 0.61* 0.40 0.36 061* | 0.77* 0.53* 1.00
Straw Yield 0.39 0.55* 042 045 0.38 0.29 0.62* 1

* Significant at p < 0.05 level.

Correlation and regression analysis

Multiple correlation analysis showed that soil available
N was positively correlated with MBC (r = 0.83), MBN
(r = 0.76) and dehydrogenase activity (r = 0.88) in soil
(Table 4). This proves that increased microbial biomass
as well as microbial activity in soil under conservation
agricultural practices led to increased availability on N to
the crops. This enhanced N availability also increased
the grain yield which is evident from the significant positive
correlation between soil available N (r =0.61) in the study.
Total organic carbon soil was also found to be positively
correlated with MBC (r = 0.54) and dehydrogenase
activity (r = 0.76). Treatments with residue application
have led to more accumulation of microbial biomass and
enhanced microbial activity which led to the accumulation
of more organic carbon in soil in residue applied
treatments.

Conclusion

Changes in soil available nitrogen (0-15 cm depth)
due to implementation of treatments for two consecutive
years revealed that zero tillage in wheat with residue
retention performed better in terms of soil enzymatic and
microbial biomass as compared to conventional wheat.
Increased microbial activity in turn increased availability
of N in soil. Treatments with residue retention had
accumulation of more organic carbon in soil. Grain yield
was also high in zero tillage with residue retention
treatment. From the present study it can be concluded
that zero tillage with residue retention in wheat along
with transplanted rice could enhance nitrogen availability
and hence increase crop productivity.
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