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Abstract

Long-term experiments are regarded as important tools. Long-term fertiliser experiments could monitor
the trends in crop yield resulting from changes in soil fertility. It is essential to monitor the long-term
changes in soil nutrient status; and nutrient supplying capacity to ensure and improve crop productivity.
These considerations have prompted to undertake the present investigation, which was carried out in an
on-going field experiment started in Rabi 1988-89 under AICRP on STCR project at the Research Farm
of Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur, Bihar, India. The
experimental site experienced a sub-tropical climate with an average annual precipitation of 1345 mm,
the summer was hot and humid, and too cold winter, and the experimental soil belonged to order
entisols. The experiment was conducted in different land use management systems with random block
design and split-plot design with four levels of fertilizers viz. no NPK (Fo), 50% of the recommended
dose of NPK (F1), 100% of the recommended dose of NPK (F2) and 150% of the recommended dose of
NPK (Fs) were applied as treatments in main plots. The main plots were divided into sub-plots in which
treatments viz. no manures (Mo), compost @ 10 t ha (My), crop residue (Mz2), and compost + crop
residue (Ms) were superimposed over NPK levels, making a total of 16 treatment combinations with 3
replications. The study intended to assess the effect of the organic and inorganic treatments on soil
health, and nutrient fractions in rice-wheat cropping system. Interaction effects of organics and
inorganic fertilizers were non-significant for MWD at all the soil depths. Overall, there was 40-60%
improvement of soil parameters in the Conjoint application of 150% NPK + compost and crop residue
over control.

Keywords: Crop residue organic and inorganic fertilizers, STCR, long term

Introduction

The rice-wheat cropping system (RWCS) is a long-established grain production system in
India. The wheat yield following rice was only 0.7 to 1.0 tonnes ha-'until the 1940s, and it
increased progressively after the 1950s as a result of improved varieties, better agronomic
management, and pest control (Sanyal et al., 2014). Occupying about 14 Mha are in the
Indo-Gangetic plain (IGP), RWCS is considered as the principal cropping system of South
Asian countries. This cropping system has covered nearly 30% and 40% of the total rice and
wheat cultivated area respectively of the four major rice and wheat producing countries, i.e.
India, Pakistan, Bangladesh and Nepal (Chauhan et al., 2012; Srivastava et al., 2015). In
India, RWCS is dominant in Punjab, Haryana, Bihar, Uttar Pradesh and Madhya Pradesh,
contributing about three-fourths of the total food grain production of the nation (Srivastava et
al., 2015). Taking into account the dependency of the Indian population on RWCS, this
cropping system has been considered as the cornerstone of India’s food self-sustenance. But
contradictorily considering intensive cultivation of cereal crops to meet the hunger demand
of the overcrowded countries has created 1 havoc to the soil health as cereal crops are
exhaustive crops, and practices involved in their production are hampering the physical
properties of soil and aggravating deterioration of overall soil health (Brar et al., 2015).
Barzegar (2002) @, Rachman (2003) 2% decreasing micropore volume while increasing
macro-pores Hati (2006) ¥, improving soil water-holding capacity and wilting point Hati
(2007) 121,
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Applications of compost and organic manure resulted in a
greater SOC content than an equivalent amount of inorganic
fertilizer (Gregorich, 2001) . However, the decomposition
process controls the pace at which SOM builds up after
applying organic manures. When compared to the non-
treated control and NPK treatment alone, the SOM content
in winter wheat and summer maize rotation after 13 years of
manure application combined with NPK treatment was
considerably higher from depth 0-20 cm. Applying FYM +
inorganic N to irrigated settings has been shown in several
studies to imrove microbial communities, soil structure,
bulk density, SOC and hydraulic conductivity, Bhattacharya
(2007) Bl To achieve significant breakthroughs in food
grain production, it is critical to develop approaches that
improve fertilizer efficiency.

Long-term fertilizer trials compare crop yields and soil
parameters under continuous cropping and extensive
fertilization. J.B. Lawes and J. H Gilbert established the
world’s oldest long-term experiment at Rothamsted (United
Kingdom) in 1843 (Johnston and Powlson, 1994) I3, As a
result, long term research has been done to determine the
ideal ratios of organic and inorganic fertilizer. It would be
very promising to continuously check soil parameters by
integrating organic manures and fertlizers with a cropping
system. Therefore, the present study was conducted to
determine how long-term manure & fertilizer application
affects the physical properties of different depth in rice-
wheat crop on Indo-Gangatic plain.

Materials and Method

Site description

A major objective of the study (since 1988-1989) was to
examine the long-term effects of crop residue management
(since 1988-1989) on soil fertility and fertilizer economy.
RPACU Pusa in Bihar, India, is conducting the All-India
Coordinated Research Project on Soil Test Crop Response
Correlation (AICRP-STCR). The experimental site, located
in  Samastipur district at 25°58'51.92N latitude and
85°40'5.64E longitude, is 52.18 m above mean sea level and
has a subtropical humid environment. Initial properties of
the soil are detailed in Table 1.

Table 1: Initial soil characteristics experimental soil (1988)

S. No. Soil Characteristics Values
1 pH (1:2.5 Soil-water suspension) 8.5
2 EC (dSm at 25 °C) 0.3
3 Organic carbon (g kgt) 0.51
4 Bulk Density (Mg m) 1.48
5 Water holding capacity (% w/w) 30.12

Experimental details

Split-plot design was used for the experiment with four
different levels of fertilizer application. A main plot was
treated with no nitrogen, potassium, and salt (Fo), 50% of
the recommended amount of nitrogen, potassium, and salt
(F1), 100% of the recommended amount of nitrogen,
potassium, and salt (F2), and 150% of the recommended
amount of nitrogen, potassium, and salt (F3). Four subplots
were used for the main plots, containing treatments such as.
A total of 16 treatments with three replications were
superimposed over NPK levels: no manure (MO), compost
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at 10 t ha-1 (C), crop residue (CR), and compost + crop
residue (C + CR).

Collection and processing of soil samples

During rice harvest in December 2021, soil samples were
taken intriplicate from each plot at two depth layers (0-15
and 15-30 cm). Soil samples were processed through a 2
mm (i.e. 10 mesh) sieve, stored at room temperature and
used for soil physical evaluation.

Soil physo-chemical analysis

Wet oxidation (Walkley and Black, 1934) 1 was employed
to measure soil organic carbon (Jackson, 1973) 2, pH and
electrical conductivity (EC). The water holding capacity
[W/W%] was determined using the keen’s Raczkowski box
method (Piper, 2005). The bulk density [g/cc] of soil was
measured using the core method with a metalcore in the
middle of each soil layer (Blake and Hartage, 1986) (61,

Statistical analysis

We analysed all soil properties using Analysis of Variance
(ANOVA) for a split-plot design. Krus wallis test were
conducted for similarity test.

Results and Discussion

Aggregate Stability

Macro and micro aggrigate

Percent of macro and micro aggregates at the surface and sub-
surface samples were significantly influenced by the
application of organics and inorganic fertilizers; however, the
interaction of organics and fertilizer was non-significant. As
inorganic fertilizers, 150% NPK recorded the highest value of
macroaggregates i.e., 60.1 and 51.8 followed by (100% NPK)
56.6 and 49.8, (50% NPK) 54.2 and 45.7, and control being the
least i.e., 53 and 43 at both depths (Table 2). 100 and 150%
NPK treatments, being statistically at par were significantly
superior to no fertilizer treatment. In contrast, the increasing
levels of NPK significantly recorded a lower percentage of
microaggregates. There was a 13% rise and 27% fall in macro
aggregates and micro aggregates at surface soil, and lower
depth of macro aggregates and micro aggregates was 23%, 1%
rise, respectively, with 150% NPK application over the control.
Improved macroaggregates might be the result of organic
carbon and microbial secretions due to the decomposition of
the root biomass (Zong and Lu, 2020). With organics, the
highest value for macro aggregates percentage i.e., 62.1 and
56.6 was recorded with both depth of Compost + crop residue
followed by compost (56.2), (48.6), and crop residue (54.6),
(48.3) control being the least i.e., 51.0, 35.8. All the organic
treatments  significantly improved macroaggregates as
compared to no organics treatment. There was a 22% and 59%
rise in macro aggregates and 14% and 22% fall in micro
aggregates in both depths with Compost + crop residue
application over the control. Increased macro aggregates
percent followed the trend Compost + crop residue > Compost
= Crop residue > No organics due to application of organics.
While the decline in micro aggregate percent followed the
reverse trend. Long-term application of compost and crop
residue had a pronounced effect on increasing soil organic
carbon content and soil microbial function, which directly
contribute towards the formation of macroaggregates (Zhang et
al., 2016). Annabia et al. (2011) found similar results in the
improvement of macroaggregates due to the application of
compost at different stages of stability in a silty clay loam soil
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Table 2: Effect of long-term application of organic and inorganic fertilizers on percentage of Macro aggregates (> 0.25 mm) and Micro
aggregates (< 0.25 mm) in calcareous soil under RWCS

STCR Percentage of Macro aggregates (>2mm-250 pum), Micro aggregates (250-53um) depth 0-15cm
Macro aggregates (>2mm-250 yum) Micro aggregates (250-53pum)
Treatments | Mo C CR C+CR Mean Treatments Mo C CR C+CR Mean
Fo 46.2 | 54.3 52.7 58.9 53.0 Fo 39.9 | 387 38.1 34.9 37.9
Fi 499 | 54.8 52.7 59.6 54.2 Fi 378 | 354 31.3 31.1 33.9
F. 519 | 57.9 55.3 61.1 56.6 F2 33.2 | 323 29.8 29.9 313
Fs 55.9 | 58.0 57.6 68.9 60.1 Fs 30.8 | 27.3 27.8 25.1 27.8
Mean 51.0 | 56.2 54.6 62.1 Mean 354 | 334 31.7 30.3
F M FxM F M FxM
SEm (1) 1.2 1.2 2.3 CV (a) 7.3 SEm (1) 0.7 0.9 1.8 CV (a) 7.1
CD (p=0.05) | 4.1 3.4 NS CV (b) 7.1 CD (p=0.05) 2.3 2.8 NS CV (b) 10.1
15-30 cm 15-30 cm
Treatments | *Mo C CR C+CR Mean Treatments Mo C CR C+CR Mean
Fo 254 | 45.9 44.8 52.0 42.0 Fo 451 | 37.7 34.6 34.7 38.0
Fi 319 | 47.0 50.1 53.8 45.7 Fi 42.8 | 40.6 38.2 35.5 39.3
F2 409 | 49.1 49.9 59.2 49.8 F2 422 | 422 33.5 34.1 38.0
Fs 45.0 | 51.0 49.7 61.4 51.8 Fs 442 | 389 38.3 31.3 38.2
Mean 35.8 | 486 48.3 56.6 Mean 43.6 | 39.9 36.2 33.9
F M FxM F M FxM
SEm (2) 1.2 1.0 2.1 CV (a) 8.7 SEm (1) 0.7 0.8 15 CV (a) 6.4
CD (p=0.05) | 4.1 29 6.2 CV (b) 7.4 CD (p=0.05) NS 2.3 NS CV (b) 7.0

Mean weight diameter

Soil EC (dSm™) indicated an increment in units though
nonsignificant. The maximum and minimum EC was
recorded with the ranged of between 0.21 to 0.30 dSm™ and

0.18 to 0.25 dSm™ at the both surface and sub-surface
depths in table no 3 and Similar result was reported by
Benbi and Brar (2009) B,

Table 3: Effect of long-term application of organics and inorganic fertilizers on mean weight diameter (MWD) (mm) in calcareous soil

under RWCS
MWD of water stable aggregates
STCR 0-15cm 15-30 cm
Treatments Mo C CR C+CR Mean Treatments Mo C CR C+CR Mean
Fo 1.28 | 1.40 1.49 1.69 1.47 Fo 0.79 | 1.33 1.40 1.51 1.26
F1 1.28 | 1.49 1.65 1.81 1.56 Fi 0.96 | 1.46 1.53 1.59 1.39
F2 141 | 154 1.71 1.90 1.64 F. 113 | 1.47 1.64 1.69 1.48
Fs 142 | 1.64 1.74 2.09 1.72 Fs 1.27 | 1.50 1.66 1.85 157
Mean 1.35 | 1.52 1.65 1.87 Mean 1.04 | 1.44 1.56 1.66
F M FxM F M FxM
SEm (%) 0.04 | 0.03 0.07 CV (a) 9.20 SEm (%) 0.0 0.0 0.1 CV (a) 9.0
CD (p=0.05) 0.15 | 0.09 NS CV (b) 6.88 CD (p=0.05) 0.1 0.1 NS CV (b) 10.3

Organic carbon

Organic carbon concentrations ranged from 0.44 to 0.78
percent at 0-15 cm depth and 0.34 to 0.65 percent at 15-30
cm depth, with a significant difference (Table 4). As soil
depth climbed from 0-15 ¢cm to 15-30 cm, soil organic
carbon reduced. The highest value of organic carbon was
obtained with 150% NPK + compost + CR (0.78%),
followed by 150% NPK + compost (0.74%). The lowest
organic carbon content was reported in (0.44%), which was
under control. The subsurface soil layer (15-30 cm) revealed
the highest value of organic carbon in 150% NPK +
compost + CR (0.65%), followed by 150% NPK + compost
(0.61%). During the evaluation, organic carbon (0.34%) was
found to be below control at the lowest level. When
manures and fertilizers are combined, they may result in
more organic residues in soil, which may increase the

amount of organic carbon after decomposition due to
enhanced root growth. These results are in agreement with
those reported by Kumpawat and Jat (2005) [4l, Balyan et
al. (2006) ™, and Brar et al. (1998) .. Similarly, Parmar
and Sharma (2000) 1 observed a decrease in soil organic
carbon as depth was increased from 0-30 cm in the rice-
wheat sequence of the North Western Himalayas. Surface
soil retains more carbon in active or passive pools than
subsurface soil because organic manure is supplied and
extensively mixed with inorganic fertilizer each year. The
buildup of C that was observed in the subsurface soil depth
might be due to climatic and crop management factors that
have occurred over the years under rice-wheat cropping. In a
long-term lantana amended soil in rice-wheat systems,
Raina and Bharati (2013) Y reported a similar result
regarding carbon sequestration and nutrient dynamics.
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Table 4: Fertilizer application over a long period of time, organic and inorganic on SOC (%) in calcareous soil under RWCS

SOC (%)
STCR 0-15cm 15-30 cm
Treatments Mo C CR C+CR Mean Treatments Mo C CR C+CR Mean
Fo 0.44 | 0.62 0.67 0.71 0.65 Fo 0.34 | 0.52 0.42 0.60 0.47
F, 0.60 | 0.68 0.61 0.65 0.66 F, 0.34 | 0.51 0.40 0.57 0.46
F> 0.54 | 0.65 0.62 0.70 0.63 F 0.42 | 0.58 0.57 0.57 0.54
Fs 0.52 | 0.74 0.55 0.78 0.58 Fs 0.47 | 0.61 0.51 0.65 0.55
Mean 0.53 | 0.69 0.61 0.69 Mean 0.39 | 0.54 0.48 0.61
F M FxM F M FxM
SEm (1) 0.0 | 0.0 0.0 CV (a) 7.4 SEm (%) 0.0 | 0.0 0.0 CV (a) 8.1
CD (p=0.05) 0.0 | 0.0 0.1 CV (b) 7.0 CD (p=0.05) 0.0 | 0.1 0.2 CV (b) 12.6

Water holding capacity

The treatment receiving 150% NPK recorded the highest
value for percent water holding capacity of 37%, followed
by 100% NPK (35%) and 50% NPK (33%). All these
treatments were significantly superior to control, the least
(32%) among inorganic fertilizer treatments (Table 5).
There was a percentage increment of 16, 9, and 3 of water
holding capacity with 150% NPK, 100% NPK, and 50%
NPK respectively over the control. The enhanced water
holding capacity of the treated plots might be due to the
increase in root biomass as compared to the control plots
(Rasool et al., 2008) . Increased organic carbon due to
increased application of inorganics has been reported to
contribute towards better water holding capacity of the
fertilized plots (Pant et al., 2018) 6. Compost + Crop
residue had the maximum water retention capacity (38%),

followed by compost (36%) and crop residue (34%) and
these values were considerably higher than the control
(29%). The water holding capacity of treatment Compost +
crop residue was 31% superior to the control. The highest
soil organic carbon because of the combination of
application of compost and crop residue may result in an
increased water retention capacity when compared to
control (Bhatt et al., 2017) . Soil organic carbon has a
direct effect on soil aggregate stability and soil porosity or
water holding capacity (Ojeda et al., 2015) %, Soil
aggregate stabilization due to the continuous application of
organics increased its total porosity by improving the pore
structure. On the other hand, increases the moisture
retention capacity of the soil in comparison to the control
(Kumar et al., 2010) 19,

Table 5: Effect of long-term application of organic and inorganic fertilizers on bulk density (Mg m-3) and water Holding Capacity (W/W%)

in STCR field
Bulk Density (Mg m) Water Holding Capacity (w/w%b)
STCR
0-15cm 0-15cm
Treatments Mo C CR C+CR Mean Treatments Mo C CR C+CR Mean
Fo 158 | 1.43 151 1.43 1.49 Fo 2691 | 34.01 | 31.84 36.94 32
Fi 153|138 | 1.36 1.29 1.39 Fi 29.55 | 34.66 | 32.90 37.72 33
F2 139|128 | 135 1.14 1.29 F2 31.07 | 37.70 | 35.34 38.76 35
Fs 132 | 125| 1.26 1.10 1.23 Fs 32.27 | 39.73 | 35.98 42.16 37
Mean 145 | 1.34 1.37 1.24 Mean 29 36 34 38
F M FxM F M FxM
SEm (¢) 0.03 | 0.03 | 0.06 CV (a) 6.93 SEm (%) 092 | 0.79 1.65 CV (a) 9.19
CD (p=0.05) 0.09 | 0.09 NS CV (b) 7.66 CD (p=0.05) 320 | 231 NS CV (b) 7.86
Conclusion 2. Barzegar AR, Yousefi A, Daryashenas A. The effect of

When the continuous rice-wheat cropping system causes
nutrient fixation and mining, enhancing inorganic fertilizers
and organics were shown to be effective in overcoming
these issues. The most effective and cost-effective NPK
doses combined with compost and crop residue were found
to improve soil health and crop performance at a rate of
150% recommended. The study intended to assess the effect
of the organic and inorganic treatments on soil health, and
nutrient fractions in rice-wheat cropping system. Interaction
effects of organics and inorganic fertilizers were non-
significant for MWD at all the soil depths. Overall, there
was 40-60% improvement of soil parameters in the Conjoint
application of 150% NPK + compost and crop residue over
control.
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