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Abstract

A laboratory study was conducted in an ongoing field experiment started during Rabi 1988-89 in
calcareous soil at Research Farm of Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar.
The experimental design was split-plot with four fertilizer levels (0, 50, 100 & 150% NPK) in main plots
and four levels of manures (no manures, compost @ 10 t ha™l, crop residues and compost @10 t ha'* plus
crop residues) in sub-plots. The present investigation was undertaken with objectives to investigate the
effect of combined use of NPK and different organics (compost and crop residues) on Soil pH and
Carbon Mineralization under rice—wheat-cropping system. Continuous application of compost @ 10t ha
! plus crop residues, reduces the pH of soil by 3.66% than no manure application. Cumulative carbon
mineralization significantly increased in treatments having both organic and inorganic fertilizers than of
treatments having only inorganic fertilizers. Rate of mineralization increased in initial days of incubation
after that it decreases.
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Introduction

Rice-wheat cropping system is one of the largest agricultural production systems of the world,
occupying 13.5 million ha (Mha) of cultivated land in the Indo-Gangetic Plains (IGP) in South
Asia. Soil pH is a dominant factor that regulates soil nutrient bioavailability. The changes in
soil pH widely depends on soil type, climate, vegetation (Robson et al., 1989) [, way and
time of management and soil water content (Troch and Thompson, 2005) 14, Soil pH was
generally elevated significantly by addition of all organic amendments in acid soil
(Naramabuye and Haynes, 2006) . Benbi and Brar (2009) 2 reported that soil pH in Punjab
soils has declined by 0.8 units after 25 years of rice-wheat cropping. Soil organic carbon
(SOC) mineralization, is one of the most important processes in the ecosystem carbon cycle
(Bahn et al., 2008). Changes in SOC storage significantly influence atmospheric CO,
concentrations and the global carbon cycle (wang et al., 2013) %1, The differences in the rate
of carbon mineralized are indicative of variable amounts of labile organic carbon accumulated
in soils (Campbell et al., 1992) ™. Long-term experiments are essential to understand the
effects of cropping systems, tillage, manuring,

and fertilization practices on soil physical and chemical properties. Therefore, evaluation of
SOC mineralization dynamics in long-term experiment (25 years) is important to study the
terrestrial ecosystem carbon cycle.

Materials and Methods

A study was conducted in an ongoing field experiment under AICRP on Soil Test Crop
Response Correlation, initiated in Rabi, 1988-89 in light textured highly calcareous soil at Dr.
Rajendra Prasad Central Agricultural University, Pusa, Bihar, India, having 25° 94° N latitude,
85% 67’ E longitude and an altitude of 52.00 meter above mean sea level. The climate is sub-
tropical having average annual rainfall 1135 mm. The experimental design was split-plot with
four fertilizer levels (0, 50, 100 & 150% NPK) in main plots and four levels of manures (ho
manures, compost @10 t ha?, crop residues and compost @10 t ha* plus crop residues) in sub-
plots. The soil of experimental area having texture sandy loam, pH 8.5, organic carbon 5.02
g/kg and CaCOj3 content 36.6%. Rice and wheat crops are being grown continuously under
rice-wheat system during Kharif and Rabi seasons respectively.
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The chopped straw of previous crops treated as crop residues.
The source of N, P and K was urea, SSP, muriate of potash
(MOP) and period of the investigation was the year 2017-18.
The pH of the suspension of soil in water with a soil water
ratio of 1:2 was determined with the help of glass electrode
pH meter (Jackson, 1973) 1. The electrical conductivity in
the clear extract of soil with water in soil: water ratio of 1:2
was determined with the help of Electrical Conductivity
Bridge (Bower and Wilcox, 1965) [, Carbon mineralization
was studied in a laboratory incubation experiments at constant
room temperature for 32 days. The soil moisture condition
was adjusted at 60% of water holding capacity to simulate
average field moisture condition and incubation was carried
out in incubator or room temperature (25 + 3 °C). Carbon
mineralized was determined by titrimetric method as outlined
by Parr and Smith (1969). A vial containing 10 ml of 2M
NaOH was placed inside the flask containing known weight
of soil (100g) with the help of thread, and flasks were sealed
(air-tight) with wax. The vials were taken out on 3", 6, 9™
12t 15t 180 250 and 32" days and titrated with
standardized 0.5M HCI after addition of | ml of saturated
BaCl; using phenolphthalein as visual indicator. The amount
of CO evolved were calculated by using the formula:

CO; evolved (mg kg™?) = (A-B) x N x22

Where, A and B are the volume of HCI consumed for titrating
10 ml of 0.5M NaOH in control and soil, respectively and N
was the normality of HCI.

Results and Discussion

Effect on Soil pH

The pH in surface soil (0-15 cm) ranged from 8.23 to 8.35
(Table 1) with different levels of fertilizer treatments i.e. no

NPK to 150% NPK. The soil pH minimum (8.23) was
obtained in the treatment received 150% NPK. In different
manure application, soil pH ranged 8.15 to 8.46. Minimum
pH (8.15) was observed in treatment of compost @ 10 t ha
with crop residues which was 3.66% lower than no manure
application. No interaction effect was found in different
fertilizer levels and manure levels. The decrease in soil pH
with compost @ 10 t ha with crop residues application may
be attributed to the production of organic acids and release of
CO; during organic matter decomposition. The decrease in
soil pH with the combined application compost @ 10 t ha
with crop residues has also been reported by Srikanth et al.
(2000) M1, Benbi and Brar (2009) [ reported that soil pH in
Punjab soils has declined by 0.8 units after 25 years of rice-
wheat cropping. However, Hati et al. (2007) B! reported that
long-term application of fertilizer and organic manure did not
influence pH of a clay soil significantly. This may be because
of high buffering capacity of the clay soil and nominal
presence of weak salts namely carbonates or bicarbonates,
which on dissolution release free cations leading to buffering
of soil reaction (Tembhare et al., 1998) [*3],

Effect on Soil Electrical Conductivity

Electrical conductivity (EC) in surface soil (0-15 cm) under
different NPK treatments ranged between 0.24 dS m? and
0.34 dS m (Table 1). The EC values in all the treatments
were less than 0.5 dS m%, which is considered safe for growth
of all crops. The electrical conductivity of soil was not
significantly influenced by different treatments i.e.
manure and fertilizers levels. Electrical conductivity was
maximum (0.34 dS m) in the treatment receiving 150% NPK
and treatments receiving compost @ 10 t ha* (0.29 dS m™).
Stalin et al. (2006) 1% also found that electrical conductivity
of soil was not influenced by long-term continuous
application of manure.

Table 1: Effect of Long-term Integrated Nutrient management on Soil pH and EC

Fertilizer Level (kg ha?) pH |EC(dSm?) Manure Level pH EC (dS m?)
NO NPK 8.35 0.24 No Manure 8.46 0.28
50% NPK 8.31 0.25 Compost @ 10 t ha* 8.24 0.29
100% NPK 8.27 0.28 Crop Residue 8.30 0.27
150% NPK 8.23 0.34 Compost @ 10 t ha*+ Crop Residue 8.15 0.28
SEm+ 0.02 0.023 SEm+ 0.01 0.011
CD (P=0.05) 0.07 NS CD (P=0.05) 0.04 NS

Effect on Cumulative Carbon Mineralization

The cumulative carbon mineralization in 32 days of
incubation, varied from 1002.81 to 1110.49 mg kg™ of CO;
(Table 2 and Figure 1) with increasing levels of fertilizer i.e.
no NPK to 150% NPK. The treatment receiving 150% NPK
had maximum (1110.49 mg kg™ CO,) carbon mineralization
which was 10.73% higher than treatment receiving no NPK.
All the levels of fertilizer significantly affected the evolution
of carbon dioxide. In manure level, the carbon dioxide
mineralization increased from 975.16 to 1136.26 mg kg™. The
highest carbon mineralization (1136.26 mg kg? COz) was
found in the treatment receiving both compost and crop
residue which was 16.52% higher than treatment receiving no

manure application. All the levels of manure has significant
impact on evolution of carbon dioxide.

The interaction effect of fertilizer levels and manures are also
significant. The CO; evolution in the treatment receiving
150% NPK and compost + crop residue was found 11.00%
higher over no NPK along with compost + crop residue and
was at par with treatment receiving 100% NPK with compost
+ crop residue. Carbon mineralization rate (mg kg -* CO, day”
1y [Figure 2] increased in initial days of incubation (upto 12
days) but, after 12 days it decreased over time. The decrease
in decomposition rate over time is probably due to rising
concentrations of structural carbohydrates (Such as lignin and
hemicelluloses) as a result of loss of other constituents (sugar
and starches) in the detritus (Mfilinge et al. 2002) [7],
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Table 2: Cumulative carbon mineralization in soil during 32 days of incubation at (25 + 3 °C)

Manure Level
Fertilizer Level | No Manure | Compost @ 10 t hal [ Crop Residue | Compost @ 10 t ha'+ Crop Residue | Mean
(kg ha'l) CO2 mg kg
No NPK 940.01 1,029.03 972.76 1,069.44 1,002.81
50% NPK 956.21 1,069.82 1,004.97 1,110.00 1,035.25
100% NPK 997.49 1,139.16 1,042.06 1,178.43 1,089.29
150% NPK 1,006.94 1,155.32 1,092.51 1,187.16 1,110.49
Mean 975.16 1,098.33 1,028.08 1,136.26
SEm= CD (P=0.05)

Main plot 1.914 6.752

Sub plot 1.433 4.207

MxS 3.828 9.047

Cumulative Carbon Mineralization (mg kg CO,) during 32 days of
incubation study.

600.00

400.00

200.00
0.00

NG
2
O

<é_)\

&
0
<z
C S @

S
3 days

&
H6 day? W 9 days %l 12 days

I\'LAI

)

N
15 days

nn

|| I

v Q
A :,§> &
&

18 days E 25 days “m32 days

Fig 1: Cumulative Carbon Mineralization (mg kg CO2) during 32 days of incubation study.
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Fig 2: Carbon Mineralization rate (mg kg "* CO2 day™) during 32 days of Incubation study
References 3. Bower CA, Wilcox LV. Soluble salts. In: Black CA (ed.)
1. Bahn M, Rodeghiero M, Anderson-Dunn M, Dore S, Methods of soil analysis part 2. American Society of
Gimeno C, DroE sler M, et al. Soil respiration in Agronomy Inc, Madison, USA, 1965, 933-951.
European grasslands in relation to climate and assimilate 4. Campbell CA, Moulin AP, Bowren KE, Jansen HH,
supply. Ecosystems. 2008; 11(8):1352-67. Townleysmith L, Biederbeck VO. Effect of crop rotations
2. Benbi DK, Brar JS. A 25-years record of carbon on microbial biomass specific respiratory activity and

sequestration and soil properties in intensive agriculture.
Agronomy Sustainable Development. 2009; 29:257-65.

2044 ~

mineralizable nitrogen in a black chernozemic soil.
Canadian Journal of Soil Science. 1992; 72:417-27.



International Journal of Chemical Studies

5. Hati KM, Swarup A, Dwivedi AK, Mishra AK,
Bandyopadhyay KK. Change in soil physical properties
and organic carbon status at the top soil horizon of a
Vertisol of central India after 28 years of continuous
cropping, fertilization and manuring. Agriculture
Ecosystem Environment. 2007; 119:127-34.

6. Jackson ML. Soil Chemical Analysis, Prentice Hall of
India Pvt. Ltd, New Delhi, 1973.

7. Mfilinge P, Tsuchiya M, Atta N. Nutrient dynamics and
leaf litter decomposition in a subtropical mangrove forest
at Oura Bay, Okinawa, Japan. 2002; 14:354-58.

8. Naramabuya FX, Haynes RJ. Effect of Organic
Amendments on Soil pH and Al Solubility and Use of
Laboratory Indices to Predict their Liming Effect. Soil
Science. 2006; 171(10):754-763.

9. Parr J, Smith S. A multi-purpose manifold assembly: use
in evaluating microbiological effects of pesticides. Soil
Science. 1969; 107:271-276.

10. Robson AD. Soil Acidity and Plant Growth. Marrickville,
Academic Press Australia, 1989.

11. Srikanth K, Srinivasamurthy CA, Ramakrishna VR.
Direct and residual effect of enriched composts, FYM,
vermicompost and fertilizers on Alfisols. Journal of
Indian Society of Soil Science. 2000; 54:30-37.

12. Stalin P, Ramanathan S, Nagarajan R, Natarajan K.
Long-term Effect of Continuous Manurial Practices on
Grain yield and Some Soil Chemical Properties in Rice-
based Cropping System. Journal of the Indian Society
Soil Science. 2006; 54(1):30-37.

13. Tembhare BR, Dwivedi AK, Tiwari A. Effect of
continuous cropping and fertilizer use on crop yields and
fertility of a Typic Haplustert. In: Proceeding of the
national workshop on long-term soil fertility management
through integrated plant nutrient supply. Swarup A
Reddy DD Prasad RN (eds.). Indian Institute of Soil
Science, Bhopal, India. 1998, 54-68.

14. Troeh RF, Thompson LM. Soils and Soil Fertility. Ed.
6, Blackwell Publishing, 2005.

15. Wang W, Zeng W, Chen W, Zeng H, Fang J. Soil
respiration and organic carbon dynamics with grassland
conversions to woodlands in temperate China. PloS One.
2013, 8(8).

~ 2045~



