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INFLUENCE OF RICE RESIDUE MANAGEMENT PRACTICES AND VARYING 

LEVELS OF NITROGEN APPLICATION ON PHYSICO-CHEMICAL 

PROPERTIES OF SOIL IN WHEAT (Triticum aestivum L.) 
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ABSTRACT 

With the increase in production of wheat and rice crops, residue production also 
increased. Farmers started to burn the residues which severely impacted soil health. There- 
fore, this research was conducted to study the effect of different rice residue management 
practices and varying levels of nitrogen application on physico-chemical properties of soil at 
the Students’s Research Farm, Department of Agriculture, Khalsa College, Amritsar, 
Punjab, India, during rabi 2021. The field experiment was laid out in a split-plot design, 
consisting main plot treatments of different rice residue management practices (burnt, 
removed, and incorporated with waste decomposer) and five subplot treatments of nitrogen 
levels in wheat (control, 50%, 75%, 100% and 125% Recommended dose of nitrogen fertil- 
izer) and replicated three times. It was observed that the highest value of bulk density at two 
soil depths (0-15 cm and 15-30 cm) was recorded with rice residue removed i.c., 1.39 and 1.47 
g cm, respectively. Different treatments had no significant effect on soil pH and EC. The 

highest value of organic carbon (0.49 and 0.42 %) was observed with rice residue incorpo- 
rated with the decomposer. No significant increase in soil organic carbon was observed with 
the nitrogen levels. The available N, P and K was found to be highest in residue incorpo- 
rated with decomposer and 125% recommended dose of nitrogen fertilizer at soil depths of 
0-15 cm and 15-30 cm. The higher values of available zinc (1.35 and 1.09 mg kg™), soil 
available iron (19.52 and 8.13 mg kg"), available copper (0.98 and 0.63 mg kg"), and available 
manganese (12.19 and 9.33 mg kg*) were recorded under rice residue incorporated with a 
decomposer at both the soil depths of 0-15 cm and 15-30 em. In treatments of different 
nitrogen levels, the highest values of all the cationic micronutrients (Zn, Cu, Fe, and Mn) 
were recorded with 125% recommended dose of nitrogen fertilizer at both soil depths. Rice 
residue incorporated with decomposer along with 125% RDNF improved soil physico-chemi- 
cal parameters more than other residue management strategies. 
(Key words: Decomposer, incorporation, rice residue management practices, macronutri 

-ents, micronutrients, nitrogen levels) 

INTRODUCTION 

To ensure agricultural output for future 

generations, continuous cropping systems must maintain 

and improve soil health. Because more nutrients are being 
removed from the soil than are being added through 

inorganic fertiliser, soil fertility is continuously declining. 
In north-western states of India especially Punjab, Haryana 
and Western Uttar Pradesh, 90-95% area of ri followed 

by wheat crop (Ladha et al., 2000). An estimated 686 million 

tonnes of crop left overs are produced in India each year. 
Cereals are the crop type that generates the most agricultural 

leftovers (70%) whereas rice alone accounts for 34% and 

wheat for 22%. Surface retention, incorporation, mulching 

and removal of the rice straw are some viable management 

strategies for rice residue. 

A tonne of paddy residue contains 6.1 kg Nitrogen, 
0.8 kg phosphorus and 11.4 kg potassium. An entire loss of 

79.38 kg ha' N, 183.71 kg ha! Pand 108.86 kg ha' K were 
caused by burning (Lohan et al., 2018). Almost 19.7 million 
metric tons of paddy straw on average produced, of which 

almost 15.4 million metric tons are set on fire in open fields 

(Yadav, 2020). After burning the rice residue, the ash that 
remains on the soil’s surface functions as an absorbent, if it 
is not mixed properly then it reduces the effectiveness of 

weedicides. Removing residue is a different approach to 

the residue management. It decreases the amount of organic 

matter. By eliminating nutrient-rich waste materials, it 

decreases soil’s macronutrients and micronutrients. 
Removing residues also lowers the carbon content of 

microbial biomass (Blanco ez al., 2006). Soil organic carbon 

can be preserved by incorporating crop residue into the 
field (Spiegel er al., 2018). Due to the greater C:N ratio of 

rice straw, inclusion of rice straw in soil right before wheat 

sowing reduced grain production due to nitrogen 

immobilisation (Singh ez al., 2008), but it can be successfully 

controlled if enough time is allowed between residue 
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incorporation and wheat crop sowing. 

The National Centre of Organic Farming (NCOF), 

in Ghaziabad, Uttar Pradesh created the waste decomposer 

product. Additionally, the Indian Council of Agricultural 

Research (ICAR) has approved it. As in-sifu composting, 

200 litres of waste decomposer solution could be used for 

one acre of crop residue (Kannan, 2020). The waste 

decomposer microorganism was a superior choice for 

lignocellulose degradation. 

Nitrogen is one of the major nutrient which reduce 

the yield of wheat if not applied in proper amount as it is 

needed for fast growth of plants and to get high production 

hectare’!. Nitrogen play important role in all the metabolic 

processes of plants. Crop productivity can be enhanced by 

nitrogen (N) fertilization and diverse/complex cropping 

systems, these practices may strongly interact and impact 

soil properties (Metwally and Hefney, 2018). 

Wheat is an annual plant of gramineae family. 

Wheat is nutritionally important as it contains protein-28%, 

fat-3%, total carbohydrates-23%, Potassium-12%, 
cholesterol-nil. Globally wheat is the leading source of 

protein in human food because it contains higher protein 

than other major cereals (Deotale e al., 2019) Keeping this 

in view the present investigation was initiated to evaluate 
the physico-chemical properties of soil as influenced by 

different rice residue management practices and varying 

levels of nitrogen application on wheat crop. 

MATERIALS AND METHODS 

The present study was conducted at Students’s 

Research Farm, P.G. Department of Agriculture, Khalsa 

College, Amritsar, Punjab, India during rabi 2021. The 

geographical coordinates of the experimental site were 31° 

38'19” N and 74°49°50” E and the height above the sea level 

was 230 m. The soil of experimental site was analysed for 

various physico-chemical properties before the start of the 

experiment. The field experiment was laid out in a split-plot 

design. keeping main plot treatments of different rice residue 

management practices (burnt, removed, and incorporated 

with waste decomposer) and five subplot treatments of 
nitrogen levels in wheat (control, 50%, 75%, 100% and 125%) 

recommended dose of nitrogen fertilizer and replicated three 

times. The analysis of the statistical data was done with the 

help of EDA software. The initial physico-chemical properties 

of the experimental soil at two depth 0-15 cm and 15-30 cm 

depicted that soil was sandy loam in texture with bulk 

density (1.36 gem™), (1.46g cm*) determined by Core sampler 

method (Prihar and Hundal, 1971), pH (8.4), (8.6) determined 

by 1:2 soil:water suspension (Jackson, 1967), EC (0.26 dSm™), 

(0.24 dSm™) by 1:2 soil:water supernatant Solubridge 

conductivity meter (Jackson, 1967), medium organic carbon 

(0.42 % , 0.38%), which was determined by Walkley and 

Black’s rapid titration method (Piper, 1966), low available N 

(194.79, 181.27 kg ha') by modified alkaline potassium 

permaganate method (Subbiah and Asija, 1956), medium 

available P (20.17, 18.04 kg ha') by 0.5 N sodium bicarbonate 

extractable P by Olsen’s method (Olsen ez al., 1954), medium 

available K (249.71 kg ha''), (242.08 kg ha'') by ammonium 

acetate extractable K method (Merwin and Peech, 1950) and 

adequate levels of DTPA cationic micronutrients includes 

available Zn (1.22, 1.02 mg kg™'), available Cu (0.88, 0.50 mg 

kg"), available Fe (16.27, 15.38 mg kg'"), available Mn (1049, 
7.05 mg kg') analysed by DTPA extractable method as 

described by Lindsay and Norwell (1978). 

RESULTS AND DISCUSSION 

Bulk density 

The data presented in Table 1 at two soil depths 0- 

15 em and 15-30 cm reveals that rice residue incorporation 

with decomposer (1.34 and 1.44 g cm™) and rice residue 

burnt (1.36 and 1.45 g cm™) recorded significantly reduced 

bulk density over rice residue removed during the experiment. 

The highest value of bulk density was recorded with rice 

residue removed i.e. (1.39 and 1.47 g cm™). The incorporation 

of crop residues decreased the bulk density which might be 

due to addition of organic matter and subsequent increase 

in porosity of soil and root growth. 

Bulk density was not significantly affected by the 

nitrogen application but 125% RDNF at both the soil depths 

recorded highest bulk density (1.38 and 1.47 cm*), which 

was at par with 100% RDNF at both the soil depths (1.34 

and 1.46 cm*). Singh (2005) also reported lower bulk density 

(1.33 g cm™) in rice residue incorporation as compared to 

residue removed (1.42 g cm™) and also recorded non- 

significant effect of nitrogen levels on bulk density. 

Interaction effect of different rice residue 
management practices with varying levels of nitrogen with 

respect bulk density was found to be non-significant. 

Soil pH 

Among residue management techniques 

incorporation of the rice residues with decomposer records 

the least pH viz., (8.34 and 8.59) at both the soil depths. 

Decrease in soil pH with the incorporation of crop residue 

with decomposer might be due to production of organic 

acids and release of CO, during the decomposition of organic 

matter. Mandal et al. (2004) observed that there was no 

significant difference recorded in pH among residue 

management methods. 

The pH of soil under different nitrogen levels 

treatments ranged from 8.25 to 8.34 at soil depth of 0-15 cm 

and 8.59 to 8.64 in 15-30 cm. However, soil pH recorded after 

harvest of wheat was not affected significantly due to 

nitrogen levels during the experiment. Kaur (2020) also found 

that there was no significant effect of nitrogen levels on 

soil pH. 

Interaction effect of different rice residue 
management practices with varying levels of nitrogen 
treatment with respect to soil pH was found to be non- 

significant.
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Table 1. Bulk density, pH, EC and organic carbon of soil as influenced by different rice residue 

management practices and varying levels of nitrogen application in wheat 

Treatments Bulk density(g cm?) Soil pH EC (dSm™") Organic carbon (%) 

0-15cm 15-30cm  0-15cm  15-30cm 0-15cm 15-30cm 0-15Cm 15-30 cm 

Rice residue management practices 
Burnt 1.36 145 837 862 027 025 043 035 
Removal 139 147 836 8.60 028 025 037 031 

Incorporated with 

decomposer 134 144 834 859 028 028 049 042 

SEmzx 001 0.006 0008 0.009 0.003 001 002 002 

CDat5% 003 0.02 - - - - 0.06 006 
Nitrogen levels 
Control 1.34 143 834 864 026 023 042 035 
50% RDNF 1.36 145 843 8.62 026 024 043 036 

75% RDNF 136 145 846 8.60 027 025 045 036 

100% RDNF 137 146 835 859 028 026 046 037 

125% RDNF 138 147 825 859 028 026 046 037 
SEm: 0.007 0.006 003 0.009 0.004 0.005 0008 0.004 
CDat5% - - - - - - - - 
Interaction - - - - - - - - 

SEms: 008 007 017 009 006 007 008 006 
CDat5% - - - - - - - - 

RDNEF-Recommended dose of nitrogen fertilizer 

Soil EC 

The data of EC presented in Table 1 indicate 

the incorporation of rice residue with decomposer 

decrease in the electrical conductivity of soil irrespective of 

initial value of soil. In case of nitrogen levels electrical 

conductivity increases with the increase in nitrogen levels in 

both soil depths but the variation among themselves was non- 

significant. It might be due to release of organic acids during 

the organic matter decomposition which might have reacted 

with CaCO, to release CO,. Dhar ez al. (2014) also observed 

that rice residue incorporation, burnt and removed showed 

non-significant effect on EC. 

Interaction effect of different rice residue 

management practices with varying levels of nitrogen 

treatment with respect to soil EC was found to be non- 

significant. 

Soil organic carbon 

Data regarding organic carbon status of soil was 

differed significantly with rice residue management practices 

are presented in Table 1. The highest value of organic 

carbon (0.49 and 0.42 %) at 0-15 cm and 15-30 cm soil depths 

was observed with rice residue incorporated with 

decomposer. The lowest value of soil organic carbon was 

observed in residue removed (0.37 and 0.31%). The soil 

organic carbon content in incorporation with decomposer 

plots was increased due to incorporation of organic 

materials. The subsequent decomposition of these 

incorporated materials might have enhanced organic carbon 

content of soil. 

No significant increase in SOC was observed with 

the increase in RDNF levels from control to 125% RDNFE. 

Kaur (2020) reported high Percentage of OC in residue 

incorporation (0.61%) followed by burning (0.46%) in residue 

management practi ind non-significant effect of nitrogen 

levels on soil organic carbon. 

Interaction effect of different rice residue 

management practices with varying levels of nitrogen 

treatment with respect to soil organic carbon was recorded 

to be non-significant. 

Soil available nitrogen 

The mean soil available nitrogen was found 

highest in residue incorporated with decomposer at both 

the soil depths 0-15 cm and 15-30 ¢cm (212.00 and 198.20 kg 

ha) followed by residue removal (205 and 190.73 kg ha') 

and least in residue burnt (198.60 and 178.07 kg ha™"). Higher 

N content in rice straw incorporation plots might be due to 

more biological activities stimulated by addition of microbes 

by waste decomposer, High availability of nitrogen in soil 

was increased due to organic materials application to 

attribute the greater multiplication of microbes caused by 

conversion of organically bound nitrogen to inorganic form. 

Thorat et al. (2015) observed significant higher value of 

available nitrogen in residue incorporation (83 kg ha) and 

least value in residue burnt (21 kg ha™'). 

The available nitrogen concentration under 50%, 

75%, 100% and 125% of RDNF found significantly higher 

over the control which was 4.38%, 6.18%,7.31% and 9.21 % 
respectively at 0-15 cm soil depth and 5.16%, 8.02%, 12.69%
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and 18.15% at 15-30 cm soil depth. Increase in available N 

content in soil with graded fertilizer level is attributed to 

higher addition of N in soil. Singh (2005) also reported higher 

value of available nitrogen in N (216.35 kg ha™") followed 

by N, (211.47 kg ha') and least in control (200.28 kg ha''). 

Interaction effect of different rice residue 
management practices with varying levels of nitrogen 
treatment with respect to available nitrogen was found to 

be non-significant. 

Soil available phosphorus 

In case of residue management practices highest 

mean of soil available phosphorus at 0-15 cm and 15-30 cm 

was found in residue incorporated with decomposer (25.80 

and 22.83 kg ha') and lowest mean value of available 
phosphorus was found in residue burnt (20.89 and 16.91 kg 
ha'). This might be due to the organic acid releases 

microbes by decomposing plant residue which inactivates 

the Fe and Al and hydroxyl aluminium to prevent P fixation. 
Gupta er al. (2007) recorded that straw incorporation or 

residue burned release P by 21-32% higher than residue 

removed. 

The available P concentration under 125% RDNF 

was found significantly higher i.e. 25.69 kg ha™ at 0-15cm 

soil depth and 21.68 kg ha™ at 15-30 cm soil depth. It is 

because of application of N enhanced P availability in soil 

through organic P mineralization because N is important 

basic for phosphatase enzymes that increase the 

mineralization rate of organic P. Kaur (2019) observed that 

there was an increase of P 3.73 and 5.05% under N, and 120 
N,,, respectively, which was found significantly higher over 

the control. 

Interaction effect of different rice residue 

management practices with varying levels of nitrogen 

treatment with respect to available P was found to be non- 

significant. 

Soil available potassium 

The mean soil available potassium was found 

highest in residue incorporated with decomposer at both 

the soil depths of 0-15 cm and 15-30 cm (260.85 and 256.57 

kg ha') followed by residue burnt (253.18 and 251.77 kg ha™!) 

and least in residue removal (249.41 and 245.80 kg ha'). 

Because rice straw contain 80 to 85% of the total K due to 

uptake by rice crop, therefore residue retention or 

incorporation practices significantly increased the soil K 

content as compared to removed. Sharma and Dhaliwal (2020) 

reported that available K increased with incorporation of 

straw (440-519 kg ha') over control (377 kg ha™!). 

The available K concentration under 50%, 75%, 
100% and 125% RDNF were found significantly higher over 

the control (248.78 kg ha') which was (1.62%, 2.99%, 3.78% 

and 5.18%,) higher over the control at 0-15 cm soil depth 

and similar pattern was observed in 15-30 cm soil depth. 

Rukmanand (2019) also recorded that available K was 

increased with the increase in nitrogen level, the higher 

value of K recorded in N,/ 
(111.5kgha™). 

Interaction effect of different rice residue 

management practices with varying levels of nitrogen 

treatment with respect to available K was found to be non- 
significant. 

DTPA extractable cationic micronutrients 

(119.2 kg ha') and least in N 

The data presented in Table 2 showed that the 

available iron, copper and manganese status of soil was 

significantly affected due to rice residue management 

practices. The higher values of available zinc (1.35 and 1.09 

mg kg'"), values of soil available iron status (19.52 and 8.13 

mg kg™), available copper status (0.98 and 0.63 mg kg') and 

available manganese (12.19 and 9.33 mg kg!) were recorded 

under rice residue incorporated with decomposer as 

compared to residue burnt and removal at both the soil 

depths 0-15 cm and 15-30 cm, respectively. Increase in DTPA 
micronutrients in residue incorporated with decomposer 

plots might due to addition of organic materials which have 

enhanced the microbial activities in the soil and release of 

chelating agents which could prevent micronutrients from 

precipitation, oxidation and leaching and also addition of 

these micronutrients through rice residues after their 

decomposition which leads to an increase of micronutrient 

in the soil solution. Kumawat et al.(2023) reported that the 

availability of micronutrients, namely, Fe, Zn, Mn, and Cu, 

in the soil was found significantly (p d” 0.05) different under 

basmati rice-wheat based cropping systems. The maximum 

soil available Fe (32.7 mgkg™"), Zn (2.8 mgkg™"), Mn (13.5 

mgkg™), and Cu (4.3 mgkg™) were observed under the rice- 

wheat system. 

In treatments of different nitrogen levels result 

showed that the highest values of all the cationic 

micronutrients (Zn, Cu, Fe, Mn) were recorded in 125% 

RDNFat both the soil depth as compared to other levels of 

RDNE The reason behind this was the additional N supplies 

energy to the microbes and substitute the nitrogen demand, 

caused by immobilization due to the formation of organic 

complex, which increased concentration of micronutrients 

in soil. Rukmanand (2019) observed that rice straw 

incorporation as well as nitrogen fertilization had 

significantly increased micronutrients. The higher value of 

Fe, Mn, Zn and Curecorded in N, (34.73 mg kg, 8.47 mg 

kg',2.74 mgkg" and 1.15 mg kg) respectively. 

Interaction effect of different rice residue 
management practices with varying levels of nitrogen 

treatment with respect to micronutrients was found to be 

non-significant. 

It is stated from the results that the incorporation 

of rice residue with decomposer (200 litres acre') along with 

125% RDNF improved the physico-chemical properties of 

soil but reduced the bulk density and increased the per cent 

of organic carbon of the soil. Whereas no significantly 

change in pH and electrical conductivity. The soil availability 

of Macro-nutrients (N, P and K) and Micro-nutrients (Fe, 

Zn, Cu, and Mn) was enhanced by incorporating rice residue 

with decomposer and 125% RDNF.
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