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ABSTRACT

A field experiment was conducted during 2018�19 and 2019�20 at the Punjab Agricultural University, Ludhiana

and Research Station, Dyal Bharang, Amritsar, to study the influence of organic amendments and nitrogen levels

on rice (Oryza sativa L.)-wheat (Triticum aestivum L.) cropping system. In rice, main plot treatments were green

manuring (GM), farmyard manure (FYM), poultry manure (PM) and control (NA). Nitrogen levels in sub-plots com-

prised control (N
1
), 50 kg N/ha (N

2
),75 kg N/ha (N

3
) and 100 kg N/ha (N

4
). In wheat, residual effect of organic

amendments and nitrogen levels applied to preceding rice was evaluated. The statistically highest grain yield of

rice was obtained with PM (8.29 t/ha), followed by GM (8.02 t/ha) which was at par with FYM (7.90 t/ha). The low-

est rice grain yield was obtained with NA (5.16 t/ha) and its subsequent wheat crop recorded significantly higher

grain yield with PM (6.14 t/ha), followed by FYM (5.88 t/ha) and GM (5.72 t/ha). Treatment N
4 
recorded significantly

higher yield than N
2
 and was at par with N

3.
 Maximum rice-equivalent yield (14.7 t/ha) was recorded with PM, while

the highest energy-use efficiency of rice was recorded with green-manure (16.2) as compared to the other treat-

ments. Treatment with the application of PM and N
4
 recorded significantly the highest economic parameters and

system productivity for both rice and wheat crops compared to rest of the treatments.
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Rice (Oryza sativa L.)�wheat (Triticum aestivum L.)

cropping system (RWCS) is immensely dominant and prof-

itable system for the food security and livelihoods in South

Asia. It is the major cropping system of Punjab, occupying

about 3.103 million ha, with total production of 19.136

million tonnes (PAU, 2021), whereas wheat was grown on

3.512 million ha with production of 17.830 million tonnes

(PAU, 2020�21). However, recent years have witnessed a

significant slowdown in the yield growth rate of RWCS,

and the sustainability of this important cropping system is

at risk due to second-generation technology problems and

mounting pressure on natural resources.

Conjunctive use of organic material along with fertilizer

has been proved as efficient source of nitrogen. Managing

nitrogen fertilization in rice fields is a challenging task for

farmers because of various kinds of losses due to de-nitri-

fication, deep percolation and run-off in flooded soils re-

sulting in low nitrogen-use efficiency. Use of appropriate

nitrogen management practices for increasing rice yield per

unit area has become an essential component of modern

rice production technology (Rajesh et al., 2015).

To make the production system more sustainable, appli-

cation of ample amounts of organic manures through dif-

ferent sources is one of the best practices without adverse

effects on the natural resources and the environment

(Aulakh et al., 2018). Green-manuring in situ by growing

and adding biomass in soil, an important part of our crop-

ping system, can increase the nitrogen supply by lowering

the soil pH and enhances the micro-fauna with improve-

ment in the soil health. Sunhemp (Crotolaria juncea L.), a

tropical legume, has been achieved value as a cover crop

owing to its quick and higher biomass production, nitrogen

accumulation, reduced pests and pathogen infestation, and

weed suppression when planted during the lean period be-

fore transplanting of rice. Owing to positive influence of

organic components in rice-wheat cropping system, it is

assumed that farmers who adopted organic management
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practices found a way to improve the quality of their soil,

or at least stemmed the deterioration. The system becomes

long-term productive by protecting soils and enhancing

their fertility ensuring productive capacity for future gen-

erations.

Due to intensive cultivation of crops with imbalanced

dose of chemical fertilizers alone, the productivity of soil

has gone down, and now, time has come to supplement

these chemical fertilizers with organics to sustain the fertil-

ity and productivity of the soils. Supply of nutrients

through bulky organics FYM, poultry manure and green-

manuring along with chemical fertilizers can help to main-

tain the soil-nutrient reserves for attaining higher crop

yields. Under these circumstances, integration of chemical

and organic sources and their proper management have

shown promising results not only in sustaining the produc-

tivity but also proved effective in maintaining soil health

and enhancing nutrient-use efficiency (Thakur et al., 2011).

Hence, balanced nutrient application is must to harness the

productivity of the crops and get maximum profit. As infor-

mation on these aspects is lacking in rice�wheat cropping

system, a field investigation was undertaken under the

north-western India.

MATERIALS AND METHODS

The field experiment was conducted at Students� Re-

search Farm, Department of Agronomy, Punjab Agricul-

tural University, Ludhiana and at Research Station, Dyal

Bharang, Amritsar, during the rainy (kharif) and winter

(rabi) seasons of 2018�19 and 2019�20. The soil at

Ludhiana was loamy sand (81.74% of sand, 11.44% of silt

and 6.82% of clay) in texture, with average bulk density of

1.57 g/cm3 and low in organic carbon (0.3%), low in avail-

able N (0.189 t/ha), medium in available P (0.0194 t/ha)

and available K (0.184 t/ha) with normal range of pH

(7.98) and electrical conductivity (0.21dS/m) of the soil,

whereas at Dyal Bharang, Amritsar, soil was clayey loam,

with average bulk density of 1.60 g/cm3 and low in organic

carbon (0.33%), low in available N (0.1856 t/ha), medium

in available P (0.0188 t/ha) and available K (0.1838 t/ha).

However, pH (8.1) and electrical conductivity (0.21dS/m)

of the soil were found in the normal range. The experimen-

tal site is situated at 30° 54� N 75° 48� E and 247 m above

mean sea-level. The site is categorized under Trans-

Gangetic agro-climatic zone of India with even topography,

uniform textural make-up and medium land, which some

time to gets submerged in the rainy season and is suitable

for rice in the rainy season and for other crops in winter

and summer seasons. The climate of the experimental site

is sub-tropical, semi-arid. The region exhibiting 4 distinct

seasons distinguished as very hot and dry summer (April to

June); hot and humid conditions (July to September); cold

winters (November to January); mild climate (February,

March and October). In summer season, maximum air tem-

perature during May and June often exceeds 39oC; in win-

ter (December and January), minimum air temperature falls

below 4oC with frosty spells. Average annual rainfall is 650

mm; more than 75% of which is received during monsoon

(July to September).

The experiment was conducted in split-plot design, rep-

licated 4 times, comprising 4 main plot treatments in rice

�PR 126�, i.e. A
1
, green-manuring (GM-sunhemp); A

2
,

farmyard manure @ 15 t/ha (FYM); A
3
, poultry manure @

6.25 t/ha (PM) and A
4
, control (NA). Four subplot treat-

ments were different nitrogen levels, i.e. N
1
, control;  N

2
,

50 kg N/ha; N
3
, 75 kg N/ha and N

4
, 100 kg N/ha. In suc-

ceeding wheat crop �PBW 725�, residual effect of green-

manuring and other organic amendments applied to rice

was evaluated with respect to soil health and quality of

rice, and wheat for maintaining sustainability of agricul-

tural soils. The plot size was 7 m × 3.30 m = 23.1 m2. In-

dividual plots were thoroughly prepared in each season to

avoid the mixing of soil in different treatments. Different

levels of nitrogen was applied to rice according to treat-

ments such as control, 50 kg N/ha, 75 kg N/ha and 100 kg

N/ha. The entire quantity of P
2
O

5
 and K

2
O (30 kg P

2
O

5
 and

30 kg K
2
/ha) was applied to rice before last puddling. Ni-

trogen was applied in 3 equal splits�one third was applied

before last puddling and the remaining 3 weeks after trans-

planting. Well-decomposed FYM (N=0.75%, P=0.30% and

K=0.70%), poultry manure (N=3.40%, P=2.73% and

K=1.92%) available at agricultural research farm were

used. The crops were irrigated optimally as and when re-

quired and need-based plant-protection measures were

adopted. Similarly, all other recommended practices were

followed.

The grain and straw yields of rice and wheat were re-

corded from net plot area and converted into t/ha under

different treatments. The economics was calculated as per

input cost and economic value of different crop produce in

respective year of research as per the local market. The

local market price was taken as 1,590 and 1,770 `/100 kg)

for rice during 2018 and 2019 and 1,840 and 1,925 `/100

kg) for wheat during 2018�19 and 2019�20 in respect of

economic produce. The cost of cultivation and gross re-

turns (`/ha) for all the treatments were worked out on the

basis of the prevailing market price of input and the pro-

duce. The net returns (`/ha) was calculated by substracting

the cost of cultivation from the gross returns. The B:C ra-

tio was calculated treatment-wise to assess the economic

impact of the treatments by dividing the gross returns with

the cost of cultivation. The yield obtained from rice and

wheat crops were converted into rice-equivalent yield

(REY).
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Rice-equivalent yield of system was calculated by sum-

mation of REY of each crop grown in rabi and kharif sea-

sons. The system productivity was calculated by convert-

ing the yield of all crops grown in system in terms of rice-

equivalent yield in kg/ha and dividing it by the duration of

system. It was expressed as kg/ha/day.

The energy output of different treatments was calculated

on the basis of biological yield and expressed as total en-

ergy (MJ/ha) (Kaur et al., 2020). The energy efficiency and

energy productivity (Deike et al., 2008) were worked out

as:

                        Energy output (MJ/ha)

EE (MJ/ha) = 
___________________

                         Energy input (MJ/ha)

where, EE= Energy efficiency and Energy output= Grain +

straw

                       Grain yield (kg/ha)

EP (kg/MJ) = 
___________________

                         Energy input (MJ/ha)

where, EP= Energy productivity

The data were subjected to statistical analysis. To test

the statistical significance of treatment effects, Analysis of

Variance (ANOVA) was carried out. General Linear Model

(GLM) procedure in SAS® 9.4 version 6.1.7061 for Win-

dows (SAS Institute 2013) was used for statistical analysis

of experimental data. Multiple comparisons were made

using Tukey�s multi comparison test at P0.05 to determine

significant effects.

RESULTS AND DISCUSSION

Grain and straw yield

Grain and straw yield of rice varied significantly with

the application of different amendments and nitrogen lev-

els at both locations, i.e. Ludhiana and Dyal Bharang,

Amritsar. Application of PM in rice increased the grain

yield by 65.32 and 61.4% over NA, whereas the GM and

FYM increase the yield 60.93, 56.1% and 55.3, 53.7%

over NA during 2018 and 2019, respectively. Interaction

effect of different amendments and nitrogen level on grain

and straw yield of rice was significant in the both years

(Tables 1 and 5). Integration of PM with 100 kg N/ha was

recorded higher yield, which was at par with 75 kg N/ha

and significantly better than 50 kg N/ha and the control at

both the locations during both the years. At PAU,

Ludhiana, combination of PM and N
4
 gave the highest

straw yield which was at par with combination of PM with

N
3
, GM with N

4
 and GM with N

3
 during 2018. Whereas

during 2019, PM with N
4
 recorded significantly higher

straw yield which was at par with PM and N
3 
followed by

GM with N
4
 and FYM with N

4. 
Similar trend was observed

at Dyal Bharang, Amritsar. This may be ascribed to the fast

decomposition of PM and GM than FYM, probably led to

better availability of nutrients to the crop. Increase in straw

yield with application of amendments could partly be at-

tributed to its direct influence on dry-matter production of

vegetative part and indirectly through increased morpho-

logical parameters of growth, i.e. plant height, dry-matter,

leaf-area index and effective tillers/m2.

Earlier findings reported that, organic sources (PM, GM

and FYM) might have offered more balanced nutrition to

the plants, especially supplement of major nutrients along

with micronutrients which positively affected number of

grains and subsequently the increased yield. The available

nutrients might have helped in enhancing leaf area, which

thereby resulted in higher photo-assimilates and more dry-

matter accumulation. Incorporation of poultry manure re-

sulted improvement in organic carbon and available nitro-

gen content of soil after crop harvesting. Application of

manure plus chemical fertilizers are found to give signifi-

cantly higher yield than that of sole application of chemi-

cal fertilizer. By adding nitrogen to the soil, manure can

improve soil organic matter and minimized the fertilizer

requirement. Gill and Aulakh (2018) reported that, the ap-

plication of organic manures along with N fertilizers and

combinations of different organic manures increased the N

uptake in rice, which might attributed higher yield and in-

creased N availability in the soil.

Data pertaining to grain yield of wheat showed that,

grain yield was varied significantly with the application of

different amendments and nitrogen levels at both locations,

viz. Ludhiana and Amritsar (Table 1). Among different

amendments, the treatment in which PM was applied to

rice recorded significantly higher grain yield of wheat than

treatment with FYM followed by GM-treated plots which

were at par with each other during both years. However, N
4

recorded higher grain yield, being significantly superior to

N
2 
treatments and was at par with N

3
. Addition of organic

manures to soil not only supply the essential nutrients to

crop plants but also improves the water-holding capacity of

the soils and helps in maintaining better aeration for good

seed germination and better root growth of the crops (Paul

et al., 2016). Bhukhari et al., (2022) reported that, the com-

bination of PM, FYM, green-manure and with inorganic

sources resulted in the highest grain yield and straw yield

of wheat.

Wheat straw yield was higher in 2019�20 than 2018�

19. Of the different amendments, PM resulted in signifi-

cantly higher straw yield than FYM, followed by GM-

treated plots which were at par with each other during

2018�19 and 2019�20, respectively. When there was no

application of amendment (NA), the straw yield of wheat

was found  significantly lower than treatments with the

application of amendments. The effect of application of

different nitrogen levels to rice was significant on straw
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a. yield of wheat during both the years at both the locations.

Treatment N
4 
recorded higher straw yield, being signifi-

cantly superior to N
2
 and was at par with N

3 
treatment. In-

crease in straw yield with application of amendments could

partly be attributed to its direct influence on dry-matter

production of vegetative part and indirectly through in-

creased morphological parameters of growth, i.e. plant

height, dry matter, LAI and effective tillers/m2. The com-

bination of organic amendments and nitrogen had a signifi-

cant effect on straw yield in both the years. An increasing

trend of straw yield was observed with higher levels of N

in combination with different manures in both years. Irin

et al., (2020) reported that, application of different amend-

ments and higher rates of nitrogen were found to be effec-

tive in terms of nitrogen contribution and specially its in-

corporation into soil revealed the significant and positive

effect of subsequent and succeeding crop yield.

Total system productivity

Higher system productivity was recorded with PM fol-

lowed by FYM and GM as compared to NA in both the

years (Table 2). Whereas, among the different nitrogen lev-

els, N
4
 recorded higher system productivity followed by N

3

as compared to N
2
. The lowest system productivity was

recorded with N
1
. Among different amendments, system

productivity was increased by 45.3 and 46.0% during the

first year and 42.6 and 43.3% during the second year in

PM, compared to NA. However, among different N levels,

system productivity was increased by 50.9 and 52.3% dur-

ing the first year and 48.6 and 49.8% during the second

year in N
4
, compared to N

1 
at PAU, Ludhiana and Dyal

Bharang, Amritsar respectively.

Rice-equivalent yield (REY)

The rice-equivalent yield (REY) was influenced by the

application of different amendments and nitrogen levels

(Table 2). The highest REY of 14.56 t/ha and 14.73 t/ha

and 14.31 t/ha and 14.47 t/ha was recorded with the appli-

cation of poultry manure (PM), being higher than those

found in the other treatments during 2018�19 and 2019�20

at both the locations. The lowest REY was recorded in

control (NA) treatment. Among the different nitrogen lev-

els, N
4
 treatment recorded higher REY followed by N

3
 and

N
2
. The lowest REY were observed with N

0
 at both the

locations. It is clear from the data that sources of nutrients

at different levels altered the REY significantly in both the

years at both the locations. In rice�wheat cropping system,

Banjara et al., (2021) also recorded the highest equivalent

yield under integrated nutrient management.

 System economics

Application of different amendments and nitrogen
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a. levels influenced economics of rice�wheat system during

both the years at both the locations (Table 3). The highest

economics in terms of net returns (167.4 × 103 `/ha and

185.5 × 103 `/ha and 163.2 × 103 `/ha and 180.9 × 103 `/

ha) and B:C ratio (2.22, 2.34 and 2.16, 2.28) among differ-

ent organic amendments was observed with the treatment

where PM was applied as compared to FYM and GM dur-

ing 2018�19 and 2019�20 at PAU and Amritsar, respec-

tively, and their residual effect in succeeding wheat crop in-

dicated that it was much benefited by the residual effect.

The lowest economic returns were obtained in the control

plots, which might be due to the poor grain and straw

yields (Table 1). Gross returns in PM were 44.1 and 43.0%

higher in the first year and 42.2 and 42.8% in the second

year as compared to NA, at PAU and Amritsar, respec-

tively. Net returns were in order of PM > FYM > GM >

NA. Among the N levels, treatment N
4
 recorded higher net

returns followed by N
3
 and N

2
. The lowest net returns were

observed with N
0
 at both the locations. Net returns were in

order of N
4
 > N

3
> N

2
 > N

1 
treatment on the basis of 2-year

average.

Energetics

Among the organic amendments, the highest total en-

ergy output of rice and wheat was recorded with the appli-

cation of PM to rice and their residual effect on succeeding

wheat crop at both the locations, which may be owing to

the highest grain and straw yields of both the crops. The

lowest value of energy output was obtained in the control.

With regard to different nitrogen levels, application of 100

kg N/ha, recorded the maximum value of total energy out-

put of rice and wheat as compared to rest of other treat-

ments at PAU and Dyal Bharang respectively. The lowest

value of total energy output was under the control treat-

ment (Table 4).

The highest energy-use efficiency of rice was recorded

under incorporation of green-manure as compared to the

other treatments. In wheat crop, residual effect of poultry

manure recorded the highest energy-use efficiency, which

may owing to the highest grain and straw yields as com-

pared to rest of the treatments. On the other hand, the low-

est energy efficiency was recorded with control treatment

in both the crops. With regard to the nitrogen levels, appli-

cation of 75 kg N/ha recorded the maximum value of en-

ergy-use efficiency of rice. Treatment N
4
 recorded the

maximum value of energy efficiency in succeeding wheat

crop in comparison to remaining treatments at both the lo-

cations. The results are in accordance with the findings of

Ransing and Tomar (2019). The highest energy productiv-

ity of rice was recorded under GM, while in succeeding

wheat crop the highest energy productivity was recorded

under the residual effect of poultry manure, which may be
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a owing to the highest grain and straw yields (Walia et al., 2014). As

regard to the nitrogen levels, application of 75 kg N/ha recorded

maximum value of energy productivity of rice. In succeeding wheat

crop, N
4
 recorded maximum energy productivity as compared to rest

of the treatments.

Based on the study, it was concluded that highest total productiv-

ity, energetics, net returns and benefit: cost ratio were recorded in

rice�wheat cropping system with the direct and residual effects of

poultry manure and 100 kg N/ha (N
4
) which was at par with 75 kg N/

ha among all the levels of nitrogen. System productivity improved

significantly owing the application of different amendments and ni-

trogen levels in rice�wheat cropping system.
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