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Abstract

The experiment was carried out at the Research farm of Department of Agronomy, College of Agriculture, 

CSK HPKV, Palampur during 2019-20 to 2020-21. The experiment consisted with sixteen treatments 

combinations having four production systems viz, integrated nutrient management, organic farming, 

natural farming, conservation agriculture in main plots and four cropping sequences viz., maize - wheat , 

maize + cowpea - wheat + gram, maize + soybean – radish - onion  and okra + pole bean - cabbage + garden 

pea in sub plots. Among the production systems, highest maize equivalent yield (149.70%) was recorded 

under integrated nutrient management. Among the cropping sequences, okra + pole bean – cabbage + pea 

had highest maize grain equivalent yield (281.16%) while maize + cowpea - wheat + gram sequence resulted 

in lowest maize grain equivalent yield. Integrated nutrient management resulted in higher productivity 

(151.06 % & 150.73%) followed by organic farming and conservation agriculture while natural farming 

treatment gave lowest productivity. Among the cropping sequences okra + pole bean – cabbage + pea gave 

significantly highest productivity (396.12 % & 353.04%). Among the production systems, significantly 

higher value of food availability was recorded under integrated nutrient management and lowest under 

natural farming and among the cropping sequences significantly higher food availability was obtained in 

okra + pole bean – cabbage + pea (143.25 & 141.81 %) while maize + cowpea - wheat + gram resulted in 

lowest food availability.

Key words: Maize, natural farming, organic farming, conservation agriculture, wheat

performance of cropping sequences under different 

To feed a growing population both now as well as 

in the future, the world faces a formidable challenge. 

The requirement to increase production on land 

already being utilized for agriculture makes this even 

more difficult. Competition for agricultural land is due 

to urbanization, dietary changes, need to produce more 

nutritious food, commercial use biofuel production, 

declining freshwater resources, future increases in 

fossil fuel prices and climate change influenced by 

greenhouse gas (GHG) emissions. The fact that 

farmers are already utilizing known sources of 

productivity growth will make this challenge even 

more difficult (Hobbs 2008). Systems of land 

management that lead to more effective utilization of 

natural resources must be developed. Cropping 

techniques used in agriculture, such as crop rotation, 

intercropping and crop diversification, impact soil 

health and quality from various temporal and spatial 

perspectives. Cropping systems were first created to 

increase the production from agro-systems; however, 

modern agriculture is becoming more concerned with 

cropping systems’ environmental sustainability. Crop 

diversification is a key component of sustainable 

agricultural systems. Diversification has been 

proposed as a fresh approach for raising and 

stabilizing productivity to achieve the development of 

sustainable agriculture (Prasad et al. 2010).
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Because of the versatility of cropping patterns and 

the capacity to fix nitrogen, legumes can offer chances 

for sustained increases in productivity (Jeyabal and 

Kuppuswamy 2001). Legume-based crop rotations 

contribute to the preservation of organic matter, 

maximization of soil nitrogen, balance of soil 

nutrients, maintenance of soil physical qualities and 

disruption of soil-borne disease cycles. Vegetables 

can be integrated into an established cropping system 

to aid in commercialization, which will increase 

system output, financial rewards and resource 

utilization. Consequently, diverse cropping systems 

based on legumes and vegetables have special 

advantages and lower the risk of low income for small 

and marginal farmers (Rana 2011; Sharma et al. 

2009). Using nutrients wisely can increase vegetable 

yield and quality while lowering production costs 

(Gupta et al. 2006). The interplay of dietary, 

physiological and biochemical factors has an impact 

on nutritional quality of grains (Sujith et al. 2016). 

Using various nutrient management techniques 

affects the nutritional value of the product as well as 

productivity.

To ensure long-term productivity, environmental 

sustainability, nutrient recycling, biodiversity, etc., 

many production systems are used. However, the 

indiscriminate use of high-analysis chemical 

fertilizers has caused environmental degradation, 

which in turn has reduced soil productivity, 

agricultural productivity, and sustainability 

(Chakraborti and Singh 2008). To promote soil health 

and crop yield, it is crucial to implement an integrated 

nutrient supply system that carefully balances organic 

and inorganic fertilizers. To maintain soil health and 

crop output, integrated nutrient management has been 

demonstrated to be a very effective alternative to the 

sole application of chemical fertilizers (Bajpai et al. 

2006). To meet the challenge mentioned above, 

conservation agriculture relies on three principles: 

minimal soil disturbance, rational soil cover using 

crop residues or cover crops, and crop rotation. 

Farmers must also use improved varieties, integrated 

pest, disease and weed management, integrated 

nutrient and water management and measures to 

reduce storage losses (Hobbs 2007; Hobbs et al., 

2008). One of the most promising strategies for better 

usage, in addition to improving soil fertility and 

productivity, is crop residue retention. As customers 

become more health conscious and are even willing to 

pay greater rates for safe food, the demand for food 

cultivated organically is rising. Compared to legumes 

produced in conventionally managed fields, 

organically managed fields may produce more fine 

roots, which in turn may result in a more numerous and 

extensive production of nitrogen-fixing nodules. Zero 

Budget Natural Farming (ZBNF) is another farming 

practice advocated by PadamShri Dr. Subhash 

Palekar. This novel idea seeks to advance long-term 

sustainability. For sustaining the soil health and 

production as well as the quality of produce, the 

natural farming system, which uses no chemical 

fertilizers, and very little organic input created using 

the excreta and other products from indigenous 

(‘Desi’) cows, is being promoted. Therefore, the 

present study was conducted to evaluate the 

performance of cropping sequences under different 

production systems on yield and productivity

Materials and Methods

The present investigation was conducted during 

kharif, 2019 to rabi, 2020-21 at the Research farm of 

Agronomy Department, College of Agriculture, CSK 
0HPKV, Palampur, located at 32.4  N latitude and 76.3  

E longitudes at an elevation of about 1290 metres 

above mean sea level in North-Western Himalaya. The 

site falls in the mid-hills sub-tropical zone of 

Himachal Pradesh. The experiment consisted of 

sixteen treatment combinations of four production 

systems in main plots and four cropping sequences in 

subplots laid out in split plot design with three 

replications. The production system were integrated 

nutrient management, organic farming, natural 

farming and conservation agriculture. The cropping 

sequences were Maize - Wheat, Maize + Cowpea - 

Wheat + Gram, Maize + Soybean- Radish - Onion and 

Okra + Pole bean - Cabbage + Garden Pea. The plot 
2size was 16.2 m . The recommended package of 

practices for the mentioned production system was 

used as a guide for various inputs and operations 

0
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(Anonymous 2012; Anonymous 2013). The crops 

were harvested when they were fully matured and 

ready for harvesting. The costs of the treatments were 

calculated by using minimum support prices and 

market prices for inputs and produce.

MGEY was calculated as follows:

Food availability was calculated as follows:
-1Food Availability (kg day ) = Total economic product

from a sequence per

 annum/ 365

Productivity was calculated as follows:
-1 -1Productivity (kg ha  day ) = Maize equivalent yield

(MEY) of crop

sequence/ Actual

duration of crop 

sequence

Results and Discussion

Maize grain equivalent yield

 The maize grain equivalent yield (MGEY) values 

under production systems and cropping sequences are 

presented in Table 1. In general the MGEY was higher 

during the second year due to higher yield of kharif as 

well as rabi crops which might be due to better 

environmental conditions because of early sowing 

and transplanting during the season.

Among the production systems, significantly 

highest MGEY was recorded under integrated 
-1

nutrient management (26196 and 27906 kg ha ) for 

both the years 2019-20 and 2020-21. It was followed 

by organic farming which was statistically at par with 

conservation agriculture while natural farming 
-1resulted in lowest MGEY (10481 and 11185 kg ha ). 

The trend was similar for all the seasons during both 

years. Conservation agriculture produced 
-1

significantly lower MGEY (17747 and 19340 kg ha ) 

as compared to integrated nutrient management. This 

may be due to poor crop establishment owing to 

higher mechanical resistance of soil (heavy soil 

structure), hindrance in seed germination because of 

previous crop stubbles and early crop weed 

competition. Certain weeds grew early because of 

non-killing of their root system with herbicide 

resulting in low plant population and growth of crops. 

Khaledian (2009) and Rasaily et al. (2012) also found 

lower yield under zero tillage treatment. Integrated 

nutrient management where some amount of nutrient 

requirement was supplied through FYM gave 

significantly more individual crop yield and thereby 

MGEY. Integration of inorganic with organics 

increases soil fertility through improvement of 

physical, biological and chemical properties of soil. 

Furthermore, combined application of FYM along 

with chemical fertilizers solubilizes soil nutrients thus 

resulting in a significant improvement in available 

nutrient status of soil that ultimately leads to higher 

crop growth and yield (Onemli 2004). Results were in 

confirmation with the findings of Manjhi et al. (2014) 

and Jaipaul et al. (2011).

Among the cropping sequences, okra + pole bean 

– cabbage + pea had significantly higher MGEY 
-1

(32629 and 33389 kg ha ) followed by maize + 

soybean – radish – onion and maize – wheat. Maize + 

cowpea - wheat + gram sequence resulted in lowest 

MGEY. Cabbage had highest MGEY among all crops 

in various crop sequences and it was followed by pea 

than rest of the crops. Higher MGEY in vegetable-

based sequences might be due to more production of 

vegetable crops and their higher remunerative prices 

in the market. It was also observed that as the cropping 

intensity increased, MGEY also increased; hence 

minimum MGEY was recorded under cropping 

sequence whose cropping intensity was 200 % (maize-

wheat). Rana et al. (2011) have also reported that 

maize-based crop sequences involving vegetable 

crops yielded higher equivalent yields than cereal-

cereal crop sequences. Similarly, Shivay et al. (2001) 

reported that sequences involving legumes as 

intercrop in maize crop also increased the MGEY as 

compared to sole cropping of maize.

Production systems as well as cropping sequences 

brought about significant variation in MGEY in 

pooled over years. Integrated nutrient management 

resulted in an increase in MGEY to the tune of 

149.70%, organic farming by 78.52% and 

conservation agriculture by 71.17% over that obtained 

MGEY (kg ha )
Economical yield of a crop

(kg ha )
Price (Rs kg ) of same crop

Price (Rs kg ) of maize
-1

-1

-1

-1= ×
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in natural farming. Among cropping sequences, okra 

+ pole bean – cabbage + pea increased MGEY by 

281.16 %, maize + soybean – radish - onion increased 

by 186.55 % while maize + cowpea - wheat + gram 

cropping sequence by 7.18 % over the conventional 

maize-wheat system.

The data pertaining to interaction effect of 

production system and cropping sequences on MGEY 

have been presented in Table 2. The interaction table 

revealed that for both the years 2019-20 and 2020-21 

under each production system, okra + pole bean – 

cabbage + pea resulted in significantly highest MGEY 

followed by maize + soybean – radish – onion. While, 

maize – wheat and maize + cowpea - wheat + gram 

cropping sequences were statistically equal in 

influencing MGEY. Among all combinations of 

cropping sequences and production systems, okra + 

pole bean – cabbage + pea under integrated nutrient 

management had highest MGEY and was followed by 

maize + soybean – radish – onion under integrated 

nutrient management and okra + pole bean – cabbage 

+ pea under organic production system during both the 

years. Maize + cowpea - wheat + gram under natural 

farming remaining at par with maize – wheat under 

natural farming had significantly lower MGEY over 

other combinations.

-1
Table 2.Interaction effect of different production systems and cropping sequences on MGEY (kg ha )

Cropping sequence                               Production Systems

P P P P1 2 3 4

2019-20

C 10525 8590 7172 99331

C 10054 8384 5554 91962

C 35413 23173 11180 224023

C 48791 34249 18019 294584

2020-21

C 11025 9130 7700 101851

C 11002 9389 5845 98602

C 40479 26960 13268 256493

C 49119 34844 17929 316654

LSD (P=0.05)

2019-20 2020-21

For comparison of four crops (sub plot levels) at the same levels of production 2250 2544

system (main level)

For comparison of different production system at the same or different levels of crops 2274 2869

Production Systems: - P : Integrated nutrient management, P : Organic farming, P : Natural farming, 1 2 3

P : Conservation agriculture.4

Cropping sequences:- C :Maize - wheat,C :Maize + cowpea - wheat + gram,C :Maize + soybean - radish - onion, C : Okra 1 2 3 4

+ Pole bean  - cabbage + pea



176

Food availability

The data regarding per day main product 

availability referred to as food availability have been 

presented in Table 3. An appraisal of the data shows 

significant influence of production systems and 

cropping sequences on food availability during both 

the years (2019-20 and 2020-21). Among the 

production systems, significantly higher value was 

recorded under integrated nutrient management and 

lowest under natural farming during both years. 

Higher food availability under integrated nutrient 

management was due to higher MGEY under 

integrated nutrient management as compared to other 

production systems.

Among the cropping sequences tested significantly 

higher food availability was obtained in okra + pole 

bean – cabbage + pea (143.25 & 141.81 %) which was 

followed by maize + soybean – radish – onion and 

maize – wheat while maize + cowpea - wheat + gram 

resulted in significantly lowest food availability for 

both the years. Introducing vegetables like okra + pole 

bean – cabbage + pea in the sequence resulted in 

higher yield which leads to higher food availability. 

Maize + cowpea - wheat + gram resulted in lowest 

-1Table 3. Effect of production systems and cropping sequences on food availability (kg day ) and productivity 
-1 -1

(kg ha day )

-1 -1 -1Food availability  (kg day ) Productivity (kg ha day )

2019-20 2020-21 2019-20 2020-21

Production systems

Integrated nutrient management 52.3 56.1 94.4 102.3

Organic farming 37.1 40.6 67.0 73.5

Natural farming 21.5 23.2 37.6 40.8

Conservation agriculture 35.2 38.9 63.4 70.5

SEm± 0.56 1.01 1.24 1.96

LSD (P=0.05) 1.93 3.51 4.29 6.78

Cropping sequences

Maize - wheat  21.8 22.9 31.9 33.4

Maize + cowpea - wheat + gram 17.4 18.7 25.8 29.6

Maize + soybean - radish - onion 45.5 54.5 76.8 90.1

Okra + Pole bean  - cabbage + pea 61.3 62.8 128.0 134.1

SEm± 0.73 0.85 1.44 1.67

LSD (P=0.05) 2.13 2.48 4.21 4.88
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food availability because of lower economic yield of 

the system during both years.

 Perusal of data (Table 4) indicated a significant 

interaction effect of production system and cropping 

sequences on per-day food availability. The data 

revealed that under each production system, okra + 

pole bean – cabbage + pea resulted in significantly 

highest per day food availability and it was followed 

by maize + soybean – radish – onion. In organic 

production system maize – wheat and maize + 

cowpea - wheat + gram cropping sequences were 

statistically at par with each other. Among all the 

combinations of cropping sequences and production 

system, integrated nutrient management with okra + 

pole bean – cabbage + pea had resulted in 

significantly highest food availability which was 

followed by maize + soybean – radish – onion during 

both years. Natural farming with maize + cowpea - 

wheat + gram resulted in lowest food availability 

during both the years. However, in 2020-21, maize - 

wheat and maize + cowpea - wheat + gram were at par 

with each other in all production system except natural 

farming production system

Productivity

A perusal of the data on effect of production 

systems and cropping sequences on productivity 

(Table 3) showed significant influence of both factors. 

Integrated nutrient management resulted in 

significantly highest productivity followed by organic 

farming system which was statistically at par with 

conservation agriculture during both years (2019-20 

and 2020-21). Higher productivity under integrated 

nutrient management was due to higher MGEY as 

compared to other production systems. The natural 

farming treatment gave significantly lowest 

productivity for both years.

Among the cropping sequences okra + pole bean – 

cabbage + pea gave significantly highest productivity 

during both the years of study. It was followed by 

maize + soybean – radish – onion and maize – wheat 

while maize + cowpea - wheat + gram resulted in lower 

productivity during both years. Higher productivity 

-1
Table 4.Interaction effect of production systems and cropping sequences on food availability (kg day )

Cropping sequence                               Production Systems

P P P P1 2 3 4

2019-20

C 25.4 20.6 17.3 23.91

C 20.9 17.7 11.7 19.42

C 70.2 45.5 22.8 43.43

C 92.4 64.6 34.3 54.04

2020-21

C 26.6 21.8 18.5 24.61

C 22.3 19.5 12.4 20.52

C 82.6 55.3 27.8 52.23

C 93.0 65.9 33.9 58.54

LSD(P=0.05)

2019-20 2020-21

For comparison of four crops (sub plot levels) at the same levels of production 4.26 4.95

system (main level)

For comparison of different production system at the same or different levels of crops 4.20 5.61

Production Systems:-P : Integrated nutrient management, P : Organic farming, P : Natural farming, P : Conservation 1 2 3 4

agriculture. 

Cropping sequences:- C :Maize - wheat,C :Maize + cowpea - wheat + gram,C :Maize + soybean - radish - onion, C : Okra + 1 2 3 4

Pole bean  - cabbage + pea
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under okra + pole bean – cabbage + pea crop sequence 

was owed due to higher MGEY of the system. Further, 

higher cost of the produce viz., okra, pole bean, 

cabbage and pea resulted in higher MGEY and thereby 

productivity of the system. Similar results were 

obtained by Sharma et al. (2008) in a study of rice-

based crop sequences where crop sequences involving 

onion, potato and other vegetable crops gave higher 

production efficiency than rice–wheat sequence. 

Chaudhary et al. (2001) obtained similar findings with 

diversified cropping systems over traditional 

maize–wheat sequence.

Cropping sequences interacted significantly with 

production systems in bringing about variation in 

productivity during both years (Table 5). Under all 

production systems, okra + pole bean – cabbage + pea 

had significantly highest productivity in both years 

followed by maize + soybean – radish – onion 

cropping sequence. Whereas, the lowest productivity 

was recorded in the maize + cowpea - wheat + gram 

cropping sequence. The maize - wheat and maize + 

cowpea - wheat + gram were statistically at par in both 

years of study. Compared to other treatment 

combinations during both years, integrated nutrient 

management with okra + pole bean – cabbage + pea 

had resulted in significantly highest productivity 

followed by organic farming system along with okra + 

pole bean – cabbage + pea and integrated nutrient 

management with maize + soybean - radish - onion. 

Natural farming along with maize + cowpea - wheat + 

gram resulted in lowest productivity.

It can be concluded from the present study that 

integrated nutrient management and conservation 

agriculture production practices can be more 

productive, remunerative and energy efficient as 

compared to natural farming. Further, vegetable based 

-1 -1
 Table  5. Interaction effect of production systems and cropping sequences on productivity (kg ha day )

Cropping sequence                                    Production Systems

P P P P1 2 3 4

2019-20

C 37.1 30.2 25.3 35.01

C 31.2 26.0 17.2 28.62

C 118.0 77.2 37.3 74.73

C 191.3 134.3 70.7 115.54

2020-21

C 38.7 32.0 27.0 35.71

C 36.1 30.8 19.2 32.32

C 137.2 91.4 45.0 86.93

C 197.3 139.9 72.0 127.24

LSD(P=0.05)

2019-20 2020-21

For comparison of four crops (sub plot levels) at the same levels of production 8.42 9.76

system (main level)

For comparison of different production system at the same or different levels of crops 8.54 10.98

Production Systems:-P : Integrated nutrient management, P : Organic farming, P : Natural farming, P : Conservation 1 2 3 4

agriculture.

Cropping sequences:- C : Maize - wheat, C :Maize + cowpea - wheat + gram,C : Maize + soybean - radish - onion, C : Okra + 1 2 3 4

Pole bean  - cabbage + pea
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sequence viz. okra + pole bean – cabbage + garden pea 

was found more beneficial in terms of tonnage and 

monetary gains.

Conflict of interest: The authors have no conflict of 

interest in this research paper.
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