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Introduction 
 

Agriculture along with its allied sector, is the 

largest source of livelihood in India.70% of 

rural household depends on agriculture as 

their primary occupation of which 82 % of 

farmers are small and marginal (FAO,2019). 

Intensive cultivation has already 

compromised the sustainability of the agro-

ecosystem and uncertainties of climate now 

days calls for changes in the input intensive 

practices in agriculture.  

 

So focus on alternative approaches to feed 

ever increasing population should be such that 

it can combat poverty and climate change 

hand in hand along with improving the 

sustainability of the system. The use of non 

monetory inputs by the poor farmers can be 

quite the most feasible, eco-friendly and 

climate smart option to preserve the 

environment and safeguard the natural 

resources of agro-ecosystems which has 

almost become mandatory 

 

Non monetory inputs are those locally 

adaptable cultural operations which helps in 

getting more yield without any extra cost and 

the cost never change with the level of output. 

Some of the non-monetory inputs are: 
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Use of non-monetory inputs is important for 

agriculture because: 

 

1. The first green revolution in the 1960’s was 

aimed to increase the agricultural 

productivity with higher levels of inputs 

like fertilizers, pesticides, use of farm 

machinery etc. 

2. No doubts with excessive levels of these 

inputs we have achieved the objective 

to feed our ever increasing population 

which is expected to hit 9.7 billion in 

2050 (FAO, 2019) but in the process for 

short term improvement various forms 

of ecological stresses like loss of 

biodiversity in agricultural lands, 

salinization, alkalization, nitrate 

pollution in groundwater, pesticide 

residues in food etc. have aggravated 

the situation more. 

3. Intensive or high input agriculture uses 

higher levels of machinery, chemicals, 

labour, capital etc to maximise produce. 

Hence affecting environment in 

multiple ways like: 

-Soil and water pollution due to 

excessive use of chemicals and 

fertilizers. 

-Heavy use of pesticides killing 

beneficial organisms and affecting 

biodiversity of the ecosystem. 

- Soil erosion and land degradation due 

to use of heavy machinery and tillage 

implements. 

- Exploitation of fossil fuels for various 

cultural operations and adding to 

greenhouse gases.  

4. So new alternatives for agricultural 

production which would integrate both 

biological and ecological processes in 

the wake of devastating climate change 

should be the urgent need of the hour. 

5. Due to intensive cultivation the inherent 

capacity of land to produce more has 

been disrupted and natural resources 

like soil, water etc has been exploited to 

a dangerous level. 

6. The use of costly external inputs should be 

minimized and substituted by optimum 

non monetory inputs which uses the 

knowledge and skills of farmers and 

manipulate the agro-ecosystem in such 

a way so that it can address the energy 

flow, nutrient cycling and resilience of 

the entire system as well as maintain 

system productivity in the long run 

(Pretty, 2008). 

 

Sustainable agriculture is the efficient and 

profitable production of high quality food and 

fibre in a way that protects and improve the 

natural environment, social and economic 

conditions of farmers and their local 

communities while safeguarding the health 

and welfare of all farmed species so as to 

ensure the attainment and continued 

satisfaction of human needs for present and 

future generations.  

 

The production system is called sustainable if 

outputs of all products harvested are balanced 

by inputs back to the system. 
 

Non-monetory inputs 

 

Conservation tillage  
 

Due to late onset of monsoon nowadays 

kharif crops like rice is being late sown which 

leads to late harvesting and hence causing a 

very short turnover period for sowing of next 

rabi crop like wheat, lentil etc and thus 

hampering their yield drastically (Singh and 

Kaur, 2012). 



Int.J.Curr.Microbiol.App.Sci (2020) 9(4): 1185-1195  

 

1187 

 

When cropping intensity in a year is increased 

less time for land preparation between two 

crops makes it mandatory for farmers to go 

for conservation tillage practices.  For eg: 

Kharif paddy (July/August- October/ 

November) - Lentil (mid October/Mid 

November- late February/early March)-

Summer Maize (late February / March- 

May/June).Here very little time is obtained 

for land preparation for lentil and maize 

sowing. Conventional tillage not only 

increases the cost of cultivation but also 

causes (Hobbs et al., 2008) soil erosion and 

degradation; reduced soil fertility, water-

holding capacity, soil biological activity and 

contributes to greenhouse gases. 

 

In short it has a negative impact on soil 

environment and its sustainability. Therefore 

in order to reverse the trend of natural 

resource degradation focus should be on 

resource conserving technologies like 

conservation tillage. 

 

Conservation tillage: According to CTIC (The 

Conservation Tillage Information Centre, 

1990 and 1995) “Any tillage or planting 

system that maintains at least 30% of the soil 

surface covered by residue after planting to 

reduce water erosion or where wind erosion is 

a primary concern, maintain at least 1000 

kg/ha of flat, small grain residue equivalent 

on the surface during the critical wind erosion 

period”. 

 

Due to different conservation tillage practices 

following benefits are observed :a)Better 

aggregation and pore size distribution was 

observed in case of zero tillage (Bhattacharya 

et al., 2006); b) Better  soil structure resulting 

in  more water stable aggregates reduces soil 

crusting and erosion by allowing water and air 

to enter the soil thereby improving 

germination and seedling establishment (Lal 

et al., 1994); c) Water infiltration rate was 

higher in parmanent beds and zero tillage 

system than the conventional tillage. (Jat et 

al., 2009); d)Up to eight fold increase in 

hydraulic conductivity in zero tillage stubble 

retained have been reported over treatments 

where stubble was removed by burning 

(Valzano et al., 1997); e)Conservation tillage 

practices with crop residues on soil surfaces 

reduces evaporation rate and conserves soil 

moisture (Prihar et al., 1996); f)Accumulation 

of crop residues in the soil under zero tillage 

and minimum tillage results in more organic 

matter content  and thereby improving the 

fertility of the soil; g) Highest soil respiration 

activity, soil dehydrogenase activity , and 

microbial biomass carbon has been observed 

in conservation tillage treatments as reported 

by Sharma et al., (2011) and Yeboah et al., 

(2016). Soil flora and fauna is responsible for 

stabilizing the soil structure and it’s been   

reported to increase in the long term if 

conservation tillage is being practised (Singh 

et al., 1994). Moreover conservation tillage 

practices saves time, labour, fuel and reduces 

the cost of cultivation. 

 

Sowing 

 

Sowing time 

 

Optimum sowing time have considerable 

effect on yield and productivity of crops. 

Different sowing time provides different 

environmental conditions like temperature, 

precipitation etc. which might not be 

favourable for the growth of a particular crop. 

So appropriate sowing time is important for 

ensuring good germination, timely appearance 

of seedling and better root development 

(Ganvit et al., 2019). Optimum sowing time 

varies according to crop, variety, agro-

climatic zones etc. It is well known that if 

sowing of wheat is delayed beyond 25
th

 of 

November the yield reduction is expected to 

be 30 kg/ha/day. (Directorate of Wheat 

development). Correct age of seedlings 

should be used for transplanting. For e.g. – 3-
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4 weeks old seedling for short duration rice. 

5-6 weeks old seedling for long duration rice. 

A difference in sowing date has relatively 

improved the yield and yield attributes of 

wheat as reported by Singh et al., (2016). 

 

Sowing depth 
 

Optimum sowing depth is needed for good 

crop stand and higher yields (Ali and Idris, 

2015).It has been reported by Alam et al., 

(2014) that differences in sowing depth has 

significantly improved the yield components 

of wheat. Depth of sowing varies with -  

 

1.  Crop: Optimum depth for most field crops 

is 3-5 cm but it varies from crop to crop. Like:                    

Rice -3-4 cm, Maize-5-6 cm, Wheat-5-6 cm, 

Pearlmillet-2-4 cm. 

 

2. Soil type: In sandy soils deeper sowing, 

whereas in heavy soil shallow sowing is 

recommended. 

 

3. Moisture availability: In dryland condition 

crops should be sown in deeper layers. 

 

4. Seed size: Bold seeded crop should be 

sown deeper (upto 10cm), small seeded crop 

should be sown upto (3-4 cm).  

 

Plant population  

 

Plant population is the total number of plants 

growing per unit area. Plant population has 

significant effect on growth and yield of 

crops. Plant population should not be so much 

higher that there is intraspecific competition 

for nutrients, soil moisture, light, etc. so that 

yield per unit area of the crop is hampered. 

Likewise it shouldn’t be too low to achieve 

economic yield. 

 

For indeterminate plants which are highly 

branching or tillering like rice, wheat etc 

higher plant population causes yield reduction 

due to reduction in number of seeds. For 

determinate plants which are non-branching 

and non-tillering like maize, sorghum the 

yield reduction is due to reduction in size of 

ears. For better crop stand, uniform growth 

and maturity, and finally for maximising yield 

optimum plant population is the main factor. 

To maintain optimum plant population 

following approaches should be taken: a) 

Preparation of proper seed bed; b) 

Arrangement of rows and beds; c) 

Maintenance of row spacing; d)Accurate 

planting time and methods; e) Seeds of good 

quality and health; f)Ensuring maximum 

germination percentage. It has been reported 

that uniform plant stand always have yield 

advantage than non-uniform plant stand 

(Caliskan et al., 2004). 

 

Though a generalized optimum plant 

population can’t be recommended since it 

depends on crops and their spacing, seasons, 

agro-climatic zones, soil fertility, water 

availability etc., Abuzur et al., (2011) 

reported there was difference in physiological 

parameters of maize according to difference 

in plant population.  

 

Organic mulching  

 

Technical term of mulch means’ covering of 

soil’. Mulching is a practice of covering the 

soil or ground for soil and water conservation, 

in the process creating favourable conditions 

for plant growth, development and crop 

production. (Sharma and Bharadwaj, 2017) 

 

Any locally available organic substance 

present in the field like dried leaves, straw, 

previous crop residues, stubbles, etc can be 

used by farmers for mulch purposes. These 

are eco-friendly as well as cost-effective. 

 

Research results have shown that mulch plays 

an important role in improving physical, 

chemical and biological properties of the soil. 
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The benefits of organic mulching are as 

follows:   - Mulching helps in regulating the 

soil temperature. It has been reported that 

plant residues acting as mulch can reduce soil 

temperature by 8
°
C (Krenzer et al., 1987). 

 

Different research results have shown that 

organic mulches covering the soil surface 

improves soil moisture by reducing 

evaporation, improving water infiltration and 

enhancing water retention capacity of soil 

(Lal, 1974).  It was reported that soil moisture 

in mulched plots was not only higher but 

stable during the entire vegetation period 

(Sinkevičienė et al., 2009).  

 

Water holding capacity of soil is increased 

due to organic mulches decomposition and 

humus formation (Ji and Unger, 2001). 

Teame et al., (2017) have found that there are 

differences in soil moisture content 

availability owing to different soil depths 

after sowing. 

 

High soil cover reduces surface runoff 

allowing more time for the rainwater to 

infiltrate. Hatfield et al., (2001) has reported 

there is a reduction of 34%-50% in soil water 

evaporation due to crop residue mulching. 

 

Soil structure is improved due to presence of 

decomposed residues and humic substances in 

the soil which causes formation of better 

aggregates in soil thereby reducing 

compaction (Ibeawuchi et al., 2015). 

 

Weed growth is suppressed by mulching since 

mulched layer excludes light. Without higher 

sunlight, young weeds cannot produce sugars 

needed for growth and ultimately die. Since 

some weed seeds require light in order to 

germinate, so mulch can also prevent 

germination. It has been shown that residues 

of small grains inhibit weed emergence and 

growth in cropping systems by allelopathy 

(Putman, et al., 1983, Blum, et al., 1997).  

Organic mulching promotes soil fertility and 

soil health by acting as a source of all 

essential major and minor nutrients. Due to 

decomposition of organic mulches microbial 

activity is stimulated and thereby increasing 

soil organic matter and enhancing the 

availability of nutrients in the soil. (Kumar et 

al., 2017) 

 

On overall organic mulching improves plant 

growth, increases yield and productivity of 

crops by sustaining the quality of soil. 

 

Choice of crops  
 

Choice of crops should be done in such a way 

so that it can maintain ecosystem diversity, 

fertility, resilience and at the same time 

enabling farmers to yield remunerative crops 

throughout the year. For example: 

 

Monocropping should be completely avoided 

as it exhausts the soil fertility. Moreover 

autotoxicity in monocropping can be observed 

in crops like alfalfa, rice, pigeonpea, 

sunflower etc . This occurs due to allelopathic 

effect exhibited by accumulation of 

phytotoxins of root exudates and 

decomposing plant residues and 

multiplication of harmful pathogens in soil. 

(Narwal et al., 1998) 

 

At least one leguminous crop should be 

incorporated in a cropping system so as to 

improve the soil fertility. 

 

Exhaustive high feeding crops like rice, 

potato should be followed by restorative crops 

like cowpea, greengram, blackgram etc, 

 

Perennial and long duration crops like 

sugarcane should be followed by seasonal 

crops like greengram, groundnut etc. 

 

Deep rooted crops like cotton, should be 

followed by shallow rooted crops like lentil, 
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potato etc. so that mining of nutrients takes 

place from different layers of soil so that 

nutrients are not exhausted from a particular 

single layer. 

 

The crops of wet (anaerobic) soil should be 

followed by the crops of dry (aerobic) soil.  

Eg: Rice-bengal gram / lathyrus / pulses / 

oilseeds. The tendency to build up difficult-

to-control weeds becomes less in such 

rotation than in continuous wet land rice 

culture. 

 

Favourable intercrops/mixed crops so that 

farmers can manage more than one crop in the 

same field at the same time and the risk of 

failure of one crop can be compensated by 

better yield of the other crop. For eg: 

wheat+mustard, rice+pulse, potato+wheat etc.  

 

The crops that are susceptible to soil-borne 

pests, pathogens should be followed by 

tolerant / trap crops. Eg: sugarcane-marigold 

for pathogenic nematodes. 

 

Rotational use of cultural practices in addition 

to rotational cropping provides more and 

assured benefits than that of adopting only 

one crop. 

 

Selection of crops by a farmer depends on a 

number of factors: 

 

a)  Agro-climatic conditions of the region: In 

regions where rainfall is higher crops like rice 

can be grown. Less water requiring crops like 

millets, pigeonpea, sorghum etc should be 

grown in dry areas. High feeding crops should 

be grown in soils having high fertility 

whereas leguminous crops like chickpea, 

lentil etc should be grown in poor fertile soils. 

In cold climates low temperature loving crops 

like wheat, mustard, lentil should be grown 

whereas in high temperature areas crops like 

sorghum, pearlmillet etc should be grown.  

 

b) Irrigation water availability: Areas where 

irrigation water availability is assured 

multiple cropping systems can be followed. 

Eg: Rice-potato-groundnut, rice-potato-jute.  

 

c) Market demand: For example: Areas 

having high market demand for mustard oil 

farmers should cultivate mustard crop. 

Likewise a high market demand for 

vegetables commands the farmers to grow 

vegetables more. 

 

d) The economic conditions of farmer: Rich 

farmers can go for high value crops like 

cocoa, tea, coffee plantations which require 

high maintenance, labour, skill and 

infrastucture. Whereas poor farmers can go 

for less value crops like rice pulses, wheat. 

 

e) Cropping system options: Depending on 

the oppurtunities available farmers must 

decide whether to go for intercropping, mixed 

cropping, crop rotation, relay cropping etc. 

 

f) Availability of post-harvest, storage and 

processing facilities: It depends on whether 

primary processing and storage facilities are 

available or not. 

 

g) Appropriate government policies and 

schemes: It depends on government policies 

and schemes favouring a particular crop in the 

region and whether the farmers are eligible 

for it.  

 

Pest and disease management  

 

On the context of sustainable agriculture and 

growing awareness of food and environment 

quality it is quite imperative to find 

alternative solutions to keep pest population 

under control. Better understanding of bio-

ecological relationships of cropping systems 

holds the key for more appropriate 

environment designs and skill-intensive eco-

friendly management techniques so as to 
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maintain balance in pest -predator population 

at the same time growing a healthy good 

quality crop.  

 

Therefore switching from extensive use of 

pesticides to a more natural way of 

controlling pest population has become the 

need of the hour. Some of the practices which 

make the environment less attractive and 

favourable for the pest to survive, grow and 

reproduce are as follows:  

 

Use of clean, disease free and certified seeds 

for sowing. Harvesting of potato tuber only 

after defoliation of leaves helps to prevent 

tuber rot due to late blight disease. 

 

Preparation of clean main field and nursery 

bed by removing plant debris, deep summer 

ploughing, trimming of bunds etc so that pests 

and diseases of various stages can be 

obliterated. 
 

Use of pest/disease tolerant varieties of crops. 

For example:  Rice stem borer resistant 

variety- Jagannath, Ratna, VL-Dhan 61.Rice 

blast resistant variety-Jaya, Rasi .Wheat 

resistant variety for leaf rust and blight – 

Karan Vandana. 
 

Adjusting the time of sowing and harvesting 

to escape peak season or susceptible time-

period for the infestation of pests and 

diseases. For ex.- Early sowing of chickpea in 

the month of October will show maximum 

damage of leaf by insects like Helicoverpa 

armigera and Spodoptera exigua  whereas 

infestation is lowest when sown in 

January.(Sharma et al., 2016). 
 

Pea and gram if immediately sown after rain 

when soil moisture levels and temperature is 

high there is high incidence of root rot, blight 

and wilt so it’s recommended to sow them 

during the month of November and 

December. It has been observed by Hossain et 

al., (2009) that changing the dates of sowing 

can reduce the population of aphids and pod 

borers. 
 

Diseases which spread very fast under higher 

plant density can be checked by wider spacing 

of crops. For Eg:  Cercospora on pulses. 

 

Weed management  
 

In order to avoid chemical control of weeds as 

much as possible basic knowledge of 

biological and ecological characteristics of 

weeds is necessary. Diversifying crops and 

varying cultural practices will disrupt 

ecological niches of weeds (Liebman and 

Davis, 2000). To control weeds effectively by 

keeping harmony with crop environment the 

following measures can be followed: 

 

Preventive measures like using weed free 

seeds for sowing, cleaning the farm 

equipments while moving it from one location 

to other etc can be followed. 

 

Cultural practices like:    

 

Crop rotations like growing 

legumes/crucifers/sorghum in rotations due to 

their allelopathic effect and competition 

brings shift in weed flora and control weeds. 

Growing cover crops like 

cowpea/sorghum/alfalfa which covers the 

ground and suppresses weed population by 

their resource competition. 
 

Stale seed-bed preparations so that weed 

flushes can be controlled before growing of 

the main crop. Soil solarization by increasing 

the soil temperature to control weed 

population.  

 

 - By flooding the field. 

 

 -  Sowing crops in higher density so that it 

has competitive advantage over weeds, should 

be followed. 
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Conservation and use of natural enemies of 

weed plants should be one of the foundations 

of sustainable weed management so that 

germination of weed seeds or the spread of 

the established plants can be controlled in an 

eco-friendly way. 

 

For example: 

     - Leaf beetle (Octotoma sp) feeding on 

Lantana camara. 

     - Common carp and chinese carp feeding 

on aquatic weeds. 

     - Cactoblastis sp. laying eggs on Opuntia 

sp. 

     - Rhizoctonia solani for controlling 

Eichornia crassipes.  

 

From figure 1 we can observe effects of 

different cultural practices on weed 

population. 
 

Advisory support 
 

Family farms need tailored professional farm 

management advice on use of non-monetory 

inputs. Agriculture advisory support through 

organisations like KVKs, universities, various 

NGO’s, private firms play a key role in 

encouraging adaptation of farm practices and 

technologies for interests of long term 

sustainability. Advisory support like: 

-  Timely information about current weather 

needs to be disseminated so that farmers can 

adjust their farm operations accordingly. 

Forewarning advisory support about weather 

needs to be disseminated to the farmers. 

-   Environment specific land-use decisions 

should be advised. 

-   Beforehand prediction about occurrence of 

any new diseases or pests in a particular area. 

-   Irrigating the lands only when fine cracks 

occur (intermittent drying and wetting 

method) and irrigating the crops in their 

critical growth stage period is essential. 

-   In areas where frost damage during night is 

common farmers can be advised to cover the 

crops with polythene. 

-   Soil health cards should be distributed 

more so that the farmers can give just the 

optimum fertilizers required for crop growth. 

 

 
 

Figure.1 Sowthistle dry weight biomass (g/m
2
) as influenced by (a)Faba bean and  

(b) chickpea row spacing(cm) and the absence of crop. Sowthistle biomass was assessed close to 

crop maturity on the 9
th

 and 30
th

 October 2018 respectively. Bars with different letter  

within a crop are significantly different at 5% significance level 



Int.J.Curr.Microbiol.App.Sci (2020) 9(4): 1185-1195  

 

1193 

 

Agriculture has become more input-intensive. 

People from various fronts starting from 

governmental and non-governmental 

organisations should join hands and propagate 

the concept and benefits of non-monetory 

inputs to farmers. These way small and 

marginal farmers can grow crops by reducing 

production costs at the same time benefitting 

the environment. 
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