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ABSTRACT

An experiment was conducted at ICAR-Indian Institute of Soil and Water 
Conservation, Research Centre, Udhagamandalam in Nilgiris, India for evaluating 
productivity and energy budgeting of land management practices with different 
conservation measures under common vegetable cropping sequence. Inward slope 
bench terraces (IBT) (2%) and outward sloped bench terraces (OBT) (5 and 10%) with 
riser protection, sloping lands (25%) with 1 m strip of vegetative barriers (VB) were 
practiced using potato (Solanum tuberosum)-cabbage (Brassica oleracea var. capitata) 
and carrot (Daucus carota)-beans (Phaseolus vulgaris) for two rotations. Highest 

-1 -1 -1productivity of potato (26.7 t ha ), cabbage (37.0 t ha ) and carrot (33.6 t ha ) were 
obtained from conservation practice (CP) of VB with geranium in 25% continuous 

-1slope. Results revealed that potato required the highest input energy (51,321 MJ ha ) 
due to maximum energy (~50%) consumed in seed, whereas energy consumed in 
chemical fertilizer was maximum in cabbage (~60%), carrot (~58%) and beans 
(~47%) of the total input energy of the respective crops. Among all crops, potato 

-1produced maximum output energy ha  and among CPs, output energy for all crops 
were maximum in VB of geranium in 25% continuous slope. Potato was the highest 
energy producer in spite of higher input energy, resulting in highest energy use 
efficiency (EUE). Less energy efficiency was found in all the crops under OBT (10%) 
with grass on the risers under farmers' practice (FP) of nutrient management despite 
high crop yield. CP of VB in continuous slope is more suitable due to higher 
productivity, EUE and energy productivity for common vegetable crops in Nilgiris.

1. INTRODUCTION

The agriculture has close relationships with energy, 
economics and environments which are mutually dependant 
(Khaledian et al., 2012; Singh et al., 2002). Energy is one of the 
most important indicators of crop performance. Continuously 
rising prices, increasing proportion of commercial energy in 
the total energy input to agriculture and the growing scarcity of 
commercial energy sources, such as fossil fuels, have 
necessitated more efficient use of these resources for different 
crops (Singh et al., 2002; Singh et al., 1999). Agriculture uses 
large quantities of locally available non-commercial energies, 
such as seed, manure and animal energy and commercial 
energies directly and indirectly in the form of diesel, electricity, 

fertilizer, plant protection, chemicals, irrigation water, 
machinery, etc. The share of agriculture in national energy 
consumption has been rising consistently over the last three 
decades. Presently, it accounts for nearly a quarter of the 
country's electric consumption (Singh et al., 1997). Change in 
Government's farm input subsidy regime, unpredictable 
climatic scenario, diminishing agricultural labour force and 
energy availability pressing farming practice to be more 
efficient in the use of energy and economic inputs for long 
term ecological sustainability (Dorward, 2009; Grossman 
and Dyland, 2011). Therefore, cropping system productivity 
evaluation using energy budgeting and economic input is 
useful and very much important (Tuti et al., 2011). The net 
energy of a cropping system can be quantified for sound 
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planning of sustainable cropping systems (Chaudhary et al., 
2006). Yield of different crops can be increased up to 30% by 
using optimal level of energy input (Chaudhary et al., 2006).  
Sufficient availability of the right energy and its efficient use 
are prerequisites for improved agricultural production 
(Chaudhary et al., 2009; Mohammadi and Omid, 2010). 
Energy consumption per unit area in agriculture is directly 
related to the development of farming technology and 
production level (Azizi and Heidari, 2013).

Energy parameters such as net energy return, energy 
ratio and energy productivity are meaningful indicators for 
assessing the efficiency of production systems (Haciseferogullari 
et al., 2003; Pervanchon et al., 2002). Input and output energy 
differ widely among crops, production systems and land 
management practices. The hilly district of Nilgiris in South 

2 India covering an area of 2543 km lies in an elevation range 
of 1117-2595 m above msl. Farmers in the hill are mainly 
dependent on agriculture, particularly intensive vegetable 
cultivation throughout the year due to congenial climatic 
conditions. However, small and fragmented land holdings 
with steep slopes restrict the farm mechanization and farmers 
cultivate manually with insufficient draught power and lack of 
resources leading to high cost of cultivation and low crop 
productivity. Therefore, productivity-energy-agriculture 
relationship is more important for the intensive cropping 
systems practiced under adverse farming situations. Energy 
budgeting, therefore, is necessary for efficient management of 
scarce resources for improved agricultural production and 
identifies the economical and effective production practices. 
Therefore, the study was undertaken to identify energy 
efficient land management systems for satisfactory energy 
output and net return.

Study Area

The field experiments were carried out at research farm 
of ICAR-Indian Institute of Soil and Water Conservation, 
Research Centre, Udhagamandalam, Nilgiris, South India 
during 2003-06.  The site was located at 11º24′ N latitude and 
70º41′ E longitude at an elevation of 2217 m above msl. The 
long term mean annual rainfall is 1276 mm with 80% rain 
received during South-West and North-East monsoon (June 
to December). The climate is temperate to sub-tropical (Fig.1). 
The soil is very deep, silty clay loam with acidic (pH 4.7) in 

-1 reaction, EC of 0.1 dS m and organic C of 1.9%.

Experiment Details

The experiment was conducted in randomized block 
design replicated thrice on an original slope of 25% converted 
to outward and inward bench terraces with grasses and 
medicinal plants on the risers. Experimental plots of sizes 120 

 

2. MATERIALS AND METHODS

2m  each were laid out consisting of 3 bench terraces (10 m 
length x 4 m width) in series for all CPs (Table 1).

Crop and Agronomic Practices 

Two crop rotations of potato-cabbage and carrot-beans in 
first and second year, respectively were followed with 
recommended nutrient management in all treatments except 

-1FP (T ) where fertilizer mixtures of 2000 kg ha  (6N: 12P: 6K) 1
-1for potato and 1500 kg ha  (9N: 9P: 9K) for cabbage, carrot 

and beans were applied. Three to six months old seedlings 
of the medicinal plants were planted on the risers and well 
maintained. In the sloping field (T ), one m strip of geranium 10

was established as VB across the slope at every 10 m interval. 

Energy Budget 

Energy input and output in the vegetable cultivation 
under different CPs were estimated based on the information 
on energy inputs (fertilizers, seeds, plant protection chemicals, 
fuel requirement, human labor, power tools and farm 
machinery) of various operations from primary tillage up to 
harvest of vegetable crops and outputs energy from main and 
by-products. The energy value of each cropping system was 
determined based on the energy input and energy production 
from the individual crops in the system. The output energy 
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OBT: Outward bench terraces; IBT: Inward bench terraces

Treatments Details

       T OBT (10%) + grass on the risers with FP of  nutrient 1 

management
       T OBT (10%) + grass on riser2

       T IBT (2%) + grass on riser3

       T OBT (5%) + Rosemary (Rosemarinus officinalis) on riser4

       T OBT (5%) + Geranium (Pelargonium graveolens) on rise5

       T OBT (5%) + Cineraria (Cineraria martima) on riser6

       T OBT (10%) + Rosemary (R. officinalis) on riser7

       T OBT (10%) + Geranium (P. graveolens) on riser8

       T OBT (10%) + Cineraria (C. martima) on riser9

       T VB of  Geranium (P. graveolens) across 25% slope at 2.5 m 10

vertical  interval

Table: 1 
Treatments with conservation practices

Fig. 1. Mean climatic parameters at the experimental site
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Energy Profitability =

OBT: Outward bench terraces; IBT: Inward bench terraces

Treatment                                       Potato  Cabbage  Carrot  Beans

OBT (10%)+grass on the risers with 22.0 32.2 21.3 3.7
farmers practice nutrient management
OBT (10%)+grass on riser 18.8 20.9 14.0 2.8
IBT (2%) + grass on riser 19.4 24.8 15.8 3.1
OBT (5%) + Rosemary on riser 18.7 21.9 11.4 1.9
OBT (5%) + Geranium on riser 20.2 22.6 15.2 2.8
OBT (5%) + Cineraria on riser 23.0 28.8 18.5 3.3
OBT (10%) + Rosemary on riser 20.9 23.5 19.0 3.0
OBT (10%) + Geranium on riser 22.3 25.4 18.3 2.4
OBT (10%) + Cineraria on riser 20.1 26.2 13.7 2.6
VB of  Geranium across 25% slope 26.7 37.0 33.6 3.3
Mean 21.2 26.3 18.1 2.89
SEm+ 0.767 1.59 1.96 0.16
CV 11.4 19.1 34.3 17.7

Table: 2 
-1Mean yield of  vegetable crops (t ha ) under different land 

management practices

Energy Productivity=
-1(kg MJ )

-1Crop Yield (kg ha ) 
-1Total Energy Input (MJ ha )

-1Total Energy Output (MJ ha )

-1Total Energy Input (MJ ha )
EUE =
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calculated considering the actual yield of crop and equivalent 
yield (EY) of the crop from the respective yield of 
medicinal/aromatic plants from the riser. Inputs and outputs 
were converted from physical to energy unit through 
published conversion coefficients (Singh et al., 2008; Heidari 
et al., 2011; Devasenapathy et al., 2009). The energy calculations 
like net energy, EUE, energy productivity and energy 
profitability were worked out using the following formula 
(Hatirli et al., 2006; Canakci  et al., 2005).

-1Net energy = Output energy (MJ ha ) - Input energy                
-1(MJ ha )                                    ...(1)

                  ...(2)

                    
                  ...(3)

                  ...(4)

Energy equivalents for all inputs were summed to 
provide an estimate for total energy input for individual 
crops. Energy output from the product was calculated by 
multiplying the amount of production and its corresponding 
energy equivalent. Energy output from the by-product 
(leaves/stalk/ vine) was estimated by multiplying the amount 
of by-product and its corresponding equivalent.

Productivity

-1 t ha

-1 t ha

 
as already reported by Sahoo et al., 2010

Mean productivity of vegetables from all the CPs during 
the experimental period are given in Table 2. The highest 

-1mean potato yield of 26.7 t ha  was obtained from VB of 

3. RESULTS AND DISCUSSION

The high organic C in the first year resulted in very 
good potato yield and found statistically insignificant among 
treatments whereas significantly different cabbage yield was 
found with maximum (21.3 ) in VB of geranium across 
25% slope. In second year, carrot yield was significantly 
higher (38.9 ) in comparison to remaining treatments 
again in the treatment with VB of geranium across the slope 
whereas the yield in the remaining treatments were nearly at 
par. However, the yield of beans in second year was maximum 
in 10% outward slope + grass on the risers under FP nutrient 
management due to higher dose of fertilizer mixtures applied

. The trend was clear in 
the second crop rotation, where significantly higher yield from 
all crops was obtained in the sloping plot with VB of geranium.

 

geranium  in 25%  slope followed by OBT (5%) with Cineraria 
-1on riser (23.0 t ha ) and OBT (10%) with geranium on riser 

-1 -1(22.3 t ha ). Similarly, the highest yield of cabbage (37.0 t ha ) 
was obtained from practice of VB with geranium in slope 25% 
followed by OBT (10%) with grass on riser with FP nutrient 

-1management (32.2 t ha ) and OBT (5%) + cineraria on riser 
-1(28.8 t ha ). However, the difference in the yield of potato and 

cabbage among treatments was statistically insignificant. In 
case of carrot, yield was significantly higher in the treatment 
of VB of geranium on 25% slope followed by OBT (10%) + 
grass on the risers with FP of nutrient management. In the 
FP of nutrient management, higher yield of cabbage and 
carrot, at par yield of potato and the highest yield of beans 
due to direct effect of higher dose of fertilizer mixture. The 
highest yield and productivity in practice with VB of geranium 
on continuous slope of 25% due to higher available soil 
moisture in the crop root zone resulting from intercepted 
runoff by VB of geranium. A similar trend was obtained in 
both the crop rotations. The higher yield in VB on 25% slope 
clearly illustrates the reason for FP on outward sloping terraces 
under normal annual rainfall.

Energy Budgeting

Among the crops, potato requires maximum input 
-1 -1energy of 51,321.4 MJ ha followed by carrot (26,936.5 MJ ha ) 

-1and cabbage (25,775.8 MJ ha ) (Table 3). Energy consumption 
-1for seed in potato crop (25,500 MJ ha , ~50% of the total 

energy requirement) was the prime factor in its higher energy 
-1consumption followed by chemical fertilizer (15,840 MJ ha ) 

-1and manures (4,500 MJ ha ). Energy consumed in chemical 
fertilizer was maximum in cabbage (~60%), carrot (~58%) and 
beans (~47%) of the total input energy for the respective 
crops followed by manures in comparison to human and 
mechanical energy requirement (Table 4). Higher energy 
consumption in all the crops in the form of chemical 



planning of sustainable cropping systems (Chaudhary et al., 
2006). Yield of different crops can be increased up to 30% by 
using optimal level of energy input (Chaudhary et al., 2006).  
Sufficient availability of the right energy and its efficient use 
are prerequisites for improved agricultural production 
(Chaudhary et al., 2009; Mohammadi and Omid, 2010). 
Energy consumption per unit area in agriculture is directly 
related to the development of farming technology and 
production level (Azizi and Heidari, 2013).

Energy parameters such as net energy return, energy 
ratio and energy productivity are meaningful indicators for 
assessing the efficiency of production systems (Haciseferogullari 
et al., 2003; Pervanchon et al., 2002). Input and output energy 
differ widely among crops, production systems and land 
management practices. The hilly district of Nilgiris in South 

2 India covering an area of 2543 km lies in an elevation range 
of 1117-2595 m above msl. Farmers in the hill are mainly 
dependent on agriculture, particularly intensive vegetable 
cultivation throughout the year due to congenial climatic 
conditions. However, small and fragmented land holdings 
with steep slopes restrict the farm mechanization and farmers 
cultivate manually with insufficient draught power and lack of 
resources leading to high cost of cultivation and low crop 
productivity. Therefore, productivity-energy-agriculture 
relationship is more important for the intensive cropping 
systems practiced under adverse farming situations. Energy 
budgeting, therefore, is necessary for efficient management of 
scarce resources for improved agricultural production and 
identifies the economical and effective production practices. 
Therefore, the study was undertaken to identify energy 
efficient land management systems for satisfactory energy 
output and net return.

Study Area

The field experiments were carried out at research farm 
of ICAR-Indian Institute of Soil and Water Conservation, 
Research Centre, Udhagamandalam, Nilgiris, South India 
during 2003-06.  The site was located at 11º24′ N latitude and 
70º41′ E longitude at an elevation of 2217 m above msl. The 
long term mean annual rainfall is 1276 mm with 80% rain 
received during South-West and North-East monsoon (June 
to December). The climate is temperate to sub-tropical (Fig.1). 
The soil is very deep, silty clay loam with acidic (pH 4.7) in 

-1 reaction, EC of 0.1 dS m and organic C of 1.9%.

Experiment Details

The experiment was conducted in randomized block 
design replicated thrice on an original slope of 25% converted 
to outward and inward bench terraces with grasses and 
medicinal plants on the risers. Experimental plots of sizes 120 

 

2. MATERIALS AND METHODS

2m  each were laid out consisting of 3 bench terraces (10 m 
length x 4 m width) in series for all CPs (Table 1).

Crop and Agronomic Practices 

Two crop rotations of potato-cabbage and carrot-beans in 
first and second year, respectively were followed with 
recommended nutrient management in all treatments except 

-1FP (T ) where fertilizer mixtures of 2000 kg ha  (6N: 12P: 6K) 1
-1for potato and 1500 kg ha  (9N: 9P: 9K) for cabbage, carrot 

and beans were applied. Three to six months old seedlings 
of the medicinal plants were planted on the risers and well 
maintained. In the sloping field (T ), one m strip of geranium 10

was established as VB across the slope at every 10 m interval. 

Energy Budget 

Energy input and output in the vegetable cultivation 
under different CPs were estimated based on the information 
on energy inputs (fertilizers, seeds, plant protection chemicals, 
fuel requirement, human labor, power tools and farm 
machinery) of various operations from primary tillage up to 
harvest of vegetable crops and outputs energy from main and 
by-products. The energy value of each cropping system was 
determined based on the energy input and energy production 
from the individual crops in the system. The output energy 
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OBT: Outward bench terraces; IBT: Inward bench terraces

Treatments Details

       T OBT (10%) + grass on the risers with FP of  nutrient 1 

management
       T OBT (10%) + grass on riser2

       T IBT (2%) + grass on riser3

       T OBT (5%) + Rosemary (Rosemarinus officinalis) on riser4

       T OBT (5%) + Geranium (Pelargonium graveolens) on rise5

       T OBT (5%) + Cineraria (Cineraria martima) on riser6

       T OBT (10%) + Rosemary (R. officinalis) on riser7

       T OBT (10%) + Geranium (P. graveolens) on riser8

       T OBT (10%) + Cineraria (C. martima) on riser9

       T VB of  Geranium (P. graveolens) across 25% slope at 2.5 m 10

vertical  interval

Table: 1 
Treatments with conservation practices

Fig. 1. Mean climatic parameters at the experimental site
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OBT: Outward bench terraces; IBT: Inward bench terraces

Treatment                                       Potato  Cabbage  Carrot  Beans

OBT (10%)+grass on the risers with 22.0 32.2 21.3 3.7
farmers practice nutrient management
OBT (10%)+grass on riser 18.8 20.9 14.0 2.8
IBT (2%) + grass on riser 19.4 24.8 15.8 3.1
OBT (5%) + Rosemary on riser 18.7 21.9 11.4 1.9
OBT (5%) + Geranium on riser 20.2 22.6 15.2 2.8
OBT (5%) + Cineraria on riser 23.0 28.8 18.5 3.3
OBT (10%) + Rosemary on riser 20.9 23.5 19.0 3.0
OBT (10%) + Geranium on riser 22.3 25.4 18.3 2.4
OBT (10%) + Cineraria on riser 20.1 26.2 13.7 2.6
VB of  Geranium across 25% slope 26.7 37.0 33.6 3.3
Mean 21.2 26.3 18.1 2.89
SEm+ 0.767 1.59 1.96 0.16
CV 11.4 19.1 34.3 17.7

Table: 2 
-1Mean yield of  vegetable crops (t ha ) under different land 

management practices

Energy Productivity=
-1(kg MJ )

-1Crop Yield (kg ha ) 
-1Total Energy Input (MJ ha )

-1Total Energy Output (MJ ha )

-1Total Energy Input (MJ ha )
EUE =

132 D.C. Sahoo and P. Muralidharan/Ind. J. Soil Cons. 45(2): 130-135, 2017

calculated considering the actual yield of crop and equivalent 
yield (EY) of the crop from the respective yield of 
medicinal/aromatic plants from the riser. Inputs and outputs 
were converted from physical to energy unit through 
published conversion coefficients (Singh et al., 2008; Heidari 
et al., 2011; Devasenapathy et al., 2009). The energy calculations 
like net energy, EUE, energy productivity and energy 
profitability were worked out using the following formula 
(Hatirli et al., 2006; Canakci  et al., 2005).

-1Net energy = Output energy (MJ ha ) - Input energy                
-1(MJ ha )                                    ...(1)

                  ...(2)

                    
                  ...(3)

                  ...(4)

Energy equivalents for all inputs were summed to 
provide an estimate for total energy input for individual 
crops. Energy output from the product was calculated by 
multiplying the amount of production and its corresponding 
energy equivalent. Energy output from the by-product 
(leaves/stalk/ vine) was estimated by multiplying the amount 
of by-product and its corresponding equivalent.

Productivity

-1 t ha

-1 t ha

 
as already reported by Sahoo et al., 2010

Mean productivity of vegetables from all the CPs during 
the experimental period are given in Table 2. The highest 

-1mean potato yield of 26.7 t ha  was obtained from VB of 

3. RESULTS AND DISCUSSION

The high organic C in the first year resulted in very 
good potato yield and found statistically insignificant among 
treatments whereas significantly different cabbage yield was 
found with maximum (21.3 ) in VB of geranium across 
25% slope. In second year, carrot yield was significantly 
higher (38.9 ) in comparison to remaining treatments 
again in the treatment with VB of geranium across the slope 
whereas the yield in the remaining treatments were nearly at 
par. However, the yield of beans in second year was maximum 
in 10% outward slope + grass on the risers under FP nutrient 
management due to higher dose of fertilizer mixtures applied

. The trend was clear in 
the second crop rotation, where significantly higher yield from 
all crops was obtained in the sloping plot with VB of geranium.

 

geranium  in 25%  slope followed by OBT (5%) with Cineraria 
-1on riser (23.0 t ha ) and OBT (10%) with geranium on riser 

-1 -1(22.3 t ha ). Similarly, the highest yield of cabbage (37.0 t ha ) 
was obtained from practice of VB with geranium in slope 25% 
followed by OBT (10%) with grass on riser with FP nutrient 

-1management (32.2 t ha ) and OBT (5%) + cineraria on riser 
-1(28.8 t ha ). However, the difference in the yield of potato and 

cabbage among treatments was statistically insignificant. In 
case of carrot, yield was significantly higher in the treatment 
of VB of geranium on 25% slope followed by OBT (10%) + 
grass on the risers with FP of nutrient management. In the 
FP of nutrient management, higher yield of cabbage and 
carrot, at par yield of potato and the highest yield of beans 
due to direct effect of higher dose of fertilizer mixture. The 
highest yield and productivity in practice with VB of geranium 
on continuous slope of 25% due to higher available soil 
moisture in the crop root zone resulting from intercepted 
runoff by VB of geranium. A similar trend was obtained in 
both the crop rotations. The higher yield in VB on 25% slope 
clearly illustrates the reason for FP on outward sloping terraces 
under normal annual rainfall.

Energy Budgeting

Among the crops, potato requires maximum input 
-1 -1energy of 51,321.4 MJ ha followed by carrot (26,936.5 MJ ha ) 

-1and cabbage (25,775.8 MJ ha ) (Table 3). Energy consumption 
-1for seed in potato crop (25,500 MJ ha , ~50% of the total 

energy requirement) was the prime factor in its higher energy 
-1consumption followed by chemical fertilizer (15,840 MJ ha ) 

-1and manures (4,500 MJ ha ). Energy consumed in chemical 
fertilizer was maximum in cabbage (~60%), carrot (~58%) and 
beans (~47%) of the total input energy for the respective 
crops followed by manures in comparison to human and 
mechanical energy requirement (Table 4). Higher energy 
consumption in all the crops in the form of chemical 



fertilizer (non renewable source of energy) may be 
supplemented through renewable source of energy like farm 
yield manures for sustainable crop production. Due to small 
land holding with steep slopes in the hill terrain, farm 
mechanization is restricted, therefore, human energy 
consumption is more in potato and beans, whereas it is close 
to mechanical energy consumption in cabbage and carrot.

The total input energy for all the crops in the cropping 
sequence of two years among all the land management 

-1 practices ranged from 1,19,939.7 MJ ha under VB of 
-1 geranium in 25% of continuous slope to 1,31,723.4 MJ ha

under OBT (10%) with grass on riser and FP of nutrient 
management with intermediate values for the remaining 
treatments. Maximum energy input under OBT (10%) with 
grass on riser and FP of nutrient management is due to high 
dose of chemical fertilizer applied through fertilizer mixture 
and minimum under VB of geranium in 25% continuous 
slope.

Among all crops, potato produced maximum output 
-1energy ha  in all the land management practices. The total 

output energy for potato including that obtained from the 
medicinal/aromatic plants on the riser ranged from maximum 

-1of 1,11,295.5 MJ ha  under VB of geranium in 25% of 
-1continuous slope to minimum of 73,745.9 MJ ha  under IBT 

(5%) with rosemary on riser. The highest value of energy 
output is attributed to the maximum yield of potato under VB 
of geranium in 25% of continuous slope as explained earlier. 
Similarly, maximum output energy was obtained under VB of 
geranium in 25% of continuous slope in cabbage (55,145.3 MJ 

-1 -1 -1  ha ), carrot (76,241.4 MJ ha ) and beans (25322.2 MJ ha )due 
to their high yields. The land management practice with VB 
produced total maximum output energy from all the crops 

-1(2,68,004.4 MJ ha ) in sequence of two years followed by OBT 
-1(5%) with cineraria on riser (2,26,261.4 MJ ha ) and OBT 

-1(10%) with geranium on the riser (2,04,917 MJ ha ).

Energy Efficiency (EUE)

EUE, energy productivity and energy profitability are 
estimated for different crops under all the land management 
practices (Table 5). Among the crops, potato was the highest 
energy producers in spite of higher input energy, resulting in 

the highest EUE (energy ratio) under the practice of VB in 
25% continuous slope (2.17) followed by OBT (5%) with 
Cineraria on riser (1.91) and OBT (10%) with geranium on 
the riser (1.8). Despite giving a reasonably high yield of potato 
from OBT (10%) with grass on the risers under FP of nutrient 
management, its EUE is considerably less (1.47) due to more 
consumption of input energy. Similar trend in EUE was also 
obtained for cabbage, carrot and beans with maximum under 
the VP of geranium in 25% of continuous slope. Less energy 
efficiency was found in all the crops under OBT (10%) with 
grass on the risers under FP of nutrient management despite 
good crop yield due to higher input energy. The highest 

-1energy productivity was found for cabbage (1.35 kg MJ ) 
under all the management practices because of the highest 
total biomass production with less input energy followed by 

-1 -1carrot (0.65 kg MJ ) and potato (0.40 kg MJ ). However, 
similar trend in energy productivity was also found to that of 
EUE (energy ratio) among the CPs with maximum of 1.82, 
1.25, 0.52 under VB of geranium in 25% slope for cabbage, 
carrot and potato, respectively. Further, the highest mean 
energy profitability among crops was found in potato (0.65) 
followed by cabbage (0.55), carrot (0.5) and beans (0.27).

Results from the study revealed that VB with geranium 
-1in 25% slope enhances productivity of potato (26.7 t ha ), 

-1 -1cabbage (37.0 t ha ) and carrot (33.6 t ha ) and close to highest 
-1  in beans (3.3 t ha ) among different CPs. The increase in yield 

is due to infiltrated runoff by VB contributing to higher soil 
moisture in the crop root zone. Potato required the highest 
input energy among the crops followed by carrot, cabbage 
and beans. Potato is the highest energy producers in spite of 
highest input energy, resulting in the highest EUE (energy 
ratio). Output energy for all crops was maximum in VB of 
geranium in 25% slope and therefore, more suitable due to 
higher productivity, EUE and energy productivity for 
common vegetable crops in Nilgiris.
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fertilizer (non renewable source of energy) may be 
supplemented through renewable source of energy like farm 
yield manures for sustainable crop production. Due to small 
land holding with steep slopes in the hill terrain, farm 
mechanization is restricted, therefore, human energy 
consumption is more in potato and beans, whereas it is close 
to mechanical energy consumption in cabbage and carrot.

The total input energy for all the crops in the cropping 
sequence of two years among all the land management 

-1 practices ranged from 1,19,939.7 MJ ha under VB of 
-1 geranium in 25% of continuous slope to 1,31,723.4 MJ ha

under OBT (10%) with grass on riser and FP of nutrient 
management with intermediate values for the remaining 
treatments. Maximum energy input under OBT (10%) with 
grass on riser and FP of nutrient management is due to high 
dose of chemical fertilizer applied through fertilizer mixture 
and minimum under VB of geranium in 25% continuous 
slope.

Among all crops, potato produced maximum output 
-1energy ha  in all the land management practices. The total 

output energy for potato including that obtained from the 
medicinal/aromatic plants on the riser ranged from maximum 

-1of 1,11,295.5 MJ ha  under VB of geranium in 25% of 
-1continuous slope to minimum of 73,745.9 MJ ha  under IBT 

(5%) with rosemary on riser. The highest value of energy 
output is attributed to the maximum yield of potato under VB 
of geranium in 25% of continuous slope as explained earlier. 
Similarly, maximum output energy was obtained under VB of 
geranium in 25% of continuous slope in cabbage (55,145.3 MJ 

-1 -1 -1  ha ), carrot (76,241.4 MJ ha ) and beans (25322.2 MJ ha )due 
to their high yields. The land management practice with VB 
produced total maximum output energy from all the crops 

-1(2,68,004.4 MJ ha ) in sequence of two years followed by OBT 
-1(5%) with cineraria on riser (2,26,261.4 MJ ha ) and OBT 

-1(10%) with geranium on the riser (2,04,917 MJ ha ).

Energy Efficiency (EUE)

EUE, energy productivity and energy profitability are 
estimated for different crops under all the land management 
practices (Table 5). Among the crops, potato was the highest 
energy producers in spite of higher input energy, resulting in 

the highest EUE (energy ratio) under the practice of VB in 
25% continuous slope (2.17) followed by OBT (5%) with 
Cineraria on riser (1.91) and OBT (10%) with geranium on 
the riser (1.8). Despite giving a reasonably high yield of potato 
from OBT (10%) with grass on the risers under FP of nutrient 
management, its EUE is considerably less (1.47) due to more 
consumption of input energy. Similar trend in EUE was also 
obtained for cabbage, carrot and beans with maximum under 
the VP of geranium in 25% of continuous slope. Less energy 
efficiency was found in all the crops under OBT (10%) with 
grass on the risers under FP of nutrient management despite 
good crop yield due to higher input energy. The highest 

-1energy productivity was found for cabbage (1.35 kg MJ ) 
under all the management practices because of the highest 
total biomass production with less input energy followed by 

-1 -1carrot (0.65 kg MJ ) and potato (0.40 kg MJ ). However, 
similar trend in energy productivity was also found to that of 
EUE (energy ratio) among the CPs with maximum of 1.82, 
1.25, 0.52 under VB of geranium in 25% slope for cabbage, 
carrot and potato, respectively. Further, the highest mean 
energy profitability among crops was found in potato (0.65) 
followed by cabbage (0.55), carrot (0.5) and beans (0.27).

Results from the study revealed that VB with geranium 
-1in 25% slope enhances productivity of potato (26.7 t ha ), 

-1 -1cabbage (37.0 t ha ) and carrot (33.6 t ha ) and close to highest 
-1  in beans (3.3 t ha ) among different CPs. The increase in yield 

is due to infiltrated runoff by VB contributing to higher soil 
moisture in the crop root zone. Potato required the highest 
input energy among the crops followed by carrot, cabbage 
and beans. Potato is the highest energy producers in spite of 
highest input energy, resulting in the highest EUE (energy 
ratio). Output energy for all crops was maximum in VB of 
geranium in 25% slope and therefore, more suitable due to 
higher productivity, EUE and energy productivity for 
common vegetable crops in Nilgiris.
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