Cr 222

e

(

X
N PAPERNO. 85-1021
A

EFFICTENT UTILIZATION OF ENERGY WITH
AN IMPROVED FARMING SYSTEM
g FOR SELECTED SAT REGIONS

by
R.K. Bansal
K.G. Kshirsagar
R.D. Sangle

International Crops Research Institute for the Semi-Arid Tropics
P.0. Patancheru, A.P. 502 324, India

For presentation at the 1985 Summer Meetina
AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS

Michioan State University, East Lansina
June 23-26, 1985

SUMMARY:

The International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), India has developed
an improved technoloay for the manacement of Verti-
sols. The results of testina of this technoloay
in farmers fields in India have shown that sub-
stantially hiaher yields can be achieved by an
efficient apnlication of available eneray resources
along with other hiah value inputs. The technoloay
does not depend upon a tractorized form of eneray
and improves the productivity of farm labor.
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Efficient Utilization of Energy with an Improved
Farming System for Selected SAT Regions
by
R.K. Bansal, K.G. Kshirsagar, and R.D. Sangle

Introduction
The semi-arid tropics (SAT) cover a large area 1in Africa, and

3ome parts of Asia, Latin America, and Australia. They represent
diversity of climate, soils, farming practices and socioeconomic

conditions. The SAT are characterised by und pendable and
variable rainfall, and soils generally poor in fertility and
organic matter content. Consequently, farming has a high risk of

crop failures., Farmers are reluctant to invest in modern inputs
such as fertilizers, seed of high yielding varieties, efficient
tools and implements, and plant protection measures to increase
crop production.

One of the greatest challenges for agricultural scientists
in the SAT 1is to develop technically feasible and economically
viable improved farming systems which can substantially increase
the yields and stabilise production. There are certain regions
within SAT which have potential for growing at 1least one, and
often two good crops per annum due to relatively favorable
rainfall distribution, amount and the capacity of soils to store
enough moisture (Krantz et al. 1978).

Farming Systems Research (FSR) at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), near
Hyderabad, India has given considerable priority to evolve
suitable techniques for the management of Vertisols because of an
apparant wide gap between potential and actual production from
these soils (Kampen 1982). Vertisols are found in large areas in
India, Sudan, Ethiopia, Northern Australia and to a smaller
extent in sub-Saharan Africa and Central America (Swindale 1981).
These soils develop cracks and become very hard when dry and
extremely sticky and difficult to work with when wet thus
allowing cultivation only in a limited range of moisture content
(Krantz et al. 1978). Thus, farmers in medium to high rainfall
regions in India traditionally fallow these soils during the
rainy season.

This paper describes briefly ICRISAT approach to increase
the productivity of deep Vertisols 1in the SAT regions and
application of a WTC. Much of the paper is however, devoted to
the results obtained at three On-farm locations in India with
respect to human and bullock labor utilization, and total energy
output to input ratio for selected cropping systems in commonly
followed traditional and ICRISAT recommended improved soil and
crop management practices.

The ICRISAT approach

Scientists at ICRISAT have evolved a set of broad principles for
proper management of 1land and crop as well as efficient
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utilization of rain water and other resources. The new farmir,
system, generally referred as 'Improved Vertisci Management
Technology (IVMT)' consists of following three major components
(Virmani et al. 1981).

1. Land management practices that reduce runoff and erosion and
provide adequate surface drainage to improve workability.

2. Cropping systems and crop management practices that establish
a crop early 1n the rainy season to make efficient use °
rains.

3. lmplements for cultivation, seeding and fertilizer appiicat.ou:
that enable the required land and crop management practices tc
be carried out properly and timely.

The land and water management aspect, described 1n detls::
elsewhere (Krantz et al. 1978, Kampen 1982) considers the smalii
watershed as a unit on which surface treatment is 1imposed. Tk
system 1involves construction of graded broadbeds and furrows
(BBF) at 0.4 to 0.8% slope along the furrows. The furrows mau:
at a regular interval of 150 cm, leave about 100 cm wide.
relatively flat and slightly raised (10-15 cm) beds. The bec
used for growing crops, appear as strips in the fiela separate:
by furrows. The furrows ment for drainage help in safe disposal
of excess rain water to grassed waterways. They also provide 3
pathway for the movement of wheels of farm machinery and dratt

animals. In practice the system works much like a controllec
traffic tillage reported to be advantageous at other places
(Schater et al. 1981). The compaction due to the movement ot

wheels and oxen is restricted to the noncropped zone and the
cultivated area remain relatively friable (Klaij 1983).

The work at ICRISAT has shown that two crops per year can he
grown successfully on Vertisols either as sequential crops or in

an intercrop combination in areas receiving a rainfall of 750 mm

or more, However to do so, it is essential to perform field
operations at an optimum time considering climate and so:.
physical conditions (Kampen 1982). It implies using improved

farm implements and optimizing the use of available sources of
farm power.

The wheeled tool carrier (WTC)

Farmers in SAT regions of India generally depend upon drart
animals and human sources of energy for farm operations. They
use wooden implements such as non-inversion type country plow and
a3 blade harrow for seedbed preparation, a hand metering type
seeder for crop sowing, and a blade hoe for interrow weeding
(ICAR 1960). These indigenous implements referred to as
'traditional' in this paper, lack precision and speed and thus
fail to make an efficient use of draft animals. In consequence,
important operations such as sowing and interrow weeding are
often delayed resulting in an overall low productivity of the
land.



Page 3

In order to obtain precision and timeliness for farm
operations a wheeled tool carrier (WTC) based animal drawn farm
machinery was developed. The WTC (Fig. 1) described in detail
elsewhere (Bansal and Srivastava 1981; Bansal and Thierstein
1982) can perform various field operations by attaching
appropriate implements to a toolbar at the rear side of the
machine. The WTC usually pulled by a pair of oxen, provides
flexibility for making suitable adjustments of working depth,

lateral spacing between adjacent implements, and their
orientation with respect to soil surface. A wide range of
implements is available for tillage, sowing and fertilizer

application, and interrow cultivation. Additionally, by mounting
a cart frame it can also be used as a one-tonne capacity cart.

Plowing in Vertisols is done as soon as possible after
harvesting the postrainy season crop to alleviate difficulties in
do:r.g the same operation when the soil becomes dry. Primary
tillage requires four passes of the WTC over the field as each
time a narrow strip of the broadbed is cut to keep the draft
requirement within pulling capacity of a pair of oxen. Secondary
tillage is done during the dry season whenever opportunity is
created by 'premonsoon rains. Sowing and fertilizer application
is a3 combined operation completed in dry soil just before the
seasonal rains are anticipated. One or two interrow weeding
operations are performed between the third and sixth week of crop
growth and supplemented with at least one hand weeding.
Harvesting remains largely a manual job, whereas transportation
of the produce could be done by using a ox cart. In a seguential
cropping system a shallow cultivation precedes the sowing of the
second crop.

Thus an animal-drawn WTC coupled with the BBF system of
cultivation enables timely completion of farm operations. In
this approach maximum emphasis is placed on the implement and its
proper application rather than the source of power.

On-farm verification

The analysis presented in this paper is based on data <collected
from three 1locations 1in India-Taddanpally (Andhra Pradesh),
Farhatabad (Karnataka), and Begumgun}j (Madhya Pradesh). These
locations represent three agroclimatic regims--relatively
undependable rainfall regime at Farhatabad, a fairly dependable
mean annual rainfall of about 750 mm at Taddanpally, and a high
rainfall of 1300 mm at Begumgunj. At each location several crops
were grown under improved as well as traditional managements
(Ghodake and Kshirsagar 1983). The data wused here, however,
pertains only to major crops (Appendix I). For the sake of a
meaningful comparision only those crops which were important and
common under traditional and improved managements were chosen.

Begumgunj differea from the other locations 1in that some
farmers owned or had access to tractors. Hence, data from
Begumgunj gives some comparision between fully tractor operated
fields, partially tractor operated fields, and those managed
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entirely by bullock power. All the participating farmers wusea
high yielding varieties, fertilizer, and improved soil management
practices.

At each location farm operations were conducted Dby the
farmers using their own oxen. They also made decisions regarding
choice of crops, hiring of labor for certain operations, plant
protection measures, and so on. ICRISAT scientists who visited
these experiments frequently and one technical staff posted at
each location advised the State Department of Agriculture
officials and farmers on various aspects of the IVMT. A full
record was maintained for various inputs used under both improved
and traditional systems.

Results and discussion
Labor input

Dryland agriculture in SAT regions of India is 1labor intensive.
In the experimental areas man hours required per hectare variec
from 571 to 892 depending upon crop and location (Table 1). The
results show that the total labor input in an improved management
is nearly the same or slightly more than that 1in traditional
systems of cultivation. Under improved management, the use of a

WTC reduces labor input for tillage and sowing operations. In
both kinds of management, at least one hand weeding was necessary
to supplement mechanical interrow cultivation. Harvesting and

threshing also remained mostly manual jJjobs. Therefore, the labor
requirements for these operations were quite high &nd did not
show a definit pattern of change. '

Another significant point here is the contribution of woman
in the crop production systems. In the experimental area women
contributed on an average 76% of the total labor input for hand
weeding and 66% for harvesting and threshing operations. The
results indicate that wunder improved management systems the
proportion of female labor is higher than traditional cultivation
practices, Similar results were obtained by Ghodake and
Kshirsagar (1983) by analysing results for a complete range of
crops grown at the same locations. This is a desirable feature
in India since it offers greater opportunity of employment to
women in rural areas.

Animal power utilization
One of the objectives of On-farm testing of the Vertisol

technology WwWas to stuay the feasibility of using a WTC with oxen
belonging to the farmers. These are often weaker than thcse used

at the research station. Experience from various locations has
shown that the tool carrier could be used effectively for all
fiela operations wusing an average pair of oxen. At some

locations farmers complained of high draft for plowing with two
molaboard plows of 25 cm width each and sowing four rows at a
time. These problems cculd be solved by making suitable design
improvements in the implements and adjusting them properly.
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Average human labor utilization for farm operations in selected

cropping systems at three locations of On-farm testing in India.

Taadanpally Farhatabaa Begumgun}
(1982-83 (1982-83) (1983-84)
Tradi- Improved Tradi- Improved Fully Tractor Fully
tiona. tional trscto- + bullock
rized bullock operas-
farm farm ted
. farm
--------- cTETTT :----------—----------_- MAN=N/Nd ecrmccmvcccccnccrrancnccenncnn
Ti1llage anc 8C 46 S4 72 16 17 48
seecoec (42) (70)
preparation
Sowing ana 5% 4 34 16 2 14 35
fertilizer V3T (33)
app..cazion
interrow 240 196 179 219 30 501 6
custivatiorn (80) (90) (80) (91) (42) (89) (58)
riant
prctection - 22 8 - 26 1
Harvesting 315 405 276 270 578 334 479
and threshing (59) 77) (62) (92) (49) (56) (69)
“TTe90 “e83 s71 606 626 892 646
(60) (12) (61) (83) u7) (71) (57)

Figures 1n brackets show the proportion of female labor as percentage of the

total.
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The use of a3 WTC in an improved management has resulted in
18~54% reduced input of total oxen pair hours for all operations
required for crop production (Fig.1). In particular, the use of
a WTC was beneficial for two crops combinations where the overall
time saving was in the range of 44 to 54%. Tillage and sowing
operations with a WTC accounted for maximum gain because of
greater speed and wider coverage by the machine wunder the
improved management. Time saving is especially important when a
crop has to be sown within a short period before the on-set of
monsoon followed by another crop soon after harvesting of the
previous one. The results also indicate the feasibility of using
a pair of oxen to cover more area in a given time. Binswanger et
al. (1979)  concluded that one pair of relatively sturdy oxen
used with a WTC in an improved management system can do the work
of 2 or 3 pairs of small oxen with traditional implements.

Energy input and output

Ratio of energy output in the form of grain and the total of
inputs in the traditional in improved management systems was
taken as a measure of their efficiency. In the estimation of
total energy output, straw as a by-product has been taken into
account because in an animal power based farming, straw also has
an economic value as fodder. However, primary focus of the IVMT
is to increase grain production. Therefore, for comparing
traditional and an improved management systems, only the energy
output through grain has been considered.

Energy input from the items used in the c¢rop productiocn
process was calculated on the basis of the values given in
Appendix II. In the improved system where a WTC and implements
were used, indirect energy from machinery per hectare was
calculated assuming an annual utilization of 580 h and 8 years
life (Bansal and Thierstein 1982). In traditional agriculture,
most Indian farmers use a set of four implements (a country plow,
a blade harrow, a hand metering type seeder, and a blade hoe)
made of hard wood and a3 few mild steel components. Indirect
energy from traditional implements was calculated on the tasis of
average weight, a combined annual use of 800 h, and four years
life. The gross weight of wood and steel was estimated as 106 kg
and 12 kg respetively (ICAR 1960). Similarly, the 1indirect
energy component from a tractor was estimated on the basis of its
average annual utilization of 630 h in India (NCAER 1980) and 10
years useful life.

Energy input and output values for selected crops grown at
three 1locations are given in Tables 2,3, and 4. The. data
presented in the tables is a good estimation of energy picture
for comparing two different techniques followed for growing
selected crops in the SAT regions of India, and should not be
taken 1in absolute terms. It is interesting to note that dryland
agricultural systems in SAT India are highly energy efficient.
The output to input ratio for all the crops is over 4.5, The
energy output to input ratio depends to some extent on the level
of productivity of the land. A marginal decline in this ratio is
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Figure 1. Oxen-pair hours required under traditional (T) and Improved (1) managements.
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Table 2. Energy input and output per hectare for two cropping systems
at Taddanpslly villsge, India, 1982-83.

Sorghum/pigeonpea Mungbean - sorghum
intercrop sequence
Traditional Improved Treditionsl Improved
management management management management
Qty/hs MJ/hs Qty/ha MJ/ha Qty/ha MJ/ha Qty/hs MJ;ha

Inputs i} )
Human labor 635 h 123 637 n 120 1116 h 213 731 h 141
Oxen pair 77 h 208 43 h 116 146 h 394 67 h 181
Totsl

(human+oxen) 331 236 607 322
Machinery 2.8 kg 30 ' 6 kg 332 5.4 kg 56 7.2 kg 518
FYM 3t 900 - 3t 900 - -
Nitrogen 10 kg 600 61 kg 3660 - - 18 kg 1080
Phosphate 10 kg 120 50.6 607 - - 46 kg 552
Insecticide

(DDT=~50%) - 5.2 U6 - - - -
Petrol - - 3.6 L 152 - - - -
Seed

Sorghum seed 2 kg 29 7.2 k 106 8.2 kg 120 6.6 kg 97
Pulse seed 5.6 kg 82 9 kg 132 7.5 kg 110 11.7 kg 172
Total input 2092 6171 1793 271
Output

?orghu? 980 kg 13426 1953 kg 26756 786 kg 10768 802 kg 10087
grain

Pul se 189 kg 2778 696 kg 10231 409 kg 6012 612 kg 0128
(grain)
Output from grain 16204 36987 16780 20115
By-product 6.2 t 111600 12.9 t 232000 2.7 t 48600 2.6 ¢t ue68ocC
Total output 127804 268987 65380 66914
MJ output from

grain/input 7.7 6.0 9.3

MJ output from

grain/labor h 25.5 58.0 15.0

- e -y - - - - -
.

Qty - Quantity
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Table 3. Energy input end output per hectare for two cropping systems st
Farhatabad villose, India, 1982-83.

Sole pigeonpes Mungbdbesn - aor;hum
Inputs Traditional Improved Traditionsl Improved
mansgement mansgement management management

—cecscenmccccncee C T R cecccsscsacenseen —hencconeeree-

Qty/ha MJ/ha Qty/ha MJ/hs Qty/hs MJ/he Qty/he MJ/h

Input
Human labor 391 h 78 429 h 82 7155 n 146 771 n 142
Oxen power 60 h 162 49 h 132 81 219 39 h 105
Total 240 214 365 247
(human+oxen)
Machinery 2.2 kg 23 5.2 kg 374 3.0 kg 31 4.1 kg 295
FYM - - - - 3t 900 - -
Nitrogen - - 16 kg 960 4y 2640 50 kg 3000
Phosphate - - 40 kg 504 23 290 63 kg 794
Insecticide
(active 5.0 kg 1819 2.4 kg 873 1.0 kg 364 3.3 kg 1201
chemical)
Seed
Pulse 8.9 kg 131 11.8 kg 173 7.2 kg 106 9.3 kg 137
Sorghum - - - - 9.1 kg 134 13.3 kg 195
Total input 2213 3098 4830 5869
Output
Pulse 729 kg 10716 1350 kg 19845 341 kg 5012 514 kg T55h
(grain)
Sorghum 1248 kg 17098 1456 kg 19947
(grain)
Output from grain 10716 19845 22110 . <7503
By=-product 2.9 ¢t 52200 5.4 t 97200 3.9 ¢t 70200 4.8 v BAUOO
Total output 60916 117045 92310 113000

MJ output from
grain/input 4.8 6.4 4.6

MJ output from
grain/labor h 27 .4 u6.2 29.2

Qty - Quantity -
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Table U4, Energy input and output per hectare for soybean/pigeonpes intercrop
st Begymgunj village, India, 1983-84,

Fully trectorized Trsctor + oxen Fully oxen
Inputs operated farm operated farm
Qty/hs MJ/ha Qty/ha MJ/ha Qty/hs MJ/ha

Input

Human labor 626 h 125 892 n 171 646 h 127
Oxen pair - - 33 h 89 104 h 281
Implements 1.4 kg 102 3.5 kg 252 11.1 kg 799
Tractor 4.3 kg 310 4,0 kg 288 - -
Diesel 26.6 L 1271 25.2 L 1205 - -
Nitrogen 12 kg 720 18 kg 1080 8 kg 480
Phosphate 48 kg 576 46 kg 552 32 kg 384
Potash 12 kg 80 - - 8 kg 54
Insecticide

(Endosulphon

35%) - - 1.5 L 191
Seed

Soybean 100 kg 1684 100 kg 1684 100 kg 1684

Pigeonpes 15 kg 220 15 kg 220 15 kg 220
Total 5088 5731 1029
Output

Soybean (grain) 1250 kg 21000 960 kg 16128 811 kg AT
Pigeonpea (grain) 625 kg 9187 630 kg 9261 558 kg 8I0L
Output from grain 30187 25389 21827
By=-product 2.3 ¢t 41400 2.0 ¢ 36000 .0t 30000
Total output 71587 61389 8787
MJ output from grain/input 5.9 4.4

MJ output from grain/labor h  u8.4 28.4

Qty- Quantity
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obvious at higher yields. Neverthless, the ratio still remains
favorable in all cases. This was probably due to high response
obtained in terms of yield by making improvements in management
and increasing certain inputs,

In an improved farming system wutilizing animal power for
growing sorghum based crop combinations, the total energy input
per hectare in India is far 1less than the energy input 1in
non-irrigated sorghum production in Kansas, USA at comparable
yield (Table 5; Bukantis 1980). Similarly, 1in China energy
input reported for soybean production was five times greater than
the energy input for the same <crop in Begumgunj, India when
yields differed only by one-and-half times. (Wen Dazhong and
Pimental 1984). A close 1look at the production processes
involved revealed that bdboth in USA and China, high 1level
applications of fertilizer and farm machinery accounted for
maximum energy input. These comparisons show the importance of
the savings in indirect energy 1input from fossil fuel and
excessive use of farm machinery.

In traditional management systems, farmers at Taddanpally
tend to use very little or no inputs other than seed and field
operations. Consequently, the yields from a sorghum/pigeonpea
intercrop are much 1lower than those obtained from an improved
management system. For a mungbean -~ sorghum sequence Yyield
differences were relatively small. At low levels of yield it
appears that traditional systems are more energy efficient (Table
2). However. double cropping in those systems using traditional
implements was feasible only on small proportion of the <cropped
area and use of improved implements is inevitable when more area
is brought under intensive cropping.

At Farhatabad, improved management gave higher yielas and a
better energy output to input ratio (Table 3). This shows a good
response to management and inputs at Farhatabad. At Begumgunj
all farmers participating in the experiments wused improved
varieties and fertilizer. Fields cultivated partially or
entirely by tractor power at Begumgunj produced higher yields for
soybean/pigeonpea intercrop than those managed by bullock power
alone (Table 4). However, yield advantages can not be attributed
to the tractor conclusively. Yields obtained from eight fields
of participating farmers varied from 550 to 1250 kg/ha (CV 31%)
for soybean and 300 to 1000 kg/ha (CV 60%) for pigeonpea. This
is- probably a reflection on the efficiency of management by
individual farmers. Giles (1975) reported similar variations 1in
results from introducing improved machinery in India. Higher
coefficient of variation may be partly due to water 1logging 1in
some fields during the rainy season had an adverse effect on crop
performances.

The results also highlight the increased productivity of
farm labor. The energy output per man hour input was
one-~-and-half to two times more in an improved management as
compared to the traditional system. The direct energy input from
human labor and ox power in the improved management was also less
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Table 5. Energy input and yield figures from selected locations
in USA, China and India.

Sorghum Soybean
Location Yield Energy Yield Energy
kg/ha input kg/ha input
MJ/ha MJ/ha
a
Kansas, U.S.A. 1840 25 270
North-eastern
region, China 1260 21 215
Taddanpally and
Begumgunj, India 1953 6170 811 4029

Source: a Bukantis 1980

b Wen Dazhong and Pimental 1984
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by 30 to 40% compared to the traditional management system.
Conclusion

ICRISAT's approach to the management of Vertisols in the SAT
regions of India shows promise of achieving a substantial
increase in crop production. This system does not call for high
investment in tractorized form of energy and can do well with
relatively cheap power from draft animsls and human 1labor.
However, the use of efficient implements is required to obtain
better quality and timeliness of operations, The use of improved
implements saves direct energy input from human and oxen by 30 to
40% and makes it feasible to effectively cover more area with one
pair of oxen.

The use of improved inputs such as high-yielding cultivars,
moderate amounts of fertilizer, and plant protection measures
give good returns. This results in an overall high energy output
to input ratio. Managerial factors which contribute to a higher
output are, 1) adequate plant population, 1ii) good crop
husbandary, and 1iii) optimum wutilization of soil moisture by
coinciding the vegetative phase with the rainy season. In an
improved management human labor is not displaced. In fact other
studies (Ghodake and Kshirsagar 1983) have pointed out that when
farmers change from a traditional, single crop per year system to
a more intensive double <cropping system, human labor input
increases, particularly for harvesting and threshing. It also
increases human labor productivity so that the people are more
gainfully employed.
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Appendix 1

Improved cropping systems selected for comparision at three

On-farm research locations in India.

Experiment
location

Taddanpally,
Medak Dist.,
Andhra Pradesh
State
(1982-83)

Farhatabad,
Gulbarga Dist.,
Karnataka State
(1982-83)

Begumgunj,
Raisen Dist.,
Madhya Pradesh
State

Cropping system

Percentage

in the experiment

Sorghum/pigeonpea
intercrop

Mungbean-sorghum sequence

Mungbean/sorghum sequence

Sole pigeonpes

Soybean - pigeonpea
intercrop

45
33

38
a
5

63

B L L Y e L T

Sole pigeonpea was an important crop in the traditional
systems occupying 23% of the area.



3.
4.
5.
6.
7.
8.
9.
10.
1.
12.
13.
14,
15.

16.
17.

Appendix II
Energy values for various inputs
Human lapor

MJ/h (Maheashwari et al. 1983)

a. Adult man = 0.22
.18 Mi/h (Maheshwari et al. 1983)

b. Woman H
A pair of oxen = 2.7 Mi/h (Maheshwari et al. 1983)

Wooden implements = 10.5 MJ/kg (Maheshwari et al. 1983)

Steel tools and machinery = 72 MJ/kg (Maheshwari et al. 1983)
Tractor = 72 MJ/kg

Diesel = 47.8 MJ/L (Carvinka 1980)

Gasoline = 42.3 MJ/L (Carvinka 1980)

Farm yard manure (FYM) = 300 MJ/t (Maheshwari et al. 1983)
Nitrogen = 60 MJ/kg (Lockeretz 1980)

Phosphate = 12 MJ/kg (Lockeretz 1980)

Potash = 6.7 MJ/kg (Lockeretz 1980)

Insecticide = 363.8 MJ/kg of active ingredient(Pimental 1980)
Pigeonpea and mungbean seed and grain = 14.7 MJ/kg

Soybean seed and grain = 16.8 MJ/kg

Sorghum seed = 14,7 MJ/kg

Sorghum grain = 13.7 MJ/kg
Straw and crop residue = 18.0 MJ/kg of dry mass (Pandya 1979)
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