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ABSTRACT

a.v. ToP 9r setting up.appropriate energy models, the input-ouput relationship in economic terms can beobtained s'hicfi is one of the met eftaive-;aya of evatuatirq ;Ji;il;i,'rg farm'ac{ivities in ruiat-areas in anyragion' ln this paper, an energy model for 
"gaiury.a 

units fir aangrldeah, proposed earlier by some researchrvorkerc in this area, is scrutinized and some-modifications 
"r" "ug6"uc'td, 

cdlculate n"ia,# rrrrt* incomewfiidt ultimately contributcs to 'quality of lib" of the farmers. ttre uir-its of the ravised energy model wr,ich lead tothc farm incorne ard farm expenditurearc clcarly pointcd out.

INTRODUCTION '
The standard of living or in general the qualig of
life of a community or group of people is rpasured
fV me quentity of totat energy used per capita in
thet oomnu.rnity (Dalal, 1973). For couotries where
nclworks br the distribution of energy is linrited to
only selecied urban and subur6an areas and where
vast rural areas depend for energy on human and
animal musde ponrer and farm anti animal waste, it
1s not yet possible to derive rcliable fgures for
e.nergy per cap,ita. lt is not only the qiantity of
electri,cal energy consumed pei persdn in the
bdunate elecfitfred areas, but ni totat energy
produced and obtained fronr all possible Eouroos
existing in the pailicular region orcountry that can
be a valid index in this connedion.

ldentification aM categorization of the energy
produced and utilized in various fonns in rural
arees, can lead to developing a quantitative

dynamic model for lhe f,ow of energy to facilitrate
study of farm adivities.

ln this pap6r, a revised energy model for an
agriculturalunit is proposed affer scrutinizing and
modiffing the modet devetoped eartier Uf nuq
(1975).

Energy Resourcer ln Agdcultural Farm

All the various activities in the farm (induding the
go11e.tb life of th€ agricutturatf;amity depenain-g tor
its livelihood and other neoessities) can be broken
up into tvro categories:

1. Energy Ont is apptied fur obtaining the finished
producta of thc farm viz. food crops and cash
crope, and

2. Energy lhat is consumed for makirq life more
comfortrable in the farm unit.

r 
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AnimalEnergY

ln typical non-mechanized fiarms of Bangladesh'

tft" 
'itir"ty. and malor source of energy is that

provideO by animals e.g. bullocks and water'

buffaloes.

It is found that out of 8760 hours in a year' a

Uunocf cannot be effec{ively used for more than

1SOO to 16@ hours. For the purpose of giving a

numerical perspec{ive, it may be stated that various

"tti*"i"" 
'pta"" 

tt e bullock pou'er as betvYeen %

horse pqrrrer to % horse poiref, continuous'

ln order to evaluate the efiecliveness of animats as

" 
,our"" of porer to a farm as a cloeed (quasi-

O"."Ol system of produciion, a realislic unit of

"nit*i 
enetgy would be bullock-hour por. unit of

LnO p"t yeii. for evaluating f;arm..ac{lvitiea, the

,rit tir"V t" n,tttt"t modified by 'bullock-hour/aqe
/capita/ycar".

Animal cnsrgy is applied to the agritx,rtturai unn ior

tU pfougfrini, (iD 
-inigation 

to some extent' (iii)

traction and (iv) threshing' etc.

AnlmelWasb

A cow produces about 14 kg/day (ESB, 1976)' in

averagG, of animalwaste. lt may be,assurned that

tre a-mount usable is half i'e. 7.0 kg!oowlday-

Animalwasta is used in the farm for the purPoses

of cooKng and manuring. lt may atso ba aesumed

t"i zn ir tne total usable amount is ussd lbr

"otitE 
and the rest 1.3 (2.3 kg per co$' per day) is

uaed for manuring.

Energy Fced Back

It b observed br the purpose of mtting up of an

Jnetgy model, that, in order to obtain mecfranica]

enefr ouhut from farm animale, energy must abo

G si'ppriel to them (input energy) in the form of

teeU. iiris feed is obtained from the ouFuts of the

farm itself and some supplementary animal food is

purchased by the cash income from the farm'

Existence of several feed back loops (including

animaf waste produclion and utilization) in the

overall energy model must thus be recognized'

Human EnergY

Although it is possible to estimate, for the setting

,j of ln"tgy models in a farm, the effciency of

human being as energy conversion units' the

"tt"rpt 
may-not be worth while' The reason is the

"nirdft 
arsintroduced hr replacing hurnal puscle

oofler. However, consi&rable amount of human
'**et ls used in th€ falm' if not fortraction, then for
-lnigation, 

soring, phnting, *eeding, harvestirrg'

threshing, winnowing, etc.

The application of hurnan labour in tfie- farm is so

variedin type that it is difficult to quantify it; but' ao

rrel powei, it sup$ements, animal -energy. 
in .the

farm to a great ertent. The aesumption of % horts
pot*t o,frut of a man is (for noryqal workingr

fioursl is a reasonable quantitative Bltiqt?E' T Fr
as inigation energy is con@med (Hafizuddin;

1978). 
,

Family members provide I part of-luman €nargy

neeC6O fur the farm and thc cost of bod for thcm'

is- providd ftom the farm income' The e$ of

truman energy is applied through extemd hbou1s'

It may be assumed that intemal rnilpovver

available is 1 man (for family size varying from 4 to

6).

0ther Forml of EnergY in the Farm

For seftingr up of an ovcr-all energy rnodBl br
agricultural units, a ferr drer types of energy

Oieafy or indirec{ly active for crop growing mlst
aso Ue taken into account. These arc solar ensrgy

(prwiding heat and chemical 6nergy); chernbal

Jnetgy proviOeO by animal wastes which in tyrn.is

a pailriou$ut tom food provided to brm^ar*rds;
chemical "*tgy 

provided by ctremical brtiliaers

whicfr are enelgy-intensive prcducls of industry;

rain water with- stored pe[ential energy dedvcd

ultimately from solar energy; irrigation water
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provided by either muscle power or by machine
power (from fossil fuel or electricity) or a combina-
tion of these, heat energy (for cooking) provided by
farm waste and animal waste produced from the
farm itself and a portion is provided by firewood
purchased from the cash income of the farm. The
existence of energy feedback loops at various
stages can also be identified.

Revised Energy Model, Wth Some Feedback
Loops

\A/ith the above comments, a more complete and
realistic qualitative model is suggested with the
forward and backward flow of energy, as shown in
Fig. 1. lt may be stated that the aim of agricultural
units is to produce food crops i.e. edible outputs, so
as to secure a basic and minimum standard of
living. This standard of living is commonly
measured in terms of income per capita of the
human beings subsisting on a particular unit.
Another way of looking at the output of the unit is to
determine "how much energy could have been
bought (from sources outside the unit) from the net
income of the farm, in addition to all the energies
available in various forms inside the farm". Some of
the energy purchasing capability of an agricultural
unit, can be reinvested in the farm for the purposes
of artificial irrigation by power pumps, chemical
fertilizer, improved seed, external labour,
purchasing more animals or even better food for
the family members and animals, etc. ln an ideal
situation, the farm income per capita (or energy
purchasing capabilities) should increase in a fastdr
rate than the rate of reinvestment.

Energy Model and Farm Surplus lncome

The energy model can be made precise and useful
with appropriate quantitative data inserted at
the various stages to evaluate farm activities.

By identifying all the items which lead to farm
income and farm expenditure, farm surplus income
per capita or energy purchasing capability/capita
may be evaluated. From the model, it is clear that
the items leading to farm income includes crop
production, crop and animal wastes. The items
leading to farm expenditure are fertilizer, irrigation,
animal financing, external manpower, seed food for
family, animalfood, lighting and cooking, etc. With
relevant data used for all these items, actual farm
surplus income/capita or energy purchasing
capabilities/capita may be calculated.

CONGLUSION

For evaluating and improving the economic
activities of the farm, numerical data for all the
stages of the energy model is to be derived.
Collection of all necessary data needs extended
survey and research. With numerical data
available, it will be possible to observe the effects
of various parameters e.S. O farm size, (ii) family
size, (iii) fertilizer cost (iv) irrigation energy (human,
diesel, electric) etc. on the surplus income.
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ABSTRACT

Field performance of lRRl multi-crop upland seeder was done at Regional Agricultural Research Station (RARS),
BARI, Ishurdi with maize and sunflower seeds. The field performance oithe planter was highly encouraging. The field
capacity of the seeder were 0.144 halhr and 0.162 ha/hr for sunflower and maize respectivLty. The fied'efficiency for
sunflower and maize were 63.43% and 61.30% respectively at 3.2 km/hr fonarard speed. Seeding by this machine
was about 3 times cheaper than hand seeding. At the present wage level of Tk. 60 per day ttre seeOer has a break
even area of 3 hectare per year.

INTRODUCTION

Broadcasting seeds over the loose soil and
subsequent thinning of plants are the common
practices in Bangladesh. Grain drill tends to give
higher yield than broadcast seeder because of
greater uniformity of seed distribution and uniform
seeding depth (Barger et at., (1972). Brammer
(1977) showed similar results from his study in
Bangladesh. Kemp (1966) developed a 9-row
combined seed and fertilizer drill capable of sowing
493 kg/ha wheat and 137 kg/ha to 818 kg/ha
fertilizer. Ali (1977) developed a multi-row seed drill
for rice and wheat which gave a poor performance
associated with crushing of seeds and non-uniform
seed delivery. Saif and Alam (1983) developed a
multi-row seed drill suitable for rice and wheat; but
various modifications are needed in metering cell
shape, power transmission, seed rate selector, and
pull beam mechanisms. Kumar et al. (1986)
developed a S-row seeding attachment for wheat
and barley. The overall performance of the machine
was satisfactory. The maximum seed breakage
obtained was 2.7o/o and field capacity was 0.228
ha/hr. Bangladesh Rice Research lnstitute (BRRI)

has developed similar animal drawn seed drill for
rice. The seeding ratq of BRRI upland seeder was
30-37 kg/ha, the field capacity was 0.08 ha/hr and
the draft of the machine was 50-55 kg. The damage
caused by the metering syslem was found 1-3ok
which is negligible (BRRI, 1986). Awadhal (1987)
reported testing of a 4-row planter; its field capacity
was 0.25 ha/hr.

Like all other farm machines, seeders should also be
technically and economically suited to local needs
and contribute to increased food production through
increased yield. Experiences in some countries of
the region have proved that proper sowing can only
be canied out by seeding equipment of sound
performance.

This study was aimed at testing and evaluation of a
seeder for a number of crops and soil conditions. lt
was a collaborative work of BARI-IRR| farming
system programme with the following objectives :

1. To test the performance of the lRRl designed
multi-crop upland seeder in farmers' field
condition,

2. To modify the machine as needed.

I Bangladesh Agricultural Research lnstitute (BARI), Gazipur 1701, Dhaka, Bangtadesh
' Bangladesh Agricultural Research Council (BARC), Farm Gate, Dhaka, Bangladesh
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MATERIALS AND METHODS

A five row multi-crop upland seeder (Fig. 1) obtained
from lRRl through the |RR|-BARI Farming System
programme, was tested in both laboratory and field
condition with maize and sunflower. The planter has
the flowing specifications (Iable 1).

ln the laboratory test, the equipment was calibrated
for the test crop for standardization of metering
mechanism, i.e. seed delivery rate, seed distribution
pattern, and seed breakage. ln the field, experiments
were conducted at RARS, BARI, lshurdi during the
winter season of 1992-93. Two tests T., (seeding by
machine) and T, (hand line sowing) were replicated
thrice. The crop was fertilized with N. PrOr and KrO
as per requirement of respective crops.

Table 1 Specifications of lRRl upland seeder

were also noted separately. Comparative statement
of cost in machine and hand sowing were made by
measuring the working accuracy and labor
requirements as per RNAM Test Code. For cost
analysis following assumptions are made (Table 2).

f able 2 Assumptions for cost analysis

Machine cost

Machine life 2

Salvage value 2

Annual interest 3

Taxes, lnsurance & 3 % of purchase price
Shelter 3

Repair maintenance t 8% of purchase price

Labour wage

per 100 hrs

$ 1 50 (TK. 60) per 8
hrs

$ 295 (Tk. 11,800)

8 years

1Oo/o of purchase price

8o/o

No. of Rows (maximum)

Row spacing

Spacing within row

Length

width
Height

Weight (hopper empty)

Hopper capacity (per row):

seed section

fefflizer section

Crops

Power

5 at 20 cm spacing

20-90cm
20, 25 and 50 cm

158 cm

108 cm

73 cm

105 kg

2.5 kg rice seed

3.3 kg fertilizer

Rice, sorghum,
corn, mung bean

2 men alternating

Data on missing hills, seed dropped per hill, hill and
row spacing, depth of seeding, power requirement at
working speed of the planter, field capacity, and field
efficiency were recorded for each crop at the time of
seeding. The lield capacity and field efficiency of the
machine were measured by time taken to plant a
given area of land.'Time required to plant 30 m x 20

m plot was noted and total loss or idle time in seed
filling, turning, head land planting, and adjustment

1 Bockhop (198s), 2 RNAM (1983), 3 Hunt (1977)

RESULTS AND DISCUSSION

Data pertaining to the machine performance in the
laboratory test with respect to different parameters
are presented in Table 3. The metering mechanism
was found suitable in the laboratory test at 3 km/hr.
The seed breakage was about 3.5Yo lor maize and
2.80 % for sunflower which is acceptable (Kumar et
a|,1986).

The field test data of different parameters in
machine and hand planting are presented in Table 4
The machine was pulled by a power tiller though it

was designed for a single animal. The draft
requirement ranged from 65 - 80 kg which was
beyond the capacity of an average pair of bullocks of
Bangladesh.

Furrow opener and closer functioned well as land
preparation was good. The machine slip was 9.1%
during the field test. The average calculated field
capacity and field efficiency were 0.162 (haihr) and
63.43 % for maize and 0.144 ha/hr and 61 .32oh lor



Machine speed,
km/hr

Theoretical seed
rate, kg/ha

Actual seed rate,
kg/ha

Crushed seed
rate, kg/ha

J

9.98 
a

b
11.04 (r 0.378)

0.398 ('0.12) 
b

J

7.g 
c

7.98 (r 0.31)b

0.22 (r O 13)b

sunflower respectively. The field capacity was low
due to unskilled operators.

Table 3 Laboratory test data on metering device for
maize (Barnali) and sunflower (DS-1)

Parameters Sunflower

J. Agril. Mach. & Mech. 3 (1 & 2), 1996

limitation of the metering mechanism of the seeder
as mentioned in specification (l-able 't). The yield in
hand and machine .were different. Though the
difference in yield in magnitude seems to be small
but they were statistically different This was perhaps
due to the differences of hills established in the
beginning.

Considering the fixed and variable cost for machine
operation, machine planting was found about 3 times
cheaper than that of hand planting. Machine planting
incurred a planting cost of Tk. 497 for sunflower and
fk.4M for maize. Hand seeding cost was Tk. 1480
for sunflower and Tk. 1416 for maize. The
relationship between the total cosUha and the annual
area to be cultivated is shown in the Fig. 2 for
sunflower. At the present wage level of Tk. 60 per
day, the machine has a break even level at 3 ha per
year. The calculated cost effective area was 3.15
ha/yr which showed a good agreement with
graphical value.

CONCLUSION

The overall performance of the machine was
satisfactory. The average working capacity of the
machine was 0.144 ha/hr for sunflower and 0.162
ha/hr for maize and required 16 man-hr/ha. The
machine is quite heavy as it weighs 105 kg. lt needs
a power tiller for pulling. The cost of seeding seems
to be high; this may due to high initial price of the
machine.

RECOMMENDATION

1. The machine should be tested with other seeds
like soybean. mung bean, rice. wheat, elc.

2. The machine could be made with light materials
for weight reduction and for easy pulling by draft
animals.

considering 2 seeds per hill; means of 5 passes;
c 

considering 3 seeds per hill

For sunflower, machine planting produced 4.2o/o

missing hills. Missing hills were observed in machine
planting due to mechanical handling of seed (seed
breakage or inadequate cell fill) which is acceptable.
Seed per hill was also significantly different in each
method. The machine produced an average of 4
seed per hill compared to 5.3 for hand planting with
sunflower. For maize, machine produced an average
of 2.4 seed per hill compared lo 4.2 for hand
planting. Perhaps this was due to lack of skill of the
laborers.

Hill spacing was slightly higher (33 cm) in case of
machine planting. This might be due to the skidding
of the ground wheel of the planter. Established hill
percentage after 15 days of planting were also
significantly different in each method. Machine
planting gave an average of 95.8% established hills
in comparison to 99.3% in hand planting of
sunflower. For maize, machine planting produced
lower row spacing. This was perhaps due to the
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1. Hitch
2. Supportwheel
3. Press wheel
4. Rocker arm assembly
5. Cam assembly
6. Seed tube
7. Furrowopener
8. Marker assembly
9. Hopper
10. Main frame
11. Furrower lock
12. Return spring
13. iletering plate
14. Bush cut-off

Fig. I Schematic diagram of lRRl upland seeder
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Fig. 2 Curve showing cost of operation as affected by the annual use of the seeder



Table 4 comparison of some important parameters for machine and hand seeding
, IAverageperformance : sunflowero.144halhr, Maize 0.162hahrl
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Hand

Parameters

Missing hill, % *"

Seed per hill, no.
Hill spacing, cffi **
Row spacing, cm
Established hfil, o/o "
Seeding rate, kg/ha
Depth of planting, cm *

Wheelslip %

Yield, Uha

4.20

4.00

33.00

45.00

95.80

7.98

2.90

9.10

1.30

0.00

5.30

30.00

50.00

99,30

11.60

3.40

1.21

4.80

2.40

22.50

76.00

96.20

10.10

3.20

9.10

3.61

0.00

4.20

25.00

75.00

99.50

16.04

3.60

3.72
_Seedin_g cost (I_k./lra) ** 2143.60 140g.00 496.g0 1416.00' significant at
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