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EDITORIAL

To all readers, a Very Happy New Year, 2015. As time passes fast, this is the fifteenth New Year in 21st cen-
tury. At present, heated discussion about multinational trade liberalization, especially for agricultural products
has been advancing in the world. Japan has overwhelmingly many small farmers as compared to the western
world, and it is difficult to compete for the food prices in international competition. Almost 70 % of farmland in
Japan is located in semi-mountainous areas, and it is not only difficult but will cost huge money to make a large
working area. Especially for rice paddy, it is more difficult to make a large working area since it needs a level
field. Just upsizing of machinery is not effective for Japan to improve labor productivity. Under such a situation
in Japan, same as in EU, research and development of small agricultural robot have been carried out. There are
many farmers engaging in agriculture in semi-mountainous areas in the world. | think the development of new
small machinery such as agricultural robots would help such farmers immensely.

The world population, which exceeded 7 billion now, is increasing in number steadily to 9 billion. We have
to increase the output of food production with limited resources that we have. In order to do that, widening the
use of agricultural machinery is the most important task to increase the labor productivity as well as the land
productivity. Rural areas of Japan are becoming aging societies and the labor force there is rapidly decreasing.
And this phenomenon is occurring not only in Japan but also in China and in other parts of the world. Younger
generation hates agriculture and moves to cities. At present, urban population ratio of the world is about 50 %.
It is estimated to be 70 % at the time when world population will become 9 billion. We must increase the output
of food production with a fewer labor force of rural areas. It is clear that agricultural mechanization is the most
important task to address this situation.

Daily news tells about terrorism, war and riot. It cannot be said that the current global society is peaceful. In
order to live in the constricted earth together, realization of peaceful society is the most necessary for all human
beings. There is a research report telling us that the total assets of top 85 of the world billionaires equal those of
3.5 billion poor people. As long as we have such a large economic gap in the narrow earth, realization of peace-
ful society would be difficult.

Publication of AMA was started for the purpose of promoting agricultural mechanization of small farmers
around the world with appropriate technology and by making the technological connections together for farmers
to be richer by themselves. The AMA has been published with the hope that worldwide experts of agricultural
machinery would increase development efficiency by connecting each other. However, the actual gap has been
widening for more than 40 years since 1971. Human beings are a part of the organism system and they have to
live in harmony with the non-human life system. Harmonization of the life system will be agriculture in the
broad sense. This harmonization brings food, fiber, timber, medicine, biomass energy, beautiful environment,
etc. to everyone. Moreover, most important thing is a mental state which human beings acquire by working on a
life system through agriculture. I think it has been changing the human by creating a culture over a long period
of history. Agricultural machinery is also the one for creating harmonization. | wish that the agricultural ma-
chinery will keep serving for making more beautiful harmony in the future.

This year also, I, together with everyone would like to help in improving the status of the farmers all over the
world through a new vision of agricultural mechanization.

Yoshisuke Kishida

Chief Editor

January, 2015
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Development of a Self-Propelled Jute Seed Drill

Cum Rural Load Carrier
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Abstract

Poor economic conditions, small
land holdings, and shortage of
labors are major problem in jute
mechanization, resulting in delayed
planting of jute. This research de-
veloped and evaluated the perfor-
mance of a self propelled jute seed
drill cum Rural Load Carrier (RLC)
for eastern Indian farmers. Jute seed
drill suitable for sowing operation
in local farms, and a rural load car-
rier for public and goods transport
in rural areas. The RLC consists of
the main frame, metering mecha-
nism (MM), furrow opener unit,
power transmission, and the carrier
frame. A 3.94 kW diesel engine was
used as a power source. The coef-
ficient of non-uniformity (1-Uc)
varies between 0.22 and 0.29 with
standard deviation (SD) of 0.024 for
the metering mechanism (MM 2)
in jute seed drill. The field perfor-
mance evaluation was done at the
speed of 2.1 km/h. It was observed
that the average field capacity and
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field efficiency were 0.28 ha/h and
69 %, respectively. Fuel consump-
tion varied between 4.8 and 5.3 I/ha.
During the evaluation no damaged
seeds were observed. The mean
emergence time for jute seed was
7.3 and 7.5 days for seed drill sown
and conventional sown method
respectively. The performance test
established that the machine could
be used economically.

Keywords: Jute, self propelled
Jute Seed drill, Coefficient of uni-
formity, Metering mechanism, Ru-
ral Load Carrier

Introduction

Jute (corchorus sp) is the cheapest
vegetable fiber procured from the
bast or skin of the plant’s stem and
the second most important vegetable
fiber after cotton, in terms of us-
age, global production, availability
and consumption. India is the larg-
est jute producing and processing
country in the world. Jute provides

employment to 40 million farmers
and 0.2 million-factory workers in
country. In India cultivation area of
jute crop is 0.91 million ha and an-
nual production of raw jute is 11.82
million bales of 180 kg each with
average productivity of 2.01 tones
ha? in 2010 (Anonymous, 2012,).
It is a rainy season crop and hence
sown from April to May according
to rainfall and type of land, and har-
vested between July to September.
Improved methods of cultivation in-
creases jute fiber yield and reduces
cost of production in farmer’s field.
The human labour cost is largest
component in cultivation for jute
crop. Currently, due to industrial
growth and government employ-
ments scheme, labour shortage is a
major constraint in jute production
in the country, especially during the
peak cultivation times. Most of the
jute cultivators are small and me-
dium farmer and their farms opera-
tions are not mechanized, including
planting. Hence weeding and pes-
ticide spraying are serious problem
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due to scattered germination and
higher planting density (Rahman
and Khan, 2012). Weeding and thin-
ning takes 45-50 % cost of produc-
tion. If it is not done at proper time;
the whole crop is adversely affected
(Olubunmi, et al 2009). No weeding
tool and machinery can be operated
after the broadcasted seeds germi-
nation/germinate, this increases the
cost of production and decrease the
yield and quality. On the other side,
jute seed drilling provides a more
uniform depth, reduced seeding
rate, more uniform emergence pro-
viding much needed advantage over
manual practices.

Traditionally Jute crop is sown
followed by the first rainfall of the
season, usually broadcasting is fol-
lowed by levelling. Poor soil to seed
contact, uneven planting depths
(some seed too shallow for proper
emergence of permanent root sys-
tems, and other seed too deep for
germination), and often, poor plant
distribution are found to be com-
mon in broadcasting system of jute
planting and are major disadvan-
tages of this method. Broadcast of
jute seed is successful up to some
extent, when soil and seed bed con-
ditions are optimal, and rainfall or
irrigation follows the agricultural
operations such as broadcasting,
harrowing and leveling. Earlier de-
velopment of manual drill for small
seeds was also not accepted by the
farmers due to strenuous walking
postures. In manual jute seed drill
operation, the subject had an ap-
proximate inclination of 600 and
530 with horizontal while walking
backwards and pulling from front
respectively. Draft requirement of
manual drill was 402 N. Two men
were required at a time to operate
the four row drill in jute sowing.
Low field capacity (0.094 ha/h) and
maximum period of operation at a
time was only 14 min. These were
major hurdle in operating manual
seed drill. Field performance and
germination of jute crops by this
drill was not found satisfactory. One

major reason of poor germination
was imperfect metering mechanism.

The importance of transport in the
rural setting has been recognized by
the Government of India as a basic
means for sustaining agricultural
growth and rural economy (Gilbert-
Miguet, 2011). In rural areas, the
poor farmers are mainly dependent
for their livelihood on their ability
to produce and market agricultural
products in nearest cities. Besides
this, six percent of the Eastern India
rural households have to walk from
one to two hours to the nearest all-
season road, and another two per-
cent have to spend about half day.
Improving the availability of rural
transport could positively impact on
the livelihood in such rural areas.
This is possible only with the help
of cost effectiveness, and rural load
carrier cum public passenger trans-
port vehicle.

Poor economic conditions, small
land holdings, and shortage of
labors are major problem in jute
mechanization, resulting in delayed
planting of jute in rural eastern
India. Poor public transportation
facility was also one of the major
constraints in rural livelihood. The
objective of the current study was
to design and develop a low cost
jute drill cum Rural Load Carrier
(RLC). The effects of the developed
seed drill on plant emergence were
examined and obtained yield was
compared to the yield obtained from
the conventional method of sowing.

Materials and Methods

The design and development of
jute seed drill and RLC was done
on the basis of mechanical require-
ments and agronomic practices. The
agronomic requirements were relat-
ed to the seed rate, planting depth,
row spacing, and soil-moisture man-
agement. Similarly the mechani-
cal design requirements related to
power transmission, traction, soil
compaction, depth control, seed me-

tering, and maneuverability. Each
requirement was discussed with the
agronomist, research scientists and
farmers to determine the design
specifications that would best meet
the West Bengal farmer’s practices.
The resulting drill was fabricated
in the workshop and tested in the
research field of Agricultural and
Food Engineering Department of
II'T Kharagpur, West Bengal, India.

Jute Seed

The jute seed drill was tested in
laboratory to examine the perfor-
mance of the metering mechanism
and the planting mechanism. Jute
seeds of 2.54 g/1000 numbers were
used for this study. Mean dimen-
sions of selected jute seeds, popular
in the area, were 2.21 x 1.32 x 1.08
mm and the angle of repose was
27.9°,

Mechanical Design Specifications
of Designed Jute Drill

The main parts of developed seed
drill were seed hopper, ground
wheel, metering mechanism (MM),
frame, and furrow opener.

Metering Mechanism: For de-
signing the metering mechanisms’
cells size and shape, four different
types of mechanism were developed
and evaluated in laboratory. The
MM moves under an arrangement
called cut off, this allows only those
seeds which could be accommodat-
ed in the cells. Cut-off mechanism
brushed out excess seeds from the
cells of the feeding mechanism. For
brushed excess jute seed a square
shape pad of size (80 x 50 x 5 mm)
was placed around each metering
mechanism, the pad had a square
cut of (30 x 10 x 5 mm) in centre.
Seed rate of the seed drill was con-
trolled by the square cut of the pad.

Furrow Opener and Depth Con-
trol: Narrow shovel type furrow
opener was selected to provide good
penetration under a wide range of
soil conditions form a narrow slot
for optimum and splitting placement
of jute seeds into row. The openers
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were attached to a rigid tool bar so
that it moved up and down as a unit
to provide uniform depth control for
all openers. The furrow opener with
width of 52 mm, shear width of 35
mm, boot length of 210 mm was se-
lected. Rack angle and boot wedge
angle of 40° and 90° respectively
were considered for furrow opener
(Darmora and Pandey, 1995). Pipes
of 20 mm diameter were welded
with small straight pointed shov-
els and connected to the seed box
through appropriate PVC tubes.

Maneuverability: Jute seed drill
had to operate in a small field with
minimum disturbance to the sur-
rounding plot area. This required
the ability to readily start and stop,
and ability to turn within a short
distance (turning circle radius was
1,450 mm) and to be controlled with
a high degree of accuracy. These
requirements were fulfilled by a self
propelled concept of machine with
minimized size and placement of
the operator close to the working
area.

Traction and Seed Firming: For
field conditions of jute cultivation
two rear wheels had to serve as trac-
tion wheels as well as accomplish
seed firming. Hence all of the drill’s
weight was utilized in develop-
ing tractive effort. In addition, the
wheels should be as narrow as pos-

sible to minimize the compaction
effect on the prepared surface. It
should also be able to flex over un-
even ground for good traction and
seed firming in an unprepared seed
bed. The self propelled unit had two
pneumatic traction wheels (152.4-
304.8 mm) and one steering wheel
(82.55-406.4 mm) in rear and front
side respectively.

Developed Seed Drill

Common feed shaft driven by the
ground wheels were located on both
sides of the seed drill. The drive to
the seed metering was powered by
a ground driven steel wheel with
diameter of 440 mm. MM was
mounted on the main shaft of 25
mm diameter and carries the seed
from hopper. The metering mecha-
nism cells were designed to receive
and accommodate 1 or 2 seeds from
the cone shape hopper. Fig. 1 shows
an isometric view of eight-furrow

jute drill with cone shape hopper of
1.5 mm Gl sheet and 1.8 liter size,
designed and manufactured, and
mounted in groups of equal distance
at rear side of the machine. The
Seeds were dropped from metering
mechanism to the furrow opener
through PVC pipe. The location of
seed in hopper and MM minimized
the drop tube angle and height of
each furrow openers.

Development of Rural Load Carrier

Load carrier for transportation
of agricultural produce and people
in rural area was developed. This
load carrier was developed by using
diesel engine of 3.94 kW (5.3 hp),
old two wheeled bike frame, power
tiller wheels, wooden panel and
locally available materials. Power
tiller pneumatic wheel was selected
for field and transportation op-
erations. Two speed transmissions
system was designed for field and

Fig. 2 Layout of power transmission system in neutral position
for self propelled jute seed drill cum RLC

Fig. 1 Isometric view of eight-furrow jute drill
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transportation on rural road. The
power was transmitted from the en-
gine to clutch by using two belts of
size B-58. The speed reduction unit
constitutes the drive wheels shaft
through the spur gears and chain -
sprocket combination. Layout of
power transmission in neutral posi-
tion for self propelled unit is shown
in Fig. 2. The digits indicate the
no. of teeth on the gear and chain
sprocket. Theoretical speed for field
operation and rural transportation
were from 1.9 and 8.3 km/h respec-
tively. The loading spring was used
to keep the chain in constant contact
with the teeth for continuous power
transmission and reduced slippage.
The cost of this RLC and jute seed
was $ 400 and $ 100 respectively.

Experimental Setup for Metering
Mechanism Testing

The sticky belt test stand was
used and tests were carried out to
investigate the uniformity of jute
seed discharge using Coefficient of
uniformity (Uc) and Coefficient of
variation (CV) for four different me-
tering mechanism. The seeds on a
5 m test section at the middle of the
belt were counted. The belt section
was further divided into twenty in-
tervals of 0.25 m long and the seeds
were counted on 20 samples of 25
x 25 mm size white colour frame.
For each metering unit under study,
total of 60 samples were collected in
test rig runs. The number of seeds
in each frame was counted. The to-
tal number of seeds on the 5 m test

distance was also counted. The Uc
and CV were determined using the
methodology described by Maleki el
at. (2006).

A sticky belt test stand was used
to examine spacing of jute seeds. A
greased belt was used as a substrate
to verified seed spacing information.
(Kachman and Smith, 1995). Suffi-
cient white grease was added to the
top surface of the belt to capture the
seed as it was released from the drill
with minimum rolling or bouncing
on the belt surface. A common unit
was used in all treatments. Jute seed
drill unit was positioned over the
sticky belt as shown in Fig. 3. The
speeds on the sticky belt were set
at a simulated travelling speed be-
tween 15-50 m min* for jute drills.
The whole unit was stopped as soon
as the discharge seed band reached
the end of the test rig.

Coefficient of Variation and Uni-
formity

The CV is widely used to evaluate
seed and granular fertiliser applica-
tors (ASAE S341.3, 1998). Research-
ers’ experience showed that the CV
fails to compare drills performance
with mostly similar efficiency.
Therefore, the new index desig-
nated as Uc based on least absolute
deviations, developed by Maleki et
al. (2006), was used for seed spac-
ing evaluation. Uc is less sensitive
to outliers and more accurate for
evaluation of seed drills. The value
of the Uc, when approaches one,
the metering unit performance ap-

proaches perfection.

Field Performance Evaluation
The performance of developed
jute seed drill was evaluated at
research farm of the institute. The
methodology for this testing was
adopted from the RNAM test codes
and procedures (RNAM, 1995) for
related seeding machines such as
seed drill. Based on the results ob-
tained from laboratory testing, the
performance of the machine was
analyzed at field operating speed.
Test fields were prepared with one -
disk plough for primary tillage and
a combination of cultivator and
rotary tiller for secondary tillage.
After primary tillage field was ir-
rigated by flood irrigation method.

Results and Discussion

Results of Uniformity Test on Dif-
ferent Metering Mechanism

The Uc was used to evaluate the
performance of the four different
cell shape metering mechanisms
in laboratory before final selection
of metering mechanism. The aver-
age of Uc and CV was measured at
speed of 15-50 m min?* for MM1,
MM2, MM3 and MM4 (Fig. 3).
Results of the uniformity tests indi-
cated that speed was important fac-
tors for increasing seed discharge
uniformity. The coefficient of
uniformity increased with increas-
ing auger speed, hence a minimum
speed 15 m min? was selected

Fig. 3 Arrangement of four different metering mechanisms on sticky belt test stand

All dimensions in mm
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Maleki et al. (2006). Thus, the faster
cell speed provided better seed uni-
formity distribution compared with
lower rotational speed.

Table 1 shows the comparison be-
tween the CV and the coefficient of
non-uniformity (1-Uc) for all meter-
ing devices (MM 1, MM 2, MM 3,
and MM 4) used in the study. When
focusing on CV, it was observed
that the CV range for MM 2 varies
between 0.21 and 0.41, representing
mostly good and bad performance,
respectively. The coefficient of non-
uniformity (1-Uc) range varies be-
tween 0.22 and 0.29 with SD of 0.02
for MM 2. The results showed that
the repeatability of the coefficient of
non-uniformity (1-Uc) was substan-
tially higher when compared to the
CV in all metering mechanism.The
rate of seed discharge uniformity
rarely increased for MM 1 while
that for MM 2 slightly increased by

constant rotational speeds. Thus,
for sowing jute seeds with a lower
discharge rate (4-6.5 kg/ha), it was
found to be better to use MM 2
with lower rotational speed. MM 2,
having eight cells yields, had more
uniformity in the lower rotational
speeds of 15 m min™. Also the co-
efficient of uniformity increased
as shape of cell tended to be round
with slightly higher size than that of
jute seed dimensions. MM 2 cells
had equal groove diameter, and
depth of 3 mm.

Field Performance

Conventional sowing method and
developed jute seed drill were eval-
uated in 100 x 40 m of three plots.
Plant populations were measured
by counting the number of plants in
randomly selected 1 m x 1 m areas
after 5 days. Based on these mean
values, the plant population per

hectare was determined. To deter-
mine yield, three randomly selected
samples (1 m x 1 m area each) from
each plot were harvested. These
samples were retted separately,
cleaned, weighed, and the average
Jute fiber yield was recorded.

Work Capacity and Field Effi-
ciency

The average capacity of the seed
drill at the mean traveling speed of
2.1 km/h was varied from 0.23 to
0.3 ha/h (Table 2). However, speed
significantly affected field capacity.
The major time lost was in turning
at the headland at tested speed. This
varied between 10-13 % of total
time. The field efficiency was 69 %,
affected by the skills of the driver
directly.

Fuel Consumption

The results of the fuel consump-
tion of jute seed drill at field (Table
2) was 5.0 I/ha indicated that devel-

Table 1 Coefficient of uniformity (Uc) and coefficient of variation (CV) for four units used in the metering mechanism design

Randomly selection of 10 samples out of 60 samples Randomly selection of 10 samples out of 60 samples
Feed unit Coefficient of non-uniformity (1-Uc) Coefficient of variation (CV)
Max |  Min Mean ) Max | Min | Mean | SD
MM 1 0.42 0.26 0.36 0.057 0.70 0.41 0.58 0.092
MM 2 0.29 0.22 0.29 0.024 0.41 0.21 0.34 0.068
MM 3 0.44 0.34 0.39 0.035 0.62 0.32 0.45 0.104
MM 4 0.38 0.30 0.35 0.024 0.53 0.30 0.40 0.083
Table 2 Results of self propelled jute seed drill and traditional method planting pattern and quality
Parameters M eedanil | (Broadcasting)
Work capacity Travelling speed (km/h) 21 0.9
Effective field capacity (ha/h) 0.28 -
Field efficiency (%) 69 -
Planting time (%) 84 -
Time lost (headland, & adjustment) 16 Nil
Fuel consumption For area tested (3,000 m?) (I) 15 Nil
Per working hours (I/h) 14 Nil
Per hectare (I/ha) 5.0 Nil
Planting pattern Row to row spacing (mm) 220 Not maintain
Plant to plant spacing (mm) 30-60 Not maintain
Depth of planting (mm) 15-32 Uneven
Planting quality Mean Emergence Duration (Day) 7.3 75
Germination (%) 67 58
Saving of labour cost for weeding and thinning (%) 170 -
Seed rate (kg/ha) 5.6 10.3
Yield (t/ha) 3.84 2.28
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oped drill consumed less fuel. Aver-
age fuel consumption was found to
be 1.4 I/h.

Planting Pattern

The test results of planting pat-
terns and quality of jute seed drill
are shown in Table 2 and compared
with the results obtained using the
traditional method. Two factors that
affected the pattern of planting were
the plant spacing and number of
plant in a row. As per the agronomic
practices, the sowing depth, row
spacing, and plant spacing were set
at 15-32 mm, 220 mm, and 16-55
mm, respectively. The machine per-
formed effectively when the narrow
opening point was utilized as the
seed opener and it was operated at
normal planting depth of 15-32 mm.

Planting Quality

The sowing with seed drill and
traditional method had almost same
emergence and plant population of
530,000 and 775,000 respectively.
Mean Emergence duration for seed
drill sown crop was 7.2 days. The
67 % germination and plant estab-
lishment was found in case of crops
sown using the developed seed drill.
However, in case of the convention-
ally grown crop, no uniform ger-
mination occurred due to manual
broadcasting of seed which is shown

Fig. 4 Self propelled jute seed drill in operation and crop stand grown

on the slant

in Fig. 4. It should also be noted that
farmers in the region tend to use 50-
80 % more than the recommended
seed rates. Higher plant populations
could lead to higher thinning cost,
moisture stress and reduced crop
yield. The crop grown convention-
ally, growth was adversely affected
due to higher plant population. The
comparative results are presented
in Table 2. The higher and non-
uniform plant population from the
conventional sowing also adversely
affected jute yield. The jute yield
obtained was 20-28 % higher in
the case of the developed seed drill
compared to conventionally sown
crop under same a normal climatic
and condition.

Performance of RLC

Operator sitting position in seed
drill was made in such a way that it
can be operated effectively by East
Indian villagers, achieving maxi-
mum field capacity with efficiency.
Between 1.73-8.2 km/h speeds was
achieved for transport operation
in two different gears. A wooden
platform of 1,150 x 1,080 mm was
provided for transportation purpose
shown in Fig. 5. About 800-1,000
kg agricultural inputs and produce
could be easily transported on rural

road. Ten to twelve rural peoples
were also transported for agricul-
tural activity in rural (Kaccha road)
and tarmacadam roads. During op-
eration, the operator’s could change
the gear smoothly without any inter-
ruption. A slightly lesser turn would
rotate the machine 180° and bring it
into position in a narrow road of 2
m and adjacent field with no reverse.
Clutch and brake pedals were pro-
vided near the left and right fender
of the machine respectively. Perfor-
mance of RLC was also satisfactory
at rural road and tarmacadam roads.

Conclusions

On the basis of this research,
several conclusions were observed.
The best seed discharge uniformity
was observed for MM2 which had
eight cells at speed between 15-50
m min?. The CV range for MM?2
varied between 0.21 and 0.41 rep-
resented mostly good and worst
performance, respectively, with SD
of 0.068. Narrow shovel type fur-
row openers width of 52 mm, shear
width of 35 mm, boot length of 210
mm rack angle and boot wedge
angle of and 90° was selected for
wide range of soil conditions in jute

Fig. 5 Rural load carrier with wooden platform of 1,150

x 1,080 mm size
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sowing. The average capacity of
the seed drill at the mean traveling
speed of 2.1 km/h was varied from
0.23 to 0.3 ha h*. Row to row and
plant spacing was found 220 mm
and 16-55 mm, respectively. Mean
Emergence duration for seed drill
sown crop was found 7.2 days. The
67 % germination and plant estab-
lishment was found in case of crops
sown using the developed seed drill.
About 800-1,000 kg agricultural in-
puts, produce or 10-12 rural peoples
were also transported for rural and
agricultural activity in rural and
tarmacadam roads. The rural road
carrier mounted jute drill has func-
tioned reasonably well in field trials.
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Abstract

The bamboo is one of the fast-
est growing plant species on earth,
which can be used profitably on a
sustainable basis. Despite being
the second largest bamboo produc-
ing country in the world, India has
not been able to utilize its bamboo
resources in a sustainable manner.
Half of the world’s population uses
biomass fuels for cooking which is
rather most easy and least efficient
use. Bamboo can easily be convert-
ed into good quality charcoal which
has several uses. Bamboo charcoal
contains several pores and gaps in
its structure, making it excellent for
adsorption, electromagnetic shield-
ing, and infrared emission. There
are different qualities of bamboo
charcoal based on parameters such
as density, fixed carbon content, ash
and volatile matter content, specific
surface area, etc. One of the more
popular processes used in making
bamboo charcoal is while using
brick kilns. Construction of brick
kiln requires a lot of time, space,
money, energy and an enormous
amount of biomass material for its
conversion into charcoal. Therefore,
a simple portable type charcoal kiln
was designed, fabricated and evalu-
ated for bamboo culm pieces and
found that the conversion efficiency
is 33-38 percent for bamboo with
a calorific value of 7,742 KCal/kg
which is more than oak/pine char-
coal available in the market pro-
duced in earthen Kilns.

Introduction

Bamboo is the fastest-growing
plant on Earth; some varieties show-
ing a growth of more than 120 cm
in day and unlike trees, all bam-
boos grow to a full height and girth
in a single growing season of 3-4
months. During this first season, the
clump of young shoots grows verti-
cally with no or little lateral branch-
ing. In the following year, the soft
wall of each culm slowly dries and
hardens. The culm begins to sprout
branches and leaves from each node
alternately. During the third year,
the culm further hardens and the
shoot is now considered a fully ma-
ture culm. The growth and maturity
for other forest species are slow that
it generally takes years to reach
maturity before providing wood
of commerce. It is a fact that the
energy requirements in the Asian
countryside are best met by collect-
ing wood from forest and burning
in the kitchen primarily for cooking
and keeping oneself warm dur-
ing winter months. However, with
increasing urbanization, the forest
cover is shrinking fast. It is becom-
ing important to use alternate fast
growing plant species with high bio-
mass for this purpose. However, the
bamboo because of producing new
culms every vyear, fits very well in
this scheme. The mature and dried
bamboo can also be converted into
charcoal by carbonization at 300 °C
to 600 °C and only carbon and inor-
ganic ash will be obtained. The vas-

cular structure of the bamboo and
the pores created by escaping gases
combine to produce a light and
porous material. The charcoal thus
produced may reduce the load on
forest wood as an alternate source
of energy. Construction of brick
Kiln requires a considerable time,
space, money, energy and a large
quantity of biomass for conversion
of charcoal. This much biomass
may or may not be available at any
given time for the growers, as tiny
amount of biomass may result into
poor recovery. In addition to this,
the mud and brick are porous in na-
ture, so the fire inside kiln can not
extinguish totally and it may con-
tinue making ash rather than the de-
sired charcoal. It is one of the major
reasons for over burning and poor
recovery. There are many types of
systems developed in the past for
converting plant biomass into valu-
able charcoal more so using bamboo
as raw material but these suffer
from various drawbacks. Generally,
a number of charcoal kilns that were
developed were expensive, less ef-
ficient or user unfriendly. So, a sim-
ple portable type charcoal kiln was
designed, fabricated and evaluated
for bamboo, sticks and culm pieces.

A large number of charcoal kilns
have been developed in past in dif-
ferent countries for conversion of
biomasses in to charcoal. Some of
the important details are given in
the following pages:

Matsuoka (1988) developed a
water sealed charcoal kiln which
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was provided with freely openable
at upper and lower lids and sealing
with water. Maurice (1988) created
a transportable large capacity rect-
angular bin with detachable cover.
The floor of bin was in the form of
double layered sheet metal, divided
in to a series of lengthwise air chan-
nels with vertical spacer with aper-
tures, hinge shutters controlling air
in the kiln. Hideo (1994) developed
a conical charcoal kiln, equipped
with traversing rail for opening and
closing of kiln unit and an electri-
cal hoist for the movement of whole
assembly. It had a penta layered
platform viz. concrete, clay, black
soil; sand and concrete layer with
central core being made up of iron
for making complete air tightness
at the bottom but this would run
only where electricity was available.
Takeshi (2001) invented a char-
coal kiln which was equipped with
blower and inverter for carboniza-
tion and control of air flow rate of
blower respectively. Darshan et al.
(2001) studied charcoal conversion
of coconut shells under four dif-
ferent types of charcoal kilns and
found 30.2, 28.5, 28.2 and 13.83 %
recovery under drum Kiln, lined
pit kiln, unlined pit kiln and heap
burning respectively. Earlier, Zahid
(1996) had found 19.1 % recovery
using coconut shells in his brand of
kiln. Solov’ev et al. (2002) devel-
oped a charcoal kiln having detach-
able housing, which had provision
for changing their spatial position
by circular displacement inside the
kiln through rotating wheels driven
by an electric drive. Yasuhiro (2002)
developed twin containers charcoal
kiln which was placed on an ap-
propriate external a heat source for
conversion of biomass. Similarly
Mametora (2003) invented a twin
vessel horizontal cylindrical char-
coal kiln with circulating burner
flame through a gap between the
inner wall of oven body and the in-
ner vessel for baking the charcoal
material in the vessel. Another char-
coal kiln with fire grate and exhaust

system assembly to control the
inside temperature of the kiln was
developed by Zuito (2003). A little
later, Bakaev et al. (2004) demon-
strated an automatic mobile parabo-
loid charcoal kiln having an outer
heat insulating housing and inner
casing and equipped with a sealing
door. Another type of cylindrical
charcoal kiln, openable from the top
and bottom and closed by a lid was
patented by Yukio (2005) where the
hot flame generated from the fuel
was introduced into a space between
combustion chamber open end,
which was exposed in a ring shape
between the lower edge circumfer-
ence of drum shaped container and
the top opening circumference of
combustion chamber. Jun Qian et al.
(2005) invented a long type charcoal
kiln which had three portions viz.
1) combustion chamber 2) charring
chamber and iii) chimney. The front
side of combustion chamber was
connected with air and fuel inlets
and rear side with an arched char-
ring chamber having biomass mate-
rial inlet and outlet and a chimney
at the rear end for exertion of gases
through a control valve. Toshiaki
(2006) developed a cylindrical
charcoal kiln with openings at the
bottom and the side and also it has
been provided with an air intake duct
at bottom of inner kiln having an air
intake pipe on one end which was
projected outside the kiln but because
of many openings, it was proved to
be the user unfriendly. In the same
year Masatoshi (2006) developed a
double walled dome shape structure
of stainless steel at front and a brick
structure at rear end with front and
rear wall surfaces provided with
detachable lids. The unit had firing
and loading of biomass at front and
detachable exhaust pipe at the rear
side for baking of biomass. Tosuke
(2006) developed a cylindrical batch
type charcoal kiln where raw mate-
rial was loaded in a sliding chamber
and fire hole was provided in the
front side and a smoke-emitting
portion at the rear side wall. And

more recently Futoshi (2007) devel-
oped a multi chambered charcoal
kiln, which was fired by external
burners and was used for conversion
of bamboo and other biomass into
charcoal.

Materials and Method

However all the kilns developed
earlier on, suffer from many defects
such as being expensive, unfriendly
in use, too complicated, therefore,
requiring skilled manpower or be-
ing stationary or even too large and
being run on electric power and thus
limiting their usage. Therefore, an
alternative mobile, comparatively
inexpensive, easy to operate kiln
was designed by using the diesel
drums with good efficiency of con-
version of biomass.

Conventionally charcoal is pre-
pared in brick kilns with dome
shaped body. Loading of this type
of kiln is done from top and sides.
Square openings are provided on
the body of charcoal kiln in dia-
mond shape. The front openings are
closed by brick and soil mortar and
top opening by a heavy steel plate
with soil after firing the kiln. The
openings on the main body could
be closed, one by one from the top
when the fire reaches at that point.
The body of the conventional char-
coal kiln is required to be sealed by
smearing the whole body with clay
soil mixed with molasses. Once the
fire is at its prime and spreads all-
round within the kiln, all the open-
ings are sealed for putting off the
fire and subsequent cooling of kiln.

The portable charcoal kiln (Figs.
1 and 2) mainly consists of main
body of portable kiln, chamber
for water seal for restriction of air
movement, air vents for regulation
of air movement in the main body,
drainage system to the water sealing
unit, MS handles on kiln body for
moving the portable charcoal kiln,
chimney for exhaust system, control
valve of exhaust unit, vacuum gauge
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for detecting burning of charcoal,
lid for covering the main body, MS
handles of lid for easy opening and
closing of the unit, transport wheels
for movement of portable charcoal
unit, heat sealing material, MS rode
grill for easy peripheral circulation
of air and end caps for regulation of
air. A heat sealing material (mixture
of clay and molasses) was thor-
oughly prepared and a thin layered
coating was made in side the wall,
bottom and covering lid as to pre-
vent direct exposure of fire whose
temperature ranged from 300-600
°C. In case of uncoated portable
kiln, life may be reduced. The top
opening on the body of portable
kiln was acting as an exhaust port
and lower acted as an inlet valve for
aeration to biomass. The collaps-
ible grill was assembled in the main
body and bamboo biomass was
loaded vertically in layer and firing
was made. Once the fire catches to
bamboo biomass at first layer, the
successive layers were assembled
in the same fashion. Once the fire
reaches the top of the portable Kiln,

Fig. 1 Portable type charcoal furnace
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it was covered by a lid with exhaust
port kept in open position and water
was filled in water seal. The exhaust
ports were kept open till the whit-
ish smoke was driven out from top
and closed one after another from
top to bottom, once fire was located
at that point. Those ports in lower
zone were closed lastly. The vacuum
gauge would indicate a negative
pressure at the time of the comple-
tion of burning process. After due
cooling, the kiln was opened to
recover the charcoal which is ready
for use.

Result and Discussion

The conventional charcoal kiln
prepared by the mud and brick are
porous in nature and the fire in side
kiln can not extinguish totally and it
goes on making ash from the char-
coal. In addition to this, there is a
poor aeration near the body of char-
coal kiln and biomass which results
into un-burnt /partially burning of
biomass. The quantity of partial
burnt biomass was
2-4 % (Table 1).

Moreover, the
temperature of the
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burning biomass at the centre of
the kiln was very high and porous
nature of kiln material results into
over burning biomass and poor
recovery of charcoal. Besides,
four men are required through out
the burning of biomass whereas a
single man can handle the portable
charcoal kiln. The conversion effi-
ciency of portable and conventional
charcoal kiln was 33-38 and 30-33
percent with time required was 1.5-
2.0 and 24-27 hours respectively.
We also made an attempt to make
an analysis of the moisture content
and calorific value of the commonly
available pine wood charcoal and
the bamboo charcoal manufactured
in the present kiln developed by us
through the services of our sister lab
i.e. CSIR- IMMT at Bhubaneswar,
Orissa (India) and as revealed in
Table 2.

Conclusions

A simple portable charcoal kiln
for bamboo was developed for
complete aeration of biomass for
easy burning provided with a con-
trol valve for regulation of air and
removal of gases and complete re-

Fig. 2 M.S. Lid for covering of charcoal furnace
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Table 1 A comparative study of conventional and portable charcoal Kiln

Conventional Kiln Portable type charcoal kiln Efficiency of conversion
; Workers Weight of . Weight of -
Particulars needed man biomass re Iilrrgg hr biomass Vr\]/:erlgggs re Iilrn;g hr Conventional | Portable type
day loaded, Kg q ! loaded, Kg q '
Bamboo 4 1,500 24-27 50 1 1.5-2.0 30-33 33-38

Table 2 Analysis of bamboo and wood charcoal (by: CSIR-IMMT, Bhubaneswar)

Type of charcoal | Moisture content

Calorific value Calorific value at 0 %

(%) Dry Basis (Kcal/Kg.) moisture (Kcal/Kg.)
Wood charcoal 7.33 7,075 7,634
Bamboo charcoal 7.65 7,150 7,742

striction of air movement when it
was not desirable. This resulted into
good recovery of the charcoal with
almost same calorific value 7,742 K
Cal/kg at zero % moisture (tested
by CSIR-IMMT Bhubaneswar). The
charcoal thus produced may reduce
the load on forest wood due to ur-
banization by providing an alternate
source of energy. Bamboo charcoal
contains several pores and gaps in
its structure, thus making it excel-
lent for adsorption, electromagnetic
shielding, infrared emitting and
further conversion into high quality
activated carbon for industrial ap-
plications.
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Abstract

Torsional vibration meter has
good adaptability for rice seed with
characteristics of no damage, stable
metering, and easy control. In order
to obtain the optimum parameters
of a torsional vibration meter for
rice seed metering, the metering
mechanism and metering perfor-
mance were theoretically studied
and experimentally validated in this
study. Seed kernels in the metering
plate, subjected to forces of gravity,
friction, inertia, etc., moved uni-
formly along the seed rail, and the
amplitude of vibration of the meter-
ing plate had much influence on the
movement of the seed kernels. The
optimum value of the amplitude was
0.173 mm, and the values of helix
angle of the seed rail and angle of
vibration were 2.5° and 23°, respec-
tively. The metering rate data from
experiment agreed well with that
from calculation based on metering
mechanism analysis, with difference
less than 5% while the value of am-
plitude of vibration was 0.173 mm.

Introduction

Rice is one of the main crops in

the world, on which 50 % of all
population relies as staple food. In
China, rice production amounted
to 202.5 million tons with planting
area 30.4 million hm? in 2011. And
the mechanization rice planting
level of 20 % was quite low com-
pared to its overall mechanization
level of 58 % in 2010 (Zhu, 2012).
The main obstacles that prevent the
mechanization level of rice planting
are the irregular shape of rice seed
and the traditional agronomic
technology of seed germination
by soaking acceleration before
metering (He, 2003). Different
metering devices were pre-
sented for the rice seed, such as
fluted wheel one, vacuum one,
and vibration one, of which the
vacuum metering device was
mostly studied (Wang, 2009;
Yang, 2010; Wang, 2010). But
the seed is easy to be damaged
for the fluted wheel meter; the
nozzles are easy to be clogged
for the vacuum meter; and it is
difficult to control the metering
process of the linear vibration
meter. In this paper, a torsional
vibration meter was presented,
and the metering mechanism
and its metering performance
of rice seed were theoretically

studied and experimentally vali-
dated.

Meter Structure and the Metering
Process

The structure of the torsional
vibration meter is shown in Fig.
1. The metering plate is held by 3
plate-springs which are evenly dis-
tributed along the circumference.
An iron core coil is stalled under the
metering plate with an adjustable

Fig. 1 Meter structure and its work principle
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clearance from the bottom of the
metering plate. A spiral seed rail is
manufactured around the inner wall
of the metering plate, and a narrow
pass is set near the seed exit of the
seed rail.

While metering, a unidirectional
pulse voltage is supplied to the
iron core coil, which produces an
electromotive force to the metering
plate. The metering plate torsion-
ally vibrates under the action of the
electromotive force and the springs.
Seed kernels in the metering plate,
subjected to forces of gravity, fric-
tion, inertia, etc., move uniformly
along the seed rail, and some are
pushed down the rail. Finally, the
seed kernels creep through the nar-
row pass one by one and are sensed
by a photoelectric sensor. The
metering process is controlled by
switching on/off states of the volt-
age input.

Metering Mechanism

Forces Acting on the Seed Kernel

For the purpose of force and
movement analysis of the seed ker-
nel on the seed rail, expanded the
seed rail along the circumference
and set the coordinate system, as
shown in Figs. 2a and 2b, where X is
tangent to the spiral seed rail with a
helix angle a and y is perpendicular
to the rail.

Metering plate periodically vi-
brates along vibration direction s,
and ¢ is the angle between s and x.
While metering, forces acting on a

seed kernel are as follows: gravity
mg; supporting force Ns; friction
force F; inertial force ma; m is the
mass of the seed kernel while g and
a are gravitational acceleration and
vibration acceleration, respectively.

To retain the seed kernels on the
spiral rail well, an inclination angle
o4 1S set on the rail, as shown in Fig.
2c. Then, there are other forces act-
ing on the seed kernel: supporting
forces Ny and N; by the wall and the
inclined rail surface, respectively;
friction force F;; inertial force mawr
away from the axis of the metering
plate. The r is the radius of the seed
position away from the axis of the
metering plate; e, is angular veloc-
ity of the seed kernel, and w, = V/
r, where, V is velocity of the seed
kernel. N; is away from N with a
direction change of angle a;. Then,
the co-acting forces of N; and maw,?r
with a resultant force N;sina; +
ma4?r, with direction away from the
axis of the metering plate, keeps the
seed kernels on the rail well.

Moves of Seed Kernel on the Seed
Rail

The displacement of the metering
plate along vibration direction can
be expressed as

S=A SN O cvvveeieieireeeaean, @)

where S is displacement, mm. A is
amplitude of vibration along the vi-
bration direction, mm. e is angular
frequency, rad/s, and w = 2zf (f'is
frequency of the vibration, Hz) and t
is time, s.

The displacement components of
S along x and y are expressed as

Fig. 2 Forces acting on the seed kernel

a b

a. seeds on the spiral rail, b. forces on the linearly expanded seed rail,

c. forces on the inclined rail

Sy =ASINWtCOSOuirrarrarannnn. 2

Sy=ASin@tSiNO.ourannnn. 3

By applying derivation and sec-
ondary derivation to Eqn. 2 and
Eqgn. 3, the velocity and acceleration
components of the metering plate
along x and y can be obtained.

Considering relative move of the
seed kennel to the seed rail, with
relative displacement Ax and Ay,
relative velocity Ax and Ay, and rela-
tive acceleration A% and Ay, there
are

F=m(a, + AX) — mgsin a — Fs.

where F, and F, are the resultant
forces along x and y, respectively, N.
ay and a, are the acceleration com-
ponents of the metering plate along
x and y, respectively, m/s,

To obtain good metering perfor-
mance, sliding movement is better
than throwing movement for the
seed kernel on the seed rail. For the
sliding movement, there are Ny >
0 and Ay # 0; and for the throwing
movement, there are N, = 0 and Ay
# 0. Then, the friction force acting
on the seed kernel while sliding can
be expressed as

Fo=£/iNg e )

where f; is the maximum friction
coefficient, and f; = tan us. us is the
static friction angle. “+” correspon-
dences to forward movement (slid-
ing up), and “—” correspondences to
backward movement (sliding down).

While the seed kernel starts to
slide, there are Ax = 0 and F, = 0
for Eqgn. 4, then

B = arcsin (1/D)) .....cccuoennne. (7)

Bro = arcsin (1/Dy) .ccooeeveeninn. €]

where g, and @, are the start
angles of forward movement and
backward movement, respectively.
D, and D, are the indices for for-
ward and backward movement, re-
spectively, and D, = K cos (us — 0)/
sin (us — ), Dy = K cos (us + 6)/ sin
(us + @) (where is vibration strength,
and K = Aw?/g (Zhang, 1996).

While the seed kernel ends the
slide, there are Ax =0 and F, =0
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for Eqn. 4, then the end angles for
forward and backward movement
can be calculated. Thus, the mean
forward slide velocity can be ob-
tained by dividing relative displace
Ax, resulting from integral of rela-
tive velocity Ax, by time period of
forward slide, and the mean back-
ward slide velocity can be obtained
by applying the same method. Then

V= (AwP;/ 21) cosd (1 + tan uq

FATL O) .ot 9
Vo = (AwPy / 27) cosd (1 — tan uq
FATL O) .o (10)

where V,and V, are the mean for-
ward slide velocity and the mean
backward slide velocity, respec-
tively, m/s. uq is the dynamic fric-
tion angle of seed kernel on the seed
rail. P,and P, are the velocity coef-
ficients of forward slide and back-
ward slide, respectively, and they
can be determined through curve
lookup after knowing the corre-
sponding start angle and end angle
of the slide (Wen, 1982).

Then, metering rate of the seed
kernels can be expressed as

Q=60 (Vi+Vy)llccovriireine (11

where Q is the metering rate, ker-
nels/min.; | is the mean length of the
rice seed kernels, mm ('Yang, 2000).

Movement of other Seed Kernels

Four factors affect the movement
of the seed kernels that are not on
the seed rail.

Firstly, there is no helix angle for
the seed kernels on the inner bottom
surface of the metering plate. By
setting o = 0 and x being horizontal
in Fig. 2b, the resultant force F, in
Eqn. 4 becomes

Fx=m(@ax +A%X) = Fareene. (12)

Table 1 Metering results and observation

The force F lets the seed kernels
have a counter-clockwise move of
revolution in the metering plate.

Secondly, there is no radial con-
finement for the seed kernels until
they come in contact with the wall
of the metering plate. By analogy to
the forces described in Fig. 2c, the
co-act forces Ni and inertial force
ma,*r; let the seed kernels move
away from the axis of metering plate
until they come into contact with
the plate wall. w, is angular velocity
of the seed kernels on the seed rail.
r; is the radius of the seed position
away from the axis of the metering
plate, and the value of r; changes
with the move of the seed kernels.

Thirdly, there is no open exit for
the seed kernels, and the seed ker-
nels can only climb on the seed rail
or crowd forward by the forces men-
tioned above.

Fourthly, the seed kernels are in
the state of thick layers. During
metering and vibration, there are
collisions and friction between seed
kernels, which greatly affects the
moves of the seed kernels. With the
increase of numbers of the layers,
higher vibration strength K is need-
ed to keep the up-layer seed kernels
loose (Yang, 2010; Zhang, 2008).

Performance Experiment
and Analysis

Material and Method

Based on metering mechanism
and some pre-experiments, the
parameters of the meter were de-
termined as follows: helix angle of

the spiral seed rail o = 2.5 angle
of vibration ¢ = 23 frequency of
vibration; /= 50 Hz; total stiffness
of the springs 9.8 x 10* N/m. The
material of the metering plate was
45 steel and the surface of seed rail
was dealt with paint spraying.

The rice seed for experiment was
Ilyou 838 with moisture content of
15 % db, and it was coated with seed
coating agent of brand Xinong. The
1000-grain weight of the rice seed
was 24.5 g, and the mean length of
the seed was 7.81 mm. The static
friction angle of the rice with seed
rail us = 34.25° and the dynamic
friction angle of the rice seed with
seed rail g = 30.87° (Yang, 2000).

The metering rate by changing the
amplitude of vibration was recorded
in the experiment, and the calcu-
lated metering rate was obtained
from Eqn. 11. The change in the
amplitude of vibration was realized
by adjusting the input voltage of the
iron core coil. For calculation, the
start angles g, and @y, of forward
and backward movement of the seed
kernel were assumed to equal to the
actual start angles of forward and
backward movement to obtain the
velocity coefficients p,and p, of for-
ward slide and backward slide.

Results and Discussion

The metering results from experi-
ment and calculation and the meter-
ing observation are listed in Table
1. The relationship between the
metering rate and amplitude of the
vibration and the comparison of the

Fig. 3 Relationship between metering

Amplitude A /|Calculated Q /| Tested Q/ Metering

mm kernels:min® | kernels-min* | observation

0.094 42 24 Start metering
0.116 82 63 Slow

0.150 138 123 Slightly slow
0.173 163 168 Good

0.217 218 231 Speedy

0.235 264 276 Start throwing

rate and amplitude of vibration
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experiment data and calculated data
are shown in Fig. 3.

Metering rate nearly increases
linearly with the increase of ampli-
tude of vibration. There is a dead
zone for the amplitude of vibration
because of gravity and static friction
acting on the seed kernels. When
the amplitude of vibration reaches
0.094 mm, metering process starts
with a quite slow metering rate;
when the amplitude of vibration
reaches 0.173 mm, good metering
performance is obtained; and when
the amplitude approaches to 0.235
mm, seed throwing starts and the
throwing has a bad effect on the
metering process control. Thus the
optimum amplitude of vibration of
the meter was 0.173 mm.

The metering rate data from ex-
periment coincide well with that
from calculation, with difference of
the data less than 5 % while ampli-
tude of vibration is 0.173 mm, which
shows that the metering mechanism
presented is suitable for the torsion-
al vibration meter studied.

When a type of rice seed is
changed, the torsional vibration me-
ter can also obtain good metering
performance. But on such circum-
stances, the optimum amplitude of
vibration of the meter should some-
what be adjusted, because there
are different coefficient values of
static friction and dynamic friction
between rice seed of different type
and seed rail of the meter.

Conclusions

The metering mechanism and
metering performance of a torsional
vibration meter were theoretically
studied and experimentally vali-
dated in this study. The following
conclusions were obtained from the
study:

1. The torsional vibration meter has
good adaptability for rice seed
metering with characteristics of
no damage, stable metering and
easy control.

VOL.46 NO.1 2015 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA

2. Seed kernels in the metering
plate, subjected to forces of grav-
ity, friction, inertia, etc., move
uniformly along the seed rail.
Amplitude of vibration of the me-
tering plate has much influence on
the movement of the seed kernels,
and the optimum value of the am-
plitude is 0.173 mm.

3. The metering rate data from ex-
periment coincide well with that
from calculation based on meter-
ing mechanism analysis, with
difference less than 5% while the
value of amplitude of vibration
was 0.173 mm.
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Design and Fabrication of Evaporative Cooling

Transportation System
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Abstract

Fruits and vegetables are pres-
ently packed and transported in
jute bags and basket in open vehicle
without any cooling arrangement.
This results in both loss of quality
and quantity and even shelf life de-
creases. Evaporative cooling system
is appropriate for reducing the tem-
perature of produce during trans-
portation so as to minimize loss and
to enhance shelf-life. Evaporative
cooling system suitable to fit on
trucks has been developed and eval-
uated. The developed system helps
to minimize the PLW (Physiological
Loss in Weight), preserve the fresh-
ness and increases the shelf-life of
the agriculture produce as compared
to prevailing traditional transport
system. Percent saving in PLW was
observed higher (above 50 %) in
fenugreek, shelf-life of cucumber
& leafy vegetable increased 200 &
100 percent respectively. The maxi-
mum saving in PLW was 79.98 %
in fenugreek while least 7.03 % was
observed in capsicum.

Introduction

The present production of fruits
and vegetables in India is around
209.72 million tonnes per year
(Amrat Lal et al., 2011). These com-
modities are highly perishable due

D. C. Joshi

Principal and Dean
College of Food Processing Technology and Bio-Energy, Anand Agricultural University, Anand-388110 India (kvvala66@gmail.com)

to their high moisture content and
soft texture and therefore, undergo
high post harvest losses. Storage at
ambient condition results in high
weight loss and rapid deterioration
in chemical composition (Awole et
al., 2011). About 30 % of the fruits
and vegetables grown in India get
wasted annually due to gaps in the
cold chain such as poor infrastruc-
ture, insufficient cold storage capac-
ity, unavailability of cold storages
in close proximity of farms, poor
transportation infrastructure, etc
(Maheshwar and Chanakwa, 2012).
High perishability, lack of storage
facilities, mechanical injuries due
to improper handling, packaging,
lack of cooling arrangement dur-
ing transportation etc. are the major
causes for post-harvest losses in
fruits & vegetables. As a result,
at times there is acute shortage of
these commodities which leads to
price increase and ultimately infla-
tion rises.

In most part of India, hot and dry
weather prevails for a significant
part of the year, the high tempera-
ture is responsible for the rapid dete-
rioration of perishable produce. Due
to lack of the cooling arrangement
during transportation considerable
amount of the perishable agricul-
tural produce is lost after harvest.
Pal et al. (2002) reported losses up
to 29.5, 10 and 19.4 % in onion, cab-
bage & water melon respectively.

Goyal et al. (2005) conducted a
study on road transport of tomato
and reported a loss of 6.91 %. The
maintenance of low temperature
during transportation is a great
problem. Transportation of fruits
and vegetables through mechanical
refrigeration is not economical. Fast
transport of fruit and vegetables
with minimum damage during ship-
ment is very important in successful
marketing of perishables. In India,
road transport is preferred for ship-
ment of fresh fruits and vegetables,
simply because of the faster move-
ment of perishable commodities and
advantages of door-to door service.

The present system of transport-
ing fruit and vegetables by road
trucks is highly defective and needs
thorough improvement. The road
trucks should have a special system
of ventilation and arrangement to
reduce temperature and maintain
proper relative humidity. This can
successfully be done without using
high-cost mechanical refrigeration,
simply by adopting the technique
of evaporative cooling with a slight
modification in the existing road
trucks. Efficient transportation
system can go a long way not only
in reducing the post harvest loss of
horticultural produce but also in sta-
bilizing the price fluctuation of the
same commodity available in differ-
ent corners of the country.

There are no facilities to maintain
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the condition of the produce while
in transit and proper ventilation
(Eric & Bani, 1998). The objective
of this study was to develop a suit-
able transport system for cooling
and safe transportation of perishable
commodities.

Material and Methods

A laboratory model evaporative
cooling (EC) transport system was
developed (Vala & Joshi, 2006). The
wet pad type, pad thickness, water
requirement, air velocity etc. were
standardized using a simulation
model in the laboratory with respect
to the ambient conditions and re-
quirements of green vegetables. The
optimized parameters were used to
design and develop the scaled-up
version of the EC system to be used
for road transport of fresh fruits and
vegetables.

The evaporative cooling system
has been designed for small com-
mercial vehicle as a working model.
The TATA ACE mini truck is one of
the most popular vehicles used for
transporting fresh fruits and vege-
tables from the farm to the markets.
Goyal et al. (2005) conducted the
road transport (400 km) of tomatoes
in three packaging medium using
TATA-407 vehicle. The various
components of evaporative cool-
ing system namely; 1) the cooling
component in which pad is fitted in
a holder and water is sprayed over it
when vehicle moves. This makes the
air cooled; 2) the air distri-
bution component consist-
ing of air duct carries the
cool-wet air and evenly
distributes in truck stack
body; 3) storage space
available at the back of the
truck for storage of fruits
and vegetables. According-
ly, the various components
of the evaporative cooling
transportation system were
designed and fabricated.
For this removable body

Fig. 1 Components were fitted in the vehicle

frame structure was made and was
covered appropriately to make it a
closed space. The component wise
details are given here under.

Body Frame Structure

For designing the cooling system
and storage arrangement dimen-
sions of the actual available space at
the back of the truck has been con-
sidered.

The body frame structure was
designed to fit the vehicle size. The
structure was fabricated using mild
steel square bar. The overall dimen-
sions of structure were 2175 x 1450
x 1750 mm. It was fitted using nuts
and bolts. This helps in quick fit-
ting and equally quick removal as
needed.

Pad Holder

To get the maximum cooling in-
side the EC structure, the length of
the pad holder was considered as
the maximum width of the truck
top available. Actual height avail-
able above driver’s cabin on mini
truck was found to be equal to one-
forth of the total loading height.
Therefore, the height of pad holder
was considered as one forth of the
designed EC structure height. The
width of the pad holder was kept as
100 mm equal to the thicknesses of
pad material required. Hence, the
dimensions of the developed pad
holder were 1200 x 100 x 300 mm.
The pad holder was fabricated using
mils steel angle and wire mesh.

Air Duct

To distribute the cool air inside
the truck storage body, width of the
duct was kept equal to length of the
pad holder. The height of duct was
kept up to bottom of the truck body.
Circular holes of different sizes
were made on back side of the air
duct for even distribution of air. To
handle the quantity of air coming
from wet pad, the size of air duct
was kept equal to the thickness of
pad holder/pad. Thus the overall di-
mensions of the air duct were 1200
x 100 x 1500 mm. The duct was
fabricated using mild steel sheet.

Water Distribution System

To insure complete wetting of the
pad area, as thumb rule, water must
be delivered at the top of a 100 mm
thick celdek pad at a rate of 2.7 Lpm
per linear foot of pad. Accordingly
water requirement was calculated to
be 2.7 Lpm i.e. 3 Lpm. For continu-
ous supply of water, a tank of 60
litre capacity was fitted at one side
of the EC system.

For circulation of water, a vehicle
battery operated small pump of 3
Lpm was fitted over the water tank.
Piping system was made to spray
water over cooling pad and was col-
lected back in the tank.

All the components as described
above were fitted in the vehicle
(Fig. 1). The whole storage space
was covered from all sides and top,
made completely air tight with tar-
paulin sheet. The line diagram of

Fig. 2 vehicle fitted with the EC system
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the vehicle fitted with the EC sys-
tem is given in the Fig. 2. The pad
holder was fitted over truck cabin
facing front side of the system. Be-
fore starting the experiment, water
distribution system was run to get
steady-state condition. The neces-
sary arrangements of sensors/data
logger for recording observations
inside and outside of the structure
were made. The developed system
was tested with load at an average
speed of 50 km/h over a distance of
about 100 km one way.
Testing with no-load Condition

The EC transport system was run
without any load to check the varia-
tion of temperature and relative hu-
midity inside the modified structure.
Three such runs were conducted
and the average data wer reported.
Testing with Load Condition

Fresh selected vegetables were
procured from the local market
(tomato, green chilly, ladies finger,

Fig. 3 Variation in temperatures in EC vehicle-without load

Temperature
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Time, min

Fig. 5 Variation in temperatures in EC vehicle -with load
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150

cluster bean, capsicum, cucumber,
spinach, coriander, tandaljo and
fenugreek) and were immediately
sorted and cleaned. Vegetables were
weighed and kept in plastic crates.
Two set of crates were prepared with
fixed sample size (2 kg to 3.5kg) for
each vegetable. One set was kept
above the structure and covered by
green net as the traditional trans-
portation as control sample, while
another set of each vegetable was
stacked inside the storage structure
and made fully air tight. Immedi-
ately after the run, transported veg-
etables were unloaded and weighed
for PLW (Physiological Loss in
Weight). Visual quality analysis was
done by seven expert panelists with
following indices and was immedi-
ately kept inside evaporative cooled
storage structure for determination
of shelf-life.

RH, %

200

RH, %

0 30 60

Rating Indices
Leafy Vegetables
Fresh & tender
Fairly tender
Wilted
Wilted & dry
Fruits & Other Vegetables
Hard
Slightly hard
Firm
Fairly firm
Pulpy & soft

(Dadbhich et al.: 2008)

Results and Discussion

No-Load Testing

The vehicle complete with evapo-
rative cooling system was run on
road for about four hours. The
variation in temperature and rela-
tive humidity obtained inside the
EC chamber vis-a-vis the ambient
condition is shown in Figs. 3 and 4.

Fig. 4 Variation in relative humidity in EC vehicle- without load

0 20 40 60 80 100 120 140 160 180 200 220

Time, min

Fig. 6 Variation in relative humidity in EC vehicle-with load

120 150 180 210 240 270

Time, min
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From the Fig. 3, it is observed
that the temperature inside the ve-
hicle chamber went on reducing as
the time of run increased. At the
start of the run, temperature drop

was lower, which further decreased.
The maximum temperature drop
obtained was 11.0 °C. Similarly, the
relative humidity inside the chamber
also went on increasing as the vehi-

Table 1 Visual quality of vegetables immediately after transportation

Acceptance rating Acceptance rating
Vegetables . i Vegetables . i
trar?sported Traditional E\g\gglrﬁltéve trar?sported Traditional E\g\gglrie;]téve
Transport Transport Transport Transport
Spinach 2 3 Green Chilly 3 3
1 3 3 4
Coriander 1 3 Cluster bean 3 3
1 3 2 4
Tandaljo 1 3 Okra 2 3
1 3 3 4
Fenugreek 1 3 Capsicum 3 4
1 3 3 4
Tomato 2 4 Cucumber 2 3
3 4 3 4

Table 2 Physiological Loss in Weight of vegetables immediately after transportation

Physiological Loss in Weight
N . (PLW) Diff_erﬁp;:e in e saving
ame 0 . i wei 0SS 6 saving in
vegetable tr;—rqigg:?eﬂ?cl)n Evffﬁriﬁg\_'e over t?ad itional PLWg
%) transportation | transport (%)
(%)

Capsicum 5.69 5.29 0.40 7.03
Chilly 4.58 3.19 1.39 30.35
Tomato 1.09 0.35 0.74 67.89
Okra 3.32 1.47 1.85 55.72
Spinach 10.35 7.40 2.95 28.50
Coriander 10.19 3.95 6.24 61.24
Tandaljo 1111 6.18 4.93 44.37
Clusterbean 4.35 3.42 0.93 21.38
Cucumber 4.05 2.38 1.67 41.23
Fenugreek 9.09 1.82 7.27 79.98

Table 3 Shelf-life of vegetables in evaporative cooling storage structure immediately

after Transportation

Name of vegetable Shelf-life
Control (traditional) | Evaporative cooling |Gain over traditional
transport (days) transport (days) transport (%)
Capsicum 9 13 44.44
Chilly 6 10 66.67
Tomato 18 21 16.67
Okra 5 9 80.00
Palak 1 2 100.00
Coriander 1 2 100.00
Tandalajo 1 2 100.00
Clusterbean 6 1 83.33
Cucumber 1 3 200.00

cle progressed. From an initial value
of about 40 %, the relative humidity
increased to about 55 % (Fig. 6).

With-Load Testing

The vehicle was loaded with
plastic crates having different veg-
etables and the system was tested
on road. Figs. 5 and 6 show the
variation in temperature and rela-
tive humidity in the EC chamber
when tested with load. The data
reveal that the temperature inside
the chamber gradually reduced and
the relative humidity gradually in-
creased. On an average, there was
temperature drop of about 7-8 °C
with 9.8 °C as the maximum drop in
temperature. The temperature drop
was stabilized after about one hour
of the run. However, there was little
variation in the temperature drop
during the test run (Fig. 5).

There was increase in the rela-
tive humidity inside the chamber as
the truck moved further. Again the
relative humidity was stabilized to
about 55-60 % after about one hour
of the run (Fig. 6).

Quality of Product after Trans-
portation

As explained earlier, the visual
inspection of the vegetables with re-
spect to different quality attributes
was done immediately after trans-
portation. The sensory score was
higher for all the vegetables which
were kept in the evaporative cooled
transport as compared to the control
transport (Table 1). The leafy veg-
etables looked fresh at the end of the
transportation as compared to those
which were transported without
cooling.

Physiological Loss in Weight (Plw)

Vegetables were weighed before
and immediately after the transpor-
tation for PLW. Physiological loss
in weight of leafy vegetables was
observed more as compared to other
vegetables. The PLW was consider-
ably low when transported in EC
vehicle as compared to traditional
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transport. Percent saving in PLW Ammexure: Table 4 Average data during without load test run for Figs. 3 and 4

was observed higher (above 50 %) Time of run, Outside conditions Inside chamber

in fenugreek followed by tomato, min dbt, °C \ RH, % dbt, °C \ RH, %

coriander and okra. The maximum 0 35.60 40.00 35.60 40.00

saving in PLW was 79.98 % in 10 35.80 40.00 35.45 40.50

fenugreek while least 7.03 % was 20 36.20 39.55 35.20 40.75

observed in capsicum (Table 2). 30 37.00 38.00 34.80 41.80

40 37.60 37.22 34.75 42.65

Shelf-life 50 38.00 37.22 34.65 43.80
Shelf-life of leafy vegetables was 60 38.00 37.00 33.50 44.85

almost doubled when transported 70 38.00 35.45 33.00 46.20

through EC vehicle. The maximum 80 38.00 35.15 32.40 48.50

percent gain in shelf-life (200 %) 90 38.00 34.85 32.00 49.00

was observed in cucumber while 100 38.60 34.55 31.30 49.00

the least percent gain (16.67 %) 110 39.00 34.10 3150 51.50

observed in tomato over traditional 120 40.00 33.25 32.00 50.00

transport (Table 3). 130 40.00 32.20 32.00 50.00

140 40.00 29.35 32.00 49.00
150 40.20 28.86 32.00 52.00

C lusi 160 40.20 28.00 30.00 55.00
onclusions 170 4050 28.00 29.50 54.50
From this investigation, the fol- 180 40.50 28.40 29.50 54.50

lowing conclusions were made: 190 40.00 28.40 29.50 54.50

1. Freshness of fruits and vegetables 200 39.70 29.00 29.50 54.50
were preserved at the end of the 210 39.20 28.90 29.50 54.50
transportation as compared to 220 39.00 28.85 29.50 54.50
those which were transported by 230 38.30 29.00 29.50 54.50
traditional system.

2. Fruits and vegetables deteriorate Ammexure: Table 5 Average data during without load test run for Figs. 5 and 4
eas'_'Y when transported .u_nder Time of run, Outside conditions Inside chamber
tra(_jltlonal trans_port conditions, min dbt, °C ‘ RH. % dbt, °C ‘ RH. %
mainly due to high temperature 0 37.00 50.60 3700 5100
and low relative humidity. 15 38.00 46.96 35.70 61.40

3. PLW and shelf-life of fruits and 30 39.00 39.50 33.20 63.80
vegetables can be greatly im- 45 40.00 40.36 33.10 60.90
proved by lowering temperature 60 41.00 3559 33.50 59.00
and increasing relative humidity 75 41.00 4118 33.50 51.40
during transporting. 90 42.50 38.05 34.50 54.20

4. 1t is evident that fruits and Veg- 105 42.00 39.00 34.80 55.00
etables transported under evapo- 120 42.00 40.09 34.20 59.90
rative cooling system could be 135 45.00 33.81 35.20 62.20
stored for a longer period without 150 44.00 35.60 35.30 58.60
appreciable damage than those 165 4350 36.67 35.90 55.89
transported under traditional sys- 180 43.00 3767 36.10 58.00
tem. 195 44.00 35.60 36.50 57.56

5. The developed system can be eas- 210 44.00 36.02 36.50 56.29
ily fitted on any goods transport- 225 42.90 38.15 34.80 55.83
ing vehicle and removed when not 240 42.75 39.39 34.70 59.72
required i.e. in rainy and winter 255 42.25 39.25 35.00 59.50
season. 270 41.65 40.00 34.65 59.50

6. Temperature inside the chamber
gradually reduces and the relative
humidity gradually increases. The
maximum drop in temperature
was observed to be 11.0 °C.
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7. The relative humidity inside the Engg. IASE. Vol .47(1): 27-33.
chamber increasing as the vehicle [T
progresses. Maximum increase in
relative humidity was observed 55
%.

Abbreviations:

EC: Evaporatively Cooled,

PLW: Physiological Loss in
Weight,

Temp.: temperature, RH-Relative
Humidity

REFERENCES

Awole, S. K., K. Woldetsadik, and
T. S. Workneh. 2011. Post harvest
quality and shelf-life of some
hot pepper varieties. J. Food Sci.
Technol., Vol. published online:
17 June.

Basediya, A. L., D. K. V. Samuel,
and V. Beera. 2011. Evaporative
cooling system for storage of
fruits and vegetables-a review. J.
Food Sci. Technol. Vol. published
online: 05 February.

Dadhich, S. M., H. Dadhich, and
R. C. Verma. 2008. Comparative
study on storage of fruits and veg-
etables in evaporative cool cham-
ber and in ambient. International
j. of Food Engineering. Vol. 4(2).

Goyal, R. K., D. Kumar, H. Walia,
and P. Kumar. 2005. Effect of long
distance transport on farm fresh
tomatoes. J. of Agric. Engg. Vol.
42(2): 46-49.

Jany, M. N. H, C. Sarker, M. A. R.
Mazumder, and M. F. H. Shikder.
2008. Effect of storage condi-
tions on quality and shelf life of
selected winter vegetables. J. Ban-
gladesh Agril. Uni. Vol. 6(2): 391-
400.

Pal, U. S., K. Khan, G. R. Sahoo, and
N. R. Sahoo. 2002. Post harvest
losses on tomato, cabbage and
cauliflower. Agricultural Mecha-
nization in Asia, Africa and Latin
America. Vol. 33(3): 35-40.

Vala, K. V. and D. C. Joshi. 2010.
Development of evaporative cool-
ing transportation system for per-
ishable commodities. J. of Agric.

VOL.46 NO.1 2015 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA



Development and Evaluation of Carrot Harvester

by
Sunil Shirwal
Assistant Professor,

College of Agricultural Engineering,
University of Agricultural Sciences,

Raichur- 584102
INDIA
sunilsshirwal@gmail.com

N. P.S. Sirohi

Former Assistant Director General (Engineering)
Indian Council of Agricultural Research,

New Delhi- 110012
INDIA

Abstract

The tractor drawn carrot har-
vester was designed, developed and
evaluated for its performance. The
carrot harvester consisted of two
major components; a digging unit
and a soil separation unit. The dig-
ging unit consisted of a V-shape
digger blade with length and width
of 350 mm and thickness of 15 mm.
In soil separation unit the spacing
between the rods of web was kept as
5 cm, width and length of soil sepa-
rator was 700 mm, respectively. The
carrot harvester was evaluated for
different levels of rake angle, soil
separator length and angle of soil
separator. The performance param-
eters observed were, carrot harvest-
ing percentage 97.8, carrot damage
percentage of 4.6, soil separation
index of 0.21, power requirement of
5.18 kW and field capacity of 0.21
ha/h when carrot harvester was op-
erated at a speed of 3.8 km/h. The
estimated cost of single unit carrot
harvester was Rs 6,000 (=$ 100.00)
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and operating cost of Rs 1,481/ha
(=$25.00). The saving in the cost of
carrot harvesting was found to be
49% less than traditional harvesting.
The breakeven point for the single
unit carrot harvester was 148 h/year
which was 52 % of annual utility
and with a payback period of three
years.

Keywords: carrot harvester; har-
vester development; cost economics;
performance evaluation

Introduction

India is one of the largest pro-
ducer of carrots in the world with
an estimated annual production of
3.5 million tons from 0.14 million
ha area (NHB 2006-07). India has
achieved annual growth rate of 2.6
% in total carrot production during
the last 10 years. The average yield
of carrots in India is still lower than
many Asian countries. Carrot is
a highly perishable and need har-
vesting within a narrow time span,

along with careful handling and
proper storage before consumption
or processing. In addition to the de-
mand for local consumption, there is
an increased demand of vegetables
as one of the most potential com-
modities for exports (Kalloo, 1998).
Mechanization of vegetable crops
in India is very low. In general, the
farmers use traditional tools and
methods for cultivation of vegetable
crops (Srivastava et al., 2009). As a
result, the yields are low, cost of cul-
tivation is high and there are huge
loses ranging between 30-40 % of
the total produce due to damage
caused during harvesting, handling,
storage, transport and processing
(Srivastava, 2000).

In developing countries conven-
tional method is still followed for
carrot harvesting. The sequence
practiced for conventional method
are pulling of carrot from the bed,
picking of dugout carrots, separation
of green top from carrot, cleaning/
washing of carrot and transportation
to market (cold storage). On an aver-
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age, about 250-300 man-hours are
required for digging and pulling out
of carrots in one hectare area. Be-
sides the quantum of labour, manual
harvesting involves considerable
drudgery and human discomfort.
The labour has to stoop forward
while digging/pulling carrots from
the bed and also during picking up.
Stooping posture results in a lot of
bio-mechanical stresses in the back
and has higher energy consump-
tion as compared to other working
positions (Hagen et al., 1993). Both
stooping and squatting working po-
sitions are not ergonomic and, there-
fore, carrot harvesting operation
involves considerable human drudg-
ery and results in higher fatigue and
reduced work capabilities. Manual
harvesting is not only a laborious
work but also time consuming.
Severely increased cost of labour
has made the manual harvesting
uneconomical. At times, sufficient
labour is not available which delays
the harvest resulting in damage
to crop. The harvesting operation
of carrot needs to be mechanized
for time saving, reduce drudgery
involved and also to reduce harvest-
ing cost (Chaudhry et al., 2000).
By adopting mechanical harvesting
manpower requirement was found
60 % lower as compared to manual
digging, whereas crop damage was
less than 2 % (Sukhwinder et al.,
2007). So there is a need for mecha-

Fig. 1 Tractor drawn carrot harvester

nization in root crop harvesting to
reduce human drudgery and to re-
duce the cost of cultivation by 30-50
% with better harvesting efficiency
compared to manual harvesting
(Vatsa et al., 1996). Very few ef-
forts have been made to develop
indigenous mechanized systems for
carrot harvesting. Use of self pro-
pelled and tractor drawn equipment
in vegetable crops, in India, is very
dismal except in potato cultivation
(Chatterjee et al., 1995). Mechani-
cal harvesters were developed only
for underground crops like potato
(Singh and Singh, 1979, Vatsa et al.,
1996, Singh and Garg, 1997), onion
(Khura, 2008), groundnut (Pad-
manathan et al., 2006, Suryawanshi
et al., 2008) and cassava (Gupta,
1999). Considering these facts, a
tractor drawn carrot harvester was
designed, developed and evaluated
for its suitability in terms of perfor-
mance and economics.

Materials and Methods

The tractor mounted mechani-
cal carrot harvester was developed
based on its required functions Fig.
1. The desired functions of car-
rot harvester are to dig and lift the
carrots from soil and separate soil-
mass from carrots and leave behind
the harvester for collection with
minimum damage to crop. Thus, ba-

1. Main Frame, 2. Digging unit, 3. Soil Separation unit,

4. Supporting flat, 5. Top and Bottom hitch pins,

6. Soil separator web rods, 7. Clamps

sic components of carrot harvester
were main frame, digging unit and
soil separation unit. The function of
each part and its development are as
follows.

Main Frame

The main frame of the carrot
harvester was developed to attach
digging unit and soil separation
unit with tractor three point linkage
hitch system. It was fabricated from
mild steel square pipe of size 65
mm X 65 mm cross-sectional area
and a length of 2,000 mm. Two mild
steel flats of 600 mm x 125 mm x
16 mm were mounted on the square
pipe and two holes are provided on
these flats to attach the frame to top
link of tractor. Another two flats of
300 mm x 125 mm x 16 mm were
also mounted to attach lower links
of tractor (Fig. 1).

Digging Unit

Digging unit consists of blade
which digs carrot with soil-mass,
lifts it and transfers it to soil sepa-
ration unit. A ‘“V-Shaped’ digging
blade (Fig. 2) was designed based
on the draft acting on it while har-
vesting of carrot. Draft on the blade
while harvesting could be deter-
mined theoretically by using blade
dimensions and soil and operational
variables. The working depth of
the blade will mainly depend upon
the length of the carrots. As per

Fig. 2 Specifications of carrot harvester
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the study of biometric properties of
carrots the lengths were in range
of 13.8-17.6 cm. So, for harvesting
without damage to carrot crop the
depth of operation was selected as
20 cm. The machine should dig car-
rots planted on raised bed having
width of 0.35 m. On each bed car-
rots were grown in two rows at row
spacing of 10 cm. Both the rows
were dug simultaneously in single
operation.

The draft of the share was calcu-
lated using the general soil mechan-
ics Eqn. 1 for a blade deforming the
soil in two dimensions (Hettiarachi,
1966). Thus equation takes into ac-
count different soil properties and
tool geometry parameters.

Py = yz?N, + cziN. + caziNe, +

quNq ...................................... (1)

Where
P, = Passive resistance of the soil

acting at an angle of soil metal

friction with the normal to inter-
face, kN per meter width

y = Bulk density of soil, kKN m*

z; = Depth of operation, m

¢ = Cohesion of soil, kN m

ca = Soil-interaction adhesion, KN m?

g = Surcharge pressure on soil from
surface above the failure plane,

kN m?2

N,, N., Ny and N, are dimension-
less N- factors, which describe the
shape of soil failure surface and are
thus function of angle of shearing
resistance of soil (®), angle of soil
metal friction (3) and geometry of
loaded interface i.e. rake angle (o).
As per the optimum design values,
the performance parameters were
optimum at rake angle of 25°

For determination of the draft the
following assumptions were made
(Khura, 2008):

i. Soil is homogenous and isotropic
ii. Average bulk density of bulk
density is taken as 14.22 kN m®
iii. Soil is in friable range of mois-

ture content with cohesion (c) 6.96

kN m=2, angle of internal friction

(@) equal to 25° and angle of soil

metal; friction (8) equal to 20° for

bulk density of 14.22 kN m®

iv. The adhesion of the soil is taken
as zero i.e. ¢, = 0 assuming soil
metal friction zero as soil scour-
ing over the blade.

v. The surcharge in front of the soil
above the soil failure zone is neg-
ligiblei.e.q=0.

Based on the above assumption
Eqn. 1 could be reduced as follows

Pp = yleNy + CZlN( .................... (2)

The values of N-factor for inter-
mediate degree of roughness of the
interface could be interpolated us-
ing the following equation

Ns = Nyzo [(Ns=o) / (No=o)] *“..... B)

Where

N, = the required value of the ap-

propriate N-factors (N; or N)

Ns-o and Ns_¢ = the corresponding

value of the N-factor at o = 0
and ¢ = &, respectively obtained
from the appropriate chart.

The following values for the dif-
ferent parameters in the Eqn. 3
were used for the determination of
the passive resistance of the blade.

y=14.22 kN m?, ¢ = 6.96 m?,

@ =28.58° 06 =2531I"

o=25andz =02m

Using the relationship shown
(Khura, 2008) the value of N- factor
were calculated as follows:

N, =165 when 6 =0
N, =185 when 6 = @
N.=1.72 when o = 0
N, = 1.68 when 0 = @

Substituting the values of N, and
N. determined as above, in the Eqn.
2 the passive resistance (P,) per unit
width of the blade was obtained as
3.39 kN m. Therefore P, for an

effective width of cut of 0.35 m of
blade = 1.18 kN.

The passive resistance P, was act-
ing at an angle of friction (8) with
normal to the interface, hence the
component parallel to the blade face
(Py) and to the blade face (P,) was
given as:

Py = 1.18 x cos 70° = 0.40 kN

and component perpendicular to
the blade face (P,;) was given as

Py =118 X cos 20°= 1.11 kN

The obtained value of Py and Py,
were used to determine the bending
moment of the digger blade.

The width of the blade was de-
cided on the basis of the width of
the raised bed on which the carrots
were grown in two rows. The blade
was designed for its thickness on
the basis of load acting on it. This
could be determined theoretically
analyzing various forces acting on
the blade. The P, is perpendicular
component of Py will cause bending
moment whereas P, the horizontal
component will induce direct stress
in the blade. The force acted at the
centre of resistance of the blade. It
was assumed that the average soil
resistance of the blade acts at a dis-
tance of 0.2 z; measured from the
cutting edge (Bernacki, 1972) Fig.
3.

From Fig. 3.

P, = Passive soil resistance

Py = Component of P, parallel to

the blade face

Py, = Component of P, perpen-

dicular to the blade face

D, = Horizontal component of P,

Fig. 3 Soil reactions acting on a simple digging share
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(draft)

£ = Tip angle of blade, degree

Z, = working dept of blade

Q = Surface pressure

0 = Coefficient of friction, degree

¢ = Coefficient of internal fric-

tion, degree

o = Rake angle of blade, degree

V, = forward speed of travel

Therefore, the centre of resistance
was at a distance of 40 mm from
the cutting edge on the central axis
of the width of blade. The blade
was supported on nuts and bolts at
a distance of 200 mm from the cut-
ting edge. Therefore, the distance
between the centre of resistance
and point of support could be de-
termined as 200 — 40 = 160 mm.
Therefore, the bending moment due
to Py, will be

B.M =111 x 0.16 = 0.18 kN™,
and

Bending stress (oy) was

on=B.M/[(1/6).b.£] ................ @)

Where

B.M = Bending moment, kN-™

B = Width of blade at its point of
mounting, m

t = Thickness of the blade, m

oy = 1813.92 / [(1/6) 17.5.¢7] =

10919.52 /1758 ...oeeoue.. )
and direct stress (oq) due to Py

O'b:Ppl/b.f:4].26/]7.5.l ....... (6)

Total stress (o) = oy, + 04

o = (10919.32 /17.5.1?) + (41.26 /

J A B 7
taking factor of safety as 1.2, the
design stress is

o = [(10919.32 /17.5.¢%) + (41.26 /

17.5.0] X L2 oo, €))

Equating the total stress (o) with
safe stress 58.86 MPa of mild steel,
the thickness of blade (t) can be de-
termined as follows:

600 = /(10919.32 /17.5.¢) + (41.26

J17.5.0] X L2 oo, )

t=15 mm.

Therefore, thickness of the blade
was 15 mm and as per the require-
ment of digging operation width
and length of 350 mm was selected.
Digging blade is fabricated with
mild steel sheet of 350 x 350 x 15
mm. The digging edge was cut into

V- shape with an angle of 90°, angle
iron of 300 x 40 x 40 x 5 mm was
attached on the sides of blade for
support and also provision is made
to change rake angle of blade. The
two mild steel flats of 900 x 60 x
10 mm are attached as side support.
These both flats are used to connect
the digging unit and separating unit
to main frame.

Soil Separation Unit

The soil separating unit was at-
tached just behind the blade to
receive the dugout carrot and soil-
mass. To separate the soil from car-
rots the rods are arranged in length
wise along the line of travel of the
harvester. The incoming crop and
soil-mass was allowed to distribute
by increasing the width of the sepa-
rator gradually at an angle of 45° up
to a width of 0.70 m (Fig. 2). The
main body of soil separation unit
is made with mild steel angle iron
of 40 x 40 x 5 mm size and width
of soil separator was gradually in-
creased, angle iron was bended at
45° up to the width of 700 mm and
then it is straightened. The length of
soil separator was 400 mm and ex-
tra two attachments were fabricated
to vary soil separator length from
400 mm to 800 mm. The spacing
between the rods was kept in the
range such that the carrots should
not fall from this space. By the
study of biometric characteristics of
the carrots the diameter of the car-
rots are found in the range of 316
to 480 mm. To facilitate free and
efficient falling of soil-mass off the
separator the spacing was selected
as 350 mm, it was obtained no fall
of carrots through that spacing. The
length of soil separator was fixed
as 60 cm as per the recommended
value. Similarly a provision is made
to change the angle of soil separator
from 0° to 20° from the horizontal
plane towards ground surface. For
fabrication of soil separator’s web,
M.S. rods of 10 mm diameter were
used.

Specifications of major compo-

nents were decided based on the
design of the blade and soil separa-
tion unit. Digging blade and soil
separator were attached to the side
supporting flats and then the whole
assembly was attached to main
frame. Thus, complete unit of single
unit carrot harvester was developed.

Experiment Procedure

The tests were conducted on the
experimental farm in Division of
Agricultural Engineering, Indian
Agricultural Research Institute,
New Delhi. Carrot cultivar ‘Nantes’
was planted on the raised bed fol-
lowing recommended agronomic
practices. The soil moisture was
optimized to 12 % and selected for
harvesting and tractor was operated
at a speed of 3.8 km/h. The carrot
harvester was tested in sandy loam
soil at different levels of rake angle,
length of soil separator and angle of
soil separator as shown below:

Rake angle (deg):

15 (Ry), 25 (R,) and 35 (R,).

Length of soil separator (mm):

400 (L), 600 (L) and 800 (Ls).

Angle of soil separator (deg):

0 (Ay), 10 (A2 and 20 (Ay).

The rake angle of the carrot har-
vester was fixed to 15° length of soil
separator to 400 mm and soil sepa-
rator angle to 0° and operated at a
depth of 200 mm for 10 m distance.
In the next test run again levels of
machine parameters were changed.
The experiment was repeated for
all levels of machine parameters.
The observations on performance
parameters were recorded for ev-
ery test run. All the test runs are
replicated thrice to overcome any
experimental bias.

Performance Evaluation of Carrot
Harvester

The carrot harvester unit was
evaluated for its performance pa-
rameters like percentage of carrot
harvested, percentage of carrot
damage, soil separation index, pow-
er requirement and field capacity.
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Percentage of Carrot Harvested % profit over new cost Rs/year

It is the ratio of the number of ANP = (CH — C) x AU
carrots successfully harvested to the Payback Period and,
total number of carrots present in PBP = IC/ANP AU =AA x EC
the given area of the experimental Where, Where,
field. PBP = Payback period, year AA = Average annual use, h/year
Percentage of carrot harvested, IC = Initial cost of machine, Rs EC = Effective capacity of ma-
% = (No. of carrots succesfully ANP = Average net annual profit, chine, ha/h

harvested / total number of car-
rotsin the field) x 100

Table 1 Specification details of carrot harvester

Percentage of Carrots Damaged Name Specification
It is the ratio of the number of Power source Tractor

carrots damaged due to harvesting Width of operation, mm 350
process to the total number of car- Depth of operation, mm 200

rots harvested. Digging blade dimension (L x B x H), mm 350 x 350 x 15
Damage percentage, % = (No.of  Length of soil separator, mm 600
carrots damaged / Total number Width of soil separator, mm 700
of carrots harvested) x 100 Diameter of rods used in soil separator, mm 10
Spacing between the rods, mm 350

Soil Separation Index
Soil separation index of single

unit carrot harveste_r was WOI’ke.‘d out Table 2 Performance of carrot harvester at different combinations
based on the following expression. of machine parameters

Soil separation index = W/ W Machine parameters|  Carrot Carrot |Soil separation |Power requirement
where, combination harvested (%) | damaged (%) index (kw)
W, = weight of soil and carrots col- RiL:A; 96.40 6.26 0.32 4.51
lected at the rear end of the soil RiLA, 96.54 597 0.29 4.34
separating unit, kg . RiL:As 96.56 5.54 0.26 4.29
W, = theoretical weight of soil that RiLoA; 06.53 6.86 0.24 474
was cut by blade along with car- RiL,A, 96.69 6.48 023 456
rots at a constant depth, kg RiL,As 96.39 5.89 0.22 445
Cost Economics RiLsA; 96.95 6.57 0.23 451
The bill of material of the car- RilsA, 96.97 6.36 0.22 4.31
rot harvester was prepared along RilsAs 96.98 6.31 0.21 4.22
with estimated cost of fabrication RolaAg 9719 4.68 0.32 2.24
and total cost of carrot harvester. RoLiA 97.41 4.55 0.29 s
The cost of operation obtained was RoL1A; 97.66 4.35 0.26 5.05
compared with common practice of RoLoA; 97.46 572 0.24 531
mechanical harvesting and manual R,L,A, 97.51 5.48 0.23 5.20
harvesting of carrot. The total cost RoL,As 97.79 475 0.21 5.16
of operation was determined as sum R,LsA; 97.18 5.41 0.24 5.23
of the fixed and variable cost. The R,L:A, 9719 5.08 0.23 515
breakeven point and payback period RoLaAs 97.27 4.90 0.22 508
were computed for carrot harvester. RsL,A, 97.21 431 0.33 570
Breakeven Point R3L1A, 97.33 4.33 0.30 5.61
- R3L1A3 97.39 3.99 0.26 5.57
%Fe r;F C/(CH- O RaLoA; 97.30 4.97 0.26 5.80
BEP = Breakeven point, h/year Ral2A, 9736 4.81 0.24 550
FC = Annual fixed cost, Rs/year RsloAs 74l 445 0.22 536
CH = Custom hiring charges, Rs/h RalaAu 97.11 .11 0.26 5.70
C = Operating cost, Rs/h RsLsA, 97.16 4.99 0.25 5.53
CH = (C + 25 % over head) + 25 RsLsAs 97.27 4.86 0.24 543
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Results and Discussion

The prototype carrot harvester
was developed and its detailed
specifications are given in Table 1.
The performance of the unit was
evaluated in terms of percentage of
carrot harvested, percentage of car-
rot damage, soil separation index
and power requirement (Table 2).

The percentage of carrot har-
vested was significantly affected by
rake angle. The percentage of carrot
harvested increased with increase
in rake angle from 15° to 25° and at
35° only marginal increase was ob-
served. The influence of soil separa-
tor angle and length of soil separator
was less pronounced in all combina-
tions of rake angle. The successful
harvesting percentage increased
from 96.2 to 97.7 % when rake an-
gle increased from 15° to 35° for all
combinations of angle of soil sepa-
rator and length of soil separator. In
general, for a given angle and length
of soil separator, percentage of
carrot harvested increased with in-
crease in rake angle. This might be
due to better penetration achieved at
increased rake angle. The percent-
age of carrot damaged increased
with increase in length of soil sepa-
rator and decreased with increase in
rake angle and soil separator angle.
This was due to increase in travel
time of carrot on soil separator as
soil separator length increases. The
rake angle of 35° yielded the less
percentage of carrot damaged but
there is no large difference when
compared to 25° The percentage of
carrot damaged increased from 4.87
to 5.51 % as length of soil separa-
tor increases from 400 to 800 mm
and decreased from 6.86 to 4.63 %
as rake angle increased from 15° to
25° Angle of soil separator doesn’t
affected carrot damage significantly.

After digging of carrots the soil
was to be separated from carrots
with the help of soil separating unit.
For better separation of soil from
carrots the value of soil separation
index should be as low as possible.

All three lengths of soil separator
gave comparable performance at
given rake angle and angle of soil
separator. The soil separation index
increased initially with increase in
length of soil separator and later
remained almost same. The aver-
age minimum soil separation index
of 0.21 was obtained with 600 and
800mm length of soil separator fol-
lowed by 0.26 with 400 mm length.
This might be due to as length of
soil separator increases, retention
time for separating soil from carrots
on the soil separating unit increases.
At the same time angle of soil sepa-
rator also showed significant effect
on separation index. As the soil
separator angle increased from 0° to
20°, soil separation index decreased
from 0.27 to 0.23. This was ob-
served because as the angle of soil
separator increased flow ability of
soil in separator unit increased and
soil agitation would be good to ob-
tain good soil separation. The rake
angle of carrot harvester doesn’t
show any significant effect on the
soil separation index.

Power is the main constraint for
any digging operation. Power re-
quirement will depend upon the
depth of operation, soil metal fric-
tion and tool geometry. The power
requirement steadily increased
with increase in rake angle and had
very small change with increase in
length and angle of soil separator.
Only rake angle had significant af-
fect on the power requirement. The
average power requirement at 15°,
25° and 35° rake angle was 4.44, 5.3
and 5.57 kW with all combinations
of length of soil separator and angle
of soil separator. Power requirement
increased as rake angle increased,
this might be due to increase in
draft of the harvester unit. The
draft of the unit increased because
of increase in soil resistance as the
increase in rake angle increased the
soil contact area and the soil metal
friction (Harrison, 1982).

The best combination of param-
eters was at 25° rake angle, 600

mm length of soil separator and 20°
angle of soil separator. At this com-
bination, percentage of carrot har-
vested was 97.6 %, percent of carrot
damage of 4.56 %, soil separation
index of 0.21 and power require-
ment was 5.18 kW. The field capac-
ity of carrot harvester was found to
be 0.21 ha/h and field efficiency was
78.9 %.

Cost Economics
Bill of materials was calculated
based on dimensions and total cost
of fabrication of carrot harvester
unit calculated as Rs. 6,000. The
cost involved in mechanical car-
rot harvesting, by considering both
prime mover and carrot harvester
was calculated and compared with
cost of manual harvesting. The
breakeven point of carrot harvester
was calculated along with payback
period.
Fixed cost of tractor, Rs/h = 103.5
Variable cost of tractors, Rs/h
=190
Fixed cost of carrot harvester Rs/h
=56
Variable cost of carrot harvester,
Rs/h =11.25
Cost of operation of carrot har-
vester with tractor, Rs/h =311
Cost involved in manual harvesting
Rs/ha =2,925
Cost involved in mechanical har-
vesting of carrots, Rs/ha= 1,481
Saving cost, % =493
Breakeven point, h/year =147.8
Breakeven point, ha/year =31.03
Payback period, years =253
Time saving percent =96

Conclusions

The developed carrot harvester
was efficient and economically vi-
able for harvesting carrot crop with
49 % and 96 % saving in cost and
time respectively, compared to tra-
ditional method. At 25° rake angle,
600 mm length of soil separator
and 20° angle of soil separator was
best combination and operated at
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12 % soil moisture given maximum
carrot harvesting of 97.6 %, carrot
damage of 4.6 %, soil separation
index of 0.21 and power require-
ment was 5.18 kW. The cost of the
carrot harvester was Rs.6,000, had a
breakeven point at 148 ha and pay-
back period of three years.
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Abstract

Farm machinery costs make up a
significant part of the operating and
overhead costs of any farm opera-
tion. If the capital invested in a ma-
chine is to be used efficiently, that
machine must be used over enough
hectares or for enough hours to have
costs comparable to or below cus-
tom hiring rate. This paper presents
a decision support system (DSS)
for calculating the total operating
cost and break-even units of farm
machinery. The guidelines given
in IS 9164 (1979) were followed for
estimating operating cost of farm
machinery. The DSS leading to
computer software developed in Vi-
sual Basic™ programming provided
the intuitive user interfaces by link-
ing databases such as useful life
of the implement/machine in years
and hours and percentage of accu-
mulated repair cost to support the
decision on custom hiring of farm
machines. The application of DSS
was demonstrated to calculate the
operating cost and break-even units
for custom hiring of combine. It was
concluded that the DSS can be used
effectively in calculating the operat-
ing cost of farm machinery and in
suggesting break-even units for cus-
tom hiring of farm machines.
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Introduction

There has been a progressive shift
from draft animal power (DAP) to
mechanical power in Indian agricul-
ture because DAP and manual la-
bour are not sufficient to cope with
the work load of intensive agricul-
ture. The use of mechanical power is
becoming indispensable for making
an optimal use of other resources
and in-time completion of various
farm operations under intensive ag-
riculture. Mechanization saves time
in completing different farm opera-
tions, which gives the crop more
time to mature; allows the farmer
to be more flexible in his farming
operations; and facilitates multi and
relay cropping. This transition from
animal power to mechanical power
in some states has made the agri-
culture capital intensive. But, it has
played a key role in modernization
of Indian agriculture due to its ben-
efits of improved labour efficiency
and productivity, efficient use of
expensive farm inputs, reduction of
human drudgery and timeliness of
farm operations.

The recent structural changes in
economic environment, liberaliza-
tion policy and the signing of gen-
eral agreement on tariff and trade
have laid down new challenges in
which, India has to compete in the
international trade including agri-
cultural trade. The basic require-

ment of this competition is to reduce
the unit cost of production, and
improve quality of agricultural pro-
duce so as to meet the international
standards. The cost of production
can be reduced only if the cost of
every single factor contributing
towards the total cost is minimized
and resource productivity maxi-
mized. Therefore, the agricultural
strategies need to be based on the
time-tested principles of business
management and entrepreneurship
so that agriculture can be made a
profitable venture (Sharma et al.,
2007).

The cost of farm machinery is the
single largest input after land and
buildings. Farm machinery costs
make up a significant part of the
operating and overhead costs of any
farm operation. If the capital in-
vested in a machine is to be used ef-
ficiently, that machine must be used
over enough hectares or for enough
hours to have costs comparable to
or below the same operation being
done by a custom operator. Agri-
cultural engineers and economists
use a variety of engineering and
economic principles in calculating a
machine’s use and costs. An effec-
tive farm manager must also know
these principles and apply them
when deciding to buy, rent or share
machinery (Schuler, 2005).

The most accurate method of
determining machine costs is com-
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plete records of the actual costs
incurred. Estimating costs is an
alternative. When estimating costs,
methods that require more data spe-
cific to the situation, the more ac-
curate becomes the estimate. Singh
(2012) examined economics of farm
mechanization and suggested some
policy measures —the total use of the
farm machinery, which on an aver-
age is much less than the prescribed
norms. Therefore, there is need to
enhance its productive use as a re-
sult of which, the fixed cost can be
reduced significantly.

Schuler and Frank (2012) pro-
vided farm managers with an ad-
ditional and more accurate tool for
their management decisions permit-
ting input of data specific to the
operation. A series of tables and two
worksheets, one for tractors and one
for other machines, were developed
to help estimate machine costs us-
ing the ASABE data and formulae.
Once the machine’s costs are esti-
mated accurately, one can make de-
cisions regarding purchases, leases,
rentals and sharing the machinery.
Lazarus (2009) estimated farm
machinery operation costs calcu-
lated via an economic engineering
approach. The data are intended to
show a representative farming in-
dustry cost for specified machines
and operations.

Sharma et al. (2007) reviewed the
status and future of custom hiring
in India in the backdrop of changing
world agriculture. They observed
that the custom hiring got a boost
with the onset of green revolution in
mid 1960s and gained importance
mainly due to rise in the cropping
intensity and drop in average land
holding. They concluded that farm
mechanization would continue to be
on the forefront and presented the
impact of further fragmentation of
landholding due to rising popula-
tion of India, government policies of
diversification and evolution of new
farm machines on prospects of cus-
tom hiring.

Machinery and equipment ex-

penses represent a major category
of cost in crop production. Pur-
chasing equipment with the use of
loans from financial institutions or
equipment manufacturers has been
the typical method of obtaining
machinery services for most farm
operations. Producers are increas-
ingly considering other options for
obtaining machinery services due
to increasing equipment costs, ob-
solescence of owned equipment and
limited sources of outside debt capi-
tal.

A method of estimating machin-
ery costs over several time periods
is needed to compare the options
of using custom hire services or
purchasing equipment. This paper
presents a decision support system
(DSS) for calculating the total oper-
ating cost of farm machinery so that
one can determine whether or not
it makes economic sense for him to
own a machine by calculating the
break-even units for implements as

well as power source.

Theoretical Considerations

Operating Cost of Farm Machinery

The cost of using farm machinery
consists of expenses for ownership
and operation, and overhead charg-
es. Ownership costs are independent
of use and are often called as fixed
costs. Costs for operation vary di-
rectly with the use and are referred
to as variable costs. The guidelines
given in IS 9164 (1979) are followed
for estimating cost of farm machin-
ery operation. The total operating
cost of farm machinery is the sum
of fixed costs, variable costs and
overheads.

Fixed costs

The fixed costs for a farm machin-
ery include depreciation, interest
on investment, insurance and taxes
(property, registration and road);
and housing.

Table 1 Useful life of some of the commonly used farm machinery (1S 9164, 1979)

Name of machine Useful life
Hours | Years |Hourlyear
Stationary engine 10,000 10 1,000
Electric motor 15,000 15 1,000
Power tiller 8,000 10 800
Tractor (wheeled and crawler) 10,000 10 1,000
Combine (self-propelled) 3,000 6 500
Combine (mounted and drawn) 2,000 7 286
Seed drill 2,500 10 250
Seed-cum-fertilizer drill 2,000 8 250
Planter 2,000 10 200
Plough 3,000 10 300
Disc harrow 3,000 10 300
Cultivator 4,000 10 400
Front-mounted dozer attachment for wheeled tractor| 3,000 10 300
Towed scraper for wheeled tractor 2,000 10 200
Power sprayer (knapsack and tractor mounted) 2,000 8 250
Seed cleaner 2,500 5 500
Agricultural trailer 3,600 12 300
Power thresher 2,500 8 313
Centrifugal pump 10,000 10 1,000
Power chaff cutter 5,000 8 625
Rotavator 2,400 8 300
Ridger 1,500 12 125
Blade terracer 2,000 10 200
Puddler 2,500 10 250
Cane crusher 10,000 10 1,000
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Depreciation: This cost reflects
the reduction in value of a machine
with the use (wear) and time (obso-
lescence). While actual depreciation
would depend on the sale price of
the machine after its use. The depre-
ciation can be estimated by different
computational methods. The follow-
ing formula based on straight-line
method is used in the study.

D=(P-5)/L

where,

D = depreciation cost, Rs. per year

P = purchase price of the machine,

Rs.
S = residual value of the machine,
Rs. and

L = useful life of the machine,

years

The depreciation cost per hour
can be calculated by dividing D by
the number of hours the machine
is expected to be utilized in a year.
Residual value of the machine (S)
may be taken as 5 % of the purchase
price. Useful life of some of the
commonly used machines (L) under
general conditions of usage is given
in Table 1.

b) Interest: Annual charges of
interest is calculated on the basis of
the actual rate of interest payable. If
this information is not available, 12
% of average investment is taken.
Average investment (A) over the life
of machine is calculated by the for-
mula:

A=/P+S8)/2

Insurance and Taxes: Actual
amount paid or to be paid annually
for insurance and annual taxes, if
any is charged. If the information is
not available, it is calculated on the
basis of 2 % of the average invest-
ment (A) over the life of machine.

Housing: 1t is calculated on the
basis of 1.5 % of the average invest-
ment (A) over the life of machine.

Variable costs

The variable costs for farm ma-
chinery include cost of fuel, lubri-
cating oil, repair and maintenance
charges, and wages and labour
charges.

Fuel: Fuel consumption depends

on the size of the power unit, load
factor and operating conditions. The
actual fuel consumption can be ob-
served while the machine is work-
ing or may be taken from the results
obtained at official testing stations.
It is a common practice to consider
average fuel consumption from the
varying load test as approximately
equal to fuel consumption on the
farm. Average fuel consumption can
also be estimated by the formulae:

a)A=0.15 % B

where

A = average diesel consumption,

I/h

B = rated power, KW

b) C=025xB

where

C = average petrol consumption,

I/h

Oil: The actual oil consumption
should be recorded while the ma-
chine is working. In case oil con-
sumption data are not available, oil
consumption may be taken as 2.5
to 3.0 % of the fuel consumption on
volume basis.

Repair and Maintenance: Re-
pair and maintenance expenditures
are necessary to keep a machine
operable due to wear, part failure,
replacement of tyres and tubes and
accidents. The costs of restoring a
machine are highly variable. Nor-
mal wear deterioration is directly
related to use, and restoration or re-
pair costs are assumed to be typical
variable costs. The cost of filters, re-
placement of oil and other lubricants
are also included under repairs and
maintenance. Maintenance costs,
primarily those related to lubrica-
tion, are directly related to use also.

The accumulated repair and main-
tenance costs (TAR) at any point in
a machine’s life can be estimated
from the following formulas:

For four-wheel drive and crawler

tractors: TAR = 0.100X"

For stationary power unit and

two-wheel drive tractor:
TAR = 0.120X"7

For self-propelled combine, dozer

and scraper: TAR = 0.096X"*

For agricultural trailer:
TAR = 0.127X"

For pto-driven combine, seed
drill, seed-cum-fertilizer drill
and sprayer: TAR = 0.159X"*

For seed cleaner:

TAR = 0.191X**

For plough, planter, harrow, ridger
and cultivator:
TAR = 0.301X"3

Where,

TAR = total accumulated repair
cost divided by purchased price
of the machine expressed as
percentage, and

X = 100 times the ratio of the ac-
cumulated hours of use to the
wear out life given in Table 1.

The repair and maintenance cost
may also be taken as percentage
of purchase price for usable life in
years as given in Table 2 (IS 9164,
1979).

Wages and Labour Charges: In
performing custom work, the cost
of at least one operator has to be
included. Sometimes an assistant
may also be engaged. One or both
of them may be employed on a
yearly basis, and the yearly cost of
the operators is equal to the wages
paid plus any allowances to which
they may be entitled. Average cost
per hour may be computed by divid-
ing the total cost by the number of
hours the operator has performed
the work. This cost is, of course,
higher than the average per hour
work on the farm because part of
the time will be used for traveling,
interruptions and moving machines
from one farm to another, and this is
not paid for directly by the custom-
ers.

Overhead charges

This includes charges for supervi-
sion and establishment and interest
on working capital if applicable. It
should be assumed as 20 % of the
sum of fixed and variable costs.

Total cost per hour

The sum of fixed cost, variable
cost, and overhead charges per hour
shall give the total cost per hour.

Calculating the cost of custom hire
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Table 2 Percentage of accumulated repair cost of farm machinery (IS 9164, 1979)

Name of machine Cost in percentage of purchase price for usable life in year

1 | 2 | 3 ] 4 | 5 | 6 | 7 | 8 | 09 10
Stationary engine 3.8 10.8 19.8 30.3 42 55.5 70.3 86.4 102.6 120
Electric motor 2 5.8 10.7 16.5 23 30.1 38.4 46.7 56.1 65.3
Power tiller 3.8 10.8 19.8 30.3 42 55.5 70.3 86.4 102.6 120
Tractor (wheeled and crawler) 3.2 9.0 16.5 25.3 35 46.2 58.6 72 85.5 100
Combine (self-propelled) 4.9 13 23 34.3 46.8 60.6 - - - -
Combine (mounted and drawn) | 6.6 17.3 30.4 44.8 61.9 80 100.3 - - -
Seed drill 4 10.5 18.6 27 38.9 49 60.9 734 86.5 100.3
Seed-cum-fertilizer drill 55 14.4 254 38 52.5 67 83.2 100.3 - -
Planter 6 14.8 29 36.4 48.7 61.6 75.4 88.7 104.4 119.8
Plough 6 14.8 29 36.4 48.7 61.6 75.4 88.7 104.4 119.8
Disc harrow 6 14.8 29 36.4 48.7 61.6 75.4 88.7 104.4 119.8
Cultivator 6 14.8 29 36.4 48.7 61.6 75.4 88.7 104.4 119.8
Dozer 2.4 6.4 11.2 16.9 22.9 29.6 36.8 44.3 52.3 60.6
Scraper 2.4 6.4 11.2 16.9 22.9 29.6 36.8 44.3 52.3 60.6
Power sprayer 55 14.4 254 38 52.5 67 83.2 100.3 - -
Seed cleaner 12.6 33.2 58.9 87.3 120.5 - - - -
Agricultural trailer 2.5 6.5 11.5 17.2 23.8 304 377 45.4 53.6 63.4

services

Many farmers do not choose or
cannot afford to own all the ma-
chinery required in their farming
operations. Often this is because of
restricted capital, limited labour,
and small size of land holdings or
other reasons. For these farmers, the
purchase of custom services (pay-
ing someone else to pay for plough,
plant, fertilize, and harvest) is one
method of obtaining the needed ma-
chinery services on the farm. To de-
cide whether it is more economical
to own machinery or to hire a cus-
tomer operator, compare the fixed
and variable costs of owning and
operating the machinery to the total
costs of custom service. The break-
even (BE) units are calculated using
the formula (Gutierrez & Dalsted,
2008):

BE=F/(S-7V)

where:

BE = break-even units, h or ha

F = annual fixed costs, Rs.

V = variable costs per unit, Rs./h

or Rs./ha and
S = custom charge per unit, Rs./h
or Rs./ha

Development of the Deci-
sion Support System (Dss)

A Decision Support System (DSS)
was developed for calculation of
operating cost of agricultural prime
movers and machinery based on IS
9164 (1979). The DSS also calcu-
lated break-even units for custom
hiring of farm machinery. It was
developed using Visual Basic 6.0
as front end and Microsoft Access
as back end. There were several
sequential screens to complete the
process and get the desired output.
The developed screens were very in-
tuitive and easy to select the param-
eters and enter the expected values
wherever required. The DSS started
with splash screen and followed by
selection screen for selection of im-
plement/machinery or power source
or both for calculation of operating
cost of farm machinery and ended
with the final result required by the
user.

The complete DSS was divided
into two modules. The first mod-
ule calculated the operating cost
of agricultural prime mover and
machinery and the second module
calculated the break-even units for
custom hiring of farm machinery

or power units. The modules were
further divided into the sub-systems
such as database sub-system and
model sub-system of the DSS.

Database Sub-system of the DSS

The database sub-system con-
sisted of data pertaining to 25 com-
monly used farm machines (Tables
1 & 2) in Indian agriculture. The
tables had information about agri-
cultural implements, prime movers,
name of machine, useful life of the
machine in years and hours and
data on percentage of accumulated
repair cost of farm machinery. The
database on machines had provision
for adding useful life of a new farm
machine and editing any parameter
value of the entered data in the data-
base. The brief description of data-
base subsystem is as follows.

Useful life of farm machines

The database had data on useful
life in hours and years for common-
ly used 25 farm machines (Table 1).

Repair and maintenance cost of
farm machinery

The database on repair and main-
tenance cost had data on percentage
of accumulated repair cost for 17
farm machines (Table 2). It had cost
in percentage of purchase price of a
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machine for different years of use-
ful life of the machine.

Model Subsystem of the DSS

In this system, two modules were
developed for calculation of operat-
ing cost of agricultural prime mover

and farm machinery and for calcula-
tion of break-even units for custom
hiring of farm machinery.
Operating cost of farm machinery
An algorithm leading to computer
software in Visual BasicTM was
developed for calculation of operat-

Fig. 1 Flow chart for calculation of operating cost of farm machinery

ing cost of farm machinery. The
flow chart of the programme for
calculation of operating cost of farm
machinery is shown in Fig. 1. The
considered variables for calculation
are depreciation, interest, insurance,
fuel cost, repair cost, labour etc.

The fixed cost of a farm machin-
ery included depreciation, interest,
insurance and taxes, and housing.
The screen of DSS for calulation of
fixed cost of a farm machinery is
shown in Fig. 2. The name of select-
ed machinery appeared in the text
box and purchase price and expect-
ed use of machine were entered by
the user. The DSS processed these
data with the help of two options
i.e. pre-defined standard formula
(default values) and user defined pa-
rameters.

The variable cost for the selected
implement/ machinery or power
source included fuel cost, oil cost,
repair and maintenance, and wages
and labour charges. The variable
cost may be calculated by entering
known values or by clicking on the
‘input’ button through already fed
formulae (Fig. 3). The repair cost
in percentage of purchased price for
whole usable life of the machines
was calculated by the DSS based on
formula as per IS 9164 (1979).

Break-even units for custom hir-
ing of farm machinery

An algorithm leading to computer
software in Visual BasicTM was
developed to find out the break-
even units for custom hiring of farm
machinery based on the custom
charges per unit, fixed annual cost,
variable cost per hour and data on
operating hours on own farm as
well as on others farms. The flow
chart of the programme is shown in
Fig. 4. The DSS calculated break-
even units of farm machine in hour
or ha based on standard equation

(Fig. 5).
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Application of the Devel-
oped DSS

The case considered to validate
the developed DSS for calculat-

Fig. 2 Calculation of fixed cost of combine using DSS

Fig. 3 Calculation of variable cost of combine using DSS

ing the total operating cost of farm
machinery and for calculating the
break-even points for combine har-
vester (93 kW) is presented in this
section. The costs of diesel and oil
were taken as Rs.
40/1 and Rs. 150/
I (1 US$ = Rs. 56),
respectively for cal-
culation of operating
cost of combine. The
wages of the driver
was taken as Rs. 200
per day (8 h). The
total operating cost
of the combine was
calculated by DSS
for varying purchase
price of combine from
Rs. 1.2 to 1.4 million
at an interval of 0.1
million and annual
hours of use from 300
to 500 h at an inter-

val of 50 h. The variation in fixed
and variable costs of the combine
is shown in Fig. 6 and values are
given in Table 3. It was observed
that fixed and variable cost of the
combine increased with increase in
purchase price of the combine and
decreased with increase in annual
hours of use. The decrease in fixed
cost of the combine was sharp with
increase in annual hours of use from
300 to 500 h. Similar trend was
observed for total operating cost of
the combine (Fig. 7). However, the
decrease in variable cost of combine
was gradual with increase in an-
nual hours of use from 300 to 500 h.
Therefore, it may be concluded that
the annual hours of use significantly
affected the fixed and total operat-
ing costs of the combine.

The break-even units in hour of
combine was also calculated using
DSS (Fig. 5) for varying custom

Fig. 4 Flow chart for calculation of breakeven units
for custom hiring of farm machinery

Fig. 5 Calculation of break-even units

of combine using DSS
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hiring rates of Rs. 1200, 1350 and
1500/h for varying hours of use
from 300 to 500 h and results are
shown in Fig. 8. It indicated that
break-even units reduced with in-
crease in custom hiring rates from
Rs. 1200/h to Rs. 1500/h and with
an increase in annual use of com-

bine from 300 to 500 h. Table 3
also shows that break-even units
decreased from 436 to 390 h with
increase in annual use of combine
from 300 to 500 h for combine cost-
ing Rs. 1.2 million at custom hiring
rate of Rs. 1500/h. Similar trend
was observed for purchase price of

Fig. 6 Variation of fixed cost (FC) and variable cost (VC) of combine
for different purchase price and annual use
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Fig. 7 Variation of total operating cost (TC) of combine
for different purchase price and annual use

3000 9

—&— TCat 1.2 million

2500 A

Cost,Rs/h

2000 4

1500

&= TCat 1.3 million

—=— TCat 1.4 million

T T
250 300 350

T T T 1
400 450 500 550

Annual use, h

Fig. 8 Variation of break even units of a combine (Rs. 1.2 million)
for different custom hiring (CH) rates and annual use
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combine of Rs. 1.3 and 1.4 million
and custom hiring rates of Rs. 1200
and Rs. 1350/h. Therefore, it may
be concluded that break-even units
should be more than 436 h for com-
bine costing Rs. 1.2-1.4 million for
custom hiring rates of Rs. 1500/h.
Therefore, it may be concluded that
custom hiring rates significantly af-
fected the break-even units of com-
bine.

Conclusions

The following conclusions can be
drawn from the study.

1. The DSS helped in calculation
of operating cost and break-even
units of farm power unit alone or
with an implement for varying
hours of use of the machine and
at varying purchase price of the
machine.

2. The validation of the DSS with a
case study shows its effectiveness
in estimation of operating cost of
farm machinery and calculation
of break-even units for custom
hiring service.
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Abstract

Indian agriculture in the rural
sector uses a mix of energy resourc-
es for production and post harvest
operation. The use of renewable en-
ergy resources from biomass has not
duly picked up due to non-availabil-
ity of appropriate energy conver-
sion technologies and due to their
uncompetitive prices as compared
to commercial energy resources.
The agriculture sector of the coun-
try has been continuously facing
shortage of electric supply and pe-
troleum products at distant locations
in many areas. Energy generation
from biomass in decentralized mode
in the rural catchments would be a
prominent route to meet the gap be-
tween demand and supply. The rural
energy scene and primary energy
consumption in India reveal that
there are wide research gaps to go
ahead in the area of biomass conver-
sion techniques viz., bio-chemical
conversion of biomass, gas utiliza-
tion, thermo-chemical conversion of
biomass, bio-diesel, and alcoholic
fermentation. The paper reviews

various methods of biomass conver-
sion technology to meet the energy
consumption of Indian agriculture
to keep pace with the food grain
production demand for the ever
growing population and the scope of
energy conversion and utilization to
rural livelihood.

Key words: energy carriers, bio-
mass conversion, fermentation,
biodiesel, energy generation

Introduction

India over time has been increas-
ingly dependent on commercial
energy. The country is still depen-
dent on import to meet about 79
percent of requirement of crude oil.
The shortage of electric energy for
peak demand is about 11 percent.
On the other hand, the energy de-
mand of the country is expected to
grow at 5 percent and projected to
be among the highest in the world
due to sustained economic growth,
rise in population, rise in income
levels and increased availability of
goods and services. Present trends

suggest further increase in energy
consumption with many parts of
the country shifting to more energy
intensive agriculture for increased
productivity. The trend in primary
energy consumtion in India is given
in Table 1. India is privileged with
abundant biomass resource poten-
tial of 23 GW, yet it harvests small
proportions, with fundamentally
different deployed policies and ar-
ticulated strategies (Rajbeer and
Andri, 2013). Scope of energy con-
servation through proper uses of
resources and machinery exist to a
large extent. Some estimates suggest
energy savings up to 30 percent in
the agricultural sector. Agricultural
processing units also consume large
quantities of electricity and petro-
leum products for which systematic
information is not available. Rural
processing, mostly small and indi-
vidual entrepreneurships, are more
inclined to locally available energy
resources.

Although energy scenario in India
to-day bears a reflection of growing
dependence on conventional energy
yet around 32 percent of total pri-
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mary energy supply in the country
is still derived from biomass and
more than 70 percent of the coun-
try’s population depends upon it for
its energy needs. Table 2 provides
main characteristics of the energy
used in rural areas. If biomass was
to be substituted by LPG or other
petroleum products, India would
need to import an additional more
than 30 million tonne of such prod-
ucts, which may cost US$ 7000 mil-
lion per year.

With food production target of
300 million tonne by 2020 with ma-
jor thrusts on primary and second-
ary processing in food products, bet-
ter living conditions with increasing
income; the energy demand of rural
India is also to increase many folds
on a medium-term perspective.
Energy generation from biomass
in decentralized mode in the rural
areas would be a prominent route to
meet the gap between demand and

supply.

Energy Conversion Tech-
nologies

Bio-Chemical Conversion of Bio-
mass

Biomass essentially is a product
of photosynthesis and it would not
be inappropriate to define it as a
natural solar cell (Table 3). About
1.5 tonne of crop residue is harvest-
ed with each tonne of main product.
Off-farm use of crop residue re-
mains limited. Stagnation or reduc-

tion in demand of crop residues and
increase in its productivity is result-
ing in the burning of large quantity
of dry crop residue every year.
Apart from destruction of a good
source of organic matter and energy;,
uncontrolled burning of crop resi-
due creates a serious environmental
problem which will get aggravated
as more crop residue become sur-
plus each year. The chemical com-
position of crop residues is not much
different than wood. Authoritative
studies reveal that the forest cover
of the country is depleting every
year at a rate more than 1.5 million
hectares.

The biogas plant digested slurry
(BDS) is richer in organic matter
and NPK contents compared to farm
yard manure (FYM) and vermin-
compost as given in Table 4 (Lian-
gwei et al., 2012). A large number
of field trials on utilization of BDS

for production of cereals, oilseeds,

vegetables and floriculture and on

various other activities have been
carried out at different centres in

India during the last about 20 years

period (Gunaseelan, 2004). Impor-

tant conclusions of these trials are
as follows:

* BDS, in general, replaced 50-75
percent of recommended doze
of inorganic N-fertilizer without
significantly affecting the grain
yields of wheat, paddy, maize and
sorghum crops.

* About 50 percent of N-fertilizer
requirement of black-gram,
groundnut and soybean crops was
substituted with BDS without sig-
nificantly affecting grain yield. In
case of soybean and mustard up to
100 percent substitution was pos-
sible.

* BDS replaced 25-50 percent of the
N-fertilizer requirement of ladies

Table 2 Indian rural energy scene

Feature

Characteristics

Non commercial energy use as percentage of

total primary energy
Total use of firewood
Use of animal dung and agro-waste

Estimated per capita biomass used for cooking

Households using electricity for lighting
Households using kerosene for lighting
Per capita electricity use in rural areas
Per capita electricity use in urban areas

Average per capita electricity use in India
Additional LPG required to be imported if fuel

80 %

223 MT
130 MT

1.0 -1.6 kg/day of firewood
equivalent

435 %

77 million

150 unit/year (Guesstimate)
1500 unit/year (Guesstimate)
590 unit/year

30MT

wood/ wastes were to be substituted by it

Table 1 Primary energy consumption in India

Source Unit | 1990-91 | 1995-96 | 1998-99 | 1999-00 | 2000-01 | 2001-02 | 2002-03 | 2011-12
Petroleum products MT 57.75 7791 9426 10263 10697 11096 11107 21142
Natural Gas BCM | 1277 2093 2571 2689  27.86 2804 2997 4648
Coal MT 21173 27013 292.27 29997 30963 32261 33652 53588
Lignite MT 1377 2214 2342 2212 2295 2481 2610 4188
Hydro Electricity Bill.unit| 7390 7260 8260 8050 7430 7390 6380 7558
Nuclear Electricity Bill. unit | 6.10 7.90 1200 1330 1690 1930 1920 4120
Renewable based electricity | Bill. unit - - - - - - 10.00 14.50
Non-commercial MT

Firewood - - - - - - 223.00 130.00
Animal Waste - - - - - - 310.00 150.00

MT: million tonne; BCM: billion cubic metre
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finger, tomato, chilly, potato and
brinjal crops without significantly
affecting fruit yield.

* Application of BDS along with
inorganic fertilizers for crop
production resulted in better soil
health by maintaining higher mi-
crobial population than by use of
fertilizers alone.

* Limited experiments carried out
revealed utility of the BDS in
various other activities such as
rooting medium in horticultural
crop, cultivation of Azolla and
blue green algae, fish rearing, as
animal feed and mass production
of bio-control agents.
Researchable Areas

e Development of processes and
technology for enhancing biogas
production during lower tempera-
ture months.

* Adoption and modification of
processes for quicker anaerobic
digestion of cellulosic rich sub-
strates.

* Durable and low cost alternate ma-

Table 3 Estimates of biomass in India

Estimated
Item by-product,
million tonne

Rice 181.84
Wheat 86.12
Sorghum 23.37
Pearl millet 33.40
Maize 53.20
Other cereals 23.09
Bengal gram 6.89
Pigeon pea 9.20
Lentil 1.86
Other pulses 7.04
Groundnut 7.93
Rapeseed and mustard 10.08
Soybean 5.86
Sunflower 1.46
Other oilseeds 1.96
Cotton 27.30
Jute and Mesta 315
Sugarcane 84.01
Potato 1.22
Onion 0.45
Coconut 7.56
Cashew nut 0.47

Total 523.44 MT

terials for biogas plants for digest-

ers and gas storage systems.

e Development/adoption of gas
engine operating on biogas for
electricity generation for rural ap-
plications.

* Development of slurry handling
technologies for dewatering of
biogas spent slurry and recycling
of filtered water for community
biogas plants.

* Modification and adoption of
processes for production of nutri-
tionally enriched organic manure
utilizing rural, semi-urban and
industrial solid wastes.

* Adaptive field trials of various
technologies and appliances for
their technical soundness and so-
cio-economic feasibility and new
application of biogas.

Alcoholic fermentation: The
process of alcohol production by
fermentation using the enzymes of
yeast is as old as human civilization.
Alcohol was the fuel used when IC
engine was invented. It was soon
replaced by petroleum fuel which
was available in abundance at much
lower price. Gasohol, which is a
blend of gasoline and alcohol, has
been found to be a much cleaner
fuel than gasoline and has been used
extensively in automobiles without
any modification in the combustion
system of Sl engines. It has higher
octane value and antiknock proper-
ties than gasoline and burns slowly,
coolly and completely resulting in
reduced emissions. Brazil is pioneer
in blending up to 24 percent ethanol
with gasoline. Government of India
has also implemented blending of
5 percent of ethanol with gasoline
used as automobile fuel. While it
is true that any biomass containing
carbohydrates can be considered as

feedstock for alcohol production,
the yield of alcohol per tonne of in-
dividual feedstock varies consider-
ably. Feedstock for alcohol produc-
tion can be classified into 3 main
categories, viz., i) those containing
starch, ii) those containing sugar,
and iii) those containing cellulose.
The technology for ethanol produc-
tion from starchy biomass such as
corn grain is being widely practiced
in USA and Brazil (Dhussa and
Jain, 2002). Sweet sorghum is a spe-
cial type of sorghum whose grain
and stem can be used for production
of sugar, alcohol, syrups, jaggery,
feed and fodder. Its stalks have a
greater potential if used as raw ma-
terial for fuel ethanol production.
National Research Centre for Sor-
ghum, Hyderabad has shown that
the fermentation of juice from sweet
sorghum variety SSV-84 yielded
4.5 kL of ethanol per ha. However,
the high fermentation efficiency of
91 percent was observed in another
variety Keller (Rao ef al., 2004). A
pilot plant study showed that all the
costs incurred in the ethanol pro-
duction from sugarcane molasses
and sweet sorghum stalk were equal
except raw material cost which was
more in case of the sweet sorghum
as given in Table 5 (Rao et al.,
2004). A liter of ethanol from sweet
sorghum costs Rs 0.56 more than
ethanol from sugarcane molasses. If
sugarcane molasses is available lo-
cally then the difference is higher by
about Rs 3.86/l. The study, however,
revealed that the sweet sorghum can
be conveniently adopted as substrate
for ethanol production in the exist-
ing distilleries.

Kim and Dale (2004) estimated
annual biomethanol production
potential from major crops, corn,

Table 4 Nutrient status of microbially degraded swine slurry (Liangwei et al., 2012)

Raw slurry | Digested slurry
Nitrogen (N %) 0.1040 0.300
Phosphorus (P,0 5 %) 0.0504 0.168
Potassium (K,0 %) 0.0693 0.189
Total nutrient [(N + P,O 5 + K,0) %] 0.2240 0.657
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barley, oat, rice, wheat, sorghum
and sugarcane (Table 6). The ligno-
cellulosic biomass available from
these crops could produce 442 GL/
year of bioethanol. Asia is the most
favourable region which can pro-
duce 291 GL of bioethanol because
of biomass availability. Results in-
dicate that rice straw is potentially
the most favorable feedstock and
the next most favorable raw materi-
als are wheat straw, corn stovers
and sugarcane bagasse in terms of
quantity of biomass available. Rice
straw, wheat straw and corn stovers
are the most favorable bio-ethanol
feedstock in Asia (Amrita Ranjan,
et al., 2013).

Biodiesel: India presently imports
nearly 70 percent of its crude petro-
leum requirement and the import
bill is now touching about US$
18,000 million, which is roughly 30
percent of its total imports. In view
of the ever-increasing consump-
tion (40 mt/year), cost escalation
and impending uncertainties of
diesel availability, search for alter-
native fuels for at least 10 percent
substitution of petrol-diesel in the
short term, and more subsequently,
by alternative fuels has assumed
critical importance in India. Among
prominent renewable bio-fuels used

in IC engines are ethanol, producer
gas, biogas and plant oils (Maria,
et al., 2014). During the last two
decades, a major breakthrough has
been made in the use of transes-
terified plant oils and animal fats
popularly known as bio-diesel, as
a partial or complete substitution
of petro-diesel. Presently, biodiesel
occupies a unique position among
the renewable bio-fuels as it is ide-
ally suited for use in a diesel engine.
Rapeseed-oil-methyl-ester was the
first type of bio-diesel fuel pro-
duced commercially in 1988. Even
though research on the use of crude
vegetable oils was started in India
in the mid fifties, work on the use of
transesterified oils was started only
during mid eighties.

Research Gaps

* Work on collection of germplasm,
identification of high yielding and
fast growing species of potential
feed-stocks as well cultivation
practices for agro-forestry for
production of biodiesel need to be
accelerated, which is crucial to
the success of biodiesel produc-
tion and adoption in India.

* Apart from planting the poten-
tial feed stocks on degraded and
waste lands, farmers need to be

Table 5 Cost of production of ethanol

Particulars Sweet sorghum, (Rs./L) \ Sugarcane molasses, (Rs./L)
Man power 0.50 0.25
Steam 1.00 1.00
Electricity 1.00 1.00
Yeast 0.10 0.10
Management, etc 0.10 0.25
Pollution control measures Nil 0.25
Raw material 10.41 6.40-9.70
Total 1311 9.25 - 12.55

Table 6 Composition of residues and potential ethanol yield of crops

Crop residues | Dry matter (%) | Lignin (%) Carbo(t(’)m/i/)d rates %E?ﬁgo(:fy&%j
Rice straw 88.0 713 49.33 0.28
Wheat straw 90.1 16.00 54.00 0.29
Bagasse 71.0 14.50 67.15 0.28
Corn stover 78.5 18.69 58.29 0.29
Sorghum straw 88.0 15.00 61.00 0.27

46

encouraged.

» Work on utilization of by products
of transesterification such as glyc-
erol and use of oil cakes need to
be pursued.

* Diesel engine manufacturers
should treat bio-diesel at par with
HSD.

* Guidelines for blending of bio-
diesel with petro-diesel (splash
blending) need to be formulated.

Thermo-Chemical Conversion of
Biomass
The thermo-chemical conver-
sion involves thermal degradation
through directed chemical reactions
under controlled reaction condi-
tions, Table 7 (Faisal, et al., 2014).
Combustion involves direct burn-
ing of biomass to get heat. This is
a process in which the biomass is
degraded at higher temperatures
to char and volatiles, which in turn
are oxidized with the excess oxygen
provided. A large amount of heat of
reaction is released along with for-
mation of carbon dioxide and water
as gaseous emittants. Gasification
is carried out in sub-stoichiometric
oxygen atmosphere at temperatures
ranging from 700 to 1,000 °C. The
final product, called as the ‘producer
gas’, is a low or medium calorific
value fuel gas, depending on the
medium of gasification. The gasifi-
ers are used to substitute fuel oil in
furnaces and in engines for power
generation (Arnsfeld, ez al., 2014).
Researchable areas
A suitable device for continuous
feeding of biomass for large size
plants
* Tar decomposition and separa-
tion from the gas before its use to
IC engine applications. Thermal
cracking and physical separation
of tar still need attention to com-
mercialise the technology
* Development of hot gas cleaning
system for application in high
temperature fuel- cell
* Development of gas scrubber for
low-temperature fuel gas utilisa-
tion applications
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* Integration of gasification system
to gas engine for power genera-
tion

* Development of an efficient char-
ring system and briquetting ma-
chine for the preparation of solid
fuel.

* Development of technology for
making the briquettes suitable for
gasification

Conclusions

The following recommendations
may be considered for adoption and
implementation with respect to bio-
mass conversion in India:

Following field scale technologies,
now available in the country, need
support by way of tax concessions,
interest free loan, technical support
and subsidy in cost of procurement,
etc.

* Family size fixed dome type bio-
gas plants for solid-state anaero-
bic digestion of cattle dung (field
tested designs are now available).

* Institutional and community bio-
gas plant for kitchen and dining
hall waste.

* Biphasic bio-methanation system
for vegetable market waste.

* Biogas plants for agro-industrial
solid waste and effluent specifi-
cally for cottage and small scale
industries processing farm pro-
duce.

* Gasifier for generation of producer
gas for thermal and power appli-
cation

* Provide libral grants for carrying
out R&D activities in and on-site
demonstration of large systems for
solid-state anaerobic conversion
of crop residues for decentralized
rural power supply.

* Massive R&D support should be
provided to develop and demon-
strate technology for alcoholic
fermentation of crop residues to
fuel ethanol as a partial substitute
of IC engine fuel particularly pet-
rol.

Satisfactory field scale tech-
nologies are now available for bio-
conversion of animal dung, crop
residues, aquatic weeds and solid
waste and effluent generated from
agro-industries to energy rich gas
and nutrient rich manure. Keeping
in view enormous environmental
benefits (land, water and air) that
accrue to the nation, the union and
provincial governments should en-
courage implementation of bio con-
version technologies for treatment
of effluent and solid waste generated
from production, handling, market-
ing and processing activities of the
farm produce at all levels.
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Abstract

A wild apricot pit grader having
a capacity of 100 kg of wild apricot
pits per hour has been fabricated
and evaluated at the Department of
Post Harvest process and Food En-
gineering, G.B. Pant University of
Agriculture and Technology, Pant-
nagar, India. The unit consisted of
outer angle iron frame, feed hopper,
screening unit, bicycle assembly,
bearings etc. Grader grades the wild
apricot pits in four grades of A (>
12 mm), B (11-12 mm), C (10-11
mm) and D (< 10 mm) and obtained
at discharge outlet of four screen-
ing trays having varying screen
aperture size. Grading of the pits
was done according to the variation
of the thickness of individual pits.
The average capacity of the pedal
operated wild apricot pit grader was
100 kg/h. The average grading ef-
ficiency of grader was found to be
79.60 %. Breakage percentage of
pits during operation of grader was
negligible. The cost of operation of
wild apricot pit grader was deter-
mined and found to be Rs. 1.00 per
kg of pits. The cost of grader was
Rs. 5,200 only and Pay-back period
calculates as 0.47 years.

Introduction

Apricot (Prunus armeniaca. L) is
an important fruit crop of mid hill
and dry temperate regions of India.
Apricot is an important temperate
fruit and perishable in nature. Each
and every part of apricot is either
consumable or usable as ingredients
in different health and food prod-
ucts. Globally, apricot is grown with
its two cultivars, sweet apricot and
wild or bitter apricot.

Globally, Turky, Iran, Italy,
France, Pakistan, Spain, China and
USA are leading producer of apri-
cot. In Asia apricot firstly cultivated
in North-Eastern China. Wild apri-
cot appears to be indigenous to In-
dia. In India, apricot is grown com-
mercially in the hills of Himachal
Pradesh, Jammu and Kashmir, Ut-
tarakhand, Uttar Pradesh and to a
limited extent in north eastern hills
and in Nilgiris (Chadha, 2009).

Global, production of fresh apri-
cot is between 2.2 and 2.7 million
tons/year. Sweet and wild apricots
are cultivated in Uttarakhand about
an areas of 9,100 hectares with the
annual production about 30,576
tons (Anonymons, 2007). Sharmagz
Kaisha, Moorpark, Turkey, St. Am-

brose are mostly cultivated verities
of wild apricot in Uttarakhand and
mainly utilized for the extraction of
the apricot kernel oil used for vari-
ous medicinal purposes.

Wild apricot kernel is a rich
source of oil (54.21 %), protein
(17.75-22.56 %), carbohydrate (21.16-
35.26 %), crude fibre (0.84-4.71 %)
and dietary fibre (6.03-22.24 %).
wild apricot oil is effectual massage
oil for aged and dry or irritated skin
(Anon, 2003). It has ability to pen-
etrate the skin without leaving an
oily feel. While massaging applying
warm apricot oil mixed with a pinch
of common salt on chest gives relief
to patients with acidity. Also oil ow-
ing to the presence of tocopherols
(630 pg/g) can find place in many
cosmetic preparations (Guner et al.,
1999).

Wild Apricot harvesting, cracking
and oil extraction are still carried
out manually in India, especially in
mountainous area of Uttarakhand
state, which results in increased
cost and processing time for kernel
extraction and also tedious and time
consuming process. Therefore, a
mechanized cracking, handling and
expelling unit is required to save
the time and labour. But the lack
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of proper pit grading equipment is
one of the major problems for the
further development in mechanized
process after harvesting (Gupta and
Sharma, 2009). As the perfect grad-
ing of apricot pit is the most critical
and delicate step for efficient deco-
rtication for achieving high-quality
kernels after decortication there was
a great need to develop a efficient
wild apricot pit grader

As the raw wild apricot pit was
collected directly from the farmers
for further post harvest process it
was always beneficial and economi-
cal to farmers to sale their commod-
ity after grading in different grades.
The farming and farmers cultivated
wild apricot is mainly belongs to
mountainous area Himalaya, So
there has been great demand for
developing wild apricot pit grader
which provide the on-farm grading,
easy for transport for field to field
and can be operated with proper en-
ergy sources at remote places. The
major objective of to develop a ped-
al operated wild apricot pit grader
working on the principle of “grad-
ing of pit according to the variation
in individual pit thickness” having
the highest grading efficiency and
it gives the required grades of pit
which is suitable for the various ma-
chines in the post harvest process

line of wild apricot pit and suitable
for on-farm conditions.

Materials and Methods

The main components of manu-
ally pedal operated wild apricot pit
grader Fig. 1 are as follows:

Outer frame: It supports all the
parts of the grader and is fabricated
of mild steel angle iron of size 25
x 25 x 3 mm. the force transmit-
ted is uniformly distributed in all
the parts and reduce the vibrations.
The stresses developed in the frame
were far below the allowable shear
and compressive stress. Maximum
length of the grader formed by angle
frame was 1,730 mm and maximum
width was 340 mm.

Feed hopper: The feed hopper of
conical shape with square cross sec-
tion made of mild steel sheet (IS-
2062). The thickness of sheet used
for fabrication was 2 mm. The hop-
per was 400 x 400 mm square open-
ing at the top while 30 x 30 mm
square opening at the bottom. The
hopper is divided in to two sections
for its side view upper 50 mm height
section was rectangular while lower
380 mm height section was trap-
ezoidal. The feed hopper was placed
on the top of the angle frame and at

Fig. 1 Orthographic views of wild apricot pit grader, cm

1. Outer frame, 2. Handle, 3. Sprocket, 4. Bearing, 5. Cycle

frame, 6. Seat, 7. Sieve unit, 8. Tray

the 100 mm above the top surface
of top most screen for avoiding the
chocking during feeding. The in-
clined side of the hopper was at an
angle of 69 degrees to the horizontal
to facilitate free flow of pit from its
bottom opening. This angle should
be greater than the angle of repose
of pit on metallic surfaces.

Grading Screen Assembly:

Frame: It consisted of mild steel
angle iron of size 25 x 25 x 3 mm.
It supports the all four grading trays
of the screen and fixed at their prop-
er position.

Trays (Fig. 2): There are three
grading trays and one bottom tray
acts as a pan and all of this made of
galvanized iron sheet having thick-
ness 5 mm. The screen opening
called as aperture was rectangular
in section and length of all aper-
tures on each screen was same and
it was 20 mm. Width of openings on
one single screen was the same, but
it was reduces from top to bottom
grade screens by 1 mm. Bottom pan
had no openings and it just collects
the smallest grade of material. After
grading we get the A (> 12 mm), B
(11-12 mm), C (10-11 mm) and D (<
10 mm) grades of wild apricot pits.

Bearings: Four bearings were pro-
vided at each bottom corner of the
frame angle which provide the to
and fro motion of the whole grading
screen assembly.

Bicycle Frame:

Handle: To reduce the drudgery in
operations a mild steel pipe of size
13 mm was provided at the front of

Fig. 2 Fabricated pedal operated wild
apricot pit grader
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the grader. The operator holds the
pipe, which makes working of the
grader simpler and comfortable.

Cycle frame: Cycle frame made
of solid pipes (mild steel) of 25 mm
diameter were provided for holding
the weight of the operator.

Seat: A standard size leather seat
as used in bicycle was provided to
reduce discomfort to the operator.

Pedal operated chain drive: A
chain drive transfer the human
power from pedal to the “to and
fro” motion of the screen assembly
via eccentric drive arrangement for
convert the rotational motion of the
sprocket to the “to and fro” motion
of screens (1S-6813).

Tray (Fig. 2) outlets: Outlets for
each individual screens were welded
for discharging the properly graded
pits in the receiver. Each outlet has
square in section with length of 100
mm and width 75 mm. Position of
the outlet on top screen was at the
forward end of screen while it was
right, left and bottom of the second,
third and pan screens respectively,
and this arrangement for just easy to
attaching the receiver bags.

The dimensions, material used
and other some detail of the pro-
totype model were mentioned in
Table 1.

Evaluation of the Prototype Grader

Tests were conducted on the
developed grader to evaluate the
grading efficiency and the output
capacity of the machine to grading
the pits (Khan, ez al., 2006). The
experiment carried out at triplicate
manner which increases the accura-

cy of evaluation. As the grader was
pedal operated manual power is the
source of power and considers an
individual man can work continu-
ously for 4 hrs. During the testing
moisture content of the wild apricot
pit was 12.5 % (w.b) and rpm of the
pedal was 75 rpm. There is need of
at least three labours during operat-
ing a grader one for driving the ped-
al of machine and other for feeding
and collecting the graded samples
of wild apricot pits. Anthropometric
data of some important character-
istics of the working labours are
recorded which includes height 161
+ 5.0 cm, weight 60 + 10 kg, BMI
(Body Mass Index) 20.2 + 2.0 and
MUAC 28.0 + 2.0 cm (Annamma
and Sabiha, 1994) (Fig. 3).

Determination of Grading Efficien-

cy
Grading efficiency was calculated

by measuring the outputs collected
from outlets of each of the screen
outlets (Sahay and Singh, 2010). The
grading efficiency of the grader was
calculated by the following equa-
tion:

Grading efficiency (%) = {Weight of
sample taken-[x* + (x% + y) + (x® +
y?) + y®] / weight of sample taken}
x 100
where,

Xx; = Undersize pits retained in
tray (A), g

X, = Undersize pits retained in
tray (B), g

X; = Undersize pits retained in
tray (C), g

y1 = Oversize pits retained in tray

(B), g

Fig. 3 Different grades of wild apricot pits after grading

Grade A

Grade B

Grade C

Table 1 Important specifications of the
wild apricot pit grader

Particulars Specifications
Length, mm 1,730
Width, mm 340
Height, mm 1,035
Weight, kg 65
Cost, Rs. 5,200
Material used MS sheet,

angles, bicycle
frame
No. of persons 3
Screen sizes, mm 12
1
10
PAN
Shape of the holes Rectangular
Capacity, Kg/h 325
Grading efficiency, % 79.60
Breakage, % Nil

y, = Oversize pits retained in tray

©).g

ys = Oversize pits retained in tray

(PAN), g
Capacity

Output capacity of the grader was
calculated by following formula:
Output capacity, kg/h = Weight of

graded material collected from

outlet of each screen, kg / Time
required for complete grading, hr

Pay-Back Period

The payback period focuses on
recovering of the cost investment. It
represents the amount of time taken
for a capital budgeting project to
recover its initial cost. The payback
period of the wild apricot pit grader
was determined and measured in
years (Newnan 1983).

le=B{[A + i)' =) / [T + )")]}

where,

Grade D
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B = Annual net investment ben-
efits, Rs.
I; = Initial investment, Rs.
i = Interest rate, %
n = payback period, years

Result and Discussion

The wild apricot pit grader was
tested with wild varieties of the
apricot collected from Tehari Gad-
hawal region of Uttarakhand state
of India. The experiment was rep-
licated three times and the average
values were reported. Five hundred
grams of wild apricot pits were used
during each test. The performance
of the machine was tested at follow-
ing constant parameters:

Pedal RPM =75 rpm
Test batch size = 0.5 kg

The following data were collected
during testing.

Weight of pits collected through
outlet of each tray, separately.

Weight of seed remained in bottom
PAN tray.

Amount of undersize, oversize
and proper size of pits in collected
sample.

The Table 2 give performance of
the wild apricot pit grader for col-

grading efficiency observed was
79.60 %. During the experimenta-
tion grader gave the average capac-
ity of 100 kg/h.

Cost Evaluation

The cost of operation of the proto-
type model of grader was estimated.
From the calculations made, it is
seen that the capacity of the newly
developed wild apricot pit grader is
100 kg of pits per hour. The cost of
operation of wild apricot pit grader
was determined and found to be
Rs. 1.00 per kg of pits. The time
required for the grader to grade one
kg of pits was 0.60 min whereas; by
manual method it is not possible to
grade the pits with accuracy. Pay-
back period of this developed model
of wild apricot pit grader was 0.47
years.

Conclusions

The present work was undertaken
to develop a pedal operated wild
apricot pit grader to grade wild
apricot pits into four different sizes
and to study its economic feasibil-
ity. Accordingly, a grader was de-
signed, developed and tested.

The capacity of the grader in

apricot pit grader was Rs. 5,200 ($1
US = Rs. 60) while pay- back period
of the grader was 0.49 years. This
grader was best suited for the hilly
area, on-farm efficient grading of
the wild apricot pit grader and basic
need for the all post harvest me-
chanical processing of the pits.
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Abstract

An investigation was carried out
to determine the specific soil resis-
tance using a chisel plough proto-
type for vertical soil tillage in the
semi-arid region of the northeast of
Mexico. For this a combination of
an axial transducer and an integral
soil force dynamometer were used
with a capacity of 60 and 80 kN of
draft, respectively. The equipment
for force measurement was devel-
oped and calibrated in the facilities
of the Department of Agricultural
Engineering of the Agrarian Auton-
omous University Antonio Narro,
Mexico. Fourteen (14) arrangements
of chisels plough were evaluated
and divided into three blocks, for
vertical tillage, with and without
expanding wings to two different
working depths. In the arrange-
ments of the first block of tests, the
performance of a chisel with three
sizes of wings against two chisels
to a depth of 0.20 m was compared.
The results showed that there were
no significant differences in the
specific resistance of the soil, with

an average of 83 kNm=2. In this first
block of evaluations, a reduction
of specific resistance of 30 % was
obtained with the use of a chisel
with any size of wings in compari-
son with a chisel without wings to
a depth of 0.30 m (from 121 to 82
kNm-2). In the second block of tests,
the arrangement of two leading
chisels to 0.20 m working depth
with a rear chisel to 0.30 at 0.45 m
with 0.45m width size wing in com-
parison with two leading chisels to
0.20 m and a chisel without wings
showed a significant difference in
the specific resistance from 73 to
84 kNm respectively. In the third
block, two rear tines with wings to
1.20 m of spacing were evaluated.
The lowest specific soil resistance
was obtained with the use of 0.60m
width size wings in comparison
with the other wing geometries with
values from 84 and 100 kNm= re-
spectively.

Introduction

In the production of extensive

grain crops, the soil preparation is
the agricultural practice that repre-
sents the highest unitary costs on
farm production and the one that
consumes the biggest amount of
fossil fuel. At the present time, due
to the increasing cost of fossil fuels,
the reduction of the prices of the
agricultural commodities and envi-
ronmental pollution, have required
a progressive reduction of produc-
tion cost and to search technological
alternative solutions that substitute
the traditional agricultural produc-
tion systems. According to different
studies carried out and with the ap-
propriate agricultural productions
systems, a 30 % decrease can be
obtained in the fuel consumption
(IDAE, 2006).

Nowadays, due to the excessive
and inadequate use of the tillage im-
plements, soil degradation is caused
and it generates reduced profitability
of the farm crops. Searching for so-
lutions to this problem has led to the
study and installation of farm tillage
conservation systems, including soil
vertical tillage, with the purpose of
diminishing the impact on the envi-
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ronment and especially on the soil.
For these reasons, it is important to
know different operating param-
eters of tillage implements and their
effect in the soil (Camacho and Ro-
driguez, 2007).

It is convenient to point out that
the vertical tillage is a technology
that promotes the saving of energy
demand of farm production costs
and improves the physical proper-
ties of the soil in comparison with
the use of other traditional pri-
mary tillage. The vertical tillage
is a new cultivation practice in the
world which tends to replace the
traditional systems such as mold-
board or disks plough. It has been
demonstrated that the agricultural
production systems based on the use
of chisel plow require up to 40 per-
cent less energy and working time
that the traditional systems, without
reducing the grain yields (Michel et
al., 1985).

McKyes (1985) described that a
critical working depth was reached
with chisel ploughs, in which lateral
removal of soil was avoided, and
that depended on the working width
and tine rake angle, as well as den-
sity and moisture content of soil. To
work deeper of critical depths, it is
advisable the use of lateral wings
coupled to the chisels tip, which
reduces specific soil resistance and
increase the working width and field

Fig. 1 Integral force transducer employed during field evaluation
of a prototype for vertical tillage

efficiency.

Cisneros et al., (1998), after four
years of tests, evaluated the effect of
winged chisel tines on the specific
soil resistance and bulk density. The
results showed a significant reduc-
tion of those parameters in depths
shallower than 0.25 m in compari-
son with treatments of direct seed-
ing. After thirty months of experi-
mental soil loosening test conducted
by Di Prinzio et al., (1999), which
consisted of combining a subsoiler
with wings together with two shal-
low leading tines compared with a
traditional chisel plough, a signifi-
cant reduction of soil density was
found.

On the other hand, Di Prinzio et
al., (2001), compared the use of a
winged subsoiler against a normal
subsoiler and found a significant
difference of 17.4 % in the reduction
of soil density. Similar results were
found by Spoor and Godwin (1978),
using two geometries of wings com-
pared with a conventional subsoiler.

The purpose of the present work
was to evaluate and to determine
the energy requirements of vertical
tillage, by means of the application
of the principle of critical depth and
the use of an integral transducer
for measurement draft, applied to
different arrangements of chisels
(working depth and number of tines)
plough with and without wings and

also to determine the magnitude of
disturbed cross section and specific
soil resistance.

Materials and Methods

The experiments were carried out
during the years 2010 to the 2012
at the experimental field station,
“Rancho Navidad”, of the Agrarian
Autonomous University Antonio
Narro, located to the northwest of
the state of Coahuila, Mexico. The
location of the site is 25°01'50.88"N
and 100°37'35.65"W, with an alti-
tude of 1884 MASL. The soil is a
sandy clay loam with 47.5 % sand,
45 % silt and 6.8 % clay. The aver-
age soil gravimetric moisture con-
tent for cultivations was 12 %. The
total size of the experimental test
plot was three hectares divided into
14 treatments with eight replicates
of 100 meters long by 2 meters
wide. For the statistical analyses, a
design of totally randomize blocks
was used.

For recording the resistance
forces of the soil during the field
work, two force transducers were
used, an axial type with capacity
of 60 kN, placed between the two
tractors. The other transducer was
an integral type with capacity of 80
kN (Fig. 1), and placed between the
tractor and implement (Fig. 2).

Fig. 2 Apparatus set for field evaluation,
showing the integral force transducer
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Table 1 Evaluated set of blocks Arrangement of chisel tines under field conditions

Group Arrangements Wing’s Size (m) Description
I |1RCT-30 * Chisel tine without wings

1RCT-SW-30 0.30 Winged chisel tine

1RCT-MW-30 0.45 Winged chisel tine

1RCT-LW-30 0.60 Winged chisel tine

2ST-20 * Two shallow tine at 0.20 m depth

2ST-30 * Two shallow tine at 0.30 m depth

Il |2ST20-1RCT30-SW 0.30 Two shallow tine at 0.20 m with

rear chisel

2ST20-1RCT30-MW 0.45 Two shallow tine at 0.20 m with
rear chisel

25T20-1RCT30-LW 0.60 Two shallow tine at 0.20 m with
rear chisel

2ST20-1RCT30 * Two shallow tine at 0.20 m with
rear chisel

2ST30-1RCT30 * Two shallow tine at 0.30 m with
rear chisel

Il |2RCT30-SW 0.30 Two rear chisel at 1.20 m spacing
2RCT30-MW 0.45 Two rear chisel at 1.20 m spacing
2RCT30-LW 0.60 Two rear chisel at 1.20 m spacing

* Chisel tines without wings. Note: The depth of rear chisel tine remains constant at a

depth of 0.30 m.

For collecting test information,
a IOTECH brand system of data
acquisition 200 was used together

Fig. 3 An example of the experimental equipment working

during field evaluation

with a signal conditioner DBK-43A.
For the analysis of information of
the recorded magnitude forces, the
method of spectral
analysis (Campos
and Wills, 1995)
was applied. For
the analysis as well
as for the interpre-
tation of the results,
the statistical pack-
age of Minitab 15
was used.

To determine the
magnitude of en-
ergy employed in
the vertical tillage,
a set of 14 different
tests were carried
out with different

Table 2 Test results of the first block of experiments (1)

chisel plough arrangements. Eight
replicates for each test were per-
formed and for practical purpose the
tests were divided into three blocks
(I, Il and 111), as shown in Table 1.

In the block (1), treatments of a
chisel plough were analyzed with
and without wings, comparing them
with the treatments of two indi-
vidual frontals chisel at two depths,
0.20 and 0.30 m. In the block (I1),
treatments of three tines were ana-
lyzed; two leading ones to different
depths of 0.20 and 0.30 m combined
with a rear tine to 0.30 m depth
(with or without wings). In the block
(1), treatments were compared the
performance of two rear tines with
a spacing set to 1.20 m among them
with the three different geometries
of wings.

In each treatment the measured
variables were: the total draft in kN,
the soil disturbed area in m2 and the
specific soil resistance in kNm?2. To
determine the disturbed soil cross
section, a profile meter with a grad-
uated ruler was used to measure the
depth for each 0.10 m of the work-
ing width.

Results and Discussion

The Fig. 3 shows the apparatus
employed under field conditions, at
“rancho Navidad” at Coahuila State
of Mexico.

In Table 2 it can be observed that
with the use of a single tine plough
without wings, the specific soil re-
sistance is significantly higher by
121.1 kNm2 in comparison with the

Chisel tine position Wing’s |Chisel tines draft| Soil disturbance |Proportion,| Specific soil |Proportion,
Size, m force, kN area, m? % resistance, kN/m? %
®Rear chisel tine * 14.9 b 0.126 d 54.5 1211 a 100.0
Winged chisel tine 0.30 (ACH) 11.8 d 0.139 cd 60.2 86.6 b 75.6
Winged chisel tine 0.45 (AM) 12.7 cd 0.158 bc 68.4 817 b 67.5
Winged chisel tine 0.60 (AG) 136 c 0.171 b 74.0 82.4 b 68.0
Two shallow tine to 0.20 m deep * 135 c 0.157 bc 67.9 86.9 b 718
Two shallow tine to 0.30 m deep * 18.371 a 0.231 a 100.0 80.1 b 66.1

* Chisel tines without wings. Note: The rear chisel tine remains at constant depth of 0.30 m. T Treatments not followed by
the same letter are significantly different at a confidence level equivalent to 95 %.
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Table 3 Test results of the second block (I1) of tests

Shallow tines position | Width size | Total draft force,| Soil disturbed |Proportion,| Specific soil | Proportion,
Spacing, m| Depth, m |of wings, m kN cross section, m? % resistance, KN/m? %
0.60 0.20 0.30 20.073 C 0.269 b 82 75.174 bc 89
0.60 0.20 0.45 21.03 bc 0.286 b 87 73.430 bc 87
0.60 0.20 0.60 22.204 ab 0.276 b 84 80.501 ab 95
0.60 0.20 * 17.422 d 0.208 c 64 84.341 a 100
0.60 0.30 * 23.129 a 0.327 a 100 70.772 c 84

* Wingless Chisel tines T Treatments not followed by the same letter are significantly different at a confidence level

equivalent to 95 %.

resistance for a chisel tine with any
geometry of wings, which had a
mean value of 83.5 kNm. The high-
est demand of draft was obtained
by the increase of working depth
combined with the use of different
wing’s widths; however, this created
a larger soil disturbance area result-
ing in a reduction of the specific soil
resistance.

A considerably reduction of spe-
cific soil resistance was obtained
with the use of wings attached to
a chisel tine tip compared with the
use of a wingless chisel tine work-
ing both tines at a depth of 0.30 m.
Similar results on the reduction of
the specific soil resistance were ob-
tained by Spoor and Godwin (1978),
when compared the use of a chisel
tine with two different geometries
of wings (0.30 and 0.42 m respec-
tively) with a conventional subsoiler
working at the same depth, and also
founded no significant difference in
this parameter with the use of the
two wing widths.

Fig. 4 shows the effect on dis-
turbed soil area with different ex-

Fig. 4 Soil disturbed area with five different treatments

Working depth, m

Working width, m

perimental arrangements. The best
performance was obtained with
two leading chisels tines working
to a 0.30 m depth with a 0.231 m?
followed by single tine with differ-
ent wing sizes and then by a single
chisel without wings. Similar results
were found by Camacho and Magal-
haes (2004) where it was shown
that the effect of the use of winged
subsoiler, compared to traditional
chisel plough, for vertical tillage in
the increment of soil disturbed area
and the reduction of the specific soil
resistance.

Table 3 shows the results when
the apparatus was set with three
tines with different arrangements.
The highest draft demand was pro-
duced with three chisel tines with-
out wing working at 0.30 m depth
followed by the arrangement of two
front shallow tines at 0.20m and a
rear chisel tine with wings at 0.30
m depth. As well as the specific soil
resistance does not show significant
difference regarding the increment
of size of wings with a mean of spe-
cific soil resistance of 76 kNm=2,

o OB W N
Working depth, m

Also in Table 3 are shown the
results when the two leading chis-
els tines working at 0.20 m and a
rear chisel tine with 0.45 width size
wings to a depth 0.30 m compared
with the two frontal chisels at 0.20
m and a rear chisel at 0.30 m with-
out wings, showing a significant dif-
ference in the specific soil resistance
from 73 to 84 kNm respectively,
which represents a reduction of 13
% between treatments. Di Prinzio
et al., (2001), found similar results
with a significant difference of 17.4
% in the specific soil resistance
when compared the use of a sub-
soiler with and without wings.

Fig. 5 shows a comparison of
cross section areas of the five tests
carried out in the block of experi-
ments (I1), where the test four with
the arrangement of two leading rigid
tines at a depth of 0.20 m and a rear
chisel at 0.30 m with 0.45m wings,
shows the better performance in
term of specific soil resistance.

In Table 4 shows the test results
carried out with two rigid tines
working to a depth of 0.30 m and

Fig. 5 Soil disturbance comparisons with second block test

a B W N

Working width, m
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Table 4 Test results of the third block (IIT) showing specific soil resistance with different winged tine geometries

Rear chisel tine position| width size Total force. kN | SCil disturbance, |Proportion, | Specific soil _|Proportion,

Spacing, m| Depth, m |of wings, m ' m? % resistance, kN/m? %
1.20 0.30 0.30 30.007 c 0.315 b 73 95.5 a 100
1.20 0.30 0.45 315 b 0.331 b 76 95.7 a 100
1.20 0.30 0.60 34.9 a 0.434 a 100 80.67 b 84

+ Treatments not followed by the same letter are significantly different at a confidence level equivalent to 95 %.

spacing of 1.20 m, observing that
the demanded draft are statistically
different for the three evaluated
wing sizes. In relation to the soil
disturbance, there was no statistical-
ly difference when using 0.30 m and
0.45m wings; however, there was a
difference in the specific soil resis-
tance from 81 to 95 kNm2 between
tines with different wing sizes.

Conclusions

The arrangement of a single chisel
with three different sizes of wings,
working at 0.30m depth against
two front chisels to 0.20 m did not
show significant differences in the
specific soil resistance with a mean
value of 83 kNm2. A reduction of
30 % in the soil specific resistance
was obtained with the use of any
winged chisel in comparison with a
traditional chisel tine working with
all the arrangements at a 0.30 m
depth.

On the second block of tests, the
arrangement with two front chisels
working at 0.20 m depth together
with a rear chisel with 0.45 m wings
at 0.30 m, the results showed a re-
duction of specific soil resistance of
13 %, in comparison with the use of
two leading chisels at 0.20 m depth
and a rear chisel without wings at
0.30m.

On the third block of tests with
two chisels with wings of 1.20 m
of spacing resulted in significant
reduction of the specific soil resis-
tance with the use of 0.60m wing
in comparison with the other wings
with values from 84 and 100 kNm?
respectively.
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Abstract

Haryana, a major agriculturally
developed state in India, was taken
up for a detailed study on its mecha-
nization status. The present status
of farm power availability in 21
districts of the state (4 agro-climatic
regions) was evaluated in terms of
tractive and stationary power, and
their relationships with food grains
productivity.

Farm tractive power grew from
0.036 kW.ha* in 1967 to 1.78 kW.ha'
in 2009, the growth rate remaining
synonymous with the food grains
productivity growth from 736
kg.ha! to 3,500 kg.ha™. Although
the western zone had lowest trac-
tive power (1.75 kW.ha?), it’s trac-
tive productivity was highest (2,107
kg.kw), and lowest (1,251 kg.kW?)
in southern region with tractive
power of 2.75 kW.ha. The north-
ern and central zone had tractive
productivity close to 1,500 kg.kW,
Among the districts in western re-
gion, Fathebad and Sirsa had high-
est tractive power and also highest
productivity, while Bhiwani had
lowest tractive power and lowest
productivity. Tractive power avail-
ability was inversely related to land
holding size.

The average stationary power use
in the state was 0.89 kW.ha?, rang-
ing between 0.44 and 1.42 kW.ha™.

The southern zone with 94.5 % of
net irrigated area under tubewell
invested 34.5 % of total mechani-
cal power for irrigation, while the
western zone with 27.75 % under
tubewell irrigation invested 24.7 %
of total mechanical power for irri-
gation. Districts as Mahendragarh,
Kaithal, Karnal, Panipat, Rewari,
Sonipat use high stationary power.
On the other hand, Bhiwani, Hissar
and Mewat had low level of station-
ary power use. Some of the districts
as Kaithal, Karnal, Panipat, Sonipat
appeared to use excess stationary
power than required.

For assessing comprehensive im-
pact of mechanical power uses, a
Mechanization Index (ratio of trac-
tive power and mechanical power)
was employed. The Index fitted
well with the trends of food grains
productivity, fertilizer consumption
rate and percent food grains gross
irrigated area. Mechanization Index
was highest (0.75) in the western
zone and lowest (0.65) in the south-
ern zone. It reflected that appropri-
ate mechanization is closely related
to food grains productivity.

Introduction

Availability of adequate farm
power is very crucial for timely farm
operations for increasing production

and productivity and handling the
crop produce to reduce losses. Farm
mechanization inputs particularly
tractor power has helped India in
increasing the food grain production
many folds to meet the country’s
food requirements. The structure of
energy consumption in Indian agri-
culture has changed a marked shift
from animal and human power to
tractors, electricity and diesel pow-
er. The consumption pattern of both
direct and indirect energy inputs
has revealed that the energy con-
sumption per hectare of net as well
as gross cropped area has increased
(Jha et al., 2012). Tractorisation, as
backbone of farm mechanization,
has played a pivotal role in bring-
ing green revolution in the country.
During the last four decades, the
average farm power availability in
India increased from 0.40 kW/ha
in 1971-72 to about 1.46 kW/ha in
2004-05. As the usage of tractors in
Indian agriculture accelerated, the
net power from tractors and draught
animals reached at a level of 73.39
and 21.5 million kW in 2004-05
(Vishal and Gupta, 2009).
Agriculture is the most important
sector of the economy of Haryana
State. Availability of adequate
farm power to achieve timeliness
of operations is a critical factor for
achieving higher productivity and
yields. There has been a continuous
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increase in the population densities

(N0.11,000 ha) of tractors, diesel en-

gines and electric motors. The trac-

tor population increased from 3.45

tractors/1000 ha in 1970-71 to 59.45

tractors/1000 ha in 2000-01 (Kumar

et al., 2004).

Haryana State established in No-
vember 1, 1966, lies between 270°
37" to 300° 35" latitude and 740° 28
to 770° 36" longitude at an altitude
ranging from 213.36 to 1,097 m.
The state is administratively di-
vided into 4 Divisions, 21 districts,
75 Tehsils and 119 Blocks. The ru-
ral population is about 71 % of the
total population residing in 6,781
(out of 6,955) villages. It has a total
geographical area of 4.42 Mha, of
which 3.576 Mha is net seeded area.
The average cropping intensity of
the state is 1.82 with major crops of
paddy, wheat, barley, maize, sug-
arcane, groundnut, rapeseed and
mustard, cotton, etc. The total food
grains production during 2009-
10 was 15.36 Mt cultivated in 4.54
Mha. There are two agro-climatic
zones in the state. The north west-
ern part of the state is suitable for
the cultivation of paddy, wheat,
vegetable and temperate fruits and
the south-western part is suitable for
high quality agricultural produce,
tropical fruits, exotic vegetables and
herbal and medicinal plants. The
agro-climatic zones are further sub-
divided in the State as following:

1. Northern Ambala, Karnal, Ku-
rukshetra, Panchkula, Panipat,
Yamunanagar

2. Central Jhajjar, Jind, Kaithal,
Rohtak, Sonipat

3. Western Bhiwani, Hisar, Fateha-
bad, Sirsa

4. Southern Faridabad, Gurgaon,
Mahendragarh, Mewat, Palwal,
Rewari
The average rainfall in the state is

455 mm. About 44 % of irrigation

water in the state is provided by the

canals. The various canals operat-
ing in the state include Western

Yamuna Canal, Gurgaon Canal, Jui

Canal, Jawaharlal Lal Nehru Canal

and Bhakra Canal. The rest of 56
% of irrigation water is provided by
wells/ tubewells. The net irrigated
area in the state was 28.77 thousand
ha in 2008-09, while the gross irri-
gated area was 55.44 thousand ha.

The study was undertaken to as-
sess the spatial farm power usage
patterns in the state, examine the
variations within agro-climatic re-
gions, and their relationships with
food grains productivity.

Materials and Methods

Time series data on all aspects
of farm mechanization in Haryana
are not readily available from one
source. For the present study, sec-
ondary yearly data published by
the Department of Economic and
Statistical Analysis, Government of
Haryana (Anon, 2008; Anon 2010b,
Anon, 2011a,b) ; Planning Depart-
ment, Government of Haryana,;
Department of Agriculture, Govt.
of Haryana; Department of Agricul-
ture and Cooperation, Ministry of
Agriculture, Govt. of India (Anon,
2010c); Central Groundwater Board,
Govt. of India (Anon, 2007a-p); In-
ternational Energy Initiative (Anon,
2010a), World Bank (Anon 2001a,b),
and allied Departments were used.
Field surveys were conducted in
some districts of Haryana, and pri-
mary data collected therein were

also used.

Results and Discussion

During the period 1967 to 2009,
the area under food grains increased
from 3,520 to 4,621 thousand ha at a
slow annual compound growth rate
of 0.65 percent. Food grains produc-
tion, on the other hand, increased
from 2,592 to 16,178 thousand
tonnes during the period at an an-
nual compound growth rate of 4.45
percent. The food grains productiv-
ity thus showed annual compound
growth rate of 3.78 percent (Table
1). It could be this seen that food
grains production increased at a
much higher rate than that of area
under crop, contributing to 3.78 %
growth rate of productivity.

Farm tractor population in the
state grew from 4,803 in 1967 to
264,973 units in 2009 at an annual
compound growth rate of 10.02 per-
cent. The weighted average tractor
power in the state simultaneously
increased with tractor population
from 26.1 kW to 30.96 kW. As a
consequence, the unit power avail-
ability increased from 0.036 kW.ha*
to 1.775 kW.ha! (Table 1) at an an-
nual compound growth rate of 9.75
percent. Tractive power growth had
thus been at a higher rate than food
grains productivity.

The patterns of tractive power

Table 1 Trends of food grains production and tractor population in Haryana

Food grains Tractor
ear Area, ‘000 ha Prq((j)tcj)%tlton, Yield, kg.ha® | Power, kW.ha
1967 3,520.0 2,592.0 736.36 0.036
1971 3,867.7 4,771.0 1,233.55 0.083
1976 4,211.2 5,040.0 1,196.81 0.158
1981 3,962.5 6,035.5 1,523.15 0.347
1986 4,043.2 8,146.6 2,014.89 0.537
1991 4,079.3 9,558.7 2,343.22 0.833
1996 4,020.5 10,1717 2,529.96 1.052
2001 4,3435 13,294.8 3,060.85 1.384
2006 4,311.4 13,005.8 3,016.61 1.687
2008 4,477.2 15,294.1 3,416.00 1.812
2009 4,621.0 16,177.8 3,500.93 1775
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availability and crop productiv-
ity over the years 1967 to 2009 is
shown in Fig. 1. It would be seen
that farm power exponentially in-
creased from 0.036 kW.ha to 0.347
kW.ha! between 1967 and 1981,
and then linearly increased to 1.69
kW.hat in 2006. From 2006, the
growth slowed down to reach 1.81
kW.ha! in 2008 and to 1.78 kW.ha
in 2009. This was due to reduction
in sale of tractors of 41-50 HP from
35.4 % to 34.38 % and more than 50
HP from 20.96 to 19.34 % in 2009
as compared to that in 2008.

Crop productivity, on the other
hand, showed an increasing trend
during the period. The growth rate,
however, slightly slowed down
since 2001 from 3,060.85 kg/ha and
reached to 3,500.93 kg/ha in 2009.

The trend of tractive power avail-
ability and crop productivity over
the period 1967-2009 is shown in
Fig. 2. It could be observed that
tractive power grew from 0.036
kW.hat in 1967 to 1.78 kW/ha in
2009, the growth rate remaining
synonymous with the food grains
productivity growth from 736 kg/
ha to 3,500 kg/ha. Tractive power
availability and crop productivity
followed a second degree polynomi-
al relationship as given below with
R2 of 0.977.

y =—394.Ix> + 2085.x + 875.5.(1)

Where,

X = Tractive power, kW.ha, and

Y = Crop yield, kg/ha.

Tractive Productivity in Agro-
Climatic Zones

The tractive power availability
during 2009 varied between the
agro-climatic zones (Fig. 3) of the
State. The western zone had least
tractive power of 1.75 kW.ha,
followed by central zone (2.29
kW.ha?). The northern and south-
ern zone tractive power availability
varied in a narrow range of 2.49 and
2.55 kW.ha'.

From Fig. 3, it could be also ob-
served that the regions with higher
land holding size had lower tractive

60

Yield, kg/ha

Fig. 2 Trend of tractive power and crop productivity in Haryana during 1967 and 2009

Fig. 1 Patterns of tractive power and crop productivity growths in Haryana
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Fig. 4 Trend of agro-climatic zone wise tractive power and crop productivity in Haryana power, and vice versa. The average

holding size of western zone was
3.07 ha with tractive power of 1.75
kW.ha. In contrast, the average
holding size of southern zone was
1.82 ha with tractive power of 2.55
kW.ha. The impact of individual
ownership of tractors, with lower
holding size zone having higher
tractive power due to higher tractor
population, was thus clearly reflect-
ed.

The patterns of zone-wise trac-
tive power availability and crop
productivity are shown in Fig. 4.
Food grains productivity was high-
est in western zone (3,688 kg/ha),
sequentially followed by northern
(3,587 kg/ha), central (2,289 kg/ha)
and southern (2,546 kg/ha) zones.
The western zone had least trac-
tive power of 1.75 kW.ha?, followed
by central zone (2.29 kW.ha?). The
northern and southern zone tractive

Northern Southern
Central

Western

Tractive power, KW/000 ha
Foodgrain productivity, kg/ha

Western Northern Central Southern
m Tractive power ¢ Foodgrain productivity

Fig. 5 Trend of tractive power productivity and land holding size productivity
in agro-climatic zones of Haryana

Western

E; power availability varied in a nar-
= row range of 2.49 and 2.55 kW.ha™.
5 Northern Central The tractive productivity had an
g Southern inverse relationship with land hold-
e ing size in the agro-climatic zones,
g Fig. 5, and followed second degree
g polynomial form as given below
2 with R? of 0.933.
3 y=110.0x* — 289.6x + 1467 .....(2)
= Where,

Southern Northern' . Central Western y= Tractive productivity, kg.kW‘l,

Agroclimatic Zone and

x = Land holding size, ha.
Although the western zone had
Fig. 6 Relationship between stationary power availability and area under tube well lowest tractive power (1.75 kW.ha?),
command in agro-climatic zones of Haryana its tractive productivity was highest
(2,107 kg.kW?). Tractive productiv-
ity was lowest (1,251 kg.kW?) in
Southern southern region with tractive power
Northern of 2.75 kW.ha'. The northern and
Central central zone had tractive productiv-
ity close to 1,500 kg.kwW. The trend
reflected that higher holding size led
to lower investment in tractor power
Western as also higher land productivity, a
feature indicating better impact of

mechanization.

Among the districts in western re-
gion, Fathebad and Sirsa had high-
est tractive power and also highest

Area under tubewell / Net irrigated area, % productivity, while Bhiwani had

Stationary power, kW/000 ha
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lowest tractive power and lowest
productivity, Table 2.

Stationary Power

The major use of stationary power
in the state is for lift irrigation.
The average stationary power use
in the state was 0.89 kW.ha, rang-
ing between 0.44 and 1.42 kW.ha™.
Among the agro-climatic zones,
western zone had 27.75 % of net
irrigated area under tube well com-
mand, while the central, northern
and southern zone had 44.89 %,
78.02 %, 94.65 %, respectively.
The stationary power availability
in the western, central, northern
and southern zones was 0.57, 1.11,
1.17 and 1.34 kW.ha?, respectively.
Stationary power use thus had an
increasing trend with increased area
under tube well command, and had
a logarithmic relationship (Fig. 6)
with percent area under tube well
(R?=0.87) as following:

y=2553.81In(x) = 1173 ..ccccvn.... ©)

Where,

y = Stationary power, kW.ha, and

x = Area under tube well irriga-
tion/ Net irrigated area, percent.

As seen from Fig. 7, districts as
Mahendragarh, Kaithal, Karnal, Pa-
nipat, Rewari, Sonipat used higher
stationary power. On the other hand,
Bhiwani, Hissar and Mewat had low
level of stationary power use. Some
of the districts as Kaithal, Karnal,
Panipat, Sonipat appeared to use ex-
cess stationary power than required.

Mechanization Index
Mechanization of crop produc-

tion systems is viewed as a package

of technology to (1) ensure timely

Stationary power, KW/'000 ha

Table 2 Tractive power and crop productivity

in districts of Western Agro-climatic Zone

of Haryana (2009)
District Traclgl\\//ehggwer, prodig?vity,
‘ kg.ha?
Bhiwani 1.60 2,255.60
Hisar 174 3,763.68
Fatehabad 2.08 4777.62
Sirsa 1.69 4,544.18

Fig. 7 Trend of stationary power availability and tube well command area

I

Productivity (kg/ha), Fertilizer (kg/ha)

Mechanization Index

ig

in districts of Haryana

m Staitionary power A Tubewell / Net irrigated

Western Northern Central Southern

m Foodgrain productivity + fert consumption, kg/ha
4 Percent foodgrain gross irrigated area A Mechanization Index

Fig. 9 Trend of mechanization index and food grains productivity
in agro-climatic zones of Haryana

Western

Southern Central Northern

Food grains productivity, kg/ha
A Mechanization Index

. 8 Trend of mechanization index in agro-climatic zones of Haryana

Irrigated area (%), Mechanization Index (%)

Area under tubewell/ Net irrigated area, %
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completion of field operations to in-
crease land productivity through ef-
fective utilization of inputs, reduce
production losses, and improved
quality of produce, (2) increase la-
bour productivity using labour-sav-
ing and drudgery-reducing devices,
and (3) on some occasions, decrease
production cost by offsetting in-
creased costs of draught animal or
labour. Mechanization is, therefore,
location-specific as well as dynamic
with the techno-socio-economic sta-
tus of an area.

Quantification of degree of mech-
anization is a complex issue due
to the influence of many technical,
social and economic factors that
govern its level of acceptance. It
is, therefore, difficult to be directly
quantified. Various methods have
been used by researchers to relate
these factors. Majority of methods
has relied heavily on translation of
relevant factors into economic terms
for purpose of comparison. Such
exercises demand detailed data, and
involve complex mathematical algo-
rithms. Simpler methods are often
required for quick assessments and
with relatively small information
bases (Singh and De, 1999).

Mechanization indicator has
also been expressed as a ratio of
mechanical power over total farm
power. Mechanical power supports
a higher level of technology (like
land reclamation, deep plowing,
precision planting, high lift/high
discharge water lifting, harvest-
ing, threshing, combine harvesting,
etc.) which are essential inputs for
intensive agriculture with reduced
drudgery, and reflect higher stages
of mechanization. Thus the ratio
of mechanical power input to total
power input, as mechanization in-
dex factor, is another indicator of
the level of mechanization.

Such indicator, however, consid-
ers mechanical power as an entity
without assigning weight to the
quality of its contribution to the ob-
jectives. Consideration of mechani-
cal power as a whole does not seg-

regate the role of stationary power
and tractive power, the role of the
two components being different in
terms of technology adoption. As an
example, adoption of mechanization
in India for crucial stationary opera-
tions is evident from the fact that in
1996, out of the farm power derived
from mechanical power sources,
64 % was used for irrigation and
threshing. (Singh and De, 1999)
Tractive power is utilized for higher
levels of technology for intensive
agriculture with reduced drudgery
to perform complex operations (as
precision land preparation, seeding
and harvesting) within time con-
straints and with comfort and dig-
nity to the operators, and therefore
achieves higher goals.

Singh and De (1999) suggested
that an energy value based mecha-
nization indicator with tractive
power as reference parameter can be
used for comparison of the various
stages of mechanization. However,
sufficient and reliable data on use
patterns of farm mechanical power
in the catchment area is required for
such assessment.

For assessing a simple and com-
prehensive footprint of technology-
use based mechanical power avail-
ability, a Mechanization Index (ratio
of tractive power and total mechani-
cal power) was employed.

The Index fitted well with the
trends of food grains productiv-
ity, fertilizer consumption rate and
percent food grains gross irrigated
area shown in Fig. 8. Mechaniza-
tion Index was highest (0.75) in the
western zone, and least (0.65) in the
southern zone.

Regression model of the Mecha-
nization Index with food grains pro-
ductivity (Fig. 9) followed a second
degree polynomial form represented
(R?=0.837) as:

y=06E — 07x* — 0.003x + 6.648...

Where,

y = Mechanization Index, and

x = Food grains productivity,
kg.ha™.

It reflected that appropriate mech-
anization is closely linked to food
grains productivity. The scenario
indicated that mechanization foot-
print in the state has reached higher
levels of technology for complex
farm operations.

Conclusions

1. Unit tractive power availability
in Haryana increased from 0.036
kW.ha' to 1.775 kW.ha' at an
annual compound growth rate
of 9.75 percent. Tractive power
growth was at a higher rate than
food grains productivity growth
rate of 3.78 percent. Tractive pow-
er availability and crop produc-
tivity followed a second degree
polynomial relationship.

2. Tractive power availability dur-
ing 2009 varied between the agro-
climatic zones of the State, and
ranged between 1.75 and 2.55
kW.ha. Regions with higher land
holding size had lower tractive
power, and vice versa.

3. Tractive productivity among the
zones varied between 1251 and
2107 kg.kw, and had an inverse
second degree polynomial rela-
tionship with land holding size.
Higher holding size led to lower
investment in tractor power as
also higher land productivity, a
feature reflecting better impact of
mechanization.

4. Average stationary power use in
the state was 0.89 kW.ha, ranging
between 0.44 and 1.42 kW.ha.
Stationary power use showed an
increasing trend with increased
area under tube well command,
and had a logarithmic relationship
with percent area under tubewell.
Some districts appeared to use
excess stationary power than re-
quired.

5. A Mechanization Index (ratio of
tractive power and total mechani-
cal power) was employed to assess
the technology-use based foot-
print of mechanical power. The
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Index fitted well with the trends
of food grains productivity, fertil-
izer consumption rate and percent
food grains gross irrigated area.
Mechanization Index was highest
(0.75) in the western zone, and
least (0.65) in the southern zone.
Mechanization footprint in the
state exhibited higher levels of
technology for complex farm op-
erations.
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Abstract

Techno-economic analysis of
farm machinery in relation to the
specific agro-climatic scenario
provides vital information required
for planning and implementing a
mechanization strategy in Kerala.
Information on economics and
technical data of machinery were
acquired from studies taken up in
the central zone of Kerala state, In-
dia. The highly vulnerable position
of rice production systems under
low level of mechanization as well
as the economic superiority of high
level mechanization over low level
mechanization was revealed in the
comparative evaluation. The plot-
ted curves depicting the variation of
hourly operation costs (HOC) and
unit area operation costs (UAOC)
of different machines with respect
to annual working hours (AWH) as
well as annual area operated can
serve as a guideline in decision
making for the use of machinery.
The command area of the individual
machines and their break even
points with respect to AWH and an-
nual area operated were estimated.

Rice being the staple food of the
people of Kerala state in India,
sustaining its cultivation is vital for
assuring food security in the State.
Over the last three decades, area

F. Mary Regina

Associate Professor,

Krishi Vigyan Kendra Thrissur,

Kerala Agricultural University,
Vellanikkara, Thrissur, Kerala, 680 656

INDIA

under rice cultivation has drastically
reduced to reach a mere 2,34,013
ha. The annual rice production in
Kerala during 2009-10 was only
598,339 tonnes as against the actual
requirement of 3,800,000 tonnes.
Apart from assuring food security,
sustaining paddy fields is also es-
sential for maintenance of ecologi-
cal balance. Once the rice fields are
altered for other crops necessitating
fast drainage of rain water, these
can no longer serve as ground water
recharge zones and the consequen-
tial lowering of ground water level
results in drinking water shortage.
Hence it is imperative to sustain rice
cultivation in Kerala for ensuring
food security, for assuring ground
water and for preservation of biodi-
versity.

The deceleration in the urge to
take up rice cultivation is due to
the fact that highly labour inten-
sive cultivation practices are not
economically sustainable in a state
where high wage rates are rampant.
Nevertheless, in the periods of in-
tense crop production activity farm-
ers face acute labour shortage. The
universal solution to these problems
was adoption of mechanized farm-
ing, but the pace with which mecha-
nization advanced in the wheat
belt of India could not be noticed
in Kerala (James, 1989). James and

Regina (1993) reported that unlike
other agricultural technologies, ag-
ricultural mechanization has severe
limitations in farm level adoption.
James and Ahmed (1994) delineated
a strategy for technology transfer
in this sector. James et al. (1995)
reported that the fear of labour
displacement due to agricultural
mechanization was baseless and rice
farm mechanization offers employ-
ment opportunities in the operation,
service, manufacture and marketing
of machines, which the educated
youth of this highly literate state
will find more attractive. It has been
reported that the cost of cultivation
of rice in Kerala can tremendously
be reduced by selective mechaniza-
tion, as the wage rates in Kerala
were the highest in India (James et
al., 1996). Mechanization of highly
labour intensive operations like
transplanting and harvesting offers
a helping hand to the farmer (James
and Pillay, 1998).

The important questions in rela-
tion to farm mechanization are what
type of mechanization is required
and, when and how should technolo-
gy be applied at the farm level (Rijk,
1986). Economic analysis of farm
machinery in relation to the specific
agro-climatic and socio-economic
scenario provides vital information
required for planning and imple-
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menting a mechanization strategy
(James et al., 2006). Even though a
set of machinery for rice cultivation
has been proposed by James (2008),
a detailed techno-economic analy-
sis was lacking. Wiren-Lehr (2001)
emphasized that the objective of
concepts to implement sustainabil-
ity in agriculture is to consolidate
the complex and diverse principles
of the theoretical paradigm and to
transform them into recommenda-
tions for agricultural practices. With
rice machinery acquiring popular-
ity, farmers and field officers are
often unable to adopt appropriate
machinery suited to specific condi-
tions of padasekharams (agglomer-
ated paddy fields of varying areal
extends and individual fields within
a specific padasekharam have iden-
tical agro-ecologic and similar geo-
physical situations). It is a handicap
that a strategic guideline is lacking
in promulgating an appropriate rice
mechanization strategy vis-a-vis
the specific situations and hence an
analysis of the techno-economic
aspects of rice machinery adoption
for the central zone of Kerala was
attempted.

Methodology

Even though there are different
rice cultivation systems in Kerala,
the study was restricted to the pre-
dominant ‘transplanted system’
for which mechanization is highly
sought. In the traditional system, the
practice is to sow seeds in a nursery
allowing the seedlings to grow for
about a month, then uprooted and
transplanted manually in the main
field.

Preliminary Study

A preliminary investigation was
taken up during 2008-10 in Thris-
sur and Palakkad districts so as to
analyze the comparative econom-
ics of Low Level Mechanization
(LLM) and High Level Mechaniza-
tion (HLM) in transplanted rice.

The costs of operations including
material cost and labour cost were
obtained from the farmers in both
systems of cultivation and were
summed up to obtain the Total Cost
of Cultivation (TC). The income
was worked out considering that the
price of raw paddy as Rs. 15/- per kg
and the cost benefit ratio calculated.

The system under LLM used trac-
tors for land preparation and manual
sprayers for application of plant pro-
tection agents. Transplanting, weed-
ing, harvesting and threshing were
carried out manually. The HLM sys-
tem used tranplanters, power spray-
ers and combine harvesters in addi-
tion to the improved KAU puddler
for puddling as proposed by James
(2008). It was considered that all the
machines were used under custom
hiring. It was considered that fertil-
izers were applied as per the KAU
recommendation (KAU, 2009). Cus-
tom hire charges for machinery and
input costs (seeds, fertilizers and
plant protection chemicals) preva-
lent as on 1st July 2011 in the study
area were considered. Wage rates
were Rs. 350/-and Rs. 250/- per day
for men and women labourers, re-
spectively.

Mechanization in Different Opera-
tions

The primary operation in rice
cultivation is land preparation. Land
preparation in wet lands (puddling)
in most of the rice fields in Kerala
are done with tractors. This opera-
tion is generally done with 35-45
horse power tractors attached with
special steel wheels called ‘cage
wheels’. Generally 7 to 10 hours of
cage wheel puddling with tractor is
required per ha of rice field. At the
same time, about 40 % time saving
in puddling was possible by attach-
ing the ‘KAU helical blade puddler’
to tractors in systems under HLM.

Another operation done manu-
ally with spades is the repair of field
bunds so as to have better water
management in the paddy field.
Maintenance of 5 cm water level

in the field after transplanting is
imperative for weed management.
This is being done manually in both
systems.

In manual transplanting of LLM
system, seeds at the rate of 80-100
kg/ha (of main land) are either dry
sown or wet sown (depending on
field condition) for preparing the
nursery. 25-30 day old seedlings are
uprooted, tied into bundles, their
roots washed and trimmed, carried
to the main field and transplanted.
They are transplanted by women
labourers and men help in transport-
ing the seedlings.

The Chinese 8 row self-propelled
rice transplanter capable of trans-
planting seedlings at the row spac-
ing of 23.8 cm. was first tested in
Kerala at Regional Agricultural
Research Station, Pattambi during
1995-96 where in the yield was re-
ported to be on par with traditional
transplanting (Anon., 1997). For
transplanting with machine under
HLM, a special type of nursery
called ‘mat nursery’ is prepared for
which the seed requirement is 50
kg/ha. At an age of 16-22 days, the
nursery is ready for transplanting
with the machine. These mats are
cut into appropriate sizes suitable
for the trays of the transplanter used.
Three to six seedlings are planted in
hills with a spacing of 14 or 17 cm.

In LLM system, manually operat-
ed ‘knapsack sprayers’ are generally
used for spraying plant protection
agents where as engine operated
power sprayers were used in sys-
tems under HLM. The requirement
of spraying can be different in dif-
ferent fields and seasons and is de-
pendent on pest/disease out break.
It was assumed in the present study
that on an average one spraying was
required.

Hand weeding was done by wom-
en in LLM and a manually operated
push-pull type ‘rotary weeder’ was
used in HLM. The weeder could
save much labour in the machine
planted fields.

Once the ripened crop was reaped
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by women with sickles, tied into
bundles, transported to the thresh-
ing yard and was threshed either
by rubbing with feet or by beating
against a stone or wooden pole in
LLM system. The raw paddy was
cleaned by winnowing and then
dried. The harvesting and threshing
operations in HLM are carried out
with ‘Combine Harvesters’ capable
of reaping and threshing simultane-
ously. The common track type rice
combine (Claas make) was used.

Economic Analysis of Rice Machin-
ery

The machines considered for de-
tailed economic analysis were 35
hp tractor with KAU Puddler, 8 row
riding type transplanter and com-
bine harvester. There are situations
warranting the use of reapers and
threshers due to non-availability
or non-accessibility of combines.
Hence, walk behind type vertical
conveyor reaper and flow through
type thresher were also included for
analysis. The data on field capac-
ity, fuel consumption and labour
requirement were gathered at the
fields during operation under nearly
ideal field conditions. The procedure
for economic analysis of agricul-
tural machinery suggested by Hunt
(1977), and James et al. (2006) were

adopted to evolve a strategic guide-
line in decision making as well as
for promulgation of the most appro-
priate rice mechanization approach
with respect to the specific situation.

The prevalent market prizes of
the machines as on 1st July 2011 (C)
were taken into account for work-
ing out the costs of operation of the
machines. The annual fixed cost
(AFC), which included interest on
capital (10 % per annum), deprecia-
tion, insurance and taxes (1 % of C
per annum), was calculated assum-
ing that the life of machinery is 10
years and the junk value is 10 % of
C. Hourly Fixed Cost, Rs./h (HFC)
was obtained for different choices
of Annual Working Hours (AWH),
h/annum. AWH is dependent on
Effective Annual Area (EAA), ha/
year which is the sum of the areas
operated in a year in all the seasons.
Hourly Variable Cost (HVC) was
calculated using the gathered data
on fuel consumption, lubricant cost,
operator’s wage rates, and repair
and maintenance charges (0.005 %
of C per hour of use). The Hourly
Operation Costs, Rs./h (HOC) were
estimated as the sum of HFC and
HVC values for different AWH.

The field capacities of the ma-
chines (ha/h) were estimated
from the field data. The probable

Fig. 1 Comparative cost of operations (Rs/ha) in rice cultivation
under different mechanisation levels

m Low Level Mechanization
o High Level Mechanization

Maximum Annual Working Hours
(MAWH) for individual machines
based on the agro-ecologic situation
have been estimated by vis-a-vis
analysis of the specific agro-climatic
factors in the padasekharams which
were considered representative of
the central zone of Kerala. The cor-
responding HOC and Maximum
Command Area, ha (MCA) were
worked out. The Unit Area Oper-
ating Costs, Rs./ha (UAOC) with
respect to the variation of AWH as
well as EAA were analyzed. Break
Even Hours (BEH) and Break Even
Areas (BEA) for different machines,
at which the UAOCs become equal
to prevalent hire charges, have also
been estimated.

Results and Discussion

The costs of cultivation under the
two systems are illustrated in Fig.
1. Even though the cost of inputs
and operation per ha is similar for
items like repair of bunds and fertil-
izer application, there is consider-
able difference in the total cost of
cultivation due to the differences
in the cost for seeds as well as for
the crucial operations ie., land
preparation, transplanting, weeding,
spraying and harvesting. The total
cost of cultivation in HLM system
(Rs.42,237.50 per ha) is only 70.5 %
of that in LLM system (Rs.59,925/-
per ha). In LLM system, the costliest
operation is harvesting (19.8 % of
TC) followed by transplanting (19.6
% of TC). In HLM system, the costs
for these crucial operations were
reduced to 57.9 % and 53.2 % re-
spectively of that in LLM system. In
HLM, the costliest operation is ap-
plication of manures and fertilizers
(27.3 % TC) followed by land prepa-
ration and harvesting (both 16.3 %
TC). As significant differences in
yield could not be observed between
the two systems, the profit and cost
benefit ratio has been worked out
based on an average yield of 4,500
kg/ha prevalent in the zone among
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Table 1 Economic parameters of rice machinery

. Annual Hourly . HOC at UAOC at
Machine Capital, Rs. Fixed Cost, | Variable Field Cap- | MAWH, MCA, MAWH, MAWH,
(thousand) Rs Cost Rs. | &city, ha/h | h/annum ha Rs/h Rs./ha
35 hp Tractor with 445 94,500 305.3 0.15 800 120 423 2820
KAU puddler
8 Row riding type 160 33,600 251.0 0.2 320 64 356 1780
transplanter
Vertical Conveyor 70 14,700 278.0 0.3 320 96 324 1080
Reaper
Flow Through 180 37,800 308.3 0.2 320 64 426 2130
Thresher
Combine Harvester 2,200 462,000 650.8 0.33 800 264 1228 3721
progressive farmers. The profit in silience of the HLM system is quite government.

HLM was Rs.25,262.5/ha, where
as it declined to a mere Rs.7,575/-
in LLM. If the yield reduces below
4,120 kg/ha in LLM the enterprise
will be in loss. This is a highly vul-
nerable situation in the wake of the
threats of climate change. The re-

Fig. 2 Cost of operation of tractor

Cost, Rs

Annual Working Hours

evident from the threshold yield
of 2,816 kg/ha. The cost benefit
ratios were 1.6 and 1.13 for HLM
and LLM systems, respectively. It
is fairly evident that LLM system is
no more economically sustainable
without financial support from the

Hourly Cost, Rs.

The major economic parameters
of the machines are given in Table
1. For any agricultural machine,
the cost of operation is inclusive of
fixed costs like interest on capital,
depreciation, taxes etc. which are
chargeable on an annual basis irre-

Fig. 3 Cost of operation of 8 row riding type transplanter

Annual Working Hours

Fig. 4 Cost of operation of reaper Fig. 5 Cost of operation of thresher

Hourly Cost, Rs.
Hourly Cost, Rs.

Annual Working Hours Annual Working Hours
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Table 2 Break Even Parameters of rice machinery

Machine H°Eﬂir§é’§t%?./ﬁ'"e Hirléﬁ(l\)ﬂgc%fir%i?tg?/ha BEH, h BEA, ha
35 hp Tractor with KAU puddler 500 3,333 485 73
8 Row riding type transplanter 1,000 5,000 45 9
Vertical Conveyor Reaper 500 7,143 66 20
Flow Through Thresher 1,000 5,500 55 11
Combine Harvester 2,000 1,667 342 113

*Includes wages of all the operators required

spective of the working hours. Vari-
able costs such as fuel and lubricant
cost, repair and maintenance cost
and operator’s wages are charge-
able on hourly basis. The Annual
Fixed Cost (AFC) is distributed over
Annual Working Hours (AWH)
and hence the Hourly Fixed cost
(HFC) decreases with increase in
AWH. In the case of the 5 machines
considered, tractors and combine

harvesters were assumed to work
beyond the limitations of a spe-
cific padasekharam and hence the
maximum possible working days
were taken as 100 and 80 per an-
num, respectively. In consideration
of the agro climatic situation in
central zone, the other 3 machines
had a maximum possibility for 40
days of work per annum. Daily
working hours for machinery was

Fig. 6 Cost of operatin of track type combine harvester

Hourly Cost, Rs.

Annual Working Hours

Fig. 7 Unit area operation cost at varying annual area operated

Unit Area operaion Cost, Rs/ha

Unit Area operaion Cost
of Combine thousand Rs./ha

Annual Area Operated

taken as 8 hours except for combine
harvester, which was observed to
work for 10 hours daily. The cor-
responding MAWH and MCA for
each of the machines are given in
Table 1. It may be noted that MCA
is the gross maximum area which
can be covered by the machine in
an entire year for all seasons taken
together. The combine harvester
had the maximum command (264
ha) followed by tractor (120 ha). In
a double cropped area, the actual
land area gets halved. In single
cropped area, the days available
for operation will be reduced from
the estimated period. If a shrink in
the period available for operation
compared to the estimated maxi-
mum days occurs, there will be an
obvious reduction in the command
area. A safety factor of 10-15 days
may also be applied in vulnerable
agro-climatic situations, especially
in the case of harvesting machines
so as to face the threat of climatic
adversities. The HOC and UAOC at
MAWH (Table 1) show that all the
machines can be operated at fairly
lower costs, if there is a possibility
to fully utilize the available time.
The prospects of utilization beyond
the boundaries considered can be
explored in such cases.

The variations of HFC and HOC
with respect to AWH for all the 5
machines are depicted in Figs. 2 to
6. The drastic increase in HOC with
the reduction in AWH is obvious
from the figures. The corresponding
variations in UAOC for the different
machines with respect to the area
operated per annum are shown in
Fig. 7. Either the area or the work-
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ing hours in specific situations can
be superimposed to get a clear pic-
ture of the economics. The true cost
of operation of these machines un-
der the given situation can be read-
ily assessed from these curves and
hence can serve as a ready reference
for decision making in the purchase
of machinery.

The break even points determined
with respect to the prevailing cus-
tom hire charges are shown in Table
2. At BEH, the HOC becomes equal
to machinery hire charges and the
corresponding area is given by BEA.
The maximum BEH is for tractor
followed by combine harvester and
the minimum is for transplanter.
The transplanter purchase becomes
economical even if the gross opera-
tional area is only 9 hectares. But
the purchase of combine will be
economical only if the operational
area is above 113 ha. And hence
promotion of group mechanization
strategy is advantageous to reap the
full benefits of mechanization.

Conclusions

The economic superiority of high
level mechanization over low level
mechanization was spectacular in
this analysis. The highly vulnerable
position of systems under low level
of mechanization does not permit
any development of rice cultivation.
At the same time, the inference that
transplanted rice production system
under high level of mechanization
is economically attractive depicts
a proactive sign for sustaining rice
cultivation in Kerala. Thus, it was
evident that mechanization is the
prime factor for ensuring food se-
curity and preserving the wet lands
in this ecologically fragile state of
Kerala. But, it may not be economi-
cal to purchase machines, especially
costly ones like combine harvesters,
if there is no scope for using it for
hours or area above the economic
threshold levels determined by BEH
and BEA. Group mechanization

on padasekharam basis is the best
choice for use of costly machines. It
is recommended that the assessment
of machinery requirement should
be based on the proposed scientific
analysis to arrive at economically
sound decisions on their purchase
and use.
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Research Project for State of Agricultural Machinery

in Russian Federation

I. GENERAL INFORMATION
CONCERNING ALL MA-
CHINES BEING USED IN
EVERY COUNTRY (RUSSIAN
FEDERATION, 2010)

Introduction

The essential influence for farm-
producing efficiency is rendered by
soil-climatic conditions of regions
of Russia; almost all of them are in
zone of risky farming, differing by
fertility soils, landscape and produc-
tivity crops. For example, in 1999
on a background of sharp reduc-
tion of application of mineral and
organic fertilizers, chemicals and
fuel in Russian agriculture, only in
6 regions of the country the average
yield of wheat was 2-2.5 t/ha, and
average on the country -1.17 t/ha.

In 1991 seeded area was 115.5
Mha, including under grain and
grain-leguminous, of which 61.8
Mha, has been brought chemical
fertilizers on the average of 90 kg/
ha and manure not less than 3.0 t/
ha. During the period of 1997-2001,
the application of chemical fertil-
izers application have been on the
average of 15-19 kg/ha and manure
at 0.9 t/ha or 4-5 times less.

For the period since 1991 for 2010,
the seeded area in Russia has been
reduced by 40 Mha which is not in

by

Oleg Marchenko
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The research project is prepared by
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use now.

The long-term practice shows that
in the majority of regions for every
five years, as a rule, three years are
characterized by extremely adverse
climatic conditions and poor crop
yields.

So, in favourable years, gross
output of grain has been 106.9 Mt in
1992 and 88.6 Mt in 1997 and 82.5
Mt in 2001; however, during adverse
climatic conditions years: only 47.9
Mt in 1998, 54.71 Mt in 1999 and
65.4 Mt in 2000.

Successful design and devel-
opment of the new agricultural
machines mostly depends on the
positive results of its testing in the
different soil-climatic condition of
the main developed agrarian regions
of country.

The results
of agricultural
machines uti-
lization on the
farms during
long period
of time for all
over the coun-
try also give us
the informa-
tion about the
efficiency of
machines and
agro-technolo-
gies.

That is why there is a need to test
all the machines in the different re-
gions of Russian Federation where
they should be used.

In Russian Federation, there are
10 Machine Testing Stations (MTS)
mostly located in European parts of
country in central and south regions
of the Russia (Fig. 1).

As can be seen on the map, there
are only two MTS on big territo-
ries in Siberian and Far East areas
(FSBE “Siberian MTS”, near town
Omsk, and FSBE “Altayskaya
MTS”, near town Barnaul). It is
clear that there are some real prob-
lems with agricultural production
in North-East parts of Russia and
first of all in “Mechanization zone |

Fig. 1 Layout of machine testing stations
in Russian federation, 2012
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Fig. 2 Scheme of mechanization sectors of Russian agriculture (Fig. 2).

However, there is a comparatively
efficient agriculture in other zones
mostly located in South regions.

The main and priority task for
agricultural production is to supply
food to the population for all over
the country (good quality, ecologi-
cal and healthy food).

However, during the last years,
the Russian Federation has been
importing more than 50 % of the
necessary food in spite of the fact
that we have so huge agro-recourses
for food production (Tables 1-3).

boarders of mechanization sectors; The most important problem for
indexes of mechanization sectors; increasing the food production in

Table 1 Total Recources Used in Russian Agriculture (1992, 1995, 2000, 2005, 2010)

Indices’ 1992 \ 1995 \ 2000 2005 \ 2010
Total arable land, Mha 130.0 127.6 119.7 1154 115.3
Sown area, Mha, including area under: 114.6 102.54 84.67 75.84 75.2
- Grain and grain-leguminous; 61.94 54.4 45.6 43.59 43.2
- Forage crops, total, including: 425 37.06 28.9 216 18.1
- annual and perenial grasses; 30.02 28.868 23.99 19.49 16.14
-corn for silage, green forages,haylage; 9.54 6.15 3.67 1.57 15
- Sugar-beet; 1.44 1.09 0.81 0.8 1.16
- Potato; 34 341 2.84 2.28 2.2
Fallow ground, Mha 13.03 17.38 18.04 149 14.66
Mineral fertilizer used, min.t, 10.1 15 14 14 19
Including per | ha, t/ha 89 17 19 25 38
Total fertilized area, % 66 25 27 32 42
Manure used, min. t 347 1274 66.0 49.9 53.1
Including per | ha, t/ha 35 14 0.9 0.9 10
Total fertilized area, % 7.4 3.2 2.2 34 7.5
Pesticides used, thousand t, 101.5 65.0 25.2 25.9 29.5
Total treated area, % 74.6 56.0™ 32.66 45.3 46.0™

* Data from “Russia in Figures, 2011”7, ** Estimation.

Table 2 Main Indices of Agricultural production in Russia (1992, 1995, 2000, 2005, 2010)

Indices” 1992 \ 1995 \ 2000 2005 \ 2010
Average yield of grain, t/ha 18 131 1.56 1.85 1.83
Gross grain output, mln.t 106.9 63.4 65.4 77.8 61.0
Average yield of sugar-beet, t/ha 19.2 18.8 18.8 28.2 241
Gross sugar-beet output, min.t 255 191 141 213 22.3
Average yield of potato, t/ha 11.4 11.8 10.5 12.4 10.0
Gross potato output, mln.t 38.3 39.9 29.5 28.1 211
Average yield of vegetables, t/ha 14.5 14.8 14.3 17.0 18.0
Gross vegetables output, mln.t 10.0 11.3 10.8 1.3 12.1
Average yield of sunflow, t/ha 116 1.06 0.99 119 0.96
Gross sunflower output, mln.t 31 4.2 39 6.5 5.3
Average yield of soya-bean, t/ha 0.85 0.75 1.0 1.05 1.18
Gross soya-bean output, min.t 0.5 0.29 0.34 0.69 1.22

*Data from Rosstat, “Russia in Figures, 2011”
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Russia is a critical decrease in the (up to 60 %) of the agricultural ma- tractors and mechanical harvesters/
domestic agricultural machinery chinery imports (Tables 4 and 5). combines harvesters (responsibility
manufacturing also the high level The statistical data of agricultural of Russian representatives for coor-

Table 3 Seeded Area of the Agricultural crops in all Types of Agricultural Farms, 2010, Mha

Total arable - - Including
Types of Farms land. Mha Grain Technical | Potato, Vegetables, Forage
' crops crops Melon-field crops crops
All Agricultural Farms 75.2 43.2 10.9 3.0 18.1
Agricultural Enterprises 56.1 321 7.9 0.3 15.8
Private Farms 15.6 10.6 3.0 0.3 17
Population’s plots of land 3.5 0.5 0.0 24 0.6

*Including Individual owners;

Table 4 The crucial cut down of Agricultural machinery Fleet in the Russian Agricultural Enterprises” for the period of 1992-2010
(thous. units)

Machinery and Equipment 1992 | 1995 | 2000 | 2005 | 2010
Tractors™ 1290.7 1052.1 746.7 480.3™ 310.3"
Moldboard Plows 368.3 2376 148.8 87.7
Cultivators 541.6 403.5 260.1 175.5 119.8
Drills 582.8 4575 314.9 218.9 134.0
Harvesters:

-Grain Harvesters 370.8 291.8 198.7 129.2 80.7

-Forage Harvesters 120.1 94.1 59.6 334 20.0

-Sugar-beet Harvesters (exclude tops cutting) 247 197 12.5 7.2 3.6

-Potato Harvesters 30.9 20.6 10.0 45 19
Mowers 208.2 161.6 98.4 63.9 413
Pick up press balers 79.5 65.1 44.0 324 24.1
Headers, swathers 218.7 152.2 85.2 46.9 27.0
Irrigation sprayers 69.5 46.3 19.2 8.6 5.4
Fertilizer spreaders 1113 71.6 34.3 19.7 16.6
Inter soil manure applicators for:

-Hard manure 80.0 48.8 22.0 10.9 6.5

-Liquid manure 38.6 26.2 121 5.8 3.9
Tractor sprayers and sprinkles 88.6 56.9 325 24.6 23.2
Milking machines and equipment 197.5 157.3 88.7 50.3 314

“Agricultural Enterprises without micro farms;

“Tractors without the special equipment for the road, ground and melioration works. The Agricultural Enterprises in 2010 have had
310.3 thous. units of agricultural tractors, the Private farms had about 70 thous. units, the Population farms had about 420 thous.
units of the one axle motobloks of power —3-8 kW and of mass— 70-200 kg;

Table 5 Dynamic of cut down of technical provision for the Russian Agriculture with key machinery (units / 1000 ha)
and specific annually field crops load for one machine (hectares/units)

Machinery and Equipment 1992 [ 1995 | 2000 | 2005 | 2010
Tractors” 1 9 7 6 4
Field crops load, ha 92 108 135 181 236
Harvesters:
-Grain Harvesters 6 6 5 4 3
Field crops load, ha 160 173 198 270 327
-Forage Harvesters 6 5 4 3 2
Field crops load, ha 170 210 240 330 450
-Sugar-beet Harvesters (exclude tops cutting) 17 18 16 11 4
Field crops load, ha 60 55 62 93 278
-Potato Harvesters 33 56 46 32 16
Field crops load, ha 30 18 22 31 62

“Tractors without of the special equipment for the road, ground and melioration works.
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Table 6 The key machinery for the Russian Agriculture, 2010

Focus Area

Number in use (amount)

Source of data

Average Age (years)

Source of data

Agricultural Tractors

310 300
~ 63 % import from
Belorussia and Ukraine;
~ 3.9 % from other

Rosstat, 2011
Rosagromash

32% of tractors are of 10-
17 years old;

Rosstat, 2011

countries;
Paddy Threshers - - - -
Hand Tools - - - -
Knapsack Sprayers - - - -
Combine Harvesters:
-Grain Harvesters 80,700 Rosstat, 2011 70 % of Grain Harvesters Rosstat, 2011
~ 32 % import from Rosagromash are above 10 years old;
Belorussia;
~ 15,2 % import from
other countries;
-Forage Harvesters 20,000 Rosstat,2011 65 % of Forage Rosstat, 2011
~ 20 % import from Rosagromash Harvesters are above 10 Estimation
Belorussia; years old,;
~ 18,2 % import from
others countries;
-Sugar-beat Harvesters 3,600 Rosstat,2011 60 % of Sugar-beet Ministry of
~ 23 % import from Rosagromash Harvesters (domestic Agriculture
Ukraine; Ministry of Agriculture| production) are above 8
~ 12 % import from years old,;
Belorussia; 40 % of imported Estimation
~ 60 % import from other Harvesters are above 10
countries; years old and 60 % —up
to 10 years old;
-Potato Harvesters 1,860 Rosstat, 80 % of domestic Estimation
25 % —Import from other 2011 production Potato

countries and from
Belorussia;

Harvesters are above 10
years old;

20 % of imported
Harvesters or assembled
in Russia Harvesters
are above 10 years old
(localization ~ 5-20 %);

Post-Harvest Machines
Other machines
Total machines

Fig. 3 Structure of Agricultural Tractor Fleet of Russia (2004) Fig. 4 Perspective range of Tractors for Russian agriculture, 2020

(fleet -532 thous. units, and 412 -thous. units were above 10 (fleet -900 thous. units, average power -110 kW, total sown area

-90 mls. hectares, 10 units/1,000 hectares)
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dination for tractors and participa-
tion in Mechanical harvesters) are
placed in Table 6.

Addendum for tractors:

The tractor fleet for 2004 is
shown on Fig. 3. The fleet had in-
cluded tractors produced in Russia

Fig. 5 Wheeled tractors and motobloks. Indicators of power
and mass for different tractive classes (0.2-8)

motobloks

tractive classes, kN/10

also traditionally imported trac-
tors from Belorussia, Ukraine and
Moldova. The fleet included 532
thousand units of the track-layer
and wheeled tractors and from this
quantity about 412 thousand units
were above 10 years old. In 2010

N, kw

400

tractors fleet was decreased up to
310.3 thousand units, while 63 %
of this amount was imported trac-
tors from Belorussia and only 3.9
% from other countries (USA- JD,
CNH, AGCO; Germany- Fendt,
Same Deut Fahr ....).

Fig. 6 Track-layer tractors. Indicators of power and mass
for different tractive classes (2-8)
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Fig. 7 Range of Grain Harvesters in Russian agriculture, 2010 Fig. 8 Perspective range of Grain Harvesters for Russian

(fleet -80.7 thous. units, 3 units/1,000 hectares)

Agriculture, 2020 (fleet -250 thous.units, grain crops sown area

-44.43 min. hectares, 6units/1,000 hectares)
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*Source of data on Figs. 7 and 8 - GNU VIM Rosselkhozakademii (Prof. Ed.V. Zhalnin)

Fig. 9 Range of Forage Harvesters in Russian Agriculture,
2010 (fleet -20 thous. units, 2 units/1,000 hectares)

Fig. 10 Perspective range of Forage Harvesters for Russian
Agriculture, 2020 (fleet -60 thous. units, forage crops sown area

-13.48 mln. hectares, 5 units/1,000 hectares)
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To solve the food security prob-
lems, it is needed to use annually
about 90 milion hectares of seeded
area on arable lands under most im-
portant crops. Also, there is need to
improve some parts of natural grass-
lands (total ~ 20 Mha) and pastures
(total ~ 60 Mha). That is why it is
needed to recreate Russian agricul-
tural machinery fleet and to increase
significantly the domestic produc-
tion in order to get for example, the
perspective fleet of tractors by 2020
of not less than 900 thousand units
of wheeled and track-layer tractors

with average power of nearly 110
kW such that 10 units/1000 hectares
(Fig. 4).

The perspective fleet of motob-
locks, wheeled mini-tractors and
tractors of tractive classes from 0.2
up to 8 (kN/10) is shown on Fig. 5.
Track-layer tractors of 2...8 tractive
classes are shown on Fig. 6.

Addendum for Harvester:

The range of grain harvesters
for 2010 is shown on Fig. 7. The
fleet of grain harvesters had only
80.7 thousand units (3 units/1000
ha), including the grain harvesters

produced in Russia and tradition-
ally imported from Belorussia (32
%) also in last years and from other
countries (15.2 %): Germany: Claas,
Fendt, Deut Fahr, Challenger; Italy:
Laverda, Case IH; USA: JD, Massey
Ferguson; Holland - New Holland;
Finland: Sampo Rosenlew. The an-
nually used harvesting area under
grain crops should be increased up
to ~ 44.5 million hectares. So, the
perspective fleet of grain harvest-
ers by 2020 should be about 250
thousand units of harvesters (6
units/1,000 ha) of feeding capacity

Table 7 Structure of forage harvesters fleet in russia (2010)

Countrv-producer Classes of Harvesters Power, KW Total %
y-p up 44 50-88 110-147 154-220 220-331 >338 °
self-propelled PN-450 DON-680M ~48%
“Prostor” ENISEY-324
MARAL-125 MARAL-140
R AMUR-680 KSK-600 (JV)
u KSG-F-170A (assembling)
S (10 %) (38 %)
S |Mounted
I Trailed KIR-1.5 PN-400 KSS-2.6
A “Prostor”
KSD-2
KKP-2
(3 %) (10 %) (1 %) ~14%
B |Self-propelled KSK-100A-b KSK-600 (JV) KVK-800 ~8%
E 8 % (components)
L |Mounted PALESSE-1*| KPK-1400" KPK-2200"
6] 1 %) (1 %) 1 %)
R |On the base of: KPK-3000"
U | UES-250" (6 %) ~9%
S | UES-2-280™ KHK-420™ KHK-420™
S | UES-290/450™ KHK-500™
I Trailed KUH-1,5@ KJI1-3000IT° | KAII-3000IT
A (1 %) (1.8 %) ~2.8%
O |Self-propelled FX-40
T | “CNH” (USA) Sryap-830 | (~ 0.2 %)
H | “Claas”, Aryap-850 | SAryap-890
E | (Germany) Sryap-870 | Sryap-900
R | “Krone” (~7%)
(Germany) (~2.5%)
C | “John Deere”, JD 7200 BIG X V8
O | (UsA) JD 7300 BIG X-500
U |Trailed JD 7400 BIG X-650
N | “JF-Fabriken”, FCT-1050, FCT- (~4 %) (~05%) |~182%
T | (Holland) 1350
R (~ 4 %)
Y
Bcero, % ~5% ~11% ~258% ~44 % ~11% ~32% 100 %

Types and shares of Forage Harvesters (%) at real fleet (20.0 thous. units) depends on Engine Power (kW) and Country-producer.
* Harvesters which were designed in Republic of Belarus together with Russian scientists and produced in Belorussia.
JV —assembling in Russia but components produced in Belorussia
** Complex of mounted harvesters (adapters for grain, forages, sugar-beet and grasses harvesting) on the base of Universal Power
Units (UES) were designed together with Russian scientists and now are under production in Belorussia. KVK-800 —the new

design of Harvester;

“Imported Harvesters” —CNH, JF-Fabriken, Claas, Jaguar, John Deere, FX, BIG X Krone”.
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classes of 1-1,5, 3, 5-6, 7-8, 9-10, 11-
12 and 14-16 kg/sec (Fig. 8).

The range of forage harvesters
with a detail structure of forage har-
vester’s fleet in Russia for 2010 are
shown in Table 7 and Fig. 9 also the
perspective range in Fig. 10.

The annually used harvesting
area under forage crops should be
increased up to nearly 13.48 mil-
lion hectares. Thus the perspective
fleet of forage harvesters by 2020
should be about 60 thousand units (5
units/1,000 ha) of power classes (15-
30, 44-74, 88-147, 154-210, 220-331
and above 338 kKW"). “Estimation.

The decrease of sugar-beet har-
vester’s fleet from 1992 up to 2010
is shown on Table 4.

The detail structure of sugar-beet
harvester’s fleet shows that in 2010
from 3,600 units in the fleet, 2160
units (60 %) were imported from the

following countries:

* USA— Amiti Technologi;

* Germany— WIC; Holmer; Terra
Dos; Ropa; Franz Kleine; Euro-
Mouse, etc.

e Ukraine— 24 %,

* Belorussia— 12 %.

The share of domestic production
of sugar-beet harvesters were taken
in the fleet only 5 % or 200 units.

The annually used sugar-beet
harvesting area should be increased
from 1.16 million hectares up to
about 2.5" million hectares and for
this the perspective fleet of sugar-
beet harvesters by 2020 should be
about 20 thousand units of differ-
ent power classes (44...338kW").
“Estimation.

The decrease of potato harvester’s
fleet from 1992 up to 2010 is shown
on Table 4. The detail structure of
potato harvester’s fleet shows that

Table 8 Total numbers of injuries and fatalities

Subb hes of Code Total number of fatalities
ub branches o ode for
Economy OKVED 2010 2011
Total \ women Total women
Total in Russia 3244 244 3063 219
Agriculture’, Hunting, A01- 402 22 376 19
Forestry 02.02.2

“There are no published statistical data separately for Agricultural Branch. So this is
an estimate by taking into account only several (but most important technical and

professional) of reasons caused of fatalities.

Table 9 The main reasons of fatalities in Russian Agriculture (2010-2011)

Agricultural machinery, equipment, conditions &rules 2010 \ 2011
- constructive faulties and durability of machines out of order; 20 18
- use of machines after its repairing but out of order; 74 51
-violate of the rules of safety usage of tractors, self-propelled 67 63

harvesters and transports in the agricultural areas;

-infringement of technological processes; 69 96
-not professional teaching of operators for safety labor; 90 80
-low professional management of technological processes; 10 15
Total ~ 82-86% from all fatalities in Agriculture*, 2010 -2011 330 323

Table 10 Subsidies (US$) to support of the Russian Agricultural Producers from
Budget of Russia (95 %) and regional Budgets ( not less than 5 %) for one farm
(to pay off the 100% of the credit refinancing rate)

Types of credits

| upto5years | upto8years

Types of Farms up 10 2 years
Agricultural Enterprises 500 thous. $
Private Farms 166.66 thous. $
Population’s plots 10 thous. $

1.333miIn. $
333.33 thous. $
23.33 thous. $

“The profit taxation: 6 %, the taxation for individuals: 13 % from total income

in 2010 from 1900 units in the fleet
1,440 units (76 %) were produced in
Russia and Belorussia while:

* 320 units imported from Germany

(Grimme ~ 17 %);

* Belgia— AVR (7 %).

The annually used potato harvest-
ing area should be increased from
2.2 milion hectares up to about 4"
million hectares and for this the per-
spective fleet of potato harvesters
by 2020 should be about 30 thou-
sand units of different power classes
(88...330 KW"). "Estimation.

I1. INFORMATION RELATED
TO THE USE OF AGRI-
CULTURAL MACHINERY
(SOURCE OF DATA ROS-
TRUD”, 2011 AND RUSSIA IN
FIGURES”, 2011)

Agricultural Tractors and Mechan-
ical Harvesters/Combines

The operations summary for the
total numbers of injuries in 2010-
2011 and of fatalities for Agricul-
ture” also Hunting and Forestry are
shown in Table 8.

The main reasons of fatalities
in operating tractors, harvesters,
transport and other equipment are
that the machines are not in good
conditions after repairing, poor
knowledge of rules by operators and
high daily working load of opera-
tors because of lack of tractors, self-
propelled harvesters, tracks and
transports in the Russian Agricul-
tural Fleet and large annual load of
tractors, harvesters (Table 9).

It is necessary to point out that
for the last 20 years in Russian Ag-
riculture, there were some different
forms of agricultural producers:
Agricultural enterprises of large and
middle size (1,500-20,000 ha and
more); Private farms (average 60-70
ha up to 200-400 ha) and Popula-
tion of small plots of land (average
0.3-0.5 ha). In 2010, the agricultural
enterprises used about 310 thousand
tractors (16-350 kW), private farms
used about 70 thousand tractors of
45-60 kKW. The agricultural popu-
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lations used mostly the one axle

m

otoblocks (total amount about 420

thousand units of power ~ 3-8 kW
and of mass ~ 70-200 kg).

Concerning the subsidies for ev-

ery types of agricultural producers
there are the different system of
financing support (Table 10).

For Agricultural Enterprises:

- subsidies support on 8 years cred-

Fig. 12 Quota of state budget expenditures, capital investments
of the Russian enterprises and foreign investments

its should be directed for pay-
ments for tractors, harvesters,
agricultural machines and equip-
ment, specialized transport for
the deliveries of fertilizers, agri-
cultural products, equipments for
animal, poultry and forages for
animal production and others.

subsidies support on 2 years
credits should be directed for
payments for spare parts, and

materials for repairing the ma-
chinery and equipments, mate-
rial resources for greenhouses,
agricultural animals, deliveries of
fertilizers, pesticides, agricultural
products, equipments for animal,
poultry and forages for animals
also for preliminary and industrial
processing of meat and milk, etc.
For Private Farms:

- subsidies support on 8 years cred-
its should be directed for pay-
ments for tractors, harvesters,
agricultural machines and equip-
ment, fertilizers, equipments for
animal, poultry and animal pro-
duction, equipment and pumps for
irrigation, etc.

- subsidies support on 2 years
credits should be directed for
payments for fuels, spare parts,

Fig. 11 Scheme of supplying with agricultural techniques the farms
of different level of profitability

Used machinery market

High profitable farms

Profitable farms

Low profitable farms

Non-profitable farms

Level of profitability
High profitable farms 40-100 %

Profitable farms 10-40 %

New machinery deliveries

Imported machinery

New machinery

New machinery

Level of profitability
Low profitable farms
Non-profitable farms

0-10 %
losses

materials for repairing the ma-
chinery and equipments, mate-
rial resources for greenhouses,
forages for agricultural animals,
fertilizers, equipments for animal,
poultry etc.

For Population’s plots:

- subsidies support on 5 years cred-
its should be directed for pay-
ments for agricultural animals,
small size agricultural machinery
for the tractors with power less
than 74kW, tracks for pay-load up
to 3.5 tons, for repairing animal
facilities, for processing of agri-
cultural products etc.

- subsidies support on 2 years
credits should be directed for
payments for fuels, spare parts,
materials for repairing the ma-
chinery and equipments, material
resources for greenhouses etc.
The important problem connected

with the crediting of farms is the

risky level of the farm’s profitability
while taking in to account that non-
profitable farms are consisted of ~

27...30 % and low profitable farms

~ 32 % (Fig. 11).

The quotas of State budget expen-
ditures for the period of 1991-2010
were drastically decreased from
36.9 % in 1991, 13 % in 1992 and
less than ~ 4 % from 1995 to 2010
when in leading countries of the
world such quotas are usually more
than 20-30 %.

Dynamic of the financial support

Fig. 13 Quota of state budget expenditures, capital investments
of the Russian enterprises (%) for supporting the Russian

Budget expen‘ditures

Capital investments of ——
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of the agriculture from Russian
Budget, capital investments from
the different Russian enterprises
and foreign investments are shown
in billion Rubles (Fig. 12) and in
percentage (Fig. 13).

Estimation of the social cost of
injuries for the public and private
sector.

The social role of high quality
and working order tractors and har-
vesters should be supported by fact
that in agrarian sector of economy
every one, for example, tractor re-
quires at least one qualified opera-
tor; also 5-6 additional workers to
serve in agricultural infrastructure
for all over the farm. Therefore,
it is very important to prepare for
future Agriculture that there would
be the qualified operators for trac-
tors, harvesters, transports and auto
tracks while any death of of opera-
tors, there is big loss. It is very clear
now that for the period 1991-2010,
there was a loss of about one mil-
lion tractors, ~ 300 thousand grain
harvesters, ~ 100 thousand units of
forage harvesters, etc. In total, the
agricultural sector lost ~ 1.5 million
units of tractors, harvesters and shut
down job for 9-10 million workers.

Existence of testing procedures
used in every country;

For all of the Russian Federation,

there are 10 “Federal State Budget-

ary Enterprises “Machine Testing

Stations (MTS)” (Fig. 1- map 1):

In European part of Russia there
are 8 testing stations:

* FSBE “Podolskaya MTS”
located in Moscow region close to

Moscow;

* FSBE “Vladimirskaya MTS”

located near town Vladimir near
Moscow;

* FSBE “Central-Chernosem MTS”
located near town Kursk.

* FSBE “Kirovskaya MTS”
located near town Kirov (North of

Russia);

* FSBE “North-West MTS”
located near town Sankt-Peters-

burg ;

* FSBE “North-Caucasian MTS”
located near town Postov-on-

Don;

* FSBE “Kubanskaya MTS”
located in Krasnodar region;

* FSBE “Povolzhskaya MTS”
located in Volga river region,

town Samara;
In Siberian part of Russia there
are 2 testing stations:

* FSBE “Siberian MTS” located
near town Omsk;

* FSBE “Altayskaya MTS” located
in Altay region of East Siberia.
The coordinator of 10 MTS is

Federal State Budgetary Enterprise:

FSBE “State Testing Center”, Mos-
cow region, town Solnechnogorsk.
All the Machine Testing Stations
are under Ministry of Agriculture
of Russian Federation and were ac-
credited by “Federal Agency for
technical regulation and metrology
“Rosstandard”. The MTS tests the
all agricultural and forestry ma-
chinery produced by Russian’s ma-
chine construction plants and also
produced by foreign manufacturers.
Ministry of Agriculture has the test
plans for different kind of agricul-
tural and forestry machines under
the national and partly harmonized
standards with OECD codes and
I1SO. The results of the tests machin-
ery should be taken into account by
manufacturers for improvement of
their machines and also to get certif-
icate for selling in Russia or for ex-
port. The testing/certification is go-
ing to show the results of machines
tests to the manufacturers to go
ahead with the improvement of ma-
chine and organization of the mass
production of new machines also to
permit them to sell the machinery
to farmers if the machines are good
and suitable to standards (to show
the farmers the good indicators of
performance of the machine, qual-
ity guarantee, to give the certificate
to manufacturers to sell and export

Table 11 The loading of all-purpose power units UES-2-250/280 “Polesje” with complexes of harvesting machines “Polesje”

at their intensive using (hours/ha)”

The cutting | The cutting | The picking | The The The The The The total
of annual of grasses of the harvesting | harvesting | preparing harvesting | harvesting | loading of
grasses for the haylage of the of the of the of the of the one UES,
with KPK- | haylage with KPK- | barley with | wheat with | silage from | sugar- maize for h/ha™
3000 with KPK- | 3000 KZR-10 KZR-10 the maize beet with grains with

3000 with KPK- | KSN-6 KZR-10
3000
200/600 120/200 220/400 300/375 200/300 200/400 1240/2275
200/600 120/200 220/400 300/375 200/300 200/400 1240/2275
200/600 150/400 500/625 400/600 1250/2225
200/600 150/400 500/625 400/600 1250/2225
300/900 150/400 500/625 300/450 1250/2375

*The area of the harvesting annual grasses on hay -2,100 ha, the cutting and the lamination of grasses -1,200 ha and the picking of
windrows for a haylage -1,200 ha, the barley -400 ha, the wheat -800 ha, the maize for a silage -2,625 ha, the sugar-beet -2,250 ha,
the maize for grains -800 ha —the total volume of the harvesting works -11,375 ha;

**An average UES loading on the harvesting at the two-shift work -1,246 h/2,275ha; the factor of an intensification at the two-shift
work —the factor of the increasing of machines loading over optimum terms of the harvesting, for example, different grain crops
(the barley, the wheat, the maize for grains etc.) in one shift -260-280 h, at the two-shift work -540 h/1000ha. The factor of the
intensification of the technological operations fulfillment ~ 2.
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machines). Ministry has plans of all
types the agricultural machinery
tests with taking into account the
specific soil-climatic conditions of
the regions and zones of mechaniza-
tion of Russian Federation (north,
south, west and east on the territory
of Russia) (Fig. 2- map 2).

Collection of proposals for the
better use of agricultural tractors
and harvesters for development of
the international testing system.

In a frame of OECD, ENTAM
and ANTAM activities “The Center
for cooperation with International
Organizations for standardization,
testing and certification of agri-
cultural machinery” on the basis
of VIM (The All Russia Research
Institute for Mechanization in
Agriculture) included in 2009 in
ENTAM has connection with FSBE
“Vladimirskaya MTS” and use the
facilities of this station for testing
new machinery work plans by VIM.
Also VIM is coordinating the inter-
national activity of all MTS in Rus-
sia and represents them in OECD,
ENTAM and ANTAM. Therefore,
there will be possibility to test and
certify the Russian machinery in
ANTAM network in order to suc-
cessfully sell the Russian made ma-
chines in Asia Pacific regions. Also
to be sure that machinery imported
from Asia Pacific regions is of high
quality and durability since these
were tested and certified in the net-
work of ANTAM and it will provide
aguaranty for Russian farmers. The
information about the tests should
be made available among other
countries to show the possibilities
and benefits of cooperation.

1. PROPOSALS FOR IM-
PROVEMENT OF THE
MECHANIZATION SYSTEM
IN RUSSIAN AGRICULTURE

Experience of decades of appli-
cation in Agriculture of CIS coun-
tries; the new mobile universal
energetic means (UES-2-250 /280
“Polesje”);

First of all considering the most
important problem for Russian
Agriculture is to renew the Agri-
cultural Machinery Fleet: increase
wheeled and crawler tractor fleet
up to 900 thousand units, grain
harvester fleet up to 250 thousand
units, forage harvester fleet up to 60
thousand units, sugar-beet harvester
fleet up to 20 thousand units and
potato harvester fleet up to 30 thou-
sand units and, accordingly, many
types of other machinery. It means
that we should design, manufacture

and annually test hundreds of new
machines for all over country. Also
there is a need to certifiy imported
machines for selecting the most
suitable machines for Russian Agri-
culture. All of this requires the huge
capital, material, industrial and la-
bor resources.

To save farm-resources and in-
crease efficiency of agricultural
machinery we recommended to
USSR Government to work out the
new concept of resources-saving
complex on the base of universal

Fig. 14 The effective harvesting complexes on base of Universal Power Unit “UES-
2-250A “Polesje” of power 250-280 HP (184...206 kW)

Forage harvester complex K-G-6
“Polesje”
with chopper and adapters for cutting
green grass, haylage and silage from
grasses and corn.
- productivity up to 90 t/hr

Sugar-beet harvester KSN-6 “Polesje”

for one pass cuts tops, digs out, cleans
and stacks Rotor”roots in a row
between wheels of power unit.

- productivity up to 2 hectare/hr

Saving at least 16...20 tones

Rotary mower-crusher KPR-6 “Polesje”

with demountable conditioners for
crushing of grasses and stacking two
swaths.

- productivity up to 6 hectare/hr

Grain harvester complex KZR-
10*“Polesje”
with front mounted header and axial
rotary thresh dram-separator also
fastened behind to UES by the block
of air-cleaning with a grain bunker.
- productivity on a grain up to 20 t/hr

Saving at least of 127000 $

Main indices of efficiency of harvesting complexes on the base of
UES-2-250A “Polesje” for forages, grain, sugar-beet, grasses for hay and haylage
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mobile power unit - multi-purpose
UES-2-250/280 “Polesie” (184...206
kw) with quick-demountable high-
effective harvesting adapters. The
concept was realized in 1988-1996
and put under industrial production
in Belorussia. Efficiency of remov-
able adapters on the base of UES
during harvesting season is shown
in Table 11.

To the present time Belorussia
produced ~ 10,000 complexes of
machines on the base of UES-2-
250/280 with 4 adapters: mower-
conditioner, forage harvester, grain
harvester, sugar-beet harvester -
about 4500 complexes for Russia
(Fig. 14).

It is necessary to attract attention
of scientists and engineers also tests
specialists of different countries
with the aim to involve them in
mutually interested activity for the
new approaches directed to improve
the system of mechanization (in-
cluding the universal complexes of
machines) and to raise the efficiency
of global cooperation that will save
resources, increase the income for
every country and improve under-
standing with manufacturers of dif-
ferent countries to support the most
economical ways for progress in
World Agriculture.

New concept of powerful univer-
sal energetic means the double flow
hydro-mechanical transmission
(UES-290/450) —further UES-450;

On the basis of experience of
decade’s application in Agriculture
of Russian Federation, Belorussia,
Ukraine, Kazakhstan and some
other countries the complexes of
UES-2-250/280 “Polesje” there were
perspective machines on the base
of more powerful UES-450 with
engines of 290...450 HP (213...330
kW). Complexes include 8 new ma-
chines and adapters on the base of
UES-450 and they were designed,
tested and recommended for indus-
trial production in a framework of
the Russian-Belorussian Program
of State Union in 2006-2009. The
difference between two concepts

consist of in replacement of hydro-
static transmission of UES -2-250A

“Polesje” (tractive force ~ 20 kN) by
the new type of double flow hydro-

Fig. 15a Complexes of 8 machines on the base of UES-450

Grassland improvement Grass mowing

Rototilling, fertilizing & drilling Forage harvesting

Rotary chiselling Potato harvesting Sugar-beet harvesting Grain harvesting

Fig. 15b Harvesting complex on the base of UES-450

Fig. 16 Complexes of 8 machines on the base of USE-450
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Fig. 17 The use of UES-450 on different kinds of works during 1200-1500 hours per year

Kinds of works Jan. \ Feb. \ Mar. \ Apr. \ May \ Jun. \ Jul. \ Aug. \ Sep. \ Oct. \ Nov. \ Dec. |Lording, h
N N SITOW

oW ackimuration Sening ot ST 300
Loading and transportation anure application 320
of manures e

Silage loading from trenches ¢ Silage loading from trenches 5, 180
(BSirIEggeSg\é\lri\?e%,ﬂfln%ylage and Sowing Mowing Harvesting 360
Grain and grainfodder crops h :

sowing and harvesting 2uing, gHavesting o 250
Corn for silage and grain Sowing < éH?rvesta 260
Sugar-beet harvesting gHarvesty 260
Potato harvesting gHarvests, 230
Soil tillage illage s, ¢ Tillage 280
?ﬁ;?&%@ﬁeanqd pastures é?arssland improveTent 280
Transporta[ion Transportation Transportation <Tra5portation 200

Fig. 18 Harvesting complex on the base of UES-450

Mass, T

82

Fig. 19 Complexes of 8 machines on the base of UES-450

Price thous. US$ Harvest of grain & farage,

Us$/it

mechanical transmission which al-
lows UES-450 to successfully work
not only with harvesting machines
driven by PTO but also with plows,
drills, tools and tillage-sowing ag-
gregates which need the high trac-
tive forces~50...60kN (Figs. 15 and
16).

Efficiency of application of new
set of machines on the base of
UES-450.

There are possibilities to success-
fully use power unit UES-450 at any
time of the year (Fig. 17). The most
efficient to use UES-450 with har-
vesting adapters (Figs. 18 and 19)
instead of self-propelled harvesters,
powerful and
heavy tractors
but also to use
UES-450 with
efficient agricul-
tural machinery
which are now
under indus-
trial domestic
production and
with imported
machines that
are used in Rus-
sian Agriculture
(Fig. 20).

Total econom-
ical efficiency
of complexes of
8 new machines
on the base of
UES-450 is

Harvest of sugar-beet &
grass, US$/ha
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Table 12 Efficiency of complexes of 8 machines on the base of power unit (UES-450)
The prices and the mass of the new and the basic machines, $US ($US=30 Rub. Russian) and Ton

Complexes on the base of UES Basic complexes (self-propelled or on the base of tractor)
Name of machines or Price Mass Name of machines or Price Mass
complexes (thous. $US) (Ton) complexes (thous. $US) (Ton)
Complexes on the base of UES-290/450 Existing complexes of comparable machines

UES-450 + KNK-500" 152 + 56.6 10.8 +5.3 Jaguar - 850 "Claas™ 370.3 13.7

UES -450+ KPR-9 152 + 51.7 10.8 + 3.8 Big M I1 “Krone” 244.4 13.5

UES-450+ KZR-12 152 + 127.8 10.8 +10.2 TORUM-740 229 14.8

UES-450+ ASU-6 152 + 98.5 10.8 +12.0 SF-10-2 “Kleine” 381.6 16.2

UES-450 + PRCh-4,5 152 + 32.6 10.8+25 John Deere + Falcland 3000 22317 +384 18.0 + 3.8
“Falc”

UES-450 + FM-5,2 152 + 40.0 10.8 + 3.2 John Deere + “Pantera — 223.17 +56.7 18.0+3.1
“Maschio”

UES-450 + AZ-5,2 152 + 45.0 10.8 +5.4 (John Deere + Pantera — (22317 +56.7) +  (18.0+3.1) +
“Maschio”) + (Agrotron 150 | (92.67 + 47.19) (7.5 +2.0)
+ SLC-600)

UES-450+ KA-6/8 152 + 11.0 10.8 + 10.6 John Deere + Megaseed 223.17 +99.67 180+7.3
6002 K2 “Rabe”

Total: (714.2)" 63.8 (10.8 + 53.0) | Total: (1783.1)"  99.9 (18.0 + 81.9)

shown on Table 12 but comparison

with machinery of CIS countries

(mass, price and annual income) is

represented on Fig. 21.

Present situation with key ma-
chinery at 2014 and prognosis to in-
crease the machine-tractor fleet by
2020:

The fleet of main types of agri-
cultural machinery from present
crucial state (2014) to 2020 as prog-
nosis:

» wheeled and crawler tractors from
2,597,000 units to 900,000 units;

« grain harvester from 679,000 units
to 250,000 units;

» forage harvester from 161,000
units to 60,000 units;

* sugar-beet harvester from 25,000
units to 20,000 units;

* potato harvester from 26,000 units
to 30,000 units;

» mineral fertilizer distributors from
163,000 units to 60,000 units;

* ploughs from 763,000 units to
400,000-500,000 units;

e drills from 1,154,000 units to
500,000-600,000 units and so on.
The Age indicators of key ma-

chinery in machine-tractor fleet by

2015.

~ 35 % of tractors of 10-17 years
old;

~ 65-70 % of grain and forage har-
vesters of 10-12 years old;

~ 60 % of sugar-beet harvesters (do-
mestic production) of 8 years old;

~ 80 % of potato harvesters (domes-
tic production) of 10 years old.
Concerning the imported harvest-

ers it is necessary to point out that ~
50 % of them are above 10 years old
and the level of localization of the
assembled in Russia Harvesters is
not more than ~ 5-20%.

Fig. 20 Tillage and sowing machines on the base of UES-450

Fig. 21 Efficiency of complex of 8 machines on the base of UES-450 in comparison

with CIS countries' machines

Mass, t

Price,

mls. $
Annual
income,
mis. $

Toral annual income for one complex of machines on bese UES-450 is about 0.425 mls.$
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Fig. 22 System of universal mobile power units: UES-60/100; UES-120/200;
UES-210/280; UES-290/450; UES-500/700 (interval of power, HP)

Conclusions

Strategy for support of the food
security in Russian Federation.

1. Strategy of UN FAO activity
for the period 2000-2015 includes
all the spectrum of social-econom-
ical, scientific-technological, trade-
economical, natural safety, informa-
tional and other actions directed for
a food security on the national, re-
gional and international levels. “Ev-
ery States should decide their food
security problems on the national
level. The most important aspect
for this is to solve the agricultural
engineering issues and also ergo-
nomic and environment problems
by the way of introduction of the
harmonized standards for machines
and equipment”;

Table 13 Total number of self-propelled harvesters which can be replaced by UES System (Fig. 22) shown in Table 12.
Manufacturing the possible number of UES will allow increasing the Tractor Fleet. Some indicators of UES efficiency:
saving the material resources in 1.7...2 folds; decreasing the number of engines in 2.5-3 folds; saving the fuel ~ 30-35 %;
releasing the qualified operators of tractors and harvesters about 10-11 thousand people, etc.

Interval of Power in kW 4474 | 83-147 | 154-206 | 213331 | 368515 | Mot rfﬁ(')%‘;e?jmf‘s‘:h'”es’
UES+Grain harvesting adapters instead + + KZR-10 KZR-12 + 230.0
of self-propelled Grain harvesters
UES+Forage harvesting adapters + + KNK-420 KNK-500 + 54.0
instead of self-propelled Forage
harvesters
UES+Sugar-beet harvesting adapters + + KSN-6F ASU-6 + 17.0
instead of self-propelled Sugar-beet
harvesters
UES+Potato harvesting adapters - + + + + 25.0
instead of self-propelled Potato
harvesters
Total self-propelled harvesting + + + + + 326.0
machines which could be replaced by
UES with harvesting adapters
UES + different machines to work 230.0
instead of tractors
Total mass. t (%)
Mass of UES in class, t ~3.0 ~5.0 7.2 9.8 ~145 39.5 (100 %)
Average mass of Tractor in class, t 3.6.4.5 6.7...85 114..135 16.5...188 ~22...277 68.9 (174 %)
Average mass of Harvester in class, t 40..56 91..11.2 12.2..156 145..16.6 ~19.2..204 64.3 (163 %)
Specific mass of UES, kg/kW ~68...40  ~56...34 46...34 46...29 ~39...28
Specific mass of Tractor, kg/kW ~82...60 ~76...57 ~74...65 ~77...57 ~60...54
Specific mass of Tractor / Specific 136 151 175 182 173 136...182 %
mass of UES, %
Specific mass of UES, kg/kW ~68...40 ~56...34 46...34 46...29 ~39...28
Specific mass of Harvester, kg/kW ~90...75 ~103...76  ~79...75 ~68...50 ~52...39
Specific mass of Harvesters/Specific 160 204 196 160 136 136...204 %

mass of UES, %
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2. To resolve the problem of food
security by 2020, the Russian Fed-
eration should first of all start a real
innovative rehabilitation of the
industry on the base of high techno-
logical and technical levels in order
to fill the machine-tractor fleet with
the new machinery: 900 thousand
tractors, 250 thousand grain har-
vesters, 60 thousand forage harvest-
ers, 20 thousand units of sugar-beet
harvesters and 30 thousand units of
potato harvesters also many other
machines (it will be enough for an-
nually using of about 100 million
hectares (from the total amount of
133 million hactares of arable land).
Also there is a need to improve 10-
15 Mha of grasslands and pastures
(totally we have ~ 20 Mha of the
natural grasslands and ~ 60 Mha of
the natural pastures);

3. The Russian Federation, in
spite of the fact that there are huge
land resources available, has tried
to solve the food security problems
by importing of more than 50 %
of food, more than 70 % of trac-
tors, 40-50 % of grain and forage
harvesters, 95 % of sugar-beet har-
vesters and many other agricultural
machinery and equipment because
of low domestic industrial, agro-
technological and material-technical
provision;

4. The specific power per unit

hectare of arable land (kW/ha) in-
cluding the total power of tractors,
self-propelled harvesters and auto
tracks used in Agriculture now is
about 0.96 kW/ha. For tractor fleet
only, at the average power of one
tractor, 78 kW specific power is now
about 0.4 kW/ha. It is not enough for
successful Agriculture. So, for the
perspective fleet for 2020, a specific
power of total fleet per one hectare

of arable land should be about 2.5

kW/ha but for the perspective trac-

tor fleet only at the average power
of one tractor 110 kW, the specific
power may be ~1.5 kW/ha.

The priority ways to get out of the
critical state of mechanization of
Agriculture in Russian Federation.

1. For Russia, it is absolutely nec-
essary to increase the domestic in-
dustrial production of the key ma-
chinery not less than by ten folds.
This is the only way to support
the development of productive and
competitive agriculture as exclusive
measure for increasing employment
and income;

2. It is really impossible to fulfill
successfully the prognosis of re-
newal of the Machine-tractor Fleet
by 2020 because of:

* insufficient state of agricultural
machinery manufacturing indus-
try and high level of worn out
machine-tools equipment in the

most of machinery building plants

as well as insufficient components

base of domestic production, etc.

* lack of qualified workers for man-
ufacturing the complicated ma-
chinery and destroyed system of
professional teaching of technical
operators to work in Agriculture;
3. Russian Agricultural producers

has low solvency and much restric-
tions in getting budget investments
and enough subsidies to buy the
new machinery even the imported
machines that are twice more ex-
pensive than the domestic manufac-
tured machines (except of Belorus-
sia production machinery).

4. The most economical way to
go out from such a situation in Rus-
sian Agriculture consist of starting
in large scale industrial production
in Russia and Belorussia of the new
complexes of machines on the base
of universal power units UES-450
with the key adapters for harvesting
forages, grains, sugar-beet, for till-
age and seeding of different crops,
for improvement of meadow and
pastures with rotary tillers and en-
gaging in different works by com-
plexes machines and equipments
during the all year round. It will
give agricultural production the next
advantages of UES-450 application:
* high yearly load of UES (1200-

1500 hours) compare with har-

Table 14 New Forms of Farming and problems of Agricultural mechanization system in Russian Agriculture

Main indicators of Agricultural production on the end of | Main indicators of Agricultural production, prognosis to
numbers of Total Tractor Fleet Total Tractor Fleet
Farms | Arableland, | oo e ey ral . Average | bt 1800, | agricultural i Average
min. hectares| Jtoducr, 06 | thous. units | CECK Yy |min. hectares product, 9 | thous. units | 0K oy
Agricultural
Enterprises, 56.1 48.7 259.7 73 90.0 777 900/329* 88-92
24,000
Private
farms. 18.6 10.2 70.0 72.8 15.0 7.0 ~400 66
250,000
Families 2000
plots, ~17.5 3.4 411 412.0 2-5 5.0 15.3 motobloks 12
min. families
Total: 78.1 100 % 7417 ~ 46 110.0 100 % 1300 + 2000 motobloks

As far as the agricultural farms of different types and sizes were install also appeared the problems for supplying them with
acceptable technique and technology. The parameters of existing forms of farming and main indicators of technical provision of

them are shown in Table 14.
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vesters (200-300 hours) decreases

a specific cost of work ($/hour) by

4-6 folds;

* specific mass indicators (kg/kW)
are very different for track-layer
tractors (80-60 kg/ kW); wheeled
tractors (70-55 kg/kW); self-
propelled grain harvesters (90-
50 kg/kw); self-propelled forage
harvesters (70-50 kg/kW); self-
propelled sugar-beet and potato
harvesters (100-70 kg/kW) but the
specific mass of UES-450 is 46-
29 kg/kW.

It means that the total mass of
complexes of adapters on the base
of UES-450 are less in 1.7-2 folds
compare with the mass of the set of
self-propelled harvesters, tractors
and other machinery on the tractor
base;

* significantly decrease of a soil
compaction (less losses of the
crops yield) by using the front-
mounted adapters and behind-
trailed adapters when the total
mass is spreads on the additional
wheels of adapters (especially at
working on wet soils).

It is anticipated that in future to
design and place under industrial
production the system of universal
mobile power units with engines of
60/100; 120/200; 210/280%; 290/450"
and 500/700 HP (Fig. 22);") UES-
210/280 and UES-290/450 were
already designed by Russia and Be-
lorussia during 2006-20009.

5. The manufacturing, for ex-
ample, of 100 thousand units of
UES-450 (10-11 % of total perspec-
tive tractor fleet) with harvesting
adapters also at ballasting and using
changeable crawler type system for
UES (Fig. 22, Table 13) will allow
to replace in Agricultural machinery
fleet: 100 thousand units of power-
ful tractors (10-11 % in fleet) also 40
% of Grain harvesters, 50 % of For-
age harvesters, 80-85 % of Sugar-
beet and Potato harvester’s fleet;
to decrease the numbers of diesel
engines in 2.5-3 folds also decrease
the fuel consumption by 30-35 %.

6. The system of UES can also

be used in the communal and road-
construction works in different
branches of economy of Russia and
CIS countries.

7. It is anticipated that the strate-
gic problems of the Russian popula-
tion with the competitive and eco-
logical high quality domestic food
products will also solvethe socio-
economic problems in rural regions
of Russian Federation.

8. These initiatives will also bring
the real perspectives for the Russian
Federation to be the leading coun-
try in the world with high efficient
system of food production and with
possibility to help other countries
which suffer the food shortage.
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1267

Intelligent Dissolved Oxygen Control System for Intensive Carp System: Wael Mohamed Elmessery,
Lecturer, Department of Agricultural Engineering, Faculty of Agriculture, Kafrelsheikh University, Kafr
Elsheikh 33516, EGYPT; Said Elshahat Abdallah, Associate Professor, same. saidelshahat@agr.kfs.edu.eg

Success in designing affordable automated control systems for aquaculture will be widely applicable
because it will enhance water management. Intensive recirculation systems have the potential for a sig-
nificant increase in production per volume of water requiring dissolved oxygen monitoring and control.
An intelligent Lab View dissolved oxygen sensing unit was designed using only one oxygen sensor and its
transmitter for monitoring several tanks. Peristaltic pumps extracted water from each tank without adding
oxygen to the sample. Measurements were auto-calibrated and statistically diagnosed using the air dis-
solved oxygen measurements. Dissolved oxygen sensor membrane fouling from algal blooms, sediments
or suspended water droplets that still attaching to the membrane at the moment of oxygen measurements
in the air were analyzed; the system controlled membrane fouling problems. Dissolved oxygen changes
with temperature and fish feeding were analyzed from three tanks having each carps in a different growth
stage. Dissolved oxygen mass balance was studied to gain a better understanding of events which can con-
tribute to low dissolved oxygen concentration, such as heavy plankton blooms and high temperature.

1268

An Automatic Feeder with Two Different Control Systems for Intensive Mirror Carp Production: Said
Elshahat Abdallah, Associate Professor, Department of Agricultural Engineering, Faculty of Agriculture, Ka-
frelsheikh University, Kafr Elsheikh 33516, EGYPT. saidelshahat@agr.kfs.edu.eg; Wael Mohamed Elmessery,
Lecturer, same.

Feeding management provides the producer with an efficient tool to overcome limited feeding that may
exhibit aggressive behavior during feeding due to limited feed availability resulting in carps that do not
reach maximal growth. Overfeeding results in uneaten feed, poorer water quality, lower economic profit
and additional environmental pollution. An automatic feeder was constructed and evaluated to provide
predetermined amounts of food to four 9.5 m diameter tanks stocked with 7,000 organisms. Three tanks
worked as rearing tanks and the fourth as nursing tank. Growth methodology optimized carp production
in tanks which are grouped in four. These big tanks require of a better food distribution so three points of
the tank were selected: two aside the edge of tank wall and another close to the center. Each point or wire-
less controlled gate provided the necessary food giving more chance to the fishes to obtain their provisions
without competition. The system uses a hopper capable of feeding the four tanks during a week and its
precision was dependant on a weighting mechanism. Two ways were used to control food provisions in
this work. An opened control system based on the ATM89c51 microcontroller controlled the exact dosing
based on the tank requirements according to the carp cycle and the other closed loop control system was
determined by the conditions of water temperature, fish age, body weight and the amount of oxygen con-
sumed. The amount of oxygen consumed by carps was the best parameter knowing fish metabolism and
growth that the feeder can rely on it controlling meals provisions. The results show minimal differences
in growth (P < 0.05) between treatments, important food saving of 25.337 % (equivalent to 3,495.5 kg),
and lower water pollution (reduced water dissolved solids and ammonium components) compared with the
first automatic feeder.

1307

Grading Process Intensification within Tilapia Fish Ponds: Said Elshahat Abdallah, Associate Professor,
Department of Agricultural Engineering, Faculty of Agriculture, Kafrelsheikh University, Kafr Elsheikh 335716,
EGYPT. saidelshahat@agr.kfs.edu.eg; Wael Mohamed Elmessery, Lecturer, same.

Despite the emergence trend of trying to mechanize all agricultural operations in Egyptian fields sev-
eral decades ago. But that aquaculture still does not have any significant share in this direction through
nursing, rearing, harvesting and even postharvest techniques. Tilapias grading is considered to be one of
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the most important postharvest processes for marketing optimization. The main idea of manufacturing
Tilapias grader is depend on the basics of fish behavior (attractive to current water (rheotactic)) by stimu-
lating the Tilapias to trace the withdrawn water within the grader passed or retained through four sieves
which have been placed in Tilapias movement course doing self-grading. Sieves sizes were determined
according to preliminary study of Tilapias morphology. The relationship between Tilapias individual mass
and its dimensions was obtained. Tilapia's depth and thickness were the main dimensions used to deter-
mine the Tilapias identity. Three levels of water discharging or water escaping velocity (100, 375 and 500
LPM) and two inclinations of grader raceway (5° and 7°) were investigated. The grader performance was
demonstrated by studying the selectivity curve, selection range, individual mass mean selection and grad-
ing efficiency for each sieve. Maximum sieve grading efficiency achieved was of 97.87 % at 375 LPM and
5° grader inclination. Grader operational capacity was of 2,000 kg/h. This productivity can be achieved
manually by eight workers for three hours. The behavior of each sieve (allow to pass or retain) during
grading process towards each length or individual mass was modeled correspondingly with Logistic and
Richard models. Richard model was found to be the best fit model for all the investigated sieves.

1]
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