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EDITORIAL

Happy New Year 2018! We hope this year brings you a lot of happiness and success. Time
flies. It’s already the 18th year in the 21st century. Global population, which is now over 7.3
billion, continues to increase and will amount to over 9 billion in 2050. The growing num-
ber of population is accompanied by an increase in food demand, but the crop production
between 2017 and 2018 is expected to almost equal to the one in last year. The following is
roughly assumed production of each main commaodity in 2017 (unit is ton) - Rice: 502 mill.
Wheat: 743 mill. Maize: 1,054 mill. Sorghum: 59 mill. Oilseeds: 581 mill. Beef: 69,573
mill. Pork: 114,688 mill. Poultry: 117,717 mill. Dairy: 830,522 mill.

Currently, the workforce in agricultural sector is decreasing because of migration from
rural to urban area and aging. It’s an urgent matter especially in Japan. Nearly 80% of agri-
cultural engagement is over 60 years and there’s few expectation that additional workforce
will come from other industries. If we want to hold agriculture as it is, we have to increase
productivity by 5 times in 20 years. China faces similar problems. The share of urban popu-
lation is increasing, rural areas suffer lack of labor force and the average age of agricultural
engagement is over 63 years. The same things are going on in other countries. To solve
these issues, we need to promote mechanization with unpreceded technologies. Completely
innovative machinery such as an agricultural robot is sought in Japan. There was an agri-
cultural machinery exhibition in Wuhan, China last October. It attracted 2,000 exhibitors
and filled by lively air. Though the most of exhibitors were from China, there were a lot of
large-sized tractors with high hp. Novel machinery such as radio controlled mowers were
also exhibited. | was impressed by the momentum of agricultural mechanization in China
and the force of its facilitators, agricultural machinery industry. The Agritechnica was also
held in Germany in November. The trend of informatization was also seen there. Fendt
showed the first swarm robots in agricultural machinery sector and received great atten-
tion. The robots can work as a group and seed corn. The trend of upsizing is still going on.
Crawlers (tracks) have been widely used on big-sized tractors to prevent soil compaction
from before and these are started to be used on many big-sized combines, too.

When 1 started the publication of AMA in 1971, we decided to develop appropriate agri-
cultural machinery for farmers in the developing countries in cooperation with engineers
all over the world. However, smartphone, a high technology item, is used not only in the de-
veloped countries but also in the developing countries. It means smartphone is an appropri-
ate technology for people in developing countries. This fact urges us to reconsider what ap-
propriate technology is that can readily be used in agriculture. In my opinion, agricultural
robot with user-friendly interface and low-price will be the new appropriate technology for
sure.

Let’s improve new agricultural mechanization which uses new technology such as Al for
agriculture.

Yoshisuke Kishida

Chief Editor
January, 2018
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Agricultural Mechanization in Southwestern China

during Transitional Period: A Case Study

by
Chen Jian
Professor

Southwest University
Beibei, Chongging 400716
CHINA

Abstract

Southwestern China is now in
transition from traditional agri-
culture to mechanized one. As a
case, all mechanized farm opera-
tions in Chongging were studied.
Cultivation mainly relies on power
tillers. Sowing, planting and har-
vesting are largely done using hu-
man power. Sowers are applied for
producing rapeseed and potato;
and transplanters and combines to
rice. Small sprayers, threshers, rice
mills, feed grinders, pumping sta-
tions and movable engine-pump
sets are widely exploited. To some
extent field transportation depends
on humans and animals. Only small
amounts of farm products are dried
with machinery. Relevant problems
were analyzed and recommenda-
tions were made in this paper.

Introduction

Southwestern China is composed
of Chongging, Sichuan, Guizhou,
Yunnan and Tibet and possesses an
area of around 2.35 million km?. Its
population was about 192.98 mil-
lion (NBSC, 2011). The primary
industry, i.e. agriculture, forestry,
animal husbandry and fishery, con-
tributed 8.4%, 12.3%, 12.7%, 14.2%

College of Engineering and Technology

and 15.9% of GDP in Chongqing,
Tibet, Guizhou, Sichuan and Yun-
nan respectively in 2011, all higher
than the country’s average of 10.0%
except Chongging (NBSC, 2012).

Recently, the issue of agricultural
mechanization in this region has got
attention mainly due to the follow-
ing reasons:

Firstly, rural people of the region
have poured in cities, making labor
shortage and some farm lands left
uncultivated. A survey showed that
until the end of 2006, in Chongging
7,063 thousand of farm labors, ac-
counting for 51.6% of the total, have
left the original areas, involving 549
thousand ha of farmland, and the
land uncultivated accumulated to
73 thousand ha of which about 60%
were resulted from farmers’ leaving
(Maohua et al., 2008). This causes
farm labor cost to rise and using
machinery becomes an economical
choice. For example, for harvest-
ing 667 m? of rice, the price of
manual handling has reached 100-
200 CNY (USD16.14-32.28) or more
whereas it has cost within 100 CNY
(USD16.14) to use harvesters (Mao-
hua et al., 2008).

Secondly, areas of mountains,
hills and plateaus account for more
than 2/3 of the total in China (Shian,
2001). This region has 54.2% of
population but only 30% of GDP of

the country. Among 31 provinces,
autonomous regions and municipali-
ties of Chinese mainland, there are
eleven where the ratio of mountain-
ous and hilly areas to cultivated
land area is higher than 60% and
the top four are all in the Southwest:
Guizhou (95.6%), Yunnan (92.3%),
Sichuan (91.4%) and Chongqing
(85.3%) (Xiwen, 2011). Undoubtedly
it is important to develop agricul-
tural mechanization in the region
for country’s food security, growth
of local economy and improvement
of ecological condition.

Finally, a gap in agricultural
mechanization, in terms of scale and
speed, between the plain areas and
mountainous and hilly areas, has
been formed and further expanded
(Xian, 2010). The crop comprehen-
sive mechanization level of cultivat-
ing, seeding and harvesting (CC-
MLCSH) is usually used in China
to indicate the level of agricultural
mechanization. It is obtained by
multiplying mechanization levels of
cultivating, seeding and harvesting
and their own weighted coefficients,
40%, 30% and 30% respectively,
and then adding them together. In
2010, the State Council of China
(SCC, 2010) set the country a goal
of reaching 55% and 65% of CC-
MLCSH in 2015 and 2020 respec-
tively. In 2011, the country’s CCM-
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LCSH was 57.17% and among 31
provinces, autonomous regions and
municipalities of Chinese mainland
plus the Xinjiang Production and
Construction Corps, concerning the
index, the first one was the Xinjiang
Production and Construction Corps,
achieving 91.54%, whereas Gui-
zhou, Chongging, Sichuan, Yunnan
and Tibet came in the first, second,
ninth, tenth and fourteenth from
the bottom, only reaching 16.74%,
33.05%, 40.96%, 41.38% and 56.11%
(AMMDMA, 2012) respectively,
showing that the most main difficul-
ty of China’s attaining the set goal
lies in improving the mechanization
in the Southwest.

In 2007 the Chinese Ministry of
Agriculture chose Chongging as the
first, only one until now, the Com-
prehensive Demonstration Base
of Agricultural Mechanization of
China (CDBAMC) (Yu, 2007), hop-
ing the municipality to find out a
way of accomplishing agricultural
mechanization in mountainous and
hilly areas.

Chonggqing is situated at 105°17'-
110°11' E and 28°10'-32°13' N, at the
transitional area between the Qing-
hai-Tibet Plateau and the plain on
the middle and lower reaches of the
Yangtze River (Anonymous, 2007)
and covers a land area of 82.3 thou-
sand km?2. Its population was about
28.85 million in 2010 (NBSC, 2011).
There are 560 kinds of cultivated
plants, mainly rice, corn, wheat,
rapeseed and potato (Anonymous,
2013).

Chongging has two features, con-
cerning agricultural mechanization.
One is its topography. Mountains,
hills and plains account 76%, 22%,
and 2% of its territory respectively
(Anonymous, 2013) while the other
involves its relative developed man-
ufacturing. Since its first power til-
ler was produced in 1998, the small
agricultural equipment industry has
developed. Over 200 enterprises
now manufacture various farm
power and machinery. Its output of
the power tiller accounts over 70%

of total in the country (Cheng et al.,
2012). In 2011 it put forward a target
of being the country's largest manu-
facturing base of small agricultural
machinery in 2020 (Longju, 2011).

Having these two features gave
the municipality advantages over
other cities of the country in re-
searching, developing, manufactur-
ing, extending and improving small
farm machinery.

Cultivation

Of all farming operations, cul-
tivation is mostly mechanized. In
2011 mechanization levels of this
operation for planting rice, wheat,
corn, cotton, rapeseed, soybean,
potato and peanut attained 93.26%,
89.61%, 86.28%,76.92% , 70.86%,
68.16%, 55.66% and 29.41%
respectively(AMMDMA, 2012).
This is largely due to the extension
of Chongqing’s original power tiller.
The machine, being 51-150 kg and
powered with diesel or gasoline en-
gine of 2.2-6.3 kW, can achieve till-
ing depth of 10-16 cm, tilling width
of 55-135 c¢cm and efficiency of 220-
540 m2 h (Jian et al., 2014). This
kind of cultivator, mainly used for
landscape gardening in developed
counties, is primary mechanical im-
plement for farm tillage in Chongg-
ing.

However, following three prob-
lems exist in use of the machine:

1. High labor intensity;
2. Intense vibration (Ragni et al.,

1999); and
3. Low efficiency.

In some plain areas or when open-
ing up wastelands, farmers use large
(>50 ps), medium-sized (20-50 ps)
or small (3-20 ps) tractors with roto-
cultivators or plows in order to ob-
tain higher efficiency and profit or
deeper cultivated soil.

Seeding and Planting

Machinery contributes a little
to seeding or planting. In 2011
mechanization levels of the opera-
tion for rice, rapeseed and potato
were 17.10%, 0.39% and 0.03% re-

spectively, and sowing wheat, corn,

soybean, peanut and cotton were

almost completely done using labors
with traditional tools (AMMDMA,

2012).

Two categories of machines are
exploited to plant rice. One is the
transplanter and the other is the
sower. There are three kinds of
transplanters. The first is the two-
row walking transplanter, originally
from Japan’s ISEKI. It is about 90
kg, can be operated by a single per-
son and is suitable to small fields,
but has low efficiency, high price
and is inconvenient to handle, due
to the single wheel. The second is
the KUBOTA'’s original four-row
walking transplanter. It has advan-
tages of high efficiency and being
easier to operate but disadvantages
of heavier weight, which make it
more difficult to transfer. The last
one, also originally from Japan, is
the six-row riding transplanter. Be-
ing more comfortable to operate
and having higher efficiency, it is
welcome where the field and road
conditions permit. In Chongging,
however, few areas can meet the
conditions required and its applica-
tion is very limited.

In a few farms the ten-row rice
sower is used.

A lot of effort has been spent re-
cently to extend rice transplanters,
but with little effect. The main rea-
sons are:

1. Irregularly raising seedlings;

2. Difficulties and troubles in adopt-
ing mechanical transplanting
technology;

3. Lacks of technical workers or
supplies of spare parts;

4. Inconvenient to transfer; and

5. High price.

Occasionally rapeseed is sowed
with four-row seeders and potato
with two-row seeders.

Inter-cultural Operations

Three types of sprayers are used
to prevent and control plant diseas-
es, such as the rice blast, and elimi-
nate pests, such as the borer. The
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manual sprayer is cheap, portable,
but not so good in spraying qual-
ity. The second one, being about
11 kg and powered by a gasoline
engine of around 1 kW, with relative
high efficiency and good spraying
quality, is often used to deal with
single disease or pest on large areas.
However, it makes noise and is eas-
ily damaged. And the last one, the
electric sprayer powered with bat-
teries of 12 V, being about 5 kg and
having a working pressure of about
0.4 MPa, is convenient to use and
has a good performance. But the du-
rability of the battery is in need of
improvement.

In 2013, one kind of small pilot-
less helicopter was introduced for
spraying and got attention. The
machine, powered by batteries,
controlled on ground, carrying 5-10
liters of chemicals and costing 40-
100 thousand CNY (USD 6.46-16.14
thousand), is suitable for mountain-
ous and hilly areas. However, its
single function, high price and short
lasting working time will probably
hamper its spread.

Basically, there are not appropri-
ate machinery for weed control and
fertilization.

Harvesting and Threshing

There are a wide variety of
harvest methods, including using
labors, animal power, harvesters,
combines and their combinations.
In 2011, the mechanized harvest-
ing level of rice was the highest,
reaching 35.94%; followed by that
of wheat, 3.62%); of rapeseed, 0.19%
and of potato, 0.02%. Other crops,
such as corn, soybean, peanut and
cotton are almost totally harvested
with traditional tools (AMMDMA,
2012).

The two, four or six rows of semi-
fed or full-fed combines mainly
originally from Japan’s KUBOTA,
YANMAR and ISEKI are utilized
to harvest rice and wheat in plain ar-
eas, because of their high efficiency,
good performance and convenience
to operation. However, there are two

problems with them when applied in
the area. One is they cost too much
and the other is they are too heavy.
In Chongging there are some paddy
fields where the water is not drained
away during harvest season. So
they are too soft to bear combine’s
weight. In addition, because usu-
ally there are not tractor roads, it is
very difficult, even impossible to
transfer the machine. In some cases,
it expended more time in transfer-
ring than in harvesting. Therefore,
Chongqging’s origin two-row full-
fed combines are commonly used in
mountainous and hilly areas, owing
to their light weight, relatively con-
venient to transfer and cheapness.
However, their performances are
still in need of improvement, though
an obvious and steady progress has
been made.

Only small parts of rapeseed and
potato are mechanically harvested.
Main problems are that the machine
produces more rapeseed loss com-
pared with manual harvest and the
potato harvester cannot be adapted
well on sloping fields and heavy and
sticky soil.

Corn harvesting with machines
has just been under way. Various
soils, weathers, species, cropping
methods and corn uses have brought
troubles to the development and ap-
plication of harvesters.

There are two main types of
threshers commonly utilized. One is
powered by a small gasoline or die-
sel engine or electric motor of 1-2
kW for processing rice and wheat in
fields and the other is usually pow-
ered by an electric motor of below
1 kW for corn threshing in court-
yards.

Rapeseed is mainly threshed with
traditional methods.

Irrigation
Irrigating equipment plays an im-

portant role. This is because:

1. Rainfall usually can not meet the
requirements of plants for water,
there are frequent droughts, and
therefore rice, vegetables, fruits,

etc. must be irrigated; and
2. A large number of farming fields

are higher than rivers, reservoirs

and ponds.

Since 1960’ a lot of small pump-
ing stations have been built. Usually
each of them is electrically powered
with less than 1 MW and provides
less than 10 m?%s of water. Multi-
stage stations are often needed for
a high pump lift. Occasionally it
is higher than 100 meters. In 2011,
there were 3,609 stations, 891 thou-
sands motors and 954 thousands
pumps (CMBS & NBSSOC, 2012).
However, of existing stations, 60%
have been used for more than 30
years, 40% are ill-equipped perenni-
ally and 15% can not work any more
(Maohua et al., 2008). As a result,
reduction of crop output will occur
when drought arrives. Therefore,
the reformation of pumping stations
which began in about 2000 remains
a task to be fulfilled.

As a supplement, movable gaso-
line engine (about 1kW)-pump sets,
are widely utilized, especially dur-
ing drought seasons.

It was estimated that 447.43 thou-
sand hectare of areas were irrigated
with pumps in 2011 (AMMDMA,
2012).

Three types of equipment for wa-
ter-saving irrigation, i.e. sprinkler,
drip and micro sprinkler irrigation
are utilized, mainly in greenhouses
or for vegetables and fruits. Howev-
er, they covered only 27.32 thousand
hectare in 2011 (AMMDMA, 2011).
Main reasons lie in their high cost
for both construction and operation
and the irrigating system being eas-
ily blocked or damaged.

Replacement of canals with pipes
is currently a saving water irrigating
technology most widely extended.

Transportation

Transportation within and be-
tween fields, and between farmer’s
house and fields, depends on labors,
animals, motorcycles, rickshaws,
electric cars, tractors and automo-
biles. However, manual handling
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and animal power still account for a
considerable share. Currently only
older people, women and children
have remained for doing farming
works. Carrying goods has become
a serious problem to be urgently
solved, especially fruits, because
fruit trees are usually planted in
mountains and hills where transpor-
tation is more difficult. For this is-
sue, cableway, monorail and double
track have just been introduced for
test and demonstration. However,
owning to their high cost and com-
monly quite irregular orchards, a
considerable work has to be done
for the application of these technolo-
gies.

Drying

Natural drying methods are still
mostly used. The tower dryer and
rotary dryer are primarily for rice
and corn. The cash crops, such as
chili, pepper and Chinese herbal
medicine, such as coptis and honey-
suckle are dried with locally made
equipment.

Processing Operation

Although there are various farm
products, those processed are lim-
ited. Small mills and grinders are
mostly utilized. The former are used
to process rice for food of farmers
themselves, and the latter to process
corn for producing pig feed.

Main Problems

Since Chongqging became CD-
BAMC in 2007, its CCMLCSH rose
from 13.23% then to 33.05% in 2011,
demonstrating a considerable head-
way has been made. However, the
course is now confronted with sev-
eral difficulties. This is manifested
in the fact that farmers’ increasing
requirements for power and machin-
ery, in terms of their types, quality,
reliability, prices and performance,
resulting from the decreasing labors
and the increasing demand for crop
output, can not be met. The main
reason is that after seven years,
except for the last increase in agri-

cultural machinery subsidies from

governments since 2004 when the

Agricultural Mechanization Promo-

tion Law was passed, the following

nine problems have not been solved,
even to some extent remain un-
changed.

1. Fields are commonly small, ir-
regular and scattered on terraced
hillsides, and some of them are
soaked in water perennially.

2. Mechanization infrastructure is
generally seriously imperfect.

3. Farmers’ capacity for purchasing
machinery is very limited.

4. A majority of farms are not spe-
cialized.

5. The land area per household is
small and farmers’ lands are usu-
ally separated into several differ-
ent parts.

6. There are a variety of soils, spe-
cies, cropping modes and crop
uses.

7. Machinery and agro-technigques
do not match each other well.

8. Service system is in need of con-
struction or improvement.

9. The capability to innovate, re-
search and develop farming ma-
chinery is very limited.

Recommendations

For further promotion of agricul-
tural mechanization in Chongging,
it is absolutely necessary to match
well all essential elements of agri-
cultural production system when the
machinery is introduced.

Mountainous and hilly areas in
Japan, South Korea and Chinese
Taiwan as well as Chongqging ac-
count for 2/3 or more of their own
total. The three have early success-
fully realized agricultural mecha-
nization. Their experience is worth
for reference, because the problems
Chongging is facing today are al-
most exactly what they had previ-
ously faced.
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Abstract

An appropriate machine proto-
type was developed and evaluated
for densification of rice straw with
molasses into animal feed blocks,
to enable efficient utilization of
rice straw, and to improve the feed
bulk handling, transportation, and
storage properties. The prototype
machine involved two main parts
namely: hydraulic press and com-
pactor parts (mold, rammer and
free base). The raw material feed
samples were densified under the ef-
fects of four pressure levels (24.52,
34.32, 44.13 and 53.94 MPa), two
geometrical mold shapes (cube
and cuboid), four molasses content
levels (4, 6, 8 and 10%), and three
moisture content levels (about 10.32,
13.41 and 16.58%, w.b.) by a piston-
mold process. The properties of
the densified animal feed blocks
were illustrated with respect to
bulk density, densification degree,
resiliency, durability and stiffness.
Also the performance of densifica-
tion prototype machine was evalu-
ated in terms of its productivity and
cost unit. Results indicated that the
optimum conditions for producing
good quality densified feed blocks
were obtained by applying hydrau-
lic pressure of 53.94 MPa, molasses
content of 10% and straw moisture

content of 16.58%. As densification
process was carried out respectively
in cube and cuboid molds under
these variable levels, the produced
feed blocks exhibited respectively:
bulk densities of 659.87 and 632.04
kg/m?, densification degrees of
281.41% and 265.32% and resiliency
of 8.35% and 10.03%. The results
also indicated that the highest dura-
bility values of 99.27% and 96.92%
were respectively obtained for both
densified cube and cuboid blocks at
moisture content of 10.32%, com-
pression pressure of 53.94 MPa and
molasses content of 10%. At the
same mentioned densification con-
ditions, the highest block stiffness
values of 385.22 N and 380.86 N
were obtained respectively for both
densified cube and cuboid blocks.
For choosing a proper geometrical
mold shape, the results reveled that
the densified cube blocks were high
stability compressed blocks com-
pared to cuboid blocks. The average
productivity of the investigated feed
block formation equipments was
60 feed block/h (45 kg/h) while, the
machinery unit cost was about 8.144
LE/h (0.18097 LE/kg).

Introduction
Crop production in Egypt has

achieved new feats. This has simul-
taneously led to increased produc-
tion of crop residue (e.g. rice straw),
which are usually considered as
waste despite their huge potential
for utilization as fuel, feed and
chemicals. The major problem asso-
ciated with the residues is their low
bulk density, which causes a serious
problem in their handling and trans-
portation. This leads to the prob-
lem of residue disposal during the
harvest season. Consequently, most
farmers prefer to burn it in the field,
which leads to environmental pol-
lution and loss of income that could
otherwise be realized through their
potential use. It is, therefore, felt
that densification of these residues
to an economical level is very im-
portant for their further use. There
are several densified technologies
like briquetting, pelleting and baling
which are in use in Egypt. However,
these processes have been found to
be useful for crop residues only to a
limited extent. In a hunt for a better
process, animal nutrition experts,
through previous researches have
suggested that the crop residue could
profitably be used as animal feed by
mixing with diet supplements like
concentrates, molasses and mineral
mixtures and densifying the mix-
ture (AbouElmaged et al., 2003;
AboSalim and Bendary, 2005 and
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Ghanem et al., 2005). However, lack
of a suitable machines for crop resi-
dues densification into animal feed
blocks. O’Dogherty and Wheeler
(1984) studied the compression of
straw and grass in the closed dies at
pressures in the range of 12-31 MPa
and established a pressure density
relation for the straw and reported
the optimum moisture content for
the wafer formation as 10-20%
(w.b.). Ferrero et al. (1990) reported
that the pressure-density behaviour
of wheat, barley and rice straws of
different moisture contents dur-
ing compression in a cylindrical
die at pressures of 20-100 MPa. It
was also reported that up to 6MPa
pressure range, the relationship
between density and pressure was
linear, beyond which nonlinear re-
lationship appeared. Durability or
abrasive resistance test simulates
either mechanical or pneumatic han-
dling. These tests can help control
the densification process and thus,
block quality in the feed manufac-
turing industry. In the feed industry,
high durability means high quality
blocks (Kaliyan and Vance Morey,
2009). Al-Widyan et al. (2002)
studied the quality of the densified
products in terms of briquette/pel-
let durability and stability. Highly
durable and stable pellets/briquettes
are less susceptible to breakage
during handling, transportation
and storage. A durability index is
determined to simulate the ability
of pelleted and cubed material to
withstand the impact force and vi-
bration generated during handling.
Stability is the ability of the product
to maintain its initial dimension
and shape. Ndiema et al. (2002) re-
ported that there was considerable
influence of the die pressure on the
size and form of briquettes. For a
given die size and storage condition,
there was a maximum die pres-
sure of 80 MPa beyond which no
significant gain in the cohesion of
briquette could be achieved. Singh
et al. (2002) reported a minimum
4-5 times increase in bulk density of

roughage-based feed materials, with
an increase in compression pres-
sure from 21 to 42 MPa during the
densification process in the form of
blocks. Compaction is the process
of densification that decreases the
pore size and porosity and causes
particle rearrangement by means of
impact energy. The compaction of
agricultural residues is a value add-
ing process. Compaction of straw
from different crops, with additives
of molasses, minerals, concentrates
and other diet supplement, into
animal feed blocks and pellets is
highly useful in animal nutrition
management, transportability and
storage. Nutritionally, molasses is
used as an energy source. Molasses
is a useful ingredient for improving
the palatability/digestibility of the
diet and serving as a binder. In pel-
lets or blocks production for animal
feed, binders are allowed but need
to be specified as part of the final
product. Examples of good binding
materials are molasses, starch, fish
waste, manure and maize or wheat
bran. Compaction of fodders and
straws into large blocks could save
the storage space and transportation
cost by the same factor as achieved
in the compaction process (Sarwar
et al., 2002; Khan et al., 2003 and
Tumuluru et al., 2010). Therefore,
the general objective of the present
study was to manufacture and eval-
uate the densification performance
of local equipments for animal feed
block formation from rice straw,
while the specific objectives were:

e Develop a vertical hydraulic press
with a piston/mold parts as densi-
fication prototype machine.

e Determine the optimum con-
ditions for densification, with
respect to applied hydraulic pres-
sure level, moisture level, molas-
ses additive level and also the
geometrical shape of formation
mold.

e Evaluate some the physical prop-
erties of the compressed blocks.

e Estimate the productivity and unit
machinery cost of feed block for-

mation equipments.

Materials and Methods

The densification prototype ma-
chine was developed based on the
principle of hydraulic compression
for making feed blocks. Whereas,
a vertical hydraulic press with a
piston-mold equipment was used as
the compactor.

Hydraulic Press, Molds and Ram-
mers

A hydraulic press is a machine us-
ing a hydraulic cylinder to generate
a compressive force. The Japanese
type hydraulic press (Model No.,
HP-50E) was used in this work. It
consisted of a cylinder fitted with a
piston that uses fluid (hydraulic oil)
under pressure to exert a compres-
sive force upon a stationary anvil or
base plate. The fluid is forced into
the cylinder by a pump. Hydraulic
press includes four legs mounted on
a pair feet connected at the bottom
by a cross brace. It has loads capac-
ity to apply pressure up to 58.48
MPa (600 kg/cm?). Molds and ram-
mers were manufactured to form the
animal feed blocks. These were fab-
ricated at private workshop in Ka-
frelsheikh Governorate, Egypt. Two
geometrical shapes of mold namely:
cube and cuboid were used in this
research. Molds were built from
iron sheet with 4 mm thick. The di-
mensions of the cube mold were 17
x 17 cm of cross-sectional area and
15cm high. Four cubic molds were
formed and were constructed as one
unit to produce four blocks of ani-
mal feed at the same time. While,
the cuboid shaped mold had a cross-
sectional area of 12 x 24.083 cm
and 15 cm high. Also, four cuboid
shaped molds were formed and were
fabricated as one unit to produce
four blocks with each other. Two
molds (cube and cuboid) have equal
values from the calculated area and
total volume. The plungers were
constructed of the welded steel an-
gles 50 x 50 mm with four rammers
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from flat iron sheet (5 mm thick) to
fit into the compaction molds for
load application. The vertical load
was applied manually on the sample
until the desired pressure level was
achieved. The pressure was read
off the dial of a pressure gauge.
The block samples were made by
compressing the rice straw/molasses
with a piston and molds assembly.
These procedures are done by plac-
ing the molds on the table of the hy-
draulic press, aligning the plungers/
rammers with the location on the
molds where the procedure needs to
be done and placing the piston into
motion (manually) and the proce-
dure is accomplished (Figs. 1, 2 and
3).

Raw Material

Rice straw (Sakha 101 variety)
samples were collected and dried in

'1

'

M #

R -

\/</\/ ------- 4

ST -

a solar dryer (passive aeration type)
until the desired moisture contents
of about 10.32, 13.41 and 16.58%,
w.b. was obtained. The dried straw
samples were chopped into about
1-3 cm segments to be tested in all
the experimental treatments. Dif-
ferent proportions of sugarcane
molasses (4, 6, 8 and 10%, from
mass of rice straw) were mixed with
rice straw for various its moisture
content. It was regarded that the
maximum molasses content was
kept such that no oozing of molasses
was caused through application of
high pressure level. To study the op-
timum conditions for densification
and also the compression character-
istics for rice straw with molasses,
special regime of experiments were
carried out during the year of 2014
at Rice Mechanization Center, Meet
El-Deeba, Kafrelsheikh Governor-

ate, Egypt.

Investigated Variables:

The plan of the group of experi-
ments was essentially designed and
carried out to acquire some indica-
tors which would evaluate the pis-
ton-mold process by the hydraulic
press. Those indicators are the phys-
ical characteristics of the compact
blocks, such as bulk density, densifi-
cation degree, resiliency, durability
and stiffness under the investigated
variables. The Investigated variables
and their levels were as follows:

e Two geometrical shapes of mold
namely: cube and cuboid;

e Four compression pressures of
24.52, 34.32, 44.13 and 53.94
MPa;

o Four molasses content of 4, 6, 8
and 10%. and,

e Three moisture content of rice

Dims. Incm
1- Pressure. 4- Rammer. 7- Free base.
2- Pressure plate.  5- Cube molds.
3- Plunger. 6- Cuboid molds.

Fig. 1 Engineering drawing of the cube and cuboid molds
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Fig. 2 Photographs view of the cube and cuboid molds

Dims. In cm Az
1
e 81 -
ELEVATION SIDE

1- Qil tube. 7- Plunger. 13- Work table.
2- Pressure gauge. 8- Rammer. 14- Cube molds.
3- Pump handle. 9- Free base. 15- Press head.
4- Release valve. 10- Table pin. 16- Hand wheel.
5- Extension screw.  11- Frame. 17- Raw material.
6- Pressure plate. 12- Press feet.

Fig. 3 Schematic diagram of the hydraulic press with cube

molds
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straw of about 10.32, 13.41 and
16.58%, w.b.

Measurements

Moisture content of rice straw
The moisture content of rice straw

was determined before densification

process, using the oven method (at
about 70°C to constant mass) ac-

cording to ASAE standard, 1998.

Bulk density of feed blocks:

Bulk density is an indicator of
savings in storage area, transpor-
tation space and cost of blocks.
The bulk density of the compacted
blocks was calculated with the
sample mass and the measured
volume in each treatment. The vol-
ume was determined by the cross
sectional area and thickness vari-
ables of the blocks. The thickness
of blocks, which varies during post-
compression recovery, after 24 h
was used to calculate the stable den-
sity of blocks according to Singh, et
al., 2005 and Jha et al., 2008. The
bulk density of the un-compacted
samples (initial bulk density) of the
chopped rice straw was evaluated at
different levels of molasses content
and moisture content. The average
determined initial bulk density was
about 173.01+1.384 kg/m?®. The un-
compacted density was used for the
comparisons with the bulk density
of the corresponding compacted
blocks.

Densification degree of feed blocks
Degree of densification is defined

as percent increase in density of

blocks due to compressing. Degree
of densification represented ability
of material to get binding effect,
that degree was determined accord-

ing to Ghorpade and Moule, 2006,

using equation, 1.

Densification degree = {(Bulk den-
sity of feed block - Initial bulk
density) / Initial bulk density}
100, %0 oo @)

Resiliency of feed blocks
After the block was removed from

the compaction mold, the resiliency

(length recovery) was measured

with time varying from 5 min to 24

h. Resiliency indicates the elastic
property of the material. It was de-
termined as the ratio of increase in
thickness to the initial thickness of
the block (equation, 2). The thick-
ness of the blocks, which varied
with time, was measured initially
at 5 min intervals up to 30 min and
then after 24 h according to the
method of Singh, et al., 2005 and

Jha et al., 2008.

Resiliency = {(Thickness of stabi-
lized block - Initial thickness of
block) / Initail thickness of block}
X 100, % eoveeeeeeeeeeeerevvesvvssssssrsnnnnnnns )

Durability of feed blocks
Durability is the most important

aspect of block quality. It means

the ability of blocks to withstand
the rigors of handling and delivery

without breaking-up (Payne, 2006).

The durability of blocks was deter-

mined according to ASAE standard,

1998. The tumbling device was

used for testing purpose under 40

rpm for three minutes and after 24 h

from forming blocks. The durability

index was calculated by using the
following equation:

Durability index = (Mass of sound
block after tumbling) / Mass of
block before tumbling) x 100, %

Stiffness of feed blocks

Stiffness reflects the degree of
binding. It was measured as the
maximum force (Newton) recorded
while the dry feed block was broken
by a portable stiffness tester (Mod-
el, 174866-Kiyo-Seisakusho, L.T.D,
Japan).

Productivity

The productivity of formation
equipments was determined with
the average mass (or number) of the
feed blocks and the calculated den-
sification time.

Cost
Fixed costs

a- Depreciation: Declining bal-
ance method was used to determine
the depreciation (Hunt, 1983). In
this method the depreciation value

is different for every year of the
machines life (hydraulic press and
molds combination).

b- Interest on investment, shelter
taxes and insurance: They were es-
timated as 17.5% of the remaining
value.

Variable costs

Variable costs include the cost of
repairs and maintenance, hydraulic
oil and labor. For machinery, repairs
and maintenance is about 5.77% as a
percent of purchase price.
Machinery unit cost

It calculated by using the follow-
ing formula:

Machinery unit cost = (Total cost /

Productivity), LE / ton ............... @)

Results and Discussion

Bulk Density of Feed Blocks

Fig. 4 illustrates the effect of
compression pressure, molasses
content and rice straw moisture con-
tent for both cube and cuboid molds
on bulk density of feed blocks. For
cube mold, it can be observed that,
the increase in compression pres-
sure from 24.52 to 53.94 MPa leads
to increase the blocks bulk density
from 260.48 to 346.67, from 315.24
to 401.56 and from 384.48 to 477.46
kg/m? with molasses content of 4%
and rice straw moisture content of
10.32, 13.41 and 16.58%, respec-
tively. Also, the same increase in
compression pressure increased
the blocks bulk density of cuboid
mold from 254.03 to 320.23, from
298.79 to 395.11 and from 382.45
to 470.01 kg/m? at the same above
mentioned conditions, respectively.
The same trend was obtained with
other molasses content for cube and
cuboid molds. In the same man-
ner, for cube mold, the increase of
rice straw moisture content from
10.32 to 16.58% leads to increase
the blocks bulk density from 260.48
to 384.48, from 281.86 to 433.76,
from 302.58 to 454.18 and from
346.67 to 477.46 kg/m® with molas-
ses content of 4% and compression
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pressure of 24.52, 34.32, 44.13 and
53.94 MPa, respectively. Also, the
same increase of rice straw mois-
ture content increased the blocks
bulk density of cuboid mold from
254.03 to 382.45, from 267.51 to
405.64, from 298.13 to 447.73 and
from 320.23 to 470.01 kg/m? at the
same above mentioned conditions,
respectively. The same results were
obtained with other molasses con-
tent for cube and cuboid molds. On
the other hand, for cube mold, the
increase of molasses content from 4
to 10% leads to increase the blocks
bulk density from 260.48 to 373.52,
from 315.24 to 440.42 and from
384.48 to 524.23 kg/m® with com-
pression pressure of 24.52 MPa and
rice straw moisture content of 10.32,
13.41 and 16.58%, respectively.
Also, the same increase of molasses
content increased the blocks bulk
density of cuboid mold from 254.03
to 371.51, from 298.79 to 426.46 and
from 382.45 to 508.88 kg/m? at the
same above mentioned conditions,
respectively. The same trend was
obtained with other compression
pressure for cube and cuboid molds.
Briefly, it was noticed that the high-
est values of blocks bulk density of
cube and cuboid molds were found
to be 659.87 and 632.04 kg/mé, re-
spectively, at compression pressure
of 53.94 MPa, molasses content of
10% and rice straw moisture content
of 16.58%. Comparing the highest
values of blocks bulk density for
cube and cuboid molds, the results
showed that, the value of block bulk
density for cube mold was higher
than that of cuboid mold by 4.4% at
the same above mentioned condi-
tions. In the opposite side, the low-
est values of blocks bulk density of
cube and cuboid molds were reached
260.48 and 254.03 kg/m?, respec-
tively, at compression pressure of
24.52 MPa, molasses content of 4%
and rice straw moisture content of
10.32%. Comparing the lowest val-
ues of blocks bulk density for cube
and cuboid molds, the data showed
that, the value of block bulk density

for cube mold was higher than that
of cuboid mold by 2.5% at the same
above mentioned conditions. Even-
tually, for both cube and cuboid
molds, the increase in compress-
ibility of rice straw with increasing
molasses and moisture contents
has been attributed to the increase
in cohesion and adhesion force
between the compressed material
due to increased formation of liquid
bridges between the particles, also
rice straw become softer and there-
fore deform more when they adsorb
moisture. In addition, more of the
void space is expelled when pres-
sure is increased, hence the increase
in compressibility. The results indi-
cated that the cube mold was found
to be the most appropriate for high

stability compressed blocks. This
may be due to pressure distribution
of cube mould on cross-sectional
area was better than cuboid mould.

Densification Degree of Feed
Blocks

The influences of compression
pressure, molasses content and rice
straw moisture content for both cube
and cuboid molds on densification
degree of feed blocks are shown in
Fig. 5. General trend was observed
where the blocks densification de-
gree increased by increasing the
compression pressure at constant
molasses content and rice straw
moisture content. For cube mold, it
can be observed that, the increase
of compression pressure from 24.52
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Fig. 4 Effect of compression pressure, molasses content and rice straw moisture
content on block bulk density for cube and cuboid molds.
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to 53.94 MPa leads to increase the
blocks densification degree from
50.56 to 100.38, from 82.21 to
132.10 and from 122.23 to 175.97%
with molasses content of 4% and
rice straw moisture content of 10.32,
13.41 and 16.58%, respectively.
Also, the same increase of compres-
sion pressure increased the blocks
densification degree of cuboid mold
from 46.83 to 85.09, from 72.70 to
128.37 and from 121.06 to 171.67%
at the same above mentioned condi-
tions, respectively. The same trend
was obtained with other molasses
content for cube and cuboid molds.
For cube mold, the increase of

rice straw moisture content from
10.32 to 16.58% leads to increase
the blocks densification degree
from 50.56 to 122.23, from 62.92
to 150.71, from 74.89 to 162.52 and
from 100.38 to 175.97% with molas-
ses content of 4% and compression
pressure of 24.52, 34.32, 44.13 and
53.94 MPa, respectively. Also, the
same increase of rice straw mois-
ture content increased the blocks
densification degree of cuboid mold
from 46.83 to 121.06, from 54.62
to 134.46, from 72.32 to 158.79
and from 85.09 to 171.67% at the
same above mentioned conditions,
respectively. The same results were
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Fig. 5 Effect of compression pressure, molasses content and rice straw moisture
content on block densification degree for cube and cuboid molds

obtained with other molasses con-
tent for cube and cuboid molds. In
the same manner, for cube mold, the
increase of molasses content from 4
to 10% leads to increase the blocks
densification degree from 50.56 to
115.90, from 82.21 to 154.56 and
from 122.23 to 203.01% with com-
pression pressure of 24.52 MPa and
rice straw moisture content of 10.32,
13.41 and 16.58%, respectively.
Also, the same increase of molas-
ses content increased the blocks
densification degree of cuboid mold
from 46.83 to 114.73, from 72.70 to
146.49 and from 121.06 to 194.13%
at the same above mentioned condi-
tions, respectively. In general, it was
noticed that the highest values of
blocks densification degree of cube
and cuboid molds were found to be
281.41 and 265.32%, respectively, at
compression pressure of 53.94 MPa,
molasses content of 10% and rice
straw moisture content of 16.58%.
Comparing the highest values of
blocks densification degree for
cube and cuboid molds, the results
showed that, the value of block den-
sification degree for cube mold was
higher than that of cuboid mold by
6.1% at the same above mentioned
conditions. On the other hand, the
lowest values of blocks densification
degree of cube and cuboid molds
were reached 50.56 and 46.83%, re-
spectively, at compression pressure
of 24.52 MPa, molasses content of
4% and rice straw moisture content
of 10.32%. Comparing the lowest
values of blocks densification de-
gree for cube and cuboid molds, the
data showed that, the value of block
densification degree for cube mold
was higher than that of cuboid mold
by 8% at the same above mentioned
conditions.

Resiliency of Feed Blocks

Data presented in Fig. 6 illus-
trates the impact of compression
pressure, molasses content and rice
straw moisture content for both
cube and cuboid molds on feed
blocks resiliency. For cube mold, it
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can be observed that, the increase
of compression pressure from 24.52
to 53.94 MPa lead to decrease the
blocks resiliency from 25.35 to
21.41, from 23.88 to 19.94 and from
19.45 to 15.48% with molasses con-
tent of 4% and rice straw moisture
content of 10.32, 13.41 and 16.58%,
respectively. Also, the same increase
of compression pressure decreased
the blocks resiliency of cuboid mold
from 28.04 to 23.53, from 26.12 to
22.26 and from 22.20 to 17.34% at
the same above mentioned condi-
tions, respectively. The same trend
was obtained with other molasses
content for cube and cuboid molds.
In the same manner, for cube mold,
the increase of rice straw moisture

content from 10.32 to 16.58% leads
to decrease the blocks resiliency
from 25.35 to 19.45, from 23.65
to 17.72, from 22.75 to 16.82 and
from 21.41 to 15.48% with molas-
ses content of 4% and compression
pressure of 24.52, 34.32, 44.13 and
53.94MPa, respectively. Also, the
same increase of rice straw mois-
ture content decreased the blocks
resiliency of cuboid mold from
28.04 to 22.20, from 26.39 to 19.79,
from 24.98 to 18.89 and from 23.53
to 17.34% at the same above men-
tioned conditions, respectively. The
same results were obtained with
other molasses content for cube and
cuboid molds. On the other hand, for
cube mold, the increase of molas-
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Fig. 6 Effect of compression pressure, molasses content and rice straw moisture
content on block resiliency for cube and cuboid molds

ses content from 4 to 10% leads to
decrease the blocks resiliency from
25.35 to 19.57, from 23.88 to 18.17
and from 19.45 to 13.64% with com-
pression pressure of 24.52 MPa and
rice straw moisture content of 10.32,
13.41 and 16.58%, respectively.
Also, the same increase of molasses
content decreased the blocks resil-
iency of cuboid mold from 28.04 to
21.86, from 26.12 to 19.73 and from
22.20 to 16.09% at the same above
mentioned conditions, respectively.
The same trend was obtained with
other compression pressure for cube
and cuboid molds. Generally, it was
noticed that the lowest values of
blocks resiliency of cube and cuboid
molds were found to be 8.35 and
10.03%, respectively, at compression
pressure of 53.94 MPa, molasses
content of 10% and rice straw mois-
ture content of 16.58%. Comparing
the lowest values of blocks resil-
iency for cube and cuboid molds,
the results showed that, the value
of block resiliency for cube mold
was less than that of cuboid mold
by 16.7% at the same above men-
tioned conditions. In the opposite
side, the highest values of blocks
resiliency of cube and cuboid molds
were reached 25.35 and 28.04%, re-
spectively, at compression pressure
of 24.52 MPa, molasses content of
4% and rice straw moisture content
of 10.32%. Comparing the highest
values of blocks resiliency for cube
and cuboid molds, the data showed
that, the value of block resiliency
for cube mold was less than that of
cuboid mold by 9.6% at the same
above mentioned conditions.

Durability of Feed Blocks

Fig. 7 explains the blocks dura-
bility as affected by compression
pressure for both cube and cuboid
molds at different levels of molasses
content and moisture content of rice
straw. For cube mold, it is conceiv-
able that, the increase of compres-
sion pressure from 24.52 to 53.94
MPa tends to increase the blocks
durability from 93.02 to 96.68, from
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92.07 to 94.85 and from 89.73 to
93.28% with molasses content of
4% and rice straw moisture content
of 10.32, 13.41 and 16.58%, respec-
tively. Also, the same increase of
compression pressure increased the
blocks durability of cuboid mold
from 91.03 to 93.98, from 88.82 to
92.87 and from 87.74 to 90.72% at
the same above mentioned condi-
tions, respectively. The same trend
was obtained with other molasses
content for cube and cuboid molds.
From the previous data it is evident
that, for cube mold, the increase of
rice straw moisture content from
10.32 to 16.58% tends to decrease
the blocks durability from 93.02 to
89.73, from 94.08 to 90.86, from

94.99 to 91.81 and from 96.68 to
93.28% with molasses content of
4% and compression pressure of
24,52, 34.32, 44.13 and 53.94 MPa,
respectively. Also, the same in-
crease of rice straw moisture con-
tent decreased the blocks durability
of cuboid mold from 91.03 to 87.74,
from 92.08 to 88.34, from 92.99 to
89.23 and from 93.98 to 90.72% at
the same above mentioned condi-
tions, respectively. The same results
were obtained with other molasses
content for cube and cuboid molds.
Moreover, for cube mold, the in-
crease of molasses content from 4
to 10% tends to increase the blocks
durability from 93.02 to 95.79, from
92.07 to 94.59 and from 89.73 to
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Fig. 7 Effect of compression pressure, molasses content and rice straw moisture
content on block durability for cube and cuboid molds

92.84% with compression pres-
sure of 24.52 MPa and rice straw
moisture content of 10.32, 13.41
and 16.58%, respectively. Also, the
same increase of molasses content
increased the blocks durability of
cuboid mold from 91.03 to 93.79,
from 88.82 to 92.61 and from 87.74
to 90.19% at the same above men-
tioned conditions, respectively. The
same trend was obtained with other
compression pressure for cube and
cuboid molds. Briefly, it was ob-
served that, the highest values of
blocks durability of cube and cuboid
molds were found to be 99.27 and
96.92%, respectively, at compres-
sion pressure of 53.94 MPa, molas-
ses content of 10% and rice straw
moisture content of 10.32%. Com-
paring the highest values of blocks
durability for cube and cuboid
molds, the results showed that, the
value of block durability for cube
mold was higher than that of cuboid
mold by 2.4% at the same above
mentioned conditions. In the oppo-
site side, the lowest values of blocks
durability of cube and cuboid molds
were reached 89.73 and 87.74, re-
spectively, at compression pressure
of 24.52 MPa, molasses content of
4% and rice straw moisture content
of 16.58%. Comparing the lowest
values of blocks durability for cube
and cuboid molds, the data showed
that, the value of block durability
for cube mold was higher than that
of cuboid mold by 2.3% at the same
above mentioned conditions.

Stiffness of Feed Blocks

Data presented in Fig. 8 illus-
trates the effect of compression
pressure, molasses content and rice
straw moisture content for both
cube and cuboid molds on feed
blocks stiffness. For cube mold, it
can be observed that, the increase
of compression pressure from 24.52
to 53.94 MPa tends to increase the
blocks stiffness from 371.24 to
380.32, from 365.42 to 374.79 and
from 358.46 to 367.92 N with mo-
lasses content of 4% and rice straw
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moisture content of 10.32, 13.41
and 16.58%, respectively. Also,
the same increase of compression
pressure increased the blocks stiff-
ness of cuboid mold from 367.41
to 375.63, from 360.93 to 368.45
and from 354.85 to 362.96 N at
the same above mentioned condi-
tions, respectively. The same trend
was obtained with other molasses
content for cube and cuboid molds.
From the previous data it is evident
that, for cube mold, the increase of
rice straw moisture content from
10.32 to 16.58% tends to decrease
the blocks stiffness from 371.24 to
358.46, from 374.19 to 361.62, from
377.81 to 364.75 and from 380.32
to 367.92 N with molasses content

of 4% and compression pressure of
24,52, 34.32, 44.13 and 53.94 MPa,
respectively. Also, the same in-
crease of rice straw moisture content
decreased the blocks stiffness of
cuboid mold from 367.41 to 354.85,
from 369.85 to 357.64, from 372.34
to 359.63 and from 375.63 to 362.96
N at the same above mentioned
conditions, respectively. The same
results were obtained with other mo-
lasses content for cube and cuboid
molds. On the other hand, for cube
mold, the increase of molasses con-
tent from 4 to 10% tends to increase
the blocks stiffness from 371.24 to
375.95, from 365.42 to 369.94 and
from 358.46 to 363.70 N with com-
pression pressure of 24.52 MPa and
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Fig. 8 Effect of compression pressure, molasses content and rice straw moisture
content on block stiffness for cube and cuboid molds

rice straw moisture content of 10.32,
13.41 and 16.58%, respectively.
Also, the same increase of molasses
content increased the blocks stiff-
ness of cuboid mold from 367.41 to
372.35, from 360.93 to 365.45 and
from 354.85 to 359.86N at the same
above mentioned conditions, respec-
tively. The same trend was obtained
with other compression pressure for
cube and cuboid molds. Generally,
it was observed that, the highest
values of blocks stiffness of cube
and cuboid molds were found to be
385.22 and 380.86 N, respectively, at
compression pressure of 53.94 MPa,
molasses content of 10% and rice
straw moisture content of 10.32%.
Comparing the highest values of
blocks stiffness for cube and cuboid
molds, the results showed that, the
value of block stiffness for cube
mold was higher than that of cuboid
mold by 1.1% at the same above
mentioned conditions. In the oppo-
site side, the lowest values of blocks
stiffness of cube and cuboid molds
were reached 358.46 and 354.85 N,
respectively, at compression pres-
sure of 24.52 MPa, molasses con-
tent of 4% and rice straw moisture
content of 16.58%. Comparing the
lowest values of blocks stiffness
for cube and cuboid molds, the data
showed that, the value of block stiff-
ness for cube mold was higher than
that of cuboid mold by 1% at the
same above mentioned conditions.

Productivity and Machinery Unit
Cost

For all operating conditions, the
time to produce four blocks was
about 0.0666h at one time, and the
average mass of the feed block was
about 0.75 kg. So, the average pro-
ductivity of the investigated feed
block formation equipment was 60
feed block/h (45 kg/h). The feed
blocks production cost using the
hydraulic press with the mold com-
bination are listed in Table 1. As
shown in the Table, the estimated
unit cost of the feed blocks using the
formation equipment was 8.144 LE/
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h, whilst the production cost per kg
of raw material was 0.18097 LE.

Conclusions

The following conclusions were
drawn from this study:

e A combination of compression
pressure of 53.94 MPa, molas-
ses content of 10% and 16.58%
moisture content of rice straw was
optimum. Under the optimum
settings of the variables, for cube
and cuboid molds, the feed blocks
produced had a bulk density of
659.87 and 632.04 kg/m?, den-
sification degree of 281.41 and
265.32% and resiliency of 8.35
and 10.03%, respectively.

e For cube and cuboid molds, the
highest values of blocks durabil-
ity were found to be 99.27 and
96.92%, respectively, at 10.32%
moisture content of rice straw,
53.94 MPa compression pressure
and 10% molasses content, and
also the highest values of blocks
stiffness were 385.22 and 380.86
N, respectively at the same previ-
ous conditions.

e Comparing between the two geo-
metrical shapes of mold, the cube
mold was found to be the most
appropriate for high stability com-

pressed blocks.

e The average productivity of the
investigated feed block formation
equipments was 60 feed block/h,
while the machinery unit cost was
about 8.144 LE/h.
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Abstract

Sorting of fresh fruits and vegeta-
bles is essential in order to minimize
post-harvest losses. In practice, it is
carried out by visual inspection or
destructive testing procedures; both
of which are labour and time in-
tensive processes. Hence, in recent
years, numerous research works
have focussed on developing rapid,
accurate and non-destructive tech-
niques for such applications. The
present work was aimed to develop
a sorting system prototype based on
non-destructive acoustic resonance
technique. The developed system
can sort fruits and vegetables into
different classes, based on acoustic
responses. The performance of the
system was evaluated by conducting
studies to determine the maturity
stages of sapota and to check the
presence of internal defects in brin-
jal. Results were in good agreement

(overall classification efficiency of
89% and 87% respectively) with
those obtained by conventional de-
structive testing procedures.

Keywords: Acoustic resonance;
non-destructive test; internal defect;
fruit firmness

Introduction

Fruit quality is dependent on both
internal (firmness, percent soluble
solids, percent acid content and pres-
ence or absence of internal defects)
and external (colour, shape, size and
external defects) attributes. These
factors decide the overall market ac-
ceptability and product value. Sort-
ing is a process that can categorize
agricultural produce into different
classes based on size, shape, texture
and colour. To overcome the prob-
lems encountered with destructive
testing procedures, several non-

destructive methods have been
developed by several researchers
over the last three decades. These
methods are based on the detection
of various physical characteristics
which correlate with certain quality
aspects of the produce. In most de-
veloping countries however, sorting
is a slow and laborious process that
is often done by visual inspection;
an approach that is highly prone to
errors and biased decisions. There
is a need for cost effective mechani-
cal sorting systems that can provide
rapid and accurate results in on-line
applications.

Acoustic resonance technique is
a non-destructive method which
takes its concept from indigenous
knowledge. Just as how the quality
of coconut or watermelon is judged
from the sound produced on tap-
ping, this technique can predict the
quality of fruits and vegetable based
on the acoustic responses created on
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impaction, once the frequency spec-
trum is analysed. Acoustic quality
evaluation has a wide range of sci-
entific and engineering applications
including: detection of delamina-
tions in concrete slabs (Yu and
Haupt, 2010), detection of structural

defects in metals, alloys and ceram-
ics (Klepka et al., 2012) and quality
inspection of timber (Paradis et al.,
2013).

The effectiveness of acoustic
resonance technique has been inves-
tigated for a range of agricultural
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All dimensions are in cm; (1) 0.5 hp motor for belt conveyor, (2) mic holder, (3)
microphone, (4) single acting cylinder for ejection system, (5) impacting device, (6)
air regulator for sample holder, (7) solenoid valve for sample holder, (8) solenoid valve
for ejection system, (9) single acting cylinder for sample holder, (10) sample holder,
(11) test sample, (12) semi-rotary drive, (13) fruit bed, (14) air regulator for ejection
system, (15) supporting plate, (16) proximity sensor, (17) sliding plate, (18) solenoid
valve for impacting device, (19) flapper gate and components for Grade A, (20)
flapper gate and components for Grade B, (21) brush roller and (22) belt conveyor.

Fig. 1 Schematic Diagram of Sorting System based on Acoustic Resonance
Technique

(1) sample holder, (2) sound acquisition system, (3) personal computer for control

and database interpretations, (4) ejection system for dispense the fruit to conveying
unit, (5) signal processing unit, (6) impacting device, (7) flapper gate for Grade A, (8)
flapper gate for Grade B, (9) single acting cylinder for sample holder and (10) brush

roller

Fig. 2 Prototype Sorting System based on Acoustic Resonance Technique

products such as: separation of in-
fected wheat kernels from healthy
ones (Pearson et al., 2007) and pis-
tachio nuts from kernels (Haff et al.,
2007), detection of hollow potato
tubers (Elbatawi, 2008), sorting of
pinto beans (Pan et al., 2010), intel-
ligent classification of seeds (Gasso-
Tortajada et al., 2010), separation of
potato and clod (Hosainpour et al.,
2011), separation of gelled and non-
gelled preserved eggs (Chen et al.,
2011), sorting of walnuts (Khalesi
et al., 2012) and detection of cracks
in egg shell (Sun et al., 2013). The
objective of the present work was to
develop a non-destructive sorting
system based on acoustic resonance
technique for fruits and vegetables.
The developed prototype will be
able to classify fruits based on ma-
turity stages and can also detect the
presence of internal defects in fruits
and vegetables.

Materials and Methods

The plan and elevation views of
the sorting system based on acoustic
resonance technique designed with
Auto CAD (Auto CAD, 2012) are
presented in Fig. 1. The prototype
consists of a sample holder cum
impacting device, sound acquisi-
tion system, signal processing unit,
classification system and personal
computer for process control and
database interpretations (Fig. 2).
The following sections describe the
methodology adopted and the role
and specifications for each compo-
nent.

Sample Holder cum Impacting
Device

Creation of an impact to the sam-
ple is the foremost step in acoustic
resonance technique. The sample
must be impacted without free vi-
bration; hence needs to be held in a
rigid position during the impact pe-
riod. Sample holder unit consists of
fruit bed and single acting cylinder
(Model: SC 514, M/s Janatics India
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Pvt. Ltd., India). Sample is placed
over the fruit bed which has a 15 cm
diameter mild steel plate covered
with 2.5 cm thick polyurethane
foam. Dominant frequency values
obtained upon impacting at two
equatorially opposite positions were
check for consistency. The impact-
ing device consists of semi-rotary
drive (Model: DSR 10-180 P, M/s
Festo, India) and rectangular plate
(15 x 2.5 cm), at the end of which is
a provision to fix different impact
materials. Based on the swivel angle
fixed in the semi-rotary drive, the
amount of force exerted on the sam-
ple can be varied. The fruit bed is
rotated using a 12 Volt DC motor to
1800 to allow the sample to get the
second impact in the opposite posi-
tion. Two proximate sensors (Model:
ID 18-3008, M/s Janatics India Pvt.
Ltd., India) X and Y are fixed at op-
posite positions around the rotating
plate (Fig. 3). The first impact was
given when the fruit is at point P1
(while at position A). Then the plate
rotates by an angle of 180° (point P2
now shifts to position B), activating
the proximate sensor Y and thereby
stopping the motor. At this posi-
tion, the second impact is given at
point P2. Once the sample gets two
impacts, the fruit bed comes to the
initial position A. The single acting
cylinder that is fixed on the rigid
main frame facilitates in holding
the sample. At the end of pneumatic

1. Y
P2. - 3

(2) microphone, (2) impacting device,
(3) sample to be tested, (4) rotating
plate, (P1) impacting point P1 at
position A, (P2) impacting point P2 at
position B, (X) proximate sensor X and
(YY) proximate sensor Y

Fig. 3 Plan View of Rotating Plate and
other Components

cylinder, a 7.5 cm round plate with 5
cm thick polyurethane foam cover-
ing was provided to avoid any im-
pact injury to the sample. Solenoid
valve (Model: DS2 5/2, M/s Janatics
India Pvt. Ltd., India) was used to
control the movements of the single
acting cylinder and semi rotary
drive with the help of air regulators
(Model: R3164, M/s Janatics India
Pvt. Ltd., India).

Sound Acquisition System

Upon impact, the sound transmit-
ted is acquired without free noise
interferences. A pre-polarized
free-field microphone (Model:
4189 B&K, 46 AE, sensitivity: 50
mVPa?l, M/s m+p international,
Germany) was used to capture the
resonant sound when the impact
was created. It was positioned at a
distance of 10 mm from the point
in the sample that is just opposite to
the point of impact (Fig. 3). Once
the resonant sound was captured, it
was converted to electrical signal by
means of a wire coil-magnet setup;
based on the principle of electro-
magnetism. For rigid positioning,
the microphone (8 cm x 1.32 cm) is
fixed on a stand using rubber cork

gripping.

Signal Processing Unit

Signal processing by Fast Fourier
Transformation (FFT) was essential
to convert the sound signal into fre-
quency spectra with hanning win-
dow configuration. Dynamic signal
analyzer (Model: VP4-S02010,
V4.1 B3096 CD8.06.02, M/s m+p
international, Germany) was used
for signal processing by connect-
ing the microphone output to it. In
order to acquire information from
the frequency spectrum, windows-
based dynamic signal acquisition
and analysis software (SO analyzer
software 8.023) was used for data
acquisition. Sampling at 40 kHz for
4096 points resulted in a FFT fre-
quency resolution of 9.77 Hz. The
SO analyser software plotted ‘time
vs. intensity’ and ‘amplitude vs.

frequency’ graphs at the end of each
test.

Classification System

The classification system consists
of conveyor belt and two ejection
systems; first of which is used to
eject the fruit from the sample hold-
er (marked as 4 in Fig. 2). The first
ejection system consist of a single
acting cylinder (Model: A510162,
M/s Janatics India Pvt. Ltd., India)
with a supportive plate (6 x 3 cm,
covered with polyurethane foam)
and is operated after acquiring the
acoustic response of the impacts.
For easier conveying, a sliding plate
(with 60° slope) was used between
the fruit bed and conveying system.
In order to prevent the fruit from
rolling out of the the conveying sys-
tem, two supporting plates (15 x 10
x 0.2 cm) were fixed at 0.5 cm from
the belt conveyor (30 cm width) on
both sides. The spacing between
the pulleys was 205 cm and the belt
conveyor was set at a forward speed
of 30 cm/ s when operated using a
0.5 hp motor.

The second ejection system sub-
comprises of two flapper gate units
(marked as 8 and 9 in Fig. 2) that
direct the sample out of the convey-
ing system as grade A or grade B.
Two proximity sensors were used at
each flapper gate to perform ‘open’
(to restrict the sample from continu-
ing to move on the conveyor) and
‘close’ (to direct the sample to the
particular grade) functions. The first
and second flapper gate guide the
sample to grade A and grade B re-
spectively. Samples that remain on
the conveyor belt would be collected
at the end of the conveyor as grade
C. To ensure that the sample does
not suffer any damage during ejec-
tion, brush rollers (30 cm length and
15 cm diameter) were fixed between
the conveying system and collection
bins (for all three grades).

Personal Computer for Control
and Database
In the prototype Programmable
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Logic Control (PLC) and Human
Machine Interface (HMI) were used
for automation. PLC is used for
controlling operations such as input
reception from sensors, setting limit
for switches and other functions (to
control movement of motors, impact
device, conveyor belt and ejection
system). HMI is user-friendly and
is essential to exchange information
between the system and the user. It
allows the user to control the system
with ‘start’, ‘stop’ and ‘reset’ op-
tions, time settings for gate open-
ings (Fig. 4). The time given for
each operation is optimized based
on preliminary trial and error ex-
periments.

To summarise the test procedure;
once the sample is placed in the
fruit bed, test commences by click-
ing ‘start’ in the HMI screen. The
fruit is held rigidly for two impacts
and acoustic responses are recorded
and sent to digital signal analyser
for analysis. The system waits for
a response from the user. The fre-
quency spectrum obtained is ex-
ported to the MS Excel (Fig. 5) and
the program is designed in such a
way that it directly shows the domi-
nant frequency and the particular
gate to be activated. This is based
on experimental results of domi-
nant frequency values obtained for
a minimum of 100 samples (in this

case, each fruit maturity class or the
presence or absence of internal de-
fects) and then activates a particular
gate to be ‘open’ (Fig. 4). Once the
gate is activated, the sample holder
releases the fruit and ejects it to
conveying system. The fruit will
then be guided to the appropriate
grade bin based on selections made
in the HMI.

Applications Using the
Developed Acoustic Res-
onance Technique Based
Prototype

Acoustic resonance technique is
a promising rapid non-destructive
approach that feasible for real time
food quality detection applications.
Many researchers have successfully
used this technique to determine
the firmness of apple (Mendoza et
al., 2012), apricot (Petrisor et al.,
2010), mango (Padda et al., 2011),
melon (Taniwaki et al., 2010) and
watermelon (Zhang et al., 2010).
This method also has been success-
fully used to detect translucent fresh
disorder and yellow gummy latex in
mangosteen (Jatringam et al., 2013),
to detect the egg albumen quality
(Tona et al., 2013). Data analysis
and interpretation are simple and
the system is compact as compared

to other non-destructive techniques.
The present prototype was used to
classify sapota into three grades
based on maturity stages (as mature
fruit, semi-ripe and ripe fruits) and
brinjal into two grades based on the
internal defects (as present or ab-
sent).

Determination of Maturity Stage
of Sapota

The maturity stage of sapota can
be determined based on visual in-
spection of fruit size, scurf content
and skin colour or using results of
destructive tests such as puncture
test, pH, total soluble solids and
titratable acidity measurements. In
the present study, sapota (cultivar:
cricket ball) were categorized into
different maturity stages based on
the dominant frequency values ob-
tained. Experimental work revealed
that dominant frequency is a direct
measure of fruit firmness. The dom-
inant frequency for different matu-
rity stages was found to be 800-864
Hz (mature), 352-416 Hz (semi-ripe)
and 174-232 Hz (ripe). Significant
decrease in dominant frequency
values were observed with ripen-
ing. Similar trends were noticed
by several researchers on melon
(Baki et al., 2010), peach (Gomez et
al., 2005), mandarin (Wang et al.,
2006), mango (Raju et al., 2007)

HUMAN MACHINE INTERFACE
FOR ACOUSTIC SORTING SYSTEM
omAGE A (] m OPENGATEA®] 3 Sec
aracEn o m OPENGATEB®| 4  |Sec
oRAoES 0 m BELTRUNSFOR | 6 Sec
T I \ I
1 2 3 a

(1) directs the sample to the appropriate grade bin based

on database information, (2) indicates cumulative total of
number of samples classified in each grade, (3) start or stop
an operation or reset all entries (4) indicates time for various
operations.

Fig. 4 HMI Window for Acoustic Sorting System
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Spectrum
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192 0.1030763
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416 0.009204326
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Fig. 5 Gate Activation using MS Excel

VOL.49 NO.1 2018 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA

25



and guava (Barriga-Tellez et al.,
2011). Classification efficiencies of
100, 85 and 82% were obtained for
mature, semi-ripe and ripe stages
respectively.

Determination of Internal Defect
in Brinjal

A major threat to brinjal at the
international and domestic markets
is the Brinjal Shoot and Fruit Borer
(Leucinodes orbonalis) infestation.
30 to 70% of brinjals are susceptible
to insect attack in a single cultiva-
tion plot itself (Dhas and Srivastava,
2010). At present, the only method
infestation for detection available
and practiced commercially is in-
spection by visual methods. How-
ever, there is a high risk of human
errors. The acoustic responses of
brinjal samples were obtained using
the developed prototype. Distinct
dominant frequency values were
observed between uninfested (360-
520 Hz) and infested brinjal (160-
280 Hz) samples. This is because,
an internal infestation results in
longer travelling paths for acoustic
responses, with lower peak resonant
frequency values. Similar results
were obtained for watermelon with
and without internal damage by
Diezma-Iglesias et al. (2004) and
for potato with and without internal
heart by Elbawati (2008). Classifica-
tion efficiencies of 92 and 81% were
obtained for uninfested and infested
Brinjal samples respectively.

Conclusions

In the present work, a sorting
system prototype was developed
to determine maturity stages and
internal defects in fruits and veg-
etables based on acoustic resonance
technique. Variations in acoustic re-
sponse (dominant frequency value)
were used to directly correlate with
fruit quality. Results were in agree-
ment with those obtained by visual
examination and destructive meth-
ods. Future work may be directed

in developing databases for various
other samples too and focus can be
given to handle various scale-up
variations. This developed system
can be well utilized in processing
industries, quarantine units or pack-
ing houses as a rapid non-destruc-
tive sorting technique.
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Abstract

Secondary data analysis revealed
that the Public Private Partnership
mode of promotion of self-propelled
transplanters is effective in the
state of Odisha, though the spread
of transplanters was not uniform
across regions. The sale of number
of power operated transplanters un-
der Public Private Partnership mode
has increased from a mere three
units during 2005-06 to 608 dur-
ing 2013-14. Primary data analysis
of the transplanter owners revealed
that there was a total monetary gain
of Rs. 15,570 (US$ 255) and Rs.
18,220 (US$ 299) per ha in inland
and coastal Odisha, respectively
over manual transplanting even
without extending subsidy. Though
the Public Private Partnership pro-
gram was effective in adoption of
power operated transplanters, it was
not inclusive in covering a large
section of small and marginal farm-
ers. A legal bond with the trans-
planter owner is required to make
the program more inclusive. Prompt
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after sale service for the machine,
training on mat type nursery raising
and to driver of the transplanter is
needed as assessed from the survey.
Cooperation with irrigation depart-
ment of Odisha is necessary for
timely release of water in canals for
planting.

Introduction

The process of economic develop-
ment and structural transformation
in a developing economy involves
withdrawal of labour from agri-
cultural sector and engagement in
industrial and service sectors (Tim-
mer, 2010). In the process of eco-
nomic development, more and more
labours from agricultural sector are
diverted for non-farm activities.
As a result, wages of agricultural
labours rise and farmers try to sub-
stitute machines in place of labours
to carry out various agricultural
operations. The era of unlimited
labour supply has already passed
in rural China (Xiaobo et al., 2011)
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and the process of economic devel-
opment in India has led to diversion
of rural agricultural labours to other
sectors of the economy. As a result,
the wages of agricultural labour has
increased and in the recent past, the
rate of increase was observed to be
faster due to operation of the mega
government labour employment
program like Mahatma Gandhi Na-
tional Rural Employment Guarantee
Scheme (Gulati et al., 2013). Due to
continuous rise in wages, the profit
margins from rice cultivation have
decreased year after year in differ-
ent states (Narayanmoorthy and
Suresh, 2012; Samal, 2013). Further,
rural youths are reluctant to attend
various agricultural operations due
to more drudgery involved in such
operations in comparison to jobs in
non-farm sector. Therefore, mecha-
nization of different operations in
paddy cultivation has become inevi-
table to reduce labour use in produc-
tion process and reduce drudgery.
Moreover, agricultural machiner-
ies increase productivity of land
and labour by meeting timeliness
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of farm operations and increasing
work output per unit time. The se-
quential adoption of mechanization,
first for power intensive operations
(land preparation, pumping water,
transport, threshing, milling, etc.)
and then for control intensive opera-
tions (transplanting, weeding, shift-
ing, winnowing, etc.) is a farmer
response induced by changing rela-
tive prices of factor inputs (Pingali,
2007) like human labour, animal
labour, chemicals, machineries,
etc. In the initial stage, government
ought to play a facilitating role in
the acquisition and maintenance of
mechanical technologies as the ini-
tial cost of acquisition of machiner-
ies is relatively high. In the process
of facilitation, this may require
some capital subsidies in the begin-
ning.

Odisha is an agrarian state with
83% of its total population (42 mil-
lion) living in rural areas. Rice crop
covers maximum area (4.02 million
ha) among all crops in Odisha. The
studies relating to formulating long-
term mechanization strategies for
each agro-climatic zone / state of
India have recommended introduc-
tion of rice transplanters in Odisha
(Annamalai, 2010 and Pandey,
2010). Rice cultivation is labour

RAMGARHA

Fig. 1 Map showing different zones of Odisha

intensive and the operations where
very little mechanization has taken
place are transplanting and weed-
ing. Availability of labour is a major
problem during transplanting for
which Government of Odisha has
decided to introduce power operated
rice transplanters in Public Private
Partnership (PPP) mode during
2004. Promotion of rice transplant-
ers in PPP mode not only improves
the efficiency in paddy cultivation
but also increase effective extension
services and faster pro-rural in-
novative activity in the agricultural
sector. Government is providing
subsidy to farmers for purchase of
transplanters and no study has been
conducted to assess the effective-
ness of the program and how differ-
ent regions of Odisha and different
categories of farmers have benefit-
ted from the program. Therefore,
this study was planned to study the
effectiveness of PPP in promotion
of rice transplanters in different
regions of Odisha and also to study
the equity aspects. The hypothesis
set for the study was that all the
zones and all categories of farmers
of Odisha have equally benefitted
from the PPP program on promotion
of self-propelled rice transplanters
by the Government of Odisha.

Means and Methods

During 2004, three models of self-
propelled rice transplanters from
three firms were approved by Gov-
ernment of Odisha for promotion by
extending subsidy. A list of farmers
who have purchased transplanters
in PPP mode up to the year 2011-12
was obtained from the office of the
Agriculture Promotion and Invest-
ment Corporation of Odisha Ltd.
(APICOL), Government of Odisha,
during 2012. The number of power
operated transplanters sold in PPP
mode was 147 up to the year 2011-
12. It was noticed that all the trans-
planters purchased by the farmers
under PPP mode were of one model
i.e. Yanji Shakti 2ZT-238-8 sold by
VST Tillers and Tractors Ltd. This
is due to aggressive marketing strat-
egies like extension of credit to deal-
ers, wide network and lower cost of
the transplanter of the promoting
firm. Therefore, it was decided to
undertake the primary survey based
on this model only.

Physiographically, the state of
Odisha is divided into four broad
zones viz. Eastern Ghats, Central
Table Land, Northern Plateau and
Coastal Plains (Fig. 1). Sixty trans-
planter owners from 15 districts of

Table 1 Zone wise sampled farmers (transplanter owners)

surveyed in Odisha

No. of
TR transplanter
Zone Districts in the zone owners
contacted
Bolangir, Kalahandi, Koraput, 25
Eastern Ghats|  Malkangiri, Nawarangpur,
Nuapara, Rayagada and Sonepur. (60)
Angul, Bargarh, Boudh, Deogarh, 9
CL:aerr]l(tjral Table Dhenkanal, Jharsuguda,
Kandhamal and Sambalpur. 23)
Northern Keonjhar, Mayurbhanj and 8
Plateau Sundergarh. (19)
Balasore, Bhadrak, Cuttack, 18
[ Eastern Ghats Coastal Ganjam, Gajapati, Jagatsinghpur,
[ central Table Land Plains Jajpur, Kendrapara, Khurdha, (45)
Norther Piateau Nayagarh, Puri.
|2 Coastal Plains ] 60
Odisha 30 147)

Figures in parentheses indicate actual number of transplanters

available in the zone up to 2011-12
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Odisha were selected on the basis of
random sampling with probability
proportion to the number of trans-
planters available in each zone up
to the year 2011-12. The number of
samples selected from each zone
is mentioned in Table 1. Data on
area coverage by each transplanter
(both own farm and on custom hir-
ing basis), number of small farmers
covered, irrigation availability by
source, training needs and avail-
ability of after sale service etc. were
collected from the transplanter own-
ers with the help of a questionnaire.
The cropping season for which data
on area coverage and number of
farmers covered refers to the year
2012-13 (wet and dry seasons). As
machine transplanting requires mat
type seedlings, labour requirement
for different operations of mat type
nursery raising along with materi-
als required were also collected
from the transplanter owners along
with labour and material required
for normal method of nursery rais-
ing. The depreciation of the ma-
chine was taken into account while
computing the cost of planting mat
type seedlings. As the wage rates
of three zones viz. Eastern Ghats,
Central Table Land and Northern
Plateau were similar, these three
zones were combined and reported
as inland Odisha for computing

cost of nursery raising cum planting
and compared with similar method
of nursery raising in the Coastal
Plains zone, where wage rate was
higher during the survey period.
Further data collection to assess the
progress of sale of transplanters in
PPP mode was made from the office
of the Director of Agriculture and
Food Production (DAFP), Odisha
for the years 2012-13 and 2013-14,
as the system of sale was changed
from manual to online system from
the year 2011-12 onwards. Total area
coverage and irrigated area under
rice in different districts were also
collected from the same office and
the share of each zone in total area
and number of transplanters avail-
able per thousand ha of irrigated
area was computed. Tabular method
was used to analyze the data. In the
process of study, other stakeholders
like officers of the state department
of agriculture and dealers of the
machines were contacted to cross
check the data.

Results and Discussion

Odisha has a total geographical
area of 15,571 thousand ha out of
which 6,180 thousand ha (39.7%) is
cultivated area (Table 2). The distri-
bution of cultivated area in Eastern
Ghats, Central Table Land, North-

Table 2 Land holding size, rice area and availability of transplanters in different
zones of Odisha of the sample farmers

Zones
Year Eastern |Central Table| Northen | Coastal | Odisha
Ghats Land Plateau | Plains

Land holding size (ha) 10.46 11.83 9.04 6.00 9.49
. 4,764 3,947 2,843 4,017 15571
Geographical area (000 ha) (30.6) (253)  (18.3) (25.8) (100.00)
. 1,866 1,317 1,048 1,949 6,180.00
Cultivated area (000 ha) (30.2) (213) (170) (3L5) (100.00)
. 1,104 799 663 1,457 4023
Rice area (000 ha) (27.4) (19.9) (165) (36.2) (100.00)
. . 499.7 426.2 229 899 2,053.90
Irrigated rice area (000 ha) (24.3) (208) (11.1) (43.8) (100.00)

Availability of transplanters
per 1,000 ha of irrigated rice 2.59 2.94 1.35 2.19 1.94

area

Figures in parentheses indicate percent of all Odisha

ern Plateau, and Coastal Plains zone
was 30.2%, 21.3%, 17%, and 31.5%,
respectively during 2012-13. Rice is
the main crop of the state and cov-
ered about 45% of the gross cropped
area (8.88 million ha). Eastern
Ghats, Central Table Land, North-
ern Plateau, and Coastal Plains zone
accounted for 27.4%, 19.9%, 16.5%
and 36.2% of the total rice area
(4.02 million ha), respectively. Rice
is grown in two seasons in the state
i.e. wet (May to December) and dry
(December to May). The wet and
dry season rice accounts for 93% and
7% of total rice area, respectively.
The dry season rice is totally irri-
gated, while 47% of the wet season
rice is irrigated. The availability of
transplanters per thousand ha of ir-
rigated area is about two and it var-
ies from zone to zone. It was least
in Northern Plateau zone. However,
these numbers are very less in com-
parison to the available irrigated
area in all the zones. Hence, there
is need for its promotion with in-
volvement of subsidy in the state for
some more years. It was observed
that all the transplanter owners were
medium and large farmers (holding
size > 2 ha) and the average land
holding size of the owners was 9.5
ha. In Coastal Plains zone, the hold-
ing size of sample farmers were
relatively less (6.00 ha) due to high
population density and smaller hold-
ings in comparison to other zones.

The PPP Mode of Promotion

Due to growing labour short-
age during transplanting period,
Government of Odisha decided to
introduce power operated rice trans-
planters during 2004 and accord-
ingly three models from three firms
were field tested by Odisha Farm
Machinery Research and Develop-
ment Centre, Government of Odisha
and approved for promotion by the
state level technical committee. The
government has decided to extend
a subsidy amount of Rs. 30,000 per
transplanter, which was distributed
through APICOL from 2004 wet
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season onwards. The application
process starts from the farmer to
the District Agriculture Officer
(DAOQ) through the Assistant Agri-
culture Officer (AAQ) of the area.
After verification of land records
and addresses, the concerned AAO
recommends the case to the DAO.
The DAO after verification of the
papers issues a permit to purchase
the transplanter from the identified
dealer of the machine with a copy
of the permit each to the Assistant
Agriculture Engineer (AAE) of
the area, dealer of the machine and
Director of Agriculture and Food
Production (DAFP), Odisha. The
DAO forwards the application of the
farmer to a nationalized bank of the
area in case the farmer needs loan.
The farmer procures the machine
from the dealer after paying the bal-
ance amount i.e. cost of the machine
minus subsidy declared by the gov-
ernment for that year in self finance

cases. In case of bank finance cases,
the dealer supplies the machine to
the farmer after obtaining the loan
amount from the bank. The dealer
informs the AAE after supply of
the machine to the farmer and after
proper inspection of the machine,
the AAE recommends the case to
the DAO for consideration of sub-
sidy release. The DAO, after verifi-
cation of all the papers recommends
the case to APICOL for release of
subsidy to the dealer. From the year
2011-12, on-line system of issue of
permit and release of subsidy was
introduced as the manual system
took a long time for processing. It
was later noticed that there was in-
ordinate delay in release of subsidy
by the APICOL. Therefore, from the
year 2012-13, government has iden-
tified Bank of India through tender
process for release of subsidy to the
dealer. The subsidy amount has in-
creased in phases from Rs. 30,000

Table 3 Zone wise and year wise number of transplanters purchased by farmers
under PPP mode in Odisha (2004-05 to 2013-14)

Zones
Year Eastern |Central Table| Northen Coastal Odisha
Ghats Land Plateau Plains

May-04 1 2 Nil 2 5
Jun-05 2 Nil 1 Nil 3
Jul-06 3 Nil 1 1 5
Aug-07 12 Nil 1 1 14
Sep-08 18 1 2 2 23
Oct-09 7 6 8 9 30
Nov-10 10 7 1 3 21
Dec-11 7 7 5 27 46
2012-13 30 21 25 88 164
2013-14 103 101 126 278 608
Total 193 145 170 411 919
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Fig. 2 Zone wise cumulative number of VST transplanters sold in Odisha (2004-05
to 2013-14)

(US$ 493) in the initial years to Rs.
150,000 (US$ 2,465) per transplant-
er from the year 2012-13 onwards.

Spread of Rice Transplanters

It was observed that the trans-
planters were adopted in irrigated
areas only. As the transplanters re-
quire mat type seedlings and are to
be planted within a fixed time frame
in the main field, it is natural that
only irrigated farm owners have
purchased the transplanters. The
adoption of transplanters in differ-
ent zones of Odisha over the last 10
years is presented in Table 3 and
cumulative adoption is presented
in Fig. 2. It was observed that the
farmers of Eastern Ghat Zone, more
particularly the farmers of Sonepur
and Kalahandi districts within the
zone, were early adopters, followed
by Coastal Plains and Northern Pla-
teau zones.

In the course of promotion of self-
propelled transplanters over time,
the state level technical commit-
tee has recommended 15 models
of twelve firms and increased the
subsidy amount to Rs. 150,000
(US$ 2,465) per transplanter from
the year 2012-13. Therefore, many
firms have entered the market and
sold their transplanters, though
Yanji Shakti 8 row model marketed
by VST Tillers and Tractors Ltd
was purchased by maximum num-
ber of farmers. By the year 2013-
14, the cumulative sale figures of
transplanters in PPP mode by differ-
ent firms was 768, 93, 31, 15, 4, 3,
and 2 numbers by VST Tillers and
Tractors Ltd, Kubota Agriculture
Machinery Private Ltd, Premier
Power Equipment and Products Ltd,
Greaves Cotton Ltd, Southern Agro
Engineering Private Ltd, Yanmar
Co Ltd India, and Kisan Kraft, re-
spectively. Among the new firms,
the model NSP-4W (4 row) promot-
ed by Kubota Agriculture Machin-
ery Private Ltd has made impressive
progress within two years and sold
as many as 86 transplanters under
PPP mode. VST Tillers and Tractors
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Ltd in the meantime has introduced
a 4 row transplanter and sold 34
units during 2013-14. During the
year 2012-13, Coastal Plains zone
surpassed the Eastern Ghat zone in
adoption of number of transplant-
ers and is the leading zone now. By
2013-14, Coastal zone possesses 411
transplanters followed by Eastern
Ghat zone (193), Northern Plateau
zone (170) and Central Table Land
zone (145). The adoption rate was
only one to three in each zone dur-
ing the initial three years, which
has picked up during last two years,
with maximum number of adoption
(608) being in the year 2013-14. The
above analysis shows that the PPP
mode of promotion of rice trans-
planters is effective. However, it was
observed that the spread was not
uniform across zones. Therefore,
the hypothesis set for the study that
all the zones are equally benefitted
from the mechanization program is
rejected.

Economics of Transplanting
The details of cost of nursery

raising and transplanting in inland
and coastal Odisha are presented in
Table 4. Though the material cost
for raising mat type nursery was the
same in both the regions of Odisha,
the labour costs vary. The average
cost of nursery raising and trans-
planting per ha was found to be Rs.
6,905 (US$ 113) without subsidy,
Rs. 5,650 (US$ 93) with subsidy by
using power operated transplant-
ers against Rs. 12,650 (US$ 207)
in manual transplanting in inland
Odisha. Therefore, there was a net
saving of Rs. 5,745 (US$ 94) and
Rs. 7,000 (US$ 115) per ha due to
use of power operated transplanters
without subsidy and with subsidy,
respectively in inland Odisha. In
coastal Odisha, due to higher labour
wages, the average cost of trans-
planting per ha was computed to be
Rs. 7,705 (US$ 126), Rs. 6,450 (US$
106) and Rs. 16,100 (US$ 264) in
transplanters without subsidy, with
subsidy and manual transplanting,
respectively. The net cost saving
was Rs. 9,650 (US$ 158) and Rs.
8,395 (US$ 138) by use of trans-

Table 4 Economics of use of power operated transplanters vs. manual transplanting
for planting 1 ha area in Odisha

Inland Odisha Coastal Odisha
Particulars Machine Manual Machine Manual
transplanting | transplanting |transplanting | transplanting
Seed 1,125 1,250 1,125 1,250
Plgt:ggmg cost (Nursery 250 300 250 300
Irodneéyggig?i%rﬁframe 100 - 100 -
Plastic sheet 150 - 150 -
Straw 100 - 100 -
Fertilizers and manures 625 750 625 750
Labour for nursery raising 1,500 1,050 2,000 1,400
'-atbrg‘r’];gfarn‘iﬁ:gm'”g and 900 9,300 1,200 12,400
Depreciation, maintenance
and fuel cost of the
transplanter
a) Without subsidy 2,155 - 2,155 -
b) With subsidy 1,055 - 1,055 -
Total cost
a) Without subsidy 6,905 (113) 12,650 (207) 7,705 (126) 16,100 (264)
b) With subsidy 5,650 (93) 6,450 (106)

Note: Wage rate for labours has been taken as Rs. 150 for inland Odisha and Rs. 200

for coastal Odisha;

Figures in parentheses indicate total cost in US dollars; 1 US$ = 61 Indian Rupees.

planters with and without subsidy,
respectively in coastal Odisha. On
an average, there was a net yield
gain of 0.75 tonnes per ha in both
inland and coastal Odisha. If this
gain is taken into account, there was
a net return of Rs. 16,825 (US$ 276)
and Rs. 15,570 (US$ 255) per ha in
inland Odisha due to use of trans-
planters with and without subsidy,
respectively. Similar figures for
coastal Odisha are Rs. 19,475 (US$
319) and Rs. 18,220 (US$ 299).
Besides the yield and economic
advantage, the other advantages in
machine transplanting as opined
by the farmers were, reduction in
weeding cost due to use of weed-
ers, easier plant protection opera-
tion, less occurrence of pests and
diseases, better tillering, straight
planting of seedlings by machine
as compared to inclined position by
manual transplanting, reduction in
drudgery, overcome labour shortage
during peak transplanting period,
saving of labour and timely trans-
planting, etc. On an average, there
was a labour saving of 53 man-days
per ha in power operated transplant-
ing over manual transplanting.

Area Coverage by Transplanters
And Coverage of Type of Farms
Primary data analysis revealed
that among the transplanter owners,
42% have used transplanters on their
own farm only. Maximum owners
(55%) of Eastern Ghat zone have
used their transplanters on their
own land followed by Central Table
Land (38%) Northern Plateau zones
(38%), and Coastal Plains zone
(15%). The average area coverage
by a transplanter in different zones
is presented in Table 5. Ideally, a
transplanter can cover 24 ha in a
season. But, it was observed that on
an average, a transplanter has cov-
ered 13.75 ha during wet season and
5.39 ha during dry season. When
zone wise area coverage during both
the seasons was considered, North-
ern Plateau zone was ahead of other
zones followed by Central Table
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Land, Eastern Ghats and Coastal
Plains zone. But, when only wet sea-
son was considered, the maximum
area coverage by a transplanter was
in Coastal zone (17.17 ha) followed
by Northern Plateau, Central Table
Land and Eastern Ghat zones. The
labour demand during transplanting
period in wet season was the highest
among all operations. There was no
area coverage in Coastal zone in dry
season due to sowing/planting of
other crops among surveyed farms.
Moreover, 58 percent of the farmers
in Odisha were of the opinion that
the transplanter was not fully uti-
lized during a season.

Further data analysis on area
coverage in own farm and other’s
farm revealed that on an average,
owners have covered 10.88 ha (7.58
ha in wet and 3.30 ha in dry season)
by a transplanter on their own farm
and 8.26 ha (6.17 ha in wet and 2.09

ha in dry season) on other’s farm
involving large and small farm-
ers. The percent of small and large
farmers covered by owners on
custom hiring basis is presented in
Table 6. It is observed from the ta-
ble that 53% of small farmers were
extended custom hiring service of
rice transplanter, though in Odisha,
as per 2010-11 agriculture census
(Government of India, 2012), 92%
of total farmers have land holdings
up to 2 ha. Hence, a large section of
medium and large farmers availed
the benefit of power operated trans-
planters and a large section of small
farmers are neglected by this pro-
gram. Therefore, the hypothesis set
for the study that all categories of
farmers are equally benefitted from
the PPP program on power operated
rice transplanter is rejected. When
different zones were considered,
Eastern Ghats and Central Table

Table 5 Season-wise average area (ha) covered by a transplanter in different zones

Zone Own farm Others’ farm Total area

Wet \ Dry Wet \ Dry Wet \ Dry
Eastern Ghats 7.52 3.97 4.14 2.35 11.66 6.32
Cental Table Land 10.20 4.60 3.45 1.85 13.65 6.45
Northern Plateau 8.29 4.80 8.13 4.70 16.41 9.50
Coastal Plains 5.66 - 11.51 - 17.17 -
Odisha 7.58 3.30 6.17 2.09 13.75 5.39

Table 6 Percentage of small and large farmers covered by owners on custom hiring

Zone Small (< = 2 ha) \ Large (> 2 ha)
Eastern Ghats 31.3 (52) 68.7 (114)
Cental Table Land 25.8 (8) 74.2 (23)
Northern Plateau 61.2 (49) 38.8 (31)
Coastal Plains 68.6 (166) 31.4 (76)
Odisha 53.0 (275) 47.0 (244)

Figures in parentheses indicate actual number of farmers.

Table 7 Number of sample farmers getting irrigation from different sources

Government

Borewell /| Tank/ : : Multiple
Zone M&M MIP Dugwell | Pond I'gttfga'm / Sourcpes
Eastern Ghats 17 6 14 2 1 9 (36.0)
Cental Table Land 5 - 3 3 - 3(33.3)
Northern Plateau 3 2 2 4 - 3 (37.5)
Coastal Plains 7 1 11 2 2 10 (55.6)
Odisha 32(53.3) 9(15) 30(50) 11(18.3 3(5) 25 (41.7)

M&M: Major and Medium irrigation projects; MIP: Minor irrigation projects.
Figures in parentheses indicate percent of total farmers.

Land zone owners have covered less
number of small farmers than the
other two zones on custom hiring.

Availability of Irrigation
Adoption of mechanical trans-
planting requires timely irrigation
facilities, proper training to owners
on the techniques of raising mat
type nursery and prompt after sale
service including supply of spare
parts. The availability of irrigation
facilities with the owners is present-
ed in Table 7. It was observed from
the table that farmers use different
sources of irrigation in different
zones. Forty two percent of farm-
ers have multiple sources of irriga-
tion. Maximum percent of farmers
(53) get irrigation from major and
medium irrigation projects through
government laid out canals followed
by bore well/dug well (50), tank/
pond (18), minor irrigation projects
(15) and government lift points (5).
The successful farmers are those
who have multiple irrigation sourc-
es. More particularly, the farmers
who have bore well/ dug well/ tank/
pond are the ones, who raised mat
type nursery in time, were most
successful in planting their main
field in time. Among different
zones, Coastal zone farmers have
maximum percentage of multiple
irrigation sources. The transplanter
owners, who depend on government
irrigation sources like canal irriga-
tion from major, medium, minor and
government lift irrigation projects,
have complained that erratic sup-
ply of irrigation water was a major
problem in raising mat type nursery
and preparing the main field in time.

Training Needs and After Sale
Service

The information about training
needs for raising mat type nursery
and prompt supply of after sale ser-
vice by the dealer of the machine
was collected from the owners,
and the results are presented in
Table 8. The prompt repair service
is required during planting time
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as the machine cannot work with
older seedlings and the seedlings
go waste, if not planted in time. It
was assessed that all the farmers
need training for successful rais-
ing of mat type nursery and 92%
of the farmers complained for not
getting prompt after sale service.
Only some farmers in Eastern Ghat
zone (13%) and Central Table Land
zone (12%) got prompt after sale
service from the dealer. Therefore,
before supply of the transplanters, it
should be made mandatory to train
the owner on the techniques of rais-
ing mat type nursery and repair and
maintenance of the transplanter.

Policy Recommendations

The following policy implications
emerged from the study to make the
program more efficient and inclu-
sive. More efforts should be made
for promotion of transplanters in
Northern Plateau zone. A legal bond
should be executed with the owners
that at least 30 small and marginal
farmers per year should be covered
through custom hiring by each
transplanter owner and the report
regarding coverage should be sub-
mitted to the District Agriculture
Officer at the end of each season.
Before supply of machine, train-
ing to driver and the techniques of
raising mat type nursery should be
made mandatory. Spare parts should
be kept ready by dealers, so that the
machine does not remain idle for
more days, as the duration of plant-
ing time is limited. Co-operation
with irrigation department is es-
sential for timely release of water in

canals for field preparation, so that
planting can be taken up in time.

Conclusions

Secondary data analysis on the
spread of rice transplanters revealed
that PPP mode of promotion is ef-
fective in the state of Odisha. The
adoption of self-propelled rice
transplanter is fast in Odisha and
the number of transplanters pur-
chased by farmers in PPP mode
during the year 2013-14 was 608
from a mere three numbers during
2005-06. Though the program was
effective in the state in terms of
spread, it was not uniform across all
the zones of Odisha. Primary data
analysis revealed that use of self-
propelled transplanters reduced the
cost of cultivation by Rs. 5,745 (US$
94) per ha in inland Odisha and Rs.
8,395 (US$ 138) per ha in coastal
Odisha without extending subsidy
on transplanters. The total mon-
etary gain per ha from power oper-
ated transplanters without subsidy
was Rs. 15,570 (US$ 255) and Rs.
18,220 (US$ 299) per ha in inland
and coastal Odisha, respectively due
to additional yield advantage over
manual transplanted plots. The la-
bour saving due to the transplanter
use was 53 man-days per ha over
manual transplanting in the state.

Though the PPP program was
effective in adoption of power oper-
ated transplanters in Odisha, it was
not inclusive in terms of covering
large section of small and marginal
farmers. It was observed from the

Table 8 Observation on after sale service and training needs (for transplanters as
well as raising mat type nursery)

Figures in % of farmers

Zone

Requirement of after sale service
for repair & maintenance

Training needs

Eastern Ghats
Cental Table Land
Northern Plateau
Coastal Plains
Odisha

87 100
88 100
100 100
100 100
92 100

survey that 42% transplanter own-
ers have not extended custom hir-
ing service to other farmers and
have used the transplanters in their
own land only. Among the planter
owners, who have extended custom
hiring service, there was a bias to-
wards medium and large farmers.
Among the total farmers covered,
the percentage coverage of small
and marginal farmers was 53%,
while 92% of farmers are small and
marginal in the state of Odisha.
Besides the above, there are other
bottlenecks in the program also. The
transplanters were promoted / sold
through PPP mode without impart-
ing proper training to operator and
educating the owners the techniques
of raising of mat type nursery. As
a consequence, 58% of the owners
are of the opinion that, the machine
is underutilized during the season.
Timely supply of canal water helps
in timely planting. But, the farm-
ers, who depend on supply of canal
water for preparation of main field,
were of the opinion that they did not
get canal water in time. About 92%
of the owners complained against
timely supply of spare parts and
prompt after sales service and all
the owners were of the opinion that
there is need for training on raising
mat type nursery.
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Abstract

The objective of the present study
was to evaluate the impact of gin-
ning process on the quality proper-
ties of seed cotton. The ginning pro-
cess were carried out on the ginning
Egyptian seed cotton (extra-long
staple) Giza 86 that was mechani-
cally picked up. The saw gin-stand
machine (Lummus type) was oper-
ated at four saw drum speeds (i.e.,
3.14, 3.77, 4.4, and 5.03 m/s) and
four levels of feed rates (i. e., 4, 6, 8
and 10 kg.min?) under four differ-
ent fiber moisture content (i.e., 10.2,
8.8, 7.4 and 5.9%) to determine the
effect of those parameters on the
Performance of saw gin stand ma-
chine, lint quality properties and the
impurities percentage. The results
revealed that the fiber moisture
content of 7% achieved the best lint
quality properties and minimum
impurities percentage. The high-
est ginning efficiency of 86.7% and
the lowest gin stand lint losses of
0.33% associated with saw drum
speed of 4.4 m/s, feed rate of 10 kg/

min and lint moisture content of
8.8% d.b. Also results showed that
strength was inversely proportional
to the saw speed; while elongation
was proportional to saw speed. The
maximum value of the impurities
percentage (3.6%) recorded at saw
speed of 5.03 m/s, feed rate of 10 kg/
min and moisture content of 10.2%.

Introduction

Ginning is the most important
process to separate the seed cotton
into lint (fiber) and seeds. Ginning
not only preserves the fiber quality
but also dramatically improves the
market value of cotton price. About
85% of total cotton in the world is
ginned by saw gins stand machines
(Rafig and Chaudhry, 1997). The
operating parameters strongly af-
fect the performance of ginning
machines and the lint properties of
cotton. The amount of water that fi-
bers contain can greatly affect their
physical properties (McCreight et
al., 1997). The absorption of mois-

ture by cotton fibers changes the
mechanical and frictional properties
of cotton, which affects the behav-
ior of fibers in-process (Morton and
Hearle, 1997). Byler (2003) reported
that for cotton ginned with three
moisture treatments of seed cotton
before the gin stand, the AFIS fiber
length-related properties were sig-
nificantly improved with moisture
restoration before the gin stand.
Increasing the fiber moisture con-
tent by 1% increased the mean fiber
length by 0.8 mm. Anthony (1985)
discussed different features of a
ginning machine, such as the con-
trol and maintenance along with the
humidity of the cotton and found
that the humidity has a significant
effect in limiting the deteriora-
tion of cotton seed and cotton fiber
quality. Hossam EI din (1978) and
Eweida et al. (1984) found that the
seed cotton feed rate significantly
affects the capacity and the non-lint
content. Columbus and Mangialardi
(1996) found that high feeding rate
resulted in high non-lint content in
the ginned lint. Hughs et al. (1983).
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Anthony and Brag (1987) studied
the effects of varieties, harvesting
regimes and ginning practices on
the fiber length, and the distribu-
tion of ginned lint. It was reported
that in order to minimize short fiber
content and to achieve acceptable
market grades, cotton should be
harvested twice-over with as little
weathering as possible and no more
than one lint cleaner should be used
at the gin. Perter and Wahba (1999)
found that the short fiber content
of ginned cotton is relatively cor-
related with fiber elongation, lint
content, strength and uniformity
ratio of seed cotton Anthony (1989)
reported that processing cotton at a
gin to minimize machinery usage
and to maximize monetary returns
requires a thorough understanding
of the performance characteristics
of individual machines. A database
involving multiple moisture, trash,
machine and cotton levels was de-
veloped for all routine and labora-
tory fiber properties before and after
various ginning processes. Ranges
of these variables were representa-
tive of the minimum and maximum
levels normally found in spindle-
harvested cotton. The database was
suitable for multiple regression anal-
yses and development for predicting
equations based on the performance
characteristics of individual and
combined machines. Mangialardi
and Anthony (2000) found that cot-
ton fibers were cleaned at gins with
saw-type lint cleaners to improve
the market value, but the aggressive
saws sometimes harmed the quality
of fibers. The cleaning efficiency
of one saw-type lint cleaner was
54% on average and the efficien-
cies of seed cotton cleaners used as
lint cleaners ranged from 9 to 16%.
There was a significant improve-
ment in the classer’s leaf grade
designations when lint was cleaned
with saw-type cleaners. Staple
lengths tended to be shorter after
cleaning with saw-type cleaners. A
modified non-saw cleaner appears
to be more practical and could help

preserve fiber quality at cotton gins.
Mangialardi and Anthony (1998)
compared a traditional gin with an
intelligent to evaluate fiber qual-
ity and subsequent yarn quality.
The intelligent utilized one incline
cleaner and one lint cleaner while
the commercial gin includes an
impact cleaner, a stick machine, an
incline cleaner and one lint cleaner.
It was found that cotton ginned by
the intelligent produced yarn with
higher strength than that ginned
by the commercial gin. Intelligent
required less ginning, which there-
fore reduced short fiber content and
created manageable trash particles.
Patil et al. (2006) compared a foot
operated gin and a Lilliput gin hav-
ing ginning output capacity of 0.311
and 2.111 kg lint/h, respectively.
The 2.5% span length and unifor-
mity ratio remained practically the
same for hand ginning. So, the foot
operated gin is much more suitable
for farmers because it is economical
and auxiliary power is not required
for its operation. Whitelock et al.
(2007) developed and evaluated a
simple and useful prototype ma-
chine for ginning Egyptian cotton
on laboratory scale. This could help
technicians and scholars to study
the effect of any treatments during
operation on fiber cotton quality.
The objective of this study was to
determine the optimal conditions
for the operation, which achieved
the lowest rate damage and loss in
the cotton ginning using a saw gin
machine (Lummus type) and study
the effect of ginning process on
the technological characteristics of
ginned cotton.

Materials and Methods

Field experiments were conducted
at Arab gin in El-hamra city, Kafr
El-Sheikh Governorate to evaluate
the performance of saw gin-stand
machine, Lummus Gentle Ginning
System type. The general compo-
nents parts are shown in (Fig. 1)

and cross section shown in (Fig. 2)

that is using in ginning process of

Egyptian cotton varieties (extra-

long staple). The cotton variety G

88 that mechanically harvested has

been used in ginning process. Table

1 summarizes the technical speci-

fications of saw ginning machine.

This machine having saws and ribs

made from metal mesh (Fig. 3A);

the gin stand consists of a set of
saws rotating between the ginning
ribs (Fig. 3B). This technique made
the ginning as continuous flow
process rather than batch process.
Cotton enters the saw gin stand
through the huller front. The saws
grasp the cotton and draw it through
widely spaced ribs known as huller
ribs. The locks of cotton are drawn
from the huller ribs into the bottom
of the roll box. The actual ginning
process, separation of lint and seed,
takes place in the roll box of the gin
stand. The ginning action is caused
by a set of saws rotating between
ginning ribs. The saw teeth pass be-
tween the ribs at the ginning point.

Here the leading edge of the teeth

is approximately parallel to the rib,

and the teeth pull the fibers from
the seed, which are too large to pass
between the ribs.

However, ginning at rates higher
than that recommended by the man-
ufacturer usually causes reduction
in fiber quality, seed damage and
choke-ups. Gin stand saw speeds
are also important factor; high saw
speeds tend to increase the fiber
damage during the ginning process.
Accordingly, the experimental stud-
ies were accomplished to evaluate
the performance of the gin machine
under three different variables as
follow:

i) Saw drum speeds: four speeds
were used in this study, namely:
3.14 (150 rpm), 3.77 (180 rpm),
4.40 (210 rpm) and 5.03 m/s (240
rpm).

ii) Feed rates: four feed rates of 4, 6,
8 and 10 kg/min.

iii) Cotton moisture content: the
experiments were carried out at
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Table 1 Description of the technical specifications of saw ginning machine
(Lummus Gentle Ginning System type)

Item Description
Machine made of USA
Overall length(front, with covers), mm 2,150
Overall width (with covers), mm 1,383
Overall height(front to bottom of feeder), mm |1,043
Weight of the machine , Kg. 815 (Approx.)
Production capacity per one hours (approx.), 750
—- Kg / hour
Fig. 1 Saw gin-stand machine Saw Shaft center line to floor, mm 730
(Lummus Gentle Ginning System Type & Nos. of Driving Belts 2 nos. v-belts

model)

21 nos. (16 ball bearing, 2-roller
bearings & 3-needle roller bearings)

SEED COTTON Power required, hp 25
Minimum distance between machines, mm 600

Type & Nos. of Bearings

rI;I%or space required (including electric motor), 2.360 x 1,720 x 1170
Type & consumption of lubrication 150 g. Grease per 8 hrs (approx.)
Removal of Cotton Lint from rear
Driving of Roller Shaft by helical gears
Saw blades, number 90
Doffing brush number, (rows of brushes) 20
Fig. 2 General arrangement and ?p%fe%ng brush diameter and doffing brush 320mm dia., 950 rpm
principle operatlcsrilnof the cotton saw Saw diameter and saw speed 400 mm dia., 350 rpm
three different levels of cotton / Seed cotton mass, kg ................ )] iv) The physical and mechanical fi-
moisture content, namely: 10.2%, ii) Gin lint losses: Total weight of ber quality properties
8.8%, 7.4% and 5.9%. ginned lint losses was determined The Physical and mechanical fiber
The moisture content was deter- by using the following formula: properties were determined at fiber
mined by using the oven method ac- Gin lint losses, kg = weight of sam- testing laboratory, Cotton Research
cording to (ASHRAE, 1999) and the ple before ginning - (lint produc- Institute (CRI), Agriculture Re-
following formula was used: tivity, + weight of seed wastage) search Center (ARC), Giza as fol-

Moisture content = {(MI - M2)/ .. (3 lows:

M2} X 100 o, D iii) Ginning efficiency, % a) Fiber length: The digital fibro-
Where: M1 = the moist mass (g) The ginning efficiency was deter- graph model 630 was used to
and M2 = the dry mass (g). mined by using the following for- determine 2.5 and 5% span fiber
mula: length according to May and

Measurements: Ginning efficiency, % = (Seed cot- Bridges, (1995).

i) Ginning outturn: The percentage ton mass before ginning - seed b) Uniformity ratio: The uniformity
of ginning outturn was deter- wastage mass) / Seed cotton mass is calculated as the ratio between
mined by using the following for- before ginning ..........coccovveeuneee. 4) the short fiber length and the long
mula: Where, seed wastage mass is the fiber length using the following

Ginning outturn, % = Lint mass, kg seed cotton mass without ginning. formula:

Uniformity ratio, % = (50% span

\ fiber length / 2.5% span fiber
Yl

PITCH length) X 100 ......ovvvevrierienn, 5)

ANGLE GINNINGRIB (c) Lint Color: HVI 9000 according

4 : to ASTM (D-1684-96) estimated

the lint color (reflectance Rd, %
and yellowness +b)
& (d) Fibers strength and elongation:
‘,\ ‘ The Fibers strength and elongation
kY B were measured by using stelom-
ylinder and ginning bars (metal mesh) photography eter instrument at fiber testing

Fig. 3 Sawc
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laboratory, CRI, ARC according
to (ASTM, designated D-1445-75,
1984). This instrument gives elon-
gation reading and cotton strength
(SL, %) that can be determined
by using the following formula
(ASTM 1984) :

Strength for length unit, g / tex = We
X 1.5/ Ws X 100, % .ccvvveereerinns )
Where:

W = cutting mass, kg and

WSs = mass of sample, mg.

(e) The impurities percentage: De-
termined by using fractionator

— ——

instrument in the cotton ginning
research division, CRI, ARC.

Results and Discussion

Performance of Saw Gin Stand
Machine
Lint turn out, %:

Data of lint turn out as affected
by the different variables considered
is shown in Fig. 4. The lint turn
out was observed to increase with
increasing both of saw drum speed

——t —s=10 foed rate, Kglmin

48 1---3--- - MOITURE CONTEMT OF 10:7% .. MOUURE CONTENTOF £.8% . -MOITURE CONTENT OE T.4% - MOITURE CONTENT OR 88% 2.2 @

GINNING OUT TURN, %

314 an 44 503

314 an 44 503 awe an a4 s03

SAW SPEED, m/S

Fig. 4 Effect of saw drum speed, feed rate and lint moisture contents on ginning turn

out

- o -4 -m -6 -

-& -8 - -® - 10feed rate for gin lint losses, Kgimin —o—34 —8—6 —a—8 —%—10feed rate for ginninuefﬁciency,Ku-min|

GIN LINT LOSSES, %
=1

T

GINNING EFFICIENCY, %

314 377 44 503 314 377 44 503

314 377 44 503 314 377 44 503

SAW SPEED, m/s

Fig. 5 Effects of saw drum speed feed rate and lint moisture contents on ginning
efficiency and gin lint losses percentage

——4 ——6

8 ——10 feed rate, Kg/min |

{1 MOISTURECONTENT OF 10

MOISTURE CONTENT.OF §.8%

#I0ISTURE CONTENT.OF 7.4%  MOISTURE CONTENTOF 5.9% | !

314 377 44 503

314 377 44 503

314 377 44 503 314 377 44 503

SAW SPEED, m/S

Fig. 6 Effects of saw drum speed, feed rate and lint moisture contents on fiber length,
mm at 2.5% at distribution pattern

and feed rate. Decreasing the lint
moisture content from 10.2 to 7.4%
tends to increase the lint turn out
however, the lint moisture content of
5.9% decreased the turn out. Results
also noticed that, the maximum val-
ue of lint turn out (46.2%) recorded
at saw drum speed of 5.03 m/s, feed
rate of 10 kg/min and lint moisture
content of 7.4% d.b.; while, the
minimum value (34.6%) recorded at
saw speed of 3.14 m/s, feed rate of 4
kg/min and lint moisture content of
10.2% d.b.
Determination of saw gin stand
optimum operating conditions:
Results in Fig. 5 illustrate the
ginning efficiency and gin lint
losses at all variable levels. Ginning
efficiency increased with increas-
ing feed rate and with decreasing
moisture content; on the contrary,
it was decreased with increasing
saw drum speed. On the other hand,
gin lint losses percentage increased
with increasing the saw drum speed
and feed rate; while it decreased
with deceasing lint moisture con-
tent. Intersection points between the
ginning efficiency curves and the
lint losses curves can determine the
optimum conditions for the machine
operating; which it gives suitable
efficiency with less ginning percent-
age of lint losses. Signing the gin-
ning efficiency and gin lint losses
curves graphically is possible to
identify the optimum conditions for
the saw gin machine. Accordingly
the optimum operating condition for
saw gin stand was recorded at saw
drum speed of 4.4 m/s, feed rate of
10 kg/min and lint moisture content
of 8.8% d.b. These conditions pro-
duced a ginning efficiency of 86.7%
and gin stand lint losses of 0.33%.
Effects of saw gin stand on the lint
properties and quality:
i) Seed cotton fiber length, mm:
Fiber length is considered an im-
portant factor that determines the
cotton price in the markets. Fiber
length is classified into the average
fiber length, mm at 2.5% and 50%
distribution pattern. Figs. 6 and 7
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Fig. 7 Effects of saw drum speed, feed rate and lint moisture contents on fiber length,
mm at 50% distribution pattern
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Fig. 8 Effects of saw drum speed, feed rate and lint moisture contents on fiber
uniformity ratio at ginning process
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Fig. 9 Effects of saw drum speed, feed rate and lint moisture contents on fiber
reflectance (Rd) at ginning process
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Fig. 10 Effects of saw drum speed, feed rate and lint moisture contents on fiber
yellowness (+b) at ginning process

illustrate the effect of saw drum
speed, feed rate and fiber moisture
content on the fiber length at 2.5%
and 50% in the normal distribution
curve. It is clear that the 2.5% and
50% span fiber length is proportion-
al to the lint moisture content and
feed rate and inversely proportion to
sow speed at all other variables. The
maximum average fiber length of
32.5 mm at 2.5% in the normal dis-
tribution curve and 16.1 mm at 50%
in the normal distribution curve
were recorded at saw drum speed of
3.14 m/s, feed rate of 10 kg/min and
fiber moisture content of 10.2%.
ii) Fiber length uniformity ratio, %:
Uniformity is considered as im-
portant fiber property along with the
length and grade where they affect
the industrialization efficiency and
properties of threads. Fiber length
uniformity as affected by different
variables is shown in Fig. 8. The
percentage of uniformity decreased
with increasing saw drum speed
and decreasing the moisture con-
tent. Meanwhile it increased with
increasing feed rate at all combina-
tion of other variables. A maximum
length uniformity of 49.5% was
recorded at ginning cotton mechani-
cally at saw drum speed of 3.14 m/
s, feed rate of 10 kg/min and fiber
moisture content of 10.2%.

Color Grade

Seed cotton color grade is divided
into two components, seed cotton
color reflectance, % and seed cot-
ton color yellowness. Figs. 9 and
10 indicated that the highest values
of color reflectance (Rd) was 74.1%
associated with the saw drum speed
of 5.03 m/s, feed rate of 4 kg/min
and fiber moisture content of 5.9%.
On the other hand, the lowest values
were 6.2 unit recorded at saw drum
speed of 5.03 m/s, feed rate of 4 kg/
min and fiber moisture content of
10.2%. On contrary, cotton yellow-
ness decreased by increasing saw
drum speed and decreasing both the
moisture content and feed rate.
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Cotton Strength and Cotton Elon-
gation

Cotton strength (g/tex) and cot-
ton elongation (%) are considered as
extent standard for using the cotton
fiber in the cotton industries. Fig.
11 presented the effect of the saw
drum speed, feed rate and moisture
content on the cotton strength and
its elongation. The results indicated
that, cotton strength decreased with
increasing the saw drum speed and
decreasing fiber the moisture con-
tent; while it increased with increas-
ing the feed rate at all combination
of other variables. The maximum
seed cotton strength of 29.5 g/tex,
recorded at the saw drum speed of
3.14 m/s, feed rate of 10 kg/min and
fiber moisture content of 10.2%.
Conversely, the minimum seed cot-
ton strength of 26.7 g/tex, recorded
at the saw drum speed of 5.03 m/s,
feed rate of 4 kg/min and fiber mois-
ture content of 5.9%. In addition,

Fig. 11 illustrated that, the cotton
elongation proportional to the saw
drum speed and inversely propor-
tional to the feed rate and the mois-
ture content. The maximum elonga-
tion of 8.4%, recorded at the saw
drum speed of 5.03 m/s, feed rate of
4 kg/min and fiber moisture content
of 10.2%. However, the minimum
elongation of 4.7%, recorded at the
saw drum speed of 3.14 m/s, feed
rate of 10 kg/min and fiber moisture
content of 5.9%. This may attributed
to exposure the fiber to little impact
at these conditions.

The Impurities Percentage, %
Fig. 12 illustrated that, the im-
purities percentage increased with
increasing both of the saw drum
speed and the feed rate; while, it
decreased with decreasing the mois-
ture content. The maximum value of
the impurities percentage of 3.61%
recorded at saw drum speed of 5.03

‘q>—4 —o—6 —&—8 —x—10kgimin feed rate for cotton strength -

- =4 - =@ =6 - -a -8 - =% - 10 kg/min, feed rate for cotton elongation

30

BOISTURE CONTENT OF 10.2% ;| MISTURE CONTENT OF 8.8%

i MISTURE CONTENT OF 7.4% ;

i MISTURE CONTENT OF 5.9%

COTTON
ELONGATION,

coTron
STRENGTH, gtex

i

)
b1
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Sy 0 7

L
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Fig. 11 Effects of saw drum speed, feed rate and lint moisture contents on the cotton
strength and its elongation during ginning process
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Fig. 12 Effects of saw drum speed, feed rate and lint moisture contents on the
impurities percentage during the ginning process

m/s, feed rate of 10 kg/min and fi-
ber moisture content of 10.2%. The
minimum value of the impurities
percentage of 0.7% recorded at saw
drum speed of 3.14 m/s, feed rate of
4 kg/min and fiber moisture content
of 7.4%.

Conclusions

The performance of a gin stand
machine was evaluated by investi-
gating the effect of the saw drum
speeds, feed rate and moisture con-
tent on the seed cotton fiber quality
and its properties. Specific conclu-
sions of the study include the fol-
lowing:

e Lint turnout is proportional to the
saw speed, feed rate and inversely
proportional to the moisture con-
tent. The maximum value of lint
turnout of 46.2% recorded at saw
speed of 5.03 m/s, feed rate of 10
kg/min and moisture content of
7.4%.

e The maximum fiber length at
2.5% and 50% in the normal dis-
tribution curve were 32.5 mm and
16.1 mm, respectively; recorded at
saw drum speed of 3.14 m/s, feed
rate of 10 kg/min and fiber mois-
ture content of 10.2%. The per-
centage of length uniformity was
49.5% at the above conditions.

e The maximum value of color re-
flectance (Rd) (74.1%) was record-
ed at saw drum speed of 5.03 m/
s, feed rate of 4 kg/min and fiber
moisture content of 5.9%. On the
other hand, the minimum value of
color yellowness (6.2 units) was
achieved with a saw drum speed
of 5.03 m/s, feed rate of 4 kg/
min and fiber moisture content of
5.9%.

e Strength was inversely propor-
tional to the saw speed; while
elongation was proportional to
saw speed. The maximum value
of the impurities percentage of
3.6% was associated with the saw
speed of 5.03 m/s, feed rate of 10
kg/min and moisture content of
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10.2%.

e The optimum operating condi-
tions for the Jumbo saw gin stand
machine were recorded at saw
drum speed of 4.4 m/s, feed rate
of 10 kg/min and lint moisture
content of 8.8% d.b.
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Design Analysis and Optimization of Rotary Tiller

Blades Using Computer Software
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Abstract

Technologies and computer ca-
pacity currently available allows to
employ design software and numeri-
cal methods to solve complicated
problems in very wide disciplines
of engineering specially in field of
agriculture. In this study finite ele-
ment analysis of three types of rota-
vator blades (i.e. C-shaped, Hatchet-
shaped and L-shaped ) were carried
out using Solidworks and ANSYS
software. 3D models of different
blades were designed using Solid-
works software and static structural
analyses of these blades were car-
ried out using ANSYS software.
The material and dimensions of
C-shaped and Hatchet-shaped blade
were selected as per Indian Stan-
dard IS: 6690-1981, specification for
blades for rotavator. The dimensions
of L shape blade were taken from
the local manufacturing database of
rotavator production system.

Results obtained through simu-
lation of three types of rotavator
blades indicated that maximum
deformation, maximum equivalent
stress, maximum principal stress
and maximum shear stress oc-
curred in Hatchet-shaped blade and
minimum deformation and differ-
ent stresses occurred in C-shaped
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blade. Hence Hatchet-shaped blade
is more susceptible to failure com-
pared to C-shaped blade during op-
erating conditions. The Solid works
designxpress module was utilized
for the optimization study of three
types of rotavator blades. In the op-
timized design of C-shaped blade,
Hatchet-shaped blade and L-shaped
blade maximum equivalent stress,
total deformation and mass was re-
duced as compared to initial design.

Introduction

Rotary tillers are the tillage ma-
chine used for both the primary and
secondary tillage operations. Rotary
tiller is a tillage machine used in
arable field and fruit garden in ag-
riculture. This machine has a huge
capacity for cutting, mixing topsoil
and preparing the seedbed directly.
Additionally, a rotary tiller has a
mixing capacity seven times more
than a plough (Shinde et al., 2011).
This tool decreases the soil traffic
to a great extent by blending the
soil. Using rotary tiller is increas-
ing nowadays because of its vari-
ous benefits. Its components works
under miscellaneous forces (various
forces developed during filed opera-
tions because of power, vibration,

pointless, impact effect of soil parts
as after reaching to higher side).
The design optimization and manu-
facturing errors can be minimized
by its components design analysis
and optimization. Especially blades
and transmission elements have to
be reliable in field the performance
against to operating forces. Pre-
dicting to stress distributions is so
important for the designers, manu-
facturers and end user.

Helping with developed technolo-
gies and design software which in-
tegrated in new generation comput-
ers, designs are getting easier and
reliable. Designers can design own
products in virtual screen and they
can evaluate working condition (ac-
tual operating conditions of imple-
ment during field operations) of the
products by simulating techniques
using the computers. Today three-
dimensional (3D) modeling and
finite elements method are getting
so widespread in the industry. Many
of 3D modeling and finite elements
application samples can be seen on
different engineering disciplines.

The design optimization of till-
age tool is obtained by reducing
its weight, cost and by improving
a field performance. The computer
aided design analysis by preparing
a three dimensional solid modelling
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and finite elements method are get-
ting so widespread in the industry.
Thus due to undesired stress distri-
butions on its componants, it cannot
compensate to the operating forces
i.e field environment and results in
breakdown and failure due to higher
stresses and deformation.

Typically, an element of a ma-
chine can work without failure but
it doesn’t mean that it has best de-
sign. Today’s competitive industry
forces manufacturers to generate
the best design for their products.
In the context of this research, this
can be defined as an optimization
problem and it can be formulated
and solves mathematically. Today,
computer integrated optimization
techniques are used to obtain the
best design parameters for products.
The mathematical meaning of opti-
mization is to obtain the conditions
(parameters), which give maximum
or minimum magnitude of a func-
tion. A design optimization problem
is defined with three constituents,
which are design parameters (vari-
ables), design constraints, and goal
functions (objective functions).

In this study, three types of blades
of a rotary tiller, which was de-
signed and manufactured by a local
manufacturer, was modeled using
Solidworks 3D parametric design
software. After 3D modeling proce-
dure, a simulation study was carried
out on the transmission gear train
using ANSYS finite elements soft-
ware.

Review of Literature

Topakci et al., (2010) conducted
deep tillage optimization by means
of finite element method; case study
for a subsoiler tine. The study fo-
cused on obtaining optimum geom-
etry parameters of a subsoiler tine by
using computer aided engineering
(CAE). A field experiment was con-
ducted to determine draft force of the
subsoiler. The results from the exper-
imental study were used in the finite

element analysis (FEA) to simulate
stress distributions on the subsoiler
tine. The maximum equivalent stress
of 432.49 MPa was obtained in the
FEA. Visual investigations and FEA
results showed that according to the
tine’s material yield stress point of
355 MPa, plastic deformation was
evident. Based on the FEA results,
an optimization study was under-
taken to obtain optimum geometry
parameters without the occurrence
of plastic deformation. According
to the optimization study, optimum
parameters of the tine geometry and
maximum equivalent stress of 346.61
MPa were obtained. In addition to
this, the total mass of the tine was
reduced by about 0.367 kg.

Shinde et al., (2011) conducted the
structural analysis of rotary tillage
tool on the basis of finite element
method and simulation method us-
ing CAD-software. The energy con-
strained for the tillage tool applica-
tions with 35 hp and 45 hp power
tractor and estimated forces acting
at soil-tool interface. The proposed
work resulted in identifying suf-
ficient tolerance in changing the
dimensions of rotavator frame sec-
tions and side gear box for removing
the excess weight in a solid section
and also to raise the weight of blade
for a reliable strength. The present
working model with tillage blade is
analyzed to new design constraints
with change of its geometry for the
maximum weed removal efficiency
by presenting its practical results
from the field performance.

Alavi and Hojati (2012) carried
out modeling of soil cutting process
in rotary tillers using finite element
method. In this study, the process
of soil cutting was modeled using
Finite Element Method (FEM) con-
sidering the effect of forward speed,
rotary speed and soil moisture con-
tent on rate of stress applied to the
soil. It was concluded that increas-
ing forward speed led to decrease
in the applied stress and increasing
the rotary speed and soil moisture
content led to increasing the applied

stress on soil. The rate of stress in
different conditions was compared
with the allowed stress in soil and
also the additional stress that led
to aggregate powdering (stress
required to break soil clods and
convert soil in to powder foam) was
computed.

Objectives

1) To prepare a geometric solid
model of different types of rota-
vator blades and generate a CAD
analysis.

2) To compare existing rotavator
blades and optimize the design
parameters.

Materials and Methods

There are three types of blades
selected for structural analysis using
finite element method. The finite el-
ement model have the capability to
predict the effect of forward speed,
rotary speed, and soil conditions on
stresses producing during cutting
process in rotary tillers. Following
three types of blades were selected.
1) C-shaped blade.

2) Hatchet-shaped blade.
3) L-shaped blade.

The dimension of L-shaped blade
was taken from the local manufac-
turing database of rotavator produc-
tion system and material selected
as per Indian standard (IS: 6690 —
1981, specification for blades for
rotavator). In case of C-shaped and
Hatchet-shaped blade the dimen-
sions and material were selected
as per Indian standard (IS: 6690 —
1981, specification for blades for
rotavator) (Table 1).

Building the Model

A solid model of rotavator blades
were created using Solidworks soft-
ware (Fig. 1 a, b & c¢). The study
was focused on the deformation
of a single blade of the rotavator.
Therefore, all components of the as-
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Fig. 1 (a) Solid Model of C-shaped blade, (b) Solid Model of Hatchet-shaped blade, (c) Solid Model of L-shaped blade
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Fig. 2 (a) Boundary conditions of C-shaped blade, (b) Boundary conditions of Hatchet-shaped blade, (c) Boundary conditions of

sembled solid model of the rotavator
were not used in the FEM analysis.
The commercial FEM software
package, AnsysWorkbech, was uti-
lized for the FEM stress analysis
process. The FEM analysis was set
up in 3D, linear, static and isotropic
material model assumptions.

Mesh Generation

To build the finite element
model, the blade was meshed using
SOLID45, a higher order three-di-
mensional solid element, which has

L-shaped blade

a quadratic displacement behavior
and is well suited to model irregular
meshes. The element is defined by
8 nodes having three translational
degrees of freedom at each node.
Very dense mesh was used to obtain
a highly accurate quantitative analy-
sis. Table 2 shows the total number
of elements and nodes obtained dur-
ing meshing operation in different
types of blades.

Boundary Conditions
The boundary conditions are the

critical factors for the correctness
of calculation. The mechanics of
boundary conditions involved in
this study were peripheral force and
angular velocity of the blade. For
45 hp tractor, maximum peripheral
force of 5,363 N and rotational ve-
locity of 193 rpm were calculated
and applied as boundary conditions
of the blade (Table 3 and Fig. 2a, b
&C).

Table 3 Parameters selected for FEA of

Table 1 Material properties of C-shaped, Hatchet-shaped and L-shaped blades the blades
Material Name Material Properties Parameters Value
Elastic Modulus (GPa) \ Poission Ratio \ Density (kg/m?) Tractor rated power (hp) 45
High Carbon Steel 197 0.29 7480 Speed of operation (km/h) 4
Depth of operation (cm) 15
. Rotor radius (cm) 22
Table 2 Element and node counts in mesh structure of the blades Rotational velocity (rpm) 193
Type of blade No. of elements No. of nodes Peripheral force (N) 5,363
C-shaped blade 141,880 201,017 Type of soil Silt loam
Hatchet-shaped blade 27,579 46,406 Optimum moisture content 5.8
L-shaped blade 49,397 76,852 (%)
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Fig. 4 (a) Equivalent stress of C-shaped blade, (b) Equivalent stress of Hatchet-shaped blade,

Results and Discussion

Static analysis was used to de-
termine the displacements stresses,
strains and forces in structures or
components due to loads that do
not induce significant inertia and
damping effects. Steady loading in
response conditions are assumed. A
static analysis can be either linear or
nonlinear. In this study linear static
analysis was considered. Parameters
such as deformation, equivalent
stress, principal stress and shear
stress were simulated in ANSYS
software.

(c) Equivalent stress of L-shaped blade

Results of simulation showed
that maximum deformation was
observed as 1.98, 4.14 and 2.34
mm for C-shaped, Hatchet-shaped
and L-shaped blade respectively
at the given boundary conditions
while maximum equivalent (von-
mises) stresses of 340.23, 654.25
and 390.80 MPa were observed for
C-shaped, Hatchet-shaped and L-
shaped blade respectively. (Fig. 3 a,
b &candFig.44a, b &c).

Maximum principal stresses were
found as 309.07, 656.26 and 565.86
MPa for C-shaped, Hatchet-shaped
and L-shaped blade respectively,

Table 4 Deformation and stresses of rotavator blades

whereas maximum shear stresses
were observed as 194.07, 327.60 and
210.63 MPa for C-shaped, Hatchet-
shaped and L-shaped blade respec-
tively (Table 4 and Fig. 5a,b & ¢
and Fig. 6 a, b &c).

Results obtained through simu-
lation of three types of rotavator
blades indicated that maximum
deformation, maximum equivalent
stress, maximum principal stress
and maximum shear stress oc-
curred in Hatchet-shaped blade and
minimum deformation and different
stresses occurred in C-shaped blade.
Minimum factor of safety was found
in case of Hatchet-shaped blade
whereas higher factor of safety was

Table 5 Factor of safety of rotavator

Total Maximum Maximum Maximum
deformation equivalent principal stress shear stress

Type of blade (Von-Mises) stress

(mm) (MPa) (MPa) (MPa)
C-shaped 1.977 340.23 309.07 194.07
Hatchet- 414 654.25 656.26 327.6
shaped
L-shaped 2.345 390.8 565.86 210.63

blades
Type of blade Minimum safety
factor
C-shaped 2.02
Hatchet-shaped 1.05
L-shaped 176
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observed in case of C-shaped blade
(Table 5). Hence, C-shaped blade is
more reliable than Hatchet-shaped
blade under loading conditions (Fig.
7a,b&c).

Optimization of the Rotavator
Blades

The Ansys Workbench DesignX-
plorer optimization module was
utilized for the optimization study.
The DesignXplorer environment is
a powerful tool for designing and

understanding the analysis response
of parts and assemblies. A “what-
if” parameter study strategy was
selected in the optimization module.
According to the design constraints,
45 different design sets were created
within the module for all these three
type of blades, and then FEM analy-
ses were conducted for all design
sets automatically by the module.
Response results were set up for
equivalent stress (Von Mises), total
deformation and total mass of the

(b) 500 7500

blade.

In the optimized design of C-
shaped blade (Fig. 8 a), the maxi-
mum equivalent stress was reduced
from 340.23 to 299.35 MPa, total
deformation reduced from 1.97 to
1.81 mm and mass decreased from
0.5043 to 0.4863 kg (Table 6). Af-
ter optimization of Hatchet-shaped
blade (Fig. 8 b) the maximum
equivalent stress was reduced from
654.25 to 591.37 MPa, whereas total
deformation decreased from 4.14

(C) bl a5 £0.00 (mmi T

EX 6750 X

Fig. 5 (a) Principal stress of C-shaped blade, (b) Principal stress of Hatchet-shaped blade, () Principal stress of L-shaped blade
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Fig. 6 (a) Shear stress of C-shaped blade, (b) Shear stress of Hatchet-shaped blade, (c) Shear stress of L-shaped blade
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Fig. 7 (a) Safety Factor of C-shaped blade, (b) Safety Factor of Hatchet-shaped blade, (c) Safety Factor of L-shaped blade
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Fig. 8 (a) Optimized design of L-shaped blade, (b) Optimized design of Hatchet-shaped blade,

to 4.09 mm and mass reduced from
0.6295 to 0.6132 kg (Table 7). In
case of L-shaped blade (Fig. 8 c)
after optimization, the maximum
equivalent stress was decreased
from 390.8 to 337.2 MPa, while to-
tal deformation reduced from 2.34
to 2.28 mm and mass reduced from
1.048 to 1.039 kg (Table 8).

The scientific literature signifies
that agricultural machine of 1 kg
has an equivalent energy of 62.7
MJ. The simulation applications,
which are based on 3D modeling,
numeric methods and optimization
methods are, therefore, becoming
more common in the product design
area, not only for saving design
time, but also to reduce manufac-
turing costs as well as reduction in
energy consumption. Consequently,
the usage of these applications in

(b)

(c) Optimized design of L-shaped blade

the agricultural machinery design
and manufacturing process will
provide important benefits to create
optimum designs of the agricultural
machineries and to reduce the cost.

Conclusions

This study was focused on the
structural optimization of rotavator
blades by means of CAE. According
to the study, a number of points can
be summarized as follows:

1) Maximum deformation, maxi-
mum equivalent stress, maximum
principal stress and maximum
shear stress occurred in Hatchet-
shaped blade and minimum de-
formation and different stresses
occurred in C-shaped blade.

2) Minimum factor of safety was

Table 6 Comparison of initial and final design of C-shaped blade

Blade parameter Unit | Initial design | Final design | % Reduction
Equivalent stress (max) | MPa 340.23 299.35 12.01%
Total deformation mm 1.97 181 8.12%
Mass kg 0.5043 0.4863 3.56%

Table 7 Comparison of initial and final design of Hatchet-shaped blade

Blade parameter Unit | Initial design | Final design | % Reduction
Equivalent stress (max) | MPa 654.25 591.37 9.61%
Total deformation mm 414 4.09 1.20%
Mass kg 0.6296 0.6132 2.60%

Table 8 Comparison of initial and final design of L-shaped blade

Blade parameter Unit | Initial design | Final design | % Reduction
Equivalent stress (max) | MPa 390.8 367.2 6.03%
Total deformation mm 2.34 2.28 2.56%
Mass kg 1.048 1.039 0.85%

found in case of Hatchet-shaped
blade whereas higher factor of
safety was observed in case of
C-shaped blade. Hence, C-shaped
blade is more reliable than Hatch-
et-shaped blade under loading
conditions.

3) A “what-if” parameter strategy
was used in the optimization
study and in total, 45 design sets
were created and solved. After
consideration of all of the results,
optimum design of rotavator blade
was found under the defined con-
ditions.

4) In optimized design equivalent
stress, total deformation and
mass was reduced significantly
as compared to the initial design.
However, the results obtained by
simulation analysis of different
rotavator blades are required to be
tested in actual field conditions to
validate the simulation model.
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Abstract

An electronic hitch control valve
was developed and installed on
Massey Ferguson 285 tractor. The
hydro-mechanical draft control
system was changed to the electro-
hydraulic using this valve.

The result of transient response
experiments showed the stability
of the system in depth control. The
field experiment results showed sig-
nificant differences between the two
control systems in fuel consumption
and wheel slip (P<0.05). The elec-
tro-hydraulic draft control system
decreased the fuel consumption and
slippage by 44.6% and 29.3%, re-
spectively, at the maximum draft set
value and ground speed, compared
to the mechanical draft control sys-
tem.

Key terms: Hitch control, Electro-
hydraulic draft control, Tractor,
Slippage, Fuel consumption.

Introduction

Today, tractor is still the basic
power unit in almost all production
processes in agriculture, including
tillage. If the agricultural machin-
ery is utilized more efficiently, this
can offer significant savings for the
farmer (Yule et al., 1999).

Electronic systems are used in-
creasingly to monitor or control
the field performance parameters
of agricultural tractors and imple-
ments, thereby improving machine
performance and reducing operator
physical effort (Scarlett, 2001). Scar-
lett (1993) reviewed tractor control
system developments and proposed
an integrated control system. Sev-
eral implement control systems have
been invented for hitched or trailed
implement (Schuber and Orbach,
2000; Wiegard and Hanks, 1985)
which include a control unit to gen-
erates control signals, potentiometer
to measure the position of the rock-
shaft, force transducers to sense the
load in the lower links and solenoid
valves to control the flow of the
pressurized hydraulic fluid to and
from cylinder. An electro-hydraulic
draft control system was developed
(Ayers et al., 1989) and tested in a
soil bin. Pranav et al. (2012) devel-
oped an automatic wheel slip con-
trol system for 2WD tractors. The
performance data indicated a signif-
icant reduction in fuel consumption
per hectare (20-30%), increase in
field capacity (7-38%), and gain in
tractive efficiency (4-10%) with slip
control system versus the existing
draft control system. Ismail et al.
(1981, 1983) developed a slip control
system that maintained wheel slip

in a specified range by adjusting
implement depth. Comparison tests
showed that the slip control and
the “slip and draft" control systems
gave higher mean tractive efficiency
than the mechanical control sys-
tem. Kolator (1999) used a tractor
equipped with a Bosch electronic
control system (EHR system) for
field experiments. Results showed,
during the use of mechanical control
system, the maximum amplitude of
the implement working depth and
the pulling force were 16 cm and
7.83 kN, whereas with the electronic
control these values were 6.74 cm
and 5.76 kN, respectively. Chancel-
lor and Zhang (1989) developed an
automatic wheel slip control system
for tractors. Field tests with plowing
and disk harrowing showed aver-
age fuel saving of 7.6% and average
time saving of 4.9% per unit area
tilled.

The Mechanical Draft Control
Systems of MF 285 tractors are
found to be inefficient in draft con-
trol, leading to an excessive load on
the tractor. Because there is no other
way to increase the sensitivity of the
draft control system, as it improves
the implement control. Research-
ers have also concluded that com-
mercial draft control systems force
the operator to control the depth
control lever frequently to achieve
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the optimum draft, resulting in poor
efficiency (Pranav et al., 2012; Cow-
ell and Milne, 1999). So, it is neces-
sary to develop an electronic draft
control system with an appropriate
sensitivity, inexpensive and suitable
for locally manufactured tractors.
The objectives of this study
are: (1) to design and construct a
new directional and proportional
flow control valve for use in the
Electro-hydraulic Draft Control
System(EDCS) (2) to investigate
response characteristics of the con-
trol system and (3) to compare its
field performance with the existing
Mechanical Draft Control System
(MDCS) on the same tractor.

@ _ L
T I I

Fig. 1 Hydraulic circuit of MF 285
tractor

A (cylinder)

Fig. 2 Constructed control valve

Pump hiousing
Coupling ' (Fractor body)

&

Fig. 3 Overview of the ian-taIIed control

valve and stepper motor on the MF285
tractor

Materials and Methods

Directional and Proportional
Flow Control Valve

The hydraulic circuit of MF 285
tractor is illustrated in Fig. 1. The
hydraulic system is single acting us-
ing a fixed displacement pump with
a control valve at the pump inlet.

A new directional and proportion-
al flow control valve with capability
of being controlled by stepper mo-
tor was designed, constructed and
installed in the hydraulic circuit.
This valve design is as rotary type.
In this prototype the rotor is rotated
with respect to the valve body (cyl-
inder) by the stepper motor. When
the rotor is placed in the selected
positions, ports in the valve body
are connected in various combina-
tions to provide lifting, neutral or
lowering commands and the three
point hitch linkage is moved ac-
cording to the valve operation (Fig.
2). The port connected to the pump
inlet is a low pressure and the ports
connected to the pump outlet or hy-
draulic cylinder is high pressure (20
MPa).

The most important parameter in
the control valve design is the cal-
culation of input and output ports
sizes. The port sizes were calculated
by the following equation:

i =4.607NQ/ V) covrrererernereenens @)
O = Volumetric flow rate of oil, Lit/

m, V = oil velocity, m/s, and d =

diameter, mm.

From the tractor datasheet, the
maximum flow rate of the pump at
640 rpm of drive shaft speed is 15.2
L/m. Hydraulic oil velocity in the
pipe was selected from the standard
table. By selecting the velocity and
the maximum flow rate, diameter of
the intake and outlet ports were ob-
tained 18 and 7.4 mm, respectively.
Intake and outlet port area of the
control valve of the hydraulic pumps
used in MF 285 Tractors are 84 and
42 mm?, respectively.

The size calculated from equation
(1) for the discharge (pressure) line
is approximately equal to its actual

size. But there is difference between
the calculated size for the intake line
and the actual value. This difference
may be due to improper oil velocity
selection. Finally, the diameters of
the inlet and outlet ports of control
valve were selected 12 and 8 mm,
respectively.

In order to increase the response
of control valve for opening and
closing the ports with appropriate
speed, the rotation angle of the valve
rotor was determined to be less than
90 degrees. Therefore, the external
diameter of rotor was chosen equal
to 30 mm to be able to drill 12 and 8
mm holes on its circumference and
not to let the valve size be too large.
External diameter of cylinder was
chosen equal to 60 mm to have suf-
ficient strength against the pressure
of 200 bars and have the possibility
of creating the threaded holes with
the proper depth to fasten the con-
nectors and hoses. CK45 steel was
used for the construction of the con-
trol valve. After the implementation
of the desired plan, surface plating
and hardening up to 35 Rockwell
was done. Then, to create a good
surface finish to prevent oil leak-
age at high pressure, grinding and
finishing operations were done with
high precision. Finally, to connect
the control valve to the hydraulic
pump, the holes on the tractor body
and the standard connectors were
used. The valve was tested under
high pressure in the laboratory, and
its performance was satisfactory
with very least leakage. It had also
good accuracy in flow and direction
control of the oil entering to the hy-
draulic pump.

The valve was installed on the
tractor in parallel to the existing
valve of the hydraulic pump so that
either valve could work indepen-
dently. Then the stepper motor was
mounted on the rear of valve by a
coupling and its shaft was coupled
to the rotor (Fig. 3). By installing
and using this designed control
valve on MF2 85 tractor, the MDCS
of MF 285 tractor was changed to
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EDCS.

The EDCS was developed and
installed on the Massey Ferguson
(MF) 285 tractor. This system
consisted of a directional and pro-
portional flow control valve, depth
sensor, an S type tensile load cell,

moldboard plow: -
T
: "’.ﬁfth wheel
': 2% %,

|

Y =

y=2591x-170.1
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Fig.5 Calibration of depth sensor
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Driver

Amplifiger

12V 220 to 24
Battery power supply

Fig. 6 Electronic component of the
control system

Control panel

TD-1000 amplifier, Programmable
Logic Controller (PLC), Human
Machine Interface (HMI) and step-
per motor with deriver’s.

Electro-hydraulic Draft Control
System

In this study, a free- floating
fifth wheel sensor assembly was
mounted on the left side of the
moldboard plow so that it could
track the left rear tractor wheel path
(Fig. 4). The pneumatic tire was a
flotation type with a rolling radius
of approximately 27 cm. A rotary
potentiometer was mounted on the
pivot arm of the wheel to monitor its
rotation. This transducer was used
to measure the angular position of
the fifth wheel and to calculate the
implement depth.

The calibration result of the depth
sensor in the laboratory showed a
linear relation between potentiom-
eter output voltage and measured
values (Fig. 5). Calibrations were
also conducted before field testes.
The difference between indicated
and measured depth values obtained
during field testing was less than 2
cm.

Draft force sensing was accom-
plished with a 50 kN tensile S type
LASUX load cell. The draft force
was sensed by the load cell and
amplified (0-10 V) by the TD-1000
amplifier. The voltage output from
amplifier was received by the analog
input unit of the PLC.

An Omron Model PLC was em-
ployed to signal processing and data
recording. This PLC included a
CP1L-J14D CPU unit and a CP1W-
ADO041 analog input unit (Fig. 6).

Desired force

caleulation of | Pulse
number of pulses

The CPU Unit had eight digital
input and six digital output termi-
nals. Analog Input Unit provided
four analog input terminals. The
analog input signal ranges were
selected from 0 to 5 volt. Analog
output signals from sensors were
received by the Analog Input Unit
and converted to the digital value
according to the input signal range
and written program (conversion
time, 2 ms). The averaging function
was used for analog inputs. If there
is only a slight variation in inputs, it
is handled by the averaging function
as a smooth input.

Since the torque required to rotate
the valve was determined about
eight kg.cm, therefore a SANYO
model stepper motor (capable of
producing a torque of 13 kg-cm
convert to N.m) was selected. A two
phase stepping Moons driver with
a 24-48V DC power supply was
used (Fig. 6). The user could select
the running current and micro step
resolution. The stepping angle was
set on 1.8 degree.

A touch screen Programmable
Terminal (PT) (NB5Q-TWO0O0B,
Omron Company product) was used
to monitor the measured parameters
and set the desired values, such as
the tillage depth, draft force and
dead zone (Fig. 6). NB-Designer
software was used to create and
modify user interfaces (graphic
menus) for the PT. The user inter-
face was created in the software
and downloaded to the PT. PLC and
PT were linked together by RS-232
cable.

LCD

Driving of

Input values

Desired depth :|_.

- 1 Load cell —

Tillage
Rotating the Hydraulic purap, | depth
Stepper motor [ ™ walve ™| 3-pomnt hitch linkage

L | —

Fig. 7 Block diagram of the EDCS

Depth sensor
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Control Method

A block diagram of the EDCS is
shown in Fig. 7. The desired values
of the draft force, tillage depth and
dead zone were first set in the con-
trol panel (HMI). Signals from the
load cell and the depth sensor were
read and the actual draft force and
tillage depth was calculated at regu-
lar time intervals by the PLC. The
error signal was obtained as the dif-
ference between the actual and the
desired values. The error was then
compared to the value of dead zone.
If the error signal was within the
dead zone, the stepper motor was
not actuated by the PLC. If the error
signal was greater than the upper
limit or less than the lower limit of
the dead zone, the number of pulses
to control the stepper motor was
calculated and the control pulse was
output to the driver of motor by the
digital output unit of the PLC. The
motor rotated the valve in the clock-
wise or counters according to the
signal command. The tillage depth
was controlled by operating the hy-
draulic cylinder by the proportional
operation of the valve and by lifting
the three-point hitch linkage up or
down.

Test Procedure

The laboratory and field experi-
ments were performed to evalu-
ate the performance of the control
system. A MF 285 2WD tractor
equipped with a developed EDCS
and a two bottom mounted mold-
board plow were used to perform
the experiments. The transient re-
sponse experiments were done to
find the response and delay time of
the control system in the laboratory.

The field experiments were per-
formed in Tabriz University farm,
where the soil was sandy loam with
an average moisture content of 15%
(d.b) and with no tillage history for
two years and in randomized com-
plete block design with three rep-
lications. The treatments included:
two control systems (MDCS and
EDCS), three speeds (V1 = 2.5, V2

= 3.6 and V3 =5 km/h) and three
draft set values (d1 = 6, d2 = 8 and
d3 = 10 kN). The tractor engine
speed was set at 2,000 rpm during
field tests. For the MDCS, three po-
sitions of draft control lever were se-
lected as the draft set values. Mean
draft force obtained for three posi-
tions of the draft control lever were
6, 8 and 10 kN. Maximum tillage
depth for EDCS tests was selected
as 25 cm. The measured parameters
for evaluation were included, fuel
consumption, wheel slip, draft force,
rolling resistance and implement
working depth.

Fuel consumption was measured
by the use of a fuel measuring sys-
tem consisted of a 500 cc gradu-
ated cylinder as a reservoir and a
directional valve. Draft force and
rolling resistance were measured
using a standard load cell attached
to the front of the tractor on which
the electro-hydraulic system and
the plow was mounted. Another
auxiliary tractor (John Deere 3140)
was used to pull the plow-mounted
tractor through the dynamometer
(RNAM, 1983). The tractive effi-
ciency of tractor was calculated by
the following equation.
TE={P/(P+R)}(I-S) creree... )

Where
P = drawbar power, kN
R = rolling resistance, kN
S = wheel slip, %

The percentage of wheel slip was
calculated using the following equa-
tion:

8% ={(A-B)/A} x 100 ... &)

A and B: traveled distance by the
tractor for 10 revolutions of tractor
drive wheel under no load and on
the same surface with load respec-
tively.

Results and Discussion

Transient Response Experiment
The transient response of the sys-
tem for draft force variation at two
draft set values of 2 and 3 kN with
a dead zone of 1 kN, the control

command signal interval of 0.2 s
and data sampling interval of 0.3 s
are typically shown in Fig. 8. The
desired tillage depth was selected
30 cm with a dead zone of 4 cm.
Engine speed was 2,000 rpm in all
experiments.

As shown in Fig. 8, the system
performance is satisfactory in re-
sponse to the draft force variations
and the tillage depth has altered pro-
portional with the draft force. The
delay time of the system is less than
0.5 second and this is more related
to the performance of the hydraulic
unit no to the electronic unit. Re-
sults show the stability of the sys-
tem in depth control when the draft
force is kept in the constant value or
less than the lower limit of the dead
zone. It can be seen that the varia-
tions in draft force are properly fol-
lowed by the system and the EDCS
could keep the depth variations
within £2 cm in the steady state
(4 cm dead zone) (Fig. 8). These
results are in consistent with the
results reported by Lee et al. (1998).
Other experimental results also
showed similar results in stability
and deviation from the set value.

Systems Response to the Variation
of the Draft Force with Time

The response of systems for ac-
tual three test area with the tractor
velocity of 3.6 km/h, the control
command signal interval of 0.2 s
and data sampling interval of 1.5 s
(the average of the last three data)
are illustrated in Fig. 9. The set val-
ues used for EDCS were 6, 8 and 10
kN with a dead zone of 1 kN.

The standard deviations for EDCS
at 6, 8 and 10 kN draft set values
were 0.79, 0.82 and 0.95 kN re-
spectively, whereas these values for
MDCS were 0.73, 1.53 and 1.12 kN.
As seen from Fig. 9, the draft varia-
tions with using of the EDCS were
within the normal range of vari-
ability and any one would expect
this under field conditions. Also the
EDCS was capable of controlling
the draft variations within accept-
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able boundaries. Similar results
were reported by Kolator (1999) and
Ismail et al. (1983).

Performance of the Draft Control
Systems

The field data for maximum, aver-
age and standard deviation values of
draft force for both control systems
are presented in Table 1. Data in-
dicated that the standard deviations
for EDCS were lower than MDCS
in the almost all treatments. As a
result, the average draft value for
EDCS and MDCS were 9.56, 11.14
at the highest draft set value and
speed respectively (48% reduction),
which led to reduction in wheel slips
and fuel consumptions when using
the EDCS. These finding are similar
to those of Chancellor and Zhang
(1989) and Pranava et al. (2012) that
they reported lower fuel consump-
tion with the electronic slip control
system compared to the mechanical
draft control system.

The results showed that the draft
values were well controlled by the
use of EDCS within the narrow
band about the set point so that the
average draft values were equal or
close to the set point in all the cases.
But when using MDCS, the average
draft values and standard deviations
were high and this caused some-
times excessive slippage for stalling
of the tractor. This forced the opera-
tor to raise the implement to allow
the tractor to resume normal ground
speed. This type of problem did not
observed when using the EDCS in

the tillage operations.

Drawbar Performance

Data obtained for drawbar perfor-
mance parameters, namely, tractive
efficiency, fuel consumption, slip-
page, and tillage depth as influenced
by draft force for tillage operation
is shown in Fig. 10. The hollow and
solid dots represent the performance
of the EDCS and MDCS, respec-
tively.

Based on the analysis of vari-
ance, fuel consumption and slippage
values were found to be different
in control systems (P<0.05). But
there were no significant differences
(P<0.05) between tractive efficiency
and tillage depth values in both con-
trol systems.

Direct comparison of the mea-
sured data for both control systems
in almost all treatments indicated
that by use of the EDCS, the fuel
consumption and slippage value
decreased compared to the MDCS
with about equal tractive efficiency.
When using EDCS at the minimum
speed and maximum draft set value
the tractive efficiency, the fuel con-
sumption, slippage, the tillage depth
and draft force were found to be
61.3%, 33.3 L/ha, 17.9%, 24.3 cm
and 9.7 kN respectively; whereas,
these values were 60.5%, 42.7 L/
ha, 22%, 22.8 cm and 11 kN for
the MDCS. The similar result was
achieved at the maximum draft set
value and maximum speed so that
a 7% increase in tractive efficiency,
a 44.6% and 29.3% reduction in
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Fig. 8 Transient response of Electro-hydraulic control system.
L unitin time axis= 0.3 s

fuel consumption and slippage were
obtained by using the EDCS com-
pared to the MDCS. Similar reports
on other electronic control systems
were found (Chancellor and Zhang,
1989; Ismail et al., 1983).

At the maximum tractive effi-
ciency (64.1%) with the EDCS, the
fuel consumption, slippage and till-
age depth were 31.3 L/ha, 8% and
20.5 cm respectively; whereas, these
values were 36.6 L/ha, 14% and 20.1
cm for the MDCS at the maximum
tractive efficiency (62.8%). The use
of EDCS led to 14.5% and 44.8%
reduction in fuel consumption and
slippage, respectively. This agreed
with the observation of Pranava et
al. (2012).

It can be seen, at the higher draft
set value and speeds the response of
the MDCS was low in draft control,
resulting in poor efficiency. It can be
stated that with an increase in draft
set value and consequently working
depth, implement weight increases
and the MDCS is unable to react on
time to the draft variation. This is
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Fig. 9 Response of the control systems
to the draft variations at the tractor
velocity of 3.6 km/h, 1 unit in time

axis=15s
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Table 1 Performance of the draft control systems

Electro-hydralic Mechanical
Draftset | Speed, Average, | Standard Average, | Standard
value, kN| - km/h | Max, kN KN |deviation Max, kN kN | deviation
2.5 7.11 5.25 0.70 11.72 8.95 1.16
d1=6 3.6 7.59 6.22 0.79 10.42 8.70 0.98
5.0 8.37 6.36 0.93 11.25 9.69 1.05
2.5 10.00 8.33 0.95 11.63 10.00 0.88
d2=8 3.6 9.98 7.78 0.82 13.75 11.22 1.53
5.0 9.65 7.96 0.76 13.94 9.98 1.67
2.5 12.17 10.01 1.10 14.12 11.28 1.10
d3=10 3.6 11.13 9.43 0.75 14.72 10.75 1.23
5.0 11.95 9.56 1.11 13.46 11.14 2.16

because that there is no way the rate
of lift sensitivity of MDCS can be
adjust to improve its response, but
the sensitivity of EDCS for lifting
and lowering can be set.

Conclusions

The EDCS was developed and in-
stalled on a MF 285 tractor in order
to hold the draft force at a constant
level regardless of soil strength vari-
ation. The result of laboratory tests
showed that the system response in

draft control was satisfactory and
the EDCS kept the depth variations
within £2 cm in the steady state.
The field results showed that the
draft values were well controlled by
the use of the EDCS within the nar-
row band about the set point so that
the average draft values were equal
or close to the set point in all treat-
ments.
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Utilization Pattern of Power Tillers in Shivalik Hills
of India - A Case Study

by
Sukhbir Singh
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INDIA

Abstract

Shortage of farm power continues
to be a major productivity constraint
in mountains which is almost de-
pendent on animate power. But now
use of power tillers is increasing day
by day in the Shivalik hills of India.
Thus, it becomes crucial to study the
performance and other important
aspects related to the use of power
tillers with reference to the special
topography and cropping patterns
of this region. With this objective,
a survey was conducted in two se-
lected tehsil areas (Palampur and
Baijnath) of Kangra district of Hi-
machal Pradesh. The study involved
information regarding farming prac-
tices, performance of the machine,
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type of operation being performed,
average annual use at own farm and
on custom hiring, farmer’s opinion
and various limitations due to the
specific terrain and location. The
results revealed that average annual
working hours by the power tillers
were 207 hours and 198 hours in
Palampur and Baijnath, respectively
whereas on hiring it was 182 hours
in both tehsils. The major problem
in operation and maintenance of the
power tiller was the non-availability
of spare parts and repair facilities
for timely repairs at nearby places in
villages/block level. The majority of
the farmers (82%) were of the opin-
ion that they got the required spare
parts and repair facility beyond 20-
30 km. Farmers using the power

Table 1 Area under different zones of Himachal Pradesh

Agro-climatic zones
Particulars Submontane | wid hills sub | High hills | High hills
sub-tropical humid temperate wet | temperate dry
(Zone ) (Zone I1) (zone 111) (Zone 1V)
Geographical
area:qoopo ha 913.2 (16.4%) 1,183.2 (21.3%) 1,280.9 (23.0%) 2,190.6 (39.0%)
Total cropped
area, OOOer])a 335.1(38.0%) 383.4(41.0%) 171.8(18.4%) 24.3(2.6%)
Elevation (above
msl), m <650 651-1800 1,801-2,200 >2,201
Irrigated area, % 16.6 17.3 7.8 40.6
Rainfall, mm 1000 1,500-3,000 100 250
. Rice, Wheat ;
. Wheat, Maize, S ' Wheat, Maize, Barley, Potato
Field crops Rice, Pulses Malé(alseirley, & Potato & Wheat

tiller were of the view that use of
the machine resulted in more cover-
age area and saving in labour, time
and reduce drudgery as compared
to bullock system. Also, there was
additional income generation due to
custom hiring practice by the own-
ers of the power tiller.

Introduction

The major parts of Himachal
Pradesh lies in Shivalik hills of In-
dia which is situated between 30.3
and 33.3° North Latitude and 75.3-
79.0° East Longitude. The elevation
of the state widely ranges from 350
m to 6,975 m above mean sea level.
Because of wide variations in alti-
tude and topography, the state has
broadly been classified into four
agro climatic zones, i.e. sub mon-
tane and low hills sub-tropical, mid
hills sub humid, high hills temper-
ate wet and high hills temperate dry.
Area under different zones of Hi-
machal Pradesh is given in Table 1.
The state receives 1,170 mm average
annual rainfall (Anonymous 2012-
13). The land under cultivation is
about 10 % of the geographical area
and about 82% of the net area sown
is rain-fed. Rice, wheat and maize
are important cereal crops of the
State. The power availability in the
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state is only 35% (0.70 kW/ha) of In-
dia’s 2.02 kW/ha (Singh et al., 2014),
which is very low for timely sowing
of crops and, in particularly under
rain-fed conditions, which occupies
82% of net cultivatable area of the
state. Traditional manual tools and
animal drawn implements form the
mainstay of agricultural tools in the
state (Singh, 2007). Several reasons
can be attributed to the slow prog-
ress of agricultural mechanization
in state. The state topography and
small size fields make it difficult for
the use of heavy mobile machinery
on the steep slopes of mountains.
Lack of accessible roads to the fields
has aggravated this problem. Small
and fragmented land holdings, high
capital investment, low purchasing
power of the farmers, traditional
methods of farming, abundance of
unemployed labour and lack of clear
government policies are some other
factors hindering the pace of agri-
cultural mechanization in the state.

Shortage of farm power continues
to be a major productivity constraint
in mountains. The number of me-
chanical power sources (tractors
and power tillers) is increasing day
by day and replacing animal power
in spite of terraced fields. Tractors
are mainly used for transportation
of construction material such as
boulders, sand etc. and are rarely
used in agriculture. Power tiller is
popularizing very fast in the state
due to its unique features suited to
hilly undulating terrains and small
size fields. It is preferred due to its
small size, ease of handling on the
slopes, less space requirement for
turning and low initial costs. The
number of power tillers in the state
has been increasing at a steady pace
and about 150-200 power tillers be-
ing purchased by the farmers every
year. Accordingly, some of the tra-
ditional methods of cultivation have
been changing. It is a well-known
fact that an increase in mechanical
power input in the farm leads to in-
crease in production.

A survey based on question-

naires and visits to the farmers was
planned in order to study the use of
power tillers in the two selected teh-
sils of Kangra district of the State.
In this study, the utilization and
performance of power tillers was
analyzed through surveys and col-
lection of basic data to identify the
problems and constraints encoun-
tered by the users.

Methodology

A questionnaire was prepared for
the proposed study that included
questions about the respondent such
as land holding pattern and size
of plots, vertical interval between
plots, cropping pattern, conven-
tional practices followed, equipment
availability and details of power
tiller use. The questions on power
tillers included various operations
performed, facilities available for
repair and maintenance, availability
of spare parts, difficulties faced dur-
ing transportation, fuel consump-
tion and details on custom hiring.
A few questions were also incorpo-
rated on other potential uses of the
machine and the socio-economic
aspects related to machine use. The
study was conducted in two selected
tehsils Baijnath and Palampur of
Kangra district of the State in the
year 2011-12 at Himachal Pradesh
Agricultural University, Palampur.
The list of power tiller owners was
collected from Department of Ag-
riculture who provide subsidy to
farmers on purchase of power tiller.
A total of 60 power tiller owners
were selected out of these tehsils for
the study. All the primary data were
collected from the farmers by per-
sonal interview. The collected data
were classified and analyzed.

Results and Discussions

Socio-economic Conditions of
Farmers
The information on land holding

of power tiller owners was analyzed
and tabulated in order to relate to
the power tiller utilization. Farmers
are categorized in to four groups
as per their land holding; less than
1 ha, 1-2 ha, 2-4 ha and more than
4 ha. Table 2 shows the percent-
age of farmers owing power tiller
in each category. It is evident from
the Table that in Palampur tehsil,
67.6% farmers owned power tillers
who had land holdings up to 1.0 ha
and these farmers had a minimum
average area of land equal to 0.51
ha. Among others, 29.5% farmers
owned 1-2 ha, 2.9% farmers owned
2-4 ha and no famers had land
more than 4 ha. In Baijnath tehsil
also, 69.2% farmers are marginal
having an average land holding of
0.52 ha and are having power til-
lers and only 11.53% farmers under
medium and large group category
are having power tiller. It is clear
from the Table that majority of the
small and marginal farmers in hills
of Himachal Pradesh own power
tillers. There were only few farmers
(3.84%) in Baijnath and no farmer
in Palampur tehsil who had culti-
vable land more than 4 ha and also
owned power tillers. The state sta-
tistical abstract also indicated that
about 85% farmers fall under small
and marginal category. More small
and marginal farmers are going for
the power tiller purchases because
they are taking it as an additional
source of income through custom
hiring. The state government is also
providing subsidy to the farmers on
purchase of power tiller through its
agriculture and horticulture depart-
ments. However, medium and large
farmers have some orchards/forestry

Table 2 Land holding pattern of power

tiller owners
. Farmers ownin
L:tr;gr?]oldlng power tillers, percgent
P Palampur \ Baijnath
Marginal (<1ha)| 67.6 69.2
Small (1-2 ha) 29.5 19.3
Medium (2-4 ha) 29 7.69
Large (>4ha) 0 3.84
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and they are cultivating only a small
fraction of land and also give some
land on rent basis to the other small
and marginal farmers.

Make and Model of Power Tillers

The information collected on the
different makes of power tillers
showed that 97% farmers in the
Palampur and 96% in Baijnath teh-
sils were using the VST Shakti 130
DI make, 9.7 kW (13 hp) Mitsubishi
brand power tillers and the remain-
ing 3 to 4% famers in both tehsil
were using the other make of power
tiller (11 kW Kranti make). The rea-
son for more VST Shakti power til-
lers in the area was because of three
authorized dealers of the machine
in the region. Fig. 1 shows the per-
centage of different makes of power
tillers in the region.

The majority of the power tiller
owners in both the tehsils (59% in
Palampur and 81% in Baijnath) were
self operator (Table 3). In Palampur
tehsil, 38% owner had hired an op-
erator for operating the power tiller
whereas it was only 19% in Bai-
jnath. The wages of hired operators
was given either on work hour basis
or day basis. Majority of the own-
ers who hire the operator (80-92%)
were using power tiller on custom

Table 3 Power tiller operator and age

hiring whereas the owners who are
self operator (65-81%) were also us-
ing power tiller on custom hiring.
The age of the power tiller opera-
tors either self or hired was below
40 years. It can be concluded that
unemployed youth of hills are com-
ing forward to adopt power tiller
technology as an income generating
source through custom hiring.

Power Tiller Usage

The data regarding use of power
tiller for different operations was
also collected, analyzed and present-
ed in Table 4. It was observed that
every power tiller farmer (100%) in
both the tehsils utilized it for rota-
tilling i.e. field preparation in dry
land conditions. It was also clear
from the table that majority of farm-
ers were using power tiller for sow-
ing (first broadcasting the seed then
only mixing with power tiller rota-
vator). For sowing of wheat in Rabi
(winter) season after paddy harvest-
ing, farmers first broadcast the seed
and then go for one rota-tilling but
wheat sowing after maize harvest-
ing, farmers go for one or two rota-
tilling then broadcast the seed and
just mixing the seed in soil by light
rota-tilling. The same practice was
also followed for sowing of soybean

=
hJ
o

and maize in Kharif (Rainy) season.
For paddy sowing in dry land condi-
tions, farmers prepare the field with
one rota-tilling then mixing the seed
after broadcasting it with power til-
ler. After sowing, some farmers (18-
26%) use wooden planker to cover
seeds with the soil which had two
hooks on which rope was tied and
attached to power tiller handle. Dur-
ing levelling, first the operator put
rotavator on off position and then
stood on the planker for levelling. In
all other cases, levelling was done
by either a manually or bullock
operated wooden device. The pud-
dling operation was performed by
some farmers (16% in Palampur and
22% in Baijnath) as transplanting
of paddy was done by few farmers.
Rest of the farmers do direct sowing
of paddy in dry and wet land condi-
tions and then thinning after 22-
25 days of sowing. Wheat thresher
operated with power tiller was used
by 16% farmers in Palampur and
22% in Baijnath. The power tiller
utilization can be enhanced using
thresher with power tiller. During
idle period, power tiller was used
to run atta chakki (flour mill)/rice
huller by 16% farmers in Palampur
and 22% in Baijnath.

© B VST Shakti O others
Tehsil . £ 100
Power tiller operator, % Palampur Baijnath %
Self 59 (65% CH*, 81 (81% CH, 5 &
35% NCH**)  19% NCH) g o
Hired 38 (92% CH, 19 (80% CH, E
8% NCH)  20% NCH) % 40
Self & hired 3 (100% CH) Nil -
Average age of operator, years g 20
Self 39 36 = I I
Hired 32 28 Palampur Baijnath

*CH-Custom hiring, **NCH- No custom hiring

Fig. 1 Percentage of different makes of power tillers

Table 4 Type of operations performed with power tiller

Percentage of farmers using power tiller, %
Tehsil - . . Sowing . Other (Flour grinder, rice huller
Rota-tilling | Puddling Levelling (only mixing of seeds) Threshing etc)
Palampur 100 16 18 76 18
Baijnath 100 22 26 82 12
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Opinion about Power Tiller At-
tachments

Only 30-35% of the farmers in
both the tehsils expressed that they
were not aware of any equipment
matching to the power tiller ex-
cept the rotavator that is supplied
as a standard attachment with the
machine. Apart from the limited
knowledge on the availability of the
power tiller matching equipment, all
other 65-70% farmers were aware
of the lug type puddling wheels,
cultivator, multi-crop planter, potato
planter and digger, reaper, thresher,
trolley, pump. Theses farmers
have seen demonstrations of theses
matching equipment either in the
Himachal Pradesh Agricultural Uni-
versity, Palampur or at others farm-
ers’ field organized by the university
officials. Nearly two-third of the re-
spondents in both tehsils expressed
that they gained knowledge about
power tiller from the University.
About 50% of the respondents ex-
pressed that they do not want to use
any power tiller attachment except
the rotavator. It was indicated that
hitching of any matching equipment
like planter, cultivator and trolley is
not easy by detaching the rotavator
from the power tiller. A total 100%
of the farmers were of the view that
some financial support in term of
subsidy of 50-60% should be pro-
vided for the purchase of matching
implements like thresher, seed drill/
planter and trolley.

Annual Use of Power Tiller

The average annual use of the
power tillers varied from a mini-
mum of 16 hours to a maximum of
447 hours in Palampur and 24 hours
to 442 hours in Baijnath tehsils. It
is clear from the Fig. 2 that a maxi-
mum of 53% farmers of Palampur
used power tiller for 200-300 hours
annually where as in Baijnath tehsil,
a maximum of 32% farmers used
power tiller for 100-200 hours annu-
ally. Only 12% farmers in Palampur
and 25% in Baijnath used power
tiller more than 300 hours. Average

annual working hours by the power
tiller were only 207 hours and 198
hours in Palampur and Baijnath, re-
spectively. This was due to topogra-
phy of area which has small and ir-
regular size of plots; more than one
feet vertical interval between ter-
races and have all other difficulties
associated with hilly fields. For a 13
hp power tiller, farmers reported 12-
13 hours for rota-tilling operation to
cover one ha of area. Usually farm-
ers are in practice of completing the
bed in two passes.

Custom Hiring

Majority of the farmers in both
the tehsils (76% in Palampur and
81% in Baijnath) using power til-
ler on custom hiring. The average
annual use of power tiller on hir-
ing was 182 hours in both the teh-
sils. This is in addition to the use
of machines on their own fields.
However, the power tiller hiring
in Rabi season (98-100 hours) was
observed more than Kharif (82-84
hours). In Rabi season, the sowing
of wheat starts in November and it
lasts up to mid of January depend-
ing upon the rain. So, farmers get
more chance to operate their power
tiller in this season. Hiring of power
tillers was mainly for the rototill-
ing operations by 100% farmers
of both tehsils. Some farmers use
wheat thresher with power tiller on
hiring. About 12-18% farmers run
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atta chakki (flour mills) with power
tiller engine. The prevalent rate of
hiring varied from Rs.200 to Rs.250
per hour (61 Rs. = 1$ US). Custom
hiring of the power tillers was ob-
served to be one of the additional
sources of income for the owners of
the medium and small land holding
category of farmers.

Fuel Consumption of Power Tiller

All the 9.7 kW VST Shakti 130 DI
Mitsubishi brand power tillers and
11 kW Kranti power tillers used in
the region were powered by diesel
engines only. Most of farmers in
both tehsils using Mitsubishi power
tillers (86%) reported that its fuel
consumption ranged from 1 to 1.25
L/h. However, 10% reported fuel
consumption in the range of 1.25-1.5
L/h and rest 4% farmers reported
less than 1.0 L/h with machines
less than two year old. The fuel
consumption of about 1.5 L/h was
reported by farmers using Kranti
make power tillers.

Repair and Maintenance

In both the tehsils, majority of the
farmers (82%) were of the opinion
that they got the required spare
parts and repair facility beyond 20-
30 km. The main problems pointed
out by the farmers of both the teh-
sils in operation and maintenance
of the power tiller was the non-
availability of spare parts and repair

53 B Palampur

m Baijnath

1

15
1 911
.

<100 100-200

200-300

300-400 >400

Range of hours

Fig. 2 Annual use of power tiller
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facilities for timely repairs at nearby
places in villages/block level. They
had to rush to power tiller dealers at
Maranda in Palampur and Chaun-
tra in Baijnath for even very small
spare parts like clutch wire and fan
belt. Almost all the farmers were of
the view that repair facilities (within
2-3 hours) were not available in the
region. Due to lack of trained man-
power and repair facilities at village
level, some times during work-
ing season, power tiller remained
idle for 2-3 days even for a minor
problem that resulted in heavy loss
to the farmers. Only three dealers
were there in Palampur and Baijnath
that catered the need of spare parts
availability and repair facilities of
all power tillers. Thus, farmers were
forced to pay much higher prices for
spare parts and repair charges due
to lack of competition among the
dealers/mechanics. Majority of the
farmers were of the view that ad-
vance training on power tiller was
necessary before its purchase on its

proper operation and maintenance.
Almost 60% power tiller owner had
taken training in operation, minor
repair and maintenance of power
tiller by the Agricultural University,
Palampur and rest of the famers
wants to take this training.

Subsidy on Power Tillers

The information collected showed
that 97% farmers in the Palampur
and 96% in Baijnath tehsil were us-
ing the VST Shakti 130 DI make,
9.7 kW (13 hp) Mitsubishi brand
power tiller. The reason for more
Mitsubishi power tillers was due to
its authorized dealership, availabil-
ity of spare parts and maintenance
facility in the region. In addition,
the subsidy provided on this make
by the state government and recom-
mendations by the state agricultural
university were other reasons for
popularization of this power tiller
in the state. The subsidy provided
by the Government of Himachal
Pradesh was Rs. 30,000 (= $492 US)

Table 5 Drudgery perceived during power tiller use in hills

Number of farmers giving opinion, percent
Drudgery perceived Palampur tehsil Baijnath tehsil
Transport \ Operation Transport \ Operation
Easy 8 22 0 15
Moderately difficult 28 52 22 56
Difficult 64 24 78 29

Table 6 Opinion of user about power tiller

L . Percentage of farmers
Opinion about power tiller Palampur ‘ Baijnath
Liking of the operator 92 98
Economically viable source of power 100 100
Saving in time & labour substantially 100 100
Increase land productivity by 10-20% 85 86
Drudgery reduction (avoid clod breaking operation) 100 100
Within purchase capacity of farmers without subsidy 8 10
Financial help (subsidy) by Government 100 100
Good source of income on custom hiring 94 86
Respect in society as owing power tiller 100 100

Table 7 Opinions of farmers about power tiller and bullock drawn system

Power source

No. of operation | Time | Quality of work | Labour | Comfort

Power tiller
Bullock

1-2 (less) Less
3 (more) More

Very good Less More
Good More Less

per unit in 2002-03 and increased
to Rs. 45,000 (=~ $738 US) in year
2009-10. It was observed that more
and more farmers are coming for-
ward to purchase power tiller.

Drudgery during Operation

The operator comfort or drudg-
ery perceived during operation of
machine is an important aspect in
design. So, the information was col-
lected on drudgery perceived in the
use of power tiller operation for two
different modes namely (1) for tak-
ing the power tiller to the field and
(2) during operation of the machine
in the field (Table 5). Majority of
the farmers in both tehsils reported
that power tiller transportation to
the fields is very difficult. There was
no approach roads to the fields in
hills but had only very narrow path-
ways to transport power tiller to the
fields. It was also pointed out that
more than 80% fields had very small
size (<50-80 m?) with vertical inter-
val in the range of 1.0-2.0 feet (30.5-
61 cm). Farmers were facing a great
difficulty in crossing the bunds from
one field to another. Fifty percent
of the farmers had ladder 3-4 feet
(0.92-1.22 m) long made of angle
iron or wood that they put under the
wheels of power tiller while cross-
ing the bunds/channel. The chances
of overturning of power tiller while
crossing the bunds was pointed by
all the farmers. However, the opera-
tion of power tiller in the field was
moderately difficult as pointed out
by 52% farmers in Palampur and
56% in Baijnath tehsils. The turn-
ing of power tiller at head lands was
difficult.

Data regarding opinion of user
about power tiller was also collect-
ed, analyzed and presented in Table
6. Hundred percent of farmers in
both tehsils were of the opinion that
power tiller was economically vi-
able source of power in hills which
saved time and labour significantly,
increased the land productivity
and reduced drudgery. Majority of
the owner pointed out it as a good
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source of income if used on custom
hiring. Majority of the farmers had
poor economic conditions and they
showed their inability to purchase
it if they do not get subsidy. How-
ever, only 8-10% farmers were able
to purchase it without subsidy. All
farmers agreed that they got the
subsidy provided by the state gov-
ernment.

Farmers view about comparison
of power tiller and bullock system
showed that power tiller consumed
less time to prepare a field in fewer
passes then bullocks with more
comfort (Table 7). Only one or two
passes were required to prepare
a field with power tiller where as
it was two to three with bullocks.
The area coverage with power tiller
was reported in the range of 0.06-
0.08 ha/h. The quality of work done
by power tiller was also rated very
good.

Limitations in Use
Power tiller use is limited to land

preparation under dry and wet land

conditions, sowing only for mix-

ing the seeds and to some extent

threshing and running flour mill

(atta chakki) during off hours. The

reasons stated by users for limited

use of power tiller were

e The topography of the region

e Small size of field

e Vertical interval between terraces

e No approach roads to the fields

e Non-availability of suitable
matching implements

e Non-availability of repair and
maintenance facilities in nearby
areas

e Weak financial conditions of the
farmers

e Limited knowledge about match-
ing implements

e Non-availability of skilled man-
power for repair and maintenance

e Non-availability of genuine spare
part like tines etc.

Conclusions

The following conclusions could
be drawn from the study.

1. The majority of the small and
marginal farmers (97.1% in
Palampur and 88.5% in Baijnath)
in hills of Himachal Pradesh own
power tillers.

2. VST Shakti 130 DI power tiller
was used by 97% of farmers in
the Palampur and 96% in Baijnath
tehsils and rest of 3 to 4% famers
in both tehsil were using the other
makes of power tiller.

3. The majority of the power tiller
owners in both the tehsils (59%
in Palampur and 81% in Baijnath)
were self operator and had an av-
erage age of less than 40 years.

4. The average annual working
hours of the power tillers were
only 207 hours and 198 hours in
Palampur and Baijnath, respec-
tively whereas the average annual
use on hiring was 182 hours in
both the tehsils.

5. Every power tiller farmer (100%)
in both the tehsils utilized it for
rota-tilling i.e. field preparation in
dry land conditions.

6. Majority of the farmers in both
tehsils reported that transporta-
tion to the fields by power tiller
was very difficult as there were no
approach roads or pathways.

7. More than 80% fields had very
small size (<50-80 m?) with verti-
cal interval of 1.0-2.0 feet (30.5-
61cm).

8. Majority of the farmers (82%)
were of the opinion that they got
the required spare parts and repair
facility beyond 20-30 km.

REFERENCES

Anonymous. 2012-13. Statistical
outlines of Himachal Pradesh. De-
partment of Economics and statis-
tics. Govt. of Himachal Pradesh,
Shimla.

Sukhbir, S. 2007. Hill Agricul-
tural Mechanization in Himachal

Pradesh- A Case Study in Two
Selected Districts. AMA, Vol.38
(4): 18-25.

Surendra, S., R. S. Singh and S. P.
Singh. 2014. Farm Power Avail-
ability on Indian Farms. Agri-
cultural Engineering Today, Vol.
38(4):44-52.

Sukhbir, S. and D. K. Vatsa. 2010.
Scope of custom hiring of power
tiller technology to enhance in-
come of hill farmers. In: Proc. All
India seminar on “Engineering
Intervention to enhance income
of small and marginal farmers,
September 29-30, New Delhi, or-
ganized by IE(1), Delhi chapter,
212-219.

] ]

62 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2018 VOL.49 NO.1



Trend Analysis of Vegetation Indices Using

Spectroradiometer at Different Growth Stages of
Cotton

by
Kothawale Anil Gautam

Dept. of Farm Machinery and Power Engineering
Punjab Agricultural University, Ludhiana
INDIA

Varinderpal Singh
Department of Soil Science

Punjab Agricultural University, Ludhiana
INDIA

Vishal Bector

Dept. of Farm Machinery and Power Engineering
Punjab Agricultural University, Ludhiana
INDIA

Manjeet Singh
Dept. of Farm Machinery and Power Engineering

Punjab Agricultural University, Ludhiana
INDIA

Abstract

Remotely sensed spectral vegeta-
tion indices are widely used and
have benefited numerous disciplines
interested in the assessment of bio-
mass, water use, plant stress, plant
health and crop production. The
successful use of these vegetative
indices requires knowledge of the
units of the input variables used to
form the indices. Hyper spectral
reflectance from cotton crop canopy
was used to find indices like DVI,

Abbreviations

DVI Difference Vegetation Index
RVI Ratio Vegetation Index
Normalized Difference
NDVI Vegetation Index
RDVI Renormalized Difference

Vegetation Index
Soil Adjusted Vegetation

SAVI Index
TVI Transformed Vegetation Index
NIR Near-Infrared

RVI, NDVI and TVI. The objec-
tive of study was to study the trend
of temporal changes in vegetation
indices at different growth stages.
Spectral signatures of cotton crop
were measured using tractor mount-
ed spectroradiometer at different
growth stages. Vegetation indices
were calculated by using reflectance
at R650 in red region and R770 in
near infrared region. Results re-
vealed that maximum DVI and TVI
value was observed at boll opening
stage and boll filling stage respec-
tively. After peak flowering stage
RVI, NDVI and SAVI values shows
linear trend.

Keywords: Cotton, Spectroradi-
ometer, Vegetation Indices, DVI,
RVI, NDVI, RDVI, SAVI and TVI
etc.

Introduction

Spectral signatures of body

depend upon electromagnetic ra-
diations emitted from object. For
assessment of plant health, bio-
mass, crop production and water
use the spectral signatures of crop
canopy use to estimate the vegeta-
tion indices. In healthy crop canopy
spectrum is absorbed in visible
region and at same time spectrum
is reflected in near infrared region.
The successful use of these vegeta-
tive indices requires knowledge of
the units of the input variables used
to form the indices and an under-
standing of the manner in which
the external environment and the
architectural aspects of a vegeta-
tion canopy influence and alter the
computed index values (Jackson and
Huete 1991).

At different growth stages of
cotton crop canopy hyper spectral
remote sensing detect the character-
istic difference during its growing
season (Zhao et al 2004). Differ-
ence Vegetation Index (DVI), Ratio
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Vegetation Index (RV1), Normal-
ized Difference Vegetation Index
(NDVI), and Renormalized Dif-
ference Vegetation Index (RDVI)
calculated by using hyper spectral
reflectance from cotton crop canopy
used to differentiate crop canopy
(Zhao et al., 2005 and Zhao et al.,
2007). Remotely sensed data have
been widely used to develop vegeta-
tion indices as indicators of crop
growth, nutrient status and yield de-
velopment. Studies suggest that crop
spectral reflectance can be used to
detect abiotic and biotic environ-

Lo = . = o h‘.‘“ N —.
Fig. 1 View of capturing of spectral
signatures of cotton crop

Table 1 Dates of capturing of spectral

signatures
Date Growth stages (DAS)
30 May, 2014 Node formation (21)

10 June, 2014
20 June, 2014

First Squaring (31)
Squaring (41)

30 June, 2014 Early flowering (51)
10 July, 2014 Mid flowering (61)
20 July, 2014 Peak flowering (71)
30 July, 2014 Boll formation (81)
09 August, 2014 Boll filling (91)

19 August, 2014 Boll opening (101)

mental stresses in plants (Filella et
al., 1995 and Osbhorne et al., 2002).
When a light is striking on any
surface then part of light is reflect-
ed, transmitted and absorbed. The
amount of reflection, transmission
and absorption depends on surface
and wavelength of light. For plants
near infrared wavelength is reflected
and transmitted with small absorp-
tion. But in visible wavelength is
absorbed with little reflection and
transmission of light. Most of times
sunlight is used as the source of
light to capture spectral signatures
of crop. Irradiance of sunlight
changes with time and atmospheric
conditions. So, only reflection is not
suitable to characterize the crop.
Hence, the problem is solved by
combining the two or more spectral
wave bands known as vegetation in-
dices. Vegetation indices calculated
from sensor output voltage, radiance
value, and reflectance value and
satellite digital numbers. The objec-
tive of study was to study the trend
of temporal changes in vegetation
indices at different growth stages.

Materials and Methods

Location and Cultural Practice
The field experiment was con-
ducted during kharif 2014 at the
experimental farm Department of
soil science, Punjab Agricultural
University, Ludhiana, Punjab, India
at 30°56' N latitude and 75°52' E
longitude with a mean height of 247
meter above the mean sea level The

Table 2 Vegetation indices

field experiment was designed in
split plot design with two cultivars
(ANKUR 3028 BG- Il and RCH
650) in main plots and seven N fer-
tilizer applications [0 (T,), 30 (T,),
60 (Ty), 75 (T,), 90 (Ts), 120 (T,) and
150 (T;) N kg/ha] treatments in sub
plots with three replications. Total
42 plots of size 9 x 2.7 (24.3 m?)
were sown at row to row spacing of
60 cm and plant to plant spacing of
67.5 cm.

Tractor Mounted Spectroradiom-
eter

A 512—channel ASD Fieldspec®
Pro 2000 Specroradiometer (Ana-
lytical Spectral Device Inc., Boul-
der, CO, USA) with range 350-2,500
nm was mounted on developed
frame mounted on high clearance
John Deere tractor (Fig. 1). A Spec-
tralon white reference panel was
used to optimize the instrument to
100% reflectance at all wavebands
prior to canopy reflectance measure-
ment. Canopy spectra from cotton
were measured at 11:00-14:00 hours
ignoring sharp 12.00 noon under
cloudless and windless weather
condition. Reflectance measurement
was made about 1 m above canopy
throughout the growing season
starting from squaring stage at 10
days interval. Sensor facing the
crop and oriented normal to plant
using 25° field of view (FOV) and 5
spectral reflectance measurements
was used as the reflectance from
each plot. During the reflectance
measurement tractor was in steady
state. The number counted as soon

Acronym Name Formula | Author | Description
Difference Zero value of DVI indicate bare soil, negative

DVI vegetation index DVI = Ryir — Rgeq Jordan (1969) value indicate water and positive value indicate

9 vegetation

Ratio vegetation _ Pearson and s

RVI index RVI = Ryr/Rgeq Miller (1972) Used to minimize topography effect.

Normalized _ _ Rouse et al. It minimize topographic effect when use as linear
NDVI vegetation index NDVI=Ruir = Reea / Rui + Riea (1974) scale for measurement of vegetation

Soil adjusted _ Minimize the effect of soil background on
SAVI vegetation index SAVI=NDVIx (0.5+L) Huete (1988) vegetation signal
TVI Transformed TVI= VNDVI+05 Deering et al. 0.5 order is introduced to avoid the problem with

vegetation index

(1975)

negative value of NDVI
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as reflectance measurements were
made.

Collection of Spectral Signatures

Spectral properties of cotton
crop were measured using tractor
mounted Specroradiometer. Spec-
tral properties were measured at 10
days interval starting from squar-
ing stage i.e. 41 days after sowing
(DAS) stage to boll opening stage
i.e. 101 DAS. During the reflectance
measurement tractor was in steady
state. The number counted as soon
as reflectance measurements were
made.

Calculations of Vegetation Indices

Spectroradiometer was used to
measure the reflectance of five ran-
domly selected plants in each plot
during various growth stages of cot-
ton crop. Average reflectance of five
plants recorded at each wavelength
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from 350 nm to 2,500 nm. Veg-
etation indices were calculated by
using spectral reflectance at R650
in red region and R750 in region de-
scribed in Table 2.

Statistical Analysis

An analysis of variance (ANOVA)
was performed to test N effects on
different vegetation indices at dif-
ferent growth stages of cotton crop.
Mean separation was determined
using LSD at a P = 0.05. Analyses
were performed using Crop stat.

Results and Discussion

The average DVI values for the
two cultivars and fertilizer N appli-
cation were plotted against the dif-
ferent growth stages in (Fig. 2 A).
The data revealed that maximum
DVI value was observed at boll
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Fig. 2 Temporal changes in vegetation indices value calculated using
spectroradiometer at different growth stages

opening stage of cotton crop and
graph shows that increasing trend.
At early flowering and boll opening
stage shows same DV value.

The RVI readings of cotton crop
shows increasing trend from early
squaring stage to boll opening
stage. Data revealed that from mid
flowering stage to peak flowering
stage there was suddenly increase
in RVI value and from peak flower-
ing to boll opening stage data shows
the no variation RVI values. Maxi-
mum and minimum value of RVI
observed at squaring stage and boll
opening respectively (Fig. 2 B).

The average NDVI values for the
two cultivars and fertilizer N appli-
cation were plotted against the dif-
ferent growth stages in (Fig. 2 C).
NDVI value shows increasing trend
from squaring stage to peak flow-
ering stage. Towards the maturity
from peak flowering stage to boll
opening stage value of NDVI shows
linear trend. The increasing NDVI
values with the growth of the crop
indicated increase in biomass of the
crop with time.

The SAVI readings showed simi-
lar trend as NDVI value with the
growth of the cotton crop (Fig. 2 D).
Initially at squaring stage minimum
value of SAVI observed. After mid
flowering stage increase in value
and from peak flowering to ball
opening stage SAVI value become
constant.

The average TVI values for the
two cultivars and fertilizer N ap-
plication were plotted against the
different growth stages in (Fig. 2
E). As other vegetation indices TVI
value also shows the increasing
trend with different growth stages.
Maximum value of TVI was ob-
served at boll filling stage. Towards
the maturity at boll opening stage
decrease in value of TVI was ob-
served.

Conclusions

Temporal change in vegetation
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index at 0 N kg/ha (control) shows
similar trend as 30, 60, 75, 90, 120
and 150 N kg/ha. At initial growth
stages increase in values of vegeta-
tion values but towards maturity it
will become steady or decline.
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Abstract

In the existing electro hydraulics
hitch control system of tractors,
the measuring method of the till-
age resistance can not accurately
reflect the tillage resistance of the
mounted plough. Analysis of the
measurement method of the tillage
resistance is carried and a method
of is proposed to measure the tillage
resistance of mounted plough by
the force signal of hinge points of
the upper link and lower link. The
solving matrix of tillage resistance
is established by using the principle
of space vector force mechanics. A
resistance measurement system pro-
totype is developed on the JINMA
1204 tractor. The ill-condition of the
solving matrix is analyzed, and the
calculate program of the tillage re-
sistance is developed. Field tests of
tillage resistance measuring system
were carried out. The test results
show that the correlation coefficient
between measured value and test
value of tillage resistance measure-
ment system is 0.79, which belongs
to strong correlation and shows
that the tillage resistance method
proposed in this paper is effective.
Through the calibration of the re-
sistance measurement system, the
maximum reference error between
the measured value of the tillage

Liu Cunhao

resistance and the resistance test
value of the tillage is 5.7%, which
can meet the measurement require-
ments of the electro hydraulics hitch
control of agricultural tractor.

Key words: Agricultural tractor;
Mounted plow; Tillage resistance;
Measurement method

Introduction

In electro hydraulics hitch control
of agricultural tractor, the tillage
resistance signal provides the work
load information for draught control
algorithm and draught-position mix
control algorithm[1], therefore, the
measurement of tillage resistance
is very important. In the electro
hydraulics hitch control of tractor
proposed[2-3], the force sensor is
usually installed at the hinge point
of the lower link and the tractor
body, and the tillage resistance is
achieved by the force signal at the
hinge point of the lower link. Be-
cause the mounted plow is connect-
ed with the tractor through an upper
link and two lower links, the force
signal at the hinge point of the lower
links can not accurately reflect the
tillage resistance of the plough;
therefore, the research on the mea-
surement of tillage resistance of
the mounted plow is of great sig-

Schlool of Automotive And Traffic Engineering
Jiangsu University, Zhenjiang -212013
CHINA

nificance to the electric hydraulics
hitch control of tractors.In the field
of measuring the tillage resistance,
some researchers have put forward
many measuring schemes for the
tillage resistance, and obtained
better results. The proposed mea-
surement methods can be divided

Nomenclature

force vectors of pointin the 4;
lower link

force vector of point 7 in the
lower link

the force vector of point B;in the
lower link.

F, |the length of force vector F;
A;B; |the geometric vector of 4;B;
AT, |the geometric vector of 4,T;

the test value of the tillage
resistance

F, (i) the sample value of the tension
4\ Isensor

the acting point of tillage force
the force vector of point R

the force vector of the hang point
of the upper link,

R

R

K

K |the length of force vector K
DK |the geometry vector of DK
DR |the geometry vector of DR
DW |the geometry vector of DW
DT, |the geometry vector of DT,
DT, |the geometry vector of DT,

R () the sample measuring value of
v 7 |the tillage resistance

F, [traction force value of prototype

f the rolling resistance of the
prototype
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into three types. The first method
is measured by installing a strain
beam or force sensor on the plow
body[4-5], The method has higher
measurement accuracy and is often
used to evaluate the mechanical
properties of a single plough. The
second method is to install sensors
or measuring devices between hitch
mechanisms and the farm imple-
ments, which are often used to eval-
uate the overall mechanical perfor-
mance of ploughs. For traction farm
tools, the force sensor is installed
between the tractor drawbar and the
farm implements[6], and the tillage
resistance is measured directly; For
the mounted plough, the measur-
ing frame designed is connected
between the tractor hitch mecha-
nism and the plough. The load of
the mounted plough is measured by
strain beam[7] or force sensor [8-11]
on the measuring frame, however,
the measuring frame changes the
installation position of the tractor
and plough, which can not fully re-
flect the actual working conditions
of the tractor plough set. The third
method is to integrate force sensors
into hitch links[12-13], calculate the
plow tillage resistance is calculated
by hitch link force signal and plow
position signal; This method can
fully reflect the actual working con-
ditions of the tractor mounted plow
and is used to evaluate the overall
mechanical properties of plow.
However, in the electro hydraulics
hitch control of tractors, In electro
hydraulics hitch control of tractors,
it is necessary to install sensors

sensor [
Fig. 1 Instrument of tractor three-point
hitch mechanism

with simple, low cost and easy to
popularize the measuring method
of tillage resistance on tractor. The
above three methods are often used
in experimental research, the first
method need to install sensors in
the plough body and increased the
structure complexity and cost of the
plough body; The second method is
to add a measuring frame to tractors
and ploughs, the third approach in-
volves integrating multi-dimension-
al sensors into hitch links, which
increases the complexity and cost
of dangling links similarly. Thus,
above three methods are not suit-
able for extension of the electro hy-
draulics hitch control of the tractor.
Therefore, it is of great significance
to study the tillage resistance mea-
surement scheme of small change
and convenient installation of sen-
sors in application of electro hydrau-
lic hitch control technology. This
paper adopts the force of upper link
and lower links hinge point to mea-
surement of the tillage resistance.
As hinge points of links and the
body is fixed, the sensor installation

is convenient without changing the
hitch structure and plow structure,
which can be applied in the electro
hydraulic hitch control of tractor.

Material and Methods

Measuring Scheme of Tillage Re-
sistance of Mounted Plough
Considering the simplicity of
sensor installation, a method for
measuring the tillage resistance is
presented by using force signals at
the hinge joint of the upper link, the
lower link and position signals. The
measurement scheme is shown in
Fig. 1. Two shaft force sensors are
used to replace the jointed shafts
between lower links and the trac-
tor, and the horizontal component
force signal of the lower link hinge
joint is obtained; A shaft force sen-
sor is used to replace the jointed
shafts between the upper link and
the tractor, and the force signal of
the upper link hinge joint is also
obtained, the direction of the force
signal is the same as the upper link.

AN NN

(b)

Fig. 2 Side view

(@) and upper view (b) of the three-point hitch mechanism showing lower link 1;

Lifting link 2 and its length is / = BE; Lifting arm 3 and its angle position is a;
Upper link 4; Mounted plough 5 and R is acting point of tillage force; The hinge joint

of lower link A; Hinge joint of upper link H; Hinge joint of lifting arm C; Upper

hitch point of plough K; Lower hitch point T; The midpoint of lower hitch points D;
Longitudinal component of tillage force R,; Lateral component of tillage R,; Vertical
component of tillage force R,: Gravity center of the mounted plough W and gravity is
G.
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An angle sensor is used to measure
the angular position of the lift arm.
Because each lower link has three
force acting points, the tillage re-
sistance of the farm implements
cannot be obtained directly by force
signal of these shaft sensors. Thus,
it is necessary to establish solving
model of tillage resistance based on
the position of three-point hitch and
force signal of these shaft sensors.
In the analysis, it is approximately
assumed that the right lower link
and left lower link are symmetrical
about the longitudinal centerline of
the tractor during plowing [13], thus,
the position of the three-point hitch
and the position of the farm tool can
be solved by the position angle of
the lifting arm. The action point of
the tillage resistance is located in
the middle plough body or imagi-
nary middle plough body position
in longitudinal direction. According
to the distribution characteristics of
soil resistance in the plough [14], the
seam line of ploughshare edge line
and plough surface is assumed ac-
tion location of tillage resistance on
plough body in vertical direction.

The Tillage Force Solving Model
of Mounted Plough

The running speed of tractor,
depth of tillage and physical prop-
erties of soil will influence the
resistance of plough in tillage pro-
cess [15]. Considering the general
condition of stable speed of tractor
cultivation, the agronomy require-
ment for tillage uniformity and
similar physical properties of soil
in the same field, hence, the tillage
resistance of plough is dominated
by steady force. It is feasible to ana-
lyze the tillage force of the mounted
plough with vector mechanics. For
the convenience of analysis, the
coordinate system O-XYZ is estab-
lished with the midpoint of the rear
axle of the tractor as the origin, as
shown in Fig. 2.

The lower link in Fig. 2 (i=1 as
the left lower link, i = 2 as the right
lower link) is taken as the study ob-

ject, and the equilibrium equations
of force vectors are established as
follows:

A+F+Ti=0 e, 1)
Where

A =[4, Aiy’ Aiz]

Ti = [T;xr Tiyr le]

The directional cosine of F; is [Bi,,
By, B;]; The geometric vector of B,
Ei is [Xgzi Yaei Zgeds TUS, Big = x5/
L, Biﬁ = Ve /L, Biy = zZp ]

According to the torque of F;, and
T, to the point 4;, the moment bal-
ance equation of the lower link is
obtained:

FxAB + T, x AT, =0 v )

Where AB; = [xs1, Yas: Zasl, AT
= [xaris Yar Z4nd; According to (1)
and (2), the linear independent equa-
tions can be written as following:

Ay +Fi B+ T, =0 . ©)]
Aiy+F‘i.Bib+Tivy=0 ...................... (4)
AiZ+F‘i.Biy+I}Z:0 ...................... (5)

T Yai - Tiy Xyt Bia/f =0 (7)

Where,

Bigy = zZupi " Big Y * Bip
Bip = YapiBia - Xu5i " By

Since the 4, can be measured by
the shaft sensor in the hinge joint
of the lower link, the unknown pa-
rameter is 4,, 4, F, T,, T, and T, in
Formula 3 to formula 7. Wheni = 1,
2, there are 10 equations that con-
tain 12 unknown parameters.

As shown in Fig. 2, R = [R,, R,

R.]; The directional cosine of K is
written as [K,, K;, K]. When the
plough is taken as the study object,
the force vector of the hang point of
the plough is opposite to the force
vector of the hang point T; of the up-
per link; The equation of force bal-
ance for the plough is established as
follows:
I, -T,,+K-k,+R. =0
Ty -Toy + K hy s Ry =0 oo
T, -Ty,+ K -k,-G+R,=0....(10)

As shown in Fig. 2,

DK = [xok: Yo Zok]
DR = [Xpg, Yors Zor]
DW = [Xpp Yom Zowl
DT, = Xpr: Yor Zoril
DT, = [Xpr2: Yor Zor2]
The torque balance equation of

the D point on the plow is as fol-
lows:
KxTK+R xDR-T, xDT,-T, x

Because the left lower link and
right lower link are symmetrical
about the longitudinal center line of
the tractor, according to the equa-
tion (11), write the equation are
written as follows:

K- kg 25-K -k, Yo + Ry Zr -R; -

Yor TG Yo =0 e (12)
K-k, Yox-K kg Xpx * R, Ypr T
Ty xpr + Doy Xpry = 0 oo (13)

From (8) to (13), the K can be
measured by the shaft force sensor
of the upper link and the unknown
parameter is 7,,, T, T;,, R, R, and
R,. Therefore, the system of equa-
tions containing 15 equations comes
from (3) to (13), and the number
of unknown parameters is 15. The
equations are written in the form of
matrices as follows:

Where A is the coefficient matrix,
and ;

A=RLR

_RL R-i_

mo B, 1 0 0 0 0]
00 B, O 1 0 00
[o 1 B, 1 0 0 0 o
R=0 0 B. 0 z, =-3. 00
000 B v, -x 0 00
[0 0 0 0 0 0 1 0
[0 0 0 0 0 0 0]
Mmoo 0 o 0 0 1]
000 0 0 0 00

[0 o0 0o o o o o
o000 -1 0 0 00
o000 =1 0 00
000 ¢ 0 -10 0
000 0 0 0 00
000 0 x, 0 0 0]
To oo0oo0 0 0]

(o 000 0 0 of

0 00 0 0 0 0
R=|0 0000 0 0

0 000 00 0

(B, 10000 O

(B, 0 1 00 00
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. o 1 0 000
| B.o 0 F4 -1 0 0 0 |
|B, ». -x o 0 0 0 |
o -1 o 0 1 0 0 |
2=y o o o 0 1 o0 |
o o 0 -1 0 o 1 |
| 0 0 0 0 0 z., =-y.|
o 0 «x 0 v, 0 0 |

X = [Alx Alz Fl Tlx le le Azx AZZ FZ

T‘ZX TZy ]—'22 RX Ry RZ]T
b=[0-A,0000-A,000-K-k,

K- kp by by, ;5]

Where
by,=G-K -k,

b, = Kk, - Yok - ks - Zok) -G+ Yow
bs = K(ky * Zok - ka * Yox)

Formula (14) is a model for solv-
ing the tillage resistance of the
mounted plough. The coordinate of
the hitch mechanism is calculated
by the position angle of the lifting
arm and the coefficient matrix A is
derived. The 4,, 4,, and K can be
measured by the shaft force sensors,
thus, vector b can also be solved by
signal of force sensors and position
coordinates of hitch mechanism.
Formula (14) can be transformed as:
- Y (15)

Where X is solved and the tillage
resistance R, was obtained. Because
the inversion of matrix A has a larg-
er amount of computation, the till-
age resistance R, can also be solved
directly from the formula (14) by the
Cramer's rule that can reduce the
computational complexity.

Establishment of Measuring Sys-
tem Prototype
A JM1204 (power 88 kW)

Table 1 Coordinate value of hinge joints on tractor

wheeled tractor is used as a platform
to build a prototype for measuring
the tillage resistance, and the type
of plough adopts hydraulic reverse
mounted plough (1DF435). The
sensor is installed according to the
measurement scheme of tillage re-
sistance.

In the hitch mechanism of JIM1204
tractor, a shaft force sensor (range:-
10KN~25KN, linear precision: +
0.5%, BCM company) connects the
upper link and tractor, the direction
of the measuring force is consistent
with the direction of the upper link
by a limiting device. Two pin shaft
force sensors (range -30KN~30KN,
linear accuracy + 0.5%, BCM
company) connects the lower links
and tractor, and the direction of the
force measurement is horizontal by
the limiting device. A non-contact
angle sensor (measuring 0-200
degrees, linear accuracy + 0.3%,
WDA-DP40, Miran) is mounted to
measure the angle position of the
lifting arm. The data is acquired by
a microcontroller (MCO050, Sauer,
Danfoss, sampling frequency:
0~1,000 kHz) that supports Plus+
software (Sauer, Danfoss). Due to
the plough resistance is given prior-
ity to with steady-state forces, the
sampling frequency is set to 10 hz,
and the force signal filtering by av-
erage filter. The PC communicates
with the microcontroller through the
CAN-UBS data line and record the
data.

In the prototype, the coordinate
parameters of the connection point

between the hitch mechanism and
the tractor are shown in Table 1,
and the structural parameters of the
hitch mechanism and the mounted
plough are shown in Table 2.

According to the tillage resistance
model (14) and the solution method
(15), the calculation program is ed-
ited in the Matlab (R2010) software
environment and the program flow
is shown in Fig. 3. The calculation
program included two subroutines,
the calculation result of the first
sub-routine (CP1) is the coordinate
of the hitch mechanism and the cal-
culation result of the second subrou-
tine (CP2) is tillage resistance of the
mounted plough.

Results and Discussion

In the resistance measurement
system, some factors will lead to er-
rors in measurement and calculation.
In calculation program, the point of
resistance application on the plough
is a fixed position. In fact, with the
change of tillage depth, the position
of the resistance application will be
changed. Secondly, the position cal-
culation error of hitch mechanism is
caused by the joint clearance of the
hitch mechanism. Finally, the sen-
sor's signal error is also the source
of measurement error. Therefore, it
is necessary to test and calibrate the
resistance measurement prototype
system to improve the accuracy of
the measurement of tillage resis-
tance

(unit: mm) LEI:;LE . Input g
Hinge KD, 1y, DV ﬁa:usgho G
H [ AL [ A2 [ 1 )
x| 0 350 -350 150 -150
ng?ﬁt’“ y| 580 100 100 265 265
z 380 -250 -250 425 425 resistance

Table 2 Structure parameters of the hitch-mechanism and

plough (unit: mm)

R

Input:
Angular of

Force signal

HK | AT | HK | CE | AB | KD | TT,

lift arm « Ay Ao, K

780 1100 780 286

670

680 1100

Fig. 3 Calculating process of the tillage resistance on plough
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Field Test on Measurement Sys-
tem Prototype

The test scheme of tillage resis-
tance measurement is referred to
the field traction performance test
method of tractors [16-17]. A truck
tractor (JM 1304, Power 95.5kW)
was used to drag the prototype for
cultivation, and accurate measure-
ments of tillage resistance were
obtained. The specific scheme is
shown in Fig. 4, a tractor drag the
prototype with the tillage resistance
measurement system by a drawbar
and a tension sensor (measurement
range: 0~100 kN). In the test, the
transmission lever of the prototype
is in neutral. The signal of the trac-
tion sensor is collected by a micro-
controller in the prototype with the
measurement system.

Because the tillage resistance is
directly proportional to the tillage
depth, the tillage resistance load of
the prototype can be achieved by
setting the depth of tillage. The test
consisted of multiple traction dis-
tances, each of which kept the same
tillage depth that can be controlled
by position adjustment model from
the prototype. Each traction dis-
tance is not less than 30 meters, and
the traction speed is about 3 km / h.
When the tillage depth reaches the
set value, the resistance measuring
value R, (i) of the measuring system
and the traction force value F; (i) of
the tension sensor are recorded, and
the i is the sampling sequence in the
test.

For each traction distance, the till-
age resistance measuring value of
measurement system can be written
as:

Prototyp

tractor sensor

Fig. 4 Measurement schemes of tillage
resistance

n
1 .
R, = ;Z R, (i)
=

The traction force value of mea-
surement system prototype can be
written as:

n

Fy = IZF i
a=7 a (1)

rolling resistance of the prototype
and the tillage resistance, traction
force of each traction distance can
be written as:
Fi=f+ Fi s, (18)
Where f is the rolling resistance
of the prototype; and F, is the test
value of the tillage resistance. When
the tillage depth of the test dis-
tance is set to 0, in other words, the
mounted plough is not tilled, F, = 0
The rolling resistance of the mea-
suring prototype can be obtained
by this test: = F,. Therefore, a test
value of tillage resistance can be
obtained in the test distance that the
depth setting is not zero:
Fi= - f o (29

Analysis of Test Results

The rolling resistance test curve
of the prototype is shown in Fig. 5.
It shows that the rolling resistance
of the prototype is fluctuating, and
the reason is the unevenness in the
field. The maximum value of rolling
resistance is 4.21 kN and the mini-
mum is 3.52 kN. The average value
of rolling resistance is 3.90 kN.

According to the test values of the
tillage resistance and the measured
values of the prototype in different
tillage depths, a scatter diagram is
drawn and the reference error curve
of the measured value of the pro-
totype is drawn by taking the test

value as the reference of the tillage
resistance. Fig. 6 shows that there is
a clear deviation between the mea-
sured values of tillage resistance
and the test values. The fiducial er-
ror is greater while the tillage depth
is small, and the maximum fiducial
error reaches 21.7%. The fiducial er-
ror is minimum while tillage depth
reaches 300 mm. This shows that
the influence of error sources on
the measurement system is larger
in shallow tillage conditions than in
deep tillage condition.

Furthermore, correlation analy-
sis between measurement value R,
and test value F, is carried out by
correlation function in Excel. The
correlation between the measured
value and the test value is 0.98, and
the two belong to strong correlation.
The measured values R, can reflect
the change trend with the test value
F.. This shows that the formula (14)
of calculation model of tillage resis-
tance is correct.

Calibration of Measurement Sys-
tems

Through the above test and analy-
sis, the measurement system has a
great error in measuring the tillage
resistance. However, considering
the high correlation between the
measured value and the experi-
mental test value, it is possible to
improve its accuracy by calibrating
tillage resistance measurement sys-
tem. The measured values of tillage
resistance were fitted by the Matlab
software cftool toolbox, and the fit-
ting equation was as follows:
y=0.8894 R, + 52919 ... (16)

Where y is the calibration value of
the resistance measuring value R,.

6
= b
e
o 4k
% 4 M
- 3
w2 —Rolling resistance —
b
w 1
[=]
=0
= O 5 10 15 25 30 35 A0 15

Time / s

Fig. 5 Rolling resistance of the measurement prototype
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According to formula (16), the
calibration curve of the measured
values of tillage resistance in tillage
experiments was plotted (Fig. 7).
The fiducial error curve of the cali-
bration value is plotted for reference
to the resistance test value F,. The
maximum fiducial error is 5.7%,
which indicates that the accuracy of
the resistance measurement is im-
proved by the calibration resistance
measurement system.

Conclusions

According to the requirement of
electro hydraulics hitch control of
agricultural tractor in measure the
tillage resistance of the mounted
plough, the measuring scheme of
the tillage resistance of the hang-
ing plough is analyzed. A scheme
for measuring tillage resistance is
proposed by using the force signal
of joints between hitch mechanism
and tractor. The scheme has small
change to the hitch mechanism,
and the sensor is easy to install. It
is suitable for the electric control
farming system. A mathematical
model for calculating tillage resis-
tance is established and a computer
program is developed. Field tests of
tillage resistance were carried out
on the tillage resistance measuring
system of the prototype. The test
results show that there is an obvi-
ous deviation between the measured
values of tillage resistance and the
test values. However, the correlation
coefficient between measured value

and test value of tillage resistance
measurement system is 0.79, which
belongs to strong correlation and
shows that the measurement method
of mounted plough proposed in this
paper is effective. Through the cali-
bration of the resistance measure-
ment system, the maximum refer-
ence error between the resistance
value of the tillage resistance and
the resistance test value of the till-
age unit is 5.7%, which can meet the
measurement requirements of the
electro hydraulics hitch control of
agricultural tractor.
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Abstract

This paper outlines the current
situation that occurred in the Ukrai-
nian domestic market of agricultural
tractors in 2016. The total available
number of the tractors and their
locations in Ukrainian districts is
described here. The dynamics repre-
sented by years in order to represent
the general market's capacity. Some
general tendencies and facts have
also been discussed. And further,
the information was gathered on
the quantitative sales of new trac-
tors by years and brands to show the
preferences, trends and overall pay-
ing capacity of Ukrainian agrarian
enterprises. There prices for new
tractors in Ukraine in 2016 can also
be found. All the Tables and Figures
are based on the statistical data pro-
vided by the State Statistics Service
of Ukraine and the State Fiscal Ser-
vice of Ukraine.

Key words: tractors, statistics, ag-
ricultural enterprises, sales, tenden-
cies

Automobiles and Bioenergy Systems
National University of Life and Environmental

12 B, Heroiv Oborony Str., Kyiv, 03041

Gennadii GOLUB

Department of Tractors

Automobiles and Bioenergy Systems
National University of Life and Environmental
Science of Ukraine

12 B, Heroiv Oborony Str., Kyiv, 03041
UKRAINE

E-mail: gagolub@ukr.net

Institute of Science and Technology

8050 Ikarashi 2-no-cho, Nishi-ku, Niigata 950-2181

Introduction

Ukraine through its history had
a well-developed agriculture. In
2016 the acreage under agricultural
crops exceeded 27 million hect-
ares. Ukraine is actively involved
in global export of food and other
agricultural products. Agricultural
businesses widely use the intensive
agricultural production and they
clearly understand the value of good
machines including their efficien-
cies.

Ukraine has good traditions
in manufacturing of agricultural
machinery, however the level of
competition is very high. Today’s
offers on the market of agricultural
machinery in Ukraine widely range
from the second-hand to the world-
best new machinery.

General Overviews

The State Statistics Service of
Ukraine says there were 339,829
tractors in Ukraine in 2016. Of

these, agricultural enterprises
owned 132,686 tractors (39% from
total) and private households owned
207,143 tractors (The State Statistics
Service of Ukraine, 2017).

In Ukraine, about 24.6% of rural
households own tractors (The State
Statistics Service of Ukraine, 2017).
According to legislation these pri-
vate rural households need not to
report how they use this machinery
and information about the technical
conditions of these tractors is un-
available.

All the next data were collected
by the State Fiscal Service of
Ukraine from agricultural enter-
prises that belong to following cri-
teria. The enterprise owns at least
200 hectares of agricultural land, or
has more than 50 heads of cattle, or
more than 500 heads of poultry (in
the reported year), or gain the net
income over 150 thousand UAH (ap-
prox. 5,868 USD), or the number of
employees was over 20 persons (for
the previous to the reporting year).
Fig. 1 represents the total number
of tractors owned by agricultural

74 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2018 VOL.49 NO.1



enterprises in Ukraine.

The Fig. 1 shows that enterprises
owned 318.9 thousand tractors in
2000, and they have 132.7 thousand
in 2016. The most of these 200
thousand tractors, that owned by the
rural households, are second-hand
machinery after Ukrainian agricul-
tural enterprises.

The disadvantage of statistical
reports is that the data includes all
the tractors registered on a balance
of companies. The reports include
leased items, and machinery on
the off-balance sheet account. The
reports does not indicate the techni-
cal condition of those tractors (good
condition or under repairing or
broken, but not yet written off from
the balance). However those reports
provide with the general informa-
tion and tendencies.

318.9

Number of agricultural
tractors, thous.pcs.

2000 2005 2010 201

Fig. 2 shows the quantity of trac-
tors in regions of Ukraine. The
small number of tractors in the
western regions is because this is
mountain area and forests. However,
agricultural enterprises in these
districts exist with the use of agri-
cultural machinery. Obviously, in
Ukraine there are no districts with
the sufficient quantity of agricul-
tural tractors.

Since the size of agricultural land
has not changed, the need of agri-
cultural enterprises in tractors is
saturated approximately 40-50%.

In the Table 1 the marketing in-
formation was collected from the
State Statistics Service of Ukraine.
This represents the number of new
tractors sold to the Ukrainian ag-
ricultural enterprises in 2011-2016.
These tractors were sorted by the
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I 1513 147.1
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Fig. 1 Agricultural tractors in agricultural enterprises
(Source: The State Statistics Service of Ukraine, 2017; 2016)
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Fig. 2 Availability of tractors in agricultural enterprises by regions in 2016
(Source: The State Statistics Service of Ukraine, 2017)

power and brands (The State Statis-
tics Service of Ukraine, 2017; 2016;
2015; 2014; 2013; 2012).

The absolute leader in Ukrainian
market is Belarus/MT3 tractors
manufactured by the Minsk Trac-
tor Works (Republic of Belarus). In
2016 its share was 35% for 40 kW
and less, 87% for 40-60 kw, and
74% for 60-100 kW tractors.

21% of 40 kW tractors were man-
ufactured by Chinese Foton Motor
Co.

The share of 60-100 kW trac-
tors was for "New Holland" - 5.6%,
"Case" - 3.7% and "John Deere" had
3.4%.

In group 100 kW and higher the
one of four (25%) heavy tractors
was the "John Deere". Belarus sold
14% from the total, both "Case" and
"New Holland" the 13%.

The access to the world market
for agricultural machinery was open
relatively not long ago for about 25
years. The manufacturers of agricul-
tural machinery consider the Ukrai-
nian market to be one of the most
promising. The general tendency of
market shares is a transition to the
large agricultural tractors.

Ukrainians are traditionally aware
and well trained in agricultural ma-
chinery. If we take into account eco-
nomic crises, revolutions, military
conflicts and artificial poverty of
the rural population, there is a high
deferred demand for agricultural
machinery in Ukraine. Fig. 3 shows
the dynamics of buying the new
tractors in Ukraine over the past 6
years.

In 2014, a military conflict began
in the east of the country, in 2014
the inflation per year was 24.9%
and in 2015 inflation per year was
43.3%. This affected the purchase
of large tractors. But the demand
for small tractors remains stable
and unchanged. In 2016 there was
an increase in sales for 60 kW trac-
tors because of expected deferred
demand. Finally the cost of sales in
2016 was estimated from Table 1
and is shown in Fig. 4.
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Table 1 Buying of new agricultural tractors by agricultural enterprises in Ukraine

Number of sold new tractors per year Average
Name of manufacturer 2011 2012 2013 2014 2015 2006 | PreR gAY
All tractors 2,983 3,010 2,788 1,822 2,095 3,777 58,576.90
— 40 kW and less 70 89 84 59 89 95 11,760.05
"Agromash" 5 6 3 2 1 4 28,219.57
"Belarus" 17 29 16 20 19 34 9,728.42
"HTZ" 10 8 2 7 11 3 7,648.02
"Foton" 3 6 19 7 15 20 10,366.66
"Jinma" 1 2 4 1 1 no data no data
"Xingtai" no data 1 2 no data no data no data no data
others 34 37 38 22 42 34 13,037.74
— 40 to 60 kW 489 458 371 214 222 434 16,554.57
"Agromash" 16 15 5 3 12 5 14,110.35
"Belarus" 244 253 232 108 131 272 15,315.95
"Kii" 5 6 1 1 1 4 14,038.81
"MTZ" 138 124 88 57 52 106 14,978.90
"HTZ" 13 4 5 5 2 2 44,818.75
"umz" 5 4 1 no data 1 1 16,745.90
"Foton" 1 no data no data 1 3 3 12,449.65
others 67 52 39 39 20 41 28,305.94
— 60 to 100 kW 1,346 1,423 1,216 781 884 1,691 24,836.61
"Agrotron" 35 39 41 27 21 28 32,758.87
"Agrofarm" 5 11 1 4 3 2 14,949.35
"Belarus" 779 772 688 459 517 976 17,832.13
"Kii" 34 24 23 16 21 18 18,509.56
"MTZ" 317 335 255 122 138 285 17,025.24
"umz" 10 10 3 1 2 3 21,519.26
"Case" 10 13 9 17 28 62 43,775.06
"Claas" 3 4 2 4 5 3 53,734.30
"Deutz-Fahr" 1 11 2 1 2 6 34,787.72
"Fendt" 1 5 no data 1 3 5 68,393.76
"Foron" 2 2 3 no data no data no data no data
"John Deere" 29 57 40 21 17 58 69,392.78
"Kubota" no data 4 no data no data 1 no data no data
"Landini" no data 6 no data 2 8 12 35,050.91
"Massey Ferguson” 1 1 no data 2 2 3 73,669.82
"New Holland" 16 34 38 30 41 94 33,698.07
"Zetor" 3 2 1 6 no data 8 39,794.32
others 100 93 110 68 75 128 53,475.87
—100 kW and more 1,078 1,040 1,117 768 900 1,557  109,790.85
"Belarus" 164 165 153 88 79 220 36,836.93
"Kii" 12 7 16 1 11 16 25,185.28
"LTZ" no data 5 4 2 1 no data no data
"HTA" 30 23 18 21 37 55 35,166.59
"HTZ" 149 86 85 154 164 81 42,425.15
"Ag-Chem Terra-Gator" no data 2 1 no data 1 no data no data
"Case" 157 111 206 94 123 205  137,938.58
"Challenger" 31 43 29 18 15 9 160,939.66
"Claas" 12 29 25 14 29 69 127,966.64
"Deutz-Fahr" 9 22 27 7 9 8 73,124.43
"Fendt" 43 15 17 24 43 69  183,991.63
"JCB Fasttrac” 4 4 2 2 2 5 127,638.90
"John Deere" 235 280 307 172 185 404  154,503.55

(Continued on next page)
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In 2016, Ukrainian agricultural
enterprises have bought tractors
with the total cost over 221 bil-
lion dollars. The main reasons for
choosing the certain agricultural
machinery is not always price, but
the functional and technological
characteristics, the quality, and reli-
ability.

Conclusions

The effective agriculture requires
the acquisition and adoption of the

1750

advanced technologies and machin-
ery. Open competition has made the
agricultural enterprises change their
approach on pragmatic base. There
were above 132 thousand tractors
in Ukraine in 2016 and that is ap-
proximately 40-50% of the required
number.
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1 2 no data
3 1 3
122 97 79
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4 5 55,545.78
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4 2 47,231.55
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89 157 92,736.08
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Abstract

In rain-fed agriculture of North
East India, mono-cropping is prac-
ticed in major cultivated land. Ex-
periments conducted to cultivate
second crop using residual soil
moisture under zero-till condition
were successful. A power tiller op-
erated zero-till inclined plate planter
was tested for establishment of pea
in winter season. The profitability of
using the planter for zero-till sowing
of pea was compared with tradition-
al method. The planter was operated
at three forward speeds of power til-
ler in three low gears. The machine
parameters viz. slip, effective and
theoretical field capacities, field ef-
ficiency and fuel consumption were
measured. The crop parameters of
mean plant spacing, plant density,
miss and multiple indices and crop
yield were also recorded. The re-
sults indicated that slip, effective
field capacity and fuel consumption
increased with increase in forward
speed of power tiller. The observed
field capacity and field efficiency of

Arbind Kumar

ICAR Research Complex for NEH Region
Umiam, Meghalaya - 793103
INDIA

R. K. Singh

zero till planter for planting of pea
seeds were 0.047-0.114 ha/h and
63.8-72.7%, respectively and were
lower due to clogging of stubbles
before the tines and time taken for
shifting of power tiller from one
terrace to another. Number of mul-
tiple seed pick up by the planter was
significantly higher (16.28%) at low
speed of power tiller as compared to
8.34-11.16% at higher speeds. The
planting of pea crop by the power
tiller operated inclined plate planter
resulted in saving in cost of opera-
tion by Rs. 2,797 (US$ 44.4) per
hectare.

Keywords: Power tiller; Inclined
plate planter; Zero-till; Pea; North-
East hill region

Introduction

Agriculture of North East (NE)
India is rain-fed. Mono-cropping is
practiced in most of the cultivated
land in the region due to unavail-
ability of irrigation in rabi season
which is one of the major causes of

ICAR Research Complex for NEH Region
Umiam, Meghalaya - 793103
INDIA

low agricultural production. Culti-
vation of rabi crops using residual
soil moisture after kharif crops
under zero-till condition is one way
to increase agricultural production.
Zero-till cultivation of pea, mustard
and toria crops in low-land after
harvesting of paddy was successful
in terms of productivity and cost
in the region. Among these crops,
pea was found to give higher pro-
ductivity of 1,250 kg/ha in zero-till
residue management system (Das
et al., 2012). Besides benefit of pro-
ductivity, zero-till system conserved
water, reduced the requirement of
labour, fuel, cost and energy in ag-
riculture (Hobbs and Mehla, 2003)
and increased farmers’ profit (Gupta
et al., 2003).

The planting of seeds under zero-
till condition is labour intensive
and time consuming (up to 25 man-
days/ha). It needs opening of fur-
rows in hard soil, planting of seeds
in line and covering the seeds. Tra-
ditionally it is done by opening fur-
row using a manual furrow opener
and then placing seed and covering
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them manually. This discourages
the farmers to grow a second crop
instead of having good potential.
For reducing the labour requirement
and timely planting of crops under
zero-till condition, there is a need
of an efficient machine which can
perform all three operations at a
time with reduced cost and energy
requirement.

Tractor operated zero-till seed
drills were not suitable in NE re-
gion due to heavy weight of tractor
and very small size of plots. The
most suitable and widely accepted
source of farm power for most of
agricultural operations in NE India
was two wheel hand tractor called
power tiller. In Assam alone, more
than 30,000 power tillers are in use
(Mandal et al., 2014). Therefore, a
power tiller operated zero-till seed
drill, fitted with fluted roller seed
metering device, is suitable for sow-
ing of rice, wheat and other similar
seeds. But the fluted roller metering
was not suitable for planting pea due
to higher damage during metering.
So, the metering unit was changed
to an inclined plate metering for
planting of pea seeds. Inclined plate

F|. 1 Testing of zero-till inclined pléte
planter in rice fallow

Table 1 Properties of pea seeds
selected for the study

Properties Range \ Mean (xSD)
Length, mm 5.2-79 6.7 (x0.4)
Width, mm 52-6.8 6.2 (x0.3)
Thickness,

eSS 51-64 59 (x0.3)
Frontal area,

mm? 20.4-36.5 30.4 (¥2.8)
Sphericity 0.75-0.95 0.85 (x0.1)

metering device was found efficient
in reducing seed rate and cost of
production (Srivastava et al., 2003).
For this purpose, the planter was
evaluated for planting of pea in rice
fallow under zero-till condition at
different forward speeds to find out
optimum performance. It will help
farmers to enhance cropping inten-
sity and productivity in the region.

Materials and Methods

Physical Properties of Pea Seeds
The most popularly grown vari-
ety of pea in Meghalaya is Prakash.
From a seed lot of this variety, 50
seeds were randomly selected and
physical properties were determined
and results are given in Table 1.
Dimension were determined using a
Vernier caliper with an accuracy of
0.1 mm. Frontal area of seeds was
determined using the method de-
scribed by Mandal et al. (2012). The
average length, width and thick-
ness of pea seeds were 6.7, 6.2 and
5.9 mm, respectively. Its shape was
spherical as sphericity was more
than 0.80 (Bal and Mishra, 1988).

Field Conditions

The experiments were conducted
in a low land field (950 m at sea
level, 25°30" N latitude and 91°51' E
longitude) surrounded by hillocks.
The plots were under rice cultiva-
tion for about two decades. Every
year two operations of rotavator (up
to 150 mm depth) by power tiller
were conducted before transplant-
ing of rice. Average bulk density,
moisture content and penetration
resistance of the plots are reported
in Table 2. In the RNAM (Regional
Network for Agricultural Machin-

ery) guidelines, plot size of 20 m x
10 m was recommended for testing
of agricultural machines (RNAM,
1995). But in hilly terrain it was dif-
ficult to get a 10 m wide plot. There-
fore, rice fallow plots of size 20 x
8 m were selected for testing of the
implement. There was 3 t/ha of rice
stubbles of an average height of 255
mm in the field (Fig. 1). The tines
were operated in the space between
stubbles to avoid excessive clogging
of tines in the field.

Design of The Zero-Till Planter

The planter (Fig. 1) consisted of
inclined plate metering mechanism,
three zero-till tynes, seed hopper,
chain drives, ground wheel and
main frame with hitch bar. The
metering plate was 120 mm in di-
ameter and 6 mm in thickness and
had 20 oblong cells surrounding its
periphery. It had a picking angle
of 53°. Each cell had an inclination
angle of 30° to hold the seeds from
falling. Inclination angle of the
plate was kept 60° with the verti-
cal (Sahoo and Srivastava, 2000;
Anantachar et al., 2012). Each plate
was concentric with a bevel gear
rotated by another bevel gear with
speed ratio of 1.6:1. All the driv-
ing bevel gears were mounted on
a common shaft which was driven
by a set of chain and sprockets for
changing seed to seed spacing. The
main driving sprocket was attached
with the driving ground wheel of
400 mm diameter. Each seed hop-
per had a length of 210 mm and top
width of 150 mm with side slope of
60° and 0°. Tines of the planter were
fitted with inverted “T” type furrow
openers (Chaudhuri, 2001).

Table 2 Physical properties of the soil of experimental plots

Properties Depth, mm

0-50 | 50100 |  100-150
Bulk density, Mg/m?® 115 1.28 1.32
Soil moisture content, % db 77.42 80.22 82.14
Penetration resistance, kPa 175 214 289

80 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2018 VOL.49 NO.1



Experimental Procedure

The planter was operated in the
field at three forward speeds of
Low-1 (L, = 1.48 km/h), Low-2 (L,
= 2.18 km/h) and Low-3 (L; = 3.43
km/h). The observations were taken
for wheel slippage, field capacity,
field efficiency and fuel consump-
tion following methods described by
Mehta et al. (1995). The experimen-
tal trials were conducted in winter
season (December to March) of
2013 after the harvesting of paddy
to utilize the residual moisture.
Wheel slippage was measured by
counting number of revolutions of
power tiller wheel within a span of
20 m on the field and dividing this
by number of rotation on concrete
floor. The total time taken to com-
plete the selected plot was noted to
determine actual field capacity. It
included the time for turning, filling
seeds, removing clogged stubbles
from tines and transporting the
power tiller from one terrace to
another. Field efficiency was cal-
culated by dividing actual field ca-
pacity by theoretical field capacity.
Each set of experimental trials were
replicated three times. Seed to seed

—e—Slip (%)
30
®
g 20
7]
10 + T ‘ ‘ ‘
0 1 2 3 4
Forward speed, km/h
(a)
—»—Field Efficiency (%)
5
®
&
270
2
=
£ 65
=
o
& 60 - T T T )
0 1 2 3 4

Forward speed, km/h
(c)

spacing within a row and number of
plants per unit area or plant density
are most important parameters for
a precision planter (Heege, 1993).
Therefore, crop establishment pa-
rameters such as average plant spac-
ing and plant density at different
speeds were measured after 30 days
of planting. The data were analyzed
using SPSS (Ver 16.0, IBM, USA) to
find out the significant differences
among the means. Duncan’s mul-
tiple tests were carried out for least
square differences.

Results and Discussion

Performance of The Planter Un-
der Field Condition

The performance of the planter
was determined at three forward
speeds of the power tiller and re-
sults are presented in Fig. 2 a-d.
The power tiller was operated mul-
tiple times on concrete floor to find
out the actual speed of travel. The
forward speeds of power tiller were
1.48, 2.18 and 3.43 km/h in gears L,
L, and L, respectively. The wheel
slip of power tiller was also higher
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Fig. 2 Effect of forward speed of power tiller on performance of the zero-till planter
a) slip, b) theoretical field capacity (TFC) and effective field capacity (EFC), c) field
efficiency and d) fuel consumption

due to high moisture content of the
experimental plots. It was observed
that wheel slip of power tiller in
L, gear was significantly (P<0.05)
higher as compared to wheel slips
in L, and L, gears (Fig. 2a). It was
observed that higher wheel speed
increased drawbar pull significantly
which increased slip and hence the
reduction in drawbar power (Zoz,
1970; Narang and Varshney, 2006).
However, wheel slips at speeds of
1.48 and 2.18 km/h were lower than
that observed for two-wheel trac-
tor operated zero-till seed-cum-
fertilizer drill evaluated with maize
and wheat by Haque et al. (2004).
The effective field capacity (EFC)
of power tiller operated planter in-
creased significantly with increase
in forward speed of operation (Fig.
2b). This was due to low time re-
quirement in turning of the machine
at higher speed. Similar results
were observed by other researchers
(Pradhan et al., 1997; Haque et al.,
2004; Matin et al., 2008). Matin et
al. (2008) reported field capacity of
0.19 ha/h for power tiller operated
maize planter in well prepared field
condition. Pradhan et al. (1997)
found EFC of 0.16 ha/h with power
tiller operated groundnut planter-
cum-fertilizer drill and 0.18 ha/h for
zero-till seed-cum-fertilizer drill
(Haque et al. 2004). In this experi-
ment, the observed EFC was 0.047,
0.071 and 0.114 ha/h at forward
speeds of 1.48, 2.18 and 3.43 km/
h, respectively. The reasons behind
low EFC were that all the terrain
was hilly which took a considerable
time to shift the whole machine
from one terrace to another. Due to
high moisture content of experimen-
tal plots, rice was harvested at ear
head level leaving higher amount
of stubbles which clogged the inter-
row space between tines causing
higher time requirement to unclog
the tines. Thirdly, the moisture level
in the field was high which caused
higher slippage reducing the over-
all field capacity. Field efficiency
was recorded significantly higher at
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forward speed of 3.43 km/h as com-
pared to 1.48 and 2.18 km/h speed.
However, the observed field effi-
ciency at higher speeds was lower
than previous studies (Pradhan et
al., 1997; Haque et al., 2004; Matin
et al., 2008) (Fig. 2c).

The fuel consumption was directly
affected by speed and slip of power
tiller. As a consequence, higher fuel
consumption was recorded at higher
speed (Fig. 2d). The average fuel
consumption was recorded as 1.25,
1.44 and 1.71 L/h at forward speeds
of 1.48, 2.18 and 3.43 km/h, respec-
tively. These values were also on
higher side as compared to zero-till
seed-cum-fertilizer drill operated
with maize and wheat crop where
fuel consumption was 1.25 and 1.40
L/h, respectively at forward speed
of 2.2 km/h (Haque et al., 2004).
These results suggest that low speed
operation is economical as far as
fuel consumption is concerned.
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Crop Establishment and Yield
Miss and multiple indices of pea
seeds are presented in Fig. 3. Num-
ber of multiple seed pick up (16.28%
in L, gear) was significantly higher
at low speed as compared to higher
speed (11.16% in L, and 8.34% in
L, gears). Multiple pick up of seeds
can be minimised by selection of
uniform size seeds. The miss index
in L; gear of power tiller was higher
which was due to high speed of
seed metering plate (Anantachar et
al., 2010). The average seed spac-
ing in L,, L, and L, gears of power
tiller was recorded as 97, 103 and
115 mm, respectively, against the
planter set spacing of 100 mm (Fig.
4a). Although average spacing was
close to set spacing, higher variation
was recorded. Standard deviation of
seed spacing was noted higher in L,
(55 mm) and followed by L, (41

mm) and L, (£38 mm). It indicated
that low speed was good for placing
the seeds in slits with higher accu-
racy (Haque et al., 2004).

Although there were significant
differences in miss, multiple and
average spacing, not much differ-
ence was found in plant density
(Fig. 4b). The higher plant density
was observed in L, gear of power
tiller due to higher multiple as com-
pared to that during L, and L, gears
of power tiller. Lesser yield of pea
of 1,102 kg/ha was recorded at 3.43
km/h speed (L, gear) of power tiller
as compared to L, (1,196 kg/ha) and
L, (1,215 kg/ha) gears (Fig. 4c). It
indicated that dry yield of pea was
significantly affected by speed of
operation of power tiller. The lesser
yield at high speed may be due to
higher miss index and lesser plant
density.

Table 3 Economics of the planter operation at different speeds

Parameters

Zero-till planter

Manual

L, L L
Field capacity, ha/h - 0.047 0.071 0.114
Operational time, h/ha 192 21 14 9
Fixed cost of planter, Rs.*/ha - 252 168 108
Power tiller rent, Rs./ha - 1,575 1,050 675
Fuel consumption, L/h - 1.25 144 171
Total fuel consumption, I/ha 26.25 20.6 154
Fuel cost @Rs. 57/L, Rs./ha - 1,496 1,174 878
Operator’s cost, Rs./ha - 798 532 342
Total operating cost of the
planter, Rs./ha - 3,869 2,756 1,895
Total fixed and operating cost, 4.800 4121 2.924 2003
Rs./ha
*1 US$ = Rs. 63
—&— Plant density (plants/sq m) 1250 - —&—Yield
52 4
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5 2
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Fig. 4 Effect of different forward speeds of power tiller on pea crop parameters planted by zero-till planter
(a) average spacing, (b) plant density and (c) crop yield
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Economics of the Planter

As there was no suitable other
machinery for zero-till planting of
pea seeds, the cost of planting of
seeds with the power tiller operated
planter was compared with the cost
of manual planting (Table 3). The
initial cost of the planter was esti-
mated to be Rs. 12,000 (US$ 190.4).
Considering straight line deprecia-
tion and a total life span of 1,000 h,
depreciation cost was found to be
Rs. 12 per hour (US$ 0.19) (Gaik-
wad and Sirohi, 2008). The custom
hiring rates of power tiller and daily
wages of operator in the region
was Rs. 600 (US$ 2.38) and Rs.
300 (US$ 1.19), respectively. Thus,
considering 8 h as working time per
day, wage rate of power tiller and
operator was Rs. 75/h and Rs. 38/h,
respectively.

If done manually, zero-till plant-
ing involves three operations viz.
opening of furrow, placing of seeds
and covering. The most tiring op-
eration among these is the open-
ing of furrow which is done by a
manual furrow opener. For row-
to-row spacing of 200 mm, total
man power requirement for zero-
till planting will be 24 man-days
per hectare. With prevailing labour
wage rate of Rs. 200 (US$ 3.17) per
day in the region, cost of the total
manpower requirement for planting
one hectare will be Rs. 4,800 (US$
76). Sometimes, at peak agricultural
season this may go up to Rs. 300-
400 per day. A comparative cost
calculation has been summarized in
Table 3. It shows that the total cost
of planting one hectare at 3.43 km/
h speed (L, gear) of power tiller will
be half of the cost in L, gear and
equals to 41.73% of the cost of man-
ual planting. Thus, a total saving
of Rs. 2,797 (US$ 44.4) per hectare
could be achieved by planting with
the power tiller operated inclined
plate planter. It indicated that farmer
would recover the initial planter cost
of Rs.12,000 within 38.6 hours of
operation of the planter.

Conclusions

The study indicated that power
tiller operated inclined plate planter
could be used to solve the problem
of zero-till planting in rice fallow.
With proper moisture in the field,
the planter can be operated in all
low gears of the power tiller. Wheel
slip in third low gear of power tiller
was 23.6% which was significantly
higher than other two low gears.
However, effective field capacity
and field efficiency was 0.114 ha/
h and 72.7%, respectively in third
low gear which were higher than
first and second low gears. There
was constraint in smooth operation
in the field due to stubbles which
reduced the field efficiency. This
can be overcome by operating the
machine at higher speed. At third
low gear of power tiller, machine
parameters were at higher side
except fuel consumption but crop
parameters were on lower side. Fuel
consumption was 1.71 L/h which
was significantly higher than other
two speeds. But yield was 8.5% and
10.28% lesser than second and first
low gears. However, cost of opera-
tion was significantly lower in third
low gear. A total saving of Rs. 2,797
(US$ 44.4) per hectare could be
achieved by planting with the power
tiller operated inclined plate planter
at third low gear. Thus, farmer
can recover the initial planter cost
within 38.6 hours of operation.
Moreover, this implement can help
in cultivating two consecutive crops
in the region fetching some more
foods with little investment.
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@ 2018 Agricultural Equipment Technology Con-
ference
February 12-14, Kentucky, USA
http://www.asabe.org/meetings-events/2018/02/agricultural-
equipment-technology-conference.aspx
€ World Ag Expo
February 13-15, California, USA
https://iwww.worldagexpo.com/
@ National Farm Machinery Show
February 14-17, Kentucky, USA
http://www.farmmachineryshow.org/
€ FIMA—The 40™ International Fair of Agricul-
tural Machinery
February 20-24, Saragossa, SPAIN
https://www.feriazaragoza.es/fima-agricola-2018
@ Hortex Vietnam 2018—The First International
Exhibition and Conference for Horticulture and
Floriculture Production and Processing Technol-
ogy in Viet Nam
March 14-16, Ho Chi Minh City, VIET NAM
https://www.hortex-vietnam.com/
@ ALLSENSORS 2018—The Third International
Conference on Advances in Sensors, Actuators,
Metering and Sensing—
March 25-29, Rome, ITALY
http://www.iaria.org/conferences2018/ALLSENSORS18.html
€ Autonomous Trucks—2" International VDI
Conference—
April 10-11, Dusseldorf, GERMANY
https://lwww.vdi-wissensforum.de/en/event/autonomous-
trucks/
@ XIX. World Congress of CIGR
April 22-25, Kyneria, TURKEY
http://www.cigr2018.org/
€4 NAMPO Harvest Day
May 15-18, Bothaville, SOUTH AFRICA
http://www.grainsa.co.za/pages/nampo/exhibitors
@ Caspian Agro 2018—12t Azerbaijan Interna-
tional Agriculture Exhibition—
May 16-18, Baku, AZERBAIJAN
http://caspianagro.az/en-main/
@ SIMA ASEAN
June 6-8, Bangkok, THAILAND
http://www.sima-asean.com/en/
@ GreenTech
June 12-14, Amsterdam, NETHERLANDS
http://lwww.greentech.nl/amsterdam/
@ Asia Agri-tech Expo & Forum
July 26-28, Taipei, TAIWAN
http://www.agritechtaiwan.com/en-us/
€ EURAGENG 2018 Conference
July 8-12, Wageningen, THE NETHERLANDS
http://ageng2018.com/
@ 2018 ASABE Annual International Meeting
July 29-August 1, Detroit, USA
https://lwww.asabe.org/meetings-events/2018/07/2018-asabe-
annual-international-meeting.aspx
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@ Agritechnica Asia 2018
August 22-24, Bangkok, THAILANS
http://lwww.agritechnica-asia.com/
@ Global Wter Security for Agriculture and Natu-
ral Resources
October 3-6, Hyderabad, INDIA
http://asabewater.org/
@ Agrosalon
October 9-12, Moscow, RUSSIA
http://lwww.agrosalon.com/Visitor/Visitorsinfo/
€ KIEMSTA 2018
October 31-November 3, Cheonan, KOREA
http://kamico.or.kr:8001/KIEMSTA/e-main.html
& EIMA 2018
November 7-11, Bologna, ITALY
https://www.eima.it/en/index.php
@ EuroTier
November 13-16, Hanover, GERMANY
https://www.eurotier.com/
@ Nebraska Power Farming Show
December 4-6, Nebraska, USA
https://nebraskapowershow.com/

2019
@ SIMA
February 24-28, Paris, FRANCE
https://en.simaonline.com/
@ Agritechnica
November 10-16, Hanover, GERMANY
https://www.agritechnica.com/en/
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NEWS

International Commission of Agricultural and Biosystems Engineering (CIGR)

12™ CIGR SECTION VI (Postharvest Technology & Bioprocess Engineering)
INTERNATIONAL SYMPOSIUM

THEME: Innovations and Technologies for Sustainable Agricultural Production and Food Sufficiency

Monday 22-Thursday 25 October, 2018/ Institute for Tropical Agriculture (IITA), Ibadan, NIGERIA

Sub-themes

1. Postharvest Technologies and Processes

2. Engineering Technologies for Fruit, Vegetables, and
Other Specialty Crops

3. Agro processing, value addition and poverty allevia-
tion

4. Information and Communication Technologies for
postharvest processing

5. Renewable Energy Resources in Agricultural and
Food Production

6. Energy Utilization and Application in Agricultural
Facilities, Processes and Operations

7. Reduction of postharvest losses and agricultural fi-
nancing

8. Dairy Value Chain and Entrepreneurship

9. Handling, Storage, Transport, and Processing of crops

10. Gender roles Postharvest and Agro processing tech-
nologies

11. Innovative Resource Systems and Energy Strategies
in Controlled Environments

Call for Papers

Conference organising committee now wishes to in-
vite for papers on any of the sub-themes. Authors are
invited to submit abstracts of their papers online.

More information on paper submission visit www.
cigrvinigeria2018.org

Please follow the guidelines for full paper submission
by visiting www.cigrjournal.org

Submit abstract after registration online at www.
cigrvinigeria2018.org

Conference Structure

Keynote speeches, platform presentation, plenary dis-
cussion, poster presentations, technical tours and exhibi-
tions.

86

Technical and Social Tours

There is a technical tour on Thursday, October 25,
2018 to an agro based industry that relied on IITA tech-
nology to feed Africa, the company is based in llero,
Oke-Ogun area of Oyo state, Nigeria. The trip is design
to unwind you and bring psychological relief but full of
education and fun. It will be seen as complete review
of crop processing and storage curriculum. Niji Group
https://www.nijigroup.com/ operate in different fields.
It started as fabrication outfit but diversified into agro-
allied equipment and machinery manufacturing, sales
and services, now own a very large farm single handedly
producing his own raw material for the manufacturing
of Nijifoods. The equipment in use are fabricated mainly
by him for the food processing while innovating with
modern tools to facilitate quality processing. It is the
first company to have modern cassava and yam peeler.
The crop processing outfit known as NijiFoods at Ilero
in Oke-Ogun Area of Oyo state is an excellent place to
visit by all. Visitors are welcome to the integrated farm/
factory settlement where processing of Cassava and
Yam into food items such as Gari (sour), Gari (Vitamin
A), Odourless Fufu, Odourless Vita Fufu, Yam Flour,
Pounded Yam flour, High Quality Cassava Flour takes
place. NijiLucas also currently assembles tractor. It is
good place to visit (110 km away from Ibadan). Post
conference tours may be arranged at individuals cost on
Friday, October 26, 2018 to IITA (Cassava Value Chain
Project, Aflasafe, Farm, Greenhouses, Dam and Work-
shop) and University of Ibadan (Dept. of Agricultural
Engineering, Zoo, and Botanical Garden)

Dates and Deadlines
Abstracts Due: April 2, 2018
Notice of Acceptance: April 27, 2018
Full Paper Submission: July 27, 2018
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Online Registration Opens: April 30, 2018

Early Bird Registration Ends: August 30, 2018
Online Registration Closes: September 7, 2018
Deadline for Hotel Reservations: September 3, 2018
Conference dates: October 22-25, 2018

Registration

Online registration will open on April 30*" 2018. Only
online and mail-in payment will be accepted. Registra-
tion payment method is by bank transfer.

Early Regular Late
Registration Registration | Registration | Registration
Fee Before 30 July |Before 30 Sept| After 30 Sept
2018 2018 2018
Normal $400 $450 $500
Developing
countries* $350 $400 $450
Extras
Technical tour $30 $30 $30
Social dinner $20 $20 $20
Accompanying
spouse $150 $150 $200
Payments

Payments are securely processed through our bank
transfer only (For International Participants)

Bank account details

Account name  |International Institute for Tropical
Agriculture (CC.8564 - CIGR Workshop)

Account number [10088691

Bank Citibank, NA

Branch Citi Private Bank, 153 East 53" Street,
Floor 21

Town New York, NY 10022, USA

Swift code CITIUS33

Bank postal 153 East 53" Street, Floor 21, New York,

address NY 10022, USA

ABA No. 21000089

Please write the reference code on the cheque CC.8564—CIGR
WORKSHOP

Benefits of Attending the Cigr Section VI Interna-

tional Symposium

1. Current trends in postharvest technology and process-
ing engineering

2. Networking with researchers and academics from
across the world

3. Publication of conference papers in proceedings.

4. Publication of high quality papers with international
and impact journals (CIGR, AMA, etc). Selected pa-
pers will be published in a special edition of CIGR
Journal

5. Opportunity of meeting experts in the field
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6. Possible initiation of linkages with International insti-
tutions

7. Opportunity of belonging to International Organisa-
tions (CIGR, PASAE, ASABE etc)

8. Interaction with industrialists and practitioners

9. Conference in a secure and safe environment

10. Excellent and standard facilities for all sessions of
the conference

11. Excellent transportation and movement during the
conference

12. Exposure to IITA research outputs and field excur-
sions

13. Value for money (Full conference registration in-
clude network welcome reception, all lunches and
mid-session coffee breaks, USB pen with full texts,
participation in the official conference program and
participant’s package.

Enquiries

Prof Akindele Folarin Alonge
Convener and LOC Chairman

Dept. of Agricultural and Food Engineering
University of Uyo, Uyo, Akwa ibom State, Nigeria
52003

Email: akindelealonge@uniuyo.edu.ng

Tel. 42348033603462

Dr. Mobolaji Omobowale

LOC Secretary

Dept. of Agricultural and Environmental Engi-
neering

University of Ibadan, Ibadan, Nigeria

Email: yimikaomo@gmail.com

Tel. 42348057315925

Prof Rahman Akinoso
Chairman, Technical Subcommittee
Department of Food Technology
University of Ibadan, Ibadan, Nigeria
Email: akinoso2002@yahoo.com

Tel. +2348023885622
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The Next Issue Is Our Third Special Issue: Agricul-
tural Mechanization and Industry in Africa

We've annually published a special issue since 2016. The pre-
vious ones are on the agricultural mechanization in Asia. This
time we focus on Africa, especially Sub-Saharan region. The
followings are the countries which will be reported in the issue:

Nigeria, Egypt, Morocco, Sudan, Kenya, Tanzania, Ghana,
Céote d'lvoire, Uganda and Madagascar.

In addition to that, it'll contain each article on Sub-Saharan
region and the African continent. And Chinese and Indian
strategies for African market will be reported.

Enjoy your reading and see you next issue!

[ ] ]

TWO-WHEEL TRACTOR ENGINEERING

for Asian Wet Land Farming

by Jun Sakai
Professor emeritus of Kyushu University, Co-operating Editors of AMA

A Present to the students who dream to be an international-minded specialist in farm
machinery science & technology.
Introduction of new "Tractor-Tillage Engineering” based on a global view of
agricultural civilizations in the world.
TWO-WHEEL TRACTOR it Two-wheel tractors contribute to the industrial promotion of agri-countries consisting
ZREFS Is .
Al of small-scale family farms.
I o s The textbook with new guidelines for international technical cooperation with a better
mutual understanding.

LT EeT

CONTENTS
1. Difference between Euro-American and Asian farming civilizations
2. New wheel dynamics and tractor-vehicle engineering in the 21th century
3. New plowing science of walk-behind tractors originated from Asian paddy farming
4. Scientific creation and systematization of rotary tillage engineering in Asia

English - Japanese Version

Price: Japanese
Size: 21cm X 15¢m, soft cover, 311 page

Shin-Norinsha Co., Ltd.

1-12-3 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan, Tel: +81-(0)3-3291-3671~4, Fax: +81-(0)3-3291-5717
E-mail: ama@shin-norin.co.jp URL: http://www.shin-norin.co.jp
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TEL+237-7774-0863, matfonteh@yahoo.com

Sali Atanga Ndindeng
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Said Elshahat Abdallah

Dr.,, Prof. of Agricultural Process Engineering De-
partment of Agricultural Engineering, Faculty of
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Agric Eng. Research Institute, Agril. Research Cen-
ter, Nadi El-Said St. PO. Box 256, Dokki 12311, Giza,
EGYPT. behery28@yahoo.com

Ahmad Addo

Assoc. Prof., Department of Agril. Engg, Kwame
Nkrumah Univ. of Sci. and Tech. (KNUST) Kumasi,
GHANA. TEL4233-3220-60242, aaddo.coe@knust.
edugh

Richard Jinks Bani
Lecturer & Co-ordinator, Agric. Eng. Div, Faculty of
Agric.,, Univ. of Ghana, Legon, GHANA

Israel Kofi Djokoto

Prof., Israel Kofi Djokoto, Associate Prof. Univ. of
Science and Technology, PO.Box 420 ust, Kumasi,
GHANA, profdjokoto@yahoo.com
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Chairman and Associate Prof, Dept. of Environ-
mental and Biosystems Engineering, University
of Nairobi, PO Box 30197, Nairobi, KENYA, ayub.
gitau@uonbi.ac ke; gitauan@yahoo.co.uk
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Eng. Prof. Dept. of Agril & Biosystems Eng.,
School of Engg Chepkoilel University College of
Moi Univ., PO. Box: 2405-30100, Eldoret, KENYA,
dkimutaisome2@gmail.com

Karim Houmy

Dr, International Consultant on Agricultural Mech-
anization, 2 Rue Ali Al Haddani, Route Akrach, Sou-
issi, Rabat, MOROCCO. TEL+212-7-680512, houmy@
maghrebnet.netma

0.A.Oyelade

Dr., Farm Power and Machinery Dept., Na-
tional Centre for Agril. Mechanization (NCAM),
P.M.B. 1525, llorin, Kwara State, NIGERIA.
TEL+2348069030588, yemibamigbedjdoyelade@
gmail.com

Umar Buba Bindir

Director General/CEQ, National Office for Technol-
ogy Acquisition and Promotion, No 4. Blantyre
Street, Wuse Il PMB 5074, Abuja, FCT Federal Re-
public of NIGERIA. TEL+234-9461-1183, ubindir@
yahoo.com

Joseph Chukwugotium Igbeka

Prof, Dept. of Agril. Eng., Univ. of Ibadan,, Ibadan,
NIGERIA. TEL+234-2-810-1100-4, Library@lbadan.
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Emmanuel Uche Odigboh

Prof, Agril. Engg Dept,, Faculty of Eng., Univ. of Ni-
geria, Nsukka, Enugu state, NIGERIA. TEL+234-042-
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Kayode C. Oni

Dept. of Agril. & Biosystems Eng., Faculty of Eng. &
Technology, Univ. of llorin, PMB 1515, llorin, NIGE-
RIA. TEL+234-803-5724708, kayoroll@gmail.com

Umezuruike L. Opara

Research Prof,, S. Africa Research Chair in Post-
harvest Technology, Faculty of AgriSciences, Stel-
lenbosch Univ,, Private Bag X1, Stellenbosch 7602,
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Assoc. Prof., Njala Univ. Colle, Univ. of Sierra Le-
one, Private Mail Bag, Free Town, SIERRA LEONE.
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Abdien Hassan Abdoun
Member of Board, Amin Enterprises Ltd., PO. Box
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Abdisalam I. Khatibu
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Hugo Alfredo Cetrangolo

Full Prof. and Director of Food and Agribusiness
Program Agronomy College Buenos Aires Univ.,
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