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NEW TECHNOLOGY IN GRAIN POSTHARVESTING

by Ritsuya Yamashita
Professor emeritus of Kyoto University

This book contains the last lecture of professor Ritsuya Yamashita at his retirement by the age limit, which
were summarized from his enormous researches for a long time, and supplementary recent new technologies of
post harvesting. Therefore, topics in this book are extended to all techniques of postharvest processing and a lot
of new findings and techniques are described from fundamental studies for their actual applications.

Details are explained especially on property of rice, low cost drying system of rice from the taste point of
view, husking, whitening and polishing techniques and dynamic storage. This book is consisted of 9 chapters
and 4 appendixes: Chapter | Introduction, Chapter 2 Harvesting, Chapter 3 Drying, Chapter 4 Husking, Chapter
5 Whitening and polishing, Chapter 6 Separation and rice mixing, Chapter 7 Storage, Chapter 8 Quality
adjusting by moisture control, packing and distribution, Chapter 9 Conclusion (future technique), Appendix-1
Evaluation of rice taste by taste meter, Appendix-2 Numeric color expression by color difference meter,
Appendix-3 Example of calculation of drying speed with temperature control and Appendix-4 Equations for
respiratory type gas distribution to possible and necessary future techniques from quality, taste and low cost
production of rice point of view.

The author is convinced that this book is surely useful as a guide for technicians, administrators and
researchers concerning to the postharvest.

Price: Japanese ¥ 6,000 (US$65.00). including air mail postage.
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UPDATED FINDER SYSTEM FOR TECHNICAL ARTICLES IN AMA
AND OTHER AGRICULTURAL ENGINEERING PERIODICALS

A computerized index of technical articles appearing in 13 agricultural engineering periodicals, including Agricultural Mech-
anization in Asia. Africa and Latin America since it's beginning in 1971, has been updated through the end of 1999.
The index database comes with it's own MS-DOS-based search engine.

There are four ways to get this free-of-charge index system:

|. Connect your Internet browser to the URL: http://www.asae.org, click on "Publications" , then scroll down to "Computerized

Agricultural Engineering Incex" and click again to download the file, AE-NDX99. EXE.

Connect your Internet browser to the URL: http://my.engr.ucdavis.edu/~bae/AgIndex/aeindex.html

The first letter of “AgIndex* should be a capital "A", and the third letter should be a capital "I",

to download the file, AE-NDX99. EXE.

3. Use File Transfer Protocol (FTP) from SWEETPEA.ENGR.UCDAVIS.EDU (or 169.237.204.225 for those
wishing to use the IP address). Give as a User name: anonymous, and as a Password: guest. Before "getting”
aendx99.exe, first type: binary (enter)

4. Mail two formatted (IBM Compatible) 1.44 Mbyte, 3 1/2-inch diskettes to:

William J. Chancellor

Biological and Agricultural Engineering Department
University of California

Davis, CA 95616-5294, USA

1§

The file, AE-NDX99. EXE, will be transferred to the diskettes, and the diskettes will be returned to the sender.
The file, AE-NDX99. EXE, should be placed on a hard disk drive in a subdirectory by itself. Then, typing AE-NDX99(enter)
followed by typing: HOW2LOAD (enter) will provide installation instruction.

Those who have access to the Internet may search on-line an expanded agricultural engineering finder system
index by TELNETing to SWEETPEA. ENGR. UCDAVIS. EDU (or 169.237.204.225), and when the prompt:
"Username:"appears, type: SEARCH tenter). No password is required, and there is no charge.
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EDITORIAL

Plowshares..Instead...of Guns

The above title is an old adage that decades ago, the peace advocates rallied the powers that be to turn the metals
for the manufacture of guns instead to the fabrication of plowshares. As a figurative expression, the latter refer to the
cutting part of the moldboard plow that is manifestly for tilling the soil, hence grow more food for everyone. On the
other hand, the former refer to the armaments of war.

By and large, the message of the adage is still very much alive these days. When the 21st century ushered in, man-
kind anticipated peace and quiet with the end of the US-Soviet confrontation in the interest of cooperation. And yet,
the worldwide terrorism cropped up sowing fear and destruction, the signs of war and the fear of mass destruction
begin to occupy the minds and thoughts of many on what Iraq and North Korea are actually up to.

The fears and anxiety notwithstanding, the soil must indeed be tilled for greater productivity. The farmer deserves
indeed the help that it can get, hence more than the plowshare should be made available to him. Agriculture is the
lifeblood of mankind and must never be relegated to the background and that agricultural technology that employs
mechanization should be a top priority.

Herein lies AMA’s wish to utilize war monies instead to country by country cooperative enterprises for peaceful
agricultural development.

Necessarily, a strong and effective communication must prevail wherein AMA reiterates its interest to help.

Yoshisuke Kishida

Chief Editor
Tokyo, Japan
December 2002
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Management of Primary Tillage Operation to

Reduce Tractor Fuel Consumption

by
A. Abu Sirhan

The Agricultural Research Station
Faculty of Agricultural Technology
Al Balqa Applied University, Al Salt 19117,

JORDAN

A. Battikhi
Prof. of Soil Physics

College of Agriculture, Dept. of Agricultural

Resources and Environment,

University of Jordan, Amman,

JORDAN

Abstract

An experiment was carried out at
the Mushaqar Agricultural Experi-
ment Station, located approximate-
ly 30 km southwest of Amman. The
objective was to study the effect of
plow type (moldboard, disk and
chisel plow) at three plowing
depths, namely: shallow (10-15)
cm; medium (15-20 cm); and deep
(25-30 cm), at three levels of soil
moisture content, 0, namely; dry
(10.71%); moist (19.55%); and wet
(31.47%), on tractor fuel consump-
tion to perform a primary tillage
operation. Results indicate that the
lowest mean of fuel consumption
for the three treatments of plowing
depths and the three soil moisture
levels was when using chisel plow
(5.2 L/ha) compared to disk plow
(11.5 L/ha), and moldboard plow
(13.8 L/ha). Fuel consumption in-
creased as plowing depth increased
for all plows at each level of soil
moisture content. It was 6.8 L/ha
for shallow depth (10-15) cm, 9.4
L/ha for medium depth (15-20) cm,
and 143 L/ha for deep plowing
(25-30 cm). Dry soil (0m =
10.71%) showed higher fuel con-
sumption (11.1 L/ha) compared to
wet soil (dm = 31.47 %) which
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showed lower fuel consumption
(10.3 L/ha). The lowest mean fuel
consumption for all plows at all
plowing depths (9.1 L/ha) was at
soil moisture content (Om) of
19.55%. There was an interaction
effect between plow type, plowing
depth and soil moisture content on
tractor fuel consumption. The low-
est fuel consumption was when us-
ing chisel plow, for the three
plowing depths at the three levels
of soil moisture content. The fuel
consumption when using mold-
board plow was more than for disk
plow, at all levels of plowing depth
and soil moisture content. For all
plows at each level of soil moisture
content, fuel consumption in-
creased by increasing the plowing
depth. The level two of soil mois-
ture content (Om = 19.55%)
showed the lowest fuel consump-
tion for all plows and plowing
depths compared with soil moisture
of 10.71% and 31.47%, where the
level one of soil moisture (10.71%)
consumed more fuel than level
three (31.47%).

Introduction

The increase in fuel price in the

= B. Snobar
&8 Prof. of Farm Machinery
= College of Agriculture, Dept. of Agricultural
| Resources and Environment,
{ University of Jordan, Amman,
“& JORDAN

world necessitates its efficient use in
operating the agricultural machinery
and equipment. There are numerous
implements and implement types
available for performing both prima-
ry and secondary tillage operations.
These include moldboard; disk; and
chisel plows. Approximately 20% of
the total agricultural production en-
ergy is required for field operations
(Stout, 1977). Energy input require-
ments for tillage vary appreciably
with soil type, crop sequence, soil
moisture content, type of plow, land
topography. depth, and tractor
ground speed (Stoskopf, 1981). Till-
age energy evaluation should in-
clude measurements of operational
energy required for various tillage
implements on various soil types,
through documentation of soil con-
dition and reporting of both fuel con-
sumption and draft data (Bowers,
1985). The draft force requirement
for tillage implements has a great
concern when designing tillage im-
plements and deciding suitable trac-
tor size. The draft force needed for
chisel plow increased linearly with
the increase of plowing depth (Ge-
bresenbet, 1989). Any fuel saving in
any agricultural operation would
maximize profit and reduce the en-
vironmental pollution hazard. This



experiment was conducted to study
the influence of plow type, soil mois-
ture content, and depth of plowing on
tractor fuel consumption to perform
primary tillage.

Materials and Methods

The experiment was carried out
at the Mushaqgar Agricultural Ex-
periment Station, located approxi-
mately 30 km southwest of
Amman. The location mean annual
rainfall is about 350 mm. The soil
was classified as very fine, smec-
titic, thermic, Typic Chromoxerert
(Taimeh and Khresiat, 1988). The
experiment started on August 1997.
The study area covered approxi-
mately 3.0 ha. The treatments were
arranged in a split-split plot design,
with four replicates. The three types
of plow in the main plots were:
moldboard (Im wide); disk (Im
wide); and chisel (2m wide).The
three tillage depths in the sub-plots
were: 10-15; 15-20; and 25-30 cm,
and three levels of soil moisture
content in the sub- sub plots were:
10.71%: 19.55%; and 31.47%. Two
axles diesel tractor, Ford 1988 mod-
el 5610 with 72hp PTO power was
used in all the tests. The fuel con-
sumption (FC) measurements were
made by using volume flow meter
mounted on the tractor body, which
consisted of graduated glass cylin-
der of 1000-ml volume. The flow
meter was connected directly from
its lower part (bottom) to the tractor
fuel tank at one side and with the
fuel pump on the other side. The
upper part of flow meter was con-
nected with the injectors which re-
turned the excessive fuel back to
the flow meter through a return
pipe. A valve situated between the
graduated cylinder and the fuel tank
controlled the fuel in the cylinder.
The measurements of fuel con-
sumption were carried out for each
sub-sub plot (2X100 m?) by making
two runs for moldboard and disk

for chisel plow (2m wide) for each
plowing depth at each level of soil
moisture content. The first level of
soil moisture content (M;) was on
October 10, 1997 before rainfall.
The gravimetric soil moisture con-
tent (Om) was 10.71% in the top 30
cm. The second level of soil mois-
ture content (M,) was on December
15. 1997 after rainfall of (51.5)
mm. Om was 19.55% in the top 30
cm. The third level of soil moisture
content (M3) was on December 27,
1997, after receiving a total rainfall
of (105.5) mm. Om was 31.47% in
the top 30 cm of the soil.

Results and Discussion

Tractor fuel consumption when
using chisel plow (5.2 L/ha) was less
than that when using disk plow (11.5

—
n

10

I/ha

fuel consumption

moldboard disk

L/ha) or moldboard plow (13.8 L/
ha). This was because the chisel
plow digs the soil without having to
invert and pulverize it the way the
moldboard and disk plows do. Thus,
reducing the draft power required
(Smith and Wilkes, 1977). The disk
plow treatment showed less fuel
consumption than the moldboard
plow treatment, under the same con-
ditions and by turning the same vol-
ume of soil (Fig. 1) due to free
rotation of the disk, which was pro-
duced due to the frictional force be-
tween the disk and the soil.

Fuel consumption increased as
the plowing depth increased (Fig.
2). Shallow plowing (10-15 cm)
treatment resulted into the lowest
fuel consumption (6.8 L/ha).
While, deep plowing (25-30 cm)
treatment resulted into the highest
fuel consumption (14.3 L/ha), be-

]

chisel

plow type

Fig. 1 Effect of plow type on tractor fuel comsumption (L/ha).
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=Y
o

shallow medium
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Fig. 2 Effect of plowing depth on tractor fuel comsumption (L/ha).
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plow, Im wide each, and one run Fig. 3 Effect of soil moisture content at the time of plowing on fuel comsumption (L/ha).
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cause each | cm depth of plowing
means breaking and turning 100 m*
of the soil per hectare.

When the soil moisture content
(6m) was 10.71%, the tractor con-
sumed the highest fuel amounts
(11.12 L/ha) when compared to
(9.1 L/ha) and (10.3 L/ha) at mois-
ture contents of 19.55%, and
31.47%, respectively, (Fig. 3). This
is due to the high specific draft that
resulted from the attraction of soil
particles to each other by cohesion.
By increasing the soil water content
the specific draft decreased then in-
creased due to the attraction of lig-
uids on solids or particles in contact
with solids resulting from surface
tension (adhesion). Therefore, this
increased the fuel consumption due
to the increase in power required
(Baver et al., 1976). There were in-
teractions between types of plow,
plowing depth, and soil moisture
content, on fuel consumption (Ta-
ble 1). The lowest fuel consump-
tion was when using chisel plow at
the three plowing depths (10-15),
(15-20), and (25-30) cm, at the
three levels of soil moisture content
(10.71%, 19.55%, and 31.47%).

The fuel consumption when us-
ing moldboard plow was more than
the disk plow at all levels of plow-
ing depth and soil moisture content.
For all plows at each level of soil
moisture content, fuel consump-
tion increased by increasing the
plowing depth. The level two of
soil moisture content (Om =
19.55%) showed the lowest fuel

consumption for all plows and
plowing depths compared with soil
moisture of 10.71% and 31.47%.
The level one of soil moisture
(10.71%) consumed more fuel than
level three 31.47%. Because when
cohesion and adhesion are at mini-
mum, there is sufficient moisture
between the individual particles to
minimize the cementation effects.
On the other hand, there is not
enough water present to cause the
formation of distinct films around
particle contacts to produce the co-
hesion (Baver et al., 1976). The
lowest fuel consumption (3.3 L/ha)
was when using the chisel plow at
shallow plowing depth (10-15 cm),
where soil moisture content (Om)
was 19.55% because the individual
granules are soft, and cohesion is at
minimum. The highest fuel con-
sumption (21.5 L/ha) was when us-
ing moldboard plow at deep
plowing (25-30 c¢m), for the dry soil
(0m=10.71%). because of high ce-
mentation of soil particles with
each others.

Conclusions and Recom-

mendations

The type of plow. plowing depth,
and soil moisture content at the
time of plowing played an impor-
tant role in saving tractor fuel con-
sumption. Fuel saving can be

achieved by a good management of

tillage operation which may in-
clude the proper choice of the till-

Table 1. Effect of plow type, plowing depth and soil moisture on fuel consumption

Fuel consumption ( L/ha)

age implement, since chisel plow
had the lowest fuel consumption
compared to moldboard and disk
plow. The most fuel was consumed
by moldboard plow treatment.
Plowing depth at 15 cm is suffi-
cient for plant growth while fuel
consumption increased significant-
ly as plowing depth increased.
Therefore, for fuel saving, plowing
depth should not be deeper than 15
cm and performing tillage opera-
tion at proper soil moisture content
because fuel consumption was high
in both dry and wet soil, while per-
forming the tillage operation at op-
timum soil moisture (19.55% in
this case) saved the fuel.
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Abstract

A researcher-managed experi-
ment was conducted at Hombolo
Research Station in Dodoma Re-
gion of central Tanzania for two
consecutive rainy seasons in 1991-
92 and 1992-93 with the objective
of investigating the effects of tillage
and fertilizers on yield of sorghum
(sorghum bicolor). The experiment
consisted of seven tillage treat-
ments combined with four fertilizer
treatments on a complete random-
ized block design with three repli-
cations. The treatments were zero
tillage, flat cultivation, flat cultiva-
tion plus mulch, tied ridging, strip
catchment tillage, tractor tillage and
tractor tillage plus mulch. Fertilizer
treatments consisted of no fertilizer
(control), farm yard manure (FYM)
at 10 t ha™!, triple super phosphate
(TSP) at 100 kg ha™!, and FYM plus
TSP at 5 t ha”! and 50 kg ha™', re-
spectively.

In two consecutive growing sea-
sons, hand-hoe cultivation in-
creased the bulk density of the soil
except on tractor tillage without-
and-plus mulch where there was a
decrease of the bulk density. Deep
cultivation (by use of tractor) in-
creased the infiltration of water into
soil mainly as a result of the reduc-
tion in bulk density. Crop perfor-
mance, expressed as grain yield of
sorghum, was better under deep
tractor tillage than under shallow
hand-hoe cultivation. In 1992-93

Botswana College of Agriculture
Private Bag 0027, Gaborone

season, the FYM gave remarkable
grain yield increases compared to
other fertilizer combinations.

Introduction

Nearly two-thirds of Tanzania
(with a total area of 939,701 kmz)
can be described as semi-arid on the
basis of having a probability of less
than 25 % of receiving 750 mm of
rainfall per year. The Dodoma Re-
gion, central Tanzania, is the driest
area in Tanzania registering the
lowest average annual rainfall (400-
650 mm) and the longest dry season
(8 months). Typical of low rainfall
environments, the rainfall is un-
evenly distributed both spatially
and temporally.

Agriculture is the basis of the
population’s mainly subsistence
economy in the Dodoma Region.
Farming is entirely dependent on
moisture supply from rainfall, and
the frequent occurrence of mid-sea-
son drought is one of the main con-
straints  to  production.  The
possibilities of irrigating to supple-
ment rainfall for crop production
are limited for reasons of both the
expense and lack of perennial
sources of surface water and ground
water. The key, therefore, to miti-
gating the effects of low and unreli-
able rainfall and stabilizing food
production is more effective man-
agement of rain water. Management
strategies include reduction in run-

off losses, the concentration of rain
water where appropriate through ei-
ther off-or-field water concentration
practices and also improving the ef-
ficiency of utilization of water by
crops. Very little systematic re-
search has been done in Tanzania
on these aspects.

The objective of this report is to
describe the effects of tillage and
fertilizers on the yield of sorghum
(Sorghum bicolor) in a semi-arid
environment.

Materials and Methods

A researcher-managed experi-
ment was conducted at the Hombo-
lo Research Station in the Dodoma
Region of central Tanzania for two
consecutive rainy seasons in 1991-
92 and 1992-93. The experiment
consisted of seven tillage treat-
ments combined with four fertilizer
treatments on a complete random-
ized block design with three repli-
cations. The treatments were zero
tillage, flat cultivation, flat cultiva-
tion plus mulch, tied ridging, strip
catchment tillage, tractor tillage and
tractor tillage plus mulch. In the
zero tillage plots, the standing veg-
etation was manually slashed be-
fore making holes for planting
using cutlasses down to 5 cm depth.
The flat cultivation to 10 cm depth
was performed using a hand-hoe.
Mulch (e.g., dead plant materials)
were added uniformly to the plots
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after planting. Tied ridging was
done first by making parallel ridges
along the contour at 0.75 m, and
then furrows were tied at 1.5 m in-
tervals. Strip catchment tillage was
performed by hand-hoeing a strip
of 10 cm wide on both sides of a
crop row. Tractor tillage was done
using a disc plough down to a depth
of 15 cm.

Fertilizer treatments consisted of

no fertilizer (control), farm yard
manure (FYM) at 10 t ha", triple
super phosphate (TSP) at 100 kg
ha™!, and FYM plus TSP at 5 t ha!
and 50 kg ha™!, respectively.

The test crop was sorghum (Sor-
ghum bicolor cv Tegemeo) planted
on 5 X 20 m plots laid out at 2%
slope. Row spacing and within row
spacing were 0.75 m and 0.30 m,
respectively.

Soil bulk density and infiltration
measurements were taken prior the
initiation of the experiment and im-
mediately after harvest in June ac-
cording to Klute (1986). Grain
yield was recorded at harvest.

Results and Discussion

Soil physical properties

The soil bulk density for all
hand-hoe cultivated plots were
higher than the pre-cultivation den-
sity even after two years since the
initiation of the experiment (Table
1). Under tractor tillage treatments,
there was a 0.7% decrease in bulk
density for both tractor tillage and
tractor tillage plus mulch at top (0-
5 cm) soil depth. At 10-15 cm soil
depth, however, the decrease in
bulk density for both tractor tillage
and tractor tillage plus mulch was
6%. The highest decrease in soil
bulk density (11%) was observed at
15-20 cm depth for tractor tillage
plus mulch treatment.

During 1992-93 cropping sea-
son, the 3-h cumulative infiltration
values for both hand-hoe cultiva-
tion and tractor tillage treatments
are shown in Table 2. Compared to

the 1991-92 season, the cumulative
infiltration increased by 4.3, 8.1,
10.2% for flat cultivation, flat culti-
vation plus mulch and tractor till-
age plus mulch, respectively.

The results show that deep culti-
vation (using a tractor or otherwise)
increases the infiltration of water
into the soil mainly as a conse-
quence of the reduction in bulk
density of these naturally occur-
ring hard-setting and crusting soils
(MaCartney et al., 1971; Kayombo,
1993).

Crop Response

Sorghum grain yield was signifi-
cantly affected by both tillage treat-
ments (Table 3) and tillage cum-
fertilizer treatments (Table 4).

In the 1991-92 cropping season,
hand-hoe cultivation treatments re-
corded higher grain yields than
tractor tillage plots, with tied ridg-
ing registering over 2000 kg ha™!
(Table 3). Low yields in tractor till-
age plots were attributed to late
planting on these plots. Of tillage
cum-fertilizer  treatments, strip
catchment tillage- FYM (1/2) +
TSP (1/2) treatment gave the high-
est grain yield followed closely by
the tied ridging — fertilizer combi-
nations (Table 4). Positive grain
yield responses of strip catchment
tillage — fertilizer combination
could be attributed to harvesting of
water along the crop row from the
uncultivated/trafficked  inter-row
space (Willocks, 1994). Although
the infiltration rate did not increase
appreciably, the tied ridges facili-
tated rainfall infiltration into the
soil by retaining a major proportion
of rainfall received on-site (Kay-
ombo, 1992, 1993).

In the 1992-93 cropping season,
the highest yields were obtained
from tractor tillage both without-
and-plus mulch (Table 3). When
fertilizer was isolated as a factor in-
fluencing yield, the FYM gave the
highest sorghum grain yield com-
pared to the no-fertilizer or FYM-
TSP combinations (Table 5). Of

the tillage cum-fertilizer treat-
ments, the tractor tillage plus
mulch-FYM combinations gave the
highest significant grain yield fol-
lowed by the tractor tillage plus
mulch-FYM (1/2) + TSP (1/2)
treatment (Table 3).

These results show that the crop
performance was relatively better
under deep tillage than under shal-
low cultivation. Furthermore, crop
performance in this semi-arid envi-
ronment was considerably im-
proved by the application of FYM,
although it is not yet known wheth-
er this effect is due to improved soil
water retention or plant nutrients.

Table 1. Effect of Tillage on Soil Bulk
Density (Mg m™) Immediately
after Harvest, 1992-93 Season

Depth (cm)

0-5 5-10 10-15 15-20

Tillage method

Prior experiment 1.45 1.50 1.52 1.52
Zero tillage 1.56 1.54 1.53 143
Flat cultivation  1.55 1.55 1.56 1.53
Flat cultivation + 1.58 1.56 1.48 1.58
mulch

Strip catchment 1.46 1.49 1.61 1.49
tillage

Tied ridging 148 149 1.50 141
Tractor tillage 145 144 143 145
Tractor tillage + 1.45 1.44 1.43 1.37

mulch

Table 2. Effect of Tillage on cuMulative
Infiltration (cm) Immediately
after Harvest

Tillage method 1991-921992-93

Zero tillage 685 628

Flat cultivation 77.0  80.3

Flat cultivation + mulch ~ 88.6  95.8

Strip catchment tillage 79197 107:5

Tied ridging 432 397

Tractor tillage 115:8: 1119:3

Tractor tillage + mulch 1283  141.4

Table 3. Effect of Tillage Methods on
Grain Yield of Sorghum (kg ha™")
Crop season
1991-92 1992-93°

Tillage method

Zero tillage 1909b 1462 b
Flat cultivation 1995b 1689 b
Flat cultivation + mulch 1760c¢ 1252 b

1961 be 1379 b
2006 ab 1641 b
Tractor tillage 756e 1693 b
Tractor tillage + mulch  1005d 2143 a

Strip catchment tillage
Tied ridging

Note: Letters a-e denote significance at 5%
level using Duncan’s new multiple
range test. Means with the same letter
are not significantly.
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techniques on soil moisture con-

Table 4. Effect of Tillage Cum Fertilizer Treatments on Sorghum Grain Yield (kg ha™)
servation and the establishment

Crop season

Tillage Fertilizer

1991-92 1992-93 and yield of maize at Kongwa, cen-
Zero tillage Control (no fertilizer 1952 abce 949 fg : 2 :
& 1 tral Tanzania. Trop. Agric.(Trin.
Farm yard manure (FYM) 1862 abced 1655 bedefg D56 ( )

48:9-23.

1739 bedelg ; ; :
Willcocks, T.J 1984. Tillage require-

Triple superphosphate (TSP) 1954 abe

FYM (1/2) plus TSP (1/2) 1869 abed 1849 bedef
Flat cultivation Control 1289 afed 1405 cdefg ments in relation to soil type in
FYM 2252 ab 2356 abe semi-arid rainfed agriculture. J.
TSP 2044 abe 1164 defg Agric.Eng Res., 30:327-336. H M
FYM (1/2) plus TSP (1/2) 1995 abe 2246 abed
Flat cultivation plus  Control 1829 bede 1427 cdefg
mulch FYM 1981 abe 1628 bedefg
TSP 1569 defg 891 fg
FYM (1/2) plus TSP (1/2) 1863 abed 1358 cdefg
Tied ridging Control 2142 ab 2105 abede
FYM 2137 ab 2057 abede
TSP 2037 ab 1086 efg
FYM (1/2) plus TSP (1/2) 2155 ab 1702 bedefg
Strip catchment tillage Control 1267 fg 665 g
FYM 2152 ab 2102 abede
TSP 2037 abc 1407 cdefg
FYM (1/2) plus TSP (1/2) ~ 2386 a 1667 bedefg
Tractor tillage Control 493 hi 1116 efg
FYM 903 ghi 2313 abc
TSP 454 i 1487 bedefg
FYM (1/2) plus TSP (1/2) 1174 fg 2239 abed
Tractor tillage plus Control 1002 gh 1795 bedef
mulch FYM 918 ghi 2657 a
TSP 828 ghi 1768 bedef
FYM (1/2) plus TSP (1/2) 1273 fg 2555 ab

Note: Letters a-i denote significance at 3% level using Duncan’s new multiple range test.
Means with the same letter are not significantly different.

iy 22 T remarkable yield increases com-
Table 5. Effect of Fertilizer on Sorghum Y

Grain Yield (kg ha‘l)
Crop season
1991-921992-93
Control (no fertilizer) 1424 b 1351 ¢
FYM 1743 ab2109 a
TSP 1560b 1363 ¢
FYM (1/2) plus TSP (1/2)1816 a 1945 ab
Note: Letters a-c denote significance at 5%
level using Duncan new multiple
range test. Means with the same let-
ters are not significantly different

Fertilizer

Conclusions

The following conclusions were
drawn from the study:

1. In two consecutive growing sea-
sons in 1991-92 and 1992-93,
deep tillage reduced  soil bulk
density and increased infiltration
of water into the soil.

2. Crop performance under deep
tillage was better than under
shallow cultivation.

3. Farm yard manure (FYM) gave

pared to other fertilizer combina-
tions.
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Abstract

The effects of tillage methods on
soil physical properties, weeds and
yield performance of three bean va-
rieties (Phaseolus vulgaris L., Ca-
nadian Wonder, Selian Wonder and
TMO 216) were investigated for a
sandy loam soil at Morogoro, Tan-
zania. Nine tillage treatments were
compared in the 1990 season: hand
hoeing (HH), minimum tillage
(MT), minimum tillage with mulch
(MTM), moldboard plowing (M),
moldboard plowing followed by
disc harrowing once (MH1), mold-
board plowing followed by disc
harrowing thrice (MH3), disc plow-
ing (D), disc plowing followed by
disc harrowing once (DHI) and
disc plowing followed by disc har-
rowing thrice (DH3). In the 1991
season MTM was withdrawn and
two tillage treatments were added,
namely; moldboard plowing with
draft animal power (DAP) and
moldboard plowing with single
axle tractor (SAT). The effects of
tillage treatments on soil physical
conditions for the establishment of
beans were better quantified by soil
bulk density and soil water content
(% w/w) rather than by cone resis-
tance. However, the cone index was
better in identifying the plow pan
development under all the “trac-

torised” treatments. The DH3 was
found to be the best overall tillage
method in relation to bean yield of
all three test varieties.

Introduction

Tillage is usually defined as the
mechanical manipulation of the soil
aimed at improving soil conditions
affecting crop production. Three
primary aims are generally attribut-
ed to tillage: control of weeds, in-
corporation of organic matter into
the soil, and improvement of soil
structure (Hillel, 1980). Very little
information exists in Tanzania at
the moment which can be used to
assist in the equipment design, se-
lection and use to effectively meet
these aims under different soil-and-
climatic conditions and crops. Yet,
crop cultivation constitutes the
most important (economic) activi-
ty in the country.

Crops are often grouped into ce-
reals, row crops, root crops, etc.,
and it is assumed that species within
groups respond alike to tillage treat-
ments. Yet we know, for example,
that row crops vary in their soil
moisture and other requirements
(Jackson, 1989). Differences among
soil types is an important factor in
crop and water management re-

T. E. Simalenga

Department of Agricultural and Rural
Engineering, University of Venda
Private Bag X5050, Thohoyandou 0950
SOUTH AFRICA

sponse to a given tillage treatment.
We need to consider what crop and
soil responses we want on each soil
type and then tailor tillage practices
to meet the specific objectives. In
tillage research more attention,
therefore, needs to be paid to the
specific crop, soil and climate in-
volved. Furthermore, the response
of a crop to a given tillage treatment
on a particular soil often depends on
the weather during the year. Tillage
practices, therefore, need to be test-
ed over a number of years.

This paper describes the effects
of various tillage treatments on soil
structure and yield of three bean
(Phaseolus vulgaris L.) varieties,
during two consecutive seasons.

Experimental Methods

Location, Soil and Weather

The experiment was conducted
at the Sokoine University of Agri-
culture (SUA), Morogoro, Tanza-
nia, during the March — June
growing seasons of 1990 and 1991.
The SUA is located 6°05° S and
37°37° E at an elevation of 525 m
a.s.l. The soil at the site is sandy to
loam sand. Prior to the initiation of
the experiment, the site was under
vegetation fallow for two years.
The rainfall and evaporation data
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during the two growing seasons is
shown in Table 1. The total grow-
ing season rainfall varied from 521
mm in 1990 to 490 mm in 1991.

Treatments and Experimental Design

The tillage implements used in
the field experiment were the hand
hoe, disc plow, moldboard plow
and disc harrow. In 1990 the tillage
treatments were: hand hoeing (HH);
minimum tillage (MT); minimum
tillage with mulch (MTM); mold-
board plowing only (M): mold-
board plowing followed by disc
harrowing once (MH1); moldboard
plowing followed by disc harrow-
ing thrice (MH3); disc plowing
only (D); disc plowing followed by
disc harrowing once (DHI); and
disc plowing followed by disc har-
rowing thrice (DH3).

In 1991, the MTM treatment was
withdrawn and two tillage treatments
involving the use of a moldboard
plow wereadded. Inonetreatmentthe
plow was pulled by draftanimal pow-
er(DAP)andtheotherbyasingleaxle
tractor (SAT).

Tillage treatments were laid out
on a complete randomized block
design with three replications. Each
plot measured 4 X 25 m.

Soil and Crop Management

The each tillage plot was divided
into three equal portions measuring
4 X 8 m each. Each portion was
planted to either Canadian Wonder,
Selian Wonder or TMO 216 at a
spacing of 60 cm between rows and
10 cm within rows. Planting was
done in the first week of April 1990
and the third week of March 1991.
One seed per hole was sown and
gap filling was done a week after
planting. Only phosphate fertilizer

Table 1. Growing Season Rainfall, Open Pan Evaporation and Air Temperature at SUA

was applied at a rate of 60 kg P,05
per hectare in the form of triple su-
per phosphate (TSP). Weeding was
done manually twice, at 14 days in-
terval from day of planting.

Soil and Crop Measurements

Immediately after planting the
crop, and every two to three weeks
thereafter, bulk densities were mea-
sured using soil cores at three posi-
tions per plot from 5 cm to 20 cm
depth in 5 cm increments. The val-
ues of soil cone index were mea-
sured immediately after planting
and every two to three weeks there-
after using a cone penetrometer.
Measurements were made at 6 posi-
tions in each plot from 0 cm to 25
cm depth. Using a screw auger,
moisture contents (% w/w) were
taken from 0 cm to 30 cm depth in
10 cm increments at positions cor-
responding to all bulk density and
cone index measurements. In 1991,
however, moisture samples were
taken in the 0 — 10 cm depth only.
Weed types and populations were
measured with a 0.1 m? quadrant at
6 random positions per plot two
days before the scheduled weed-
ing. All bean pods from each por-
tion within a plot were harvested,
sun-dried, threshed, and the grain
graded and weighed at maturity.
The cost per hectare of each treat-
ment was determined by consider-
ing the retail hire rate that the
farmer would pay.

Results and Discussions

Soil Bulk Density

Soil bulk density values after
planting during the March — June
1990 season are shown in Table 2a.

Growing Season 1990

Growing Season 1991

Soil bulk density increased with
depth under each tillage treatment
as the growing season progressed,
but the change was more pro-
nounced under moldboard and disc
plowing with one or three harrow-
ings. As expected, the bulk density
of the surface soil was high under
minimum tillage (MT). Minimum
tillage with mulch (MTM) was a re-
sult of other tillage treatments due
to a negligible disturbance of the
soil under minimum tillage.

Bulk density measurements tak-
en during the March — June 1991
growing season are shown in Table
2b. Soil bulk density increased with
depth and with advance in the
growing season under all tillage
treatments, but as in the previous
season there was a pronounced in-
crease in bulk density under mold-
board plowing plus harrowing
thrice (MH3) and disc plowing plus
harrowing once (DHI) and thrice
(DH3) on 2 May 1991. This could
be attributed to rainfall impact and
surface sealing during the growing
season. There was an increase of
over 10 % in bulk density values of
all tillage treatments in 1991 when
compared to the values in 1990.
These results agree with earlier
findings (Agboola, 1981) that the
more intensity the tillage, the high-
er the bulk density of the surface
and sub-surface soil. Bulk density
values under animal plowing
(DAP) and single axle tractor plow-
ing (SAT) were similar to those un-
der hand hoeing (HH). The cone
index values taken during the
March-June 1990 growing season
are shown in Table 3a. Generally,
values did not show any consistent
trend in regard to tillage treatment,
although index values increased in
all tillage treatments on 15 May
1990 as the soil dried up with di-
minishing rainfall.

March April May June Total March April May June Total The cone index values taken after
Rainfall (mm) 1464 2504 1127 117 5212 229.1 1936 368 108 4897 planting during the .
Departure* (mm) 2017 566 168 -85 866 986 -02 370 -94 520 ‘1)991 c S5 .Maf‘:h s
Opén pan evaporation (mm) 160.0 960 740 78.0 408.0 119.0 110.0 112.0 92.0 433.0 season are given in Table 3b.
Mean air temperature ('C) 259 249 239 219 - 252 254 240 223 Two things come out clearly from

*: Departure from a 17 — year average. the results. Firstly, cone index val-
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ues in all tillage treatments were  Taple 2a. Effects of Tillage Treatments on Dry Soil Bulk Density (kg/m®)

greater than those taken in 1990, (March-June 1990 Growing Season)
\Vhich may be attribuled to Continu_ Date 2 Aprll 1990 24 .‘\pl’“ ]()90 15 Nl(l)’ 1990
ous cropping (Agboola, 1981; Kay- Depth (€m) s 510 10-1515-20 0-5 5-10 10-1515-20 0-5 5-10 10-1515-20
Treatment
ombo and Lal, 1994). Secondly, 096 T.0T T.18 T30 1,06 1.3 120 131 1.3 L.I9 121 1.35
with the exception of hand hoeing MT 120 1.29 1.30 1.40 121 125 131 1.40 1.22 124 132 140
(HH) and minimum tillage (MT), Q:TM 1.20:1.30.1.31.4.30;51.21 1.31-132 135 122 1.29 134 1.39
A : : 1 1.10 1.14 1.08 128 120 1.26 129 1.40 125 1.29 131 145
the:conerindex values iniall tillage . ) 110 116 119 120 121 126 132 1.39 125 130 133 1.49
treatments increased to a maximum  \p3 097 1.10 120 120 124 130 133 141 129 1.36 141 150
value at 10-20 cm depth and then D 101 1.10 120 125 1.18 121 127 136 123 129 133 142
deoenot dlbwith Sinereasmeataoil - DI 110 1.19 123 126 1.19 126 131 143 1.21 131 142 1.52
2 DH3 093 1.00 120 1.00 1.10 1.08 121 1.36 125 136 139 1.5I

depth. This could be attributed to
the development of a subsoil plow Table 2b. Effects of Tillage Treatments on Dry Soil Bulk Density (kg/m?)

pan as a result of plow-sole com- (March-June 1991 Growing Season)
paction (Roth et al., 1988; Guerif, Date 22 March 1991 3 April 1991 2 May 1991
1994). The early identification of i 15:{’;'(‘(“"’) 0-5  5-10 10-15 1520 0-5 5-10 10-15 1520 0-5 5-10 10-15 15-20
t istence of / : catme
helegishncsia thoipiovvipa g e HR 110 116 136 149 121 129 137 149 130 137 139 135
only two consecutive cropping sea- MT 138 148 149 161 137 144 150 162 140 143 152 161
sons, shows that the cone index is MTM 119 125 134 143 126 132 142 148 134 140 149 1.54
alsoraisensitvalinticatordotusoil DAP 120 131 135 139 132 140 146 150 139 147 152 156
% : : M 126 131 137 147 136 144 147 150 144 148 151 167
compaction (besides bulk density). MHI 127 ‘133 137 138 137 143 150 1.56 144 149 153 171
Similar observations have been re- MH3 112 126 138 140 141 148 150 159 148 156 161 1.73
ported elsewhere (Onwualu and D 116 127 138 144 134 138 142 155 141 148 153 1.63
Anirods it alSR0: S indshomsand DH1 126 137 141 145 136 143 146 161 139 151 163 L75
2 DH3 107 115 127 138 123 138 146 154 144 156 160 1.74

Voorhees, 1994).

Table 3a. Variation of Soil Cone Index (Kpa) as Affected by Tillage Treatments

Soil Moisture Content (1990 Season)
Soil moisture contents (%w/w) Date 2 April 1990 24 April 1990 15 May 1990
taken during the March-June 1990 Depth (M) 16 1015 1520 20-25 0-10 10-15 15-20 20-25 0-10 10-15 15-20 20-25

are shown in Table 4a. In all the Treatment
HH 0.05 0.09 0.06 007 0.04 006 010 0.09 009 021 022 0.18

periods of measurement, moisture MT 008 0.07 008 006 004 008 0.0 008 0.09 014 0.12 022
contents for minimum tillage and MTM 0.05 0.07 009 003 006 007 005 008 024 019 022 020
minimum tillage with mulch were M 002 006 005 005 002 005 008 008 009 012 022 020

: MH! 0.03 007 004 006 002 007 006 009 003 014 013 0.18
muchithigherithan:these formold- MH3 001 005 002 006 002 008 006 009 009 010 019 021
board-and-disc plowed treatments. D 0.01 003 004 004 002 005 008 0.07 013 026 025 022
This was attributed to less evapora- DHI 0.01 0.07 0.06 0.05 001 007 007 007 008 0.10 0.12 028
tion losses in minimum tillage DH3 001 006 005 005 003 006 008 0.10 009 023 019 0.19

treatments (Khatibu and Huxley,
1979). Moisture content values tak-
en during the March-June 1991

Table 3b. Variation of Soil Cone Index (Kpa) as Affected by Tillage Treatments
(1991 Season)

5 Date 22 April 1991 3 April 1991 2 May 1991
season showed no consistent trend Depth (cm) e St R s
iiiregard to tillags treatments) PAFE  Treauent 0-10 10-15 1520 20-25 0-10 10-15 15-20 20-25 0-10 10-15 15-20 20-25
ly due to inadequate sampling to HH 022020 0.6 0.14 009 0.4 016 0.7 041 023 0.17 0.15
; . MT 044 023 017 0.14 006 0.1 0.14 013 039 034 026 0.15
deeper soil depths (Table 4b). MTM 031 040 029 020 0.1 018 0.19 0.19 033 023 0.5 0.5
DAP 038 036 024 0.8 008 013 0.14 015 045 038 030 029
Weed Dominance M 0.16 031 027 022 006 0.10 013 0.2 056 034 026 036
Weed infestation was monitored MHI 028 026 021 0.16 0.1 017 0.4 016 050 040 031 035
; ; ; MH3 016 022 0.9 017 010 0.3 021 013 061 050 046 0.5
in all tillage treatments during the D 020 040 032 025 0.09 0.09 007 007 076 060 051 026
two consecutive growing seasons. DHI 0.16 025 033 0.8 007 0.11 014 0.14 044 028 020 0.16
In both seasons, broad-leaf weeds DH3 0.12 019 0.16 015 0.10 015 0.16 0.15 048 040 0.29 030

were dominant on moldboard-and-

disc plowed plots with one or three (HH) and minimum tillage (MT).
harrowings. Thin-leaf weeds were These observations appear to be
common on non-tractorized tillage common in all annual cropping sys-
treatments, especially hand hoeing tems (Acland,1972).

Grain Yields
Tillage treatments affected the
bean yields of the three test variet-
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Table 4a. Variation of Moisture Content
(% w/w) as Affected by
Tillage Treatments (1990
Season)

In the March-June 1991 season,
the yield of beans in all tillage treat-
ments was less than 50 % of that

splash and subsequent surface seal-
ing on this finely tilled soil, means
that progressive soil structural dete-

Treatment 2 April 24 April 15 May obtained in the previous growing rioration is bound to occur in suc-

1990 1990 1990 season (Table 5). This may be at- cessive scasons. To sustain bean

1[\11&; gg; lg? :;’Z tributed to the moisture sensitivity ~ production on this soil counter mea-

MTM 375 1.0 220 of the bean crop. Planting was done  sures such as rigorous use of rota-

M 26.2 16.2 17.1 in March when rainfall was nearly tions and periodic subsoiling and/or
MHL  20.0 15.1 16.3 100 mm above the normal average  chiselling may be necessary.

MI;B lgi :;g }:3 (Table 1). This adversely affected The cost analysis presented in

DHI 212 16.5 15.0
DH3 18.9 15.0 14.8

Table 4b. Variation of Moisture Content
(% w/w) as Affected by
Tillage Treatments (1991
Season)
Treatment22 March 3 April 2 May
1991 1991 1991

the percentage emergence. This was
further exacerbated by restricted
plant establishment and growth
brought about by below average
rainfall in April and May (Table 1).
Inspite of this the yield of beans
was significantly affected by till-
age treatments. Disc plowing with

Table 6, however show that the ex-
tra benefit of tillage above mini-
mum tillage (MT) exceeded the
costs only in moldboard plowing
(M) and harrowing once (MH 1)
and disc plowing and harrowing
once (DH 1). This may be attribut-
ed to the general low yields from

HH 20.8 238 21.6 I | L DH3 duced | P Al | d
MT 18.8 231 19.6 t]ree' 1arromngs (. ) produce the experimenta pots perhaps due
SA 19.2 25.0 16.5 the highest grain yield in all bean to low husbandry inputs.

AP 20.1 227 20.3 varieties. This was followed by
M e DH1 , MH3 for both TMO 216 and
MH3 19.6 253 19.5 Canadian Wonder varieties. In the ~ Conclusions

D 19.2 24.5 16.0 March-June 1991 season, disc

DHI 19.1 24.6 19.2 plowing with three harrowings The following conclusions were
DH3 19.6 25.1 2247

ies in the March-June 1990 season
(Table 5).

It can be seen that moldboard-
and-disc plowing with three har-
rowings (i.e.; MH3 and DH3) pro-
duced the highest grain yields for
both Selian Wonder and Canadian
Wonder varieties. The highest
yields for the TMO 216 variety
were produced from moldboard
plowing with one harrowing (MH1)
and disc plowing with three har-
rowings (DH3).

Table 5. Effects of Tillage Treatments on Bean Grain Yield (kg/ha)*

(DH3) increased bean yields by
126% in Selian Wonder, by 209%
in Canadian Wonder and by 230%
in TMO 216, compared to the yield
of minimum tillage (MT) plots.
The highest yields recorded in
moldboard (MHI1, MH3) and disc
(DHI1, DH3) plowed treatments are
attributed to the good seedbed prep-
aration provided by the harrow.
Similar results have been reported
elsewhere for maize (Gumbs and
Summers, 1985). The relatively
rapid development of a plow pan in
the subsoil together with raindrop

drawn from the study:

1. MHI, MH3, DHI1 and DH3 in-
creased markedly the soil bulk
density of the subsoil as the grow-
ing season progressed.

. The soil cone index was a better
parameter than soil bulk density
in quantifying the presence of a
plow pan in the second year of
experimentation.

3. DH3 was found to be the best over-

all tillage method in relation to
beanyield ofall threetestvarieties.

o

(Continued on page 22)

Table 6. Comparison Tillage Costs and Benefits (1990

Treat- March-June 1990 March-June 1991 Season)
ment  Selian  Canadian TMO 216 Selian  Canadian TMO 216 Treat-  Costof  Extra bean Extra value Benefit: cost
Wonder  Wonder Wonder  Wonder ment tillage yield (USS/ha) ratio
HH 500bc  379d 518 cd 148 cd 118ab 214 ab (USS/ha) (kg/ha)
MT 491 be 378d 480 d 107 d 104 b HH 4.60 15.0 2.88 0.63
MTM 462 ¢ 550ab 502 cd - . - MT 0 0.0 0 0.00
M  560abc 512bc  700ab  226ab 139ab  235ab MTM 0 55.0 0 o
MHI 501 bc  520abc 80l a 185abc 138 a 280 a M 16 141.1 25.40 1.59
MH3 672 a 609 a 690 abc 206 abc 176 a 310 a MHI 28 157.7 28.39 1.01
D 539abc 428cd  512bed 234a 157ab 237 ab MH3 52 207.3 37.31 0.72
DH! 6llab  570ab 660 abcd 223 abc 189 a 324a D 16 433 7.79 0.49
DH3 680 a 560ab  710a 242 a 201 a 345 a DHI 28 164.0 29.52 1.05
SAT - - - 156bed 128ab  159b DH3 52 200.3 36 0.69
DAP - - - 165abed 130ab 164 b SAT 11.20 - =t 2
*: Means followed by the same letters are not significantly different at P o5 DAP 8.20 - - i
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Technical Evaluation of an Indigenous Conserva-

tion Tillage System

by
B. Kayombo

BOTSWANA

Abstract

An evaluation was undertaken in
1994-97 to examine the technical
aspects of an indigenous conserva-
tion tillage system called ngoro, a
farming system which has evolved
over some 200 years, compared to
ridge cultivation on 15, 40 and 45%
slopes. Two types of ridging were
studied, one with organic matter in-
corporated (R + OR) and one with-
out organic matter incorporated (R
—OR). The technical investigations
included climatic monitoring, or-
ganic C determination at 0-20 cm
depth, soil moisture monitoring
with neutron probe and speedy
moisture (calcium carbide) meter,
soil surface profile monitoring
(monthly) during the rainy season,
and plant development and yield of
maize and beans.

On a seasonal basis no statistical
differences were observed in the
volume of water stored under ngoro,
R + OR or R —OR. However, more
detailed analyses of the data sets at
each site showed that ngoro were
always slightly wetter than the ridg-
es, particularly during the dry sea-
son. Although the monitoring
period was not long enough to de-
tect any major differences in soil
chemistry, levels of organic C were
slightly higher under R+OR than the
other two systems. In ngoro much of
the of eroded soil was redeposited
into the pit, whereas on ridges it was
transported elsewhere. Over three

Botswana College of Agriculture
Private Bag 0027, Gaborone

seasons of observation, the ngoro
consistently yielded more maize
and beans than either of the ridged
systems. Maize yields on R+OR
were higher than R-OR.

Introduction

The ngoro is a local name for the
pitting system of the Matengo tribe
in Mbinga District, SW Tanzania.
The system is an indigenous means
of land cultivation on steep slopes.
It consists of a series of regular pits,
traditionally a 1.5 m square and 10
—~15 cm deep, which from a dis-
tance, resemble a honeycomb.
Crops are grown on the ridges
around the pits.

Ngoro construction is carried out
in March/April as follows: Grass is
slashed and laid in a matrix of dis-
crete squares with dimensions
ranging from 1.5 to 3 m. After dry-
ing, the grass lines are covered with
soil which has been dug from the
centre of each square, forming
bunds on all sides with a pit in the
centre. The bunds thus consist of a
layer of grass sandwiched between
a layer of top soil and the original
soil surface underneath. Unless an
extended fallow is used, the pits are
reformed every two years after a 6-
8 month short fallow in such a way
that what was previously a pit be-
comes a bund and vice versa.

The main strengths of the ngoro
system are soil fertility enhance-

ment due to the continual incorpo-
ration of plant residues into the soil,
soil and water conservation as a re-
sult of water being trapped in the
pits thereby reducing the erosion of
runoff while encouraging infiltra-
tion and sedimentation. The in-
creased soil organic content should
encourage granulation and hence
aggregate stability while increas-
ing the soil’s water holding capaci-
ty, as humus on a weight basis, can
hold 4-5 times more water than sili-
cate clays (Brady, 1990). The ngoro
are also likely to create a sheltered
microclimate, with a stable air/wa-
ter interface thereby reducing evap-
oration from the pit bottom. A
combination of these factors allows
beans, planted towards the end of
the rains, in March /April, to be
cropped on residual soil moisture.

The Matengo are still the main
users of this unique system which
is primarily used for maize and
bean production on steep lands
within a slope range of 2% to 65%.
Other African pitting systems in-
clude the basins and planting pits of
the Dogon Plateau, Mali (Kassogue
et al.. 1990), the deshek basins in
Bay Region, Somalia, the Kofyar of
the Jos plateau, Nigeria (Critchley
et al., 1994) and katumani pitting
developed by Gichangi et al. (1989)
in Kenya. However, these systems
differ from ngoro in that crops are
planted in the pit or on the sides of
the ridge as opposed to solely on
top of the ridges. as in ngoro.
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Although the ngoro system of
cultivation has been in use for at
least 200 years, little research has
been carried out into ngoro since
some preliminary investigations
into yields in the 1940’s (Berry and
Townshend, 1972) and 1950’s (Al-
lan, 1965). The need for research
has become rather urgent with a
significant increase in population
pressures. In densely populated ar-
eas, ngoro are used without an ex-
tended fallow period for 6-7 years
decreasing to 4 years in less popu-
lated areas. The average fallow pe-
riod is currently estimated to be
only 1.5 years. A general consensus
amongst farmers and extension
workers is that fallow periods are
declining. Due to shorter fallows,
the sustainability of the ngoro sys-
tem of cultivation (which relies on
fallows for soil fertility enhance-
ment) has decreased.

The objective of this study was to
examine the technical aspects of the
ngoro compared to ridge cultivation
on 15, 40, and 45% slopes.

Materials and Methods

Three experimental sites (Table
1) were selected in March 1995.
The following indigenous conser-
vation tillage (ICT) methods were
investigated:

(i) Ngoro (N);

(ii) Ridges with incorporated organ-
ic residues (R+OR); and

(iii) Ridges with no incorporated
organic residues (R-OR).

At each site the three ICT treat-
ments, each measuring 22 x 60 m,
lay side by side, separated by tied
ridges and with a cutoff drain at the
top and bottom. The three sites cho-
sen for the study had previously
been under fallow and were planted
to beans (broadcast) in April 1995,
harvested in June 1995, and then
weeded and planted to maize after
the first rains in December 1995,
which were then harvested in July
1996. The plots were then left fal-
low until March 1997, when the
ngoro were reformed and a second
bean crop planted and harvested in

June 1997.

Daily rainfall was measured at
each site from November 1994 us-
ing a locally made rain gauge (stan-
dard Meteorological Office, 5”
Snowdon patent). In May 1995, soil
moisture measurements were taken
with a Speedy Moisture (calcium
carbide) Meter in all fields under
beans at Mhekela, 22 days after the
last rainfall. In November 1995, 54
neutron probe access tubes were in-
stalled. Soil water content profiles
were then determined with a Wall-
ingford Neutron Probe Moisture
Meter, calibrated for the three sites,
at weekly intervals from November
1995 to February 1997. At each site,
measurements were made on three
ngoro at four positions, that is one
access tube in the centre of the bot-
tom bund, one in the centre of the
side bund and one in each bottom
corner, at depth intervals of 10 cm to
maximum of 20 cm. Three tubes
were installed in each ridge plot at
the three sites. These were supple-
mented by volumetric sampling of
the top 15 cm of the soil profile.
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Fig. 1 Levels of soil organic carbon at Mhekela.

Fig. 4 Soil moisture content at Mhekela in May 1995.
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Fig. 2 Soil redistribution in ngoro at Mhekela between
May 1995 and March 1996.

Fig. 3

Soil redistribution in ridges with organic matter
incorporated (R+OR) between May 1995 and March
1996.
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Table 1. Site descriptions

Table 4. Slope effects on crop response to ngoro and ridge

cultivation

Seasonal crop yields (kg/ha)
Beans June 95Maize July 96 Beans July 97

Average Average Picvidis
: evious
N R Slope SO0 ”dSC period Slope Treatment
(%) dimensions  spacing 9 Ramiall
(m) i) (years) ainfall mm
Lipumbal 15 2IBIEX" 237 1.12 1
Lipumba? 45 712160°% 225 1.00 4 Ngoro
Mhekela 40 233 X206 14 | 14% R+OR
lipumba R-OR
Table 2. Variation in pit depth with slope Neoro
Slope class (%)  Depth range (cm)  Averagedepth(cm) 45% R:OR
2-10 2240 30 lipumba R OR
15-25 8-36 21
>40 5-20 14 Rainfall, mm
Table 3. Crop yield responses to ngoro and ridge cultivation 3 Ngoro
Crop/Date  Ngoro Treatment RFOR R-OR  S.E.D i R+OR
Beans June 95 107.70 6650 8850 13.77 Mhckela  R-OR
Maize July 96 656.63 561.72 402.77 132.60 .
Beans June 97 273.14 154.64 16132 41.16 :“'E’SB“S

The organic carbon content (to 20
cm soil depth ) was determined by
the Walkey-Black technique. Varia-
tions in soil surface relief were de-
termined  using a locally
manufactured soil surface profile
gauge down and across the slope.
Measurements of elevation were
made at three locations in each plot,
at the same distance downslope at
monthly intervals during the rainy
season. To assess the volume of soil
moved in ridges compared to ngoro,
profiles were taken just prior to and
immediately after the formation of
each. Ngoro depth was recorded on
15 newly formed ngoro at each site.
The growing area per hectare in
each field/plot was calculated and
grain yields at 12.5% (w/w) mois-
ture content were determined.

Results and Discussion

Total rainfall and its seasonal
distribution at Lipumba and Mhek-
ela varied considerably over the
three cropping seasons and be-
tween the two areas. Rainfall at
Lipumba during the 1994/95 sea-
son was 958 mm compared to 1030
mm at Mhekela, increasing to 1104
and 1334, respectively, during the
1995/96 season, which was the
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958 1080 910
NH+ 872 179
NH 595 134
NH 668 92
82 746 442
44 682 233
44 230 230
1030 1301 1091
133 352 199
89 408 97
33 311 -

9.74 76.59 25.21

+NH= No Harvest.
wettest. The last season, 1996/97
was driest of the three seasons at
Lipumba with 910 mm of rain re-
corded, compared to 1091 mm at
Mhekela, confirming Lipumba to
be the drier site.

Although the monitoring period
was not long enough to detect any
major differences in soil chemistry,
levels of organic carbon were slight-
ly higher under the R+OR, 1.3%
compared to 1.24% under R-OR
and 1.25% under the ngoro (Fig. 1),
although these differences were not
statistically significant. If the same
amount of residue is buried under
ngoro ,and ridges, the larger vol-
ume of soil disturbed in the ngoro
bunds may dilute the effects and re-
sult in lower levels of % C.

The effective depth of the pit var-
ied considerably from a few centi-
metres to as much as 45 cm. As
slope increased the effective depth
of a given size of ridge decreased
significantly (Table. 2). Depth also
decreased throughout the season as
the pit became filled with residue
thrown into it and with soil eroded
from the surrounding bunds.

Soil surface profiles taken in the
period May 1995 to March 1996
showed that the majority of ngoro
and ridges had degraded into flat or
gently sloping terraces (Figs. 2 and

3). The amount of deposited sedi-
ment in pits of a ngoro field at
Mhekela 40% slope was large (Fig.
2). Similar observations were made
for the two sites at Lipumba. In the
ridged fields at the three sites, how-
ever, the degree of deposition in the
furrows was small as is shown in
Fig. 3 for the Mhekela site, suggest-
ing a net loss of soil to the system.

On a seasonal basis no statistical
differences were observed in the
amount of water stored under
ngoro, R+OR or R-OR. However,
more detailed analyses of the data
sets at each site showed that ngoro
were always slightly wetter than
the ridges, particularly during the
dry season, as demonstrated at
Mhekela (Fig. 4). Ngoro at Mheke-
la 40% slope had more moisture
than the ridges, especially below 15
cm. These are the most important
results as beans are grown at this
time on residual soil moisture
whereas the neutron probe values
were taken whilst maize was grow-
ing, from December to February,
when there was little water stress.
Moisture reached a maximum at 15
cm which corresponds with the
centre of the organic layer and is
presumably due to the organic resi-
dues causing an increase in the
soil’s water holding capacity.
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Although no statistical differenc-
es were observed in seasonal crop
yields (Table 3), over the three sea-
sons of observation the ngoro con-
sistently yielded more beans and
maize than either of the ridged sys-
tems, which produced similar quan-
tities of beans (Table 4). Maize
yields on the R+OR were higher
than under R-OR.

Conclusions

On a seasonal basis no statistical
differences were observed in the
amount of water stored under
ngoro, R+OR or R-OR. Ngoro
were, however, always slightly wet-
ter than the ridges, particularly dur-
ing the dry season. Levels of
organic C were slightly higher un-

der R+OR than the other two sys-
tems. In ngoro, the majority of
eroded soil was redeposited into
the pit, whereas on ridges it was
transported elsewhere. Over three
seasons of observation, the ngoro
consistently yielded more maize
and beans than either of the ridged
systems. Maize yields on R+OR
were higher than R-OR.
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Effects of Tillage Methods on

4. The TMO 216 variety excelled in
yield performance irrespective of
the tillage method used.

5. In order to sustain bean produc-
tion by tillage methods which in-
volve tractor plowing followed by
harrowing, periodic subsoiling or
chiselling and use of rotations
may be necessary to minimize
soil compaction hazards.
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Abstract

An experiment was conducted
during 1996 and 1997 wet seasons
at Nizamabad district, A.P., India to
evaluate the performance of drum
seeder in farmers’ fields. Crop es-
tablished with a drum seeder result-
ed in higher mean grain yield (4.63
t/ha) which was at par with trans-
planting (4.25 t/ha) and superior
over broadcasting (3.34 t/ha). Not
only the yield, but also the highest
net revenue of § 304/ha with bene-
fit cost ratio of 1.30 was also re-
corded by the drum seeder,
providing the crop establishment
equivalent to traditional transplant-
ing method. Proper leveling of
land before sowing, careful water
management in the first fortnight
after sowing, use of effective herbi-
cide 4 days after sowing of pre-ger-
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minated seed and mechanical
weeding with rotary pushhoe after
first top dressing of nitrogen fertil-
izer (25 DAS) is a recommended
package for drum seeding technol-
ogy. So far more than 60 units
were distributed to co-operators
and farmers through the Crop Re-
source  Management  Network
(CREMNET) IRRI-DRR  Pro-
gramme. Still some-more modifi-
cations of the seeder is required for
different soils.

Introduction

Uncertainity in the release of ca-
nal water, non-availability of labour
on time and hike in labour charges
made transplanting less remunera-
tive and less attractive these days.
In addition, invariably contract la-
bour usually plant less number of
hills (25-35 hill/m?) per unit area to
complete the planting quickly as
against recommended number of
50-60 hills/m?) in transplanted
crop. In such situation direct seed-
ing is becoming increasingly popu-
lar in India due to less labour
requirement and less time con-
sumption and low cost of cultiva-
tion due to skipping of nursery

Project Director

Directorate of Rice Research,
Rajendranagar, Hyderabad, A.P.,
INDIA

raising and transplanting, maintain-
ing recommended plant population
and also early crop maturity by 7
days.

To overcome the disadvantage of
high seed requirement in direct
seeding, the Directorate of Rice Re-
search, Hyderabad, India has devel-
oped an S8-row drum seeder
(Modified IRRI model). There was
a lot of imbalanced strain involved
in soft puddle while operating in
the field conditions. Hence, single
wheeled seeder converted into dou-
ble wheel seeder with two field
floats (to prevent from bogging in
soft puddled soil) from initial sin-
gle centered wheel seeder. There-
fore, there is every need to improve
the performance of the drum seeder
and to popularize it among farmers
to reduce the cost of cultivation.

Materials and Methods

A field experiment was conduct-
ed at the Krishi Darshan Kendra
and Checki Camp, Nizamabad
Dist., A.P., India. The treatments
imposed were direct wet seeding by
broadcasting with a seed rate of
125 kg/ha (T)): direct wet seeding
by a drum seeder using 55 kg/ha

~
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Fig. 1 Rice drumseeder.

seed (T,) and farmers practice of
transplanting (T5) in which 50 kg/
ha seed was used to raise the nurs-
ery. The experiment was laid out in
randomized complete block design,
with three replications. Seeds of
Phalguna variety as per treatment
were soaked first for 24 hours in
water followed by seed incubation
for next 24 years for direct seeding
treatments, while soaked seeds
were incubated for 36-48 hours for
nursery raising for transplanting.
Incubated seeds were sown by a
drum seeder by maintaining a spac-
ing of 20 x 3 cm, at 1-2 cm depth,
broadcasting and transplanting
were done as per treatments, re-

Table 1. Effect of Methods of Establishment of Rice Growth and Yield

Attributes

spectively. ~ The incubation of
soaked seeds for more than 24
hours will result in intertwinning of
roots and prevent free flow of
seeds, through the hole of hoppers
in the paddy row seeder. Thin film
of water was maintained in the be-
ginning and butachlor + safener
was used to kill weeds in all treat-
ments uniformly.

The paddy row seeder is provid-
ed with two lugged ground wheels
on either side with 482 mm diame-
ter. The ground wheels are mounted
on shaft of 25 mm diameter. This
seeder has four hoppers or seed cyl-
inders having 152 mm diameter and
260 mm length and each has eight

furrow openers with 9 mm diameter
holes numbering 25 each and
spaced at 20 cm. It has a handle to
pull the machine in the puddled
field. The handle is of 80 cm wide
and 90 cm long. A float is provided
at the bottom of the machine to fa-
cilitate smooth running of the ma-
chine in soft puddled field (Fig. 1).
Pre-germinated seeds filled up to
one-half the full capacity of the
hopper, will fall in 8 lines. Since
the machine is light, it is easy to
pull manually with minimum draft
(one man). In an average day one
hectare of land can be sown by this
drum seeder with two persons (Ra-
ma Rao 1998). 8-row drum seeder
requires 16 man hours to sow pre-
germinated seed while transplant-
ing requires 347 man hours/ha. The
cost of the row seeder is about $50.

Results and Discussion

Studies on direct seeding under
puddled conditions in different sites
have shown that the system is as
good as transplanting in the areas
where levelled water and weed
management are good. Growing
the rice crop by direct seeding re-
duces the crop maturation by 10
days because of the absence of
transplanting shock.  The grain
yield is equal or sometimes more
than transplanting under good man-
agement (De Datta, 1986). Experi-
ments conducted at national
research farms at different parts of
the country indicated that grain
yield obtained by direct seeding un-
der puddled conditions were equal
with transplanting at most of the
places and higher in other stations.

Table 2. Effect of Method of Establishment on Grain
Yield and Straw Yield

Methods of  panicle height (cm)

. V4
Panicle/m*™

Panicle dry weight g/m2

Methods of

Grain Yield (Vha)  Straw Yield (Vha)

EstablishmentKharif Kharif Mean Kharif Kharif Mean Kharif Kharif Mean Establishment Kharif Kharif Mean Kharif Kharif Mean

96 97 96 ‘97 ‘96 ‘97 96 ‘97 96 ‘97
Broadcast 109 843 101.7 532 531 5315 458 723 590.5 Broadcast 297 370 334 583 6.77 6.30
Drum seeder 101 827 919 480 577 5285 712 1111 911.5 Drumseeder 4.35 4.90 4.63 6.52 7.08 16.80
Transplanting 98 853 91.7 396 505 450.5 700 734 717 Transplanting 4.10 440 425 642 640 0640
C.D. (0.05) 4 NS 18 50 593 109 C.D.(0.05) 0.58 0.74 0.37 NS
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Table 3. Effect of Method of Establishment on the Economics of Rice

Troatrnent Cost f)fcuhivalioq §/ha Gross returrn $/ha Net Retun $/ha Benefit Cost Ratio BCR
Kharif ‘96 Kharif ‘97 Kharif 96 Kharif *97 Kharif ‘96 Kharif *97 Mean Kharif *96 Kharif *97 Mean
Broadcast 270 270 370 455 100 185 242 0.37 0.68 0.53
Drum seeder 235 235 500 578 265 343 304 1.13 1.46 1.30
Transplanting 249 249 474 520 225 271 248 0.91 1.09 1.00

Plant height was highest in the
broadcast method and it is superior
over the drum seeder and trans-
planting method of crop establish-
ment during Kharif 1996, where it
is non-significant in Kharif 1997.
The mean over two seasons, broad-
cast method recorded increased
height of plants. Panicle/m’> were
higher in the broadcast method in
Kharif 1996 and it is higher in the
drum seeder method in Kharif
1997. The mean panicles/m2 over
two seasons were the highest in the
crop established by the drum seeder
method (Table 1). The highest
grain and straw yields were record-
ed in the drum seeder method and
were at par with transplanting.
This might be due to sowing in
proper depth, avoidance of root in-
jury and transplanting shock,
quicker tiller initiation leads longer
tillering period made it possible to
record greater number of tillers of
heavier weight which might have
contributed to higher grain yield
with the drum seeder method (Ta-
ble 2). In the drum seeder method,
the highest net return of $304 and
benefit cost ratio of 1.30 were ob-
tained whereas the transplanted rice
recorded Benefit Cost Ratio (BCR)
of 1.0 and for the broadcast method
it is 0.53., which meant that the
drum seeder method gained 30%
profit over the transplanting and
77% over the broadcast method
(Table 3). This was further sup-
ported by recording higher net in-
come obtained from the drum
seeded rice $161 against as trans-
planted crop $106 at Agaram Vil-
lage, Pondicherry, India (Alagesan
etal., 1998). Also reported that the
highest net return of $415.6 was
obtained from the drum seeded rice
whereas transplanted rice regis-
Fig. 2 Three types of rice drumseeder. tered a net return of $380.3 which
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in turn contributed a benefit cost ra-
tio of 1.84 for the drum seeded rice.
The experiments conducted at
Bodhan (Cheki Camp) showed that
higher tillers and panicles were re-
corded for the crop established by
the broadcast method, however, the
grain yield of rice variety Erramal-
lelu was higher under the drum
seeder method of cultivation per-
haps less panicle size and more ste-
rility per cent which might have
resulted lower yields in the broad-
cast method (Table 3). There was a
considerable reduction in cost of
cultivation in the drum seeding
method. It is clear from this data
that drum seeder found to be as effi-
cient as transplanting. This could
be the reason the demand for drum
seeding technology is gaining mo-
mentum in Andhra Pradesh, Tamil
Nadu and Karnataka States.

In Karnataka province the perfor-
mance of the drum seeder was eval-
uated by the staff of the Regional
Rice Research Station, Mandya at
18 locations in which 15 are in
Mysore district and the remaining
in Mandya district. ~ Seeing the
progress of direct seeding, the Kar-
nataka government has already an-
nounced 50% subsidy for the
benefit of farmers. Now, under
subsidized rates, the drum seeder
along with the rotary weeder costs
about $25.

Table 4. Effect of Method of Establishment on Tillers, Yield Attributes and Yield of
Rice Cheki Camp at Boadhan, Andhra Pradesh

Treatments Tillers/m? Panicles/m> Panicle Length (cm)Grain Yield (Vha)
Broadcast 1232.5 1138.0 21.8 4800
Drum seeder 890.2 879.5 24.0 5560
Transplanting 546.0 542.0 24.2 5420

Conclusions

Direct wet seeding provides more
yield than broadcast system while
at par or sometimes more grain
yield than the transplanted crop.
The row-seeder/drum-seeder tech-
nique can provide definitely more
sustainable production in those ar-
eas where labour is costly and
availability is less which affects
timely planting of rice by trans-
planting. Careful water manage-
ment in the beginning, using
effective herbicide and mechanical
weeder are required in the drum
seeded crop. The implement can
easily be fabricated by local entre-
preneurs at cheaper rate which in
turn can provide more employment
in rural/urban areas. At present the
modified row seeders are fabricated
by M/s. Viswakarma Industries,

Katedan, = Hyderabad, = Andhra
Pradesh and M/s. Dayananda Engi-
neering  Works, M.C. Road,

Mandya, Karnataka, India.
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Direct Seeding Options, Equipment Developed

and Their Performance on Yield of Rice Crop

by
R. S. Devnani

INDIA

Abstract

The tedious labour intensive rice
transplanting operation is to be re-
placed by other methods to tackle
the problem of labour scarcity at
the time of planting, to reduce the
cultivation cost and achieve proper
and timely crop establishment. The
seeding of rice in fields is the tech-
nique, which can help the farmers
greatly in establishment of crop es-
pecially as high yielding rice vari-
eties are available. The herbicides
are there to control the weeds. The
seeding techniques have been de-
veloped as dry seeding for uplands
and rainfed lowlands and wet seed-
ing, especially where there is con-
trol on irrigation and drainage.
Hence the rice farmers should un-
derstand the various methods and
techniques of seeding rice suitable
for their areas before adopting the
seeders and seeding techniques for
raising the rice crop on their farms
to reduce the cost of production and
increase the productivity.

Introduction

The tedious labour intensive
transplanting operation for raising
rice crop is to be replaced by other
alternatives to tackle the problems
of labour scarcity, high cost of pro-
duction by achieving better crop es-
tablishment at farmers’ fields. The
farmers planting rice crop in rain-

Principal Scientist and Head
Agricultural Engineering Division,
Central Rice Research Institute, Cuttack 753006

fed lowlands and in irrigated areas
have two choices. They can sow
the seeds in nurseries and then
transplant the seedlings or they can
plant the seeds directly into the rice
fields. The direct seeding of rice
technique is further developed as
dry seeding i.e., dry seeds in aero-
bic soil conditions or wet seeding
i.e., wet seeds in anaerobic or aero-
bic soil conditions, the choice de-
pends upon the circumstances
prevailing in the area. With dry di-
rect seeding farmers can cover the
upland areas, the rainfed lowlands
and the flood prone areas, thus cov-
ering about 25-m hectares of pad-
dies in India. Direct dry or wet
seeding can also cover the irrigated
rice. It has the advantage of using
less water as the seedbed prepara-
tion occurs in dry or moist condi-
tions. The major disadvantage of
seeding is to invest more in control-
ling weeds by use of herbicides or
human labour or combination of
both. In the case of wet seeding
which is practiced in most of the
developed countries, pregerminated
seeds are broadcast on the wet soil,
which may or may not have been
puddled. This wet seeding tech-
nique is used for irrigated rice and
for rice grown in favourable low-
lands. The wet seeding reduces the
labour requirements substantially
but other problems which are to be
tackled are control of weeds, better
management of water to avoid wa-
terlogging during crop establish-

ment. This involves levelling of
fields, drainage as well as better
methods of application of fertilizer
etc. Therefore, while recommend-
ing the direct seeding of rice, the
package of practices are to be fol-
lowed for achieving a high level of
productivity. The research work on
direct seeding has been going on at
the Central Rice Research Institute
(CRRI), Cuttack; Directorate of
Rice Research, Hyderabad: Central
Rainfed Rice Research Station at
Hazaribagh; State Agricultural Uni-
versities and ICAR Institutes in In-
dia; IRRI, Philippines and many
Asian countries, including Japan
and developed countries.

The aim of rice scientists at
CRRI during the green revolution
(1966-70) and in other places was
mainly to help the farmer to im-
prove the productivity of the tradi-
tional rice farming system. Hence
the technology transfer was mostly
related to propagation of high
yielding variety seeds suitable for
the ecosystem prevailing in the ar-
ea. It was followed up with the use
of fertilizers (inorganic and organ-
ic) to maintain the soil nutrient lev-
els and increase crop yield levels.
As rice is grown in the high rainfall
areas the weeds are the main prob-
lem to establish the crop. The con-
trol of weeds by mechanical means
and use of herbicides was recom-
mended. As use of engineering in-
puts started increasing on the
farms, the farmers were further ad-
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vised to go for line sowing of crops
instead of broadcasting the seeds.
This has given boost to the develop-
ment of number of seed drills, seed-
ers, seed cum fertilizer drills at
various institutes in India (Devnani
1984) and abroad for the benefit of
line sowing of crops by farmers
during the last 30-35 years. The
seed drills have mechanized the
sowing operation in upland condi-
tions. The current recommendation
is for the dry or wet seeding of rice
so that the farmer has alternative
options for the transplanting opera-
tion.

Direct Seeding Terminology

The rice is a crop raised in many
Asian countries as dry or wet seed-
ed crop. In order to avoid confu-
sion of terminology
Balasubramanian and  Morales
(1998) defined the various seeding
systems based on the physical con-
ditions of seedbed and seeds. Wet
seeding is divided into three sub-
groups as aerobic wet seeding,
anaerobic wet seeding and water
seeding based on the oxygen level
in the vicinity of germinating seeds.
The classification is given in Table
1

The above classification does not
take into account the type of ma-
chine and the source of power used
to operate them. The performance
of sowing device depends upon the
type of seed metering and seed

placement device (furrow opener)

used to place the seeds in the soil.

Thus for different patterns of seed

placement the machines are classi-

fied as follows (Devnani 1991):

1. Broadcaster - A machine used for
throwing or scattering seeds on
the surface of field or seedbed. It
can be done manually, by pow-
ered machine or by an aeroplane.

2. Dibbler - A device to place a
small number of seeds (3 to 5) in
the hole made in the seedbed. It
can be manual dibbling, using
dibbling stick or jabber manual-
ly-operated or multi-row type
dibbler with or without covering
devices.

3. Line sowing device - A device to
make a furrow or furrows to
place seeds in seedbed along
rows. It can be manual pulled
type; multi-row type, animal-
drawn multi-row type or power
operated unit. The seeds are
dropped in the furrows by the op-
erator and thus spacing is con-
trolled by operator.

4. Seeder - A device to drop the

seeds in rows or all along the
width of machine on the surface
of seedbed from the seed hopper
when it is operated. They are
manually / animal and power
pulled units.

The dry seeder means the ma-
chine which sows dry seeds at
specified rates on seedbed.

The wet seeder means the ma-
chine that uses wet seeds (soaked
and incubated seeds) and spread

Table 1. Classification of Direct Seeded Rice Systems

Direct seeding Seedbed

sthods condition Oxygen level  Seeding pattern

Dry seeded  Dry soil Mostly aerobic Broadcasting, drilling or sowing in rows
rice (DSR)

Wet seeded  Puddled soil Aerobic/ anaer-Various-line sowing methods or dibbling in
rice (WSR) obic rows

Aerobic wet  Puddled Mostly aerobic Broadcasting on puddled soil surface, row
seeding seeding open furrows or on flat soil surface

Anaerobic wet Puddled soil Mostly anaero-Broadcasting and covering with a thin layer

seeding bic

of settling mud. Row seeding in furrows and
covering with soil and no covering of seeds

Water seeding, In standing Mostly anaero-Broadcasting of seed on field with water

WSR on water water bic

(Balasubramanian and Morales, 1998)

seeds on wet seedbed on wet
puddled soil.

5. Seed drill - A machine to sow the
seeds at specified seed rate,
makes furrows in the soil or
drops the seeds at the desired
depth and covers it.

These are known as manual, ani-
mal-drawn and power-operated
machines.

6. Seed cum-fertilizer drill - A ma-
chine which meters seeds and
fertilizer according to specified
rates, makes furrows in the soil
drops seeds and fertilizer in the
furrows separately at the desired
depth and covers them with soil.

7. Special seed drills, i.e., machines
like seed drills for sowing on
beds, ridges and furrows.

Dry Seeded Rice

The sowing of rice by broadcast-
ing, row-seeding with country
plough, drilling of seeds in the rows
with seeddrill or dibbling of unger-
minated dry seeds in well prepared
dry soil is termed as dry seeding.
Dry seeded rice is a traditional
practice commonly followed by
farmers in rainfed uplands, in areas
of rainfed lowlands and deep-water
ecosystems. In dry seeded rice
fields, seeds are sown before the
start of rainy season permitting the
use of early rains for establishment
of the crop. When the rice crop is
grown in upland conditions until
harvest, it is called upland rice.
With accumulated standing water in
the field for significant part of crop
growth period in rainfed lowlands,
it is called rainfed lowland rice and
when the standing water in the field
is more than 75 cm deep it is called
deepwater rice.

The benefits of dry seeding of
rice are many, like savings in la-
bour, improved crop establishment,
risk in yield reduction is less and re-
duced water requirements. The use
of early maturing rice varieties en-
hance the chances of taking up of
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double crop or help in practicing
rice-based farming system to in-
crease productivity.

The work on development of
seeding machines, seeders and
sowing devices has been going on
in India since 1965 at ICAR insti-
tutes, state agricultural universities
and other organizations. This re-
sulted in the development of large
numbers of designs of seed drills
and planters (Srivastava and Pan-
war (1984) and Alam (1999)). The
work was also reviewed by Dev-
nani (1984 and 1991). At the CRRI
the first seed drill for rice was de-
veloped and reported by Pradhan in
1968. The development of drum
seeder for rice at Orissa took place
around the same time. Biswas
(1981) reviewed the work done on
seeders and pregerminated seed
drills and reported the development
of number of machines in India and
at IRRI, Philippines. The CRRI
(during 1988 to 1991) released de-
signs for commercial production in
Orissa of manually-pulled 2-row, 3-
row seed drills and 5-row animal-
drawn seed drill and a 9-row trac-
tor-mounted seed drill for dry sow-
ing of seeds under upland soil
condition or for lowlands (Figs. 1
and 2).

The number of experiments on
line sowing was conducted at the
CRRI. It was conclusively proved
that yield level could be increased
from 1.5 ton/ha to 2.5 to 3.5 ton for

-
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Fig. 1 3-row manually pulled CRR
seed drill.

line-sown crop using improved
practices. The effect of seed drill
was shown to at least increase the
yield by 25%. The results were
published in bulletin "Produce
More Rice from Rainfed Uplands"
CRRI 1989.

The Central Rainfed Upland
Rice Research Station at Hazarib-
agh, Bihar India published Upland
Rice Research Achievements and
Perspectives (1995) confirmed the
4.0-ton/ha high levels of yields
from crop when sown in rows at
20-cm row spacing using chemical
fertilizer and controlling weeds by
mechanical and chemical methods.

The studies conducted in Paki-
stan by Abdul Majid et al. (1989)
showed that direct drilling of paddy
on dry soil is superior than broad-
casting of soaked seeds on puddled
soil. The yield of 4.5 tons/ha was
reported for dry line sown crop. It
was further pointed out that the
date of sowing had a significant in-
fluence on the grain yield.

The performance of bullock-
drawn upland direct paddy seeder
for sowing of ADT 36 paddy vari-
ety has been reported by Jesudass
et al. (1996) at C.A.E., TNAU,
Coimbatore under clay loam soil.
It is a six-row unit with 15-cm row
spacing and mounted on the sides
with seed placement depth of 2 cm.
It was reported that the plant stand
of paddy was better for direct seed-
ed crop as compared to manual

= RPRNTRA

Fig. 2 5-row drum seeder of CRRI
(manually pull type).

broadcasting or broadcasting by
centrifugal type machine.  The
plant stand reported was 50-plants/
m length as compared to 37 and 34
plants/m length of row respectively.
The draft of drill was 40 kg and
field capacity was 1.3 ha/day.

Routray and Methanker (1998)
reported studies on dry seeding of
rice (IR 36) with three seed drills
(1) conventional seed cum fertilizer
drill, (2) TNAU seeder, and (3)
CRRI seeder (tractor operated
type). The crop was sown in June
1997 at Bhopal. The crop was irri-
gated to overcome the dry spell and
weeded to control weeds. The
yield reported was 3.9 tons/ha. No
significant effect in yield due to dif-
ferent machines was reported. The
plant stand for the above yield was
49 hills per sq.m. They concluded
that high yield level is possible
when improved management prac-
tices are followed.

Thus for direct seeding of rice
the technique of line sowing with
seed drills should be adopted by the
farmers. In order to obtain high
yields the application of fertilizer
(organic and inorganic) and control
of weeds with chemical and me-
chanical weeders is must along
with preparation of good seedbed
and timely sowing of seeds during
the season.

Wet Seeded Rice

Wet seeding, specifically aero-
bic, wet seeding is practiced in irri-
gated and favourable rainfed
lowlands. In most of the developed
countries rice crop is established by
wet seeding. On the technical side,
the short duration rice varieties are
preferred. Availability of selective
herbicides for weed control and
knowledge of fertilizer manage-
ment have favoured for the wet
seeding for establishment of the
crop. The other advantages are as
follows: faster establishment of
crop, more efficient water use, sav-
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ing in cost of production, and in-
creased  possibility of  crop
intensification. Further savings in
the seeds due to the use of reduced
seed rate, uniform crop stand,
weeding is easier because of row
spacing is set and easy application
of fertilizer is possible to achieve
higher yield levels.

Techniques of wet seeding

The sowing techniques for wet
seeding adopted and practised on
small farmers are: hand broadcast-
ing or broadcast by motorized dust-
er, spot seeding or dibbling
manually or use of dibbler, and
drum seeding or use of seeders or
seed spreaders.

Broadcasting

Hand broadcasting is the most
common method. The farmers use
pregerminated seeds (24 h of soak-
ing and 24 h of incubation) and
seeds are broadcast on the surface
of well puddled soil with little
standing water with | to 3 days af-
ter puddling of fields. The puddled
wet soil should be able to bury the

seed in the soil layer with little of

seed exposed to air.

In the case of sowing on soil with
standing water, the field is drained
after seeding operation. Seeding

MUD SHIELD

ROW MARKER

late after one day after puddling
could reduce seedling emergence.
The farmer sowing seeds with
broadcaster (machine) must walk
backwards to avoid making depres-
sions in the field which collect wa-
ter. A seed rate of 60 to 100 kg/ha
is enough for broadcasting but
many farmers use 150 to 200 kg/ha
to guard against poor germination
and damage due to biotic or abiotic
factors.

Broadcasting by Motorized Duster

This is a popular technique of

rice seeding in Malaysia. Preger-
minated seeds soaked for 24 h and
incubated for 12 h are broadcast
over puddled soil with 5-cm layer
of water using 3.5-hp duster at-
tached to a long blow pipe or 2.0 m
long shower pipe. With walking
speed of 0.6 to 0.8 m/sec. the seed
rate is 45 to 90 kg/ha. Low seed
rate is applied for high tillering va-
rieties and high seed rate for medi-
um tillering varieties of rice.

Spot Dibbling

Pregerminated seeds (24 h soak-
ing and 24 h incubation) are manu-
ally sown on a moist puddled soil at
spacing of 20 X 20 cm or 25 X 20
cm. The crop establishment and
maintenance of population density
are good and weed control is easier
by this method. Spot dibbling is

DRUM HOPPER

DRIVE WHEEL

SKID

Fig. 3 8-row drum seeder (IRRI design).

practiced in small field plots with
the manually-operated dibbler or
using rope with beads for sowing at
equal spacing. Spot dibbling is
practised at the CRRI farm and has
been found to be a suitable method.

Drum Seeding

For wet seeding pregerminated
seeds, 24 hours of soaking in water
followed by 12 hours of incubation
are sown on to a puddled soil 1-2
days after puddling using a perfo-
rated drum seeder. Water should be
drained from the field before seed-
ing. The seeder should be pulled
backward. The seed rate is 50 to 75
kg/ha. Uneven seed delivery may
be there along the rows, but the
overall performance reported is
good. It is a very simple, light-
weight machine.

Drum Seeder for Aerobic Wet
Seeding

The pregerminated paddy seeders
were developed for sowing seeds in
wet soils during 1968 to 1978 at
Orissa, 1.I.T., Kharagpur and Pant-
nagar, Rajendranagar as reported by
Srivastava and Panwar 1985.
These seeders were 2-, 4-, 5- and 6-
row machines. Their performance
was reported to be good. Recently,
the IRRI reported the development
of lightweight 8-row drum seeder,
which has given very good perfor-
mance in many places. The details
of this machine are as follows:

IRRI-8-row drum seeder - manu-
ally pulled type. It is an eight-row
drum seeder recommended for sow-
ing of dry/wet paddy seeds in the
well-puddled levelled seedbed. The
weight of unit is reported as 11 kg
and 8 kg of seed are loaded in the
seed drums, row spacing is 20 c¢cm
and seeder can cover one-hectare
area with labour requirement of 14
man-hours. It requires 9 kg of pull
to operate the machine (Fig. 3).

This IRRI seeder was taken up
for evaluation in India under the
CREMNET project (1998). The
Directorate of Rice Research, Hy-
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derabad further modified it and
took up production through local
industry. An 8-row modified seed-
er was developed 1997-98, Krish-
naiah (1999). The cost of seeder is
about Re.2000, and weighs 12 kg
(Fig. 4). The single drum with 8-
rows of holes is mounted on two
wheels at the ends. The seed rate is
adjustable for 50-75 kg/ha. Two
workers are used for operating the
machine in the field. The seeds are
soaked for 24 hours and incubated
for 24 hours before they are sown
in the field. The performance of
the machine was reported during
the CREMNET project workshop
organized in 1998 and the results of
multilocation trials are summa-
rized as follows:

Performance of Drum Seeder
(DRR Design)

I. The M. S. Swaminathan Re-
search Foundation conducted
field trials at Pondichery for two
crop seasons, January-May 1997
(Navarai) and May-August 1997
(Kuruvai) and reported yield lev-
els of 6034 kg/ha with cost bene-
fit ratio of 1.84 under the
CREMNET programme.

gt MY,

Fig. 4(a) 8-row rice seeder DRR design.

£ -

2. Soil and Water Management Re-
search Institute, TNAU, Thanja-
vur raised rice with §-row seeder
during Kuruvai and Samba sea-
sons and reported satisfactory
performance. Some modifica-
tions in the seeder were desir-
able.

3. The University of Agricultural
Sciences, Dharwad in north Kar-

nataka India reported results of

5-year trials with seeder and re-
ported that for Amruth variety,
yield levels of 6.9 tons/ha were
achieved and the seed rate was
80 kg/ha with the seeder. The
application of Butachlor and
Fluchloralin at 10 DAS was safe
for the crop.

4. The Directorate of Rice Research
(DRR), Hyderabad reported that
for puddled soils the varieties for
seeding sprouted seeds were, Vi-
kas, Nidhi and Krishna Hamsa.
For early duration the varieties
were Tulasi, Ravi and Aditya.

. The DRR, Hyderabad reported
the tillage of wet soils (150-200
mm) by puddling with tractor
was carried out. The cone index
for tractor puddling required was
7 kg/cm? and the 8-row seeder
required 10-14 man-h/ha for
sowing operation.

6. It was also reported that land
should be well puddled, levelled
and soil-settling time for ma-
chine operation was 24 hours.
Thin layer of water is maintained
in the field for seeding. Soil
cracking after seeding, particu-

hn

. Wheel

. Handle

. Seed drum
. Frame

Furrow openers

larly in rabi season, when tem-

peratures are low leads to low

plant stand.

7. For herbicide application in
standing water of 3.0-cm depth is
essential for the control of
weeds. Weed control by
Butachlor and Safener and Preti-
lachlor and Safener give 50 to
40% higher yields over Aniloso-
phos when applied 3 to 6 days
after sowing. Comparable yields
were obtained with two hand
weeding. For water requirement
studies indicated (Ravi variety of
120 days) use of 117 cm of irri-
gation water under shallow sub-
mergence and 72 cm for cyclic
submergence giving water use
productivity (WUP) of 41 kg/ha-
cm to 64 kg/ha-cm of water re-
spectively at Hyderabad.

8. The IRRI, Philippines reported
nitrogen application rates of 100
to 114 kg/ha for irrigated, direct
wet seeded rice for grain yield of
6848 and 6830 kg/ha for broad-
cast and row wet seeded rice.
The tiller density was 662/m? in
the test plot.

Rajendran et al. (1998) further
evaluated the modified 8-row drum
seeder (DRR) for studies to raise
rice crop along with green manur-
ing crop in alternate row (Sesbania
aculeata) so as to help the resource
poor farmers to obtain high yield
level with biofertilizer. The results
of trials reported that wet biomass
raised in 36 days after sowing of
crop can be easily incorporated in

Fig. 4(b) Line diagram of DRR 8-row seeder.
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the soil. This is reported as useful
technology for small farm holders
under rainfed lowland ecosystem.
The study on drum seeding of rice
at the CRRI indicates that it is suit-
able for raising crop in Rabi (win-
ter) season. Thus it is concluded
that the manual drum seeder can do
the wet seeding of the rice in pud-
dled fields.

Anaerobic Wet Seeding

The sowing of pregerminated
rice seeds in the puddled soil sur-
face is termed as anaerobic wet
seeding. Seeds are broadcast or
drilled in rows. Seeds sown below
the soil surface have better and uni-
form crop establishment as they are
not damaged by birds, disturbed by
rain or desiccated by drought or
lodging due to poor root anchorage.

Anaerobic broadcast seeding is
achieved by broadcasting pregermi-
nated seeds 24 hours of soaking and
24 hours of incubation immediately
after puddling and allowing the
mud to settle and form thin (1 to 2
mm) protective cover over the
seeds. There is no need to drain the
water. Anaerobic broadcasting of
seeds can be done by coating them
with calcium peroxide. This is a
good technology but the cost of
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Fig. 5 Schematic diagram of 12-row
phil rice drum seeder.

seed coating is extra, it is mostly
recommended in Japan.

Power Tiller-operated Anaerobic
Wet Seeder

Sawamura (1995) and a team of
Japanese scientists under the Japan
International Cooperation Agency
(JICA) were working with scien-
tists at the Philippines Rice Re-
search Institute, Philippines for the
development of anaerobic type pad-
dy seeder in 1994-98. A design of
power tiller-mounted type, 12-row
seeder was conceptualized, devel-
oped, evaluated, modified and fi-
nalized (1999). The seeder has a
field capacity of 3 to 5 ha/day, seed
rate is adjustable from 40-120 kg/
ha, with 20 cm row spacing, the
central two rows are at 30 cm space
apart so that operator can walk easi-
ly (Fig. 5). The weight of the ma-
chine is 70 kg and is provided with
ridge type furrowers. The Phil Rice
Institute reported that the seeder is
ready for commercialization.

Anaerobic  Drill  Seeding

Method

The pre-germinated seeds (24 h
soaking and 12 h incubation) can be
sown in rows 1-2 days after pud-
dling by an anaerobic seeder fitted
with furrow opener with a covering
device. There should be no water
on the surface at the time of row
seeding by this machine. Such type
of machine development is reported
from Japan.

Tractor-Operated Machine

The work on tractor-operated
aerobic drill is going on in Japan at
a number of institutes to develop a
suitable multiple purpose type ma-
chine. Hatsuki Nishida (1996) re-
ported the development of direct
anaerobic seeding machine for rice
fields. It is a tractor-mounted ma-
chine that consists of a tractor with
a rotovator and a seed drill combi-
nation. It is desired to prepare the

wet seed bed with a rotovator of
shallow type and drop the seeds in
the furrow, the seeds are covered
with soil. The machine can do the
rotovating and broadcasting of
wheat seeds. Thus it is made multi-
purpose type, useful for rice-wheat
cropping system.

Water Seeding

Traditional water seeding method:
This is a technique where pregermi-
nated seeds (24 h soaking and 24 h in-
cubation) are sown in standing water
which will recede with time. Seeds
must be heavy to sink in standing wa-
ter. This is practiced when water can
not be drained out from the field and
seedlings can survive and elongate
rapidly at water depth of 3 to 10 cm in
the field. The farmers in eastern
Madhya Pradesh raise the crop of Ke-
saridhal (a pulse crop) by this method
before the rice crop is harvested.

Modern water seeding: This is
the most common seeding method
used in developed countries. It is
practiced in Italy, Australia and
United States. Modern rice seeding
is done by aircraft in large fields in
USA. In [taly the tractor-mounted
broadcast seeders are used to cover
small fields (size 20 ha). For water
seeding soaked and sprouted seeds
are preferred and in some cases the
dry coated seeds are used to do the
seeding (Balasubramaniam and
Morales 1998). Yield levels of 7 to
8 tons/ha are reported under these
methods of raising rice crop.

Conclusion

Research and development activ-
ities show that direct seeding tech-
nology for rainfed or irrigated rice
can be utilized to obtain high yield
levels. The use of seed drills and
seeders for direct seeding reduce
the labour requirements in the range
of 5 to 14 man-hours per hectare.
This value is very low compared to
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300 man-hours required for trans-
planting of rice seedlings under wet
conditions. The experiments in In-
dia have shown that up to 4 to 5
tons per hectare yields are possible
for dry seeded rice and 6 to 7 tons/
ha for wet seeded crop. However,
it is pointed out that for high yield
level it is essential to follow all the
agronomic practices and provide
good water management. There-
fore, while transferring the technol-
ogy of direct seeding to the farmers
the aim should not only be to pro-
vide a seeder or seed drill but the
improved package of practices and
water management to achieve the
high level of productivity.
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Abstract

A combined-operations machine
for wheat seeds drilling and ridges
setting in a one single pass was de-
veloped for use in irrigated heavy
clay soil schemes. Construction and
design specifications are men-
tioned. It was fabricated to save the
seeding machine requirement, to
enhance wheat-seeding method in
the shorter winter season, to reduce
the cost of wheat crop establishmet
and to improve the crop growth per-
formance. It was tested against the
traditional sowing method, which is
the use of wide level disc equipped
with a seeder box + 80 cm ridges.
The results indicated that the de-
signed combined-operations ma-
chine can cut down the time for
wheat seeding operation by 35%,
and the cost of crop establishment
by 56%, with a net savings of 25%
of the recommended seed rate.
Moreover, the use of the fabricated
combined-operations machine re-
sulted in a higher crop emergence, a
higher plant population and a high-
er grain yield in the research station
farm and in farmers’ fields in com-
parison with the traditional sowing
method. Hence, the fabricated com-
bined-operations machine could be
used successfully for wheat crop es-
tablishment in irrigated heavy clay
soils in the Sudan.

Introduction

Wheat is a strategic commodity
in the Sudan. It is exclusively pro-
duced under irrigation. Traditional-
ly, wheat has been produced on
small areas along the Nile in the
north of Sudan, using animal-drawn
implements and hand tools. For na-
tional self-sufficiency, wheat pro-
duction has been introduced in
central clay plain in irrigated gov-
ernmental schemes of Gezira (168
000 ha), New Halfa (25 200 ha) and
Rahad (18 900 ha). The soil is Ver-
tisols and the climate is semi-arid.
The crop is grown in the winter sea-
son during the period November to
March. The winter season is shorter
and warmer than those of tradition-
al wheat producing areas in the
world, and has frequent hot spells.

According to availability of seed-
ing equipment in irrigated schemes,
there are various methods for wheat
crop sowing after land preparation.
In the Gezira and Rahad schemes,
farmers are used to broadcasting
seeds manually. For the coverage of
seeds with soil, some farmers use
80-cm spaced ridges and others use
a local-made tractor mounted heavy
tool bar with corrugations for
combing the soil. Manual broad-
casting results in uneven distribu-

tion of seeds. Moreover, the
covering of seeds with corrugated
heavy tool bar results in shallow
and poor seed coverage with the
soil, which causes the washing out
of seeds during the first irrigation.
Due to the adverse effects of these
sowing methods, the recommended
seed rate for all irrigated schemes is
143 kg/ha (Technical packages,
1991). Earlier investigations and re-
cent findings (A/Wahab et al, 1994)
indicated that the seeding rate as
lower as 95 kg/ha can be sown
without yield reduction with the use
of wide level disc with a seeder box
and seed drill. With the same seed
rate (129 kg/ha), the use of seed
drill resulted in significantly higher
crop emergence in comparison with
the use of wide level disc equipped
with a seeder box, but no differenc-
es in number of heads or yields
were detected (El-Awad, 1993). Be-
cause of the tillering capacity of the
wheat crop, the use of lower seed
rate is agronomically feasible with
the use of seeding machine and eco-
nomically sound due to high cost of
seeds.

Wheat crop is fully mechanized
in New Halfa scheme. For wheat
crop establishment, all farmers tend
to use the wide level disc equipped
with a seeder box followed by the
setting of 80-cm spaced ridges. The
objectives of ridges setting were to
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faciltate field irrigation and to al-
low the crop growth on ridges top.
Seeding machines had been intro-
duced to the scheme by the govern-
ment in 1970s to improve the
timeliness of wheat crop opera-
tions, especially the sowing date.
These machines became obsolete
and scraped. Then the farmers were
faced with the shortage of seeding
machines and, consequently, a de-
lay in wheat crop establishment and
a reduction in crop yields.

Wheat crop establishment is a
major problem that faces wheat
production in irrigated schemes.
The problem arises from the bad
distribution of the first irrigation
water into the fields. As the soil is a
heavy clay with very low infiltra-
tion rate, water stands for a long
period of time thus causing ger-
mination failure as the result of aer-
ation impairment (Ageeb, 1986).
Wheat seed drilling as well as ridg-
ing after broadcasting resulted in
significantly greater yields than
broadcasting alone (Dawelbeit and
Babiker, 1997). Moreover, the rec-
ommendation is to grow crop on
60-cm ridges in fields of compact
soil and with difficulties in irriga-
tion management (Babiker et al,
1997). Crop harvesting in all irri-
gated schemes is done using self-
propelled combine harvesters.
Hence, the use of 60 cm spaced
ridges (small and narrow ridges)
would be easier for maneuverabili-
ty of combine harvester in the field
compared to the 80 cm spaced ridg-
es (big and wide ridges).

Owing to the limited number of

available wheat seeding machines
and tractors, the simultaneous two
operations for wheat crop establish-
ment, which are seeding operation
and ridge making, are always at-
tributed with delay in optimum
crop sowing date. Therefore, a
combined-operations machine for
wheat seeds drilling and 60 cm
ridges setting in a one single pass
was designed and evaluated.

seeding machine requirement; 2) to
enhance wheat-seeding method in
the shorter winter season; 3) to re-
duce the cost of wheat crop estab-
lishment; and 4) to improve the
crop growth performance.

The fabrication of combined-op-
erations machine and the experi-
mental work was carried out at
New Halfa Research Station in
New Halfa scheme, which is be-
tween latitudes 15°05'S (approx.)
and 15°30'N. The River Atbara
forms the eastern boundary. The
clay layer is 2 m or thicker. The
clay content is 45 — 60% (Blokhuis,
1962).
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Materials and Methods

The Design of Combined-opera-
tions Machine

The following main parts of the
combined-operations  wheat-seed-
ing machine as shown in Fig. 1
were designed and rearranged:

1. The seeder box.

2. The main carrier tool bar frame
for seeder box and ridger bodies.

3. Rearrangement of ridger bodies.

4. The seed metering system.

The combined-operations ma-
chine was assembled and attached
to the tractor by the 3-point linkag-
es to work as a fully mounted seed-
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The objectives were: 1) to save the Fig. 1 Sketch of the main parts of combined operations machine for wheat crop sowing.
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ing machine (Fig. 2). The 5'" ridger
body to the left-hand side of the
machine was obtained from other
different ridger tool. The specifica-
tions of the main parts were the fol-
lowing:

The Seeder Box

Firstly, a box frame was con-
structed. It was made of 3.5 cm an-
¢led metal. The length was 310 cm.
The width was 40 cm. The height of
the front side was 50 cm, but the
height of the rear side was sloped
after 30 cm from the top. The slope
length was 33 cm to give 13 cm
base width. Additional strengthen-
ing metal pieces of 3.8 X 0.6 cm
cross sectional area were welded to
the box frame around all sides ex-
cept the upper one. These consisted
of 5 pieces placed at a distance of
50 cm from each other on the main
frame of the seeder box. Then a
sheet of metal was riveted to the
main frame and to strengthening
metal pieces. The objective of the
slope at the rear side of the box was
to facilitate the movement of seeds
to the seed openings. Twenty-one
openings were made at the base of
the seeder box in a distance of 15
cm from the center of each one. The
opening in the middle was provided
for the placement of the driven
sprocket, while the other 20 seed
openings were provided for seed
metering devices. Two flaps of the
same box metal sheet, each with di-
mensions of 30 X 40 cm were fixed
vertically inside the box to divide it
into three equal compartments. The
purpose of the flaps was to prevent
side movement of the contained
seeds. The upright position of the
front side of the seeder box was to
facilitate its fixation to the main
carrier tool bar frame, as the front
side of the tool bar was equipped
with a three-point hitch. Moreover,
the position of the front side was to
facilitate the drilling of seeds in
front of the ridger bodies, which
were attached to the rear side of the
tool bar, to secure proper coverage

Fig.2 The fabricated combined operations machine for wheat crop sowing in working.

of seeds by the soil. Five pieces of 5
cm angled metal, of 60 cm long and
with clips at lower ends, were weld-
ed to the outer sides of the seeder
box frame (three to the rear side and
two to the front side) to form the
seeder box supporting devices. The
purpose of the supporting devices
was to facilitate the fixation of the
seeder box to the main carrier tool
bar. This fixation eases the discon-
nection of the seeder box for the use
of ridger alone.

The Main Carrier Tool Bar Frame

The main carrier tool bar frame
consisted of two main bars. The
rear bar (ridger tool bar) was 300
cm in length. It was used for the
fixation of ridger bodies. The front
bar (hitch tool bar) was 200 cm in
length and equipped with a three-
point hitch, bottom cross bar and
hitch pins. With the use of screws
and bolts, the two bars (ridger and
hitch tool bar) were connected by
two pieces (connecting bars); each
one was 40 cm long. On this carrier
tool bar frame, the seeder box was
fixed using the seeder box support-
ing devices to keep the seeder box
base 10 cm high from the main car-
rier tool bar frame.

Rearrangement of Ridger Bodies
Five ridger bodies with adjust-
able mouldboards (wings) were

chosen. Then the distance between
the ends of the two wings was re-
duced to 34 cm for each body.
Thereafter, the five bodies were
placed at spacing of 60 cm apart to
the ridger tool bar (the rear bar of
the main frame) to give 60 cm
spaced ridges and 300 cm working
width.

Seed Metering System

A ground meter wheel with cir-
cumference of 164 cm was chosen
and assembled with center rod and
bearings. A 19-tooth drive sprocket
(broad splines) was bolted to one
end of the center rod and the other
end was welded to hard steel bar.
Then the hard steel bar was fixed
with screws and bolts to the rear
side of carrier tool bar (the ridger
tool bar). Twenty units of double-
run metering system were provided
from Massey Ferguson seeder box
and fixed to the base of the de-
signed seeder box. A 10-tooth driv-
en sprocket (broad splines) was
allocated in the middle of double-
run feed countershaft, which was
equipped with counter-shaft bear-
ing. The distance between the cen-
ter of the lower sprocket (drive
sprocket) and the upper one (driven
sprocket) was 50 cm. The two
sprockets were jointed by double-
pitch roller drive chain. By this me-
tering system, the seed rate was de-
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termined to be 107 kg/ha. The
ground meter wheel was fixed at 5
cm above the level of ridger cutting
shares in order to give the wheel
tyre opportunity in attaining the
maximum thrust to power the dou-
ble-run feed countershaft in a
ploughed land with loose soil sur-
face.

Other Characteristics of the De-
signed Seeding Machine

This machine could be used to
sow other field crops such as sor-
ghum, maize and sunflower on the
recommended 80 cm spaced ridges.
This could be achieved through the
use of seed-tubes and 4-body ridger
if the double-run feed mechanism
was replaced by fluted roller feed
mechanism to regulate the seed rate
with the covering of unnecessary
seed feed devices.

Comparative Performance of the
Combined-operations Machine

The fabricated wheat-seeding
machine with the seed rate of 107
kg/ha was compared and evaluated
with the traditional sowing method
of wheat crop in the scheme. The
traditional sowing method is by us-
ing the wide level disc equipped
with a seeder box to sow the rec-
ommended seed rate of 143 kg/ha
followed by the use of 4-body ridg-
er for 80 cm ridges setting. The ex-
perimental work was carried out
on-station during 2000/2001 and
2001/2002 seasons and on-farm
(farmer-managed trial) in 2001/
2002 season.

The design of the on-station ex-
periment was randomized complete
block design with four replications.
The subplot size was 9 X 40 m. the
manual harvested area was 8 rows
X 5 m for 60 cm ridges and 6 rows
X 5 m for 80 cm ridges, in order to
give an area of 24 m?. The on-farm
trial was randomized complete
block design with two replications.
The whole farmer’s field represent-
ed subplot size of 2.1 ha. The com-
bine-harvested yield of the field

was used in the analysis.

The research station has no wide
level disc and there were difficul-
ties in hiring one to perform the tra-
ditional sowing method in the
optimum sowing date (November
month). Therefore, the crop germi-
nation was commenced in the last
week of December and the first
week of January for the first season
(2000/2001) and the second season
(2001/2002), respectively, for the
on-station experiment. In the farm-
ers’ fields the crop germination was
commenced in the first week of
November. Harvesting in the two
seasons for both experiments (on-
station and on-farm experiment)
was done in the second week of
April. The crop was irrigated bi-
weekly and fertilizer of 143 kg N/
ha was applied before the second
irrigation for both experiments.

The field performance of the
seeding machine was determined in
the first season only. The average
working speed of tractor with each
of the two seeding machines in ad-
dition to the ridger of 80 cm spaced
bodies was determined using a
stopwatch. This was attained by di-
viding the length of subplot of 40 m
by the spent time for each pass in
the whole subplots. Similarly, the
lost time in turning at headlands of

:SxW
T 10

€

Where C = Theoretical field capacity,

subplot was determined. Then by
considering the farmer’s field (2.1
ha) as one cultivated unit, which is
280 m long and 75 m wide, the
number of passes and turnings at
field headlands were obtained by
dividing the width of the field (75
m) by the working width of each
machine. The working width of the
designed machine, the wide level
disc and the 4-body ridger was 3,
4.5 and 3.2 m, respectively. There-
fore, the respective number of pass-
es and turnings were determined to
be 25, 16 and 23. Then the effective
working time and lost time in turn-
ing was calculated to find out the
theoretical field capacity, field effi-
ciency and effective field capacity.
The calculations were made ac-
cording to the formulae (Roth et al,
1982).

Then from the Cg, the spent
time/ha was determined for the
comparison of the combined-opera-
tions machine with the traditional
sowing method.

The operational cost of tradition-
al sowing method (wide level disc
with a seeder box + 80 cm ridges)
was determined according to the
New Halfa scheme price list. How-
ever, ‘the operational cost of com-
bined-operations  machine = was
calculated according to its working

S = Average speed of machine expressed in km/hr,
W = Rated width of machine expressed in m,

10 = Constant, which is

2
10000m ™ per ha

1000m per km

Actual working time

Ef " Total time (actual working time + turning time at headlands)

Where E¢= Field efficiency expressed in decimal form.

S x W x Ef
ha/hr

ke e

Where C = Effective field capacity.

Formulae
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width in relation to the width of
wide level disc with a seeder box
multiplied by the rated operational
cost of wide level disc.

For both experiments, 10 random
readings per subplot were taken for
determining the crop emergence per
m? after the 2" irrigation, using 25
X 40 cm steel frame. The height of
the ridges was determined in the
first season only for on-station ex-
periment after the gKd irrigation, by
taking 10 random readings, using a
ruler to measure the height from the
furrow bottom to the ridge top, after
putting straight and long stick on
the top of adjacent two ridges.

For the number of seeds per
head, 100 random heads were col-
lected and the number of seeds was
counted after manual threshing and
separation. For plant height, 50 ran-
dom plants per subplot were mea-
sured. While for plant population at
crop maturity, 5 readings per sub-
plot were taken using steel frame of
25 X 40 cm.

Results and Discussion

On-station Experiment

The field performance data of
wheat seeding machines for the first
season is shown in Table 1. The
comparison of the executed ridging
operation of combined-operations
machine with the 4-body ridger in-
dicated that the use of the 5-body
ridger resulted in higher operation
speed of 7.0 km/hr, which was 15%
higher than the use of 4-body ridg-
er. As expected, the use of the 4-
body ridger resulted in highly sig-
nificantly (P=0.01) ridges height
compared to the 5-body ridger (Ta-
ble 1). The increase in operation
speed was due to the lower soil
draught with narrower ridger bod-
ies. This result agrees with El-Awad
(1998 a) who found that the 5-body
ridger with 60 cm spaced ridges re-
sulted in higher tractor speed, lower
wheel slip and higher work rate in
comparison with 4-body ridger with

80 cm spaced bodies. However, the
effective field capacity and the field
efficiency of combined-operations
machine and 80-cm ridging opera-
tion were almost similar (Table 1).

The use of the wide level disc re-
sulted in the highest operation
speed, highest effective field capac-
ity, highest field efficiency and low-
est machine requirement (Table 1).
However, its usage in connection
with the 4-body ridger in the tradi-
tional sowing method (two passes
of the tractor) for wheat crop estab-
lishment increased the machine re-
quirement to 51 min/ha compared
to 33 min/ha with the use of com-
bined-operations machine. This in-
dicated a machine savings of 35%
compared to the traditional sowing
method. The sowing date in farm-
ers’ fields was classified by the De-
partment  of  Planning  and
Economics Research (1999) as ear-
ly, medium and late sowing dates,
which were the periods November
1 to November 30, November 30 to
December 21 and after December
21, respectively. It was found that
the average reduction in the wheat
yields in the scheme compared to
the early sowing amounted to § and
26% with medium and late sowing,
respectively. Therefore, the savings
in time in association with the re-
duction in the required tractor num-
bers and the amount of fuel needed
with the use of combined-opera-
tions machine (one pass of the trac-
tor), could lead to improvement in
timeliness of crop sowing date and,
consequently, an increase in wheat
yields.

The cost of crop sowing with the
combined-operations machine was
determined to be US$ 4/ha as com-
pared to US$ 9/ha with the tradi-
tional sowing method ($ 6 and $ 3
per ha for the wide level disc and
ridger, respectively), thus resulting
in net savings of 56%.

The mean effects of the seeding
machine on wheat crop growth pa-
rameter are shown in Tables 2 and
3. The combined-operations ma-
chine resulted in 39 and 37% higher
crop emergence/m2 in the first and
second seasons respectively. The
difference was significant (P=0.05)
in the first season only. The reduc-
tion in crop emergence with the tra-
ditional sowing method was due to
the fact that the seeds imposed on
the same harrowing and ridging ac-
tions. Thus, resulting in variable
seed depths, therefore, some seeds
could not germinate as a result of
high depth and others as the result
of improper seed-soil contact and
coverage. The combined-operations
machine drills the seeds on the soil
surface, which has to be raised up-
wards as a result of soil wedge for-
mation of head to the ridger bodies
and then covered with the displaced
soils forming the narrow ridging of
60 cm apart.

The combined-operations ma-
chine resulted in 27% higher plant
population/m? for the first and sec-
ond seasons (Tables 2 and 3). How-
ever, the difference was significant
(P=0.05) in the second season only.
For the plant height and number of
seeds/head, no significant differenc-
es were evident between the com-

Table 1. Performance of Wheat Seeding Machine (first season, 2000/2001)

Seeding machine  Operation Effective Field effi-  Machine  Operation  Ridges
speed field ciency requirement cost (US$/  height
(km/hr)  capacity (%) (min/ha) ha) (cm)
(ha/hr)
CoiometEe 7.0 1.8 88 33 4 8
tions machine
Wide level disc +
9.6+ [s 9()+8¢
e 0.6+6.1 3.9+1.7 90+88 51 9 10
Means / / / / / 9
SEE / / / / / 0.8%*

** = Significant at the 1% significance level.
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bined-operations machine and the
traditional sowing method for the
two seasons (Tables 2 and 3).

Higher grain yields were ob-
tained with the use of combined-
operations machine with the seed
rate of 107 kg/ha as compared with
the traditional sowing method with
the recommended seed rate of 143
kg/ha. This resulted in net savings
of 25%. The increase in yields was
41 and 20% for the first and second
seasons, respectively, but the differ-
ences were not statistically signifi-
cant. These results are in line with
El-Awad (1998 b) who found that
the coverage of hand broadcasting
wheat seeds with the use of 60 cm
spaced body ridger resulted in the
greatest wheat yields compared to
the coverage with the use of 80 cm
spaced body ridger and disc har-
row. Generally, the obtained wheat
yields were low as the result of the
delay in crop sowing.

Table 2. Effects of Seeding Machine on Wheat Crop Growth (first season, 2000/2001)

On-farm Trial

In the farmers’ fields, none of the
growth parameters (crop emergence,
plant population, plant height, num-
ber of seeds per head and grain
yields) were significantly affected
(P=0.05) by the two sowing methods
(Table 4). However, the combined-
operations machine resulted in 19%
higher crop emergence/mz, 18%
higher plant population/mz, 15%
higher number of seeds/head and
only 8% higher grain yields in com-
parison with the traditional sowing
method (Table 4).

The obtained wheat yields in
farmers’ fields were higher than
those obtained in the experimetal
research farm for the first and sec-
ond seasons (Tables 2 and 3) as a
result of sowing in the optimum
time (November).

Seeding machine

Crop emer- Plant popula- Plant height

No.of  Grain yield

gence (no/mz) tion (no/m:)_ (cm) seeds/head (kg/ha)
Combined-opera- 419 644 57 a5 1372
tions machine
padeleveldiscrh 301 508 59 28 972
80 cm ridges
Means 360 576 38 27 1172
SE=+ 33.0%* 7.2 2.9 2.4 230.1

*= Significant at the 5% significance level.

Table 3. Effects of Seeding Machine on Wheat Crop Growth (second season, 2001/

2002)

Seeding machine

Qomhmcd-qpcra- 436 571
tions machine
Wide level disc +

i 448
80 cm ridges 319 44
Means 378 510
SE+ 44.6 30.9%

*= Significant at the 5% significance level.

Crop emer- Plant popula- Plant height
5 2
gence (no/mz) tion (no/m~)

No.of  Grain yield
(cm) seeds/head (kg/ha)
55 30 910
60 28 759
58 29 935
1.9 1.1 97.4

Table 4. Effects of Seeding Machine on Wheat Crop Growth in Farmers® Fields

(2001/2002 season)

Seeding machine Crop emer- Plant popula- Plantheight  No.of  Grain yield
gence (l]O/ll‘lzzmlig()—n_gli)/mz) (cm) seeds/head  (kg/ha)

COmBMET oped: 478 507 70 38 1619

tions machine

Wide level disc + 402 430 69 33 1500

80 cm ridges

Means 440 469 70 36 1560

SE+ 31.5 1224010 1.5 7.5 23.0

Conclusion

By using this combined-opera-
tions machine, the machine require-
ments of wheat crop establishment
can be cut down by 35%, thereby
timeliness of crop sowing date
could be improved, and hence,
higher crop yields would be ob-
tained. Also, the cost of sowing can
be cut by 56% and seed rate by
25% in comparison with the tradi-
tional sowing method.

The fabricated combined opra-
tions machine for wheat crop estab-
lishmen resulted in 39, 37 and 19%
higher crop cmergencc/mz in the
first season, second season and in
farmers’fields, respectively. How-
ever, this was only significant in
the first season. Also it resulted in
27% higher plant populmion/m2 for
the first and second seasons and in
18% in farmers’ fields, which was
significant in the second season
only. The increase in wheat grain
yields with the use of fabricated
combined-operations machine
amounted to 41, 20 and 8% in the
first season, second season and in
farmers’ fields, respectively. These
were not statistically significant.
No significant differences were evi-
dent for plant height and number of
seeds per head during the testing
period in the research station farm
and in farmers’ fields.

Therefore, the developed com-
bined-operations  machine  for
wheat seeds drilling and ridges
making in a one single pass is suit-
able for wheat crop establishment
in irrigated schemes of heavy clay
soils and shorter winter season.
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Effect of Different Seed Spacing Practices on the Evapotranspiration and Yield of Faba Bean

Conclusions

1. Although the triangular method
showed the highest yield, on the
average, the differences in yield
among the three plating patterns
were small and statistically insig-
nificant .

2. Both narrow row spacing planting
methods, on the mean, showed
lower evapotranspiration com-
pared with the conventional meth-
od. The triangular method showed
the lowest evapotranspiration. Al-
though these differences statisti-
cally were not significant, the
square planting method showed
significant difference (at the 10%
level) in the moisture content at
soil depth of 10 cm in comparison
with the conventional method.
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Abstract

Water resources in Jordan are in
short supply. Large quantities of
water are lost by the evapotranspi-
ration process during the growing
season of the crops. The objective
of this research was to adopt a
planting system that helps in reduc-
ing the evapotranspirated water and
hence improving the efficiency of
using water. Faba beans were plant-
ed in two narrow spacing methods
(rectangular and triangular arrange-
ments) and one conventional meth-
od of larger row spacing. Blocks of
equal seed population were planted
to provide four replications of each
treatment. Soil moisture contents
were measured to provide informa-
tion about the relative evapotrans-

* * * % %k ok %k k * *
* % * * *
* * * * % %k %k * *®
* * * * *
* 3 * * Kk Kk Xk % * *
* * * * *
* * * ¥ ok ok ok Xk * *
* * * * *
* * * k X ok 3k X * *

* *

a-Traditional b-Square  c-Triangular

Fig. 1 The three equal population Faba bean

planting systems used in the experiment.

piration. The statistical t-test is
conducted to evaluate the effect of
the proposed planting systems on
the yield and evapotranspiration.

Introduction

Water resources in Jordan are in
short supply. In addition, much of
the country lies in a semi-arid to
arid region where the annual aver-
age rainfall is below 200 mm. This
rainfall is insufficient to provide
good reserves of surface or ground
water to meet the drastic increase in
water demand for the expanding in-
dustry and irrigated agriculture.
Large quantities of water are lost by
evapotranspiration process during
the growing season of the crops.

]

Fig. 2 Layout of irrigation lines and
treatment blocks.

@

Jordan University of Science and Technology
Department of Agricultural Engineering and
Technology, P.0.Box 3030, Irbed

JORDAN

Many research workers have in-
vestigated various methods of
evapotranspiration reduction. The
methods include field geometry ef-
fects (McCanley et al, 1978; Dem-
mel et al, 1999): irrigation water
amount and frequency effects (Abu -
Awwad, 1986; Tolk et al, 1999): and
mulching effects (Jone et al, 1977).
Mulching reduces soil evaporation
and hence, the crop water require-
ments. Moreover, plastic mulching
is considered one of the best weed
control methods (Kipps, 1983). The
use of plastic mulches may add to the
cost of crop production.

The objective of this research
was to adapt a planting system that
helps in reducing the evapotrans-
pired water and hence improving
the efficiency of using water.

Materials And Method

Faba beans were planted on the
28" of Nov. 1999 in three differ-
ent seed spacing planting systems
(Fig. 1). The first method repre-
sent the conventional planting sys-
tem used in Jordan in which the
row spacing is 40 cm and the seed
spacing within the row is 10 cm.
The seeds in the second and third
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Table 1. Means of Soil Moisture and Yield Data for the Three

Planting Systems

Table 2. Means of Evatranspiration Data for the Three

Planting System

Planting system  Soil moisture content at depths of: Yield (kg/plot)  Planting ET (scasonal) ET(daily)  ET(seasonal)
10 (cm) 20 (cm) 40 (cm) method (cm) (mm/day)  (m3/hectare)
Conventional 14.12 15.10 17.88 20.95 Conventional 41.34 2.79 4134
Square 15.98 17.79 18.39 20.57 Square 40.55 2.74 4055
Triangular 1543 17.53 19.57 21.02 Triangular 40.43 2.73 4043

method planted in narrower row
spacing (20 cm) and larger seed
spacing within the raw (20 cm).
The seeds were placed in such a
manner that they form a square
shape in the second method and tri-
angular shape in the third method.

Twelve plots of equal seed popu-
lations were planted to provide 4
replication of each treatment (Fig.
2). Each plot which is 3.6 m wide
and 6 m long was irrigated by 9-
drip irrigation hoses spaced 40 cm
apart. At the end of the growing
season (April 23, 2000), the crop
was harvested and weighed. Soil
moisture content at different depths
for each plot were measured using
the gravimetric method.

The evapotranspiration ET was
calculated from the water budget
equation as follows.

ET =1+ P —(Df- Di)

Where

ET= Evapotranspiration(mm)

I = Irrigation (mm)

P = Precipitation (mm)

Di = Initial depth of water stored

in soil (pre-planting)

Df = Final depth of water stored

in soil (end-season)

The surface runoff and deep per-
colation were assumed to be zero.

Table 3. Statistical t-test Comparing Soil Moisture
Content at Soil Depth of 10-cm between the
Conventional Method and Square Method

Results and Discussion

The crop yields and soil moisture
content data for each plot were re-
corded. The average of the four rep-
lications of each treatment is listed in
Table 1. The triangular method of
plantingshowed the highestyield fol-
lowed by the conventional and the
square methods. However the differ-
encesinyieldweresmalland werenot
significant as confirmed by a t-test.
The relative distribution of soil mois-
ture content with depth at the end of
theseason forthethree planting meth-
od is shown in Fig. 3. The triangular
and square methods showed higher
remaining moisture content than the
conventional method.

The total seasonal amount of irri-
gation water applied to the field was
81 cubic meter. Assuming that this
volume of irrigation water is evenly
distributed over the total area of the
12 plots, the depth of irrigation water
will be I = 31.25 cm. The total
amount of precipitation as recorded
by the weather station during the
growing season was P = 13.62 cm.
Using the moisture content data at
the beginning and the end of the sea-

son at different depths of the soil, the
average evapotranspiration ET for
each treatment was calculated and
the results are shown in Table 2. The
conventional planting method
showed the highest evapotranspira-
tion relative to the other narrow row
spacing methods (square and trian-
gular). This may be due to the rela-
tively high evaporation of soil water
from the wider row spacing of the
conventional method, where the soil
is more exposed to the environment.
The triangular planting method
showed the lowest evapotranspira-
tion and this may be related to the fact
that the plants in this method occupy
the spaces more efficiently (less ex-
posure of the soil to the environment)
compared with the square method.
Statistical t-test showed that these
differences in the evapotranspiration
were not significant. However, the
moisture content at soil depth of 10
cm for the square planting method
showed significant difference at the
10% level in comparison with the
conventional method, as confirmed
by the t-test shown in Table 3.

(Continued on page 40)
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Fig. 3 Soil moisture content versus depth at the end of the season.
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Development of a Complete Cassava Harvester:

| - Conceptualization

o Dy
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Abstract

This is a special report on an ap-
plied research work currently being
done under the Third World Acade-
my of Sciences (TWAS) Associate
Membership Scheme. The paper is
to be presented in several parts.
This Part I first presents a technical
analysis of the state-of-the-art in
mechanization of cassava harvest-
ing. It shows that no commercial
cassava harvester is currently avail-
able on the world market, and that
the available cassava harvesting
aids can only do a good job of loos-
ening the soils around the cassava
root bunches. It then gives details
of a concept (based on the existing
cassava harvesting aids), designed
to remove identified gaps in the
technology of mechanized cassava
harvesting, involving the lifting of
the loosened cassava root bunches
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out the soil and loading them into a
truck or trailer. The proposed con-
cept comprises a cassava harvest-
ing aid, an uprooter/lifter system, a
collector/channelling chute and an
elevator/loader system.

Introduction

Cassava is a very important crop
in many tropical countries because
it is both a chief staple food and a
source of valuable industrial raw
materials. Currently, its impor-
tance is further enhanced because
many developed countries in Eu-
rope are targeting it as an energy
source for livestock feed, and as a
valued source of starch, sometimes
in preference for cereal products.
This preference is due to, not only a
significantly more favourable com-
petition in prices, but also to certain

Claudio A. Moreira

Agric. Engineer-in-Charge, Machine Design
Centre for Mechanization and Automation of
Agriculture (CMAA), Institute of Agronomy,
- Campinas (IAC), Jundiai, Sao Paulo,

"4 BRAZIL

superior quality properties, espe-
cially of the cassava starch over ce-
real starches.

All available records show that
Nigeria and Brazil are the world
leaders in cassava production. The
FAO Production Yearbook Data, as
given in Table 1, show that over
30% of the world’s cassava produc-
tion takes place in Nigeria and Bra-
zil alone and that about 70% of its
total production in the world takes
place in Africa and South America.
This serves as a confirmation, if
one is necessary, that mechaniza-
tion of cassava production field op-
erations (planting and harvesting,
especially) is important for both
Nigeria and Brazil.

Our review of literature reveals
that worldwide R & D efforts to de-
velop a cassava harvester have not
succeeded in putting a commercial-
ly viable machine on the world

Table 1. 1977 and 1998 Cassava Production Data* for Nigeria/Africa, Brazil/South

America and the World

Area harvested

Yield Total production

Item (103 ha) (Tonnes/ha) (10° tonnes)
1977 1998 1977 1998 1977 1998

Nigeria (A) 1,100 2,697 9.6 10.60 10.60 30.41
Africa (B) 6,731 10,317 6.6 44.26 4426 85.94
Brazil (C 2.233 1,552 11.9 26.51 26.51 20.11
S America (D) 2,759 2,117 11.6 32.02 32.02 27.11
World (E) 12,572 16,177 88 110.17 110.17 160.66
A/B (%) 16.34 26.14 - 23.95 23.95 35.39
C/D (%) 80.94 73.31 - 82.79 82.79 74.18
C/E (%) 17.76 9.59 - 24.06 24.06 12.52
(A+C)/E (%) 26.51 26.27 - 33.68 33.68 31.45
(B+D/E) (%) 75.49 76.86 - 69.24 69.24 70.37

*Adapted from FAO 1997 and 1990-98 Production Yearbook Records.
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market. Based on this fact, the
Third World Academy of Sciences
(TWAS) was convinced that to un-
dertake necessary applied research
to develop a complete cassava har-
vester makes a great deal of eco-
nomic sense for Nigeria and Brazil.
Consequently, the research work re-
ported here has been done under the
TWAS  Associate  Membership
Scheme, with the Centro de
Mecanizacao Automacao Agricola
(CMAA) of the Institute of Agrono-
my, Campinas (ICA) in Sao Paulo,
Brazil, as the hosting Centre of Ex-
cellence.

Mechanized Harvesting of
Cassava

Naturally, mechanization of cas-
sava harvesting has attracted a great
deal of research attention, but with
very modest successes reported.
Catalogues of agricultural machines
produced by Brazilian manufactur-
ers contain no cassava harvesters.
What exist in Brazil, as elsewhere
in the world, are few models of cas-
sava harvesting aids in limited pro-
duction and on trial use by a few
farmers.

There are many problems associ-
ated with cassava harvesting. Some
problems arise from the serious dif-
ficulties created by the random
growth patterns of the roots and the
equally random branching of the
stems. In addition, cassava does not
have a specific harvesting season.
Therefore, an effective harvester
must be able to operate in the
parched hard soils of the dry sea-
son, the drenched muddy soils of
the tropical rainy season, as well as
in soils the consistencies of which
vary between those two extremes.
The cassava crop matures between
9 and 24 months after planting. At
maturity, depending on the variety
and the soil fertility status, the
above-ground stems and branches
are 1.0 to 1.75 m high or higher and
have a mass that varies from 1 to 6

kg per plant. There are 3 to 8 roots
or more per plant, weighing 1 to 6
kg together. The roots develop at
depths of 150 to 450 mm with a ra-
dius of spread varying between 100
to 250 mm. Thus, the harvester has
to handle up to 0.225 m°> of soil to
harvest one metre length of row of
the cassava crop. All these unique
characteristics must be appropriate-
ly considered to design an effective
harvester.

Field Observation of Cassava
Harvesting with Existing Harvest-
ing Aids

As part of our search for informa-
tion on mechanized cassava har-
vesting, we, on 22nd September
1999, visited a farm in Bataguassu
in Southern Mato Grosso State of
Brazil to observe some cassava har-
vesting aids in operation. We actu-
ally made a videotape recording of
the operations. We observed the
harvesting of two varieties of cassa-
va in two separate fields, using two
different types of the 2-row cassava
harvesting aid both of which were
integrally mounted to the tractor.

The first type, shown in Fig. 1,
was a heavy, robust machine with
two cutting blades set apart in such
a way as to straddle the two rows of
cassava to be harvested, such that
each blade cuts from the outer side
of a row inwards and downwards to
a zone below the cassava root
bunches. The implement was quite
effective in its performance, espe-
cially as operated at 6 km/h in the
sandy soil condition of the field.
The blades cut through and moved
below the cassava root bunches
which were observed to be lifted up
as the blades passed under them,
and dropped back in place when the
blades passed on. This means that
the implement effectively loosens
the soil around the cassava root
bunches, but leaves the bunches
virtually in the same place as it
passes. After the implement had
made a pass, the worked rows
looked essentially the same before

and after the passage. However, the
cassava root bunches were easily
pulled out of the soil without much
effort beyond what was required to
overcome their weight. The field
could be described as medium
trashy, but the implement per-
formed well, nevertheless. The
planting distances were 80 cm and
60 cm between and within rows, re-
spectively. No breakages or dam-
ages were observed of the cassava
tubers that could be attributed to the
implement.

The second type of harvesting aid
was a lighter equipment consisting
of a 110° vee-shaped pair of cutting
blades sweeping back from the di-
rection of forward travel, and
mounted on one single central
shank curving away from and con-
cave to the point of the vee as
shown in Fig. 2(a). The soil cutting
blades were 85 c¢cm long and 10 cm
wide and were fixed at an angle of
30° to the horizontal in the direction
of forward travel. A notched 40 cm
diameter coulter was located cen-
trally ahead of the blades, just at the
point of the vee of the blades. The
performance of this second imple-
ment, which was also operated at 6
km/h, compared favourably with
that of the heavier two-shank two-
separated-blade type. To operate,
the point of the vee was located at
the mid-point between the two rows
of cassava to be harvested. Thus,
the right and the left blades of the
vee worked on the right and the left
rows, respectively, cutting from the
left flank and right flank of the
rows, respectively.  The blades
went well below the zone of the
cassava root bunches, just like the
first type of implement. The maxi-
mum depth of penetration of the
blades was measured and found to
be about 25 cm. But additional
weights were necessary to achieve
penetration.

At our suggestion, the Ikeda
Company developed and recently
field-tested a single-shank two-row
cassava harvesting aid illustrated
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Fig. 1 Photograph of two-row two-shank cassava harvesting aid
from the /keda Copmpany.

Fig. 2(a) Photograph of the two-row
single-shank cassava harvesting
aid with vee—shaped hoe.

here in Fig. 2 (b).

Overall Assessment of the Exist-
ing Harvesting Aids

Overall, it can be said that both
implements performed well the in-
tended function of loosening the
soil around the cassava root bunch-
es sufficiently to make it easy to
pull out the bunches manually. But
it is misleading to call them "cassa-
va lifters" as everybody does, be-
cause the actual job of pulling out
or lifting the cassava bunches out
of the soil is done manually. The
bunches were pulled out one by
one, and gathered in heaps.

There were 3 or 4 heaps in a row,
depending on the size of the field or
the length of the row. This job of
manually pulling out and gathering

Fig. 2(b) Photograph of two-row
single- shank harvesting aid
from Tkeda Coy.

the bunches in heaps is very labori-
ous and therefore, unwelcome. It
should be pointed out that the inter-
mediate operation of gathering the
bunches in heaps is necessary to al-
low for the next manual unit opera-
tion of cutting the cassava roots
from the stem peduncle. This is
necessary to reduce the amount of
unwanted materials taken from the
field to the factory, since the truck-
ing companies charge per trip. So
the tubers have to be removed from
the stems before they are loaded
into the specially designed bags,
each holding about 500 kg, ready
for loading into trucks with a fork
lift as illustrated in Fig. 3.

Gaps in Mechanized Cassava
Harvesting Technology

Fig. 3 Loading of cassava placed into a truck
from specially designed bags.

Since the performance of the ex-
isting harvesting aids are consid-
ered acceptable, the next most
urgent mechanization need in cas-
sava harvesting is to develop a ma-
chine to pull out the cassava
bunches from the soil, gather them
in heaps of appropriate sizes or
load them directly into a cart, trailer
or truck.

It was noted that planting the
cassava cuttings horizontally on the
flat led to the situation whereby the
cassava root tubers developed
along the 20 - 25 cm length of the
planted cuttings, as shown in Fig.
4, even when only one node, usual-
ly at the apex of the cutting, pro-
duced the aerial stem/stems of the
cassava plant. For better root-bunch
geometry, cassava cuttings should
be planted vertically or nearly ver-
tically on the ridge (Odigboh,
1983).

We have given the above de-
tailed account of the operation of
the harvesting aids to clearly show
what is the current state-of-the-art
in mechanized cassava harvesting.
Based on that, we came to the con-
clusion that the areas of most ur-
gently needed research effort aimed
at developing machines for cassa-
va harvesting are:

i. The development of a machine
or machine system to pull or col-
lect the cassava root bunches
from the soil, elevate and load
them into a cart or trailer (based
on the existing harvesting aids).
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ii. Incorporation of a simple vibra-
tion mechanism in the design of
the harvesting aids to make it
possible for them to operate well
in all soil types and under all soil
conditions. Vibration of the hoe
will also lead to the break up of
soil clods into smaller particles
and thereby facilitate the collec-
tion of the cassava root bunch-
es.  The vibration may be
achieved with banks of compres-
sion springs arranged in such a
way as to impart a sort of “pas-
sive vibration” to the cutting
blades. In this regard, the vee-
shaped single-shank harvesting
aid may be preferable.

The research work reported here
deals with only item (i) above,
meanwhile.

Various Concepts of a Com-
plete Cassava Harvester

Earlier Work

Several attempts have been made
to mechanize the lifting of cassava
roots out of the soil. Odigboh and
Ahmed (1982) described a single-
row vibratory cassava harvester
prototype with a conveyor system
designed to collect the uprooted
cassava roots, move them back-
ward, to dump them in small heaps
along the row. Recently, a company
called Interplan in Itarare of Sao
Paulo State in Brazil, demonstrated

Fig. 4 Photograph of cassava tubers developed along
the length of the cuttings planted horizontally
on the flat.

a prototype cassava harvester which
employs a system of vee-belts to
pull the cassava root bunches out of
the soil, lift them above the soil sur-
face and then drop them back on the
soil surface as illustrated in Fig. 5.
This prototypes requires that, in
slashing the stems and branches of
the cassava plot which is usually
done before harvesting, sufficient
lengths of the cassava stems should
be left to provide good grips for the
belts. Several problems are likely
with the prototype, the least of
which is not the high probability
that the stems of certain species
may tend to snap or break, especial-
ly in heavy soil conditions.

Current Work - First Concept

In our current work, we first
chose a concept based on a bucket
type elevator, as illustrated in Fig.
6. The idea is that specially de-
signed buckets, attached to a suffi-
ciently robust chain and sprocket
system, would comb through the
soil already broken up by the har-
vesting aid, as described in 3.1
above, to pick up the cassava root
bunches from the soil, elevate the
bunches and then discharge them
into a directly hitched trailer. The
cassava root bunch lifter/elevator,
as we called the equipment, was to
be integrally attached to the cassava
harvesting aid to form a complete
cassava harvester. As such, and
since it should possess the mass and

robustness necessary to perform un-
der all the usual cassava harvesting
soil conditions, the resulting com-
plete cassava harvester was to be a
semi-mounted  machine, (i.e.,
trailed but able to be raised or low-
ered about the transport wheels as
pivot, by the tractor hydraulic lift-
ing mechanism).

The Equipment as Constructed

An initial phase of the cassava
root lifter/elevator equipment for
only one row, with only three of the
buckets, was actually constructed in
1999 to test out the concept.

In Fig. 7, the equipment is shown
hitched to the tractor in the elevated
(transport) position, with the dig-
ger or harvesting aid blades, C, and
elevator buckets By lifted off the
ground. Fig. 8 is a close-up photo-
graph of the equipment in transport
position, showing the transport/ele-
vating wheels, A, operated by the
hydraulic ram, B, from the tractor
hydraulic system, and the right-
hand-side shank and blade of the
harvesting aid identified as C. With
a series of speed reduction drives,
from the Cardan shaft driven at 540
rpm from the tractor pto, through a
2:1 speed reduction gear box, Dy, a
second V5:1 speed reducer gear
box, D, and a third V5:1 speed re-
ducer gear box, Dj, the bottom
sprocket of the chain and sprocket
elevator system, Dy, is driven at 50

4
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Fig. 5 Vee-belt cassava uprooter/lifter prototype from Interplan

Company in Itarere. S.P., Brazil.
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Evaluation of the Equipment as
Built
(a) The lifting mechanism

The evaluation of the equipment
as built started with the lifting
mechanism being tested both in the
workshop and in the field. As illus-
trated in Figs. 7 and 8, the blades of
the harvesting aid are lifted over 10
cm off the soil or ground surface to
get the equipment in the transport
position. Of course, in that position,
the tips of the elevator buckets are
lifted even higher. Pictures showing
different views of the equipment
when lowered into the cassava har-
vesting operation position are pre-
sented in Figs. 9 - 11. Note the
position of the transport wheels, A,

Bucket

during the harvesting operation
when the blades of the harvesting
aid are completely inside the soil,
with only a part of their shanks vis-
ible above the soil, as shown in Fig.
11. The bottom-most bucket, By, of
the elevator is shown in Figs. 9 - 11
in their position ready to comb
through the soil to pick up the cas-
sava roots.
(b) The elevating system

As already described pictorially,
the pick-up and elevating system
consists of buckets attached to a
63.3 mm (2 in) double-pitch chain,
with bottom sprockets of 300- mm
pitch diameter driven at 50 rpm,
with the buckets spaced at 37.68
cm around the sprockets. The ele-
vator is rotated counter clockwise

Outline of tip
of bucket\\

N

Soil surface;
e -
R S L "~

75

Max.

Fig. 6 A sketch illustrating the concept of the cassava

lifter/elevator.

Fig. 7 The cassava root lifter/elevator raised into
transport position outside the workshop. €~
harvesting aid; By _ elevator bucket.

..——/{.‘7— - 3 2
depth of penetration

of tip of bucket

T
Direction

Cassava
i root bunch

A - transport/guage wheels; B — hydraulic ram; C — right-(fide
shank/blade of harvesting aid; D; — 2:1 gear box; D, — 2" gear
box; D3 _ 3" gear box;D, — bottom/driving sprocket of the
chain-and-sprocket elevator system. By — elevator bucket.

and is supposed to pick up the
roots, elevate and load them into a
trailer at the rear. Accordingly, at
the pick-up point at the bottom of
the elevator, the tips of the bucket
have a peripheral velocity of about
150 m/min. This adds to the tractor
forward speed or the harvesting
speed of 75 m/min to make the tips
of the bucket move at the very high
speed of 225 m/min relative to the
soil at the picking point. It was
found during the field test, there-
fore, that this extremely high veloc-
ity of the tips of the bucket relative
to the soil was not suitable for the
proper functioning of the picking/
elevating system for several reason:
(i) The resultant high impact of the

tips of the bucket on contact with

Fig. 9 Side view of cassava root lifter/elevator when
lowered into harvesting operation position.

¥
B .o . = }

Fig. 8 Close-up photograph of the cassava root lifter/elevator in
transport mode.
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the soil was too high, and so ne-

gated the intended gradual comb-

ing action.

(ii) Together with the combined
weights of the buckets, the cassa-
va root bunches and soil, the high
impact forces tended to overload
the links of the chain, making
them kink and thereby impairing
the smooth rotation of the eleva-
tor.

Another problem found with the
elevator system was the tendency
for soil to clog up the driving
sprockets and chains, thereby ten-
sioning the chain beyond the design
limit and causing the slippage of the
chain. Naturally to be associated
with this problem is the fast wear-
ing of the chain and sprockets
which the attendant high friction
would cause.

Yet another problem found with
the system is the fact that the
weight of the buckets and their con-
tents tends to twist the chain and
thereby contribute to the non-
smooth rotation of the elevator sys-
tem.

Analysing Identified Problems
The problem created by soil clog-
ging of the driving sprockets may
be solved by relocating them as far
away from the soil as possible and
using smooth pulleys in their stead
at the bottom of the elevating sys-
tem. The twisting of the chain

o5

the soil.

Fig. 10 A photograph showing the rear view of the lifter/
elevator, with the bucket, By, about to comb through

caused by the weight of the buckets
and their contents can be eliminated
or appreciably reduced by using
several strands of the chain on each
side, instead of the single strand
used.

Alternatively, a more robust
chain, specifically designed to resist
twisting and clogging, may be used.
Thus, the most serious problem of
this concept of the elevating system
is clearly the extremely high veloci-
ty of the tips of the buckets relative
to the soil at the point of picking up
the cassava root bunches. But, there
are several possible solutions to that
problem one of which is to make
the rotation of the elevator clock-
wise rather than counter clockwise,
so that the velocity of the tips of the
buckets relative to the ground be-
comes the peripheral speed minus
the harvesting speed.

It is clear from the above discus-
sions that the original idea of the
cassava root lifter/elevator, though
plausible and quite simple in its
conception, has nevertheless proved
difficult to practically execute.
Therefore, a re-think of the concept
has been undertaken resulting in a
new concept which is discussed in
the following sections.

A Modified Concept of a
Complete Cassava Harvest-
er

Fig. 11 Photograph showing a front/side view of the lifter/
elevator prototype in working position.( Parts are

Conceptualisation
In order to appropriately address

the inherent practical problems in
the first concept, it was decided to
separate the lifting operation from
the elevating/loading operations
and accomplish each with a sepa-
rate mechanism. The modified or
new concept of the cassava harvest-
ing system is as follows:

(i) The two-shank two-row (lkeda)
harvesting aid, identified as A,
with extensions denoted as B
added to the blades of the har-
vesting aid. The extensions, con-
sisting of flat bars which are
spaced sufficiently to allow soil
to fall through, form a platform
which is made long enough and
inclined at an angle sufficient to
take the cassava roots up to a
point about 100 cm above the
soil surface.

(ii) A conveyor rake system, denot-
ed as C in Fig. 12. This is de-
signed to rotate clockwise to rake
up the cassava roots from the soil
already loosened by the harvest-
ing aid, and push them (i.e., the
cassava roots) up to the top end
of the platform formed by the ex-
tensions to the blade of the har-
vesting aid. The conveyor rake
has two parts, one for the left row
and the other for the right row of
cassava.

(iii) A channelling chute, D. This is

5 1’;‘# LR Y

as identified in Fig. 8 ).
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A — harvesting aid; B — extensions to the blades of A; C — conveyor rake
system; D — channeling chute; E — trough-type elevator; F — loading chute;

F-F — direction of forward travel; G — soil surface; H — max. depth of blades A;
J—outline of tips of elevator troughs; K — troughs: L — outline of raking tines;

T - trailer.

Fig.12 A sketch illustrating the modified concept of the complete cassava harvester.

designed to receive from the
conveyor rake the cassava roots
collected from the two rows, and
channel them to the centre be-
tween the two rows from where
they are picked up for loading
into a trailer.

(iv) A centrally located trough-type
elevator, E. This is designed to
receive the cassava roots from
the channelling chute, D, and
raise them to a point high enough
to facilitate loading of the cassa-
va roots into a trailer, T, which
moves independently along with
the harvester. The loading func-
tion is to be achieved using an
appropriately long channel or
trough shown as F, pivoted at the
centre, and designed to tilt to the
right or to the left, (depending on
the position of the harvester rela-
tive to the already harvested
plot), in order to load the roots
into the accompanying trailer.
Alternatively, by providing it
with a swivelling arrangement or
mechanism, the elevator, E, may
be designed to always incline to-
wards the harvested row to dis-
charge the roots into the
accompanying trailer. The alter-
native of hitching the trailer di-
rectly to the harvester may also

be considered if enough tractor
power is available and adequate
articulation can be achieved so
that the train does not become
unduly cumbersome. The deci-
sion on which alternative to
adopt will depend on which is
found or considered easier to
achieve practically.

To design parts A, B and C to
work effectively together poses the
greatest challenge of the modified
concept. First, the harvesting aid
must be able to function well in all
soil types under different soil mois-
ture regimes and reach down to the
different depths of cassava root de-
velopment. To ensure this will re-
quire some redesign of the lkeda
harvesting aid. But the current
work is not addressing that problem
yet. Next, the extensions B, added
to the blades, A, may have to be set
at a different and steeper angle than
that of the blades, contrary to the il-
lustration in Fig. 12. This may be
necessary to maintain the rake an-
gle of the blades of the harvesting
aid as originally designed. The con-
veyor rake system is very crucial to
the effectiveness of the modified
concept. It is shown in Fig. 12 that
it rotates counter clockwise so that
the velocity of the raking tines rela-

tive to the ground is the peripheral
speed of the tines minus the har-
vesting speed, as earlier discussed
above. Given the arrangement illus-
trated in Fig. 12, and since the har-
vesting aid is constrained to direct
the soil and the cassava tubers up
the inclined platform formed by the
extensions, B, the conveyor rake
system must ensure that the soil is
sufficiently broken up to fall
through the slats of B while the cas-
sava tubers are effectively pushed,
(i.e., pushed fast enough to avoid
choking or clogging of the system),
up the platform of B into the chan-
nelling chute D.

Closing Remarks

A good deal of work has already
been done to implement the new
concept described above. Part 1I of
this special report presents work
done on the development of the up-
rooter/elevator system of the pro-
posed concept.
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Development of a Complete Cassava Harvester:

Il - Design and Development of the Uprooter/

Lifter System

S by
~ E. U. Odigboh

' Enugu State,
NIGERIA

Abstract

This paper is Part II of a special
report on applied research work be-
ing done under the Third World
Academy of Sciences (TWAS) As-
sociate  Membership Scheme. It
deals with the design, development
and preliminary testing of the up-
rooter/lifter system for -cassava
comprising the harvesting aid, ex-
tensions to the harvesting and a
conveyor rake to lift the cassava
roots up to the platform formed by
the extensions. Limited tests per-
formed so far showed that the pro-
totype can effectively perform the
intended function.
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In Part I of this paper (on Con-
ceptualisation), we described the
concept of the proposed complete
cassava harvester, part of an illus-
tration of which is presented here
(again) as Fig. 1. The uprooter/lifter
system comprises three compo-
nents, namely; the harvesting aid,
the rear extension to the harvesting
aid and the conveyor rake which are
identified in Fig. 1 as A, B and C,
respectively.

Claudio A. Moreira

Agric. Engineer-in-Charge, Machine Design
Centre for Mechanization and Automation of
Agriculture (CMAA), Institute of Agronomy,
Campinas (IAC), Jundiai, Sao Paulo,

4 BRAZIL

Design of the Uprooter/Lift-
er System

The three components A, B and
C must be designed with care be-
cause, the success of this new con-
cept of the complete cassava
harvester depends on the effective-
ness of the uprooter/lifter system.
A sketch of the design is presented
in Fig. 2 showing the /keda harvest-
ing aid, A, as mounted on its origi-
nal frame, F, the extensions to the
blades of A denoted as B, and then

L LRLRL 7K 3 7 LLY TR T =

A — harvesting aid; B — extensions to the blades of A; C — conveyor rake
system; D — channeling chute; E — trough-type elevator; F — loading chute;

F-F — direction of forward travel; G — soil surface; H — max. depth of blades A;
J- outline of tips of elevator troughs; K - troughs; L — outline of raking tines;

T - trailer.

Fig. 1 A sketch illustrating the modified concept of the complete cassava harvester.
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A —Tkeda harvesting aid; B — extensions to blades of A; C — base chain of conveyor;
F, — frame of A: F, — frame of B&C; F5 — frame- work for C; L/S — lower sprockets;
U/S — upper sprockets; Sy —rigid attachment of C to F,; S, — spring attachment of C

to Fy; C-B — cross beam of F| carrying F.

Fig. 2 A sketch showing major components and their relative positions in the

conveyor rake system.

the conveyor rake, C which is
mounted on a frame of its own, Fy
and attached to F.

The Conveyor Rake

Based on the experience gained
in testing the root lifter/elevator de-
scribed earlier in Part I of this re-
port, it was decided that the
conveyor rake should rotate
counter clockwise to make the rak-
ing tines move in the opposite di-
rection to the forward travel, with a
linear speed which is about 20%
higher than the harvesting speed.
Accordingly, the driving sprockets,
with a pitch diameter of 165.91
mm, are driven from the tractor pto
at a speed of 159 rpm at a harvest-
ing speed of 4 km/h; the pto rpm of
540 is reduced to 159 rpm through
a 2:1 speed reducer gear box and an
appropriate chain-and-sprocket fi-
nal drive.

The conveyor rake is 550 mm
wide and consists of a pair of 63.3
mm (2.5 in.) double pitch base
chain drives, using 165.91 mm
pitch diameter pair of sprockets at
825 mm centre-to-centre distance.
Mild steel plates, Smm thick and
measuring 50x50 mm, are welded
to every fifth link of the chains to

form flanges which are thus spaced
260 mm apart. Slats made of
50.8mm angle-iron bars are bolted
to the flanges to form the base of
the conveyor rake. The tines of the
conveyor rake, consisting of
250mm long mild steel rods of
12.5mm diameter, are welded to the
angle-iron slats and spaced about
150 mm apart. The locations of the
tines on the slats are staggered from
one slat to the next so that the tines
in two adjacent slats taken together
are spaced about 90 mm apart.

In the sketch of Fig. 2, the base
of the conveyor rake, C, is shown
mounted about 175 mm above and
parallel to B which is the platform
formed by the extensions to the
blades of the harvesting aid, A.
But, the design has provisions for
varying both the slope and distance
of C above B. Although both the
lower and upper sprockets, denoted
as L/S and U/S respectively in Fig.
2, are shown as toothed, only the
upper ones which are the driving
sprockets have teeth, while the low-
er driven sprockets are smooth; this
is intended to reduce or eliminate
the problem of soil clogging of the
lower sprockets, as discussed in
Part I.

As shown in Fig. 2, the conveyor
rake is rigidly mounted to the
frame, F,, only at one pair of
points, i.e., through the shaft of the
driving sprockets, U/S, using a pair
of flat bar attachments, S;. The oth-
er points of attachment of the con-
veyor to F, are through a pair of
compression springs, S,, attached
to a crossbar in the framework of
the conveyor, F;, at points located
600 mm from the shaft of the driv-
ing sprockets. Thus, the conveyor

rake can move up and down, or
passively vibrate about the shaft of
the driving sprockets. These up-
and-down motions of the conveyor
rake are intended to accommodate
large soil clods and also assist in
breaking them up. The mounting of
the conveyor rake is designed with
provisions for moving it along the
frame, F,, so as to determine its op-
timum position relative to the
blades of A, for the most effective
raking/conveying functions.

Extensions to Blades of Harvest-
ing Aid

A sketch giving some details of
the extensions to the blades of the
harvesting aid is presented in Fig. 3
for the left-hand-side blade denoted
as A. The extensions are in two
parts. The first part is an extension
plate, By, which is welded to A to
give the approximate parallelogram
shape denoted as a-f-e-c-d-a. The
dotted line denoted as f - g will be
explained later. The plate, By, is
welded to A along the line b - c.
The second part of the extension,
denoted as B, consists of
50x12.5mm flat bars spaced 50 mm
apart to cover the 550mm width of
B1. Along the bottom edge of Bl,
and 15 mm below it, a 50x 12.5mm
flat bar, denoted as C in Fig. 3, is
bolted. On C, 19.5mm diameter
holes are drilled at 50mm centres
and used to anchor the bars of B2
which are provided with prongs at
one end for that purpose. The an-
choring is such that the angle of B2
to the horizontal, W1, can be made
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different or steeper than W2 which
is the angle of A with the horizon-
tal. The B2 bars are of different
lengths depending on their position
on B1, as shown in Fig. 3. The oth-
er ends of the bars have 21 mm di-
ameter holes through which a 19.5
mm diameter shaft, D, is passed,
with sleeves denoted as E placed
between the bars to serve as spac-
ers. In this way, the B2 bars form a
platform on which soil and cassava
roots from A are to be constrained
to move. But the spacers are made
slightly less than the spaces be-
tween the bars. Since the holes in
the bars are also larger than the di-
ameter of the shaft, the bars are free
to rock a bit. That means that they
are able to move slightly to the right

-410
/i

or to the left about their anchor
points in C. Thus, the B2 bars can
have a “breathing” action designed
to facilitate the passage of small
soil clods through the platform of
the bars. The B2 platform is at-
tached to the framework (not shown
in Fig. 3) by hanging with a pair of
37.5x7.5mm flat bars (also not
shown) secured with nuts to the two
threaded ends of D, at a desired an-
gle, W1, to the horizontal.

Design of the Hitch

The Jkeda harvesting aid was de-
signed as an integrally mounted im-
plement, as sketched in Fig. 2. But
with the proposed addition of the
extensions, the conveyor rake sys-
tem and the elevator system, it be-
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V-1 — front view in the direction of the arrow;

V-2 side view in the direction of the arrow;A — left-hand-side blade;

B, — extension plate; B, — extension bars; C — bar bolted to B to hold B,;
D — shaft thro’ By;E — spacers between B,; F — spacers between By and C.

Fig.3 A sketch showing some details of the extensions to the blades of /keda

harvesting aid.

comes necessary to make the
equipment a semi-trailed imple-
ment. Therefore, the original mem-
bers for attachment to the lower
links of the tractor three-point hitch
were modified to form the pull-bar
for hitching to the tractor drawbar,
as shown in Fig. 4. The original
members for attachment to the top
link were removed altogether.

Hydraulic rams (or hydraulic cyl-
inders), operated from the tractor
hydraulic system, are designed to
be used to lift or lower the imple-
ment, with the transport wheels as
pivots. From the experience gained
in testing the cassava root lifter/ele-
vator described in Part I, it was
found necessary to increase the
size, and thereby the strength, of the
supports of the transport/elevating
wheels.

Evaluation of the Prototype
Uprooter/Lifter System

On completion of the initial
phase of the construction work on
the uprooter/lifter system for the
left-hand-side row, it was decided
to first take the equipment to the
field for evaluation, before any fur-
ther work.

A description of the uprooter/lift-
er system as built, illustrating its
performance in the preliminary
tests is given pictorially in Figs. 5 -
10.

Preliminary Testing

The preliminary testing of the
prototype cassava uprooter/lifter
system was started on Ist June
2000. The conditions and details of
the tests and the major observations
are discussed in the following sec-
tions.

Lifting/Lowering of the Imple-
ment

When the implement was lifted
into the transport position, the tips
of the blades of the harvesting aid
were only about 75 mm above the

52 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2002 VOL.33 NO.4




Fig. 4 Photograph showing the constructed pull-bar, P,
welded to the original lower-link hitching

members of the /keda harvesting aid.

ground surface. That height of ele-
vation is not sufficient for unim-
peded transportation on farm roads,
to and from the farms or in turning
at headlands in the field. However,
it was observed that the hydraulic
cylinders were able to raise the
transport/elevating wheels suffi-
ciently to lower the blades of the
harvesting aids to the design depths
of between 250 and 350 mm below
the soil surface.

Work Performance of the Imple-
ment

There was no cassava plot avail-
able in CMAA or nearby farmlands
to test the work performance of the
implement in a proper cassava har-

vesting operation. Therefore, the
implement was tested in a field ad-
judged to have the usual character-
istics of a cassava plantation ready
for harvesting, with respect to soil
type, grass or vegetation cover and
period of fallow. The field chosen
was left fallow for over nine
months and may be rated as medi-
um trashy. Since it was the dry
(winter) season in Sao Paulo, Bra-
zil, there had been no rain for about
two and half months (i.e., since the
middle of March); the performance
tests were started in the first week
of June, 2000.

Although only the constructed
left-hand-side uprooter/lifter sys-
tem was actually being tested, the

(refer to Figs. 1 and 2).

Fig. 5 Photograph of implement raised into transport position.

original right-hand-side part of the
harvesting aid was still in place and
so facilitated a comparative evalua-
tion of the uprooter/lifter system
performance. The tests were per-
formed using a MF 290 tractor at
forward speeds between 3.5 and 5
km/h (2nd gear low to 3rd gear
low). At all speeds the depth of
penetration of blades of the har-
vesting aid was maintained at about
300 mm below the soil surface. As
the implement made a pass, the
right-hand-side harvesting aid left
the field as though virtually undis-
turbed as described in Part I. Butin
the left row, as a result of the ac-
tions of the conveyor rake system,
the soil was observed to move from
the harvesting blade up the exten-
sion plate and thence on to the plat-
form formed by the extension bars
It was ob-

NEAS -

Fig. 6(A, B) Photographs of the implement in the field, showing the type and density of grass/vegetative cover.
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served that the tines of the conveyor
rake were engaged in breaking up
and pushing the soil up the platform
of the extension bars. But the tines
were spaced too far apart and were
not long enough to do a good job.
Also, it was easy to see that the pro-
totype conveyor rake was mounted
too far behind the harvesting aid
such that the tines could not reach
the soils as the blades of the har-
vesting aid pushed them up. Conse-
quently, the soils accumulated and
piled up on the extension plate
causing a bulldozing action as the
implement moved forward. It was
observed that the soil on the plat-
form of the extension bars did not
readily fall through the bars as in-
tended, even when the clod sizes
were small enough. This indicated
that the spacing of the extension
bars was not large enough. It is in-
tended that soil clods would be bro-
ken up into small pieces which
would fall through while large par-
ticles comprising (hopefully) of
mainly cassava tubers and cassava
root bunches would be moved up to
the platform of the extension bars,
to be discharged at the end of the
platform, into the collection trough
located there, according to the con-
cept sketched in Fig. 1. In contrast,
the big soil clods fell off the sides
of the platform, making ridges on
both sides of the row and leaving
the centre of the row as a ditch or
wide furrow. This indicated the

Fig. 7 A photograph showing the extension bars, B, being

lowered into working position.

need for a provision to prevent ma-
terials falling off the sides of the
platform formed by the extension
bars.

Further Development Work
on the Conveyor Rake Sys-
tem

The preliminary field tests of the
conveyor rake system revealed ex-
plicitly and implicitly, several areas
for further development work, in-
cluding the lifting mechanism, cer-
tain aspects of the conveyor rake
specifications and the extensions to
the blades of the harvesting aid.
The recommended or planned mod-
ifications in those areas are present-
ed in this section.

Modification of the Lifting Mech-
anism

To increase the height of lift of
the implement, the tyres of the
transport/elevating wheels were
changed to larger ones, from 5.50 -
16 to 7.00 - 16. This improved the
height of lift from about 75 mm to
about 115 mm. But, it is still con-
sidered necessary to increase the
height of lift further and so, the
stroke of the hydraulic ram will be
increased slightly.

Modifications in the Conveyor
Rake Specifications
Certain modifications of the con-

Fig. 8 A photograph showing a side view of the implement,
with the top rear end of the extension platform of bars,

veyor rake specifications were indi-
cated by the preliminary field tests
as necessary to improve its perfor-
mance. No particular ranking order
of the factors involved could be dis-
cerned since their effects appeared
to be combined. Therefore, they
are discussed hereunder, one after
the other, without an implication of
any order of importance.

The Tines
Many aspects of the tines will be

modified, including (a) the length,

(b) the spacing, (c) the shape and

(d) the velocity.

(a) Length of the tines. The tines
have to be made longer, long
enough for them to reach the sur-
face of the platform formed by
the extension bars. It may, in
fact, be desirable to make some
of the tines go in between the
bars below the surface of the
platform. This will facilitate sift-
ing or passage of the pulverised
soil through the platform of the
extension bars, as intended.

(b) Spacing of the tines. As now
built, the conveyor rake has rows
of tines which are spaced 250
mm apart along the length (of the
conveyor). The locations of the
tines in the rows are staggered in
such a way that, for two adjacent
rows taken together, the spacing
between two tines is 90 mm.
This spacing has been found to
be too large to ensure adequate

B, only slightly above the soil surface.
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pulverisation of soil clods into
particle sizes which are small
enough for their easy passage
through the platform of the ex-
tension bars. Therefore, while
maintaining the staggering ar-
rangement, the spacing between
two tines in adjacent rows will
be reduced to 45 mm, by increas-
ing the number of tines per row
appropriately.

(c) Shape of the tines. As built, the
tines now consist of 12.5mm di-
ameter knurled mild steel rods.
There is no apparent advantage
of making the tines of knurled
rods. Therefore, smooth rods
will be used in the place of those
already there, but the new tines
will be elongated as specified in
(a) above. The tines to be used
to reduce the spacing between
tines discussed in (b) above are
to be made of 25mm angle-iron
bars.

(d) Velocity of the tines. As earlier
described, the conveyor rake is
driven from the tractor pto which
is constant at 540 rpm at full
load. Through a series of speed
reduction drives, the linear speed
of the tines was designed to be
only about 20% higher than the
harvesting speed (as earlier ex-
plained. ~ Although it was not
easy to determine the contribu-
tion of the factor of speed of the
tines to the less than satisfactory
quality of raking achieved during
the preliminary tests, there was
some evidence that soil pulveri-
sation was more at the lower har-
vesting speeds. It was also
observed that at the current rpm
of the driving sprockets, impacts
that were apparently too high
were imparted to the materials as
the tines accelerated around the
driven and driving sprockets.
For these and other reasons, it is
desirable to be able to vary or
otherwise control the speed of
the tines. To achieve this con-
trol, it has been planned to use a
hydraulic motor installed on the
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tractor, with an independent hy-
draulic oil tank.

Optimum Location of the Convey-
or Rake

From the results of the prelimi-
nary tests, it became clear that the
location of the conveyor rake rela-
tive to the blades of the harvesting
aid has a crucial effect on the effec-
tiveness of the raking performance
of the system. It was determined
that the system must be moved for-
ward to a point that makes it possi-
ble for the raking tines to reach and
immediately engage the soils (and
the cassava roots) as they are lifted
up and pushed unto the extension
plate. As designed, there are ade-
quate provisions for changing the
position of the conveyor rake as de-
sired. But unfortunately, one of the

%a&! "‘»,-. v 'X.'u AL e A

Fig. 9 A photograph showing the rear view of the implement with the

cross-beams of the frame of the
harvesting aid does not permit the
movement of the system to an ap-
propriate position.  Therefore, a
major structural modification of the
frame of the harvesting aid has to
be undertaken, involving the re-
moval and repositioning of the im-
peding cross-beam denoted as C-B
in Fig. 2.

Modifications on the Extensions
The extensions to the blades of
the harvesting aid are in two parts,
as earlier described (see Fig. 3),
namely; a plate welded to the
blades and flat bars pivoted to the
plate to form the extension plat-
form. There are three main aspects
of the extension to be modified as
follows:
(a) The extension plate. The main
function of the extension plate is

harvesting aid fully in the cassava harvesting position and
illustrating the differences between the left (L) and right (R) rows.

Fig. 10 A photograph showing comparative conditions of the worked rows.L — left-

side row harvested with the conveyor rake system in place:R — right-side
row harvested without the conveyor rake system.
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A- recommended size/shape of blade; B — new size/shape of the extension plate.

Fig. 11 Sketch of recommended modifications on the blade of the /keda harvesting
aid using the left-hand blade as example.

to provide an appropriate attach-
ment for the extension bars. But
it does not have to be as wide as
it is now since its excess surface
interferes rather than further the
objectives of the extension. So
the plate will be modified to a
rectangular piece shown as f-g-c-
b in Fig. 3 and as B in Fig. 11, in
such a way as to make the exten-
sion bars of equal length, starting
as close to the harvesting blades
as possible. That way, the sifting
function of the extension plat-
form of bars will commence
sooner and more uniformly
across the width of the platform.
(b) Spacing of the extension bars.
As described earlier, the exten-
sion bars are spaced 50 mm
apart. But on the first day of the
preliminary tests, it became im-
mediately evident that the 50mm
spacing was too restricting. It
was, therefore, increased to 100
mm for subsequent tests. But,
the results of the subsequent tests
indicated that the spacing should
be increased further. So it is
planned to space the flat bars 100

— 200 mm apart, and introduce
6.25mm diameter rods in be-
tween the bars at 25 mm below
the surface formed by the flat
bars. The rods will naturally
present much less resistance or
obstruction to the passage of
soils and other particles than the
50mm wide flat bars.

(c) Slope of the platform of exten-

sion bars. As built, the platform
of extension bars has a slope of
150. While that gentle slope
makes it easy to move soils and
other materials up the platform,
the maximum elevation achiev-
able by a particle that reaches the
back top end of the platform is
only 50 — 75 mm above the
ground surface. It is, therefore,
necessary to make needed modi-
fications to increase the elevation
of materials attaining the top end
of the platform to 500 mm at the
least. 500mm. This is necessary
to facilitate the next elevation
unit operation discussed earlier
(see Fig. 1). Therefore, the slope
of the platform of extension bars
will be increased to obtain the re-

quired elevation. If the necessary
slope is found to be too steep, the
length of the platform will be in-
creased as necessary. The results
of the preliminary tests encour-
ages some optimism that the con-
veyor rake system, which
includes the extensions to the
blades of the harvesting aid, can
be made to perform this crucial
function on which the success of
the new concept hinges.

(d) Side guards for the platform of

extension bar. As implied in (c)
above, the most crucial function
of the extension bars is to facili-
tate the elevation of the cassava
roots and root bunches to a point
sufficiently ~high above the
ground to position them for easy
pick-up by the elevator/loader
system. So the tendency for the
materials to fall off the sides of
the platform of extension bars
before reaching the top end, as
reported above, must be prevent-
ed. Therefore, side guards, made
up of flat bars or mild steel
plates, have to be provided to dis-
allow particles as large as cassa-
va tubers from exiting by the
sides of the platform. The guards
should start from the extension
plate to channel all materials
from the blades of the harvesting
aid onto the platform of exten-
sion bars. But the design of the
guards must be such as not to im-
pede the normal functioning of
the harvesting aid or in any way
obstruct the flow of materials up
the platform of extension bars.

Miscellaneous Considerations

There are several other aspects of

the proposed complete cassava har-
vester that require some further de-
velopment work to
performance, including some ele-
ments of the harvesting aid and the
extension platform.

(a) The angle of the blades of the

improve

harvesting aid to direction of for-
ward travel. The blades of the
harvesting aid make an angle of
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about 520 to the direction of for-
ward travel. It was observed that
this angle results in a much deep-
er penetration of the blades at the
(right and left) sides of the rows
than at the centres of the rows
where the cassava roots are. It is
desirable to increase this angle,
which is the same thing as reduc-
ing the angle made by the blades
with the horizontal as shown in
Fig. 11, in order to reduce the big
difference in the depth of pene-
tration across the rows. This will
lead to a reduction in the amount
of soil dug up per metre length of
row and therefore the amount of
soil that the conveyor rake sys-
tem will be required to handle.
Furthermore, as indicated in Fig.
11, increasing the angle to about
650 reduces the length of the
blades as well as their size
which, in any case, does not
seem to make any discernible
contribution to the digging func-
tion of the blades. In fact, the re-
duction in the size/area of the
shares will be beneficial in
bringing the blades proper clos-
er to the conveyor rake, with the
attendant improvement in the
raking/conveying functions.

(b) Alternative design for the exten-
sion platform. Considering the
crucial importance of the con-
veyor rake system to the pro-
posed new concept for the
complete cassava harvester, an
alternative design for the exten-
sion platform is being contem-
plated. The proposed design
consists of cylinders of discs on
a common axial shaft. The discs
of 125mm diameter are to be
spaced 50 mm apart on a 25-mm
diameter common axial shaft.
The cylinders are mounted at
100mm  centre-to-centre ~ dis-
tance of the shafts, such that the
discs of adjacent cylinders over-
lap to form the extension plat-
form illustrated in the sketch of
Fig. 12. Although not to be posi-
tively driven, the cylinders are to

be mounted on special sealed
bearings to make them rotate
readily as the soils and cassava
tubers/bunches are pushed up
across them. The width and
length of the platform are the
same as for the platform of bars.
It is expected that this alternative
design will be more effective in
removing or sifting soils from
the dug-up cassava roots be-
cause, the platform formed by
the cylinders of discs does not
consist of one plane but numer-
ous planes, in fact, with hills and
valleys that can actively aid the
soil sifting operation. The
mounting of each cylinder (or set
of cylinders) can be independent
of one another to achieve a de-
sired inclination of the platform
without unduly impeding the
movement of particles up the
platform by the tines of the con-
veyor rake. One can think of
several variations to enhance the
sifting/conveying effectiveness,

such as the use of different diam-
eter discs or notched discs or ec-
centrically mounted discs, etc.
But, the cost of production, in
terms of expenditure of both
time and materials, is likely to be
much higher than for the plat-
form of bars.

Implementation of Recom-
mendations

Work Done So Far
Work on the implementation of

the recommended modifications
started soon after the preliminary
tests was carried on along with fur-
ther tests, and is still going on. The
modifications already made or in
the process of being made include
the following:

(1) Structural modification of the
Sframe of the harvesting aid.
Some of the recommended mod-
ifications depend on the appro-
priate location of the conveyor

100

550

TOP VIEW

SIDE VIEW

Fig. 12 Sketch of an alternative design of the extension platform, consisting of
cylinders of discs, D, on a common axial shaft. D — Discs; I, — adjustable

angle of platform.
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Fig. 13 A photograph of the modified frame of the /keda Fig. 14 A photograph of elongated tines, showing rows of
harvesting aid, showing the rear cross-beam, C-B, round rod tines, Ty, alternating with rows of angle-iron
moved closer to the front cross-beam, C-By, and the tines, T, spaced 45mm apart and reaching to 25mm
frame of the conveyor. rake, F» moved forward above the platform formed by the extension bars, Bo,
closer to the blades of the harvesting aid, A. hung with a pair of bars, Fy, from the frame, F5 of the

rake relative to the blades of the
harvesting aid. That in turn calls
for the structural modification of
the frame of the harvesting aid.
Therefore, that was the first ma-
jor recommended modification
attended to. It involved the re-
moval of the cross beam denoted
as C-B in Fig. 2 and reposition-
ing it at a point 270 mm ahead of
the original position (see Fig.
13). This made it possible to
move the conveyor rake forward
such that the tines of the rake are
now in a position to reach and
immediately engage the soils
(and cassava roots) as they are
lifted and pushed on to the exten-
sion plate.

(ii) The length, shape and spacing

58

of the tines.The recommenda-
tions for the modification of the
tines have also been implement-
ed, to make the tines 250 mm
long with alternating rows made
up of 12.5 mm diameter rods and
25 x 25 mm angle-iron bars (see
Fig. 14) For a row of tines made
up of rods, the tines are braced
together with a 12.5 mm rod
welded along their mid points in
order to strengthen them. The
angle-iron tines are oriented in
such a way that, while one arm of
the angle is positioned as a blade
to cut up the soil clods, the other
arm of the angle presents a 25

conveyor rake.

mm x 250 mm surface to help  there is still a great deal of interest-
rake the soils (and cassava roots) ing work left to be undertaken to
up the extension platform of bars. achieve the objectives. We consider
As recommended, the spacing the project very important for all
between tines in adjacent rows the cassava producing countries of
taken together has now been Asia, Africa and Latin America.
made about 45 mm only. The Therefore, we shall continue to
tines reach down to about 25mm communicate progress made on the
above the platform of the exten- project through AMA. This special

sion bars. report has been given in some de-
tails to encourage or to elicit sug-
Work in Progress gestions and critcal views on the

Work on the different aspects of  project from AMA readers. #lH
all the other indicated modifications
has started and is in progress. The
modifications include those on the
extension plate, slope of the exten-
sion platform, the angle and size of
the blade of the harvesting aid, al-
ternative design of the extension as
well as the possible use of hydraulic
motors to drive the conveyor rake.
It is expected that the modifications
will be completed soon so that work
on the other components of the
complete cassava harvester can
commence.

Conclusion

The results of the tests so far car-
ried out on the uprooter/lifter sys-
tem indicate that we are on the right
track with regards to the proposed
new concept for the development of
a complete cassava harvester. But
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Abstract

A prototype dehuller for dehull-
ing tempered grain was developed
incorporating a dehulling surface
not affected by moisture or clog-
ging problems associated with cur-
rent mechanical dehullers. The use
of short tempering duration and en-
suring that all the temper moisture
was absorbed into the grain before
the grain was introduced into the
dehuller eliminated the clogging
problem. The prototype was able to
achieve higher dehulling efficiency
and recovery levels compared to
conventional abrasive dehullers.
The quality of the produced grain
was also much higher as indicated
by low kernel breakage and superi-
or colour of the flour obtained from
grain dehulled in this prototype
compared to a conventional abra-
sive dehuller. This showed that it is
possible to increase the yield and
dehulling efficiency of sorghum
and millet substantially by the use
of appropriate dehulling equip-
ment in combination with simple
pre-treatment procedures.

Introduction

Sorghum and millet form an im-
portant part of the diet in many ar-
eas of the semi-arid regions of Asia
and Africa. These two grains ac-
count for up to 70% of the daily di-
etary protein and energy intake in

U.K.

these areas (Hulse et al., 1980). De-
hulling (the removal of the seed
coat from the grain kernel) repre-
sent a key step in the final process-
ing of these grains for human
consumption due to the presence of
high fibre content, pigments and
anti-nutritional factors on the seed
coat. Efficient dehulling of these
grains is a major problem hindering
their wider use as human food.

The dehulling process for sor-
ghum and millet is accomplished
either traditionally by hand pound-
ing of tempered grain using pestle
and mortar or mechanically using
abrasive type dehullers. The ef-
fects of hand pounding are very dif-
ferent from those of abrasive
dehulling (Munck er al., 1982). In
hand pounding the pestle causes
mechanical shock, which generates
strong interactive forces between
the grain particles as well as be-
tween grain and the equipment.
Due to tempering which helps in
reducing the seed coat adhesion
strength, large flakes of hull materi-
als are detached during pounding.
On the other hand, abrasive dehull-
ing utilises carborundum or emery
coated disks and drums mounted on
vertical or horizontal rotor to
abrade the outer layers of the dry
grain, thereby producing fine bran
particles.

The traditional hand pounding
method is a slow and laborious pro-
cess hence the urgent need to devel-
op mechanical processing methods

that could reduce the hardship and
drudgery involved in this process.
Abrasive dehulling is much faster
and less tedious, but it causes ex-
cessive losses of endosperm in the
bran fraction through kernel break-
age. This is especially serious in the
case of soft grain varieties mainly
due to the fact that for sorghum and
millet, the seed coat is tightly at-
tached to the endosperm and to re-
move it by abrasion a large
compressive force is required. This
can result in breakage of the grain
kernels even before the seed coat is
removed. The nature of abrasive
dehulling is such that materials are
removed from all over the broken
particles as fines which get mixed
with the bran making it impossible
to separate thus leading to high loss
of endosperm, poor dehulling effi-
ciency and low quality end product.
On the other hand, in traditional de-
hulling it is possible to control the
dehulling conditions depending on
the grain variety and mechanical
properties. Also, most of the bro-
ken endosperms can still be recov-
ered during the winnowing stage
hence losses are much lower.
Breakage, however, is not a serious
problem if the grain is to be used
for grinding into flour.

Sorghum and millet can be dehu-
lled with less loss and at higher de-
hulling efficiency than is possible
with current mechanical dehullers
if proper pre-treatment procedures
and dehulling equipment could be

VOL.33 NO.4 2002 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 59



developed. Simple pre-treatments
such as tempering have been used
for centuries and with great success
in the traditional dehulling system
to facilitate the removal of the seed
coat from the endosperm. Incorpo-
ration of some of pre-treatments
commonly used in traditional dehu-
lling system in mechanical dehull-
ing system could, therefore, make it
possible to use only a fraction of the
force required to remove the seed
coat from the dry untreated grain.
This could lead to less breakage of
grain during the dehulling process
and hence lower losses; also faster
and complete seed coat removal
from the endosperm could be
achieved leading to improved dehu-
lling efficiency and saving on the
energy cost.

So far, however, it has not been
possible to successfully incorpo-
rate these simple pre-treatment
principles in mechanical dehulling
systems mainly due to the follow-
ing reasons:

(1) Combination of moisture and
fine bran produced during the
abrasive dehulling process tends
to clog or block the sieve systems
commonly used in these dehull-
ers, depressing both capacity and
efficiency.

(2) The abrasive effect of the dehu-
lling disks or stones used in these
machines diminishes with addi-
tion of water. Deposition of a lay-
er of fine wet bran on the surface
of the disks as dehulling
progresses also lead to low dehu-
lling capacity and efficiency.

(3) Many of the grinding stones and
disks used in these dehullers are
made by pressing stone materi-
als together using adhesive mate-
rials which are dissolved by
water, therefore presence of
moisture damages the disks.
Attempts have been made to de-

velop dehullers for tempered sor-

ghum grain but with little success
so far. Weineckle et al. (1965) de-
veloped an experimental unit for
peeling and degerming tempered

sorghum grain. Their dehuller con-
sisted of a 6-in diameter stainless
steel compact wire brush rotating
within a 7-inch diameter perforated
cylinder. The grain was introduced
into the cylinder and remained there
until it was small enough to pass
through the perforations on the cyl-
inder wall together with the hull
and the germ. Dehulling was ac-
complished by the brushing action
on the grain, which took place be-
tween the brush and the screen. The
hull and the germ were later sepa-
rated from the dehulled grain by as-
piration and floatation in a sodium
nitrate solution, respectively. The
grain was tempered to moisture
content of 18-19% prior to dehull-
ing. The problem with such a dehu-
ller design was that the fine moist
bran produced during the dehulling
process, could accumulate within
the compact wire brush causing
clogging. Also with time, the wet
bran can lead to blockage of the
perforations on the cylinder screen
reducing both throughput and dehu-
lling efficiency. Freeman et al.
(1969) described a method for peel-
ing sorghum grain for starch manu-
facture by wet milling techniques.
However, the reduction in starch
yield associated with their method
prevented the acceptance of the
process on a commercial basis
(Shoup et al., 1970).

The objective of this paper was to
design and build a prototype dehull-
er for dehulling of tempered grain,
which could overcome the prob-
lems encountered by the previous
designs, or current mechanical de-
hullers. Successful development of
an efficient small-scale dehuller for
tempered grain will eliminate much
of the daily drudgery that is current-
ly associated with traditional pro-
cessing of sorghum and millet and
also will increase the use and ac-
ceptability of sorghum and millet
products. Tempering technology is
well established throughout the sor-
ghum and millet producing areas,
therefore, the introduction of such

dehullers will be complimenting the
indigenous technology and hence
will have a higher chance of being
adopted compared to other types of
dehullers so far introduced in these
areas.

Design Considerations

Apart from low dehulling effi-
ciency and yield, other problems
facing the introduction of mechani-
cal dehullers in the rural areas in-
clude: the high cost of the
dehullers, lack of locally available
spare parts and the requirement of
trained technicians for servicing
these dehullers. In order to develop
a sustainable and efficient dehuller
suitable for both rural and urban ar-
eas in the developing countries,
these problems must also be consid-
ered. Therefore, the following de-
sign considerations were taken into
account during the design stage of
the prototype dehuller.

The dehuller should be able to
dehull tempered grain effectively
without the clogging problems ex-
perienced by current mechanical
dehullers or previous designs. To
achieve this requirement a dehuller
with a different kind of dehulling
surface, which is not affected by
water or moist grain was required.

The dehuller should be simple in
design and construction, easy to op-
erate and maintain without neces-
sarily requiring highly trained
personnel. It should also be reason-
ably cheap but durable and spare
parts should be locally available
and at affordable price.

It should be possible to modify
the dehuller in the future such that it
can be manually operated by hand
cranking or foot pedal using cheap
locally available materials and parts

Construction of the Proto-
type Dehuller

The constructional drawings of
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the dehuller are shown in Figs. 1 to
4. The main part of the dehuller
consists of the dehuller drum,
which is made from a 5-mm thick,
200 mm long and 100 mm inside
diameter mild steel cylinder. Fixed
to the inner surface of the drum is a
new type of a dehulling surface,
which is made from a 3 mm thick
stainless steel sheet rolled into a
cylinder and has 1.5 - 2.0 mm pro-
trusions on its inner surface. These
protrusions act as a rough abrasive
surface to the grain kernels in con-
tact with the drum surface when the
dehuller is in operation, they also
help to increase the inter-locking
within the grain mass for the grain

Dehuller drum

@—Feeding hopper

layers near the drum surface, thus
increasing the dehulling efficiency.
To develop these protrusions a
round wooden block was fitted in-
side the cylinder and the cylinder
was punched from the outside us-
ing a punch at a regular spacing. To
ensure regular spacing of the pro-
trusions a grid paper (2.5 X 2.5
mm) was glued to the outer surface
of the cylinder and the protrusion
were made following the grid pat-
tern. The centre-to-centre spacing
between rows and columns of the
protrusions was 2.5 mm. This de-
hulling surface is moisture proof,
durable and is easy to remove and
replace in case the protrusions are

worn out.

The drum is fixed to the support-
ing frame and a drive shaft 20 mm
in diameter ran through the axis of
the drum carrying two mild steel
impellers bolted on each side of the
shaft (Figs. 2 and 4). The drive
shaft is mounted on horizontal
bearings and fixed to a pulley driv-
en through a v-belt by a 0.3 kW
electric motor coupled to a variable
speed drive unit (Fig. 1). The task
of the impellers is to move the
grain around inside the drum thus
creating the relative movement of
grain against grain and against the
dehuller surface, leading to grain-
grain and grain-wall friction, which

== Feed'hopper

«+——— Dehulling drum

Dehulling surface

Grain outlet

<~ Supporting Frame

Electric motor

| 200mm |

¢
—_
Grain outlet
Drive belt ————»|
450
Supporting frame
- B :j i
/ I
Speed control Drive motor Drile pulley

Fig. 1 Front view of the final prototype design.

210 mm

|
5 5

v
/ 35‘
Drive shaft 1

Impeller  Drum  pehulfing surface

Section A-A

Fig. 2 Cross-section of the dehulling drum and impeller.

Impeller ‘

Fig. 3 Side view of the prototype dehuller.

198 mm |

Impeller

—'~ .
Xﬂ'——— Drive shaft
Lrj Bearing

e am Drive pulley

Fig. 4 The impeller assembly.
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is the main dehulling force in this
prototype. For loading and unload-
ing grain in the dehuller, an inlet
hopper is provided on top of the
drum and an outlet at the rear end
drum cover.

Dehulling Mechanism of the
Prototype Dehuller

The dehulling process (i.e., the
removal of the seed coat from the
endosperm) is accomplished mainly
through abrasion between grain and
grain and between grain and the
rough dehuller drum surface. The
jostling and rubbing of individual
grain particles against each other
and against the dehuller surface as
the grain is moved around inside
the dehuller by the impellers help to
create the friction necessary to re-
move the already loosen seed coat
from the grain. The grain is retained
in the dehuller for a period of time
required to remove approximately
10% of the grain sample by weight
as bran, which is equivalent to the
mean seed coat content of the grain
varieties used. Preliminary experi-
ments showed that a retention peri-
od of 5 minutes was necessary to
achieve this. It was also found that
to achieve best results, the dehuller
needed to be filled to at least two
thirds of the dehuller volume so as
to develop enough pressure within
the grain mass as is moved around
by the impellers, since the major
contributor to the dehulling action
is the grain to grain friction. Also,
to ensure good mixing of the grain
during the dehulling process, the
dehuller should not be filled to
more than % of the drum volume.
An impeller speed of between 300-
350 rpm was found to be optimum
for the dehulling operation. Proper
tempering and conditioning of the
grain minimised the possibility of
material sticking to the sides of the
dehuller. Also, during the dehulling
process a lot of heat is produced
due to friction between the grain

particles and the dehuller surface,
this also helps to reduce the mois-
ture content of the grain mass and
thus further reducing the chance of
materials sticking to the sides of the
dehuller.

Most of the parts used in the con-
struction of the prototype are cheap
and easily available in most devel-
oping countries. The construction
of the prototype is also very simple
and could be easily carried out even
in small village workshops without
necessarily requiring highly trained
technicians. A secondary objective
of this work was the possibility of
future modification of the prototype
so that it can be manually operated
using either pedal power or handle
cranking. A rotational speed of
300-350 rpm selected for this mo-
torised version of the prototype can
easily be achieved using a system
of bicycle chains and sprockets.
These parts are easily available in
both rural and urban areas of devel-
oping countries and are within the
financial capabilities of most small-
scale farmers. Such a modification
would be very appropriate for those
remote areas where there is no elec-
tricity and farmers cannot afford
engine driven dehullers.

Performance Tests of the
Prototype Dehuller

Materials and Methods

Two varieties of sorghum, Jumbo
(soft, red grain variety) and Dionje
(hard, white grain variety) from
Tanzania, were used to evaluate the
dehulling performance of the dehu-
ller. The initial moisture content of
the grain was 12% (db).

Grain Tempering and Condition-
ing

The grain was tempered by soak-
ing 350g of grain (which is about
two-thirds of the dehuller drum vol-
ume) in tap water for 15 minutes.
Soaking was followed by a rest pe-
riod to allow the surface moisture to

be absorbed into the grain, during
this period the grain was kept in a
closed container and mixed occa-
sionally. No attempt was made to
hold a constant time for the surface
moisture absorption between the
different grain varieties used, rather
an effort was made to ensure that all
surface moisture was absorbed be-
fore the grain was introduced into
the dehuller. The surface moisture
absorption was considered com-
plete when no moisture was left on
the palm when a handful of grain
was lightly squeezed. It is very im-
portant to make sure that all surface
moisture is absorbed before the
grain is fed into the dehuller to
avoid introducing too much mois-
ture in the dehuller, which might
lead to clogging problem.

Dehulling Tests

After all the surface moisture had
been absorbed, the tempered grain
was fed into the dehuller and dehu-
lled at 350-rpm impeller rotational
speed for five minutes. The approx-
imate cycle time (filling, dehulling
and emptying) was 6 minutes. After
dehulling, the grain was removed
from the dehuller and air-dried then
the bran was separated from the en-
dosperm fraction by aspiration us-
ing a fan. The dehulled grain was
weighed to determine the percent
endosperm recovered.

Proximate Analysis and Flour Co-
lour Determination

Samples of grain dehulled using
the prototype and a tangential dehu-
lling device (TADD) together with
hand peeled grain from each variety
were taken and ground into flour
for proximate analysis and colour
evaluation. Proximate composition
(protein, fat, ash and crude fibre) of
the samples was determined ac-
cording to the AACC standard
methods (AACC, 1995). Flour co-
lour measurements were carried out
using the Kent-Jones and Martin
colour grader. This colour grader
determines the whiteness and
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brightness of a milled flour sample
by measuring the reflectance of
flour-water slurry. The flour colour
depends on the inherent whiteness
of the grain endosperm, and the
amount of bran contamination
present in the sample. The objec-
tive here was to compare the two
dehulling systems (the prototype
and TADD) to find which one was
able to remove most of the bran and
hence colour from the flour sample,
especially from the coloured sor-
ghum variety. The hand peeled
sample was used as a standard for
comparisons as how close the two
dehullers approached an ideal de-
hulling system (assuming that the
hand peeled sample was the best
grade which could be obtained
from that particular grain variety).
The results of the test are usually
given as flour colour grade units.
The lower the value, the whiter the
flour.

Results and Discussion

Table 1 shows the time taken by
different varieties in absorbing the
temper moisture and the amount of
moisture absorbed during the tem-
pering period. The hard variety -
Dionje absorbed less moisture and
took longer time to absorb the sur-
face moisture than Jumbo. The total
amount of moisture absorbed was
8.4% and 11.67% by weight for Di-

Table 1. Relationship between Grain Hardness and Absorbed

onje and Jumbo, respectively, (at
20°C and 70% RH). This amount of
moisture raised the moisture con-
tent of the grain from 12% (db) to
21.4 and 25.1% (db) for Dionje and
Jumbo, respectively.

The yield of dehulled grain after
5 minutes retention in the dehuller
was 92% and 91.2% for Dionje and
Jumbo, respectively. Table 2 shows
the proximate composition of
milled fractions of grain dehulled
using the prototype together with
grain dehulled using the conven-
tional abrasive dehulling method
(TADD) and undehulled grain
which in this case acted as a con-
trol.

There was a reduction in ash, fat
and crude fibre content for the de-
hulled grain from both the proto-
type and TADD compared to the
undehulled grain (control). The re-
sults also showed that grain dehu-
lled by the prototype had less ash,
fat, crude fibre and protein than
grain dehulled by TADD for both
grain varieties. This could be ex-
plained by the fact that adding wa-
ter to the grain or tempering usually
causes the germ to swell and pull
away from the cementing layer
making it easy to remove during
the dehulling process (Wall and
Ross, 1970). Tempering may have
caused the germ, which is high in
ash, fats and protein to be easily de-
tached from the endosperm and
hence removed during the dehull-

ing process in the prototype where-
as in dry dehulling process in the
TADD the germ was retained on
the endosperm. The lower fat con-
tent, however, is an advantage be-
cause it ensures longer shelf life
and stability for the dehulled prod-
ucts. The lower crude fibre content
of the dehulled grain from the pro-
totype (2.4 % compared to 3.3% for
Dionje and 3.5% compared to 4.1%
for Jumbo) indicated that the proto-
type was more efficient than the
TADD in removing the seed coat
(which is high in fibre) from the
grain kernel during the dehulling
process.

The dehulling efficiency of the
prototype for the two varieties of
sorghum was determined from the
crude fibre reduction in the dehu-
lled grain in comparison to hand-
dissected grain using the equation
).

The dehulling efficiency of Di-
onje was 89.8 % while for Jumbo
was 93.2% indicating that grain
with thick seed coat (Jumbo) was
more efficiently dehulled than grain
with thin seed coat (Dionje) in this
system, which is also the case in
traditional dehulling system (Kapa-
si-kakama, 1977). Grain breakage
was 1.2% and 2.3% for Dionje and
Jumbo, respectively, which is much
lower compared to abrasive system
2.6% and 3.8%. As in traditional
system, for the prototype, it was
possible to recover most of the bro-

Table 2. Proximate Composition of the Dehulled Grain

Moisture Proximate R e ~ Grain variety
Grain  Soaking/tem- Absorption % Moisture  Final grain Composition 7 Dionje  Jumbo
variety pering time absorbed m.c Ash content (%)  Prototype 1.3 1.2
time (min) (min) (w/w) (%db) TADD 1.5 l.§
Dionje 15 a5 S4x07 1.4 ek ]L)Jmlic?;lled (control) l:(; ;;
5 +0: 25. “at content (% rototyp 2 ;
L 2 2 17228 : TADD DSk
Undehulled (control) 2.8 3.7
X i . i Crude fibre (%)  Prototype 2.4 3.5
i crude fibre reducu.on l.)y the dehulling proce§s < C. %100 ( TADD)p - 32
3 crude fibre reduction in the hand peeled grain ~ ° Undehulled (control) 3.9 5.8
! A : Protein (N 6 X 25)Prototype 9.5 11.7
where D, is the dehulling efficiency (%) and C, is the yield factor (o) TADD 9.7 11.8
which is defined as the proportion of dehulled grain recovered relative Undehulled (control) 9.1 11.6
to the maximum expected yield (100% endosperm recovery). Colour Grade Prototype 11.6 13.4
TADD 11.7 16.6
Equation (1) Hand peeled 6.7 12.5
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ken particles during the aspiration
stage and hence leading to reduced
actual loss of endosperm.

Comparison of the results obtain
with the prototype dehuller with re-
sults from untreated grain dehulled
in TADD showed that, the proto-
type was able to achieve an im-
provement in dehulling efficiency
of approximately 36.9% for Dionje
and 30.3% for Jumbo. This indicat-
ed that there was a substantial im-
provement of the dehulling
efficiency by dehulling tempered
grain using the prototype compared
to dehulling untreated grain in con-
ventional tangential abrasive dehu-
llers such as TADD. The recovery
levels from the prototype dehuller
were also substantially higher com-
pared to conventional abrasive de-
huller. This was mainly due to the
fact that, less fines were produced
during the dehulling process in the
prototype than in TADD hence
there was less loss of endosperm in
the bran fraction. Lower breakage
indicated that higher quality dehu-
lled grain could be obtained using
this system.

Flour colour grades were used to
quantitatively compare the efficien-
cy of the two systems in reducing
colour in the dehulled grain. Colour
reduction is an important factor in
consumer acceptability of products
produced from sorghum, especially
from coloured sorghum varieties.
The results indicated that the proto-
type was more efficient in terms of
colour reduction compared to
TADD for both varieties. This was
especially evident for Jumbo; the
coloured sorghum variety in which
the colour grade of the flour from
grain dehulled in the prototype was
13.4 compared to the colour grade
of 16.6 for grain dehulled in TADD.
The hand peeled grain flour grade
was 12.5, which, therefore, indicat-
ed that the prototype was very effi-
cient in colour removal from the
dehulled grain. For Dionje there
was only a slight improvement in
flour colour from the prototype

(11.6) compared to (11.7) from
TADD.

Summary and Conclusions

A prototype dehuller for pre-
treated sorghum and millet combin-
ing basic principles from both tradi-
tional and mechanical dehulling
systems was developed. A dehull-
ing surface resistance to moisture
damage was incorporated into the
dehuller making possible the dehu-
lling of moist grain without the
clogging problem or damage usual-
ly associated with moist grain in
conventional abrasive dehullers.
The performance of the prototype
was evaluated using two varieties
of sorghum. The results indicated
that it was possible to obtain high
recovery levels and higher dehull-
ing efficiency using this prototype
dehuller than conventional abra-
sive dehullers. A yield of 92% for
Dionje and 91.2% for Jumbo was
obtained at a dehulling efficiency of
89.8 and 93.2% for Dionje and
Jumbo, respectively.

Comparison of the results ob-
tained from this prototype with re-
sults obtained from untreated grain
dehulled in conventional abrasive
dehuller (TADD), indicated that an
average of 36.9% and 30.3% im-
provement in dehulling efficiency
was achieved for Dionje and Jum-
bo, respectively. Therefore, on the
basis of relative efficiencies in
terms of colour removal, crude fi-
bre reduction, kernel breakage and
recovery levels achieved, the proto-
type was more efficient than con-
ventional abrasive dehulling
systems. Other considerations such
as maintenance requirement and
simplicity also favour the prototype
over the present abrasive systems
for village scale dehuller. This
shows that substantial improvement
in dehulling efficieny and quality of
dehulled grain can be achieved by
incorporating simple and cheap tra-
ditional pre-treatments in the me-

chanical dehulling system. This
calls for the need to develop me-
chanical dehullers capable of pro-
cessing pre-treated grain and the
need to include more of pre-treat-
ments used in traditional dehulling
system in the mechanical dehulling
system.
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Design and Development of a Universal Dryer

NIGERIA

;
-

Abstract

A passive universal dryer was
designed and tested in Port Har-
court, Nigeria with the aim of pro-
viding an acceptable low to
intermediate drying technology for
the humid region. This paper pre-
sents the design considerations,
equipment components and test re-
sults for the dryer. The equipment
performed satisfactorily with the
various fuels used and the variety
of products tested. The dryer re-
duced the moisture content of fresh
maize to the safe storage level of
12% (wb) within 12 hours resulting
in 98% viability of dried maize.
Yam chips required the same time
to loose 29.62% of moisture, bring-
ing it to the safe storage moisture
level of 14.21%. Cassava chips re-
quired 20 hours of drying to attain
the safe moisture level while sliced
ginger required 18 hours. A 98%
viability was recorded in maize
dried with the universal dryer. The
sensory evaluation of dried prod-
uct shows a more acceptable, neat
and spore less food materials when
compared with the sun-dried ones.
By controlling the temperature and
environmental air condition of the
drying chamber, it was possible to
retain a good proportion of the nat-
ural taste, odor, flavor and color of
the dried product. It was also dem-
onstrated that the dryer could use
four different sources of energy:
kerosene stove, wood, solar energy
and electrical heater, to operate
economically and efficiently.

Department of Agricultural Egineeering
Rivers State University of Science and
Technology, Nkpolu, P.M.B. 5080, Port Harcourt

Introduction

The reduction or elimination of
post-harvest losses by drying farm
products/food materials has always
been an important consideration of
the food equation in Nigeria and
perhaps elsewhere. Sun drying of
food material to storage moisture
level is a predominant practice in
Nigeria, especially in the northern
parts of the country where the mean
insolation is high and relative hu-
midity low. In the humid south,
sun drying of food materials is
complementary to wood fuel dry-
ing because of high humidity, fre-
quent rains (especially between
May and October) and low level of
solar radiation. But these tradition-
al methods of drying food materials
have no temperature controls; they
expose the foodstuff to dust, infes-
tation by insects, mold spores and
bacteria.

A number of locally developed
dryers exist; but almost all of them,
like the traditional methods, do not
have temperature control, and thus
are prone to local scorching result-
ing in poor (or uneven) heat distri-
bution in the drying chamber. Even
the few local dryers which have
some measure of temperature con-
trol and thus are relatively efficient,
were developed for specific food
materials such as maize, rice, fish
and meat and are not available in
the market. In some cases, no de-
liberate effort was made from the
outset to involve users and agents
(Birewar, 1996). And still, most of
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the imported dryers in the market
are more expensive than Nigerian
farmers can afford with relatively
high cost-benefit ratio.

However, a general problem with
all the dryers mentioned above is
that they are fuel specific. They
were either designed to use kero-
sene, gas, wood, diesel or petrol,
but not any combination of these
fuels implying that when the fuel of
a particular dryer is out of stock or
becomes very expensive, the dryer
is abandoned even by organiza-
tions. Consequently, the post-har-
vest loss of food materials is on the
increase the more the effort to in-
crease production becomes more
successful. It was reported that
about 75% of all grains produced in
the Rivers State of Nigeria alone in
1985 were to spoiled because of to-
tal dependence on sun drying in a
humid State with the highest
amount of rainfall in the country
(S-T-L Report, 1996).

Thus the idea of a dryer that can
be adapted to use all of the fuel
sources mentioned with ease and
which can be used to dry various
farm products was conceived in
1994 at the Department of Agricul-
tural Engineering, Rivers State
University of Science and Technol-
ogy, Port Harcourt, Nigeria. The
universal dryer, which resulted
from this idea with its inherent
flexibility in fuel use and product
type, presents a comparative advan-
tage over other dryers because flex-
ibility in the use of equipment
enhances the sustainability of use.
Besides, the universal dryer lends
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itself to all levels of technology
(i.e., low to high) making it possi-
ble to adapt the level of technology
(costs and simplicity) to any target
group of users. Therefore, the ob-
jectives of this work were to design
a simple but cost-effective dryer
which is easily adaptable to differ-
ent fuel and product types, and to
construct and test the dryer with the
participation of farmers, extension
personnel and agencies with a view
to enhancing the diffusion of the
technology to users.

Materials and Method

The universal dryer under con-
sideration was constructed with lo-
cally available materials, based on
the desired engineering qualities
and cost. Materials used in the fab-
rication process are given in Table
1.

Equipment Description

The principal parts of the dryer
are the rectangular combustion
chamber base with chimney (for
flue exhaust) and the aeration pipes,
mild steel heat exchanger with air
pots and connecting pipes, solar

Table 1. Materials of Construction of the

Dryer
Material Quantity
Plywood, 6 mm 3
Hard wood
(0.025 x 0.03 x 3.66) m* 2
Nails, 12mm, 500mm 1 kg each
Elmer glue 1 tin
Steel pipes, 50 mm diameter 1 length
Hinges, 75 mm 3 pairs
Staples 2 pairs
Fire bricks 150 blocks
Metal Plate, 3 mm (mild steel) 1
Gal Pipes, 25mm, 100 mm diam. |
Angle iron, 25 mm 2
Bolts/Nuts, 6 mm 8
Elbow Joints, 25 mm 2
Electrodes 1 pkt
Wire gauge Y2 roll
Cement, Bags 2
Sand dust or wood shavings 1 bag

collector and the drying chamber
(Fig. 1, 2 and 3). The combustion
chamber is walled and floored with
burnt bricks cemented together and
through which three 100-mm diam-
eter flue exhaust pipes protrude up-
wards each of the two end walls.
Six, 50-mm diameter short galva-
nized pipes made through the lower
wall of the combustion chamber,
connect the chamber to the environ-
ment for the aeration of the com-
bustion process. A door is provided
for fuel (kerosene stoves, wood or
electric heating system) loading and
unloading. Separating the drying
chamber from the combustion
chamber is the mild steel plate heat
exchanger equipped with mild steel
air pot from where 4, 100 mm pipes
radiate, opening out to the environ-
ment at the upper walls of the com-
bustion chamber. The walls of the
drying chamber are lagged with
wood shavings covered in the in-
side with corrugated iron sheet and
on the outside with plywood. The
dryer top cover is the same as well
as the wall cover except that 21.25-
mm diameter pipe holes are made
through it to vent the high humidity
air from the dryer by natural con-
vection.

The solar collector is made up of
a single 1m? glass cover, an absorb-

4 [ X X
eyl it o B0l TR
- (hsl ki deaks hsz)

where hgy, hgy

er plate of corrugated iron sheet laid
with lamp black and an air heating
chamber opens out from the atmo-
sphere beneath the absorber into the
drying chamber but lagged with
wood shavings.

Design Theory and Consid-
erations

The dryer chamber, heat sources
and connecting ducts were designed
based on standard heat transfer and
thermodynamic principles. ~ The
thickness of lagging for the drying
chamber and the solar collector
were estimated using the equation

U = Overall heat transfer coefficient
A = Area through which heat is
transferred
AT = Difference between drying
chamber temperature and
the ambient
Q = Heat flow through the thick-
ness of wall.
The overall heat transfer coeffi-
cient is defined by the equation 2.
The dryer efficiency was estimat-
ed from the formula.
The fuel supplied for the drying
process was the quantity of fuel

= Surface coefficients on either side of the composite wall,

X|, X, X3 = Thickness of plywood, wood shaving and corrugated iron

sheet respectively.

Equation 2

Sclar collector

PN

3
P

- +———DLrying chamber

4
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Alr pot
«—Fresh air in
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!

Fig. 1 Schematic sketch of the universal dryer with solar heat component.
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Fig. 2a The universal dryer. Note the six air-inlet holes at the
base of the heating chamber and the 21 vapour out-

let holes on top of the drying chamber.

burnt off during the process of dry-
ing a given quantity of food materi-
al. That quantity of fuel multiplied
by the higher heating value of fuel
gives the total heat energy supplied
to the drying process to reduce the
moisture in food materials from the
initial to the final level. The fuel
actually used in the drying process
is the equivalent fuel that will give
off enough heat to dry out the quan-
tity of water that was removed from
product. Thus, heat energy actually
used in the drying process was:
Q,=mySAT+myL=m(SAT+L)
.............................................. 3)
where
Q, = Energy used
m,, = Mass of water
S = Specific heat of water
AT = Difference between drying
temperature and initial prod-
uct temperature

L = Latent heat of water at atmo-
spheric conditions.

The efficiency of electric heating
was calculated using a similar pro-
cedure as Zibokere (1994) in which
power consumed by the heater dur-
ing the drying process becomes the
energy supplied, while heat energy
actually used is the same as before.

In the case of solar heated dry-
ing, the heat energy supplied to
dryer was estimated using insola-

tion data for the Port Harcourt area.
From Akor and Ideriah (1995) total
incident irradiance at the absorber
level was estimated to be 5.2kW hr/
m?Z, and the meteorological data for
September 1996, gave an average
of 75 sunshine hours. Thus the av-
erage insolation per hour would be
0.743 kW hr/m>. The exposed sur-
face area of the absorber is 0.922
m? with 0.95 as absorbtance fac-
tor. Hence the incident energy (E)
on the absorber ready for transfer
by natural convection to the drying
chamber of the dryer was approxi-
mated from:
E;= @l 707 gorieneeeecnciniianinns “)
where
n . = Collector heating efficiency
a = Absorbtance factor
T Transmittance of the cover
plate
I, = Average insolation per hour
A, = Absorber surface area ex-
posed to insolation

The energy used to dry off water
from the product from an initial
moisture content to a final level
was estimated as before; i.e., over-
all thermal efficiency ( 7 1y,) on so-
lar fuel would be:

Q4

Nohi Ags

The main consideration in the

_ Fuel actually used _ Heat actually used in drying up the water

L™ " Fuel supplied

Heat supplied by fuel

Formula

Fig. 2b The universal dryer. Note the three left exhaust pipes
from the heating chamber. The air pot is enclosed.

design of the combustion chamber
was the need to provide a heating
space that is easily adaptable to the
use of kerosene stove, wood and
electric heater. A door and pipings
were used to provide for fuel load-
ing and unloading supplies of oxy-
gen for combustion and the venting
of flue gas.

Even heating in the drying cham-
ber was the main consideration in
the design of the chamber. Vanes
were used to distribute heat among
the racks. The passive dryer can
easily be converted to an active one
by providing the active element
(fan) in a chimney hood cover to
the top cover of the chamber.

Result and Discussion

Performance Test

Tests were conducted to ap-
praise the performance of the dryer.
The parameters of interest in the
test were temperature distribution
in the drying chamber, rates of dry-
ing, dryer fuel efficiencies, eco-
nomics and viability of dried
products.

Temperature Measurements of
Different Fuels:

The heat yield available for dry-
ing produce at the drying chamber
was assessed using two medium
sized kerosene stoves of fuel capac-
ity 1.5 litres each. All the twenty-
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Fig. 3 An operatress setting wet maize on-cob for drying in
the universal dryer.

Table 5. Sensory Scores for Products Dried with the Universal

Table 2. Temperature Distribution in Drying Chamber on No-
Load Maximum Drying Temperatures( ‘C )
No. of Holes Open Bottom Midway Top Mean Chamber Temp.

0 84% 82 79 82
&) 84 82 78 81
10 82 81 76 80
15 81 80 74 78
18 76 74 70 73
21 71 68 60 66

*Average of three mercury -in-glass thermometers.

Table 3. Drying Performance on Selected Commodities Using
Kerosene Fuel

a2 : Time Mean Drying
4 Initial Final
Commodity S e s taken chamber rate
B sy (hr) temp.°C (kg/hr)
Maize on cobs 38.56 12.88 12 68 0.12
Yam chips 43.83 14.21 12 70 0.10
Cassava chips 59.49 13.86 20 67 0.09
Slice ginger roots ~ 57.03 15.62 18 70 0.14

Dryer

Products - Color Aroma Texture Flavor Acceptability Table 4. Dryer Performance Using Other Fuel Types on Maize
Yam chips 4 4 4 4 Parameters Solar ~ Wood Charcoal Electricity
Cassava chips 4 4 4 4 Initial mc, (%wb) 40.59 40.59 40.59
Ginger 4 4 4 4 Final mc, (%wb) 13.11 12.06 12.68
\\-‘hg}g‘ I = not acceptable Time taken, (hr) 21.00 10.00 12.00

2 = fair with objectionable color Mean drying temp, °C 53.00%* 83.00 80.00

3 = good, objectionable characters not quite pronounced Drying rate, kg/hr 0.07 0.15 0.13

4 = very good Fuel efficiency, % 57.70 51.60 78.40

one vapor holes were plugged ini-
tially before introducing the fired
kerosene stoves suitably adjusted to
give a smokeless blue flame. After
about 10 minutes of heating, the
chamber attained a steady drying
temperature recorded for the 3 loca-
tions in the drying chamber (bot-
tom, midway, top) and for varying
number of vapor holes shut (Table
2). This arrangement is one way to
regulate the temperature of the dry-
ing chamber. Another way is to ad-
just the heating rate of the kerosene
stove. However, the simultaneous
use of both methods provides
means of effective heat control.
Similar assessment procedure was
demonstrated on the wood, electric
heating and solar energy.

Dryer Performance

Four different produce - fresh
maize on cobs, yam chips, cassava
chips, and sliced ginger roots were
used to investigate the performance
of the dryer. All four chosen fuels
were used severally to heat three

*At mid-day September 20, 1996, 27°C ambient temperature.

batches of 5 kg of each produce.
The different resident times for dry-
ing from initial moisture content to
a safe final level are as shown in
Tables 3 and 4. Drying efficiency
was found to be commodity-depen-
dent but the overall thermal effi-
ciency was computed to be 53.3%
using kerosene fuel. Table 4 shows
the overall thermal efficiency of the
dryer using the other fuels.

Tables 2, 3 and 4 show the rele-
vant performance parameters mea-
sured or computed from measured
data for the universal dryer, using
the various fuel sources and drying
different food materials. Table 2
shows that the mean steady state
drying chamber temperature is
highest (82°C) when no hole is
opened. This is the baking mood of
the dryer because the food material
is cooking in the drying heat as
moisture is not allowed to escape.
As more holes are opened, the
mean chamber temperature de-
creases until all 21 holes are opened
when the chamber records the low-

est mean temperature of 66°C. This
is the mean drying temperature of
the chamber. With all 21 holes un-
plugged, the temperature differ-
ence between the bottom and top
trays is maximum (11°C), because
of the high temperature gradient
caused by convective growth.
However, the temperature of the
chamber depends on the amount of
heat supplied.

Table 3 gives the results of using
the universal dryer to dry maize on
cob, yam chips, cassava chips and
sliced ginger roots. The data shows
that sliced ginger has the highest
drying rate of 0.14kg/hr followed
by maize (0.12 kg/hr). This is ex-
pected since ginger is spongier than
all the others. Yam and cassava
chips have the lowest drying rate of
0.10 and 0.09 kg/hr, respectively.
Table 4 shows that the fuel efficien-
cy of the dryer using solar, wood
and electricity on maize were
57.70%, 51.60% and 78.40%, re-
spectively. This represents an im-
provement, considering the fact that
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this is a passive system and in com-
parison with examples of overall
thermal efficiencies as given by
Earle (1983) on drum dryer (35-
80%).

Viability Test on Dried Maize

A viability test was conducted on
the maize dried by the universal
dryer. One thousand kernels of
maize selected at random among
the dried maize were planted in
sterile soil on petri dishes. After 6
days, the percentage germination
was calculated as 98%. This shows
that the dryer is suitable for drying
seeds that will be planted in the en-
suing season. Unlike some local
dryers which destroy the embryo of
the maize, (Cornes, 1960), the uni-
versal dryer has control for temper-
ature of drying which enables the
operator to choose appropriate tem-
peratures for food material depend-
ing on the desired end use.

Sensory Evaluation of Produce
Dried in the Universal Dryer

Dried yam and cassava chips
were separately milled into flour
using the hammer mill. A panel of
five participants was constituted to
assess the color, aroma, texture, fla-
vor and general acceptability of the
resulting flour. These were com-
pared to similar products dried un-
der the sun (sun drying) and open
fire drying. Table 5 shows that the
acceptability of the various prod-
ucts was satisfactory - good in col-
or, aroma, flavor and texture. A
mycological study on the products
dried with the universal dryer also
showed that the products were neat
and free from fungal spores.

The dried ginger retained its nat-
ural light yellow color and aroma.

Depending on the materials se-
lected for the construction of the
universal dryer, system costs
ranged from N10 - N 25 for a ton
capacity. Three universal dryers
have already been sold to the Nige-
rian Stored Products Research In-
stitute (NISPRI), Port Harcourt,
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Nigeria; Agip Oil Company
(NAOC), Obrikom and a lecturer in
the food science department of the
University of Science and Technol-
ogy, Port Harcourt. Orders for two
more have just been received from
a farmer co-operative society at
Cross Rivers State, Calaber.

The reports from these systems
in the field show that the dryer is
easily operated by the farmers and
does not require so much attention
in maintenance. Within the last 3
years, the NISPRI system only re-
quired the replacement of the com-
bustion chamber door. With
intensive usage, it is expected that
the heat exchange may require re-
placement after five years.

Conclusion

The universal dryer is an im-
provement over the local dryers.
Because of the in-built flexibility in
the use of fuel and the types of
products dried, the system lends it-
self to easy manipulation in partic-
ular areas of use. In other words,
the same system can be designed as
low, medium or high technology
equipment by the addition of com-
ponents that increase the precise
control of drying, tonnage and effi-
ciency.

In the entire four systems, user
farmers and extension personnel
were fully involved at all levels of
the development of the system.
Field results show that the accept-
ability for the equipment is high.
The performance characteristics of
the universal dryer also show that
the objectives of the project were
fully realized. A passive dryer,
comparatively cheap that does the
drying job within acceptable time
for various food materials has re-
sulted from the project. The prod-
ucts of the dryer are acceptable as
shown by the sensory test. Viabili-
ty test also shows that the dryer can
be used to dry products to be used
as planting materials for the ensu-

ing farming season.

Above all the operation of the
dryer is safe, reliable and the equip-
ment has a relatively high thermal
efficiency when compared with
standard systems. Improvement in
the performance of the dryer can be
further achieved by including com-
ponents (various pipes and precise
controls) that enhance improved
uniformity in temperature distribu-
tion and reduced heat loss.
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An Instrumental Technique for Measur-
ing Soil Failure Patterns Caused by Tillage
Tools. C. Divaker Durairaj , Associate Profes-
sor, Dept. of Farm Machinery & Power, College of Ag-
ricultural Engineering, Tamil Nadu Agricultural
University, Coimbatore 641003 INDIA. M. Bala-

subramanian, Professor of the same university.
This paper discusses the instrumentation and soft-

ware concerning the micro-processor-based tech-
nique which was developed to detect the three
dimensional soil failure fronts caused by tillage tools.
Simple soil-failure sensors were embedded in the soil-
tool front of the tillage tool and scanned by a micro-
processor system. Exclusive electronic hardware was
developed to connect the sensors to the processor and
necessary software logic to effect the scanning. The
relative movement of failed soil with respect to the
tool was sensed under dynamic conditions. The soil
failure front was computed accurately. The data ac-
quired on the failure front measurements of bent leg
tools showed that the c.v was in the range of 5.7 to
7.3% for the treatment speed of 0.56 m s-1 and 5.3 to
11.1% for 1.1 m s-1, proving the accuracy and utility
of the developed technique.The analog soil-tool mod-
els could reduce the experimental cost of developing
newer tillage tools. But the shape of the tool’s soil
failure front should be predetermined to conceive
such models. This demands for accurate measurement
of the failure front of the tool under question. Siemens
et al., 1965; and Elijah and Weber, 1971, used high
speed movies to study the failure front of simple in-
clined tools in a glass walled soil bin. In these works,
the tillage tool traveled right next to the glass walled
side of the soil bin and the measurements were hence
purely two dimensional. But most of the tillage tools
have complex failure fronts, which are unsymmetrical
in three dimensions and no technique was available to
detect the complete three dimensional soil failure
front under dynamic conditions. So a technique was
developed (Durairaj and Balasubramanian, 1997)
which used a microprocessor system, to scan strategi-
cally placed soil failure sensors, in order to detect the
failure front under dynamic soil cutting. This paper
presents the instrumentation and methodology used in
the study. The intelligent logic which allowed scan-
ning the sensors at millisecond intervals, is also pre-
sented in detail.

058

Development and Evaluation of Power
Tiller—operated Lawn Mower. K. Kathirvel,
Associate Professor, College of Agrl. Eng, TNAU,
Coimbatore, INDIA. T. V. Job, Professor of the same,
R. Manian, Professor of the same.

The ABSTRACT pages is to introduce the abstracts of the article
which cannot be published in whole contents owing to the limited pub-
lication space and so many contributions to AMA. The readers who
wish to know the contents of the article more in detail are kindly
requested to contact the authors.

Lawn mowing by manual labour is a time and la-
bour-consuming intensive operation. A cylindrical
lawn mower as an attachment to power tiller was de-
veloped for the lawn and garden maintenance works.
The dimension of the lawn mower was 750 mm wide
and 235 mm diameter cylinder fitted with 12 of helical
steel blades on its periphery. The edges of the blades
were sharpened. A horizontal blade with a concave
groove was provided beneath the cylinder. The power
was transmitted from the clutch pulley of the power
tiller to the cylinder through a reduction gear box. A
tail wheel and 2-sided rollers were provided for con-
trolling the height of cut. The hitch assembly was
mounted on a frame. The hitch assembly and the side
support rods that were fixed to the handle of the power
tiller enabled the unit to attach it with the power tiller.
The clearance between the cylinder and the horizontal
blade could be adjusted for different varieties of grass
to be cut. During the operation in the field, the grass
was cut and when it passed through the clearance; the
cut grass was blown off and collected in the collection
tray which was provided in front portion of the rotat-
ing cylinder. The collection tray could be emptied by
opening the side doors (or) bottom door. The salient
features of the power tiller-operated lawn mower
were: (1) simple to operate and easy to handle; (2)
suitable for maintenance of lawns; (3) results in 49.9
per cent and 64.1 per cent saving in cost and time re-
spectively when compared to hand operated mowers;
(4) highest cutting efficiency of is 96.7 per cent is
achieved and (5) increases the versatility of power
tiller in horticultural farming.

063

Computation of Actual Size and Evaluat-
ing the Performance of a Single Cylinder,
Four-stroke Petrol Engine. Ali Akbar Chan-
nar, Associate Professor, Dept. of Farm Power &
Machinary, Faculty of Agriculture Engineering, Sindh
Agriculture University Tando Jam, Sindh, PAKISTAN.
A. A. Mirani, Asst. Shift Engineer (Mechanical),
Sindh Abadgar's Sugar Mill, Tando Mohammad Khan,
Sindh, PAKISTAN. Syed Gulzar Ali Shah, Associ-
ate Professor, Dept. of Energy and Environment, Fac-
ulty of Agriculture Engineering, Sindh Agriculture
University Tando Jam, Sindh, PAKISTAN. M. S. Me-
mon, Student of M.E Agri: Engg., Lab: Technician.,
Dept. of Farm Power & Machinery of the same univer-
sity.

A research study on the evaluation of performance
of a single cylinder, four-stroke Otto engine was con-
ducted at the Laboratory of the Farm Power and Ma-
chinery, Sindh Agriculture University, Tando Jam.
The actual size of the engine parameters, e.g., bore,
stroke, swept volume, clearance volume, compression
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ratio, and r.p.m. were measured, computed and re-
corded. Based on the actual size of the engine param-
eters, the indicated horse power (ihp), brake horse
power (bhp) and friction horse power (fhp) were de-
termined and were: 1.54, 1.29 and 0.25, respectively.
The mechanical efficiency and thermal efficiency
were also calculated which were 83% and 20.3%, re-
spectively.

The fuel consumption per hour was assessed and de-
termined and was 0.8 lit/hr while the fuel consump-
tion per distance traveled so determined was 60
kilometer/liter

108

Shear Strength and Tractability of Some
Agricultural Soils Related to Moisture Con-
tent and Compactive Efforts. K. O. Adekalu,
Department of Agricultural Engineering, Obafemi
Awolowo University, lle-Ife, NIGERIA. J. A. Osunbi-
tan, same university. D. A. Okunade, same univer-
SIty.

'tI'yhe bulk density and shear strength of Iwo, Egbeda
and Ondo soil series in Southwestern Nigeria were
measured at different compaction efforts and moisture
contents. Results indicate that bulk density and shear
strength increased considerably with an increase in
compactive effort. The maximum values of bulk den-
sity were reached at predetermined optimum moisture
content levels for compacting the soils while the
strength decreased continuously with increasing
moisture content. Supper-imposing the two curves of
bulk density versus moisture and shear strength ver-
sus moisture content gave the best compromise mois-
ture content levels for working on the soils.

179

Evaluating the Quantity and Quality of
Groundwater for Irrigation in the Basement
Complex. H. O. Fapohunda, Department of Agri-
cultural Engineering, Faculty of Technology, Obafemi
Awolowo University, lle-Ife, NIGERIA. J. A. Osunbi-
tan, same university. E-mail: josunbit@oauife.edu.ng.

The objective of this study was to evaluate the
ground water yield and quality in relation to the irri-
gation requirements of common field crops grown on
a small-scale basis in Ile - Ife, Nigeria. The quantita-
tive and qualitative analyses of well water samples
were carried out in order to determine their suitabili-
ties for irrigation.

The groundwater yield in the basement complex ar-
eas on the average is 70.05m3/day. However, the yield
of 98.24 m’/day was achieved in a well in this area.
From the yield capacity of the well, the average crop
area irrigable was 0.49 hectares. From the qualitative
analysis, water from most of the wells is within the
low electrical conductance (EC) limit of 0 -
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250 ;2 mhos / cm but some wells have ECs of up to 750
u mhos / cm.
122
Effect of Wheat Bran on Cracker Quality.
Md. Anwarul Haque, Scientific Officer, Bangladesh
Rice Research Institute, Gazipur, BANGLADESH. Md.
Shams-Ud-Din, Professor, Bangladesh Agricultural
University, Mymensingh, BANGLADESH. Anwarul
Haque, Research Officer, Food and Postharvest
Technology Group, Cranfield University, Silsoe, Bed-
ford MK45 4DT, UK. E-mail: a.haque@cranfield.ac.uk.
A commercial sample of wheat bran was extracted
with non-alkaline aqueous extraction process. The ex-
tracted residue was dried in a cabinet drier. Crackers
were prepared with extracted or unextracted bran at 2,
4.6, 8,10, 12, 16 and 20% substitution levels of flour
and evaluated for various quality parameters. Ground
bran samples from extracted and unextracted fractions
were included for comparison. A control cracker with
no substitution was also included. A critical flour re-
placement level of 6% by wheat bran produced crack-
ers close to the control in all the parameters studied.
The sensory properties were evaluated on the cracker
containing 6% replacement level for colour, flavour,
texture and overall acceptability by a panel of 19 judg-
es. Aqueous extracted wheat bran yielded better qual-
ity crackers than using parent bran itself thus
providing a viable alternative to alkaline extraction.
|}
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Using the Biological Litera-
ture: a Practical Guide
Third Edition, Revised and

Expanded
(USA)

by Diane Schmidt, Elisabeth B.
Davis and Pamela F. Jacobs

This book grew out of a series of
handouts prepared for students us-
ing the Biology Library at the Uni-
versity of Illinois at Urbana-
Champaign. Its purpose is to ac-
quaint students new to the literature
of biology with important primary
and secondary resources of the
field. Aimed toward undergraduate
and graduate biology students, it is
also appropriate for anyone inter-
ested in searching the biological lit-
erature and keeping up with its
bibliography.

This guide to the literature of the
biological sciences presents a com-
prehensive list of important sources
that may be found in large research
libraries, with an emphasis on cur-
rent materials in the English lan-
guage. Retrospective reference
works have been selected for his-
torical perspective and to provide
access to the taxonomic literature.
All the main fields of the biological
sciences are covered; applied areas
such as medicine, clinical psychol-
ogy, veterinary medicine, agricul-
ture, horticulture, nutrition, and the
teaching of biology are not includ-
ed.

The entries are grouped by sub-
ject area, into chapters, which are
subdivided by form of material. En-
tries are annotated only once ac-
cording to their primary focus,
although some are cross-referenced
elsewhere. Every textbook listed is
recommended, although not all of
them are annotated. A certain
knowledge of scientific literature is
assumed, and there is minimal ex-
planation of the definitions, uses, or

importance of primary and second-
ary literature. A very brief discus-
sion of searching strategies and
indexing policies is included in
Chapter 2, but it is assumed that
more detailed information on how
to search for information in the bio-
logical sciences is available else-
where. Periodical editorial policy
and subject scope have been includ-
ed with journal annotations as an
aid to the student looking for publi-
cation possibilities. Unless other-
wise cited, quotations in the body
of an annotation are taken from
prefatory material of the item under
consideration. Finally, annotations
in this edition have been expanded
to compare the use of similar re-
sources.

The second edition of Using the
Biological Literature was published
just as the development of Web
browsers such as Mosaic and the
subsequent explosion of Web-ac-
cessible resources changed infor-
mation-seeking behavior. The third
edition features greatly expanded
coverage of Web information, al-
though most standard, authoritative
resources are still to be found in the
print format. Electronic journals
have also become much more com-
mon since the second edition was
published, and a discussion of their
complicated subscription and ac-
cess methods is included in Chapter
1. An associated Web page at
www.library.uiuc.edu/bix/biologi-
calliterature/ has been created, with
links to all the major resources dis-
cussed in this edition.

This book could not have been
written without assistance. We
would like to acknowledge the Re-
search and Publication Committee
of the University of Illinois at Ur-
bana-Champaign Library, which
provided support for the comple-
tion of this research. We would also
like to thank Susan K. Kendall for
her assistance in’ editing the manu-
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script and suggesting titles to be
added. In addition, we would like to
express our appreciation for the co-
operation of the other life sciences
librarians and staff at the University
of Illinois. In particular, the assis-
tance of the Biology Library staff
and graduate assistants has been in-
valuable. And finally, this book
could not have been written without
the excellent collections of the Uni-
versity of Illinois Library.

ISBN: 0-8247-0667-6

Marcel Dekker, Inc.

http://www.dekker.com

Guide to Writing Empirical
Papers, Theses, and Disser-
tations

(USA)

by G. David Garson

The inspiration for this book was
both the foundation of a new doc-
toral program in my department,
and also my memories of what little
guidance 1 received when writing
my dissertation at a famed Ivy
League institution. While every pa-
per, thesis, and dissertation is dif-
ferent, it is my hope that this
volume will be helpful to writers
starting on the path to publication.
Other books have been written on
this subject, but I have sought to
make this one of particular rele-
vance to those engaged in empirical
research, in which the writing pro-
cess is inextricably bound to re-
search design and  statistical
methodology.

This volume is intended to enrich
students’ comprehension of the
structure and execution of the writ-
ten research project. Toward this
end, each chapter contains an over-
view, a checklist of writing consid-
erations, and bibliographic
guidance to further understanding
of the topic. Special attention has
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been given to computer-based re-
search tools, not just in statistical
matters, but in brainstorming one’s
topic, locating data and informa-
tion, managing a bibliography, and
all the other elements of the re-
search process.

An attempt has been made in this
book to treat the entire quantitative
research process in its writing as-
pects, including brainstorming,
framing an analytic question, de-
veloping a comprehensive outline,
and providing a roadmap for the
reader. Electronic search resources
and bibliographic software get par-
ticular attention as a prelude to
meta-analysis of prior research and
development of the literature re-
view. The student is urged to think
in terms of modeling as well as op-
erationalizing variables. Selection
of research designs and appropriate
statistical methodology are treated,
as are the basics of writing funda-
mentals, validity, and data visual-
ization. The work concludes with
emphasis on research ethics and is-
sues associated with drawing infer-
ences and making generalizations.
Dealing with one’s thesis or disser-
tation committee is not forgotten,
and final chapters make explicit the
special characteristics of quantita-
tive research writing in the humani-
ties and in the natural sciences.
Last, but not least, funding sources
for dissertation research are inven-
toried, with Web links and other
contact information.

I wish to thank all those who
have helped with the preparation of
this book, especially my students
and Paige Force, production editor
at Marcel Dekker, Inc. Errors and
omissions, of course, are my own
and should this volume prove of
some use and see another edition.
would thank dear readers who are
kind enough to send their reactions
and suggestions. In the meantime,
additional information on quantita-

tive research is found at my web-
site, http://www2.chass.ncsu.edu/
garson/PA765/.

ISBN: 0-8247-0605-6

Marcel Dekker, Inc.

http://www.dekker.com

Food Plant Sanitation

(USA)

by Y. H. Hui, Bernard L. Bruins-
ma, J. Richard Gorham, Wai-Kit
Nip, Phillip S. Tong and Phil Ven-
tresca

As food professionals, we have
noticed the monumental increase in
awareness of food safety in the past
decade. Professionally, this aware-
ness manifests itself in many ways,
with educational materials (print,
Internet, videos, etc.) heading the
list. Reference books on food safety
are especially useful.

This book has three important
goals: (1) to present the fundamen-
tal principles of food plant sanita-
tion and their applications in the
food industry; (2) to provide pro-
fessionals with basic, hands-on in-
formation for the day-to-day
operations in a food processing
plant, (3) to review some of the in-
dustry’s most recent developments.

To achieve these goals, the book
covers nine major areas: federal
and state regulations and guide-
lines, major biological and nonbio-
logical contaminants, cleaning a
food plant, sanitation and worker
safety, housekeeping, product qual-
ity, commodity processing, retail
food sanitation, and enforcement.

The book covers both basic sani-
tation practices and the latest infor-
mation on the Hazard Analysis
Critical Control Point (HACCP)
program. However, HACCP is dis-
cussed as a peripheral consider-
ation. Before one considers
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HACCP, one must make sure that
each food processing plant has put
in place an acceptable sanitation
program in principle and in prac-
tice: Have the incoming raw mate-
rials been checked? Is there water
(or debris) on the floor of the oper-
ations room? Does every worker
wear a hairnet when handling food
products or ingredients? Is the cold
storage room maintained at the re-
quired temperature? Are there rat
and bird droppings in the plant?
There are these questions and more
to consider.

This book differs from other food
sanitation books in that its presenta-
tion is a compilation of multiple
perspectives from more than 30
government, academia, and indus-
try food safety experts. They cover
more than 40 topics in food plant
sanitation and HACCP and present
the latest developments in retail
food processing and sanitation.
Last, but not least, the book pro-
vides examples of the enforcement
activities of the U.S. Food and
Drug Administration (FDA) in re-
lation to food plant sanitation. The
discussion is accompanied by a re-
production of the FDA’s Handbook
of Food Defect Action Levels in the
appendix.

In sum, the approach for this
book is unique and makes it an es-
sential reference for the food safety
and quality professional.

The editorial team thanks all the
contributors for sharing their expe-
rience in their fields of expertise.
They are the people who made this
book possible. We hope you enjoy
and benefit from the fruits of their
labor.

We know how hard it is to devel-
op the content of a book. However:
we believe that the production of a
professional book of this nature is
even more difficult. We thank the
production team at Marcel Dekker,
Inc., and express our appreciation
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to Ms. Theresa Stockton, coordina-
tor of the entire project.
ISBN: 0-8247-0793-1
Marcel Dekker, Inc.
http://www.dekker.com

Encyclopedia of Soil Sci-

ence
(USA)

by Rattan Lal

Six important challenges facing
humanity at the start of the 21st
century are: (1) a world population
of 6.1 billion that is increasing at the
rate of 1.3% per year, with most of
the increase occurring in develop-
ing countries where natural re-
sources are already under great
stress; (2) a food-insecure popula-
tion of 790 million, mostly in sub-
Saharan Africa and South Asia; (3)
severe and extreme forms of soil
degradation affecting more than
300 million hectares (Mha) of agri-
cultural land, continuing unabated
in developing countries where the
resource-poor farmers cannot af-
ford to invest in soil restoration; (4)
an anthropogenic increase in atmo-
spheric concentration of green-
house gases such as CO2, with
current levels at 370 ppm and in-
creasing at the rate of 0.5% per
year; CH4 currently at .74 ppm and
increasing at the rate of 0.75% per
year; N20 at 311 ppb and increas-
ing 0.25% per year; and the atmo-
spheric C pool now at 770 Pg and
increasing at the global per capita
rate of 1.1 Mg per year; (5) a pro-
jected 40% decrease in the global
per capita arable land over the next
50 years; (6) the threat of a decreas-
ing, renewable fresh-water supply,
dropping to scarcity levels in many
countries.

The solution to all of these chal-
lenges lies in developing manage-
ment strategies based on an
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understanding of the nature, prop-
erties, and dynamics of the life-sup-
port processes of the most basic of
all natural resources Ac the soil.
This thin upper surface of Earth’s
crust supports life in numerous
ways-moderating the purification
of water, detoxification of pollut-
ants, restoration and resilience of
ecosystems, and cycling of basic el-
ements such carbon, nitrogen,
phosphorus, and sulfur. These life-
supporting functions of soil are ac-
curately summed up in an old Chi-
nese proverb that states "Man Ac
despite his artistic pretensions and
many accomplishments Ac owes
his existence to a six-inch layer of
topsoil and the fact that it rains."

Traditionally, soil was regarded
as a medium for plant growth, a re-
pository of gene pool, an engineer-
ing foundation, an industrial raw
material, and an archive of plane-
tary history. However, meet the
challenges of the post-modern era
of the 2lst century, world soils
must also (I) maximize long-term
productivity; (2) moderate moisture
storage and distribution; (3) proxy
for interpretation of past global
changes and cultural heritage; and
(4) minimize environmental pollu-
tion by functioning as a repository
for waste disposal, an ameliorator
of water quality through bioremedi-
ation, a sink for atmospheric carbon
and other greenhouse gases, a com-
ponent of biogeochemical cycles
and other ecological processes, and
as a medium for immersing and
loading infrastructure. To enhance
soil’s capacity to perform these
functions, it is important to under-
stand factors and processes affect-
ing soil quality under growing and
conflicting modes of land uses
(among them agricultural, forestry,
urban, industrial, military, aesthet-
ic, and cultural uses).

It is necessary that state-of-the-
knowledge information about these

complex attributes of soil and its
multi-faceted functions of interest
to humans is readily available to the
scientific community, policy mak-
ers, and the public at large in an
easily accessible compendium such
as this encyclopedia.

The Encyclopedia of Soil Sci-
ence has been complied by over
400 experts in their fields to meet
this need. This first edition, to be
updated periodically, addresses 40
thematic topics. Each of these top-
ics was coordinated by a topic edi-
tor and includes discussions of
related subjects prepared by soil
scientists from around the world.
The topics cover all branches of
soil science including pedology,
mineralogy, physics, soil mechan-
ics, hydrology, chemistry, biology,
ecology and management, and res-
toration of problem or degraded
soils, and address numerous chal-
lenges including soil structure, till-
age methods and mulch farming,
irrigation, drainage and water table
management, fertilizer and nutrient
management, erosion control, and
management of soil organic matter.
Entries are alphabetically arranged,
and a subject index is included for
easy access.

Preparation of this state-of-the-
knowledge compendium on soil
science has been made possible by
the hard work, vision, and commit-
ment of hundreds of soil scientists
from around the world who have
contributed as members of the advi-
sory board, as topic editors, or as
authors. [ thank all of them for their
outstanding efforts to prepare this
volume in record time. I am espe-
cially thankful to all the topic edi-
tors for identifying expert authors,
for coordinating the writing with
minimal duplication, and for care-
fully reviewing manuscripts to en-
sure high quality. I also thank all of
the authors for their outstanding ef-
forts in documenting and present-
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ing, in a timely fashion, the
scientific information supporting
the current understanding of their
field of specialization. Their efforts
in the preparation of this volume
provide up-to-date information on
the nature, properties, functions,
and dynamics of soil.

Thanks are also due to the staff of
Marcel Dekker, Inc. for their efforts
in making this information avail-
able to the world community. It has
been a great pleasure working with
Ms. Ellen Lichtenstein and Ms.
Sapna Maloor. Their professional-
ism, commitment to excellence,
and dedication to the mission is
much appreciated. I also thank Ms.
Brenda Swank of the School of
Natural Resources of the Ohio State
University for her efforts in han-
dling the now of manuscripts in the
review process. These efforts have
produced this volume on soil sci-
ence that contains information use-
ful to meeting the challenges of the
21st century and beyond.

ISBN: 0-8243-0634-X

Marcel Dekker, Inc.

http://www.dekker.com

Biological and Bioenviron-
mental Heat and Mass
Transfer

(USA)

by Ashim K. Datta

It is very important to give the
undergraduate engineer a funda-
mental education in the context of
his/her likely application areas.
Transport of energy and mass is
fundamental to many biological
and environmental processes (see
pages xi to xx). Areas, from food
processing to thermal design of
buildings to biomedical devices to
pollution control and global warm-
ing, require knowledge of how en-

ergy and mass can be transported
through materials. These wide-
ranging applications have become
part of emerging curricula in bio-
logical engineering, and societies
such as the Institute of Biological
Engineering and the American So-
ciety of Agricultural Engineers
have recognized the need for a
course (and a text) that presents
fundamentals while integrating the
diverse subject matter.

The basic transport mechanisms
of many of these processes are dif-
fusion (or diffusion-like, such as
capillary and dispersion) and bulk
now. Additionally, there is radiative
heat transfer. It is crucial for the
student to see these concepts as
comprehensive and unified subject
matter (much like fluid mechanics);
they are the building blocks for life-
long learning in many of their inter-
est areas. Such fundamentals-based
approach will replace the more em-
pirical and ad-hoc teaching that
sometimes exists.

Although the concept of teaching
transport processes as a unified
subject has existed for over forty
years in some engineering disci-
plines, only in recent years have we
seen adequate quantitative studies
to make such teaching possible in
biological and bioenvironmental
processes. This book attempts to
bring together under one umbrella
the unique content, contexts and
parameter regimes of biologically
related processes and to emphasize
principles and not just mathemati-
cal analysis. Content, such as bio-
heat transfer, thermoregulation,
freezing, global warming, capillary
now, and dispersion, are some of
the topics not typically included in
the undergraduate-level teaching of
transport  phenomena. Context,
such as plants, animals, water, soil,
and air is important at this level, be-
cause without this information stu-
dents have an unnecessarily hard
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time relating to red physical pro-
cesses. Context also helps students
learn about the physical processes
themselves in a quantitative way.
For example, studying convective
transfer of water vapor over a leaf”
includes a quantitative introduction
to transpiration. (The present text
was created by distilling the content
of hundreds of research papers and
textbooks on similar biological and
environmental applications.) The
parameter regimes of biological
processes are also different from
those of typical mechanical and
chemical processes. For example,
biological processes often involve a
source term of heat generation or
oxygen consumption. Presence of
the source or sink term changes the
nature of the solution and is empha-
sized in this text.

ISBN: 0-8247-0775-3

Marcel Dekker, Inc.

http://www.dekker.com | § |
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Prof. Bill Stout Awarded

“VDI-MEG”

Germany

The German National Agricultur-
al Engineering Society "VDI-MEG"
awarded Bill Stoutatthe large annual
meeting on 10-11 Oct 2002 in Halle
withthe Max-Eyth-Medal atthe Rib-
bon. The official formula of the
award is as follows:

"in appreciation of his great con-
tribution to the technical develop-
ment of harvest machines and in the
field of renewable energies helping
to improve the world food situation
and to protect the environment, con-
nected with his commitment in in-
ternational agricultural societies".

Dr. Bill Stout,

Professor

Texas A&M University, USA

World Conference and
Tradeshow to Spread
Swedish Know—how

June 2004

Jonkoping, Sweden

Press info (2002-10-31)

The Swedish Bioenergy Associ-
ation (Svebio) intends to host an
international conference and trade-
show at Elmia in Jonkoping, Swe-
den. Set for June 2004, the
delegates are to learn about the lat-
est technology and know-how de-
velopments in the bioenergy sector.

World conference and tradeshow
to spread Swedish know-how

The Swedish Bioenergy Associ-
ation (Svebio) intends to host an
international conference and trade-
show at Elmia in Jonkoping, Swe-
den. Set for June 2004, the
delegates are to learn about the lat-
est technology and know-how de-
velopments in the bioenergy sector.

- One fifth of the total energy
consumption in Sweden is derived
from bio fuels. This gives us a cut-
ting edge position in terms of
know-how and experience says,
Lars-Erik Larsson at Svebio.

What makes Sweden stand out is
the fact that bioenergy is produced
on an industrial scale. Large users
of bioenergy are the forest indus-
tries and district heating plants.

- In Sweden there is a unique
bank of competence covering sev-
eral key areas involving bioenergy.
For instance energy conversation,
district heating, combined heat and
power (CHP), machinery and
equipment engineering, bio fuel
production to name a few, says
Lars-Erik Larsson.

Now the time has come to make
this know-how available interna-
tionally. For instance, other EU
countries, Japan and the USA are
all looking to increase the usage of
own domestic renewable energy re-
sources, of which bioenergy is the
most prominent. For both environ-
mental and economical reasons.

Bio fuels have already replaced
large volumes of Sweden’s earlier
coal and oil consumption. In fact
the bio fuel share is expected to in-
crease as a result of coal and oils
negative environmental impact, es-
pecially in the climate issues, ex-
plains Lars-Erik Larsson.

The Swedish experiences are of
international interest. That is why
Svebio has decided to organise the
first world conference on bioener-
gy in Jonkoping at the beginning of
June 2004. Lars-Erik Larsson moti-
vates the choice of venue by say-
ing:

- In and around Jonkoping is ev-
erything that the conference dele-
gates will need to see. Many of the
leading manufacturers in the indus-
try are situated in the region along
with modern district heating plants
and proximity to the forests where

bio fuels are extracted.

Svebio is an association of com-
panies, organisations and individu-
als, whose purpose is to work
towards an increased usage of
bioenergy. It was founded in 1980
in the middle of the previous
bioenergy surge which came about
after the second oil crisis.

- Our objective is to create a re-
current  international  bioenergy
conference and tradeshow, which,
given time, will have the same in-
ternational status as the forestry
tradeshow Elmia Wood has, says
Torbjorn Johnsen, manager for
Elmia’s business area forest and
timber.

For further information, please
contact:

Lars-Erik Larsson, Svebio.

Phone +46 (0)8-441 70 80,

e-mail: lars-erik.larsson@svebio.se
Torbjorn Johnsen, Elmia.

Phone +46 (0)36-15 22 54,

e-mail: torbjorn.johnsen@elmia.se.

IAMFE/RUSSIA 2004

The 12th International Con-
ference and Exhibition on
Mechanization of Field Ex-
periments

5-9 July 2004
St.Petersburg/Pushkin, Russia

Outline of the Exhibition and
Field Demonstrations

The Exhibition will be open on
Tuesday and Wednesday for the
participants of the conference.
Groups or individuals wishing to
visit only the exhibition are asked
to contact the AAFEI Conference
Secretariat for further information.
The exhibition will have indoor
and outdoor sections. The confer-
ence poster session is also available
at the exhibition area. Representa-
tives of countries or regions (not
commercial companies) are also in-
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vited to set up and operate National
Stands at the indoor exhibition.
These stands will not be charged
any exhibition fees.

The purpose of the Field Dem-
onstrations is to give the exhibition
visitors the possibility to see or op-
erate themselves field equipment or
instruments. Grass land as well as
bare land will be available for dem-
onstrating and testing plot equip-
ment for forage harvesting,
planting, fertilizing, spraying, root
crop mechanization, soil sampling
etc..

Professional visits and tourist
program before, during and after
the conference

On Friday, 9 July, we plan a spe-
cial program of professional visits
in the St.Petersburg/Pushkin area.
Tourist programmes for delegates
and accompanying persons will be
arranged the weekends before and
after the conference as well as
some arrangements during the con-
ference week. A detailed program
will be prepared and will be includ-
ed in the 2nd announcement of
IAMFE/RUSSIA 2004.

St. Petersburg is the second larg-
est city in Russia with approx. 5
million people and the fourth larg-
est city in Europe. It is also a main
agriculture centre in Russia with
universities in agriculture, forestry
and veterinary medicine as well
with a rang of so-called All-Rus-
sian (national) applied agriculture
research institutes. St. Petersburg is
celebrating its 300 anniversary in
2003. Pushkin town, close to the
international airport just south of
St.Petersburg belong to the richer
parts of St.Petersburg and is one
important agriculture research area.
Here is the St. Petersburg State
Agrarian University (SPSAU) lo-
cated. SPSAU celebrates its 100
anniversary in the year 2004.

Accommodation and transport

Through the conference secretar-
iat you will be able to reserve ac-
commodation in several hotels in
Pushkin. We may also assist in re-
serving hotels in St. Petersburg
city. Our main recommendation
will be to reserve and pre-pay
rooms at a new Western standard 3-
star hotel right in the centre of
Pushkin town. With pre-payment
together with the conference regis-
tration we will be able to offer you
good room prices. Morning/
evening shuttle buses between the
hotels in Pushkin and the confer-
ence location will be available. A
daily bus/taxi from Pushkin to St.
Petersburg city will be available to-
wards a low travel cost (for accom-
panying persons). .

Booking forms. Payment

Please refer to forms at the end
of this document. Upon receiving
your preliminary reservations, we
will send you a confirmation num-
ber as well as payment and cancel-
lations details. Please note that
there will be no charges (and any
payments are fully refundable)
when cancellations are made be-
fore 31 March 2004.

Persons needing additional fi-
nancial support in order to partici-
pate in the conference may send an
application to the conference secre-
tariat at AAFEI in Pushkin. The ap-
plication should contain a very
short CV and a specification of
costs that would need to be cov-
ered. We have limited possibilities
to give support and thus we will
have to make priorities. In general,
only persons from countries with a
difficult financial situation can be
supported. Members will get prior-
ity before others.

Proceeding of the National
Symposium on Cotton

Mechanization
India

National Symposium on Cotton
Mechanization was held on 23-24
March 2002 at CIAE Bhopal India.
Duringthetwodaysdeliveration var-
ious aspects related to improvement
in Cotton production was discussed.
The Chief guest of the function em-
phasised on the economic aspect of
production of cotton. It is also men-
tioned that due to exccesive level of
chemical contaminations foreign
Cotton is mostly preferred in textile
industries in India.

96 page proceedings contains 12
technical papers on various aspects
of machinery for cotton cultivation
i.e. status of cotton mechanization,
including cotton delinting, various
types of cotton drills and studies of
plant uprooting, indigeneous cotton
cutivation machinery being used in
India, plant protection equipment,
machinery forcottonharvesting, cot-
ton processing and safety aspects
were well discussed in the meeting.
Size 27.5 X 21.0 cm, color prastic
coated.

Live field demonstration of large
number of machines for cotton cul-
tivation was carried for the benefits
of the cotton growers and cotton sci-
entists.

For more details contact:

Director, CIAE

e-mail: director@ciae.mp.nic.in
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vi) bibliography
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