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Design Improvements in EXxisting
Zero-till Machines for Residue Conditions

Introduction

The Indo-Gangetic Plains (IGP) are endowed
with a bounty of natural resources which form a
strong base for the agricultural production in
South Asia. With the introduction of irrigation
sources and simultaneous use of the Green
Revolution technologies, rice-wheat system has
become a predominant cropping system in the
region. Traditionally, rice is transplanted in
puddled soils and harvested manually. For the
succeeding wheat crop, farmers till the soil with
6-8 passes of tractor to prepare a good seed bed.
Because of lack of sufficient turnaround time
between the crops, generally the wheat sowing
gets delayed. Traditionally, after hand harvesting,
most of the rice and wheat straw is removed.
Today, with the introduction of combine
harvesters, more than 75% of the cropped area is
combine harvested in northwest parts of the IGP
Most farmers remove wheat straw for feeding the
animals. However, management of the rice straw
is a major challenge as it is considered to be a
poor feed for the animals and therefore it does
not get consumed. Combining rice leaves behind
a swath of loose residues, which interfere with
operations of the seed drill used for planting
wheat. Many farmers chop off rice stubbles with
a stubble shaver, dry them and burn completely
to facilitate timely planting of wheat leading to
all kinds of environmental pollution. Burning
crop residues results in air pollution due to
release of CO, in substantial amounts and loss of
nutrients and soil organic matter. In fact loss of
soil organic matter is one of the recognized
threats to rice-wheat sustainability (Duxbury et
al. 2000; Timsina and Connor 2001). This
implies that South Asian farmers need to

manage 5—7 tons ha™! of rice residues and still
avoid burning and overcome the problems for
planting wheat. As an alternative to complete
burning and overcoming problems associated
with raking of loose straw during planting
operations, large numbers of farmers opt for
partial burning wherein only the loose dry straw
is burnt. Remaining anchored green rice stubbles
do not interfere with planting operations. There
is an urgent need to find solutions to help
farmers avoid burning. Besides, it is apprehended
that soil/ fertilizer N will be temporarily
immobilized for the following wheat crop,
reducing its productivity. Only few farmers opt
for incorporation of the rice residues into the

soils before planting wheat.

For facilitating drill operation, the first step will
be to attach flappers/ swappers to combines for
some shredding of rice residues and spread them
more uniformly. Another way is to modify the
existing zero-till drill machines available in the
region so that wheat crop could be seeded in
presence of loose residues. This requires that
machines be fitted with pre-opener discs for
cutting the residues and seed-using double-disc
openers or the star-wheel-type seed-placement
devices used in Zimbabwe. In mono-cropped
areas of Australia, residues of the previous rice
crop are left on the surface to decompose for
several months before wheat planting. But some
farmers practice double cropping and avoid
burning of crop residues. The Australian Centre
for International Agricultural Research (ACIAR)
had funded the RWC for carrying out a small
project to develop and test in India conventional
modifications to the Pantnagar drill and to the
bed former cum drill which permit zero-till



seeding of rice into wheat residue and of wheat
into rice residue, the former implement for flat
seedbeds and the latter for raised bed conditions.
As a part of these efforts, a study tour to
Australia was undertaken to assess various zero-
till machine designs and evaluate practices that
facilitated rice and wheat planting into loose

residues.

Circuit I: 26 August — 30
September 2001

Dr. Joseph Rickman joined the traveling seminar
team on 26 August 2001 in Sydney, Australia.
The team members stayed in Sydney and left for
Canberra next morning. Joe had fixed their
appointment with ACIAR staff there. They
visited the Senate and the Parliament House in
Canberra and watched the proceedings of the
two Houses from the gallery very briefly. They
could recognize Tony's brother in the Parliament
and thereafter paid a brief courtesy visit to Tony
Fischer in ACIAR. Since it was an unscheduled
visit, he quickly arranged a show for them on his
computer and also briefed them about bed
planting of rice in Australia. Gregg Johnson
briefed them about storage, packaging, afflotoxins
and processing work going on in the Central
Food Technological Research Institute (CFTRI),
Bangalore. This work is being done with N.G.K.
Karath and Rajendran and Department of
Chemical Engg. Jadavpur University, West
Bengal. He indicated keen interest in storage
and drying, pesticides residue management and
grain pest management. CIPHET also works on
some of these aspects and for a tie up for
processing and storage issues, it was suggested
that the ICAR may organize a small workshop.
The seminar team, then, left for Griffith and
reached there covering about 700 km by road.

In Griffith, they had a preliminary round of
discussions with staff from the Institute for Land

and Water, CSIRO, Griffith. Liz Humphreys and
Clive Kirby gave a good account of their current
thinking on the problems of management of crop
residues in Australia. Australian farmers have on
an average 200 to 300 ha farms. Field sizes range
from 8 to 12 ha and more. Rice is grown in
NSW from October—April and wheat from
April-December, generally with break crops, not
like in South Asia. Some farmers whom the
members of the traveling seminar met had been
practicing the rice-wheat system. Most of these
farmers had been burning the crop residues,
except Mr. Nick Ellwood in Zennore Farms. Nick
is a mechanical engineer turned to agriculture
and works his property. He has some wonderful
ideas on machines and their designs. Visiting
him was very useful. The seminar members also
had some good discussions with John Blackwell
on machinery and bed planting and the problems
of growing rice and wheat on beds. Liz and John
took them around some of the key agro-
equipment dealers in Griffith. They visited the
showrooms of John Deere; Guidolin Agrimac and
several others dealerships. Visit to these suppliers
immediately revealed that Consortium countries
in South Asia were far behind in the use and
development of agricultural machinery. Several
items such as detachable/ replaceable tips of ZT
furrow openers are used with many of the ZT
machine designs. Flappers or straw spreaders
with combines and double-disc coulters for
seeding into dry soils, cone-planters and depth-
control wheels and pressure wheels immediately
caught the attention of the Indian
manufacturers. The seminar team then visited

some of the nearby farmers in the afternoon.

Woodland and Donald Ross Drive,
Griffith

The soils in this farm were vertisols/black soils
with acidic reaction. Farmers applied small
amounts of lime and used small applications of P



Figure 1. Bed planted crops in Australia: (a) wheat, and (b) Peas and wheat in the adjacent field.

fertilizer. Black soils in the Indian sub-continent
are calcareous and alkaline in reaction. The
phenomena were little understood by scientists
and hence Dr Raj K Gupta’s surprise was no
exception. He has seen red colored vertisols in
Syria. Visiting several farmers in the vicinity and
interaction with them in Woodland made it clear
to the members of the traveling seminar that
crop residues were burnt in Griffith rather than
retained and managed by incorporation. Only a
small portion seemed to be removed. In
Woodland and Ross Drive, wheat and canola
crops were seeded on wide beds (167 cm wide)

and subbing of water was not a problem (Fig. 1).

Some excellent crops were established. Spacing
of the tractor tires and size of the tractors were
key factors in determining the bed dimensions.

In his presentation, Clive Kirby reported that
burning of crop residues led to large emissions of
carbon and losses of N and K (Table 1). The
loss of other elements was also reported to be
quite substantial invariably close or more than
50%. If burning led to such high elemental
losses, Dr Raj K Gupta wondered as to why soil
chemists had been doing elemental analysis by
dry ashing method.

Sharma and Mishra (2001) have reported that
complete burning of rice straw resulted in 100,
20.1, 19.8 and 80.2% loss of N, B K and S
respectively. Corresponding losses due to burning
of wheat straw were 100, 22.2, 21.8 and 75%.
Incomplete burning of rice straw resulted in loss
of 89.2, 5.5, 19.9 and 20.5% of N, P, K and S
respectively. The corresponding figures for

Table 1. Elements lost through burning of crop residues.

Nutrient kg/15¢ kg/11t kg/6t % lost
maize rice wheat during a
stubble stubble stubble hot burn
Nitrogen 125 70 36 82
Phosphorus 45 6 5 44
Potassium 90 243 264 40
Sulphur 30 7 5 81
Calcium 30 26 17 52
Magnesium 30 17 5 47
Carbon 6000 4600 2400 80




incomplete burning of wheat straw were 88.6,
1.8, 17.5 and 25.3% respectively. In the IGP,
farmers generally burn the rice crop residues only
partially. This implies that green stubbles remain
after burning of loose straw that comes out of
combine after threshing. Only in Punjab, farmers
chop off anchored green stubbles of rice for
quick drying and burning.

In Finley, the team visited David Marsdon’s
farm. The soils were "washed grey clay soils" ,
acidic in reaction. He grew rice in summer and
planted wheat (Cultivar H-45) in winter, which
had a pinkish stem in the early stage. The stem
was quite hardy, which is unusual for most of
the Indian cultivars. Diamond Bird cultivar of
wheat was said to be resistant to aluminum
toxicity in some parcels of the property. Many of
the rice fields were kept fallow to conserve soil
moisture for the next season. These soils had
cracks, which were often quite deep and wide.
One of the fields was being plowed to create soil
mulch and in some other fields, rice stubble was
retained on the surface. This farmer added 1-1.5
t ha of lime and used normal doses of P Many
farmers used a high seed rate of 150 kg ha™' for

rice.

Direct drilled rice had higher numbers of tillers
per plant and therefore seed rate could be
reduced. In other areas the experience was that
direct seeded rice needed more N to avoid
reduced seed test weight and number of grains /
panicle. The key whether N is applied depends
on the climatic conditions leading to losses due
to blasts.

Zennore Farms, Finley

Nick Ellwood (of Zennore Farms) has natural
instincts and interests in the development of
new machines and to simplify those readily
available in local market to suit his farm needs.

He used double-disc openers (coulters) for dry
soil and detachable type openers for zero-till

conditions in wet soils.

He had seeded a wheat crop using 18" discs
(3-4 mm thick) fitted in front on the frame
which also had attachments of ZT openers. ZT
type openers are used for wet soil conditions and
disc-type openers in dry soil conditions.

He had planted a wheat crop into the entire rice
residue load of 10 Mg ha! retained on the beds
and in the furrows. Hair pinning of stubble
(straw are not cut by discs and seed has not
germinated in rows at placement) was apparent
in the fields. He had planted wheat on the

1.6 m wide beds on which rice residues were
retained on the surface. He used rice spreaders
and stubble mulchers for shredding of some rice
residues and spreading them more uniformly in
the bed and furrow.

Side shields, which can retain residues on the
beds and not allow them to fall in furrows may
also assist. Clear furrows will facilitate flow of
water and some dressing of the furrow,
facilitating a thin layer of soil dust cover on the
residues for their rapid decomposition. The weed
population was low in the initial 40 days of
wheat growth. Nick was, however, concerned
with his observations that mulching reduced
efficacy of herbicides, as they were not able to
reach soil surface before the emergence of
germinating weeds. Hence, mulch renders the
use of "Round-up" ineffective in some instances.
This situation can be overcome to some extent if
before start of permanent bed system, weeds are
controlled by stale seedbed method, chemical
sprays and or combined system of stale beds and
chemical sprays. Most farmers manage residues
through complete burning or partial flag burning,
which leaves the green anchored rice straw in
place.

Rice crop residues are highly siliceous. Silica rich

plant material has the potential of transforming



Figure 2. Various types of clamps/fittings used in farm machines : (a) Rotary fastener, (b) Adjustable
tyne with furrower, and diamond types clamps, and (c) Adjustable hitching device

the electrochemical properties of acidic soils that
reduces P fixation; improves base retention and
increases the soil pH. Therefore, retention or
incorporation of particularly the rice residues can
manifest all the benefits of liming acidic soils.
This is a common practice with most Indian
farmers in the hills where acidic soils are found.
Benefits of rice crop residues incorporation as
soil amendments (as substitute for liming
material) can also be tested in high rainfall
regions of eastern India and Bangladesh, where
acidic soils are commonly found and deficiencies

of Zn, B and P are at times quite acute.

The logic for the benefits of incorporation of
silica rich rice residues in acidic soils can be
explained using the charge—potential
relationships for variable charge types of soils.
Silicates and organics (rice straws) improve iso-
electric soils by way of improving the net
negative charge, neutralizing acidity /
detoxification of Al through manipulation of soil
pH and point of zero charge of soil sediments
having variable charge contributing materials;
reduce P fixation and increase Si content in

plants.

Other implements

On way to different farms, the team saw
different types of land leveling buckets in

different sizes and coulters (double-discs types).
In order to avoid wobbling of the flat 18" discs
during operations, rubber wheel attachment were

added to the sides to provide extra support.

This was seen as a useful concept. Different
types of "knock-on" clamps were being used in
machines in Australia (Fig. 2). These clamps can
easily increase the life of drills in the Consortium
countries. The concept of marker discs was also

useful in getting straight beds.

Circuit 1I: 1-3 September 2001

John Deere, Narrabari/ Gilgabdra

On way to Brisbane from Dubbo, the team had
the opportunity to visit some of the machinery
showrooms in Narrabari/ Gilgabdra. Machines
included cotton picker and harvester, root
pullers, maize thresher/ harvester, combines with
choppers, spreaders and flappers (Fig. 3). Discs
and ploughs with clamping mechanisms were
very simple and much easier for mounting any
other attachments and adjusting the row spacing.
Air seeder planters fascinated the machinery

manufacturers in the team.

On the way, large rainfed fields planted with
wheat with excellent crop growth were very
pleasing to the eyes. Rain-water storage in the
soil profile and the accompanying agronomic



(a & b) Centrifugal type, and (c) Rubber bar
type

tillage and residue management practices
followed by the farmers could easily be a model
for others. Many fields had stubbles of sorghum
and corn left over the surface to conserve soil

and water.

Toowoomba and Dalby District

On way to Toowoomba/ Dalby from Brisbane,
the team saw some of the equipments
manufactured by Janke Equipment, Inc. These
included cotton pickers, and tool bar
attachments. A unique feature of the Janke
equipments was that they were simple and easy
to handle by farmers. At Dalby, Frank Chiverton
took us around the Dalby Agricultural College
workshop and farms where he showed many
different types of equipment. The machines that

impressed the Indian manufacturers most

included the sprayers attached to a bar for weed
management in rows-planted crops; a Janke
seeder planter, cyclo-seeder device developed by
the college, and the sensor device that kept
track of seed tube blockades. Spike harrows at
the college farms used for spreading crop
residues on the surface for conserving soil
moisture under rainfed conditions were also of

interest to the Indian manufacturers.

Rain-water conservation : In and around Dalby,
soils were deep black with red soils on the rims
in upper reaches. Many farmers could not seed
the crops (cotton, wheat, chickpea and
vegetables) due to a lack of conserved moisture
in the soil profile and low winter rainfall. It was
observed that many farmers practice skip-row
cultivation in cotton. Some farmers practiced
planting crops in 6-8 rows in one season and
the side rows were kept free and planted in the
next season. This practice of strip cropping
permitted rainfed farmers to have guaranteed
income on a continuous basis.

Close to Dalby, an award-winning farmer had
planted wheat on wider beds (1.6 m wide and
10-15cm high) on a black soil. The crop stand
was excellent. There were no problems of water
subbing into the wider beds made in black soils.
Successful crop production in rainfed situation in
a large measure depends on the management of
crop residues (surface retention of residues.).
Weed management was also very good.
Unfortunately, the team could not meet the
farmer and seek more details on weed
management and other management issues.
Certainly, this crop of wheat was one of the best
seen by the team in the field trip.

Toowoomba Farm Machinery Festival —
Some Salient Observations

The Darling Downs has a long tradition of
organizing a farm machinery festival in
September each year. The traveling seminar team



members spent two days there. It was a very
well-organized farmfest with many service
providers, manufacturers and Department of
Primary Industries—all participating in a big way.
Farmfest organizers also invite farmer innovators
to display their simple innovations and award
the best one with handsome prize money.

During the farmfest, the team members had an
opportunity to meet many entrepreneurs and
other people and have indepth discussions on
various aspects of discs, tynes, seed metering,
clamping, soil-engaging and planting equipments.
The general trend in Australia is to have a
frame on which machine components could be
mounted to handle different activities. This cuts
down the maintenance cost and also increases
the length of useful working time of the
machines. Harvesting combines were fitted with
flappers, spreaders and cutters to help spread
residues making planting easier. In South Asia,
these attachments must be put back on
combines to complement the seeding of crops in
surface retained residue situations. The simplicity
and complexity of Australian farm equipments
was in full display in the farmfest. There were
many options for redesigning the machine that
could handle residues in more than one situation
“dry and moist, coarser and finer soils". The visit
to the farmfest helped the Indian entrepreneurs
to understand the current thinking of the RWC
and ACIAR on modifying zero-till and bed-
planting machines. These machines and concepts
could be modified and combined into one
machine to meet the needs of potato and cane
growers. This will help promote diversification of
the rice-wheat system. It also gave them a very
good exposure and sensitized them on the need
to move faster in upgrading the zero-till / bed-
planting systems. They realized the challenges of
seeding into dry/ moist and with and without
crop residues in different textured soils. In doing
so, they need to use a very simple design that

keeps costs low and improves machine access to

the poor farmers.

On Saturday and Sunday (1 and 2 September,
2001) the team traveled to the sugarcane
country and saw some cane planting systems in
field conditions. It also visited Brisbane wia river
to take a better view of the city on a hard
earned rest weekend.

Circuit 1lI: 3-6 September 2001

The traveling seminar team had some good
discussions with Drs Jeff Tulberg and Ross
Murray, whom they had met previously at the
farmfest. Ross visited many stalls with them and
explained to them in detail the attributes of the
various openers, tynes and metering systems and
spray equipments. Traditional farming practices
in Australia depend on frequent tillage to
control weeds and preparation of seedbeds.
Excessive tillage in finer-textured black soils in
lower reaches of the landscapes and red soils in
upper reaches, has lead to surface sealing and
crusting, and lower water infiltration rates. In
New South Wales farmers seemed to practice
trash-and-burn agriculture more often. There is
lot of emphasis on rain-water conservation in the
soil profile, storage of runoff waters in above-
the-ground tanks (Turkey nests dams) and crop
residue management. Many farmers seemed to
practice reduced tillage combined with crop

residue management.

Dr. Jeff Tulberg discussed with the team the
benefits of controlled traffic in zero-tillage
systems. Some of the work being led by him in
medium- to long-term experiments clearly
showed that:

(i) Controlled traffic reduced runoff by 20-30%
and improved vyield by 0.5 Mg ha™;

(i) Zero-tillage and residues retention reduced
runoff by 19% and improved yield by 150 kg
ha'; and



(iii) Zero-tillage plus residues when combined
with controlled traffic reduced runoff by 46%
and improved yields by 0.6 Mg ha™ in

rainfed agriculture.

Results of medium- to long-term trials clearly
indicate that unless traffic movement is restricted
in the main field (controlled traffic), much of
the advantage of tillage system in terms of soil
water conservation (improved infiltration, less

crusting etc.) may be lost.

In rice-wheat system, where soil is puddled in
the rice season and zero-tilled in the wheat
season, the practice of puddling and zero-tilling
is conceptually unsustainable in the longer term.
Besides taking away the practice of puddling in
rice, results obtained in the Gatton trials confirm
that Consortium's strategy to combine zero-till,
with controlled traffic and paired-row planting
system and residue retention is a major step
forward in the right direction. This strategy can
be up-scaled for many other situations.
Controlled traffic, combined with paired-row
planting and crop residue management, is an
ideal system for enhancing sustainability of the
cropping systems. In rolling topographies, such as
found in Queensland, the system when combined
with a small ditch 15-20 cm wide 10-15 cm
deep takes away runoff waters from the
controlled traffic galleries and can help control
erosion. These drains also collect water into the
main tanks even when the cultivation is done
along the slope. It was surprising that even in an
advanced agriculture system in NSW and
Queensland, farmers tilled and planted crops on
land that had slopes as high as 10%. Subsequent
discussions also suggested that the issue of soil
compaction due to free wheeling had other
complexities associated with tyre size, pressure,
tractor power and silica content of the soil.

Dr Raj K. Gupta believed that Jeff's observations
were correct in that reduced runoff and higher
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water recharge of the soil profile in the
controlled traffic plots, resulted in higher crop
productivity.

Outcomes

In the development of a system that facilitates
rain-water conservation, and avoids residue
burning, there are many issues related to the
machinery, which can handle residues. Present
zero-till machines in India rake the loose
residues. The seminar team had a great
opportunity to visit farm machinery festival at
Toowamba for two days looking at simple as well
as complicated designs for residue-handling
machines. They also had the privilege to interact
and discuss with Joe, Jeff and Ross and many
manufacturers and farmers during the farm
machinery show. The important concepts that
must be remembered when designing a zero-till/
bed-planter are:

1. The machine must be able to seed crops in
the presence of crop residues with minimum
soil disturbance in different soil types,

2. Have a frame structure of sufficient strength
and adaptability to hold various attachments
for zero-till, bed-planting and cultivating
tynes

3. Select the appropriate tynes furrow openers
and press-wheels for the type of residue and
soil conditions prevailing.

Options available include:

A. Tynes

1. Adjustable straight shank tyne with bracket
and spring

2. DPenetrator curved tynes
B. Pre-openers (Fig. 4)
1. Plain disc blades

2. Convoluted, wavy disc blades

3. Coulter / curved disc type blade



Curved-cut Curved Convoluted

Figure 4. Various types of pre-openers used in farm machinery.

Figure 5. Various types of detachable points with tynes used in zero-till machines.



Figure 6. Various types of opener attachments and hoes.

C. Openers (Figs. 5 and 6)
1. Single-disc openers

2. Double-disc openers
Double-disc parallel
Offset double-disc

3. Spear/ chisel-type openers
4. Duckfoot-type openers

5. Star wheel-types openers

D. Press wheel (Fig. 7)

a. Single-ribbed wheel (centered): for drier
conditions and application of side pressing/
dual-rib wheel firms-up soil either side of
seed leaving easier seed emergence path

b. No-till high pressure wheel with spring: to
establish seed-soil contact in dry soils.

c. In-frame press wheel: to establish a gentle

seed-soil contact in moist soils

d/e.Single flat press-wheel: for application of
softer broader pressure on small and large
seeds

The above components will be tested on a
three-point linkage toolbar. Each test will
compare a pre-opener, opener and press-wheel

on different soils types, moisture conditions and
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residues levels. The use of adjustable straight
tynes will facilitate carrying various types of seed
drill and cultivator points, shares, and sweep on
one machine. Detachable types of points make
interchange and repairs easier. Depth control
wheels will be mounted on either side of the
frame to serve as drive wheels also. On a
straight tyne it is also simple to mount the
paired row and side banding attachments
(available from Codemo Machinery Service at
Griffith and Janice). During discussions with Joe,
Ross, Jeff, and the manufacturers, it emerged
that an equipment with the following parts could
be assembled for testing under the soils and
agro-climatic situations of the IGP:

e Shank type flat tynes with box type brackets
and

e Various types of openers as listed at "C" (see
column I) together with

e 18" plain disc pre-opener, and

e Flat press-wheel — all of which to be

mounted on a frame of sufficient strength.

It was decided to try the above equipment with
various crop residues and soil moisture
conditions. The design of the multi-crop seed
metering system already available with the bed-
planting system will be used in the new machine.



There are obvious differences between the two
countries in management requirements. Most
south Asian farmers have to be concerned with
the management of 4-5 tons ha™! of residues
while Australian farmers have to manage 10-12
tons ha™! of crop residues. The other difference
is that the turnaround time or working window
available to the Australian farmers is wider than
that available to farmers in the Indian sub-
continent. Another difference appears to be in
the moisture patterns for crop residue
decomposition. It seemed to the Indian
manufacturers that they could now make
machines, which would be more competitive in
price, even than those made in Australia. It
appeared to the team that with the development
of the new machines, the Consortium through
ACIAR may complement the residue
management efforts in Australia.

Perspective of the
Manufacturers and the
Scientists

Towards the end of the study visit it was very

apparent that the manufacturers were tired but

)
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Figure 7. Various types of press wheels/depth wheels : (a) Single ribbed, (b)No-till high pressure,

still greatly excited about the new opportunities
for further development of the zero-till /
reduced-till machines. Some of the major
observations discussed previously are:

e New generation farm implements in the
Indian sub-continent definitely need to
incorporate detachable/ replaceable type
attachments/ parts and may include folding
nature of the equipments seen in Australia.

e Many questions are yet to be addressed by
researchers both in Australia and the
Consortium countries. Some of these are
related to the trash / crop residue
management system that works well for wet
soils, how to avoid burning as well as weed
management in mulched situations, and also

how to avoid hairpin effects during seeding.

e Adverse effects of free traffic are still not
fully appreciated by the farmers and the
scientists alike. Jeff and Ross's team working
in Gatton is a natural partner for the
Consortium to work with in the development
and use of controlled traffic, paired-row
planting with residue retention, and the
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(c) In-frame press wheel, (d) Closing wheel, and (e) Zero pressure smooth tyre.
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incorporation of a permanent zero/reduced-

tillage system in rice-wheat systems.

Manufacturers realized the importance of
undertaking customized jobs to further
facilitate participation in upgrading and

redesigning of new systems.

New investments in R&D by the private

sectors are long overdue. Entrepreneurs are
convinced that they need to invest more in
R&D and share profits with dealerships for

after-sales service.

The machine design agreed upon will be
developed and the follow-up on importing
the component parts will begin immediately

as per procedures agreed with RWC/ACIAR/
IRRI. Good existing features such as the
seed-metering device will be retained.
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Participants: Traveling seminar to Australia

Dr. Joseph Rickman

Agricultural Engineer

International Rice Research Institute
Los Banos

Philippines

Tel 63 2 8450563

Fax 63 2 7612404

E-mail j.rickman@cgiar.org

Dr. Raj K. Gupta

Regional Facilitator
RWC-CIMMYT

CG Block, NASC Complex
DPS Marg, Pusa Campus
New Delhi 110 012, India
Tel 91 11 5827432

Fax 91 11 5822938
E-mail rgupta@cgiar.org

Mr. Aroor Singh

A.S.S. Foundry and Agricultural Implements
Jandiala Guru, Amritsar, Punjab, India

Telefax 91 183 432545
Tel 91 183 432367

Mr. Manmohan Singh

National Agro-industries

Ludhiana, Punjab, India

Tel 91 161 662041

Fax 91 161 663299

E-mail nationalagro@satyam.net.in

Mr. Ravi Beri
Beri Agro-industries

Karnal, Haryana, India

Tel 91 184 270415
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Itinerary: Traveling seminar to Australia

Date Places visited

26 Aug. — 30 Sep. 2001 Sydney » Canberra » Yaas » Griffith
» Wagga Wagga » Narrandra » Leeton » Griffith

1-3 Sep. 2001 Griffith » Rankins spring » West Wyanlong
» Forbes / Parkes (Radio-telescope site)
» Dubbo » Gilgandra » Coonabarabran
» Narrabri » Moree » Goodiwindi
» Tractor show rooms) » Brisbane

3-6 Sep. 2001 Brisbane » Toowomba » Farmfest » Dalby
» UQ-Gattan » Brisbane
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Scientists and farmers with whom interactions were done in

Australia

1. Max D. Williams
Principal Experimental Scientist
Forestry Products Laboratory
Victoria
email: max.Williams@ffp.csiro.au

2. Clive Kirby
Research Scientist
Biology/Physics, CSIRO
Griffith

email: clive.kirkby@grf.clw.csiro.au

3. Liz Humphreys
Sr. Resaerch Scientist
Irrigated Agriculture, CSIRO
Griffith

email: liz.humphreys@grf.clw.csiro.au

4. John Blackwell
Principal, Research Engineer
OIC, CSIRO. Land & Water
Griffith

email: john.Blackwell@grf.clw.csiro.au

5. Jamie Hague
Team leader
Composite Technologies
Forestry and Forest Products
CSIRO, Victoria

email: Jamie.hague@ffp.csiro.au

6. Bruino Guidolin
Managing Director
Guidolin Agrimac Austr. Pvt. Ltd
Griffith

10.

11.

12.

13.

14.

Gregg Johnson

Australian Centre for International
Agricultural Research

Canberra

Collin Piggin

Australian Centre for International
Agricultural Research

Canberra

Tony Fischer

Australian Centre for International
Agricultural Research

Canberra

Frank Chiverton
Agriculture College
Dalby, Queensland

JN Tulberg
UQ, Gatton

Queensland

Ross Murray
UQ, Gatton
Queensland

Brian Dunn
John Deere
FarmFest

Dalby

Rick Freeman
College of Agriculture
Gatton
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15.

16.

17.

16

Nick Ellwood
Zennore Farms

Finley

Gurmeet Singh
Nav Imports
Sydney

email: navimports@primus.com.au

Roger Fuss
General Manager
Gyral Implements

Mobile 0428879738; 07-4634-3388

18.

19.

Hayden Fuss
Purchase Manager

Gyral Implements
07-4634-3388;07-4632-6766

Luke Hogan

Janke, Mt, Tyson QLD
email: info@janke.com.au
free call 1800-198-193
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