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South-South Technology Transfer: The Case of
China’s Kpatawee Rice Project in Liberia
DEBORAH

BRAUTIGAM”

Columbia University, New York
Summary. - Despite the call for more technical cooperation between developing countries (TCDC) as
spearheaded by the United Nations Development Program, the literature contains few examples of actual
cases of TCDC. Kpatawee Farm was developed during 1978-89 by the People’s Republic of China as a
state-cwned rice seed plantation in rural Liberia. The article analyzes this experience of TCDC. It concludes that technical cooperation between developing countries may offer unexpected problems. In this
case, operating Kpatawee as a state farm effectively transferred China’s own difficulties with state-controlled, overmechanized,
and uneconomic production. Privatizing Kpatawee is unlikely to improve its
performance. Even China’s small-scale irrigation techniques, when considered separately from the rainfed area of the state farm, appear at best only marginally competitive with imports, and offer limited
promise as a viable farming system for rural Liberia.

1.

INTRODUCTION

Many of the efforts to assist developing countries to boost agricultural production have focused
on the transfer of agricultural
technology
from
countries with successful
“green revolutions”
to
those still hoping to have one. Analysts both inside
and outside of Africa, for example, have compared
Africa’s low-productivity
agriculture with Asia’s
agricultural
success and have recommended
the
transfer of Asian technologies to Africa.’ This article reviews one such attempt: the irrigated and
upland rice seed project
implemented
by the
People’s Republic of China at Kpatawee in Liberia,
during 1978-89. The Kpatawee project is significant for several reasons. It is an example of the
transfer of Asian technology to Africa; it involved
technical assistance from one developing country to
another; and it sought to establish the feasibility of
plantation-scale
rice production, providing support
for the late President Doe’s vision of a Liberian
Green Revolution
organized
800-1200
hectare
“estates” of advanced, plantation-style
production
(Butty, 1987).
Large-scale government-managed
rice projects
have a troubled history in Africa, but the verdict is
less clear on medium-scale
projects
such as
Liberia’s Kpatawee Farm (Carter, 1989; Bernal,
1987; Brautigam,
1992). The Chinese, who have
established more than 20 rice projects in various
African nations,
hoped that the project would
demonstrate
that Chinese methods could be used
successfully in Liberia. At the same time, Liberian

leaders
expected
that the establishment
of
Kpatawee would serve as a model for rice plantations that could be controlled by the state. Neither
hope was realized. The analysis that follows outlines the factors that led to the failure of the
Kpatawee project. It is based on visits to the project
and interviews with the Chinese and with rural and
Monrovia-based
agricultural
officers
during
1983-89. The article concludes by analyzing the
potential for privatization of Kpatawee.

2. BACKGROUND
Successful technology transfer depends in part on
similarities between the source environment and the
destination, and in part on successful
adaptation.
In
some ways the rice-growing environment in Liberia
is not unlike that in China. In both countries, irrigable land is limited by hilly topography,
farmers
must rely heavily on seasonal rainfall, and drought
affects even gravity and pump irrigation. On the
other hand, there are some significant differences
between the two environments.
While China is a
densely populated country with low labor costs,
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labor in Liberia is limited in relation to land, and
labor costs are consequently high. Liberia has almost
no irrigation infrastructure
and the marketing and
input delivery system is undeveloped.
In China,
these elements have been in place for centuries.
In both countries rice cultivation dominates the
subsistence
sector. The Chinese, however, introduced their techniques into a Liberian farming system with very different
agricultural
traditions.
Liberian farmers practice predominantly
slash and
burn shifting cultivation in a single rainy season, as
opposed to the continuous cultivation of terraced or
dyked (bunded) paddies. Rice in Liberia is grown
primarily in rainfed upland conditions and in small
inland swamps with minimal water control. Upland
rice is traditionally
interplanted
with other crops:
millet and sorghum, vegetables,
and tubers. Rice
usually takes five or six months to mature, and plants
within a single field often mature at a variety of
times, making it impossible to harvest the rice with a
sickle, as the Chinese do. Harvesting instead is done
with small knives, so each seed head can be cut individually. Although figures for Liberia are not available, African farmers as a whole use less than 10
kilograms of chemical fertilizer per hectare, while
Chinese farmers use some 90 kilograms (World
Bank, 1989, p. 95).
Liberia’s inland valley swamps provide better
year-round cultivation conditions than the uplands,
and practices there more closely resemble Chinese
traditions. During the rainy season swamps receive
runoff from the hills and overflow from the streams.
Once the swamp has been developed, stumped, and
cleared, continuous cultivation is possible, although
in many areas the swamp is left fallow after four or
five seasons.
Extensive upland farming systems require sparse
populations in order to allow the lengthy fallows that
rejuvenate soil nutrients drained by a single cropping
season. Pressure on the land differs considerably in
Liberia and China. Policies that promote irrigation
solutions to shortfalls in rice production interpret the
major problem
in rice development
as one of
increasing yields per unit of land. In populationdense Asia, such a strategy is prudent, for land is the
scarce factor of production. A look at the difference
in land-labor ratios between Liberia (one person for
every two hectares of arable land) and China (20
persons for every two hectares of arable land) might
indicate a need to concentrate on improving landextensive production, rather than to construct laborintensive irrigation systems. On the other hand,
before the recent civil war began, there were signs
that even a land-rich country such as Liberia was
experiencing
population pressure.* As population
density increases, fallow periods shorten and shifting
cultivation becomes less tenable. Demographics, and
the geographic imperatives of increased production

in West Africa are pushing many of these countries
toward the intensive
cultivation
characterizing
Chinese agriculture.

3. THE KPATAWEE
MULTIPLICATION

SEED RICE
PROJECT

The 2,500-hectare
Kpatawee valley is located
120 miles from Monrovia,
12 miles off the
Monrovia-Gbanga
highway. When the Chinese first
came to the valley in 1978, the Kpatawee
site
already had a troubled history. Although Kpatawee
was one of nine projects planned to commemorate
the Liberian Independence
Anniversary
in 1975,
efforts to develop the site actually began much earlier. Kpatawee figured in the Rice Extension Project
begun in 1955 with assistance from the United States
and the UN Food and Agriculture
Organization
(FAO). As part of its effort to build political support
for its claim to be the legitimate leadership of China,
the Nationalist government in Taiwan had offered
technical assistance
to Liberia, joining the Rice
Extension Project in 1961, clearing nearly 2,000
hectares at Kpatawee, and organizing 337 farm families into a cooperative. In 1975, most of the area was
planted to upland rice; after that year, however, most
of the farmers abandoned the land. Farmers had
agreed to pay the government 25% of harvested production for use of mechanized services and as repayment for development expenses. When higher than
expected costs led project officials at the first harvest
to take 75% of farmers’ harvest rather than the 25%
originally agreed upon, Kpatawee farmers abandoned the cooperative, returning to their old farms
located some distance from the project site.j
The government then reclaimed Kpatawee from
the cooperative,
and planted tree crops on 600
hectares at the south of the cleared area. At the time
of the rupture in Liberia-Republic of China (Taiwan)
relations in 1977, the Taiwanese were planning to
irrigate a 163-hectare section near a perennial waterfall. Construction of the gravity irrigation scheme
was not very advanced when the site was given over
to the People’s Republic of China 1978 technical
assistance mission.
The initial protocol agreement on agriculture
signed by Liberia and China on April 10, 1978 stated
that China would assist rice and vegetable production in four Liberian counties and take over a sugar
cane operation begun by Taiwan. For the next three
years, however, the activities
of the Chinese in
Liberian agriculture remained unfocused,
as the
attention of the Liberian government was diverted by
economic and political problems, including the violent coup led by Samuel Doe that toppled the Tolbert
government in 1980. In this atmosphere, it was difficult for the Chinese to make progress with the pro-
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jects - especially since the Liberian government
was unable or unwilling to contribute to local costs.
In 1981 the Ministry of Agriculture asked the
Chinese to take over the entire cost of development
and production at Kpatawee, dropping all involvement with the other sites. Both governments signed a
protocol on August 27, 1981 in which all local
expenses were to be met by the Chinese loan for the
remainder of the project. The preliminary project targets consisted of the rainfed production of seed rice
on 163 hectares; construction of a 30-meter bridge, a
warehouse, residential houses for senior and junior
staff, and a workshop; the establishment of piggery
and poultry units; and the reconditioning of the 13hectare irrigated rice field (Government of Liberia,
1983).

4. SOUTH-SOUTH

TECHNOLOGY
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The technical choices of the Chinese in their
Liberian agricultural assistance projects were choices based on China’s own domestic rural experiences:
construction of effective irrigation systems where
water sources exist and rainfed systems in other
areas; agricultural
mechanization;
and improved
seeds, techniques, and management practices.

(a) Irrigation and land development
Land at Kpatawee station was primarily rainfed
(163 hectares)
with a small irrigated
area (13
hectares). Development of the rainfed areas involved
leveling the land and constructing
rudimentary
bunds, or low walls, to help retain rain water in the
fields. Each bunded area enclosed approximately
four-tenths of a hectare of land. The well-drained
soils of the valley floor made water requirements for
irrigation high. Rainfall, while adequate, was considerably less than that on the coast: 200 centimeters
per annum, rather than 500 (Government of Liberia,
n.d.).
The irrigation system resembled the simple technology irrigation structures found across the ricegrowing areas of China. In China, state-managed
irrigation construction used local materials supplemented by cement canal linings and metal flow gates
to keep costs down while making maintenance easier. Individual plots can be irrigated separately from a
peripheral canal, or each plot may be made dependent on irrigation water passed through the plot adjacent to, and above it. The former system involves
more construction and expense, with a higher ratio
of canals per hectare. At Kpatawee, the Chinese constructed low-maintenance (but higher cost) concrete
gates and covered supply and drainage conduits,
with header bunds and peripheral irrigation canals
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allowing the irrigation of individual plots. With this
simplified management, although operated as a state
farm, Kpatawee officials did not have to contend
with the choices and tradeoffs involved in coordinating farmers’ water requirements, a critical problem
faced by most other canal irrigation systems (Wade,
1988).
The Chinese domestic practice of high canal density was duplicated at Kpatawee. The 13 hectares of
irrigated land had 95 meters of canals per hectare, a
figure quite typical in China but considered high
(and uneconomical)
in other countries
(United
Nations, 1979). Use of gravity irrigation was beneficial, avoiding the operation and maintenance costs of
pumps. The irrigated areas, however, were then
dependent on water flow from the Kpatawee river,
since the project hadn’t constructed a dam to store
water and ensure regularity in the water supply. This
economy led to dry season problems with water
deficits in some years, impeding double cropping.

(b) Mechanization
Mechanization
was an important component of
the Kpatawee project, and supplies of machines were
very generous. The Chinese use of tractors and
extensive mechanization in Liberia reflected a union
of objectives and policy biases on the part of donor
and hosts. In China, mechanization
has long been
seen as the “way out” for agriculture. Likewise, government strategies in Liberia have emphasized intensification of farm mechanization. China did not publicly recognize its own long-standing
problem of
indiscriminate
agricultural mechanization
until the
late 1970~.~ It is not surprising, then, that in West
Africa, Chinese agricultural projects have uniformly
featured extensive supplies of tractors, power tillers,
and diesel engine threshers. The overmechanization
of China’s Kpatawee project, designed when China’s
own problems with inefficient mechanization were
becoming common knowledge, reflects the slowness
with which considerations of cost efficiency became
accepted as important criteria for project design in
China’s foreign aid program.
The Chinese machines received mixed reviews
from African farmers and agricultural technicians. In
particular, Liberian workers complained about the
high level of fuel consumption
compared
with
European or American tractors, and the outdated
equipment for the Chinese tractors. Modern seed
attachments, for example, deposit seed and a dose of
fertilizer simultaneously,
while the Chinese seeder
- based on a Soviet model of a generation ago deposited seed only, requiring another pass through
the field for fertilizing.
In addition, even simple
repairs became a problem, as most items were not of
a standard gauge and had to be ordered from China.
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Farmers and agronomists familiar with the poor
soils of West Africa have been skeptical about the
benefits of mechanized land preparation, in particular, deep and/or frequent plowing. In the upland area
at Kpatawee, the Chinese mechanized all operations
from plowing to harvesting. Drawing on their experience in China, they advised extensive land preparation for upland rice: two passes with a plow and one
or two disk harrowings. In China, organic fertilization of the soil after plowing is so regular that the
multiple passes common in the Chinese system do
not result in diminished soil fertility. But in West
Africa, the topsoil layer is normally not deep, and
West Africans do not have a tradition of organic fertilizer applications.
Repeated plowing can abuse
fragile tropical soils, and deep plowing can bring up
the less fertile layers under the topsoil. In these
areas, the practices transferred by the Chinese repeated passes with the harrow, and deep plowing
- were inappropriate.
Little adaptation of these
mechanization
practices appeared to have taken
place.
When excessive plowing is combined with inefficient management, the economic and technical efficiency of mechanized land preparation is affected.
For instance, an agricultural engineer who observed
land preparation underway at Kpatawee timed plowing operations for a period and found that for every
15 seconds of use, the plow was out of the ground
for eight seconds, an inefficient use of plowing time
that could easily have been prevented with more
careful supervision and training.
Like the other innovations
introduced
by the
Chinese, machines are part of what must be seen as a
system of interrelated
parts. Machines
place
demands on scarce resources. Repairs and maintenance must be organized, guaranteed fuel supplies
must be assured, and drivers must be trained. While
the Chinese were present they generally organized
these aspects of the project, but their system was not
institutionalized. Staff at Kpatawee relied completely
on the visiting Chinese technicians to order spare
parts; at the end of the project, and although the
materials accompanying
the machinery listed the
address of the Chinese factory where they were
made, the Liberian staff continued to rely on the
Chinese embassy for spare parts orders.

(c) Improved inputs and cultivation practices
Successful multiple cropping in China is based
on the efficient water control, soil improvement,
seed development,
and small-scale mechanization
that have characterized Chinese agriculture over the
past 20 years. These have been complemented, however, by the sophisticated
management
and labor
intensive cultivation practices that have been a fea-

ture of Chinese agriculture for many centuries, and
that are not currently common in West Africa. The
Chinese sought to change this.
Although on other rice projects in Africa the
Chinese brought in improved, high-yielding
seed
from China,5 in Liberia they used local seed and
non-Chinese irrigated varieties, including the wellestablished local selection LAC-23 for the upland
areas. The Chinese introduced line transplanting for
irrigated rice. Transplanting involves both high management skills and high labor inputs and symbolizes,
perhaps more than any other practice, the attempt to
get more from the land by greater application of
labor. The skills and time involved are a great departure from the slash and burn broadcast system traditionally
practiced
by West African
farmers.6
Transplanting
involves first the construction
of a
seed bed or nursery for the rice seedlings. It takes
almost nine person-days
to establish and tend the
seedbed for a single hectare of transplanted paddy.’
Compared with traditional shifting cultivation, which
in Liberia requires approximately
214 person-days
per hectare, irrigated cultivation (without mechanization) demands considerably more labor: 330 days per
hectare (Monke, 1981, pp. 144, 146). Its appropriateness is very dependent on the supply of labor, or
alternatively, of machines.
In China, crops are protected through both organic and chemical means. Tradition stresses cultural
and biological practices to reduce the incidence of
pests: treating seeds by smoking them, removing
stubble and draining paddies, raising insect-eating
ducks, or applying tobacco to control rice stem borers. In the face of the labor scarcities and cultural
practices existing in Liberia, the Chinese did not promote their labor-intensive, organic methods of crop
protection, with the exception of management methods such as burning fields and keeping water in the
plots to discourage animal pests. They recommended
instead preventative
chemical spraying at regular
intervals of two to four weeks. Preventative spraying
as a short-term measure avoids the time-consuming
requirement that uneducated workers be trained in
alternative pest management techniques, for example, well-timed but limited spraying targeted at the
appropriate stage of a particular pest’s life cycle.
Preventative
spraying, however, has longer term
costs (pests can build up resistance more easily) and
may be uneconomic, given the high cost of chemicals. A recent World Bank study argues with regard
to Africa that “the input-output price ratios for many
of these [pesticides] have deteriorated in recent years
and in consequence recommended application rates
frequently offer farmers unattractive returns” (1989,
p. 105).8
Heavy chemical use has side effects in addition to
its financial costs. Water runoff, if contaminated by
pesticide chemicals, may be dangerous to local com-
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munities. In addition, heavy use of insecticides may
destroy the natural enemies of rice insects. Given the
low research capability in Liberia, it has been impossible to develop varieties locally for wide dissemination that are resistant to the six to seven predominant
rice-eating insects and diseases. The heavy use of
pesticides on the Chinese projects was critical for the
yields they obtained, but it calls into question the
appropriateness of a short-term transfer of technology versus the slow build-up of local breeding programs.

5. MANAGEMENT

AND SUSTAINABILITY

China’s technology transfer was part of a package that included both technology and the systems
necessary for its sustainability. With the high maintenance and management demands of the Chinese
practices, information, training, and easy access to
commercial inputs would be critical for their successful transfer and continued usefulness. Between
1981 and their departure in 1989, the Chinese implemented and then managed Kpatawee as a “turnkey”
project, constructing a government seed farm and
then supplying.management
until the Liberians could
run it themselves. Although one government source
stated that Kpatawee was intended to be a demonstration site for local farmers, there was no official
organization
of this function
(Government
of
Liberia, 1983). Kpatawee had no private farmers,
only government workers carrying out cultivation
tasks.
In June 1984, the development
phase of the
Kpatawee project officially terminated. The project
had been unable to produce seed as economically as
the neighboring
Smallholder
Rice Seed Project
(SRSP) funded by the International
Fund for
Agricultural Development (IFAD), and each year of
its implementation
problems with weeds, water
shortages, and pests reduced yields far below projections. In 1984, direct costs of production
at
Kpatawee amounted to $0.81 per kg of paddy produced; the project lost money selling its seed at the
fixed price of $0.5l/kg (Wan, 1986).
Seed production generates costs in the range of
30-100% above the cost of ordinary paddy; observations in many parts of West Africa confirm that
farmers pay 15-30% over the market price of paddy
for desirable
seed (Humphreys
and Pearson,
1979-80). Thus seed production,
which requires
more care in management (particularly in harvesting), is competitive with ordinary paddy production
only if costs can be held down, and if the price supplement is higher than the increased cost.
Upland seed production at Kpatawee was quite
costly: heavily mechanized, with land preparation,
planting, spraying, fertilizer application and harvest-
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ing all done by machine. The irrigated section, on
the other hand, used manual labor for transplanting,
weed control, fertilizer application, and spraying, but
relied on machinery for land preparation and harvesting. In some years, water constraints in the dry
season limited productive use of the irrigated plots to
only 8-10 hectares.
Yields on the rainfed upland areas averaged only
1,160 kg/ha during 1982-87. In the irrigated sections, they averaged 3,560 kg/ha (rainy season) and
2,620 (dry season).9 These yields were generally
equaled or surpassed by ordinary peasant farmers
working with the Ministry of Agriculture on other
projects.1° Nevertheless,
the Liberian government
remained
committed
to the plantation
concept,
believing that centralized government production
would ensure government control over at least a portion of Liberia’s rice seed production, and over substantial amounts of ordinary paddy rejected as rice
seed.
Management problems between the Chinese and
Liberian staff exacerbated efforts to transfer technology and management practices. In 1984, the sole
Liberian official assigned to the project complained
bitterly that the Chinese were keeping him out of
crucial aspects of administration and finance:
There is no satisfactory coordination, programming, or
cordial relationship and understanding between the
Chinese and myself. This is vividly manifested in the
financial and managerial aspects of the project; these
aspects arc absolutely controlled by the Chinese with no
clear reference to me as counterpart.”
After the Chinese handed Kpatawee over to the
Liberians, the two governments discussed the project
and agreed to a new arrangement whereby China
would provide, and Liberia would pay for, six technical and managerial personnel. The two sides again
failed to coordinate on management issues, with the
Chinese now pleading to the Deputy Minister of
Agriculture to supply them with the promised personnel:
As most of our Liberian Deputies haven’t taken their
posts, we Chinese technical and managerial personnel
basically beared (sic) all the responsibility for the production and administration of the project . . Judging
this statue from its appearance, it looked that as if tbe
Project was administered only by the Chinese . . . But I
hereby want to repeat that I ardently wish all our
Liberian Deputies to take their posts as soon as possible
so as to work together with us, learn from each other,
make up each others’ deficiencies and to be familiar
with the production and administration of the Project
sothat they can run the project by themselves after our
ieaving (Wan, 1986).

The additional personnel were not forthcoming, and
the Chinese continued to manage Kpatawee under
their contract, keeping a tense relationship with their
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sole Liberian counterpart. With additional loan funding from China, a further 150 hectares were brought
under cultivation during 1985-87. The management
contract was renewed every two years until Liberia
broke diplomatic relations with China in 1989.12
Although a 1983 West African Rice Development Association (WARDA) review of the Liberian
Seed Multiplication
Program
suggested
that
Kpatawee be “given to outgrowers for the production of certified seed,” there were no attempts to do
this (WARDA, 1983). Indeed, the financial analysis
below demonstrates
the poor prospects a contract
farmer or a private investor using Chinese techniques would face at Kpatawee producing upland
seed. Instead, to augment project funds, the Chinese
arranged a contract for Kpatawee to itself serve as an
outgrower, producing certified seed for the IFAD
rice project located in nearby Gbanga. SRSP oversaw the planting of a predetermined
number of
hectares and then purchased seed that met its standard at a premium above the government-determined
paddy price. Most of the time, Kpatawee produced
this seed at a loss, as the next section demonstrates.

6. KPATAWEE:

COSTS AND BENEFITS

Some of the technical difficulties experienced in the
transfer of irrigated and rainfed rice systems - drainage, pests, etc. - are a function both of lack of experience and unorganized
government
support. With
greater skill development and more efficient agricultural services, these difficulties can be largely over-come.
Whether it makes sense to invest national resources in
support programs for rice cultivation depends, however, on the balance between costs and benefits.
The first part of this section examines the entire
project, first, from the government budget perspective, using market prices, and then from the point of
view of the Liberian economy, using economic
prices.13 The second part reviews options for privatization at Kpatawee by way of separate financial
analysis of upland and irrigated production taking
the point of view of a hypothetical contract farmer,
who might have more options for profitable operation.

(a)

The economics of Chinese techniques on an
African state farm

Analysts of African agricultural
development
have long been skeptical about the economic feasibility of government schemes for the machine cultivation of upland rice, or government cultivation of
irrigated rice. In the case of Kpatawee this doubt is
justified.
Government
production
of rice using
Chinese techniques at Kpatawee is a costly and inefficient proposition.

In the following analysis, the benefits of the project are limited to the rice produced. Although training, increased familiarity with machinery, and even a
limited demonstration effect are also possible benefits of the project, they are not included.r4 The project analysis uses the highest yields obtained at
Kpatawee (1,600 kg/ha for upland rice, and 5,000
kg/ha for irrigated rice) rather than the average.r5
The Kpatawee project was not able to use all of its
production
for seed. At times, up to 45% of the
upland seed was unviable due to broken grains
(Megino, 1984). The analysis assumes (optimistically) that all production at Kpatawee after 1983 was
suitable for seed.16
(i) Net present value
Financial analysis of the Kpatawee project over
20 years of expected life, even with optimistic
assumptions, revealed a negative net present value
(NPV) at all positive discount rates used (Table 1).
Even with the optimistic assumption of high and stable yields for both upland and irrigated rice through
year 20, these results hold. The net present value was
calculated to be $-1,008,418 with the discount rate
set at 3% to reflect the opportunity cost of agricultural project investment capital for the Liberian govemment. It was calculated again at a zero cost of capital
to reflect the cost of the Chinese loan which has paid
for almost all the investment and production costs of
the first years of operation,
again with negative
results ($435,725). The Liberian government would
not have earned back the cost of the investment over
the 20-year projected life of the project. Without the
option of selling seed at $0.51/kg to the SRSP, the
cost of production at Kpatawee would exceed returns
from paddy sales in every year.
This picture is worsened in the economic analysis
of the project, where prices are adjusted to reflect
their scarcity values. Since the government
controlled very few input prices in Liberia, only the
paddy and rice prices are adjusted in this analysis.
Using the import parity price for rice instead of the
price set by the government
reduces the benefits
again, demonstrating
the true cost to the Liberian
economy of mechanized
seed production
using
Chinese techniques. If production at Kpatawee is
valued at a seed equivalent of the import parity price
($0.28/kg paddy equivalent plus an additional premium for seed of 30%, or $0.36/kg), instead of the government seed price of $0.5 1/kg, the net present value
at 0% amounts to $-1,444,520.
The high costs at Kpatawee stemmed in part from
the excessive use of machinery in land preparation
and harvesting and from the small area over which
the administrative expenses were spread. Since the
land has been developed, and the machinery is in
place (although rusted by neglect during the civil
war), it may make sense at Kpatawee to regard
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21,413

22

86,424

163

1,615
875
4,865
4,673
632
5,478
2,867
8.250
48.916

1986

21.413

22

86,424

163

1.615
875
4,865
4,673
632
5,478
2.867
8,250
48,916

33,828

1988

191,445

191.445
-28,575

191,445
5,253

13,503

56,620
0
5,cGu

56,620
0
5.000

56,620
0
5,MlO

133,224
0
1,600

177,942

21,413

22

86.424

163

1,615
875
4,865
4,673
632
5,478
2,867
0
48.916

1989

133.224
0
1.600

133,224
0
1,600

186.192 220.020

21.413

22

86,424

163

1.615
875
4,865
4,673
632
5,478
2,867
8,250
48,916

1987

21,413

22

86,424

163

1,615
875
4,865
4,673
632
5,478
2,867
0
48.916

20,068

41,885
l.ooO

1991

21,413

22

86,424

163

1.615
875
4,865
4,673
632
5,478
2,867
0
48,916

600

1994

191,445
13,473

191,445 191.445
12.903

191,445
13.503

191,445

191,445

13,503

56,620
0
5,000

56,620
0
5,cal
56,620
0
5.cmo

56,620
0
5.m
56.620
0
5.000

56,620
0
5,lmO

8,978 -49,450

133,224
0
1,600

177,972

21,413

22

86,424

163

1,615
875
4.865
4,673
632
5,478
2,867
0
48,916

30

1995

133.224 133,224
0
0
1,600
1,600

177.942 178,542

21.413

22

86,424

163

1.615
875
4,865
4,673
632
5,478
2,867
0
48,916

1993

133,224
0
1.600

177.942

21,413

22

86.424

163

1.615
875
4,865
4,673
632
5,478
2,867
0
48,916

1992

133.224 133,224
0
0
1.600
1,600

182,467 240,895

21.413

22

86,424

163

1,615
875
4,865
4,673
632
5,478
2,867
0
48,916

4,525

1990

12,675

191*445

56,620
0
5,000

133,224
0
1,600

178,770

21.413

22

86,424

163

1,615
875
4,865
4,673
632
5,478
2,867
0
48.916

828

1996

177,942

21,413

22

86,424

163

1,615
875
4,865
4.673
632
5,478
2,867
0
48.916

1998

56,620
0
5.m

-38,997

13,503

191.445 191,445

56,620
0
5,000

133.224 133,224
0
0
1,600
1,600

230,442

21,413

22

86,424

163

1,615
875
4,865
4,673
632
5,478
2,867
0
48.916

52,500

1997

163
86.424
22
21,413

163
86.424
22
21,413

56,620
0
5,000

13,503 102.272

191,445 191.445

56,620
0
5.000

133.224 133,224
0
0
I.600
1.6al

88.769

177.942 177.942

1,615
875
4865
4673
632
5,478
2,867
0
48.916

2lKlO

1.615
875
4.865
4,673
632
5,478
2,867
0
48,916

1999

1996
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investment costs as sunk costs and to continue production. In order to determine, however, the replicability of these techniques to other areas, the following section includes an annualized development cost
in its projection of the potential for profitable private
production at Kpatawee.

(b)

The potential

for privatization

Technology consists not only of hardware, such
as machinery, but of software, ways of organizing
production. Transferring Chinese technologies and
establishing a model state farm clearly did not work
well for Liberia. The same hardware, however, may

offer more attraction when analyzed from the perspective of a private farmer. Private farmers would have
the option of irrigated,
or upland production
at
Kpatawee, and these are considered separately. The
analysis assumes that inputs and mechanization services would be available on an unsubsidized basis at a
cost equivalent of that incurred by the project. Table 2
illustrates the cost of production at Kpatawee for upland rice, per hectare and per kilo of seed produced.
Both land development
costs (on an annualized
basis) and recurrent costs (management and labor,
seed, fertilizer, and mechanized operations, interest on
working capital, and maintenance) are included.
A private investor or a farmer obtaining mechanization services at cost would pay $816 per hectare

Table 2. Cosf of production, Kpatawee (upland) per hectare

Labor
Manual Harvest/thresh
Weeding
Bird Scaring
Rogueing
Combine labor
Contract gleaning
Winnowing, drying, bagging
Inputs
Seed
NPK 15:15:15
Urea
Herbicide
Mechanized operations
DF-75 disk plow
MF-165 disk harrow
springtine harrow
seed drill
DF-55 spray herbicide
top dressing
Combine Harvest/thresh
Drivers’ Wages
Land ( 163 hectares)
Develop., annualized cost
Staff for farm management
Interest on working capital

cost/
unit

Total
combine
harvest

Total
manual
harvest

unit

quantity

md
md
md
md
md
kg
md

34
12
2
5
3
41
4

2.60
2.00
1.75
2.00
2.00
.ll
2.00

24.00
3.50
10.00
6.00
5.17
8.00

88.40
24.00
3.50
10.00
6.00
5.17
8.00

kg
kg
kg
liter

51
167
111
12

0.5 1
0.42
0.49
1.35

25.81
69.81
54.39
88.20

25.81
69.81
54.39
88.20

23.24
16.49
18.09
24.88
14.34
10.77
121.66
0.73

83.66
16.49
27.14
18.66
14.34
5.39
267.65
8.40

83.66
16.49
27.14
18.66
14.34
5.39

38178
22.39
33.12

38.78
22.39
33.12

830.89

650.04

hr
hr
hr
hr
hr
hr
hr
hr
per hectare

3.60
1.00
1.50
.75
1.00
.50
2.20
11.50

per hectare
per hectare

Total costs

6.79

Value and returns at various yields/ha
Yield (kg/hectare)
Value/kg
Total Value

1200
0.5 1
612.00

1400
0.5 1
714.00

1600
0.5 1
816.00

1800
0.51
918.00

Total with combine harvesting
Net return/hectare
Cost per kg seed produced

-219
0.69

-117
0.59

-15
0.52

87
0.46

Total with manual harvesting
Net return/hectare
Cost per kg seed produced

-38
0.54

64
0.46

166
0.41

268
0.36
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to cultivate upland rice with combine harvesting,
compared with a cost of $453 for traditional upland
cultivation.i7 Assuming that all production could be
sold as seed at the government price of $0.5 l/kg and
that yield was at a perhaps optimistic, but attainable
1,600 kg/ha, at full mechnanization
as practiced
under the Chinese, returns per hectare would amount
to a loss of -$lS. The cost per kg of seed produced
($52) would be approximately equal to the price of
$.5 1. If yields were raised to their potential 1,800 kg,
costs would drop to $.46/kg. If combine harvesting
could be replaced by manual labor - a possibility in
the Kpatawee area that would probably only be feasible with resettlement induced by higher wages returns rise and costs drop.r8 At yields of 1,600
kg/ha, the net return per hectare would be $166,
compared with the traditional upland cultivation,
with yields of 1,050 kg/ha, and a net return of $82
higher than traditional
per hectare. I9 Although
upland cultivation,
these returns are unlikely to
prove attractive to private investors or farmers in the
Kpatawee area. If farmers using the manual harvesting option and receiving
yields of 1,600 kg/ha
received their inputs and mechanical services as an
“in kind” loan, paying 15% interest, as assumed in
these calculations, they would have to pay the equivalent of 51% of their harvest simply to cover these
inputs.20 If the output could not be sold as seed, but
only as ordinary paddy, at $.4O/kg, the operation
would quickly go bankrupt.
Irrigated rice presents a different picture (Table
3), providing
a more attractive investment
than
upland rice, assuming yields are kept at least at the
levels introduced under the Chinese. At the yields
reached at Kpatawee during the dry season (2,620
kg/ha), costs of production with combine harvesting
are higher than returns from seed rice. Substituting
manual harvesting, however, brings costs down to
$.50 per kg, resulting in net return per hectare of
$10. At the rainy season average yields of 3,560
kg/ha, combine harvesting is still profitable, with a
net return per hectare of $211. With manual harvesting, the net return rises to $486 per hectare. Farmers
able to do manual harvesting and obtaining yields of
5,000 kg/ha, and who received a loan at 15% interest
to cover all inputs and mechanical services, would
receive a net return of $1,215 per hectare. Loan
repayment would amount to only 21% of their harvest, with the rest as the return to labor and land.2’
The financial costs and benefits of the Chinese
techniques give a measure of their attractiveness to
private sector farmers. This can assist the Liberian
government should it decide in the future to privatize
seed production at Kpatawee. With care and determination, government
managers could raise yields
above the levels established to date at Kpatawee.
Given the better yields already obtained by neighboring farmers, however, as well as the additional
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income benefits of production by smallholders, the
privatization
of Kpatawee
offers some distinct
advantages for irrigated production. On the other
hand, the techniques introduced by the Chinese offer
no significant comparative advantage for producing
upland seed rice, let alone ordinary upland paddy
rice. Given actual conditions
at Kpatawee, both
upland seed and, to a lesser extent, irrigated seed
were produced by the government at costs considerably above the $0.51/kg seed price. The Chinese
mechanized techniques with manual harvesting were
profitable for irrigated seed rice at all yields analyzed, as long as Liberian prices were buffered from
the low world market prices prevailing
in the
198Os.** At yields of 5,000 kg/ha, irrigated production using the Chinese mechanized techniques with
manual harvesting would cost $0.26/kg and would
be profitable on an economic basis, competitive with
imported rice, at the paddy farmgate equivalent price
of $0.28.

7. CONCLUSION
For the Kpelle farmers who lived in the shadow
of Kpatawee Valley, and who continued to farm its
hills using slash and bum techniques, the Chinese
methods of tractorized cultivation, and neat, irrigated
rice paddies, were viewed as exotic transplants, having little to do with Liberian farming. Glad for the
occasional part-time jobs weeding, or gleaning after
the mechanized harvest, they watched the Chinese
struggle with the valley, while they struggled with
the hills.
Just as local farmers had little connection with
Kpatawee, so did Kpatawee have little connection
with other institutions in Liberia. The Chinese welcomed visitors, but did not go out of their way to
invite them. The road to the project was unmarked.
Although Liberia’s Rural Development
Institute
(RDI), a postsecondary training center, was located
close to Kpatawee,
no RDI students
served as
apprentices with the Chinese, and few were even
aware of exactly what the Chinese were doing 12
miles away.
The technical constraints to agricultural production in Liberia center on the dialectic between land
and labor. Green Revolution
technologies,
the
improved, high-yielding varieties in particular, were
developed in Asia to fit local conditions of increasingly scarce land and increasingly abundant inputs
such as labor and chemical fertilizers. But in Africa,
resource scarcities are the reverse image of Asia:
labor is generally
the limiting factor, not land.
Technical change appropriate for Africa involves
increasing labor productivity, especially during bottleneck periods: land clearing and land preparation,
transplanting, weeding and harvest. Had the Chinese
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and the Liberian government not been tied to the
idea of a centralized, government-controlled
production system, they might have experimented with various ways of supporting small and medium-scale
farmers, who could have multiplied seed more efficiently, while raising their household incomes. They
might have introduced small-scale, manually operated transplanting machines and harvest equipment.
They might even have experimented
with animal
Table 3. Costs ofproduction,

Labor
Manual Harvest/thresh
Weeding
Bird Scaring
Transplanting
Nursery Prep/brig & Drainage
Nursery Prep/brig (skilled)
Top Dressing & Chem. Applic.
Rogueing
Combine Labor
Contract Gleaning
Winnowing, drying, bagging
Inputs
Seed
NPK
Urea
Phosphate
Herbicide
Rogor (pesticide)
Furadan (pesticide)
Mechanized operations
MF-165 disc plow
MF-165 disk harrow
FS-35 puddling
FS-35 levelling
Backpack spraying
Combine harvesting
Drivers’ Wages
Land (13 ha; 1.7 cropping ratio)
Develop., annualized cost
Maintenance
Staff for irrigation management
Interest on Working capital

traction, using a trypanosomiasis-tolerant
cattle
species native to Liberia’s neighbor Sierra Leone.23
Yet the Chinese decision to support the Liberian
government’s dream of large-scale, mechanized rice
production
is understandable.
The concept was
familiar: Kpatawee Valley resembled
the large,
state-owned farms in China. It was easier, as well, to
construct an irrigated and rain-fed system by directing paid workers, than by organizing a host of inde-

Kpatawee (irrigated)

per hectare (1.7 crops)

Total
combine
harvest

Total
manual
harvest

2.60
2.00
I .7s
2.00
2.00
2.30
2.30
2.30
2.00
0.1 I
2.00

49.00
8.75
84.00
44.00
23.00
19.37
17.25
9.00
17.38
15.00

161.20
49.00
8.75
84.00
44.00
23.00
19.37
17.25
9.00
17.38
15.00

kg

56
225
II2
1I2
8
0.25
IO

.5l
.42
.44
.42
7.00
10.50
4.85

28.34
93.84
49.39
46.92
52.50
2.59
48.50

28.34
93.84
49.39
46.92
52.50
2.59
48.50

hr
hr
hr
hr
hr
hr
hr

2.50
I .50
5.50
2.50
12.25
3.50
20.50

17.76
16.49
Il.19
9.60
3.10
121.66
0.73

44.40
24.74
61.55
24.00
37.98
425.81
14.97

44.40
27.74
61.55
24.00
37.98

89.07
39.75
165.91
53.00

89.07
39.75
165.91
43.00

1.589.99

1,315.38

unit

quantity

md
md
md
md
md
md
md
md
md

62
25
42
22
10
8
5
158
8

kg
md
kg
kg
kg
kg
kg
liter

per
per
per
per

COW
unit

hectare
hectare
hectare
hectare

Total costs
Value and returns at various yields/ha
Yield (kg/hectare)
Value/kg
Total Value

2,620
0.5 1
1,326

Total with combine harvesting
Net return/hectare
Cost per kg seed produced

-264

Total with manual harvesting
Net return/hectare
Cost per kg seed produced

3,560
0.5 1
1,801

4,000
0.5 1
2,024

5,000
0.51
2,530

0.61

211
0.45

434
0.40

940
0.32

10
0.50

486
0.37

709
0.33

1,215
0.26

14.97
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pendent smallholders. Finally, exporting machinery
as part of a Green Revolution
package simply
reflected China’s own longstanding political emphasis on tractor mechanization without regard for its
economics (Lin, 1991, p. 12). For the government,
the possibility of controlling seed production at a
large, government-managed
site such as Kpatawee
was much more attractive than relying on independent smallholders to multiply seed rice for distribution to other farmers, even though production was
less efficient and more expensive at Kpatawee.
Ultimately,
however, the Kpatawee approach
failed because it was overstaffed and overmechanized, because the Chinese were unable to develop
techniques
to allow continuous
cropping on the
upland areas, while the more profitable irrigated area
was too small to subsidize the losses on the upland.
The Chinese focused on yields per unit of land, and
never provided the Liberian government with any
analysis of the costs involved in production. As representatives
of China, their focus may reflect the
same political pressure that rewarded Chinese cadres
in late Maoist China on the amount of grain produced, not the cost. These policies
dominated
Chinese agricultural practices until the liberalization
of the 1980s and shifting away from old habits may

have been harder for Chinese specialists isolated
from the rapid changes taking place in China’s rural
areas.
The breaking of diplomatic relations between
Liberia and China in 1989 ended China’s assistance
to Kpatawee, and the civil war soon thereafter put an
end to all government production projects. Cut off
from fertilizers, pesticides, herbicides, and machinery, the Kpatawee uplands are likely to revert quickly to weed-choked fields. The small irrigated section,
however, 13 hectares of neatly constructed, gravityfed paddies, is likely to survive the civil war intact,
as a location now available for small farmer production. The Kpelle farmers of Bong County - in particular, the women, who hold the major responsibility for food production - may yet find in their own

modifications to the Chinese approach, a system that
is sustainable in Liberian conditions, that can contribute to household-scale
rice production, rather
than the Liberian leadership’s persistent dream of
mechanized rice plantations that shows little promise
of ever being able to “feed the nation.” Should that
happen, the Kpatawee project may yet provide an
example of sustainable technology transfer between
developing countries in Asia and in Africa.

NOTES
(1984), World Bank
(1981). The latter recommends that donors aid African
irrigation development through the transfer of technologies available in Asia.
1. See, for example,

Bryant

2. Although upland farmers are generally thought to
have an adequate fallow of 7-15 years, a Ministry of
Agriculture team found in a series of group discussions
throughout
Liberia,
that farmers saw an inadequate
amount of “good bush” as one of their key problems
(Government of Liberia, 1982).
3. See WARDA (1984). and “Mechanized farming hits
record harvest in Bong County,” New Liberian(September
8, 1983).
4. Scientists in China have criticized widespread recommendations to plow deeply, indicating that the practice
is common. Indeed the pattern of rice land preparation in
China is that of one deep plowing, followed by six to eight
passes with a harrow. See Kuo (971. p. 260), and UN
Food and Agriculture Organization (1977, p. 25).
5. In Senegal and The Gambia, for example, the southem Chinese variety “Aiwu” was popular, while in Sierra
Leone, the “Chen-chu-ai”
or CCA variety proved most
appropriate.
6. The estimate is based on Chinese estimates of 8.6
person-days
per hectare, with eight hours in a working
day. Continued practice in seedbed construction,
as in
transplanting, can raise efficiency considerably as workers
move up the learning curve.

7. Based on the Chinese
person-days per acre.

estimate

of three and a half

8. Robert Chandler,
the former
director
International Rice Research Institute (IRRI) has
against the use of chemicals for controlling disease
“the use of insecticides is never profitable unless
population is high” (1979, p. 1.58).

of the
argued
in rice:
insect

9. Interviews
with Chinese
and Liberian
staff,
Kpatawee,
and Ministry
of Agriculture,
Monrovia,
Kpatawee Project files, various years.
10. For example,
smallholders
in Bong and Lofa
Counties had improved variety yields of 1,500-2,110
kg/ha for upland and 2,910-3,100
kg/ha for irrigation
(Government of Liberia, 1988, p. 9).
11. From a memo written by the Liberian
Project
Manager
to his supervisor,
the Deputy Minister
of
Agriculture, October 1, 1984, Monrovia, Liberia, Ministry
of Agriculture files, Kpatawee Project.
12. Upon receipt of a very generous offer of assistance
from Taiwan, Liberia switched official recognition from
Beijing to Taipei in mid- 1989.
13. Since the Liberian government has not subsidized
seeds, fertilizer, pesticides, or other inputs, the difference
between market and accounting prices is generally nonexistent, with the important exception of rice which, at the
time of this analysis, had a government-controlled
price
above the world market price.
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14. Measurement of the costs of production using the various techniques
introduced
by the Chinese rests on the
reconstruction
of the actual production
conditions
at
Kpatawee, as recorded during site visits across the growing season. It includes administrative overhead, land development costs, inventories of machinery, actual wage bills,
and operating expenses for the original development
of
163 hectares
of rainfed and 13 hectares
of irrigated
land. Although
the Chinese developed
an additional
150 hectares
of rainfed land during 1985-87,
this is
treated as a separate project, and is not included in the
analysis.
15. Average yields were much lower, due to several years
of poor harvest. The analysis begins with low yields in the
first year, but moves to the higher yields in year two of
production.
Using the highest recorded
yields overstates actual project returns. They are used under the
assumption
that with experience,
those yields could be
obtained
consistently.
The analysis
is done on an
assumption of 1.7 crops of irrigated rice per year, given
that not all of the acreage could be irrigated in the dry
season.
16. The analysis is based on Kpatawee records through
1988, and on hypothetical projections thereafter. Since the
civil war interfered with actual production at Kpatawee, a
simulation of 20 years of “normal” production was constructed to ascertain the costs and benefits of this type of
system for Liberia.

18. The analysis boosts wages by 30% for manual harvesting as an estimate of the rate that would be needed to
attract harvesting labor.
19. Traditional upland cultivation is based on labor inputs
of 214 days, valued at $2.00 per day, and 50 kg of seed,
valued at $Sl/kg.
20. This does not include the costs for labor, or for buildings or land.
21. These calculations
assume that the agricultural
machinery would be used at rates equivalent to those under
the project.
22. At the time, the import parity price of $.28/kg meant
that government prices were set above world levels. The
import parity price is the paddy price equivalent of imported rice. It is calculated by figuring the farmgate price paddy
would need to have for it to equal the price of imported
rice, after collection, milling, and transport. In this example, if paddy rice could be purchased for $281/mt at the farmgate, costs of collection, processing (at 66% conversion
to milled rice), transport and marketing, would bring the
cost to $48I/mt, the equivalent of the 1983-84 cost of
imported rice delivered to Monrovia.
At the farmgate,
$28l/mt translates to $.28/kg.
23. In the mid-1980s. RDI, Liberia’s Rural Development
Institute, did experiment with animal traction, just down the
road from Kpatawee.

17. These costs value all labor inputs at the current wage
rate for agricultural labor.
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