CAMEROON
PROJECT ASSISTANCE COMPLETION REPORT

A. BASIC PROJECT IDENTIFICATION DATA:

1 PROJECT TITLE: Tropica Roots and Tubers Research Project (ROTREP)

2. PROJECT NUMBER: 631-0058

3. MODE OF IMPLEMENTATION: Cooperdtive Agreement with the University of Maryland
Eagtern Shore (UMES) as lead university; sub-grantsissued by UMESto Alabama A & M University
(AAMU) and Forida A & M Universty (FAMU). Government of the Republic of  Cameroon
(GRC) implementation agency: Ministry of Scientific and Technicd Research (MINREST) through the
Ingtitute of Agronomic  Research (IRA).

4. PROJECT DESIGNERS: UMES, AAMU, FAMU, GRC, USAID/Cameroon.

5. PROJECT COOPERATIVE AGREEMENT DATES/OBLIGATIONS:

Date Amount
($000)
a Origind Cooperative Agreement 08/29/86 3,700

b. Amendment No. 2 09/25/86 95
c. Amendment No. 5 08/14/87 249
d. Amendment No. 7 08/25/88 1,300
e. Amendment No. 8 03/02/89 368
f. Amendment No. 9 06/22/90 350
0. Amendment No. 11 01/01/92 1,000
h. Amendment No. 12 03/30/92 2177
Totd Obligation 9,239

6. PROJECT ASSISTANCE COMPLETION DATE: Origind - August 29, 1991; 1¢t Revidon -
August 29, 1993; 2nd Revision - December 31, 1994; 3rd Revison - November 30, 1994 [Project
Authorization Date: August 29, 1986; Protocole Agreement GRC-UMES Date: October 1, 1986;
Technical Assistance Dates. October 1986 to November 1994].

7. TOTAL PROJECT FUNDING - ACTUAL: ($000)
Planned Actual

a) A.l.D. Funding 9,239 9,239

Technicd Assgtance 4 845 4491



Short-term Training 519 346
Language Training and
Transportation 90
Participant Training 509 633
Commodities/Construction 1,591 1,598
Recurrent Cost 1,316 1,688
Other Direct Cost 369 466
Ranned
b. GRC Funding $3,316 3,912
Personnel 1,858 2,106
Commodities 842 512
Research/Operating Cost 534 903
Inflation/Other 82 391

8. RESPONSIBLE MISSION OFFICIALS (Life of Project):

a. Misson Director(s): Jay P. Johnson
Peter Benedict

b. Project Officers  William Judy

John Dorman

Quincy Benbow

Elzadia Washington
c. REDSO/WCA Project

Gary Cohen

Manager (close out) Yves Coffi Prudencio

9. EVALUATION DATE(S): September 1989

B. PROJECT PURPOSE/OBJECTIVES, OUTPUTS, STATUS OF ACCOMPLISHMENTS,

LESSONS L EARNED, REFERENCES:

10. PROJECT GOAL: Thegod of ROTREP was to contribute to the improvement of the
Cameroonian farmers socio-economic welfare through increased productivity of root and tuber

food crops.

Project Purpose: The purpose of ROTREP was to improve the socio-economic welfare of
farmersin Cameroon by increasing the productivity of cassava, yams, and cocoyams through
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(a) the development of technically and economicaly feasible root and tuber crops, rapid
seedstock multiplication technology for cassava, yam and cocoyam, and (b) the development of
aroot rot resistant cocoyam variety that has desirable agronomic characters through
cytogenetic and breeding studies.

Project Objectives and Outputs:

@ Develop localy acceptable varieties of cocoyam which are resistant to root rot disease
in Cameroon.

2 Deveop atechnicaly and economicdly feasible seedstock multiplication system(s) for
yam, cassava and cocoyam.

3 Study the nature and magnitude of post harvest losses of root and tuber food crops
systems and recommend research problems and opportunities for improving the
system(s).

4 Assg in theinditutional development (Human and Physicd) of the Indtitute of
Agronomic Research in root and tuber crops research.

Background: 1n 1977, the Indtitute of Agronomic Research (IRA) in the GRC Minigtry of
Scientific and Technical Research created the Cameroon Nationa Root Crop Improvement
Program (CNRCIP). The objectives of CNRCIP are:

- To promote varieties of root crops which are high-yieding, tolerant to the principa
pests and diseases, with a high nutritive quaity and accepted by the consumers;

- To develop improved cultura practices and techniques which smal farmers can use;

- To develop rapid seed multiplication of improved materia to be used by al grades of
planters,

- To develop appropriate storage and processing techniques which will reduce losses and
to study the commerciaization of derived products, and

- To train nationa researchers and technicians to continue the research program.
Roots and tubers, in order of their production and importance in Cameroon are cassava,

cocoyam, yams, Sweet potatoes and white potatoes. Cassavais the most important root and
tuber crop in Cameroon but research on this crop did not start until 1976. Research priorities
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are on obtaining resi stance to tuber root rot, improving post-harvest technology and nutritional
levels and achieving a rapid seedstock multiplication system. There are three cultivars of
cocoyams, the white, red and yellow with the white being the most acceptable to consumers
and the most susceptible to cocoyam root rot caused by asoil fungus. The research priority is
focused on developing a variety that is resstant to root rot. Yam in terms of production and
importance ranks third, but in terms of income generation it ranks first. The white yam is grown
mainly for cash sdeswhile the trifoliate yam isthe main food yam. Research, which darted in
1968, has been focused on sdlection of loca varieties and improved cultura practices. Sweet
potato research also started in 1976.



Research has focused on the main congraints to production: low yields, virus diseases and
weevils. The main congdraints to white potato production have been disease susceptibility (late
blight, wilt, virus), lack of good planting materid, and poor market systems. Research on white
potato was intensified in 1987.

Since 1976, severd international organizations have provided assistance to the IRA roots and
tubers research program, including the Internationd Ingtitute of Tropical Agriculture (1ITA), the
International Potato Center (CIP), the International Devel opment Research Center (IDRC), the
Adminigration-Genera For Cooperation in Development (AGCD), the Gatsby Charitable
Foundation, the International Foundation for Science (IFS), the Research Project for Maize
and Cassava (RPMC), and the U.S. Agency for Internationa Development (USAID). Since
1980, these organizations spent atotal of $14.9 million on roots and tubers research in
Cameroon, of which USAID provided $9.2 million through the ROTREP Project.

In 1986 USAID agreed to fund the Roots and Tubers Research Project in Cameroon by
sgning a Cooperdive Agreement with the University of Maryland Eastern Shore (UMES).
Working as a consortium, UMES subsequently issued sub-grants to the Alabama A&M
University and Florida A&M University. On October 1, 1986 a Protocol Agreement was
sgned between the Government of the Republic of Cameroon (GRC) and the consortium.

11. STATUSOF COMPLETION OF PROJECT ELEMENTS (Inputs):

a) Procurement: The grantee had the responsbility of procuring and contracting during the
entire life of the project. The lead universty, UMES, wasto provide long-term
technica assstance and aso execute memoranda of agreement with Alabama A& M
Universty and Florida A&M Universty to provide technica assistance to implement
the diagnostic survey on storage, processing and utilization of root and tuber food
crops. Short-term consulting was to be provided by dl three collaborating universities.
The commodities that had to be procured included vehicles, laboratory and field
equipment, research supplies, office furnishings and equipment, and household furniture
and gppliances for the long-term technicians.



Status: All required commodities were procured according to specifications as
identified by the technical staff. Commodities were procured and received within the
expected time frame. Project commodities which were transferred to IRA are shown in
attachment 6.

b) Congruction: The grantee was responsible for developing plans for congtruction and
building renovation, aswell as awarding and managing construction contracts.

Status: The project succeeded in etablishing afunctiona tissue culture laboratory
which was acritica pre-requisite for useful work in the development of rapid seed
stock multiplication system for root and tuber crops. This ultra modern tissue culture
laboratory was fully completed and furnished. The project has dso completed the
condruction of a greenhouse complex facility nursery. Additiond infrastructure
included the congtruction and completion of two growth rooms and two screen houses
for disease indexing and tissue culture ectivities. Congtruction has been completed and
aprovisiona reception took place on October 7, 1994 by REDSO/WCA.

) Technicd Assdance: The technicd assistance component of ROTREP initidly
included 132 person months of long-term advisors plus 22.7 person months of short-
term consultancies. Fields of expertiseincluded: agricultura economics,
breeder/agronomigt, plant geneticist, biotechnol ogy/agronomist, plant breeder and plant
pathologist. Subsequent amendments (amendments 10 and 11) added an additional 97
person months of long-term advisors and 25 person months of short-term
consultancies. The responghility of the technica assistance personnel wasto assst IRA
in accomplishing the above objectives through project implementation.

Status: The lead university, the University of Maryland Eastern Shore (UMES) was
responsible for overal project implementation. UMES coordinated the placement of all
long-term technica assistance personnel, procurement of dl commodities, and design
and supervison of condruction of the biotechnology complex. UMES provided a chief
of party/agricultural economist for four years, a chief of party/biotechnologist for two
and one half years and home office support persond.

Alabama A & M Universty (AAMU) provided the leadership for the diagnostic studies of the
storage, processing and utilization of root and tuber food crops in Cameroon. From 1987-89,
AAMU was responsible for participant training activities. From 1990-94, AAMU coordinated
al short-term technica assistance to the project. AAMU provided a crop breeder for two
years and home office support personnel. HoridaA & M Universty (FAMU) was respongble
for al language training associated with the project. From 1987-89, FAMU coordinated dl the
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short-term technica assistance to the project. From 1990-94, FAMU was responsible for the
participant training component. FAMU provided a crop breeder for two years, a pathologist
for two years, and home office support personnel.

The review of the effectiveness of the technical assstance component isgivenin the
section on accomplishment. In terms of numbers, accomplishment of technical
assgtance: 100% completed.

d) Traning: Thetraining component of the project included the training of Sx
Cameroonians in various fields at the graduate degree level, short-term training of
technicians in third countries, and in-country training.

Saus: The project was responsible for the training of Cameroonian counterparts
working with expatriate scientists in various fieds.

Seven Cameroonian researchers were trained at the graduate level. One

Cameroonian hasreceived aPh.D in Food Technology, and returned to Cameroon in
December 1991. Three Cameroonians have received M.Sc. degreesin Food
Technology, Horticulture/Tissue Culture and Crop Breeding. They returned to Cameroon
repectively in May 1991, October 1992, and 1993. An additional three
Cameroonians obtained by December 1994 M.Sc. degreesin Agricultural Economics, Crop
Breeding/Pathology, and Tissue Culture/Pathology. The last three have been

gpproved by GRC to continue on to Ph.D Degree up until December 1995. Their
respective universities have awarded them graduate assistantships to pursue their

Sudies.

Twelve Cameroonians received short-term third country training in subject areas
ranging from administrative and staff management to maintenance of dectronic research
equipment. In-country training was aso conducted by ROTREP technica assgtants
and senior Cameroonian researchers for junior staff in genetics, tissue culture, plant
pathology and agricultura economics. Fifty one IRA Ekonaresearchers,
adminigtrators and support personne received training in the use of microcomputersin
research and adminigtration. Twenty people received training in tissue culture
techniques for extensgon. The project conducted locd training for administrative
personne taking into consderation the specific needs of a sophidticated research
program. The effectiveness of the training on overdl human resource devel opment will
be discussed in the following section. Fourteen Cameroonians received on-the-job
traning. Twenty eight ROTREP scientists presented papers at internationd
conferences, workshops and symposia. Twelve University of Dschang students and six
other agriculturd university students conducted research toward their theses under
ROTREP saff supervision a Ekona
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STATUSOF PROJECT ACCOMPLISHMENTS:

Objective 1: Develop domesticaly acceptable varieties of cocoyam which are resstant to root
rot and blight complex.

Status: At the end of ROTREP on November 31, 1994, the project had not devel oped
agronomically and socio-economicaly acceptable cultivars of ‘white cocoyam which are
tolerant/resistant to root rot disease.

During the first year of ROTREP in 1987, the Stuations of cocoyam and the root disease were
assessed. In terms of importance, cocoyam ranked second among the roots and tuber crops.
Calorie intake per person per day was estimated at 128. But the severity of the root rot
disease had caused production to decrease by more than 20 percent in less than two years.
The disease was caused by the fungus "pythium myriotylum". Of the three cultivars of cocoyams
in Cameroon, the white (which was the most popular) was the most susceptible, followed by
the pink cultivar. The yellow cultivar was resstant to root rot. The fungicide, Ridomil
(dimethylphenyllda minate de methyl) was effective in controlling the fungus but was beyond
the reach of the average grower. Thefirgt priority of the project was to collect germplasm from
the various provincesin Cameroon and other countries aswell, including Jamaica and Puerto
Rico (later on, germplasm was dso collected from Equatorid Guineg).

One year later, the project had successfully isolated the root rot disease and mass production of
the fungus for screening the cocoyam germplasm was started. A protein content range was
determined and the Diploid chromosome number of the white and red cocoyam was confirmed
to be 2n=26 and the yellow cocoyam was confirmed as tetrgploid with 4n=52. By early 1989,
it was determined that the breeding program would involve hybridization and stringent selection
criteria. The production of tetraploids from the white and red, essentid to hybridization in the
breeding program, started. Stress was put on phytopathology evauation, eectrophoresis and
cytogenetic sudies, fidld evauation of germplasm, and crossing block for hybri-dization.
Pathologica work focussed on the production and characterization of isolates of the fungusin
pure culture, mass production of inoculum for artificia infestation and field evauation of
germplasm materid for resstance to "pythium myriotylum”.

Following the September 1989 mid-term eva uation, the project pursued the objective usng
three gpproaches, al based on the germplasm collection assembled during Phase | of the
project. In the first gpproach, clones from the germplasm were evduated in trids, with the
expected result of sdlecting clones with acceptable yields and high levels of resistance
(tolerance) to Pythium root rot, which could be combined with disease-reducing cultura
practicesto give farmers a useful package. In the second gpproach, clones from the germplasm
collection were used as parents in a conventiona breeding program based on red x white
(diploid x diploid) hybrids, with the expected result of selecting clones with high yidds and
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intermediate levels of resstance to Pythium root rot. The third approach used clones from the
germplasm collection as parents in a non-conventiona breeding program based on ydlow x
white and/or red (tetrgploid x diploid) hybrids, with the expected result of selecting clones with
high yields and high levels of resstance to Pythium root rot.

To obtain acocoyam clone resistant to root rot using the conventiona approach takes at least
seven years, with luck. 1f oneis successful, the non-conventiona breeding methods could take
haf thetime. The various non-conventiond methods include: (1) Embryo rescue of interspecific
hybrids between ydlow polyploidies and white and red diploidies. An attempt to rescue
embryos at 10, 20, and 30 days after pollination started with signs of swelling of the 20 and 30
days embryos indicating imbibition, cdl divison and growth. (2) Polyploidization of white and
red diploid clones followed by hybridization with yellow polyploid (resstant) clones. Seedlings
explants and corn buds of diploid red and white are treated with various

concentrations of colchicine for different durationsin order to induce polyploidies that may

be crossed with the yellow materiad. Results show that 0.05 to .25 percent concentration
affected plant morphology. Cytologica examinations to look for mutations are underway to
confirm ploidy levels. (3) Anther and/or pollen culture of yellow polyploidiesto produce
diploidies to hybridize with white and red diploidies. This method attempts to reduce the
ydlow tetraploids to diploidies before hybridization. Anthers and pollen of yellow clones are
cultured to produce haploid plantlets. Pollen germination and growth occurred in most
cultures, but there was no plant regeneration after six weeks of culture. (4) Protoplast fusion of
ydlow polyploidies with white and red diploidies or induced tetrgploids. Somatic
hybrids may be produced by fusion of protoplasts followed by regeneration of plantlets. By this

the resstance trait of the yellow tetrgploid istransferred  into the red and white. Experiments could
not be conducted because of time congtraints.

Nevertheless, amanua on cocoyam breeding and areview of pathology of the root and tubers
were produced.

Objective 2: Develop atechnicaly and economicaly feasible yam, cassava and cocoyam rapid
seedstock multiplication system.

Status: Three stages are necessary in propagation by tissue culture: (1) establishment of the
aseptic culture, (2) multiplication and rooting, and (3) acclimatization or trandfer to soil. Yam-1
media has been successfully used for establishing culture of different species of yam, for
example 'Dioscorea rotundatal and 'Dioscorea esculental. Medium Y-3 with auxin IAA gave
the best results with rooting. Contamination of yam culture was reduced by the procedure of
double gerilization (on surface Serilization) of yam nodd segments from 90% to 12% using
Cacium hypochlorite. Based on ROTREP findings, the best growth media for acclimatization
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of tissue culture derived cocoyam plantlets is the Non-gterile Pure Soil (NSPS). This result has
led to tremendous savings (in energy, time and material) as plantlets are now transferred directly
into ungerilized soil. Theinitid problem with cocoyam buds was severe fungd and becterid
contamination. However, by 1988, ROTREP had devel oped a procedure to store cocoyam
media up to 6 months. Cocoyam C-6 was proved very effective as a media and has been used
to obtain aseptically cultured plantlets but regeneration is low (50-60%). By 1993, 7,000
acclimatized tissue culture plants had been produced using a substrate of top soil and coffee
parchment.

Mass culturing of improved cassava has started with clones 8061, 8034, and 8117 producing
hormones. Yields of cassavatissue culture derived plantlets from cultivars 8034 were

more than twice those of non-tissue culture derived materid for the same clone. Tissue culture
materia yielded 58.6 kgs after 13 months compared to 23.0 kgs from non-tissue culture
materid after 17 months. Data currently available on cocoyam yidlds of tissue culture materia
showed average yield at 2.56 tons’ha compared to 9-10 tong’ha for non-tissue culture material.
These low yields may be attributed to abundant suckering which is good when producing
planting materia and poor when emphasisis on yidd. Research continues on solving this
problem.

A study on the economics of research and development of rapid seedstock mulltiplication of
cocoyam through tissue culture reveded that technica labor and glassware/

materias were the most expensive factors. Other production factors examined were culture
media, fixed lab facilities, and greenhouse facilities. Even though the study did not estimate cost
of production per plantlet, the results did lead to the development of anew strategy for training
lower leve laborers to replace technical labor. Various studies completed on rapid seedstock
multiplication are shown in Attachment 8.

The procedures for developing rapid seedstock multiplication for cassava, cocoyam, and yam
have been established. An MR5000 has been ingtdled and has made virus indexing a redlity.
All that isleft for abreakthrough is the development of a cocoyam variety resstant to the root
rot disease.

As previoudy planned, if this breskthrough was enhanced, an analysis and recommendation of
policy issuesto facilitate private sector adoption of the rapid seedstock multipli-cation system
would have been carried out. Thisinitiative would have required the exploration of linkages
with private firmsin the USA (i.e., Pioneer Seed Company), Nigeria and other countries for
joint ventures in the adoption of rapid seed multiplication systems. Experts from the private
Sector were going to be utilized in achieving this output.

Objective 3: Study the nature and magnitude of post harvest losses of root and tuber food
crops, the processing and utilization congtraints of root and tuber food crop systems, and
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recommended research problems and opportunities for improving the systems.
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Status: 1n 1987, adiagnostic survey conducted by the project concluded that:

- That there was alack of reliable efficient storage systems for roots and tubersin the
communities surveyed.

- The non-existence of well devel oped processing and preservation technologies
impeded the expangon of production.

- The lack of appropriate production implements and facilities for on-farm post-harvest
handling promotes post-harvest losses.

- There was alimited number of food products from root crops.

A 1990 survey of 69 yam producers in the Fako Division (the mgor yam producing divison)
concluded that:

- Yam production in Fako islargey amae activity (84%)
- Sixty-ax percent of the farmers sold their yam to wholesalers or consumersin the
market while 31 percent sold from their homes and only three percent a the farm gate.

- Yam farm size averaged 0.42 hectares.
- The bulk of labor was from the family.
- The digtribution was 45%, 39%, and 15% for food, sale, and seeds respectively.

A variability andyss showed that yam production was profitable:

- Profit for the genera system $400
- Profit for the tapping system (double harvesting) $725
- Profit for the non-tapping system $125

Andysis of market structure indicated a degree of competition which prevented monopolistic
practices. It found very little barriers of entry and a relaive specidization in yam marketing.
Andyss of market conduct showed rura markets as the main supply places for traders.

Also in 1990, the Project conducted a survey of 420 root crop farmersin the South West
Province. Two years later a
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amilar survey (259 interviews) was carried out in the North West Province. Generd findings
were the following:

- The average age of farmers was 42 yearsin both provinces.

- In the South West area women's participation in farming was 57% compared to 74% in
the North West.

- The average number of yearsin school was 6.7 in the South West and only 3.4 in the
North West.

- The percentage of farmers who never attended school in the South West Province was
34 compared to 46 in the North West.

- Mixed farming systems was noted in 86% of the farmsin the South West and 77% in
the North West; Mono cropping accounted for 12.4% in the South West and 2.1% in
the North West; 21% of farmersin the North West used both practices whereas only
1.7% of farmersin the South West used both practices.

- Sources of information (new technology) generdly were from family members for those
in the South West Province. In the North West amost 90% of information came from
friends.

- Losses due to root rot in the South West were estimated at 36% and 22% in the North
West.

Both Provinces expressed the same obstacles to production (in priority order): disease and
pests, insufficient labor, scarcity of planting materia, and lack of capitd. Various sudies
completed on post-harvest issues are shown in Attachment I1.

One other priority the project wanted to accomplish wasin the area of post harvest losses,
storage, processing and utilization of food crops. The project intended to utilize the expertise of
its two returned long-term participants with M.Sc. and Ph.D. degreesin Food Technology.
These participants were expected to utilize their expertise and experience in the improve-ment
and processing, handling and storage of roots and tubers. However, the project did not
succeed in addressing the various congtraints and capitalizing on opportunities in these areas as
additiond funding for this component was not made available.

Objective 4: Assg intheinditutiona development of IRA
in root and tuber crops research.

Status:  The Indtitute of Agronomic Research (IRA) was created in 1974 and is one of the five
specidized research inditutes in the Ministry of Scientific and Technica Research. It has Sx
research centers, 16 stations and 29 sub-stations or Antennas spread throughout the diverse
ecologica zones of Cameroon. The headquartersis at Nkolbisson on the outskirts of
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Yaounde. IRA conducts research on both cash and food crops, with particular emphasis on
the cered, roots and tuber crops.

Human resource development was essentia for the successful development of IRA. As noted
above, ROTREP actively pursued human resource development by providing three main types
of training for researchers. in-country or on-the-job training, out-of-country non-degree
training, and degree-rdated training. 1n 1979, IRA had three researchersin its roots and tuber
research Program, one Cameroonian agronomist and two expatriates. By the end of 1994,
IRA had 24 Cameroonian researchers. Of these, 10 work with ROTREP. In terms of
sponsorship of degree training, the GRC sponsored 11 individuas, IDRC three, the Gatsby
Charitable Foundation one, USAID/ROTREP seven, and CIP two.

A mgor respongbility of the UMES'FAMU/AAMU technicd assstance staff assigned to
ROTREP was to provide on-the-job training to counterpart national scientists and research
technicians. The sKills of nationd staff were congtantly upgraded as they planned, executed,
and andyzed the results of field experiments with the expatriate researchers. ROTREP
management adopted a policy of requiring expatriate Saff to prepare joint scientific publications
with their counterpart staff.

The knowledge and capabiility of technicians was dso upgraded by such informd training.

In addition to informa training activities, the short-term courses were designed to develop
gpecid research skills of nationd scientists and technicians. This training involved structured,
intense training within a defined curriculum.

Due to the active human resources devel opment component of the project, the objective/output
to develop Cameroonian staffed ingtitutional cgpacity to conduct gpplied nationa roots and
tuber research programs has been accomplished. By the end of 1995, there will be a qualified,
competent core staff of researchersin Cameroon to conduct roots and tuber research without
the assstance of long-term expatriates.
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IRA had limited infrastructure before ROTREP was established. Dueto the project,
Cameroon now has afully equipped, operationd biotechnol ogy/tissue culture laboratory (J.P.
Johnson Biotechnology Laboratory), two green houses, two screenhouses, two growth rooms
and 25 hectares of land at the Ekona Research Center has been prepared for plant collection
andfidd trails. A computer resource room with 11 computers has been established, aswell as
aradio communication instrument, fascimile and telephone communications. Overdl, the
Project has created a more conducive research environment for efficient and productive
research programs,

Oved| Status/Accomplishments of ROTREP

As noted by various assessments including the legacy and

impact assessment of USAID/Cameroon's agriculturd and natura

resources program, ROTREP is succeeding in fulfilling its

objectives. Asof the project assistance completion date on November 31, 1994, the development of a
cocoyam variety resistant to the root rot disease has not been developed. Nevertheless, the production
of cassava and cocoyams, the main root and tuber crops, has increased. It is reasonable to suggest that
the release of improved cultivars and recommended cultura techniques have played apart in this
increase. At least 15 improved clones of root and tuber crops have been released to growers.
Standard cultura practices for growing root and tuber crops have been produced and transferred to
farmersin the form of technicd bulletins, minikit packages, and fidd-level demondrations.

The totd vaue of root and tuber crops has dso increased. Estimates indicate an annua increase of
856% for potatoes and 360% increase for cocoyams. Adoption of new material generaly increased
farmers sales by 31% for cassava and 43% for sweet potatoes. Tota consumption hasincreased by
amost 6% for cassava and 37% for sweet potatoes. The development of feasible seedstock
multiplication sysems for cassava, cocoyams, and yamsis practicaly achieved and is only awaiting
goplication.

In terms of ingtitutiona development, the training of Cameroonian researchers will lead to Cameroon's
root and tuber research program being managed predominantly by Cameroonians. ROTREP, gpart
from contributing subgtantialy to human development, has provided the J.P Johnson Biotechnology
Laboratory which can be cited as a particular achievement. It isa center of excellence which can be
used by Cameroonians and researchers from neighboring countries to develop new techno-logies for
not only roots and tubers but other cropsaswell. Long-term linkages have been established with many
research ingtitutions, e.g. lITA, CIP, CORAF, CIRAD and of course the three universities associated
with ROTREP. In order to assst
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the GRC in prioritizing its research efforts on root and tuber crops, ROTREP has defined the principal
themes and crops that should be focused on. The themes include breeding for disease and pest
resstance, rapid seedstock multiplication system, post-harvest technology studies, and marketing
research. The project has left behind an important research impact and a capacity to carry on research.
However, the down side of this success will be that this ROTREP-crested capacity is 'housed' in an
ingppropriate indtitutional model which is cumbersome and costly. During the past two years, the
United Nations/FAO and World Bank have been collaborating with other donors (including USAID)
on the restructuring of agricultura research in Cameroon. They are now &t very advanced stages of
negotiating with the GRC. If this effort succeeds, IRA and the Ingtitut de recherche zootechnique et
veterinaire (IRZV) will be merged and reduced. The new research indtitute will function asan
autonomous structure with its own Board of Governors. 1t will have as one of its gods, partid
sdf-financing including possibly an independent research foundation. If restructuring efforts succeed,
the capacity that USAID has built up will be put to good use for Cameroon and West and Centra
Africa. If it does not come to pass, the capacity may be greetly reduced and some of it totaly lost.
The younger (essentidly the USAID trained personnd) and better trained researchers may leave or
seek out regiona and internationa research activities and continue their professiona growth. However,
these research activities may or may not be priority areas for Cameroon. The nationa research
capacity of the country could dissipate.

Duein part to the accomplishments of the USAID funded research activities, Cameroon has been
placed by AID inthefirgt tier of countries designated as technology-producing. These countries meet
the criteria of surface area cultivated in foodcrops, a minimum of 100 scientists on the research Steff;
developed

dation facilities; a prioritized research agenda; network participation; a history of nationa support of the
research budget; and afaculty of agriculture with the ability to teach, do research, and produce B.S.
degree candidates quaified to do advanced degree training in the United States.

These factors continue to hold true today in Cameroon, with
the mgor exceptions of areduced leve of nationa support
for research and research priorities that are till unclear.

Because of the relative advantages Cameroon possesses that
gives strong hope for the development of agricultura
technologies, perhaps donor commitment to research programs
should be long term, 15-20 years or more. However, this
position needs to be balanced with the country's commitment of
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budgetary support. With the termination of the ROTREP Project, the main congraint to continuing the
research effort started by ROTREP will be lack of research funds. One areathe project has focussed
on is teaching researchers to develop good, solid research proposas to attract research grants.
Sudtainability of the JP Johnson Laboratory will require producing and marketing in vitro plants of
cassava, yams, banana, plantainsfor dl scaes of growers. Another possihility isfor the laboratory to
be arepository of germplasm materid and charge fees to various inditutions for its use and the training

of sudents.

13. LESSONS LEARNED:

a

Sudtainable development in Cameroon and other African  countries will require the
increased use of profitable and sustainable agriculturd technologies that help farmers,
processors, marketing agents, and policy makers to address on-and off-farm
congtraints and to accelerate transformation.

The flow of technology to and within Africato meet future needs will require an
enabling environment which would involve: (1) reforming research and policy
inditutions; (2) creating financidly sustainable funding mechanisms; and (3) developing
and sustaining human resources capecity.

Successful inditutional development is along-term endeavor which requires a
comprehensive gpproach, ahigh-level commitment by al parties, flexibility, patience,
plus awillingness and ability to adjust gppropriately to changing conditions.

The approach followed in project design and implementation, as well as the Sgnificant
accomplishments of the project, reflected many of these attributes of successful
inditutional development. USAID invested heavily in developing the human and infra-
structure capacity for the Cameroon nationa research system. However, other key
agpects of inditutiond development were not sufficiently pursued. USAID's investment
has created alarge cadre of trained researchers who have returned to an ingtitution that
isunableto fully utilize their skills and redize their potentials because of the lack of a
sugtainable financia and indtitutiona base.

The project may not have been integrated within the IRA structure to the extent
desrable. Asaresult, many of the management improvements (budgeting, inventory
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and commodity control, prioritization and evauation of research) have not been fully
inditutionaized. In addition, when the budgetary contribution of the GRC for operating
costs other than personnel was greatly reduced, the project adjusted ingppropriately by
covering nearly al operationa costs without consderation for the impact of thison
long-range sustainability. Conditiondity should have been negotiated with the GRC to
implement indtitutiond reform and develop a viable long-range program to ensure
finencid viahility.

d. USAID leadership in dl aspects of IRA's ingtitutiona development would undoubtedly
have led to greater program impact plus improved the prospects for both program and
inditutiond sustainability.

Despite the impressive project contributions in human resource, infrastructure and technical
program development, as well as some management systems improvement, the project did not
adequatdly seek to address the broader indtitutiond issues (priority setting, down szing of the
inditute, diverdfication of funding, and resource accountability).

Although other donors are beginning to address some of these issues through a mgor
World Bank led restruc-turing of agricultural research, USAID missed a unique
opportunity to useits influence through both the NCRE and Roots and Tubers
Research projects as both leverage and vehicles for IRA indtitutiona change.

e The large benefits of networking and linkages have been well demongtrated in USAID's
agricultura research program.

Through "intelligent borrowing", plant breeding periods were reduced, with
corresponding reductionsin cost. This process includes screening, selecting, and
adapting exigting technologiesto loca conditions as opposed to generating it anew or
amply borrowing technology wholesde. It dso involves the development of linkages
with other ingtitutions in and outside the country. USAID supported research worked
with severd externa organizations to borrow and adapt technology, then worked with
severa more to test and disseminate it.
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Effective donor coordination at both the sector and  sub-sector levelsis crucid for
achieving maximum program impact and programvinditutiona sustainability.

A large number of multilateral and bilateral donor organizations provide support to
Cameroon's agricultural sector development. Donors share many developmental
objectives (i.e., food security, economic growth, sustainable resource management)
despite their differences in developmenta gpproaches and available resource levels.
Despite the obvious advantages of maintaining open didogue and close coordination of
donor-funded programs, donor coordination in Cameroon at times appears both ad
hoc and only margindly effective. For the most part, donor coordination has been
focussed on sub-sector issues (agricultura research, environment) and has falled to
address the broader sector issues within the economic and political context of
Cameroon (note: the World Bank has been meeting with alimited number of donorsto
design an agriculturd sector structurd adjustment program). Despite the crucid
interlinkages between sub-sector issues, programs and ingtitutions (research, higher
educetion, policy, private sector development, environment), no donor forum has
focused on how to effectively program and adjust development activities within the
crigs environment faced by Cameroon.

USAID recognized the important “regiond role" that both IRA and the University of
Dschang could play in regiona development and collaborated closely with the GRC
and other donors in creating "research and educationa centers of excellence’. The
levels of resources which were provided and the research and educationa capacities
which were created clearly reflected thisregiond role. Unfortunately, the
compreheng ve gpproach required for long-range "indtitutional development” and for
achieving "indtitutiona and program sugtainability” did not take this adequately into
condderation. The current agriculturd sector indtitutiond crisisin Cameroon, including
both IRA and the University of Dschang, unless addressed soon could have serious
implications for not only Cameroon but for other neighboring countries developmentd
effortsaswell. For both
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nationd inditutions and for those with aregiond role, USAID needs to identify more
redidtic Srategies to ensure indtitutiona and program sustainability despite nationa-level
political and/or economic crigs, if USAID investments are to be protected and usefully
employed.

14. Recommendations

In order to insure continuity and sustainability of the research effort initiated by ROTREP, GRC should
explore the fallowing dternatives:

1. Commercialization of the rapid seed stock multiplication unit. The unit has the capacity of
producing congderable amounts of yamseeds for which there gpparently exists a good market. The
unit can aso produce seeds for cassava, plantain bananas and rubber trees for which there also exist
potentid markets. The production capacity of the unit has largely been increased by the two growth
rooms and the two screen houses provided by ROTREP. However, thereis a need to carry out a
feadbility study to establish the economic feasibility and profitability of the unit, and compare the results
with those of other dternative techniques, such as the miniset technique for yam. Production costs are
presently high due to the small scale of operation and to the high cost of scientists |abor. An increased
scae of operation and replacement of scientists labor by technicians labor are likely to bring production
costs down and make the unit more profitable.

Other commercidization posshbilities should aso be explored, such as the previoudy mentioned
possihility of usng the unit as arepository for germplasm materid and for training.

2. lITA involvement. [ITA, the Internationd Ingtitute of Tropica Agriculture, detains the mandeate for
cocoyam research in Africa. However, it has stopped doing research on the crop for severa years.
With the Cameroon research indtitute taking the leadership in cocoyam research in the region, it should
be ableto recaive some financia and technical backstop support from [ITA which is mandated by the
CGIAR system to conduct research on the crop. Also, as part of the upcoming CG system reform that
cdlsfor astrengthening of the NARS by the IARCsand for more |ARC governance responsibility to
the NARS, the Cameroon NARS should be able to request and obtain more support from 11 TA to
sudtain the cocoyam research initiated by ROTREP. The biotechnology laboratory of 1ITA could dso
provide technica assistance to the seedstock multiplication unit. 11 TA isreinforcing its presencein
Cameroon with its new acid soils station and this should reinforce the IITA-IRA collaboration.

3. Regional collaborative research and SAATS. The research effortsinitiated by ROTREP could
a0 be sugtained to some extent through regiond collaborative research effortsin the region, if these
are extended to cocoyam. Given the ecoregiona and pole initiatives, Cameroon may become the
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research pole for cocoyam in West and Centrd Africa. With sufficient evidence of the importance of
cocoyam for food security in the region, cocoyam may be consdered as a commodity to include in the
SAATS (Sudtainable African Agriculturd Technology Systems) project being designed by USAID. For
this dternative to be redized, IRA will have to propose and defend the idea in upcoming regiond
collaborative research mestings.

4. A cocoyam CRSP. Another way the ROTREP research effort could be sustained is through the
Collaborative Research Support Project (CRSP) funded by USAID through cooperative agreements
with US universities. If USAID continues to support the CRSPs, initiating a cocoyam CRSP may be
oneway of sustaining the research effort and maintain alinkage with UMES.

5. Support from other donors and institutions. Other donors and ingtitutions would probably be
willing to provide financid and technica assstance to IRA to pursuethe ROTREP research effort if
IRA could come up with adequate research proposas. It has been mentioned that some of IRA staff
have received atraining for writing research proposds, atraining that was organized by the
Internationa Sciences Foundation. Observersin Cameroon fed that the French CIRAD, which is very
active in Cameroon, is very much likely to take over the ROTREP research effort following the
termination of USAID assgtance.

6. Budgetary support. Research results in the case of ROTREP are mostly public goods. Thus, even if
funds become available from any of the above mentioned sources, there will il be a need for GRC to
provide IRA with a budgetary support, to at least guarantee a minimum and sustained flow of
inputs'supplies, including labor, to maintain the equipments and insure aminimum level of sovereignty
research.

7. Ingtitutional reform of agricultural research. Most of the proposed aternatives may not be
effective within the current ingtitutiona mode of agricultura research in Cameroon. Therefore, GRC
must be encouraged to restructure agricultura research in Cameroon so as to make it more efficient,
relatively less dependent on government funds and more sdlf-sugtainable through aternative funding
mechanisms, such as Foundations, check-off systems, etc. The on-going negotiations between GRC,
FAO and the World bank for a structurd adjustment of agriculturd research in Cameroon need to be
encouraged.

15. SELECTED REFERENCE DOCUMENTS:

a Universty of Maryland Eastern Shore - School of Agriculturd Sciences, "Tropica Root
and Tuber Research Project (ROTREP) - Activity Report on ROTREP Extention,
January 1992 through November 1994".
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b. Acquah, Emmanuel T. and Smon N. Lyonga. "Tropica Roots & Tubers Research Project
(ROTREP), Internd Review of ROTREP", June 1994.

C. Hartmann, Peter A. and Peter W. Wyeth. "TheLegacy and  Impact of USAID/Cameroon's
Agriculturd and Natural Resources Programs®. April 1994.

d. Mid-Term Externd Evauation of the Cameroon Tropica Roots and Tubers Research Project
(631-0058). September 1989.

e Tropica Roots and Tubers Research Project Cooperative Agreement. Approved August 29,
1986.

Cameroon Misson Clearance of Prdiminary Draft

CONT: RJacobs (dgned) Date (none)
PMPD: NMinka (sgned) Date 7/12/94
ADIR: RHarvey (Sgned) Date 7/21/94

ARD: PMbianyor/EWashington:cea:5/28/94 Doc. PCRROOT?2
JMcMahon (sgned) Date 7/11/94

REDSO/WCA Clearance of Fina Draft

DIR: WPearson Date

CONT: TFallon Date

ADIR: SKReddy Date

PO: Y CPrudencio Date
. Attachments

(see list below)
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ATTACHMENTS (ROTREP PACR)

1. USAID Cameroon Action Memorandum to propose REDSO/WCA management of
ROTREP.

2. USAID Cameroon Contractor/Grantee Evaluations

3. REDSO/WCA Trip Report to Cameroon, by Y. C. Prudencio to assess status of ROTREP,
Oct 6-12, 1994.

4. UMES Memorandum of Jan 11, 1995, with list of various reports
5. Trander of titles'commodities Sgned by IRA officids

6. Complete list of commodities transferred to IRA.

7. Wayhill for last shipment of commodities to ROTREP from USA.
8. List of ROTREP reports and Publications.

9. Letter from BICIC attesting to closure of ROTREP accounts

10. Copies of severance letters for various ROTREP workers.

11. Reception report on congtruction of run-off, evacuation gutters and landscaping of the
screenhouses.

12. E-mai Response of IRA (Dr Ayuk-Takem) to REDSO/WCA (Y .C. Prudencio) on status of
ROTREP close-out activities.

13. Shipment Reference of ROTREP Corefilesfrom USAID - Cameroon  to REDSO/WCA.
14. Termind Report Memorandum from UMES, Feb 27, 1995.

15. ROTREP vouchers (2) submitted to REDSO/WCA for gpprova

16. Fina Financid Report of ROTREP, March 1, 1995.

17. Find Grantee Report, including:
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(@ Mid-Term Externd Evauation Report

(b) Proposal for Extension of Research Activities based on the mid-term evauation.

(c) Activity Report of Field Work between February 1992 and November 1994.

(d) Internad Review Report which summarizes the Scope of Work and Accomplishments
for the period August 1986 through November 1994.
Attachment 8.A

Project Assistance Completion Report
Tropica Roots And Tubers Research Project
List of Major Studiesand Analyses

1 A Diagnogtic Survey on Post Harvest (storage, processing and utilization) Problems and
Opportunities of Yam, Cocoyam and Cassava. 1988.
2. Market Demand Study for Root and Tuber Cropsin Cameroon. 1991.

3. A Paper on Economics of Research and Development of Rapid Seed Multiplication of
Cocoyam Through Tissue Culture. 1989.

4, Technica Reports on the Economics of Rapid Seed Multiplication of Cocoyam Through Tissue
Culture. 1989.

5. A Report on Economics of Rapid Seed Multiplication of Cassava Through Tissue Culture.

6. Technica Report on Cost Function Analysis of Mass Production of Tissue Culture, Seedyam,
Cocoyam and Cassava Plantlets. 1992.

7. A Report on Productivity Andyss of Smdl-Holder Y am Production in Fako Divison: A Case
Study of Bonakanda and Maende Zones. 1990.

8. A DataBase for Production of Root Crop Based Farming Systems in Fako Division of
Cameroon. A totd of 14 locdities with a sample size of 420 root crop farmers were involved
inthe study. Thefind report was produced in 1992.

0. A Data Base for Production of Root Crop Based Farming Systems in North-West Province of
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11.

12.

13.

14.

15.

16.
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Cameroon. A total of 300 root crop farmers from 10 locdities were involved in the study. The
find report was completed in 1992.

A Data Base for Production of Root Crop Based Farming Systems in West Province of
Cameroon. A total of 259 root crop farmers from 9 localities were involved in the sudy. The
find report was completed in 1993.

Littord Province: A Survey on Productivity Andyss of Root Crop Farming System in Littord

was completed in May 1993. A totd of 7 localities with 150 farmers participated in the study.
The find report will be completed by September, 1994.

A Technica Report on the Egtimation of Y am Production Function of Smal Holder Farmersin
Cameroon. 1989.
A Report on Root and Tuber Crop Market Survey: Observation from Fako Divison. 1989.

A Technicd Report on Economics of Ware Y am Production in Bonakanda Farming Systems.
1989.

A Report on An Analysis of the Structure, Conduct and Performance of Y am Marketing
Systemsin Fako Divison of Cameroon. 1990.

A Report on "Macabo Root Rot Disease: Knowledge, Occurrence and Incidence in
Cameroon. 1990.



