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SECTION, I 

TITRODUCTI!0 

This is the seventh and final semiannual report of the contract between
 

the Government of Bolivia and the Consortium for International D.evelopment.
 

The contract has been funded by USAID under a host.-country anreement ro3/AID 

511-007-HCC !formerlv 511-101). The orininal contract 511-92 was signed for 

two years in 1975 with planning to continue throuqh June, 1982. In 1977, a
 

nev, contract; was written and concinued through the end with appropriate amend

ments.
 

The contract specifies a separate report covering the seven years be sub

mitted prior to June 30, 1982 (indraft). Therefore, this semiannual report 

will cover current activities and research in thk established format. 

Research and other contract activities reported he,'ein were Performed 

during the anricultural year July 1, 1981 to June 3n, 1082. Research findinqs 

are reported in some cases as a status of onvoino research which will be con

tinued by our I3TA counterparts, and in other cases, will give findings of 

research which will not be continued. 

A summary of contract accomplishments is included belot for the year end

ing. Overall, contract accomolishments for the seven years of the contract
 

are beinn reported in the terminal report required by the contract.
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.7'.CTIOtJ II 

SUWI ARY OF COflTR CT ACTIVITIES AnD ACCOfPLISH11EflTS 

General
 

During tliis final Cr.nonth period nf the contract, actual field work in
 

research was maintained at hiriher than exoected levels and was discontinued
 

as planned in only one 2osition (cereal off-station testing). Some statistical
 

analysis and interpretation will not be reported due to lack of time between
 

harvest and :ontract termination. Data tables are presented, however- and 

interested parties can combine I131-82 data with prior yEars data and make 

appropriate analyses. 

Review of the research and contract ictivities indicate that the contract
 

terms are being met and the large body of information developed should be
 

adopted and prepared for extension publications.
 

CID/IBTA Seminars
 

As reported in the Progress Report (CID Publication 02/81), the original
 

contract Dlais were changed somewhat durinq the final 6 months. The planned
 

seminars wer;. presented and are reported in a late section.
 

Approximately 300 persons participated inthe five regions and CID pre

pared and distributed 35r "Summary" putlications of CID activities. The
 

seminars wer.2 very well received and created a great deal 'of interest inCID's
 

activities demand for CID technical bulletins has sharply increased.
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Agricultural Economics
 

Dr. Frank Conklin, Professor of Agricultural Economics at Oregon State
 

University and currently CIn scholar provided one-mcnth of expert help to the
 

contract in ;!arch-April in data analysis and publication preparation. His
 

analysis helped our I".Surveys work and the analysis of economic viability
 

of fertilizer use on ootatoes.
 

Co~mmunications-Publications Expert
 

Ina. In6s Ortiz from Orenon State University worked for CID for 10 weeks
 

in advising the Communications department of I T11. She helped provide materi

als for the seminars and developed a presentation for a Communications-Publi

cations workshop sponsored b.y CID. 

Comunications-Publications 'forkshop 

Under CID soensorship and with CID help, IBT prepared and presented a 

workshop for national leaders in ITA/MACA to develoo ways and means to increase 

information distribution in the Oinistry. This was held May 25 and 26 and was
 

attended by over 60 participants.
 

Special Publications
 

Durinn the final 6 months, CID technicians wrote and produced a number of
 

special publications dealing !ith the research and technoloov transfer activities.
 

These were in Plant Pathology, Entomology, Computer Proqramming, Extension bul

letinn preparation, Potato Preedino, Potato Aaronomy, Resenrch Administration.
 

Potato Breeding - Toralapa
 

Botanical seed was produced for scera.i new accessions and species were
 

obtained. This will allow easier and more secure oreservation of aenetic
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material although exact qenotvpes will be somewhat altered. rhe three species
 

are S. phureia, S. achacachense, and S. yunoasense. Botanical seed of the last
 

two is provided for the first time ever, and has not been sent to England and
 

Germany.
 

Four-hundred additional accessions were grown for botanical seed to facili

tate storage.
 

One-hundred and fifty accessions were tested for wart disease, and elite
 

clones will be included in the breedinr program.
 

Evaluation for yield and quality continue on promisinq breedin lines as
 

well as evaluation for other desirable characteristics.
 

Two-hundred seedlins from crosses of frost resistant lines and 3000 seed..
 

linqs from blight resistant lines were grown out for evaluation and selection.
 

Taste testinaois being done on promising lines to ensure consumer accept

ance if the lines further develop into varieties.
 

Frost resistance breedinq continues and some excellent genetic material has
 

been identified. Heavy frosts in experimental areas allowed the CID breeder to
 

select heavi'!y for frost resistance.
 

Late blight resistance breeding continues, and some excellent possibilities
 

for blight resistant varieties exist.
 

Virus Y continues to be of major importance as a limiting factor in potato
 

production inBolivia. "faterials from German,, Holland, and the U.S. are beinn
 

evaluated for resistance and some excellent breedine lines have been identified.
 

Genetic material resistant to the cyst nematode (33 lines) were tested and
 

clones from the U.S. were received for testing, hut were lost due to greenhouse
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difficulties. ,lew,lines have been requested from the U.S. and will be evaluated
 

by IPlTA.
 

Plant Pathology - Toralapa
 

Research continued and is reported in potato storage diseases. Dry rot
 

(Fusarium and Phoma species) have been studied and it appears that.Fusarium
 

is an important causal ornanism in qeneral, but Er~inia has the highest inci

dence in lowland production areas.
 

Alternate hosts for :',acobbus (nematode) organisms have been identified and 

include at least tw'o common weeds. Soil fumination with "Telone C" was statis

tically ineffective, but weed population in potate fields was significant in 

"carrying over" Ihe organism. Research on transmission, inoculation, and con

trol continued.
 

Plant Pathology - San Benito
 

The bioloqical control program for crown gall in peaches appears to have
 

been effective. Experiments and larger plantinns using K-.84 isolate of A.
 

radiobacter show significant reduction in gall formation in treated plantinns.
 

Leaf spot (Cainachaca) disease in onions vwas studied and a chemical control
 

method developed.
 

Plant Pathology - Diagnostic Clinic
 

A significant increase in clinic activity was noted durin. 1931-82. 

Logistics continue tn be a problem for receiving samples on a timely basis, 

but imprevements have been made. 
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Computer Proiramming
 

The com)uter program for analysis of experimental data, which CID has called
 

ESTAD, and %.iich was developed hy CID for use by technicians untrained in com

puter use is no,.' recorded inSanta Cruz, Cochabamba, and Oruro at the universi

ties. Contractual agreements will allow IBT1 research technicians to use the
 

Users, supno,-t, and
 programs. Tie objectives of this activity have been met. 


pronram manuals are available.
 

There is a lot of demand from other agencies for the pronram. Dr. Stilwell
 

and his counterpart Nave professional papers inthe U.S. on the use of the pro

gram in developing countries.
 

Anro-Economic Survey
 

Althouqh the survey was completed in 1979 analysis continues. One addi

tional publication on "Economics of 1heat, Barley, and Oat Production in Cocha

bamba" has been completed. CID is cooperatinn with CIYT on this survey.
 

Systems of Production Survey
 

This survey, completed in 1980, w'as a cooperative effort with CIfflYT, CID,
 

IBTA, and the University at Cochabanba. Political changes resulted in all the
 

UMSS people being released from their positions. CID has carried the project.
 

One student thesis has resulted from the survey and the balance of the infor

mation is beinn sent to Oregon State University for further analysis and use
 

by Dr. Frank Conklin--CID Scholar in Aq. Economics
 

National Insect Museum
 

Work continued in development of the insect museum. Nine species of
 

insects were newly identified in olivia and olaced in the collection.
 



Field Entomology Trials
 

Work continued in the field on soil insect control, life cycle studies,
 

and population survey work. "Currater" is identified as an effective treat

ment when aiplied both at planting and hilling.
 

Potato Variety Testing
 

Two tests of varieties were carried out in 1981-82. Differences in yield
 

were very high. Statistical analysis was not done but significance was obvious
 

although some differences are attributed to difference seed sizes among varie

ties. Cardinal, Desird, and Estima were the best yielding in the tests. CID
 

recommends that more promising breeding line clones be included in future tests.
 

Soil Fertility and Plant Nutrition Relationships
 

in Potato Production
 

Bolivia needs a soil test x yield.correlation system to estimate fertil

izer needs on the 28n,OO potato fields and determine approximate residuals.
 

CID results show that the national general recommendation for phosphorus on
 

potatoes is about one-third too much while the other elements are adequate.
 

One recommendation for the nation is too general; at least three are
 

recommended.
 

Fertilizer experiments indicate that the climatic yield potential of dif

ferent areas ranqes from 15-57 Ton/Ila. The six highest yielding plots averaged
 

over all locations 29 tons per hectare. Yields were usually very low when
 

phosphorus was not added.
 

In January, frost affected almost all areas in 1981-82. Plots heavily
 

fertilized regrew in most cases while those with no fertilizer did not recover.
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Tuber size was affected by fertilization. The more fertilizer added up
 

to the optimum, the higher the nercentage of large tubers produced (>5.5 cm.).
 

Residual effects were sinnificant as measured in the experiments between
 

1980-81 and 1981-82. Potatoes followino potatoes on plots heavily fertilized
 

in 1980-81 yielded very low, while those plots which received no fertilizer in
 

1980-81 had hiriher yields. Ppparently, the phosphorus in the first planting
 

was exhausted by the heavy production in 1980-81, and the available phosphorus
 

in the second was not used because nitroqen was not available. Barley follow

ing potatoes on plots fertilized in 1980.-81 showed an interaction between
 

nitrogen and phosphorus. Highly significant treatment mean differences are
 

noted.
 

SECTION III
 

AW!UAL HISTnPICj.L REVIE'! 

Contract Proaress 

The amendment (# 19) nrovidinn funds for the final six months of the con

tract was sinned December 14, 1981 to cover the period January 1 to June 30, 

or $79,000 perMB2. The amount of the budget increase was $PW.,090 (U.S.) 


The funds were more than adequate for contract operation and
contract month. 


termination costs. Incomparison to the Previous 5-month budget of $325,000
 

($65,200 per month), the Dresent budget was much easier to manage.
 

Plans for the final six months (current reporting period) of contract
 

activities were made in November-December of 1981, and in addition to a slinhtly
 

reduced field operation, they included essential as well as optional termination
 

activities. As the work developed, the field program eventually reached or
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exceeded last year's efforts in all except one position even thouqh less work
 

was planned. In addition to the heavy field research schedule, CID personnel
 

were i-nvolved in a series of seminars and a workshop.
 

The orioinal contract scope of work called for a permanent extension posi

tion to help IBTA and CID adapt developed technology into information that could
 

the extension
be extended to producers. '!hen the pronram ,!as reduced in 191.30, 


positi,..n was eliminated. CiD and UISAID/3, in recognition of the need for dis

tributioui of the available information, agreed with IT1 to include the follow

ing activities in the plan of work for the final six months.
 

1. CID would prepare and present five seminars in the major agricultural
 

centers (i.e. Cochabamba, Sucre, nruro, Tarila, Santa Cruz) for IBTA
 

Research Technicians, Extension Agents, Administrators, Regional
 

Development Corporations, and private interested parties. These
 

seminars would summarize the CID activities over the life of the con

tract and provide written materials for distribution.
 

2. CID would provide 1 1/H of expert help inAgricultural Economics to
 

help analysis research data produced by CID and help prepare it for
 

presentation inthe seminars.
 

3. CID would provide 3 r/Mof expertise incommunications and publica

tion preparation to facilitate the seminars and help the communications
 

departments of IBT. in trainini and manuscript preparation.
 

4. IDTA would plan and sponsor the seminars in the five locations For a
 

total of approximately 300 particinants.
 

5. USAID/RDD aqrped to provide additional Publication materials and sup-

plies.
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The seminars were presented in April and !ay, 1982. Dr. Frank Conklin
 

performed expert services in a TDY in March-April, and Ing. Ines Ortiz provided
 

services in Communications durinn March, April, and May, 1982.
 

Separate sectinns at the end of this renort present the activities of
 

the above experts and summary of the seminars.
 

Evaluations
 

(CID)
In flarch-April, the CID central office provided a two-man internal 


evaluation team in the persons of Dr. Frank Conklin, CID Scholar, and Dr. David
 

James, Project Coordinator, and former Chief of Party. The report is due in
 

June, and will be distributed to interested parties.
 

One original goal of the contract was to have a positive impact on IBTA
 

institution in the areas of research, extension, and administration.
as an 


Funds were available and permission was received for Dr. 14illiam Furlong, Pro

fessor of Public Administration, to evaluate CID's impact on IBTA personnel.
 

His TDY was June 8-21. The impact report will be published in July and dis

tributed.
 

USAID/B-CID Relations
 

The working relationship between CID, as the contractor in the GOB/ID host
 

country contract, and USAID/B was excellent. Within the guidelines established
 

by the U.S. Department of State for USPID/B activities, USAID/B gave the con

tract every support and consideration.
 

When GOB fell behind in required payments to the U.S. 	government and
 

was doubtful if CID's
Regulation 620-Q and the Brooks amendment were invoked, it 


contract could receive continued funding. USAID/B worked intensively with the
 



GOB on behalf of CID and other agencies to get the required paynents made so
 

the restrictions could be lifted in time for CID's contract funding to be
 

renewed. This was much appreciated and allowed CID to ,rinq the contract to
 

a logical and orderly conclusion. Personnel of the Rural Developiment Division
 

were especially helpful in contract management.
 

University Relations
 

Political problems in Bolivia continued to affect CID's work with the
 

universities when channes in University administrative and technical personnel
 

were ordered. CID staff no longer taught classes at Cochabamba, and our only
 

cooperative wiork was with students who had CID scholarships. tiany thesis com

mittee members of individual students were discharged from the university
 

resulting in serious problems with thesis acceptance and/or advisement. Several
 

students had their thesis projects summarily rejected by new committee members
 

simply iecause they wern not party to the original proposal. The Chief of Party
 

some cases,
in discussiois with University officials was able to rectify this in 


but in others, he was unsuccessful.
 

Scholarships
 

There wre no new scholarships given durino the reporting period. Current
 

becarios were encouraged to finish their thesis before March 31 to leave time
 

for CID staff to comolete the required reports before June 31.
 

However, a number nf students completedtheir theses and successfully defended
 

their research and projects, and were awarded their Ingenicro Anr6nomo degree.
 

Several students continued to receive the financial support through June
 

although student advisement was minima.
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The CID staff has tried to leave students with material and suggestions
 

so they will be able to finish after the contract terminates.
 

Personnel
 

No changes were made inthe CID staff positions durin the reporting
 

period. All six staff members remained in I'olivia until the final week of
 

,June. 

All the local olivian employees remained full-time with the contract
 

with the exception of the !dministrative Assistant, who took another position
 

beginning April 1. Rather than hire and train a new Issistant for 3 months,
 

CID conitracted with rrs. Novillo to work eveninos and weekends to complete the
 

contract time and provide the continuity.
 

The current full-time local employees are:
 

Name Position Location 

Norah L6pez Bilinnual Secretary La Daz 

Magda Alborta Bilingual Secretary La Paz 

Maria Teresa 7ernal [ilinnual Secretary Cochabamba 

Maria Luisa Tejada Bilingual Secretary Cochabamba 

Marnot L6pez Rilingual Secretary Cochabamba 

Marisol Udaeta ilinqual Secretary Cochabamba 

Luis FernAndez Chauffeur La Paz 

Edmundo Sfnchez Chauffeur Cochabamba 

Carlos Tejada Chauffeur Cochabamba 

Jorge Heredia Chauffeur Cochabamba 

Vitalio Alvarez Janitor-11atchman Cochahamba 
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Administrator's Visits
 

Mr. Bernard Henrie, CID Deputy Director and Central office coordinator,
 

made two visits to Bolivia durina the reporting period to review proaress and
 

help plan termination activities and logistics.
 

Lead University Presiadnt's Visit
 

President Stanford Cazier, President of Utah State University, visited
 

Bolivia May 9-13 representing the lead University. The President had inter

views with General Celso Torrelio V., President of the Republic of Bolivia,
 

the Ministers of Education, Finance, Agriculture, and the U.S. Pmbassador,
 

and was made an honorary citizen of La Paz by the Mayor. President Cazier
 

also met with the parents of current Bolivian students at USU and former USU
 

Bolivian students residing in La Paz and Cochabamba. The visit received
 

intense press coverage and the Utah-1 olivia Partners central committee had a
 

session with the President to inform him of current activities.
 

The visit was very beneficial to the Utah-Bolivia relationship.
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SECTION IV 

ACCOMPLISIMIENTS 

A. ADMINISTRATION 

A.l Chief of Party
 

A.1.1 Contract negotiations
 

1o negotiations were required during the reporting period. Th2
 

contract's originally planned termination date is being honored.
 

A.l.2 Contract activities
 

The logistics of contract termination required repeated and, some

times, lengthy contacts with IBT and MACA officials. Increasing
 

concern about CID's eminent departure was manifest and lengthy
 

inform1l and formal meetinns were held to try to avoid termination.
 

",hen it became obvious that continuation was imposslible,even more
 

meetings were required to coordinate the CID seminars, workshop,
 

and inventory turn over and disposal of supplies and technical
 

instruments.
 

A.l.3 Inventory release procedures
 

'ousehold furniture, research equipment, office equipment and fur

niture, vehicles, and contract supjrlies were completely inventoried
 

using original and local records of-purchases. Complete lists were
 

given to !IACA/IBTA along with suggested disposition. Final deci

sions remained with MACA and all items were turned over as goods
 

of the GOB as instructed.
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A.2 	 Director of Research
 

A.2.1 	 Research activities
 

The administrative duties required by the contract consumed essen

tially all the time of the Research Director. Termination of the
 

contract minimized any "direction" of research and all the staff
 

concentrated on finishing research projects already started.
 

A.2.2 	 IBTA
 

Administrative visits were made to Bel1n, Patacamaya, Coroico, San
 

Benito, Toralapa, La Tamborada, Chinoli, and Saavedra.
 

R. AGRICULTURAL ECONOMICS 

B.l 	 A CID Economist served the contract for one month in analyzing research 

data for publication and seminar purposes. 
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C. POTATO BREEDING
 

by 

Dr. Robert W. Hoopes, Potato Breeder
 

(.IB.Ii Bolivian Germplasm Bank
 

Leaders: Israel Avils, with Robert W. Hoopes coll)orating
 

Introduction: Bolivia is a cinter of origin and diversity of cultivated
 

potatoes as well as many wild related species of Solanum. Collections
 

from Bolivia have made important contributions to germplasm banks and
 

breeding programs throughout the world. CID has collaborated over the
 

last two years in making collections which have added significantly to
 

the amount of wild material available to breeders in Bolivia and the
 

rest of the world. In addition, CID becas have aided several students 

to obtain a tiesis project by evaluating portions of the Bolivian Germ

plasm Bank for certain characteristics.
 

Objectives
 

1) Continue to expand the Bolivian Germplasm Bank and send more Bolivian
 

material to botanists and germplasm specialists in England and Germany.
 

2)Maintain the present Bolivian Germplasm Bank.
 

3) Continue the work of evaluating varieties in the Bolivian Germplasm
 

Bank for specific characteristics.
 

4) Utilize varieties in the collection as parents in crosses to obtain
 

certain desired traits in breeding lines.
 

Activities
 

1)Plants from several accessions from which botanical seed was not
 

obtained were grown in the Toralapa greenhouse and intercrosses were
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made. Botanical seed was obtained from 	the species Solanum phureja,
 

S. achacachense, and S. yungasense, and sent to Prof. Jack Hawkes in
 

Bi mingham and Ir.Loek van Soest inBraunschweig. The botanical seed
 

of the last two species is the first that has been collected from these
 

species. 	 In addition, permission was obtained to send tuiers of several
 

This has been done. Hawkes
accessions to Ir.van Soest inGermany. 


and van Soest have sent to the Solivian program seed of several acces

sions collected in Bolivia in 1(.80 for which seed was not then avail

ablt to leave here. They have also sent copies of several publications
 

based on the 1980 expedition, lists of their institutions' coliections,
 

conetc. The collaboration with these specialists has been and will 


tinue to be very valuable to the Bolivian program.
 

2)	The collection was grown and maintained on the Toralapa station rnder
 

the direction of Ing. Aviles. To avoid losses of the collection
 

because of virus diseases, frost, or other hazards, botanical seed
 

has been collected from more than 400 accessions in the Germplasm
 

Bank. Botanical seed does not preserve the exact genetic combinations
 

that exist in the original varieties, but does preserve almost all of
 

the genes in a form which is far easier to maintain than tubers.
 

3)	Approximately 150 clones from the collection were planted in a pot
 

test at the Toralapa Station and also in a field near Escalante to be
 

evaluated for wart resistance. Forty-two of these clones were appar

ently resistant to wart disease in an experiment conducted by Freddy
 

Caballero for a thesis. Their reaction to wart was re-tested this
 

season. This work is being done entirely by Ing. Gerardo Caero and the
 

results were not collected in time to be 	included in this report.
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4)	Some diploid and tetraploid native varieties in the collection were
 

used in crosses with local varieties.
 

C.2 Project: Breeding for Yield and Quality
 

Leaders: Israel Avilhs and Robzlkt '1.Hoopes
 

Introduction: Although the breeding program has concentrated on resist

ance to various diseases and physiological stresses, high yields and
 

good quality are the ultimate objectives of the program. Some of the
 

breeding lines are not being tested for resistance to anything and their
 

evaluation falls under this heading. Others are being evaluated for
 

frost, late blight, virus resistance, and are listed under those sections
 

evetl though they are also beinjj evaluated for high yield and good quality
 

in addition to resistance.
 

Objectives
 

1) Continue agronomic evaluation of the Peruvian clones S11-15, S215-72,
 

and S207-72, which have survived two previous years' tests.
 

2) Evaluate progenies of inter-specific crosses involving S. phureja x
 

S.tuberosum and S. tuberosum x S. stenotomum.
 

3)	Produce seedlings of some progenies of high quality local varieties
 

x CIP varieties brought to Bolivia for frost resistance.
 

4)	Grow seedlings of the progenies obtained by crossing local, high

quality varieties x Cornell late-blight resistant clones.
 

5)	Continue taste preference tests of all varieties which perform well
 

agronomically.
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Activities
 

1)	The three Peruvian clones S215-72, S11-72, and S207-72 were included
 

in an unreplicated observation block on the Toralapa Station. Two
 

of the three, S215072 and SII-72 performed well. The third clone,
 

S207-72, did not yield any more than the check variety, Sani Imilla,
 

and 	will not be selected.
 

2)	Progenies of the interspecific crosses are being managed and evaluated
 

by Ing. Aviles.
 

3)	Approximately 200 seedlings from crosses involving CIP frost resist

ance material were grown in the greenhouse at Toralapa this season.
 

One tuber will be harvested from each seedling to plant in the field
 

next season.
 

4)	Approximately 3000 seedlings from crosses of Cornell late blight
 

resistant clones x local varieties were grown in the greenhouse at
 

Toralapa. One tuber from each will be available to plant in the
 

field next year.
 

5)	Some taste tests have been conducted by Mr. Nario Coca, an ex-student
 

of CID who was hired to do quality evaluations. This work is now
 

being continued by Mr. Alberto L6pez, another ex-becario of CID. The
 

quality tests will continue until the end of the CID contract in June,
 

1982. IBTA will conduct them in future years.
 

6)	An unreplicated observation block was planted at Toralapa to make
 

selections of several groups of clones in the second and third year
 

of selection: (a)clones derived from crosses among various local
 

varieties, such as Sani imilla, Imilla blanca, and Condor imilla;
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(b)Cornell Tuberosum-Andigena hybrids; (c)Cornell Andigena clones;
 

(d)Clones selected from crosses made by R.Hoopes in Peru in 1977,
 

involving various combinations of Andigena and Tuberosum genotypes.
 

In spite of a fairly severe frost in late January, followed by a month
 

of dry weather, about 50 clones in this trial performed very well.
 

Some yielded over 2 kg per plant, incontrast to the check variety,
 

Sani Imilla, which produced an average of 0.79 kg/plant. The selected
 

clones had a tendency to produce larger tubers than the standard varie

ties, which would tend to place them in higher price classes in the
 

market. They also had, in general, very attractive tuber shapes,
 

shallow eyes, etc. The Tuberosum-Andigena clones inmany cases had
 

about the same yields as "Sani imilla" but were ready for harvest in
 

100 to 110 days, as opposed to 150 days to maturity for Sani imilla.
 

Farmers who grow these varieties could expect to harvest more than a
 

month earlier than the main harvest and take advantage of higher prices,
 

better availability of labor, etc. The Tuberosum-Andigena varieties
 

tend t, set fewer tubers than the local varietieF and these tubers rre
 

considerably larger than those of local varieties at maturity. The
 

quality of these clones has not been tested in previous years because
 

of so little material available, but is being done at present by
 

Mr. L6pez.
 

C.3 Project: Breeding for Resistance to Late Blight
 

Leaders: Israel Aviles and Robert W. Hoopes
 

Introduction: Late blight, caused by the fungus Phytophthora infestans,
 

and favored by high humidity and moderate temperatures, isamong the most
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important plant diseases in the world. The extremely high altitudes,
 

where much of Bolivia's potato production takes place, are too cool and
 

dry for late blight to be a major problem. A good deal of potato produc

tion, however, takes place at lower elevations. Nearly all of the pro

duction zones along the eastern slopes of the Andes are very vulnerable
 

to this disease. Morochata, Colomi, Sorata, and Escalante are a few of
 

the areas where this disease occurs severely and frequently. Effective
 

chemical controls are available, but not always used effectively by the
 

farmers. The recent drastic price increases in imported products, such
 

as fungicides, has made any chemical control much more expensive than it
 

was in previous seasons. Resistant varieties provide the potential for
 

an essentially cost-free method of controlling this disease.
 

Objectives
 

1) Continue to evaluate material from several sources for late blight
 

resistance, yield, and quality.
 

2)	Continue the crossing proaram, utilizing imported resistant varieties,
 

local varieties of high quality, and hybrids of these two groups, to
 

obtain high-quality, well-adapted resistant varieties.
 

Activities
 

1)	A trial was established in Escalante, a region where late blight is
 

severe every year. This season, late blight was very severe and the
 

plots also suffered from a long dry period in February. The most
 
9 

interestinn results were those of several clones which were selected
 

from several thousand individuals sent from Cornell University in the
 

form of tuber families in 1979. Table 1 shows the yields, weight per
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Table 1. Clones from Corell University, International Potato Center and
 
Bolivia, grown in Escalante, under severe pressure from late
 
blight, 1981-1932.
 

Yield Specific Preference**
 
Clone* (kg/plant) Grams/tuber gravity rating
 

A125-5 0,59 

A125-5A 0.51 

A125-8 0.61 

A174-9 0.43 

A174-1l 0.66 

A196-5 0.54 

A196-13 0.60 

A217-8 0.50 

A225-10 0.56 

720055 0.60 

575031 0.47 

720045 0.19 

Huaycha paceila 0.42 

Sani imilla 0.32 

Imilla blanca 0.29 


85 

97 

97 

57 

53 

63 


111 

74 

51 

41 

45 

21 

42 

41 

31 


1.091 3.29 
1.073 2.62 
1.097 3.38 
1.096 2.43 
1.094 2.57 
1.085 3.29 
.1.080 3.64 
1.086 2.9 
1.089 4.00 
1.097 2.43 
1.098 3.57 
1.080 2.71 
1.093 3.57 
1.089 3.36 
1.095 361
 

* 	Clones A125-5 to A225-10 originated with the Andigena breeding program 
of Dr. R. L. Plaisted at Cornell University, U.S.A. They were received 
as individual tubers with no selection. Out of approximately 4000
 
clones originally received, these have been the most outstanding.
 
Clones 720055, 575031, and 720045 are among the best clones from the
 
breeding program of the International Potato Center in Lima, Peru.
 
Huaycha paceia, Sani imilla, and Imilla blanca are local varieties
 
susceptible to late blight.
 

*Prefarence tests were made using boiled potatoes prepared at the Tora
lapa Station dining room, using laborers and technicians as tasters.
 
Rating is t.- .verage of at least 7 scores. Scores were given on a
 
scale of 1 bad) to 5 (excellent).
Iry 

tuber, and tentative preference rating, of these clones, three clones from
 

CIP which have been among the best in several years' testing, and three
 

local varieties.
 

All of the yields in this trial were somewhat low because of the dry grow

ing season. The Cornell clones, those whose numbers begin with A, tend to
 

be quite early maturing and tended to escape to some extent, the effects
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of the drought in February. These clones all have the tendency to
 

produce large tubers in relation to the CIP clones (720055, 720045,
 

and 575031), and the local varieties. This would mean higher prices
 

to the grower because of more of the crop being clas-;ified in a higher
 

grade.
 

The results of a taste panel conducted at the Toralapa Station are
 

also encouraging for several of the Cornell clones. Several of the
 

clones have been rated equai to or better than the variety Sani imilla,
 

which is considered to be of gooi quiality. One clone, A225-10, appears
 

to have outstanding quality. t tends to be rated higher than the
 

variety Imilla blanca, which is the variety most noted for good quality.
 

2) A number of crosses were made, using a bulk pollen from the best of the
 

A-numbered clones, as females, local varieties such as Imilla blan

ca, Huaycha pacefla, etc. Several individual crosses were made between
 

outstanding clones in the A series, CIP clones, etc. Open-pollinated
 

seed was collected from the most blight-resistant A clones, seedlings
 

from last year's crosses involving this material were grown in the
 

greenhouse at Toralapa and their tubers will be planted in the field
 

at Escalante next growing season.
 

C.4 Project: Breeding for Resistance to Frost
 

Leaders: Ing. Israel Avil~s and Robert 4. Hoopes. (Material for this
 

program came originally from the International Potato Center through the
 

cooperation of Drs. Nelson Estrada and Juan Landeo).
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Collaborators: In. Juvenal Garcia (CADEA), Ing. Delffn Cavero (Bel'n),
 

Ing. Hugo Mendieta (Patacanaya).
 

Introduction: Frost is one of the most severe and least controllable
 

hazards of potato Production in the highlands of Bolivia. Frost resist

ance, however, is one of the most difficult traits to manage in a breed

ing program because of the complexity of inheritance and the difficulty
 

of evaluating varieties at early stages of development. The Bolivian pro

gram has had the benefit of being able to collabcrate with the Inter

national Potato Center, which has eenerously provided over 200 clones
 

with some selection for evaluation under Bolivian conditions. These
 

clones have been tested for three years at Toralapa and the Beln experi

ment stations. Host of them have been discarded, and a few of the most
 

promising ones retained. After the past two seasons of work at Toralapa,
 

a number of clones appeared very promising from the standpoint of yield
 

and quality. Unfortunately, in both of the last two years, the frost has
 

come so late in the season that it had no effect on the productivity of
 

the clonLs. .Iehave been able to evaluate the material under favorable
 

conditions, but not under unfavorable conditions. Some of these clones
 

appear to have considerable Potential as varieties in Bolivia apart from
 

any frost resistance they night have, as they are high yielding and have
 

acceptable quality.
 

Objectives
 

1) Establish another trial at Koari (elevation 3500 meters) of the CIP
 

clones which have shown the best performance inyield and quality in
 

two previous trials.
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2)	Grow the most promising of these clones on a larger scaie to begin
 

multiplication of seed.
 

3)	Continue to evaluate the quality of the clones that have shown best
 

performance inother areas.
 

Activities
 

1) In addition to the planned trial at Koari, smaller trials were planted
 

with extra seed at the Patacamaya Station on the altiplano and at the
 

CADEA-CORDEOR station outside of Caracollo. A fairly heavy frost took
 

place at the Koari site on January 25. No recording equipment ,4as on
 

the site to measure the temperature, so observations on frost damage
 

have to be made in comparison with the check varieties. A severe
 

thunderstorm occurred durinq the planting at the Patacamaya Station
 

and resulted in several rows of the trial not receiving any fertilizer.
 

The difference in nrowth and re-growth in fertilized vs. non-fertilized
 

rows was so drastic that itvas impossible to make any statistical
 

analysis of this trial. Instead, Table 2 shows only the yields per
 

plant of the best replication of each variety.
 

The frost-damaoe ratings shown inTable 2 indicate that, of all of
 

the CIP introductions, only one clone (374032-10) has the same high
 

level of resistance of the frost-resistant Bolivian varieties
 

Choquepitu or Yari. Unfortunately, frost resistance is practically
 

the only good characteristic of that clone. Its tuber form is very
 

unattractive, ithas considerable internal pigmentation, and its
 

yields are very low. Most of the CIP lines are not any different
 

from the local varieties in their frost resistance, expressed in terrs
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Table 2. Yield and frost-damage ratinas of 44 CIP clones grown at Koari,
 

Patacamaya, and CADEA (Caracollo) in 1981-82.
 

Clone Koari 
Yield (kg/plant) 

Patacamaya* CADEA 
Frost Damage 

Ratinrg** 

375517-1 
375512-5 
374.068-4 
375540-3 
374067-2 
375089-32 
375059-9 
375597-15 
375559-9 
377413-2 
375512-26 
375517-2 
375512-24 
374102-4 
377413-7 
375514-3 
375512-23 
375517-6 
374066-4 
375567-15 
375519-5 
374080-5 
375518-1 
375517-5 
375596-6 
374032-10 
376173-3 

0.58 
0.44 
0.42 
0.37 
0.36 
0.36 
0.50 
0.40 
0.57 
0.45 
0.42 
0.41 
0.50 
0.44 
0.49 
0.52 
0.57 
0.46 
0.43 
0.44 
0.50 
0.53 
0.35 
0.19 
0.39 
0.26 
0.30 

0.62 

0.30 
0.23 
0.34 
0.26 
0.70 
0.41 
0.50 
0.64 
0.19 
0.29 
0.28 
0.39 
0.52 
0.46 

0.39 

0.32 
0.39 
0.37 

0.35 
0.34 

0.22 

0.24 

0.32 

0.38 

0.26 

0.32 
0.42 

n.17 

4.00 
4.25 
5.25 
5.25 
6.00 
4.00 
5.25 
5.50 
5.50 
4.50 
5.00 
4.75 
5.50 
5.50 
4.25 
4.50 
4.75 
4.50 
4.50 
5.25 
5.50 
5.25 
5.0) 
6.25 
6.00 
2.00 
7.00 

375541-1 
R793-7 
37552.-1 

0.17 
0.32 
0.38 

0.32 
0.30 
0.27 

0.24 
0.34 

375057-39 0.29 0.41 
374123-3 
375080-5 
375597-31 
R214-5 
375608-8 
375080-40 

r.44 
0.12 
0.28 
0.31 
(.27 
0.19 

0.34 
0.47 
0.37 
f0.33 
0.33 
0.34 

0.34 
0.19 
0.50 
0.28 

375608-26 0.30 0.26 
375608-6 
Imilla blanca 
Sani imilla 
Huaycha pacefa 
Choquepitu 
Yari 
*Yield of best 

0.38 
0.26 
0.34 
f.,l 
0.3 
0.18 

replication only 

0.21 

0.50 

M4A 

0.23 

0.22 

4.25 
4.75 
4.25 
2.00 
1.75 

**At Koari only; mean of 4 replications; damage ratings given on a 
scale of
 

1-10, according to % of foliaqe damaged.
 CADE,--2.30* F values: Frost damage--i1.84**; Yield, Koari--6.87**; Yield, 

Patacamaya yield not statistically analyzed because of errors 
in fertilizer
 

application. (**indicates siqnificance at 1% level, * indicates signifi

cance at 5% level.)
 

http:Koari--6.87
http:damage--i1.84
http:CADE,--2.30
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of the percentage of foliane initially damaqed by frost. Some of them
 

are fast to recover from frost, however, and tend to produce high yields
 

in spite of foliar frost damage.
 

Among the noteworthy clones in this trial are 375517-1, which is slightly
 

more resistant than the local varieties and produces quite high yields of
 

attractive tubers; 375559-9, which consistently produces good yields of
 

very attractive tubers; and 377413-7, which resulted from a cross with
 

Sani imilla, has tubers almost identical to Sani imilla, quality equal to
 

or better than Sani imilla, and has consistently outyielded Sani imilla
 

ir favorable and unfavorable years.
 

2)	The clones which were most promising in previous years were planted at
 

Koari in fields outside of the experiment to observe their behavior on a
 

large scale and also multiply seed. Some extra seed was also planted at
 

CADEA to be use6 inmultiplication of the most promising lines.
 

3)	Specific gravity and taste-preference tests are now being conducted by
 

Mr. Alberto L6pez on all of these clones, but the results will not be
 

compiled until after the submission of this report.
 

In addition to the trials listed above, all of the clones in the Koari,
 

many more from other breeding projects,
Patacamaya, and CADEA trials, plus 


are beinp tested at the Bel6n station. In previous years, CID participated
 

more heavily in this work, but because of the contract uncertainty which
 

prevailed at planting time in October of 1981, it vlas not possible to travel
 

to 	Bel~n. Trials were, however, conducted there, and the CID breeder and
 

the 	Toralapa technician, Ing. Iviles, will travel -o Geldn during the month
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of June to review the results of all the frost-resistance trials in 120li-. 

via over the past years, conduct quality tests, and collaborate inmaking 

decisions of which clones should le kept in which areas of the countries. 

C.5 Project: ireedinn for Resistance to Virus
 

Leaders: Carlos larc6n, Robert 1-1.Hoopes, Tsrael Avilds, Victor Alvarez, 

and Ren6 Torrico 

Introduction: Virus diseases are amonq the principai causes of decreased 

potato yields in developing countries where there are usually no organized 

seed production systems. "orldwide, leafroll is the most serious virus 

disease, but in the Andes, itappears that Potato Virus Y (PVY) is the 

most important virus problem. The work of CID becaria Rosario Varqas 

indicated that PVY is very widespread in potatoes in all areas of the 

Cochabamba department. He have received material in the form of botanical 

seed and tuber families from several sources (rax-Planck Institut, Cornell 

University, and Ianenqinaen), which is segrenatinq for PVY immunity. CID 

becario Victor Aivarez tested much of this material for resistance as a 

thesis project. A considerable number of varieties were discarded for
 

.apparent susceptiblity to the virus, but several hundred seedlings or
 

clones were apparontly resistant inone test. There are also many clones
 

with PVY-resistant parents which have not been tested for PVY reaction
 

but which have been found to be very promising for late-bligjht resistance
 

and agronomic characteristics. Some 50 percent of these clones should
 

also be PVY immune.
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Objectives
 

1) Confirm the resistance or susceptibility of material tested by Victor
 

Alvare:! the past growing season.
 

2)	Test the most promising iurnell clones which have survived a previous
 

test for virus resistance, and have also shown good yield and late
 

bliaht resistance, once more for PVY resistance.
 

3)	Con:inue to plant seedling progenies and evaluate individual plants
 

for PVY resistance.
 

Activities
 

1)	Apparently, resistant material was planted at Toralapa but the 

results, according to Mr. Alvarez, were rather difficult to interpret 

because of the lack of certain equipment to Jo a serological test. 

Most of the apparently resistant material continue to appear resistant 

as Iar as could be determined through the use of indicator plants. 

2)	These clones were planted in the Toralapa greenhouse but were never
 

inoculted or evaluated by the virology team beccise of an apparent
 

misunderstanding on the part of the worker who was told to perform
 

the PVY inoculations.
 

3)	Only a small portion of the seedlings which should have received
 

evaluation for virus reaction were ever inoculated. Of those which
 

were inoculated, not all were evaluated by the Toralapa virology team.
 

The 	CID breeder had to leave the country due to a death inthe family
 

inJanuary and was not able to supervise this work adequately.
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C.6 Project: Breeding for Resistance to Cyst Nematode
 

Leaders: Carlos Alarc6n, Robert '1.Hoopes, Gerardo Caero, Fernando Rivas
 

Introduction! In a thesis study, Fernando Rivas identified 33 potentially
 

resistant clones, using the Tiraque population of Globodera rostochiensis
 

as the reference nematode population. In addition, clones were received
 

from Dr. R. E. Anderson of Cornell, which have shown resistance to cyst

nematode populations from Peru. This material was lost due to problems
 

in the greenhouse, but new material has been ordered.
 

Activities: The requested clones had not been received from Cornell at
 

the time of the submission of th's report. There was not enough time
 

to re-confirm the resistance of the clones identified by Mr. Rivas this
 

year.
 

C.7 Project: Introduction of Vegetable Varieties
 

Leaders: Robert I-.Hoopes, Thomas C. Stilwell, Alvin Hamson (USU)
 

Introduction: Ing. Carlos Cossio of UM1SS requested the collaboration of
 

CID to obtain seeds of vegetable varieties which had never been tested in
 

Bolivia. Seed was obtaiied from Northrup King Co. of tomatoes, cucumbers,
 

cauliflower, cabbage, radish, onions, squash, carrots, beets, and lettuce.
 

By the time the seed arrive in the country, the university had been shut
 

down for a prolonged period and other outlets for it had to be sought.
 

Objective: Distribute vegetable seed to people willing to plant it and
 

try to get information on any varieties which could prove useful to
 

Bolivia.
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Activities: Seed was distributed to the followin people: (1)Mir. Ren6
 

G6mez of the San Benito Experiment .. ion, (2)the San Benito Experiment
 

Station, (3)the Extension (qent for Capinota, (4)Mr. Bernardo Encinas
 

of Centro de Desarrollo Social de Cochabamb. Tropical, (5)Ing. Nancy
 

Lizgrraia of UJISS, (6)M~r. Salaues of a technical school in the Chapare,
 

(7)Mr. Freddy Villaz6n of the Toralapa Station.
 

Very little information has been returned to CID reqarding the performance
 

of these varieties and because our work has not been in vegetable crops,
 

it has not been feasible to spend the time necessary to ferret out the
 

information. The onion variety Texas Grano is said to nive extremely high
 

yields inthe Capinota area and a number of radish varieties that were
 

imported were well-adapted.
 

C.3 Project: Student A.dvisory Activity
 

No students in breedinn were still on their becas durinn the last 6 months
 

of the Project, but considerable time was spent assisting them in their.
 

thesis preparation. The current status of ex-becarios follows:.
 

Victor -varez..-"Classification of Seprenating Families with Respect to
 

Resistance to Potato Virus Y"--Victor has nearly finished a second draft
 

of his thesis. He is now workinroas the virolonist on the Toralapa Station.
 

He should be ready to defend the thesis within a reasonably short-time.
 

Freddy Caballero--"Identification of Dhysiolonical Races of Synchytrium
 

endobioticum and Screenina Clones of the Bolivian Oermplasm Bank for
 

Resistance." Freddy has finished writinT his thesis and at last report
 

had the approval of two of three members of his ccmitteeito set a date
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for the thesis defense. He is now ',nrkinn as a technician at the Pataca

maya Station on the quinoa project.
 

Fernando Rivas--Fernando has written up only parts of his thesis on screen

ning part of the golivian Germplasm Bank for resistance to the cyst
 

nematode. He is presently workinQ as a technician for Sanidad Vegetal in
 

Santa Cruz. He recently was able to come back to Cochabamba where we
 

worked together to complete the statistical analysis of his data, which
 

had been holding back his work.
 

Innacio Huayta--"Chemical Soil Treatments and their Yield Effects on
 

Potatoes in Three Locations in Cochabamba." Ignacio has made little
 

progress in the writing of his thesis since he finished his beca with
 

CID. He is workinq as a technician on the Beldn Station at the present
 

time.
 

Ren6 Torrico--"Identification of Species of Meloido.yne in Bolivia"--


Rene has written a complete draft of his thesis and supposedly has
 

finished the revisions requested by his committee. He should be ready
 

to defend the thesis at any time. He is now working as a potato seed
 

production specialist on the Toralapa Station.
 

Rosario Vargas--"Identification of Potato Virus Infections in the Cocha

bamba Department." Rosario finished the writing of her thesis to the
 

satisfaction of her major thesis advisor Arturo Moreira. At the point
 

she and her husband moved to La Paz where they went into private business.
 

Despite considerable effort, we have never been able to locate her since
 

that time. It appears unlikely that she will ever finish her degree.
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Ruth L6pez--"Determination of Chromosome Number of 100 Varieties in the
 

Bolivian Germplasm Bank." Ruth finished her thesis and defended it
 

successfully. She is now workinn in the Fitotecnia Department at UISS.
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D. POTATO AGRONOMY 

by
 

Dr. Robert Kunkel, Potato "\ronomist
 

Introduction
 

The 1981-82 experimental potato growing season began with many uncertain

ties. In fact, the Consortium was not plaqued with a shortage of funds but
 

with the likzlihood that the project would terminate by the end of November,
 

1981. A crucial decision had to be made. Ifno experiments were put in,there
 

could be no harvest even ifthe frustrating situation were aleviated. Another
 

year's data to confirm some of the previous findings was tbadly needed. I,
 

resources with the belief that
therefore, decided to gamble some of my oi-,m 


eventually the situation would be solved, that I would be reimbursed and that
 

there would be experimental crops to harvest before the termination of the pro

ject. Another complication was that even if there were crops Li harvest, there
 

was no assurance that would there be sufficient time to tabulate and analyze
 

the data.
 

In total, 16 potato fertilizer exoeriments were put on farmers' fields,
 

and two potaco variety tests were planted. Twelve 1980-31 potato fertilizer
 

experiments !iere observed with the hope of obtaining information on the value
 

of.the residial fertilizer follov,inq potatoes, which is often the farmer's
 

main crop.
 

A text and visual aids were prepared for a series of seminars held at
 .
 

various locations in Bolivia. The information was presented by Dr. James H.
 

Thomas, CID Chief of Party, and my counterpart Ing. Gonzalo Claure. This
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enabled me, with the aid of a translator, to complete all the 1982 potato har

vests,and to harvest three small grain experiments, and a residual potato fer

tilizer experiment.
 

All data are in bound notebooks and are to be given to my counterpart for
 

further study and whatever use he can make of them.
 

D.l Project: Potato Variety Testing
 

Leaders: Dr. Robert Kunkel and Ing. Gonzalo Claure
 

Justification: Potato breeders are continually developing new potato
 

clones that need to be tested in areas where they might be superior to
 

existinq varieties.
 

To assist potato breeders in testing their promising clones
Objective: 


for adaptability to potato qrowing areas of Bolivia.
 

an early planting
Status: Two variety trials were planted this year: 


at Conmrap7, and a lhter planting at Pocona. The first is a good variety
 

test even though large differences in seed size will obscure variety dif

ferences. The second was planted interspersed among fruit trees and the
 

results are questionable. The Ccr.rapa test was harvested in January.
 

Results: No statistical evaluation of the data seems justified because
 

of the large differences among the sizes of the seed-tubers planted. As
 

a result, it is impossible from this study to determine if the differences
 

among the varieties are due to seed size or genetic yielding potential.
 

Each yearsince I arrived in Bolivia, I have cooperated in one or miore
 

variety trials. Each year the same varieties were compared and the same
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seed size differences occurred--there has never been enough seed of the 

same size of each variety to make a valid estimate of the genetical yield

ing p-A'tntial of the varieties. This was the first y'ar, however, that 

the varieties were planted at Comarapa--there were large differences in 

total yield as well as in the percentage grades of each size (see Table 1).
 

The test was adjacent to the Comarapa No. 1 fertilizer trial. The fertil

izer trial was planted with the cooperator's variety (PAmericano) and the
 

yield was generally low regardless of the fertilizer treatment, but this
 

may have been due to the fact that the grower failed to apoly the insect
 

and disease control chemicals that were provided to him and the plants died
 

prematurely. Early blight, late blight, and powdery mildew were present
 

on the plants earlier in the season. The variety Alpha was used in two
 

fertilizer experiments. The yield of tubers and the percentage grade of
 

larne tubers was impressive. In one experiment, the seed was poorly
 

covered, there were skips between plants, and the large tubers often were
 

hollow in the center. In the Chullchuncani experiment, the stand of plants
 

was quite uniform and the yield of tubers was very high, and the percent

age of excessively large tubers was minimal. This variety is being commer

cially tested by ASAP.
 

Recommendations 

1. 	That enough relatively disease-free seed of the clones be grown on the
 

experiment stations to provide ample quantities of uniform-size seed
 

of each clone to make several variety trials in an area so that the
 

genetical productivity potential can be determined.
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2. Put into the variety trials some of the newer blight resistant and
 

nematode resistant clones to compare their performance with those
 

clones that have been tried for years but never adapted commercially.
 

A lack of adenuate supplies of seed of a new variety may be the limit

ing factor. Developinn adequate supplies of seed of the promising
 

clones in a breeding program should be the responsibility of the
 

experiment stations.
 

3. Test the most promising clones at different levels of Fertilization.
 

Present breeders are so engrossed in the number of clones ina breed

ing program that none of the clones are adequately tested. Large
 

yields of tubers remove large quantities of nutrients from the soil.
 

Inexperimental work, if the nutrients are not adequately supplies,
 

the genetic yielding potential of a clone may never be measured.
 

4. Include in the variety trials one or all of the standard Bolivian
 

varieties, i.e. Runa, Imilla blanca, and Sani imilla. A known standard
 

of performances isneeded.
 

D.2 	 Project- To-I-P-31, Soil fertility and plant nutritional relationships 

of potato production in Bolivia. 

Leaders- Dr. Robert Kunkel, Ing. Gonzalo Claure, Dr. James H. Thomas,
 

Ing. Ramiro 1ontecinos, Ina. Luis Aguilar, and Ing. 'falter Carrera.
 

Cooperators: County agents and farmers.
 

Justification: The Bolivian potato crop isa major source of farmer income.
 

Growinq potatoes requires a major expense in seed, fertilizer, and pest
 

control if the farmer is to receive the maximum return on his investment.
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Profit is closely related to yield. Durinp the past three years, it has
 

been demonstrated that farmers on the average are producing far less
 

potatoes per hectare than the climatic potential. It has also been demon

strated that there is a general deficiency of nitrogen and phosphorus. In
 

1981, a deficiency of potassium was discovered at a large majority of the
 

experimental sites. This could be related to the method of fertilizer
 

application. The most practical approach to determining ifa farmer needs
 

a certain kind of fertilizer and how much is needed is the yield. The
 

most practical solution isby use of a dependable soil analysis. Unfor

tunately, the relationship of the results of soil analysis and potato
 

yield has been discouraging and, therefore, not usable by the farmer for
 

predicting his fertilizer needs.
 

For the last three years, soil samples have been taken from the experi

mental sites from diverse areas of rolivia and on various soil types.
 

Soil samples taken durina the past two years are !eing analyzed at La
 

Tamborada and at San Benito. The l8l-82 samples are now being collected
 

for analysis.
 

If the "ield/soil test correlations continue to be low, an intensive
 

laboratory study isneeded to discover the cause. The soil samples that
 

have been collected are relatively large and repeated analyses could be
 

made.
 

It has been estimated that there are 280,000 potato fields in Bolivia.
 

It is impossible to conduct an experiment or even a demonstration on more
 

than about 20 locations in any one year, but many soil samples could be
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collected by an extension agent and analyzed in a competent laboratory in
 

a relatively short time.
 

The rx.dual value of fertilizers applied to potatoes is an important
 

part oi assessing the economic value of a potato fertilizer program.
 

Results of the past two years have failed to support the Toralapa fertil

izer recommendation as the sole recommendation for potatoes. The results
 

indicate that inmost cases the Toralapa recommendation for phosphcrus is
 

about one-third too high. If this proves to be true, the lesser amount
 

would be a substantial saving in farmer's fertilizer costs. On the basis
 

of V.st year's data, it is doubtful that a single fertilizer recommendation
 

for potatoes would be the most productive or the most economical for all
 

areas in Eolivia. At least three recommendations may be needed.
 

Objecti'!es
 

1. To -onduct potato fertilizer experiments in various parts of Bolivia.
 

2. To collect soil samples from each experimental site for chemical analy

si. tt establish soil test and yield correlation with which to predict
 

farmer fertilizer needs.
 

3. To obtain data for estimating the residual value of a good-potato
 

fertilizer program.
 

4. To develop a grower-oriented brochure on potato production.
 

Experimental Methods
 

The fertilizer treatments were premixed and the amount needed for a 10 m
 

row was weighed into a paper bag. Urea, 45% phosphate, and 60% muriate
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of potash were used in all treatments except the one receiving sulfate of
 

potash. The fertilizers were uniformly distributed along a continuous belt
 

that rotated about half its length in 10 m. The soil insecticides (Curaterr
 

at 50 Kg/Ha or Temik at 35 Kg/l1a) were distributed along the surface of the
 

fertilizer. After the fertilizer and insecticides were deposited in a
 

narrow band in the bottom of the furrow, they were covered by the applica

tor with about a one-centimeter thick layer of soil.
 

The experimental design was a randomized block with four replications.
 

Each plot was three rows wide and 10 meters long. The rows were about
 

0.7 m apart but not uniformly so. Considerable variations among the rows
 

resulted from the use of oxen drawn plows.
 

Thirty seed tubers were planted ineach 10 m row. Afterwards, the seed
 

was covered by ox plow. Often the seed was not adequately covered and
 

some hand covering was needed. Only the center row in each plot was har

vested for data. The tubers were graded into four sizes: over 5.5, 4.5

5.5. 3.5-4.5, and less than 3.5 cm in diameter.
 

The spray schedule was on a preventive basis because of the time and dis

tances involved. The insecticides controlled the common insect, although,
 

in two experiments, Perfekthion and Meta-systox, failed to give good con

trol of flea beetle type insects. The fungicides used (Benlate, Antracol,
 

Ridomil 25% 14P, and Ridomil MZ) controlled the foliar diseases when used
 

according to recommendations by the manufacturer. The insecticides and
 

fungicides were applied as a mixture. Citowet was used as the "spreader

sticker" in all experiments. Sencor was used at 0.5 Kg/Ha for weed control
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in four experiments. Excellent control of weeds resulted, including the
 

control of Spergula arvensis. H1ith proper timing, a lower rate of Sencor
 

might be adequate. All the spray materials were applied with a "Solo"
 

back-pack power sprayer.
 

Soil sanples
 

Six soil cores, 0 to 10 inches deep, were taken from each 0-n-0 check
 

plot and each 80-0-80 treated plot. The samples, except as noted in the
 

t&,le, ,iere taken when the plants were sprayed the first time. In this
 

procedure, the soil cores were taken directly from the area inwhich the
 

potato yields were to be correlated with the soil analyses. The soil
 

analyses were made by the San Benito Soil Laboratory in exchange for
 

laborat)ry chemicals.
 

Residual Fertilizer Studies
 

The perimeters of twelve of last year's potato fertilizer experiments wer(
 

staked to make it possible to relocate the respectively treated plots
 

from which to obtain residual fertilizer data. Seven of the experiments,
 

two at Xscayachi, three at Aguirre, one at Colomi, and one near Toralapa
 

were planted to haba beans. Experiments at Puna (Kepallo), Rakay Pampa,
 

Toralapa, and Kotani Alto were planted to Promesa barley. An experiment
 

at Rakay Pampa was planted to wheat and one at Chinoli was planted to
 

potatoes. A 1979 potato fertilizer experiment near Toralapa was planted
 

to Promesa barley for the second time.
 

Details of the 1981-1982 fertilizer experiments are shown inTables 2
 

and 3.
 



43 

O
w
 

> 
"
S
-
-

S-
C


fr-
0: 

--
(U

 
a-

C
 

C

 

W
E

 
C

 
.0

 
o 

3
 

C
D

 
0 C

 
r
-

r-._ 
0

0 CD
 

tL o0 
-4 

4 
to
 

(A
 


-%J 
r
-
-

.'
-
"
4 -4

 -
'
-

-
-4 

"
 

I'-- # 
C

\ 

P 
4.) 

4-
4-3 

4 
,
 

,
-

.
 

,
 

(f) 
(A

 
(A

 
L

/) 
(n 

(4 
L

n
 

4-()+
 

m C
 

(J A
0
.
 

-
-
.
 .
L
.
 

C
,
 

'
 

-
-

0 
-

(0
 

o 
0
 

"
 

(I 
m

w
 

C
 

-
)
 

m
 

0
o 

-
'0

 
-C

 
C

U
 

C
 

U
 

U
U

 
C

 
-

L
n
 

4-
3: 

C
-

(a 
(U

 
tO

 
C

 
J
 

tO
 

0 
-

tO
 

C
 

3 
o-0-

-
S-

0 
0 

0 
0 

(A
 

0 
L) 

M
-

.
-

0 
-
r
"
 

t
O
 

C
rc D

 
L

HD
 

H
F

 
-'~

~
C <

 
M

. 
cm

 
-

L
.) 

C
3 

0
I
.
 , s-

-
.S
.
 
(S-

-
<
 

.
-"
 
<
 

,
 

.
r
-

S-
'
,
'
 

>) 
C

U
l 

C
O

 
C

 

4-
.

-
C
.
 

.
,
-

"
 

r-
"
 


in 

0
 

r0 r-
r
 

r
-

,
0
 

c-
I0 

E
C

 
E

 
E 

E
 

E
 

(0 
5-

-
U

 
m

l
 
-

0 
r-

=I 
-

=
 

r
-. 

-
C

: 
r-


; 
--

C
 

C
L 

D
. 

C
 

r 
--

1-4) 
o
.
0
 

E
 

-
o
 

E
V

.
e
 

0 
'~

 
LI) 

'4
 

V
C

(A
1-

~ J 
(0 -

0 
-

U
 

U
 

V
-)

(A
 

<
-

'4
 

-
Ln ( 8

' 
C-

(A
n 

O
 

0 

V
) 

C
:

a 

14

1-
4

0
En 

C
;C

 
1-

C
 

m



(
I
C
J
 

e
.
-

0 
+
"



.4--
4
L


 

:
.
 

:
 

o
*0. 

:
 

:
 

-
.
 

I
 

q 
,--I 

r 
-

-
-

--
-

-
--

-
4 

-
IV


 
0) 

L
;. 

X
 


a
 

0
 

co
 

C
O
 

r-'
 

lO
t

>
1 

0
0
 

--1 
C
O
1
*
 

C
)
 

"
M
 

,
-
-

t
o
 

r 
-
4
 

to
 

w
 

" 
4-

X
7-

"+1 

0-
$-

a-
>0 

s-
t*

O
s-

0
"
 

4-
,
,
.
_
0
 

0) 
"E"
 

M
,
-

0-
.

-
-
"
 

j
 

a 
> 

C
C

 
wc 

L
. 

tD
o

M
 

w
 C

O
 

0
,%

D
 

L
O

 
'j-

0
C

 
co 

m
-

to 
I 

m
 

I-
r 

-q 
-

-4 
-

-I 
r 

c 
m

J(J 
r4

 
N

 

1
cc 

* 
+
 

.
4
r
 

-
O
-

4 
t
 

3>C

 

-
4
-

O
 

f
 

"
-

r
-

C
 O 


4-)) 
• .
-
'
 

.
.
. C

 
0L
 

,
.
-

,
.
 

"
 

0
 

e
 


iv 

c 
+
.
3
 

Im
 r 

-.ft 
UL 

O
 

a
-4

lC
\I 

co0 
m

 
-O

N
c 

C
 

O
0 

O
')i 

0
) 

C
Y

)' 
U

4.. 
0-

--
I 

:I 
C

') 
C

'4 
LN

 
C

N
j 

C
\J 

(N
Ji 

i--4 
v-

NJ 
C

)m-

00 

4U 
C

O 4J 
( 

=3 
(0

+
 

* 
)( 

0)-
4-

(d
 

>) 
U

t-
*Kw
 

m
 

0 
M
 

M
U
 

C
L 

rA
. 

M
L

 
C

 0
) 

0
.L 

L)Uc
-

U
 

0
) 

.I-
C

O
 

M
U

 
(0 

tv
 

E
 

'a-
M

 
b/a

a.) 

=C
 

m
U

 
C

U
j 

toC
 

+3J 
4J1 

U
 

1-
r-

r-
0 

0-
U

 
C

 
1-

U
 

r-
E2

0
 

>i 
C

U
 

C
 

(00 
o 

edU
 

ro 
U

 
U

 
C

U
 

(a 
ra 

M
U

 sa' 
0 

to
C r-

Lo 
U

~
 

C
 

E
1-2 

-1
S

-
A

 
1--

=
 

-P 
E

+ 
4-

r-
C

a*-
U

 
0 

0 
*--aC

0 
(0 

0.30 
C

U
- =n 

0
00000 

Li-i 
J-

7. -
L) 

F-H 
-

H
e 

L
3 

U
.
.
 

C
L

L
 CO 

U
)
 

>-
L) 

a

-' 
LLA

 
14 

r-. 
C

 
C

;; 
0
 

'-
'.1 

L
?C

) 



44
 

TABLE 3 : Datails of 1981-1982 Insect and Disease Control Prooram* 

1 Number of applications 

Location fInsecticide applications Fungicide applications

i Ri domi l 

Perfekthioni Meta-systoxi Antracol Benlate Rido M Z 
___ ____ __ ___ I _ - _ __ _25%I WP ' MZ 

1. Punata. 2 3 3 4 2 2
 

2. Comarapa I 1 1 1 

3. Morochati 1 3 2 1 4 2 1
 

4. Comarapa Abandoned because of weeds
 

5. Toralapa 1 3 3 4 2 2 

6. Toralapa 1 3 3 4 2 2 

7. Piscomayi 3 3 3 3 

8. Tiraque 1 4 2 5 2 3 

9.Chulch1cni 1 3 2 4 2 2 

10. Kotani alto 2 4 1 6 1 5 

11. Comarapa 1 4 3 5 3 2
 

12. Patacamaya 1 :'2 2 2 2 1
 

13. Bel6n 1 2 2 2 2 1
 

1. Colomi 1 4 1 5 1 4 

15. Chinoli S t a t i o n a p p 1 i e d 

16. Iscayachi I B T A a p p I i e d 

This program seemed to adequately control the insects and diseases. However, 

the three-week interval was a bit too long for good insect control. Ridomil 

25 WP was applied every three weeks but became unavaiiable so Ridomil MZ, 

which was applied every two weeks,was substituted. 
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Results
 

The climatic pot:ntial y12 data for the various areas inwhich experi

ments were conducted are shown in Table 4. Inonly one location, Piscomayu,
 

the potential yield (9. Ton/lHa) was as low as that of the average yield
 

of potatoes for Bolivia. Two fertilizer treatments averaged close to the
 

climatic potential. These were treatments 4 and 13. In this experiment,
 

there was no increase inyield if phosphorus was not added (compare treat

ments 11 and 15). The plants in the plots receiving no phosphorus, or only
 

manure, were killed by the January 29 frost. Even though the well fertil

ized plants recovered somewhat from the frost, they failed to produce many
 

tubers. A study of the main effects of treatments, from the factorial part
 

of the experiment, showed that 120 Kg N/Ha had a despressing effect on
 

yield whereas using 120 Kq of P205/Ha and 80 Kg/Ha of K20 tended to increase
 

yield. Though the "F"value for the statistical differences among the 16
 

treatments was highly significant statistically, the coefficient of variation
 

was excessively large. The results for each of the 16 experiments can be
 

evaluated from Table 5 with a procedure similar to the procedure described
 

above.
 

In four of the 15 experiments, the "F"value for treatment was not signif

icant at the 5% level. These were experiments 1, 2, 12, and 15, and for 

each of them, there is an explanation (Table 4) why the fertilizers did 

not cause an increase in yield. The design of the experiments, however, 

provided a more critical evaluation of the effect of the three nutrients 

than was possible when only the mean of four replications was used to meas

ure the nutrient effects as was done in the replication by treatment 



Climatic Potential Yields are the Average of Six Highest Yielding Plots in each Experiment Regardless
TABLE 4 : 
of treatment
 

Location T/Ha 	 C 0 M M E N T S
 

1. Punata 20.4 Plants took too long to emerge. Was flooded twice by rain.
 

2. Coriarapa 15.8 Very weedy. Grower did not apply pest control chemicals. We left him.
 

3. Morochata 34.5 A good season. Plants lived much longer than those in the area and were much larger. 

4. Comarapa - Abandoned because of weeds. 

5. Toralapa 128.4 Frosted last week in January. Very wet at times and very dry at others.
 

6. 	Toralapa 124.0 Frosted last week in January. Zero-P-plants were killed.
 

Very dry season.
 7. Piscomayu 9. Plants on low fertility were killed by late January frost. 

8. Tiraque 29.9 A good season. Sprays controlled diseases, insects and weeds.
 

9. Chulchucani 57.0 A good season. Sprays controlled diseases and insects. No 	herbicide was used..
 

10. Kotani Alto i 33.6 A good season. Sprays controlled diseases, insects and weeds. Very dry at times. 

11. Comarapa 136.1 Severe late and early blight but these were controlled as were insects and weeds.
 

12. Patacamaya 118.5 Very dry season. Was irrigated once. 

13. Bel6n {1$.5 Very dry season. 

14. Colomi 29.1 Good season. Sprays controlled diseases, insects and weeds.
 

15. Chinoli 19.5 Very dry seasonkilling frost in late January.
 

16. Iscayachi 17.4 Very dry season,killing frost in late January
 



TABLE 5 LOCATIONS JITH POTATO FERTILIZER EXPERIMENTS I 1981-82 
(Mean Total Yields in Tons per Hectare) 

Nutrients 
in Kg/Ha 

N P20 5 K20 

Punata Comarapa 

1#1 #2 #3 

Toralapa 

# 1 # 2 

Tiraque Chulchu-
cani 

Kotani 
Alto 

Pataca-
maya 

Beln Chinoli Morochata Iscayachi Colomi Pisco-mayj 

_ 

1. 80 80 0 14.9 9.4 22.5 17.6 16.0 23.4 42.4 19.7 19.2 10.5 11.7 25.7 9.0 19.0 3.4 

2. 80 80 80 14.2 12.2 25.3 19.3 18.6 20.4 48.9 23.S 22.0 13.0 12.2 26.7 8.4 25.5 4.8 

3. 80 120 0 15.0 12.1 25.9 19.1 15.8 27.2 50.3 21.4 23.1 11.! 10.5 29.3 8.5 22.6 5.2 

s.80 120 80 15.7 10.6 25.8 21.3 17.5 26.0 49.3 23.6 22.8 12.5 13.2 8.4 11.5 23.1 8./ 
5. 120 80 0 10. o 15.423.3 15.2 14.7 45.1 22.4 21.3 '!L4 ). 77.6 9 a n.A 1 

6. 120 80 80 16.1 10.5 20.8 24.8 22.1 25.3 51.9 25.3 23.4 10.3 17.4 31.6 12.7 23.3 3.0 

7. 120 120 0 14.2 9.5 v 22.3 19.7 18.0 23.3 48.0 23.5 24.3 7.5 16.2 27.9 10.8 20.6 2.7 

8. 120 120 80 14.2 11.3 28.6 23.2 21.2 25.1 48.7 25.6 21.6 11.1 13.8 29.6 10.4 25.4 4.3 

9. 130 120 80 18.8 11.1 26.7 19.0 14.4 25.9 49.1 26.6 22.6 14.0 13.1 30.3 12.8 23.0 4.6 

10. 130 140 80 13.5 12.5 26.1 121.2 20.0 25.0 51.0 26.1 21.7 11.3 12.3 29.6 10.4 22.7 3.0 

11. 80 0 80, 12.4 11.2 15.0 10.8 6.5 15.6 21.4 13.9 17.9 9.8 12.9 12.3 7.7 19.0 1.4 

12. 80 120 803Temik 14.7 9.2 .a 19.1 19.5 19.3 25 0 45.9 27.8 21.5 12.7 12.5 26.6 12.9 22.8 5.1 

13. 80 120 803 12.5 14.3 27.1 2J.4 18.J 24.5 47.0 30.4 i9.1 14.1 13.8 28.9 11.0 26.0 7.8 

14. Local 13.3 10.2 20.2 3.8 9.0 23.6 49.6 24.3 16.8 12.3 11.1 15.9 4.7 23.4 3.6 

15. 0 0 0 3.5 10.5 16.1 I 6.6 5.4 14.8 23.7 8.1 10.7 11.7 5.9 10.7 2.7 11.9 

16. Manure lOT/Ha 
Si. of F " 

14.9 
--

11.7 
, 

24.6 
-- , 

11.1 
* 

11.4 
1121. 

17.4
N.j. 

38.4
Liss than 

32.8 15.6i 13.7 9.4 17.7 6.1 25.7 0.6 

Treatments N.S. N.S. *** *** * I* ** * *** N.S. * *"* 

Blocks 

C.V. 

*0 

23.4 

N.S. 

24.9 

*** 

19.9 
N.S. 

22.6 

N.S. 

18.5 

** 

13.0 

*A~ 

11.0 

** 

9.9 16.4 
N.S. 
22.8 

N.S. 
32.0 13.3 44.0 

N.S. 
14.6 

3.5. 
55.6 

MAIN EFFECTS OF FACTORIAL 

N 
N 

@ 
a 

80 
120 

15.0 
15.0 

11.1 
10.4 

24.9 
23.8 

19.3 
20.7 

17.0 
19.0 

24.2 
24.2 

23.9 
24.2 

11.1 
12.1 

21.8 
22.7 

12.0 
10.1 

11.9 
14.6 

27.5 
29.2 

9.4 
10.8 

22.6 
22.5 

5.5 
3.1 

P205 @ 0 
P205a 80 
P205 a120 

K20 0 
K20 @ 

10.4 
15.2 
14.8 

14.9 

10.8 
10.6 
10.9 

10.3 
11.2 

15.5 
23.0 
25.7 

23.5 
25.1 

8.7 
19.2 
20.8 

17.9 
22.2 

5.9 
17.3 
18.1 

16.1 
19.9 

15.2 
23.0 
?' 4 
?A.3 
24.2 

22.5 
47.1 
49.1 
46.5 
49.7 

11.0 
22.8 
23.5 
21.8 
24.6 

14.3 
21.5 
23.0 
22.0 
22.5 

10.-
11.3 
10.8 
10.3 
11.7 

9.4 
13.0 
13.5 
12.3 
14.2 

11.5 
27.9 
28.8 
27.6 
29.1 

5.2 
9.9 

10.3 
9.4 
10.8 

15.4 
22.1 
22.9 
20.7 
24.3 

1.3 
3.4 
5.2 
3.4 
5.2 
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analysis of variance. For example, in the mean for the effect of th,!
 

difference inyield between 80 and 120 Ka N/Ha, there are 16 values in
 

each mean, as is the case for each main effect comparison--time did not
 

permit a detailed statistical comparison of all the effects and differences
 

between treatments, but a study of the main effects is quite conclusive
 

even without statistical oroof.
 

litronen Effects
 

For a a~neral recommendation, 8fl Kr'/Ita is about correct. Among the 15
 

completed experiments, there were some slight increase in yield when the
 

rate of I apDlied was increased to 120 Kq/Ha, but there were also some
 

minor decreases in yield. The effect of the 130 Kg/Ha rate of :Awas very
 

As will be shown later, the nitrogen
similar to that of the 120 Kg rate. 


not used bv the potato croD remains in the soil to be used by succeeding
 

crops.
 

The amount of nitrogen that can be economically used, with phosphorus and
 

potassium, however, will depend upon the Past fertilizer practices and the
 

kind of nrowina season that drevails. The growing season largely deter

mines the size of the crop produced if soil fertility is adequate.
 

Phosphorus Effects
 

In all of the 16 experiments, there wis some increase inyield of potatoes
 

when 9 Kn of P205/Ha was applied. Tn some experiments, the increase in
 

yield was lare. The increases in vield were primarily between not adding
 

any phosphorus and the 80 Kq rate of P20 There were some increases in
 

yield when the P205 rate was increased to 120 Kn/|a, hotever, %he increases
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may be within experimental error, which was not determined. There is an 

indication that in experiment No. 2 at Toralapa, more P205 than 

120 Kg/Ha night produce an economical increase inyield. At this par

ticular site, the yield of potatoes was very low it - phosphorus was 

applied. N!overtheless, as a general recommendation, 30 KO of P205/1la 

seems inadequate. This is incontrast to the Toralapa recommendation 

of 120 Kn of P20/Ma. The lower amount is also supported by the results 

of the 180-l experiments. As mentioned under iitroqen effects, the 

kind of growin(, season determines the amount of fertilizer needed by its 

effect on yield. Inmany areas of qolivia, a frost of varyin degrees 

of severity occurred the last week of January (see Table 4). The variable 

response of potatoes to the application of phosphorus on different farms 

emphasizes the need for a good soil testina program. 

Potassium Effects
 

Potassium like Phosphorus is an essential element for both plants and
 

animals. Fourteen of the 15 completed experiments nave a positive response
 

to potassium when applied at 80 K of K2 I/Ha. Indications of a need for
 

potassium on some soils has been obtained durin the past two years. The
 

increased yields on some farms due to the addition of potassiun in the
 

fertilizer is substantital. Time does not permit a critical statistical
 

evaluation of the differences. Z soil test pronram is needed.
 

Manure
 

The effect of applying 10 tons of manure per hectare on the total yield
 

of potatoes varied from farm to farm. The manure was supplied by the
 

* 	Those plots receiving high levels of fertilizer had high rearowth and con

siderable yield. Those receivinn no fertilizer never reqrew. 
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cooperator and no doubt varied incomposition from experiment to experi

ment. The value of the manure as a fertilizer is known to vary from year
 

to year and from kind to kind, and therefore, cannot he relied upon to
 

supply the necessary plant nutrients.
 

Block Effect
 

At eight of the experimental locations, the differences inyield among the
 

blocks was statistically significant. In all but one case the differences
 

were sinnificant at the 1%or the 1/2 % level. Large variability among
 

the blocks suqaests that there miaht be sinnificant block by treatment
 

interaction. In other words, a qiven treatment may not be equally good
 

in all blocks. Variability of this kind also complicates the problem of
 

obtaining an adequate soil sample. P random soil sample in which the
 

cores of soil from the different parts of a field are mixed could provide
 

very misleadino soil test information.
 

Soil Test by Potato Yield Correlation
 

This portion of the fertilizer studies is of major importance and still
 

it has been the most disappointing and frustratina, primarily because the
 

outcome depended upon the services of others. The analyses were performed
 

exasperatingly slow. Twice the results of the analyses were suspect. The
 

first time soil sub-samples were sent to Logan, Utah, for verification,
 

and the Logan results confirmed the San Benito analysis. The results
 

nevertheless failed to correlate with the respective potato yields. The
 

second set of analyses were examined by Dr. James while he was here on a
 

short-term consultantship and the analyses for phosphorus were unrealistic

ally high. Fortunately, the soil samples are larqe so that repeated analyses
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can be made. These results were returned to San Benito for confirmation
 

on June 9, and the results have not been returped. Consequently, corre

lation analyses will need to be made at a future date.
 

Effect )fFertilization on Potato Tuber Size Distritribution
 

In all nf the 16 fertilizer experiments and the Comarapa variety trial,
 

the potatoes were sized into those over 5.5 cn indiameter, those between
 

4.5 and 5.5 cm, those between 3.5 and 4.5 cm, and those less than 3.5 cm
 

in diameter. It is iell known that varieties differ in their tendency to
 

produce different size potatoes. It is also known that within a variety
 

fertilization can have a larqe effect on the amount of potatoes of a given
 

size.
 

In the .anuarv 1 - June 3n, 1080 report, renression lines were computed
 

to show the relationship between yield oer hectare and the percentage of
 

large and small potatoes. The relationship was inverse; the larger the
 

yield, the fewler small potatoes. This relationship was verified in 198.-81
 

and the data obtained in 1981-82 also support the previous findings.
 

Two studies, one made by Dr. Kendall Adams and the other made by a student
 

as a thesis project, both stronrlv indicate that consumers prefer the
 

larner size potatoes and are willing to pay a premium for them. The extra
 

premium paid for the larger size rotatoes should be taken into consideration
 

when determining the economic value of a good potato fertilizer program.
 

Furthermore, a change in the narketing practices of potatoes could materially
 

benefit the potato industry.
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Results of Residual Fertilizer Experiments 

Experiment No. 1 was with Potatoes at Chinoli. The qrowing season was 

very dry. "lone of the treatments caused differences in total yield that 

were statistically sionificant at the 5% level. In 1981, the mean potato 

yield on this experimental site was 24.9 Ton/Ha. In 1981, there was a 

.hinhlysignificant increase in the yield of potatoes due to phosphorus. 

In 1982, the mean yield of potatoes was only 2.6 Ton/Ha. Apparently, a
 

lack of water was the controllina factor. Of interest, however, was those
 

plots receiving no chemical fertilizer average 3.2 Ton/Ila whereas those
 

receivinn 129-0-S0 fertilizer averaged only 0.97 Ton/Ha. The plants grown
 

the previous year with H and K possibly exhausted the soil of any P that
 

was left from previous fertilization. The effect of the 120-0-90 fertil

izer was also reflected in the percentaie of larne tubers. Only 3% of 

the tubers were between 4.5 to 5.5 cm in diameter- and none were larger. 

Experiment Mo. 2 was with barley at Puna (Kepallo). An effort was made
 

to select a square meter of plants that were most representative of the
 

plants in the entire plot. 5ut the variation inthe weight of the plants
 

in a square meter among the replication of the same treatment often varied
 

by a 10% or more. This made means calculated from only four plots some

what suspect. t'ean values from IF plots are considered to be more reliable.
 

Therefore, the number of values in a mean is indicated.
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Data from the Puna Experiment
 

(Yield inTons per Hectare)
 

Nitrogen No. of Total
 
Kg/Ha plots plant Grain Straw
 

40 16 3.15 1.31 1.76
 
80 16 3.35 1.34 2.01
 

120 16 3.24 1.23 2.01
 
160 16 3.16 1.22 1.94
 

P205
 

0 8 3.n7 1.19 1.83
 
40 16 3.33 1.25 1.83
 
80 16 3.34 1.30 2.01
 
120 16 3.16 1.27 2.01
 
160 16 3.18 1.29 1.95
 

Auxiliary treatments
 

lfU)-12n-n 4- 4.24. .58 2.66
 
160-160-160 4 3.87 1.26 2.61
 
Manure 24n qq " , 0.92 1.98
 

In this experiment, 80 K/Ha U nt en, and 80 Kg/Ha of P205 seem to
 

have produced t'he most benefft!i,,etn both qrain and straw are considered.
 

Potassium was not a part of the factorial experiment hence tha means of
 

treatments with potassium contain only the values of four plots. The
 

main effects of 160 Kg N/Ha and 120 Kg/Ha of P205 when acting alone appear
 

to have reached the maximum yield, but when the two nutrients are applied
 

together at the 160 and 120 Kg/Ha rates, the maximum yield was produced.
 

A critical statistical evaluation of the data is needed.
 

Experiment N!o. 3 was with barley. It was previously designated as Rakay 

Pampa potato exoeriment No. 2. 
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Data from the Rakay Pampa Experiment No. 2 

(Yield inTons per Hectare)
 

Nltrogeii No. of Total 
Kg/Ha P plant Strawrlots Grain 


80 16 2.31 1.21 1.10
 

120 16 2.54 1.27 1.27
 

P205
 

Kg/Ha
 

0 8 1.91 0.91 1.00
 
80 16 2.25 1.22 1.03
 
120 16 2.61 1.26 1.35
 

K20 

Kg/Ha 

0 16 2.46 1.31 1.15 
80 16 2.40 1.16 1.24 

The main effect of potassium on the yield of potatoes waS highly signifi

cant on this experimental site last year.
 

Experir)nt No. 4 was with wheat. IIwas previously designated as Rakay
 

Pampa P)tato Experiment No. 1.
 

Data from Rakay Pampa Experiment No. 1 

'Yield in tons per hectare) 

Nitrogei No. of Total 

Kg/Ha plots plant Grain Straw 

80 13 4.01 1.22 2.79 
120 12 4.34 1.17 3.17 

Kg/Ha
 

0 5 3.16 0.74 2.42
 
80 12 4.12 1.14 2.98
 

120 13 4.21 1.25 2.96 
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K20 Mo. of Total 

Kg/Haplots plant Grain Straw 

0 11 3.99 1.11 2.88 
80 14 4.31 1.27 3.04 

The cooperator harvested part of this experiment. There were two com

plete blocks left. Because of the differences in yield of plants among
 

the plTts receiving the same treatment, itwas decided to use the data
 

fr.': ill plots from which itwas possible to obtain a sample of plants
 

and use this data as the most reliable indicator of the treatment effect.
 

There was a significant nhosphorus by potassium interaction on potatoes
 

inthis experiment last year. But the main effect of potassium on potatoes
 

was highly significant inRakay Pampa experiment No. 2. The average yield
 

of potatoes on experimental site No. 1 was 9.l Ton/Ha whereas itwas 14.5
 

on site No. 2. The potash situation in the Rakay Pampa area needs -further
 

study.
 

From these data, it is obvious that the soil can be considered as a bank
 

for plant nutrients. And that the residual value of the potato fertilizer
 

should be taken into consideration when assessing the economic value of a
 

fertilizer application. The results of two residual fertilizer studies
 

were included in the last year's report and they tend to confirm this
 

year's findings.
 

The question should also be asked, "Does a farmer leave his land idle for
 

3 and 4 years because of a fertility or a soil disease problem?"
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Students
 

During the last year, six students have completed their projects and are
 

now writing their theses. Three students did their thesis projects under
 

the supervision of the Faculty of 'ronomy at La Tamborada. The other
 

three students did their thesis work under the supervision of the Economics
 

Department at San Sim6n University. operation on all projects was obtained
 

from IBTA personnel.
 

Names of the students and title of their projects as v-ell as the dates
 

their becas were developed are as follows:
 

Eduardo Sarmiento Jaldin - "Effects of levels of fertilization on potato
 

yield" - October 15, 1980 to October 14, 1981.
 

Ruben Aranibar Iriarte -"Soil analyses and yield correlation studies on
 

potatoes" - December 1, 1980 to November 30, 1981.
 

Gustavo Franco Maldonado*- "Consumer preferences for potato size" -


June 1, 1981 to May 31, 19P.
 

Filem6n Iriarte flontaho - "Comparative analysis of potato production
 

costs inBolivia" - June 1, 1981 to May 31, 1982.
 

Josg Prado Crespo -"Phosphorus requirements in 3olivia" - June 1, 1981
 

to May 31, 1982.
 

Alberto L6pez Valencia - "Chemical and physical treatment of potato tubers
 

for reducing dormancy and stimulating early olant emergence" -.July 1,
 

1981 to May 30, 1082.
 

All these students have completed their orojects and have written at least
 

a rough draft of their thesis. All of the students have encountered thesis
 

* The thesis of Gustavo Franco has been accepted. 
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problems at the University and at La Tamborada. Changes in the Faculty
 

have resulted in requests for chanqes in the requirements for the Ingeniero
 

derree, but hopefully with some alterations in the thesis write-up the pro

jects will be accepted. The nroblen has been particularly accute in the
 

Economics Department at San Sim6n University.
 

Other
 

1. The belt fertilizer applicator was rebuilt to make it about half as long as
 

the original model. This added greatly to the maneuverability in the field
 

and the ease of transportinq it in the van. Thie machine is now a double

deck unit. The wheels are attached to the bottom frame and the revolving
 

belt isattached to the upper frame where it remains relatively free of
 

dirt. The fertilizer spout was attached slightly in front of the front
 

wheel. Mounting the spout in front of the wheel, resulted ina more uni

form depth of fertilizer and insecticide placement, because the pointed
 

shoe on the spout pushed aside clods and rocks that had rolled into the
 

furrow.
 

2. The bulk fertilizer applicator was used in two relatively large potato
 

experiments. It performed well mechanically and distributed the fertilizer
 

accurately. It would be valuable for demonstration purposes and hopefully
 

would eventually be adopted for commercial use. It is constructed mostly
 

of wood and would be relatively cheap to build.
 

3. The potato sizer has attracted considerable interest among the various
 

potato researchers at the stations as well as potato growers, who have seen
 

itused when we were grading lots of experimental potatces. Requests were
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made for one at each of the four stations where potato studies are in pro

gress. The shortness of time will not allow CID to construct them.
 

4. There have been a number of disappointments. The tentative situation of
 

CID both as to tenure and finances has been distressing. The lack of IBTA
 

support for the notato agronomy program is incomprehensible because it is
 

the one area of research that can have large benefits to the Bolivian people
 

in a relatively short time. The biggest disappointment of all, however, is
 

the attitude and shifting of emphasis from an ongoing productive program to
 

a new program by USAID. The present CID program is just beqinnin to "bear
 

fruit," the facilities are intact, the secretarial staff 1nd the driver

mechanics are competent, the shut-down is both wasteful and expensive. My
 

leavinn Bolivia is necessary because of family health oroblems. However,
 

I am not indispensablce and others can build from the results that have been
 

obtained. The results indicate a need for an adequate soil testing facility,
 

a fertilizer industry within Bolivian borders and a restructuring of the
 

potato marketing system. A soils-agronomist and a plant physiologist are
 

sorely needed in Bolivia.
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E. CFREAL AGROMOMY, COMPUTER PROGRAMING MND 
ANALYSIS, AND CEREAL PPODUCTION SURVEYS
 

by 

Dr. Thomas C. Stiewell
 

In1981-82, IBTA was severely restricted in the number of off-station
 

field experiments that they could perform due to lack of budget. CID, there

fore, had no off-station testing incereals for 1911-82, and concentrated on
 

surveys, cemiputer work, and student advisement.
 

The projects reported below were all in process during past seasons, and
 

durin the last 6 months have been brought to a logical stopping point even
 

though much remains to be done and IqTA will continue as best they can.
 

CID Administrative Report # 02/81 indicates that Projects E.l-E.7 were
 

discontinued hence E.8 is the first of this report.
 

E.8 Project: Computer Analysis of Experimental Results
 

Leaders: Dr. Thomas Stilwell and Inr. Rafael Vera
 

Justification: At present, each experiment station technician spends a
 

total of 2-3 months analyzing the results from his experiments, arrang

ing them in a usable format, and writing the results and interpretations
 

for various reports. If results ever do net to a farmer, they are 3-4
 

years old. This project was designed to greatly speed up and standardize
 

technician report writing and the consequent reporting of results t9
 

farmers.
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Objectives
 

1. 	Develon a series of computer analysis programs for use by technicians
 

who have had no previous computer exnerience.
 

2. 	Distribute these Programs and instruct the technicians in their use.
 

Status
 

The 	prooram has been developed completely and both obJectives have been
 

met. The program has been identified as ESTAD. It is available on disket
 

and 	tape, and all the necessary manuals have been published. The program
 

is available for all IBTA/CIAT technicians and should be used. It will
 

save thousands of man hours.
 

A copy of the program package was delivered to CIAT in Santa Cruz and
 

modified for the computer system in the university. Their technicians
 

were instructed in the use of the nackaoe by Sr. Antonio Stambuk. Response
 

was 	very nood and they have asked for a second round of demonstration and
 

instruction by Sr. Stambuk.* In addition, orders have been received from
 

the 	university in Oruro and from Oregon State University. Translation
 

into English is now being done for the Crop Science Department in Oregon.
 

Delivery of the program Package to Oruro will depend on time and avail

ability of IBT/' funds.
 

A partially functioning version of the program package was demonstrated
 

to 	an international meeting in flichinan in Hay 1982 using the Osborne
 

micro computer. There was much interest and several persons have asked
 

for 	copies of the final version. Further development of this version is
 

not 	anticipated under the CID contract.
 

* This will Le delivered in July, 1982 at Saavedra experiment station. 
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In rececmber -f l"'l, c, r-er ,,as :rt-s.nte at the (:,n.'rl meetinqs of the 

rmerican Society of Agronomy inPtlanta describing these programs. 

E.9 	 Project: Agro-Economic Survey
 

Leaders: Dr. Thomas Stilwell and Fg. Aqr. Ren6 G6mez
 

Collaborators: Inn. Gerardo Ramirez and Dr. Edgardo 'loscardi.
 

Justification: There existed no base of reliable data about the produc

tion 	practices used by wheat, barley, and oats producers inCochabamba.
 

This 	data was necessary to quide the planning and execution of on-farm
 

experiments.
 

Objectives
 

1. 	Describe the problems G.farmers inthe production of wheat, barley
 

and oats for the purpose of establishing the priorities of res-earch
 

inthcsc crops.
 

2. Define farmer practices so that on-farm experiments can be done in a
 

similar manner.
 

3. Estimate costs of production to be used inestimating profitability
 

of new practices.
 

4. Gain knowledge of the economic problems of these farmers to aid inthe
 

formulation of rational and effective national policies affecting
 

wheat, barley and oats.
 

Status: The formal survey was comnleted and the data published in1979.
 

Several other publications have been prepared since then. During the
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period covered by this report, one additional publication was comoleted:
 

"Economia de la Producci6n de Trino, Cebada y Avena en Cochabamba." This
 

completes the analysis and publication of results of this survey.
 

E.1O Project: Systems of Production Survey
 

Leader: Dr. Thomas Stilwell
 

Collaborators: Dr. Edgardo Moscardi and Dr. Gonzalo Avila
 

Justification: In spite of many fraqmented studies, there existed no
 

reliable data about production practices and their interactions within
 

the small farm system. This data was necessary to guide the planning
 

and execution of on-farm experiments. This survey helped provide the
 

data.
 

Objectives
 

1. Define the principle systems of production being used by small farmers
 

in Valle Alto.
 

2. Describe in detail representative systems of production.
 

3. Form priorities for research programs of UBiSS Faculty of Agronomy on
 

the basis of these results.
 

-Status: Due to changes in the faculty of Apriculture, all UB1SS leaders
 

of this project were discharged. The supervision and daily leadership
 

was undertaken by Dr. Stilwell.
 

One thesis based on the data of the survey has been completed (see Mario
 

Altamirano). A data summary has been printed and is available for dis

tribution as working paper # 7/81 (Encuesta sohre Sistemas de Producci6n
 

en Valle Mlto - Cochabamba).
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Because the CID contract terminates inJune, no further analysis is antici

,eted. The raw data has been given to Dr. Frank Conklin of CID/Oregon
 

State University (Corvallis, Orennn) for possible further analysis.
 

E.ll 	Project: Publication of Research Resuics
 

Leaders: In-. Jaime Salananca and Dr. Thomas Stilwell
 

Justification: The lack of nrinted technical materials for farmer and
 

extension use has seriouslv hindered IRTA's technolowy and information
 

transfer. Research results are available and more are constantly being
 

developed but their distribution to farmers remains a problem,
 

Objectives
 

1. 	Develop and print nuantities of informational materials directed
 

towards farmers. 

2. Distribute these materials tO farmers.
 

Status: During the first part of 192?, the printinn ooerations were
 

sharply reduced in part due to lack of paner and other supplies to back
 

up the nrinting process. !Auch of the printinn'work focused on publications
 

for CID and the annual reports of the San ',enito Station. Only one tech

nical bulletinq was published: Economia de la Producci6n de Trigo, Cebada 

y Jvena en Cochabamba. 

The lack of an IT. budret for this activity plus the re.fusal of I3T4 to 

qrant an iten for the person in charge of the printing facility has nreatly
 

hindered the expansion of this activity.
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E.12 Student/University Projects
 

Student Advisees: In this listinn of students, there are two general
 

groups. The first group consists of students who are working on San
 

Benito >:p.riht Station projects. The second group consists of stu

dents wio were originally working on projects of the UBMISS Facultad de
 

Agronomia. Nearly all of the original advisors of this group were fired
 

from the university and CID became the sole advisor.
 

Radl Nuiez: "Interaction Between Variety and Planting Density of Oats."
 

All data collection and analysis has been completed on these experiments
 

but Rail has not progressed in his writing. It is probable that it will
 

not be completed before the June 30th CID deadline.
 

Greqorio Pinto: "Interaction Between Lime and Fertilizer inBarley."
 

Greaorio has now finished his rough draft and his thesis has been tenta

tively approved for the defense.
 

Emilio Ormachea: "Socio-Economic Study of Whett Producers in the Sub-


Tropical Zone of Santa Cruz." All field work and analysis has been com

pleted and a rough draft is in the revie-ing stages. It is not possible
 

to predict when the thesis will be approved.
 

Jos6 Ries: "Survey of Small Scale Ilillers in Valle Alto." Josd now has
 

a completed rough draft of his thesis inreview. Because of the very long
 

time that his thesis has been in review, he may not complete his defense
 

this Year. A CID working paper has been published as a thesis summary.
 

Rosario -ledrano. "Socio-Economic Analysis of Tiraque as a Barley Production
 

Center.' All data collection has been completed. There has been little
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visible progress on this project since the completion of data collection
 

and it is doubtful that Rosario will finish the thesis.
 

UBMSS Projects
 

Mario Altamirano: "Factors Affectinq the Election of Varieties of Wheat,
 

Potatoes and WIfalfa in Valle Alto." The rouqh draft of this thesis has
 

been approved for defense after nearly one year of revision.
 

Esteban Antezana: "Interaction Between Levels of Moisture and Fertili

zation inOnion." The draft has been approved for defense and a working
 

paner has been published summarizing the thesis.
 

Freddy Corrales: "Sources and Levels of Organic Fertilizer in Cabbage."
 

All data collection and analysis has been completed but no visible work
 

has been completed on the thesis draft.
 

Luis Pedrazas: "Soil Mosture Levels inMaize for 'Choclo' in the Valle
 

Central." Luis has completed the revision of the rough draft and has
 

been approved for defense of his thesis.
 

Juan Arana: "Study of the Effect of Ferrous Sulfate on the Addition of
 

Cotton Seed Neal to Diets of Pigs." Juan has completed his thesis and
 

has received the title of Inoeniero Aqr6nomo.
 

E.13 Project: Professional Presentations
 

During the month of December, two professional papers were presented at
 

the annual meetings of the American Society of Agronomy in Atlanta, Georgia.
 

Both topics presented concerned work done under the CID-IBTA program in
 

Bolivia. The papers were:
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ESTAD: A Statistical Analysis System for Developing Countries by
 

A. Stambuk and T. Stilwell.
 

Establishing Research Priorities Using Experimental Data by Thomas
 

Stilwell.
 

During the months of April and May, a total of five presentations were
 

given in different locations of Bolivia. The presentations covered two
 

subjects: the methodology and results of the on-faim trial program and
 

a description and demonstration of the statistical analysis package on
 

a micro comnuter.
 

In the month of May, a presentation was made in Michigan, U.S.A., with
 

Ing. Rafael Vera describing the statistical package developed inBolivia.
 

The paper was presented at an international meeting on the use of micro

computers in developing countries. There was a very favorable reception
 

and'several persons have asked for copies of the micro-computer programs.
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F. 	 ENTOMOLOGY, PEST CONTROL, AID 

NATIONAL INSECT MUSEUM 

by 

Dr. Donald Foster, Entomologist 

Activities inEntomology in the CID contract have been concentrated prin

cipally in work with the National M*.useum. Only two field activities were 

planned and executed in research. 

F.1 Project: National Insect f4useum
 

Leaders: Dr. Donald Foster, Jaime Silva and Ing. David Villarroel
 

Several new names have been aded to the list of insects which are pests
 

on Bolivian crops (see Table 1). Some of these have never been given
 

species names because they have only recently been collected. Specimens
 

are now in the hand of taxonomic specialists and should receive new names
 

soon.
 

The use and management of the Insect M~useum was explained in the CID
 

seminars and the National Entomology Program (which CID helped to plan)
 

was introduced.
 

F.2 Project: Soil Insecticide Trials - Bel6n Experiment Station 

The most serious pest problems in Bolivian potato production come from
 

soil insects. These pests are difficult to control and normally their
 

damage isobserved after the product has been harvested. A trial was
 

established at the Belen Experiment Station to determine the effective

ness of currently available methods using Curaterr and Temik in granular
 



68
 

formulation for soil application and to test a new method with Curaterr
 

liquid seed dressing. Insecticides were applied at rates recommended by
 

local distributor.
 

Insecticides were applied at (1)planting, (2)planting and hilling, or
 

at (3)hilling to determined if there was any advantage in timing of
 

application(s).
 

Plots consisted of three rows of 10 m each. Insecticides were applied to
 

each row ineach plot. In olots for testing Curaterr in liquid, the seed
 

potatoes were completely covered with this liquid formulation just prior
 

to planting. The center row of each plot was harvested, weighed, and 20
 

potatoes from the row were dissected to determine the percentage of infes

tation.
 

Table 2 shows the yields and percentage infestation of tuber obtained from
 

this study. There were no significative differences in the weights of
 

potatoes in these rlots and the weights were highly variable. The numbers
 

of infested tubers from eah plot did show significant differences. Potatoes
 

were infested with larvae of both Premmotripes lattithorax (Coleoptera:
 

curculionidae) and Phthoremea operculella (Lep'deptera: Gelichiidae). While
 

infestations were also highly variable, the results show that the lowest
 

levels of tuber infestation occurred when Curaterr was applied at both
 

planting and at hilling. The hiahest levels of infestation occurred in the
 

check plot and when Curaterr was applied only at hillinp. Because of the
 

variability encountered inthis type of study, this test should be repeated
 

using larger plots, more replications, and several locations.
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Table 1. Insects recently identified for Bolivia
 

Epicauta willei 

Epicauta latitarsis 

Rhigopsidius tucumanus Heller 


Listoderes sp. 


Listroderes sp. 


Pleurotini 


Symmetrischema sp. 


Solenopsis sp. 


Solenopsis sp. 


Nel oi dae 

eloidae 

Curculionidae Potato
 

Curculionidae Potato
 

Curculionidae Potato
 

Oecophoridae 


Gelechiidae 


Formicidae 


Formicidae 


Table 2. Results of insecticide trial at Beln
 

Insecticide 


Curaterr G (siembra) 


Curaterr r (siembra and aporque) 


Curaterr G (aporque) 


Temik (siembra) 


Temik (siembra and aporque) 


Temik (aporque) 


Testigo 


Yield 

482 + 140 a 

250 + 65 a 

314 + 79 a 

372 + 2 a 

351 + 100 a 

431 + 50 a 

351 + 104 a 

Potato
 

Potato
 

Pasture
 

Pasture
 

% Infestation 

A1.7 + 23.1 b 

11.7 + 12.6 c 

63.3 + l0.4a 

31.7 IA0.4 b
 

38.3 + 7.6 b 

43.3 + 7.7 b
 

66.7 + 14.4a
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F.3 Project: Stem 'Jeevil Damage Analysis
 

Leaders: rmando Ferrufino and Dcnald Foster
 

A weevil which attacks sems of potatoes and kills the plants ha been
 

found in the lower part of the Cochabamba valley. This wetvil is tenta

tively being called Trichobarius sp. until a positive identification of
 

collected and reared adults can be obtained. A survey was conducted in
 

tha Cochabamba area to identify the distribution of this weevil and quan

tify the damaqe done. From each location a field was sEected and 30 stems
 

were removed from each of three sites in the field. The stems were returned
 

to the laboratory and dissected to determine weevil damage. Table 3 gives
 

the results of this survey.
 

Weevils were found in the lower Cochabamba valley and at Tarata, but no
 

weevils were found in the upper Cochabamba valley, Tiraque or Toralapa.
 

The highest infestation levels were at Suticollo and Bella Vista.
 

Table 3. Results of survey of stem weevil distribution and damage in the
 
Cochabamba area.
 

% Infestation
 

Bella Vista 95.9 + 7.0 a 

Suticollo 92.2 + 5.2 a 

Tarata 83.2 + 7.9 ab 

Parotani 62.1 + 8.3 b 

Capinota A7.3 + 9.9 b
 

Ti raque 0.0 + 0.0 c 

Colomi 0.0 + 0.0 c 

Sacaba 0.0 + 0.0 c 

Toralapa 0.0 + 0.0 c 
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G. PLANT PATHOLOGY
 

by
 

Dr. Victor Otaz', Plant Pathologist
 

!lost of the reporting period was devoted to completing the research activ

ities stairted in 1981. Considerable time was also spent in preparing material
 

for the series of seminars delivered in five locations, and for the publication
 

This report will consist mostly of final results and conclusions
of bulletins. 


and recommendations for each project. Justifications, objectives and partial
 

results are included in the previous report (CID Administrative Report # 01/81).
 

be divided by the activities in
As before, the material presented here will 


each of the two experiment stations and the University of San Sim6n.
 

Potato Storage Problems - Toralapa Experifrent Station
A.1 Project: 

A.1.1 Fungal diseases
 

a. Leaders: V. Otazd, T. Villarroel, and G. Caero
 

b. Results: Four potato cultivars (Two native: Imilla blanca
 

and Sani imilla; and two European: Alpha and Radosa) were
 

tested for dry rot susceptibility by inoculating them with
 

spore suspensions prepared from pure cultures of Fusarium.
 

It was evident that the native varieties were the most sus

ceptible. This agreed with previous results, where these same
 

varieties had the highest dry rot incidence in local storages.
 

An overall figure of storage losses due to dry rot was calcu

lated at P-I0%. This was difficult to estimate in growers'
 

storages because they sort and discard the rotted tubers
 

periodically.
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Principally, two fungi were associated with the dry rotted
 

tubers: Fusarium and Phoma (Table 1).
 

Table 1. Incidence in% of dry rot causal agents in two
 
native and two European potato varieties in Bolivia.*
 

Cultivars Fusarium spp. Phoma exigua
 

Native: Sani and I. Blanca 
 97.2 
 2.8
 

European: Alpha and Radosa 79.0 21.0
 

* 	 Results were obtained by isolating fungi from 150 dry rotted 
tubers. 

Fusarium spp. can be frequently isolated from most dry-rotted
 

tubers. Phoma - dry rot is a problem in European potato
 

storages. Table 1 shows evidence that the European potatoes
 

had a considerable incidence of Phoma rot, thus indicating that
 

this problem may be introduced into Bolivia with "seed"
 

potato importations from Europe.
 

Preliminarily, the following Fusarium spp. were identified:
 

F. solani, F. oxysporum, F. sambucinum, F. sambucinum var.
 

coeruleum. Cultures have been sent to the Fusarium Research
 

Center - Pennsylvania, for species confirmation.
 

c. Conclusions and recommendations
 

- Incidence of dry rot inBolivian potato storages is high; 

therefore, control systems ould be devised through experi

mentation, especially in those areas where potatoes are 

stored for long periods of time.
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- Species of Fusarium were predominantly causing dry rot although 

Phoma exigua was also present, especially inDutch (European) 

varieties. 

Since there are many Fusarium species involved in this
 

disease in Bolivia, itmay be difficult to introduce genetic
 

resistance.
 

- The storage system used by the common grower of the highlands
 

(campesino) has proved to be slightly better for less inci

dence of dry rot and least weight loss, especially during
 

the first two months of storage.
 

- The native varieties Imilla blanca and Sani imilla are more 

susceptible to Fusarium dry rot than the Dutch varieties 

Alpha and Radosa. 

A.l.2 Erwinia-related problems inpotatoes
 

a. Leaders: V. Otaz6, H. Coca and G. Caero
 

b. Results: Table 2 shows the incidence of Erwinia-soft rot in
 

potatoes sampled from various storages inBolivia. It can be
 

observed that Erwinia represents a problem in the lower eleva

tion production areas of Bolivia. Black leg, another disease
 

caused by the same bacterium, was also observed more frequently
 

in those areas. A few potato storages in the Santa Cruz area
 

failed completely because of Erwinia soft rot. 
In the high

lands, although Ervinia is also present, it does not seem to
 

cause any effect in the potato crop in storage or in the field.
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Table 2. Erwinia-soft rot incidence in potato storages sampled from
 
different Bolivian locations
 

Average % of
 
Areas sampled Altitude tubers infected Standard
 

meters a.s.l. by Erwinia deviation
 

Highlands (>3,000 m)
 

Altiplano (La Paz 3,800 1.4 1.9
 

Cochabamba highlands 3,500-3,900 4.2 4.9
 

Potosi 3,200 1.8 1.4
 

Average 2.5 2.7
 

Lowlands (3,000 more
 
or less)
 

Escalante (Cochabamba) 3,000 12.8 1.8
 

Sorata valley (La Paz) 2,700 4.9 3.8
 

Santa Cruz 19800 41.1 7.1
 

Tarija valley 2,300 7.6 4.2
 

Average 16.6 4.2
 

After testinq three types of storage systems, i.e. industrial,
 

semi-subterranean, and campesino type* commonly used by high

land growers, the campesino type had tubers with the highest
 

incidence of Erwinia soft rot. Observations in storages and
 

inoculation experiments demonstrated that the Dutch varieties
 

Alpha and Radosa were more susceptible to Erwinia soft rot
 

than the native varieties. Itwas not possible to run bio

chemical tests to identify Erwinia varieties because of the
 

lack of some chemicals.
 

* Storage above ground with potatoes covered with stiff grass straw. 
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Yield experiments using "seed" lots having different Erwinia
 

infection levels did not provide enough information to reach
 

a valid conclusion. Other factors, i.e. virus infection and
 

other diseases, may have influenced the results. Poor yields
 

were expected in plots planted with "seed" having high Erwinia
 

infection. This did not happen. The tubers harvested from
 

this planting should be checked for Erwinia to determine trans

ference and subsequent storage incidence.
 

c. Conclusions and recommendations
 

Soft rotting Erwinia appears to be present in all potato
-


fields and storages in Bolivia.
 

- The incidence of Erwinia is low in the highlands and probably
 

causes very little damage to the potato crop in those areas.
 

- Blackleg and En.yinia soft rot are important diseases in the 

lower elevation production areas of Bolivia. The losses due
 

to such diseases are variable, dependini on the environment.
 

Itwas verified that in some areas these diseases can be
 

devastating, causing total losses.
 

- Lowland farmers should not use "seed" from the same geogra

phical region.
 

- Highland "seed" growers should be careful and take measures
 

against Erwinia if their production is geared towards the
 

lowland market.
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A.2 Project: Nacobbus Research - Toralapa Experiment Station
 

Leaders: V. OtazI, R. W. Hoopes and G. Caero
 

Activities: This pest is considered one of the most important potato
 

production problem inBolivia.
 

Field surveys were made to determine the weeds that were the most impor

tant hosts for this nematode. Spergula arvensis and Calandrlnea sp. per

sisted inmost fields. Random sampling of four cultivated fields (two
 

potato fields and two fields with leguminous crops) indicated that Spergula
 

covered an average of 40% of the field area (0-82%). An average of only
 

four Calandrinea plant/m2 (1-7) were present in these fields.
 

Ten fields planted with potatoes in 1980 were checked for Spergula colo

nization and presence of Nacobbus root nodules during 1981 and 1982. Fields
 

that initially had the potato false root-knot nematode in 1980 also had
 

Spergui with root-knots in subsequent years. However, fields that were
 

Nacobbus-free in 1980 had Sperpula with healthy roots, in any type of
 

rotation system. This indicates that Spergula is an important alternate
 

host for Nacobbus. A small experiment using the herbicide Sencor demon

strated that the use of chemicals for weed control is practical and eco

nomical and it is efficient aqainst Speraula. Needing by hand causes
 

soil disruption. This situation favors the weed because Spergula grows
 

quickly in recently distrubed soils.
 

Two different infested potato fields were selected for periodical sam

pling in order to determine infestation curves. Eighteen plants/field
 

were sanpled on January 7, 1982 and the number of nodules/plant determined.
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Samplinos from the same fields were subsequently performed every two weeks.
 

Figure 1 shows the infestation curves for these two fields. It can be
 

observed that tuber formation in the potato plants starts at a time when
 

the false root-knot infestation ishigh. From this curve, it is obvious
 

that yields may be affected since the rout system of the plants are being
 

damaged at a critical time.
 

Soil fumigation experiments using Telone C were useful to estimate yield
 

losses due to Nacobbus. Figure 2 shows the effect of soil fumigation on
 

the number of Nacobbus nodules/plant in two locations. Treated plots had
 

considerably less number of nodules/plant than untreated plots. One
 

No nodulation was
Nacobbus-free field received also the same treatments. 


evident in these plots.
 

Figure 3 shows the effect of Nacobbus infestation on yield. 'Hn siqnificant
 

differences in yield between treated and untreated plots were observed in
 

the Nacobbus-free field. thereas inthe Nacobbus-infested fields, the dif

ferences were significant. A noticeable effect of Nacobbus was detected
 

because of the production of biq size tubers. An average of 63% reduction
 

inyield of bip size tubers and 39,% in total yield was estimated to be
 

caused by Nacobbus infection.
 

An experiment was designed to determine the importance of "seed" as a
 

source of 1lacobbus inoculum. Two "seed" lots of Imilla blanca, one origi

natinq from an infested field and the other from a Macobbus-free field
 

were used. Tubers were planted in a Macobbus-free field and in pots con

taining sterilized soil in the greenhouse. Results are given inTable 3.
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Table 3. Effect of Nacobbus-infested "seed" on the establishment of
 
false root-knot in MacOcbus-free soils.
 

Infested seed Healthy seed
 

_ ' nodules/plant N nodules/plant 

Field e periment 2.1 0Q 

Greehhoise exneriment 22.0 ; 1.9 

There'w,.! .ore facobbus transmission through "seed" in the nreenhouse 

than in tha fie')d, but the presence of nodules was consistent only in 

plots w!,m,.:*e infested "seed" was planted, indicating that "seed" can be 

an importa' it sndrce of contl.:nination for those fields that are still 

free of *,a:obbuz. 

A diffe-'ent nreenhouse experiment was designed to determine the effect
 

of vari,,js "seed" treatments on Nacobbus poulations. Toralapa techni

cians r.:,o-oted that thermuterapy was effective in decreasing lNacobbus 

populat -n;in the "seed." lowever, there was no printed or unpublished 

data su,?o 'tng this statement. R's'jlts indicate th t "seed" irmersed .n 

cold- wa or is juSt 3s effective as ho:. water imme,"sion in decreasing tuber

borne tN"'obus irnoculum (Fiqure A). 

Conclus'.ons and recorwen':.tions
 

- The f Ise root-knot nematode is one of the most impor;.ant pests of
 

,Potat;es in 9olivia. 

- Spergla and Calandrinea are the principal weed hosts for Nacobbu!, in
 

Cochabamba. Calandrinea and Chenopodium are more prevalent in the
 

Altiplano area. 
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TREAT. "A": 	 Tubers submerged 
a 	 inwater at 45°C
 

for 15 minutes.

75. 


TREAT. "B": 	 Tubers submerged 
inwater at 65C 
for 1 minute. 

TREAT. "C": 	 Tubers submitted
 
at running water
60 
 for 15 minutes.
 

Average
 
number of
 
nodules
 

per plant
 

30 

b 

15-

I ~ I 
C C C C 

SEED: Infesi,'ed Heeithy ingested Inf. + Inf. + Inf. + 
Treat. A Treat. B Treat. C 

SOIL: r.fes'ed Sterile Sterile Sterile Sterile Sterile 

Fiq. C: 	Effect ,)f various treacments to determine "rosario" incidence
 
in nursery sterile soil. Different letters indicate signifi
cative differences (P=O.05).
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- Chemical weed control is available which is economical and efficient 

against Spergula. 

- Crop rotation practices are not effective against Nacobbus if the above 

weeds are present in the fields. 

- The effect of Nacobbus on yield of larer tubers and total yields is 

signi Ficant. 

- Seed ubers are imnortant sources of contanination only for Nacobbus

free soils. 

B.l 	 Project: National Diagnostic Clinic - San Benito Experiment Station
 

Leaders: Mery H. de Quit6n, Victor OtazO
 

,Activities: The -,inic had an increase activity during this period over
 

the previous six months. Distribution pre-addressed envelopes to exten

sion agents for sending diseased specimens to the clinic gave good
 

results. Most of the samples that arrived during this period were sent
 

in these envelopes. The problcm of time in transit must be solved so the
 

cliniccan be more efficient. ailina time to CochaFamba isgood, but
 

to San .5enitc is very slow. The need for the clinic to be in Cochabamba
 

city is emphasized again.
 

B.2 	 Project 'omnila+;n of a New Plant Disease Index for Bolivia - San Benito 

Several plant diseases, not previously reported in Bolivia, were identified 

in the clinic from 1P79 to 1982.. Also trips were made to La Paz and Santa 

Cruz to gather information especially from international institutions -,ork

ing in agriculture. As a result, we have compiled enough material to
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Dublish a new plant disease index for Bolivia which should be useful for
 

people workinq in agriculture inBolivia.
 

B.3 	 Establishment of a iological Control Program against Peach Crown Gall
 

in San Benito
 

Leaders: ri. Jaimes, '1. N. 3rown, M. do Quit6n, V. Otazu 

l.itroduction: This program started in 1980 with the visit of Dr. A. H.
 

M!cCain from the University of California, Berkeley. He brought the strain
 

"K-84" of A. radiobacter, a bacterium similar to the causal agent of crown
 

gall 	but antaconistic to it. Mario Jaimes, now an I9TA technician at
 

San 	Benito, made a thesis project to test this approach of control peach
 

crown 	gall inBolivia.
 

Results: Initially, there was no success due to some technical problems
 

(see CID 'orking Daper 03/90). However, more isolates of "K-84" were sent
 

that proved to be effective against crown gall. Ina commercial nursery,
 

over 2000 seedlings were treated with "K-84". A similar number of seed

lings were planted untreated in a field adjacent. T_)out 71% of untreated
 

plants had crown gall, while less than 20% of treated plants were affected.
 

The San Benito Experiment Station is now equipped to produce and sell
 

crown gall-free plants to growers all over the country. During the CID/ 

IBTA seminars there was much interest in this control approach, especially 

in Sucre, Tarija, and Santa Cruz.
 

B.4 	 Project: Determination of Etiology and Control of "Camanchaca' Disease
 

inOnions inBolivia - San Benito Experiment Station
 

Leaders: V. OtazO, E. Gallardo, M. de Quit6n
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Introduction: The "camanchaca" disease was thought to he a type of downy
 

mildew. This disease causes lef spots and can completely dry the plant
 

foliage. Due to the severity of this disease in the Cochabamba valley
 

during the rainy season, a project was started in 1981-1982 with the
 

following 	objectives

- Properly identify the etiological agent of the disease.
 

- Determine a chemical product for satisfactory control of this disease.
 

The causal anent of this disease proved to be Heterosporium
Activities: 


allii and not downy mildew. Fungicide trials supported this finding
 

because Ridomil, a fungicide specifically effective anainst downy mildew,
 

had little effect on "camanchaca." Table 4 shows the non-significant
 

effect of 	the chemical products used to control this disease when two
 

applications were performed at 2-week interval. However, with three 

applications (Table 5) at weekly intervals, a satisfactory control was
 

obtained with Dithane M-45 (adithiocarbomate of Zn and Mn). Some con

trol was obtained with Ridomil MZ (amixture of Mletalaxyl and dithiocar

bomates of Zn and Min) apparently due to Ridomil NZ. Little response was
 

obtained with Benomyl and pure Ridomil.
 

Table 4. 	Chemical control of "camanchaca" disease of onions with two
 
applications at 2-week interval
 

Product 
rate a.i. 

Kg/Ha 
ors. of product per 20 lt 
tank of back-pack sprayer 

% of dead 
foliar area/plant 

Dithane 
Ridomil 

r-45 4.2 
1.4 

F).0 
60.0 

20.0 
24.0 

Benlate 
!ater (check) 
Ridomil IfZ 

(.A 
-

1.3 (IZ) 

8.8 

32.0 

25.3 
26.0 
30.3 

I/There was no significant differences between treatments.
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Table 5.	Chemical control of "camanchaca" disease of onions with three
 
applications at weekly intervals.IJ
 

Product Rate a.i. NO foliar lessions % dead foliar
 
Kq/Ha per plant area per plant
 

Dithane M-P5 4.2 7.9 a 12.1 a 
Ridomil 1Z 1 b 15.6 b1.3 (11Z) 10.4 
Benlate 0.4 15.2 bc 23.5 c 
Ridomil l.a 16.9 c 33.0 d 
Water (check) - 23.2 d 49.8 e 

I1Different letters indicate significant differences between treatments
 
(P=0.05) usinn Duncan's Multiple Range Test.
 

CI 	San Sim6n University - Becarios' Status
 

Manuel Echalar - "Che,1ical control of powdery mildew in peaches." He was
 

inthe process of writinq his thesis before he was hired by Sanidad Vege

tal - La Paz. He lost contact thereafter.
 

Eloy Sanabria - "Chemi-al control of barley yellow rust." This becario
 

is inthe process of writing his thesis. He still has subjects to complete
 

at UMSS but will prepare the thesis in advance of his graduation.
 

Edwin Gallardo - "Chemical control of downy mildewq of onions". He re

started his thesis work. Part of his results are presented in section B-4 

of this sub-section. It seens that he will be able to complete his thesis 

now.
 

Marin Coca .."Erwinia related problems in potato storages." Part of his
 

results are presented in A.l.2 of this sub-section. lie has made consider

able progress in his thesis writing and will be able to defend his thesis
 

in the next two months.
 

http:intervals.IJ
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Te6filo Villarroel - "Fungi related problems in potato storages." This 

becario finished his thesis work, but he did very little writing. He was
 

hired 	as an extension agent in Oruro and it is doubtful if he will be able
 

to finish his thesis writing.
 

Mario Jaimes - "Biolornical control of peach crown gall." This becario's
 

thesis was approved by his committee members. His thesis istyped and
 

bound, and he is ready to defend it.
 

D.1 	 Publicatiors
 

1.1 	 Publicatons in press 

- Otazd, V., 'Y. V. 3rown, and Ml. Nerbas de Quit-6n. 1982. Plant 

Diseases in Bolivia. IBTi-CID Bulletin, 30 pp. (inSpanish). 

- Otaz', V., G. Cairo, and R. 11.Hoopes. 1982. Late Blight of 

Potatoes and its Control. !BT-CID Extension Bulletin (inSpanish). 

- Otaz6, V., R. W.lloopeF, and Q. Caero. 1982. Nacobbus false root

knot of potatoes and its control. IBTA-CID Extension Bulletin
 

(inSpanish).
 

-	 Ouit6n, M., and V. Otaz'. 1982. Lupin (Lupinus mutabilis Sweet) 

diseases in Bolivia. III International Congress of Andean Crops. 

La Paz-Bolivia. Proceedings (Spanish). 

1.2 	Manuscrints in preparation
 

The following manuscripts are being prepared for publication intech

nical journals.
 

- The status of false root-knot nematode of potatoes in 9olivia.
 

- Etiology and control of an onion leaf blight occurring in Bolivia.
 



88. 

-

-

-

Fusarium dry rot occurrence in Bolivian potato storages. 

Soft rotting-Erwinia occurrence in Bolivian potatoes. 

3iological control of peach crown gall in Bolivia. 
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SECTION V
 

TRAIfIING ACTIVITIES
 

CID/IBTA Training Seminars
 

The seminars were prepared by CID staff to be presented in five locations
 

in Bolivia in accordance with the agreements reached with IBTA and USAID/B.
 

IBTA organized the seminars as to location, participants, financial management,
 

and advertisement. Four days for each location were planned with CID utilizing
 

two full days for presentations and IBTA one and a half. Presentations were
 

prepared with two objectives: (1)present the technical material and inform
 

participants of the kinds of information that isavailable in the CID reports;
 

(2)demonstrate to IBTA agronomists and technicians the best ways to make pro

fessional presentations of scienti fic information. 

A CID published loose-leaf book with 145 pages of information about CID's 

activities was distributed to participants and interested individuals. The 

books were popular to the point of being stolen and a second and third print

ing were necessary. 

The format of the presentations was basically the use of slides of per

tinent material and comments by those making the presentation with a period of
 

discussion, questions and answers following each talk. CID staff made the
 

major presentations, but each CID counterpart and student advisee made one or
 

more presentations on a pertinent researh project.
 

Excellent press and radio coverage was received inall locations and
 

television interviews were taped and telecasted in three of the five loca

tions.
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The 	topics presented over the four days were:
 

1. Inauquraci6n Resefia Hist6rica del Contrato y Prop6sito de los
 

Seminarios.
 

2. 	Actividades del Banco Macional de Germoplasma de Papas.
 

3. Ensayos Fuera de la Estaci6n en Cereales - Metodos. Resultados
 

del CID/IBTA.
 

4. 	Entomologla - Resultados del CID/IDTA.
 

5. 	Patologia de Papas - Resultados del CID/IBTA.
 

6. 	Producci6n de la Papa - Fertilidad del Suelo - Resultados del CID/
 

13TA.
 

7. Utilizaci6n de Computadoras para Trabajos de Investigaci'n y de
 

Extensi6n.
 

8. Demostraci6n de Anflisis en Micro Computadoras con Procesador de
 

Palabras.
 

g. 	Patologia - Proqrama Nacional de Patologla y Otras Actividades.
 

10. 	Entomologia - Museo Nacional de Insectos y Programa Nacional de
 

Entomolopia.
 

11. 	 Me2joramiento Gendtico de la Papa - Resultados del CID/IBTA.
 

12. 	 Discusi6n sobre Anglisis de Computaci6n y su Relaci6n con Futuros
 

Trabajos de Investigaci6n.
 

13. 	 Programa de Fertilidad y de Anglisis de Muestras de Suelo.
 

14. 	 Planificaci6n y Coordinaci6n de lz, Investigaci6n.
 

15. 	 Recomendaciones del CID y Discusi6n.
 

16. 	 Concepto de Desarrollo. El IBTA - Su Funci6n.
 

17. 	 Instituciones Rurales. Reforma Agraria y su Papel Hist6rico en
 

Bolivia. El IBTA - Su Funci6n.
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18. 	El Problema de la Desnutrici6n. Prcblem& Multisectorial. Comercia

lizaci6n. Distribuci6n. El IBTA - Su Funci6n. Recursos Naturales-


La Erosi6n.
 

19. 	Participaci6n de la Comunidad. Factores Nultiplicadores. Iaestros
 

Rurales, Lideres de Opini6n.
 

20. 	M6todos de Extensi6n. Demostraciones de Resultado. Cursillos.
 

21. 	 Juventud Rural. Su Problem~tica. Experiencias de Campo de los Tdc

nicos. Juventud CanadA--tiundo.
 

22. 	 Programas del IBTA, Planificaci6n de Acciones (Hietodologia). Revi

si6n. Reajuste Actualizaci6n para Arranque en 1982-83.
 

23. 	 Informes y Acciones m~s Importantes; Mensuales, Trimestrales y
 

Finales.
 

24. 	 Seguimiento, Supervisi6n, Evaluaci6n de los Programas del IBTA.
 

99. 	Parrillada (Cortesia del CID).
 

Pertinent information on the seminars
 

Number of Books
 
Location Dates Participants Distributed
 

Cochabanba Mar. 29-Apr. 1 61 82
 

Sucre April 19-22 54 67
 

Oruro April 26-29 95 132
 

Tarija Hay 3-6 33 36
 

Sta. Cruz Hay 17-20 26 30
 

Total (five locations) 269 
 347 
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CID/IBTA Communications Workshop 

in 1976, there has been an apparent lackSince the organization of IBT 


of cooperation and communication between the Research and Extension divisions
 

This has greatly decreased the effectiveness of IBTA as
of the organization. 


a research-extension orqanization. Better cooperation in doing the research,
 

publishing results, which could be adapted for extension use, printing the
 

publications and providing the extension service is essential if IBTA is to
 

survive and comply with its mandate.
 

CID sponsored and helped plan a workshop which was designed to allow
 

Administrators, Researchers, Extension personnel and Communications special

ists do a better job in their respective responsibilities and still work as
 

a team. The theme of the workshop was on farming systems and itwas used as
 

vehicle to show the process required. The Bolivian director of IICA, Ing.
a 


Antonio Saravia, gave the keynote address the first day on the "Concept of
 

Farming Systems" and Dr. James Thomas, CID Chief of Party, gave the main talk
 

the second day on "Research Alternatives for Bolivia." Both talks were pub

lished in the proceedings. (InSpanish only.).
 

The participants included all the national leaders of InTA, the regional
 

directors, and regional communications specialists as well as the regional
 

directors of M1ACA. Other selected individuals were invited. A total of 57
 

persons attended the workshop which was held for two days on M1ay 25 and 26,
 

1982.
 

C.'D also provided the services of Ing. In6s Ortiz, who was completing
 

Ing. Ortiz helped the IBTA Com.muher TDY as the Communications Specialist. 


nications Unit plan and organize the workshop and she gaeone of the major
 

presentations.
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Student Scholarships
 

During the reporting period, a large oumber of students finished receiv

ing their support from CID and several were able to terminate their thesis.
 

The total number of students on scholarship through June 1982 was 32. The
 

list is as follows: 
Date Anticinaced CID 

Student Location Started Ending Date Advisor 

Fernando Rivas Arce Cochabamba 7/15/80 7/14/81 Hoopes
 
Andr~s Greporio Mejia Escalera Cochabamba 8/1/80 7/31/81 Kunkel
 
Edwin Fructuoso tallardo Torrico* Cochabamba 9/1/80 8/31/81 Stilwell
 
Ren6 Eduardo Andrew Cardozo Cochabamba 10/1/80 9/30/81 Foster
 
Juan Humberto Prana Iriarte Cochabamba 9/1/80 8/31/81 Thomas
 
Armando Ferrufino Coqueuaniot Cochabamba 10/1/80 9/30/81 Foster
 
Ignacio Iluavta Colquehuanca Cochabamba 10/1/83 9/30/81 Hoopes 
Raal Nufiez Cruz Cochabamba 10/1/8n 9/30/81 Stilwell 
Gregorio Pinto Vena Cochabamba 10/1/80 9/30/81 Stilwell 
Elov Sanabria Ortufio Cochabamba 10/1/80 9/30/81 Stilwell 
Jose Roberto Terceros Hermosa* Cochabamba 8/1/80 7/31/81 Stilwell 
Claudio Ticona Martinez** Cochabamba 9/1/80 8/31/81 Thomas 
Paul Velasquez Arias Cochabamba 10/15/80 1f0/14/81 Foster
 
Jose Luis Rfos Antezana Cochabamba 10/1/80 9/30/81 Thomas
 
Rosario Medrano de !paricio Cochabamba 11/1/89 10/31/81 Stilwell
 
Eduardo Sarmiento Jaldfn Cochabamba 10/15/80 10/15/31 Kunkel
 

Stilwell
Jose Villarroel Coca Cochabamba 11/1/80 10/31/81 

Ruben Tito Aranibar Iriarte Cochabamba 12/1/80 11/30/81 Kunkel
 
Juan Ianuel Echalar Torricos Cochabamba 12/1/80 11/30/81 Kunkel
 
Eybar Gorena Donoso Cochabamba 12/1/80 11/30/81 Foster
 
Hortencia Le6n Hurtado Santa Cruz 8/15/80 8/15/81 BTAM
 
Nelson A. Rodriguez Mndez Santa Cruz 8/15/80 8/15/81 BTAI,
 
Ruben Herbas Canelas Santa Cruz 10/15/80 10/15/81 Thomas
 
Elias Rojas Ricaldez Santa Cruz 10/15/80 10/15/81 Thomas
 
Mario Coca 'lorante Cochabamba 3/15/81 3/14/82 OtazO
 
Te6filo Villarroel Cochabamba 5/1/81 4/30/82 Otazu'
 
Filem6n Iriarte Montafo Cochabamba 6/1/81 5/31/82 Kunkel
 
Jos6 Prado CresDo Cochabamba 6/1/91 5/31/82 Kunkel
 
Gustavo Franco raldonado Cochabamba 6/1/81 5/31/82 Kunkel
 
Carlos Padilla Irigoyen Cochabamba 7/1/81 6/30/82 Thomas
 
Alberto L6pez Valencia Cochabamba 8/1/81 r30/82 Kunkel
 
Josg Modestino Rojas Rojas Cochabamba 1/1/81 b,30/82 Thomas
 

* Deca suspended. 
**Beca suspended June 30, 1981. He will be under our beca program again
 

starting February 1st, 1982.
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Summary of advisees per staff menher: 

Dr. Robert W. loopes 
Dr. Robert Kunkel 

2 
8 

Dr. Thomas C. Stilwell 7 
Dr. Donald R. Foster A 
Dr. James .1.Thomas 7 
Dr. Vfctor ftaz6 2 
lritish Nission 2 

Total 32 students
 

CID experienced increased difficulties in having project work and thesis 

accepted at the UM1SS because the departmental administrators were changed again
 

for political reasons. Numerous comrnittee members, especially in Ag. Economics,
 

were discharced and the students were left without recourse or had their drafts
 

rejected by new committee members.
 

The total number of students sponsored by CID reached to 94 and about half
 

The other half decided to leave
will eventually receive their Ingeniero degree. 


the programor took employment before finishing,or were terminated by CID staff
 

for a variety of reasons.
 

a success in terms of excellence of
Overall, the project was clear!, 


training, placing of araduates, and low cost of the total program. Almost all
 

of the graduates have had unusually nood traininq by workina on a daily basis
 

with highly qualified scientistson research that has been well planned and was
 

being properly executed. Techniques as well as theory were learned which in
 

The Praduates have found positions in JACA, IBTP., the
Bolivia is unusual. 


regional development corporations, and Private industry. The impact of even
 

4n of these graduates in the agricultural sector over the next ten years will
 

be considerable.
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The system has been extremely low cost in comparison to training outside
 

Bolivia. Each student was entitled to receive a maximum of $b.50,000 althougl
 

not all did. Per student costs at the dollar exchange rate was US$ 2,000 or,
 

ifcalculated on a per graduate basis, the total cost of the jrogram was
 

US$ 4,500.- Similar traininp outside Rolivia would be three to,four times
 

that amount and the students would not be trained on Bolivian problems.
 

SECTION VI
 

PUBLICATIONS 

Administrati ye Reports
 

02/81 - Semiannual Progress Report for period July 1 - December 31, 1981.
 

01/82 - Semiannual Progress Report for period January 1 - June 30, 1982.
 

02/82 - End-of-Tour Report - Thomas C. Stilwell, June, 1982.
 

03/82 - End-of-Tour Report - Robert Kunkel, June, 1982.
 

04/82 .-End-i)f-Tour Report - Robert '4.Hoopes, June, 1982.
 

05/82 - End-of-Tour Report - Donald R. Foster, June, 1982.
 

06/82 - End-.of-our Report - Victor Otaz', June, 1982.
 

07/82 - End-of-Tour Report - James H. Thomas, June, 1982.
 

gorking Papers, 

01/82 - Informe de Consultorfa a Corto Plazo - Revisi6n de la Situaci6n 

Actual de la Unidad de Comunicaci6n-Extension del IBTA by Ings 

Maria Ortiz, May, 1982i 

52/82 - I-nteracci6n entre fliveles de Humedad y Niveles de Fertilizaci6n en 

el Cultivo de Cebolla (Allium cepa variedad Arequipefa :4y Esteban 

Antezana L., Mlarch, 1982. 


