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Foreword
 

T he strength of the International Potato Center can be measured by 
the quality and quantity of collaborative bridges established wi:h 

scientists and institutions in both developed and developing countries 
within the public and private sectors who wor!. on priority problems of 
potato and sweet potato improvement in the des ,,1ping world. The 
collaborative bridges are a major source of hL-p for solving priority prob
lems and channeling information and material to clients. They also provide 
feedback, evaluation. alnd constructive criticism ot CIlPs program and help 
u" to improve our service to developing countries. The hridgcs may be 
through a collaborative project or research contract, icountry research 
netwoik, a regional program, or a research planning conference. 

Until recently. CIP's collaborative bridges were mainly with public-sector 
institutions responsible for agricultural research, training, and extension. 
However, ('1P has now established alnumber of ccllaborative bridges with 
private institutions. Collaboration hv inltItUtio s such its ours with the 
private sector has been freqlucntlV tqUCStited in lI,.: atpast. due times to 
the exploitation of developing ,:ountrics by multinatiOnal companies. Thus. 
we have to ensure that collaboration with the private sector is for the 
genuine good of developing countries. 

During recent years, al increasing proportion of agricultural research in 
many countries has been conducted by the private sector. This is particu
larly true in developed countries where funds are e\en more scarce for 
agricultural research in national and regional institutions. Furthermore, 
in the development and use of the new tools of h:Vtcchnology, collabora
tion between the public and private sectors is essential because of the 
high costs involved and the complexity of the problems being addressed. 
In fact, due to the necessity of collaboration ihbiotechnology, a global 
approach to agricultural research is evolving, which will use the comparative 
advantages of both the public and private sectors across the developed and 
developing worlds. This should allow for a more cost-effective approach 
to agricultural research tihan in the past. 

fhrough collaborative bridges into the private sector of the developed 
world, the international agricultural research centers can make sure that 
the new tools of biotechnology do not bypass the needs of the developing 
world. We must maintain a window on the developed world's advances 
in biotechnology in order to best serve our clients across the developing 
world wherever a practical application can be identified. 
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As we establish collaborative bridges with private sector institutions, our 
objectives have not changcd neither have our clients. We still work for 
farmers of the developing world to help them improve potato and sweet 
potato production. Through collaborative bridges we are also getting the 
private sector to serve our clients. The public sector idione can no longer 
face the costs of' the many prolems in food, population, and environment. 
We must learn how to collaborate with the private sector in a way that is 
beneficial for both them and 0u' Client,, without exp!oitation. 

Richard L Sa vyer 
Director General 
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CIP's Move into Sweet Potatoes
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n the future, sweet potato, more 
than amy other major world food 

crop, should have the greatest 
potential for much of the world's 
land and people. Presently. it ranks 
third it value of production and 
fifth in its contribution of calories to 
the people of developing countries. 
As populations increase and more 
marginally productive land comes 
into use by farmers with scarce 
investment resources, his low-input 
crop could become an increasingly 
important worid food resource. 

More than it LCcade ago. iII 
1972, CIP was incorporated into the 
newly established CGIAIR system 
of agricultural research centers to 
concentrate specifically on the 
potato, Solatm tduerostm. At 
that time, CIP did not attempt to 
add other tuber and root crops to 
its program, even though they were 
included as part of its mandate. 

Recently, the Technical Advisory 
Committee (TAC) of the Consulta-
tive Group oi International Agricul-
tural Research (CGIAR) produced 
a study on priorities for the CGIAR 
system. In the balance of invest-
ments among food commodities, the 
study indicated that sweet potato 
was considerably underfunded by a 

ratio of eight times in relation to its 
global importance. At the same 
time, an impact study of the centers 
by the CGIAR Secretariat inferred 
that tile most successful centers 
were the commodity centers, in 
particular those working with only 
a few commodities. 

and Sweet Potato 

Shortly after the early drafts of 
the two studies emerged, several 
nembers of the TAC and several 
major donors to the CGIAR system 
asked CI ii sweet potato had ever 
been considered as being included 
in the Center's research activities. 
Serious consideration was given by 
CI1P staff and the Board of Trustees 
to adding sweet potato to CIP's 
research progran; arid, informal 
meetings were held with the direc
tors of the centers already working 
on this crop. In 1985, CIP's Board 
of Trustees formally approved the 
move into sweet potato and gave 
permission to use up to five per
cent of CIP's current funding for 
research. 

In 1986, CIP was given official 
endorsement by TAC to include 



research on sweet potato in addi-
tion to the Center's long-standing 
research activities on the potato. 
CIP, being located in the center 
of origin of both potato and sweet 
potato, would be inan excellent 
position to collect and maintain 
a major sweet potato germplasm 
collection and could use its already 
well-established tissue culture and 
virology units to clean ipthe 
material before it is distributed 
worldwide thri)ugh ClP's regional 
network system. 

A Joint Approach to Sweet 
Potato Research 

Already working on sweet potato 
within the CGIAR system were the 
International Institute of Tropical 
Agriculture (IITA), and the Inter-
national Board for Plant Genetic 
Resources (IBPGR), with its germ-
plasm mandate. Also, associated 
with the CGIAR system was the 
Asian Vegetable Research and 
Deelopmcnt Center (AVRDC), 
with sweet potato as one of its six, 
commodities. A meeting, sponsored 
by the German Agency for Tech-
nical Cooperation (GTZ), was held 
in Germany in 10S6 with participa-
tion by CIP. IITA, AVRDC, and 
the CGIAR Secretariat to look at 
a joint approach to sweet potato 
research and what role CIP would 
play. The goal was for CIP to 
complement the substantial progress 
already made by IlTA, AVRDC, 

and other institutions around thc 
world. During this same period. 
IITA was already reevaluating its 
program, which had a broad man
date covering a large number of 
commodities. Eventuilly, IITA's' 
Board of Trustees decided, based 
)nthe results of an external pro

grain review, to drop sweet potato 
research from its mandate, even 
though the Center would continue 
some sweet potato \ot)rk in the 
context of African root and tuber 
crop cointrv networks and national 
prograrns. 

In early 1988. an agreement was
developed between I1TA and CIP 
and has now been signed, which 

passes IITA's sweet potato germ
plasm collection and breeding lines 
to ClIp. ITFA has sent a letter to 
the African countries, informing 
them of the change in its mandate 
and that CIl1 will provide sweet 
potato germplasni and technical 
information to IITA's networks 
and its farming systems research 
involving sweet potatoes. 

National Research Priorities 
There have been intensive dis
cussions with national program 
scientists and other experts from 
developed and developing countries 
to address national research priori
ties for sweet potato improvement. 
A formal planning conference has 
been held at Lima and a series of 
workshops have taken place in Latin 
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America, Asia, and Africa to help 
determine piority research areas for 
w\h,:h CIP has a comparative advan-
tage and how inter-institutional 
collaboration could be developed. 

CIP's Sweet Potato Collection 
Already, ('l1 has accumulated, 
through collaborative projccts, dona-
tions. and collecting expeditions in 
Latin Anmrica, the largest colle,.ction 
of sweet potato gerniplasn in the 
world. Early support for these 
activities was providedIby tile Inter-
national Board for PMant Genetic 
Resources. Rapid progress has been 
made in characterizing the ClI) 
collection and valuable breeding 
materials have been identified. Ihe 
Japanese Government is providing 
funds to build a new sweet potato 
germplasnl unit at ClIP, which 
should be coImfpleted by tle end Of 
1988. CIP's virology team, which is 
highly competent in the detection 
and elimination of potato viruses, is 
now putting tile expertisesame to 
work with sweet potato to facilitate 
distribution of pathogea-tested 
germplasm around the world. This 
is being strengthened by collabora-
tive research with North Carolina 
State University. 

Collaborative Research on 
Production Constraints 

Socioeconomic studies have 
already revealed some important 

global constraints to sweet potato 
production and utilization, and 
ongoing studies will be carried out 
in collaboration with the Interna
tional Food Policy Research Institute 
(1FPRI). Two research contracts 
have been made with institutions in 
China-which produces and utilizes 
about ,(0percent of the world's 
sweet potaloes-one alXuzhou 
Institute for Sweet Potatoes and the 
other at Guangdong Academy of 
Agricultural Science, to catalyze the 
evaluation of Chinese sweet potato 
collections for characters iinportant 
in removing major constraints to 
production and use in China and 
cl[sc),
here. 

CIP Program for Sweet Potato 
Improvemnent 

Over the next five years, CIP's 
research program will gradually 
evIlve so that by 1992, 60 percent 
of the program will be for potato 
and 40 percent for sweet potato 
iinprovement. ('IP will continue 
to use the same devcopmental 
strategies that have been so 
effective in its work with worldwide 
potato improvement. CIP's plans 
include the following: continuing 
morphoagrononic characterization 
and disease and pest evaluation of 
the germplasm collection; continuing
the identification of duplicate acces
sions in the collection (soon to be 
augmented by results of collaboration 
with the Institute for Biochemistry 
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in Braunschweig, West Germany, 
where methods of duplicate iden-
tification have been developed); 
obtaining seeds for long-term 
conservation of the collection; 
ongoing development of cytological 
and in vitro techni'lues to facilitate 
germplasm exportation: rcfining 
in-vitro introduction procedures 
for sweet potato and developing 
conditions for long-term storage in 
vitro; continuing collecting expedi-
tions in Central and South Anerica: 
and identifying sites tor storing 
duplicate accossions. 

Methods for routine in vitro prop-
agation and gcrmplastn distribution 
will be optimized. Breeding;will e 
carried out for high yielding. early, 
and disease-resistant material with 
enhanced food quality and nutri-
tiona! value. This work will be 
strongly reinforced through contract 
work with North Carolina State 
University. 

Strong emphasis will continue 
on screening for resistance to pests 
and diseases, such; as root-knot 
nematode- and a strong program 
will be developed for integrated pest 
management, especially of sweet 
potato weevil. Studies will continue 
on tre response of sweet potato to 
wa:er stress under high temperatures. 
as well as on effective propagation 
methods for sweet potato as affected 
by various crop habits and environ
mental conditions. 

Through collaborative bridges, 
CIP and institutions working with 
sweet potatoes around the world 
are rapidly organizing and working 
on the major problems that exist 
with sweet potato productin and 
utilization This commodity will 
tindoutCdl play an increasingly 
important role as the problems of 
food production, population growth, 
and environmental development are 
addressed. 
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Summary of Research and 
Regional Programs 
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Potato Germplasm Collection 

Biosystemalic research oi potato concentrated on four little-known spe
cies of the taxonomic series Coriicibaccata from Colombia and Ecuador: 
Solanrum colombianwn, S. chomatophilumt, S. flahaultii, :,nd S. tunda
lomense. These species were intcrcrossed, but only the combination S. 
colombinutm x S. !tndalomcnse and its reciprocal was successful in giving 
abundant fertile hybrid seeds. Studies are underway to deterimine whether 
failures in the other crosses were due to different endosperin balance num
bers. Extensive utilization studies on the species S. acaule resulted in con
firmation of its resistance to potato leafroll virus (PILRV) and potato spin
dle tui)cr viroid (PSTV). This further highlights the enormoLs potential of 
S. acau ' for use in brceding programs. Resistance had ali eady been found 
against potaio viruses X and Y, Iseudomonas solana1oarttum, Phythoph
thora infest,.ns, and other pathogens. Also, most genot'pcs of S. acaule 
arz highly frost resistant. There ,appear to be no serious ollstacles to the 
genetic utilizatioti of this species. 

Elimination of" duplicates from the world potato collection continued. 
Electrophoretic analyses of accessions from previous donations of native 
pot,.toes from Peru and Bolivia confirmed the duplicate status of 497 of 
them. Thus the number of accessions that still have to be compared with 
those from the world potato collection has been reduced considerably. 
More than 2900 potato iaccessions are now under long-term stora.,e in the 
in-vitro gene bank. Of these, 1670 clones are being kept as duplicates in 
the laboratory of the National Institute of Agricultural Research in 
Ecuador, with whom CIP has a contract for maintaining the collection. A 
computerized labeling system for the potato collectioi, has been set up, 
which saves time and minimizes the risk of hurn error in labeling during 
the subculture steps. 

Good progress was made in developing diploid populations with com
bined resistances. genetic diversity, acceptable tuber traits, and a relatively 
high frequency of 2n pollen production in order to !'acilitate 4x-2x crosses. 
Such ge,'mplasm enhancement at the diploid level is designed to facilitate 
the use of wild species with specific resistances and the hybridization of 
these species with tubeowsum haploids. There was a significant increase 
over last year's population with respect to the ramber of genotypes that 
produce 2n pollen. This increase was almost certainly due to a higher fre
quency of the ps gene in the new 2x population. The ps gene determines 
the formation of parallel spindles during meiosis which, in turn, stimulates 
the formation of 2n gametes. Of the 2554 geaiotypes that produced 2n 
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pollen, 402 had tubers with acceptable characteristics. Thus it was possible 
to carry out selection for good tuber traits exclusively within the group of 
2n pollen producers. This material will now be screened tor the resistances 
that had been identified in its parents, and the resistant genotypes will 
then be used in 4x-2x crosses. 

A large number of diploid clones were evaluated for potential resistance 
to important diseases and pests. Sixty clones, the majority of which pro
duce 2n pollen. were found to have resistance to root-knot nematode, 69 
to bacterial wilt. 28 to early blight, and 19 to potato virus Y. 

Research collaboration with the Welzmann Institute in Israel on potato 
has confirmed successful asymmetric protoplast fusions. One of tileaims is 
to transfer nuclei of specific S. tuberosuin clones into cytoplasm that con
fers the tetrad-typ: male sterility through cytoplasmic-nuclear interaction. 
Such mile-sterile potato clones are needed to produce hybrid true potato 
seed (TPS). Many cybrids have been regenerated from fusions between S. 
tuberosun clones and various Solanun species. Fourteen out of 21 fusion 
products of the combination Y245.7 (the male-sterile cytoplasm donor 
with cytoplasm from tileWild species S. stolonifeirun) x Atzimba (tile 
male-fertile recipient) produced male-sterile cvbrids in Israel. Similar 
results were not obtained in Peru, !;uggesting that the expression of male 
sterility of at least some clones is influenced by environmental conditions. 

In contract research with Louisiana State University to produce gene 
constructs foi pest and disease resistance, a number of eDNA constructs 
have been inserted into Agrohactcrium. These include constructs for pro
duction of the toxin pro!_in of Bacillus thuringiensis, the production of 
chitenase for insect resistance, and the production of the family of Cecro
pins for bacterial resistance. 

Sweet Potato Collection 

During 16 collecting expeditions to seven Latin American countries, 579 
cultivated sweet potato accessions were collected. This materia included 
samples of weedy material, native cultivars, improved varieties, and ad
vanced breeding lines. Wild sweet potato germplasm was also collected, 
representing eight wild Ipomoea species. Donations were also received 
from national programs, and duplicates of all collections were left with the 
respective national institutions in the countries visited. CIP's sweet potato 
collection now has 2900 cultivated and 488 lpomoea accessions. More than 

15 



790 are now stored in vitro. All Ieiuvian cultivated sweet potato acces
sions that can be grown in tile field at liniia have been claracterized ac
cording to key morphological cIaiiClS,ers using a revised list 01 descriptors
developed at ('IP. According to the da.ta obtained, lbOlt 00l)%of the 
Peruvian cultivated sweet potatot collUction rCpresCnls duplicates. Prelimi
nary electrophorctic aalyses verified the high deCglCC of' accuracy of the 
morphological anal\scs LIcctophoretic procedures arc being further 
defined in German-fundCd collatboration with th lnslitue for 13iochlCmis
try in tBraunsclhCig, W'C,! ( cirnany. 

More than 28,1100 lund pollinasion \\cre carried out to obtain 4x inter
specific hybrids bKtNCC (\ Cu11tltistr ;lld 2X 1. 1/lil. The productiOii of 
2n1 pollen in the +x I. riliMo poptlution \\as ,[udied to investigate the pos
sibility of sexual 110pol llIiol1j? ,'1. ,"; 1Cplants thal produced
2n pollen sre crossed ith 4\ /. hli/oh miateriad. mud the hybrids that 
resulted from these crosses ;rc being checked for thCir p)oidy level. Since 
. tri/ida is regarded is the anccstor of the cultivtCd Swet polaito. sexual 

polyploidization through 2! pollCn \'ould CnhatneC the prospects of usilg
this species for the transfer of important eharicteristics from wild to culti
vated gerniplasm. 

Maintenance, Breading and Distribution of Advanced Clones 

There has been a major step f'orwrd in the development of the tetra
ploid population, which recombines factors controlling resistances or toler
ances to diseases, pests. and environmental stresses. Immunity PVYto 
alld PVX and resistance to PIRV lais beCn achieved. Eighteen PVY
immniune progenitors that carry a PVY immunity allele at the duplex siaec 
have been ideltifiCd. Wheii intercrossed, these produce progenies %kitl 
97.2"; imm1utity to PVY. Intensive research is in progress to identif\ 
duplex genotypcs at locl for immulitv to both 'VY and PVX. lheir idcn'
tification and intercrossing \\ ill increase the joint immnity frelLuency from 
the present 5W' to 94.5 ;. Good progress \s us made in selecting for a 
comlbination of high yield, earliness, heat tolerance. aid mllmuntlit\ to PVY 
and PVX. 

Il the heat-tolerant, carly maturing pOpulaItioi , good progress \s atiumade 
in sclecting for resistance to PI.RV. earl, blight, late bli.lit. l ald bacterialwilt. The goal of this population developnt is to proville national potato 
programs with genetic materials from which new potato varieties can be 
selected that carry several resistances. 
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In the Pcrri-('olombia-Mexic system of selecting for late blight re
sistance, earliness, and other attributes, the Colombian national potlto 
program field-tCSted in ('olombia ( clones produced under quaraitine 
conditions in Peru. ()f these, 15() were selected for late blight resistance, 
earliness, ald good tuber appealrian'c. 

Selection ol progenitors \0,ih earlV bight rCsistanl.cC continued ill Peru, 
and the clones ('11) 378070.6 and Maine-47 V,ill be cieMd up for regional 
distribution and use ill breeding lor el'I blight rcsistamce. (;CneCtiC studies 
have confirmed that the heriltbilitV of early bliht rCsistancC is high, thus 
this explains the rapid progress ahCradV achieved in selecting for resistance 
to this disease. 

A surve' of (ll, brecdiig populations \,is startIed to cvalute these 
materials for their polIto prtcessing quality. Thirteen clones were selected 
lot their high dry mIttler cotent and ]low reducgin-seagr conlent and will 
be used as prospccti\c progenitors. 'hese clones have resistance to late 
blight. cyst neCmatode. bacterial Wilt, and root-knot nCnmatode. The aim is 
to select h6igh-perforuring clones \ith sufficicit processine (Ituality for the 
Willcr Cvli\iI'n1It" o)I' tropical countries, r present such clones arc 
unas ailablc. 

Work of the inaional pltrgrimr in Senegal has identified se,,en high
yieldinrg potalo clones from ('IP-introduced germplasin. In Pakistan. 25 
clones that otmsieldcd thr,..c commercial varieties and also cxhilited 1inl
proved resistance toIlat bliaeht have bcen selected ho the Pakistan Agri
culture Research Four clones been 1Council. ('11' hale code-nmled i 
Inner lonh-olia. ('hina, and are read\ for release. Their major attributes 
are high '. icld and rCsistanccs to PVX. PVY. and late blight. Clone B-71
24(1.2 (origin INTIA. Argentina). recently released ii5 a \arietv. is gaining 
popularit\ among potato producers in China. 

Disease Research 

A large population of IneV tCtraploid material 1ithresistance to bacte
rial vihI (l'Peudotnonos sownuccurum) has become available. This material 
was tested in Peru as "ell as in CI P's regions for its resistance to bacterial 
wilt, agrononic perflrmn ce. adLptation to specific sites, and. ill some 
instances, for tuber dr\ matter content. Several tetr.qploid true pOtato seed 
(TPS) families from Austria ,Iio\cd high levels of resistance to bacterial 
will. The best Austrian fanil,. STANM SL-24 983, was highly resistant to 
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a Brazilian and Peruvian strain of I.solnac'earum .:ih 77.3 (;arid MY,."., 
of resistant genotvpes. respectively. Contract research with the Universitv 
of WiLOnSiln has resulted ilthe production of useful lonoclonal nlii

.
hodies against strains of I'solaon curun, Iiwork at Wisco nsin with callus 
tissue culture ,itwas shown that whC thee.C cultures from resistant and
 
susceptible [ )tato clones were grown, thes exhibited samne
ithe differential
 
responses to l'scudomont.o as chlnes
tile lhenseles. 

hi Kenva, clone 81022.1. %,ith bacterial silt resistance, has been releasCd
 
to farmers a,, a nc% %:trics . "Kena l)lhaltana. In the Philippines. sev
eral ldvalc clones sht..Cd 'Itood r\%istall c. anllld
yielVds r'in1gCd fron
 
27 to 45 tons per literire. Re,,ults from a suircs in China on acteria will
 
disease in se\cral p~o, 
 inces indictd thit clC NIS-42.3 Continue,s t
 
slo s resistance to I. w/atac'armn. 3. ('11) 1BR-(3.74
race clone 377N52.2 

x WRF N')23. I )is resistant toi ll races.
 

lhrou!lh a contiact \ ith the L'nierits of WisColsirr. an attellpt iss 
miade: t) produc :1I'. o(donorcartim. race 3 specific diaciuoslic 1m1,thod. 
Restriction fragin cnt leInlh pollniorploi s (RHIT ) ()1the Icnolic 
)NA preparetl for ra%scrc m3 )I P, 'ohinu'arum. rep-cseCrline four 

biokars and three racjs, so s assess their relatcdile,,, hs Southern blot 
ialsis insolsne clonled I)NA fragmtlent,, in plasitids as probes. Thi.s 

mcihod has facilitilCl tire di',inction teccil rIanl ,trains or 1'. solafa
(i'arifli h\ both allcridt bioLslir siltllnelosC0l,. 

Fcoho0iC"il studies on bacteiil ,ot rot L'IrWiti. siltsCed that weed 

r ,irll
species gremin iilha ami, support large populations of this bac
teria. A rapid 1tes %Q, leClopled to screen potato for resistance to 1:. 
chrvsatthcmi, Mid a 'trong interaction etl'ieern fullal iiection and Erwi
rita rots wa.s obscrvd. 

Ilicontinuing eftorts to p)roduc Lultivars resistant to late light WPhv
iopl/itora inli.stirs). ('11Pi carring out swork svith two brecding pop
ulations. The tradititnal populaltion (Population A) has been developed 
priniarily from olam/on iiiher ',tli ssp. al/wro.sl' gerliplasii, wlich 
includes resistarice Lclcri\d froin S. uemissum. The ii\'er poil)atiOnt (INip
ulation 13)is free of major genes for kite blight resistance and should 
eventually provide dtirablc fic!d resistance thait could be scrcened effec
tively wherever late Night is a problei. From Population A, incollabora
tion with the Peruvian national potato prograrn of INIPA, 2(04 clones were 
selecIed for resistanace to late bIight iocornhinat ion with earliness and 
desirable agronomic chir ,eters. From Population B. based on intercrosses 
between S. idtberoslam ssp. aiidi.,tia clones, sonic levels of horizontal 
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resistance have already been identified. ('lone with late blight resistance 
were evaluated in tile the Mountain State Agricul-PhilippinC highlands 11V 

tural College. Yields were good. with some clones yielding over 20 tois
 
per hectare and soe tshigh as 39) tons.
 

Good progres, ,,is made in inipro,.ing rcsistalce to earlv blight (Aher-
Iaria soloIIi). itlOthg it is sometimes linked to Ilatcncss. Scientists at ile 
National (enter t I lorticltu;md Rcscarch in irtzil selected 74 clones with 
earl blight rci,tancc i ;1ud ('11 scientists selected 12totfurther ctin. 

clones for lolail
u,c.
 

('1P has Ieade good lrr, in the chemical control of soil-borlc paitlh
ogcns at I .iti and Sanl Ranion. M\here their presencc is limiting ClP's
 
research. ('loies from the ('11)patholgcn-teslted list werc evaluatcd for
 
resistance to Vcrticillitum dahltar and difference, in rcsisltance wcre fuind.
 
Several anidigcta cloncs , ithtesistance to 1'. dahliae w,Cre identified in 
Colombia. where this ptlthogeii is bccoming, 'crcainul. importait. New 
sOlCcs of m nLittolpvderto scab (S .o omgo rMIAilbt rranca) have 

as of resistance to FUtx.1ari 

I'. lolhni cau . agreement 

been identified a s \\elIsources o~v.s/!'.\rutm :aLd 

that dirdrt As part oitile wkith the Research 
Institute of Planit Protcclion ii tIme Netherlands. tsecond sure, was con
ducItd in November IS8h on poto, diseases in several recgions of Co
lonbia. Several diseases, partienlarl. V. dahliac. v,crc rated as serious. 
Existing ltlods of Control ed by farmers \'%ere nloed aid recorumOnenml1ila
tions vcre tiadc oilh( to hmpro,,e sonc of thcsc pratitcs. 

Training activitic,, increiscd t b;tctriolog,, ,ith courses being held ill 
China and ('cntral Africat. and iildi.idual studies at ('IP headquarters in 
Peru. The course pmrticipaimts w.orldstl,,ide represented potato programs or 
educttiolal ii,tituLtion, ill Erail. Bururdl. ('olombiai. -cuador. Etquatorial 
(;uinea. Peru Netlherlads. \'enc.,uea. id Zairc. 

It was cmufirtmLId that pil;tl clone, with resislance to both I'VX anid 
PVY are less acc.pt;lc to damal cliv P1 RV. order to develop[hus,. inll 
sustainablIC PIlRV-rcsi;ult genot\pcs. a backgrund resistance to P'VX 

plus PVY is required. Ncv sources of resistance to IRIR\', PVY. and to 
the 1113 strain of PVX basc beeItn identified and selected. SomeIt cxcellent 
materials ssith resistancs to PRV, PVY. andlPVX alone or in comlina
tion have becen selected through trials performed ii llfraiil. Perit .ruguay, 
aind lunisia. Good agronomic traits have becn found. 

Screening for resistance to PI.RV has Ibccn streamlined by apjhid inocu
lation of sprouted tubews ,ersus inocul',ating plants grown from apical 

19 



cuttings. Ihis new a lproach is less time cnstunring aind requircs lovcr 
labor inUt. Also, tuber inOcullation generally resulted ii higher levels ol' 
infection than did plant inoculation. VarilabilitY aniong eogra hically 
diferent isolates tfIPILRV was folnd in their tran,,mission by aphids but 
not iII their scroloiical properties. llistopathological studies on PVY
susceptible and IWY-immnune clines stiuC,1eStedl thit lllliiitv to PVY in-
VOtlvCs ai Jrus-inluced of rCsistnc iCher thill a constitutiveniechianism rit 
one. 

Rcscilic'h oi potato vii'us in [lnisi potato Sced uhersepidJteniloloi\ onu 
m1ultiplied in consecutive CeneraiCtons concludCd thti the buildup of'vector 
pressure dos not inciea.ise constanitl\, the Slrie'iJ of PVY and lLR\' 
remains very the of I0'VS is importa.ill, ,illd yield Otlimited. buildulp the 
third ieneraltionl Seed in Tlunisia is cotmpableilqC ll\iC]ll sCed.tfimp11ortCd 
The whitefv (7Iriah'lcurodt.s a0/u )ro 'i(?)Wtsasideitlie LIits i vect'or (1 

the agelt causiitng "Cllo\\ Neill' s,\lnd-oli il p tmtes in t"oomibia. I \\s 
Sliii\\ii that virus S13-22. which can cause rPS Inecrosis atild 25'(' to 931, 
rcLICJ0it Of goernation. ii niorphologe-call\ siniilan. bitt ,e1tlhoicill0 dis
tilictl t'10iin the altalfl' n ,osiic"\iruti, 

A met11od t de1t0elPlS;IV V,ithout the uS. oti r1lidioaetiO priL. ,its 
deloped in collaboratioti with hI.ilrsiit Mongolia. ('hiMi.the f liollUie 
Ihtis \\ill facilitatc sCnsitic le,,tiine in the ibScCC f raiocltive Supplies 

aMid StlitlelC hiCilic,, \ tc\% kit ,iwnittoccllulo,,c itlclmbrties ,,it ,ip
pItiilg iilditliIinIllI.IS:\ hi leen dCd.tel eto detcIt ptato . 
lhe technique hIis clci detcCI ITR\. PI\"'. aidi ued, to P\'A. l\'. 
othC ipuliito \ russ,, 1a \Cll iti "iru,".t pt)ftoiAt this,,oice CIP. 
Itc'chlliLtiC is red .1 p tt to s,'t',iirled r',s c1',, c il too0l mnlitol s lli 
lto\lltu,,e .,cerirlliplsit to di irtl outries,.iin seilt c 


A siilll ott l.t; l leithl , mottle ,irus SIT:. VI hill bIe ,, l tlo S ideni 
tified. oA 1n;l rill iluCd ainst striin iceil1101l. 111ttll pro this hiS iin 

tr intld
I1IS.\ SCrOl1+-,, i0itriC detection coniparison of' other 1Periri 
isolates A4 ShIFN1\' 

Integrated Pest Management 

(ollithoraitm e rescarch %\thn the Petiuliin iationail pt.itao program tf 
INIIPA hisresulted inthe release of tlie first variety with resistance to 
Ptl: ito C\, tienttode.. (;hil,oder, pallihd. The new\%varictv. "Maria 
Iluinca." i,, to riaccs ,\ of G. pallida. tolerant itlateresistant P.\Amid 

20 



blight, immune to PVX. hypersensitive to PVY, and resistant to races I 
anid 2 o1 potato wart. It has red skin, ohong shape. arid is a hiirh yiCLder. 

New Sources of rcsistice to the root-knot nelrt.ode Ahlonlor,'\' 
in'ogviia) have been Identif)Cl in lpatocs (4x-2x crossCs and diploid 
clone,) aid ill sweet potatoes. Most (t the reistait swect potatIo aeces
stols werc also rcsistant to the root I.siol nrllatod., 'rahr'hchuos flak
kensi.s. At the Ulniversitv of Los BaIios in the Philippine,. solariatIon v'taS 
cffectivc in coitrollire s','. cct potato :i1cstation bv the ncinlatodcs. .1. 
11ctgiita. Io,'vhinchllo re&1i,'1/mi., il Ih'iiyc/iplit'ra,p. It 5,, a lso,s 
found that in potato the funus,, l'oc'i/,o1nLJ',. w\aa. cn more1ilehi'l.lA, 

effective than+ the ncniaticidc [lr'adlan ill contGlliiw (;. ro ,iro'si .
 

V'arion, Ic,,h, of resiancc to lpitato tilcr moth ('. (.pi';,"l)'l/o v, cre
 
con1firlnC ill mo0st of the 173 clonCs tCstCd inl Peru. Inprocment ol rc-

s'istancC at the diphoid ICCl \Ur, clfcctisc. lhrc is Inch heritlilitv of
 
resistmaIce to this ilptirt pest. (iOOd protcCioil i ilinst tuber I1th in'l
 

-,tore.d nbc rs \as,i ven b, a,;pplication o t2rainlhsis shim isotte,. front 
IIru. lIuriii. Austrri;t. ili India. VVhei tubers vccre infested 9I doys 
after \iiuis application. 78't ol the larvae becane infectCd ', ith tihe viru., 
!I stores,. applic;nion,, of lllicrocapstllilted tuber troth plhcroolllone sicr 
effcctisc in reducim- the r ol(dtemoth rCprodhction. [hC Icl 0f infCstCd 
tubers ill the treated torc \%;i,, thrcc tillc se\tl" 1h;nl thal ill the llon

use dried. c .. oV11r th,1re 
Decarrncthrin I I)ccis) %;I,, clf..cti, e in olntrolling ttIbe.r troth In comnier 
potato ,ttres ill three anrlades',,.h hocatrn,,. 

treated stoic. AIso, the t ,..C.rusIL L or inCsecticdeh 

Ness sourcc, ofI resisti;tcc Ito Ie. Alld. ,ill pu)tt \ cs l. 111ruollo, rypt 
Atll'1161,1111 anrid tir potalto Icirfrl r /1mnrt1. sa ]iinidd/ooSj.fl, havc 
ICerr idCltil'iCd. Resistatnce to the sssct pmitatm ,cc . losfA'lfscia
11t%.hls bee.'n IOulndtL ilI 13 swCet potato acccs,iolls froll (IPs g l'splasln. 

Warm and Cool Climate Production 

Scclta carl, Illltti ,' rid hact-tol-'rant potato chin i., e hccn se-
ICctCd its result ,l u,,ing0pwitn, with a hi t eneral corlhinin abil

aidaptatiOll mt ht Vietrnam. potato clonesits, for t n id wld :litatc,. Ill 
hdAC be(211 sClctCL s.itlh cxV(:,.tr, ll, ,-,,(od ,toraelc charactcristics under 
high tempertutre,, lr 1r1. nur1kh. , anl r,,i.taice, to viruses aid late 
bli it. The cbest virus resiitance 1c.ttlted Iiot the r1s Of ( II prngcnitolr 
7XY.I its the male parent. 
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Experiments were carried out in Peru on the role of nitrogenir Icrtillicr 
in tile adaptation of, potllo to mid- and lo%%-elevation tropics. IDespite the 
intensive heat stress in tile c,.ntrall jungle of Peru. at Puerto Bellrmudu,. 
clone I.T-7 prtoduCd 15._" itoS per hectare s,,ith an avcrage ofl ' 3 tuber 
dry matter contnt s; hilu cultivar [)CsireC vieldcd only 3.5 tons pC hc'tare 
with int averagi of I L. dry matr. ('lone .- 7 As, otsticldcd )eCi
ree as \vcll ts Katlhdiu in SALL161nr01n Lilldr \\ill bU; less Stircs.l11 Con
ditiouws In bolth dr,. md \,.t seatSons', the amun1lit of .I:\lmatter partitioned 
to the tulr's deccli,,d \\itl inctreasd application of ijitrogCen lertilizCr. 

In studies ol the l,.-pollns, oi 1titalo CtIl_, IloL ill w Imt dltoLlt loca
tiots. it '\Is taid thl't Iciicd caolllpy des\lhiMient Coltrilutd to \iClI 
reduction in plulit, \pkscd toohIoi,.Cr IrIOMll peilitds, ..A\ diil LIc-
Clin in Cti \Ild I 'I drie enfi ironl ielt anfd apliii ; I'), .i lt. I(1) th s. 

.l WitC LAciCeIC, 

environnme its.
 

palrent \ use in heAt -;idrpteud Clon,, ianked lo\\l ill these 

Flre effect of hial stress onts o p!lititlla nllcitrrl Is of potlto 1'.,es 
\\ils eCs1oiiind tisiaCl, itc"ili-mie thenlitabilil\ 'llti score.a test .I \isuitl 
These test,, l\-, reu',lts ihm t ;1re 11it11s co"cl;mtediadtlltt CiL he Used t 
uluiate clomnal abilit\ to tolCte 1eM-t-rlmmIc. ienlih'l telUlIiim' and 

etGtl0p stir\i,. b)t not dr, iittcr pititiolinc or \Itich eicld tests ti 

Ill Aniliten ptl I r uceluC the hi,.Jh ct)" off ,et' i ll the \\ilrlll lopic's. 
C\pCiliients \Cc codLtUctcd oll sCd cntittl1s ill ViciMill atld the' llip-

Ilieccs icidS Cu.lUllInMi'. (Ut p,.(] lOriduied to those %% %illof hole secCi. 
colnsiste.it re"IlIts ill both countries. 'This aIIich could redleC ', cd costs 
signiliCillnt,Iso IJIrmCrs. inl\dine tIlal time\ are traincd pinl'p.:r ill the 
use , f! Ihl, : km, 

1IrIrrrcmCNits hi;\ CeCiu; mlladC ill Ine des elminnClt t frost-holmiUnt 
p[rtaitoes. A totl o 521 clones .e'e selected in the cetitlll :\lilles of' Peit 
fto rel',tisCel\ hi Ill, despite s\r c lcrotl ,5 ilas, alier piaIilh&. This 
sas Lie result td cirls tubcui/itio l tubelru bulking. id Irist toleratnc,.. 

A silrx\ Io 10111l Iihhit Llitilbtitulril inlif cold Cliinn.s Of PrI 5Als 
COCicliulC. It rClcIld tHI is distriliited l elaA.Iin'tria ini mid arid0%Us 
tioim, 311111 IlI'tr,, 1 ,'/mulis frund in the .\rtda n silles it alti
tude.s bt cii\Uu 320t and 3300 iCterS rld .C'I)WoN is distribtehd rlliinl 
iue 351)l lnclrrs. Alko in Perlu. fild tets ith 3(1', rietiCS Mit criltisx'rs 
ill fiheld with naitural I/1io intestiltion indicaid thit fourl ,.iritics 
C\hlilitCd il reCsistilcC t this IpAitluCin. 

--I 
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Postharvest Technology 

Storage research on storage of consumer potatoes was carried out in the 
warm climates of Peru, Thailand (where Thrnst Vill is now located), and 
Pakistan. Experiments on integrated control of postharvest losses caused 
by slorage pests, b.torigc diseases, water loss, and carly sprouting showed 
sevcral interactions between treatments. Fvaptorative cooling of potato 
stores rTduccd tublerl ,eht losses dUrin, storage an also deterred natural 
intestation by tuber iloth. Tuber rotting reduced When ituberwas moth 
was controlled 1) dlied, insect-repellent foliage or by Cvalorative cooling. 
The sprout inhibitor (IP(' inhiitcd sprouting of tubers storet' in cool 
highland areas and reduced tuber ,\ight losses: h oever, in warm areas. 
(IPC did not inhibit sprouting Md it C-1sCd tuber rotting. 

A strong OCu \k,as uiaintainCd on methods 1t cvaluate sced storability 
Of genetic matcriaKl under warmt conditions during prolonged storage pe
riods. Over 5(0 advanced clones, most of which arc on the ('11) pathiogcn
lusted list, \scrc a,scsscd for storatbilits in atcool (lUMncavo) and in 't 
warm site (Saanoni tol). Ilie seedl tub rs of' cai clone stored in both sites 
were planted inlone Iocatiton (Ilartaitl) I'r comparison of field pcrl'or
mances.- \ storabili~s indcx for each clone wis caiculaltd, which rriitetd 
front (.39 (poor seed storabilitv) to 0.941 (CXLClleCnt storabilitv). 'Ilie incu

ation period-the tiic bctwcCn onstCl ol sprouting and tler lorriation 
on tire sorouts--was ilso dctCrtuitcd ltor each clone. ('lone++ sith a short 
incubatio i peritd usull, havc poor seed stot"abilitV. It was Ouitd that thC 
iticub:ition period is particutarl useful [or comparing i large nunellcr of 
clones. Mhrei,. the storability index is iore suitable for chitracterizirw sc'ed 
storabihii of a lim i,,ted nlumber of clones. The data obtiincd arc of particu
lar ilportance to miany natiional potato protrans, Mho ille rttnw consider
ing secd storibilitv a,, in i-iportant [actor iii cvalu:itingcgelclic niatcrial. 

+lin pttio processing. enphaisis continicd Oint.chnology trallslcr lilipo 
duCe leh\drate.'d piofaliO-kIsccl fonlds that are atcceptaile Io CotllsuliCerS. 
Los -cost. coinercial processing units are rio\ operational in Pcrut aid 
India. In IPeru. mthod, toi produce dchdratcd French 'ries have becn 
dc\coCd for locil Ils-cost prlocessing and cxcellcnt proiducts have bCCn 
produced. (onsumcr tests has e shos it ,!c acceptahlit of' th..sc prod
ucts. Testing of sarious ,olar drim, ssstenis for different potato) products
aid different quanitile has continued innPeru. 

In Thailaind. 25 clones, \werc caluatcd for processing arid cooking qual
it\ sith L beiri selected for further lesting. A tidh \as carried out on 
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narketing, con,,ulnptioi, and d.enaiid otr ptatoS an1d potato prodUcIS in 
Bangkok. !It thalt hOh.ldc Bangkok.showCd a,lU, Sx inerC;is( ill 
pot;ito ,)IhUmtliPon appeirs to increase both illipocesse' a.iildfresh foris. 

Seed Technology 

A major focu, ofIthe UPS breeding work wIs on testilg dVlaI 1).c.Iprog
env selections for tuhCr \iel, tnder iwvid \irietCV of loCiatioils With dif
fIrCnt climateMs and dIlengths. (loncs AVRI)('-. I ,377904.5. and 
I.1-8 werV,,ood coiinerS1*01' wide aittionh [PS ciosses and mostbILr in 
Crosses' had i hligh dcrC of iptatJio to shor0l't-ditV CoIldiIol',. lwv,
six crosses Crc uld e allacceptle- tolerance-t to ha to CIrl blight and 
lIte hlig.:hldis,es dnring sedlhint',ereenine. 

.n inLle\ Ci itri for acetbIfifC IT o nxit\r \\iadt-sbhped, u,,i both 
the codeficnt of eloc fI en roill daiI, Counts 0tI-1(it\ cic: ialdnhated 

days after siC ilal!cIriter thiin 25 dc-'ree. niIdeiucCi'A
dr" ve-ihgl after 
7 Id . I,)atalsho ed that ,Cellinh S. oy e ;ultliltioils :Iitlon, difIfil t I'PS 

crose', 1nltlI ul:,iiondoitilill eI thii liontli,be colnducted te ( aftel 
.. l the iitd eI'atllenlt gI ir 

\,as shotoll ittlt)t fiC cilerlliuIlel iLdorunUn I'S. sedCtline \igtOr 
\US m1pired h\ (A. Prinilinc IPS inl ,olutiOns of los\ %\,iICr poteintial \,. 
IIun tol d eIfetise prcs\il. treae(t.l ient ooptiuIli/il 'seL 

hlr,.t) ,Weed -\lthoUti s rd ,,itli C id ((i,,\) 

Ib iiiost 


\igor illIlltdoililt IT:S.
 

Ill Pt crosse', the optiitlal ta l of litllurit\ atl harcs t \siis 0 to 
12 \eek, postpolliiition. Neserthee,. the Ilatnrit\ of hrries Ironm the 
Cross. Atlantic \ 1.1 7.could t0t he extcnii+edl h\Ond e.ek. Seedl:l \r 
linc i ,or cross I'superior to the other Crosse,, tested., Ihe illpor-In[!I;, \\ 
tlance of, proItIper .t',_e coIlditioln preser\ing \ igor \\il'lt prior to testillc 
clea.,Ir demonstrated Ili All ,ee.d tets. Light op)en-llinated penLs, 
were idntillid \%ilh ieLptabile 1erforell l ill a lahrge-scalecCecninc, test 
torcerini itlalhigh lenlpculure. Pollen selectionllatnd Ced,i/c sep

iaration techlltic'. te-CetoUild pronicllli il certaini croses the ni--

hancemient of' itp)ceil\t unlorlnit\ clhracteriltics. 

Continuing iInternautioial I S trias ha\e rosnlt,.Cl in the idClltiflation of 
,'.eral ne\ procenites for iSe h. nitiollil proglit ll. Three ITS pi0cc!i-
trs--(,~S.I ii). 377t 4,5. aind Nliiel'S,-\er- iltroLIucC iito the sCed 
priigrinu or cleanup. Follos iig scr\a.Ul lestiiic- e ls. Pto les\potato
progcnitors. 377150.7 iil (83.55. ireloi\ itCds All Offor clCanup. 

earlines, ani 'entIese pro tUlitors tran lsiiti.lcl. tuher uilliforulit. IPS 
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progenies that Malintaiin a stable Vick from the l gceneration through four 
generations o! succCSSiw., otln-Okilliriation have been identified. This will 
facilitate the LseCof 'IP- . farmers. since they will he able to produce 
rieded TPS from opcii-pollimktd herries produ ced in their os, n fields. 

lhC stIpCrioritv of raised bed SstCn', for ',Cdlig trai splanting Was ton
firnied this respect iCl.ld lhC of'year with to idvlatalCs. application 0a 
lvr of gypsum to the soil surface durine sccdling tuber pi Odctioti in beds 
increaCd tube['r yieds Mid acI.1ted ais it ffeCi\tctLuber moth Control syStclll. 

The most important patogm,. causing damping off in seedlings are in 
the, A(-3 group or race of R. .o/oji. These oreanmsis wcre shown to be 
present only in cool areas ,, bilc the more pathlogcnic A(i-4 group was 
found in the \warmer arcas. 

Potato flo,,erine ,sa increaed with a four-~our night interruption of 
the night pefrid Under short-dav cilvironient:,S. Factors involvcd in reduc
inciPS yield., gC.nril.,, include.d increasing stem denCsitiCs and bcrry loads 
per plrit, as ell as prOducitig the berries at th end of the dowering 
period (in l'vcr order inflorcscences). ThC collaborative pirojct between 
INIA ill Chile and tIl oil commercial scale TS lrOlicioin deterinCd 
thi the aeraco' costs of onll-enIltasCulated ITS \wcre [S$-l per kilogram, 
raiing frot to $3117 depending Oin the cross. Polliiation tasksi $128 
CeSpeciallN' labor and technical inal llcent cois----\\crc the most expensive 
inputs in "IPS prOltduCin. [be collibou;Mtin betwei ('11' and INIA will 
continue for a klth s, hilt a horci.n comicial seed copllany is 
interested in clllra'tmli, l;irC-scClll *1PS production , Lainers. This will 
probably (art in I S88-St) .ih ,c\rnl hicctares Of proldctmit. 

It was shown that waiirm clinate-produced sCCLs (tuhers, cuttings, and 
TPS secdlii:,s) a<rclikely to0 ]C!Ldlower than tlo! troiduced in cooler 
areas. The prliuctin efficiencV of cuLnttioS was lower than that of seed 
tubers, but the larger size of tubers produced frotm cuttings Still mnakes this 
altet nati't. suitable for direct production of consumer potatoes. 

A ease study Conducted in tile hilippines! shMed that institutional and 
nontechnical factors arc closely assocatcd with tile level Of s-ccess of a 
seed potato program. It c program hiasti,.irundil thasic seed production 
redesigned th' stratev to ciminate lateitt bacterial wilt disease. This ne,,.' 
sx'stcrn is based on iri-vroillt irropronagation mlethods with sLbIsetliCiit 
transplanting of rlantlcs to large plastic bags for production of small 
tubers. The use of sprout cuttings for planting material is nows, well ad
vaiced iri Vietnam. 
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The des'.ltilicltal tcsponscs of 15 sweet potato clotIcs (sw'ct ptatto 
true seed. cutltiils. and in vitro nhllcrials) to six different enhVirnmeIlts i 
Perlrwere stndiCd. alnd consilerale sarlato WaS oh,.,irsd. Secviil 
tcChiquNs sUCh asiralt-sCOMoilnpiihilitV, stOcl. aLId Scioli cttlditioning,
tnder short days. and obtaintg sciOIlS at the otnset floweriqi have im
prosed the elfectiVcncss of !,,irafting in floser pronlllioltn. 

Potato and Sweet Potato in Food Systems 

Research continued oil liends illrot11 clro)p pr)odlICtitll aim] e. \wlSUis It 
ItMindl that ,ice 1% total ,Oottcrop prloductiolihas declined in devel
oped colntries and C\pandilc il delopille ciinttrics. MtIIc than i 800 
sweet potato puhlications hasc n icwcd Iii . i otilt ittiolsb+;1crc: that (istile 
chcrm.ial tccliiloical. and aspct, l c'ip.l.nntritioni;iI ) thi A tliicstion
nanMik c onl collstr;lits to ,,ct rpltatii pItdlctitll ;1i licctcd onntll
tries indicated that nscct d'nagc and mauk I i plin.,c i s,,rc of liljot 
inmportanrice. 

A iOr)ec10leical potato iiapt,. orcall/Ci h ltittldc-liitll'tutlc coordi-
Iates. were dcvehop iild cni I)1i 1hlmtpitericetl 121 ciltrliC,, asdailaleC 
dlatil climal;te, ilt(itude+,dnd p101(utatitll \,.tI'CtOil 
 fraill',0Irltd 11110, tOVllil,,S. 

This Information ,hov,, coutt ti eIi tatil tIcs cloiiie Il,. t;iti) is producd 
inl tell distinct climatcs: 44 p re nitof total plodt iOi0,toc. ls, ihilowlaild 
tropics with i cool o liumid winter. nlinl\, ill 5 : III: perccnt dcrives 
from hot. dry lowland climiiatcs: 5 per5cn cLinic, I0111 ht. hnilid cli
nlates: ald the highlaid rcw.ions aILI tc etiiyr;,c ,/OiicsicctuInt for abott 
21 perccnt cach. This distriutiim bs, cliiiIatc ,hiVis that cvCn t11ough11 the 
pOUtilto is illreailv [i5\Iii ill mol(rc coillitric, of thc vsorli thaiiilly\ other 
f'ood. crop except maize. the ptissilhilitic.s for expans Wluiarc qite grea.it, 

In casc stiudies Oil nine national potato pr100rin. it beanic apparent
that strong tational commitment aind clci,r priorities arc of mitajor impor
lance if prodttctiot gtOals rctt be met.1 Th1 st1ds on China tins tic 
mos, complete coll:ction of ntitiotal and prlltiiltl histotrical aiid cii rncit 
statistical laterials of potato ari PIt)tittias Illi in , lat uige.svcct ihlC 

Sccd prograins rcccived contintcd attentiton thrugh questionnaircs aid 
case stuIdies of dcseloped aid dC'Choping countries . For programns in 
developed countries, a citlparativc study of seed sectors ilthe Nether
landS, Canada, Mid thc United Kingtdoni sus undertaken. Ihe importance 
of np-to-date- socioeconomic data irt promuting the ise of improved seed 
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and varieties was dclrlv' illustrated bv studies in PCRIloil true potato seed 
soue's and on) traditioiial sced floss. 

Pot:to inairketimi survc,,s in Bangladesh. Bihutan. (entral Africa, 
NladaglesCer. Peru. ,Mod ThIMiil,id have been completed. The highlights 
iiicludc the importalcc o understanding th, compleitv of potato llar
kcls. tWe dinct markctin~ patterns for ]l C krsu small ,rowers, and 

the 1Iced for locl potoplics to induce ci'i1 gil'ate,1 coi lllplioil.Attcmpls base bell nde to simulatte count'ie , to Cngaige ill nutually 

beneficia markcting c,carI'h b helpim, them to develop a network 
,ppoach 
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Relationship of Agroecological Zones
 
in Peru to CIP's Regions Worldwide
 

T 	 he cultivated potato originated on the
 
high plains (altiplano) in what are now
 

parts of Peru and Bolivia. This center of 
diversity is not only for the potato hut also 
for its major pests and diseases. The sweet 
potato originated in South and Central Amer
ica and the Caribbean in lowland tropical con
ditions. CIP has already collected over 3388 
cultivated and wild accessions from this re
gion, which are maintained in its lowland sta
tions in Peru. 

CIP 	has four experiment statioos located 
between latitudes 60 and 120 S that represent 
the four major agroecological zones of Peru: 
Linia-La Molina, arid; Huancayo, highlands; 
San Ramon, mid-elevation tropics; and Yu
rimaguas, low, humid tropics. The geograph
ical location of CIP's stations ensures wide 
variation in altitude, temperature, raiilfall re
gimes, soil types, and incidences of pests 
and diseases. All major climatic characteris
tics of tropical zones found in the developing 
world are represented within Peru's four agro
ecological zones. 

CII' research sites in I'ertt and the potato-growing seasons, vithi meteorological 
data for 1987. 

Site: * Lima-L.a Molina * Huancayo a San Ramon AYurimaguas 
Latitude: 12'05'S 12007S 11108'S 5041 'S 
Altitude: 240)1 3280 n 8 111 180 ni 
Growing season: Jan-Mar May-Nov Nov-May Nov-Mar May-Aug May-Aug 

Air max (0 C) 28.54 21.11 21.81 31.57 29.90 30.93 
Air min (0C) 20.44 15.36 6.61 18.47 16.1)I (9.93 
Evaparation 
(total mill) 519.09 624.67 1050.92 832.21 555.14 312(X) 

Rainfall 
(total nim) 0.8 1.19 490.10 1210.75 265.20 459.3) 

Solar radiation 
(daily MJ/m 2) 15.18 9.55 22.19 17.55 17.39 no data 
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THRUST I 

Collection, Maintenance, and Utilization 
of Unexploited Genetic Resources 

B sV'vstnmtic research ol potato cricclltraitcd onl four little-known 
species of the taxOrlOlllic series (Cnicibaccata froln Colombia and 

Ecuador: .Solimrm colomthianum. S. choulro1ophihon, S.1hafiohi, and S. iri1
11Ihfl('mlec. StuidJes onl disease reItAancc \werc carried out on the species S. 
tamCd11'. and resistances to potato leahroll virus a!s\well as potato spindle tuber 
\iroid \%ere identified and conl'rtnd. lliiination of duplicates from the 
world potato Collection continued vJith the help of clectro1phoretic anal,,scs. 
More than 2))01 aceessOl's aMe llos\ orwntaincd under long-term, in vitro stor
age conditions, anld 'Ilplicatcs Of the In vitlr poulto collection are being 
rraiIrrt;lnCd outside of PCrtL. 

liwrgrc+, \us made in potato ucrnplainr enhancement, using haploids, wild 
diploids, and 2n ptllen. In collaborative research with the Weiztnann Insti
tute in Isrul. protoplat culttire :1nd lusion have been suCcessful in producing 
malC-sterilC plants, through assnmictric usiton. During 1987, ('1) initiated 
contract research \sitll loulisiana Suate Uiversitv in the United States to pro
dLIC glC constructs for pest and discase resistanc fot wt in gcnetic cigi
rtcering projects it ('IP. 

I)nring I987. !0 expCditions to collect cultivated and Wild potatosweet 
gerniplasm \\cre made in .,c\en Latin Anerican countries. A total (if 579 cIl
tivatcd :!ccessionts wrc collected. Addi:ionallv. 251 wild species accesSions 
\vere collected and have been included into ClP's sweet potato gene bank. 
\which now\ has 29100 culti\atCd and 488 \\il /p/omot'd accessions. Significant 
progress was tmade in intifoducing ss\scct potato materials to the in vitro hank.
atrd More than 7111 acCCssiOn, arC tno\\ 1tore1d In itro. A total Cf 28.80 hand 
pollitiations wcrc earried ont to obtain .4x intcrspecific hybrids between ox 
cu,ltivars and 2x I. ,rifdo.I The production of' 2n pollen inia 2x 1.trijido popu
latioi \\ias studied to ivetigate the potssibility of sexual polypoidizatiOti in 
/pomnoca. Some plants tht prhoaICCd 2n pollen were crossed with 4x /. ti'fida 
material, and the hybrids 'hat restlted from these crosses arc presently being
checked f'or their ploidy lc\cl Since 1. irifida is regarded as the ancestor of 
the culhivdtCd swCCt potatO, sexual polyplOiidizatiot through 2n pollen would 
enhance the prospects of using this spces for the trar,slcr of important char
acteristics ft r wvild t cultivated .,,wet potato germplsn. 

SaImsili Mtarket ah,nv .,ithother Andcan rol crops. 31 



BI(SYSIEI.I.\ II(' S II)II it.it othsi thatl uCCLds to hL conlirtlncd 

IB'o t" CllltalC I"cscirch cINlcclillratd on tl\(Itl lliL' sC L'.. 
lour litllc it iil I t11thknii\,n slicic,.. 

1 iai;11 1 ICl.lld/dimh0 ; d '1101,111 ii/iiM n1.(- I I I I )II S,, 
1il1m.,S hlmril ii'llml.,). !alhanlm. anI .ioiv ntili/;it nS11dic..',, ol dil'c;rsc c
.S. . HtlthlII/oh'I ItcC 1t1)ll xIpLcciC \\C5lc'",irIICC 5 iIcd O

, 
rcI onlAt (tilhc pccic., 

Itttr..rtLI ii , iiI thitC\Iolstt l iirt a;iuits \\ith (.11111,' I Ilil r l0CC'L",Sii1'nillthis 
cA 'IIt1hlt dild I' CIII thLC ' l!Cti IIIL' ' ii)\'- \c,. t Iic)[ti.I t ll toll 111i11 i 
[ttitmic dist;ItlcKC thOL\l) them)) . ,t ijii- thc th .'titil -,i 1, (I1MPV). and Ofll 

illk.11112C 111' 111,111101 .. WIL."'h l \\..IL'i tq (10/01111/,h1- lhild1111,1r PXItlIcL'I'L' 


num \1,S.l uldUhll(m mil li:nii 0 I(Lwn Ii 1)1, IIL)I IIs11. \1t10 t ,IV),\ .L" ",~t.L'L"X~tI lth~t illl ICIurikt t)L'I1 hiiltg RIN"IICI IIII\\ \k , t",li,d 

h10 1r1d,Lccd,. ()W lit, ' "C*.IL' Ih S ,'kl m a' I tlI hIIl i ; ~ iIIloCtl,Ilill,.I l, 

"l,:CL"',Ill dIirct-tionliq)Lr
il onls ]inc alnd IN!R\ iIntLCL'd qIIlIti, ,il! tlL) ItLt1iL 
lhilcd cihlt _Ictclk (lI L ).t. thi, IlIlltl , 1).\ tIlL' St, ulliid I1IS.\ tI,'s . 

HIhCIC I. I, \C1 Ill) L'x i nhIlilih lI i t 1%. ( t.'l1,11% mIlLl! 1h t'lt",Ill 1cl h'ttC 
[rob ctll'l lililrcs, (it rs.,c, l iln..',tv.crti,iI ,i \it itIaor .C't\.CL 
 L lccd laln 

'pcci." so c', ch tl,.cldL'di, tc thCL' 1ltrim '-IAHt 1 .C;.\tl1. ,.1 phi! Itst.11 ()1 it01NO 
t ilIC laMiiltill l jL ". ( )Itc uissililc'dlinr , .rL itiItl[ Wh t..IL Illii .P.sc1 L 
LXpkilm litu COUIlI hL: (llAt IIIC,C M h'he' difh~r.u11 Aill.. III',CLdlI"1 ICII ."-.'IIL'tI 

, 
11cdicin\ k in 1th ,", d(i- ' I1C i . lIil 2 lLri' L h 12 l thL-i la iLcsIii' IIiMii_\L r. 
tcl t \t[1l-0tlilIi)o iallll Lmmis IIIBN ). vshicn thcsc tIll stc.llini, \\iN). 

col chin tlh Ind 
(4x) (2x) (4x) (6x) 

Cji 
(Ix) A cCol S colombianum 

chn S chomatophilum 
(2x) A flh S. flahaulti 

nd S. tundalomense 

(4x) 0' A 

Ind

(6x) •0 

Easy cross, abundant seed 0 Difficult cross, 1-4 seeds per berry. 
O Fairly easy cross, 10-15 seeds per bery A Cross failed, no seeds. 

Figure 1. Crosses between spec:es of the taxonomic series Conicibaccata. 
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Figure 2 Solantim acaulte in a graft test for resistance to potato 
spindle tuber viroid (PSTVi 

LdCt1101t1itt ICd I tI;t (the Crc IrL' ) ~l I0 iLtt \\CIL: Col!cctcd. rcr~t tittt to 9)7 djj
batrICt totil' thcIICttCt ttttI/lttOtt 01 1111', ICtttl 01~o~c cuttitrs. IThc,,o tltttC 

";ItttplC" coilcctcd IIt tht.c M\O Otn\ ou" ex-

PHIA (11RNINA I F pCiItIOtt,. ;11\\ell it 0tltCr. i CC~sN ( ( I P\ ;1" thes 

C~ollecting acti~ities. A' t111rd ( IP-INIAIP ('11P uCrtttliIiltt Collcitin 

. thc 
\t~ent to thc pro~ 0cc, of BIlii\it Chil- tttlt. LICttopitorctic iltt.tICs of dtipfi

ho~to.iu~t~u-;t~ a n d ( otop-;i.i Ill ctiv utoitp". C~tltbfi~ItctI on thc basis of 

for Pintt (jentctic Rc'S0ItrCcN !MIR) ) ('0olotttrCS 'tationl it, Jllu



tuber characteristics. sllo,,cd that these 
651 sa mla represent 145 dItLrentJIL;s 
,,.,iotypes. 	 hiIl, CI.hovc\cr. williiiiin 


l
probabl, he further reduced ast,iIolllre.' 
detaied chart.'teri/,ittinm oi plIts 
ill lucunrtun is an t.d tit by (IIL 
The world potato collection. 

Coilcclion of clonails iltaiiItancd 

lt'V.I! 

ihis 

represented 	 in this Iln collection will 
be incorpcrated. 

PtOerCss was made illco'n\ferting dupli
tlc accessions inito true seed. facilitalhiig 

the cinuiiltiton I theC utiplicates 'roinl 
tileCtollcetitnl. (otollt'd pillillttaions 
IIade ton plants grtoiwinl in lhefield were 

Ceiiti-ollprCd wilth poillihltiolns Illad- on ill

\ited ptitIttOi,.iirn Oni'ripC, Si 5 fhirc,+ncces tI" cul Stems nlaihtahlL'd ill 
ic,essins. Mhihi re.presCnt lnL, ,Pc-iee btitles in ta sclCeilllttlsc. lie field pol
and tone irtulkIn hltCisiCCili IiintIM ,,i signifiianltly (1P - 0.95)l ilhd ea\ 
It\1hilk. ()Itiletoti tit S10 hiiler hbrrs and ,cud set than the screenu CC,',ituos. 
7',4 arc dipmt.it 310 tripld. 4103 Ictrla-house l i itdinatilos..VN a lesult 	 of this 
pII.OIl, ll'I nthil 01Mid 3", p1lilal 
ICCC.,0iIl C Ich 'di a1s\\C!li1, Ihill, cr L

, 

the grtip ttl interspe.ii. h,,ld, liste_'d 
in I:ilc I. 

Elimiination of duplicates. IcClit-
..

phorCtic :ilal\"Cs (1 Al'c,",,itn, prt-ttm,)

\iti> iltiliatiolllms tt late e pi'tittes bitnil+, 

Peru and Ittli\ i.d da ett t,.e litcat. 
stllttLitll4t)7tl li i. iltsI ll(:i l

l thu , hlll 
o t cc12s',iOIs .still C.01n-lhial Ili\C t,11C 


i ,,\e pIillatti n plt0iiIII. ll0 dupli
,tie;i,',CsiuOl', e,CIediscirdCd fti1i (IP's
 
,.lm:il ctlIl.ctimi. I-,Il
ech di.scardCd cloial 
AIc,. , lillll o)-I1h01C 410) seeds \were 
tiilctd I , the ,-ced collection.sttfiic 	ill 

Stkd\v 	 of genetic di;%crsity. PIclimitail\ s.,tudies 	tinl Cilet'icIriea'utnrll divser

st'it%t	hIll. tllu~t /tilnl ssp. 1,itu,,,'ntI 
bisti c'tI/s\Irilttin I!t 	 Of1I illl 'lkscss\ere 
011 'C;1111i,_ Wltlln ",a~iCt+.,C,:.d0llS.The ell

pared \01siicccssioit"s iItiet tilt1 pttitl /\rle Ised \\ p lo iloglitlcu[.\,te.li. 
ctilc.li.tu ha,sbcci lcdlccd ttlIidCi i tnlTne. -phtIISpIt ijCI.tlatC tierals, ll:lte 

;llldI tose lun1 ,C, th e.(11t.ll\ 	 atMe !..'lthitho etmll i tliitc delmtlhdriietma'sc 

Table 1. The present status of tie collection of 
cultivated potato specos atCIP 

Ploidy 
level 	 Solanum species 

Diploid 	 S. x alanhuiri 

S goniocalyx 
S phureja 
S stenotomurn 
Natural !nterspocific

hybrids 

Triploid S x chaucha 

S x juzepczuk7 

Tetraploid S.tuberosum ssp. 
andigena 

S.tuberosumsp, 

tuberosurn 

Pentaploid S.x curtilobum 

Total 

No of 
accessions 

26 

99 


43 
149 

1471 

235 


7n5iitli 

3,789
 

264 


38 

____ -

5,165 


mlitc 	dch rtdiOCnIseaC acid Ithispliatase.
11 l11tOMdtC tOX;i lt.i,..'kllLlll ilo.:ldV 	 :ll 

lICliol dCih.\rit*rliasC. This resCllch Will 
be Cont inued. 

Ii vitro collection of potato germ
plasm. I)urlim 19S7. fnurther prorcss was 

Im;Ide tin tileihtrOdluctitri 9f1 11mV aICCS
ollst tie \itro ctic hank. Moretil in 

thall 2")(00 ai,'tcssirll.s are tw llintalidlld 
111rder It rl_-Crl SItrae condittios. Of 
this toial. I(710 clinis arc heing, kept as 
hr14 duplicttesill;I liaIoratir'V of INIAP in 
:claditi., wh , ituil (IP aitsI ctitrct 

fur min.1the duIplicate cilCCtioi. 

he INIAI laibtr;tl T!:lcrly re

ptts indicating,, tihe grsthisttlus ol the 
duplicates. Ill n \;I , the iumllbLer of 

clnes in tie INI\P lite Cullion 
ou\tsidC ('11PhIs doubled as a result of itn
creased .iistrilbutition from ('11). linia. 
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In an attempt to have better control of 
the increasingly large in vitro collection, 
CIP has set up a coniputcri;cd labeling 
system which ss'ill save time and rinmitie 
the risk of human error in labeling during 
the subculture steps. 

Moniloring the in vitro collection. 
i)uring 1987, PSTV testing was carried 

out onl all accessions of the in vitrO col-
lectKn (the part of tihe world colctiorr 
transferred to in vitro itswell as the 
plthogert-tCstCd co!lCCtior). ()nv one in 
more than 301)1) accesions \was fotnd to 
be positive and had to be discardcd. lhiC 
one positive sample was torind in the 
world coll, cion. 

In a CIP-ltunded contract snith the 
Rothamsted [yperimcna Station, 1.K.. 
research concentrtcd on optiriing the 
torols tor determining genetic stri-ilit' of 
in vitrio-stored potato gertrplasi. !Itis 
anticipaltld that tire trqiruclCin I ).'Y8 it 

lected previously for their disease resist
ances. These 2x clones were evaluatcd lor 
2rr pollen production and tuber traits ill 
llucayo. More than 50' of the 4554 
seedlings fromu 120 families were toulld to 
prolul:c 211pollen. 'Ii's is a significant 
increase over Lr,tYca:" pIOpiuitioi in 
which only about 20,; o! tire getntypes 
prOdUcCd 2H poiIcrl. Ihis increase is at
roost certainly duC to iahigher frequency 
ot ihe m genc in the lies% popul:tion. 
Tifs eec dclermines the foriration of 
parall:l spindles (p.S) llring reiosiis 
which, i turn, leaids to the forriMatioll of 
;n flist division restitutlion (I")1R) gain
etc. ()ut 0f the 2554 cnotvpes that pro
ducd 2r1pollen, 4(12 had tubers \\'ithiC
ccptbiLC characteristics. It was thercore 
[',,IssiblC 10 c'rV out selection for ,ood 
ltuber train, elsively wihin, tile group 
of 2ri poikon producers (Table 2). [his 
nraterial %ilin, be scrccncd for the re

any, of gcrc modification during in \it( sisr~milie that had been identified in its 
storagc can be clearly defined. ReStric-
tirn iragmnts patterns were foun1d C-
fuctive ia determining possible genetic 
chaog c of it] vitro-stored material. 

POTATO GFIRMII.ASM lNI IANCIiNT 

Diploid germplasm. ()ne of the iniaior 
objectives of potito verinpltsro cthitrce-
ment at ('I is to dec lhp diphrid p)p-
ulations with combined specific resist 
ances to diseases, genetic diversit\, ic-
ceptable tuber traits, aid airelatMi cl high 
frequency of 2n pollen prthilntion in 
order to faciliiac 4x-2x crosses. Stch 
germplas crinhmccment an the diploid 
level is designed to facilitate the usc of 
wild species--of which the majority ire 
diploid--, ithi specific resistarces and the 
hybridization of these species with tithcr-
osum haploids. 

A new 2x population wias developed by 
intermating 2x clones that had been sc-

palrcnts, and the resistrrt gclotypes m\ill 
then be used ill4x-2x cosses. 

A SCplrtle 2x oplilaltion wsviS deCl
oped Iy itterriatirig 2x conc that had 
bcen selected prc\ inusly under ic tropi
eal Conditio"r of Sari Ramon. ()riiv 14 of 
244 Clones lroilt20 tfamilies were selected, 

arid these selcctirns ill the basis offornm 
i ties% popuilatirin ill 2n polien produc
tion and better adaptatioln tin S n Ralliori 
u ;ndiuiar, 
A lariinumbe1hr ,of dipiiiid clones were 

evaluallte lor their piCnntetiil resistance to 
impoitant diseases anid pcst". Sixty clones 
\\cre htlurd o hiave resistantce to the root
knot riniatode. 09 to bacterial , lt,28 to 
early blight. and I) 'oPVY. The major
itv of these clones produce 2ri polleni. 
Table 3 lists the 2x clones with their re
spective resistances and aidatptatini, \h icii 
arc mow available at C1P on requtest. The 
clones selected at Sai Ramion are expected 
to have some heat tolerance. 
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Table 2. Number of 2x seedlings selected for 2n pollen production and their potential resistances to 
pests and diseases. Huancayo, 1987. 

No. ct selected seedlings 
Potential resistance" with 2n pollenb 

Root-knot nemnatode 21 
Root-knot nematode and bacterial wilt 75 
Root-knot nematode and early blight 29 
Root-knot nematode and late blight 26 
Root-knot neniatodo and heat tolerance 30 
Bacterial wIt 15 
Bacterial wilt and cany blight 33 
Bacterial wilt and heat tolerance 19 
Early blight and heat io!eranc. 12 
Late blight and early blighlt 17 
Late blight and bacterial milt 8 
Late blight and heat tolerance 12 
PVY (hypersensitivity and other types) 2 
PVX.PVY,PLRV 
 35
 
Cyst nematode 68 

Total 402'
 

Indicates resistances ofparents for which seedlings should segregate. 
,Ciones with a 2n pollen frequency of more than 1%. 
This total includes 157 genotypes that did not produce 2n pollen. 

G,-rmplasm derived from 4x-2x 
crosses Experiments were corductcd 
in Lima. San Raniot, and 1-uancavo to 
determine the parental value of ,ix-2x 
crosses of the diploid populations devel-
oped in CIP's program of germpilasm en-
hancetnient. The results of this and pre-
•ious years demonstrated thL superior 
parental v tlue of diploid clones that pro-
duce 2n pollen. Most of their progenies 
derived from 4x-2x crosses tut\ielded the 
checks, which were hihly contpetitive 4x 
progenies derived from 4x-4x crosses of 
progenitors well known for their ability to 
produce excellent high-yielding progenies. 

Since CIP's diploid progenitors have 
been developed with the use of wild spe-
cii's, they have Often displayed unaccept-
able tuber traits. The tuber traits of the 
2x progenitors, however, have been itn-
proved considerably. Some progenies de-

rived from 4x-2x crosses have tuber traits 
cotnpatrable to or better than those of 
sonie 4x-4x hybrid conibii-iations known 
for their excellent tuber characteristics. 

IProtoplast culture and fusion. 
Through a collaborative research project 
with the Weizmantn Institute, funded by 
the Agency for International Develop
nent (All)), asymmetric protoplast fu
sions arc being carried out in Israel. One 
of the aims is to transfer nuclei of spe
cific S. tuberosutmt clones into cytoplasni 
that cttfers the tetrad type male steril
itythrough cytoplasm-nuclear interaction. 
Such male-sterile potato clones are needed 
to produce hybrid true potato seed (TPS). 
Anthers that produce pollen with tetrad 
type tnaie sterility would still attract in
sect pollinators such as bumble bees. 

A number of protoplast fusions have 
been carried out successfully, involving 
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Table 3. Diploid clones with confirmed resistances to pests, diseases, and stress. 

Resistances 

Potato tuber motn 

PVY 


PVX 

PLRV 

Bacierial wilt 

Root-knot nematode 


Early blight 
Heat tolerance (SR)" 
Erwinia 
Late blight 
Cyst nematode 
PVY PVX 

PVY PVXPLRV 
PLRV (SR) 
PLRV RKN (SR) 
Bacterial wilt,rool-knot nematode 
Erwinia, early blight 
PLRV rcol-knot nematode 
PLRV late blight (SR) 
(PVY or PVX) PLRV 

"Male Sterle. 

No. of resistant No. of clones
clones with 2n pollen 

25 0 
28 0 

3 0 (ms)" 
25 7 
20 10 
27 16 
30 5 
18 7 
19 1 
20 8 

5 2 
1 0 (ms) 
1 0 (ms) 
4 4 
1 1 

22 not checked 
1 1 
2 1 
1 1 
2 0 (ms) 

1'Selected under conditions of mid-elevation trop:cs of San Ramon 

four S. mtolhrosttn clones and sc,,%c dif-
forert Solanum species. Many cvbriids 
have been regenerated. Front I.Nko ot tile 
fusion products between a male-stcrile 
and two nale-ferti!c tLuberosun clotte,; 
flowerinrg cvi'rids have beeit ohbtained and 
tested for the tetrad type male sterility, 
FoutrtCen iI 1 2i fits iion proIducts of the 
conbination Y245.7 (the male-steri!e erto-
plasttt donor with cy.oplasm ftorn the wild 
species S..stoh/ni ' rum) x Atzitt a (tite 
niale-fertilh recipient) prodied male
sterile cvhrids in Israel. Parallel experi
nents at ('1P in Peru did not iive tile 
sanre results. which stitugests thaltite ex-
pression of niale sterility of at least some 
clones is influenced bv ctlviroinllental 
conditions. 

Genetic engineering. During 1987, 
CIP initiated a research contract with 

L.ouisi ana State Uniiversity in the United 
States to produce gene constructs for 
pest and disease resistance. A number of 
ci)NA COnSlrItclt; have already been pre
pared atd are being inserted into ,lgro

bacternon. I'lhese includL consttructs for 
tihe produCtiort of tile toxin protein of 
Bacillts thturingiensis tihe production of 
:hilcnasc for insect resistance, aId tile 
prodiCtion of tile falilv of ('cecropins for 
bactliiaI resist alce. 

S\\'I HIP()I'()(iINEI" 

RI-S()URCE.S 
Collecting a,-,tivities. During 1987, 16 
collecting expeditions visited seven Latin 
American countries to collect cultivated 
as well as wild sweet potato gerttlplasrn. 
During 127 days of field work, collections 
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iin
were made 476 loc;t;ilies (Figs. 3-4). Areas of high genetic variabiility were 
A total of 579 cutivateJ accessions identified in eacI l the countries visited. 

were collected. This, included samples ()fall the material collected. 84"' was 
of wCdsv material. naltiVe cuhlivars. in- fond Lte%'cIt sea level an~d aboutl 201) 
p)ved varieties. and advaIeC'd blrecdine Ill above sea level. lld the rest was fotlnd
lines. I)uplic~atcs of all Collection', \,.ce 'ataltitudes above 2t001 In. Ninety percent 

th resp,-ctileft \0v tiLe ilath inatih- of' all collections \\ere made in smltllerna 
tionIS illthe se'Cl comurie,, visitied, Mad latitudes, alld () these. 8()',' were ftound 
dotlatioai. were rccciscd IaIll hC ie ra- b Utoveen dcree, A high degree(I011 11 
tioaaal pogranis. of plcriol.,pic variability was obseved, 
The uiderstandlma o) thle c tlmphlical particularly in the cultivatCd material. 

distribution of sv,cct potatm ccmipllasi is Aparl I'ronltle cltix\ated material, 92 
inmportant 'o the use olfthis material is a.ce.,sioalls rej.pretinSthg 8 wild //rO1hta
,,c1 as lorpang tttlirc collccilmis. species roan the secthilon Iataits were 

Figure 3. Market in th~e south of Colombia with sweet potato ge
netic resouices. 
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electrophoretic analyses to verify dupli-
cate groups obtained through morpholog-
ical classification have confirned the high 
degree of accuracy of the morpllogical 

analyses. These electrophoretic procedures 
were developed, and are being further re-
fined, at the Institute for Biochemistry in 
Braunschweig, West (Germany. 

Germplasnm evaluation. ()bServational 
trials to determine the yield potential of 
1193 P.ruvian accessions on the Pacific 
Coast of Peru stlowed that 134 accessions 
were extremely ;ate maturing. Some had 
not formed commercial-sized storagce roots 
even after ten months in the field. 

was tCst,'_d in San Rlamon, representing 
the mid-elevation tropics, and at Yuri
mnaguas, representing a Iwloand tropical 
site. Thcse trials \were carried out in two 
Succcssivc seatrs during the wet and dry 
seasons. Of the 770 accessions tested. 
12) were selected It San Ramon and 
54 at Yurinlaguas. The native Peruvian 
Culti,ars vcrc al a clear disadvantage 
illcomparisoi with the advanced Peru
vi'an breeding lines as well as ie foreign 

The yield potential 
accessions. of which 
ruvian cultivars, 421 
breeding lines, and 

of a sample of 773 
30) were native Pe
advanced Peruvian 

49 foreign hybrids, 

Table 4. Number of living accessions of Ipomoea batatas maintained in the CIP sweet potato col
lection. 

Inquarantine
Ccuntry house 

Argentina -
Bolivia 69 
Brazil 44 
Chile -
Colombia 147 
Costa Rica -
Dominican Republic 14 
Ecuador 
 134 

Guatemala -
Honduras -
Jamaica -
Mexico -
Panama -

Peru -


Puerto Rico -
El Salvador -
U.S.A. -
Venezuela 60 
China -

Burundi 
Others -


Total 468 

Germplasm maintained 

Invitro Total 

5 5 
1 70 
7 51 
1 1 

31 178 

29 29 
21 35 
72 206 

6 6 
4 4 
6 6 
4 4 
1 1 
- 1670",' 

19 19 

1 1 
60 60 

1 61 

7 7 
6 6 
4 4 

286 2424 

a0f this total, 317 accessions are additionally maintained in vitro. 
hThe Peruvian accessions are the only ones maintained in the field. 
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hybrids due to tile na- vested 
tive cultivars. A significantly (P 0-15) rescue. The rest 

late maturity of tile 1t stud' techniques of emhr o 
of, the fruits were left 

higher yield potential was ohsCrved in tileuntil tntlrits, and 375 seeds were hlar-
Peruvian brecdin'o lines iswell isin the 
forcign hs brids with earl tIritil. Rep-
licated vield trials lor ,clirite selections 
are now in progress. 

In vitro collection oil sweet potato 
gerniplasm. Si giiihc',nt progress has 
been Iadc ol 1te introduction of ila-
terials to the initOro bank. iind iore than 
70)0 accessions ire no\ stord ii vitro. 

vested. The hybrids to be erown froi 
these seeds evalua.d in tile,ill be field 
Cor their ;abilil to folrm sitoraig roots. 

fli' development of 6x clones frorn 
2x and 4v I. trifida. ()ii rapid, efficient 
\\av to transter .2Xand 4.s 1. rfuida cci -.
plasill into Ciltivited sweet pt.,.lto is to 
pIroduce 3x hybrids betweven 2x and 4x 
I. tri/id, and to LlscqoeCntly double the 

Il'ranse'r of sweet potlto niatcrial to ill chrollosoellic nni1tber of tile3x hybrids.
vitro will slow doss n somness h:t until ness 
storaee ald tratnsferItfacilities are Con-
struicted in l.ima (due for Collction in 
I99). The sltoagc o[ (luplicates outsidc 
Peru is being plannIed. 

)uring 1987, ness, culture med+r liat'shicm 
had been devised the prel ios er s'Cerc 
tested On atwide airr;ls ot cn1types. In 
cers case, matcrial was introduced to in 

vitro s\itlott subseqtlunt callus fortnma-


tion. This is aii imporltnt result bccause 

sweet potato is well kno mmto be highlk 


prone to callus fomanltiton, vhich can a7-

feet the genetic stalbility Of the storCd 

material. 


l+xperinients with growth inhibitors were 
carried out to increase the time be'twCen 
transfer and sub+1culturc of tilematerial. 
Sorlitol at 4(s' was lOunld to be tilemost 
effective additive to the media: however, 
further research is needed in this aca. Itl 
in vitro sweet putlatol mterial cannot be 
stored it14i- tteriperature wtich 
clearly inhibits growth of the culture. 
periods bt ecu sub)CultUrcs bectic loo 
short, 

Exploitation of sweet potato germ-
plasm. The production of 4x inter-
specific hybrids. A total of 28,866 hand 
pollinations were carried out in order to 
obtain 4x interspecific hybrids between 6x 
cultivars and 2x I. trijida. Ten to 15 days 
after pollination, 11,390 [ruits were lar-

[he rcsulting s',nthetic helaplihids should 
cross easily, v itlh cultivatd sweet potato 
cloes. A\ total of 7t)(),!I. fri/'dnb seeds 

ere lploduced in orlic!' to find elficient 
%k chrolosone 1nmva's of doubling the 
her of this triplimid hybrid Material. The 
results of this stud.\ being carried out 
iider ,M.S.'lhesis. will be reported at 
a ilater date. 

Evalualion of ixhybrids. Pental;Ioid 
hybrids obltincd frotm crosses between 
4x I. ri/ida aiid cultivated sweet potato 
Clones were evallutcd lor their ability to 
form storage rots. Ilecven families de
rived fromt crosses between accessions of 
4x /. ir/ilda and some Japanese swe,.t po-
Itto Clones wCrt. Cvalated ill [.im1a. Of 
the 341 scedlings harvested, 298ihad pro
hdued storage roots, and two geIotspes 

had iclds exceeding 2 kgiplant (Fig. 5). 
IC results indiCated that the- majority 

of' the 5x hybrids produce storage ro,)ots 
and that evaluation of the hybrids for 
traits such as dry matter and protein con
tent. as well s resistance to pests that at
tack storage loots, call he carried out at 
this stage. 

Production of 2ni pollen. The pro
duction of 2n pollen in a 2x I. trifida 
pm)puilation was studied to investigate the 
possihility of sexual polyploidization in 
Iponoca. The identification of 2n pollen 
was relatively easy because this type of 
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THRUST II 

Production and Distribution of 
Advanced Breeding Material 

D evelopment of tetraploid populations comibining, resistances or toler
ances to diseases, pests, and stresses vas emphasized. Introduction into 

these populations of in init to potato viruses X and Y (PVX. PVY) and 
resistance to potato leafroll virus (PLIR\) has been achieved. Eighteen 
duple. PVY-i mn ane clones have been identified to produce, upon inter
crossing, prognies with 97.2 ' imniunity to PVY. At preseni, intensive 
research i s in progress to Identify duplex genotypes at oci for immunity to 
both PVY and PVX. The intercrossing of these enotypcs will increase tfie 
joint immunitv from the present 50(' to 94.5'; 

Selection of carly blight-resistant progenitors has continued, and the clones 
378676.6 and Maine-47 will be cleaned up for regional distribution and used 
in breeding for carly blight resistance. GCnCtic studies have confirmed that 
the hcritabilitv (,f early blight resistance is high (W - .8), which explains the 
rapid progress achieved in selecting clones with resistance to this disease. 

In 1987, various Cl1 breeding populations. wvhich combine tuber yield and 
several resistances or tolerances. %.crcevaluated for processing quality. It has 
been found that there is sufficicnl gentic variability to select igh-performing 

clones with sufficient processing quality for the warm environments of tropi
cal countries. Ten true potato) seed (TPS) progenies that maintain a stable 
yield fron tile F, generation through four generations of successive open
pollination have been identified. These will permit farmers to produce their 
own open-pollinated berries and TPS. 

During 1987. CIP materials were evaluated in several developing countries. 
Selections of promising clones, with potential for future varieties, have been 
made. The main characteristic of CIP materials is the resistance to biotic and 
abiotic stresses. This will enable farmers in the developing world to grow 
potatoes better adapted to their growing conditions. In 1987. CIP's genetic 
materials were made available to 18 developed and 63 developing countries. 

As part of the inlernational germplasm evalualion. 
CIP material is being harvested and %elected 
at Munshiganj, Bangladesh. 45 



POTATO ()PttATION 
DEVEI OPNFNT 

For the past three wcars teiplloid pop-
ulation hls been dheveitlped that cOti-
hines tait,.s control:ing resistances or 
tolcrIlcs to diseases, pesls,tald stresses. 
Itroduction of immuntity to poltato VI-
roses X and Y vP\', PVY) iand resist-
ance to potlato leafroll virus, (IRV) has 
been achieved. 1hc Ibr.eiig trate,, for 
PV' + P\'X PtlRV iesistacsil c., as 
started by making tPVY and PVX iiunnn-
it\' iniput. into the hot ind -, Ifni tropic 
polttion. This poll)ulilliOl already had 
other attriiutes, i.e.. Iheilt tolClict, yield. 
earliness, and s veral other rcsistances. 
Three cvcles of rclrrenlt ,ction 'cc 
applied t tlhis poIpulition to incrcase the 

i ,genlie frequnciCes for P\VY ;Ind PVX. 
\'ell is foi the other atributcs. Ilighlk 

selcctcd clones front this population .lerc 
crossCL to selectd P. R\'-r..sistint clones 
to coibinc all of these attrilutes (w I 
Fig. I). 

Ai intensive assoitativc matini ,vstein 
uSing progenitors p:'viotisk ,ulbectcd to 
progeny' testing hia, l'rtnitt.d selection 
of IS PVY-inillntin rtgenitors,g Mlich 
carry tile P\'Y inmunit, AlllC ia the 
duplex stage. lliese progclitors, 

Table 1 Yield performance of heat tolerant, early maturing, 

grown in San Ramon (winter, 1987). 

Clone 

(LT-8 x C83.119)8 
(Atlantic xY84.007) 5 
(LT-8 xC83.119)6 
(LT-8 xC83.119).7 
(LT-8 x377838.8).5 
(LT-43 x 377964.5).!3 
(Y84.007 x Atlantic). 10 
(IT-8 xLT-7).2 
(Bzura x LT-7).12 
11T-83 C83 551 I11 

Yield Itha) 

24.0 
23.3 
20.0 
20.0 
20.0 
43.3 

41.7 
36.7 
30.0 
28.7 

wvhCn mited to PVY susceptible clones 
(i.e.. Nyy)). still proLucC 831( of the 

pro e ics with P'VY immunit\, lHowever. 
whenl tile dur\CX progenitors ire inter
mited (i.e., YYvv x YYvv). 97.2' of the 
protu!llics ilre inlllltllle. 

.\ grop ot 3(i clones s ith one illiele 
fl iimunity to cich Ms. PVX ndil 
!\<PY (i.e.. V'VsXXx\). his bC!l idell
tified. W\\hen oll oft ihC' clon s is Ilated 
Io a lone sustcpliblc t both PVY and 
P\'. only 25' of theicpron iire'fill
lunc. When these clones arc iniciillited 
(i.c., \\ "xyxx \ Yvyv.\xxx ). however. 

n'( ot the progmuics are immuinc to both 

\irtsk!,. htelisc research is now in prog
re.,s to idiltif dulelux genotypCs at both 
loci. luriating of such duplex geno
t '4p,,should ilncreae the frequency of' 
illllunity in li c lpr licis foill We'; to 

94.5' 
111 1987, 35.000( scdl iis \rce lloLI
'ledwith a comblhinatioll oIf PVY. PVX, 

andilITl,'. The vield pe I'tuhrlillilices of 
,elctCdl clones lrown in ten-hill plots in 
San Ramon rite presented in Table 1, 
\which sho ,s the progress olaieid in se
lecting for a combhination of it least five 
traits: high \icld. earliness, heat toler-
MIic .1and imiunity, to PVY alld PVX. 

PVY- and PVX-immune I tato clones 

Growth period (days) 

75 
75 
75 
75 
75 
90 
90 
90 
90 
90 
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Hot and warm tropic population: 
yield, earliness, HT, LB, EB, 

BW,PVY + PVX
 

PVY . PVX from PVY + PVX immunity
andigena neo-tuberosum derived from S. sto/oniferurnand S. acaule 

PVY. PVX + yield, earliness 
and other resistances 

Three cycles of recurrent 
selection with P.T. for 

t .. 2 L- 3rd resistance, yield, earliness 
and other attributes 

Advanced pop. with high Selected PLRV
frequency of immunity to relicten cle 

PVY + PVX resistant clones 

PVY+ PVX immune f Screening 
clones and progenitors immunity


to PVY PVX
 

PVY+ PVX + PLRV resistanceS+ iwith yield + qualityPVY + PVX imuetbradohrresistances 

families distributed to
 

CIP regions and
 
national programs
 

Figure 1 Bree(ling strategy for combining PVY • PVX • PLRV resistances with other 3ttributes.
PVY potato virus Y PVX potato virus X. PLRV potato leafroll virus. HT heat tolerant. 
LB late blight. EB early blght. BW bacterial wilt. PT progeny testing, pop population 

Scleettiinl Ir rcsria',llcc to P.RV the Ilast tm \ctrs the tuber lmfihlis pro
.arlk bliuht. Late blht. ;iod Kl tlijI \, ilt duced tIr cxport, under qurnlitNie Coll-
Im ben takin,, pIt. in the heat tioler- dltiit A i.i; ha. Ihivebcn indirectly
atit. ear niattrim-, pipuiititn. )urint SCr'ened (C1ettitis taken from mtther 
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plants) for immunitv to hoth PVY and 
PVX. The main goal of this population de-
velopment is to provide potato programs 
in the developing world with genetic ma-
terials from which ncw potato varieties, 
carrying several resistances (including re-
sistance to viruses) c;tn be seiectced. 

The dvCelopment o1 teratphoid 101p-
itlations with sw,,cral istancCsr', requires 
the selection of adequate tetraploid pro-
genitors. It is also imporlant, lio\.c\cr. to 
build up diploid populaliMns in whice the 
\auablC attributes of the cultivated prim-
itive gerniplasm, as well as those of the 
wild relatives, can Ilecomb1inCd to pro-
duce a usable genetic resource (Table 2). 
To transfer the characteristics otthese g-

to 50r.i. The effect Of selection in in
creasing tilefrequency of the allele ps 
ha.s, thercfore, beeni very significant. 
Some of the resistances present in dip
hoids have a particular importance poill 

tato breCding. i.e., resistances to PlRV, 
rot-knot nematode, bacterial wilt. and 
soft rot. 'lhese resislanccs may be present 
at the tetraploid level either at very low 
frequenciles or at Im levels. 

Soft rot. Work on identifying sources 
of resistanlce to I-rwilnia sip. (bacterial 
soft rot) indicates that both the frequencyI. 
of resistance and the level of resistance 
arc lo\ inprogenies of crosses aimong 
;adigna (ad) cione:K:well as ttberas 

oslll (thr) and tbr x adg hybrids, l'here
 

resources to 

was also necessary to 


ntclic the tetraploid level, it is no reliable screening method that idcni
,elect cloncs pro- tifics resistall and suscepiblC genotpes

ducing 2n-pollen. which madC the 4x-2x tmong populatiots at early stages of de
transfers possible. It 101, that the vClopinent. which is a,constraint to brccdfoud 
diplboid populattion had a,frCquecncyv ot '( '( ing work. The infeciity titration method 
of 2n-pollen production. In the present wkith a suspension of 8.8 x I1t0 cells/nil 

ptpI)latiomi, the irequency has increased \\a', used to reevaluate 26 diploid and 31 

Table 2 Diploid potato clones with contirmed resistance 

Resistance to No. ot 
pest disease stress" resistant clones 

PTM 25 
PLRV 25 
BW 20 
RKN 27 
EB 30 
SR,HT 18 
Erwinia 19 
LB 20 
CN 5 
PLRV SR 4 
PLRV/SRIRKN 1 
BW RK 22 
Erwinia/ EB 1 
PLRV;RKN 2 
PLRV, SR,LB 1 

, PTM .= potato tuber moth, PLRV potato leatroll vi'us, BW 
EB - early blight. SR soft rot, HT = heat tolerance, LB 
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to pests and diseases. 

No. ofclones with 
2n-pollen production 

0 

7 

10 

16 

5 

7 

1 

8 

2 
4 
1
 

not checked 
1 

1 
1 

bacleial wilt, RKN root-ki nematode, 

late blight. CN = cyst nematode. 



tetraploid genot'ypes previously found to 
be resistant to soft rot. Good levels ol re-
sistance w\ere observed in N,diploids, and 
moderate resistance \is found in S tetra-
ploids. lT,-,e results unlderscore the in-
portance of using diplhid species I!,pO-
tato breeding to introduce those traits that 
mi,,ht be missing or Insufficient at the tot-
raploid level. 

Late blight. InI the Peru-Colohmbia-
Me.xico system of sclecting for rcsistanlLe 
'o late blight (I'I h./'hhl/ra i./icstan). 
earliness. inod other attributes. 12)1 clone, 

enits. clone Maine-47 was found to be 
highlv desirable. It transmits two traits to 
its prog.nies, earliness and early blight re
sisltance. sshich irc normally negatively 
correlated. ('lone ('11 378f76.6 continues 
to be an outstandilg progenitor for early 
blight resistance and it also tranrsmits late 
maturitv to its progenies. 

In other trials, clones BL-2.9. 575(149. 
and Atzimba also tranSmittCd a useful level 
of resistance to their progenies. These 
clones are of particular impoirtance since 
they are also good progenitors for late 

prOdUCCd under quarantin conditions in llight resistailce. Clones 378676.6 and 
Peru v.crc field-tcsted h%the national 
potatho I ogram of IC at the Rionecgr, 
site in Colollmlia. Of those 15)tested. % 
clones were selected lt late bhlight rc-
sistance. earliness. and good tuber ap-
pearanc. rial, to test for stahilit\ of re-
sista'ce to late blight w\ere carried out in 
('oombl-,ia and Peru (I luannlct)) in ;I set of 
chortcs that had been previously selected 
In Peru. Colombia. and NlCxico. [)CspitC 
the late blight infcCtion in Itluanuco not 
having been intense (many clone' %ere 
not infcted), the genotvpc by eniron-
menit intera,.tion for yield was very strong. 
Some of the igh-yieding clones at ilhuia-
IIuCO performed poorly at Rionegro. but 
their late blight resistance \\,as sat isfac-
tory. Under botth environments, clones 
381382.34 and 381381 .9 gaxe excellent 
performance: they sho\\ed a reduced late 
blight rate and ranked in the top five for 
yield. 

Early blight. '[le selection of pro-
genitors with resistance to early blight 
(Ahernaria solani) for population devel-
opnlent has contianued at San Ranon. 
Previous results \ere confirmed, showing 
that early blight reduces yield and that 
there is a tendency for the latest maturing 
gentypes to be the most resistant. A 
7 x 7 diallel mating design was evaluated 
in San Ramon. and among the tested par-

Maine-47 will be introduced into tile CIP
 
seed progran for cleanup and distribution
 
to the regionls for earlv blight resistance
 
i reCding.
 

Ill carlier experimentts, it was deter
mined that the heritabilit for early
(C112) 
bli.,.,ht
resistance was about .7. This year's 
research has confirmed these VsLIIts, is112 

vaLues of .8 and .9 ha\e been estiniated for 
ealv blight resistance at 65 and 75 days 
after transplanting, respectively. These 
high heritabilitM estimates would indicate 
that rapid selection progress can be made 
selecting for earlv blight resistance and 
\would explain the rapid progress already 
achic\ed in ClP's breeding program. 

The performances of clones with early 
blight resistance selected in previous \,ears 
has been assessed at San Ramnon, evaluat
ing the resistance at 55, 65. and 75 days 
after planting (Table 3). Data show that 
it is possible to select medium to medium
early maturing clones with anl ad quate 
leel of resistance to early blight. 

Processing quality. In April 1987, a 
survey of CIP's breeding populations was 
initiated to evaluate these materials for 
their processing quality (i.e., chips and 
French fries) Advanced materials from 
various breeding projects were evaluated 
in Huancayo and Lima. A sample of 79 
highly selected clones with resistances to 
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Table 3. Performance of advanced clones with early blight resistance, reevaluated at San Ramon at 
55. 6.1, and 75 days after planting (summer, 1987). 

Clone Pedigree 

C85.012 (Beauvais x 1T-7).41 
C85.010 (India-1f,.C x LT-7).62 
C85.031 (3778PI.25 x 377964.5).41 
C85.054 )M(i.e-47 x 378015.16)66 
C85.002 (Desiree x LT-7) 42 
C85.009 (India-1035 x LT-7).54 
C85.102 (C83.621 x Katahdin).51 
C85.051 (Maine-47 x 378015.16).51 
C85.036 (377843.3 x 377964.5).51 

Early blight resistance: 1 no damaae, 3 
IEarliness rating: 1 very late, 5 medium, 9 

lttc blight, c'st ntietitattrd,. hacterial wilt. 
dtnd root-knot netnatode were evalttted 
tt Hftlartcto. -rom these. 13 clones with 

ig l dry matter CO tllt tllld low redti inC-
Stlgl" cotntent were selected as prospec-
tive progenttors. 

During summer 1987. it rCCding ltp-
ulation with leat tolerance, earliness, 

Table 4. The eight best potato clones from a 
PVY-immune breeding population 
processing quality at Lim a (sum mer. 

Dry matter 
Clone content 

(Y84-007 x Y84-012).15 24.35 
(Y84-005 x Y84-016).2 2431 
(Y84-053 x Y84-004).6 23.93 
(Y84-020 x V84-00 7 ).3 23.56 
(Y84-012 x Y84-007).11 22.69 
(Y84-007 x Y84-020).19 22,10 
(Y84-020 x Y84-012) 18 22.05 
)Y84-005 x Y84-016).13 22.00 

Desiree (control) 17.80 
Revolucion (control) 17.70 

Mean for selected clones: dry matter 
ducing sugars 2.69 

selected for 
1987) 

Reducing 
sugars" 

1 
2 

2 

1 
2 

1 
1 
2 

4 
4 

2128, re-

"Reducing-sugar content estimated us'ng the gluco 
test strip: scale from 1 0% to 5 - more than 2'0. 
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Early blight (days)" 

Earliness" 55 65 75 

5 2.5 30 4.0 
7 2.0 3.5 4.0 
5 1.5 25 3.5 
7 2.0 3.5 5.0 
5 25 3.0 3.5 
7 1.5 25 3.0 
5 1,5 3.0 3.5 
5 2.0 3.0 3.5 
5 2.0 3.0 3.5 

up to 10%, 4 up to 251., 5 up to 50%. 
very early. 

and lltlllllitv to P\'Y was field-testcd 
urder the ett,'ronttet;tl stress conditions 
tt lina. ['otm this pottlatioti., 109 pY. 

i1Ill IltC e ttCec1iC, C selectd. The range
of ,pecific rtaity %%a" frot .1)6) to 

.l)i ! !td the rCducing-su tr colltCit v;
nLed 1ltottl (' to more than1 2'.. Despitc 
high tltpcrltlre , which have tl tet
detncy to prtoducc significallt redlctiols ill 

dr\ natter comntei. the poitptiotit for 
tie ltt atlld h'1111d ln ,irotl lts CXhihi
lCtlIul1'Jcietit Ceretic variabilitv for pro-

C O M112l ltrih u t e s( T al e 4 ). I n th is p o p u

atioll. atlIlca ly association was found
between dr thiltteffr ColtteCt .n1d reducing 

stloar cortetit. 
Dtritig winter 19,7. a dipioid S. plhureja-

S. h'tOIottnu,, poptutltiton selected for 
high dr' tiiatter colltletI. le.t toleratice, 
i1LtId .l(lIptatjotltltublrizc uttnder lontg
 
da's was field-tested at lima for yield,
 
tuber charactcristics. ittd processing qal
its. The Specific e.,ravity ranged Iro111 

1.035 to LI.134 atid reducinil-Sttarcoiln1n r content
rattreed frotn ) tot more than 2:; . 

Salt tolerance. In it collaborativc ef

fort \'ii the University of Tacn. in 
soutllerti Peru. selectio11 of potatto clones 

http:Y84-016).13
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Table 5. Yield performance of lhe best salt-
olerant potato clones evaluated at one site in 
Tacna, Peru (winter, 1987). 

Plant survival Yield 
Clone (() (lha) 

Sr-14 90 236ST-6 100 200O 

Sr-16 90 180 
ST-i 90 166 
ST-13 90 16.6 
ST-20 90 15.6ST-0 900 15.6
 
ST-4 100 15.0 

ST-2 90 14.1 


Tomasa (control) 100 10.0 

adapted to arid conditions and With Sllt 
tolerance has cotlinfid. In calI !t-)7, a 
samle of Mffsalt-tolerant clones was 
tiiv'1 to thr'e aerictli ural instttltiots ill 
lIacna lfor furtther testit-i. The restst, oh-
laimed itl a trial carried iit b; one l 
these institttins (Tlhl 5)Indicated tha;t 
tlhere was strotic potenti: to ,elect poltato 
Cenlti\ars with otl leCS Of adltlatiith I 

the arid antid saline aas. which ite pire-
Sent il tntV dveClo'iii, cotiltric,, 

Research tol devclp a ,cCllin,' ,crCen,-
in tcchnitLue for saltt aicesil,as sttr:e'd 
by trmnliltti,i optt, n.illtllated (0)) see 
if s veral dtie..s in N;.(l sotliiti 

increa,tn clcctriill cmnductis\Iv (Il(). 
Perciii -crtlitatlOtn Mtid rts th in lnlh 
of roots s,'ec tciasured. Seeds'tof' IiCo-
per+iiin chlii'clsis \hih il a scsll-kt0\o l 
sitlt-tolCerillt spe.is.,, t as resislttnt 
chtCcks. ('insidhraic viiahilitV skis lb-
scld ftir the characteristics iesllCre. 
The OP tf (4. 128 vussced clote atltskt 
ltutilell in showinv i hitgh prceitaie 
(84.3( of Certination esn ittllll ti I l 
15.8 tnmnhos. Studies to ticasure the ctr-
rclatiort htsveen seed.lini behavior aind 
adult plant performance under saline stil 
ctnditiotns arc Ut.dervav. 

Argelltina. A ne, project was Ini
tiated with tihe National Institute of Agri
cutral Technolog (INTA ) to select ma

tCtias with .Itarlillessan1dt s1t rt dotrtia.ncV. 
lFtur scries from INTA hreCdiig mia
terialh, (INTIA 4 to INIA 87) and one 

tsics fron ('I' materials, having IPRVrc100 antd imn nitv to PVY, aresitatice 

beluc scrcencd at Balcarce, TUCuman, 

and San l)dro. The objective is to ill
crease tile frequency of favorahle genes 

)k)thIIC1 'TIhe 
scrics hats ('11) paretitage in somle of the 
fitiilics. 

\Vest Africa. Sclected ('I1) clones vere 
sent in 1 N7 to (a;tt,_root. Senegal, Ilt.go. 
MnIli F(jlltttirial (htLilta for Uvaluation hV 

for bo ci traiIC tCristics. INTA 87 

the national pitttit plrogratis. I-lie tmlajor 
i,.ti,.e was to idtnti Clones with late 
hliht and hacterial silt ticsltlice., adap

tiO tl10 ttn clitateC , Mtil sttitalhility 
ort intrcrtplittg. Rsult fot offrom set 

cIlone', lpslotiltsl\ introdtuced ito Senegal 
indicited tht sesClected clotes ill)
patred to be w\ell 'daptced msith sields 

nit im.'.nfrom 21 to 33 t ha. Results front 
lthe otlher thrcc ctmtitric,, st lc not vet re
Cci'dil the tileii0 th riIptiti. 

East and Central Africa. In Kenya 
pojc.t sasart ditt 197 to produceli 

',dpc'ific isbrid prtogenies thatl ill icor
tetritst ltr cniro enttital adptt

tion froltil the best locil ctnlliars atnd 
elons. (rosss c iirtad itt KenVi atid 
the hybrid sed iS distriblnted to those 

tit!ltri's o tle Ciotill Whtre nlational 
scienlist,, hise bcen Iritincd to tmake se
letitis. l'rcsCntls]. itese contrics hicludC 
ltrtilldi. Ftlhiolia. KeiVa, iild Rs,valnda. 

In lutrnttli. the laliotnal program of 
ISABI plattted otin-farM trials of lte\, va
rieties released to farmers to assess the 
CotitintCd performance of this material. 
A ttal oft 24 on-farm trials of four ines 
varictics were plknted. With the variety 
Ndinamatnara Vidlditiit twvice as 1itch as 
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any other variety (15 t.ha). This high per-
formnicc shows %h%falnmcr denand for 
this varietv is so great. 

A new potato rescarch project has 
started inl 1987 in F,hiopia in collabora-
tion with tlic Institute for -\griculturail 
Research (IAR). The scientists of JAR 
hatd prvc'iouslyv scrcd in 1985-8n a,v\ide 
rlle of iMtCia1l.and t\%o ('IIP ,clnes. 
3783n67.4 a1nd .17851)1.10. \CrC selected. 
These clones tverc enterCd iitlo the ai-
etM \erification trials plinte,d in l 87 it 
three OCloltiOnS ind comnlpalrCd Niti tle 
:ocad control. The finil dCcision of the 
Nitionil Viriety Relcasc (ollittece \ill 
Lce a ita'Jilc \\lell the fiil hisest has 
been caltiled. :\ tot'l of 3 varietie 
and advanced clones, selected in prilo, 
yeirs. \'ere ei'luiatid InIdCr irrigatilit 
conditions It the min resarc'h cCtr at illice, this \riet\ is nowMbeitn grown oil 
Iloletta. Tubers frollm this nultiplicltion 
\were igain gto ill durinIglhe rIli\ scisol 
(Junc-Octol er). Results iC still Ibeiil 
esiltiitCd, but several clones \\cr ex-
trLmhlV susceptible to lite b2light. indi-
cating that loss pathogeti pressure dunitig 
the previoUs dr\ sCetSOnI pCiinittCd them 
to cscape the screcilittg process.

Asia. There is in ong oii pror'all tor 
potato geriplasi evaluat on it Pakistan. 
carried out b\ tile Pa kistan AriCLIt uriiI 
Research ('ouncil. From 02 Clines eval-

ilated in imacro plots for \iCld and lalte 
blight resistatice. 5 cloncs ielding nore 
thain one kilograll per plaint illlint.Jiled 
their resistance 121 di\s afCr le iCnce. 
T\\ enty-five clones ont ic!ded tie thilree 
commnlercial 'arieties used is controls, 
This progrmtn \%ill continue at the high-
Altitude statioii of Kilan n(2300 111)id 
oti the pliins ll Faisalaibaid. T\o clones 
selected from te niacro plots \\ill he 
tested in on-farni trials in 1988. 

Lirgc numbers of ptrtiilly selected !lid 
advil:gced clones have been introduced 
into China during tie paist fe\ years. 

Evaluations to select superior cuhivars 
are being ilpklmented at research insti
tutes in the provinces of Keshm, Inner 
Mongolii. Datong, Beijing. Gi Su, and 
AnI IhiIi. Major attributes Ieing selected 
for ire high yield, high stlrch content. 
ltic light resistance. and resistances to 
PVY'. PV. alnd PIRV. In Inner Mon
golia. four clo. ae reaid lr releise 
ind hav biccn coded Is C 1P-32 u3 .

01.77. I0 x XY 15.4). (II' 30 (Serria \ 
.177'9. I). CIP-3i) (Serria x 377Lt).I), 
ind CIP-.15 (Serrana x XY 14.7). lajor 
a.ttrlbte1s rc high iclIi lnd resiStanCes 
o PVx. P\Y and ltile blight. The clone 
)-71._41. (origin INTA, Argenlina',). re-

Centh selected an1d rClCisCd is i ariCt'. 
, gaining poptulanity anionrg potato pro-
I In Inncr Mongoliai Provducers in Chini. 

Il-or thln 0) ha, in Shinxi Province ol 
more thin 41M) ha., aid itln tllSt Pros'
ingcC ther e ire lore thint 201( hi of this 
varictyv. In the latter pios ince. the clone 
(FK-69. I is Also becolning ittportint and 
1,\\ occupies Ilore than 6700 hla. 

TiFRt PO rAT SEED 

Performance of open-pollinated (OP)
progenies. In the San Ramlon 1987 
\inter, i saiple of 2) F, TPS progenies 
\ere tested for \ield perforrntce and 
igronotnical charactcristics in cotnlpi.ri
son \\ith their successivc OP 1. )P. Op, 
aid P.1 geieritioils. In this trial, tell 
proenies (i.e.. 501 of the population) 
did not show an1\ mijor yield reduction in 
successixe ge,'tiots of open-polIilnation. 
Open-pollited seed results from both 
selfing aid cross-pollination ind selfing 
generates inlbreeding. which should be re
ficctCd in yield reductioti. Those proge
nies thit did not show inhreeding depres
sion originated front crosses of progenitors 
previously selected for general combitiitig 
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Table 6. Average yield per plant (g) of five generations of selected potato progenies that did not show 
inbreeding depression. 

Generations 
Progeny F1 OP, OP;, OP,OP3 

379543.3 x C83.551 404 430 617 423 450 
C83.494 x 377964.5 395 411 475 483 439 
C83.551 x Katahdin 233 338 358 236 738 
Serrana x LT-7 522 672 531 493 543 
377830.2 x378015 16 537 630 657 810 822 
376918.2 x575049 447 ,100 592 524 730 
Serrana xC83 119 499 516 604 823 718 
377871.34 xC83.5S1 479 481 601 422 513 
378017.8 x Atlantic 435 532 435 447 658 
C83.494 x Katahdin 517 451 517 526 565 

Table 7. Comoarison ofvarious traits for the 15 hlighest-yielding potato families at San Ramon. 

Yield plant No of Weight of
Progeny g) berries plot berriespot (g) 

GS-18 611 ai 101 bc 375 bcde
 
GS-19 538 ab 
 57 bc 203 cde
 
GS-15 511 ab 18 bc 
 49 de
 
GS-6 509 ab 
 32 bc 109 cde
 
GS-24 498 abc 
 121 abc 558 abcde
 
GS-14 471 abcd 
 23 bc 58 cde
 
GS-30 462 abed 
 69 bc 163 cde
 
GS-11 459 abca 
 150 abc 682 abc
 
GS-40 456 abcd 
 91 bc 334 bc
 
GS-13 420 abcd 
 276 a 1140 a
 
GS-34 411 abcd 
 266 a 951 ab
 
GS-41 404 abcd 
 129 abc 418 bcde
 
GS-26 396 abcd 161 abc 
 504 bcde
 
GS-5 391 abcd 56 abc 
 162 cde
 
GS-39 366 abcd 40 bc 
 131 cde
 

ability (CiCA) for yield and tuber uni- produce seed of the successive OP gner
formity (Table 0). \Vhen the progenitors ations in their own fields. 
do not have a ligh (;('A for yield, the cf- Experiments were performed in San 
fedcof opcn-pollilating, i.e., inhreeding, Raion and lluanlcao to study the cause 
frequclytlN reduces their pertformnice. 4.fyield reductiOl ilOP gCtCrations. Six 

The progenies thal do not show dcpres- families with three generations of OP for 
sion hI,open-pollinationllnty ieverv use- each were included. The families were 
ful for farmers in devchloping counlries harvested It60, 75, and 901days after 
who could use the F, hybrid and then transplanting. At eachi datc, ten plants 
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per row wyere 
characters were 
her and weight 
:eld per plant, 
prfonian1ce Of 

harvested aR] difr1leL .t 
iMasured sticIh as i1ii[:1-
of hio and small tihe's, 

and total weidlht. lhe 
different (P CenI'ationlS 

showed that illitiaion and hulline of it-
hers wcre slower in advanlceUl Cnlratiolls 
of (T than ill OP, e puCCiaIIv tinder hi,1h 
stress conditions (Figs. " anrod 3). Somc 
of th fi ilii's .xhihlited conlstaint pirfor-

Weight plot 

4.00 .. ...... []OP,, 
3.50 OP, 

3.00 OP, 

2.50 

2.001.50 ~:! 

1.00 , 

60 days 

manCes for difIfIrt 0) ations,eCniC i'
ir-qpc!i ye of ha.trvest a. 

Evaluatiol of progenies. I+£xperhlients 
wCrv coMducted San aoln,in [ilna. Ram 
and l ltianc-o to evaltate progenies from 
selecited par.ntal lhes adapted to the 
warll tropics. In a Comparison of the 
!5 hig"hitt-Vieding IfatmiliCs for different 
char~i.tcrs, somen of the families (GS-IS, 
(iS-I', ( S-((is. -21--. and (iS-Ill) ',ho%%,ed 

, 

: 

+" 

5 days 90 days 
Date of harvest alter tranplianting 

Figure 2. Yield comparisons of OP,, OP,, and OP,, generations at three dates of potato 
harvest, Huancayo 

Weight plot 

1.20 

1.00 OP, 

0.80i-+
 

0.60 

0.40 i ::: ., 

0.20 L .: 

60 days 75 days 90 days 
Date of harvest after transplanting 

Figure 3. Yield comparison o OP,, OP. and OP3 generations at three dales of harvest,, 

San Ramon. 
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good performaince for TPS M i agr mo 
ical characters (Table 7). The results imdi-
cated that these families are suitable for 
both hybrid and OP type tOfTPS p)roLduc-
tion. These families hate been ScrCenCd 
for bacterial %lIt resistace inIplastic tla\', 
with pronising resuhts. 

Evaluation of advanced TPS pa-
rental lines. A total of 3)5 advanced 
TPS parentafl lines \were C"luated in San 
Ratnon and .1imafor replrodtctive Mnd 
,trontuich.characters. The lperfornt uces 
of these clones \\ere excellent in both lo
cations aid elon1Al Climination to redce 

coun t ries. Sorue hay,, high dry matter 
cot1ent and a low content of reducing 
sugars. 

Selection of TPS progenitors. In 
I7. three IPS tlrogeilitors (('83.1 9, 

377104.5, and lMaine-28) wCrc iltloduced 
to the secd program for cleanlup. After 
s.,cral testine cycles, ts'o ne\ ItS pro
eenitnrr, (377251.7 and ('83.551) w\ill be 
introduced for Cle'ano. All of these pro
cunitors traismit yieldinge ability. earli
nes. 'and itber unifornmit\y. 

the r)OpIlattiott Sic \,as \erI difficult. l P)l.\l() (1:R0',11 ASM t)tSr RII.UItON 

From these clones, 170 werc selected and 
grouped atcordint- to their charactcrs. 
Some \\ill be Used 10r trslanIlutin,- atnd 
othterS or seedling tnb]eur prqoduCtion. [he 
clones .\\re eralI;tCd (or re,sistance to 
blacklee. sot rot. and le'Ailintr Is. 
Scrccnitte for leatttiner tl idCntitiCd 3 

('IP tested 2332 ,amtlth s from the seed 
prmogrlnl \k ith an ildicator host range and 
Fl.IS.\ lor PVS. PVX. PVY. PLRV. Anl
dean potato latent virus (API'I). ald 
Andelun polittli mottle viruns (API'V). All 
,,liples x.crc \irums-lre. indieating that 
eradicaition ItCtasres taken to prevenit 

clolnes \\ith hith rCsistnc md 14 ' ith eolltatlinatioll inl export auiterials have 
mediniu rsCistateCC. li1htt-tltruc clones bccnIsnCCCSfl. l)nritte 1987,. UIP dis
has e been selected for use ill piot'jCCt tt tributed genetic materials to 81 countries 
p7or0t breeding for lprocCssing in tropical ,orhdide (Table S). More thart 1200 

Table 8. Distribution of potato germplasm from CIP headquarters in Lirna, Peru, during 1987. 

In v,r) True potlo In vitro 
Clones T-rer !anh1es pla"" sue d, Seed progeny tubers 

AcCe Acces- Act(vs- Accs- AcCes- Acces. 
CIP region SOS Urs, it sn s Ur"t, Jl, j,!s SCrS Urs s O; Unts sons Units
 

(5)" 231 1672 . 7l 15 1 138 27 5- ,o8 1-15000 2 320 

11(19) 413 3810 2.11 6-17 187 393 33 71890 86 21J0 890 6 360 

Ill(6) 25 72 163 2 714 41 89 81 13919 15 84 150 - --

IV (8) 27 410 185 3981 .10 90 76 19 795 20 1 .112,000 - -

VI1) 67 1,373 .10 2546 - 35 12100 60 259000 -

Vi (7) 33 1 168 115 2.661 143 315 55 16500 4, ". 78000 4 40 

VII(6) 86 552 8 628 57 115 102 30,700 2 1 381.100 4 465 

Viii(1) - 24 349 - 18 68.900 - -

Others (18) 2311 5? 436 228 10 1 876 1,050 88.1 49,157 24 100 

Total 1,116 10963 961 23,567 963 3072 1285 288,691 289 4,174,240 18 1,185 

" Numbers in parentheses indicate the number of Countries within each region, and for "Others" the number of 
developed countries to which shipments were made. 
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IPS families havc been distributed to 25 SW\IT POTAT() RLSFARC'
 
countries. 
 Research on field plot techniques.

C1I1 gcrnplasml distribution during 1987 Determination of optimm iplot size 
has had a major change with respect to and adequate number of replications to 
distribution in 1980 and in prscious .cas. e'aluate yieldI. nlihnmitv trials were 
There has been a1decrease il rCqutcsts for coInductld att Litna. S;ill 11',Rlolt and
clonal matcrial (tubers) alid tuber fatni- v,Inait well-adapted svxcet pota
lies,. but a siifijet inIcr'asc il the c- 1t cultivarS. Ilh -esults, indicated that 
Iport of in vitro l)ants. likcs. isc. the re- in lacnlt and Sall Ramtntilthe optimmtl 
quests for TPS prOL'cnis have triplld plot si/c v,as h))'I plants while :it limasince lSh. Iis is an indication that the it '.aSt laits These'CrCuts Coincide 
expertise to Initaec gIcetii D1ppla- the0 \ ith tlnlgliltltdC lf tlie coTfficicnt t 
tions has incraCsed aid is,bein carried soil hcteroecneCit\. (13\), hiks in the 
out lllic Cfficicntx cases Af 'ItaiI Mid l l] Riniloll \ is 

Table 9 Determination of optimum plot size and adequate number of replications to evaluate yield in 
sweet potato 

Plot size Coefficient .. . . ... No of soilCulivai Location No BU" No plants ieplications heterogeneity (13,) 

"Morado de los Palos Tacna 15 (22 5 m ) Wd 4 041,17
 
Nernanete La Molina 10 (15 5 m) 60 4 
 02067
 
Jewel San Rarnon 15 (22,5 m') 90 
 4 0.4757 

BU basic UrlitS 

Table 10 Yield of 12 top-performing sweet potato cullivars under normal and restricted irrigation con
ditions, Tacna, Peru.
 

Average performance 

Average yield Normal RestrictedCultivar (tha) irrigation irrigation 

Ingles 17 9 1 1 
De Zapallo 35.1 5 5
 
Pacarenero 
 34.8 2 
Perotito 33,6 3 
Chancleta de Chilca 33.1 11 4 
Japones 
 33.0 3 7 
Jonathan 31.1 7 11 
Juan Sanchez 29.4 - 6 
Guiador 28.9 - 9 
Pisqueho 28.8 12 -

Negrito del ihuanco 28.6 -
Chancleta 28.5 9 

"Cultvars vith a dash I-I were not among the top 12 clones. 
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greater than 0.4 and at Lima it was 0.2 
(Table 9). 

Evaluation of cultivars and toler-
ance to salinity and drought. This 
evaluation wa, carried out in Tacna as 
part of a research contract with the Uiii-
vers~ty of acna on a sample of 106 cul-
tivars from CIlP's germplasm collection. 
The soils are saline with values up to 18 

inihos/cm of electrical condIctiVity (EC). 
A split plot design was used, applying 
to the mail plots two irrigation regimes: 
normal irrigation, applied every week: 
and restricted irrigation, applied ever, 
two weeks. tileIn the subplots, 1016 cuL-
tivars were distributed with four replica-
tion,. I)ala Ol file average performance 
of the top 12 cultivars is presented in 
Table 10. 

The cultivar Ilngles prodliced the hih-
est vield (47.9 t/ha) alld was tile best per-
former at both norIial and restricted irri-
gation regir;es. The rest of the cultivars 
performed well, particularly I)e Zapallo, 
('hancleta de Chilca, Japocs, and Jona-
than, indicating that genetic variability 
exists for adaptation to salinity and water 
stress. 


TRAININ(; 

Over 1()0 scientists attended meetings 
during 1987 on gertiplasm enhancement 
for potato and sweet potato. Fifteen 
countries were represented at a regional 
workshop ol potato germiplasmn utilIiza-
tion and distribution iil Tropical Africa, 

held in Kenya with the objective of 
strengthening ties between CIP's breeder 
stationed in Kenya and national potato 
programs involved in gcrinplasm screen
ing. Researchers ineastern and southern 
Africa are now more conversant with 
CIP's breedirig strategy and know which 
('I1P germplasm is available and tilemeth
ods for evaluting it for adaptability and 
resistance. 

The third regional course on potato 
gcrmplasm management in the Philip
pines had 33 participants for South and 
Southeast Asia and the Pacific, and a 
similar national course in China was at
tended h researchers from 11 provinces. 
Fourtieen scientists also received individual 
training on various aspects of breeding, 
1nCudiig [PS, at headquarters in Lima 
and in tile Philippines. 

As CIP enters into sweet potato research 
aid improvcnenc of the crop worldwide, 
it is vit:i! to know tile ctirrent status of re
search amid development inthe countries 
with whom CIP will he collaborating. The 
rieeting at ('IAT and ('11) in lune for 
South America and the Caribbean arid the 
joint CIAT-CIP-IHIA meeting in Kenya 
it late September for Africa brought to
gether researchers to report on sweet po
tato production in their res;Cctive coun
tries. Reconmiildatiors were drawn ip 
to facilitate improvement of the crop 
thlrougl germuplasm evaluation and distri
bution. research on biotic stresses, amid 
phvsiologic, agrolomnic, and socioeco
nomic studies. 
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THRUST III
 

Control of Bacterial and Fungal Diseases
 

B ediiT1uir,reater bacterial v it re"istalce in potato lts progresse Sirl 

nificalt it sev\cral location, ',around the \st. A ncw%source of rcsist

anc1 \tsv;re.ds edtfiinu 1
;I ll.II-Ill At,ri;i. Tihuoneh contrIct research at
 
the Ulniversitv of ueull 1uoniCI Mtihtdics
oWison,i. ut1tl a1inSt I'.[nlinmo
,Ims sol4t1tii'itlu sxeu c\CIL' , :lid tis frotll
i descol callus t luture.'s resistant
 
and suCltiblCC Ipotato0 c10'lic \Mfu. crosl thadt hlIis.'td itffrCnti l
the suIme 
rslpolNCS t0 Pwm'lldplmnlna ; the clon s,thnum"else. The b!ctcrial silt
resistant clone. ( .., releas to Keui Ill
224. t d trllls ill ita \ri..tv. the
 
Philippitnes at [ntisi,.',Cscviiadvlncel chiMe, S1ius,.d eLid wilt rcsist
icc itd .'ae .,Idl, l ll " t ilt Il 'liliit. .loil,\,S-4. 3 C0 tiu1iid
 

to shosv lo' '. aC'''aarli,tH
rCsi,,t;n,C, N i i I rice 3,shilc (IP ch1dne 
377S5.2 (Il- ,.47. \,\\ l' 3-1 rcSistailt, l II rlc,,,.i 

Studies (nIithe cciili,%, tl actc il s rtttI lrsvinias sh wcd t1hat seL'eds 
in \s',tcr-lhuit.Ll "(Ill .l.' l..t..l.i. ..Rloit ,,izpplt ... A rapid scrueninf test 

,
[t resistance -rintv (/thv"ti'tl[ollj[ deduhped. ]rllnractiills hctwecto 11, 
LFrwini :iald Intin al lpall1t.eln,lt(tlitl the scs'crit\ Of* sft\,er'C to Ceiitribulc ti 
rot in potati tuber,,. 
Ancs\ popl;ition w~ith Ihld or 1lri/Oitntl reistanicC to kitC blight is unIIdCr 

uevclopmcnt. Secral hi-.h-\icldin. elones \,crc scicted for late blihit resist
:mc in the Philippine hi,-,hlands h\ the Nlounntainl State A eriCultnral Collc,,C. 
i)cvClolmlcnt Of rcsistalcc to carlk bli~ht scetms proltii;'w. altholuth it is 
somnctimcs linked t Ilatenes,. ('ollaboration with the National ( oenterfhort 
ticultural Rescarch in Brazil t)improvC resiCStancC to Carlk i,ight resnlted in 
selection of 7-1eloner.s by Braz/iliant scientists aid 12 ClonCS (1h0r ghlbl usc) 1h 
CII scientist,. Inthe Philippincs, chemical control of carlv Ilight has giscn 
good results. 

l)ifferences in re,,istalce to Vt 'riilliMn doh lioi were ft01.111d illCdIeIC' cV;1l
ted from the ('I1P pathogen-tested list. Several andicn',a C10ons with resist

ance to V. dahliw were idCntilied in ('oombia. In a sCCtdL survey on ptatto 
diseases in Colombia. this fungus and several others werc. rated as scrious. 
Four out of 51) cultivars tested for powdery scab resistance wcre immune. 
Resistanccs to It.arinm o. .spcrtnn and /-.sotni that cause dry rot were 
identified. 

('orTipsilC 0c%( of ;tntlin!tCii libcriypesand theirrcacfioi tien 
inoculated viihI"hiwarioi ot;'sportmiitiedry rot fungius. 59 
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BACTERIAL WILT I)ISFASE 

OF POTATO 


Breeding for resistance to bacterial 
wilt. Peru. A large population of new 
tetraploid material with resistance to bc-
terial wilt (I.setdonMfMIs ,olanacearon,,) 
became available in the forni of subsets 
representing combinations of varying lev'-
els of strain- and site-specific resistances 
with varying degrees of earliness and adlp-
tation. This material was etetd in Peru 
as well as in CIP's regions for rcsistance 
to bacterial wilt, agronomic performance,
adaptation to specific sites, and in son 
instances for dry matter content, 

Groups of this material were tested b\ 
CIP in tL~uancavo, San Ratnon, and limM 
and in collaboration with the Peruvian 
national potato progran of INiPA at 
sites in Huaraz and Cajamarca. Fur dier 
emphasis was placed on the reCvaIlatinll 
of material previously found resistant to 
one or more strains of 1).soianacu'artm. 

In a triple 8 x 8 lattice design carried 
out in l a group of 768(0 seed--tuancayo, 

ings were evaluated for yicld and agro-
notnic characteristics. Applying strict 
standards, CIP selected 3(8 clones (4.8"; 
of the total) for their outstanding vield 
performance (1.5 kg per plant average) 
and tuber characteristics, 

Material with the same genetic back-
ground was sent to Rwanda, Biurundi, 
Philippines, Egypt, Indonesia, and Brazil. 
Results returned from Indonesia indi-
cated that out of 760 genotypes repre-
senting 63 families, 96 genotypes from 23 
f:milies were selected for further evalua-
tion of resistance and agronomic perfor-
mance. A breeding program for resist-
anice to bacterial wilt, suited specifically 
to local conditions and to be carried out 
on site in Indonesia, has been planned 
during 1987 in an effort to breed for 
more site-specific resistance. 

A population evaluated under hot and 

humid conditions and natural 1)..lsolam
cearum field infestation in San Ra non 
exhibited resistances ranging fron 1% 
to 8V%per family, however, niv of 
these genotypcs mayv have escaped inlfec
lion. Ft rthermore. tie San iaioI results 
were confused by i I( to 2(1" inci
dence of Erwinia infection. This poten
tially wilt-resistant material yielded satis
factorilk in 88 oavs under highly adverse 
conditions. Family averages ranged from 
).50 tt 1.II kg/plant, in a total of 25 faim

illes. Of these, 151 highly selected clones 
arc being tested under conditions of high 
natural soil infestation. A further popu
latlio iOf 0l00( genotypes representing 5o 
ftanilies was Caludated at Sai Ranon, but 
o l\ 4S clones (or O(.X' ) werc selected 
due to high losses from causes other than 
hbctcrial \%ilt 

At Lina, work concclnrtcd on main
taining resistant nuaterial and screening 
glenetic material ill tile greenhouse. In 
one case, field evluation was carricd Out 
f',r yield and agrononic characters of at 
population of about 2100 dones, cvalu
atcd in a previous clonal generation also 
at litia. Of this population, 119 clones 
were selected w.ith yields ranging from 0.29 
to 1.92 kg/plant. aid 35 clones yielding 
more than 1.0 kg/plant. 

A tetraplOid population, Cotsistinig of 
455 genotypes representing 14 families, 
was screened against a t'. solanaceartmr 
strain from Brazil. and resistaaee ranged 
from 40%, to 77.3%'- per family. Among 
these materials, four tuberosurn true po
tato seed (ITS) families from Austria 
show,:d surprisingly high levels of resist
ance. The best family from the whole 
population, with 77.3''; of resistant geno
types, was from the Austrian group. 
When the same population of 455 genro
types was tested against a strain from 
Peru, the same Austrian family (STANM 
SL-24 983) that performed well against 
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the Brazilian strain was again the best 
with a resistance level of 8.9"; . This ma-
terlal had been received from :in Austrian 
breeder of the NicdL i. teiic hischc Sat-
baugentosscnsehalt in a gceriplasm C\-
change program. 

Sixtv-live of' the icst rl\ maturing 
and bacterial wilt-rcsistant materials 
tested for dry matter content and flind 
to contain in averie of' 2..19" dry mat-
ter per clone, th1e best clMC Lottinilg 

amost 30.'. Within this group of 65 
clones, 8 wvere resistant to !.usariun, oxys
/pornt1 atd a further 4 were resistant to 
both F. oxY.S ,Potuin aid F. soui. 

In field tests of Sollc of, the liost ad
vanced vwilt-resistant materialls carried out 
at sit,:s in Peru in colla' oration with the 
P.':'rePeruvian national program, 13) clones 
were sent to (Jajamarnlca anld 283 to Hluaraz. 
Results are not vet available fr(,n Caja
narca. In Iluaraz, wilting in the SLuSCep-

Figure 1. A ptant pathologist at the University of Huanuco in Peru, trained 
at CIP in the late 1970s and who is now the Rector of the University, 
proudly shows the harvest of his new variety, "Huanuquefia," developed 
from CIP clone BR-63.15. 
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tible local checks ranged from 9(';to 
100% ,which is a clear indication of the 
enormous variaibility of soil infestation, 
Yields of the clones ialnigd fron 0.3 to 
1.1ko/plant :ind between 1.35 and 0.0 kg 
plint in the local checks. Ten clones we 
comnpletely rcsistat under field condi-
lions at IluaraZ and iCldCd bCtwCen (!.3 
inild 0.8 kgeplant. The highest \Iching
clone hilI)ipurple tubers, Miking it CspC-
eliall accep~taible to f;irineis inl tInt Rein. 
The process of descioping sUpelior cul-

tiVars throtluh a research contract with 
the Uniscrsity of Iiuiinuco has led to the 
Inuliplicalion of the varietey IlhaniqucFna 
(I-ig. I),which hls rcsit:lnce to b'ictrial 
wilt, latl blighl. aid potato lcafroll virus 
PRV). 'lhrcc additioal s\vit-rcsistant 

clones are bCing illtipliled bcCanLse thCV 
aic also high vildine alld resistlanlt o late 
blight (M(0224, XlIN) (Anilapolai) ald 
81i)41). 

Tropical Africa. In1Kcnsa. sercenine 
of ('1P gcruitplasi for bacterial wilt re-
sistiticc continued underi a conitract witlh 
the National Agriculturil Labortorics i 
Nairobi. The screening nietlhod used in-
volvedi pourin i suspension tt' biotpc 2 

,
of, 1J o/ilac''arnn over ilte pLint roots 
in the fieil. 'and rccording the %%ilI synlp-
lollis for 41 da s. The Imost resistant 
clone, (ruzi 148. Mw 'anilnCd sariety 
ill IBuruiLdi (NdinaiinaeaiaI ) anild 1,wandi 
(lrUZa ),\\.is tiheUsed its resistiait con-

tro, andil two Clones. ('1) 310577.7 ail 
801224. Were found to be resistant. ('lone 
S1!11224 has now beent rleascid to Keial 
farners as the varicly. "Kenya Dhamiina.' 

In Rwanda, telluber families were 
fielid-evaluateid by the tnational potato 
program (PNAP) for bacterial wilt resist-
ance and general adaptation to local con-
ditions. Although fingicides were used to 
control late blight, nany clones failed to 
survive the severe attack ;and. in general, 
these families did not carry sufficient late 

blight resistince. No artificial population
 
of I1.solalncc'urutl wis established in the
 
held and pithopert pressure was los.
 

Southe'ast Asia. Il the Philippines, in 
collibtoration \wih the BuicaU of Plant
 
Industry, ('11' 07 clones with
caliated 

pos'iblec resistailce to \wIll
batclcrial ilt
 
Iukidnon (2501 il) ad Iiilaa, (120(1 in)
 
oilthe island ot Mindanao ,t ltukidnon, 
oilly oie clone. 3,'4488.2. lad W'; Inif'c
tion bUt \iclCd oiilv 7 t ha dild sserall 
clones ha.) less than1 20' 1ufetnon. Yields 
at Inta',,, \crc higcher, ave'-,itl, , I tha,
 
but1 all Chon:'- Ibecam inctelI d ith :i
nia ntodbaclCrialli It. lic local Contiol 
(tIne (irunan var. C'osinlia) \iClCd onlV 

i' vhich 0t.0> 
fectCd tubers. More ,iilnCd hrecdine 
inateriail fron Linn wais plaIntCd at In

0.7 lha t con,,isted of' in

tll]o)7. 'Ihe f 
clones hos\d l wiltIo icCliOn aid 
i heldsrineCd front 27 t -i5 tl;i.l('ones 

tlavs in N1;t\, tairit' 

wvmill
sympttif iI ro,a-knot ICiatodeC 
dln1ilgte re hed.other inclimit e 
crcasingly imnport lnlt problenii was l:;ui

iiia irilction either as blacklee or solt rot. 
In !987. a roltation cpcrilnent in Miin

tlanao tin control bacterial wilt ipotalo 
wis in its fourth siso anil the soil 
ba.lctcrial populltion \its Catineid. In
cluded in the rotition were i illorlocrop 
of miaizc., alld mistrcs of beins plus 
sse.t p)Olto and beans pilus iaize. The 
soil popuation of 1'. so/'Hlacelarll#H was 
highTl~ after m 1onocuilture of potato aind 
Iowest aftcr anidcontinuous lmaizt, mixed 
ilaize-swect pOliito cultivalion. In the 
fiflth scason. when potatoes were planted 
in all plots, there wis a high incidence of 
bacterial will for all treatients, indicating 
that the soil bacterial population was still 
adequate to cause severe wilt even after 
rotation. 

Development of monoclonal anti
bodies against P. solanacearum. At the 
University of Wisconsin in the United 
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States, with sti ppotrt fIr1 1 a - ['P ' atscrchprrparcd I'r 53 stra ins of 1. SO/alwcea
contract, \sork coittieCd on ob1taiilIlw ad-
ditiOnal hvlrithtnas that p1rohlce mono-
clonal anttibodies amil',st sti;itis of V 
sc wtZ'o ll. lheibridnlmlas ss.crc ol-
tiled hV itt11Iti/in mice, Four h,,hrid-
Olll, Iltae actiit. aailnt most straill, 
of I. soluwll't,11,i1 te',tCd to da1t. ()fli 
rcetc in I LISA tests s ih 2-4 )f 2-4 rMcC 
I straits. 15 Of 101r:cC 2 strainS. Mid 23 
of 24 race 3 stralils. No ot t r Ia ICia. 
COt1111t11 ill 1101al) tlblhC,. rtediMCI ith 
these antibodic,, 1i0nodid Tlothe.,r II IWe-
tcria tested. 1, l1siltC tite \cstcrn l t 
IcIhnliiue th'e tbe,+' or n iOllnilofl 1V1ut 
anlihodisC tCtedl reaCilCtCd Sinilillv 1to 
three r,cc lso stril,,3 strains,, but w\11ith 
o' OttMr rac',. 

n all ;ttilpt to produc a :Icc 3-
specific ;iltihd \. tolcriatim ',%ss pr:a-
tcCl w.here b nes.Mhrinice0 v,.crc ill-
jeeted s bactCria r-iacC I Of P'. o01-with Of 
I l/t iCtillitld litcr. is adults. s.ilh a racc 

sstrain. The CXpcc ati m %s:is that the race 
I alti.tiC .\koldhe rcc Iliicd t,, -self" 
nlld th:it wl the tice sscIc inIjctCd 

with the race 3 stratin. the antiboidics pro-
ducCd wold he thtose iIlt shaCd \\ith the 
race I straitn. Unlttortuil, itl., this spcCific-

I'l. trecscntig four hiovars anld three 
raics, to i:sm;s,their relatedness h SouLth-
Crii Not ailalsis Inivolving clined NA 
fri;nnlts ill plasltlids ts prolbcs. Ten 
prols, cOntaillnU ,cquencCs tffeting 
irulcie, werC usd, to p~rohc Southern 

hlots otf CromosotalM I)NA digecsted with 
the HuA/,ICll I-X RI alo Lai it, the 
probeIs dlenolntratcd the dis:tinctiot be
t.eCi ll;llv strain. of, 1'. 11t'ittvotlimt ll 
hv both racC itd hiovatr sitlltanCulyIv. 
Rlcc ., s.tr;ais ehaed , a litonlo'ellcous 
group: race.2 strains from baitanas fell 
into tM'o distinct l-rOtlps that base differ
cut c,couoirapltitl orins: and race I strains 
C\hiitcd highl, variaCblC pattCrIS which is 
il keeping s,ith the knowmn heterogcncity 
of phvsiologicil characteristics ar11(ubroad 

htost rln.2c. 
Biocichenistry of resistance to ?. so

hlnaceuti in potato. Work \with callus 
tissue cultures at the Univcrsitv ofl Wis
consill demtotstrated that shenl tlhese ctll
tures w CrC dCriCd front live individual 
clonCs Of the cuIltivated diploid, Solanw 
pl]ura.l they exhibited the sanmc differen
tial reCponses (rCsistancc or susCCptibil
itv) it inloculation with different strains 

itv was it0t cViitlt. :a1td the reve rse prom- of P. solunueirium is did intact plants. 
cedurc is now undcrway (i.e.. tolcriation 
with race 3 folfowed by injection oft mice 
ts adlilts \it race 1). 

At the tnstitte ofI Plant Protection ill 
Beijing. (hina. three hsbridoma cell lines 
wcre studied, which secrcte iliotoclmnal 
ittibodieCs specific fo0r different strains of 
P. .solantet'arum. Fusiotn ssork \\ias Iii-
tiated and ne\ hybridoma cell lincs irc 
expected to he selected. 

Restriction fragment length poly
morphisms of DNA. At the University 
of Wisconsin ai attetmpt was madie to pro
duce a race 3-specific diagnostic method. 
Restriction fragment length polyrnorph-
isnis (RFI.P) of the genomic DNA wcre 

The getes rcsponsilel¢ for the browning 
(hypersensitive) reaction ill incompatible 
,:ntbhitltioIS of host and pa,ogC1 h'avc 
hcCtI identified aid choiicd with respect 
to two strains of 1). .olhmauearum. Mu
tants lacking the brownig reaction had 
this function restored hy COMplcrnCnta
tion with the cloned gertes. The bacterial 
peptidces that reproduce the hrowning re
spotnse have ben isolated. 

Ecology and epidemir' .tion 
water in Sin Ramon was corm ated 
throughout the y'ear with more han 
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100,000 cells per liter of Erwinia caro-
tovora ssp. carotovora. Weed species 
growing in shallow streams had signifi-
cantly higher populations ol" rhizosphere 
Erwinias than the saie species groving 
away frot the water. Thus Ainaranthus 
sp. had 190,00It colony forming units 
(CIFU) per grain of root in%Net soil, 173 
times greater than in so'! a a from 
streans. The proportions for ('tll/ldin-
dica and (omnmlina difjhti were 02 and 
41 times, respectively (datit based on 

Table I. Percentage tuber latent infection by 
Erwinia from irrigation water 

-.Perc-,atentinfection' 

Irrigation water Dry season Wet seasont-'atment" 

Control (no treatment) 


Chlorinated (5 ppm Cl,) 


Sand filtered 

Well water (Erwinia-free) 


LSD (0.05) 
......
............ ........... .... .. 


Irrigation applied at 20 liters pur ni'. twice per 
we~ek. 
"Detected by enrichment procedures in 5 x 10 tubers 
per treatment 

(1986) (1986-87) 

85.0 822 


100 42.2 


40.0 7,".3 

35.6 
...........
.... .... 


28.9 -186 

means for 15 plants per site for each 
weed species). 
Water emerging- from underground 

sources, from dcc p ,:lls, or flowing 
through tuinhabitcd Iow jungle areas was 
tiot c(itanii:ated. Enrichment prcedurcs 
and incuhation at high lmperaturcs (37 
4)" C) failcd to derntrstrate the pres
ence of /. chtr'.santhemi (Lch r) in surface 
%ater,,. 

When TPS transplants were irrigated 
with chlorinated water (5 ppm active 
chlorine) in raised beds for seedling tuber 
producLiont lie t ubers had less Erwinia 
laicit ilifeCtioll ;Iilarvest tillc thaln when 
lrr iiia Contiiiate d .%ater \us used 

(Table I). Plhytotoxicity w\as not observed 
with this chlorine concentrttijO. Ditfer
cnccs intuber latent infection were more 

pl'ittllled during the dr' ,eISOl than 
dtiring the wet scaon. prohably (ue to 
grcat r dispersal of I'rin ia from tther 
,OIIrCCS duritl ri ll'wcat her. The use of 

redLuced
;tSMtd tihcrf the COmtamni tml 
lifly ht,e A,nn. lRep. l1980-87). 
)isinfection of freshly harvested potato 

tithers by dipping ill0.5r' sodiutn hpo
chlorite solution (with an added wetting 

lable 2. Mean number of tubers from two cultivars rotting after dipping in chemical treatments at har
vest or one week later to control tuber latentinfection by Erwinta." 

Chemical treatment 

Sodium hypochlorite, 
5000 ppm active CI,
for 10 min 

Copper oxychlonrde,
5000 ppm, for 10 min 

Control: water dip 
for 10 mm 

Cv. Revolucion Cv. DTO-33 

At harvest 
One week 

after harvest At harvest 
One woek 

after harvest 

1.1e t 1.1 e 1.9 cd 2.2 bcd 

2.5 abcd 1.8 de 1.9 cd 2.6 abc 

2.9 ab 3.0 a 2.8 ab 3.2 a 

"Five repticate s.mples of fivetubers tested by damaging lenticels and incubating anaerobically at 25' C for 
four dayb. 
"'N.moers fol!owed by the same letter are rot significantly different at the 5% levelaccording to Duncan's multiple range test; LSD (P - 0.05) - 0,70. 
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agent) followed by thorough drying, sig-
nificantly reduced the percentage of tu-
hers latently infected hy Ei'rivinia: copper 
oxychloride was generally less effective 
(Table 2). 

The virulence of diftCfretii Erwinia spp. 
under Sarl Ra non conditions was studied 
after vacuuni-infiltrating basic seed tubers 
with bacterial suspcnsions arid planting 
in pots of sterile soil. Although all test 
strains had been isolated frot bHackleg 

Steins and caused Cxtensivc rotting when 
stab-inoculated with toothpicks into po-
tato stcrns, onl, one strain of k-.chrvTsal-
ihenli ([ichr), ('lP 367 (Fig. 2). cause(l 
extensive diseas,. Other strains of Fchr 
and F. carotovora ssp. atro(se)tic(a caused 

stunting but little or no stem rot. Synip
toms were not observed in plants inocu
lated with E. carotovora ssp. carolovora 
or with sterile water. 

A rapid test wts developed t screen 
for resistarce *o tuLbiersoft rot and black
lkg diseoses using the virulent strain of 
Echr iroculated into poiato tubers by 
vacuuL infiltration. A wide variation in 
relative susceptibility to the two diseases 
was obsersed when 287 advanced clones 

(IPS progenitors) were tested. Prelinii
niary results suggested that lilong the 287 
advan'ed clones, 6.;)' were relatively re
sistant to soft rot (-:5'.' rotting per in
hcr, by weight), whereas 6.3'; were very 
susceptible (>31)Or rotting per tuber, 

Figure 2. The highly virulent strain of Erwinia chrysanthemi, CIP 367, 
under electron microscopy (. 10,000), used in screening potato for resist
ance to blackleg and softrot. 
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by weight). Screenhouse testing revealed 
8 .4% of clones with potential rcsist.ince 
to blackleg with 7.(; king very sos-
ceptible. No significant correlation was 
observed between lecels of resistance to 
soft rot and blarkleg diseases when re-
sistance to blackleg was determitned for 
clones which had assayed either less than 
511 rot per tuber or more than 3101 . Ali 
initial study of 107 clones from the ('11) 
pathogen-tested list resulted in ;Lteltt'ltie 
clas:ifcation into i being very resistant 
and 8 resistant to tuber soft rot (Table 3). 

Damage by potato tuber moth (Phtho-
rimae, operctdella) significantly increased 
susceptibility to rotting after tubers %ere 

vacuun-intiltrated wilh Echr CIP 367 
at a low or high inoculun levcl (105 or 
1()7 ('FU'nil). At the low inocultini level 
the mean percent rot per tuber on a 
weight basis (mean of 50 clones, 5 tubers 
per clonc), when the mloth was present or 
absent, was 11.33 and 5.31, respectively. 
At the high inoculum level, the mean 
perceit rot pCr tuber a\is and20.1,8 

14.31, respectively. Statistical compari

detrm1ined 
bilitv Wa,., 
sntIts that soft rot susecepti

not affected by tuber greeni ng 
tuber size, the number of lenticels per 
tuber or whether or not tubers of the 
same chronological age were sprouted or 
dormant, 

Table 3. Relative resistance to Frwinia tuber soft rot of 107 potato clones from the CIP pathogen
tested list, following inoculation by vacuum infiltration with 10' CFU ofE, chrysanthemi and anaerobic 
incubation at 25 C. 

Cocnecultivar 

3779241 F-7 

575045 P005-16 

800268 Up-to-date 

676037 ANIR-69.1 

800034 P Crown 

800098 Kennebec 


800174 DTO-33 


800258 I(ufri Jyoti 
800926 MS-35 22 

800946 AL-624 

800048 Desire 

90 other clones 

720092 MEX-21 

800085 Ultimus 
800956 Shang Feng 

573079 1-1035 

80 ,49 Sangema 

800951 IVP-35 

CV (9o) 

LSD (0.05) 

Tuber incubation 
Level of4 days 5 days resistance" 

0" 0
I
' VIR
 

0 0 VR 
0 0 VR 
0 0.3 R 
0 1.0 R 
0 0.3 R 
0 0.7 R 
0 0.7 R 
0 1.0 R 
0 0.3 R 
1.0 1.3 S 
1.8 2.9 S 
4.3 5.0 VS 
4.7 4.7 VS 
4.7 5.0 VS 
4.7 5.0 VS 
4.3 4.3 VS 
5.0 5.0 VS
 

51 33 

1.5 1.S 

VR very resistant (no rolling after 5 days); R resistant (no rotting after 4 days, up to 1 rotting after 5days), S susceptible (1-4 rotting after 4 and 5 days), VS -very susceptible (4-5 rotting after 4 and 5 days).
Number of tubers rotting out of live (3 replications per clone). 
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MYCOPLASMA YELLOW DISEASE grafting or dodder transmission in an at-

Potato plants with purple top or yel-
lows symptoms, including the rolling of 
apical leaves a;IId tile presence of' axilla rv 
aerial tubers, were collected atL ima, Ca 
fiete, lea, Arequipa. and the CallCjon tI 
t-luaylas valleys ill Peru. Grafts were made 
olto l)attura strattonittn which Mhen pos-
itive deve!oped characteristic dwarfing, 
interveinal chlorosis. and upturning of 
leaf margins. Plants that also bczame in-
fected with viruses or the potato spinileIc 
tuber viroid (PSTV) "ere discarded. In-
fectCd plants Ial IlCo IIOrp liic bodies, 70-
61() n in diameter, prescnt in the phloem 
as observed microscopically in microbomc 
slices treated with [)iener's stain or lead 
citrate stin. The five isolaes rcpresent a-
tivC of the sUr,,eyCd vallCVs were tested 
oi both 1)..strainollittnti and tile P0 tato 
cuiltivar Mariva. The ino aegressive iso-
late is being used to inoculate ctlItivars by 

tempt to find resistace. 

INTEACTION OF FUNGAL AND 
BAIRIAI. PATIHOGENS 
IN P'OTATO 

Post-transp Ianting wilting and early dying 
of potatoes grown from TPS (Desirce 
OP) at San Ramon caused a 24.9( loss 
of std during the wet season (1986-
S7) and ; 26.41: loss of' Stand during the 
dry season (1987). Isolations from wilting 
plants two to four weeks after transplant
ing revealed t: principal causal agent 
to be PvIithiuni sp. (accounting for 13i 
of the loss) il tle wet season and Rhi
.:ocltoia N01(11i (accouLnting for 41)0%of 
tie loss) in Ohe dry sedson. However, 
if'ter hilling, 1'. solalc'atrln was iso
lated freni all wilting plants in both 
se;sons. 

Sv:mltotns of ill'coplasilia yellowv.% in two Perutian potato varieties. OLserve aerial tttbers 

awnong the foliage and al base of sent on plant at left, and defi)liation on plant at right. 
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Wilt incidence was significantly higher Table 5. Clonal differences in percent bacterial 
during the vet season when seed tubers wilt incidence in crops grown from healthy seed 
from the same stocks were planted i tilt: oubersin infested soil in San Ramon, 30 and 60 

11 1 days after planting.
same land immnediately following a potato 
crop, than in land rotated for one year 
with beatns and fallow (Table 4). Causal 
agents were identified as P. sohatearuat 
(62.8%), Erwinia spp. (34.7%), and Sch'
rotitm rolfs'ii (2.5%). Similarly, in thedry sea.sonl, IP.SObutelt'artln lon(le ha.d 

caused 28% wilting 60 days after planting 
in the rotated land but no wilting at all 
whel seed from the satie stocks was 
planted inlnearby land in which polatos 
had tiever been grwn. Significant differ-
ences were observed betweei wilt inCi-
d,eices irt several clones and cultivars 
plantted il iIfested land it tileC1 stL-
tion (Table 5). All ,lones were suscepti-

hZ, tj co]Si,2nlll\v

bIC Icbit Atzinitba anrd Rs ots t v 

wilted earlier, whereas )esirce was more
 
tolerant.
 

Progeny tuber roting, observed \whe2n 

potatoes were growi inster - soil out-

doors illSan 1amn.lnl, was caushd by l'v-

thitan sp. Secondary bacterial soft al-
r,,t 

ways occurred after some days. obsL.tritig 

typical symptotis of Ptthiut leak and tle 


Table 4. Percent emerged potato plants wilting 
30 and 60 days after planting crops grown from 
healthy seed tubers, either in rotated land or in 
land immediately following a potato crop. San
 
Ramon, 1986-87 wet season. 


Ruated ld land" 

Clorw 30 days 60 days 30 days 60 days 

Desiree 2.2 10.9 7.4 43.0 
DTO-33 9.3 23A 3.8 100 

Revolucion 5.1 18.4 1t0 100 
Rosita 0.0 10.3 36.3 100 

Averagc 4.1a 15.7 b 15.1 b 85.7 c" 

Followin) potato crop with 50% willing. 
Numbers followed by the same letter are not sig-

nificantly different at the 5% level, according to Duncan's test. 

Wet season Dry season 
1986-87 1987 

Clone 30 diys 60 days 30 days 60 days 

Atzimba 27.6 100,0 63.6 84.3 

B-71-240.2 2.2 30.087.4 53.3 
CFK-69.1 30.2 68.8 7.6 27.8 
Desiree 7.4 43.0 0.7 2.7 
DTO-28 11.2 85.7 3.4 51.4 
DTO.33 3.8 100.0 1.3 4.0 
LT-2 79 93.7 0.0 75.2 
LT-7 08 100.0 0.0 50.0 
Revolucion "1.0 100.0 25.7 ,12.8 
Rosifa 38.3 100.0 73.0 87.2 
Serrana 6.8 80.6 17.2 53.1 

LSD (0.05) 9.8 23.7 16.5 26.4 

prcsence ol the l'untius itself'. Similarly, 
sotft-rottigI tubers itnthe )Ield contained 
lfrijnio and other sol't-rotting bacteria, 

which prevented isolation of fungal causal 
agents Cve2n on selective media containing 
antibiotics. Ill a lew cases. 'vilitint sp. 
anid AIacrl0t1ouMitt0 pta.oli wet e iso

these wereC 
into healthy tubers, both induced a wa
tcry crev rot that turted pink otlcxpo

i " t the atltnosph crc2. Sc c,toda rs b .c e

lated. When f'uClli itnoculated 

sitre t'. 

rial sft rot wts observe tter seVen
davs. which developed morc rapidly at 
telpe rat ures a hove 28' C. fri tot which 

lrwiia spp. were only occasiotllylv iso

latd. Al. p/t.seoli, but not l 1vthitli sp., 
Cotld be isolated frotm tubers with see
ollldary soft rot. 

FUNGAL. I)IS'ASIS OF POTATO 

Breeding for late blight resistance. Ef
forts to produce Cul.tivars resistant to late 

blight (Phyvoplltora infiesi1ws) were car
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ried out by working vith two breeding 
populations: 1)the traditional population 
(designated A) that has been developed 
primarily from Soanum tuberosum ssp. 
tuberostn germplasm, which includes re-
sistance derived from S.de'nisstun: and 
2) a newer population (designated B) free 
of major genes for late blight resistlnce, 
which should eventually provide durable 
field or general resistance that could be 
screened effectively wherever late blight 
is a problem. 

Population A. A total of 52,729 seed-
lings contained in 125 families (Group 
VII) were screened against a mixture of 
local race-complex isolates of I'. infi'stans 
ina quarantine screenhouse at [luancavo. 
Of this group, 10,184 seedlings survived, 
and 5(1(11 of these were transplanted to 
pots and grown to naturity in the quar-
antine screenhouse. 

Prior to screening againust tlie mixture 
of local isolates, 5W,; of the seedlings 
were screened with race 0I. A total of 
2227 seedlings were selected among the 
seedlings infected with race 0,as having 
some levels of resistance to late blight 
in the absence of R-genes. A sample of 
these seedlings will be tLsted in the field 
at Rionegro. Colombia. to assess lir 
levels of horizontal resistance as adult 
plants. The majority (if these seedlings 
will be tested against races 10 and It of 
the pathogen in Hluancavo to make sure 
that the resistance shown at the seedling 
stage was not due to the partial incoin-
patibility expressed by host genes RIO 
and RI I. 

In a collaborative effort between CIP 
and the Peruvian national potato pro-
gram of INIPA, 970 clones were tested in 
1987 for late blight resistance in luantlco 
(2200 m). The ma ority of the clones 
were tested in 10-hill observation plots, 
although a sample of 10(1 of the most ad-
vanced clones were tested in a simple 

10 x I(I lattice design, at a plant density 
of 41,667/ha. A total of 2(14 clones were 
selected for resistance to late blight in 
combination with earliness and desirable 
agronomic characters. From the clones 
tested in the lattice design, 41 were se
lected based on their late blight resist
ante, tuber yield, eariiness, and tuber 
appearance (Table 6). The national pro 
gram selected 54 clones for local and re
gional testing as potential cultivars with 
late blight resistance. 

Population B. This effort began in 
I luanicav) one year ago with intercrosses 
between S. tuheroslutssp. andigena clones 
identified as having some levels of hori
zontal resistance. Initially. 30.369 seed
lines in 36 families were screened with 
race ). resulting in 6715 survivors. These 
clones were rown to maturity inlpots,
but only 600 were maintained because of 
lack of greenhouse space. An additional 
35.000111 seedlings from crosses between 
andigena" clones and "tuberosuni" vari

cties without R-genes were screened later 
in the year against race 0. l'opulation B 
will be expanded and is intended to even
tually replace Population A. 

Tropical Africa. More than 400 clones 
were tested fov late blight resistance in 
three different environments in Kenya. 
At the highland station of Mau Narok 
(310(1 ni), 250 clones were tested for late 
blight resistance in 10, 20. 40. and 60-hill 
plots. Out of 50 new clones planted in 
10-hill plots, 16 were selected. The re
maining 2(10 advanced clones had already 
been screened in previous seasons. The 
best of these will enter the regional trials 
of the Kenya Agricultural Research Insti
tute in 1988. Yields at all stations were 
generally low as a result of subnormal 
rainfall. 

In Molo (2300 m), 55 clones entered 
their first evaluation for late blight resist
ance. Thirty-five clones in their second 
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Table 6. Tuber yield of the 16 best clones from 41 selected among 100 tested in a 10 x 10 lattice 
design under late blight infection in the field. Huanuco, Peru, 1987. 

Late blight
CIP no. infection rate (r) 

382140.3 .109 

382178.1 
 .000 

382146.2 
 .076 

381406.6 
 .053 

84PT57.1 
 .104 

84LB9.3 
 .033 

382146.3 
 .000 

84PT103.1 
 .072 

382153.4 
 .033 

84PT178.3 
 .074 

84LB4.2 
 .027 
84PT63.2 .027 
301102.4 .111 

381135.103 
 .029 
382130.2 .010 
84PT186.2 .072 

Cnntrols 
Atzimba .088 

Revolucion 
 .153 

Mariva 
 .106 

Tomasa Condemayta .027 


SD 

CV (%) 

aABDPC area below the disease progress curve. 

evaluation were planted in larger plots. 
At Kabete (1800 m), a total of 70 clones 
were evaluated. Those best adapted at 
this site are subsequently screened for 
adapiation to lowland environments at 
the coastal sites. On the coast, it was ob-
served that the majority of clones se-
lected for further evaluation had the 
clone AVRDC 1287.19 in their paren-
tage, which has shown heat tolerance on 
the Kenyan coast for several years. 

Southeast Asia. In the Philippines,
clones with resistance to late blight were 
evaluated by the Mountain State Agricul-
tural College in the highlands from De-
cember 1986 te July 1987. Yields in the 

ABDPC" Tuber yield
(%) (kg/plant) 

12.6 1.36 
0.0 1.27 
2.1 1.25 
0.7 1.22 
3.1 1.19 
0.5 1.18 
0.0 1.15 
1.6 1.15 
0.5 1.13 
1.7 1.11 
0.5 1.09 
0.5 1.08 
6.9 1.07 
0.8 1.07 
0.2 1.06 
1.3 1.04 

2.4 0.94 
30.7 0.36 
47.3 0.19 
67.9 0.1,3 

0.268 
35.6 

December trial were good, with six clones 
yielding over 20 t/ha and some yielding
39 t/ha. In a smaller trial based on five 
tuber plots, 31 clones were selected for 
good yield, tuber qualities, and late blight 
resistance. In contrast, two trials planted 
in March and harvested in July were un
successful, giving extremely low yields of 
less than 7t/ha, which could be attributed 
to factors such as longer daylength, wet 
soil, and low light intensity. One clonhe, 
381382.4, gave an exceptional yield of 32 
t/ha. The new varieties Dalisay and Mon
tafiosa, grown from cuttings, also gave in
ferior yields. A third trial planted in De
cember of advanced clones and varieties 
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had a mean yield of 28 t/ha, with Mon-
tafiosa giving 34 t/ha. 

As part of a Masters Degree project by 
a Vietnamese student, superior clones se-
lecied from the CIP late blight breeding 
program in Linia have beci, used to i11-
prove late blight resistance bw recurrent 
selection. Crossing within these clones pr0-
duced 30,000 seeds of wvhich 1 .00(1 have 
been sent back to Vietnam for evaluatio. 
A further 10,00(0 were screened by artifi-
cial inoculation in a screenhouse at Beln-
guet and rcsist,tnit seedling,, vrc pliit,+cd 
ill the field o0rCvaluattiJn, 

Early blight. Peru. Studies hatC con-
tinned On tileevaltitin of new0sources 
of early blight (A/tenria .oi/ani) resist-
ance from the CIP gerriplasni collection. 
Of 425 open-pollinted true seed acces-
sions of "andigena" screen-tested intile 
house in Lima at the seedling stages, 1(1 
(23.5%) were rated as resistant after 
threc evaluations. Twerity-three of the 
10(1Ahernaria-resistant accessions evaln-
ated as clones were early maturing under 
field conditions n Iluancayo, indicating 
that the association betveen resistance to 
A. sohani and late maturity is riot ah-
solute. A diploid population, studied on-
der greenhouse conditions in 1986 at the 
seedling stage, v valuated during the 
1987 season t fd conditions in San 
Ramon. Result- the field evaluation.,)mn 

showed that at 75 days after planting, 48 
out of 50 clones were rated as resistant; 
while at 85 days, 14 out of 50 lories were 
still very resistant. Most of the resist-
ant clones were late niatn'ring and low 
yielding. 

A group of 30 progenies+ (froni Idaho, 
U.S.) segregating for early blight resist-
ance were field-tested for resistance in 
San Ramon with a group of 19 CIP prog-
enies in a 7 x 7 triple lattice. The plants 
were inoculated twice with an A. solani 
suspension, 45 and 55 days after trans-

planting. The readings for early blight in
cidence were made 55, 65, and 75 days 
after transplanting, and plants were har
vested at 90 days. In this population the 
nameassociation was found : ii: prey

ions experiments with other populations, 
where early blight susceptibility was hig1h-
IvcorrClated to ,arliness. The level of 
resistance yield performance and earli
ness of the top-ranked families are. pre
scned in [able 7. it is noticeable that 
CP progenies are the most resistant but 
ire ondiin- to lat,-mlaiuirinu. 'lhe Idaho 

progCniesi 1re liii inediui tl tlturit, but 
their discase rating indicates an averatge 
danraiie of more than 5(; of the lohiwge. 
The vields in this trial were po)r due to 
heav bacterial and fungal infection by 
soil-borne pathiogens. 

)uring the 1987 summer, a sample 
of CIP progenitors were mated iii a 
7 x 7 diallel design and evaluated at San 
Ranon. The experiment involved 21 prog
eities evaluated in a randomized com
plete block design (RC13D) with three 
replicates of 40 plants each. There were 
marked differeices among the progeni
tors in transmitting the various char
acters. Clone Maine-47 does not transmit 
a high yield potential but it transmits :I 
good level of resistance. Conversely, 
clone 378676.6 transmits a very high yield 
and good resistance but ailso lateness. 
The early maturing cultivar Katahdin and 
clones 377964.5 and 378015.16 tiansmit 
earliness but are relatively susceptible. 

The last experiment carried out during 
tilesummer of 1987 at San Ramon was 
a 4 x 5 clone x tester mating design to 
investigate the gc'eral combining ability 
(GCA) for early blight resistance and 
other attributes. The experiment involved 
20 progenies evaluated in a RCBD with 
three replicates of 4(1 plants each. Two 
artificial inoculations were made at 40 
and 50 days after transplanting. Disease 
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Table 7. Performance of top-ranked CIP and Idaho progenies for yield, earliness, and early blight 
resistance at San Ramon (summer, 1987). 

Progeny 

CFS-69.I x 378676.6 
BL-2.9 x F73008 
378015.16 x 378676.6 
C83.119 x BL-2.9 
A8023 
377887.25 x 575049 
A84524 

377250.7 x 378676.6 
Atzimba x Bu;k PVY(A) 
A82634 


LSD (0.05) 

Early blignt (days) 
Yield 

Origin (g/plant) Earliness" 55 65 75 

CIP 329 3.0 2.0 3.2 4.7 
CIP 322 3.0 2.5 3.2 4.3 
CIP 298 5.0 2.8 4.2 5.7 
ClP 232 3.0 2.8 4,2 5.7 
Idaho 232 5.7 3.2 5.0 5.8 
CIP 232 3.7 2.8 4.0 5.7 
Idaho 215 5.0 2.7 4.5 5.3 
CIP 213 5.0 3.2 3.3 4.7 
CIP 210 5.0 2.5 4.0 5.5 
Idaho 206 5.0 3.3 4.0 5.2 

116.4 1.8 1.1 1.2 1.1 

"Earliness rating: 1 -very late, 5 - medium, 9 very late.1'Early olight rating: 1 .-no damage, 4 a up to 25%, 9 

incidence ratings were made 50, 60, and 
75 days after transplanting and harvesting 
was carried out at 90 days. Cultivar At-
zimba and. clone BR-63.65 had a ten-
dency to transmit resistance to their prog-
enies in spite of a relatively low givauc. 
Among the testers, clone 378676.76, and 
to a lesser extent clone 575049, showed 
a high capacity to transmit resistance to 
their progenies. The early CIP clone 
377964.5 transmitted good earliness but 
also susceptibility to early blight. Clone 
LT-7 had a high GCA for yield and also 
transmitted a moderate level of resistance 
to its progenies. 

A sample of 29 highly selected A. 
soluni-resistant clones were evaluated at 
San Ramon in the summer. Results for 
nine of these (see Table 3, Thrust 11) in-
dicate that it is possible to select clones 
with a high level of resistance (foliar dam-
age ranging from 10% to 25%) and with 
medium to early maturity. Therefore, the 
correlation between earliness and suscep-
tibility is not absolute and exceptions can 
be found. 

100%. 

During the 1987 winter in San Ramon, 
a 7 x 5 clone by tester design was eval
uated for resistance to early blight and 
other attributes in a RCBD with three 
replicates and 40 plants per replicate. The 
progenitor Maine-47 showed a h:gh abil
ity to transmit resistance to early blight 
and earliness. The clone WNC521.12. 
which is resistant under long day condi
lions in the United States, did not trans
mit resistance to its progenies under San 
Ramon conditions. The tester 575049 was 
also a good combiner for early blight re
sistance. Finally, the tester 378676.6 was 
once more confirmed as the best CIP 
progenitor for early blight resistance. This 
clone, however, transmits lateness to its 
progenies. Table 8 shows the 12 highest
yielding families and their respective early 
blight ratings. Yield was good and the 
earliness of the majority of the progenies 
was medium. The average early blight 
resistance of this group of progenies was 
also improved with respect to earlier eval
uations, which resulted from using highly 
selected progenitors. 
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During the 1987 winter in San Ramon, 
a sample of 32 secoid generation clones 
were tested for early blight resistance. 
Results indicated that most of these 
clones have medium mtttlthy (90 days) 
and some have good levels of resistance. 
Selected clones from the progeny Utadla-
69.1 x Alwin appeared to have shorter 
growing periods than the rest. 

A sample of 20 progenies WrC used to 
produce early blight-resistant tuber famli-
lies, which 'ill be used to test tile stahil-
ity of resistance in three different envi-
ronments, such as in Israel, lBrazil, and 
San Rainol. 

Seventy cultivars front the pathogen-
tested list were evaluated as adult plants 
under field conditions at San Ranion. At 
75 days after planting (30) das after iii-
oculation), 51 cultivars were r td as re-
sistant (score ! 4.0) but at ,5 diys only 
18 cultivars remained resistant. The rita-
jority of the resistant cultivars were late 
maturing. 

Results of a field trial on chemical con-
trol of early blight conducted in San 
Ramon during th: 1987 rainy season con-

firmed preliminary results on the effi
ciency of Dyrene (anilazine) in control
ling early blight. The best control and 
highest yield, in the early maturing cul
tivars DTO-33 and the late maturing Re
volucion, were obtained when I)yrene 
was applied together vith Dithane M-45. 
l)ifferences it: infection and yield were 
more significant in tile early maturing cul
tivars. The application of the two fun-
Iicides together resulted in yield increases 
of 5.5 and 3.8 t/ha for D)T)-33 and Re
volcion, respectively, when compared to 
tile increase of the untreated control. 

Latin America. Genetic materials de
vcIOped tW improve resistance to early 
blight continue to be tested in Brazil 
under a contract with the National Center 
of Ifort icultural Research (CNPH). Sepa
rate and combined evaluations by CIP 
and CNtIH are made during foliage at
tack and at harvest. From 23 clones se
lected in 1986, two were re-selected in 
1987. In 1986, 845 clones were multiplied 
for testing in 1987. CIP scientists selected 
74 for further testing, while CNPINA scien
tists selected 12. Criteria used by CNPH 

Table 8. Performance of the 12 best progenies for early blight resistance of the 7 x 5 clone x tester 
experiment at San Ramon (winter, 1987). 

Progeny 

WNC521.12 x 378676.6 
CFK-69.1 x 575049 
Maine-47 x 378676.6 
WNC271.12 x LT-7 
CFK-69.1 x LT-7 
Atzimba x 378676.6 
Maine-28 x 7XY.1 

65-ZA-5 x 378016.16 
MS-35.22 x 378015 16 
Maine-28 x LT-7 
Atzimba x LT-7 
Maine-47 x 378015.16 

Yield Early blight (days) 
(g;plant) Earliness 55 65 75 

688 4.7 3.2 4.3 4.0 
670 5.0 2.7 3.8 4.0 
660 6.0 2.7 3.3 3.7 
645 5.0 4.0 5.2 4.3 
604 5.0 3.2 5.0 5.0 
603 3.0 2.7 3.5 3.8 
589 5.0 3.7 4.8 4.3 
584 4.3 3.3 4.8 4.7 
583 4.7 3.2 4.8 4.7 
569 4.7 3.8 4.8 4.0 
569 4.0 2.7 4.3 4.3 
566 6.7 3.0 4.2 4.2 
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staff are somewhat different froin tthose perainza, C'ruza-148, 1I.-I NI:riva. aind 
of CIP staff who are looking it the YLna.iV. INlicrOsclelrotia lorniation and 
worldwide usefulness of selected clone.:,. nmVceuitl were detected only' oil tileslem
 

bases. and slight chioosis occurred in the 
lower leaves. Susceplible clones died 

S(I.-BtORN- I)lStS\StS (1 T I earl\, miicr,)Sclclolia covered the etllire 
Control of soil-borne pathogens. In l eiii. and heavy chlorosis and deLoliat ion;Illll 1101 l~ldurig tihe dry sCison (June- OCLItld, 

Noveillber 198). niine soil Ireatnemts 
w\eic COilIpa.lred with respect to their ef-
feet oila collex of soil-borne diseises 
inelhiding I 'linUM s ..Uhi.:o 'tolli ll.0)/i. 
lusarium spp.. Frwvitia spp.. aid /'Sn-
(olioIt " .volllal-limo. NIctl\l b n ide 
(NIB) togctliler \':tlitolclolos inchl l('M . 
and NIB and TNI alone, increased the yield 
of TPS trinsplians (,Atuilmba x R-128.0) 
to 23.) (NI I'M). 2).I (MIB), ind 
16.8 (TM)kgi13.5 nI-, coilpir,,d to the 
averaige yied of the cotlrl p1IOs sMhich 
was 7.9 kg. Out of*00 sectliiis per Ireat-
Illett, oiltile averig. 47 sUrvivcd in the 
case of , 40 N1IBNIB TM, ;iiad o dli 
allle, comlpared ssdL I) stir-i sccdliii,,s 
viving for tile conltrol. 
Illa Similar trill cirried otl ait I.iln;i 

(Janrarv-April 19)87). traisplints yicldcd 
highler 12(.(4 k,27 112) ICn soil %,as 

Colombia. The increisino, importanice 
0f I". /ohli' arid 1'. illho-olrwo11 pltilllo
ells in ImanV areas olfColomllbia has in

tellsi fied i;C sCallI for surrce s of re
sishinCe to this disc;isC. All evahltioll of 
.Soh/om .tt1t1 wtlti 'l'lat clollestu ,S ss[P. 
in the (olonibial centrli collection was 
niade isitie a root dip Imelhod of inocula
tioil ill he tCillhoulse. RCsisatice to V. 
diltlw' \sas delected in fo0ur cloies,iCCOl
pared \\ith of slatidard varietvlhalt tile 
1olii 
1ililtlls. 
iit ts,, 

sistance 
s\sith 2) 

ss 
Modeiate tlieranceC wasdeh.tected 

clones both of' which showed re
to 1'.dhliae. It a second test 
llvbr!d,,. prcliinlin:ry ohservatioils 

lCrae.hiel onl\ surviV\ed for two 

shoed tolcrance il a further six cloines. 
Powdery scab. Fifty cultivirs \%ere 

evalaled fo icsist ice to povdery scab 
(S/mnipoll ro xuh'rn#t'a) I plailling

treated with liasailid () I)omit ,( live tbllers per culli Iarir infestCd soil 
tollof1s mlvl (TM)tlhall Busan\vilh 

.1121)(sodiunl N-ililhvldithio-earbanlate( 
- TM. or TMI alone. Ilosever. Ihere 

was lio significail differecre hCtweeil the 
treatlieilts Biisainid - 'IM 'and Busani 
1)2(0 alorle. 

Verticilliurn wilt. Peru. Clrles from 
tile CllP pallhogel-tested list were evalu-
ated fOr resistailce to Verucillitti i/h/ie 
under greenhlt"- colditiois ai Lima. 
Five titbers of eacll clone were used, four 
were illOculated, aid one serveld as tile 
control. The iioculunl was i illixture of 
ilicrosclerotia + perIit e. wlichiwas added 
it2(1g per pot at plantiig time. Of 9J4 

c1011es eValalted, 13 were rated as re-
SiStalilt. intcluded cullivars Es-ThesC tile 

frotml llalc.ias ion la L.itla g;eehilouse. 
,\ halrest, tuther's were raLd on a (i 
(ilLnuLne) to 5 (liihlv sscCptilble) scale 

l
Ibased o 1 ,etMit and percent iare'lal

lected: cultiiaiis (i-2, Katilhdiil. Gahiiela. 
and F'speraiza '\\icre i11tlle: ct.!tiVal'S 

\vece 
(rain of I): lile wI Lroderate] resist
arlt (rilting of 2): arid theiellaiiiinlg 34 
lad scores from I to 5. 

Illai expCriileri to establish , rapid 
aiild seedlirng screenilg test, 20

[-3. 131-1.5. atid Iriilii resistalit 

ele,'t ie 
dav old seedlings of OP-Revoicion were 
tranispIlanite d \\il 25 pl a rillets per plastic 
pot or ilidividuallk' to "Jiffy-seven" peal 
pellets. The trinsplaits were then inocu
fited with resting spores of S. suhterra
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Figure 3. Typical reaction of two resistant Solarium lubsrosum ssp andigena cwones (left) and 
two susceptible clones (mqht when inoculted with Fusanum o xysporum it 3-rm depth inside 
the luber Note t internal prignientation inthe susceptible clones 

t 'ilC0 -CCtCI tLit ml i',ci ,,cd ibct,, itt I tII plu;.1.,itd itC1l11% ii lh- llWh'r, illpi,,st c 

1I9M. R(tis \,r. c',,lteiiied altcr , P1- Iat" at 22-25 ( t dikn.ess. (hit-
Lki\ inICUhdtitI J)l~c 'Cte-ll)- t- . lhCh h;d hC'Cn Wcluted illdiliod At dan;t,.Cra 7.1T
iaC ittiic tit IS (. A ll 11C ccd nItie tit,,Illtilet hil I ,till hlscd-ih \i Philitp ines 

iltepcit cllcls klC\% lilpel c tsidLCrahlC citis, t is , l) p ,ictt rIstatcc Ii) ,tora~,c
 
ilt ,.:illini ;t rt, l1t i poit , l~id tlts. \\;it,tlitl ti l It csi, iltith muh
, h it 

lit o r I tlj iit Itlilit. I ht ti Icxc st"Iiti ttilcc'l,-
FusariLulm1 cir rot. [ li illtCil'm1 -C liilit+1 t%(s& ul itli'i " tlics, arcM 

t1itt \ilti Ftc t-ctlch \~uit~l .\ct.tlltlltc -Iill linili'uic 31 
Rcscurcli Ilnti I . lict. RiSdCittlic I<R \ sui-I i.dseaSC. I ll 1ll;itii a C,stuLV
c'lili,.l )]ht: )'lilI[ \\ilh LI
1lllll \ c_ c,cl;+ h ! IAI'uS, +N ]1 ll, c ill ,\ .:1!1()11;11 i t r 

Im ,,s!ttts Pill tilt lictlih \it\k- l cilttrtil I',ciaicth WINI\). iss,itimh Cut
in,l (.'1!iI ,..ILu. lir1, 1[micd (witItclilIlnIIi-, tilehot lralluc€ andD 1)ulin- j)L'!i~d, 

,,sitchs lilt i'jtti t\ uI t:1lrlicd "(M l Ic"Istillstui,! culti , ,i C PIttll rust Itllc
that 1I11CplifLciJ),1 ItlL1L (li111il .H'ialla). tlecIN IA IP,.iW % f(mint / )ll( Ill t'.n 

iiit:' ttIs rilittI Io i,/ /.ltkl '. ,11'1t, htul,.i 4 slsccics, 0t p ,silelC host plants
mctcnt1titt Ib tsc,,istmicc to t.ird t it ile icuilmcd \\iilttit stiitts ut tltc rust 
Ill'.fd c ,,,,pS111# Ili d !Iil t hlcc , u (1111,-h,, ;IndL t- I(ln-t,, hoc,,lilics IllFtlla 

\aniced hrtedinw, cliil ,, i iLtllttl h\ dou. Sti,,CCIiliC sp-ciCs itchiudcd ittt.lt, 
rclnt illt ltit .3-it1t1t 1/inihAlC INI.'titttt/ti iir il c I. I)itlniiu a 3-t ,illtnitr Ib\hlCCp 


,
skin ;Iiltl I,,,,uc wuhell ttollm lt lu, '(11 r,,, d\\ +ram on1,1111. Ililt,So/lilllll i ll trt . A 

11\ilsCrtitt Slitin itiseelia l,,iM 140ipotatoluW1,1l ,rill, it ich localities. chitt.s 
il( ill pIUtll 'aCjiC.de.\trise iiit' liiL 5\1crc tested and six \\ere ftund tolerant, 
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SUI'VEYS O)F PTAT( I)ISASI

INC'I)ENCIE 

Colombia. As part of tle agrcenlcnt %lith 
the Research Institute o1 Plant trttcctitm 
(IP)), Nctherlands. 
ducted itNoxcrnbr 
eases ii tllni,.('tdC 

up to the olc i adc 

;s rc\ %%as con-
IrNih 01o potatl dis-

le stnrx x. tttllhtx,-
il I ,ctctx c.d ile 

)Cpilrlmeiit>s of ,.\llitltuiu, Itoxact. (;iI-
dals, ('tnidinaiiarca Narifio. Satlt;i I tlcr 
dcl Ntrtc, al d lolinia. 

to-1o0tronVtrtillil (i/ - x isxiC'pr;tl 

Vatiolns and roguing plants vith ,latcklcg
sVIlitomis was not1tpracticcd. Bictcrial 

wilt (I'. whO/azitmt'Otiwi) x\as cncontcred 
ItlxI%IcNcIS ott incidcnWc in the' %drilcr 

urtomxii arcas. 
llutaii, lhllthtigh itcllLthativc clfolrt
 

wkith the huit;t iit-,natitoti l p t tattt prt
irat \ o to dcticrnIlille the
it itilflc 


callse of ptolmlt tither rotlinlg diiril seed
 
Jrtdtiicitti, Ceslciall\ 
 inthe x,rictv Ktifri 
xoti. 'Iluc-rs hd ' pihttls likc those of 

pink illcaled bI\ . 'r i tro/sp)icP.or 
anid its iiitlCi t.\X.S 12tcttCr Ithitha1h, il)1 Sas/t(0 i I c llttcr uluh,,is si~ttclaed 
V.daliliat ,ifiiidin., c)iitrx 1ttthe I'sulis and l'ttsl,i.ler 1i0 h. tilC LUsil aiellt. 
tf the 1) 4 sucx ,spcciuhll. htr liotca I lhis djsctsc is associated x\ith Wlxtcir
adl Natiniin . It x\xas iecottiii ncllci that Io'.2'.2trgi1'. iiiastur. 1t ilnttill ntl 
crup rotatito and the use oI ulC'rnttillt- l rlxc d)r[O tliihec nllstul sttLcturC Vere 
free secd bc prlaCticed. ScI Iettxx, illi.t.ctninICIIde, 
high altitudlCs tlOVn Isi,'e prtlduccdsct.-

h\ the national prograitofl o it ,aIS 
Jorec \was discasc-trcc. 

Roscllinia black rot %,,sprcsent in in 
,,Ithe fields sux c,-,l. %ili I:-catcr iiici-
,.hcncc thanit 1984. ( Ira. mold CItuScd 
hv 8 Tfli.i (liit't'10 ' . t'sCoIIIIItOil .it 

higher cheva'tituls Mid aplpcicih tt0 COIi-
tOnizc ft'liagc pfrc\itusi\ tliiieed h, til 

dcncc xas grcatcr in (CaliLs :nd Tulinia, 
but occurr.d illit t,, inwfields l8Oxci 

Saltaifdcr. it lica\v 
preciritation (1(111(mn), and prnianent 

.,tId ol tempcraturc. 

mists faVoId the I'ftgus. Sonic lfI t'r,. 
hui\vCc.I', wer ,ablc to t0Cllltl it sluCCe.ss
fully x\ithI fiigicidcs but at grCat cxpcnsc. 

Lawt[light (P.in/Px.tznx ). knt\ix i tote 
a limiting factor ti) poitto production inI 
('holoibia, xvas ftund tt cause seere at
tacks in some fields, x.lilc control \\is 
achieved inl others hv chcmical spraing. 

IPo\vdcr , scab (S.. mluti',rrattmt) xxis ob-

('hina. . svcv il'COnRucted Ol 
aicrical xkiltdir,-ic of' potatot's ill 

the pr xinccs of I lunnallnd (iuizhon. 
( iii'huu utvilncc grows ,bhout 200).0)( 
ha and bhtctcriil \\ill sevCrC damcaLsCs 
atc Itcr- 4t1 \\itcd plants in se,'ral 
lilils). SixtlCii cnltllcs tt P. ASOhtl 'lcca
1111 xerc isiolated aind 
tied is race 3.A totitol 

late blight fungus (P. ilfi'AhoMS). Thc i,,ci-cxlualtcd hr bolacteliali 
('lone MS-42.3 continued 

all "cre idcnti
47 clones were 

will resistance. 
to show resist

ancc to ). so/imut'arill. race 3. CIP 
chine 37785?)+2_ (BR-,3.74 x WRF 1923.1) 
x,, resistalt tto all races. 

TRAINING( 

iaining was focused on bacteriology, 
especially bacterial wilt, which was the 
subject Of' ,acourse in China and the Ilmainl 
theme of* t seed productitn workshop 
held in hILruindi for the PRAPAC net
x\trk ci untrics. The large clrn her of sci

served frequently, but farmers felt it "is elitists from Burundi, Rxvandal,and Zaire 
of little importance except infields \vhcre attending the PRAPAC meeting) er
crop rotation was not practiccd. \aniong phasiz,-s tie importance of this disease 
tile hacteria l diseases, /-.. caro totra xvar. in Central Africa, and the problems that 
atroseptica was prevalent at higher ele- it creates in goverrnient seed production 
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schlce anI n iltrillcr\, Mt[I1lp1S 10 inl- ',cCC Lllb hc roduction practices to ensure 
pros c (lie qulll.it oI Iicirii socks IMCttc L1LiiIM l\iocks. Six vktn Cicntlists 

ficctii1* 0 kfMIiil~Irc iniicili i sliud Iicihtcii ill~midu 1itIitil (fi"Cl~iSCS 
i1ClI"CCLi jpit'(Ii~tihu "ficcialitNlI) I\ ~c at ('11", thric c l-ciiC \ltiuwi ill I1cru. 
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THRUST IV 

Control of Virus and Virus-like Diseases 

\\ Of)
S lldIt.S C 'u CoiflilltlttiN llLu"l IJ li c 1h1 1 .'llt1loll by\ .\liLh culli

icsi"Lit:,.'' i.ll,, (lPIR<V\)vills."h tol[potioI alrtll h coili stvsceltilhlc to 
PI.RV dutic lcu'how, 11lcctioln J+I+" X illid YI (IVX, w\'Y).to .,ith P+)lIMO 

Illle \M tm+,o hll,: ~ l'l,TRV IlhCthon %\ilhl)A (Im,, bhlI tc l ,',ll+ll[\U.:, 
110 10li~gir(Id t10 ',tu+jt OiC tu, ll cultirh d r u1 IldtUCC l'~ il thu i,t 


-
\iiu,, PI~ltll ll ( Imm+Ji+ld\11 i6%11. O)IItIJ1t. t,0PI.R V 
hild IIIILt 1t11CI' t 1 . ,.rCu,uh', itlit.d 0, find-

Ill ,,uCC+.fIihilit,, , Cxhil+
 
tlLtCl\ 111CL,11t(l llCl 11t,i l hh PV )' ]11'0u 

,
 
O l tIlic ]lllllt,-,c PI.16 Ill lI ",lalilt 

11lic tIlu. il 'l'() l op,.' I~T-t\i ,,.int ,ihact.k

oiI l , I,.r b ,Y(itll" [I)lhoth IPVx ild IP\ Y 
thilt t( ,.d c. g h u, I .,. -t,..,sti~ t.,, 


", ,I +tiIl 1PI ~iIHIkL.' ll 1 IC ]lu(IMI ',"MLIL'c' + ilt l P)\.' p l V ) .. ,O ofIIL~id,,t;IlIdU 

IPZV . . ,l 10+ P \ l;IdI hL I I,.,. 1d k.ici,.Lllili,+.
P'\ v -. ll ll C ti l olu.IR',i,.,
\ .; l ;t 


ill illd";MnCC,,d.lMI ,11LCllt CO'M 1ili01.,PC u, it. 1tMlt.~ 

o P+Illt" Mu..X , hmu C01r1l l,11110 . ;III. hL-ill'- k \;I Ittd 

H .l ld Ilil 1,~ t il id ILnIi

tiriu Ilul l i,,tm ' [1 l ",.cIthe.ir ,lli,+,k( Il'f l)I+ h.%Ipt, tlt till thir1 Il ,,.Imp li,,c ,. 

l110ll W LItill jth0i (tlh c,, IlkI 1thc P:\"Y .ITIR V . M d p tL-,un o~n ,,ir.ld(tdt., ,+ I (1 , 1111tn 
an~d P%\ It ,. litmd 01,11 iccu'ill ii,.h ,I,.'''. jr. third ~ ul.. It it J.I 
ctollpiult- t 1', ttLd Ih hI111d /,,, +hlc ,.,11(I l -,11 I . t''.,.'C.d. t,. , ,, 
11 01111 I IId iI,IIIC \ I I I ; I I C ,.i+ .U1111_II m , i I 'A,;rP, C.t.b 1'-'C I c itdidC11t ItI IhC ,I lC 
of1p l locth , ill ]h. :,.It;u ,.'i;tt I lSH- ,. i poIt" (olmli III: _2 lol ;lttocu 
hia" ~ uu , l i,,iuim icfdl."cn Ihutcm lh~~ , ilitt, "cloho icaill,
 

distnctlt++,;tc II-2 ,.;m,P,, tru llh ",dd. l,..crosis.
l~~il~tJl~ll iru,. 


MuLI 25' 1 10 1 ll lllill',lil hl 11 I;i l93' 1 r'duICtitoli c l. It L',|n t~ l, littICLI( t 
pr l l l oftclmu , 'tt.,,10:t lt om,pinldlin imi ti,,ullluu:-,..ntmmllliclk l,. 

+
ttubur- .itro du,,,. Ill ~lkul"0,0,1\kill 12 it,, hinerd tPS,;I\V hl ,+.d ,.l',Oi;1 h u tCI'111\ ol
M ohll-'o iil ('hlil lilcilit;lt' Cnt thuC Ofill .\ ill u.t ,tiu ill il+,,,..'tCuildLIM 1tt 

,
di,.
Il idunlll icitltm "r ll 0 1 l,+. mlottle 

r~dtCt,+. ll ld. IC+,ililiL",
 
Ill I i l c I t 1 0t;m c thIcI\ \ iltis, 

(Sl)FNI\') Ih;r. l)\, clililidut.t..\A potl ilnti,,chrtI (I% hc +_'lI cl(~III;l l llodtccd ,lilnst 
thli, ,, i h ..iM.. ul,udlIll % lo - I CIClol1-1 1 ,.\ ,,uillolt h F 1,61( d t t itmIl C011
pll-istll offl e[ r l ofl . kitPchu i inokit, SII.\I\. A.flt. wing nitr~ce'llulose 
I ulle~ i ,U ~tin 1 u' 1C i l+,.MI'1201Ch dIICCtr',fu,, :I,, I .I.ISA,i,;IS (1 l+ t10 
pta+to)an1d( S%\Cct ptotlho Vin'jh,s.
 

.lll lu , o+ 11G aldl,Ill llc t Llll ,tINI.l11%,i 11hW II ,.,'Il lllll +'lll 
,
 

was !11,1I L III.., lw II l I ll ll P'h IV l'l, 1.. Ih+ ,it l 1, 79J 



II"SISI.\N(' ( )I I1,I1 () () \.,'IIIsI:s to detlermlinle tC t\pC of' resistaliCe av,'aitl-

ANI) \'IROII) 
 able i ('11,CrIplhism. I)uritw the ,ear.
 
Interaction (,A"
potato viruses. Studies 122 chtlucs ()IUclt iirs \%i CiCLsted I ILe-
v'IC coltitill dI tId tCl-llic fite i1.chli- tr imi,,. lie l tc.'iit ht Iol RV.hiorld ,cIraisin
h\ Mxhich reltm o p'oltt Icall-It,iICIItil\ r-cmi,,tm_ to+ \ill]" nultip'licil
loll %irts(II.R\' ini,illiu,, is brkrt titlio itiin htl nc.i& \,\ i"It t,,ins ll is ,.'2 hCC 

(saC toi 
 t'cliol, ht I M0tltit l i (11iCti tsL tu Cd illIt'itiel l) irtw 

,\iiui X anld Yl (P X. PV) ).T lill.l, ' l c111 1
,ILlucUmc ll1 'LClhol \,\,ill hic IM ti%k,, ditid. Ithe t1il jeLi I P-M A. tll,.ccthiLr,.lm o d'ticlu'in illm illtl, alil ill-
P\V ) Il tho,. 0I fcN',iIICC I0 ITlR\ \\I ,1010,: tliu L~\\'lJillIh,.' (dnu,1[.h,.\ ;Il)

suit ._e,.lltu Pliiniiill \ le I 5,n l ititJti u t.lt C ill , itl dnu e. loll',i 
tSsh s iet lii (I;li , lt l hA 'x1ttilP>\X (ttPV ' ,is il il i ' i j 

%\ tll s;i Itt 1ti odtI _ ,,U. a,,I crkCI(I,I imUm c", l' 101 W IM t.'I)L-0 1,Cdt~ ,,-rlllilldiitll 

( I ( 0 ild\ PI 1S i 1 ,' ditt,t ii t h i Itill i itdI t"lt \ it, \ iilWit jtill

h.\II l 0l 1 s 'ltO l \IlllL l. l'\ , Lthe lIt ot ;IIi ul
-i ti 1 lC lmsli' ttl i llllill

,+IiII killed h\l ', i C1uk. itNit t t O L.1ll0 ht tile ,1+eit \l11I)Itjl,, SIlild 
,ckt, 5 fl5c'laiis,.t,t i thlll \ '', ,ts , l-i , . h , 1
 P .pl.r, I"jhtu't, 

M~ 1:1 Is..\ .' M} V;-, Alt+C\I'CCIL'Ll. 
 IIL ",h111C 1 0IAICtt'~.' Oldl\ l. rC,,ista CC.
 
Anld PV,," 0'1lltrol PI1.'ntl hm,. I-I .
-IlCe 1)l,t11t1,of 1tr \,.r\ I ,.'t,cIcohltIaInCd
 
(' W ,I ll d , H-i) 11!ll('1.'..' 11 10,it
t..u C ch t 

\SCiC it iiuLdItte hItP 1IR \ \\J,, 


]t l ic d o lic,,.M n.h ll .,h 11tlrlhCr 
PI'M\ . SuI'.C'.Tqitilitlj 10 lt101 (C.',1u12 Ito(I I-1111ILu'j )ituttt 0hllltIild ICP1IHtIlCCt T \ 11Iiti10 ,iui 

P \X. ,,,,icI t .'clillm t) I[IRV 
\\;I, 111\"Cf M~ 11 I. -L1ii l"ll',thn A,11tt 

Table 
1 it ruttmaOnship 

Sjucc bub11 PV) ;id J.RV tic 

between MoCUlation
til- lt0W Of pottIo virMs X (PVX1and potato virus Y 

miifdi lli IIIlIr h\ ;iphid,. ;illC\jI l i- (PVY) aind susceptiblity to potato ealrollvirus 
IlCIIt1 ,s c5 ldthI'c \\till*jplj,, 't il i P[ RV, in the PLRV-r stant culttvar Martva
 
holh il U',.,,llll d t','. 
 ! u.Lls ,.o
 

1iiiiii d .. ,tit illitr lpilLS Iti ", iititcit Days itter.inoculation 
 Hettlhy 
 IVX PVY 
lithPVXtiol \.ilh'\ ) id ',licd iha P'tiilttlhl "I PY 25" 50 25 50 25 50
 

(ttssu\%. ll t uIIIC jit l 0 ,
tCil Jth P[ R\ MCH 0 0 0 20 60 
ubo tiu,..stie ijutctilaI.L 'j,iIIItlittC- 0 0 0 0 .10 80 

ItII\l t "it e l luctu Nith i- 2jiil',tr ui il 0 0 40 60 80 80
 
ia, uejther IVY nto PI.RV nl _tICid tl 3 0 
 0 40 80 60 80
 

plants b) ol.ij ijltttcultijtu .1 
 0 0 20 100 6u 60 
It.,, data n iil t tillteltilo otllt 5 0 0 20 40 20 20 -

lit iHIt ',It 11.tiRCd j,t .c 6 0 0 20 20 20 20 
slttldll hb d,l-',tp,' til 

It ;i eMittj hIck- 0 0 40 100 60 100trttU uldtil resji't;iice \N lt\rY,,X I tiJ., . 8 0 0 80 80 60 i008 0 0 80 80 60 100
 
Sources of virus resistance. Pr t 0 0 80 80 80 100
 

Ijudjitegs il the' Itltitlp(lllltturut t f ~NUtCNumber ofPLRV VltUh)feos tphidsper piant
PhRVr sis\lICeshs;u\CIld it IICuCCSs',IVi "Percentage ofplants infecterv,11 PLRV
 

"'A1I 



Tweity clotnes imm11111elC to PVY wVereC Table 2. A erage" percentage of infection of 
selected from ai group of 36,47(0 Seed-
ins screened in I98.5. III addition, t\.,'() 

(PW3I ilrd I)SI ) ) out of three tetra-

phid ChIors, rcCCiCd 1houh ;1 resctr'ir 
colllact foloI r). ,S\ic/\Ieski. Potato Re-

earllch Inlirtl. Potlnd. \\'c itluulelC to 
PVY. These Clones ,,ill be uhe,d as pir-

cls iII Cs I)ice~iinu prgrrAic, n\\ 

escc of ro.curlrent selctioln Ire LoItltrrine. 
('11P clon: .171)7) 1034. ICsII~I led iS 

('75-ilnelss, di ri i s1",' i inl), i h 

Sield ({ IJ.:' k",g'pi;tll) 1()I.tI l 'c i t e t 

IS -35 (C uie-rr'. ), uod. i ral coIIr-

hirrirg ibilit\ poilertn Ic tiliM\, Mid fil
tinilit\ to .p iol,0ih" Ot P\'.X aMid PV'. 
It \\ as testd itlainist seeral PVY isolalte', 
and other potatto ptvt russ. It \s;ts itt-
urilnc to thrc iolatcs frout etch of tire 
pv)\(), pvY:". and P\.Y. eroaps of 
Striis olf P\'Y amid to otte i,,olate of 
PTkV-pI I\;cr. like oither souices of 
itmuniit\ to PVY de .icdli ur Ir tl,.'rt,-
Sit sIsp. 11h/(figeta,, it \sis I ,,prsisitisC 
to tile t\o isolates, of p fitt virts A 
(PVA) tested. 

Since tile genlest, tint fcfer irtnrLtitv 
to PVX are kir wv to PC l itroperative 
against tile 1iB strat 0f i'\' ( PV t). 

resistant genes aVoin., V rptble
sougIt. (lione )T()-2, showed a high 
lcv,_l of hvperscrlsiti\irv to this strain nd 
cultivars Bzur', arid Atlantic carrv gcres 
that coner reiative resistance. Mccian-
ically itoenCi ted plaIts of 13i1ura arrd 
Atlantic were asvntpttmratie, and siosv 
virus nit ul tipliC;,tin ,tas detected itt the 
low percentage (5' ) of plants that be-
cane infected. Relativ,: resistance to 
PVX , is therefo e an additiotal ali-
lbtte to tire imniiutrity agaiist tither strains 
of PVX futid in Bzra arid Atlantic. 

Development of virus resistance. 
Peru. tPrcVitOu, results o1nthe resistance 
of cultivars to PLRV were obtained by 

PLRV-resi5 ant and susceptible potato clones 
when inoculated as plants or tubers with virulifer
ous aphids. 

Plants Tubers 
CIP no. Clone cv (Oo) (Ooi 

800942 BR63 15 130 0 
720025 Malmo 0 C.6 

8001.14 DTO-2 53.3 53.3 
800174 DTO-33 60.0 93.3 

80003.1 P Crown 0 6.6 
720087 Surrana 6.6 0 

"Avengu of three experiments in whitch plants or 
•[routled tubers were each i'oculated with 50 viru
hiferoUS 11phis r.RV infection was tested in second
arily Infected p i:nts 

aphid ioctiiittion off plant" grmo'\\ frort 
apical cuttiings. This mCthtod is time Con
stminnig ad requircs high lahbrr input. 
Tire inlCUlatiorr 1f Sprouted tubers was 
threfore itlic-,igated ias airorc eflicient 
ipprtoicl. II geCIrtl. iritr.latit With 50) 
ruirtiru, iphitid per pL',rt Or Spratited 

t1,.e rCul!ted ill itIcher .l'evl, Of itlec
lion ili tubers tht in plarts. For clotne 
l1103.15 Irad culti\var tScrriirt. tlie results 
\ctc tlie satirc ([able ,I. and for Mariva 
tid PentlaId iCrowrn tire percentagces of 
irfection \ith both Methods fell into ,i n 

ranet, Therefor;'. itturliatioi 
of sproutCd tube-rs appears to be a better 
altcrnative than plant ioctiatiot ioir 
rplid screening of potato gerniplastn. 

Se\.ral Sources t' gerrtnplasm were 
screened f'or PLRV resistatre. Forty 
clhies fro t tile lraploid breeding pro
irtmr were screened Under greenhouse 
conditions during 1985 an.i 1986. This 
scar, 15 of the selected clo,cs were cx
posed to PLRV in field trials on tire coast 
of Peru at lea arid (Caftete. Three clones 
shtu\red perccntages of infection below 
those found in Rcviruicion (control) and 
thcv have been selected for further field 
exposure .als. 
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In another field trial in Ica, 28 clones and PVY imnmunitv was obtained and were tested for PLRV infection: 14 hap- screened. Of the 2424 seedlings screeiied,
Ioid clones obtained from tetraploid ad- 5W '; ere inmune to PVY or PVX 
vanced clones having resistance to P1R), PVY. 
11 4x-2x clones derived from Solanum Ulruguav. In Uruguay, two clones
chacoense from INTA. Argentina. and 3 (381371.8 and 3,2 284.16) selected by the
2x hybrids. The 14 clones that did not be- Agricultural Research Centcr (CIAAB) 
come infected or showed a low percent- ;n 1984 from iiher families multiplied in 
age of infection have been selected for 1983 continue ito he evatcd for agro
further tests. Several clones showed hi gheri nomic characteristics. lioth clones silo% 
percentages of infection than the suscepti-
le control. 

Developmeni of, and screening for, 
conibind resistances to viruses was eM-
phasized during the 'ear. A total of 1945 
seedlings from popLIlations conmbining late 
,hght. PVX, and I\Y resistaices oh-

tained from Dr..1..G. tlermsen. I".VP. 
Agricultural University, NetlhcrlalLds. \wer 
screenLed for PVY or 'VX + PVY resist-
ance. Of this group,. 37; of the seedliiigs 
were selected as putativelY iullnLlile to file 
viruses. intercrosses among lI'VY-illuim c 
advanccd clones were aimed at imcreasing 
tile freuency,, of the ieecontrolling ia-
nitv to PVY. From these intercrosses, 

160 clones weyore selected on the basis of 
their agrononlic altributes. About 5( of 
these clonles are expected to he duplexes. 
These duplexes will he very important il 
c, mhining PVY - P1.RV resistance since 
it is expected that 83"; of the progcn 
resulting from hetw'ei dplex-crosses 1 
carrying genes with PLRV-resistant clones 
Will be ullinl1iiiePVY w6ili to Md ,eorc-
gate for PIR' resistaice. 

Screening for MN mid PVY il one 
polilation (8O1)) thai colmhlins PVX t-
PLRV and PVY -.-PLRV resistances 
was completed. From a lotal of 16.058 
seedlings, 44 ; were imnune to PVY or 
PVX + PVY. The selected genotypes are 
under field evaluation for PLRV resist-
ance and agronomic characteristics. 

A new population that combines re-
sistance to Globodem pallida with PVX 
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goo0d resistance t0' I.RV ald PVY, are 
cil,,', and have short dormanC,,. Thev 
also have acceptale resistance to carli 
aild late bligiht and will be used .is par
elit. ill breeding programs. 

Brazil. Virus re'i>!ailcc testing in 
lBrazil was ca-ricd out in Brasilia and in 
BrazIlandia bv CI i aId tile National Celi
ler of Il rlicultural Research (CNPFI). 
There \was a considerahle difference in 
the levels of PLRV pressure at the two 
sites: however, the pr'ssure level in B3ra
silia was better tiail tlhat at lBrazlaadia 
tor selcclions. to he illde. Along tihe cul
tivars tested, Scrrana . 13-71-24).2. Pent
[a1d(Crown. lIT-I, (FS-69. 1, 13R-63.65 x 
.\tlaMIic. 13R-63 65 (Noliucra), and Santa 
ic -owed good resistaice. Im addition, 
I5L-I. ('FS-69.1, Pentlald Crown. and 
Serrana showed resistance toLPVY. 

Ttmisia. From a large number of 
cloines iltrodIced into Tunisia in 19,85, 23 
clones were sclcoed for agroloillic qoual
ities and resistaiice to PVN. FPVY. AmLd 
IIV.. After three coIsecutive sea.,ms, 
eight cloiles continue to show resistanlce. 
The yields of these clones ranged from 
6i1) g/plant to 1.122 g/plant. From a to
tal of ..169 clones of three different fanil
lies previously selected in 1986, 54 clones 
were selected for goLd agronomic at ri
butes and virus resistance. It is noteworthy 
that this material is early, a necessary at
trihbute in l'unisiL. 

Mechanisms of resistance to PVY. 
Observations in the transmission electron 
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microscope of compatible (plant infected) 
and incompatible (plant not infected) in-
teractions indicated that immunity to PVY 
involves a virus-induced mechanism of re
sistance rather than co nstiIutuive resistance 
(Fig. 1).It appears that after gialting a 
PVY-infected scion from Ni'oiiama oc-
cideptalfs on a PVY immune stock (c.&.. 
LT-9), deposition of callose in sieve plates 
occurs. This callose probably blocks the 
translocation of PVY. Accouhll iatiou Gf 
p-protein is also observed it the sieve 
plate in the incompatible interaction. but 
itsfunction is not yet understood. 

Studies on "engineered" resistarce 
to PSTV. Attempt' o confer resistance 
in polato to viruses ivnolecular cross-
protection was initiated by husing potato
spindle tuber viroid (PSTV) as a model, 
Experiments are underway in an attempt 
to incorporate ii. '>ie gcn(ines of cul-
tivars Mariva and iicahuatsi (highly sus-
ceptible to PSTV) a PSTV cDNA copy 
that may generate protecting, noninfec-
tious PSTV transcripts, 
Amr&,bacier-tum twuehiens is being 

used as a vector and the regeneration of 
tranmsgenic plants follows procedures re-

ported in the literature. The constructs 
used (pCGN 12a and pCGN162b) to 
transform potato are monomeric. full-
length copies of PSTV under the control 
of a 5S Kan promoter. These :onstructs 
differ in orientation in the plasmid, and 
after repeated Agrohactriunm-nediated 
inoculations they were unable to generate 
infectious transcripts. A set of PSTV con-
structs has bee, generously donated to 
CIP by Calgene Inc. of the United States. 
Potato tissue whose genome is supposedly 
transformed by incorporation of the above-
mentioned PSTV eDNA constructs has 
been selected by culturing in medium MS 
13, containing 100 [ig/mil of Kanamycin. 
Confirmation of transformation depends 
upon tests for opines and Southern/North-

er blot analyses to detect the presence 
of PSTV cDNA sequence and the corre
spoMlding RNA in Cells. 

IVARIABILITY OF POTATO VIRUSES 
Variability of PLRV. The variability 
of differe, ' isolates of PLRV was studied 
in three Peru ian isolates (code-named 
10, 01. aw' 29) and in singi,: ioliaLs 
front China. Nepil, UrLuglay, Korea, and 
Kenya. The virus-vector relationships of 
these isolates was studied using a colony
of Mvzus pcrsicae derived fronia single 
aphid. The acquisition period showed no 
variation i:tisolate 10 ot in the Chinese 
and Korean isolates, since all of these 
isolates can be acquired from an infected 
plant within 15 minute:;. The isolate from 
Uruguay could only1be acquired after 30 
minutes and isolate 29 after 6 hours of 
access. The isolate from Nepal could not 
be transmitted even after 48 hours of ac
cess to an infected plant. These results, 
showing that PLIV shows high variabil
its intransmissibility, are of considerable 
practical importance in relation to testing 
and development Of sustained resistance. 

Variability of PVY. In recent years 
several potyviruses have been isolated 
from potato fields in Europe and else
where and reported as deviating strains of 
PVY. It is important in breeding for sus
tained resistance to PVY to understand 
the relationship of potyviruses to PVY. 
In collaboration with Dr. B.D.Harrison, 
of the Scottish Crops Research Institute, 
Scotland, it was found that the UF isolate 
and other European isolates reported as 
potato virus V (PVV) reacted with eight 
monoclonal antibodies (MA) prepared in 
Dr. tHarrison's laboratory to an isolate of 
PVV from the United Kingdom. Peru to
mato virus (type isolate from Peru, which 
is not virulent on potatoes) reacted with 
seven of the MA. As expected three of 
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the MA also reacted with PVY (a sero-
logically related btll different potyvirus). 
The other four MA secm to be specific 
for PVV. IhesC studiCs support the Coll-
Cell that P'VV isolate:; arC mmblers of 
the potalo stra inof P1 V (V ) . The 
MA kindly supplied by )r. Ilarrison irC 
1now bein tested agaist a Irod spec-
ttrm of p)tyvhiuscs at ('ll. 

Characterization of potato viruses, 
Experimeits hae shomi that the SB-22 
virus 1s transnitted 1)\ tlM-t p'rsica' in 
'I lnolipersistclt millner aid liso throul.'h 
the botanicall sced of potat aid (CIIp-
.%flii< a1u1mm1. l{vei though the virus 

vein" syndrome presumably caused by a 
virus. This problem is closely associated 
with adjacent bhe.' crops or intercropping 
of pottocs and beans. It was confirmed 
that the principal vector is the whitefly. 
I iocurodes iorlnr.rioru1, which acquires 

tie ability to infect potatoes after onily 31) 
llnllltCs fedhnlll6lC Oil allinifected hC.l 
plant. Iloculatiol feedine for seven hours 
is ileCCSSalr\ to iiifect potato, illwhich 
symptonts first appear 19 awithin ) days 
icr inoculation. Several naturally occur
':ig CUnmiCs illthe orders IlvI'nCo1tleral 
and I)if)h'ro \\CrC identified parasitizing 
the \vliitcftv larvac. Yield reductions is 

cilSCs seed incrosis. llid ger llilli- high as 50'( have been observed in inseedLI 
tioii is also rcdu.cd h%25 03I)lper-
cclltaeTes of virus transission to sccd
lings have cCn Vrus SB-22b dtcLtd. 
shares in srologicdl rclationshil \\ilh 
alfalla mosaic virus. Mshich has niorpho-
logicall similar piriciles SB-22Irtts to 

2). A scrolneicall. related stralin of 
SB-22 (SB-251 has been futlld h1 pot;tcs 
in the Peruvian Andcs. 

fcCLd plant-.. 

l't)tAI() \'IRLS -PII)FMtl)l.()(iY 
Research in Tunisia oilthe correlation of 
aphid populations ild virus spread in po
tt scd tubers multiplieJ illcons2ctlt\V 
-Cnecrations showcd the ollowingz: 1)vec
tor prcsvrC does not inhlC'.C Collstantlyv, 

In Colombia. the most imnportnllt ict, the observcd peaks of aphid population 
disease of recent years is the "'cllo\ :icr reulilarly IllowvCd by a rapid decline; 

Figure 2. Serological relationship between SB-22 virus and alfalfa mosaic virus (AMV) in gel 
nimuncditfusion. Central wells contain antiserum to SB-22 (1) and AMV (2). Peripheral wells (H) 
contain healthy Physahs floridana sap The remaining weis contain P. flondana sap infected with 
SB-22 (S) and AMV (M). 
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2) spread of PVY and PLRV remains 
very limited; 3) buildup of PVS is impor-
tant, it reaches 2V0%in the second gener-
ation and close to 501,i in the third gen-
eration; and 4) yield of third generation 
seed in Tunisia is coniparahle to that of 
imported seed, although tuber number 
per plant is higher in locally multiplied 
seed. 

IIOLOGICAL ASPECTS OF 

PSTV INFECTION 

Previous observations have shown that 
when potato seedlings are inoculated with 
PSTV, varying efficiencies of transmission 
can be obtained. To determine the fac-
tors involved in efficiency of'PSTV t ranus-
mission two experiments were Larni:d out. 
One of them indicated that effiCcn'\ of 
transmission depends the ofon sizc the 
potato seedling at the time of inoculation,
Maximuni transmission was obtained in 
plants 5 cii in height and lower trailsniis-
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Figure 3. Relationship between size of potato 

seedlings at the time of inoculation with potato
spindle tuber viroid (P'TV) and the percentage of

infection, 

sion occurred in plants smaller or larger
than 5 cm (Fig. 3). This behavior may be 
related to the differing physiological state 
of seedlings at different agecs. 

Appropriate selectiort of ;aniples iscru
cial for detecting PStV. iherefore a sec
ond experiment was conLducted to find 
the relative concentration of PSTV in ac
lively growing plantlets. As shown in Fig
ure 4, nmaXilmumlm viroid concentration was 
obtained in the growing tips, inckudingroots: whereas minitmum concentration
 
was ohtained toward the middle I.f" the 
plant. 

The distribution 0f PSTV in potato 
plants after infection was monitored by 
a procedure developed at CIP. Plants 
o differeCnt ages were inoculated with 
PSTV, and infection was determined in 
StCl segmntC excised at different inter
vals during the inctuhation period. The 
first leaves t0 he infected in a plant, re
garuless of' hc site of inoculation, were 
those at the top. l'hrealicr, infection 
progres:,ed acropetallv. 'Inis seeun. to be 
a general phenomenoF with viruse!s :lnJ 
viroid and apFauCt lv di flCs froni previ
ous reports in the literature. 

II)ENTIFICAi ION )F SWEET 
POTATO V'IRIUSES 

The host range of isolate C-I of sweet
 
to feathery mottle virus (SPFNIV)
 

was found to 
 include species in the faimlies Convolvulace'ae, Solanaceac. and 
Chcnopodiaccae. This virus infected sys
teniially Iponnova velardei, 
1. duhia,
 
1. hdnt'toruim, 1.qtainoclit, Nicofiana
Ihenhainiano, N. chvehandii, N. occithn

talis,
N. clhveldii x N. hitlovii, and 
D)atura mnetel, and it caused symptonlesslocal infection on ('hc'inopditmnt ntralh,,
I). infect ind opin Ce' oIh'ramIa. 

The stability of this isolate in leaf ex
tracts of N. bttltoniatto was as follows: 
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Figure 4. Relative concentration of potato spindle tuoer viroid (PSTV) in a secondarily 
inlfcted potato plant. The numbers 1-14 represent sections of the plant where the vir
oid was detected. E to K - reciprocals of sap dilutions at which PSTV was detected. 

dilution end poin; \.:is 10 -2 to 1(- 3 , the 
thermal inactivation point was 50' C, and 
longevity in vitro was less than 24 hours. 
It was nonpcrsistently transmitted by both 
Aphis gossypii and M. persicae, but it was 
not transmitted by whiteflies. 

The virus was not transmitted to true 
seed from infected plants in Solanaceae, 
but experiments are now being continued 
it! sweet potatoes and other related spe-
cies. lsolawe C-I was purified from sys-
tenically infected N. benthaniana leaves 
harvested about 18-28 days after inocula-
tion. The leaves were homogenized in 
0.2 M potassium phosphate buffer con-
taining 0.05 M ethylenediaminetetraacetic 

acid (EDTA), 0.5% 2-mercaptoethaInol, 
and 0.5 M urea (1:2; w/v). Clarification 
with carbon tetrachloride, followed by two 
cycies of precipitation in sucrose cushions 
and sedimentation in cesium chloride gr:
dients, yielded a purified preparation. 

An antiserum of low titer in immuno
diffusion tests has been produced and is 
being used to define serological relation
ships with other isolates of SPFMV from 
Peru. Due to thic great variation observed 
among field isolates of SPFMV, studies 
on the variability of this virus have been 
initiated. Another filamentous virus found 
ii some sweet potato plants in Peru is 
under identification. 
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TECIINIQIES FOR DIAGNOSING 
VIRLS ,NI) VIROH) INFECTIONS 
NC-ELISA for potato virus detection, 
Th. detection of the most important 
potato viius~s ilt an FIISA protocol,

UIchiuses nit rocClllosC (NC)) mcim-
branes as tile support mLdiuml (NC or dot 
blot FLISA). hias beett caluatcd attd a 
kitis being dC lopCd ilt' [or distribiitiot 
198. tlieher virus-spccific rec~itiow, aitd 
lo sCr riottspecific rcaciiotts \5crc obraiited 
I1w1ltC use of I1.01 M I)TA (disodiumn 

327 328 

10 

10-2 O 
.5x10<- 9 

10-3 

2x10 

4x103 

8x10-3 

-3
 
16x10
 

salt) and (t.(l NI diethyldictlhiocarhimic 
acid (I)IECA) in the extraction hulfer, 
and I'; of n1ofat milk anl (),5'' of 
bovine serum albuntin as bhocking agents. 

The technique tias, bCCn used to dC
tcct PVA (Hi. 5,. PI.RV. PVY. PVX. 
and other pot;to viruses, as well as 
solei,;e! potato virluses. At C11 this 
teclnique is considCrCd as at potential 
tool to nloiitor sustaitted resistance to 
viruses itt germplasnt sett to different 
cotuntries. 

5ch 1 Healthy 

A 

O 

Figure 5. Sensitivity and specificity of NC-ELISA for detecting potato virus 
A (PVA) isolates. Fifty jl of diluted crude sap from infected and healthy
plants ,as spotted on a nitrocellulose (NC) filter and the virus - -cted with 
F(ab'), fragments of the IgG Detection of bound F(ab'), was done by a 
goat anti-rabbit globulin enzyme conjugate 
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Production and distibution of anti-
sera. From November 1986 through Sep-
tember 1987. i 1nnoglobulins and en-
zyme conjugates were distributed from 
CI1P headquarters for use in ELISA tests 
of about 45.001 samples for PIl.RV and 
PVY, 40,0010 samples for PVX and PVS. 
and 32,510 samples for Andean potato la-
tent virus and Andean potato mottle vi-
rus (APLV, APMV). Reagents for testing 
around 500,000 potLato sam ples for tie 
most important viruses have been sent to 
ClP's eight reCions to date. A consid-
erable increase in the use of serological 
techniques for virus detection has occurred 
in ,11) Rcgion Ill (East and Southern 
Africa). I'llis ,,::r h .' received alnlost 
311,% of the total numbier of E-LISA kits 
sent frol headquarters. 

A project was developed several years 
ago to improve serological detection of 
viruses in developing countries. This pro-
ject has two phases: !1 phase I selected 
countries in each ClIP region receive 
whole or fractionated antisera and train-
ing to develop the rcagents required for 
ELISA and latcx tests. In lhsc II. the 
selected countries receive training I:) pro-
duce their own antisera. A large amnount 
of antiscra or globulins and enzynie co,-
jugates were sent mainly to countries 
where phase I of tle proposal for anti-
serum production i., in opcratio ,. 'ii Re-
gion I1 (aon--\Andcan latin America). 
(_NIl-I,L'3RAl)A of 13Brazil Ihas already 
successfully cornmp let ed phases I and II 
of' the proposal (i.e.. productioni of sen-
sitized latex and FLISA rcagenls usilng 
ClP's antiserum and productioni of their 
own antisera). Argentinas Niao,),al In-
stitutc for Agricultural Research INIA\) 
has conipleted phase I of the proposal 
with the preparation of at prototype 
ELISA arLd latcx kit and is beginning 
phase II \1ith the preparation of their 
own antiscra. In Region IV (North Africa 

and Middle East), the National Agricul
tural Research Institute (INRAT) has al
ready completed phase I of the proposal 
and is entering phase il. A virologist 
from the country network PRECODEPA 
(Central America-Carihbean) was trained 
during the vcar at ('11 headquarters in 
latex sensitization and ininiunoglobulin 
and enzyme eo njitlgate preparation, using 
the antisera produced by them at CIP. 

Plasmid and probe development. 
Several plasniids containing viroid inserts 
have heen developed and cloned. Plasmid 
pSI)65 containin g inserts for PSTV (+ 
and -) and lie viroids Citrus exocortis 
and Tonato planta iacho, is available. 
Inl addition, a plasmlid containing avocado 
sunblotch viroid has been kindly donated 
by Dr. R. Synlmlons, of Adelaide Uni
yCrsity Centre for Gene Technology, 
Australia. 

Virus inserts from pBR 322 (PLRV, 
PVX. and PVY), originally from Dr. 
I). C. lBaulcombe, of the Plant Breeding 
Institute, Camhridge, U.K., have been 
transferred into a pUC9 vector as an in
lerniediate step for ir':orporation into 
pSP65 vectors. 

Ireparation of probes by labeling 
c)NA or cRNA with 35s proved less ef
ficient than '21) for routine diagnosis of 
I'SIV. A new nonradioactive system has 
been used for PSTV detection and coni
pared to the use of 32P-laheled RNA 
proles. Though the nonradioactive probe 
facilitates clear detection of PSTV (Fig. 6), 
it is tenfold less sensitive and equally or 
slightly more expensive per sample tested 
than the 32lP-labeled RN.Vprobe. The 
nonradioactive probe is therefore only 
good as a backup to our present radioac
live system. 

A collaborative research project was 
irnplernented in 1985 between CIP and 
the University of Inner Mongolia, China, 
to develop a PSTV detection method that 
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Figure 6 Detectio of potato soindle tuber viroid (PSTV) by 3 2P-labeled RNA 
probe (A) and a no radioactive probe (B). Columns I and 4 from top to bottom 
are dilutions of pI (1 PSTV: 25 ng, 1 ng, 200 pg, 40 pg, 'and 8 pg. Columns 3 
and U are undilu:eL iop spot) and dilutions of PSTV-infected potato sap, 1/5, 1/25,
1125, t 625. Crumns 2 and 5 contain tw'tfold dilutions of healthy sap (top three 
spot places) and hjfler 1ast two spot places). 

does not require the us,: of a radioactive la, Iin molecule. This procedure is now 
probe. The latter Ias disadvannies be- heing implemented in CIP germplasm recause of difficulties it) obtaini ng adcquate distribution centers in Africa and the 
supplies as well as lack of laboratory fa- Philippines. 
cilities suitable for handling radioactive 
materials. The research results indicated 
that PSTV in pota*o and tomato can hc 'RAINING 
hybridized with a brotinylated DNA or "Ih major effort during the year was cen-
RNA probe. tHybrids can thor, be detected tered on individual training at CIP head
by an alkaline phosplatase-labeled strep- quarters in Lima where 19 visiting scien
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tists spent a total of 53 weeks. The work rus identification i- taught as one of the 
covered three ca Qgories: basic research, components of prebasic seed poduction 
antisera production, and biological and technology. 
serological identiEcation methods. Vi
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THRUST V
 

Integrated Pest Management
 

R esearch on potato cyst nematode, Globoderapallida, has resulted in the 
release of a new resistant variety, named "Maria Ilhanca," by the Peru

viitl national potato progran. This new variety is resistant to races 114A arid 
t15A of G. pallida, tolerant to late blight. immune to potato virus X, hyper
sensitive to potato virus Y. resistant to racs I and 2 of potato wart, is oblong
shaped with red skin, ,and a hih \'ielder. A new group of dvanced clones 
were sent to the national programs of (olombia. Fcuador, and Peru to select 
for resistance to potato cst nematode and agronomic traits under their 
respective environnental conditions. 

Clones resistant to tile root-knot iinatode . Alelidogye incognila, have 
been identified in )OtattLs and sweet potatoes. In potatoes, 0.7%; to 5% of 
the recent 4x-2x croses and 5((' to 10( of 74 diploid clones were found 
resist ut to three distinct populations of Al. incognita. A total of' 28 out of 
1245 a.ccessions of the sweet poato gcrmplasm were resistant to M. ilcogtmta 
and 26 of these were also resistant tI tihe root lesioncleuatode, Pratvlenchius 
flakkensis. 

A total of Ill slectCd clones showed moderate resistance to low levels 
and 71 to high levels of infestation bv potato tuber nith (PTM), Phthori
maea opercuk'lla. hi another test, the progeny of diallel crosses comprising 
more tham 20100 diploid clones showed a high freLuCncy of resistance to this 
pest. The application of granulosis virus isolates from Peru, Tunisia, Australia, 
and India gave good protection against PIN in stored tubers. When tubers 
were infested 9(1 days after virus application, 78% (of the larvae became 
infected. In stores. two applications of niiiciencapsulated PTM pheromone 
reduced the reproductive rate of the moth, and the level of infested tubers in 
the treaed store was three times lower than that in the nontreated store, 
Sources of resistance to potato Andean weevil, f'remntotrvpes suturicallus, 
and the potato leafininer fly, Liriomva huidobrensis, have been identified. 

Screening for resistance against tile sweet potato weevil, Euscepes post
fasciatus, ir, 700 accessions of CIP's sweet potato germplasm has led to tile 
identificatiin of 15 resistant clones. The occurrcnce of sweet potato foliage 
feeders and their natural enemies in the Cafiete Valley of the coast of Peru 
was studied as an integral part of a sweet potato ecosystem. 

A. Diseased potato tuber ltioh (1I9M) larva in iuher. B. Transverse 
section of this larva under SF, with box showing location o granulosis
virus (GV). C. Insert showing enlarged GV particles under SEM. 93 



POTATO CYST NEMATODE in fields with ligh levels of infestation
 
Release of a new resistant variety. The (Fig. 2).

Peruvian national potato program of Three additional clones of similar back-

INIPA has released the first variety with 
 groiind (:indigenat x vcrnlCi-tuhCrostjl)
 
resistance to races P.A and IPyA of the and pcrfornance, which arc in the final
 
potato cyst neinatode, (Globoderapallida. stlgcs of' c;aluatiton for resistance t po-
This clone (279142.12) was selected from tLto c0sl lellltolC and lgrlnloml1ic traits 
a group of advanced clones devcloped h in E-culdor and Peru. also hla,,c the ]o-
CIP (Fig. I). Additional attribules of this tcntial of being released as new\varietics. 
new variety, named "Maria 1Inanca." arc Advanced clones. len of 4(0 selected 
tolerance to late blight, inmmnit\ to po- clones tested b the Pcruvian 0ntional 
tto virus X (PVX), hypersensitivity to prograni inhibited the devclopment of fe
potato virus Y (PVY), resistancc toi races male iciiatodes in svstenlitic trials for 
I aiL 2 of' potato Witl't, ind otlier chMr- fOilr \eais ;and(1 nlic evalie'C tnder aoot' 
acteristics such as red skin, oblong shapc, tnation. None of the clones sent to -Lea
and high yields. dor in 1984 v CYc selected as pro[Uisillg 

In on-farm trials carried Out jointl., 1 culti ar,. 
staff of the national program and the S\wiss Front a newv cyclc of selection. S ad-
Development Cooperation (COI-SIi), vanccd clones \ere seit to the lPertvian 
this variety did not allov nell;itode re- natial pro-gramlt anrd 1001)to the ('oloill
production under low icnlatode pop- hiatt and L:cuatdorian national proigr:nls
ulations and reduced nematode numb1ers lt evaluation and selection under their 
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nematode. nt 

Figure 1. Farmers' field day in Huamachuco, northern Peru. Farmers are inspecting different 
new resistant toare potato cyst 

nematode. 

94 

advanced clones, including the variety, -Maria Huanca," which 
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Figure 2. Effect of one iesistanl (Maiia Huanca) and two susceptible varieties (Yun
gay and Revolucion) on potato cyst nematode populations when planted under high 
and low initial nematode densities in soil. INIAA-COTESU Special Piojecl, Peru, 1987. 

respective agroecological conditions, in- were outcrosses to materials with resist
chiding the occurretice of local nematode ance to PVY, PVX, late blight, and with 
races (Fie. 3). The occurrence of high ttberosutn-like characteristics in order 
frequencies of resistance to both races to comply with tilerequirements of tile 
of G. I)llid intile current hreeding ima- ro t-A tdean contries. From olservation 

terial will placo' greater emphasis otl their plots. 144 clones were selected and en
adaptatiotiOn tO local] conditiots in Peru, tered itlto replicated yield trials for futr

cUadtor, C0loiibia, Panama. atid Pakis- ther ev'tluatiot of resistance and agro
tm. A high correlatioit (()S'() \as fotitd nomic characters. 
between greCtn outse ZnId field tests for Screening for resistance. Thirty-three 
PA rcsistance il tile Vallev of of crossesMlanlaro tunilies Consisting tile made 
Centr-l Perit. Mth some wild tuber-bearing Soltum 

New breeding material. In Peru, 91)2 species were checked in a mass seedling 
clones \\ere seected in -Iutcavofront screenitng test in HluancayO to determine 

IlW( seedlingtes subjected to resistance their resistance to races P4A and P5A 
tests in 1987. Ilaif of these seedlings of (. pallida. \Venty-hlr families were 
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Table 1. Screening for resistnce to P4A and P,A races of Globode-a pallida (PCN) in potato genetic 
material classified according to their source and purpose, -ancayo, " 987. 

No. families (F)!cloiies (C) 

(PWA) 	 (rA)
 

Material grouo 	 Tested Resistant Tested Resistant 

1. 	 Crosses of wild species 
OCH-86 5018 (C) 637 - 

OCH-86 100 (F) "5 100 (F) 24
 

11, 	 PCN breeding program 
G-84 68 (C) 59 ",q(C) 81 
G-85 537 (C) 438 4UJ2 (C) 396 
G-86 	 120 (F) 53 120 (F) 46 

Ill. 	 Other breeding programs 
Cornll 86 70 (C) 60 42 (C) 22 
Cornell A6 71 ') 50 66 (C) 44 
Cornell 86 13 (F) 6 13 (F) 2 
Wag3ningen 61 (C) 54 57 (C) 8 
Pathoger,.tested 83 (C) 8 75 (C) 2
 
Landeo 86 151 (C) 1 141 (C) 1
 

IV. 	 PCN exportation program 
Set 7 36 (C) 3 42 (C) 39
 
Set 6 544 (C) 167 862 (C) 102
 

Kg/plant &
 
AR x 10
 

3.00 

MR2.50 

Yield 

2.00 

.	 LSD .051.50 

, o3o 
1.00~ 

FL0.50 	 ___ ___ 

, 
--	 - - - 1 .-; 

Manure Manue + Lupine Aldicarb Control 

Figure 4. The effect of manore alone and manure plus extract of Lupinus mutabilis 
grains on 1) the yield (kogplant) of potato cv. Mariva, and 2) the multiplication rate 
(MR = ePf/ePi) of Globodera pallida. 
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ROOT-KNOT NEMATODE ON POTA' O 

AND SWEET POTATO 

Potato. Screening for resistance. Sixty-
nine clones from the pathogen-tested list 
and 145 clones of the pre iously selected 
germplasm ,ollection were tested for their 
reaction to root-knot nematodc. M'loido-
Ryet' ifcogfnila. Most of the,;c materials 
wcre fould to he rnoderatelv resistat, 

Approximately 1000 seedlings o.f each 
of 24 families of 4x x 2x croses cre 
exposed to three distinct A. im'ogni 
populations. There was an interaction kc-
tween the reaction of the progenie, and 

the three neM:atode populalions, indic(ating 
the validity (4 previous results, leading 
to tileconc!usion Of the plresellce of dis-

tinct adaptive races of M. moyiu',,a Si lii-
larl'. 75 diploid clones, originating troli 

crosses of prCVioUsly s,'lccted resistalit 
Material, \\eCrc reactionIc:cd lor their to 
tile aboVe-nIclitIoned neFlalOde popuh'-
tions. Resistant reclions varied froll 
to 1()"('for the thre,: Populations. 

In a recvaltution test. 75( of 177 
Clones, prCiouslV selected as resistant in 
a seedling screening test. maintained their 
high level of rcsistance. 

Biological control. Prcliminarv results 
of field experiments using various coin
binations of a idica rb and I'loc(Ti01I'c 
lilacinus indicaled accepale degrees of 
Al. ilcol'Iiita control with no specific trend 
in relation to the various Colibinations of 

tilenematicide and the fluLngtls..\ppArcit. 
ly, cdaphic factors ,uch ,.sternpraturc. 
soil o,'Ii il matter contcnt, p11. aind tois-
tore pla. important roles in the cfficiency 
Cf P. lihwin;.I to control neiMatodes. 

Attempts were Made to Oetract ne-
tabolites. which are inhibitory to lelnlta-
todes, from different species of parasitic 
fungi. Metaholites present in different 
fractiors obtained by the liquid gel chro-
matographic isolati,- method confirmed 
nematoxic activity. Results indicated the 

presence of aclie metabolites in fractions 

not containing the basic culture media 

components. 
Control by rotation. A rotation ex

perinient to control root-knot nematode 
damage on potatoes was starteI in Bu
rundi in cooiperation with the Plant Pro
tection )epartment of ISAB1.. The crops 
to he inclded in the rotation are beans, 
cabbage,. maiic peas. sotaria, tobacco, 
wheat, vetch, iupins, and potatoes. Most 
of these crops are generally con:;idered 
susceptilei to attack but thcv are the most 
cnmion crops growi in the Mugamba 

rcgion of Burundi. where potatoes arc 
eXtcusicl cultivaled. 'niially all bean 
plots were heavily ilfected with M. java
nica and Al. hap[i, and all potato plots 
.hliwd galii,. Additional studies on 
crop rotalion ',as its con\well On chemical 
trol aIre underwa. 

Sweet potato. A total of 12-15 acees
si0llS of ('IP's swect potato germplasm 
collection \ere tcsted for th,:ir reaction 
to Al. incol!!ioi. Of these, 2.2r7 were 
rited tshigh:I' resistant while 17.6", were 
found resi'tat. T;\elntv-scvcn of the 28 
highly resistant clones werc accessions 
froml Peru (Table 2). 

ROMt I FSI()N NNI-ATODF 
ON P()TAl( ANI) 
5\\,[ FI P()TA tO 

Potato. Ilie da itage thres'.old of the 
riot lesion nelmlatodc. lra'tvlen'husflak 

tcsix, tw'No potato cultioil susceptible 
vars \%;o cstthlished it the initial popula
tioll level of 9) lelatodes/100 cc of soil 
tving ilcd nlicroplots. None of the in
0cuLnii levels affected the resistant clone 
280284.11. 

Sweet potato. 1wentv-six sweet potato 
clones resistant t(i root-knot nematode 
were also found resistant to the root le
sion nlematode. 
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Table 2. Reactions of CIP sweet 
incognita. 

Highly 
Origin resistant 

Brazil -

Peru 27 

South Africa 1 

United States -

Venezuela -

Others" -

Total 28 

Percent 2.2 

potato germplasm accessions to root-knot nematode, Meloidogyne 

No. of accessions per reaction 

Moderately 
Resistant resistant 

2 3 

200 53 


1 

14 

2 

219 56 

17.6 4.5 

Susceptible Total 

- 5 

920 1200 

- 2 

13 27 

2 2 

7 9 

942 1245 

75.7 100 

"Argentina, Australia, Bolivia. Chile, Ecuador, Japan, Mexico, Puerto Rico, and Taiwan. 

CONTROL. OF POTAT(') NFMATOI)FS 

ll the Philippines. at the Universitv of 

tods buose olit cacontoloiectitstodes byv use o)f h'iohotgical conltrol atgents 
and solariatiti was mx cstigaied. So-
larization was cfeCti\C III rCt1ci! tile 

San Ramon bv using two levels of initial 
itifestations. A total of Ill clones were 
found moderately resistant at tit lower 
infcstttilon level while 71 clones were 
moderactl, resistant at both lower and 
higher infestation levels. Most of these 

ctibited poplatitins of .hg -clones were previousy selected in acogn ed lPotlhtos rliMloi ;'i. , and 
lhci,lRolra sp. htt i-eni,"to.s,e and 
U1ci.'wvchophora sp, In potato, tie funII-
gus I". lilacinus controlled 69.2r "' of pi 
taltO cyst nem a1,ttd c (01)(00i 0 ,. )OS-

chiel'sis) and wvas more effective than the 
t1Iliaticide FurIadanl - xxhich tax47, ' 
control. A yield increase otf70.7r; was 
tbserved in fulngus-treated plots con-

pared with that in the control Plots. A 
study is in progress to evaluate the effec-
tivetness of various local isolates of . 
ihwinus ats compared w,'ith that of Pent-vian isttlates. 

POTATO TUI.R MOTH 
Screening for resistance. In Peru, 173 
clones (previoasly rated as resistant and 
moderately resistantl originating from 
three different cycles of selection were 
re-tested in at fottr-tronth store trial in 

clhsed cont :iner no-choice test. Improvtilt! ptto material it tile diploid level 
gptt aeila h ili ec 

was tound to he effective. Progeny of a 
diallel cross consisting of 64 families :od 
over 210)1 clones shosved a high frequency 
of resistance. implvirtg relatively simple
O-('- pi 
itlheritatcc for tis trait. 

Int a storage trial conducted jointly 
bv CIP and tile Tunisian programns of 
INRAT atnd CPRA at Saida, the clone 
,M-2, previously selected as moderately 
resistant in Peru. did not show any resist
atrce. Also, ill Tunisia, all tet, commercial 
varieties tested for PTM resistance were 
found susceptible. 

In Ethiopia, the ltstitu,e of Agricultural 
Research sel,,cted two clones, 57%0i and 
AL 562, as resistant to PTM ill storage. 

Glandular trichornes. Ninety clones 
selected in San Ramon and 700 clones 
selected in Huancayo were evaluated 
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visually for the presence of trichomes. A 
total of 25 clones from San Ramon and 
100 from Huancayo were found to have 
high densities of glandular trichomes and 
are being tested further in observation 
plots, 

Biological control. Two strains of a 
gramulosis virus from Peru (the most ef-
fective strain, as observed under scanning 
electron microscopy (SEM) is shown in 
the Thrust photo) and one each from Tu-
nisia, Australia, and India were tested to 
determine their efficiency in controlling 
PTM. Five and 20 crushed infected larvae 
per two liters of water were used to treat 
tubers: 91, and 78c PTM larvae, re-
spectivcly, were diseased when tubers 
were infested with PTM 30 and 90 days 
after virus application. All larvae were 
killed at earlier tuber infestations, while 
at later infestations, the percentae of' 
diseased larvae decreased (Fig. 5). 

No. of pupae/tuber 

7

8 days 

* 30 days
5 

5 - 60 days 

4_1
 

0High dose 
20 larvae 2 L 

Surveys conducted in the highlands 
of Colombia indicated the ab',ence of 
major parasitoids of PTM. File introduc
tion of parasitoids under these conditions 
might change the population dynamics of 
the pest. Two parasitoids of potato tuber 
moth, Eur'vsacca melanoca;itpla,were col
lected in Colombia and one has been 
idetified as Apant'h's sp. 

Control by pheromones. Two appli
cations of the microcncapsulated PTM 
pheromone at a rate of 0.26'( (at the 
time of storage and 50 Jays later) af
fected the rate of moth reproductionl. The 
infestation of uo tubers wasthe ntreated 
96"7 . but the treated tuers were only 
33.; infested. 

Control in stores. In Bangladesh, 
PTN control in consumer potato stores 
was tested at three locations in collab
oration with the langladesh Agricultural 
Research Institutc (IARI). The use of 

LSD10.05)
0 

Low dose
 
5 larvae 2 L
 

Figure 5. Effect of five strains of granulosis virus at two concentrations per two liters (L) ofwater on potato tuber moth pupation at 8, 30, and 80 days after viral treatment on tubers. 
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dried, crushed L.antana cantara was of- that this inssect p rtiI a i on follows a con
fective aainst PIAT in storcs. a, well i,, tadious li,sriblutio although the factors 
the insecticide l)ecamcthrin (l)ccik). (on- that c.LasC the a;.grcation behavior are 
trot treatments itiaitst PTNI tagc, not knio\\ ii. ('ultura practices such as 
are also beine, tested in rustic Sr10,0 in deep lantiii and high hilling, and the 
Kenya. IncludCtl in the trCatmCnts arc application of' incuticides aldicarl, car
natural rcpecllent materials stc1 :is tiol- bt0uran, and trifl]tnurntL wVCrC tlllel[lC to 
taa. ncctn, cCalyptus, and \ariomtna- lo\cr the 1). Sttt1rid/ltS danliC IbClow 
tCriahl cOiitainiin natural p.,rcthrum . suct'h 5)1'i infestation alt larsest.
 
' tloCrS and liqIuid rC,idutal front the
 

proccsmet of ti li~es
 
Pest surveys. DuIring 1U,7, the inam S\\t1t1:l It'()lt)M WV1tl.
 

potato psts in last .\flica o\crc maui- Scrfettitie t resistaince to the tropical 
tred. lI tIemajor plhi ll cllttlcred '5\\L't cc lt I l:'uixc\'s /o.'tascia. 
\s ts PI'N, hut a;rioutv oilicr ntitular pottto tu r1cci.Ctitl ajor attention at ('11) during 
pests s crc alo IlmonlitOrLd. paticulrIsari( 11)7. :ittccn cLone,, tf 70) s\\ect potato
the Kellll coat. ntiClli\C traini - ia , i.c,iatis fratit (ha m-.llIrmp ll "Acrc 
heell giVCl to techlicialls ill scCal Coull- fould 1csistall i le closed containier 
tries to ale ini t o dcnifltlf potato test. ItitrnIal datnazC and adult dC\lahp
alihids at the spCci s IcsCl and to) rCtl
larI laui; phid catlcI trill the cl
low traps slrrodlll lill_ the seed a ci. Table 3 Sweet potato clones identified for resist-

Estlli\sI' e I'M da',lllueC \\;t,, oalr\ Cd ance to sweet poliAo weevil, Euscepes postfas
al sOill Of tileLcd fat ils, ill l r niidI. 1n catus Lina. 1987 

oncld caIses" dattl _ \ils as htigh as lilte . External Internal No. of 
Ill bath lurutidi atid l,\ adi. tile Ieie.sCt C orW danage (I) damage" adults 
"I'M poputitisl,, occurIrd in Call SCp- .......[ube.Su',,h>Ite '~l .ll~lil il ARB 38'9 100 1 0
teiber. Stirs e', of' thle I [I situation ill 
Ethiopia, Ken\t. and I(ri-(cco ar-c nos RCB 16 40 1 0 
in] prgrcs,. 17 35 1 0 

68 90 1 0 
105 70 1 0 

ANI)AN 1>()TIA ) V\kF\It. 118 87 1 0 

in Peru. ,3 potato clc,, frtmitthe hih-	 120 40 1 0
 
130 40 1 0
2d0 55 1 0 

to l¥rcn'tl lrtjitS S\ ru / 1t\ itlldtc.'r lntllllI

alh scvcrc Ct.llditialtls of ill"statioll duel DLP 	 101 25 1 0 

to prul ( )l cl 	 103 1 010i!t'L1 dritt1ht pcriul. Ctlc 30 
lIt1'1 (t .4 \s,as, fUtdto be pcrauiutne. 18C 10 1 0295 20 1 0\kith (uh 2 ' ttLlber ilti,atiiti . Other 

542 50 1 0543 100 1 

iiotl 0)(ll) clotie,, Irom the ('11) c m-i-

0
 

plasm chllection, e.hich ,vecre subjected to ARB 80 90 5 152 

zrui th chambe~r sereetitg tests. 377 100 5 147 

Studics an tile spatial distrihutiotn (f Grade 1 no damage; grade 5 75-100o, of cut 
1'. vrax IlStaiche in ('olorublia indicated surface damaged. 

II 
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Figure 6 Sweet potato clones identified for resistance to sweet potato weevil, Euscepes post
lasciatus 

tnent were rcdueeud sicnilimtl iII these %111-s
 
ClOII si ','ettl1 Cd t d;tltteC tttdi s0el , ' I ('11"s Sit. ltcia 
Station in the Phil
optettt illt uc epnlech . .\u ippitti ." 5 culi ,, \ C. hrlested for re
(Oanod ARB 377 (l;l. 3. I ). Ihe1i. istlee t) mitc, (speCIS not ct idett

resistant Jones Iti h tt .
e,, iI ltLli d aittd til ):the culti la,S. 8,_1'.I)T()-2 
tl
.ru Cit ! lidld-tst CLi I n fir<,h ld, 11 Kuli .,,dti. I-Ii. . ,i l lai i k i ,htJ t mc~d 

Peru. 
Il
the le lltlt dfaalllt.'.Irot1 other
 

I sts.li,._h 2(Ithe rcitltI\;t,, \%it 'ltlo,
 
Im()1. IcIIs\FNIINIR "frIte tI rcI) cIccI or 

C\ tltliottl.I
Ms;is reiarintn 1) tproducc lc'litclmICS 
ttiicr fliel. /.i(Jlatv-a1+o /toid,/,'i hu 
,crecnin., tests 11r . I 1\ Fi1)t1tipo Itials[,, ItuIfIIt 
CetltlcItd in In1Csit-scrteed;'CC te for I )ibrlwio sp. has, hCoic ,inloirtu po-
Ceviltin.! resistimc t this Pest sitomcl pestt;itt hilitu the rlill,cilsoll ilSin 
thil pitilts ,,iclufiltitmi Ri;tnlon. Adults cdl on \kitl! Iticlml.s lcil\cs
Mhile 
(TIvpcs ..A amd.l1) \er the lCt, diiit'ectl. lra;lmtlii;i'e th tiubrs. Studies On 
311th MOposition lltld dultllt ditl, dLairn- ccotoillic threshold" indiciled th iitkitll 

Hiit heseon wereclnes r'dicCd b loltc Al indtlt bCelC illCstitinO threCC pCr
thiil .S(W ilcolpiriison o thatIl ihe pilit thCtCe s\s I'1 lIlCr dtlllakag.it
siscepiIl e \ariv. hieh Iickcd tlh harvCs tt1d 7.3'; t'ubr Lcilll;iC, six\kilh 
Te 13hair. ldilts per plant. Cheunical control trials 
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indicated that applicattitns of carbofuran 
ga xe good controt of the adilts, 

R.AININ(I 

Iwko ShOlt courses on interCattcL pcst man-
a'cmntllt (1PM) in zctrador and Kcn"a 
a,,C special CillphasiS to the bioOI,, of 

potato tuber moth (P[I) Intd it,control 
in the ieldi and storCs.. \ltlotreht pest coi-
trot has bnCC tie of tlw topics 11 previo,, 
Fast Atrican stoaeC coulrsCs. this is the 
lust tnie IPI has been r'en inc-depth 

treatment in a ctI rsC Spccificallty designed 
for cntoniol ogists. rhc identification of 
aphid species responsible l'Orthe spread 
of virus diseases and methods of rnoni
toring aphid poptlahtions \\rCe Ilso taught 

in both cous,.s. Tuber nthl\UaS the sab
iect of a course inIIndia for South Asian 
cotlntriCs inl which participatnts developed 
projects for app!ied IlNI lescarch. They' 
also ,.orkCd Oi approachcs for identifying 
;ilI dcscFili tailllillgi)rOtbiClS caused 
II\II and diSclssCd Methods of comn-
Iunnicatimg research result,. 
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THRUST VI
 

Warm Climate Potato and 
Sweet Potato Production 

lie 11e oflprtti ttitt withhtrNI h ' . l lloillnahilit\ I dlrt.alpt:itiot 
A ti \1, I h'li, Midtllcarm and hot cli ,iite ftacilitated selectitit ill Sa,n t6 11im0n 

'tirli' iltl;Is itl se vill eaiX ;11iina in cl.one'. ,,lot,of thehlat-toleratl
liIll., selec.ted p oeenitors tax',e h.Lel cleauneLd iii' diseasesu, anti ate availahhle 

for Cxp) rt,lttht lltolri;rsnl li i liItllhtCitiotl i ll. Vit litlni t 131, lcd 
to the selection of cltes v,ith resi.,,ne, to \irnss and Lae hliCht and \with 
eotd qtora ,. ch :ivct citi'- ,tt tr;t ,ilit, U d liil t e nlip erat tr es,.to tip to 

Ilillc nlltulllh,. 

txip,euc , itt assess helt t itll llitltte.llin tllt t1CthtaIId dCxelttpl tIt 
of loltt c- \,%cIc e titl l titit illPeIt atl 111',a.ittll ll (ItdPUCv1tt BCerI'lltleI. 
nsIne thtenltix 1,1t-l l)sc>,hu lK;idtilldil. In Sim Rantt. 1.1-7 outit,I1-7 . 

,ielded ilt.1 ci MtOHMA lti,,at,. hth t ,il mid vilct i.th iIn nt is,, tttntt t I 
d-t 1l;t1t ,;ttitiOt l Itt the tillICr,, tleMt. i lh ICi IS Ita appl ication Of 

,
niitrtt un fItili/cr. Illli t Iertt .. 11,heat xxitlt!. lie ,,tts., se,"eIre dail, 
tIXInt aill ittllt hleicl 3 ( and llniltltll il"tlperll tAllnltetature, thaln 

itnre,,ratl l,i liltM i c)e.,itc Inh cl s I.T-7,h (.. I tilt le ittnat ,tes. 
,rttdud I1.2 1:th \ ith a IU).) tu)e tlhr mater ttontent vxhile I),,iree2 

\ielded tttl,.3., tha itlil1011 't,,Ih In;ltcl. 
RIscilc Amn ttct, tdldilttion , d0tuelht thti re'dneed.ts, tndiCatel,..,.+ 


canllp\ d,,lttiuniettt et i.thtedt 0 tiC retlCtittn ill1tt \ eId tOlplit, e\pits'd 
to l ner itd ;i tt . tilt01tts. atlltl. (t012111 Iip . lilt: ,th.t of diMicn>ittnL ttll 

tilttllh \ inhx tier stl \ 11 d iitt att11tt ,trt wi sludiCl. A 
radhal d.Ieline..'t th. nltarl, t;Hih.\ld ,', itte. inilttilti,the' drier_" en s.

Ap'paretnt v,ite.r use.uli.iine, in hlta-;it ld eltites,:, ranked loxur inithe drx' 
etp ni i 1 C,,tiIlI1ec i 

liXpelinnt, in \iCtinlim andthlelIhililii ', (nt the use tf lnt sed for 

iotattO ptodnetittusl ,,hMtAd that yield, frt'1 Jhi ill tul ',el x,ee as high ts 
those front xltt ,leseed. Thi,,tclnitl. cM prItvide tahners, with tt'easible 
approach It reduce tihlhigh ct ttt ,eedal pItatoes. 

I arm childre hstcit h ari,iAil ichi l-lltt i i atl ll.tt i ra .'cl,.T-'7, litd+, in 1the¢ tiig#l,+
near hicri,. rl e/ cinlrai olPlilj. 10)5 



CLONAL SELECTION 
Perti. As inl other CI'P populatilns, seleC-
tion of parental clones for high general 
combining ,thility ((;A) for yicid, earli-
ness, heat toleraice, ,nd I 0dM tiber Chiar-

acteristics has continued. The use of higlh
Atlaniec.c 37710)4.5TC 1 )15.suh ainerra8. 
[[7antic 377904. 718 .. N ii.-2 

7aiiidli-,"S pi. ,Ceus ihies i , 
adaptation to tile warm anld ht) elillle. 

A sample of 745 first and scoetid ,.cii-
eration elotes Crc testeLd 1 Sa1R 11111l 
alld -rinwirits (15 iNN1periid Li) ill0 

days). The perfortmances i the bcsl clines. 

evaluated at San ,ant for s eld 'and 
earliness are p~reseuntCd ilt [alC 1.. At 
least otte :A tlte abii c-llittclned progen-
itors was present ill tile pediree of ntost 
of the top-pcrfornlitng ehiitcs. his unItIe-
scores tile iltportlalce. ill pOitati) brcd-
1nin.of e seU Of Pirlli tn:lterai',ks witt 
high ('A ltir dcsirbile ,attribites. 

A gromup ofl uarly nlatting clones , erc 
tested during the iQ87 , itcr m boti Satl 
RMatnon Attd Yuritnlacttu. [he .ti,,;inc 

period at both sitCs was 75 dis s I able 2 
slhows tite prlortatee of' the bsi earils 
maturing cloines it both sites. The ields 
were front nicdititt to hto, butt the grtinz 
season skas \ery short: however, under 

Table 2. Yields of the best early maturing clones 

at San Ramon (SR) and Yurimaguas (Y) during 
winter, 1987. 

Yield 

Pedigree Site (t ha) 

378015.16 x Atlantic) 36 SR 19.4 
(Maine-47 x 378015,16).21 SR 15.3 
(3779645 x 378015.16).31 SR 14.7 
(378015.16 x Atlantic).32 SR 10.0 
(378015.16 x Atlantic). 1 SR 9.5 

ILT-8 x 575049) 121 Y 9.3 
tiLT-8 x 575049).132 Y 9.1 
(Santo Amor x 378015.16)21 SR 9.1 

... . 

such conditions, the relttive potato yield 
is still cOmlpetitise ctmpared to yields of 
other short-duratiun crops. 

Vietlanl. Potato ettltnplhsnll has hCen 
lutiated for weld and adaplalion by a

ltil scientists for the past thlree years in 
ftou locations: Rod River Delia (sea level), 
)atat 51.'!(lIt). Due Troig (8111in), and 

Ito (hi Nin1h ('it (5 ti). In tile Red 
Rier )elta. 22 clitncs selected fron the 
I1082.3 tuber fantilies showed exception
lilly (10d storage cht'aracteristics iunder high 
tC\lleperatures for iine niotlllits and resist
,lnUe to viruses and late blight. Seseral 

Table 1. Yield and earliness of top-performing clones evaluated at 

Pedigree Earliness" 

(Serrana x 575049).52 5 
(C84.653 x 377964,5).21 5 

(875.86.8 x 377904.10).2 5 
(Maine-47 x 378015.16).51 7 
(Maine-28 x C83.463).22 5 

(CFK-69.1 x 377964.5).51 7 
(Maine-28 x LT-7).11 5 

(377888.7 x C83.119).112 7 

(C84.653 x 378015.16).43 5 
(Maine-28 x M. Tropical).1 1 7 

"Earliness rating: 1 very late; 5 - medium; 9 very early. 
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San Ramon during summer, 1987. 

Generation Yield (tha) 

2 21.7 

2 17.1 

2 17.1 

1 15.8 

2 15.8 

1 12.2 

2 12.2 

1 11.7 

2 11.7 
2 10.8 



pedigrees fInim the 22 cilones included the tation ol' potato in these zones was exam-
CIP progenitor 7XY. I as a male parent. ined. :xperiments were cond eCLdin San 
In Dalat, only t' adVancCd cionC wCC 10amon (800)) i) during the wet and dry
colparalble in pCrformanc with the three SCaSons, an1d in Puerto llcrmndez (251) in)
recently released introductions fliou ('11 dnrinc the dry season only. lhe cilItivars 
material, 13-71-240H.2. (CK-P.I. and \At-l)esire and Kaitahdin (S1R dr\ season 
zimba. At Due Troln,. hcrC bacteril \\Ilt til') and the clone I11-7 wcrc cro\n it 
is severe., none ol the irpliplasil tested four N rates: it. 8(. 10, aILd 24) kg/ha. 
p+roved to he resistait to the diease. In tileSan R !1;1ilt dry season, I.T-7 

hviolhiklr tuler Ilds thalln cither )e
shcc MrK;ihitlin ',all N rateus.at fertilizcrA(iRO)NOM IC(AN) I'll'St Illtil('.\l. l)r,-tilhei .il d -lf-7MICii no N was 

<FtSARC(t Iiapplied \eCCdCd di, tuber \icIl, of l)c-
Nitrogen titilizaion.i i ',CrieS o1 cx- ,ireC anid ,Ktahiin,ire11 irdcl, of tie N 
pocriminiltn beinI.C'ariJ lltit ill ItLe - Applied 1).I i. atahdin was earlier 
And l\i-elc\,tion tropics, ofl[eru ti thl ;i eithel)esiree t(I 11-7. intht tiuher 
role t'niirocit iN) fertilizcr ill the idalkp- div ilitlcr prihictin in K~ltlahdinl did not 

ILber yield (gfry flatter plant) 

140 

A 0 
96607 0.5727%- 001892 

1 20 ,~ 0.937 

1001 60.403 0.3673 - 0001387%

" 0.998 

0 8t 6 

F A l LT-7 nd m 
40  0 -- Desiree 

J [] :Ka hal-din[
 

SO 160 240 
N fertilizer (kg N hat 

Figure 1. Tuber dry weight in clone LT-7 and cvs. Desiree and Katahdin as a 
function of nitrogen (N)fertilizer San Ramon, dry season. 
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-Iiccli,cto] nitrogen / rti-!'r on the growiti af cc. l)k.%ircc 27 dav' a/irplinuing in the 
.Sall Rall-i dry sram'',. l :240 k './lia: bottom: (0 kg N/ha. 

significaMtly inCrCse pISt I0) L ter .',FnW1omatter hut thisV dry r Katahdin. 
planting (M[AP). \vhi!v l)crcc and I T-7 effect did not significantly increase tuber 
accumulated tulCr dr,, matter (1p to fina! viCld ]Zile in)the scasOnI. 
harvest. Canop.v dry matter productlim [)ifferences if] dry tuber vIld bCtvCCn 
increased with increasil N fertilizer tor 1I-7 and the other cultivars may he at
each culti,'ar. High N fertilizer rates in- trihutCd to Iigh [llnt dry' matter produc
creased the production aLd duration tf iOll and high percent tuber dry matter of 

I(OS
 



LT-7 compared to these characteristics in 
Desiree and Katahdin. Nitrogen fertilizer 
tended to decrCase' dry miatte " content of 
tubers oI [1-7 and Katahdin (Fig. 2). 
The tuber dry matter partitioniag coeffi-
cient. K (the anioant of dry matter par-
titioned to the tubers). wa-talso affected 

Tuber dry matter 

23_ 

22
 

21
 

20
 

A LT-7
 

03Katahdin19 

0 Desiree 

18
 

17
 

I 


15
 

0 80 


by N. Desiree and [T-7 were v.ffected 
more than Katahdin (Fig. 3). 

1hlthe San Ramnon wet season., ['-7 
had higher canopy and tuber dry matter 
production than l)esiree. Overall Vields 
in the experiment were reduced because 
of exce:-sive rainfall early in the season. 

I
 

160 240
 

N fertilizer (kg N ha) 

Figure 2. Percent tuber dry matter as a function of nitrogen (N) fertilizer in 
clone LT-7 and cvs. Desiree and Katahdin. San Ramon, dry season. 
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0.6 

K 
0.8 

San Ramon (dry !!ii::on, 

0.5 	 [3 Katahdin
 
A&LT-7
 

0.4 . ,0 	 Desiret, 

0.3 	 , 

Puerto Bermudez tdry season) 

0.2 

0.1 

0 .0 .. .. . . ... .
0 80 160 240 
N fertilizer (kg N ha) 

Figure 3 Percent plant dry matter partitioned to tubers (K) 's a tunction of 
nitrogen (N) fertilizer at 60 days after planting in clon LT-7 and cvs. Desiree 
and Katahdin San Ramon and Puerto Etermudoz. dry seasons 

Iligh srnil nm iltturc 1 '\ Ittiltc' 
tither fortmtattin.r ( atliip ;l 'r 1", 1I'cfcascd 

rppcatcd t ililtl 	 ;itcCIIlII]aljon for holh cuhi
&t\ %i.- IIp ito 0 DAP. w'hile max' LtOctioll \ih !lL llr , Om~ of 11L .hdr', H11111 L'll)01p d.' mll tV[I d 1,IClli ll~o 

NLC:Attll C10p: ho c,,Lr. K ;thtw" .,crc tILtCl OCClUlcd il 5) DP.\l fr (Ilelhwcr N fr
Io'vcr in the xxct ",c'lsit t t it tiKh J11 trli/cr tile,,. I lih N fertili/w ir eased
S¢ ;1It I. A S Ill [h C (11\ s C Jl.,0ll. ;in l I Z h \, p V d e sCl ' I tL b e rI ,,iCld tn ' I)Fn ll 11 0 1 2 . i l li~~t 

inl N tcrtili',i tenILId to LIccrc;C ttL' pl- h'! tWihLt Iulkinu. Tulers ol I-F-7 had 
c Ilt dr matter partitiincd to the tnbltC1 hil r ", tllitterI C(tltCllt titan th)sc t)t 
When 24) k. N ha was applied. caIop DesireC 20.2 s. 11.1 '; ). Nil roen 
lit 



fertilizer did nt affect tuer dry matter lower in Puerto Bernude. than in San 
content'. Paron (Wig.3). Tuber dry nal;tter Coni-

A third N fertili/cr ,perinient, using tent for I.'-7 aeragCd I9.3; while )e
,
I e),ire.Catl I-T-7. ,,',,i,, tlt SirCC iterCIitg d 10. 1 .,.ii d ii eIII 'I\iithe Sai 

Puci to lBermudC/ during the dry season RImun dry :+cson high N a1lplic'ations 
Mihenl daih l aIx;ltlllltClpeiaturiesair Ictlded to dleercase dr" tnailtcr cntent of, 
acvjagcd 33 ( 'and tiilniui air rein- I-7 tuleCrs. 
pt-ature axe ra-ed 'l (C. l)esr thi, Drought stress. I hc response of po
high Icxel ofthCt ,,tr,,. Lit-' podu 'Cd lIM clnes to drouIht \was 'assessed illtile 
an average I5.2 vli Dc S:tin dr,, o',of t h )esirc Ramnon ,c',sotn. The efcct 
produced Onl\l ia\ erage of LIr duratin the3.5 I ha. nl'h On chioc IDTO-28 
[her x',s little Id l \\ it San[ it51'KIH CSi,)lO either is iCasurCd Ra1on of 
1,1-7 or l)esircc to N tcrtili/,cr. (anop\ th. normld \\alcr application rates. The 
dr\ matter ploductioll illPucrto lcrnnl- ,,tress pcriod raiingecd frotm 14 to 77 days. 
dez wa.'s to mmea *IId t indexd (Sl).Iet,defined as II-(valueeoinp:,iaii xaliies ~ [ 
illthe SanlI Ralllol th\rScasoitI ho L r. 01, strescd plantlaluC of control plalt)I , 
K vdues lor 1.'1-7 and D)csircC \\rc much w',in for and dry tiberumeasIed fresh 

Stress index 
. ...-
-..---...........
0.7 1--... 

0.6 - Fresh tuber yield 

0.5r 04 

0.4 t

0.3 

0.2 0.08 0,005X 

0.847"
0.1 -r 
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Stress index
 

0.7 Foliar dry weight 

0.6
 

0.5,
0.4
 
0.3 

0"8ll

0.2 - 0.17 .0.07X 

0.1 r 0.921 " 

0 20 40 60 80 
No. of stress days 

Figure 4. Stress indices for tresh tuber yield (top) and foliar dry weight (bottom). 



Table 3. Clonal response to heat and drought stress at two sites, based on apparent water use effi
ciency in warm and warm-dry environments (Lirna and San Ramon) 

Clone 

LT-7 

Pentland Crown 

LT-5 

B-71-240.2 

Desiree 

CI-4343 

Warm Warm-dry 

irna San Rarnon Lirna San Ramon 

1'1 4 2 
2 6 3 4 
3 5 1 3 
4 2 1 4 
5 3 6 1 
6 4 5 5 

Scale 1 most reststant to stress: 6 most susceptible. 
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,PO.d 
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Ittc t'teincl tt ltctt \\,ItetI 
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mnl1t itl Slan Ratntlli. App;ailett \\5,ter Lis 

11t1'i tItterli!-' 

Ofi.\ 'd itIt 1 
rut li-:t . I it 

v ittttlll pwtlttli 

cfficiecv' itt clones that are heat tolerant 
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311,,,.1\1" fillmth l A .,, nIIl',lc 

elat stress. i h-tict . I til ,trc s ito 
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Table 4 Moiribrane lhermiostabilitl and visual 
ri7tt s'ress scores Used to ev;nuate h n t stress inpotato leaves from cuttings a-in true potato seed 

(TPS) progenies Sa Ramnon. 1987 

Clone 
. .. ..Cuttings 

DTO-33 

Desirce (control) 


L -5 

(_-85041 

DTO-28 

TPS 
r8g009 OP 

Desiree (control) 

Roialive 
membrane 

conouct'vity (o) 
Mean visual 

score" 
.. . 

07 5.0 
59 3.8 

83 7.3 

112 5.1 

17.3 5.4 

5.4 3.7 

3.5 3.3 
C-85051 OF 4,6 2.8 

C-85141 OP 

DTO-26 

319420 1 R128,6 

53 

6 1 

189 

30 

3.3 

7.3 

"Mean 
sIting 

visual score 1 no cutting. 9 severe 
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Figure 5. Potato leat membrane thermostability at 53 C and visual heat 
stress scores. 
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THRUST VII 

Cool Climate Potato and 

Sweet Potato Production 
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1.1 toCrIMCLc ill 111CLltiln Antics ko I'mii. 01) thcsc, 23.774 sCCLIlil" 2\ClC 

,i~~ci.12colIh' o l.s. NLTLIliM's tll\i\L-d thcL' cCCIMIw IcL:. \'ilch 
d\\01~\II IliI)1il 4.5 (' 10 Ilk :\fljIilll pIpOI)H,1il Iii d M() Ilijiir ill 
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B1REFI)N( H)R I"R()SI I(i.LRAN('I: 	 Table 2 Yield performance of the best 18 ad
i nvced frost-tolerant clones under nonfrost condIof 34,2ng ceIig.-) IiC11011r 200 hisl7;i 1 lionsat Huancayo (3200 in)o 4,_N, +,cdliit, llont 2(11I1ltliijc 

C Ilhi I ) \Clc ',,'LltC l Ort ir hliLt- Specific Tuber yield 
Il '. [IrCti i thi, 1 -1 ' 	 Cone no gravity (kg plant) 

I'C'pI L'Ctittilt ;Qnil.ic', FlillI I ) \\CIC 111 82PY19 2 1 0w)
,.\ cll popl ltitml, d id S . cc in , :iBoo2. 1.1 
181
 

1 07.1 17,1 
1it0 1 I )it tIllilc, L't)lIritI_" )II Cd It lh0tl- 38001110 1:? 1 G93 171
 
.- "opti litirt. 1 07, 1 67
 
\lldcall 
 fIFP-19 5 

. o\It Ltrccc)
CIAIIl Rio\F iu ontrN;) 1 079 1 61
 

',,C,liti,,, Itll\iI \ I. C,k t OhW IFL'IIIIIII I , ! 1 
 1 10.I 1 60
 
\\hi,.h IIl',tJ]\c ht I I ht
r \\ ,I ( I1,180) ' 1 098 1.57 

tnP Iitlrtth hi '8 


), [ r-hr Corndemayta
 

tltL \il i..l,] , ]h -. 	 '8o.l)3 1 078 1.55 

tikti ttrrir \!Wl.t itIrti Ihl ,.. rm i 1080 1 50
 
'it \ rIW, \\Cl , . 'I; I't l. I It! , '
!,ti d'r 
 1 079 1,18 

illI Iltlhi.x.o ,) 2 P 1,. (tlh l. '8 ,tO;ntlol) 1 079 1ttl] tllh 'l;clll2~ tllt~ 	 071 1 42t',tl,",ll~llt0'7 I1 


II~~~~lt~~~lltII~~~~,',l :) \ll.'dqlhl,,I '0 71 090 1 40 

I.;, j '. "i I f t PY 13I q ., ' - l , 1 086 1 37
 

pkill!ii N l ' .i i'p iWl Yii~ 1077 1 31
11 

, XhC L)t1i 8 h!l W',11. ,',\\", 1.077 1 31
 

1083 1 30
8 ' i t] It ' , .ki' l.,tr 1076 129I-i'ltCil I 8) i,1, it1')ltld

ld le"il iIt ll- il rr'plt wed 19 1 097 1 29ttirl'I IItI I, I i I , ' CI& ilk 21 1+i I, I 1,087 1 29
 

,,IllIllhl h I "tkI ll I 
 il flI 1L Ii ll . 1 1.271 1.089 126 

inIl;* 

,'cI 1k , liti, o I th.tt f liln 


i i. I\,:,i'L tlI ilLIll~l c tti h;o",rit 
tn.it) I- i \ht I. l.r ol .-01 OieI 	 1.082 1 18 

:mi * ..3 td ~llh..,t ll itPI,' \.1 of,i h"c~ ;ititci I l) i . 192~icl 
f,-unlt, h. i .seedings I(-45 l 3 \ 

th c hi ld d.tt 

Ih tl\(, \\c ,. Ill,,i I .nk.n 3.774
" 
 4 .2li, ( . ihan 1.87 .'tpch o r


",[c,.'ll t',* m all ad(d itio na l tria l.lt\ ,+ !1 ' i :t~ l l L.z,+..] In at ,,all+,],..
o f 
lhull
] 111(1 1t ; tIII l tt:+l th1C"', 	 \ ', luatCLIIll. \ AL .! 01 A(,!\:JlCCCd ,]MC'., 

Table 1 See.diinq cieening for frost tolerance in a'growth Chamber Lima 

No of Po)pub~a!o(1 14O of 
<, 

Frost screening" Sur',vaz rate 
f~lirm~le t pe seedlings (--4.5C -3 C) (o 

90 Angclazn 23.774 4,421 	 18,6 

110 Nen-Andean 10. 13 1.717 163 

Total 34,287 (.138 Avg 	 17,5 

Andean po 'in 2 h at -4.5 C. non-Andean population, 2 h at -3 C 

lb 



Table 3 Yield performance of the best 18 frost- Table 4 Yield perle'mance of the best 18 ad
tolerant clones under nonfrost conditions at r- frost-tolerant clone.s Under frost conditionsfNtin vanced 

cayo (11 x 11 lattce) at Usibanilha (3800 m) 

Spcdl: I her Wtlii C ime TLither yield Fiost score" 
Clone no gravity (krtplipt) io (g plant) (-5 C and lower) 

3811356-1 1 080 1 77 UFF1.1 1 728 6 

381135 103 1 075 1 73 375057 9 713 4 
Revolution (control) 1 079 1 65 Marva (control) 6.11 6 
380271 1-I 1 093 1 61 375070 53 593 3 
38110. 39 1 086 1 58 ffFF18 3 593 5 
381111 22 1081 157 HFFI.t.* 587 4 
SFY157 1 091 I 55 
 37792.I 1 563 5 

380-137 2 1 079 1 -18 3790118 18 559 8 

31 126 262 1 086 1 46 HF18 1 552 6 

380-113 13 1063 1 16 UFFI,1 3 5,48 5 
381128 33 1091 1 -16 375596 6 529 4 
381097 3 1086 145 Hfircayo 

Ffrlas , 
Cridririatlayt onlroln 525 5 

(contrOl 1.089 1 45 3777-1.1 3 518 5 
380,47.1 '8 1077 1 43 380076 1 514 4 
UFF14 3 1 098 1 .11 377,127 1 510 5 
381-10:3 7 1 081 1 -40 375597 15 495 6 
UPP82 3 1.100 1 39 37500,I .-178 6 

381128 151 1 079 1 39 3750781 466 6
 
381090 152 1088 1 39 3761803 456 7
 

380278 17 1078 1 38 37672-1 1 448 6
 

Avg of al:clones 1.11 Avg of all clones 49. 

SD 0249 Cv -1 295 
CV I",l 22 5 . .. ... 

. .. .. . . . . . . I ),a e unadrte cctul 9 plai,Ikilled com pletely 

I I I IltticC (C 1i. utd filet I iIth Itolki.z,. aiid tr0t hlorattuocN. 'fild" tC
ild <i,\\ lI ;I,it \;ir,;il[Ic htti tlt ',poC- OtIttilltII 1 Ciu hIc l;ilttdIt li1tcd1lhc'k
 

<,
ciiic,ra ii\ illi,,l mli l. .c' ' conl- %kilh totl ILpli llonl (lalhlC 4) \%.'rk: 

lillloi 
 i toldcd 

i ihCr \lCil lit t ",1l1it kkt lailico it Ii \ iil I IhiC .). Ithi,is a clcal 

C lahlc li k.cr tian lh ok rc II tilt simpIc 
ti 1':,ttlit 

hrIWA ' ti, , h I 1, I lhl ;ilhO f lIl;itdIll,,uClt iI1th11 ll Ofl ihIIIC llc'llell I : 

,llttCk iltd lh 0\ il , r , doi\%c lpln,! ci ,1 IluC il 0n 
;Illcip I1llin N ,)Iill'tll%. l1i,.'111\- l hiulkill i t ll k:I'nll lllialIIoll inldLl~r I' Ol ,,k'-

IC,',~ll di 'Ih;l, i f'idllII WA t( rallc' I-()Iliirll l l 1:C'IIlpIqtd c ~CC- h 1101,1 

Il//i~ l t. 0,PILtirO. ',0t ttt¢ ;Illtddlllti ' i, lustI'li l. %,ltiCh \tel ltl\/ .Uori. ir4C . ,the IML Illdm C11h %i tth'd < (Wcc'.t - ,tE hitll CI CIlio;nilldl% t.', 1110"l ,, I %er 

0101'11111t , %kCI C ",U% l'I dd [.l-L~ic . iltl SIUlC'l-ildI) hIL'(II 'Ii , l Ihe lo c\rll%andtIfrc

"(ile Ilo tio iihli ill1 CI ilt:'It \el killedtlcl. tiI l\nil I1C lu ,l \%.lI, 'uch. Itii0CVc t. 

CMITllClll Ih'lhe \tict,, ihtit vc ILt- itI;II 111CCittiill, \\Crc collpllcirl de
-,tIcti in lih1k roplivc'iIod tMilk %.ci tlh- slrtocd in the til trll. ( i tl iCLiucli, 
rcult ill carl, tubortaili , tIll h r lil'lllatoIriilS l, h I tutro \iaibileC \wiih 
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Table 5. Yield performance of the best 18 frost- of 5"1) clones heing selected. In IlUl3ll
tolerant clones under heavy frost at Usibamba c o oh1v I87 clones of the sanie material 
(10 x 10 lattice). 

\Ncrc selected atl harvest. 
Clone Tuber yield Frost score" 
no. (g plant) (-5 C and lower) 

,. R()NO)MW( AND) PH1YS1( 1 )'..\I.LFF22.7 1,190 7 ST UDIEl 
HPF68.3 1,152 5 
375558.9 1,073 3 Studies on efficient use of' nitrogen in
82FY15.4 1,067 7 traditional pnotato-growing areas. It 
82FY14.6 1,031 6 order to identif'v polttto gClIot. s efIi-

HFF18.2 1,012 5 ciettt in their Ilse of litroje n, a sample of
UFP27 4 996 3 ('11 clolltes antd Peruviatt \;rtclies 55as 
HFP40.3 959 5 tested itl the field at Iltta.,lvo. ltirtv-
FP43 2 942 6
 
FP26 2 891 
 7(tc adVa l otths and fi,, cohti,;ir,
HFF2 2 827 4 were tested ill ;ait C tpteri itlt tvo
 
82FF36 3 814 
 5 replicates for their resl)ttse to ttnilrLcel 
HFF203 791 4 applied a 0 mid I,;I k, lta. l.vitt Of 
380011.12 784 7 thle cnot\Vcs tested ill tits ,, ct of exlri
82FY14 1 784 5 lillts l erc allso tested itt I9S55 ;tlI 96. 
Htuancayo (control) 777 5 I.nixpc.dlIs,. tle feIet If N \, slal-
Yungay (control) 731 5 ls, )\,tis CAlt' tt.intili,.'tl lN\N P .1I ) 
T Condemayta i tur t iltcio i J (,ditiowt of 

(control) 668 7 tilete etts11it Iotttejttaldi'llthen 'OflMariva (control) 547 7 
of (itI 'Pse.,lritt,.t sli o . I he tnlnutialAvg of all clones 632 lak of respotse ) N. ill the prese ncett of 

n 2187 otlte ltltrietts. is tne'xplained at pltc,,tt. 
L~lcol29 7 

'11 lohage uinaffeclted. 9 plant kiled compleitely 
((N IR()I I 1lt 'N(.Ai I)ISl-ASlS-, 
IN ('( XIl (I.IN.\I t1!s 

respect to frost tolr,tttce thm tilte, ap- Floliar blight dlistrihution in the central
 
peareLd to he I IiU. 
 I. AnCs. A 0ttretile Ofof1 dt, trihtttl

Testing in nnrepliclited trials. I)ar- foliar hineltts itt tiheCool eliltnt,, of Prt
 
irn. ilhe 19,057 se'asot. 14,,,( clone,, S'r c .%%as cotteltdd. More 'lht .,0 fields wer,

tested for frost I het;tnC..- tinder the nattu- 'iled lst 
a thMe,-se.it period Itt the
 
ral erossirt eonditiott 'i"it
at *lmth In m coil c11111tt1C of ttL- centr;l ,\ndes (--2
thi,tot;l. 1021 clttes ,,rc tldald ,itm- i 2-I i (). . total of.N diSeased Iet 
lntol, it (i P , llust cao t'ollt hI tlpic" v, ire ecte,.td.eae, affeeted 
Iathte1 t: ! IkIL' it1; 1,,.sle,..Of ',otttpl ) hM to ICA'.il lit ori tle conhileaf 
inherited IiltIs. n ottttf hotlh \,re not inelnded itl this 

.\s tt t il;o,.c. iti nedtll h, i+, at [. nl;mha ,tir, L'\,. 
was \,r sLcr( dt'd Ir IL'q,..t till- \;r. lI '-t1,.\ re.s aed the holl,,,inw: A/
p;rticnlarly ,- dl ,lci I lar-iis plantit!, t'rirIt,: is L'etrall. distri ntttCLdiii toMt 
vest took place 1'(1 dis after plantin. ;tid C1;totts helo\, ."(1 tlli1lo%% Plont 
anid selection :tcetttnratilLd ott trost tolir- i, hond predontinarl, ill tihe AlLtdCati val
anc: and earl. !tihrizattt. V,itlh a total less i allitttdc, lrtseetn 3211 to 330 ill): 

11.5) 

http:thMe,-se.it
http:380011.12


Figure 1. CIP clone F8. witn excellent agrnomic churecters. high y'ield. and frost resistance, 
which enable it to row eopr tire of -1 C 

;11( Septji is disnrihiitcd iii~l 1I!- %Iiil it p~mi.tlmr scih ttiiit-'IS (Spjunios
lititics :ihmc 3344 Itl. I I" 1ic. spk-LvL . powi mii/trti-aicii TIC pmotatii l-mmpiastli 
11b'h1iffij Sthou. I'Itrni o/itihi p),. tctcI I% 'ItnIAt'rI" 1 ( 'IP's ptii~1(qm-tcsted 

Nitt'W hlV ijitcm6i Ait lC I ittt -'itr11idlc tt111lit timiit IC pthe di\ ictiolmi' \\Itt 

Niti11l 0'1t1o1 tie mtC'ti I-il Au !tiiiiti ;pimllcld. li c!eiol- lt h:cc l dA~m iii npc Cet m 
tito .iicN:1 % mitt t ieltd'1tttintic~'nl. t\mlii \ 1,-it . ticCIiidc urc i x lli' 

Mno< %%in /tmmiitimil nl.ihC ict andxi\mieic haid)i \%C INCI lIi .cil 5111 \\1CC 
il( ili i% t. ;1',)\t li 1s I iV- tt .11 t111 iihl 11CII I) ICit ti l iitCtii )l111 pC( i tr~e t 

Alx.i I~A lilt'1 ImIniir it.1. 11 1T till ititiCllti mithethoCCC~ 11 111tkCe 

[4itiiii itiljitlt \6, 1 jpc- \,it.. \ Oilermt tlL: IL tiC I\ MIihtei , iitd,!'~ I 

l.hI Addm CiOnP iihIc l 11 . itt-. ci i tri. Ix (it) cim sum e (rhaii ,i J111tii CtI ie ) Acptlie. 

Ithoitnmlt icn!titeititioncsmid x;irictimix had tomhc 
IPowd'e:-y scab. Ini Cmlhii~ttmmtt xhtii i cd ;Is sImxccptihic. Addtiomnal researchl 

till Ierial Ntinixrrx1 (Ii AV'r itmIte1Jaiim1 L0%iCtIItU1 Wi1plCt.s 01' etI'0iint. J)AthO Cll

till [litixcxit 'A mit (u/Cit. twi fI'Cid liisa i il d rexisktanCL 1mopowdery scab is 
\cr'C CmOI ttaturmiix uindcrwaxmrcd olut ill licith iitcstemi 
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THRUST Vill 

Postharvest Technology
 

lie (III-list hasc kkils lelor::11cil to Ihillhild to provide greater suppol-t toTpostilill.\Cst rc cilrcll IllAslit. RcsCill-choil lo,\\,-Cost
I*oC(]',C(lstol-age of,pmatoc' illkul'Ill ;lNils, stm.ilbilit\ OfC()IISIIIIICI -,clictlc Iliatelial, and !o\\cost pottati) stol'illIc lo'Wilich ()[I ConductedcOllstillicl, pwillocs wils 
ill "iffill CIiIWItC- ill PCILI. 'Ihililmid. :md I'Aistim. FApaiwients On Intcgraled 
cotill-A 01 pOS[IIm\C"( cmi"cd M "tOI*jJ''c pc"I". disc:!sc'.. kkater 
h"s, alld cal-I k ";)Imltlllo "11(mcd "C\cl ll illm.;Ictiml" belkicell ti'c:illllcllts. 

1)()k1k) IC(ILICC(I Who2l' \\Ck-'111 JOSSCS LILII'illl-' 'dOI'

;11-,L, Jild LICICI]Cd 11,11tMd MIC',IA11011 h, P(lklli) tillict lll()tll (FIAI). Tulm 

wItim, \kil" lcdtl cd Micil 1) 1 \I \k'l" 01111101ICCI hk dliCLI IIISCCI-ICI)CIICIlt 

Ol 1) k oapm !H\L: o.001111u I 11c il)l)llc;llll)ll of HIC "pl-Out ilillihitol. 

'I N C11kTti\C1\ lllhihll -'d lil ItIlICIN 1[01'Cd III COOI IIIJIlitIld ill-CIS 

ilild I'CLILICC(I 1111M \ko.-h-1111 III CIPC did Ilm 

ill1lihit "prollillig and CmINCd ltll)L:l 

Rc"C;II-ch On swrilhilit\ I)l -'CIIL'IiC 111AICIM] Oil IIIClhOdS 10 

CkaILMIC CIMICS 101 SWI;IhIiI1\ A Illd L'Oll"1111h'i I)OLOOCS 1,1116111,' pro

lOm"Co.1 "tor;w ill iinihiclit A1110111-' ! CIMICs, MhCl' 

lossc ill .(cl, jillloctj IlOill too 7.5't . I-t)l st()I-iII)Ilit\ of sced 

ILII)121 , tIIC i[ILICN NIILI IIIC 111CIII)AII(Ill I)CFIO(I \\CIC LICtCI-IIIiIICd 101

each clolic. C(111 ldcliwlc dillcrt:ll"'C" III "tolilhilit\ hemccil (.I(,Ilc", k\L rc 

A)SCI\cd. 

In clilphil"i" CoIltillLICLI Oll Ilitll',ICI' 10 I)I'OkIIICC 

LICII\Lll-iitCLI I)OLIto j)I'OdLICt, thill IIiI\L' '1110koll 1() hC ICCCI)t;ll)lc 11) Ct )[I,,[] IIICI 

(,ollllllCICIill tlllitl ill)JIM 111-1 1)1'()LL*,,,,Ill'-' [o:CI)iIiLIIICS ill'C Il0\k OI)CI& 

tiollill In Pelu mid IlIkIM. One 01 111k: l1will plOducts il, I)Otilt(l 1IOLIl I)I()dIIC !d 

I'mil bOtII 14111- I)OIMO Rc"Cilich IllcilloidsMid "Ilcc". On if) plo-
LIIICC ddl\(II-MCd I:lt:IICII Ilio!, 11ii, ICMII[Cd III processim-, (cch-
III(ILICS itild CXCC]ICIII I)IOdLICl titlillilk. ('011"IMICI 1:"ts hil\c ,IIOV.ll 1-0OLI iICCCI)
tiII)Ilitk 01 tilk I)FOLILICI. Rk:',CJI'CII ()It ,()hl loll (11ITC1,:111 potato 
111'01.1110', ;IIILI dilICI-ClIt hill 0111tillLICkI ill I)CI-d. III TII;Iij ffld. CIOIICS 
iffid karictics \kc[c Ckidl.liltCd [()I- pioc, siiq! and owkim-, LILKIIit\'. SoCiO
economic rescarch \ka, c;irricd Out oil miti-kctimg, alld COnstlillptiOll iIIILI LIC-
tlI;IIld I'm I)OUROCS iIIILI I)OtRtO [)I'OLIIICI', ill ('010111hid. I'CI'II. iIIILI '111,61,111d. 

.NaltiralIN %crilihictl stme, for cmiumcr pital"es 
in Iliadmid ire plziced on lmcd, latted plallorm,
I, permil cL)l1%ccIlc %clitilation 121 
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l bih l 3821V 
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tit.\AIR]t\\QIr',l ll,,,1.',+lltlititl ll ') ttl1C-.,-h1111litd 
 li\.,i- lll ,1u'~ Illtilt' ',l1)IL' l-,,;Itlti 


t~.+i,,nc l t+ ,t d,.,
IIIJ~ls\dI.. t l ol.*h ,\ 1lltmillh + 
l,.i~! %t~~,2\\C.IuL'.') JIIltI
 

'
Im .1 t+lhir\tLx]t0 C',1lt'.
Ct 11110 11iil,I)0 ,,,t.,. I<. I Ill 11tltI+( 'tI).Alnt _ ;'ifll'Ji f 

hens. ;[!Illcatlk sp1(mn ltn#Ill I++', ',pr,l r 

Peru.I.hic cyicilni, 1! lI tll1101 tulbCl I1 ,,, 


'I(N 111h tt.d i llI tH2 d ICdul.'Ld 
%i,'L,2'Id hIclI) Ill aut
 

()flt..\ ()tlll-'
ipr tit\U Ct. 
 1,r t 

\\,,IllNflltuictl .t-


I ,t l iltlu'CIl'4,0tt1CR,,0 . hHV.\t.r hd Hot[ ,.0'111-01i 
l 111Lthu lu - ll...JInd 


S", .. kc.,pmt \%d CI 'wtt J Not+ tl- Iom\ c. ,.-tt inll t.lUt,~ 


".AI l,,,iI(,.. 1Ilrtjm If Ajir,-A:ird itoo, xh
\n lnu;1 lt. 
 lrtoillt (fil 

Icct ( 1 31 ill%%Atl ,lutctlitc. M uhlt I)Mllltoit.cn 'Icclrtlic tis,,,uii lt ,,~p. 
 to iml\;Im l tl 

CIPI ap\eII day IaImeIst. 
Effe-ct Cl}PC froatlmorils
Table 1 of oratotztlttuberw,i, Co of initial weilght) storage in'gih loss duiring 


Huaricayo kf-YO) anod Sa+rRarn(-n (SRI (mean of !0 clones)
 

Storage period 

60 days 120 days 180 days 
Treatmen! H YJ SR HYO SR HYO S R 

Control ,16 3.1 8,7 10 4 721 382
 
ClPC-2 DAHW 
 5 9 -'2 9-1 51 41 12.5 929
 
CIPC-5 DAH 
 56 68 90 46,5 11,9 86.9 
CIPC-10 DAH 56 4 6 9.2 41 2 11.7 81 7 
Mean of ClPC treatments 5 7 6 2 9.2 46, 12 0 87.2 

LS O(0.05) 0.4 1 9 NS 4.9 0 7 -12 

" CIPC applied two days after harvest. 
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; uita Runt in1 Nus recd I oo1CI i 
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lh..tl~l\q i'c2 Il Siit Rlioit Coitt 

ttiiliel Citilti i rittC' ti1:t C\ iIoriIl% 

iilt '4t'ILrk tIt:kCfUnC\ ;CdIioCc sIlr-

iC Citit i ~\\.' ( I-CII MCI I\ 1 ' 
CiMino1. tWhor! x IOY!i~i~C %\T, IC(ItiCCI 

ooc.1 it C tiiwc l il ill fk~tl 

t., itt fib 

\itiiin', Itt1CIAtliill \klil (iih,1'i\C IC ll 
C"I11L'MlilikIliiuitl~it\1Stl~ftlililt C Il i 1 i~i.J ii 

k'11hililiol( ;t lc ,Itll~ ilic~;-
titilt hi\ p it, 11(t1IC 11 ti Ili 1) 1 I ) oll 11ii 

Cit.I~uiltm ii, P NI' ipll 111C hiiv,iii)I 

1A tiliii tillM il 

IlCli (ilpl-it I' N pIII'L \%I,ilittiiol 

hitiin tu~fi t nit %IitCkt~i' o rht isitiClfilt,-! \k 

o"pimilil i i lluti.I-ioCo 1-ii10tM 

-011 MtIttut ! v(Illdtttl stllItC1,1 tit11 %iii 

W t. ~ i~I~t--C k\ m1 ill1 

Ta ble 2 Effect of storage treatments on the irici 

(,Ce of Fasariumn dry rot and potato tuber moth 

(PIM) damage (% tubers affected by weight"), 
aftr mrilisof storage in Ramon.sx San 

IipF rimni Dry rut damoage 

lfiatlrijzoi dfips 1.3 71 

Hceert dried .'.'eods' 2.3 17 

CtPC'l 33.7 22 

Control 4.3 76 

;S-, to (JD 1.6 3.1 

Mean Of five clones witfh 5 x 10 kg per clone 
I CiDers dniped for itir fflir)UteS Io SOIlutiOn' Of SO

(11Cr, lypicflre ilt ((15'c, active ctilorm'e) arid tfiiaben

,1'2ole 102' acli... triq~iirii) respelctively 

Ne~iis of i,uli, for Athijsti~iiCfis andt Eucalyptus,
ipphedO cvi 5-cnn conver oftcruishedt dried leaves 

'I ,,iopyl -N-i0 ciirontnfi"iyl)-caibiieii applied a,
i wl at 1 5 ( kt p tiiiiC0 Cvi aek harvestfter 

tili il.l',('iiCt ((It Criil'tiitu~)Ihljtv 

t "C,%C L.il i 

InkIll10 ]idritritC oittuttOIL 

1111L.1 55lol 

Lst(J1 AltrCl ; Its C iItiC ott lo 
stiu 1 ililtt lir liitmtiSPwrtli 

o 57.5 ( 'Iiij ,, lh -'OO I S ~ it i23 



Ministrv of AiUCr.Ilttre at the Nltwljli, M idepiipp1ed vith I lIed draitlht ,ltli
caStal Stattit(I. In the ititt " ,'eCentttri ., litiOt ,\v tt-ii ;iid ',iiolhne uni (l+'i . l).
titn recently Md piorl OnetCOoli.! ut1 ', , .QNit u v,hIh 

',harvel'' an. In
circd llotatoe,, losses iterl tel w eeks,. of calk made htitildih tI,, ilr;,hi riln,,i 
stit'iLe HI ruistie fliaeit 1hd ,tn)l, \\C.l he- (lh'tie lFrine th:1t Ilrciisc the 1_'"PM +. 
t\een I)(' and 17'. Il,: i,c of ('11,' live. .I;IeI_). III tile ttl.ii l[i . l hi 
did litt,. t0 tI tIUlihii,+e,. ;i, the Itiblei k eicj' ilt aIil htiillhliltie (,\\ater t1II

ll Wlk , h llt h1t 11l ll ,,t 1,ll, stoitcsko't, +.L 101,tIl 1t 10l 1th e ,h I i/ cr ) , ',t, ' . ' l l+ IrSI nlh , th 
a ' periudl. Natur'allh \ etilitl,d stlMe v,ec treate'd \\ith the ,,+roitt ilItihitiIr 
,ere the hct. but iheCtieide Ctntro Ii (I P. lt;il tubher 'ieht losses titer.PTINI \%,', llC'd ,. ill the o nCl.tul . 1. I (otfl .'d2C 1.3't in1the"t ,'\e e 

Pakistan. The sNti-.C pCriod I, chalr- ,,c litipe. \ the c I \ idt illu ielhIU
tcclized h\ ilitiahl \ l hiti-eut tCilpIIo - iuiel. ilid .(11 in the ,t e ilIripCd 

ature,,. fol ih,Cd I,. l rlipid iticite, ill ' i the t tc 'toi llilr. Ill iiillpa i'otll ,
ItCil ellr turc M,;hile tile e l..itid Ill 'tol il the Cold ,t ifriiitll-! tkli 

It,'. hiC"c C.'ilhiti ll, t1ttr p u thOCiii(I period l;hIi\\.a al \\e_iuhI lt u ( 5..),l 
L\;thuiati',, eu't)k)lll l tt -,ilre , tai,l Thailandti. lire ll il uutili hptlu,,)t is 
lin stiue Sttil ii t huiw t- it 

lit -oi()Iatx iuil \1ith th lPrk+,iti s\\vi L lltlr2 \Irruh NMId .prl. PIrhe, IM

" at l elevirur1 ll rt\;Ihi ut lt+'lI'liiilaitd 

are 
Poutato I )C%.l -ollie it l rlu .t. !itter ut t 0 11 lelsCi lu\\ i. ;ill h1i l 2 L;Idu-
LiCseIfI l 1 C\Al) I t - uiiuliimC\,\,ttll, t l dilillr NI ;m.id .Iutin . \\'hilduih;elen: al liet. puttuit h t uei,, iit ofl',t~+,i ,llutedt l'itlrlja.b l\ t; -,tuIne+ lurie,+N Niiueet tittit 
%%CI '\dtK lC ll C.tP." ' k),IrtI ,t It+Il.'s ",-ill", . lhtll t-Ill t.l\ (l. lll Of'lI I O I dh .' ,'t.'Ct. 110 1 


'()t-toil ecip~ici\lt ad ere Coni~ltrnnete the List iiiieC \eAIrN. 
 01oaei C011i,111112 

I - . -++... ,' 

Figure 1. Two siore comparents for consumer potato storage in Pakist-an. each equipped
with a different evaporaiive cooling system Left side. wih locally made humidiir. Right side: 
wiih water atomizer system 
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Figvi', 2. Top: the double-wailed structure of a naturally ventilated store in 
1 nd. in which the space in between the walls is filled with rice husks for 
increased insulation. Bottom: the store, equipped with a removable thatched 
roof, is being filled with potatoes from the fop ( •0.5-ton capacity). 
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Jt,miaterial %Nill elcmaihille thtro-iiioiit founid that abiut 5()( ofl the won i ii i 
the vear idlie planti \mll operateIl C0ii- hati1patieipiited ill CMtiei proces',1tu dentIl
tint1IOLISN. (IP\ irieiial techillii\ v\\ m\''istratinll ol'iiitiiiedtl iii iAik potato
1nl0ificidt tol suit theLSpo.-CIlII IIetls 0)1th1C li~ISLI 100dl lli\t . [he imil prohleCIINt 

I lt' I ll( dIiii CIs itNilipi Ie \OCilrie HCiel lh-[i'iiiev~C\(d 111'Ci il 

to' .\nii.c p. 1 )-m-Ncd I lie eeni %le. 3) 11Wilkhii I i-e Ie Cill-nieer pr 
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~is~i(ti)COM)l.\S itiHOtPIIIll dt1 pdniesii he;Iilshije pirltit'llilt liiics 
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IshieePi'Sild ioeli' liaticts 0eepiltpltit i Iccl'u'i A this repot( 
tiiiiisttt its ears~ll ali i i ll-a iii the te llli Ctl upothie t tCl leldra 
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I 	 Figure 3. A pedaI-powered 
potato slicer, developed by 
SOTEC Inc. at its pilot plant 
iii Bareilly, India. 

Figure 4. Sliced potatoes are sun-dried on stacked racks in the open air for one Io two days 
before being processed into flour. 
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Table 3. Processing efficiency of manulacrunng dehydrated French fries from potato." 

Raw material 
Variety (kg) 

Revolucion 300 

Yungay 300 

Perr'chot 300 

Mariva 300 

Desiree 30 0 

Mean 3U 6 

Mean of four replications per variety 
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Figure 1. Effect of four presowing treatments in live TPS lois onl linal percent ot seed
ling emergence 17 days after sowing. MPa -10 bars (waler potential). 
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Sitorage i LL hei Icondt ti ons. I CAll Lt 01l I"O HiLhi. _LM ItiCf ;LIlt] if,, 111CI 1lh illI11i 'I 

10 1)CI iuidlIt' ii Ii L lftafi, (c11 itill',C L\0 1IrcL' 115 iiLL. I 'tilli
Ill Illo~c XXo icat 

I-0S11C I', fililHilhiX CIitI.L oli C tCll Is l l flilic lt [li t:' lltill '-IIONC cxP IQ-

I1~3u\d L ~ I 1 1" ( I A Id Il 111 S C ( l ) OI C L til 
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p)Clt With 
hrn,. itld thus ITPS \ cul., deCc'reased it! ;ch. IoCation. t"eIl praic'tice_'s \%r.rr 
linearly v,ih pollen si/e. ,imilar to those normally used inl pllotil 

ated. the berry set and IPS nnblei Cr !t1 lISigl IOr r'plicltes \wis lSed 

()thel cxperlcntenhs ilimnd to clril\ eultix atni. The intractltin p1o"en t.l\Iv 
tile .tl, ttil Cil I CC l+oc 1 title I)()- [pl lp i tt:1ttl! Ilit'llindt x tCll\ilolltll]Cllt %Us'|. 

ttt) Ii't. t ilill1itll1 \kCI'C L Ctll IutICtICo hi hly iI, itiCitI II. (C lts,l indicttI d th;tt 
dillicnt ,l lillkI \osing 21 c sses. It \U',, :ltc Odd dliIlCICI'C,, IHCC%tC. Ith rid Mnd
 

tlt;it 1) llhC, did Hitll IpNI nId to 1 ()P) pIL'nii, 1Lrc \'hc i ,eCLv nininial
light -V'< rcslt Llcdl pIkiticl1,. itfld LI; ttnhi in>,.t caline ~rcnscd.i tlpi t;tionl.
responded n,'C LtiC I, I hIII ttr .Leon Ihi, ,III:,,t, Is LreI s het1 ,ee intht in tl 

5 is, IhI l 'IIt i lti t It ttlI '-'()lllt tillit" C Nlti I[ll ils il titsI\o St.CS.l
t 1 hC ()lJ 

ti(1t 1,i t II'S It I liliIii0 ell ,CIlLt l u, he sCdcl,l ' Ili LI ltrtI Citold 

-4 ,ikll,, 11/110- It1 lt C\i) .sSI C IVthlt iLI ,LCLI . Iel ' -t". ilL'C t ' ii tl( iui t _,tiIl 01 

0 11/. I, :h, i siI/, CIL,''utI i N t+lC( thc i iCc c' Ii, ItsIl A' I ill . sII i I I ti ltIl
II'1Itlu10 1 Iu~t IlC fi l lillit 11111 i-,1tld t+ l , lw g.,1Cr1 I)C~t~t 1,111111, 

( I t ) tii I Ct' \\Itc11,ItIll tiL\\t. LHIL \ lkt tilIiC litI l ltltl l 0 h\ Ili-

I l tnitl I[It Il'l 151Nm ill N il .i l t "i-til' Lit ii II Ii tt bIds,. .\itc r 
-tilid l. , li 57 ili !Lo++cN halLS',c,, , li tII I t ll l il !H %\Cie 

, id (.ll'Sl ItC ll .t it ,I - 'Il +c il l IpltlitLncts t+ ntilla lniktin zit ml .-lit ),t \11tti0 t£' Ulll~ t,t +s, \ ul:c IJ' IM ,.t'~ Ilktc1N)+ lICI- , Jil d Lk:,111+,i12, (t1l lt ' NAHIC 

tcl, rc In t iois l ites, lia cn t l plll i I te hill) rI l t ii0 
;Il l lti C:ic('I H,.t1i dsl Ln\Il'u itHIM tIL1L!'

pion tnehii pl s txu, inili, i t h,,w il the 
-ui ing.\ pI ali li eil tii hiiin or n i ,t in cwt,,. 'tii ild iuli , sii 1)1'st 
-South America. IiI Pewu, ,is .itics Cotl- tlt i Itilur l(ilihI u l eii ll h rpnigi 

dui lln, l C ti tll ()1rIli- [llt Iin 
tllt.r Iftw pilgailit~ l A', v l t, il11 "'\,._l;Il thill Ill [l11 l1C IMOINtrItbl 0 11 'l +~ lll.lt 

lpw t~tw, 
'ti ltIU 111(1 thuc va ll I()ch1IlkhuI lit, N+uQ_, ts-

Lli', u tcristic,, k) ill Silc li ,,sit liti l lr ItL' -'clic l ilc tLIttial tll. siclil ill plol -
ILCLC, lI i ltdolpltl~) i Ill sLStcI miii li,i\ Itl CIt'iL Ic,,IC, III CLIlli1' l',t Ii h its Ill-

I\WItII trll~i ',il i ,. Ill t\%i) silics ()I C\- \ i\ i l'tLlc l el tI I\ griil+uitl.t oMltl",il S
plil l t ilt' I ClltiilL ll Ck! ;i S lecltod p)l;nls. It virllt cll\illllllllts n lelt-ellics 

ri+ ti t' pii iL iL,,, csli trI lliSi it iai p 'ell tr t0il tlIih s dl ltt l rlorll i* +L s Ild 
i ,ceCllii lill ,CLdliIg, ttibelrs. \Lis Is- lulll t~t.c "siril\ his L: tile 51llt rclitive 

,NL,NCLi ill tile coltim i cmLtSiriniltlcnll (t pLtilIIitI.'C is se'LLIlille tu ers illd .ice 

I tt i li cii t 'il) il I idSanL ILillll (\.i )-im L LI.'rt lt'i i
Ill tile IilP,l ,,CIIO 01 . ,uNC!criltitCLI- 'C\C_1,il liiidIId t.,Ln'i I i++liiC'tIC~CN th trilll-

Iin 7, ttl)i+t'k, l IX .10Dc'l dliAIiC'liC \ ,IAC' lt . lc-IMtiMiMillico: (I tile mill+ fritlll 
tu' -t )C\Cli l O P'\()> !dWnli) lld1CLI ,uu~dlil.., (1()r i~ll uLC'il+g7.'aii ',t lilhtid ;itl 

prto lelic , 
er iln tIe ielL 11'111tlils- tl(iltlC5, lireCtl\ IF CO Cl'l-Ir Illiitulltiol) 

llitl L l InI' s LL>ldli2 , ill LicIh Ii)t, iilll. tllull(tl hL et lhitILt tI ignr1i-I1 reCliiIC 
After sI, ilIec in dillIISLLI light it lhL n1 ilie lC'tltII tl(IiiC.+ In Ihluitteiitlc, ild 
production Nites. tile Ilihei wcrc ficld- si Ranin, held irineelents, Ior sced
llili1ted Mid )rtp llittlt' cl iit la l.dI lihg transplantl thit hti lSltii , ip-tti0IthIil I il 
to tit o11 tsileuuiithe sIl rob ni isin, results hi Ire 1i0tUS1C' eXptlitlcuitS 
tiansplalinhd lilt the Smnte date. A split Ic.g., transplnttingii ieLid be2dS) were 
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Table 1. Yields (tha) from TPS used as seedling tubers or transplants in two locations (plots of 
12.2 in"). 

Cool location (Huancayo) Warm location (San Ramon) 

Material 

CFK-69.1 x 380701.12 

Alzinnba x 380701 12 

80JA5 8 i? x R-128 6 
1-931 x R-12156 

7',iD10 9 x 38071 12 

Azi.rnba x R-128,6 

Arl.niba x D1O-28 

318 74 x3778779*87 

A lhh'x ×Lf 

x H-t:12,6 

A,1 ui 80700 79 

,,:zrnlti XYi.147 

.,' 7 9 x 378017 2 

t.7-I DD 0-33 

I H-128 ( 

Melons 

Seedling fubers 


Yield Hank 


686 1 


642 2 


625 3 

603 4 

600 5 

594 6 

58 1 7 

579 8 

549 9 
524 10 

520 11 

.191 12 

123 13 

303 14 

352 15 

538 

,tr,++med Ir tra llpltntim flith-,i otilhu 
idS it dilfferent pli tit ,clliti.,. YilM ird-
;,itfltdt. r111 ' ,t: IS i t le 's,CL I Cte ,\ IIS\k crc 

c ir+' --cCihlll IlIl i Rallli iitilitl. 
im 1 plkllt p itil ilot[S 

Ilhi. (fl I
tLC 


iftl ll11 l 

ilitlll .",ni L
 

tI'i ll-Jti n , i 

Transplants Seedling tubers Transplants 

Yield Rank Yield Rank Yield Rank 

158 I 343 2 262 4 
11.7 2 26,4 8 31 6 1
 

360 5 256 9 143 11 
36.9 4 151-15 16.8 
41.4 3 2!.t 10 10.3 14 
36.6 6 1219.7 30.4 2 
288 12 30.8 183 8 
33.5 8 13182 21.7 5 
279 13 22.1 11 191 7 
31 8 9 36.4 11.1 13 
31 7 7 30.0 6 283 3 
31 .1 10 335 3 165 10 
14 6 '5 16,; 14 19.5 6 
30.6 11 7281 12.3 12 
198 11 303 97 15 

32 7 26.1 19.1 

Irn11ir cldm teritls, \rc.e...,llhhttId.ilth
 
r LeS)CLt
to their ilhilitv to ,,ithitImd tr,1 ,s
plinthi., Shock. .\ rlUlp ot 44 poi elics
 
fromfrl (II's 'I'lls hIexdine pItnil"oll ,.lc
 
Cmailitl'iC l it t ect lClfilitl. 
 ;Ichll' c

t i h11rurl rt- i hll lti b . l irlut hlidls' erirc.
[]11 l itlul i lCet Auttm'l In ,c llin. 'tllilif1t2,.l 

,
 
,ll
 

thf tltll', h il l,cct lt ilL I 

oiri.l.. I chit,,tllc 6;lltll him,Li. trl illhom 
it)iLncris, 1l diu1ci l l ,ItN[i. Ihu,h ilIIII, 


itiliu 3ri 'lli;lI . liclliptilln. l)tuin tIhe 
L,-, iCJSl ICH tLirltIll. IL~ tuit.h r ll tItl i i 

nilji r p rohlelii. ,c:'L il Iit lii llts(htil 
CIIll 5i nI l Ii \ 

CLsts \LrL\a iiill i, 


CL1illit l 1111t\11d. 
laLtl.t oi p.p,sUll 


ICLuLICL),LI 'CLltIin 


Iitl r cl 1 Ii lt
pe,i 


1 ho jlfl1iiin iii 

tin IlLC "oil 'tiliLc 
iniirmel %I.lls S2idilil C 1ll\, cs htcciifli 
vhen i 5-cn Istr , I lch ,iA,a't h.aLde . 

I3si 

(A (I) tllI 

lic iui t 

I*-(ni 

R itI L 'mI tICI 

ijijiii u-t .\ 
/i A G.iImn. 

iIli ci 


om iIl Lim rilnIt 


-miln 1ij'cdI ,). 


ihuiC'l t l 1 1u1II, 

h1ihIrnh l.s (Couo nlnthltletell i nti \( 
IS ilc,,c lt ill the lirlIS II, i llll nI 

uI llicll).Illest rest.lts ,.L. cfiirtited 
in IalioiIitor "1Iui l,inlli i.nit th;itinpti-

MLtUM (tmc lilhip il 20 2 (,. ll iI ,\(I-. iS f 

ilnl1 -\(1-4 It . -2, (. ili tl iC' 
Studies llit._ii c'iteid thal, indeultL.ndcli 
nui c ilt.rtturc ..\(i-4 jsilL ico IR. so
h]i 1prii(lIcC hisher illlnpim-ot0 thini+J 
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AG-3 isolates. Ileall Iooking berries 
Wf'r Coillected rtoll (I1", c\ l+.licinttl 
stations ill I lilic:ivo and San niton to 
detcrinlle the pitliogcn Himd,,iiproplit 
floria prslent inidc the ,eedb;ils. lesults 
roiii tis, studs indl"IeAtd ihiit oilsk Iso 

lliellr -iliai l %\C.ee presC,Cllt Mid til 
s\er fCrmntaItisike \Cis . 

'A" i teehnolthe drc t 

ftor producin.g potit c lith 

lii. lii.\C IiitI.d Atlli iith
\vl re oluiltIc , l tril . ldll 

use of HiS 
Conlsllllllit l 

Il Ilei, 
oli 

11m1t seed tnbersl+. Illi A/rilh.i\-
l+ inlicnnl , %\illitillics licit llrisliit hItas 

sllis,\n lhii ,eedliiiu tuhte,, rellatiltt+l ill 

of' I) to Is kilorallis of sced. Since 
there is little deCtni:Und in (Chil for "IPS, 
the seed is iiiiiiln or exptt I to other 

teeoillilii. 
Asia. Scs ratl Iii-eslit mu locations 

in We',t BlI'Nil India. ItAC ',tarIed usin 
Il'S illd h'as e ldlltd the Ielt+ l o". to 

1h,eir ts ii oitnditiol,. 1lie0 ;ir lln,,in0 "le
lcitdI IS lli0rid, 'lid () plrot'enies aInd 
alic producing ,,eu,.llign tu 
,t lihit tll''s, haSLct-1.-, \iiL~d 

I iii .'l tiill 1 to 
.\ pil~l "licili to 

iile\> to1it) irilici I 

iaLgciL 
of coll 

I . 
ilrIiis 

h t, 

rs. Yillds of 
litit 2.3 to 
Illt+'l" l lIo 

.r II'S tecl
pronl uiOllteCd ill 

the follsslie seisoil X"iT+I\ii ' . ,t i:ltllc N ,itl. llhililpiiLc,. I will attotal tf 20(1) 
icisI ol l't+,eel II oitl .i3 1 lhit fil,is p-,h 1 Cio,+ . 211 -,1 IT'S tl.alls.o.f 

t'chntciiih )\ I'Ii11m L'tl l LIC, ,liit, lAl lIM,I)ilt', (Iti M M+ i LC 11i l dt of 25)) 

i (PItrInnli 
St:Ii t l,, itliih 1th,., stit. I tlicillt cs1, 

5,v-iileli tl tf ,, lc li.ultitki , tos I 
lc ,Olvcd ',,rt_ the pos-+,ul1ilil ()I lcto .i:,l 

ltitle Ill 1itlith ieIt;tnIl h t . i ,h 

%,\Ill Infectionl 

;i.lCk tU.iie 

,ioltits mid 

'liu tiiis 

m id+ ]LtA+ ,1t kn lCl .tu'C 0It 

totilie l[t tiecs h\r,, \tcl-

f rtllie . 

is Ilotlllh l . iill IS 5 ivlC 

II'S iii \ pl'lt t useftul oulc. lnitiAt trial, 

Crei tuittl it ll)SO i]l ldtllitillU ld ill 

1)-,'7. IlL cI/of the tili atnd ili lick 
of I: m 

plal tilne 
tIO'l 

planting 

son of 

tl,,,,ttl trmtlitito m l I tlhod'- ofl 
' it liu tiC tlliit tI u,,e Ot ,CLdlili 

il", IIL_ I Ils' illu ilh t.i iitis ' 1i 

llatel.rials..\t IcLUs tile mlc sea-

trillsillon q, sllIrtc, orlo t. r l 

hCLls, feitiliiatiOn. peLt colitiol. Illd str-

eC \%ill he rLCjnirld lerC stiiartiU t 
trinsfer ito falrm rcs. It i, also liliplltrtait to 

II • 
Ith.t I 

i ndl 

l tm 


I,i luhit i icltsl llie fltleL Ii0 to 
ectm li ; i ,l ithe5 l tr tubrtes. 
kcilst ilih ,nuill olln.', Iti (i lti i :c' t 11l,, pru hucc Itulmtt, Ino n higlh

dII',it\ nul,C1\ I).Cd, + + thl l0 ) l tsltt -: 

or Lvilliple. the I brid plrge.. (icla x 

.A'.,IR, ) 1, .). i, U',eul ill this \\i '. 

l.1 0' ltiri lRs ;iL Ill 

tiil L',CellIllCl , Illt 

I,, ,till il tll LCilu ing 

tiiiines llis+L fi .l to 
-,t![\ bet+ds+ lo pciukl l)(1 

i- jt' . 

s,iliC thiud 1-It it. 

I PS. '11L is,,tete 
plhiuL ,, s c ill 
lllIIaiu.t+ the Ilur

: il lin to Ir\v 

Sc clil rc". ith ill-tituiles I ll northern 

('llill hioc e\elul. the usc of IPS. 

i r ellllcl"pcer\Plillitltin1g %,ith tlillls

lttul ,edlin i iild s,CdlliI' tui e,. The 
nuj hl I is,oeise h to prIlcc potatoes 
I itlch ptlo cslitl-',. -IlL elds have 

explore the 'rodiineilckio tlrot 2.5 to 3' t l with trailspo,,Ibiilil\ o) PS 
Iil IfIIs. 

Itl Chile. ,i coll;llriti,.e pr l t I,,-
tseen ('I' and hic Nttional Ai\riiil-
tiiril Resc;ire-h Institutlc (INIAI for pro-
tLleiIie l'lS on ia selli-CoinlnereiCil sele 

his been in effect for three s.lln. 

It will coitic lor one lor. season 

I1987-88) for an estimated production 

p n , d frot 37 to 31) t ha \tuit sC d
liile tlLar,. Ill stithissest (illia. isare
lcs', anllone 

of usine IIPS 
s i ai 131t 

it "I'PS cr 

frlers of 
i, crs'tin. 

ilClrsC in 

last seari. 

the possihilities 
This sear there 

the are-CatplanteL 

ind moore than 
2.0lt farmlcrs used TPS on a total of, 

77 ha. 
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J'ldi\(I IIJHIS~!I1o 1 'fuflt'll I)ICi Coll-

II I tc~! ittflhrcsccrtcc dIc iijop d At tilLic 
oui l111 fl IIc It, I)rlodtt llkl it I\\cl 

l tS' I t J p~t ICIcr \s1ittaICI itILI ICY, 
sCkcd, pcfr hett tli iii Ilc icirher ile~ 

itilducltiu \\iI 10iil t\ iL.-I)I Iiuiisl\ 
~I)ICItt ef eelsC()It I)eti pIMiiIiietiuri (ArIi, 

) 19N - S, 1 l lt CYiie 1jehittilt CIui-
(lilI \Lill "A eliiite. itt tttCiCiseil 

111,lit111M ilil .tiks p IM itfliuteseetiee ld 

;ttId aC('J)~CC 

I t~ Mitil''I' 
/1itt11m pIt'LlICL~ 

\CiCL ,ISfCt 111i;1 i 
Nlljes (Iju, 3).ti S 

uMIiil. ttlu NL t.\ 

It I [i ttI ilet 

kIi ):ttiitilli Hfhcjvics 

Ctt;iL'jiICItI0 M111 i \-
ItII ,dIIti tiliittf'Li 0I 

M l;lujit d l cl ei l 
i esil L iki' Alfeteul 

%%CiC Intttei'dI ut ill 

l 0I\\CIi Oilt ill
lue e Iii MICekie l iilieli.I i hIII1liuul _Iicite 

(11,1Itiit li HO M11 iesettesCilfli 
11111 Ciiipelsll CI fuM l i leeiItlejuti (Ii 

IeIie ,i i lli. el 1[dl\Ciiii lio i. hut111see ;i I ciii'C t I li ii slc~l 

Itill If SuIit Ill I IIi'C ell 1 1teiti(Ill . I I \\ "sIekI!ei I- a l ci Iit (ii)LItIIt-

IiiC incd tisI~elrunIn oi l stenMO II %\Li kuIiiA C ii I Ii \ OW siiuiS I i L 1teI 

,i isdtesilicl ICI: mt animleriii liura -1 liciil lleiii 

No seels i resIIIcI 1n l ) I Cd pr nflO eIIc C IIL 

OKI1"tC,HI [S I 05111MII) Ctotl- 1110 11Cfo 1C 
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Coedeinayt 
Figur 2 Efec1 oflor nd. high berr rdcinpe 

pttvarife n clone unaoL2%brystHn , 
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111C I uM 

I III( AIC lII" \ iL 
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2No. seeds m 

75,000 

50,000 

25,000 

Small seed 

Medium seed 

[] Large seed 

LSD .05 too comparing 
total seed production 
pet variety 

L M H L M H L M H 
Atzirnba Yungay Renacimiento 

Figure 3. Effect of stern density on the number ,flarge, medium, and small size 
soeds produced per m" from three potato varieties (expt. 2) L low stem density 
(8-9 stems nv') M intermediate stem density 115-18 stems m:, and H high stem 
density (24-30 stems rn") 

.otIductCd 
effect of ni-ht-hicaks (ot inducitig flow-
cring Inpittate,,. Inatnc\peritncnt cotu-
paring the Cffc,:t oflatliti'ttal homs of 
rttifici'light and riaght-Icaks 

Studie, %.'eC to C'alitC ile 

pracuced 
CeCro lil ur duritgI the dark period ott 
flM,crine. it as foutnd thait a three-hoIr 
nijit-break wkas ats cfcctic &sadditional 
hours of Lit it lootiucz tlMCriltpl ilt 
potato plaints. A thrCC-hour u1i'ht-breA, 
va, 1outd etfecti,,c lor flovcr iirmttiii 
OmfChintes that IttIImallk pIIducc lc, fiby-
ers tunder short days such as II( )-25 and 
IY)I'()-33. Accordirte to rCsults olbtaitnCd 
with plants gvrn nudcr tinc hours ot' 
controlled da.,clteh. a threc-Ihour night-
break titued fron midnight to 3:10 .m 
appeared to he the bet treatment, 

I'S I'RO)D('TI()N ('OSTS 
A cooperative project between CIP and 
the National Institute of Agricultural Re
search of Chile (INIA) has continued for 
the third consecutive yea r to produce 
large quantities of "ITS for listribution. 
Ile projcl was carried out at INIA's Re
mehuce Ixperinicntal Station in ()sorno. 
IrodueCtiot costs w.CrC calculated for six 
TP'S progetnies: Attimba x 1.I-7. Atzimb-a 
x 7XY. I. Atzil-ta , R-128.0. Serrana x 
II-7. Iolhcan x 7XY. I, n ('FK-09. x 
1,1I-7. 
This year. the a,.ragc productiLat cost 

per kilogram of I'PS prtoduccd with cmas
culatioti vas US$240. ('osts varied from 
USSI2S for "'Itllocart x 7XY. I-the most 
efficient combination in fruit setting-to 

141 



LII$(7 for Atzinha x 7XY.I. I ' ,!en- oI the prenis t,hita x R-1286 i1ld 
eral, flowr collection and pollen 'xtrac- Attitllbta N I)I'()-_. v Crv ;,0 conMared 
lion aCCOnten,.di 4W tihe total cost,,:rCF o to trallsplalts o the aite prPti,00C . 
zrot\h anld lIIt;tll,'tlet oI parental CIoMt", ()ne ,\peImltnt htl\dC la elay cr1op

12eIor. 4r( : and Cili;ia ,tjlio I 2.. ' p snincestni hn I ,I ita rC ,Ite ', \ e(e

the latte'r ,I;t.tiit\W, pelo,2rtrnLd h' INIA int( ;I'l e\istil, iiti/,e iel T v,hii
ld] reC
pIr-oli trl i0te l liteI \d .ar,abIor{ 'Cli- llloved 20I (I\, titeLr plaltitl potl'h tti : illelenes 5\ 1 iItIproL'l. the teed or lose the itql e.\lie,.r1i let potato \,, tlh,.L
NtI' \icrll'1t \Ua', ed iIel d o't,, tIIere- aiN theI W.,c crop. ('0tl',iditll''l bo(t111i e\pI 
tilet+lidniilid ,i dntkI eiinpairedit int t11tll,t h ih thle olhP1i;1t ',land lt
t'i" Ill jiL S,ir.Wrt\ I ; ',10Aid. tC hIll- in ' 'M' )W, iti101 i lJ C llr,l)tIprl 
CiI l li nI IlaIte ll l t55 L t,\\( i t + itl- k) t111t (i , d. t l 'I,. I',Ilt "lIind ut11 

+ tlr'nl'i hutt. OfI I 5ollitllN li l I ,It li 

t +0+1 P.. ,'d ln , ;I,, inlijir o\ ,ll ill Illhe.
'l ( t'A \ , IIAN IN W A RM ( l\i r u-I I t I ( .3 ) c 1olt patr d \ ith,\ I FS \l )Ip I',t 


South Americal.Ili 'cit. (II' i" dlit ,ti)5 5 iiIllu li Pi tti (- .ileu
 
the ,ItIlu ilit.s t tilpoI l'1 -tiNlu,1t to 1 P-olm NIit , : it';.', th utiS iS ot 
1;iti,0 t,tht d', li1t cuthlt! l IIt l\ll, Cl.ltti s,'\, , injil;t ii b th , s Nttui,. lteIn cl -lq .'l ptlodtlictlio !\ll , tull- hC,,'1+ %iCIld m-iti ihloll ~l gs" , (ht;fIllt~d 

(IL1 \S tlli -lititittk tqlitditj tl',. Ill M () IIjelt \ithi I I-, (21. _ I II). COIMill~AiWtlulc titeh 
C\ L.'li 5ilt c5lt t duiiI 11Ci 1,1111dN5,:mill t' \ iel tIea ti lh.. hii ' tLtI IitIhCi ft 
' uitt+llt the pcithi-t I Ctldi,li - t Itillpfoduccd - +Ct+dItubl r, (dI I I-++. it. thl',mt ,i '. l 1t).l 1 11CupIIIui" ri llI i . Al,,itld I.'tl ,i d I)I+dLI h l I11-0t lltIt itt -ns
 
l)C,,r11..C \\L:rd W 111MIqiml,.tk) p .'rh 11U1MllL, 
 I(+,'\" P 'qill111 d iftlI mL, thaIll th;1t 1-ll)l 
(tI r tm:. ckl -d ltl x ol tilC '111IC thrt+cc ',,.,+' ttil)CI'r,. ilt lilt:' prolt~' ltitll toI kil 'e 

d .',,. Ilit h lan-pritidd ', dlin. tueI', ' ei/' ithber' ( 3... dill) \;S I"carter. II's 

Table 2 Field performance of seed tubers and lOtOtd Cuttings of three clones, and seedhng tubers
 
and transplants of two TPS progenies Lima summer. 
 1987 

Plantinq n;!iprial PlaInt oz, rno 2* Y~e:(]P ,td (ttha) 
. .. . ....... ... ( hat 

LT-5 Seed tubers 97.7" 22.0 
Cuttings 934 21 8 

Rosita Seed tubers 884 16.9 
Cuttings 960"' 15.5 

Desiree Seed tubers 99.6' 22.5" 
Cuttings 90.0 17.2

Atzimba x R-128.6 tSeedling tubers 91.8 ' 13.5 
Transplants 71.7 11.2 

Atzimba x DTO-28 Seecding tubers 94.5 21.5 
Transplants 788 21,3 

"Single DF contrast sgnifcant at 5'
'Single DF contrast significant at F
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Table 3. Total yield, yield of large size tuber3. luoer numiber. and plant stand 36 days aftr planting
 
(DAP)ofdifferent types and origrns of planting imiteinls San firr mmn dry scason 1987
 

Planting material Iubol,-S Ttier Plant stand 
Clone Yield 3 5cm niumber 36 DAP
 
progeny Type Oriirl" (3 in, I q in" rio nr (I
 

Atzimba Seed tubers 	 Field (HYO), 2280(1 188 100
 

Field (SRI 1910 1t ti 00 89 2
 

Tubers from cult.ncis 	 Nursery bed (HYO : 14)4 1W)8 .1 93 8 

Narsery bcd iSRi) 1:43 107 !3 68 3 

Fied te( tSR) 161 101 36 72 5 
Rooted cuttings 	 1')I 1608 34 91 7 

DesFiree Seed tubers 	 Field(IIYO P270 1879 57 100
 

Field(SR) i<1.1 1;00 31 808
 
Tubers fiorncultins 	 NurserV bel(iYC)) 178 I;'0 32 93 8 

NuLrsery bed R) 1061 921 19 733 

Field bcc (l-!Y3i 1279 1014 33 82 6 
00ted CLuttirg, 	 135i 1019 35 792 

Atzrmba Seeding tubers Nur ,ry bed (HYO) 1.435 1077 44 933 

x DTO-28 Nursery ned iSRi 900 715 21 763 

Field bed (SR) 865 651 23 89 6 
Transplants 893 271 61 77 

SED 277 248 7 59 
CV 30) 259 289 262 93 

HYO Huancayo. SR San RaMron 

Latt\a l l, Lducc,. rilIL'I ttLIIll- tItmil L hC \%ttml ut I it i Ihi1h1 a LI tuIIl.' atl,.ri;l 

hers th lL tL l I ttil , ()I1th11C l,t c (allc 3). 0 t1111L -, 1ttC IL". Itti ,,llll,, 

t1C 'iii! . i pCtil (Clll Ittcl lL t ;ill (t)1-ClS)ducCd 1ttiMttilll hul t l;t 11tMi iiitlMtc t ', Ct 

ki'uct_'i/ i cr,. MclIA,, IIh OC' . 1.1-: CUlln.,, t ducCtL 
ID rn ' e A lil l (11% <,C&itlll.'-IC';il.'l \idld ,,t111-iO L RI hqtil %id d 'il11d Lm 'c "i/c 

<, ,* IL'tdcC'tll1ll'2%%CL*cllil, ; I 't 1 1 W Ihc 111~_';111 ,i i-~ m h ~ IklIICrIllit

li~d 101COt M .L1thLil l itlh Icilikl t Ie' ) wh~d',Il lIII,-,;ll IIMdiUC11\11 (d l i ' llllcchlmic. 

,,CCLI WI Cibcli'i11CM 11it], III ctLM l u ll',d .\ / lll;i1)ldtic'C' D C)CL',i a \ l 0(

(H Uti~il ' Ait/;l(SM)l lill', h ',t..%10ldild \kt~ilI hll , R &,i 2-, ! ll l p %\c'IC clll()l~ llc'h 


I(MO). '1"lh 1,11.rM 1 ilICde'eC 1101i1 II r~ l (), 1Cl.S,;l1leC'hMlC
i!i I~t' lliM d 111111- tkLlhL-1 Ci 

illldltll)Cl,1101111 i , c l i l uil', I 1 1-ar ll ilc tI 


11.t1ntlCl\I%i 11C,till i h M Cir \icL-tl i, 


€. l il , u 	 i <, 
<, 
hil" ,.1l1 'r
 

hLc ! ltL 't~kCi,_'ht II(IIIII)'CI" I1it ill Si/C 
-'5 i1c %id'd pL:1rh illll~c 	 (1t i;Ills, tt]Ill'c,, 11101n tlcr, In .ll<,CL1'c'til cr l 

p ilnt,, cmillii k] \ Mq .'Cdl11._];lil-'C lIiCld-jmictuCCd ',CCd%\;I," ithtl1,11 Ii/C. ltl.'', 

lt1il"riplo hiccd III 1ll'C'l\ ',1d1. tIIl(dkr .%icldkmd lIilC' Alldchld~cl' C 'lC [IlC'r ntlll

I)(11 O l llli nOldln,,. Iia ll su'<l 11u.lCrsltntd tdi 	 ,ic. I)CdI-li)IMducL 
HIC \idld (d cCI l 1HhiLh ld 1kitk:rI11l-1h0in Cutting,,. Yield dill,.'rCUCS rCIICCicd
 

ItrJNd iCon,,i,,cnth1 suteimt to tile .\ i i n in ill it:-CnICL,, ,14
il' cL Ill1hC 11Ilult 11nd 
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t)i CicIC ti cduiiii 1C-h, iup lI'lILc'It ICl'1' clc 'L III iuICIfliI\ il'-' 1,tIth I(.i"C .C 
pci it)d Il Itli tic.I. I IIP l)I I %o.ill ' iltiiiic' Hll ii \l I I ni;I 

RC,.ul li\t il%- uilLuIk' t 11.ii.' huFhu;\ iu : . I-\, .i,11tIll mili'c,,I+ liudUL,.cli l 

IJI .tliIll tic l li il'" LILI II11 F ,tll lhic ImIiilL F, it.tl Ill FL.' i -i 

F I c t Will il ILtu hI il l Il l' ,ifI I 1tl 1 Lc li tllILi 1,IN, l 1", ''il h',I I' ',l 
iN lik t I . ' rl it t.\ IlL1 , )klcit ll1 lLc'titit h\ Ft-
II iltc . ;iu i;,I I tIt i /I A.".cttll( .'i iI u iItII ic li, fL'\i ( I lc _lI -1 
i ,L1tlti ll F I '\ FI . itt i I i iL l ullI t IhIi \lI i illl,ci ti tiI ic(ip il I tw d ll 
pf i dliclt ill (d , u ht+Il,,1 il i 11c i.ullit tiiI+Iltillt . llill' , I hiitlht c, I+,'i , 

lIIIil i F+ 11i1ilLtil l C Iiui cl '.i. iIi I ,IllI I i tlIIc cItIl Ili t+ci. 'Lc i [l: i,IIIlllIIII) tI .11L.' +hk Ultl 'i ! l,.'kI l I )d u,.k1 1 , l 1 ,.I 1 1h ,' ItJILu , ,I1 ,. lh '1 0..+ 1 11 111L' I( M .cl 
[10111 11 \\Illd WC IfII. HI 1+tttl~ l.,tk o+t.l'1. , d I k\ L, ' I ll MIt -+I 11- l lli, I ,~ . 

h C Ct+ !Itl.,(+ M t 1 (111,t+. i I +. I, l kt ,.1 tl f1) 1'1 t i l '. I,+ ',i ll( ' 1 1II ;I','l I ' It Idou' l l ,i ll I It1 P I 11

I I (' ! i II ,-c it+jii NI( lii',)IIitL t m ki Ih,I lui lu c li, IuIl ichiiit Ik(I .i',I ti
 
ii c iLL l kit.,c iilil-, iiw ic ll c m 11 I' illlt 
 c Icc 

1uI : COP -111k. I idt.1t. l l ,i wi l , h,i t \ l\ tiim
 

Nllc \i. i c IICJlc 1 1ililit culiiiJl
, 

' 

ll .+\ llI (111 '\ 1),l1,1111 11) 11t+' JilIII I ] I N,,ill., iNI ll t,11
1111,1IN It h A IIIC ',i ,C A.'i,, I iIIldi 

lhi '\\ %k 
"+, 

10 illIItI)IML II,ItkII~l+,I[ L 'tk ,1 C'tI I I I ! ttMidi+'1 111.C 11C\, ",\ 'ull. , .+CL
 
J'I . \.'t II IL -It .. ..\ I.L'tI+I I I .th hI, I 11iX \l\\ ,I,,q: Id (1!
)Ii !I q tI' Iif Ir, ) .',t,.' .I ,,If', 

-lltI ll)CCll 1 ] k, N~I It+ C HlhC I L I I LIIILll ,I I " I k.I di,ll . I \L x, -THI I I i f 

l t . hIM,Cud 1u)[O th~l. IN II, 1 li , , II.i', '.[Il 1~ ,11 .i ,itI) \C ,,' 1,.11. lhI!, Ht tp 
kt.L +C tCC 11~ II I t c tl.c l ' ''+ , +c, l h t h . ILL 'k' N\Xk L lll IN Ill( if t.. C'I 

k M IN I,+-'t' I 1111,i ft l i ho.-I 1 '. \ ,11 ', 1111J \ l c,I~ tillIt-N II IINi itI , anII 

tl ,iNc \c/t +.+I I II I l Iu ,'" I ' ll l I' It II, IIJ.1, I LA Il,+I,,I 1 I~ t I t IIt ,ll tl' I. 11" 1ll l I ,. 
i '-i'.: ItCt+ I Nll l L' JIu' I I \C , JIIt+JV. I It. 111[lltHC )Nl\ L I +] tdt.,.i (11 1)( \t ' !CCH l 

HIIt 11',, 1]l, I t' 1t_11, I,! ltlM+", l J~ tL'u, 1,I t 1. k I ILCI 11,, ~~III '> N IhIllI ;*II I,,CnI 

CtCl,+' C111u I' I/ 11 ,' iIh1111Iu it II lk +Icl'thmIIt ' .. 't 'it I ".,t++d II rOf IhI L
 
llt.)l+Ci 'll - .J I, I Il 111.+u \ I,:l+i+ hILIl l , + i, l hl I h 
 ''~ If IIIIl, , NC\\t,ll L' .'\olI C 

peal, (111ic \ c I mll I hc ilI l tI ' l t ,ll ' ' t,1L' 1 11 h t h t \\+', ,'I ICCIC(1\il 1111tt+,1111 
bak~C 1 \ ' k )I, 1) u N~ll,I, if, thd'l Iml_I 111lic I hII ' pthI\1 . + l d 'I\ ".t+I ct \\ ill-" 

+NI AC, t+ ul ', dIC L 1.l'. I I ', l( It,,tl l Ill \\iitt'l' \CiIL',.10 1 itl 1tl .'1 , 1 111it i+' .1 1 t 11 ' I ll 

Iull.+1 +h '+i\,Id ,'I I- : ,phl ltn t, ill+. 
IIt+ Itl Illc l 11)ptit 1111111ll Ikilll Itm Ih o, ,+tt.'llll tIk. lllh c 1111+ l,.'. "c.t+' k It+ i ..It+'t, , 

1,ccd I I UNI I, ', I (~tIttt,.) l ,~ k. L', t1,111 thM111C 't','u' ~lIIP llli M to+ 11i.=, 
tdoc..- l llilclll h l', l i fII)l I~kk cdt illl._ A .Sid. Sltli,.', .'0 1 ll I ll)l.tMlI , l 11CL' ,Il I 

t ll II 11(ll)lL' It, ,'hIl \I I[IN I;.-I tl t h I~l 1,4, WN ill 1ll , 10ll '-, III (lt CtllllcNU 
(IfIlh'. Nmtti ld I ,ilItutc td .. ull, .'ultrllil p+ kt( ) p~It hlicl Itll. At ( l~ 'IP, tC, NtlLAl-
ICChnII hdo,, (t IA.- i ll hl,lr, . JIC HIM.' t!tlll mt t1. Iliucia. I'll il'+IIIl,..,, It %\:, ,IN0 11

"[.[%.ll\ \ kit\. ;111(1 thI llt t M iIltl Ipl JId)1 F I' 1 I l ld t ILI\ t IIrI .' I lu t', ,h1til h'C ,+"
,,  s,..c ', I l luc ,.. I ,,Nl +,]u tootcui cic d t:1 I11l lcIIhI.', it ec u + 1ti\,C.llilc ,c.'tit 'is 

I1=, &I',N',t> 'l hCOt I~ll ! Allld. lN, PI-clh+,m l;Lr to tOhlilill l-,rIt1iiC Il (t IIu,+:titm ,01 Cult+,g 
U',C 011 thIC',C kit, ,.C Icmt ' Atc1 thir1 C.I- ;111l1 1 LICdtl, N,',+IICNCClIICC. Ill Co()Il I' C IIl
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ditiollS. SUCI ats111ChitjiiandS ilt B~aguio smooth ilcilln ' ii to ensure pro-
CitV. all ie 1 1p1 to [IC i( L.iI l)IOrc Li Lli ctionl. A projct haSCL Oi cS d ies0XtC1IC~ UtiS 

111CLerowti ol CuittiIIies. 01i sccIL So,",tCItS ill dcvclipIItg LOUitttties 

Ill \'iCtnltt. 111C tCL'1itt lInL ill ii"iIII! '% (i c lCI~ t(iiats 1c otLtc tinS1lla 

itii\ Jcl \t ~L~lc0()ItlouRk wed pitt cliti hltcN. \A aphNAnI ipiiilci 

k,-,L Il[IuLo cd P) hIICi t II\' Cr L %' it dut :\(C ~ 1 t iC(iliilCutjL .ClI ~;ilk

tclL
1 iuit titus ll mL. 1iN,1l Iii Iitt.Lpil, q u~tof l111C aciLIit\1ICINI ti 1, tutu1 0ol 

~ 1tu~k\IlL t~ullit\ it Itt C i llck~L I t1piaut lINL CLIIj II iiitIili -Iiil i ii c 

t'IL jllilLII 1111.1ut11t \ lO LI htiliCIC i IIIfli i VIIt'tjtultiuu il i~ i ICCIllIk~ i iO~tuile 

1L)itllt 11Ci 11 (d MLr,1 WLII~i t \il NJip- N( 1i.l~tct pu iIt I C IL ijictljiiittL 
mhli cd iicd i.ill lbi (1 thui ii cLLB iLNli ot'i iI" Hu\ .u't ,c 1/i cPilN ILiii i 

lItilic L IIIIlii~ - iiikIill ut ()Ic l ik iii t)iCC ',CLLP I )ao "Licilii MI icrio:il utI 
( hinlt I ti\111Clp '""I m m titt LlLcli ilLC lic itiLL C.i I u(iL eiLti,Crlt\ 

I 'l~ Iilt C ILAtX ',t I Il %11( li L[Ilitiiti IL p ii lot iiiN itiil iiIli o ou Cht 

~LAiLJ i Itth LLL iiihlti N'II tIt llN Ilo:(I tlcI ii M~i~ N1t iii. citIcci
tli 1c Ilt ,Ci chII~ I LIN~ tli It 01 'AsN- [ ,1iII\C I Il iL itiluid tI1tttcV12 thC "atlck 

t -; 0ic Cu2tttl iil il j iti itt u thIlL tI(L capit11al) AiiNtI -tCioitatIttu tCict)OUiCL t 

lit.11h 1 toL \il Liill 'tmc 'CL It' Itdi tit.-ir hck itot~L icIM uti otlcr tici Cll-iujiN. Crop 

M)CI/Cd 110 1N :il-,ido~ d 11C %11111 Iildlm-, p~i~cd )hj~ mc,, 1 1 45pio 



Iijujilcimne limits klii a li\ hida iintC.;ml1 C Flnvironmental effects oil sced For
dit Wkith hiis crop, I. siuii i til. c I" \L,,c mationl ill Sweet potatoes. Seed] ,cttliigrv 
little flr)ittiictitti illiiiin2 f filte I;) \Weet potltoesI isii"imik pool, which 
i'Jiinit~ to ',Cli t0 the Nee~d IMikeI .IhuN Call dleet( the eiiieieiit: \t of bieeing pro

11Itthit.t II l \t cJ piit t tO po-;IIt i cli m't ie\ ilk /fttlit iil \kI~ Coll-Si 

k.\ilo ll ml l' ei it t 1111hCi tlth 0 iliIhIll tr l \\ ti ',\icCth ii i r stoMr-

it)C l i li " c el ttloiiieiii 'I Ct. Ll l', J.113 OiHMClltiiiI ilCt.(1 t011l ii 1 tt hltl. Is 

ittlillO~uttil> iiit III, iiitjiit Rnilll Ixpe aritiiiaslitno tur liuls ot 
iCCtI.tltil utiiit.'iiet the jj'i"'tlt (t- LIlIdcton. 1 (lit' dr~il III i IIith tA0 i 

titt it tthrI o tt'ispC~ lie011,iIcits ils I t t ; i\. th i itituri - ;di
uscillI \0111t.1 thcttes lids,1resltd 1111" iL'ltetits.lOf( ,\ee aiidln 5 iral- lir 11.5-13 dv 
Illllt ii1i . " p.ctil-u i i l oli cio it otsok.h 'surl idlii iCIdiii\ 11 

kltl],s1)1 'I"n itriiiliii sh-on the ittiprtnc (If theCi'Il_iducii 
[ WItl 1 1 I 1 I C 1 1 M l 1 1 C I I lI .I I I - l t l ~ l il.I L 1 



capacity of the root stock. the physioloei-
cal conditions of ihe sciol. and the photo-
period of the site where the gtaltctd1plant 
is tl\\ll. 

('onipleIcun', CXseiicinlts. aimed to 
C' iluatc and iniprose the Iloscr indue-
tion ciipacii\ of ,tock,, fron tlu'c ,pccics 
(I. 1,, I. pur/no'cih and I. wlsa), idcii-
tificd sirietal ,ifrces ill flosr indtlC-
tion , i.'ipi it\ of lie siock,. tile positi,. eLf-
feet of shoft-da\ tintnl,, on the ,tock, 
and cffct of stock igc on loslM ' intdeic-
ion of tile i.ualted pint. 

Ill cnerit. thc IcmtlllTICn, tat has c 
,hioga iauprovCd [l\s.' inducm on caIpc-
it\ i ,s.ect poIA1t ie I tile selccltion 
of' a stock o figh ctitiibiis. ') stock 

Citd'tll iitllllle bs Atictinllnt,tit-, 

3 oblAill i tile "ciOll ('oill intliCi ip'litils 
close to flos,,urinu, sa'c. tnd -1) cross it.g 

ri : tetcd plants tInder ,11mt daIcIIuth 
Co( itliols. 

IR.-I NI NGpoli'y 

Nine lcripactisitic, deahin- ssith seed 
production s,crc attended b, ,pproxi-
tnitclTv 211(Ipeoll. Chtwas, the :Hl-
inuti] sCCL pIrdu.'tiil CtU'tlc in Peru fior 

I ai Aierican countries, seed produc
tioll coulscs comlbincd with certification 
in Argcintia and India, and a conference 
onl preblsic seed plodlltioll fol South 
-\nlric'l conntriCs in Br,/il. Rapid mul
tiplicatii tcelmiiluCS aS tile Snhjcct of 
a coufic ill ('hiia. 'hcSC tcilliqlths wCC 
dso talllit ill a,course in C'uba, shich was 
concerncd niainl, ,, ith in-sitro propaga. 
lioll m thods,. 1Iiht iitiig scicntists at 
('IP hCadqzllrtcr>, studicd rapid mllulti
pIicitM!ont tcchIiijnC,, in-vitro propagation 
methods. and solo'ical detcction of' vi

rnses -- th ao componelnts of pie
bis,,ic CCd Iccltnolog\. At ('I P'Fs StL. I.ucia 
Licilit\ ill the I hilil"pin- . six \'ictiall ese 
ssei'c trained ill irapid mnltiplication tuCth
ods nMntIme 0 IPS fot' croplaldlIin o' 
pIfoItlCim . 

In utghwdsc.h, ss tc considerable 
re.'C:rch on 'I1S has, b Cncirried (til 
atl the himmt lscl, a .sorkstop s,,as held 
to plollot thelehC IOlh and to !how,1 

nakCi, its )L'ntiilI \ t e uidert 
I.tCl com litiOns,, Sil'ceLCntls'. ts,, d:i',, 
of' traiming to licip with the transfer of 
a.dapte[Cd tcchniloit, to the lhrm level werc 
held fr scicltisIs,extensiotists, and col
Lhbot'itit farmers. 
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THRUST X 

Potato and Sweet Potato in Food System-s 

titl tili/atioli1. 
Since 11)(A), total root crop prOdneItioll has deelitIed InId~eVeloped COIo

tries anid expanlded IndvIIpit colintries. A coniptlieulilsive resi\\ owtf* 

R CSeCirh NItSCoutittuedL 01) 1trend in root cropj prodneItiOt id 

avail
able litera;turec on s\tscct iotilto has heetil initiated. liiensin,- on Cltemical.
 
teltuologiil., ;Iil( litl itiiiiial apcsA (jietitltn 
 stoveC oil coiustrttttts 
to) s\Seet lilitI) M SICl coIJntries llpiitillCt us di LIt~tCiiiiilltctjii CIl 

AItiOl:ketiu pii ;1) litfl0 lltjti llportaLIeC. ld1It warjlI 1(dAl 

elms Oflimlatc. \\er 
(lit-t svere as\ailablec. 111LICs elp')in oll thC I)otato ill tenl 

I21 etiltrics. ( ) it alittide. anld iplllaiItn1 CI liae 55 ),ide 
O.1tries. Is J)rOiLIei.&l 

iStitie l lt. t)t [11 ttl10h,1 IO',l ti0io iIll IC L lics. 44't ()cci.is inl I()\\
hld~ tiiOlies ssill A Cooiul 11) ILIjitItII\illtei: ML-1 W' LCIiNs III OL' l10t, (r1, 

the hli'Iii~hllLll telll)C~lc /(Illes aeilt ot. appriiiihlais 2(tiil. lilt 

each. 
( ase stutlics (. 11%lleitiuiml potto piolt-,rm res e~tlcd t Ifclceessit fori 

stringC naitionatl eoiillllhjllilchlt 1itd cle~ii piloiltics it producetiui on i ;ite to he 
Inet ., A ll stwkd ll~i Pccii imt"pletcd \itConehitaints the []lost eclplete 
cidlectuit~ iii tiatioill "iii plosinicial istorical ilil euire statitical mtar
rials oill tt mid tult;Itu ilaliihL Seediitl e is II ;ll\ at uLKWaue Jpriutritllls 
receised coninlied fiiihll thiroii (IiltliClnllllires Muid CisC studies Of tie
\CI0lpeul nild te ip!COuntrI[ies. A cortparllive tuidy (I scet sectors inI the 
Nethelitti s. (ll adl.nd the hittd Kiired'Lonu %\is,undertaikcn. 

3iWi hiaesur stidi plerto Imillcud. hu, ill Rui itS e eltialeteBloltd, 
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PAITERNS AND TRENI)S IN RO() 
CROP PRODUC IN ANI) USE 
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Figure 1. Total root crop production in devel-
oping and developed countries, 1961-85 (three-
year moving averages). 
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Figure 2 Root crop production trends in developing 
countries, 1961-85 (three-year moving averages). 

ducCd rivr tillC, andlltlpresent, ritt 
and svict pttaho iields 12-14arC abuIt 

th'a inl dccloping coumt;ies and 17-18 
[ha.l inldevelopLd countries (oig. 3). 

Constraints to production and use 
of potatoes and sweet potatoes. A corn
prehiensive revils of isailihle literature 
on nutritional coulpositionr iid use of tile 
s.Veet potalto rind its cont ti itions it)both 

and ailfimal diets hIs h I initiitCd 
aid vill he co-pblish Cd iinthe future 
%vitI Cmridge UnIverst Press. In-
Ilded in this work will he atbibliolgraphy
of over 80l10 ss,%ct potltto titles. including 
material oti chelica., technological, and 

utritonai aspects Tlles(N(T I arid 2). 

O(Lcstionitaires oi Ctnstraints to pro-
ULictioll ail i1se of pttatri incd Svct pi
tlto were precrd. To date. 73 clurestioni

aires oil potato all] 35' on ssrcet potato 
hlave bCen Sent Zi (II ) regional staff alnd 
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Figure 3. Potato a-n'dsweet potalo yi(elds in developing aid developed courtries, 1961-85 (three-year 
moving averages) 

nialilrlal p u'" hCad.',. IC,prrtf,.,, ,,ltf 'ltlitto (lII'X I)87 ,tlltial l!, jaw itt 
litc I)CCIt rcci\cd [lm I) porllo t d Ij ..111a. Ai m;fhrimprorii ara fol scCel 

,\k.CCi ut'l jl Ci ldtiiCin poiirll.tllml1.lt arcl l, t,: 'llt ', . l),t ,l'.i (i li l 

,Cir. intdd ,
r L'i\IZ : lim itld i urk,.at 1,.'ii',tId.t lI Ilt\ NrimIl Il ( '1,,)1':Iu..C'I Nl 

Table 1 sweet '1 ;Comparaive energy yields of plato and oher major rp0, 

A.erage Edibe Propoilon Edible unergy Avg crop Edible enpigy 
tropical energy V iO rf edible pur ha growth peiod per ha day 

Crop yield It ha) rMJ l(i) energy l . Mi x 101 ) (days) (Mi) 

Non.cereals" 

Sweet potato 6 45 4.8 88 P7 2 140 194 
Cassava 8.72 6 3 83 .15 6 330 138 

Yam 700 4.4 85 26 2 280 94 

Banana 13.00 5.4 59 41.4 365 113 

Cereals" 

Rice' 2.01 1l 8 70 20.8 1,10 149 

Maize 1 24 152 100 18.8 130 145 

Sorghum 0.83 14,9 90 111 110 101 

Millet 0.55 150 100 8.2 100 82 

Table from J Woolfe, Swaeet Potato An Untapped Food Resource (in preparation). 
Cereals, air-dry, non-cereals, fresh. 
Paddy rice 
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Table 2. Chemicai composition of sweei potato 

potato roots. 

Source 


Feud composition 


rabies 


Phlippines f1970) 


USA (1986) 


New Zealand (1983) 


South Pacific (1987) 


WHO adult rcoIritMInded 

Root color 

White 

Purple 

Ye!low 

Orange 
While to de ,p orange 

White to orange 

Creamy yellow 

Whitish 

1,a jilojWjjc'v jS 750 q 

tCItliOIl it tile "LtIIltlie ', 'ltt \ \.i d ;tll 
re~ lclti t" hlil\ rcuqlu,,tcd ('1t", ,,-
altte toi iotltidl't hlid-lc1se st dHs it ,iitl-
•,tritlit' , 1 t0I ttl uttiti.lul dl d eutr 5,\ l 
Ititit ,Nith5 ,JiCliel Ctlhit , itt h1ik,+t-

112. I ttltISt, dIlIlliIl te. :lut lil01u 
t i he a lim ithm2 l;teiihtfrI ) lltk: !th 
principlt e+itlstrtitlt,.. -t.'lh & tilt: ,", t.t, 
Of ti alil\ se d It rc ,tstutt;iheh .ri . ittit liNIitt (id ('I I. ll t Rl Al,d tltfil A\i\:lI
Iprtldt, [OI 1ti CI',,lln lldt . , \# Au,, IJlHCCt.+ ,-'t tlhI lkC,, dItlh ;111( I)u,,,u]h frunl, nt 

(ihiria-

Chila Sth' f)1 potat(, Mld Sk 1,1CCt iatiti ut1 l il 

potato. (ttlimi ptdu', , ll' ii the 
\ tldls S\C( l P ik;tti ill il NCcilld l 
lla~lioll.. tltt.'r file 1'.5,..".R .. Ill pot:10m 

protlittit'n. A\t .uClc, e' ltl el \u6t, tile 
I lernatiotl I lttd lit lies leu,, lt Itsii
tute (I l 1:,)t c.iued A\itilu ie l t citerialsittl ('nilt"te' u.eel p~lhZlltt 11 ltutlthut tie-

V C h0 1r [ lC l i t t lu il l f t h e l C iOLI ] -T - t , 7 

'SUItJ)ICllltH i\\t\ ll tt; 1ittl Iitlll l itI 
I931(k. l ite sltd\ t tl tile Illst tl tll-. 

pletc Collectit oi llliti illd rmiiittiil 
ctrrentt tttd hi.,lrictl ,ttistieal ln teritil, 
til prodtttitut tl thtese crlips utsitil il c 

tt (.lttt ll 11V It rt itICs IC-
tidlCd ldiscussits til crtippitL,- ',,. tm:. 
agrti-clinatic chractcrrisics psts. dis-
cases, and v'trictal inftirrnttitmit I rciol 

eoolsand leaves, and caroene content of raw iweot 

Carotene Retnol equivalent'
(iay 100 g (vil. A rug 100 g
fresh moll fiesh root) 

70 12 
90 15 

250 40 
,1 000 667 

Trace - 11.450 Trace 1.908-

30-3,308 5-551 
76 13 

33-128 5-, 1 

,eriills. ReC.li'lal inllttll iot oen i rt,,cessing 
a,,lld+ oqhc'r Itmrll", of IllJli/ ,Ifioil, iII llU1

lilt dies,ltjitittl- ,;IId. 'tleil nt~ILCt
tth.. ,s retfrCnuee i t tile .- hlill the
ull 

(-iitil1tIe clC l_ e\, is r htmI\cho utc 

",lrse. 
IhI-,,c illallt ti, \\cr. ,ttli +iilItltL-d 

\\till tiiit trll itl '.:h1 teii duil , 't :titlit 

tnc tI. li. te~tl Il 
ikeiiint .lulecipul

+,cei,+ofl shidoilg.l-n'. s1uhtitm l. antd 

( t1;llito . 

A'(Rlt( i'i(') )(,l(A.t\ /()Nt\(, 
)I -t ' I .\AIt ) F- S 

A illitjii ltitthut v,5 ttlr ident .ke ill 19,7 to 
tIC l jtleiC itlti Illiti) pttliti :1tttice lof-'icitl 

/iitcs ill ie\cltipin ctttlm ie,. Nutiotn 
ticntl tie iliaps ftul 121 ct ntries \ere dig
ititCd Isitng d :l.ci'tIl ctimputttt r pilg-t-l 
I)i itriltllt. lhe llilps. ',hei l irc iirgatli/Cd 

bv littitid . 1i11ttlgiittlIC CtiOltuiditCS. Cti 
he cttgltmerated til tile enttinctial r 
initcrntiiiti l citot ctnstrCtiOnlos llow 

totcv ' -'1l-n"%Lt10 

tt o.d ,h I.httivii devchl 
,ilcsl i tillH i l., itltile 
,\tc;i. 111C lustile. 
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Coun~ties M icre daita irc t\ ijibiIN mcl- IcIi dj~tiiicl t.Iccpin country h~lciluc' 
hu\' 01 cliiuuuLut. d~IluitdC. (dcI~~Itt)- A I lic %61itcI\ u,,ci Kt)Jttt2I cI;lw,tittnl 
iluctjttn. ;111(1tIllucl Licitt , %\t.'Ic;ut.Ioftd 1(t (%(' \lAq) I Auutd 'lIIC Itti A IntrC tIC-

IhcjNIC '~uci\t tutucci i c ittArcd idi)c"Cl il iic' /ho: )iict l daii 

it Itt CIt itII c\%A oIn. ICCL Il PCi t o A Ii L'c Iti cd ml Ii " /iII:"ici all tio 

Lthulii. ilh wmJIt]d ih1(i11i(ii1" %% ifIiiic p-iui " diIc ic Io. ".Ccii kt tmlc c (IcIiiil 

.Irt't'ri/'tl i i tn /lrmerNh aot'o, du t /loptt andi putI Ifiut 
ptractice newt potato v'urjt'ljus Unld pirouIuu ti I l~th/nA tat 
flourish in 'a irotpicail area, t'e /nld() (angcuflu p/lain /Ias 
quick/v be'oment, t f*(te it/i dA ledn4oat-rdc 
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Table 3 Potato production zones by climate: developing 

Estimate of total 
Climate production (%) 

Hot summer, cool to cold winter, 
unreliable precipitation 

Hot dry year-round 

Hot wet summer, hot dry winler 

Tropical rain forest 

Warmi to hot wet summer, 
cool wet winter 

Warii tl ot wet summer, 
-ool dry ointer 

Hot Jr ! Liminir. cool wet winter 

Warm v. t suinirer, cold wet winter 

COl 10 wXim w(t SUliuer. 
cool to coid cry wnter 

Hiqtiand:di I 1500 m) 

Map 1. Polato production zones 

5 

6 

2 

1-2 

7 

35 

2 

10 

12 
21 

countries 

Probable-growing
 
season Observations
 

Cooler moths Irrigation 

Cooler nonths Irrigation 

Dry season, if found Irrigation 

Frequent short dry 
periods 

Humid subtropical 
Winter spring or fall crop 

Lowland Asia. 
Dry winter dry wintet" 
Various Irrigation 

Summer Temperate 

Summer Temperate 
Various Complex production 

by climate in developing countries. 
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Much of this production is found ill 
the Asian potato-cereal food svsteni. 
which stretches from the Punjab of India 
throughout SoutihaCt ,si int China. 
This is tile otato produLction ZoIneplil 

ColilltriCs. both terImls 

of, liulmlbher of' pCol,;c iflCcted and Inld 

area ct.cred. lRapid expamlsion of lthe po-
tlto ill this Aia+tn belt i d.M' not ouh 
to beler aldapted varicti but Ito lie ceo-

h rttionl.l t Miid llcilmatic coIp1l,.'-

1niit;irit\ that ctrcak e ,pcially ric and 
, hcat, ha\c .,iith potltatoes. 

in dCvClopinlo in 

()\Cr II' Of potlato prduction Ill Lie-
\Clopingl'countric colnies f11m the hot. 
Lb, hox,,laud climates x,hire the averae 
daih ilImal trnripriures reach lp ton tm'a\ 

. A. 

Legend 

3W' (C. tll where night temperaturcs fall 
bClo\, 2()LC perrmhiting tuberization. Irri-
Catoll Or high roUndwter is a1ncsCC.
sitv ili such rcions. Presently, onl' about 

5;; Of totatl pro)dutction occurs in the hot, 
humlid lid-elCVation zonCs (50()-l(1) n) 

of the tropical lainll or lain forest en
viroilcnts. lakken together, however, 
thismans thIt in dexclopilig countries 

11;1tha 50'(' Of' ptto lprOduictioi 
tda\ OCUI', in lowlatnd tro0pical iolieS 
v,iti cliMttC arV,1in 1from hot-dry sum
nclr io \\ i sprinlt or fa'll to col-dry 

Ihe1i11.remiindcr of' production is 
ftlld ill the lliglanIdS and tclperate 
zto,.c,. cspeciallk in northern China and 
lurkc\. 

?.../-/ [] Hot summer; coo! to cold winter: unreliable precipitation 
[ Hot, dry year-round 
E Hot, wet summer; hot, dry winter 
5 Hot and wet year-round 
[ Warm to hot wet summer; cool, wet winter 
E3 Warm to hot wet summer; cool, dry winter 

M/ Hot, dry summer; cool, wet winter 
ED Warm, wet summer; cold, wet winter 

[ Cool to warm wet summer; cool to cold dry winter 

[ Highlands (<1500 m) 
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Table 4. Potato marketing inthe Mth n50 kg<.':Valley of Frrr 5'00,itholar IL to 15.000 sg.Peru Bedfral ro ethanl,; 

Type ofproducer 

Begins AprilMay 

Fairs or rarkets inthe valleyc n 

Various: many are strangers
Negotiate in the marketplace 

Less th-.n500 kg. less than 
half itI and 2 grade 

Ungraded, ';,'Ithoutfile sack 

Mediurn and ,arge 

rofi n 
Begins dJurnoior before March 

amur rs neld orLima markets 

Few and wt~ilknown
 
Ncgohtiae prior to hiauling 

potatoes to market 
From 500 to 15,000 kg, more than 
half are j- 1 and it 2 grade 

By type and grade of potatoes. 

w~th the sack 

Gutierrez, C 1987 La comerciahizacion de ahmenL(toScampesinos e; case de la papa
Peru. In Cuadernos de Agroicdustria y Economia Rural, No 18 Lima, Peru 
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Inl IIp i,'/III/ . f/'[,ll,'\ I, ~U! 'MlolPI/Ic m ,e''I IpP/rttllf hIP . otr Ip'llcP 
rq' 11I "ht ,H h/01 Ot Mh/l i , / l t, 'llli il ' 1M I l bmtml~/ h'lI1's o / filld 

Peru. N'ark.tint-, ot pr.c,'lCd Jphiit ppa ,cca. pott chip, (of ariols 
productSIll 1i1M v, JII c\mincd;,, in cjtlcgi, papa), C1 instant mashcdLchulm.lit stld carried owl h\ dhe I I niCr,,i- ptatoc,,. 1)()U'lto110111, d i CC'l dLifld 

dad dcl Pacifico's Rc carch (Clntcr (se , liccd p[ l~ocs ( or rct,,lara t c). )r-
Thrust VIII). Proccsscd potato prtoducto, in 1987, instan mashed potalcs and 
sold in thc capital hicludc: polato starch. potato starch %kere imporltcd: thc olhc 
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products were produced titstical. Principal constraints Io in1cresld Coll-
Retailers ivpically rcci,,d the hlighest smpll',tiOn hicldeh imld,eytat. knosled e 
margin (40(' ol tilertalil price) of atll of' rcipes ctlli, lot polhtto., aLnd ol 
particpilpants inlhe mikt chain. ailltho the potitto,, ltutrtoi \;ttltne. ;und ;Lnt1n
tile conid.r" these n1"in1 r.;tson- ,t;tndarcd p iitto L';tt;11e s\te,'111.stud ,'\Il.

alet. FIutur illarkcting d,.lopiient,, '%ill pit~ hIto,i, ;ctad h lltdlittl tccliloloth 
be influeLncCd Ih,, tle iLiiN;1ibii,. pric u. es huh pothrset l, and in un
md proces .in. ochriltacritic,, 0Clo ,t ibi re',Ilts in tn,,it;hibc c~lil"ntel'rllh ,ippl',k 

produCLd 'ottll ', \NclI
its ;is sCiil- Pri',es 
innt polie\ . pl,;'ticul;iil , \ rc,i.1d Flie hollmosin', ic ,nu netiatiois tic ikI to 
imports, tuit of tle hlail;td ,tuds

\nIl1itill
Thailand. .- ,tudI\tolpott;lhl ,.\It Clli ill "ILtttito 11I c nltllt1a m ltln
 

ntt.ikctih g il lItl till t.l sIl, i ftic'held haittll hlu. i lll,poit lIti l l ,cllas, i 
,W,ltkinIlQSI. \ ;I C I'1 .1 ,,oCiafl Liti,t 111,i ,cic-ll- tpa.'c limo 'tI1 c, ,,htilh.e 'fillh ic l0llIt;1", t li,ihti' cdoti- pnt,,d th i .. ck i liti lsiti m htt i il 

Ittui plr ,,1,ul ,li(I ilitfcki ii latr- lc l, ti dL uti ,. id , Metterc ,a 
Itin fn1I denttid Ilih Aildtilte clih;itc ri,,ttiIIl, dini itniliiidinhg to 11liitlt/c


Pittlito s ,old ilil03;ti , k ,,i I lkllt tl.iii;lil 'Cit1lks i~hl ti.
 
;ilt-i I ltliti ttlrk . I )t:, ltj ItS 
 itl prtl\Ltllictilt 

te;ifl Ir ;t ritllIti l t-nccuu t it t>.uk 


. a .\i itflitttkctll facilitie , 
inlit, i the hsluti ,l lid NItrkct lFteniill
 

I )kptr-l ieit il .\.rictuti ;lllcitotllic,. IIm;an kuik) siuhiili he pl;iltltefuiclito 

Kises:,..t [ isCrit\ \\ ith ,iipph t frl ll tate btterI s linld slliln P! CeSC_,
ti i 
t'itl itiu l s't-',u,,i-h titi eltu',!a lr Ii 0 \ii illtii,uustiitt,i tu iitt l tepoitIub.. ;il t'11) 1tlIC-1t0otk ;I ,,tik,to ',td-0 n. l lk',~l Il ilt C;t1 tllt li ,.1 lI I.i ll'p 


thires, tihC isut.,. I'rChitltiut'ir, ,i ice " i)Olitt(u . ,liutild he male it 
,
if tHiM iditc;,te t1h;t p(Lti tic ,-c'tut tileteclile public t iillptiu 

cOTiisC1,. i Ci'0) Oftuntiiiu/Co IptIt-i- itc-\I ri a l .d st lilicttc
.
 
tiilin ThiLillnd in tIc.i,, utl ui
ht it'l sctCCt1tutliclu i titlrc researc h til 
eXpaitiuied p11iud'Itetut id Ilit '(Itsi (Ic- POgoie it) hhlilni shlould enripliasize

,lltld. Iut optio\ cl0tist t i Ilt proiduictutin itid niukelne St_,lLIit
 
relii1dil ai r CLeuOtitlcs i, IniillpI) the fitl oU leu leselIto eiidetifs mlt

he iricrcain tlltluti cmuilipthlu - pIru. t k-titi " leiti , hicin.g poittoi titilcirs 
itt tClt-Iit tll ., ,till Iti;itit-, . It il ehu1oc;tl lc\cl. 

ii1 llcllnc c.lletlller illOilekk. ct- Zaire. Irc\ ois ('I1lirsearch on1potato 
stniilptiotisl i scfrcatineg fresh riiketi-in i. aic poilicd outfor both aild the inl-
Iprce Csd litiic boh e r. ltocssdI potlilce ol teileKinsii,,i tarket its an 

,
potll Iios iicrlisC,,Cdt..s illscopc i te otltl lot dorcstc;ll\ ,to,5illpotatoues. 
,plroce"i ne inuitr ctintilies1 to e\Priild In lt ?. /.aiics hittitlutcfr .\r ntic

and market opportinit', c'lli, ttiu- Rcs;icr'h and Studics lINTRA.\) carried 
net icctlilcc ha, illpro ,d. h)oinstic otl ;ostut in /itr', capitll to ltier 
Cotnstlllpl ftiuitfirandprocessed I)0- till andllrrIeh ltrilcl piet,lithr, thaiilltltincet., 
tito'e in liliilnd his ihr'il reacd sw;ilii pitatIh n ilMinad diCenilIId 
t repourte.d 100,11 to11S pCr \eilr. Ill teIS. 

pat
t tutl\ 

Bangkok alone., de.'lmnl for pittat s is the high price tl pomtito 
Firulin,,'S, t 1111, ,is eilf+)liSIz/e 

,,e..iicl is laruel 
eslitiaited to increase atltire rate of! or attriutaihle to iiiireight charges from 
more1,C .e.ar.per Northi Kiu itsoilt_0 kill;ala\. The 
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il'.l ',Mkt , m
',111CH It ill~.] i h i IH'- 111t I]I' t'IIll Itt~ld ]) ItC L!tO lN ollS 
J)C,.uII'tit ,I C IL'c ,i. , t IIofn CC It-iIuu p~ic. I-k'tut h:L i , I 1 )) k ft I NIint Ihn-c 

i~~lh~~t~~lI~~litlllc I)\E(Cl
i ( I ittq I)tIkLt)I Il'lo/( ll t ]l tl
IolIql fJII I Lo r
 
Itl lI11, 1 l .tI1 110 111 C CII IIt I - k.1~l', ii t
L'.- t l 11x h It
[)~lib l tit l1.'l~l tlIId I o ) l \ J 1('..''hiliiii Iiilt'ii tiuluA11C I ItLCh. it I i o its1ai il tCd n har 
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Tip u t h., iat2 3 i ll.1 (fl 6 7 8at,)il 


Imr ld Lee h,C 't> Oflil;llllgUoltlS eed
slo toIlirldEtl \ll A 111C 1 ,utilld 
dTubroutmtn t 1t1 760itLt -ct\ -rnces 1Na6ilt II] "Chi2ll2C, 4Ild \ r \ ,00h
Fl,tbC 5);iln-d the litilitoo A~ ll',tIm i ll tl foItlloox\-tp condttctcd onlthe
b~ ,tiro,..., 

Inwi!.ctilE1 ln thk, t+\pc hot ccinti-a coit,,t IniNtS7. This re ilnIt,theillltlaln~t Of 

Table 5. Amount (tons) of potato seed ditributed to producers by eight a:gricu.ltural institutions in the 
Cochabamba region of Bolivia. 

Institution 

Type 1 2 3 4 5 6 7 8 Total (t) 

Improved seed 

Andigena 67 20 3 23  10 24 8 155
 
Tuberosum 
 1 760 - 224 20 - - 1,006 

Farmers seed - 59 - '16 70 - - 175 

Total 68 780 62 70 22 24100 R 

Source Bustamante, J Annual Report 1987-88 PRACIPA-Comercaizacion Project: Bolivia. Instituto Boliviano 
de Tecnologia Agropecuaria (IBTA) 
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Hurman Resource Development 
Through Training 
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Table 1. Training activities of CIP and the collaborative research networks, 1987. 

Region 

Headquarters-Peru 

Region I 
Colombia 

Ecuador 

Peru 

Venezuela 

Region II 
Argentina 


Brazil 


Uruguay 


PRECODEPA
 

Cuba 

El Salvador 

Region III 
Ethiopia 

Kenya 

Kenya 

Kenya 

PRA PA C 
Burundi 

B,,undi 

Zaire 

Region IV 
Egypt 

Region V 

Activity 

Seminar on cassava and sweet potato
 
improvement (CIAT CIP)" 


Workshop on marketing 

Visiting scientists/' 

Scholarships 


Student assistantships 

Preprofessinal practice' 


Workshop on technical and scientitic writing" 
Integrated post management 

Production with special earphasis
 
on seed production" 


In-vitro introduction and rn renance
 
of sweet potato gerrinplasn 


Production and cerritication ot seed potatoes" 
Conference on prebasic seed produclion 
Workshop on technical and scientific writing" 

Tissue culture and rapid multiplication 
tecthniqus 

Tropical agronorriy 

Production 

Workshop on germplasm utilization 
and distribution in Tropical Africa 

Integrated pest management 

Workshop on sweet potato improvement 
in Africa (CIAT CIP IITAi" 

Workshop on seed prodUctiori under 
bacterial wilt conditions 

Production 

Production 

Production 

Cameroon Production 
Cape Verde Production 
Morocco Production 

Nigeria Workshop on integrated pest 
management (CIAT CIP IITA)" 

Tunisia Storage 

"United Nations Development Program (UNDPi 
55 trined at headquarers in Peru and 24 it) the regions 

44 from Peru: 11 from developed countries 

10r8
 

No. of No. of 
participants countries 

26 11 
7 5 

79 31 
33 15 

21 1 
55 5 

21 9 

13 2 

17 11 

18 11 

23 4 
33 6 

14 6 

9 5 
9 5 

45 1 

24 15 
14 10 

17 7 

26 3
 
40 1
 

14 1
 

20 1 

14 1 
23 1 

19 1 

19 9 
21 2 



Table 1 (cont.). Training actiAties of CIP and the collaborative 

Region Activity 

Regior V1 
Bangladesh Storage 

Bangladesh Workshop on true potato seed 
Bangladesh True potato seed technology 
India Village-level processirg 
India Modern methods in potato production 
India Integrated control of potato tuber moth 
India Seeo production and cerhificatron 
Pakistan On-farm research 

Region VII 
Philippines Germplasin managernen! 

SAPPRAD'I
 

Indonesia On-farm tirls 
Papua New Guinea Production 
FPhilippines Production 

Sri Lanka Tie potato seed 
Thailand Seed storage 

Thailand Potato tUber novth control 

Region VIII 

research networks, 1987. 

No. et No. of 
participants countries 

47 1 

30 1 

?3 1 
10 1 
13 3 

6 4 

12 3 
19 1 

33 14 

20 1 

23 1 
300 1 

185 1 
286 1 

120 1 

China lissue ,:mitiure of potato and sweet potato 28 1 
China Bactenial vt 17 1 
China Virology 19 1 
China Gerrnpmar nrmaragemnent 16 1 
China Rapid multlipiCation techniques 23 1 

All courses for farrner,, aid icfric.l iis 

il Iirliia attd I t,,tiottal ,tttrsc itt PItu. 
Thi, hl, \ltn,.hd fi t.e-,inc to toilir 
,,itittI a,C'i\itics, itt (',0I ntlii . F!cttt&d r. 
MRttdLI .SiIl dOt . Ill fI c',Vc..lt . lILturc, 

ittItdIpractic;I \, ik InC It LtH H;c;II, iotll 
Is,, crntplctttcttt prodrctititn tir01p'cial-

i/cd ttaitiln tlrt uhtlut tite etttirc C\'ttt. 
Ilr;tcictld, ctttcetltratt tin rl rI'tl;IrIOIl kit 
clc;l dr;d t tIluC U;Icll PItl-i it h ,iees 
ticilpttt Crt I,ttsid1ii e i t1tie\A11 
itt tlte htme Ct iu ics. \\iit) thscC drttlls. 
tmcssage.s' catt b,e ippared h, prife'ssitnil 
tjittlllttlicators i tile tIlCdiit COttsideC d 
tio lie molrst tipprtoliritti: itt tite uLIIttr\. 

otr xmlc,l itt a courC Ott ittlcr(rad 
pcs imattnlminlett itt (.fliliiaj itl l-)8hi 

p[ireliparlts prepared drafts for posters. 
flipcl t ,,tS.radio scripts, and nc,,'slctters. 

Ill at C ttrSC Oil pOtatO p'rodtuction it 
\ ar llIlIIvtf, c itthteIC d ill F-1 Slvi-

It" tt 1)8 . practicils ott phattttit. atnd 
Cxccntin,. ficldIiil(lit \CrC Crricd int. ,\t 
the cid ilfl the ctttr the participants atc
tltdl', held , field da\ for research e. ex
leISItin I&S,.lld tllILIns. lIl'c litnal course 

1riti6it,1r Itcd tltet the rJa ticip,0",lthtitt out 
at s feltis excrcisc itad contributed in
tnettsclv to ltchicving tite olectives of the 
eritrs,. 

If) o nrt,,. m st Cotmttmulieattit 1 train

itw effort" ltrcve bCet it';,cttiotily fo

cusCd itt Latin .\t eri a. [he slrttcd\ is 

I(P), 



f..
JJORP:t 

Course participants who recei'e Iraining il Co(nl111l1iictliont skills learn to prepare sinple
drafts of their 1/1tiat(1ecan later be refined .fOr iust- b tintedia..a 1 

4,4, 

.. , - .
 

1,114? e4i; 

l-.perience in organizing and conducting field days is included in some production an(d specialized 

corses. 
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to identify Mid c,,12101, if ,ar, Ilcclm-
'oll.alCapacitics ttt coliItc fthicc lt -t 

itics. IflO inl ('II' tt nnd.rt;ke ,mnil',r 
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Pl'ii, for this p1i,'tccs, itic hijcd\ ill thC 
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il :iihic 1. -tici t Cl 
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I,1(N 


itici\ tics, li,,tcd 

ductcdt l mlt,t \ 


I Iltttll, ttt 

h mln rcso rcc dcvlopnlcnt. ()ftcm, 
trmi1 m ! C\, l ,s;1,uc conthmcl'tcd ilcittdi

nation \kith ,mall natiotnal rtc!c, rch tcaris 
\00lt,.vtik inlphI~cc,, fkirfromll¢cntIriI of.
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the future this approach will be expanded this :ictiitv, the course participants at
in Latin America and elsewhere, teLded a Ilctre' id discusse..d thC pro

'RAININ6 ON I)tNFI.YIN 

FARNIIIA'TI PROBt3LEMS 
The objCtive of providinli traiining Oil 
lalrnl-level problems is to ellble national 

piogrami workers to ideutil\, Illl'I1C. and 
deCScribe, productioll problems as larillers 
pe.rcei\e tlhCIll, and to Like the1,e pr0-
[elis into accountIllhinlletlitl and t aIn,-
ferrill technolo', 

As \ilth trailnin oil communllilcioll, 
h,\, to condlCt ialnl Surxe\,S is tauht aIS 
an illilal purl of production and Spe.-
ciali/ed Courses..lr CxaImplle. dutIn t 
1987 ClIr,. te l ioiCteIrated cotrol o1 po-
tato tuher mlioth i India. atnational social 
Scientist conducted a placticil S.seion (m 
inhformal intcjew, with farernls. Primt to 

2s.~~~~ i i 

cess. [his m.ecting was theln followed by 
interviews wilhl farmers for half aI da,.
l)uriin tile olwiii ltwo davs, il-deptl 

discussions about interviewsthe % erc 
hspere,.d aion Olil SplCCifics on 

t.clinhuei,. :ixerieIces with this ap
pJoid.'h hae IbeI posiie. and in course 
e.valtions,. Such as for the Course ill 
India. trialin oil nthis aspect has been 
iud .Id:1s, imloriatl inhdce sol iuch in
huilatiol \ss taind from the farllers 
ol 1o\\ tle\ Iperce'ive and deal with tile 

tubermotlh problem.l, participants felt 
mIIOreCtimIC should hil\e ben.U alloed\\ for 
thi,, exer'cisC. In the liltuire, additional 
cUlphasIs \\ill be placed on developing 
Iniloiolal capacit\ to assuei creater re
,pcnii!Iilitv for this il ('1I") training 
es\elts wOrld\ ide. 

Rewchi 0ion/c bc'uijn a/ind cuii/ flit, .1drnjnr. Fi cctcicc'./ cand dixctdXioins on icdcntij'viiug problemns
lced by lifllf'rs cur inciluc,'d il co lc' cf lhl('produclion lind spcciuhi:edcic uiccs. 
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TRAINING ON MANAGING AND 

ACCESSING INFORMATION 

The most up-to-date inlfornmat ion nt a 

problem is essential to carrying out goO(i 
research. Interaction with national pro-
grans through ('IP's rcgional research 
program anld a follow-up studs of formcr 
training lprojgr participants pointed out 
that much potato research is being con-
ducted without the support of adcquate 
information on relatcd rescarch. Furtlher-
more, in ianV cases. completed research 
is not ulblishCd and valuablc findings are 
not sharCd with neighlborino countries 
\s ho may be facing similar prob!cms. The 
net result is that limited national financial 
resources llocated fir resacrch re bCinlg 

spent on dluplicatC research, or oil re-
search 'iased on incomplete or outdatCd 
inforniation. 

To Addrcss this situation, ('I.), ith 
special funding front II)R(', took steps in 
19W5 to dCvelop an ltnf-inlatioi Scr. icc 
Unit that cncompasscd the srv\iccs prC,. 
ouslv offered bv the library. Since then. 
two databasCs havC bCCn dCvCopcd---onc 
on pttato and the other on sweet po-
tao-which lrCady include all reprin~ts in 
the ('11 library and \,\ill soon includc all 

publicatiuts and doCUmlntS in the Ii-
hra-,.s ('1I; and natiiinal researchers can 
also otain ciMilputCricd reference lists 
on potato and s\CCt ptltO fron tile 
AGRIS. ('ABI. and DIAL)G databases. 
Searches and selective dissClmination of in-
ftornlation ol specific topics call be made 
readily availablc on request: to date, 
more than 2111 users base aIlrCadv received C 
thcse services, 

This project has creatCd a source of 
information that can make a significant 
contribution to national abilities to coil
duct gond research. !t also facilitates the 

exchange of information between sc;cn-
lists by supporting the puhishing of a 
journal, an item already mentioned in the 

section on training or,communications 

skills. The services this project provides 

haVe beenex plained in various special

i/cd training activities and inl regional rc
search and training planning co ferclces. 
At ('I1 headquarter,., orientaion and 
haLds-on expericueC halve been given to 
nearl\ all visiting scientists and to many 
other guests. In the ftuturc, a more con
certCd ci!fort will be Made to ensure that 
all potential users, wherever they ma' be, 
are awarc of' this source of infornation 
and ho\, they may make effective use 
of it. 

Indicatic of the importance given to 
inlforliation science by the international 
aricultural research centers was the 
((iIAR [)ocumcntatio ard Infjrnmation 
Servicc iecting, which \;as held in 1987 
at ('11) headquarters in Peru. The ob
jcctiscs of this meeting \ore to review 
aldsances ill inforinlltiin tcchniloig+,, cx
ph rc ltcrnmtics for cooperation allong 
!11CCcentels, and idCntifY MCechanism, for 
>trcngttcining links with national pro
grams. Represented in this necting were 
15 intcrnational centers, the ('GIAR See
retariat. tlatiOua' and regional institu

aions. international and privateand Paiot 

inhirmation agCncics. Rccolmlndations 
CnCrging from this meeting centered 
iround three major p ints: I) support 
the loCVhpnlct of nitional and regional 
capacities for managiitg and delivering 
agrictltural inforniation: 2) supp,rt major 
center programs as thc nove into arie; 
of stritegic and basic resCach: and 3) 
oerate tmore effectiselsy to ensure the 

fullest utilization of the work oi cach cen
ter and eliminate duplication of work. 

IUMAN RESOUR(T I)IEIFOPMENT 
PROJECT 

It is generally accepted that international 
agricultural research centers do not have 
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-lave;orrt and N1. Notssaqui. Published 

by the Institut N-itiOnal ieI Recherche 
Agronom iqu .eCentre Rlgioir i de Souss-
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tion with the International Potato ('en-
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Iluaman. ('1I,lima. 1987. 22 p.
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et al.Published hy tile Internati oal Po
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rean Ministry o Agriculture an Fisheries,
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lima. 1987. 68 P. ISBN 92-91001-107-8.
 

La Papa en Haiti-Basespra Mejorar el Cul
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Ilaiti: Basis lor Improving the Crop in 
Some Areas of the ('outry. by Jean 
Vernet Ilenrv enal. Published jointly by 
the Centro de Ihvcstigaci(rn N dcd )toCL
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Cooperativo de Insestigepci6n en Papt, and 
International Potato ('enter. ('IP. Lima. 
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Late Blight of Potato, P'hytophthora infestans. 
by Janr W. lcnifling. 2d ed. revised. Tech
nical Infformation Bulletin 4. CI1P. Lima. 
19,87. 25 p. ISSN 1256-8075. In English 
and Spanish. 
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with the International PIotamto Center ani 
the Swiss CO'I'tSU Projcct. ('IP, Lima. 
1987. 11p. In Spanish. 
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Technical Informiation Bulletin 1. CI P, 
Lima. 1987. 16 p. ISSN 0256-8675. In 
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Major Potato Diseases, Insects, and Nema
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1986. 95 p. 
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Afrique Centrale [Manual of Potato ('iI- v'ille T. Page and Douglas E. Horton. 
tivation in Centra Africal, by Andre 
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Scott, Potalocs In Food Systenis Research 
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65 p. 
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in the (Central (oast of Peru]. h\ Adolfo 
Achata Pixiia. ('11. limi. 1987. 43 p. 
ISBN 92-91)0tt -il S-tv. in Spanish. 
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F. Itorton. Boulder. Colorldo: WCstview 
Press. Prepared under Ihe auspices of 
Winrock International Institute for Atri

('1P.
Lima. 1987. I1l p. 
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v John (i. ilphinstone. Technical In

formation Bulletin 21. CI, Lima. 1987. 
1S p. ISSN 1256-8675. In English and 
Spanvish. 

Survey on Bacterial and Fungal Diseases of 
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lurkensteen. Published by the Pakistan-
Swiss P:otato l)evelopncnt Iroject in 
colabthoration stih the International Po
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24 p. 

Sweet :'otata Research in the People's Repub
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('11), Lima. 1987. 73 p. 

Technical Information Bulletins 1-19. Now 
published in French under one cover. 
('1P. Lina. 1987. 136 p. 

The Farmers of Yurimaguas. Land Use and 
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o NIX Anual Neetingti ( r.tn!:ttii Ir.\tleal M\eenX atl
tire ()rgaiiziiion ol Troplical Amelricain 

Nerrrltiltris.,. Sirtirit', ( hile. ()ctuicr 
I-"3. 1987. 

rtotutit'ertnt I.).\rrer. 'tltttt .J.('3:45 .
Ailt )
*.r. 

l ,"7. rciili,,acio
Soit, (i.J. I a cotn l shi, 
eoII~,iipesii: lriiCiet v ,,terereia,,. Kkitr-plctcas\calip silos tru -cici".I'M r-

sislaree ttt Ittereril 'ill IWt b MI)MIn.urrilih M .il. I:ra ct. riidI.. iLanrique. 

kctln1,'Mi lnietlli 
aind stins. v•-

XIII Rcllnitn A.AIP 

td 
Va tltdenllit 


IPttattt ctlrnlipiP 
Peru. 1).P 21-527. 

. 

prttducers: practices
5"N-5. hr NierrrttriiIeuit.liM" . .. .,-\ 


St' ('risci. 

Ir' Pe
Iip;ii Lima Peru 

ni, ildcillildtillilli. 

/n .lcnttri:t .III eic'c-

lioll S'c (rlliAIA 

Settt. ( i. ;ll . (htit-rre_/. I'17. I'irid. 

et.lli ialieiou It lllt.elhi tis cili% 

1987. (Ulatrt ci'lttde seletcciin para resisteic-ia itS pa ttitiptOs del nCierrittdto 

kttqukte de papa I(fiboilra 1 il/itlt 
F~ttiur c'cles of sclection for resistatnce tIo

Ikk pl,.\:lhot\ .v,ofl C-V\S1l pot;110 ricUTMOclIC.1 

l./,'I XiIIp 44t-y. N1lMrii1.A\ I Sc'e ("rist.i. 

tuth. M- V.enir K. aririn1.I Mianrilue. 
M. PIltciol. F tleirr!pap , 

stle erlIllptpa il'If/ttrito ttnlaciolt'-

Clidclla(Zellcr). it riktl diplthide v teria
plide. IStudies for potato resistaice tt I'. 
tptitIJctlla ii the diplid aind tctrallid 

let- p1I4-19i. hi M tnria Reus. 	 XIII
AI.AI'iiirl '('risei. 

t-sir ls: cl -allt dc I;p:ipi ellla,icrrat Siri.('. 1987. 1I lrttleciiinerill del inter
central dcl Peru. !Ftod nmarketing and cannrhit di iinloraeitnir enre imisestigadiorcs 
peasatil tirecise ttt poilotesproducers: Lie papi eni A,\rerica I.nti . IStr-0nitlienrlhnin 
in thre eerril hii.d tf IHol. ti inloirraiitn exliinge oig ptttatto reilintlsd Peru.1 
('iCricias Na!:l-s .,'\garias (I Sadldirr) seirclhrs i llLatin Aierica.] p.539-545. lit 
11(I):5-14. Mcnitria XIII Reounion AI.AP. ce ('risei 
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Song Bofu. 1 6S.Poutitto and ntctcology 
['.I p. 130-138, .n (/itnt' 'ncchopcdia 
of Agricultural Scicnccs (\'o . (if Agricul
tural Metc, ll 1?t\ I..cijitin: Agriculture
Prcss. 

Song Bofu. I9S7. Potato rcScirclh is latincctlinl cootperatioin h+C!\k+CCll C'hil n tilt h-It 
ternational Iotitio ('cntei, I-arm cr,, DItil 

(Ioijing). ill.N. .p. 4. 

Soti Bll, . O I)liiu "u. mid 1'. Viiicr 
Z/u:i. J .'ltlc pitilo cdCC in ( hintii: 

p si, prc 'clll in 1t1t1lC. lotitl,Aillicl. J. 
o4:3-132 

S)II.i hiuhl, al'i, 'ill Ji ,astli i).,7 Rcsc;ili 
oil ttili,.atioln (tl title- ip _t, v I..( ItITN . 

In,\nntal c I shtitute ofIrt. t ci 
talic (rips, (hic,,C .\t ,.A.itICIi(i1 .\ci-

culturil SCiccs. licijirie. 

Stroling-cr A. A ittd (). llitfiic'I ).IAO. 19Miu' 
Iattaitticiitos
io i t'tul caraa;ii ticiticir 
iii Cpoca ticci 

[Ptotatt intcicroppctd 
Ing [lie riill\ Stuli 
cralI Iturt. llriilciri 

"laia, I., M. (Cilu cli 

no,I\ )itit 1 .dt.'a 

%it Sil2arcllC din-
ill ic I) strict I'cd
475 (Ahtr) 

, .I. (iahiltii, aild 
P. V,nlr Zaag. 1)M,. Pcrhlianc ottf 
sarius pilh (.Sol/u llml ,,pp. i cillii s inl 
Ca ti itln2l- 5.itse dr\Phlilippine1 A12ric_. 69#(1 :71-N8.; 

Tiorrcs. II. inld J. lElphiinstiin.illS7. Hii
cicncia titi tic nlCtiho l cl con-bLiItiliiiri 
trllit cnfcrnc;ttics tit: siti. IIficicn,' 

hi(in ALAP. Set, (risci. 

Tourrcs. I1., . M . 19)86,J iC;ItlU. ia 
screcning for rctistatcc tii potato sniit in 
Pcrn. Antcr. Pttatii J. 12. 

Upatlha, M. I). 1987. Sonic interesting 
aspects if rcccnt anld expected devel
opments in putitto breeding for TPS in 
SOlillt .id Sllth-list Asia ;itd (hint. Il 

ISIIS Workshop Pricccdings. Sce Ila'c r
kort and Wict-rsctia. Acta IHort. 213:27-32. 

\'alcncia 1.. 1J7. (lotpiirartiicnttil tuir
coiO tic 1i0 AIRcs, /I'l1'hlarvfl, IOW.1
 
Il ll tdilllC, hiliO} C011itii i lIlC , tLC Ci11ll1)0.
 

llgcitillof the \nlcian Lccil I'. vora.l.inlit licit] condititon>.j 1. 323-3317. In Mt.
111011 MIII IRcuiH ll .\0P) Sl,' (Crici. 

\';tcHLcli. I . It)N7. ( Ofi allntt tIiCD1pai-I 

Iiiila. /'hIidtIl ,', o 1 ricilt'lla (Zcllcr). 
csp,,cics "ii,ils.ctic , tic iiptpiic ptisccn 

tlcollitlis ' l tl ll irc,. IIlich ,iorof tie
I)Oil(h illoth /P. ,,penr Idclla if] %ild potato 

,pccics haitng landulir trMichncs. 1).338 
.34I8. In Mcitorl XIII Rctiitin AIAI ) . 

Ace, O'iv,:i, 

\'lcncia. I.. 1Q87. Ilfcct of chcmical corn
potund Il I..Iii/iit1a 0loUr ti th,: ovi
pot),ionth poltottt
file,. twhtr nioth, Phlt/ho. 

/ttI'rO l/Ol (Zcllcr). Abstracts oif 
71,t AninalI,.\.\ \Icctiriu. St. ['aul. Miff
l.TCota..\ntlpist 2-ti. 187. Aimcr. Potito J. 

04(S):4u2--1u3. 

\ilntict P., nditl A. 

1I ;7. olhtilu (.ouulauiiu 
Ipclt rl tilt-iC irtWi1t-iiCi 
lli;iaclulillnt, Field ('lu , 

\atlld. //il;i.r "' . .. \. It-br,ltuiro, 11)8 Poltato prtiod 

I.. )ctlingantc. 

spp.) in ;,i iso
. I. AiLJriitlnlic 

Rcs. 17:199-217, 

atd C.( Moll
clion ti,,lgi ct

lilt. Aiicr. P lato .I. 0u4:4f67--46S IAbtr.) 

\;illldcr Z;i. P. U 
Mili,. NI. iltbal. 

of 	incihvl 
 iro idctt citlril if sioilli,,- Antd I'.TailatliutlN. 
cascj.p.2i9)-3(5. In Nlcinuri;i XIII Rcun- licSUtlih P;cilic 

[iti (i. (joro!l., 1). 
.1. Rclnlll. S.SCinliSi. 

9M) liiipIltit ill 
dtlCvci.hipinit' 'uluntric. 

hitd. Aric. 3S:151-152, 173. 

\ 11	1,t2cr Z;iat!,I'.. V. T. filii , ald N. 
Balanav. 19857. Irnc polato wcd utiliza
ti3:55)-(ill SOtLu-It-ast Asia. p. 178-179. /niton 


Abstracts of' TenthTriennial 
 (onfcrence 
if 1.APl. Set' IBenz. 

\"atidcr Zaag, P.. lB.Susaita, I. Fcrnandcz, 
J. 	 I'. Kioos, Z. (angi. S. G(aaio, S. 
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BIdoI, A. Tmmiimn, itnd L. V. i)uni. 
1987. 'ruc potahto "CCd: some rcsearcli 
results ilthe lhilllpin.,, p). 13(0-13. hli 
Alistraicts of Tenth Tri.nui:i l(terence 
of, LA:I'R. ,' Beill. 

Virtiis-NI lliici.R.. C. .\Iitiiit. i:d W . 
(alindl/. lt),.lcc)\ci\ of Vlc'rliumnlt 
uahlia,'. ftrllii p llll', illlcl", field"%c'c'tl in 


Peru. llniit l)i,,. 71:" -,-


Ve.'lu ill, I. R.. . I)i-.M ., itild lr'ilCh. 1l8 
eaw',e" pt:io in Sri l.ilikai:atl plss ( 
1I75-1985. .. Ihlia ltil ti .\sl . 1.1:-7-54. 

Arx MI. .I. 
Goleder. 1,-7. Resice \licltli con-
treI: teikle tic c I'hth .

\otll R.., ('likll.I. Ililo. illil 

, Ii poilllh dc IL'rc 
7itizld o'prIl'/(I11i ; Oh,,rsCticrl c enl 
Tuniic. IV rile l', i c hi it ito lit-

her moth '. ;<,i' /I1 ob-es etl in lil-11 

Pi~il It, .\b iicl,i h
1. 4(1-41. Ic 
]riellm ill('oiul : ucc o: I-A PR . cc lii , 

Wiersen. 1).(i.. :ilitl 0,.I. l m)ih.!).S7. A \ 

pI)tteitial Illli\ food itlcl Li n sktenl(lo 
\\ilrl ClilllltcS1ALti on plil 0lutun 
fromn trute eeC(!in home111Ciamde ilil sun-
pie processin. \sltel,:\gric. 2.:5.1115. 

Wiersei ,i, S. G., and R. Tahello. 1987. A 
comparison ot variahility in storage he
1liavir of Need tuhe'rSIlfrtmtrue potato 
seed, Mnd Celoal tuhers,. Potato RCs. .(1: 
45-/. 

\Vji.rseiia., S. (I.. il R. ('ahello. 1987. Ft
fcc/ of tlber i/e ll ,toriL'e hehavior ald 
oi ,il ll tlub etliei ldl lllllanc. of, Seed 
tules untler \ rllcollilition,. p. I Ng-1201, 
Ii :\b"tr olil Tinni',tl (tnfercts hInih 

ClICC Ot0 APIR.\O'l Cule
,. 

Wiclsnil . S (i.. iR. ( A llCl it, R. II.:Uld 


lilth. 1)S7 Slh eciihli: iou ,iltl,uh

scequcll fieldpultillilncc of suliill s ed 
potitioe,,. flp. Sci, 27:105-112. 

\Visni,il. S. (i. R. ('ihello. 1).Iov;i, and 
J. II. ) ddstl,. 19S7. 1,, id se_ 1.nllipic'i-

I ftltii Inlth 11t 0ltiitt microltlu Crs 

tt Il ,itli pIts. P 1iit Re',..1:117-
Iill. 

:lhi,I, II. , ;idt(liji, (i.lialln/ P).Van
tier ui:il. , I19N . ,.\groniolic ollid, ic i
econonic elaluation of on-larmi produc
lion ('i 'iValldurimig dry sasins of 
I9S3-19)85. Philippine Agric. 69:239-250). 
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Research and Consultancy Contracts 
and Special Projects 

R -stwarch ;ilid 	 t)cial a vitil role inCoiisltari['v Colltrcts And proij''ts pIlI 

('11"s efforts to)reLtno' :uiistramt, tn glioil prolnuctitin 'nldutilizition Of
 

p)ltatto and sW't 11Ctowiraits onlpriority prolenis
titett) hI'h llititte rc,.:irch 
and provide funds for carr\1ltl'nceded. ,,ork. ('11's to fcet changingout Ill\iiiit, 
needs is greimtl, 11e C trtsliC,.s,hich la,,Cprosicd to he cr%' effectiveincretsed bY 

ilild1i\\LoSt. IlnhudlgitarV M 1 il t1 I'tmie Oll"
o IIiitiil 0I\ hollitiol

tother%,\lth institutions Ilttugh co'cic rec<irch killlthtacilitIC's itnd ]IMcS0111C]
 

needed for a spccilic rcscirch actiit\ arc Iaheaid\ in pIla-, This represents at
 
sas s iiw t .lllis ot ('1'1s res tlorces Mid HniV hiCWHii'L, CCl hi.icr factor as
 
('1I ino 's further into hiotci'chnolto ical relarch kistii its hiah-cost implications.
 
Anntiall. hetssicn 35 and 41)contracts %withinstltutions in devClopiing and
 
t1s c0Ch i"'or'- lll2d, approximately liSS heing
pd countries are ssitll ()(,)tttt 

i'ullTniiL't'tl per ,eiii. l,: rtttrl, in Im tulic ilts hecn s. bollh ill
hasi illlollll 

terins of rcsiclCh diltil nd ilbtlildill
, lualilc rclationships \,itithe contractees 
,ho trciqu'Citl\ play an itlprtait rilc mi('11"s rsit'rich platiing cmlerences 
*id Other pIMlnniIg Mid &is"scnIl'Itactivitics. 

Thrust I - Collection, Maintenance, and Utilization of Unlexploited 
Genetic Resources 

I.Rothamisted 1xperincm ntal Station, in0iiInd variahility o--Stahilityof putato 
in culture and storagi. Al. G. K.Joln's 

2. 	hnstiutt Nacionil di ItiLsstigaciom'i', .'\urnpci'uarias INIAP). Ecuador-

Maintenance tfthe 
 potiltt, tti'rtiipl isill:111itollcition. 
I.Ahoiu,: 

3. I.lc Naziontlc de lnicri-ic ,\htrntc i 'e LN-,\, Itl - 'evelopmentof 
potttto v'ari'tiis resistant tt 	 inseits pest hY ,.ransof conventional intno'ative
hreediFIV tcchntflogie,,. A.I.S0111ill 

Thrust i1 - Production and I)istribution of Advanced Breeding Material 

4. Cornell Universit.v, United States - Th' utilization tf Solwium tuberosutm 
spp. amdi,olu g'rmplasm in potato inprovement and adaptation. R.L. 
Plhed. . 1).1liirxon. I. . Tingey 11.B. Brodie. E.E. Eiving, 
and 1).Ave
 

5.North Carolina State Unisersity. United Slates - Breeding and adaptation of 
cultivated diploid potato species. W. Collins 
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,
6. 	I.V.P. AgriculturaiI l inersity. NetlhCrl:m ---A brl'eding piogramn to utilize 
the wild Slan11 ,pLcie,,pol'u ll cvtopallie ',c,tcrilitv.mid. 

7. 	Universit , f \V,kconin. I(Iiled StliteS- lo--OLibleeding inCthoIS with
 
lc'ie,, ialoid, ind 211,llltl_"S...1 o/mo/zI
 

8. IlStituto N,:ioidlie lc nccnlogil:\grIpc'uulria (INIA).Argentina-

Programn to ercitcr gclictic %;ribihlit\ ililt poth
use 	 at hreeding plan.
A .	 h'ndlfntut 

ricultUlrC ( aida - Nutritionull nd chipp'inl1 Caluaio,n of selected parental 
.ioles in Peru. PIhiliplpinc,. and (",t 7'.Il.ITathe 	 ltd. 

101. of ceiu l o tlil forUlii'rsiV ilcll;i. --- u\tloll ,\kct c'llrinplsin 
tleraiiceto certin JitlliC ,, uLdC'r uirid Conditiolls. A .al 

11.Instiluto Naciolnal dIcn111,ioiiueo \ Pronitocion ..\ropecuarila INIPA), 
Peru - ioil (1' n ii iilvahution ofladvincd clones 1 the tional potato 
pro gram of PIeru. 

12. 	Centroi NaciolMit Iquis ,, C(NI'! I h:lII(RAPA), Brazil-Pci. di lhrtlaliyus 
'aluatioul of potato uzm'lrplasill (So/,lumtm tubelouo)' I..) in relation to 

resistantt to Al/rnaria hluoii. V".!. 1B.I'if rhtuut/cr 

13. 	 Co ;'o -Mario Neri- (ERS(), Itl , Sc.clion of polalo clones with high 
starc i t nti11. FlcrrortTi anidl 1.. ("oltlioe A. 

14. 	 Centro NacJoiil de PCSlUiISs dICllortalica,. !(NPlI I-MI)RAPA). lrazil -
Selectio o f IPS progenies adapled to the northetisland central west of 
Brazil. J. ,..lBus.o 

Thrust Ill - (ontrol of' Bacterial and FIungal Diseases 

15. 	 Centro Naciolnal LiCPCsquiss de lloirtaliyis (CNInIF.MI RAPA), Brazil -

Potato gertnplasm evaluation hlr resistance to bacterial \%ilt. C. A. Lopez 

16. 	Instiluto ('olombiano ALropCeuario (I(A), ('olotnhii - E-valuating the 
resistance oifpoato ictetic materiil to Pse'domnonas solansace'arwn and 
Iihylojphltora inl'.l.. F.Alonlhv anld .1.LIttlo.t 

17. 	 Instituto Nacional tie Inestigaciones Agropccuaurias (INIAP), Ecuador -

Study and control of pIotato diseases "lanosa" and rust in Ecuador. 
tI ()rellana 
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18. 	 Un.Jiversity of' Wiscon~in. UInited States -- Fundamentti iescarch to dICVCiop 
conltrol mecasuires for batecriaii J)thoie it~ potato. .. \tbI nanothe11 	 thU 1 

L...Sequiora 

19. 	 l..niversidild NNtiO0i:ti LICI Ilidliit.o IPciu -- Dccimt of discase-resistaint 
pottato \'trictic" siti ;ttitptttiont to thec ecologicalI ioneo fthe Del~partmnrt of' 

20. 	 Nationi~ \tumculittrI I ;hrtrc.KCII\: --- 1kC Iilcioll 0f ICC[Cd Potato 
clones to Iv.o lidC of Pstool) whinacci'onp ill Ken a. .1. 0. AlitIic'ao 

Thrusl IV - Control of' Virtis aiI(J Virtis-I ike D~isease~s 

I!. Instituto \wiononuico pcr it)itrcnndrc (I.:\.0),Ia. \l I'rt:itttot o1filiittCri 
;tgaitt".t it) Uf potato tiS 11.A.I?'Lt41t 

2.Svkiss Iectit .Acictlnti;,id iLc'Ciltrci StiWO11 Sv. itlCrlailnl IDcsl-10JtICnt 01 
itioilt)Cil :iniihu. 1tilt \oioSrtuN (Gu~cr/i11 10[ ilcjiutithtiitiin P. 

I2?. 	 >Norti ( ;atfoin; toicti 1- 1 Slte I tllcfii\, . Slttlc\ liictuiiillkitioi of N\\Cct 
[potatot ftatlicrv moicI LkR~ iaiiN. .itild. NtCltld %1;1 r illIi Ssccl 

ilia jtIii it o ittiic1 1 
onill itia-ill~I.lo tio --. ( I ti ott l 

2i. 	 lnkcrSidtt Nijcion~i .\ir Mtlaolinii. I'cru - Maintciaiice of fiiotiotioiia 
altihfodicN 11)1poidi) S iIINC, I. tilt 

Iinsctlcjoc I IOf.C P26.(irol of Airbcoil~ *.01 r0PV MR].\i) IR r ield 

27. 	 Insivit h.cinimia,,ti 11witiLe tor i'olmo Reseatrch). P'olanid - Breedin
 
pittatocs isijnt to 
 theicilot cit toll Si ius. PL'. . AlIS iti'zo.ajk 

Thrust V - In~teg.rate~d Pest *\aitiagemint 

28. 	 UJnivecrsity' of the I'iilippiic. I os, ltanw. litilippincs -- Intcinlud control 
ofi licinilAtodcS and %CcdS h\ Oilt USCOf iniOlliia C011110i ilCcitS Mid 

29. 	 North Cairoiina State t111L'iicsi\toiti jitC, '-- F:dimtion of' pilttit lilies 
for resistance to thc major speCIC', Mid race,, of rool-kiiot ICF1natodeIS
 
(Afl'hdogy,im Spp. I..... tm

3(0, institutti Naclittal tic ln~eshjeacjonc Atzropecuitrias (MIAP), LEcuador -
Evaluation of' clones rcsistatt terilatotic 

ECtnaidnr. Ri. I,gurcn toid . l't O/
 

to potato L2551 (G(lohodt'ra spp) ill 

31I.Uiksc ri dad Nacion a Ag ra ria-I -a MIoflina, Pceru -- (iontnIlt ancy onl 1'raltnmmus 
spp. as iwport att tic ni atode pest s of po01atoeis . Al Canto 
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32. Universidad Naional Agratia-la Molina, Peru -- ('ollsultancy on biological 
ald selective cletlmical control of insect pests of polat) and sweet potato. 
J. 	 'armin'tio(nd (' )Ic'al,'iev 

Thrust VNI- Wario ('limte Pota to and Smseel Potato Production 

33. 	 UnivCrsidad Nacional At-raria-l'a Molina. Peru - Management of Soils,
 
fertilizer,, and rniniiral ntrition of till 
 potato under aidverse soil and climatic 
environmcnits. S. 'ilhgarcia 

34. 	 Scottish (rop Reearch 1Intitute, Scotland - )rought tolerance in potatoes. 
P. WaIIi.Shr 

Thru.St VII - ool('Climate Potato and S;t ct Potato Production 

35. 	Intituto (olonihiano Agropccuario (I(A). (oloniia - Consultancy on 
potato hrceding to obtain fromt-tolelalnt clons adapted to Andean countries. 
N. 	l',iraua 

Thrust IX - Seed 'efhiiology 

30. 	 Victoria DIepumient ol -\gricultirc. At,Iitalia -- Prodjction of palhogen
tet'td tiOLttoCclInll;,mli hr SOthIItestt ,'\,SiI1 n d l acific countries.
 
1'. 1. Jenkim 

37. 	 Instituto di .'\groiurim i, t il sit; dL- Napoli. Italy-- Selection of TPS 
parental line,, in high ,cl d (IMhdctlioll. L. ,omii and L. Irlisuialfi 

ln C AglOpjcCliaiA, ('hile38. 	 Ins tt Ito(I tl, ,IILc (INIA). --- Production of true 
potato scel in ('hitIc < (uhol/, anl J. Ka/azib 

3). 	 I.o isianat State I us si,,1t, t'nitcd Slatc,, - Fhe uc of Aiprbo cterium 
plasnuid .ctrs, to illsel mli-bacliial . anti inscct, and frost resistance genes 
into potato plants I J. .litm" 

411. 	 Universidad Naciimal ;\eraria-lNhina. Peru -- f'ining and consultancN 
research in effects of oil inanagcniet and fertilization on flowering, fruit 
setitig. and seel tualit\ (11lhC I)OM(tt Vthlepoato. S. 

Thrust X - Potato and Swect Potato in Food Syst ems 

41. 	 Society for )evelopment of Appropriate Technology (SOTEI'C), India 
l)evelopment lof village IeCel potato procc,,iiig and utilizalion of potato in 
Iocal foods. R. 1 , Navi' 

42. 	 Centre for Europcat AgriculturalI Studies. lFngland - Potato seed programs 
in developing contries. N. Young 

43. 	 National Museut of lthiology. Japan - Andean potato farming system. 
N. 	 Yamamoto 
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44. 	 Universi,' of Arizoiia, UInited SURitts -- 1OLtSihold gardens. V. Nifiez 

45. 	 University of Gcorgiia. United States -- Potatoes in Rwanda. A. lhaugerud 

46. 	 Cornell Universihy, Uited StItes -- lFC0ono1iCS of ilteilalted pest
 
nilanag ,:enientI'. l1vell
 

47. 	 Lima. Peru - (,olll un ol .\niea n fltod crols Al. lhnOvidtC 

48. 	 Pacific Universitv, PIeru .. NLarketin of prOCCesCd polato production in t.ima. 
R. 	 G;i.ez 

49. 	 ES'CAP ('6IR ('Cenitre, i'loncs,i -- )emanl and marketing of putatoes in 
.Java, Indonesia. 7. Ihot'-ma
 

50). F:+nglatld - -S\vcett potmrt ml Iall t )L+-+d
hOOLdl'121tlltt.e Ptotcnil:1. J. Woolli" 

51. 	 Internationd lFod olicv Recilch [nstittle (III>Ri). llied Stile - White 
s, cit+lol;ito deCClop ecnt in ( hillI. 1. ltong 

Support Department 
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research and training. II . eoAke 
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]. 	 Louisiana St~ite .ni,,rit\ . nlited States, - lht use of .li,'robaah'riuml 

plaIsiiiid SCclurs. i. JaPICS 
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fir the dChdhatitn 01 ipotatto food r i'OdliCl. 8 Auoi' 

5. 	 INIA,,\. Ial , 
- :\littler Culli MididCI plIatlll I ollulnhm polilo
 

imnprovement. A. ,ont'h'o
 

6. 	 Vei/ntaji hiNtitute (11Science. Isral -- Chilracteniationt of rganielle
 
lClnllics ill tIle ptaloh zrnlSn 1s all lid 
 inl hrecdin tIltollhS for
 
developing countries. I-.. (;ulatiu
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7. Weizmann Institute of Science Isracl --- (;enc and organcllc transfcr 
hiv elect roporat ion -- ;i proslpcctivc too[l or potato ilmpro\wliltll. 

E. 	Gahm and 1). Aviv 

8. 	WciZllliilnI Institute ol Sciciicc, Isrmcl Utilization of plant protoplast 
hiotechntlh)gic) tor tr;iiihcr o IcllcC,,. lE.( 1/lh1and I). Aviv 

9. 	Uinivcrsitv of ,'1hN+,tI1Ia,,tt. t iitted Staic, -- Imirovcintlit of plant crops hy 
IICanIs of a lhiotcChnoIo, ,uit,Iabl fr .Iscltplomii Countlics. I). Alohacav 

II. North Carolina Statc tnli\tersit\ United States l)evvopinct of serological 
:tld ncleic aitod hybridization assa\, for i cCCtI, descrilCd sWe potato 
sirw' . . Movter 
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Financial Statements
 

Wm PAsa M LasBeras 441 Teas420555-42067 
So 'nadC iaa2 Pmen M Pn 
P Ar,Wqi Lnao 
R.eaM.entnh
PIk Wamtais 

AWWOa2569 

Mornolt( iino 

REPORT OF INDEPENDENT ACCOUNTANTS 

March 18, 1988
 

To the Members of the Board of Trustees
 

International Potato Center - CIP
 

'.e have examined the balance sheets of International Potato Center -
CIP (a non-profit organization) as of December 31, 1987 and 1986, 
and the related statements of revenue, expenditures ai.d changes in 

unexpended fund balances and changes in financial position for rhe 
years then ended. Our examinat ions were made in accordance with 
generally accepted auditing standards and, accordingly, included 
such tests o! the accountins records and such other auditing proce
dures as we considered in the circumstances. 

As described in Note 2-c), and in accordance with guidelines estab

lished b the Consultative Group for Inte rnat ional Agricultural 
Research for the preparation of financial statements by 
International Agricultural Research Centers, firm orders for pur
chases of fixed assets and services are recorded in the year of 

their Commitment rather than at the time when the actual liahility 
arises. 

In our opinion, except for effect of the matt-r described in the 

preceding paragraph, the financial statements ex.mined by us present 
fairly the financial position of International Potato Center - CIP 

as of December 31, 1987 and 1986 and its revenues, expenditures and
 
changes in its unexpended fund balances and changes in its financial
 

position for the years then ended, in conformity with generally
 
accepted accounting principles consistently applied.
 

Countersigned by
 

-

-------- .(partner)
 

Francco J. M no
 
Peruvian Public Accountant
 

Registration No. 155
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INTERNATIONAL POTATO CENTER - C 1 

BALANCE SHEEI (Notes I and 2) 
AS O" DECEMBER 31. 1987 AN) 1986 
( xprcss d iIIU.S. dolars) 

ASSETS 

1987 1986 

( RRIN I .\SSII S 
('M,a d ,,h1011-Icrm1 dICI)t, 2.716,847 3.215.983 

lDoll'nr 

:dxancc, i 

I.;il' 10 C\CL'iiHI\C 

ciii [ prilli i 
O)ther (N,.t. 41 

:i1.d Crn1l1l\,CCS 
N roI. 

3,199,626 

18,I,075 

I I 5.360 
3521.219 

l I .137 

2(.Q." 

119.0I4 
-- . 

thel slupphc 

PIrCpiId C\pCIIlNCN dol 
CU[Clii IaSCl 

'kI 1 ; 1 C I 1 *L' [ t ,',C I 
,

1 

tIlIcr 

7 

024.473 

I 5112 
04 , 

517,4Q5 

SL3.55 
--

RI I 

I I i 
NONA I)N 

tIXIl1) ,\SSI 

I " l)1 t NulL 3) 

INSX l 'lI'I ',l) I-iAN\1 .( 
I I Pi, 11 N, (Notc 3 

IsI Notc 5 

I I:S 

275.111( 

17(.545 

11.355.942 

3()1IlmoI 

)57M.14 

10.487.201 

18,847,595 16.936.821 

Th ic Comlpi i i ln s ,ltitt111, I,mtv,. mrt (it the IntnIf s,titirmnt,.
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INTERNATIONAL POTATO CENTER - CIP 

L.IABILITIES AND FUND BAI.ANC'FS 

C'I. RI-I I I.H IMI I 11-S 

Bmllk tm atdl'aWl', anld C1lrl1C'll Politln 

oihI lii-tcrlln dcli Notc,, 3 iimd 0i) 
Account,, pi\,hlc mid tithcl Iiabilitic, 
(ralt, .cI\,,d ill a ,lincc 

)lhcr pi'hlc, iccried c:ild .l_ 

lotll culcnt lihailic, 

I 	 )N() -I IR 1)1 II NoIc 3 

PRO\ ISl()'N I.(W S, \ IRN I INI)IAINII1:S. 
noC ol 1jld I1,.cc" oft UTSS61.1 

t[ ', " 72 in t,.,,) 

1NI) BALI ANIS 

Funid', iin\CtCd Ill Ixed i cv,,(Nte 5) 

tl'cXpcrllcdL tillt',k
 
)pcr.i lnj Itu 1,
d,, Ulltc.,lriCtCIC 

Ic,,t riCLd 
Capital 

Working lind. 


Special projc,:ts 

(l-pcraivc icti iic 


GR.\,I I'IFII)(1II) (Notc 7) 

1987 1986 

283,353 483.171 
1.0)41.334 I,.71.373 
2.182.245 	 

229,()2 197253
 

3.734,958 2.551.697 

[67,5(19 283.761) 

425,1)2) 457.4!1 

11.355.942 11.487.200l 

(. 1)5 34.928 
8ss, 172.643888 

188,000II 

1.317,1100 1,3I00,0M)K 
1.510(9 1.r37.393 

53.105 11.728 

3.164,157 156,692 

18,847,59i 16.936,820 

The, ,x(7ornpyitng notes ,ire, in intgrdl pdirt 4 the finxial stnix n2. 
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INTERNATIONAL POTATO CENTER - CIP 

STATFMI.NI (F REVENUE, EXPEN!)ITULRES AND CHANGES
 
IN UNEXPENDEl) FUNDIBALANCES (Notes I and 2)
 
FOR THE YEARS {NDFI) [)FCENI[3FR 31. 1987 AND 1986
 
Wxprcs cd in I..S. doIl;r',) 

1987 1986 

1'nrcstricttd 92 .1.1,253
Sci ricted 2.19-4,525 2.631.441O)thor rcstriclcd coltc grawls 723+,Rfl0 5,8 1 

SpccMi IliliCIcrglnll 12.12 ,40I 12. il)5.1I.54(1. I gl 2.5311,.8,h
(hllt lor Iscl additionsr hl\cd S1.5-1 837,154
(rainl, hor coopraili,,c acti~tics 444."55 251.5(1
Workim-, lund gits 17.111 351 (uwn11( )thor I oil~it.' lin. 66t5.it1 -133,7"Ul 

S,113,655 I0.41,,7t)2 

I\ll NID] I R. s
 

( )pcriiig col,:
 
Pl i ltrc',t'iich pliogmitn 1.7U56.8(12 3.455.3 13
 

Rc',c;Irc:h ,c" ice> 
 1.112.1014 I 1.48.915 
tui~i I-nlIc<.r.h ploirai ai d training 22.95i. 0") 2.,S 17.1174
 

(Collcrc c', lod ,clmniiilnvr 
 1113.ol 34.51111
 
I i Ar lldI l 10rh11A1101n 'II xicLt, t )
142.013 711I, )A L,\th n1ini l a t i o nlc o , I 1 .4 3 4 . 2 I.si,: . 2
 

(i)ht o r to,,t 
 1.51o3.1161 

12,11 ,345 I1.,3 .712
)tIci rtICrit ltt cCItI cxptnlliirc.Cs 

iiiin .101i I1.48o 

V117,Lt15I)15,7110 

Sptciul piowecl 1. '3.173 I.h3'.124
('otrIi tic liM 41)3.,37 2.'3.400 
irint, rcl ulC 3.432 l 275 

15.277.943 44114.7s3'Additikons lo Iit'd 6L18.547 S',7.l54 

15,sY .49)l 15.24 1S 
l'xccs, of re ntiuc o, cr txptnditure, 7,41)5 1,256:55

0ncxpcntttd 1und hljnct, btginning ol car 3. 15(6.09' 1,75(.t53
t lc\p:'ndcd SAPIPRA I) hilncc,, hv,,tl1w CIP 142.7S4 
['\I NNINDI I'ND AI .\N(lI . I NtD ()I A .:..\I,,14.157 3.156.692 

ltl(ll t(OI (lI wa 1 t,1 ,Il).0[ t part I ,/I . 111 d I/ lo n I'd, ilitt'lill' 
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INTERNATIONAL POTATO CENTER - CIP 

STATEMENT OF CHANGES IN FINANCIAl, POSITION 
FOR THE YEARS ENDEI) I)FCENIBER 31, 1987 AND 1986 
(Fxprcscd in I.S. dollar,) 

1,()/l 'l (WFIUNIDS 

FXCCY, ol Iccnuc ,CMeUC , iLiidituei c 
I)ecrcasc in tihcl jsict,, 
Ilcrease in :1Co. Iillk, t.i lic and othc! liabilities 
IniC CIW ill Ili , I \CI ill ,Id. aliCc 

I)cccwil Iii t.') funlid" 
)CCL' ;I'L ill 10M)ii, tO L\CCIIII\L'N Mld cn1iphLccS -

Iflhll- Cill l ll ll 
I1l0%.iil hU ',C\.iICC in CillikC, 

.A\vUllpliin ol SA'RAl) hind [IhlncL 
IllCc:C in lll. 1l1\CiC iId Ill ti\,'I .,,cI 

ll\Ili)\ 

I)urLIS'C Mid rCj)laCnl l1 01 li\Ckl ;ISssLl 

- Cotre tc i,iilm,, 

- Spicll piijcct 
Net cl NtIcplacccillil 

IIiI*crc c iII ;icLklll, ILCcl\,iblc 

hlrca,,c ill imentCll, 
IIlCCI.c ill prlep;lid cpnLc, lld olhcl 

current 

lccrcsc ill iclc Ilsll, p'.;illc mid othcr li;ibililic, 
I)ccrcac inlgrant Iccciecd in ad\aiice 
I)ccrciac il lg-t-crmi dcht 
iv1nI t n Am iitI l idC'S 01 S: , ClillC indClnnilicS 

APP[ (Hl I iNI)s 

Increase ()dccrcIL) ill cash mud short-tc-n lcp)[SitS 
('ash and short-term dcposit,. hc,,inini of1%car 

(ASl ANI) SIIl k I I I RM I I I S) IS. I NI) )1 YFAR 

1987 1986 

7,465 1,250.955 
- 21,340 
- 1,360,796 

2,182,245 

25,000 100,000 

180,48 ) 54,758 
42,651 113.,811 

- 142,784 
88,.6(82 1.215,883 

3.3(06,532 4.260.326 

6+18,547 ,S37.054 

207.098 98,733 
43,037 280,096 

1,617,313 205,512 
10((,178 47.8S2 

32,427 
9 ).984
 

- 043.992 
116.251 111816 

75,1133 41.911 

3.80-5. 608 2.274.9)6 

(4)9 13 i) 1,91) .330 
3.21 5.9'3 1.224,0553 

2,716,847 3.215,)83 

The a(Cmnvling note,, aire an integral part ot the ftmhl/ ial st,,tement. 
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INTERNATIONAL POTATO CENTER - CIP 

NOTES TO FINANCI AL STATENE.NTS
 
AS OF DECEMIER 31, 1987 AND 1986
 
(I-xprcswCd in U.S. dolilrs) 

Operations 

Tile lnternatinial PItto (Center (('I') I,.i non-protit iirgani:/atiin locitcd in Limia. Peru. 
,ithpriiran thiu.,hiut latin Ancica. the Ncar and Middle I At..ia atildAfrica. 
lhc ('11) principailIhicctic k w c iiitrilitc i ttle dII chiipiiCiit (ii liltpitCi to :Liidi crii 
lusLittit, rotl ,,thrmiu ,cici tilicccinlch ploih ll. iitcrccpar tillmld tlining1 

cii isits ' I 
1.1i',"killlill;I11101I Of I'-illIIullIcai .IC',L.'AllIcMIu l ,, tII _'IIC'."-,h0uil1',.;Mllt".1C lll'ID llld
011C 

(ithcr Aiciitc,. Ill iCCoRdIMcc \01iit hlIccilsc,. 

,
Il.- ('11'i,, i',lihci il I . ill,Ic, rtiill.c .ith in .\ictllitc t ItvS c it ic(t tmper
tioM \ith t1C ( IM\C iii l t 1 LIII I lTi I id \111111 lliI2()ti [l , (c n cr i a 
ICIIIlcr 0l the' MripILtil[itimutl Vi i lt iiiiA Reseti.c (CIteirs vhiCh is,tiqpirtetC
h\, ihc ('Itllq [I\L ( M ) kIH I IIIC..Ill( 11t d IIO ll'i I .\i.IcilII IIl ] ;..-,l- .Io.'h 

li rdIIee li ,le.ilit :iti isaCCemL' th \isliii ii ,tirislll,iii ( It L' .CSceIIiIII ( CLLiihCti ilhsc. 
thic ('I1 ik c\Lilipt t II 10111C t11 , tilt; thei ,ii\ , II titiX 11IIAl I the ('1llit.cs'()pe'ri
tll, ;tIIIlllIIl ,1 lt,, , JIL tldl) lI(01til'ilcol. '1l' l ',.u It' hLc .ILAlIt.. I)t.IItl:.;lliM illJk
Mr o f 

2. SunlmIIrv of'significant accounting policies 
Th11PlilIL'Ipal 1')(.LI!IClh ;1',1M !Lc'! h l \,
 

I.Iwcwilli Ciii tilt. 

I
'lit lt ks id Ai it-.l t nIllilll 'dIill[',S. klilli". l ,iciitlsarc illllaiill, 
1'.S. 1lhllI , ,.\,,t, Miil 11l.lilhtiC, do'iiuiiiil l t ICl ,(tii Clt ; 17.SCd Il 1 IC hi1i tlae . doilllr 
arc CprciC ill \e-;Ir-Ciil . tes. ll.\eC aiil,, l c hlCiiu inCd t\Iii 

',, 
h\Lii ii s ilC cd 

tileSMtCIIICIlI (11 10 12.'\ Mldt d'h il'-T" IIIIC.\plItlCLd lIinto,,.CL. LC l"CIIdIWLt ill ItllltI) 

,. Rc ciiiic 
(ilnt ranlictitis tIi d lt(
ire url i t c0 Il 1 't%s , I i euIIIIIIIItCII,. 

( itc IInI'Ires tit il milts,. capital ild 011dild \\1M iiu1111utu lltM L- il)tudln All illitiii 
hisit Mnd ;iIij it'Mi-hiem li/cul is i('Ce ClltIII th 12 ic. l i ii til t hl ii I Clhd'cldisImi is,thit, lli.t titl Iil t'iimlilile mit ,,mtlleclitm. 

Rctricted mperatilm- midl pccial pile!L' is t J.i0iiii l i JhClittd4tip iIleiiiiit h 

r Is IC0tidlat ILt th\l tiC t ( )th.0iti.' ICm IIL'I. ul lieu Cirnetl Mtid is timllpris,.d 
prinihril ml Mi si0tIti",4ittCilt t 1i 1tt id (t ;ilISLl i11t ,tippliis. 
triisltl itt ion s jut misse. d ithllillitstints 0t pr, t,,.iil l lli\c , Ccial cm 

C. I:\jtCiullIitilc -~ 
+
Firmi irdcrs hm pwtclic,, (l hi\cdimi ,,mlid ",e\irc arIC.cilcd illthe c\cll o their 

ilnitlitlcil. .\t l)ctc lucr 31. lONS7.111C; lililt rc I ILctLI'lul)lJ'lthiS practice tiutiled 
USS364,1 l1l illlUM ).I 'q 1.2111.511[) 


ExpcndiitUrc nuadc icrnatio[ iil ie [CRiicul tlralls 011tile hasis atlicCs 
rcceived. l-.pcnscs rcLatcd to sipccial projects arc applicd \0hcrn incurred against tile 
respectise inc in1c. 
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d. 	 Investments 
Short-term investments arc principally cO npriSCed of cCrtificates of deposit bearing 
interest at current bank rates andi arc ',altled at cost. 

e. 	 Isentcric,, ol lathotit -and Other supplies 
ltmilttoiic, of libatltors, supplieitId IlIhr niaterials are valued at estimated market 
alAI. Miclh approiates cost. 

f. 	 i\ett asst, -

Fi\Cd MI',t le titLd dt CoLst.Addition, to fixed assets are recorded as grant 

L\penditLI InidL cost Ot icr)lIcetntCIlS arc reported ii,; expenses in theopcrating 
StatCiCill ic eIc. CAli1tlitlirs, Mid c11at1ligt.s, illfund balallCe~s and added to tile 
elated Cetilt ccOit. I'ptn 11C SalC or rctirenllt of fixed assts. their cost is 

r.uos cd lutll the li\,d si l rieilacd account,,. Fixed asst,, arccqtlit., 	 not 
de prec it e 

,MM,1iitumtCice 1ndiCi)il 1- rc[ ccoldcJI ;l,(q)Cml~llnP costls in the \Clr ittlltred. 

. V ci ltilll' 
-


nh1CC UGIIIt.\\PCI'-. icchiat!cd to opmtllnul Micn ate taken.sslmcn tilme 


h1.	lrmssitmim hr src lilec inlc!ium itis, -

PClUnis iplvcs imtillelli eire iln accrual basis and1,'i1tic m.couitflcd Ior o, 
;ire cialculatCL ill c1iiietl ile atillotiit acclued rep-ACORmulnc \\11h lu,.d1ilitns. 
rcents the ailltt it tht touldlhaxe to bc paid to the etiploycvs if lhe., sserc to tcr
ititliatC as (tli Cte ! 1C tlie tlitCninancial Cll 

3. 	 Loans to executi'es aid emphuveCs and long-term debt 

lhc ('I'plsode loins l excutivCs the ieluisiliti hiies and/orho ccitaiil it lt of 
ehics. Viese loans arc uitLId 1) i Ici i litifrom ('itibank N.A. - Ncss York and in 

certaii illLancsC itlthe (IP"' , o0ii lunu . \t l)ccnibcr 31, 1167, tilh balaniCe of the 
loatuis obtained fruin (itibulmk to t1SS38(lbl I ill19S), whichN.A. mntitito I SS.t"5. 7 53 
hcarN inteitert it thv Ncss ork prinlc rite plus 1.5'(and ik repayable iti ntotlilv install
11mCienuntil Jhllc I0111). 

LoMaI balanices Wil exACIutis\c and c'rplolhccs at )ecember 31, are a, follows (in U.S. 
dollar,,): 

1987 1986
 

Loans fuldcd 11 line A credit oft
 
(itibamik i.related Ilotnes
N..\.. securcI 

id or schicl. rcpisablC itidr the
 
satle_ asA itlC tieItmCi the
Ct.lditiolmi 
terit 265,753 380,611lomn itno diicct c-q to ('11) 

Lois futided hs,('I1. ilcr
repa\uic a
 
three- to lik,
c'-\car periocl. no-intcrest
 
bcaring. secured I,\emphiliec,,' hotncs 26,158 95,487
 

291,911 476,198
 
Less current portion (115,366) (11904)
 

176.545 357,034
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InI 	 addition, l )ccembcr 31, a.tnlOunt" Outitd,,tinhl[Iundcr tlh terni 	 loan from Citibank 
N.A. 	 arc as foIlo s (ill [I... dollars): 

1987 1986 
('urrcnt portion INoite h)t)(,.8;5 ',.244 I 
Non-curren p1rtilo1 (n'mtt u '1,8-l'.)Il) l(17,5l1') 283,hl,700 

21.,7"5 3Sll ll 

IleSe '"IoI"it1 ;ti '',t. I 't.Li \ AIdeilosit l I 'SS27".IlIl) l I) 8 31 11ll i l il the 
alolr llitjlllct liiinci TNI1l1lllILi. \bIllN ..irll,, iiie' i l 3', P'r XImImiml10 ' 	 ini 19M',;h). 

4. 	 Accounts reccikable -() her 
((mm'lh a;lict IN M'rIICL IOl 1h1Ch0 .jl ll ~Im'mnlm .'31 (ll .S. dt lllrs): 

I1987 1986 
.\dVa;tllc ,Nt, trt;Ill/,aiad mreIrmi cl Id\,Illt'tc 

Jtll I h eI eamdm sork 2484..o7')_4I.i/14(.0 119 I'115,14)I 
401,64 

Ad\.I 
Oler 

C . Io Oll)cI'hr rlmlrCiIAn lt' 8I, 4 
4S,717 

j ,035 
o7,482 

352.21I 22).28iI 

5. 	 Fixed Issets 

lFi\Cd iaset, MmlI)cc'cnlbcr 31. CoilIpriNC tlhe IM]h iill1w (in I1.S Llh'Ors): 

1987 1980 
Building,, .itld tcoli'rtictio ,, 3,11111,7115 .II2 74
Rcscircli Cqui1lmltll I 	 , -7.2)7 1.33.52N
\chijcIL and mIC1, 2,313.- ()7 2,21).541
Furniture. li\lm ,, ,lnd OlItCc c'tluipiiic ll I .21I.'S 3 .I)5.1381
()permirm hLmm equipmnlt 45(.7,2 -112.481 
I"I 	 dIlat i'l 1.373.237 I.312.9)21 
Site des clopi cl 7/7h.71l, (07.21I
(Coin'mMicMIlOim CL(IinlIcnI 'noilmotier 	 5(01.21 531 125 
(onN 	 rticjloll irl p r , 84.145 2h1(1 

II 355. 42 11147S.2l I 

Vehicl' s ;nid thtr tis'd msc1t relacedml ic r litemrretited lImiNtcld thel li\.td NNci 
amid relLtd Ctl., mI' , oImilloml accounII dmlmll Ii\nSd INS , l ll tr01,tA'l Me 
.lilllill Irnm IhII mmmrmIt tHOll e &rmr dCll bmn 11hi0 di atllntI mlC I fillt' m ll i at.olni
[Decemllber 3,1, [19S7, :N I 'SSW,N0SU I SSl,l," il1 9It,N(). 

.	 flank overdrafts and current portion of' long-term debt 
At I)eccnlber 31. this balanc: i,, c mlpri,,cd olltie lolimking (in .S. hdLliari): 

1987 1986 
Bank ovserdraft, 185.,10) 386.2201
Current portion of long-term debt (Note 3) 	 98s,244 96.851 

283,353 483.171 
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flnCh, loain \\ith N.A.The (C11' has, various credit and arrangements Citihank totalling 

JS$680,00 (IIS$459,0011 ill1986). , iich hicar interest atthe New Yotk prilc rate plus 

1.5';. As ot December 31. 1087. unuscd imounts under these crodit taciliticS totalCd 

LJS$40).L48) (tUSS05.57 in 1t98(1, 

7. Grants pledged 

During I1987 the toltntoinw donations ,,crc pIleded to the ('11)for spe cial projects in 1988 

throth I199) (ill..S doiar,): 

1988 1989 199) 1991 

,\u',t raliau I)cehopilent
 

A.\stale..' ,:\tcl 
 ,,(1),85 - --

IhtCrllmtilnial D)e,clopinci 

RLWcrch Cenlre -( MnlAkI 225.84S 132.817 - 

Swis,.s Do~cllxlllt (ooptlion 
-
id lhuiiallit:,ri:11 Aid 27.2)0 - -


IllitCd tate'. Iones
:\ ot 
Intrntionl [),clopment 182,000 284,00. 380,000 22,500 

- --Netherlands (GioCrnnIcnt 144,0165 

PCpicO )- It I lMtional 25110) 25.00)) - 

Mcl)onlald', (orptration 25.))1))P 25,1)0) - -

Rockeleller :llliItiOil 31 o)1 . 

ioth (arbidC ,.\ericu~lturul 
P;,,duct', 12.))))) - 

tlcluimn CoverillIcnt 476.100)) 476,11) 413,3)0) 182.8 

1,329.198 943.517 793,300 20)5,350 

'.w I) ,h j t ,tunotj 0/h t i e xI tI( m'InglU.fifum I tI'tfff ,xIF 
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A G lo bal Ag r icult Ura I 

ill;11 

In 171l i " IelICr "HI C pub(flic 'ird 
prl\;ite instIiItil\ I I IhIcI 1,1 ~ 
rcn-,/al il, mid frC~rl~ln;)it L'N lIolt dcl\j-

CoL~lillifiril IIl Ijpj n eaIltIk of 1u11c 
fl.11Imil~t i~t,e 'Ill~ lj lLLlLl 'ilI~lI I IL lImll* 
LPPI1 o this j.Ilt I, to ICTLIL Ltileiii(I(I 

dicLl po12 L ICtr jijkh11! ;ILI pl)pJti LIlihid 

I IILI I HIL Ai L ILI ( ( M!I\ lh II slIII III! 

MliLdl Ic of clIi IuIJIkL' ( I11I'nl1ik the 
(I lI;\Jukolk K lumke ll IcII Id ]mLILill 

Iajl Lkcni l'i /llp mi hi~i L- ill 

llk ritf il l! 11:(112k ilIIK I I) 111Cl 

%k'rqrI Iik IJL tilLllti (a( IlRv il I h 

lsuu lOf Lt~tuIileI ni tilc ul 11 

sea rcl,'akitll sI) II h% 111 101)IhI hel 

1j1il i CI la1tli M1LCLtheI;1 1114 Juld A1cIL~l 

rcnla ri rc% ic%s the IIhll 1it Aii LCIICALI 

R(mneed.(II IA [lrli L: Mill IiII)IrtutlLN tR 
research 

0I the thirteenl CeI1ICIS. tel ILM LCttit lit,-
iltintel prnui a r~I~e ol L P~ itiL~tluc 

li\etock andI Iarllintc thailt proI i tre 
fbmurtlN Of thle dLcelopinv %koridN, 101;1 100d stil-
p)It. fu remainn he ccnlllrN aretocre 

lutiit tree onccncdwith prohleni ofl od~ poh:cv. nl:tionil uci-ricult titI 
rew~a rclu and plant genetic resounrces 
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