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Questioning the Conventional Wisdom
 

Today's conventional wisdom holds that 
tomorrow's food will come from a 
relatively small number of crops, chiefly 
cereals such as wheat and rice. This 
assumes, of course, that all of the cereal 
technologies now in the research pipeline 
will prove successful. A growing number 
of experts fear, however, that if we 
continue to think of solving food 
problems only in terms of traditional 
crops, many of which are now fast 
alpproaching their yield ceilings, we may 
be limniting our options for meeting 
fhture challenges, 

(1j) scientists lave questioned this 

cotnventiotnal wisdom. [he belief' that 

Potatoes could be widely grown ill 

developing countries, for example, 
challenged traditional belief's about 
limitlations otl tte types of' food that 

could be made available to three-quarters 

of the world's consumers. 

Produci,.i statistics recently 
prbliatihd by the ood and Agriculture 
Organiatioinof' the [ited Nations 
(:AO), it onoll)unct ion with CIP,
demnstrate that developing-cot, ntrydeitat pradte that dexpapingo atryl 

potat oproduction is expanding at an 
antinal rate of 2.8 peicent, exceeditg 

popuoatiio growthI rates in 
countries. 'he report notes that, by tIle 

shoul increase nby lore tha 30 million 
shoulinceaser 19 b9 mevl.A that30 miln 
tonls over 1987-89 levels. At that polt 

that potatoes could only be grown if 
supported by intensive applications of 
pesticides. We now know that imost of the 
insecticides used by developing-country 
potato farmers are not only unnecessary, 
but can be efflectively replaced with safer 
and chcaper integliated pest management 
practices. The FAO CIP report forecast 
that new production technologies, such as 
resistai't v,ieties and the use of true 
potato seed, would help farmers further 
reduce their use of agricuItaral chemicals 
and imported seed tubers in the year-, 
ahead. We were greatly encouraged this 

past year when tle government of Egypt 

went a step further by banning a highly
utsed to controltoxic esticide coinmoly 

the potato tuber moth. New regulations, 
based on data from Cll and the Egyptian 
national potato program, are now helping
to stimulate wyide-scale productiotn and 

o natraly occurobctia and 

us Of naturally Occurring bacteria and 
viruses that control the pest just as 
effectively as the most popular ch1emicals. 

The effectiveness of CIP-developed 
IPM practices was reconfirmed during a 

recent review coImmiss ioned by tileCGIAR's Technical Advisory Committee. 

The review team members commended
CIP for progress made at a time of 

nos 
political upheaval atid funding
uncertainties, noting that donors are 
receiving "good-value" research and 
technology for their investment. Whereas 
the review teamt presented CIlP with manydleveloping coiitries will be growvingtiervwtanpestdClwth ay

devloe th athi~r tewill orsoing new challenges, work on integrated pestmtore than a thtird of' the world's potato management, impact assessment, andcrop. 	 mng etipatsssmttan
virology merited special commendation. 

During the past 25 years, CIP Tile review team also noted tile rapid 
researchers have also challenged the idea progress being made with true potato 
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seed, particularly in India, where this 
technoloy could produce annual benefits 
of $200 million by the year 2010. 

While global commodity resrch will 
cotiue toba c, rioityresarchwi

continue to be a ClP priority, 
sLIstaiIability and environmental issues 
are becoming an increasingly important 

part of our research portfolio. The 
environment has always been part of 
ClP's mainstream cotmmodity research, 
focusing mainly ott integrated pest 
tn.ianageinent to reduce tile aIti0tLIt Of 
pesticidc used on potato and sweetpoato,. 
Morc reccntly, CIP has taken steps to 
elevate naturI rcsources research, 

particularly inl the areas of soil and water 
atnageltent and biodiversity. Currently, 

tis research represents on.ly about 1) 
percent ot our budget, but it will be 
important it we arc going to contribute to 
sustainable food crop production, 
especially in mointaiti eIvirontLents. To 
achieve that goal, the (Center and its 

partners have est.,blislhcd a regional 
research consortium aimed at halting the 
deterioratio of atral resources te 
Atds0aidturetdincmreasst.b 
bae'for fu/t-[ure food~t increases. 

Although initially (ottro ersial, the 
ecoregiotial concept and tile consortium, 
called (X)NI)ESAN (Consortium for the 
Sustaiable )evelopment of lie Andean 
Fcoregion), now have strong backing 

from donors and other national, 
international, and private organizations. 
United Nations Secrctary-General Boutros 

Boutros-Ghali has characterized 
CONI)FSAN as a "novel approach" to
mountain development research that 
looks at ecoregional issues in a 
comprehensive way through a variety of 

Iartners. 
The Center has also recently taken on 

the responsibility cf establishing a global 
ecoregional research program. In addition 
to CON)FSAN, (I 1 , in conjunction 
with other national and international 
institutions, is convening a tItoutltain 
agricuhural development program for the 
African highlaids and the Ilinialayas. 
Ibis initiative, along %vwith CONDFSAN, 
will be aimed at halting the degradation 
of inoLuntaiti ecosystems and protecting 
the vast areas of productive agricultural 
land that lie below. 

Despite tte covetional wisdom, it is 

qu ite te must adress 
quite clear that we tust addressagricultual sustainability and productio,,
issues simultaeously if we re going to 
feed an additional 2 billion people in tile 

year 2020. By linking production and 
environmental research in innovative 
ways, and advancing tile best of our 
research capacities-wherever they may 
be-we at CIP believe the world stands a 
good chance of achieving that objective. 

I7 

Hubert Zandstra 

Director General 
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CIP's Strategy 
CIP begins by identifying, in close association with 

its clients, needs for research and technology. If 
these are addressed elsewhere, the Center makes the 

appropriate information available through its 
cooperative linkages. If not, comparative advantage 

and priority of needs are analyzed to determine 
CIP's approach, involving one or more of the 

following operational modes: 

U 
encouraging the pursuit of the necessary research in 

other instituttons; 

promoting research collaboration among countries; 

conducting appropriate research in cooperation 
with national agricultural research systems (NARS) 

colleagues; 

U 
initiating specialized research in the Center's areas 

of comparative advantage. 

The effective transfer of research results, 
technology, and capabilities to partner countries is 

accomplished through training, information 
dissemination, and collaboraiive research designed 
to assist NARS in reaching and maintaining their 

fullest potential. 



Charting the Scientific Course
 

In a publicly funded reewach institute, 
assessing Impact serves i dual purpose. 
First, i! provides iccoulltbility to those 
who invest ii the rcsearchi. Scot0d, it 
produces vAlhtable lessoIs an1d feedback 
th1t assis tthagellelnl itIre;eadrcl 
plaitling, 

Receitly, (Ill itlseaScd its ability to 
tneustiret le Itmpact that its technologies 
have on productiot, atnd ItIrtt. and 
consuiner incmte. This pasi year, the 
Center completed nine case studies 

laCLtLd to varietal itstprovenuett, 
integrated pest 11,tageCtItIIt (IPM), and 
seed systcnss. l"al of 1t1estudies 
densotsstratcd thsat ( ll-rclAtCd 
techltologies are providitng attractive 
returns to ottr cottstittuents. 

(tn averag, tls' iitne sciected projects,wlsiel represeint ttly aIpoto of tle 

Ceiter's resea rch, werc calculated to hsave 

,it 1 pecenl t s ctItt on totrlt 

ihtvesttmetnt ill CIP. :\tnsuaIl itterltal rates 
of' rcturt rattged trotit 27 percent for the 
itptiLt of our lte blight breeding 

progaits it P'ertt to 10 peccint for 
varitil dcvelopsent wok in China. A 
study on tle itilpLt of pesticides used ill 
potato production was also receitly 
cotttpletCd ill Ecuador (see C'Is 194 

.MAnnal Re7' r), whlicls will provide a basis 
for Ltitre enviromctstal impact 
assessimentit. 

Resu-N~lts froiti thIsest idies provide 
futrtler evidence tat potato ,griculture is 

growing rapidly worldwide. Remett wbevitg 
the skeptics aid their nvarinigs years a)g 
about investing is warts-cliatssa potato 
research, tie stisdy's cottclusioIts reintc " 
the case for continued in',cstment its 

potato research in developing countries. 
This raises tile question: Which specific 
activities should we focus upoIn to realize 
tile potato's ftill potential? 

Unlike many ccrerl crops, potatoes-as 
well as sveetpotatocs--re already high 
yielding. "l'lrcfdse, our biggest challenge 

Is to focus on research probletus afecting 
tie eivironitent and the sustaittability of 
production Systetns, rather than oil yield 
per se. Of patticutlar coicein is a nev, 
more aggressive t . t, of late blight 
disease that is thle,itcning to destabilize, 
atsd ils some cases Clinitslatc, production 
its tle world's mnajoir p0tt-oprocdLciIng 
regiotss. Ill additions, we arc beginning to 
see a number of sewvpest proble s. 
Among te:,e is the ,pieaI of the Central 
Ais ericaln tttber moth (1',ia Wwhafivora) 
ild tle migration of the Colorado potatobel l')i:tr cc/~ch~m 

beetle (iplino/araa ulconlm'awa) itto 

peviously ttntinfeCsted countries. 

The C1 external review panel 
suggesled tat these problcnIts could best 
be tackled by drawing, dowi staff attd 
financial resomccs froist regional 
locations to create a stronger research 
base at headquarters. The Center will 
pursue this got, bttt perhaps not to the 
extent tltt ile review teati suggested. For 

exattiple, over tie next year we Iope to 
establish a global late blight network 
involving researceles froistIaity 

institutios attd disciplines. This will be 

coisple ettcp dbly Stro ger i it-h aouse 

recular patvltotgy. 
t r 

At tle saine tite, the Center vWillpush 
alcad to solve problems dealing with 
genetic resources. This subject is part of 
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,anongoing discussion aniong a broad 
ratnge of constituent groups within lile 
CGIAR. As Icenter fIocused ol root adLI 
tuber crops, CIP is presented with a 
uniqIue set of clallenges. The Center 
cutrrently maintains nearly 12,000 potato 
,it1 Swcc[tpoato a1ccessions. To date, wC 
h,5Vc sitigCd Ito clCIl only about 10 
pciccnt of the swc'etpotao iand 30 percent 
of the p)(otato1clones is til'e colCtioI to 
standards thalt slce intertitniosal plant 
C11tuF,1t11httc reqiuticncits. ()ne rCviCw 
pastCl 1CconnslClatiott vas th1,t CI 
aiclerie tileclClIupto itsfcloial] 
(ollection, a proposal est inted to cost 
about S000 tlueach ,I(accssiot, or a lolal 

wst of tlr tht, S-I itnill ott. 

alatv UPI scsls ist rgue that tile 

'C .clllel, ilS l p111Poll,1e 1task fo r ge t tic 
res mice is to prenerve genies, rathIer t bait 
gCtiOtypes, ,5ndtlhat this is already being 

dilC iII otr pItato atd sVCCtpOtlt) 
bolasical wed collectiolts. Others say it is 
c'Cslit,aI tossittait tlese -olicctiols is 
clotes, tIus csurissg the integrity of how 
the genes ale p.ackaged and expressed is 
the field. The ptoblcnl is that the itunitbcr 
of geolltypCes im l'Creses t(mtIatt!y, 

inseC.uing conservatoion costs will become 
sIllOC ,lnd Inore expensive. 

AIthOugh Idecision Isis yet to be 


ilde, itis likely that CIP will establish 

coire collcclionl-, collection of potatoes 


and swcu'etpotahtocs wit la limited so of 

cloIaltl aicccs rtis t eturtenechoseit p 
boadc g n e e sp ntic e llectio h r"tPS 
collectioti. '[le entiire oisllcctitin, 

including accessions not dcesigniated as 
ci, ssould Ce'Cniitually be retuirnted its 
discasc-frce forsti to their coinltics of' 
originl. The (Juestioni of establishing a core 
collectjots is ott tile ageida of all externial 
reviev of the CGIAR system's genebank 
operations, Which will take place at CIP 
its August 1995. 

CI11 is also taking stcps to quickly and 
econonically move potato aud 
SVCCpoIato geItit n1tciall to national 
partners. It 1994, the Center began 
developing seed production mnits for 
Africa, Asia, aind lLain Anricai. The 
units ire ruet collaboratively with 
national agricultural icsCac sy'stelns, 
and are responsible for cleaning and 
miltiplying lagc culialitties of clite clones 
and clearing them tltough plant 
Lluartitinc. "hIc sWed unhis distributc ontly 
the most prosntiing tilaterials, IllIs 
cuttitig costs, but Also Clilnct.e prospects 
for Impact at the farn level. IlII addition, 
by lsonitoring gcrlllplsnl pcriforlulc 
closely through tile ttits, Clli sbould be 

a1ble to qjuickl' determine sle prospects 
for success of ealch distribuictd culhivau" 
aid where ,idditio lIb reedin g is 

required. 

Refiting ollr long-term research 
priorities will also be helped by plais for 
illinternal study of our work on true 
pot.ito seed ('ITS). CIP piolneered the 
Stl,tegy of usissg TPS is 111lierilative to 
the conventioinal planting (Cfsecd tubers. 
While sve need to firther improve 
true-seed varieties, this alteillativ'C 
technIology is 1soV Well developed. For 

his reasosb Cll itIIs to coiscluct an CX 

t1Impact assessisist versuse o IS 
traditionial cloanl seeds. Virtulily sAllof 

our resea rcl,including pest atid diselse 
control, Would be affected by havingbetter informnation oillow ,atnd wlere 

is likely to htave ininmpact. 

Anolher fiture clallesnge for CIP fillls 
illthe area oftraiining. Since its 
establishlnent, tie (enter has traiined 
ntore than 10,000 teseirchers, extensions 
workers, CdLlcolrs, Aid agribusintcss 
specialists. IsI recent years, trainising has 
moved from centralized instruction to 
regionail id international courses, 
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particUlarly in specialized areas using 

prograuned learning techniques. 

Recently, CIP held its first elect roii 

trainigtrainngprogrreamhrs wlorii mationlr.
programiI resc, hers working ill [M. The 
coursc featured ncw, ioitg-disttnee 
learning techii ques, Including tieiresltatiin ofprcrcrLrdLC video lectures 

,iid fillow-t p by clectronic iail and 
telephure cweiLrucii, ~g 

Trairiirg is one of several iiirilediate 
challenges nov be re CI' scientists, 

Cle.irly, the irext fsv years will bring even 
greater ones if the Center is to achieve its 

goal of filfilling long-term food 
requiremcnits, while, at tile samefC tiure, 

preserving the iatural resource base for 

fture generations. III tis report, ( 
prograi leaders describe iin detail the 
ladvi ics, ,rhiciveicits, lrid impact of
their rescirci in t993-9.. Their tcports 

ovi alIdctnofflescilf(provide c irdiciroir f tihe scientifre 
l',r. gcs, ri iri owc akirig, xagiiitude 

the p'rOblCiIs t1irt we fIce, ,rd the 
potential for iireeting challenges ill tile 

rost efficient way possible. (omments 
froir readers oir tile work and issues 
discussed are most welcome. 

Peter Gregory 

Deputy Director Geineral 
for Research 
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PROGRAM 1 

Production Systems 

Characterization of Potato 

Production Constraints and 

Opportunities 

Analyzing patterns and 

implications of varietal change 

In developed cotntries, potaito varieties, 

()lice can lay
estalblished inI the imarket, 

,lain to large areas of production for 
inydecades. IliNorth America, the rate 

it replacement ofo(lder varieties bt I(:wer 
onIes .lppcars to he slower illpott)(CS 
than illtller ,IrblC clops. THe durability 
()Ipptlillr pol~ti varttlctcs sld+)lLM be a 
source (f co(ncern to( crp itrpr(vcntlieit 
scielitists and to( research adtfinisirators. 
The r.te: of varictal replacetnetit is thlus It 
itipoirttit plrIlnctr illestimating tile 
ec((tlotitic itnpat oIf i plant1breeding 

1-rtograln. 
Ill (rder t(0 derse itnplicalticos flr 

ptat(( crop improvetnent prograns ill 
dcvcb ing countries, (iP issessed the 
llist(oric,l record (f vtrietal chlge it 
developed counitriCs. Tile study Uncovered 
several enipirical I'Acts that led to three 
t((nclsi((its with polteitill.;' important 
tiiplicatins hotagricultural research oti 
p((ta'los illdeveloping coulntries. Tile 
fIrst clicmlts(n is: 1h 'in', s1'4 1,,ia/wa/ion 
,1,dini/i,,a/i In priodu,i o antl %rongcr 
/,rc' 1w 01(r'1/ lua/i/)v 1 (uol//i(ton,t O invo 
(V'asl ia/ld ni/'!" a (/t0t'1i in'/a[ta 

(1)1/1'. 
Tis coitClusioti cotles frotm two 

sourccs ofevideiCC: (I) a historical 
altalysis oIf tile ad(optioi pcrfortniace of 
public-sectr released ptot(( varieties ill 
the litted States ILd (i ttAd,i and (2) a 

cross-sectional evaluation of varietal 

change in several other developed 

countries where potatoes are a staple food.
 
'igure I sulnarizs tihefirs;t
source of 

evidence by plotting the average age of 
potato varieties (f ,ni the date of their 
release) from 19.34 to 1992 for the United 
States and C(Xtndat. At the release of the 
"first-gCnieration" puLIblic-sector varieties ill 
tile
euly l 930s, all the pottt-grosving 
arca itt theseitwo countries w.as planted 1o 
varieties selected by hobby breeders inttile 
late 19th centiury. hltose v rictie; were on 
average about 50 yeatrs old illthe early 
19 30s. The idoption ofvarictics released 
it the 1930s petked itt le late 1950s and 
early 19 60s. Tile declite ill varietal age itl 
tile aitd '50s is consistent with1930s, '4()s, 
t scenario of rapid teclitical change. 
With the release ofabout 40 to 60 
varieties per decade during the past 40 
yetrs, we would have expected this 
doswnward trend t(o contiitle. 
Surprisingly, the eirly l60s mnarked a 
turning poin-tlie rate ofvarietal 
replacemetit slowel to sutch a degree that 
average varietal age rose until, by the 
midi-1 9 80s, varieties approached the age of 

those pliited inthe tiid-1930s. 
The cross-sectional evidence for 1990 

(FPigu re 2) confirnis itl Inverse 
relationship betweei vietaI ciange aid 

ogr (s'tl is rate illptatoI product ion 
between 1961 IId 1990. Rl)d varictal 
clanige lhas countries wheretaken place iii 
total productio: illthe recetit past was 
decreasing; varietal turnover has been 

slow iil countries wtere total prodIction 
was increasing. The growth rate its total 

~7C~~ J~n7 
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Figure 1.Average age of potato varieties inthe United States and Canada from 1934 to 1992. 

production is a prrxy ,neasuie for the 
quality and maturity of the markctplace 
and production environcnt. 

:>.:vtr.,! factors contribute to the 
utiexpctlcd oltcomcles shoWvl inI Figures 1 
and 2. Well-developed istitutjional seed 
programs and intensive crop ma nagement 
practices in a hi gh-vaIhiLc crop suc h Is 
potato decrease the demand for varital 
disease resistance as specialization in 
production occurs. Cottsutmes and 
processors become accustlolme1.d to higher 
quality varieties in the market atid ire 
reluctant to change. Increasing ce)nceris 
f,.or could event ually leadthe environmenl 
to an acceleration in varietal change in 
developed counries, if the presumed high 

social costs of growing varieties 
susceptible to diseases and pests were 
effectively internalized in tileeconomy. 

'1 second conclusion is closely 
related t"the first: Varietal turmover is 

like'y tobe aster in lroilucg re[ions that are 
less ,';lo-eedand more raiul than in more 
protccted environmien characteried by hzgher 
.i'ld h1te'tUlaL. Based on data from 1990, 
varietal age and yield vere positively 
correlated in the 11 most important 
potato-producing states in the United 
States (Figure 3). The common criticism 
of the Green Revolution that varielal 
chanige has bypaissed the more marginal 
production regions cannot be leveled at 
potato breeding in North America. 

8 
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Figure 2.Growth inpotato production and varietal change. 

Indeed, potato breedcri have registered seed area in the U.S. and Canada. They 
more success in the more marginal are most popular in the Red River Valley
regions. of North Dakota and in the north-central 

The third conclusion is not as region, but they are not confined there.
 
counterintuitive as the first and second, 
 In eight of the II major potato-producing 
but it is also somewhat unexpected: Potato states, at leist onlC North Dakota variety 
varI'th'sare more -,eie'l),adaptabc than -,;~ figured anong the most common four 
Commonly bd/icve. \Vit increasing market varieties in 1990. 
integration and production What do these three conclusions imply 
specialization, demand for local for potato crop improvement in 
adaptation declined in North America. developing-country agriculture? Several 
With one exception, varieties targeted for factors make varietal change more likely 
narrow ecological or seasonal niches did in developing countries than in 
not survive exclusively ill a restricted developed countries vith a mature potato 
production domain. Again, with another industry. First, institutional seed
exception, all the commercially important programs, if they exist, may not function 
varieties in Canada have been bred in the well. Without clean seed from 
United States. In terms of adoption govern Inent-su pported programlis, it is 
performance, North Dakota has had the iard to transfer ntesv varieties. But the 
most successfll state breeding program. scarcity of such seed means that any new 
Varieties from the North Dakota program varieties, which are produced through 
accou,nt for about 15-20% of certified ad hoc special projects itt the public 
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Figure 3.Varietal age and yields inthe 11most important potato-producing states inthe United States in1990. 

sector or in the informal sector, compete 
with farmers' degenerating seed. The 

demand for virus resistance is therefore 
strong. 

Second, chemical control is 
widespread in developing-country 

agriculturc, but farmers have fewer 
resources and infrastructure is less 
developed. Disease p.cssure, particularly 
from late blight, is often more intense, 

Third, except for the Andean region, 
preferences are not as marked as in 
developed countries. Although potatoes 
are too precious to be fed to livestock 
and although demand for processed 
potatoes is increasing, the potato market 

in many tropical and subtropical 
countries is not yet that differentiated. 

We can cite several examples in which 
the nexus between adoption performance 
and disease resistance is positive and 
significant, in contrast to 

developed-country potato agriculture. The 
demand for stable-yielding rustic clones is 
also high, particularly in rainfed 
environments. 

File comparison of varietal change 
between developed and developing 
potato-producing countries has thus far 
emphasized the contrasts, but the driving 
forces behind the relationships in Figures 
1 and 2 are the same. As quality becomes 
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more prized in the market and as 
production becomes more specialized and 
commercially oriented, tile prospects for 
varietal change ciminish, 

Figure 4 depicts this stylized 
relationship. At the right end of the 
figure, we find the environments of high 
production potential together with 
markets of marked consumer preferences. 
lPresently, perhaps no low- or even 
middle-income developing countries 
would fall to the right of C, but several 
countries would lie in segment BC, 
characterized by high production 
potential in a relatively discriminating 
market. These conditions describe well 
potato production in Southern Cone 
countries where the prevailing varieties in 
the intensive commercial farming sector 
come mainly from the Netherlands. li 
such a context, prospects for obtaining a 

Pace of varietal change 

Fast 

Relatively fast I 

Relatively slow 

Slow 
t 

0 A (low) 

practical impact from the excellent 
national breeding programs in this region 
are often brighter with smaller, less 
commercially oriented producers in more 
marginal production regions or seasons. 

A few countries in North Africa could 
also fit the production and market 
conditions described in interval BC. 
Because varietal production potential is 
still not a constraint to yield and because 
yield potential is high, returns to research 
on crop and water management should 
be attractive in these well-endowed 
environments for potato production. The 
relative homogeneity within these 
environments should lead to reduced 
location specificity in applying tile results 
of crop and water management research. 
In addition, the comnmercial orientation 
and small number of relatively large 
producers should enhance the prospects 

I 

B C (high) 

Quality 

Figure 4.The hypothesized relationship between varietal change and the quality of production and consumption 
environments. 
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for adoption of practices requirirg group 
action such as recommendations from 
integrated pest management research, 

Finally, the production and market 
conditions in these countries should be 
conducive to the emergence of strong 
seed programs. InvesImenits its seed 
program development should generate 
attractive rates of return, 

At the other extreme, we encounter 
environments of lower yield potential 
accompanied by markets that do not 
significantly reward quality. Potato 
cultivatioi in countries falling into 

segment OA is largely r,,infed and both 

biotic and abiotic stresses exact a hig h 
toll on production. Prime exatmples of' 

countries in tis group are Chin~a andalotrailhes in ins (ecp fr otsalmost al thetn atlions (except for South 
Africa) in sub-Salsaran Africa where 

potatoes call be grown.

Mostnmntll
Most developing-country potato 

producers would fall somewhere in A. If 
tile supply of nev varieties were 
forthcoming ansd field Multiplication 
were effective, we would expect a fairly 
rapid rate of varietal replacement il 

environments wl high or moderate 


production potential and a moderately 

discriminating market (tile northern 

Andes), or relatively low production 


potential with a discerning market (the 

southern Andes), or relatively high 

production potential with a less 

discriminiating market (irrigated 
dry-season production in South Asia). 

Another implication of the patterns of 
varietal change in developed countries 
nertains to the scope for and desirability 
of wide adaptation. We can muster some 
empirical support for fairly wide 
adaptation in potato prodtction in 
developing-country agriculture. Ample 
potential for wide adaptation enhances 
the value of multilocational testing. Based 
on the North American experience its 

varietal change, the notion ti)', ever) 
national program can niale a practical 
impact by selecting material uniquely 
suited to its conditions would appear to 
fly in the face of reality. The challenge 
flicing CIP and other international 
institutions is to i",axitze the potential 
that strong or key programs within larger 
regions or agroecologies have for 
generating regional and globatI spillover 
benefits. 

Expanding the frontier of 

potato cultivation into the lowland 
tropics of Southeast Asia 

lDciand for potato ts a vegetable crop In 
Southest Asia is robuist atd rapidly 

expanding. Many observers believe that in 
the tropics potato simply has nowhere tog ilt o e l vto sb c uel n l 
go but to lower elevations bectuse laud in 

i 
-ragile. It ; ikq~L hard toenviro mc statllvy ra e I s nSLIhat 

se hov prdsmctivity increases its suh 
relatively small areas cai keep pace with 
the burgeoning demand for potato 
products. Based ot the experience of the 
SAPPIRA) countries, encompassing 
Indonesia, Malaysia, Papua New Guinea, 

the Philippines, Sri Lanka, and Thailatid, 
F.T. Rasco and I:.B. Arotini provided a 
coinprehenisive assessment of the scope 
for expanding potato production in the 
lowland tropics in a keynote address 
delivered at tle 4th Triennial Meeting of 
the Asian Potato Association in July 1994. 

In the SAPPRAD region, tile 
downward movement of potato has taken 
place in tile postpaddy rice areas of 
northern Thailand and central Java, in 
the sandy soils of the Jaffisa and Kalpitiya 
peninsulas in Sri Lanka, and in the river 
floodplains of the Cagayan Valley in the 
Philippines. Although no dramatic 
expansion in potato hectareage has been 
reported in these areas in the past few 
years, improved technologies for 
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production, marketing, and utilization 
could make sustained growth a reality. 

SAPPRAD recognizes several 
advantages of growing potatots in tile 
lowland tropics. Lowland potato is 
harvested earlier than both highland 
potato and many competing lowland 

crops. 'he lowlands also offer 

opportunities for mechanized potato 


production when labor becomes more 
expensive, 

The limitations of cultivatilg potato 
in tile lowlands are also well known. 
Year-round production is not possible. 
Potatoes can only be grown in the 
coolest and driest part of tile year 
(Figure 5). 

Potatoes grown in the lowlands ,Ire 
usually inferior in quality to those 
cultivated in tie highlands. High 
temperatures, particularly during tuber 
maura! on, result in lower quality. Dry 
matter is usually lower than that of the 
same variety grown in high elevations and 

tuber skin firmation does not take place 
normally. Dornancy is also shorter, 
resulting in faster sprouting And weight 
loss during storage and handling, 

At present levels of technology, tile 

production cost per unit of area of 

lowland potato is estimated to be lower 
than that of highland potato. But because 
of lower yield in the lowlands, the cost of 
production per kg of tubers is usually 
higher in the lowlands than ius the 
highlands. 

The most exciting prospect for 
extending potato production into the 
lowlands in the SAPPRAD region is in 
the postpaddy rice agroecology. About 
1,500 hectares of potato are planted in 
this agroecology in Chiangmai Province, 
Thailand, where cultivation on a 
commercial scale has been taking place 
for at least 20 years and recently has been 
increasing at 6.5% per annum, 

The greatest advantage of the 
postpaddy rice agroccology is that the soil 
is relatively pest-free. The flooded 
condition of the preceding rice crop 
substantially reduces soil-borne pests such 
as bacterial wilt, nematodes, and grubs, 
along with weeds. Potatoes can tap into 
tile usually high residual fertility from the 
preceding rice crop. Irrigation can be 
used to support the potato crop during 
the dry season when the water supply is 
inadequate for rice and low temperatures 
are favorable for potato. A more subtle 
benefit is the availability of rice straw for 
Mulching to reduce soil temperature, 
conserve moisture, and control weeds. 

This agroecology also has several 
limitations to expanding potato 
production. Land preparation is difficult 
because of puddled soil. The risk of 
flooding during tile early part of the 
growing season necessitates the 
preparation of elevated beds, resulting in 
a high cost of field preparation compared 

with that of upland soils. During extended 
rains, even elevated beds fail to prevent 
the rotting of seed tubers. Potatoes also 
compete with other high-value crops that 
are easier to grow and require less 
investment. In many instances, potato 
area has been observed to fluctuate 
according to the price of competing crops. 

Thai farmers have successfully 
cultivated potatoes in the postpaddy rice 
agroecology with several innovative crop 
management practices. Beds that are at 
least 30 cm high and 120 cm apart are 
prepared using tile hoe following plowing 
and harrowing with a 4-wheel tra, tor. 
Seeds imported from Europe are cut into 
small pieces, the so-called "Thai cut." 
Large tubers can produce as many as 
10-12 cut seeds; thus, the seed 
requirement is only 400-600 kg/Ia, 
instead of the usual 2,000 kg with whole 
seed. Cut seeds are sprouted in sand beds 
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Figure 5.Potato production season (between dotted lines) inthe low-elevation tropics. 

in the shade until sprouts reach 1cm Iin the field with a thin layer of soil, 
length, then they are planted and covered I which iskept moist by furrow irrigation. 
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Potatoes are normally harvested after 
vine maturity (90 days). But if price, are 
unusually favorable, harvesting may take 
place as early as 60 or 70 days after 
plantintg, 

What can be done to impove polato 
productivity in the postrice agroccology, 

particuilarlV in Thailand? Dramatic 
increases in productivity thirough 
improvements in fertilizer ianaienictit, 
irrigation, or pest management are 
unlikely, as irmners have constantly 
imIproved these areas otfcrop 
mnagcieent by trial and error over many 

years. For exatmple, tutber moth has ceased 
to be a problem in "hailiand, partly 
because ofcontrol measures that have 
been largely adopted by That farners. 
(tiher control measures, such as tlie use 
of TIilo¢ ihuri,i'oi (Bt ) an d gran, loStsvirus, have pbrivto be effcaive, Hiu 
harse not yet benen b biItrod uced 

prodtcers because tle problem 
of tuber 

moth is no longer perceived to be 

important. 


An obvious hope for improving

AliObIOISIIpCfohlpov .ngfinial

productivitv is a new variety, which can 
be produced doiestically, that is resistantto viruses tn l fits good stiorability. One 

such variety, Fang 60 (Achira 
 INTA), 
was released by halila nd's Dcpartnient f 

Agriculture after five years of testing. 
Fang 60 has consistently provided higher 
yields than imported seed varieties. Seed 
of Fang 60 caofca Fbetti rod6( ced at osvassociatedllbe prodtIccdIat !lw 
elevations, stored in cold storage for 7-8 
montls, then allowed to sprout for one 
month before planting under diffused 
light. Seed-sized tubers can easily be 
attained in Fatig 60 because its tuber size 
is innately small amid round. The major 
drawback of li,,ng 60 is its inferior market 
acceptance. Ware potatoes of Ftng 60 
fetch only about two-thirds the price of 
ware potatoes of imported varieties. The 
search for a better variety is likely more 

difficuhl in Thailand becauSe its growers 
and consumers are more discriminating 
than those in the Philippines or Sri I.,'nka. 

III conclusion, a lot renais to be 
done to fitnily establish potIeo 
cultivatioi ill the harsh environment of 
the Iowland tIropics. Potato culivation In 
these agroecologies will still continiuC 
even if new prodct ion technologies are 
not forthcoming. But we should not miss 
opportutitics to make the highly 
nutritious potato affordable to a broader 
sect ion of humanity sooner. 

Characterization of 

Sweetpotato Production 
Constraints and Opportunities 
The baseite surveys chariterizing 

sweetpotato production systems ill several 
African countries neared completion. We 
finished a draft report for Uganda in 
1994-t iid held a workshop in Tanzania iI 
November 1994 to collect all the zonal 
sure'ey data aiid begin prreparation of the 

report forliintt 

Research also began iin 1994 in three 
cisC study areas to explore the factors 
leading to the intensification or 
disintensification of sweetpotato 

producitin densely populated arcas of 
Eist Afric. In prarticular, we will examine 
the gender-related welfatre effects with the increasing 

commercializationl of swectpotato. 

= Characterizing production 
constraints and opportunities in 
Uganda 
Uganda is the largest producer of 
sweetpotato in Africa. In 1989, reseirchers 
in the swcetpotato program of the 
Nanuilonge Agricultural and Animal 
Production Research Institute (NAARI) 
began baseline diagnostic surveys in nine 
major sweetlotato-producing regions or 
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districts of Ugarda. These surveys sought 
to: 
" Docutment the role of sweetpotato u 

the firming aud food systems of 

Uganda; 


SIdcntit, production constraints and 

opportunities; 


* 	 Identify utilization constraintts and 
enhance understanding of the current 

pattrns of*swccipotato marketing, 
preservation, and consumplion; 

" 	 Generate iltOrnsatioi tn guide 
oi-fairri rescarch; 111d 

" 	 Fstablish general cx ante information 
(baseline data) as a basis ior future 
impact assessment. 

The majority of respondents in the 
proLduct ion survey were wsonieit. 
Piccemcal harvesting is an important 
gettder-specific practice docutcItd in 
the baseline surveys (Figure 6). 1In 
subsistence and scm isubsistcnce 
productiont, pilecetneal harvesting is 
c nuon,and was reported consistently 

by more than 85% of the survey 
respondents. A single harvest is usually 
done when swcetpotato is destined for the 
miarket. 

Piecemcal Liarvesting starts frIOin 
around 2 months aftcr planting fIr some 
varieties and is usually carried oItt b)y 
svonel who move around the field 
looki ,(Or cracks on msounds (indic,itive 
of'a sizeable tuber). One to tvo tubers are 
carefully removed using a sharp mcallic 
rod or stick, then the mnounid is again 
properly covered with soil. I Isually, 
enough swclpotatoes for One or niore 
meals for 1-2 days are larvcsted. 
Piecemeal iarvesting usually lasts 4-5 
months. The lcngth of a piecemeal 

harvest scens to be atfunction of variety, 
soil type, availability ofother foods, 
household size, disease and pest 
itfestation, attd veatlser conditions. 
Ilarvcsting too early rcsultCd in reduced 
yields, whereas hianesting too late 
exposed tubers to weevil attack. 

N EJ M WIT
 

-N,zT P,:,- .
 

Figure 6.Piecemeal har.'esting ofsweetpotato by women inUganda. 
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Different varieties respond differently 
to piecemeal harvest, with some varieties 
producing larger tubers. Varieties with 
longer maturity periods were most 
suitable for piecemeal harvesting, 

Whereas most farmers reported 
planting and harvesting sweetpotato 
throughout tileyear, planting is 
concentrated around March/April. When 
labor becomes too limiting, sweetpotato 
planing is extended to May, when rains 
are tapering off. Usually, crops that are 
less tolerant of water stress are planted 
earlier in tileseason, with more hardy 
crops, sLch Ias swectpotaso and cassava, 
sown later. Swcetpotato thus fits well in 
tile
fiarn labor profile as farmers can 
afford to postpone its cultivation for a 
fewsvweeks, usually without disastrotts 
consequences. 

SweCtpotato is tlajnly cultivated as a 
sole crop, but intercroppiing is important 
in some districts. Associating sweetpotato 
with beans is the most popular 

intercropping system. 


Districts with high populatio 


pressures experienced reductions in area 
devoted to sweetpotato over the past five 
years. In contrast, sweetpotato area is 
expanding in sparsely populated districts. 

The vast majority of farmers obtain 
vines for planting from their own fields. 
Under extreme weitlher conditions, vines 
are bought and sold. 

Over time, farners have selected a 
number of swe,,tpotato varieties that are 
identified by local lnamnes. The 
nomenclature is based on varietal 
characteristics such as yield, maturity 
period, tuber size, tuber shape, size and 
shape of leaves, and other fLctors such as 
place of origin and person who 
introduced the variety. From 20 to 50 
varieties were listed per district and 
characterized according to their perceived 
traits. A list of varieties that farmers had 

abandoned was also compiled in each 
district. 

Even though varieties vary across 
farms and districts, many varieties cut 
across farms, districts, and regions. Such 
varieties usually tolerate a range of 
climatic conditions, have ligh disease 
and pest resistance, and yield well. 

Preferred varieties tend to be high 
yielding, resistant to common pests and 
diseases, of medium maturity with good 
in-ground storability characteristics, 
suitable for piccemeal harvest with no 
fibers, and of good marketability, 
medium sweetness, and powdery texture, 
We perceived some varieties to be stable, 
that is, they have been grown for 20-30 
years without changing their culinary 
quaLties or becotthng extremely 
susceptible to diseases and pests. We 
attributed varietal stability to pest and 
disease tolerance or resistance, maturity 
pcriod, taste, yield, and in-ground 
storability. 
We used a scoring systen to elicit 

information on the severity of constraints 

to increasing sweetpotato productivity. 
Possible scores ranged from 0 (not a 
problem) to 4 (a very serious problem). 
We assessed perceptions on 19 potential 
constraints presumed to be common to 
tile surveyed districts, and alsoseven 

gathered intformation ott other more 
location-specific problems. Of tile 
constraints listed in Table 1 for the seven 
districts appearing in the main report, 
labor and transport costs received the 
highest average scores. The availability of 
labor and transport was usually perceived 
to be less of a problem than their cost. 
This difference between perceived cost 
and availability reflects the cash and 
capital shortages facing poor 
sweetpotato-growing households. In 
contrast to labor costs and availability, a 
shortage of land was not perceived as a 

17 



Table 1.Farmers scoringa o! constrdints to sweetpotato production inUganda by district. 

Constraint Average District 
score Kabarole Iganga Gulu Mpgi Luwero Arua Kabale 

High labor cost 2.32 2.82 2.15 2.07 2.98 1.86 2.31 2.04 

High transport cost 2.31 2.49 2.31 2.60 2.31 0.90 2.85 2.74 

Weevils 2.18 2.18 2.65 1.91 2.56 1.42 2.57 1.94 

Sweetpotato butterfly 2.13 2.51 2.67 1.92 2.28 1.88 1.96 1.69 

Lack of transport 2.12 2.14 2.09 2.43 2.11 1.04 2.50 2.56 

Drought 1.95 2.04 2.02 1.69 1.83 1.78 2.27 2.12 

Low market prices 1.95 2.58 1.69 2.28 1.51 1.44 2.09 2.07 

Other rodents 1.91 2.80 2.13 1.74 1.50 1.66 2.00 1.51 

Moles and rats 1.88 1.64 3.71 1.43 1.58 1.08 1.59 2.12 

Shortage offarm 
implements 1.82 1.56 2.27 1.91 2.07 0.70 2.45 1.79 

Lack of sacks 1.51 1.60 1.14 2.10 1.54 0.54 2.07 1.60 

Tuber rot 1.49 1.82 1.55 1.55 1.48 1.24 1.59 1.20 

Monkeys 1.48 0 3.83 0 3.00 0 3.50 0 

Labor shortage 1.38 0.91 1.67 1.38 1.66 0.96 1.57 1.48 

Lack of 'clean material" 1.32 1.38 1.73 1.60 1.02 0.46 1.71 1.35 

Virus 1.31 1.49 1.47 0.62 1.44 0.84 1.24 2.04 

Land shortage 1.30 0.98 1.73 1.36 1 5 0.68 1.74 1.04 

Lack of planting material 1.17 0.84 1.35 1.25 0.53 0.84 1.98 1.42 

Porcupines 0.81 2.67 0 0 3 0 0 0 

Wild pigs 0.53 1.09 0 0 1 1.18 0.37 0.06 

Flooding 0.52 0.24 0.23 0.25 0.07 0.60 0.76 1.46 

Miles 0.45 2.17 1 0 0 0 0 0 

Squirrels 0.29 2.00 0 0 0 0 0 0 

Average - 1.74 1.71 1.30 1.61 0.92 1.70 1.40 

No. of observations 46 49 53 47 50 49 52 
a. On a scale ot 0 to 4,where 0 not aproblem, 1=minor, 2=moderate, 3=serious, 4=very serous. 

serious problem. This perception Pest infestation, especially the 

reinforces the observation that these sweetpotato butterfly caterpillar, ,lcraea 
sweetpotato-growing households are acerata, was reported to be severe during 

relatively labor scarce and land abundant, the dry season. Prolonged drought also 

Weevils and sweetpotato butterflies leads to scarcity of vines and 
were viewed as the next highest ranking deterioration of tuber quality. 

constraints and were perceived as Vertebrate pests, mainly monkeys, 

moderate to serious problems in the moles, and rats, were o source of serious 
seven districts (Table 1). concern in several districts. In general, the 

Drought figured as an important perception of the severity of these pests 

source of abiotic stress. In contrast, except varied markedly across districts (Table 1). 

for Kabale, waterlogging and flooding Sweetpotato diseases, notably viruses 

were perceived as insignificant or minor and tuber rot, were observed and 

problems. reported. Farmers seem not to recognize 
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the economic importance of viruses, 
hence their low ranking. In most districts, 
lack of clean planting material was 
reported more constraining than lack of 
planting material per se. Low market 
prices, a shortage of farm implements, 
and a lack of packaging material were 
also reported as minor to serious 
problems, 

We have used the information from 
these surveys to investigate the effects of' 
the piecemeal harvesting system within 
which varieties and management practices 
are being evaluated to improve 
swretpotato productivity in more 
subsistence-orien ted production in 
Uganda. Initial trial results at Namulonge 
station, reported in the PIIll&:CFAnnual 
Rep'sort 1992-93, show that piecemeal 
harvesting competes favorably in yield 
with the optimal single harvesting date. 
Piecemeal harvesting is not characterized 
by a higher incidence of weevil 
infestation and damage compared with 
single-date harvesting, 

Homcgardening with 
sweetpotato in Southeast Asia 

With increasing urbanization, growing 
sweetpotato in iomegardens has a high 
potential to contribute to peri-urban and 
urban household nutrition and food 
security. UPWARD has supported a 
homegardening technology development 

project since 1992, primarily aiming to 
increase both the volume and nutritional 
diversity of garden output. The 
assumption is that such an increase will 
improve the nutritional well-being of 
pert-urban and urban families. 

The project strategy has involved a 
participatory evaluation of selected 
technologies by a group of women 
honegardeners, and in a small number of 
school gardens. This is followed by the 
transfer and diffusion of the results of 

these evaliations to other gardeners and 
schools through the involvement of tile 
local Nutrition Division of the 
Department of IIcalth ()OI 1)and tile 
Department of Edu cation, Culture, and 
Sports (1)ICS). Members of the original 
researCh teamn and th lie omegardener
evaluators trained homegarden trainers 
within DO1 I and I)ECS. 

The greatest impact was note] in tile 
adoption of new sweetpotato varieties: 
two-thirds of the original gardeners 
selected four of the evaluated varieties for 
some or all of the following reasons: taste, 
yield, ability to use tops for vegetables, 
suitability for piecemeal harvesting, and 
tile violet flesh of one variety. 

lhere was also a notable increase in 
the diversity of gardens as a result of the 
evaluations of mixed cropping with other 
species. Although the school gardens, 
which tested different organic fertilizers, 
showed impressive results, hoinegardeners 
were reluctant to evaluate either organic 
fertilizers or composts, for financial or 
time reasons. Given the poor quality of 
the soils in most of these urban gardens,
this area needs a continued effort. The 

project has now moved into a 
monitoring, evaluation, and diffusion 
stage. We are monitoring the 
autonomous expansion of gardening 
activities and technologies and making 
additional efforts to encourage that 

expansion. 
Drawing on this experience, a 

hioniegardening project also started in 
southrn Philippines, where we are 
investigating the role of gardens in 
biodiversity conservation as well as their 
contribution to household health. Some 
120 women from all areas of a single 
watershed are involved in tile 
documentation process, and 30 women 
are partners in technology evaluation and 
ethnobotanical assessment. 
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Adaptation and Integration of 
Potato Production Technologies 

The objectives of' this project are to provide 
NARS with advanced genetic materials, 
particularly ones incorporating virus 
resistance, heiat tolerance, and earliness iI 
desirable agronornic and mnarket 
backgroulds, ftirvarietal selection and 
release, and to develop progenitors for use 
in CIP and NARS breeding programs. Ilits 
general, tilerelease of varieties by NARS 

f'or iaking a pratical inPact via varietal 

chage. Table 2 lists ClIP-related varietiesreeased by NAKS i11996-i99-1. 


Assessing CIP's role in 
NARS varietal releases 
In 1992 aind 1993, CIP surveyed major 
p tmto-prodcittg NARS in developing 

cointrics to establish a database on 
potato crop iniprovelent programs and 
to evaluate how CII' cotld more 
effectively contribute to those prograims. 
by the end of 1994, 2- of the 34 potential 
respondents had returned the 
qtsCtionaire.iii These inc luded tilelargest 
potato-producing NARS a nI those with 
tile
most developed breeding programls. 

According to these respoise:s, the pace 
ofvariehl releases been acelerating
 

oser tnic. In the 1960s, the 24 programs
in total svere releasing abotit threevarieties per year; tie satne programs are 

ltov generating abot 15 releases per year(Figuire 7). This upsward trend is 

consistent witlh the increasing growth and 
dcvelopnnent ol potato crop improvement 
programs in developirig-cours try 
agriculture. 

Table 2.New CIP-related varieties released by NARS in 1993 and 1994. 
Country Origin CIP Original Name 

number name/code 
Peru CIP 377744.1 P-8 Kori-INIA 

CIP 379706.27 LT-8 Costanera 
CIP 384866.5 85LB70.5 Amarilis-INIA 
CIP 390478.9 C90.170 Tacia 

Dominican Rep. Argentina 720088 B-71-240.2 Ocoa 
Guatemala Mexico 575049 CEW-69-1 ICTAAlaska 
Venezuela Mexico 575049 CEW-69-1 Caribay 
Turkey CIP 378681.10 TR 79023/10 Sultan 

CIP 380543.2 TR 81040/2 Yayla Kizi 
Madagascar India 573079 1-1035 Mailaka 

Mexico 720084 CFK-69-1 Pota 
USA 800934 MS-35.9 Miova 

Uganda CIP 374060.5 P-3 Kabale 
Cameroon Mexico 720055 65-ZA-5 Bamira 
Bangladesh CIP 384073.457 TF Chamak 

CIP 385079.364 TF Dheera 
Philippines Mexico 676089 1-1085 BSU P-04 

CIP BP86500.5 LBR 1-5 BSU P-03 
China India 676089 1-1085 ? 
a.8W =bacterial wilt, EB=eady blight, LB =late blight, PVY potato virus Y,PVX potatovirus X,PLRV 

S=scab. 

Major attributes a 

LB 
PVX, PVY 

LB 
PVX, PVY, PLRV, salinity 
PLRV, LB 

LB, EB 
LB.EB 

PVX, PVY, S,earliness 
PVX, PVY, storability 
LB
 

LB
 

BW 
LB
 

LB
 

Earliness 
Earliness 

potato leafroll virus, 
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Figure 7.Pace of varietal releases by NARS by dacade. 

The composition of these releases has 
also changed over tlime. The 

questionnaires reported a total of 225 
national releases. Chronologically 
dividing that total into three equal sets 
gives /5 virieties releascd before 1980, 75 
betveel 1980 and 1986, 1nd 75 between 
1987 and 1993. In tilie first pceod, llost 
released varietles wc e elite clones 
introduced from developed countries or 
were varieties bred by NARS with no 
Involvemeti from Cl P (Figure 8). In the 
second period, NARS-brcd clones, 
identified by CIP for patlhogen testing 

id distribution to other NARS, 

p.irticul.irly sinaler prograns in which 
potatoes were ,not economically 
importiait cimIugh to InstIiL i breeding 
effort, became a major source of released 
varieties. As CI1's headquarters and 
megional breeding progralns nmaturcd, 
varieties selected by NARS from CIP-brcd 
poputlat ions figured promiiently ili the 
most recent period, 

Figure 8 charts the expected evolution 
of an international commodityimprovement program. Documenting all 

Increasing contribution of CIP 
progenitors as parents of NARS-bred
 
releases would be the final stage in this
 

development. 

Providing NARS with
 
advanced materials and progenitors
 
Iirgely because of demand from NARS,
 
we imade Iany crosses inI greenhoutses in 
La Molina and I nau cayo, Peru, in 1993 
and 1994. We distributed this material as 

TPS progenies for sclcction by breeders in 
national programs (Table 3).

The nutmber of duplex and triplex 

progenitors carrying immunity to PVY 
and PVX continues to expand. Nine 
clones, highly resistant to these itnportant 
seed-borne diseases, are ill the process of 
pathogen elimination and will soon be 
added to the pathogen-tested list 
(Table 4). Three are PVX ind PVY 
immune identified s duplex for both 
loci, one is PVY ininune triplex, Mid six 
ate immune to IVY and imunise to PVX 
or resistant to IT.RV. 

Evaluation of clones from CIP's 
virns-based populations for carl itess and 
heat tolerance conittinueCd ill 1993 and 
199-I on the Coast ofPeru. We conducted 
these trials in different seasons when 
aver.ige temperatures usually exceeded 
20'C and whetn it was considered too hot 
to cultivate potatoes (lable 5). Three 
clones were particularly outstanding and 

are targeted for pathmgen testing and 
subseun,ent distribLit ion. They 
outperforined tie local check, a recently 
released CIP-bred variety. Clone C89.3 15 
is inimutie to IVY and ITLRV; clones 
C91.612 and C91.640 are both immune 
to PVY and PVX and carry a high level of 
resistance to I RV. This material offers 
an opportunity for earlier or later than 
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Figure 8.Trends inCIP's role inthe generation of potato varieties by NARS. 

normal planting in environments where 
high temperatures affect productivity, 
Extending the length of the planting 
season stabilizes seasonal potato prices 
for both producers and consumers. 

Drought and frost are the most serious 
abiotic stresses affecting crop production 
in the Andes, where potatoes are often 
grown at above 3,000 m. After more than 
a decade of plant breeding, two 
frost-tolerant base populatioris have beent 
developed in Peru. Presently, 
frost-tolerant clones with excellent 
agronomic attributes, high yielding 
capacity, and attractive external 
appearance are available for both the 
Andes and tropical and subtropical 
highlanids outside the Andes. The 
advanced breeding materials under 
development for the Andean region 
segregate for resistarces to cyst nematodes 
(Globod'rapallida), and immunities to 
viruses (PVY, PVX) and late blight for 

specific locations. The materials for 
tropical highlands outside the Andes are 
early maturing and appropriate for markets 
with tuberosum standards of quality. 

In partnership with CIP, PIROINPA, 
the national potato crop improvement 
program in Bolivia, has also obtained 
excellent results from its work in breeding 
and screening for frost tolerance. In the 
future, I'ROINI'A will lead this research 
area in the Andean region. We have 
scaled down work onl frost toleranlce at 
CII headquarters and will eventually 
phase it out in 1995. We will clean a 
selected sample of clones from each of 
the two base populations for viruses for 
in vitro maiiteniance and further 
distribution as needed. We will intercross 
the rest of the selected clones to produce 
true seeds to preserve this source of 
resistance in long-term storage. Likewise, 
we will transfer all field-grown clones to 
the Peruvian national program. 
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Table 3.TPS progenies distributed to NARS during Table 4. New group ofPVX and PVY immune progenitors 
1993-1994. 
Country 	 Number of Amount of Attributes' 

proenies seeds 

1993 
USA 11 2,200 X,Y,E 
Brazil 187 37,400 X,Y, EB, E 

Colombia 40 8,000 X, Y 
Czech Republic 24 4,750 X,Y,LR,E 

Philippines 106 21,200 X,Y 

China 228 74,450 X,Y,LR,LB 
Spain 41 8,200 X,YE 

Soulh Kurea 53 10,600 X, Y 
Vietnam 55 11,000 X,Y,E 

Argentina 55 11,000X,Y,LR, E 
Ecuador 27 5,400 X,Y, LB 

France 52 10,400 X,Ya 
Taiwan 23 4,600 X,Y, LB 
Bangladesh 23 4,600 X, Y 

Turkey 39 7,800 X,Y 
Chle 61 12,200 X,Y,LR, E 
Agenina 33 4,000 X, Y LR 
Peru (Hunuco) 105 19,110 X,YLB 

1994 


Argentina 55 11,000 X,Y,LR,E 

Chi!e 105 47,400 X,Y,LB.E 
Brazil 308 41,600 X,Y,EB,E 
Colombia 40 8.000 X,Y 
Ecuador 27 5,400 X,Y LB 
Vietnam 133 22,600 X,YLB,BW 
Sown Korea 87 17.400 X,Y,LR, LB 

China 184 37,000 X,Y[B, BN 
Philppines 186 37,200 X,Y,LB,BW 

Maurl-us 32 32,690 X,Y,L.,E 
Czech Republic 24 4,750 X, Y LR,E 
France 52 10,400 XY,E 
Spain 41 8,200 X,Y.E 

USA 11 2,200 X,Y E 
Turkeyb 

39 7,800 X,Y,LR 
Bangladesh 23 4,600 X, Y, LR 

Taiwan 23 1,600 X.Y,LR 
Tunisiab 20 4,000 XY 
Uruguay 50 10,000 X,Y,LR,EB.E 

Peru 200 40,000 X,Y,LB, LR 
Total 	 2,803 613,750 

a. BW =bacterial wilt, E=earliness, 
EB = early =late blight, blight, LB 

LR = potato leafroll virus, X=polato virus X, 

Y=potato virus
Y 

b. Sent as tuber families. 

inprocess ofcleanup ofpathogens for distribution and use. 
Code CIP number Pedigree Resistance 
TY4 392760 1 YYI xYY3 PY 

DXY7 391894 7 XY14 xXY9 PVX-PVY 

DXY10 391895 10 XY9 xXY13 PVXPVY 
DXY15 391896 15 XY19 xXY.14 PVX+PVY 

C89 315 38897222 XY20 x37796.15 PVY+PLRV 

C916,10388615 22 B71-2402 xXY.16 PVXPVYPLRV 

C91,612 38861122 MEX-32 xXY9 PVX+PVYPLfV 

C92.172 392780 1 Sedafin xYY3 PVXPVY 

C91906 3927811 71-7,1.19 PVXiPVY12x XY13 

Dylcngth is potentlially an inlportant
 

variable in dcterntntlg varietal
 
adaplttion fit potato. III 1991, ('11 began
 

breeding project wvitll the lnstitiito 

Nacionial de Investigaciones 

Agropecuarias (INIA) in Chile to expand 
tile ranige of elite cloics with adaptation 
to long, short 	to ]lg,loig to short, and 
short daylengtlh conditions (Figure 9). 
The Latitdes of the f'our testing sites 
ranged from 30 to 41 degrees. Thus far, 
24 clones have been selected for superior 
performance for yield, coni rcial
tuber
 
petri lld for ied arito 

attribites, iitd ada Itovaryiag
.Theios 
daylength conditions. These clotes have 
been sent it vitro to ClP-l.inaa for further 
evaluittion and interniattonal distribution. 

This collaborative research also helped 
INIA to accleriate the evaluation of elite 
clone R-82248.11-3, which was niamed as 
variety PukLara ill1993. We confirmed 
Pukara's high yield, desirable market 
traits, P.RV resistance, and adaptatiol to 
short and long dayleigil III 
tnnltilociional lad nhiltiseasonal trials. 

Adaptation and Integration of 
Sweetpotato Production 
Technologies 

The objectives of this CIP project are to: 

lest elite sweetpotato gernplasmn 
selected coutntries, with afocuts on 
achieving rapid itnpact. 

T 	 ill 
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Table 5.Evaluation of advanced clones under str,ss and hot conditions. 

Clone Pedigree _ ___ Lima ,_----Tacna Ica Junin Mean 

La Molina La Molina Caete Calana Yarada Ica San Ram6n 
Spring Summer Summer Summer Summer Summer Rainy 
1993 1994 1994 1994 199,4 1994 1994 

C91.640 B71.240.2 x XY.16 25.17 15.41 20.33 5.63 16.87 16.75 26.67 20.98 

C91.612 MEX-32 x XY.9 29.40 14.30 15.50 23.13 15.77 12.37 16.67 18.16 

C89.315 XY.20 x 377964.5 20.87 16.83 15.33 26.83 10.83 10.80 20.94 17.49 

090.170 Serrana x XY4 28.37 13.40 9.43 19.63 9.30 10.15 21.10 15.91 

091.028 C88.196 x XY.16 31.60 12.10 13.17 1393 10.37 11.93 16.00 15.59 

C90.182 CUP.199 x XY9 27.77 10.50 14.60 18.33 8.43 9.50 15.42 14.94 

C89.262 Serrana x LT-7 15.27 10.05 21.67 21.57 12.77 11.30 13.25 15.13 

C90.266 XY.9 x LT-7 24.97 10.27 18.10 16.17 7.33 8.22 14.30 14.19 

C91.759 381382.34 x YY.2 30.87 12.53 15.07 14.33 5.37 12.6-1 12.22 14.72 

C89.294 YY.7 x 377961.5 21.30 14.72 11.60 16.50 8.57 7.50 12.11 13.19 

LT-8 Check 15.32 10.20 9.83 9.20 5.00 5.64 17.78 10.42 

Mean 24.63 12.76 14.97 18.66 10.06 10.62 16.95 15.52 

P ACCAThrIO 

jV 	 ,4 --

C : e ... , L :' 

Figure 9.Breeding material for evaluation under short to long daylength inCuracavi, Chile. 

" 	 Support varietal selection aid As such, t1e output of this project 
dissenintation elforts by nationAl tnitifests CIP's swcctpotato breeding 
programs in selected countries, strategy in partnership with NARS. 

" 	 Analyze and rcport the resltls of 

international testing efforis. 
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Refining the sweetpotato 
breeding strategy 
In June 1994, a group of sweetpotato 
breeders met at CIP-Linia to review and 
updatc CIP's global swcetpotato breeding 
strategy. The group recommen ded that 
breeding priorities focus on processing 
characteristics, drought tolerance, and 
weevil resistance in addition to earliness 
and root yield. 

Table 6 shows goals and priorities by 
region. Processing characteristics-such is 
high dry matter content-for feed and 
food are partictlarly important il East 
ald Southeast Asia and the Pacific 
(FSEAP), where more than 90% of the 
developing world's swcetpotatoes are 
grown. Weevil resistance was assigned a 
high priority itl each of the four regions 
listed. Drought tolerance was most 
important in South and West Asia (SWA) 
and sub-Salharan Africa (SSA), with 
secondary intporta nce in L.atin America 
ald the Caribbean (L.AC) and -SEAP. 
Viruses appear to be a njor constraint to 
increased swcetpotato productioll ill 

eastern Africa, patrtictlarly in Kenya, 

Rwanda, Tanzania, ,Ind Uganda. 

CIP's program emphasizes
 
decentralized sweetpotato breeding 

activities. But available resources are 


Table 6. Main breeding goals by region after assessment 

of constraints and opportunilies insv,eelpolato. 
Constraints.and ... _______-Constraints and ClPregion 
characteristics LAC SWA ESEAP SSA 
Weevil x x x x 

Virus x 
Drought x x x x 

Dry matter (starch) x x x 
Foliage (,)a (x)
Foliag e sWe)(x)c
Nonsweet varieties WestAfrica 
Storability x x x 
a. (x)= polnlial demand lor forage -typesweelpotato (torage only). 
Note: Improved earliness and yield are important objectives inal 
regions. 

limited. The group therefore agreed that 
Peru, Indonesia, and eastern Africa 
(Kenya and Uganda) be considered the 
main regional sites where CIP's 
sweetpotato breeding activities will be 
continued or further developed. The 
group acknowlcdged and approved the 
differentiation of breeding goals across 
the main breeding sites (Table 7). It 
recotmnended that China, India, and the 
Philippines continuc to be secondary 
regional sites where CIP should use 
available expertise and improved 
germplasm. 

Table 7.Goals for CIP sweetpotato breeding. 
Breeding site Main breeding goal 
Peru High dry matter/starch 

Drought 
Indonesia High dry mailer/starch 

Weevil 
Eastern Africa Drought 

Virus 
Weevil 
High dry matter/starch 

Note: Improved earliness and yield are important objectives inall 

regions. Evaluation for high dry matter and/or starch content will 

be considered accordng to regional needs. 

Given recent trends in s5eetpotato 
production and utilizttion, 15 priority
countries, considered to have the highest
potential for gretter impatct from CIIP 

activittes in swcetpotato breeding, were 
identified. These countries are China,Vietat, ldonesi,,, and the Philippines 

i SFAP; India and Bangladesh in SWA 
Peru, Cuba, anid Brazil in LAC; and 
Uganda, Kenya, Rwanda, Tanzania, 
Nigeria, and Caineroon itu SSA. 

- Evaluating introduced 
pathogen-tested sweetpotato clones 

cThedistribution and evaluation of elite 
clones accomplishes three purposes in 

CII s global sweetpotato breeding 
strategy. First, it offers a fast track to 
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rapid impact. Second, it helps to identify 

progenitors for crossing for future 
varietal development. Finally, 

information on the performance of elite 

material from various sources is valuable 

in predicting and understanding varietal 
adaptation. 

We conducted initial evaluations of 

pathogen-tested sweetpotato clones 
introduced by CIP in Kenya and Uganda 

in 1993 and 1994. In Kenya, 14 trials were 

planted; we evaluated 60 introduced 
clones in both the short rainy season 
(October planting) and long rainy season 
(April planting). The trials were located in 

one of four inid-elevation sites ranging in 
altitude from about 1,500 to 1,800 m and 

in annual rainfall from 700 to 1,900 mam. 

The introduced clones were mainly from 
Peru, the United States, Puerto Rico, and 
the International Inistitute for Tropical 

Agriculture (IITA) in Nigeria, with some 
introductions from Argentina, Bturundi, 
Cuba, China, and Paptia New Gutinea. 

As a group, the Peruvian clones 

performed better than any other source of 
germplasn, particularly at the cooler 
Nairobi and drier Katumani sites. 

Superior performance at these 
mid-elevation sites may be related to the 
adaptation of Peruvian clones to tile cool 

night temperatures prevalent during the 
Peruvian winter and in the East African 
highlands. 

CIP number 420027 was an 
outstanding performer in several trials, 

CIP virologists have reported this clone 
to be immune to sweetpotato feathery 
mottle virus (SPFMV); therefore, it may 

be virus resistant in East Africa. 
Moreover, the excellent performance of 

420027 and several other Peruvian clones 
in these trials parallels their superior 

performance in drought-stress trials in 
Lima, Peru (see Program 5, page 112). 
This consistent performance again draws 

attention to the unexpected similarity of 

agroecological conditions, particularly 
temperature, between the Kenyan 

highlands and Peru. 
Unforttnately, consumers do not 

favor this clone and several other 
outstanding performers. Number 420027 

("Zapallo," which mewms squash in 

Spanish) tastes like a squash, which is not 

%vhat consumers in Fast Africa expect of a 

sweetpotato. This clone is high in 

provitamin A; consequently, it may have 
potential for acceptance for baby feeding 

or processing. We also need to assess the 

clone's potential as a progenitor. 
In Uganda, we evaluated a small subset 

of 14 pathogen-tested clones in two trials 

at five locations. The introduced clones 
were highly susceptible to viruses at the 

five sites. Virus infection stunted foliage 
growth, preventing propagation by vine 
cuttings and increasing competition from 

weeds. Nonetheless, trial yields were 
generally good, and in some cases 
excellent. Ugandan consumers considered 
several varieties to have good taste, and 
plant breeders included four in the 
crossing block. 

In the Philippines, we obtained mixed 
results on the relative performance of 
introduced clones relative to local checks. 

In one trial, NC 262 and IITA-TIS 8250 
confirmed their status as consistent 
performers. In another trial, local checks 
outyielded a different set of introduced 
clones. 

In contrast to the results obtained in 
Kenya, introduced clones from South 
America performed poorly in Indonesia, 

where 99 were introduced from Lima in 
1993 and multiplied to evaluate 

adaptability in 1994 in Bogor. Of these, 
24 were selected for advanced yield 

testing. Selection was based on yield, 
weevil resistance, root flesh color, size, 
and shape. 
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The frequency of selection, when 
compared by clonal origin (Table 8), 
suggests that South American varieties are 
not adapted to Bogor conditions. Only 
one of 27 varieties was selected. Japanese 
varieties had the highest selection index. 

We obtained similar results in the 
evaluation of seed fiusilies from diverse 
origins. Proportionally, more seedlings 
were selected for future evaluation from 
Japanese families than from other origins, 
In particular, Japanese selections were 
characterized by their high dry matter 
content. The adaptability of Japanese 
material to Southeast Asian conditions 
could stem from agroecological 
similarities or tilestrong sweetpotato 
breeding program in Japan. Whatever the 
case, obtaining more breeding material 
and elite clones frcn Japan would appear 
to substantially enhance the prospects for 
sweetpotato improvement in Southeast 
Asia. 

Table 8.Origin ot CIP pathogen-tested clones selected in 
Bogor, Indonesia. 
Origin Varieties Varieties Selection 

tested selected index (%) 
SouthAmerica 27 1 3.7 

CIP-Lima 10 0 0.0 
North America 25 5 20.0 
Africa 26 10 38.5 

IITA 20 5 25.0 

Asia 21 8 38.1 

China 6 2 333 

Japan 9 5 55.6 

Total 99 24 24.2 

Evaluation of Impact and 
Sustainability of Potato 
Production Technologies 

Impact case studies 
The impact case studies and CIP's 
approach to impact assessment were 
reported in (I' in 1992: Progran Report 

(see pages xxii-xxviii). December 1994 
marked the completion of the last of the 
nine case studies. CIP will publish a 
monograph reporting tileresults of thiL
 
case study project in 1995.
 

The objectives of tile
case studies wekc 
to documlent CIP's accountability in 
making a production impact with NARS 
in farmers' fields and to generate 
information that could be used by 
scientists in technology design and by 
research administrators in resource 
allocation. Scientists from NARS and CIP 
were jointly involved in the case studies. 

We used conventional benefit-cost 
analysis to assess tilerate of return to 
research and extension in each of the 
case studies. We focused on the 
production context, component 
technologies, soUrces of benefit, and 
adoption profiles. We chose conservative 
assumptions to ensure that benefits 
would not be overestimated. 

Varietal, integrated pest management 
(IPM), and seed technologies are equally 
represented inthe case studies described 
in Table 9.File case studies are also a mix 
of small- and large-country success stories. 
Actual or projected area coverage ranges 
from 400 ha for farmer-based rapid 
multiplication in Da Lat, Vietnam 
(Figure 10), to 250,000 ha for true potato 
seed (TS) in Iidia. 

As much as possible, the case studies 
are based on concrete historicalinformation, that is, the timing of 

benefits in Figure 11 is mainly ex post. 
Presently, technology adoption in all the 
case studies extends to at least 100 ha in 
unsubsidized conditions in farmers' 

fields. A few of the case studies focus on 
technologies that are still in the pipeline 
or for which transfer is starting. Of these, 
perhaps the greatest source of uncertainty 
is attached to TPS in India, where benefits 
are also projected to be the highest. 
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Table 9.Impact case studies. 

General 

Varietal 

Integrated pest management 

Seed 

Technology 

Specitic 

Late blight resistance 

Resistance to drought and viruses 

Late blight resistance 

Potato tuber moth 

Sweetpotato weevil 

Andean potato weevil 

Strengthen seed program 

Rapid multiplication 

True potato seed 

Figure 10. Farmer-based, rapid multiplication inVietnam. 

We selected the case studics to 
represent the range of CIP-related 

technologies and to illustrate the different 

roles d an international agricultural 

research center (Figure 12). These roles 

range from strategic research, as 

exemplified by the case of TPS in India, 

Country Time span for 
project appraisal 

Rwanda, Burundi, 1978-1993
 

Zaire, Uganda
 

China 1978-2000
 

Peru 1979-2020
 

Tunisia 1976-2000
 

Dominican Republic 1989-2019
 

Peru 1988-2018
 

Tunisia 1976-1985
 

Vietnam 1978-1993
 

India 1978-2015
 

U JAYASINGHE 

to facilitating technology borrowing, as 
epitomized by the case of the 

Argentine-bred variety Achirana-INTA, 

which was named CIP-24 in China. 

In the literature, technological success 

in agricultural research is often 

accompanied by a rate of return on 
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Certain 	 Seed (Tunisia) 
(ex post) 	 RM (Vietnam) 

CIP-24 (China) 
LBV (East Africa) 
IPM (Tunisia) 

LBV (Peru) 

1IPM	(Dominican 
Republic) 

IPM (Peru) 

TPS (India) 

Uncertain 
(ex ante) 

Figure 11.Degree of certainty of impact in the case 
stidies. RM =rapid multiplication, LBV = late blight
varioties, IPM =integrated pest management, TPS =true 
potato seed. 

invest mei nt bet 'ect 30 III1d 501Q. The 
ecottottic profitability of severtil of the 
catse studies exceeded 	the ttodal rttge of 
30!o-50i)e (Figure 13). The flow of benefits 
started sooiicr for tie success stories tlim 

tot "typicAl" Igi(ulI-,1 resctrcIt, whicih 
is usully assOci.ItCd with t ftirly lottg 
gestatiott period before benefits are 
generated. 

The most prof-Itable priolect per uilt of' 
itnvestttettt \v,is the case of C11)-24 itt 
China. This case study illus1rttes the 
profitability of borrowintg techiologies 
that are well adapted to the production 
attd market conditions of the recipient of' 
these spillover benefits. 

Basic research 

Strategic TPS (India) 

research P 

LBV (Peru) 
Applied RM (Vietnam)

research 
IPM (Peru) 

IPM (Tunisia) 

LBV (East Africa) 
Seed (Tunisia) 

Adaptive IPM (Dominican 
research Republic) 

Facilitate CIP-24 China)
 
borrowing
 

Figure 12. CIP's role in technology generation inthe
 
impact case studies. TPS = true potato seed,
 
LBV = late blight varieties, RM = rapid multiplication,

IPM = integrated pest management.
 

The highest niet benefits per hectare 
troto Cll'-relaitcd technological change 
Were atssociated with the tdoptiolt of 
plantlets front tissue cstutre as a source 
of paiting material itt Vietntttt. 

)egettcrated seed of varieties susceptible 
to late blight was quickly replaced with 
clean seed of resista tt varieties with a ioV
cost, farnser-btsd ntuihiplicatiott systettt 
lIat Itts prosp-red over tite past 15 years. 

stittates of ttet preset value show 
tle return on inesttetnt, takittg into 
cottsideration the size of tie project 
(Figure 13). The variatiott itt these 
estimates reflects the snall- versus 
large-country mix inI tie case studies. 
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_________ 

Internal rate of return (%) 
CIP-24 (China) 

100 

LBV (East Africa) 

RM (Vietnam) 
Seed (Tunisia) 

75 -LBV 

IPM (Tunisia) 

50 

TPS (India) 
1PM (Peru) 
1PM (Dominican Rep.) 

LBV (Peru)25 

0 __________.5 

Figure 13. Economic results of the impact case studies. LBV 
IPM = integrated pest management, TPS =true potato seed. 

The case studies have generated useful 
infortmation for the design of 
technologies and pointed to priority areas 
for further research. Perhaps the most 
apparent implications for technology 
design come from the varietal case 
studies, tn which infortiation is elicited 
on farmers' perceptions of the 
comparative value of competing varieties, 

The case studies have also pointed to 
areas for further Study. For exatiple, tle 
fate of TPS in India is closely linked to 
the ecottomic perlormancc of and 
prospects for cold storage in the 
subcoltinent. Close substitutes for 
technical change, in this case cold storage, 
warratit tmore research attention. 

Net present value ($million) 
200 

100 -0 TPS (India) 

(East Africa) 

CIP-24 (China) 
10 

IPM (Tunisia) 
LBV (Peru) 

Seed (Tunisia) 

RM (Vietnam) 
IPM (Peru) 

IPM (Dominican 
1 Republic) 

= late blight varieties, RM = rapid multiplication, 

The case studies underscored several 
recurring themes in technology 
generation and transfer. One of these 
applies to IPM technologies that are quite 
location-specific and knowledge-intensive. 
Imparting more basic infortmation on the 
life cycle and behavior of pests is essential 
to unleashing the potential of farmers to 
participate in technology design and 
innovation. Indeed, edtcating fartners 
about pest management principles and 
general procedures is often as important 
as or nore importatit than giving 
recommendations about specific practices. 

Another theme relates to the size of 
econotnic benefits between "first- and 
second-generatiotn" technological change 
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(Figure 14). The main message emerging become substantially more selective iII 
is the amounlt of leverage clean seed and their use of different types of pesticides 
new varieties canl have ol productivity. (Figure 15). 
The diffusion benefit off spceding t1p Rcturming to tle issue of CIP 
adoption in the initial years is also accountability, the economic estimates in 
sizable. Additional varietal change once Figure 13 st:pport the ConIclusion1 that 
ar efficient seed system is in place mhakes technologies related to (IP and its 
a1welcome but-in relative cterms-a much partners have more than paid for the 
more modest contribution to increAsed investiletits made uid have benefited 
production. In other words, the initial iany small producers and low-income 
establisltmeiit of an efficient seed systelm consunlers. Adding the net benefit 
with varieties that ,re well adapted and strCamls of tle nine casC studies and 
resistant to late blight resuls in ii abrupt deducting Cll's total past and projected 
shift upward iii productivity. core resoutrce cxpetdit ures result in a 

'Ilie case studies also contained Soic positive rate ofreturn OtiIlNVeStletCIt. 
surprises. Reductions in pesticide use This "heroic" calculation is based on the 
were not as large as expected or were very conservative anl restrictive 
overshadowed by tile size ofolhcr assumlption that all past and ftuLre 
econsom ic bencfits. In tie case study of pralctical impact from ( IP's work is 
IPM for tile Andean polto weevil, restricted to these nine success stories. 
fariners at the pilot testing site still 1-ven excluding 'TPS itI Itdia, tile largest 
make two chetnical applications with the and most utcertain case study, the rate of 
use of IPM prlctices, but they have returnl on investmeillt is still positive. 

Additional production (tons) 

3,000 

_~A- -A- A.- -A- -A - A- -A,-

2,500 -A Replacing 04 and 12 with 07 

2,000 / 
Diffusio n 

1,500 /ifso
of benefits
 

1,000 ]Clean seed and replacement
 

0/ of old varieties 
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1978 1980 1983 1986 1989 
 1992
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Figure 14. Components of productivity benefits from the adoption )frapid mulliplication and improved potato varieties in 
Da Lat, Vietnam. 
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Figure 15. Trend inthe number of different insecticides used inHuatata, Peru. 

We could list a similar number of case 
studies for a sccond-generat ion research 
project. These would be somewhat more 
cx ante and, teretore, subject to greater 
uncertainty in benefit estination. Several 
of these would focus on more 
intermediate consequences such as the 
eliination or redtuct ion of diseases in 
breeding, seed, and production programs. 
Therelore, beneflt evaluation would not 
be isstraightforward as in the present 
case studies. Nonetheless, the case study 

project has not exhausted the nu,mbcr of 
past and prospective success stories of 
ccononic impact from CIP-relatcd 
technologies. Overall, the returns on 
investment in agricultural research at iP 
have been attractive and are at the level 
one would expect from an international 
commodity improvement program. 

Training 

During the past two years, Program 1 has 
concentrated training activities in 

Southeast Asia. The newly formulated 
International Sweetpotato Variety 
I)evelopnent Network, within the 
context of the larger SAPPRADI network, 
held three training workshops. 
Participants dcvelopcd standard 
procedures for collaborative trials during 
the training, and trained prospective. 
collaborators on hov to use them. The 
training was skill-oriented and intensive. 
After three years of courses, a two-volume 
book on variety evaluation was published 
in May 1994. 

During the first year of its second or 
main phase, the UPWARD network 
actively engaged in an array of training 
and capacity-building activities in 1994. 
The network held inore than 20 
workshops on topics ranging fromn 
training for researchers on farm 
household diagnostic skills to training for 

farmers on swetpotato production and 
nanagement. 
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1993-94 Research Projects and Partners
 

This list contains titles ofresearcbprojects, names of prin-cipalresearchpartnersand responsible 
CIPscientists,collaborating institutions, and,wben applicable,countries wbere work isconducted. 

Characterization of constraints and 
opportunities for potato production. 
T. Walker, P. Malagamba. 

* 	 Yield gaps and productivity 

constraints. J. Korva. 


" 	 Characterization of benchmark sites to 
support CIP's Andean Sustainable 
Land Use Initiative. CONDESAN, 
Wageningen U. C. Crissman, 
R. Hijmans. 

" Incorporating farmers' perspectives in 
the development and diffusion of 
technological alternatives ii, specific 
agroecologies in Bolivia. I-&OINPA, 
COTESU. J. Quiroga. 

* 	 Diagnostic research and priority 

setting of small potato farmers in 

Cotopaxi, Chimborazo, and Cafiar 

and investigation of the dynamics of
the potato sector in Ecuador. 


t P
potato setoi Ecuao.HbntubersFORTIPAPA, COTESU . A. Hibon.Tu 

" Characterization of potato productionsystms ith PRAACEnetwrksystem s in the PRA PAC E n etw orkdi 
countries. PRAPACE, USAID. P. Ewell. 

Characterization of sweetpotato 
constraints and opportunities. 
G. Prain, P. Ewell. 

" 	 Sweetpotato in African food systems. 
P. Ewell, J. Low. 


" Sweetpotato in Asian food systems. 

UPWARD, DCIS. C. Pram. 


" Socioeconomic studies on sweetpotato 
in India. V. Khatana. 

Adaptation and integration of potato 
production technologies. H. Mendoza. 

e 	 Adaptation and utilization of potato 
populations in breeding. H. Mendoza, 
W. Amor6s. 

9 	 Adaptation and utilization of potato 
populations for the hot tropics. 
H. Mendoza, J. Espinoza. 

e Breeding for resistance to frost, wide 
adaptability, and other major 
constraints of the highlands. J. Landeo. 

e Genetic improvement of potato 
incorporating greater variability using 
conventional and innovative methods. 
P. Accatino. 

9 Introduction and utilization of potato 
germplasn in North China. Song Bo 
Fu. 

* 	 Evaluation of potato germplasm in the 
Philippines. E, Chujoy. 

* 	 Sustainable potato production in the 
Dominican Republic. F. Payton.
 

9 Improvements of potato cropping
 

patterns 	to extend the supply of fresh 
through intercropping ini a.C M rtn
 

Tunisa artin
Breeding and adaptation of cultivated 
l d p o a o s e e . C U
 

diploid potato species. NCSU.
W. Collins. 

e On-farm trials to introduce cultivars 
to improve potato production in 
Burundi and yield improvements 

through agronomic practices. ISABU, 
AGCD. D. Berrios. 

Adaptation and integration of 
sweetpotato production technologies. 
E. Carey. 

e 	 Evaluation of sweetpotato clones in 
various environments in Peru. 
E. Carey, C. Fonseca. 

9 Evaluation and documentation of 
performance of elite sweetpotato 
germplasm in agroecologies of Latin 
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America and the Caribbean. E. Carey, 
D. Reynoso. 

" 	 Evaluation and development of 
suitable sweetpotato germplasm for 
eastern, central, and southern Africa. 
E. Carey, H. Kidane-Mariam. 

• 	 Introduction, evaluation, and 
multiplication of swectpotato 
germplasm in West Africa. 
1. Mendoza. 

" Improvement of sweetpotato in Egypt. 

R. El-Bedewy. 
" 	Bieding swcetpotato Populations 

having short duration and high stable 
yields for tropical and subtropical 
regions of South Asia. 'F R. Dayal. 

* 	 Breeding sweetpotato propulations for 

tropical and subtropical regions of 

India. T.R. Dayal. 
" 	 Testing of advanced sweetpotato 

gerniplasm in China. 
I. Gin Mok, Song Bo Fu. 

* 	 Development of improved sweetpotato 
germplasm for warm and cool tropics 
of Southeast Asia. E. Chujoy. 

* 	 Development and testing of advanced 
sweetpotato germplasn in Southeast 
Asia. I. Gin Mok. 

Evaluation of the impact and 

sustainability of potato production 

technologies. C. Crissman, 
T. Walker. 

* 	 Impact case studies. T. Walker. 
e 	Diffusion of CIP-related breeding
 

materials. C. Crissman.
 

e 	 Economics and institutional factors 

determining impact and beneficiaries 

of'UPS. A. Chilver. 

* 	 Agricultural chemical use and 
sustainability of Andean potato 
production. Rockefeller Foundation. 

C. Crissman. 
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PROGRAM 2
 

Germplasm Management and Enhancement
 

Potato Collection and 
Characterization 

Wild potato collection 
Of the 6,21-1 accessions in the potato 
genebank maintained at CIP, 1,500 are 
wild Solami accessions comprising 93 
species from 10 countries (Figure 1). 

During 1993, seeds of 347 additional 
accessions of wild pottoes collected Iby 
Carlos Ochoa before the creation of CIP 
were obtained from potato genebanks in 
the United States (289 accessions) and 
Gcrmiany (37 from Braunschweig and 21 
from Gross Lusewitz). 

Wild Solanum . (1,500) 
93 species rom 10countries 

og/ 

Native Andean cultivars
 
(3,694)


8 species from 10 countries
 

Seed increase by controlled 

pollinations, of accessions in the wild 
potato collection, Ias contintued in 
collaboration with the PeruIvian 
universities of Cajaniarca and Cusco, and 
at CIP's Iluancayo experiment station. 
We incrcased the seed stock of 186 
accessions comprising 42 tuber-bearing 
Solanm species in 1993, and of 311 
accessions comprising 62 species in 1994. 
Furthermore, the U9.S. potato genebank 
increased the seed of 85 accessions 
representing 15 wild potato species. 

With collaboration from CIP's 
Virology Department, reactions to PLRV, 

Breeding lines W,(685) 

Advanced cultivars 
(335) 

Figure 1.Number of accessions of Solanum germplasm maintained inthe genebank at CIP (total =6,214). 
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PVY, PVX, PVS, and PSTVd in genotypes resistant to PLRV, PVY strain 
populations of 21 wild potato accessions 0, PVS, and PSTVd (Table 1). We also 
were evaluated in 1993 and for another 19 evaluated accessions for resistances to 
accessions in 1994. We found genotypes bacterial wilt (49), potato tuber moth 
resistant to PVX strain HB only in the (152), and Andean potato weevil (152). 
progenies of accessions CIP 761946 of One outcome of potato intergenebank 
S. acaule and CIP 761194 of S. ambosinun. collaboration was the production of the 
CIP 761946 was also the only accession first version of a joint data file with 
that produced genotypes resistant to PVX passport data on 11,256 accessions of 
strain C. Several accessions tested had wild potato species maintained in the 

Table 1.Reactions of wild Solanum species to PVX strains HB and C,PLRV, PVY strain 0, PVS, and PSTVd. 

CIP number Collector Reactiona to: 
number PVXHB PVX c PLRV PVY0 PVS PSTVd 

S.acaule 
761946 OCH 14267 R2 R R R2 S S 

762038 OCH 14397 S S R R2 R8 S 

S. ancophilum 

761448 OCH 12086 S S S R4 S S 

761449 OCH 12086A S S S R6 

S.alandiae 

761392 OCH 12011 S S R R R6 R8 

761395 OCH 12016 S S R R R8 R8 
S.albicans 
761433 OCH 12067 S S S S S S 

761472 OCH 13014 S S R RB S S 

S.ambosinum 
761194 OCHS 11298 R S R6 S R2 R6 

762070 OCH 14603 S S R8 S R2 S 
S.chomatophilum 
762568 OCHS 12553 S S S R8 RB RB 
762571 OCHS 12564 S S R R8 S 
761582 OCHS 13325 S S S R2 R S 
762575 OCHS 12570 S S R R6 S 

S.chiquidenum 
762052 OCHS 14482 S S R R8 S 
762056 OCHS 14487 S S R5 

S.huancabambense 
761238 OCH 11619 S S S S S 

762123 OCHS 14865 S S S R S S 

S.irosinum 
762257 OCHS 15210 S S R R4 R8 R6 
a.S=susceptible, R=resistant. The number R2 indicates thepercentage of resistant genotypes in the population; therefore, R2 =20% 

resistant gt.notypes inthe progeny. Ralone indicates that allplants evaluated were resistint. 
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United States, Germany, Scotland, Russia, 
Argentina, and CIP.We will publish these 
data jointly, along with evaluation data. 

Andean cultivated potato
collection 


e Cultivated potato ollectiaccessions 
maintained at CIP received 7',0 new 
accessions donated by tileInstituto 
Nacioial de Tcctiologia Agropecurtia 
(INTA) in Argentina (170) and by 
Perutvian N(;()s (540). This genebauk 
now holds 3,9.1cultivated potato 
accessions, coniprising eight species from10 Coutries (Fi re 1). 

We completed cliaraclerization of key
niorpho~gical tralls of lihcniain Andean 
potato Co llectiom n 1993. At tile sameli 
time, 556 duplicate accessions were 

Identiid iniatcriJAS dIonI|l by 

1111a agricut, research sysitemsli'nal .ui,1 


(NARS) in previous years. Some 102 new 
Cuh~~irs froin tlheaccessions reinaining
 
frt),n ltlese donationls w'ere seeCtedI, ,lit 


wsehave incorporated them into the
 
po()t) collectio)n for lonlg-terin 


collservatioll ) igUrc 2). Inl199-, we
 
eliminated 17.3 duplicate accessiois.
 

(:II' also colinitued witl genetic 
diversity studies on tIle cultivated potat,
 
collction. We obtined data oil600
 
AndetI, culivars for alcls of the
 
cizyittc 11.1lte dclidrogeiase (MI), I-1, 

NII)I 1-2), isocitric acid dchydrogeitasc
 
(ID1I-I), phpllhoglhicosc iso,,ner,,sej 

I)(;l-lI,
diip(ior'tsc (I)IA-I), 
phjoSplIogltI-onltise I ( M-l, P(;M-2),
 
,iil glitjaitc oxailoaimcte tralsatiittse
((;(T-2L.A lprcl11111iNiLiyof'mf.,isoll 


,le frcticics for 1le 8 isiszyitc lo i 
.inlvlll1'ZCdiII these 6() Aident (ihtivirsl 
(A vs) ws mdc Wi1hIdatr, rpublidCd l-
9(1 North Amnicin vurictics (NAs). The 
following al Ies were presmi IIIth, Acvs 
butllbsetI in tile NAys: allele 3 f P(;I-I 
(0.006 frcqticn y),altesw allele of GO'-2 

tcntatively named 7 (0.115 frequency), 
allele 0 of PGM-1 (0.054 frequency), allele 
1 of PGM-2 (0.096 frequency), and allele 
3 of )IA-1 (0.014 frequtency). In 1994, wealso characterized 2,800 additional 

using isozyies. 
Rcsearcliers investigated the degree ofvis iifcioti in the cultivated collectiot 

by serological tests for lI.RV, PVY, IVX, 
PVS, API, aIn d APMV using tuber 
sprouts of 2,95 CCSShIs. Of Ihe2,905 
CCCsSI)Isof2 5aclyzced,only 142 did not 

produce positive reactionts for ay of ile 
SIX viruses tested. The restwere found to 
be IIIIcoed wItII six virusesone to 

(igure 3). These results cotfirmned tire 
great neced Ito phytosanlital ylinprovc thle 
staitus Cultivated Collection by aof tile 

systlematic program of virus eradicatioti. 
In 1994, 604 accessions inItile collectionl 
11ha1 heavily infectled will) viruiseswere 

tUliderwent in vitro ihernotlerapy and 

J DEUSTUA 

4 

I 

I !
I 

J
 

Figure 2.New Andean potatocullivars are maintained 
at CIP. 

37 



Number of viruses found 

N=2 

((87) N = 
(515) 

PVY 
( 270)PVX 

(142) 

N=3 
(793) N = 4 

(439) 

-N=O 
N= (142)(9 

N=612
N 5 ( 2 

(131) 

--

PVS 
2 8 

APMV 

(9 

Figure 3.Number of Andean potato accessions infected with the six most common viruses (2,905 analyzed). 
N = number of viruses. 

meristei culture. Serological tests for the Evaluation of potato 
most important potato viruses gave genetic resources 
negative reactions. This denonstrates the Open-pollinated seed lots of 285 
feasibility of cleaning the entire collcction accessions in the field collection were 
ill a few years. tested for PVI" infection in true potato 

In vitro conservation of the seed (TPS) of plants grown in the field at 

cultivated collection I-luancayo (3,200 in), Peru. None was 

The in vitro potato collection maintained found positive using a modified NASI 
atUP conttains 6test with a probe developed in CIP's 

Iacluding 8965 patlogcn-tesc clones and virology laboratory. CIP now tests seeds 
includingna895esparhogen-tested clones andg for international distribution for presence
other clonal research materials includitng of PVT, in addit ion to PSITVd. 

the late blight differentials, and the 

Andean cultivated potato collection. In We evaltated tuber dorinaity period 
on freshly harvested tubers of 2,201

1991, we trairsferred 446 accessions of accessions in the cultivated collection and 
Andean cutivars representin g unique identified accessions with dormancy of 
genotypes or new synonym groups from about 7 months in S. lubcrosmz ssp. 
the lield collection to in vitro culture. andhiena (31 out of 1,953) and ill 

In 1994, we also propagated I S. ste'noontmu (10 out of 150). Although 
complete duplicate set of the illvitro S. phurq'r tubers are known for their lack 
collection in standardized growth of dormancy period, fotur out of 15 
restriction ,nedia and sent it to the accessions evaluated sprouted at about 45 
hnstituto Nacional de Investigaciortes days. Dry matter content was measured in 

Agropccuarias (INIAP) in Ecuador for tubers of 948 cultivatcd accessions, and 
safekeeping under long-term storage 12 accessions identified with more than 
conditions (6 C, 2,000 lux/10 hours). 30% 1DM. Elvaluation of culinary quality 
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on tilebasis of texture and flavor after 
boiling of tubers showed 21 out of 936 
accessions to be highly starchy and quite 
tasty. 'These cultivar, have culinary 
attributes similar to those of cultivar Papa 
Atiarilla, which is highly appreciated in 
Peru. 

Screening for pest resistance included 
evaluations of 956 accessions in the world 
collection for their reaction to potato 
tuber nsoth. As a result, sve identified 12 
accessionis as moderately resistant. 
Laboratory tests slowed that seven of 47 
accessions, resistant to tile Andean potato 
sveevil IPrm(lryt,,s vorax from Cajanisarca, 
combined resistance to that species vith 
resistance to P..Rturicaflzs trom 
I luancayo and 1.blfthorax from Cusco 
(Table 2). 

Table 2.Potato accessions that combine resistancea to 
the Andean potato weevil Premnotrypes vorax, 
P.suturicallus, and P latithoraxunder laboratoiy tests. 
CIP accession Premnotrypes species 
number P.vorax P suturicallus Platithorax 
703675 MR R R 

703787 MR R R 
70,1338 MR? R R 
704342 R MR MR 
700124 MR MR R 
704337 MR? MR R 
704341 MR? MR MR 
a R=resistant, MR=moderately resistant. -

Utilization of nat ve 
S. tutberosum ssp. tuberosum from Chile 
The collection ofS tuberosum ssp. 
tuberosion native to Chile maintained at 
Austral University iuValdivia contains 
738 accessions representing about 300 
different cIthivars. 

Througlh a collaborative project 
involving the Isstituto Nacional de 
Invcstigaciones Agropecuarias (INIA), 
Austral University, and CIP, We evaluated 

the best clones selected over the years 
under long daylength in Valdivia at La 
Serena for short-daylength adaptation. 
Several clones showed a neutral reaction 
to photoperiod and had an excellent 
performance. Eight clones outperformed 
the commercial variety Cardinal at 120 
days from planting Under slort-daylength 
conditions. Pu riher comparisoisS under 
farmer conditions in a temperate clinhate 
and short daylength showed that clone 
314-8.4-5875-14 yielded 19.2 t/lsa versus 
17.7 t/Ia for Cardinal. Anotlher selected 
clone-85-1930-1-also outyielded Cardinal 
and svas selected because of its chipping 
quality; it has becis iitbrially named 
"Batman" because of its purple skin color. 

DDistribution of potato
 
genetic resources
 
CII' distributed accessionss of tile potato
 

collection as tubers, in vitro plantlets, and 
true seeds to 17 countries in1993 and to 
13 countries in 1994. Distribution of its 
vitro plantlets included 3,194 cultures in 
1993 and 5,050 cultures in 1994. 

One 1993 shipment contained 403 
accessions of Andean cultivars collected 
inEcuador. We sest these to 
FORTIPAPA it Quito to restore 
accessions lost frois tile INIAP potato 
collection as well as to provide a 
complete duplicate set of accCssioiss 
maintained its invitro culture at CIP. 
Besides the gerniplasm, this shipment
contained data files accumulated in tile 
database at CII' on collecting sites, 
morphological clsaractcrizat fois, atd 
evaluation for desirable traits. 

Its 1994, CIP sent 28 seed lots of 
crosses betwecn progenitors resistant to 
Erzzinia derived from S. tuberosani ssp. 

anmlig' and virus-resistant advansced 
clones with adaptation to long days to 
INTA inBalcarce, Argentina, for further 
selection under field conditions. 
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'Training 
CIP provided training on management of 
potato germplasm to four scientists from 
Peruvian institutions-Universidad 
Nacional del Centro (3) and the Instituto 
Nacional de Investigaci6n Agraria (INIA) (1). 

CIP also provided group and 
individual training in tissue Culture 
techniques and germplasm management 
for potato to 17 scientists from national 
programs in six countries. 

Potato Germplasm 
Enhancement 

CIP made major efforts in potato 
germplasm enhancement to improve 
resistance to insects and late blight, 
especially using wild potato species. We 
emphasized improving agronomic 
characters and resistances to pests and 
pathogens in diploid potato breeding 
clones, which yielded between 25 and 

. .. lllI",I 


40 t/ha under experimental conditions at 
Lima and at Huancayo, Peru. 

Insect resistance 
Glandular triclome-nmediated general 
resistance to insects derived from 
X berthaultii has been incorporated into 
various potato breeding lines at both the 
diploid and tetraploid levels (Figure 4). 
We also conducted work simultaneously 
at the Coiitato Nazionale per la Ricerca 
e per lo Sviluppo dell'Energia Nucleare e 

delle Energie Alternative (ENEA), Casaccia, 

Italy, and Cornell University (USA) for 

adaptation to long-day conditions, and at 

CIP, for short-day conditions. 

Collaborators in developing countries 
supported this effort by evaluating 
breeding lines with quantitatively inherited 
trichome traits. These included researchers 
at INIA, Chile; INTA, Argentina; Empresa 
Brasileira de Pesquisa Agropecuairia 
(EMBRAPA); University of the Philippines, 
Los Bafios (UPLB); and the Kenyan 

K WATANADE 

44, 

Figure 4.Field evaluation of diploid potato clones with potential for glandular trichome-mediated insect resistance. 
Resistance to the Colorado potato beetle was evaluated at Freeville, New York. Several collaborators indeveloping 
countries are conducting asimilar type offield evaluation forinsect pests such as aphids, thrips, and mites. 
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Agriciltural Research histitute (KARLI), 
among others. They provided feedback on 
the utility of glandular triclome-related 
insect resistance as well as adaptation to 
diverse environmeints. This grout of fot~Lt 
germplasin with genetic backgroullds 
fron S. brihatdli was evaluited at 
Cornell University for resistance to tie 
Colordo pJtato beetle, aind clones were 
evtluaed to issess value for production 
Of-,ILdVIced ttraploid gerinplasi., 

CIP id Cornellit ivrsit s no have 
avatilable flr distribution as clones atsd 
rue-seed faniflics awide rai nge odiploid 

atd tct raploid gerniplhstst possessinig the 
trichme traits. 

CIP-bred diploid ,asd ietraploid potato 
breeding lines witlh resistansce to l)t),lto 
tuber moth vere ev,tlhated at liis,1, Sa 
lriii, ,id I luamcayo, Peru, for tuber 
resistance to this insect pest. We observed 
a tiixenosis ,aisd ,itibiosis otn tihers, ailt{ 
tlscrefre evlluated selected germplasi 
repeitedly for both resistmice aid 
agroiiomic trailts il Peru as well as at 
colllaborating isStitutimosS. Sources of 
resist asce included S., paro/Ihlum, 
X Inn/tidic lum, . gturayi, 
S i/undibhui/,rme, mid S. vemuci. 

I lorizontal resistance to 
late blight 
l)tphod ,and tetraploid gertiplai w,is 
evalu.tCd in1 ee field 1n1,sly It 
(:,iisirt .I, PeIl, fo)r leif resist.ise to late 
blight In iI|el Iti dcvellp a potato 
breedinlg t %'itlilllhrizomt.il 
resistai. I Iis LisC.seW. 

\Wc ifs, sirveyedl wild po(ta.to species 
in the ,cullctits held it CIIP for 
poiteiti.illy iigli leve of iorizostal 
resistance to late bliglst, btit free of R 
geines. Researchers selected 300 cloines 
from these species for resistace it Santa 
Cataliia, -cutid~ir, ind also selected 34 
S 'huriJa clones for horizontal resist aice 

to late blight for use in molecular marker 
studies and in breeding. 

A series of dialploids from 
X llltertomu, ssp. an/igna cultivars with 
putative late bliglit resistance will be used 
to combiire resistance genes from the 
cloniCs sIetCd from wild species. 

lxploiting gerinplasm 
enhancement methods and generating 
unique gcrmplasm 

Wc made progress it iitroducing genes
frtill 3.' aclau into ,advaisced clones by 
usiing embryo rescue and iolecular 
markers (Figure 5). Thesc methods could 
Iccelerate t ie use of other species such is 
disomsic tetra ploid species and some 

diploid species that are normally 
cross-inCotupatible with cultiv,,ted 
potlloes, but which coiltails geies fbr 
resistance to pests ,tid )aILtogeis. 

L.asdr.ce cultivars tit belong to 
Sd lub/)'rosluml SSp. mldtglci' , S. .lt'otomlum, 

Itd S. thurtji as well as several wild 
species utique to Argeitna were used at 
INTA-Balca rce to increase genetic 
diversity atsd ctliisary quality. A series of 
diihaploids was obtained from various 
cultivars at INTA-1,alcarce and at CI' II 
order to widen the genetic backgrounds 

of our diploid )'puilatiotls. 
A broad range of 2x x 2x, 4x x 2x, and 

4x x 4x true-seed fdrsilies as well as diploid 
and tetraploid clones that are resistant to 
pathogess (such as bacterial wilt, late 
blight, Mid P'LRV) are now available at 
CIP for use by NARS and others its 
breeding or for selection of varieties. 

Application of Molecular 
Technology to Potato Breeding 

CIP made a thorough phenotypic 
evaluatiots of target, quantitatively 
inherited resistance traits together with 
molecular marker linkage analyses. We 
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attempted to refine techniques for 
nonradioactive labeling and detection of 
DNA probes to facilitate the laboratory 
research capability of national program 
clients (Figure 6). 

Testing genetic markers for 
glandular trichome traits and resistance 
to Colorado potato beetle 
We tested RFLIP markers associated with 
glandular tricliome traits and resistance 

to the Colorado potato beetle (CP3) 
using diploid and tetraploid breeding 
lines that share de same genetic 
backgrounds with the original resistance 
donor, an S. berthndtii clone. Selfed 

progenies of tetraploid trichome clone 
1,235-4 and another 4x flimily from 
1,235-4 x N 140-201 were used to apply 
specific markers at Cornell University, 
especially for resistance to CPB. 

K WATANABE 

Figure 5.Rapid introgression of S.acaute germplasm by an innovative enhancement method using embryo rescue, 
compatible rescue pollination, ploidy manipulation, and molecular markers. This work took four years, whereas classical 
breeding required 20 years. 

MR HFRRUPA 
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Figure 6.Nonradioactive tabeting and detection with an RFLP probe on the segregating population gp for late btight 
resistance. Detection can be achieved in1-2 hours with good r,'soluticn. 
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Collaborators in developing countries are already using a small subset of thuereja 
tested specific markers simultaneously for accessions for genetic imapping of late 
insect resistance in both 2x and 4x potato blight resistance. We have extracted I)NA 
germplasm possessing glandular from about 25 accession; and begun a 
trichomcs. RAII) screening of primer am plification 

_ "- DNA fingerprinting of the and identified polymorphism in eight 

potato collection genotypes (Figure 7). We will continue 

The potato collection held at CIP has this screening to select for primers that 
been asseubIld onl different occasions, produce a reliable and infOrmativeand by different collectors working in aiplification pattern ill order to use 

and y dfhrnt pritiers to an~alyze the S. phurcfleollctos wrkig~thtese 
several locations. This has resulted in 

many duplicates. We now expect DNA collction. 

fingerprinting to identify closely related Genetic mapping for tuber 
gcnotypes as well as provide newv insights resistance to potato tuber moth 
into the genetic diversity of this potato CIIP evalutmcd 115 intcrspccific hybrids 
germplasm collect ion. derived frotn a cross between ,Sthrq'a 

The species S. lurela was chosen as CCC 1386.26 and S. .yarst/, clone 
the model for this )NA fingerprinting P1123050.2 three times for tuber 
exercise for the following reasons: resistance to HIM. One resistant, 12 
duplicates are likely to be present, it has a moderately resistttt, and 102 susceptible 
good potential for improvement, and we clones were identified. We will use this 

D FAJARDO 
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Figure 7.[NA fingerprints of 12S.phureja accessions using RAPD primer OPZ-4. The arrows point to apolymorphic 
band among closely related genotypes. 
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PTM resistance segregation for 

preliminary mapping of this quantitative 
trait. Simultaneously, using the 13 

resistant clones, backcrosses have been 

made to generate populations to permit a 

higher resolution in genetic linkage 

mapping ' 

SBasic studies for mapping 

horizontal leaf resistance to late blight
Coiestalshed veral andidtate blgt
CIP established several canldidate 11iploid 
populations for mapping qtUaIttitative 

loci of horizontal leaf resistance to late 
blight. We achieved clonal propagation of 

hese cattdidate diploid families and 
conducted repeated laboratory and field 

evaluations in C aja n arca, Peru, and 

Morochata, Bolivia, for this resistanc. 

We have now focused on linkage 

atialysis with molecular markers and 

phlenotypic evaluation resistance in two 
diploid interspecific hybrid progenies: 
(1) 103 clones derived from a cross 
-S. 7,rruowium PI116163 x S. I'hurt 
CCC81 cv. Yema de I-luevo---anid (2) 133 
clottes from S. Iguonha/y, cv. Amarilla x 

S. phuryja CCC8 1 cv. Yema dc I luevo. 

Monitoring introgression 

with molecular markers 

CIP conducted tuodel studies ott 

monitoring introgression with mlolCcular 

markers in-house and with collaborators. 

Somatic fusion progenies derived froit 

S onmmcrsonii aitd cultivated potatoes, 
wcrc employed to monitor tfc 

iitrogression of genes from the wild 

parent (at the University of Naples, Italy). 
Introgression lines derived from S acaide 

for gerntplasit ettlancenent are also 
useful for screening with molecular 

markers to identiify hybrids (CIP and 

Cortell University). We are now applying 
these molecular markers gradually for 
gerlplasln enltacelmeit as a means to 

accelerate the breeding process. 

Genetic engineering for 
insect and disease resistance in potato 

We conducted diverse activities at CIP 
and with collaborators to test genetically 
engineered potatoes. Activities included 

the use of: (1) lytic pcptide genes derived 

from the giant silk moth provided by 

Louisiana State University to prevent 

devastation caIsed by bacteria 
(Universidad Catlilca,Chile, and CII' for 
bacterial wilt) and fnngi (University of 
TLuscia, Italy, for late blight); (2) virus 

coat-protein genes for resistance to IVX, 
PVY, and PLRV (CII); (3) antisense 

technology to controb PSlVd 

) nd n genes foriip t o lan (ts 
thuringiensi (fit) endotoxini genes f'or 

insect resistance (CII, in collaboration 

with Plant Genetic Systems (PGS), a 

private Belgian firm). Putative transgenic 

plants were selected by using kanamycin 
resistance and GUS marker genes, or 
testing for the presence of foreign genes 
in the labor.ory (Figure 8). We 
mailn.atied the transgenic plants in the 
lab for further testiig of resistance by 
phtciotypic cvalatiomt itt regulatory 

agency-approved environments, following 

biosafety rules. Major activities in genetic 

engineering of potato continue to focus 

on improving insect aitd bacterial disease 

resistance. 

Bt endotoxin-based insect 
resistance 
CIP concentrated ott tle introduction of 
artificial insect resistance genes into 

potato varieties, targeting PTM resistance 
by using Bt endotoxin protein genes for 
varietal improvement. CIP made 
arrangements with PGS for the use of Bt 

genes by CIP in transgenic versions of 

potatoes for developing countries. We 
used major potato var;Lties from North 
African countries as well as 

representatives of CIP's breeding lines. 
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Figure 8.Vigorous regeneration of putative transgenic plants from cultivar Serrana-INTA using an Agrobacterium

tumefaciens-based transformation system.
 

CIP is now testing 41 transgcnic lines I nes proIuced tubers and showed some 
from varieties Sangema and Cruza-148 field rcsistauce to bacterial will disease. 
against H'M under scrcenhose We ae working to design and improve 
conditions. Most of the transgenic plants gene constructs and employed cecropin 13 
showed a high level of resistance to FIM and attacin E gene cotnstructs to optimize 
itboth tubers and foliage. We conducted their gene expression. We considered 
field evaluations in San Ram6n, Peru, three levels for itmproving gene 
following Peruvian biosafety guidelines, expression: (1)nuclcot ide sequence 
which C1IP and the Peruvian government improvement for transcriptional and 
Jointly established. Fourteen other translational activities, (2) extracellular 
transgenic lines showing adaptation to targeting of lytic pept ides, and (3) 
subtropical conditions, derived from LT-8 exploitation of promoters that would be 
and Sangema, were tested in the field suitable for a strong constitutive and 
under PTM infestation, and resistance tissue-specific expression. Smart Plant 
evaluation is ongoing. Internatiotal Inc. (USA) provided a 

bovine lysozyme gene constiuct for 
Bacterial disease control research purposes, in this case also with 

using lytic peptide genes potential for bacterial disease control. 
CIP cvaluated in the field a series of Workshops and 
transgenic lines that had lytic peptide individualized training on molecular 
genes for bacterial wilt resistance inpotato markers 

production under subtropical conditions With support from a United Nations 
at San Ran6n. Three out of 19 transgenic Development Programme (UNDP) 
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project on biotechnology-assisted Swectpotato collection 
breeding, three major workshops on the We added 498 iicv acccssions to the 
application of molecular markers to sweetpotato collection maintained at CIP. 
potato breeding were held in Uruguay, Of these, 24 were donations from 
the Philippines, and Kenya iil 1993-1994. Peruvian institutions, 47 came from 
In addition, several regional planning collecting expeditions in Peru, and 427 
sessions were held so that project were sent from the Asian Vegetable 
participants could work together on the Research and 1)cvclopment Center 
application of molecular markers. 
Individualized training was conducted, (VI()i awnIdiadr nii, The culhivated collection now contains
principally at CIP and Cornell Univrsi, 
for the use of RFI'- and PCR-generated 
markers in potato breeding. These 

i i i
activities also permitted exchanges ofscientists among participating intttos 

Sweetpotato Collection and 

Characterization 


Wild Ipoynoea collection 
CIP maintains 1,204 wild lpoMoea 
accessions as seeds, comprising 11 species of 
section Bataas, 51 species of other sections, 
and weed types of 1.bafatas (Figure 9). 

Because the number of seeds from 
wild lpmowa species obtained during 
collecting expeditions is generally low, 
seed increase is a high-priority activity. Ii 
1993, we obtained open-pollinated seeds 
from 238 accessions of 11 species of 
section Batatas and six accessions of other 
sections. We also obtained a total of 7,157 
seeds by intercrossing accessions of . x 
leucan/ha (lea), L tih'ao (tIc), . fri/ida (tro, 
amid I. friloba (trl). In 1994, we produced 
more than 32,000 seeds by controlled 
pollinations of 172 accessions comprising 
18 wild lpomoeia spcies. 

We made taxonomic identifications of 
136 wild Ipopnwm accessions il 
collaboration with Florida Atlantic 
University (USA). Within this batch, a 
relatively high frequency of tetraploid 
I.bataas among wild materials collecled 
in Ecuador and Colombia was identified. 

318 accssios that are clonally 
5 i 
maintained, including 3,985 native and 
advanced cuiIvars from ,43countries and 
a e o3 countries and1,333 breeding lines (Figure 9).


Since 1993, 
 we have decreased the 
number of Plruviai sweet potato cultivars 
maintained in the field at La Molina 
from 1,458 to 1,068 having verified the 
duplicate status of all morphologically 
identical accessions by electrophoretic 
comparisons of total proteins and 
esterases. As a standard procedure, we also 
obtain seeds before eliminating clonal 
materials. 

Of 978 accessions from 10 countries 
in latin America and the Caribbean 
maintained in the quarantine screenhouse 
at l.a Molina, 131 accessions have been 
grouped as potential duplicates.-

In-country characterization 
ofswectpotato collections 
In Argentina, of 320 accessions gathered 
during INTA-CIP collecting expeditions, 
the field genebank maintained at the 
Estacib, Experimental Il Colorado, 
Formosa, contained 262 accessions in 
1993. Some losses occurred in 1994 
because of unfavorable climnatic 
conditions. The remaining 177 accessions 
were sorted into 37 duplicate groups. 
Electrophoretic comparisons of proteins 
and esteiases made on 48 accessions 
showed that they comprised only seven 
different cultivars. 
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Native and advanced Wild Ipomoea (1,204) 

cultivars (3,985) 

Ibatata weed? (138) 
From 23 American 
countries (2,735 

/ 
.. 

Unknown (68) 
51 spp. other 
sections (417) 

11 spp. section 
Batatas (581) 

hybrids (1,013) 

Fm 1AVRDC hybrids (38) 
countries (950) From 3 African Peruvian hybrids (282) 

countries (21) Unknown 
origin (279) Breeding lines (1,333) 

Figure 9.Number of accessions of Ipomoea germplasm maintained inthe genebank at CIP (total =6,522). 

We concluded morphological 
characterization of the sweetpotato 
collection in Paraguay in 1994. The 
collection contains 71 accessions 
representing 44 potentially different 
cultivars. Accessions with good potential 
for drought tolerance, with yields ranging 
from 20 to 26 i/ha after 150 days, were 
identified. Two accessions considered 
duplicates (Veti Manduvi DIT 4232 and 
Moroti PRY 18) had the highest yields. 
Most accessions showed lItuscepev weevil 
datnage, but ctl tivar Anda I (DILP 5229) 
showed no insect damage. 

In Brazil, 460 swecipotato accessions 
maintained in the field at EMBRAPA's 
Centto Naciotal de Plsquisa de 
Ilortalit-as (CNPIl ) near Brasilia were 
characterized; 271 were fttid to 
comprise 68 potentially different cultivars. 

InI Mexico, of 259 accessions 
maintained by the Instituto Nacional de 
Investigaciones Forestales y Agropecuarias 
(INIFAP) in the Campo E.xperimental 
Cotaxtla near Veracruz in 1993, 89 
accessions collected on lirms located near 
Iluinanguillo, Tabasco, were identified as 
duplicates of one cultivar. In 1994, 124 
other accessions were found to comprise 
31 different cultivars. We recorded 
storage-root yield data for [ie entire 
Mexican collection and selected some 
accessions that combined high yield, very 
low (,las damage, and good storage-root 

characteristics. 

In Ilonduras, two CIP-Ceniro 
Universitario Regional del Litoral 
Atiantico (CURLA) collecting expeditions 
in 1990 and 1991 gathered 311 accessions 
of!. batalas. In 1994, CURLA maintained 
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only 168 accessions, and none is 
duplicated at CIP. A first attempt to 
identify duplicates in this collection 
showed that 87 accessions could represent 
35 different cultiva rs. 

The morphologically identical groups 
found in the sweetpotato collections of 
Argentina, Paraguay, Brazil, and Mexico 
need to be verified by electrophoretic 
analyses of proteins and esterases from 
storage roots or by DNA fingerprinting. 

Indigenous knowledge on 

sweetpotato in Irian Jaya 

The diversity of the natural enviroiment 
and long history of }lna settlement in 
lan Jaya (Indonesia) fostered a wide 

range ofagricuhUra) systems and 

practices. Although swcetpotato is the 

most important staple overall, its relative 
importance varies. Most sweetpotato 
grows at igher altitudes (rll to 2,800 in), 

vlsrere population oensitia 9re also 

sweetpotato is produtced in the two 
Mountain divisionis of Paniai and 
Jayawijaya, where less than half of the 
population lives. 

Germplasm collection carried out il 

1993 in the Jayawijaya division showed 

tile richness of both local sweetpotato 
gernplasm and tile cultural knowledge 
related to it. Within a somewhat restricted 
area, 224 sweetpotato accessions were 
collected. The istntber of cultivars per 
location varied between 15 and 43, with 
an average of 30. 

The major cause of the rapid adoption 
and spread of sweetpotato appears to be 

its higher tolerance of drought and low 
temperatures thans that of other staples 
such as taro. In addition, sweetpotato is 
more productive than other crops and 
call be used as pig feed. S.veetpotato 
enabled highland societies to shift their 
subsistence base from hunting to 

horticulture, and to raise more pigs, which 
can be used to barter for other goods. 

Cultivar names often refer to distinct 
properties, such as morphological 
similarities to other plants and animals, 

the color of milk or blood, and adjectives 
of size, or to people who brought tile 
cultivars to a village. Sweetpotato is 
locally called ipere, sipuru, or mbi, 
depending on the area. 

Women know more than men about 

the characteristics of sweelpotalo cultivars 

(Figure 10). Tihey recognize clones 

adapted for cultivation in valley bottomrs 
or on slopes, early- and late-maturing 

r 90 to 210 days), and others
that require special cultural practices such 

as staking because of their long vines that 
could cover other cultivars and cause 

rotting. Sweetpotatoes are also 
differentiated by their palatability and 
suitability of tile leaves as a vegetable. For 
baby food, consumers prefer soft and 

sweet cultivars with a colored flesh.
Cultivars fed to pigs are large and fibrous. 
I-1umans eat these cultivars only during 
food shortages. 

M In vitro conservation of the 
cultivated collection 

The in vitro sweetpotato collection 
contains 4,671 accessions. The number of 
patlhogen-tested clones has increased to 
403 accessions, and 247 more clones are 
in tile process of pathogen cleanup. 

Some sweeipotato cultures that we 
received from other laboratories were 

contarnitnated with a Gram-positive 
cocobacillus and a Gram-negative 

bacillus. A thesis research project is 
looking into their control with antibiotics. 

Another problem found in some 
donated accessions was lack of root 
development in meristems whets they 
were transferred to the iedia used at CIP. 
Research showed that all genotypes had 
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different root development under 
diffcrent culture media. 

We also began research to develop a 
protocol for tile storage of sweetpotato in 
in vitro cultures for at least two years 
without subcultures. A culture medium 
consisting of"20 g of mannitol and 20 g 
of sorbitol and storage temperature of 
22 'C showed much promise. Cultures 
remained in good condition for up to 16 
months, 

CIP sent a colplcte duplicate set of 
the in vitro sweetpotato collection to the 

Instituto Internaciotial de Estudios 
Avanzados (IDEA) inI Venezuela for 
safekeeping. 

Evaluation and utilization 
of swcetpotato genetic resources 
Screening of 975 accessions iII the 
collection inaintaied at CIP showed 
five accessions resistant to tile weevil 
lum'; s; sgziaiztx, 65 resistant to the 
nin,tode AhIloido, in/oqita, anld 

42 resistant to the fingus Plenodomus 
deestruens. 

We evaluated vegetative period for the 
production of cormercial-sized storage 
roots in 1,718 accessions of native 
cultivars, hybrids, and advanced cultivars. 
We found 217 accessions to be potentially 
early (harvest at 90 days front planting), 
and will reevaluate these results. We 
measured dry matter content for 182 
additional accessions and, oft416 
accessiois evaluated for reaction to the 
fungus li'/diage. )int, 23 showed 

resistance. Similarly, of 118 accessions 
from the patlogen-tested list, we fotund 
23 to be drought tolerant. Four Peruvian 

accessions with good potential for use as 
fbrage wcrc identified. 

Collaborative research on the 
swectpotato collection in China 
identified clones Xu-13-14 and lLushu2 ts 
cold tolerant. Ticy yielded 24 and 
22.5 t/lia, respectively, at Wuneng 

J SCHNEIDER 

Figure 10. Irian Jayan women help with asweetpotato harvest. 
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Institute in Inner Mongolij. We obtained 
similar results at the Bao Steel Plant farm 
of Baotou City in Shanxi Province. Two 
other cloncs, Beijing 553 and Zhaoyuar 
15, werc planted at the Inner Mongolia 
Academy of Agricultural Sciences to 
determine the effect of ntulching on yield 
under cold conditions. Beijing 553 
yielded 7.9 t/ha and Zhiaoyuan 15 yielded 
12 I/Iha offresh roots withoil iulching. 
With mulching, Beijing 553 increased its 
yield by 10(0% and Z/hoytan 15 by 75%. 
Further yield trials were conducted at the 
I Ilohhot Muiicipil -xtension Center f. 
Agricultural Technology with Xu,13-14, 
l.usltu2, l'aislhu2, Ststitssahikari, aind 
Lizixiang. Yields were 45.9, 36.6, 27.0, 
17.7, and 22.9 t/ha, respectively, itI 
replicated tritls. 

III Bangladesh, se selected clones 
SP-277, SP-281, SP-320, antd SP-503 for 
toleraice of salinity out of 378 accessions 
maintaiined in the natiomal collection. We 
selected eight other accessions with more 
than 35% drlmiatter at 130 days. Of 102 
early-iaturtitg accessions, SP-284 had the 
h iglhest yiClLI-) 1.2-1 t/ha at 90 days fRits 

planting. From 3,200 seedlings froit 
crosses between SP-092 aid stmntdard 
cultivars Ka ialasmid ri atdtl aulatpui', 
we selected 55 clones. The two tm-ist 

promising clones were identified as 1)44 
and ID-53, with yields of about 35 t/lha. 

D-53 has a vitamits C conIcIt Of0aboti 
14 t g. National Seed Board of0IO hlie 


Bangladesh has approwed both clones f'r 

release as cotit crci, l culthivars Under the 

names BARI-Sweetpotato-i aistl 

BARI-Swectpotmit-5. 

Distribution of sweetpotato 
genetic resources 
CIP distributed genetic materials by 
sending true seeds from 34 accessions of 
wild Ipomoea species to for countries. 
CIP also senit 638 accessions of 
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pathogen-tested cultivated materials to 27 
countries in 1993, and sent 937 accessions 
to 31 countits in 1994. 

Training 
(Il1 provided on-the-job training on 
duplicate Idcitificationt and germplasin 
IisanagenlCnt to sweetpotato curators of 
tile Instituto dIClivestigaci~n 
AgropecuLIi tieLC (IDIAP) andPaiamin 
ClP-Bogor (Indomcsia). A scientist from 
INTA-Bellavista, Crrietes, Argentina, 
rCtcivcd trainuic, oit clcctroplioretic 
coiltparil ots of total proteins and 
esterases from storae-root extracts. 

CIP-INIFAPI oIganizCd J triniing 
course otn characterization and duplicate 
ideitificat ion of svectpotato collectioits 
in 1994 at Campo CotaxiIa, Veracruz, 
Mexico (Figure 11). Eleven pairticipaants 
came friott Mexico, I Ionduras, GUtailslah, 
Nicaragua, (uba, aid Venezuela. 

Itt Irian Jaya (Indotesia), training has 
co0isistecL primarily of participatio by 
NARS scientists isall phases of 
collection trips. Researchers discussed 
questioimircs, collected data in the field, 
and collaborated ill writing a report. 

Sweetpotato Germplasm and 
Molecular Techniques 

Gerumplasm enhancement and population 

improvement using cultivated species and 
wil relatives, and the application of 
molecular techniques to sweetpotato 

breeding, are important cotmpoents of 

CIP's global sweetpotat IIllprovementI 
program. Other (11Presearch prograis 
do complemntary work. Thc goal is to 
establish a core collection of sweetpoiato 
with wide genetic diversity, Using 
conventional aintl nonconveist ional 
techniquces to improve varieties, especially 
for insect and disease resistance and 
nutritional quality. 



Figure 11.Participants at the training course on maintenance and characterization o!sweelpotato collections held in 
Veracruz, Mexico. 

[Iermplasn enhancement 
and populatioti improvement of 
cultivated swectpotato species 
.Matcrials generated by gertnplasin 
ctnhaiceinent activities are a major source 
of imtuproved genetic iaterials for 
international distribution and tcsting, 
both as seed and as cloines. Breedintg 
activtites fIocus on improvement of 
storage-root yield, e.rliness, and )M 
content of swcetpotato for the principal 
global agroccologies. To address 
diff'ereiuces among swetpotato-producing 
regions in im portaist diseases, pests, aid 
other production constraints, our 
program is decentralized; breeding 
activities are conducted itt Peru, 
Indonesia, Chsiina, aind East Africa. At 
each location, we cross important local 
varieties and introduced elite clones uising 
either hand pollinations )r polycross 
nurseries. We use seed frotn these crossing 
blocks in regioial breeding programs, 

anld distribute it to other breeding 
programs-regionally and globally. 

At (1P headquarters in leru, we 
conductcd work under two subprojects. 
The first concentrated on irrigated sites in 
tile arid coastal zone and a mid-elevation 
humid tropical site at San Rani6,t 
(866 in) it the Amazon basin. We utsed 
progeny tests to identif-y superior 
progenitors for inclusion in crossing 
blocks to produce seed for local selection 
and international distribution. We 
selected superior clones with high 
storage-root yields and DM content, and 
with a range of skius and flesh colors. The 
second subproject, conducted at 
Yurilmlmgu as, a lot, soist, lowland 
tropical site (151 in) inthe Amitzon basin 
with acid, infertile soils, nade good 
progress i selecting clones with 
adaptation to that environment. Most 
PIeruvian gernplasi, however, was not 
well adapted to the hot, humid 
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environiinent (Table 3). Almost all 
genotypes selected at Yurimagutas catne 
frotm foreign geriiplasin, providing little 
oistificatioi for cooti nuat ion of the work 
there, becanuse it is not ii important 
swecipotato prodcltion area. The 
snbproject was criniiiated, and sclectilo 
for ho0t, huLid ciivironiuiicils cotititued 
il Indonesi. 

Table 3.Selection frequencies for Peruvian and foreign 
sweelpotato clones evaluated inthe lowland humid 
tropics at Yurimaguas, Peru, in1993. The trial was an 
unreplicatud observational trial repeated during the rainy 
and dry seasons, on alluvial and acid upland soils. 

Source of Number Soil conditions 
germplasm of clones Alluvial Upland 

87 DAPa 117 DAP 121DAP 
(70_strengtlcniitg 

Peruvian 
clones 492 0.2 0.2 0.2 

Foreign 
clones 146 17.0 13.3 4.2 

Foreign 
seed 73 17.6 14.1 7.1 

a DAP days after planting 

Il ,igor, Iidotesij, (I 1 breeders II 
(Gin Ivok aLd Nina Lisia Ningsilh, it 
(u ll.iti It vwiih N. lajizuli of the 

Bogor RcseAicli IistItllc.for ['nod Crops 

IW)RlI, focusCd oil the inlproventent of 
swe-ttl adapted to hosvlaid hittitid 

tropics, ill i ltriaiiI production 

eiivir ultilcnt ill Soitlihcist Asia. This 

subprolcct CIIlhi,isizcd the sclcCioit of 

highi-yieding gel;types illi iigh DM 

coittelt iin i backgrounId of rcsislallce to 

tnaior coristraintls such is scab C,ausCd b)y 
hacu'./mrJbdaa/a sss''elpoih weevil 

(Cyldalriii'irilto,alid acid, infertile soils. 

Ill V)94, thtis subproicct produced and 

expotled 31,200 seeds io breeding 
progrinas, niiinlv withi the lovland 

uLiditropis of' Asia, but Also It Chiith,i 

aticd Africa. In Chilld, a1subproject led by 

Dii Qiwei at lac Naniijitng Acidery of-

Agricultural Sciences, with collaborators 
at the Guaigdong AAS, hybridized elite 
C(hinese varieties withIforeign clones to 
produce populattis for use by Chinese 
Alid forcign breeding piogr.ns. Dnring 
1903 and 1091, this subproject produced 
18,503 sceds for export. 

A subp~roject led by li breeders 
Edward Carey and Siion (icluki, ill 
collaboratlion with natiojnal progranm 
scicnitisis Robert Msnaiiga of NARO ill 
I lganda, Phillip Ndolo and J. Kanau 

of KARl it KeIIya, Aind Rcgitia Kapinga 
of tile RlIP in T.lanZiai, foctised oll 

ihniproving sweeiPolto for the ithijor 
production sysenIeS lltd IgroCcologies of 

castcrn Africa. Work has Iivolved
 
of the hybridization
 

progriti at the Naiirtlotige Agricultural 
alid An itnaIl Product ion Research 
histitute (AARI) in lgaida aind 
piogeny-lestiiig ,t sites ill hn111o1lit 

sWstCl productlin zoies (mahInly 
SeliiridL idI highlatld agroecologies) in 
Kenla, I Jgaiid,i, aild Tlitzania. Resistance 
to sw'ceIpot,lto VirIs disease colniplex 

(SPVI)C) is an iMiportait focus of this 
progranii bcciuse local varieties have high 

levels of resistance, hclereas llost 

hilrodlccd gerniplasni is highly 

susceptible. 
"Cihtesubprojeci benefited greatly from 

a col!ribution of 168,00 scuds made by 
Rwaindait sweetpotamo breeder, Georges 

Ndalllge, whfo was killed during the 1994 
strife itt that COluntry. The seed was 

itnailtly used by selectioi progratns within 

easteri aid southern Africa, bul was also 
distributcd to progra ils i Asi aiditi.aill 

Ancrica, imncludittg CII headquarters. 

Use of wild species 
The wild relatives of'swcitpotato are a 

poteittial!y valuable source of' traits tihat 
are ioIt readily available ill the prllmary 

Igente pool of' tile cultivated species. The 
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collection of wild relatives maintained by 
CIP represents a large stock of newly 
collected materials to be cvalated. But 
the evaluation and use of wild species for 
sweetpotato improvement presents serious 
challenges to sweetpotato breeders. This is 
because most of the wild relatives do not 
cross readily with the cultivated species, 
alld because most wild relatives do not 

produce storage roots, which meats that 
they cannot be evaluated for storage-root 
characteristics. 

Work in this project, condtucted by 

Cl1 researchers, has fi cusCd on 

developing 4x tester genotypes (hybrids 

between 6x sWecip)otato and 2x I rlloa), 
which [ roducC storage roots and might 
cross relatively easily with wild relatives of 
SWvCIpotio. Progenics fiom these crosses 
are tleni Cvalutcd for storage-loot 
chalratCristits, and might also serve as 
bridges for iitrogressiot of selected triits 
into the cultivated speCIes. 

\Ve coliiHttedl to develop 4x tester 

CloiCs and use them to es'aluate Wild 

relatives of sweetpotato. lin 1993 and 

1994, we reconftired previous fitditgs 


(see (.I1 in 1992, lProram,RiTrt) that 

hybrid seed sas extremely difficult to 

prdtliuce from crosses between 2x wild 
spccies (except I'r 1.tri/ida) atnd 4x tester 
clones. Crosses made using tie 2x species 
As 1mnales produced sigiificamit tuiatities 
of seed, btit all plaits wcr 2x aid 
resembled their feimale parents, indicating 
that thbey were probably tlie result of 
aponmxis or self-polilatioii. The 
reciprocal crosses prodmced virttually no 
swed. Field assessments of the re,,ctioni of 

',"'laions (o -4x tester clotnes io weevil 
(/us,S'mfii m-aso) revealed greater 
sm1sc:pibility of both vines and storage 
roots to weevils ii tie poptlation of x 
tester clones tian it tlie varieties used as 

parents to produce the 4x tester populations. 

Given tie difficulties we have 
enCCOul .d in developing and using 4x 
storage-root-inducing testers to evaluate 
and use wild relatives of sweetpotato in 
breeding, we will change our strategy to 
focus on screening wild species for traits 
that can be assessed directly :hrough 
screening of fbliage. These include 
reaction to important diseases, such as 
viruses, and pests, such as Weevils. Our 
cfforts will now focus on first evaluating 
I. r//ida geriplasin accessions, fbllowed 
by introgression of promising traits 
identified into sweciPotato. 

Application of molecular 
techniques for sweetpotato 
improvement 

li ibis aIreai, we have continued to svork 
tnl using transformlation Ito genetically 

engineer swcet otato to improve 
characteristics stIch as weevil resistance. 
We also began work aiind made good 
progress in developing RAl) techniques 
for use in swectpotato breeding and 
geriplasm management. 

Our research ott sweetpotato genetic
 
engineering continues to concentrate on
 
developing reliable and efficient
 

tra nsibriuation protocols. At CIP 
lheadqtuarters, researchers evaluated the 
imflticite of explant sources and different 
media on tie regeneration of 10 globally 
important sweetpotato varieties targeted 
for improvement by genetic cngincering. 
They also improved a gene construct for 
use ill engineering weevil resistance. They 
did this by fusing lh- promoter of tie 
sweetpotato g-amnylase geite With thc 

Kutitz chymotrypsin inhibitor gene
(WCI-3) from winged bean (1sotphocarpus. 
tllr, n/o bu.o). This gene was cloned in 
the plasmid pI3IKII3 for/Igro/ cterium 
uu1cfiu-'n-mediated transformation of 

sweetpotato. 
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Molecular teclniqies such as tile use 
of RAPI)s can be a powerful fool for 
sweetpotato breeding and gerniplasmn 

management. Work condcucted by 

l)apeng Zhang at North Carolina State 
University detected significant RAPID 
polymorplitsm in sweetpotato and three 
related species, 1. r/ida, I. urifba, and 

.X hiwiatha. GCetic dCistan ces calIcuIa ted 
from tits work allowed a clear 
discriminatiot of species and genotypes. 
)uplicate accessions analyzed were also 

accurately identified. We condulcted 
additional work using the RAPI) 

techiique aItCII' LeaLdqlarlers, where we 
reduced the cost of tie procedure 
considerably by using locally produced 
reagents. We are !Io'V using ti, technique 
to identify genotypes, and will utse it to 
assist witi breeding titroIgh file 
assessment of genetic diversity itt 
gerniplasm, and through marker-assisted 
selection. 

Collection and Characterization 
of Andean Root and Tuber 
Crops 

Systeitnat ic wvork on eficiet collect iot, 
conservation, and use of the biodiversity 
of' AndtCI root aind tuber crops (ARTC) 
is 1inder way in coOperatitn with 1ma1,1y 
Andeati NARS aId N( ()s to protect 
these resources from geetic erosion. 

his work will belP develoP) tlie Andean 
ecoregion. 

Germplasm acquisition 
Several limited germuplasln collectiing 
expedititis were undertaken with 
graduCate Studcnlis of the I ,iversidad 
Nacional Agraria and scientists from tile 

universities of Ayacucho, Tacna, and 
Cerro de Pasco it1 diffecrent parts of Peru. 

These missions collected 76 ARTC 
accessions: 19 oca, 19 arracacha, 15 

Inashta, 9 ulluco, 7 achira, 6 maca, and I 
yac6n; and 62 of their possible wild 
allies-39 oca, 15 ulluco, 3 iniaslua, 2 

yacon, 1 arracacha, I maca, aInd I mauka. 
Three N(;Os working it three 

different departments of the northern, 
central, and southern Andes of' Peru 

helped increase the ARTC collection 
,naintained by CIP througi important 
donations. CIP received 42 oca, 18 lhILco, 
and 8 nashlna accessions from the NGO 
Jorge Basadre in Calainarca. The NGO 
Centro de Investigacioncs de Recursos 
Naturales y Medio Ambicnite (CIRNMA) 
in Puno donated 21 oca, 10 ulluco, ad 8 
inashta accessions. The N;O l'royeco de 
Desarrollo Rural Integral (PROD-HON) 
iII Ancash donated 12 oc,l dtd 8 ulluico 
accessions. 

Three Peruviait universities entrusted 
CII' with importat collecCions of uIlluco, 

oca, and itnaslua. As a result, 113 
accessiots of Ithese Andeai tutbers (53 
ulluco, 52 oca, and 8 iltashul) camne from 

tIei University of Ayacuclo, through thie 
ontiversity of' Sai Marcos, where these 
valuable genetic resources have been 

nt1i LIed Itider ill vitro conditions 

sitte 1985. The I Jiiversity of Cerro de 
Pasco also gave CI' custody of 90 

accessions: 38 ulluco, 34 oca, and 18 
miashut. Some 13 accessions of ulluco 

aMid 22 0 oca arrived from the University 
ofCajanarca. 

It collaboration with Austral 
Iniversity and tile niiversity of Arica in 

Chile, a collecting expedition for ARTC 

germiplasin was undertaken itt that 
country's northern Andes, which resulted 
iII fie collection of 21 accessions. These 
ARTC are becomling extinct because of' 
the Introduction of cash crops, rural 
migration and lack of alternat ives for 
tleir use. 

Collaborative collecting trips 
undertaken with INIAP, Ecuador, to 
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several parts of that country gathered 
eight accessois of achlra aind 15 of wild 

arracaclta. An exploratory trip to 
Cundinatnarca, Colontia, itidcrtaketi 
jointly witi (X)RPOICA, rcsuled in the 
collection ofoUr ,Iliii accssitis. Baied 
on the explortory expeditions in 
lEcuador atnd (olomibia, we believe that 
acliral has I considerdle variation ill its 
starch comtent and cCoogicl idaptation 
thit We shouldLap for plnt imnplroveeni. 

Corasersat icita 

Maca IId ahipi arc Ic only ARC that 
are coisCrvCd exclusively in the lorin of 
seed, CIl3 i11a111aiiM field LIc(ol Oti 
lie, tther Seven spcies of AR .As of 

[)cniher 1l01-I, ( It' iinalhtiined a total 
of 1,221 iccessiolns (1,131 ltivated 

ARIC auld 9( s'ild allies) (Table -). In 
additliot, we Ire usitIg iII vitro cultures of 

ulluco , oca, islnia, and v(acnt to 
slfguard the gcrtnplasnIl of these species 
(Figure 12). 

Althotgh Ul is developing log-tern 

itt vitro cotiscrv.ioti tecilliquCs ii a 
coordinated effort wvith INIAP (EcuaLdor) 

ald INIA atnd tie universitis of Sati 
Marcos and Avacuiclo (lPertt), ii Vitro 

introdnicti and propag,ition of tlese 
fiur species are ioutincly dotie at (I1. 
We obtained the bet results ltr in vitro 
introduction of ulhLc- oca, anld nttslaua 
by using i Murashiige & Skoog (MS) 
ttIedittn witb calCiLm panto1thenalle 
(2 ppni), gibbcrcllic acid (0.5 prm), 
sucrose (2b), uiild agat (0.8i). ()ca also 
uses iC1(V,ItCd charcoal (1%i). Yac'n, ont 
the oilier halnd, uses an MS tiediuin with 
calcium pitlliciialte (2 pptn), gibberellic 

acid (I0 1 rescittelpt), sucrose (2')), pult 
(20 prti, and plythagel (0.3511b).

InI vitro propaigation oft ulhuco, oc,, 
inaslia, and va Ct S il edia. 
Illuco uses an M S Witli calciutti 

pan.totlleiate (2"o), sucrose (2%), and agar 
(0.811'). (;ibkrelic acid is addCd to this 
itediIm for the Irpaglion of oca 

(0.5 ppn1) Ald niisfna (0.25 ppm). Yaict' 

Hediai hIvC t0 be cotIll)lcnictitCd with 
gibberellic acid (0.5 ppi ) iaphtialeni e 
acetic acid (0.05 ppm), iid stutose (3%). 

For vegetative proIpagation of itlluico 

aId ocai tider greeIIouse cotIditions, We 

lfiutd that tilluco svas easily proplg.gated 
through young apical cuttings, 6 c in loig, 

rooted in lap ssWater. Rootitig usutally took 
p lace afeir .4-6 days iin the cold season 

Table 4.Accessions of Andean root and tuber crops and their wild allies maintained by CIP (December 1994). 
Species Common name Country" Total 

COL ECU PER BOL ARG _CHL BRA 
Oxalis tuberosa Oca - - 336 80 41 7 - 464 
Ullucus tuberosus Ulluco 4 2 320 72 39 - - 437 
Tropaeolum tuberosum Mashua - - 72 4 - - 76 
Arracacia xanthorrhiza Arracacha 1 - 27 - - - 20 48 
Canna edulis Achira 3 4 20 1 - 7 - 35 
Polymnia sonchifolia Yacon - 2 26 4 1 - - 33 
Lepidiurr meyenii Maca - - 33 - - - - 33 
Mirabilis exansa Mauka - - 3 - - - - 3 
Pachyrhizus ahipa Ahipa - - - 2 - - - 2 
Wild allies of ARTC - 4 84 2 - - - 90 

Total 8 12 921 165 81 14 20 1,221 
a.COL z Colombia, ECU =Ecuador, PER ' Peru, ARG =Argentina, CHL Chile, BRA =Brazil. 

55 



Number of accessions 

500
 
464
 

Series 1
 
400 - Field collection
 

321 	 m Series 2 

300 -	 In vitro collection 
256 

200 

100 	 76
 

Oca Ulluco Mashua Yac6n 

Figure 12. Status of oca, ulluco, mashua, and yacon germplasm maintained at CIP (December 1994). 

(1-20 C) at lIaMohliia, Peit. We also evaluated ,igrolttoticaly u1der on-ftria 
found oca to be easily propagated ioii.itioiis in the rural cottuiiiitity of 
throgigh young apicl or axillary cnttitigs, Sai1 SebasIti"hl de S,iaca,l iII the regioni of 
12 ciii long, touitcdI iiio ss.Rooting off Pziii, Ay'uuIli. Aiita is a staple iII 
OCI, took plac aftcr 5-7 ,Idaysin the -old several villagCs of Pauza1 in soutern 
scasoin (13-18 () at la Molita. \WC did Ayacucho. Achira uscd to play a iajo 
not nced j hoirmoc solutiotifor nlc10 bartcinig with other st. les in 
W CSuc'sfnl rootitig in eitcr nlluco or oca. rural ittakcts. Actira starch is now used 

Characterizationi Iinbalcry goods lor specil, occasions in 

W condnctCd miorphological 	 thte villagcs of lanza. Achira starch has 

also betotne a eXcllent incoiiehiaractcriztion aid prelititittary 

evaluaton of 170 accessionis of oc, 120 gencrator iII plces where thle starch 

fticlics iclaively high prices (1ISS3-5/kg).of nll~o, aid 35 of1 ? !w(ii fromi Penti at 

CIP's I l1,11ncay expe ,,-! station. So A collaborative effort betweeti ith 

fIr, oile importtIjt 1fit , for this trio of tlsiversidad Nacional Agraria la Molitta 

AntiCei tutbers itt I IthancIyo was it aid CI1 characterized 25 Peruviant 

ideiitifaiiotil oif 110 tuorpliotypes of'o., accssions Of cuitivatcd achiri 

71 of ulluco, and 3) of' tashia, out of iorphiologically. So Lir, 13 achira 

the 325 actcsSiOIIs tItIeitiotied. iorphotypcs appear to have eiierged 

II collaborativc work betweeti the from the 25 tested iII Ayacucho and La 

I Jlhivcrsity of Ayacucho atid CIP,20 Molitta. 

Icruviatt acccssiotis of cultivatcd achira Studies on the reproductive biology of 
were niorphologically characterized aid oca indicated that flowcring time ranges 
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from 5 to 9 weeks (average-37 days), 
anthesis within one inflorescence takes 
place during 5 days, and 5-6 weeks are 
required after the opening of a flower to 
obtain imature seeds. Counts of" pollen 
grains contained in one anther revealed 
that the average nutmber of grains in a1 
upper-level aitlier was 614, i ,hid-level 
anther cotitaijied 911, and a low-levcl 
anther had 1,2-14. Although viability of 
oca polleI tIepentis on the genotype, it is 
ustially high (more than 90% of graiins 
stainable wilh acciocarinine). The pollen 
appe.irs to be bitiucleatea il Is storable at 
room temperature 1or at least 2 weeks. 
Our next step will be to produce .1large 
amount of true )ca seeds for breeding 

purposes, altd foar improving conservation 
strategies for the crop. 

In cooperation with INIAP, wc 
characterized tile collection of 
Ecuatlorian arraccha inorphologically 
and electrophrrctically. Whereas 
morphological cliaracterization 
discriminated 13 morphotypes, 
elect rophloret ic cha racterizat ion 
recogriized 22 out of 120 accessioris. 
Tlierefore, tile degree of diplicatiors 
wotld surpass 800b Its this collection. For 

isozyme ecciroplioresis in arracaclha, tile 
lustidine-citrate buftcers gave the best 
results withIP([M, PG1,NI[I f, esterases 
(ESI'), and acid phosphiataise (ACP). 
lolymnorpliisn, however, was observed in 
only EST and ACP (is Luadorian and 
Peruvian materials). 

We determined tite main biochemical 
features of oca tubers, such as degrees 
Brix ("Brix, to measure tile concentration 
of sugar solutions), p I, 1DM content, 
starch, anditeall weight, is 258 
accessiorts froi iiLuidor, Pcru, Bo ivia, 
Argentina, and Chile. Variatiors 
coefficients of tise observed characters 
were highly variable, particularly for dry 
matter (24%) and starch content (47/o). 

"Brix varied between 3 and 13.4, with l 
average of 6.9. We found that tuber 
acidity, which is almost certainly linked 
to oxalate content, varied front 4.7 to 7.2 
(average-6.3). Starch content averaged 
only 6.9% io oca tubers, although some 
acccssions had more than 15%. 

[or cytogenetic characterization, we 
determined Ise chromosomet mber of 
149 accessions of cultivatcd ulitico and 17 
ofwil oties from Peru, ,oliviA, aind 
[C1tlor. ( )f the cultivatetd ulluco, 144 
swere itind to be tdiphoids (2n--2x24), 
fiUr triploids (2n 3x .36), and otne 
tetraploitd (211ix -18), whereas all tile 
wild Illuco were fo)uiid to be triploids. 
The fin1ding of diploid culivated ulhuco 

atd triploid wild ulluco confirined earlier 
results of Finnish workers. Our work also 
confirms tue resuls of (,irdenas and 
I lawkcs, reported 17 years ago, oi one 
sample of'cultivated triploiti ulluco 
found neiar Copacabana, Bolivia, anti 
amother one near Bogot'l, Colombia. This 
is the first time, however, that cultivated 
triplold ulluco hias bccn reported 10r 
Peru,. The disco'ery ofa tetraplfitd ul luco 
ii Peru is important; this will throw more 
light on the evoltitioi of ulluco in tile 
Andes. Furthermore, the ulluco 
clioromosome nulmber was fousInd to be 
highly correlated with tile number of 
chloroplasts in itle guard cells, as diploid 
uliLco showed 16 1 1 cilroplasts, and 
tite triploid ones 20 ' 1. This stiggests that 
ciloroplast number has mpredictive value 
for ploidy deterinination in ulluIco. 

We also tleterininedti se chromosome 
number of 100 accessions of*cultivated 
oca (OsahA tuberosa)aArtd 15 wild 
accessions of (J.tu spp. from Peru. We 
fbu nd ,ll fhie cu liivated oca to be 
octoploids (2nSx 64), whereas the wild 
()xai were diploids (211-2x- 16). 
Therefore, rise ctltivatetd oca and wild 
Oxali share tile samne basic chromosome 
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unber-x-8, not x-A1 as suggested by 
Gibbs and coworkers in 1978. 
Furthermore, our results confirm the 
findings of de Azkuc and Martinez its 
1990 oi the ploidy levrls of 0. tubcrokea 

(2t 8X '-). 

Wc Also detCeritincd the chromosoc 
number of' 10 accsioss of edible iclsira 
((',ona ,,di)Ifrloti Peru, ,td found theml 
to be diplOIds (21- 2x 18). But eight 
ultivars of orn. cttal (111ua collectcd 

is the Andes were triplold (211 3x 27). 
These rcsuhls coifirim earlier findings by 
l)arlingttt ansd Jaisaki (19-15)atIL 
Murlsrjcc atsd Klhoslsoo (1971). 

Colleagues at the gertsplast banks of 

INIAI' (lIcuadot ), INIA (Peru), ,tttd the 
sinversitIcstt (:tI miarca, IIluuMcAyo, 
(crrO deCPaS,,, AV,sCslho, at1d (iScO ill 
Peru are tCstittg dcscripotr lists for illIcO, 

oCA, ald mishsi. l),script r lists for 
,Iclira ire beitig tested is she gcrtssltstI 
batIks of INIAP Ecuidor). id the 
uttiversities of Avacu Ilo, (Iusco, ald La 
Agraria its Peru. 

[he cihallenge of using 
ARTIC germplasr 

Achira in Vietnam. A survey of-Canna 
use Ilt Vietuatss itsdicated that: (1) achira 
ctltivatisosi the ltlltsttt,iitssis imlsstat its 
osh tltssrtherViCtiatis bsrderisg l.aos, where 
2),000-30,000 lsiare growtt; (2) the cnlirc 

prodtcli t is used it) make tratsparent 
isoodl,.s itt tie villages of tie Red River 
Dcth iroUtld I ls]oi; (3) ottl sclir.i 
starcs p,1ssssCSS isi 1tsidetttified 

physioclsehcticil pr()[r)ties Iat give 
ttoodlcs sutficint tisile strength *stsd 
cooking clsasctersittcs o'crstical 
itportaitce Is)Asists csiIsutcrs; (4) ts,.w 
to four aclir getsvtypes ire cirretstly 
grown; aid (5) imaterials with a higher 
starch cottent Mid less root fpllitsg 
resistance are ticcdcd. hlcref'Ore, cfftrts 
are uder way to improve thie use of 

(Cnune in Vietnam by broadening the 
crop's genetic base. 

Arracacha in Brazil. ClI surveyed the 
status of arracacia cultivation in B~razil its 
collaboration with the I Jniversity of 
Vikosa, CNPl I-EMBRAPA, ausd the 

linstituto Agrtonimico de Cailpilas. 
Results were signific,mt. The total 
cultivated area of arracaclha its Brazil is 
estimated to be about 9,000 Its, of Vlticlh 
3,500 lsa are grown in the state of' Millils 
(erais, 2,800 a it l'aratst, ,td 850 ha ill 
Saista (atalina. We fMsnd minor areas of 
arracacha cropliltg its SAo Paulo, Espirito 
Santo, Rio (Gratise do Sul, and Rio IC 

Jaineiro. Iti recent years, ,rrcacha has also 

spread into the l)istrito lcPdcral, Goiss, 
atsd Tocatntins. Arracclsa's popularity is 

increasing i;iiottg smallsolders because its 

arotmatic storaige rools fetch excellent 
prices (aroutnd 1J1$1i/kg' uttder farm 
cotlditios). Arracac also employs 
domestic labor, atid the crop fits into 

rotational potato iystemls. Arricacls, uses 
the residual istrients of the potato crop. 
PrIhrItctivity ranges froIu 8 to 23 t/la. 
The crop ltas a larrosv getnetic base; 
probably only ote genotype has beet used 

trtditiotsally. This survey provided criteria 
for the selcLtiosi of( NIl I-IMBRAPA 
elite dlsses that are superior to traditional 
Brazili,a clones ill tertis of"their short 
croppiltg cycle, yield, itid pigmenwtation. 

(sSeLIuCestly, .15 chones were distributed 
to tie hlstittito Agrssstico do ParaA 
(IAI'AR), Fiprcsa ce Assistk',ci Ttcnica e 
Exitetiso Rural, Etsspresa IClesquisaI 

Agropccutiria de Minas (;orms (EPAMIG), 
the N(;) ANGITONI (Atil,ipolis and 
Sata Catarina), st1d to Brazilian farssors. 

NARS-CIP collaborative 
project on conservation oif ARTC 

In situ conservation. For cuthivatcd 
plaItts, We could definise Iis as the 
contituous tatiiigeicit anid use of crop 
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genetic resources in farming systems. In 
traditional firming systems, farmers are 
usually breeders and conservationists, 
because they test, select, and maintain 
landraccs itt their fiel plots according it) 
their needs. So we should make use ()I 
firmers' abilities and expericice to help 
us iniititai crop genetic rcsources witlh 
limited investme:nt, and help their 
conmuinities to optimize the use of these 
resotrces. lhcrefirc, in situ naiiagelincnt 
should C(inplenint cX situ conservation. 

In cop)eration with INHA, the 
universities of (usco and AyAcuchIO, anid 
the NG() CIRNMA, 12 microceters of' 
coiiservatnlii fOr ARI'C iii Peru have been 
identificd. In cooperation vitlh the 
Instituto 11oliviano de l'ecrohogia 
Agropecu.iria (I IFA), id the NG(O 
Proycct(, ic livcstigaciones Agrarils de a 
Provincia Bautista Saavedra (PIABS), 
anot"her seveniii nicrocetiters of 
conscrvatoll fior these crops hive becin 
idetitified iII Bolivia. Coitmolit slIples 

such as utlluco and oca, as well is rare 
crops such as IPicirhi/l (Figure 13), are 
taiit,irICd atnd used iII these 

niicroceiflers. We are studying I Itors 

In addition to the acquisitioi of 
ARTC already meitloned, IBTA collected 
796 accessions (-177 inashua, 257 oca, 60 
ulluco, and 2 wild (ludi). The Universities 
of Cerro de Pasco, Cusco, Cajaumarca, and 
AyacuclIo in PIeru collected 274 oca, 177 
ulluco, )8 maslit,, 75 yac6ti, 68 achira, 
40 mauka, and 3 maca accessions. INIAP 
(Ecuador) collected 24 acccssions of 
irracachala and achirai. Collections were 
made in areas where collecting 
expeditions h,d 1ot becci undertaken 
previiusly. This material is being 
maintaited chiefly as field collections by 
the respective NARS. INIAP (Ecuador) 
and the universities of'San Marcos amd 
Ayacuclho in Peru also inaiitiai 
imlportaiti in vitro ARTC collections. 

Morphological characterization and 
preliminary evaluation of 816 oca, 294 
ulluco, 230 ninshu, , 97 yacdn, 62 achira, 

AI
 

thalt cmtlribute I() dic immiimi~nce mind...... 

use of ARITC biodiversiiy, aind the main 
c(stralints, in these tmicroceiiers. The 
goal is to di velop effective strategies Ior 
iII situ cItervi,oil )f ARIC 
biodiversiv,. 

.x situ coiiservati(on. Scientists from 
IIVTA (Bolivia), INIA' (E-cuador), INIA 
aid the universiics olCaljamiarc,i, Cerro 
de lasco, Saii Marco)s, AvIAcuch1o, anid 
Cusco iII PIru, Amd CIP established 
working relationis for the collccimim and 
conservatimi ()f :\RT( germplasm iin each 
Aideiti coitmnry. We also identified 
potmential sites for cCllecting cxpedit otis 
illeach cotmlllrv. (uideliies for 
maitainlling field aid ili vitro collect ios 
were improved arid exchanuged. 

Figure 13. Pachyrhizus isa legume withedible roots, 
which are now eaten 'ncrunchy and sweet snacks. 

59 



and 40 mauka accessions were made by back tip the breeding program of 
the universities of Cusco and Cajamarca CNPII-EMBRAPA (Brazil). CNPH sent 
in Peru. IBTA (Bolivia) also did this on 20 advanced genotypes of arracacha to 
76 oca, 15 ulluco, and 6 mashua INIAP in Ecuador and 12 to IAPAR and 
accessions. 113 to EPAMIG in Brazil under the
 

Utilization work supported the umbrella of the ARTC collaborative
 
selection of new arracacha genotypes to program coordinated by CIP.
 

U 

1993-94 Research Projects and Partners 

This list contains titles o'researclprojects, names q'principalresearcl)partnersandresponsible 
CI' scientists, collaboratinginstitutions,and, when applicabl, countries where work is conducted. 

Potato collection and characterization, and insect pest resistances. 
Z. Huam.n. 	 K. Watanabe, M. Orrillo. 

SBliosystematic studies and long-term e Application of molecular markers in 
conservation of wild potato genetic potato gernplasm improvement. 
resources. Z. I-[uam/n, C. Ochoa, M. Ghislain, K. Watanabe. 
A. Salas, P. Schmiediche. 	 a Utilization of increased genetic 

" 	 Maintenance, documientation, variability in the potato breeding 
evaluation, and distribution of project. M. I luarte, E. Camadro, 
cultivated potato genetic resources. K. Watanabe. 
Z. Huaimin. • Genetic engineering for developing 

" In vitro culture, conservation, potato varieties resistant to diseases 
cryopreservation, and genetic stability and pests. A. Golmirzaie, R. Salinas, 
analysis after long-term storage of A. Panta, J. Benavides, L. Nopo. 
potato germplasm. A. Golnirzaie, * Use of genetic engineering methods to 
F. Buitr6n. 	 confer fungal disease resistance. 

" 	 Maintenance of a backup duplicate set A. Golmirzaie; C. Di Pace, R. Caccia 
of the in vitro potato collection in (U. Tuscia). 

Ecuador. R. Castillo, G. Garcia, e In vitro selection of potato mutant 
Z. 	 huamfn, F. Buitr6n. tolerant of abioiic stress. 

" 	 Maintenance and evaluation of F. D'Ambrossio (U. Naples). 

Chilean potato collection and use in a Somatic embryogenesis in potato. 
genetic improvement of marginal and A. Golmirzaie, G. Cipriani. 
sustainable agriculture. P. Accatino, * Development and use of molecular 
A. Contreras, Z. HlIuam~n~. maps for potato genetic improvement 

via introgression of various wild 
Potato 	germplasm enhancement andK. Watanabe. 

application of molecular technology. geropctm K.n ha t lle a* 	 Introduction of horizontasl leaf 
K. Watanabe. 	 resistance to late blight (Phytophthora 

* 	 Potato germplasm enhancement with infistans) from wild potato species. 
wide range of wild Solanum for disease B. Trognitz. 
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" 	 Production of potato plants resistant 
to Erwinia through genetic 
manipulation byArobacerium. 
P. Oliger, P. Accatino, A. Golmirzaie. 

" Design and improvement of lytic 
peptide constructs for enhanced 
resistance of transgenic potatoes to 
bacterial and fungal diseases, 
A. Golnirzaie, M. Ghislain, L. Nopo. 

Sweetpotato collection and 

characterization. . de la Puente, 

Z. Huamitn. 

* 	 Collection of potato genetic resources 

and sweetpotato gerniplasin 

enhancenent. . de la Puente. 


" 	 Characterization of sweetpotato 

collections in Latin America and the 

Caribbean. Z. Iluamiln. 


" 	 Evaluation of sweetpotato germplasm 

collection contract. Song Bo Fu, 

S.Jialan. 

" 	 Maintenance, evaluation, 

documentation, and distribution of 

sweetpotato genetic resources, 

Z. 	 luarniln 

" 	 In vitro culture, conservation, 

cryopreservation, and genetic stability 

analysis after long-term storage of 

sweetpotaito germnplasm. A. Golmirzaie, 

R. Salinas. 

" 	 Maintenance of a backup duplicate set 
of the in vitro sweetpotato gernplasum 
collection in Venezuela. N. Angulo, 
L. Villegas, A. Golmnirzaie, R. Salinats. 

" 	 Collection, characterization, and 
maintenance of sweetpotato 
germnplasm in different regions of 
Argentina. I.L. Gnoatto (INTA). 

" 	 Interdisciplinary collection of! batatas 
germplasmn and associated indigenous 
knowledge in Irian Jaya (Indonesia): 
An 	exploratory study. G. Prai, 
J. Schneider, 11Gin Mok. 

• Collection, characterization, and 
evaluation of native sweetpotato 

germplasm in Bangladesh. T.R. Dayal, 
M.D. Upadhya, M.A. Mannan, 
N.M. Rashid, A. Qiiasem.
 
Collecting Ipomoea batalasgermplasm
 
and associated indigenous knowledge
 
in Irian Jaya (Indonesia), and its inI
 
situ and ex situ maintenance,
 
characterization, and utilization.
 
G.Praiii, Z. Iluamidi. 

Sweetpotato germplasm and molecular 
techniques. F. Carey. 

e 	 Ploidy manipulation for exploitation
 

and enhancement of sweetpotato
 
gerniplasm. G. Orjeda, E.Carey.
 

8 	 Developilent of improved sweetpotato 
germplasn for warm and cool tropics 
of Southeast Asia. (GAAS) China. 
Song Bo Fu, P. Zt,-Ziai. 

e 	 Development of'sweetpotato 
germplasm resistance to diseases and 
physiological stresses in Southeast Asia. 
II Gin Mok. 

e 	 Genetic engineering methods for
 
development of sweetpotato varieties
 
resistant to diseases and pests.
 
A. Golmirzaie, M. Ghislain, A. Panta. 

e 	 Application of molecular markers in 
sweetpotato germplasm improvement. 
M. Ghislain, K. Watanabe. 

9 Sweetpotato populations for highlands 
and semiarid tropics. E.Carey. 

9 	 Adaptation and utilization of 
sweetpotato populations in breeding. 
D. Zhang, 1I.Mendoza. 

o 	 Sweetpotato populations for hot, 
humid environments. E.Carey. 

Andean root and tuber crop collection 
and characterization. M. Hermann. 

9 	 Germplasm exploration, conservation, 
and utilization of several underutilized 
Andean tuber crops. M. Iermann, 
C. Arbizu. 

* 	 Biodiversity of Andean roots and 
tubers: Conservation, evaluation, and 
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utilization. C. Arbizu, Z. Huailin, * Study of ARTC diversity. M. Hermann. 

M. Holle. * Arracacha germplasm utilization in
 

In vitro culture, conservation, Brazil. M. Hermann.
 
cryopreservation, and distribution of
 

Andean root and tuber crops.
 
A. Golmirzaie, F. Buitr6n.
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PROGRAM 3
 

Disease Management
 

Progress in Disease 

Management 


CIPi has distributed a new population 
(called "B") with durable horizontal 

resistance to potato late blight to 12 

NARS. A previously developed population 

("A"), which is difficult to Work with 

because Of tile R genes, haspresence of 

produced additional potato varieties and 
selections With resistamce and high yield 

in the 25 countries where they are ulanted 
iinmore thanl 3(00,0(10I hai. 

CIP shed further light on the variation 
of Pwudowoww Wonaccarum (which causes 
bacterial wilt), and this allowed us to 
formulate *I precise strategy for developing 
resistance. The level of resistance has 
increased, but susceptibility to latent 
infect ion persists. We arc nakinig progress 
Witli comlbined resistantce to will, 
root-knot netiatode, and viruses. We have 
nilde pronising selections ill Brazil, 
Chitta, Mauritius, and tilePhilippincs. 

The first pOtito variety With immIuitnity 
to viruses X and Y from0 germplasun held 
at CIl' was named Baltovi itI [ruguaiy. We 
have used triplex resistance to develop 
populationIs that, because they result in a 
96% transmission of resistance itotheir 

progenies, have made screening 
unnecessary. IPolish collaboritors have 
achieved a co mubin atio o f resistanttces to 
five v'iruses. Combinting resistance to the 
early blight Itingus (/lhrnaria .wa/l) antd 
resistance to)three viruses has resulted 
from collaboration with Brazilian 
breeders, 

Pathological studies on Andean root 
and tuber crops (ARTC)-niaca, mashua, 
oca, and ulluco-havc revealed 35 diseases 

of storage organs and Coliage. An 
illustrated bulletin is being pu,blished. 

A new mosaic-causing potato 

virus-"SB-26"-Ias been isolated from 

Arequipa in southern Peru; it is isometric, 
but not relatcd to other known isometric 

Potato viruses. We detected a similar virus 
In Impoted potatoes iuarantin Sacq'o 
disease in native Bolivian potatoes is grafttnsmissible, and no vector is apparent, 

so etiological studies continue. 
Potato yellow vein, tralnslitted by 

whiteflies, is spreading rapidly iII 
(olombia and lcuador. 
Clostcrovirus like partices have been 
observed. 

Seven clones that have demonstrated 
high resistaice to I'LRV or thIree years 
and ar, agronomic~lly good are available 
pathogeIt-tested. 

We have compared several known and 
other partially characterized viruses of 

ssectpolato for aphid tramisnssibility 
using a ioitoclotal antibody. Among the 
viruses being identified, C-3 is 
closterovirts-likc and C- a h,tcovirtis. 
Because mixed virus infections have been 
shown to cause the more severe diseases 

of sweetpotato, we are seeking combined 
resist ance. 

IP developed scrceiing tecn iquties 
for bacterial ,id fiungal diseases of 
swectpttato storage roots, and hiutnd 
resistance tovJva black rot caused by 
1)pitlodia go.sypina. We made progress on 
the etiology of sweetpotato clilorotic leaf 
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distortion and studies oil inheritance of 
resistance showed a potential for 
developing resistance. We studied 
sweetpotato foliar scab caused by lFsimno' 
batatasin Southeast Asia at several sites 
oil numerous clones: preliminary results 
suggest that general resistance is available. 

The detection of potato virus T (PVI') 
that infects true potato seed (T'PS) has 
proven to be unreliable by serological 
means, whereas a probe used by 
radioactive labeling has proven to be 

quite effective. To simplify the detect ion 
of the only two disease agents transmitted 
by I'PS-PT and PST'sd-a chiieric 
clone cotmbining their two probes was 
developed, a1d1it was ef-fective, 

We showed the transmission of PSTVId 
by the aphid 1livi/wtre*aic when HLRV is 
also present; the mnechatmimn appears to be 
the I anscn capPs idat of PNSIVdiolt into 

PI.RV. 
We found a strain of API.\' i 27% oof 

ulluc, accessions illColombiun, 
ECuadorian, and Peru vianti germplasm. 
Nearly allwere itfcted with a virus. We 
futt d a strain of papaya mosaic virus il 
Ocl. Detectit f ARIC viruses by 
DAS-HSA was the most effective 
techunique. 

Control of Potato Late Blight 

Late blight (LB) is the most severe disease 

f potato and tlhe greatest limitation to 
potato prOdLtictiont. It is catIsed by tile 
fit gus ,yioI'thorainhi'uan., of which a 
more aggressive popUlat iott is completing 
a worldwide migration begun i 1977. 
This tiigraltio includes tile seconed sexual 
cmipatibility type, previously restricted 
to Mexico, that permits more rapid 
genetic rccoobiluation of tlhis patloget 
,utd its mainmteiance iut soil as resting 
sexual oospores. CIP,itcollaborationt 

with institutions of both developing and 
developed countries, has assembled a 
unique genetic base of resistance and 
collective knowledge about integrated 
control. We have begun to make 
significant progress itt controlling LB. So 
Lar, more than 80 cl Itvars with moderate 
resistance have become varieties in 25 
developing countries, covering more thall 
300,000 ha. 

A global Polato Late Blight Workshop 
to promote international cooperation to 
overcome the threat of the more 
aggressive late blight populations that are 
spreading worldwide was held February 
20-23, .1994, inToluca, Mexico. This 
workshop was sponsored by the 
lIternational Cooperative Program for 

Potato Late Blight (PICTIPAPA),with 
support fron the l)anish and hish 
governments, and hondo Terra (created
 
by the Mexican I'tfoudation 

PJlSAR1/INTG R), nider the auspices 
of the lItstituto Naciottal (he 
I"vest igaciones Forestales y Agropecua rias 
(INIFAP), ClP, and SFWAGRO (State of 
Mexico). As a result, tie structure atnd 
priorities of PICTIPAPA were rcdeFitd 
aid the organization revilalized. 

Integrated control of potato 

late blight 

The screening at Rionegro, Colombia, of 
the eleventh and last generation of late 

blight breeding popu,lation A (which 

contains both horizontal and race-specific 
resistance) ias raised to about 300 the 
ntmber of cloites being distributed 
worldwide to NARS. So far, 2 1 varieties 
have been released iii Latin America and 
the Caribbean (L.AC) ,ttd sub-Saluran 
Africa (SSA), with the last two itl Peru: 
Antarilis-INIA (CIP 384866.5) and 
K'Ori-INIA (CIP 3777-14.1). 

To cotuttcr the worldwide migration 
of new aggressive strains of the LB fungus 
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P. in/tans,CIP is distributing its newly 
developed population B, which, because it 
is non-race-specific, lends itself to rapid 
selection alld developmlent of varieties, 
More than 169,000 genotypes segregating 
for horizontal resistance to 1.13 have been 
sent to 12 countries in three CIP regions: 
lAC-Argentina, Bolivia, Brazil, 
Colombia, Mexico, and Peru; 
SSA-Burundi, Kenya, and Uganda; and 
East and Southeast Asia and the 
Pacific--China, tle Philippines, an,! 
South Korea. 

To further develop population B, we 
tested duplicate sets of clones at both 
Toluca (Mexico) and Rionegro 
(Colombia). \We also grey. clonal 
generations in l.a Molina and Cajamarca, 
Peru. 
We thus selected superior clones for 

crossing. We identified additional 
R-gene-ffree resistant clones by progeny 
tests and will add them to the breeding 
gene pool. 

The use of' population A materials iii 

breeding work in the Philippines led to 

the development of both table ander
procssig tatptatosequied ily
processintg ptatoes that required Only 
three instead of 1.Ifungicide sprays to 
control 1.1and produce high yields 
(23 ./ia), 

PR[)LioiNPA staffgting aterived( 
population A segregating materials (1'PS) 
in 1989. These and their own 
sui sequteit progenies resulted inithe 

selection of six superior cultivars by 
1993, after testing in all important 

potato-producing regions of Bolivia 
(both at experiment stations alld ill 
farmers' fields). With only one or two 
fungicide applications, they yielded 
more than 50% higher ihamlthe 
commonly grown varieties. Further 
testing has led to the selection of two 
agronomically superior cultivars that are 
being multiplied for release as varieties, 

Epidemiology of horizontal 
resistance 
Methodological studies to evaluate 
resistance to .Bin the field at CIP's 
Santa Catalina Experiment Station near 
Quito, Ecuador, demonstrated that the 
preliminary one-plant plots produced 
unreliable data, whereas one-row or 
three-row plots provided similar area 
under the disease progress curve 
(AJI)PC) results in I four-cultivar study. 

By using diploid S/anum phu'ria as it 
source of horizontal resistance, we 
recognized three components of resistance: 
infection frequency, latent period, and 
lesion size. Of these, latent period has not 
been considered Important ilprevious 
studies with other Solanu , species. 

Because precision in the evaluation of 
disease severity is essential to 
epidemiological studies aid resistance 
evaluation, we compared CIP's 
recommended logarithmic evaluation 
scale with percent infection, and found 
the latter to have superior precision. 

In order to begin ptto genotype by 

environment interaction studies to better 
understand the potential performance of 
resistance worldwide, we established a set 
of standard clotes in collaboration with 
leading 1.13 researchers in Europe, North 
America, and Se .Ai America. These 
clones ,ire being multiplied at selected 
locations for subsequent testing. 

Selecting resistance to late 
blight 

Collaborator Francisco Flores of INIFAP 
in Toluca, Mexico, selected 47 clones 
among 688 of population 13planted as 
Laving good horizontal resistance. He 
screened 21 families of new crosses, and 
selected 112 among 1,920 for their 
resistance uid agronomic quality. 

In South China, the recently selected 
resistant clones CFK 69.1 and 1-1085 were 
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grown in a combined area of about 2,000 
ha, and they will soon officially recei.e 
varietal names. Potato scientists from the 
major potato-producing provinces were 
trained in the use of population B 
progenitors, and breeding programs for 
horizontal resistance have begun. 

CIP's regional breeder in Nairobi, 
Kenya, reported that clones with 
moderate horizontal resistance to late 
blight, good agronomic characters, and 
suitable postharvest quality have been 
selected in Ethiopia, Kenya, Tanzania, 
and Zimbabwe. At Tigoni, Kenya, clone 
CIP 387792.5 yielded 60.8 t/ha, 141% 
more than variety Kenya Dhamana, 
which is also LB (and bacterial wilt) 
resistant. At Uyole, Tanzania, CIP clone 
KP 90010.1 yielded 56.7 t/ha, 70% more 
than check variety Kikondo. These clones 
are entering seed schemes and should 
soon be released as varieties, 

Clone 575049 was released in 
Venezuela as Caribay, a variety described 
as yielding 30-40 t/ha with only one 
fungicide application for LB control, 
instead of the 6 to 12 used for other 
varieties, 

3acterial Wilt 

Bacterial wilt (BW caused by Pseudononu 
solanacearumis the most important 
bacterial disease in developing countries. 
Its integrated control requires resistance 
disease-free seed production, and crop 
rotation accompanied by sanitation and 
other cultural controls according to 
location. By knowing the genetic 
variation of the bacterium, we can 
develop appropriate control strategies. 

SVariation of P solanacearum 

The division of biovar (By) 2 of 
P. solanacearum into two variants, Bv 

2-A/race 3 adapted to cool temperatures 
and the lowland By 2-T, was described in 
CII' in 1992, 1'rogiran Report. By 2-T had 
been found in the Amazon basin within 
Peru. Among the accessions of CIP's 
worldwide collection of isolates of this 
bacterium, some By 2-T isolates 
originated in Brazil. We plotted on a 
map the frequency of presence of 
different biovars among 36 received from 
colleagues in Brazil (Figure 1). All 
Brazilian isolates were from elevations 
below 1,500 im,and all came from the 
southeast except for a tomato isolate of 
Bv 3 in Amazonas State. A similar isolate 
was from S5o Paulo State. The remaining 
34 isolates were from the southeastern 
states. By 2-T isolates came from lands 
recently placed in potato cultivation and 
from two solanaceous weeds, in the 
warmer potato-growing states in or close 
to the "cerrado" brushland of eastern 
Brazil. Bv I (solanaceous race 1) also 
occurred in these warmer areas. Bv 
2-A/race 3 was from only the cooler 
states farthest south. In Brazil, as in Peru, 
there is a relationship between 
temperature and distribution, with By 2-A 
occurring only in cooler lands. The 
Amazon basin and "cerrado" are thus 
regions of greater diversity for 
P soianacearunt. 

Seven isolates from Brazil (3 By 1, 3 
Bv 2-A, and 1 By 2-'T) and one By 2-T 
from Nigeria were inoculated (using 
I x 108 cfu/ml of each bacterium) to 
amaranth (lmaranthus edulis), blue gum 
(iEucalyptusglobulus), tomato (Lycopersicon 
escidentum cv. Marglobe), wild tobacco 
(Nicotianaoccidentalis), and peasant's 
tobacco (N rustica), and incubated at 
26-32°C. By 1 infected amaranth, blue 
gum, and tomato; Bv 2-A infected only 

tomato; and only the Nigerian By 2-T was 
pathogenic to blue gum and peasant's 
tobacco (Table 1). 
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Venezuela 

Atlantic Ocean 

Colombia 400 km 

1 Bv 3, tomato 

Peru ". B R A Z_ L Golis & Brasllia'L~ / Bvl1
/ J-" - 4 Bv 2-T 

Bolivia Minas Gerals1By 2-T 

--- Rio de Janeiro
Paraguay 2 Bv 1 

Santa Catarlna - So Paulo 
2 Bv 2-A By 1: 5 potato, tomato 

1 Ageratum conyzoides 
Bv 2-A: 9 potato 

Uruguay Bv 2-T: 2 potato
1 Solanum americanum 
1 S. sysymbrifolium 

Bv 3:1 tomato 

Figure 1.Geographical distribution of biovars 1,2-A, and 2-T of Pseudomonas solanacearum from Brazil. When ahost 
isnot shown for Bv 2-A, itispotato. 

Table 1.Average bacterial wilt incidence indifferent plant a potential new indicator. We inoculated 
species grown at 26-32°C and inoculated with 1x 108 it with 12 Bv 1,8 Bv 2-A, and 9 Bv 2-T; it 
cfu/ml of three strains of biovar (Bv) 1,three of Bv 2-A, was susceptible to all 29 isolates. Therefore,
and one of By 2-T from Brazil, and one strain of By 2-T this species may be a universal host. 
from Nigeria. thspeiem__eanieralot 
Plant species By 1 Bv 2-A Bv 2-T Cultural practices for 

N control of bacterial wilt 
Amaranth (A.edulis) 12.5' 0.0 0.0 We investigated the use of crop rotation 
Blue gum (E.globulus) 20.0 0.0 2.5b and incorporation of organic and 
Tomato (L.esculentum) 7.5 25.0 0.0 inorganic soil anendments for the control 
Wild tobacco (N.occidentalis) 0.0 0.0 0.0 of 13W in each of two subsequent years to 
Peasant's tobacco (N.rustica) 0.0 2.50.0 establish a high level of soil infestation 
a.Incidence as percentage wilt (average of60 plants). (more than 90% wilting) in a field at CIP's 
b.Ofthe two Bv2- isolates, only heNigenan one was San Ran6n station. Treatments were: 

pathogenic toblue gum. 

a Ti-Incorporation of coffee hulls
 
We tested ciniarron tobacco (5 t/ha) and sugar cane bagasse
 

(N.gluinosa), native to South America, as (5 t/ha), with subsequent fallow, 
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followed by rotation with sweetpotato 
and then maize. 

" 	 T2-Incorporation of coffee hulls and 
fallow, followed by rotation with 
maize during two seasons, 

* 	 T3-Incorporation of coffee hulls and 

dolomitic lime (2 t/ha), followed by 
rotation with beans and then 

sweetpotato. 
" 	 T4-Continuous potato, Each 

treatment was followed by a 
fourth-season potato test crop to 
record wilt incidence. The field design 
was an RCBID with three replications 
of 6.0 x 4.5 m. 

Sixty days after planting t se ptato 
test crop, the cointinuous potato check 
had 88% wilt, whereas '3 had 150/0 wilt, 
TI2 28%, and TI 30%; all three were 
significantly superior to the check, but 
without significant differences aing 

them. 

Breeding for resistance to 
bacterial wiltbaotevalwlte 3In 
To evaluate 39 progenies of crosses for 
resistanlce to BW (race 1) and viruses X 
and Y, we planted th iem at San Ra m6n; 
56% had LsefL'1 levels Of resistance. The 
progenitors with a high percentage of 
resistant genotypes were 13WI 87,452, 
BW1H 87.289, and PWtI- 87.271. The best 
progenies were BWHI87.452 x XY. 13, 
BW[1 87.289 x XY. 16, and BWI187.289 x 
XY. 13, with 82%.o, 81%, and 80% resistant 
genotypes, respectively. Their tubers, 
however, had latent infection under these 
tropical conditions. 

At San Juan (Cajamarca), we evaluated 
362 clones previously selected as resistant 
to race 3 in [luaraz, and selected 25 (70/6). 
13WL89.244, 1129.62.8, and BWI.89.193 
had the highest yields, but their tubers 
had latent infection. 

Fifteen selections made-using CIP 
segregating populations-by the 

Department of Agriculture of the 
Philippines for resistance to BW were 
tested in the greenhouse at La Molina 
with strains of races 1 and 3 by 
inoculating 40 stem cuttings for each 

combination. The most resistant to both 

races were 385313.A, 385080.9, and 
38106,1.3. 

At 	Li.aMolina, we evaluated 44 

progenies bred for resistance to BW, 
root-knot nematode (RKN), and viruses X 
and Y for resistance to PVX f PVY under 
greenhouse conditions. Resistant 
seedlings were transplanted to the field. 
We selected about 550 clones because of' 

their agronomic characteristics (such as 

earliness and yield), and will evaluate 
them for resistance to RKN tinder field 
conditions in la (coastal valley near 

I.ia). We CvaluatCd tl-e reaction of 50 
families, developed from crosses between 
RKN-resistant and heat-tolerant materials; 
12.3/0 of them were resistant or 
moderately resistant to RKN. 

another test, we evaluated 552 
tetraploid cloaes with immunity to PVX 
and PVY and tolerance of PLRV for their
reaction to RKN; 78 were resistant and 60 
modera v resistant. The best were clones 

N-93-215. 

Detection and diagnosis of 
P. solanacearum 
Work performed for CIP by Andrea 
Robinson-Smith of the Rothamsted 
Experimental Station (RES) as part of an 
ODA holdback project involving several 

crops resulted in the production of 
monoclonal and polyclonal antisera for 
P. solanacearum for use in NARS of Africa 
and Asia. The antiscra all performed best 
at a concentration of I x 108 bacteria per 
ml. The RES monoclonal PS-144 worked 
well for numerous isolates of diverse 
origin at adilution of 1:1,000, whereas 
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monoclonal IP 53 of the Chinese 
Academy of Agricultural Sciences (CAAS) 
did not work beyond a 1:50 dilution and 
it cross-reacted to related bacterial species. 
The RES polyclonal PS-278 was effective 
at 1:1,024,000; one from the International 
Crops Research lnstitute for dae 
Semi-Arid Tropics (ICRISAT) at 1:4,000; 
and one from CAAS at 1:25. They all 

cross-reacted with closely related species 

to some extent. Antisera were tested by 

two,,methods that would permit field 

Of 28 CIP clones selected in 1993 and 
retested in 1994, five were equal to or 
better than the resistant checks Achat and 
Cruza. Another five clones developed 
locally had the same performance. 
Figure 2 compares the resistance level of' 
these 10 clones io that of susceptible 
common varieties Granola and Baronesa. 
These resistant clones (Table 2) will be 
multiplied disease-free in vitro for further 
testing inParan'1 State, where race 3
 

occurs. 
testing. "T'herapid 1iltofiher paper In Mindanao, Philippines, throughapi imtestng.Thenunfiltr~collaboration between CIIP and the 
assay (RIPA) was more sensitive than 

dip-sick FISA.Department
dip-stick HlISA. 

Evaluation for resistance to 
bacterial wilt 
In Peru, personnel from the Instituto 
Nacioial dc lnvcstigaci6n Agraria (INIA) 
evaluated 38 clones for resistance to BW 
in Cajamarca; 10 were moderately 
resistant. Of these, the highest yielding 
clones not showing latent infection were 
1189-30-27, 1189-58-05, and 1189-14-23, 
with 1.11, 106, atd 088 kg/lait,reptiv. i r.06,asd(0.88 /Piat,resp e c tively. In F r a s (P iur a ) , th e tw o mo s t 
resistant among 23 selections were 720118 
(Cruza 148) and 720118.1 (37-35A, the 
inuced mutant p ce inetato). Their 
eliminate tuber lesh pigmentation). Their 
yields were similar, and superior to that 
of check variety Molincra. 

Tests by staff of the Centro Nacional 
de Pesquisa de Ilortalil-as (CNPH) in 
Brasilia, Brazil, for race I of 
P.solanacearum employed data of the 
AUDPC and multivariate analysis of the 
principal component to discern small 
differences in rcsistance among clones. Of 
18 clone,. selected as resistant over several 
years, two (390057.32 and 388594.8) were 
similar in resistance to the best identified 
so far, varieties Cruza (CIP Mex 720118) 
and Achat. 

Deprten o rtre, vea uate 
of Agriculture, we evaluated 

tuber families for resistance to 13W and 

yield. The best clones were B1187060.2, 
BP'88148.3, 388015.5, BP88120.2, 
131'88013.2, 388015.3, and BP88026.1. 
Retesting previous selections led to the 
selection of clones 800941, BP86152.7, 
384008.5, 377835.3, and 379695.4. Ina 
yield test, nine clones yielded more than 
30 t/ha, whereas variety Granola yielded 
only 11.8 t/ha. 

In work at CAAS in China, five clones 
were reevaluated and proven resistant toW a d l t b ig , an sh w t o e
 
Boad lae blight as to be
 
good yiclders: 898006 (Mira x MS42.3),
897003 (76-5-156 x AVRDC 1287.19),
B'88098.7 (BR-63.5 x 676098), BP88176.1 
-7x BWI3), and 13188096.1 (BR63.5 x 

104-12-11B). Another four were resistant to 
W: 893o05 (Zigan x AVRDC 1287.19), 

895010 (Mira x AVRDC 1287.19), 
BP88125.22 (CEW69.1 x BWB), and 
388163.18 (Atziniba x 843629). So far, 
seven of these have been distributed 
virus-free for further selection and 
breeding in several institutions. 

Work at :he Mauritius Sugar Industry 
Research Institute (MSIRI)-Reduit 
Experimental Station with segregating 
populations developed by CIP regional 
staff in Kenya for tropical adaptation 
resulted in evaluations with TPS during 
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Figure 2.Bacterial wilt progress curves on potato cultivars and selected clones in a comparative trial in a field infested 
with race 1of Pseudomonas solanacearum at CNPH, Brasilia, Brazil (1994). 

Table 2.CIP and Centro Nacional de Pesquisa de Hortaliqas (CNPH) hybrid clones selected for resistance to race Iof 
Pseudomonas solanacearum at CNPH, Brasilia, Brazil. 
Clone Pedigree Origin 
390756.6 CEW-69.1- xBK (BWL-88R) CIP 
386095.21 BW2TD.8 x377964.5 CIP 
386097.2 BW2TD.1 x378676.4 CIP 
388104.2 BR63.76 xXY.9 CIP 
388285.12 MS35.22 xXY.9 CIP 
309.95 x386095.19/7 309.95 x 386095.19 CNPH 
7B.16 - CNPH 
7B.24 CNPH 
Cruza 148 x386095.19/3 Cruza 148 x386095.19 CNPH 
Monte Bonito x386095.19/3 Monte Bonito x386095.19 CNPH 

three consecutive years. Seventeen clones j whereas five yielded 40/o more. These 
were selected and grown with Spunta as a clones were resistant to late blight and 
check. None yielded less than Spunta, BW (race 1). 
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Combining Resistances to 

Potato Viruses and Fungi 


Most viruses cause chronic reductions in 
yield of infcsted plants, and many readily 
spread within a field and through tuber 
seed to the next generalton. ITherefore, 
CP believes that breeding for resistance 
to ii11portaiit viruses (which,fo rtonately, 
can now be readily dOne Fir some) and to 
a fungal disease that may limit 
product ion itt a given sitLiation can 
improve the lot of many fniriers. 

Breeding for immunity to 
PVX and PVY 

One of the ("1l)viros resistance 

progcnitors-7XY. l-was released as variety 
Batovi iis Uru~guay. In addition to its PVX 
aid IVY resistance, it resists common 
scab caused by Src'p/noci'b'ca .ltq and it 
appears to have some resisttnce to I PRV. 

Seven duplex PVX- IInd PVY-imituis 
clones (XXxx YYyy) were slecLed ifor high 
yield and good tuber clharacteristics 
during suiier, winter, and spring 
growing seasoiss at l.i Moliia, with the 
best yielder producinIg 1.5-1 k/plaist. A 
cross of*a duplex for IVY resistance with 
PI.RV-resistast Serrna yielded 
1.58 kg/plait. 

Selected triplex PVY-iimmie 
progenitors (YYy) that are now available 
increase the frequency of transmission of 
imuitity to progenies to 960. Breeding 
coitinuies to further raise the frequency 
of itismuiity geises in progenitors to 
triplex and qualdruplex ftr both PVX aisd 
IVY, so thal sucsI preits will eveistually 

ClI and Polish breeders jointly selected 
thrce tetraploid clones tlat were highly 
resistant to IIRV and other viruses and 
had good agronomic characteristics. 
These were sent to Cll-l.ina for use as 
parents. To forther combine resistances to 

IRV,PVX, IVY, ITS, and PVM, 92 
clones in three diploid families were 
eva Lated for all of thsese viruses, and 12 
were resistant (although resistace to 
ITlRV needs confirm.mtion). 

Breeding for resistance to 
early blight
 

We evalatcd second-generation clones
 
previously screened for resistance to PVX 
and PVY for resistance to early blight at 
San Ramn during the dry season. Of 
296 clones, 127 were selected. The best
 
were (F.B87.001 x XY.4).37, (Maine 47 x
 
XY. 13).34, and (XY.9 x Maine 47).58. Of
 
thc:;" 127 clones, three were selected for
 
eary blight resistatice, earliness, and
 
p);,cessing qulity: (E187.001 x Yy.4). 15,
 
(C.'siquita x XY.20).42, aiid (FB87.001 x
 
XY.4). 103.
 

Coliboration since 1989 with CNPH 
of Brasilia, 1c zil,includes evaluation for 
early blight resis:anc- iii the field, aisd 
tests for resistance to PIRV aisd 
ismmssunity to PVX and PVY. It iddiios 
to screening flinilies bred by CIP,CNPH 
is making crosses between selections. CIP 
1992 bred ftisilies have rcsultd in15 
cloeis beitg selected for combined 
resistanice plus agrononisc and culilutry 
quality (Table 3). 

Control of Field and Storage
transmit these resistances to practically all Diseases of Potato and Andean 
progenies. hIluIs, screening for resistance 
is progenies %Vill sot be necessary. 

Resistance to potato 
leafroll virus (PI.RV) 
As a result of the contract with the Potato 
Research Institute at Mloclsow, Poland, 

Root and Tuber Crops
 

Development of potato 
resistance to Fmenia spp. 
We generated 15 faissilies bred for 
resistance; Table 4 shows the distribution 
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Table 3.Selected true potato seed genotypes (with resistance to early blight and viruses, vegetative cycles of 85-105 

days, and shallow tuber eyes), their tuber shape, periderm, pulp color, and frying qualities, Brasilia, Brazil, June 1994. 

CPno. Pedigree . .Shape Periderm Pulp a n 

388958.04 XY10 x NDD-277.2 Long Yellow W 2.8 

388962.13 XY.5 x NDD-277-2 Long Russet LY 2.6 

390216.02 Chiquita x XY.16 Long Russet LY 2.2 

390224.06 Maine-28 x XY.9 Long Yellow LY 2.2 

390638.09 Chiquita x XY.14 Long Yellow Y 3.2 

390640.05 Chiquita x XY.4 Oval Russet Y 5.0 

390640.06 Chiquita x XY.4 Long Russet LY 2.4 

390640.09 Chiquila x XY.4 Long Russet LY 2.0 

390640.10 Chiquita x XY.4 Long Yellow Y 3.0 

390640.18 Chiquita x XY.4 Long Russet DY 3.5 

390641.01 Chiquita x XY.9 Round Yellow LY 3.2 

390641.04 Chiquita x XY.9 Long Russet Y 3.3 

390641.10 Chiquita x XY.9 Long Russet LY 3.4 

390649.01 Maine-50 x XY.14 Long Yellow LY 1.0 

390652.03 XY.10 x Chiquita Long Yellow DY 3.4 

a Pulp color: Y=yellow, LY=ihghl = dark yellowyellow, W=while, DY 
2-3 = ideal color, >3b. French fries: <2 =color too light, =color too dark 

Table 4.Percentages of highly resistant (HR), resistant (R), moderatu./ resistant (MR), and susceptible (S)clones from 

15 families assayed by the ir~jection method, and average tuber rot per tamil (diameter inmm). 

Pedigree Percentage by resistance category Average rot 

HR R MR S (mm) 

ERW 91-017 (ERW 293 x ERW 88-021.5) 0 22 66 12 4.94 

ERW 91-027 (ERW 88-065.5 x ERW 293) 0 22 45 33 5.56 

ERW 91-031 (ERW 88-070.1 x ERW 293) 6 3 31 60 6.20 

ERW 91-032 (ERW 88-070.1 x ERW 351.3) 0 14 28 58 5.96 

ERW 91-034 (ERW 88-070 1x OCH 6400.4) 7 10 3 80 7.68 

ERW 91-026 (ERW 88-065.4 x OCH 6400.4) 0 8 41 51 5.33 

ERW 91-047 (OCH 6400.4 x ERW 399) 0 9 51 40 6.06 

ERW 91-030 (ERW 88-065.5 x OCH 6400.4) 0 8 30 62 6.69 

ERW 91-048 (OCH 6400.4 x ERW 88-021.5) 4 0 24 72 7.18 

ERW 91-029 (ERW 88-065.5 x OCH 6175.2) 3 6 32 59 6.85 

ERW 91-033 (ERW 88-070.1 x OCH 6175.2) 7 7 52 34 6.90 

ERW 91-039 (OCH 6175.2 x ERW 399) 0 2 20 78 8.21 

ERW 91-016 (ERW 293 x ERW 399) 0 0 62 38 6.21 

ERW 91-023 ERW351.3 x ERW 399) 0 2 16 82 10.19 

ERW 91-041 (OCH 6175.2 x ERW 88-021.5) 0 0 26 74 7.59 

Desir6e, MR variety 10.76 
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of frequencies of the different levels of 
soft rot resistance obtained. Families 
ERW 91-17 and ERW 9 1-27 that had 
clone ERW 293 as one of their 
progenitors showed 22% resistant 

genotypes (<4.0 mml rot diameter). Other 

families that produced 17% lesistant 

genotypes were ERW 91-33 and ERW 

91-34. For the first time, we produced 

eight fanilies from tuberorm x a 

crosses to improve agronomic characters 
and provide earliness to thle a(4 
populations (Table 5). Faiily ERW 
91-050 (XY 13 x ERW 293) produced 9% 
resistant genotypes, 

We also made tests to determine 
genotypes that combine resistance to both 
soft rot and blackleg in these selections. 
From 3,17 steCtions with various degrees 
of resistance to soft rot, we selected 5 1 
genotypes with potential blackleg 
resistance. Of these, 26 had no blackleg 
symptoms and 25 showed tIp to 200/6 of 
the stein cuttings with blackleg, whereas 
check variety Dcsir&c had significantly 
higher soft rot amnd 100% blackleg. The 
best seven, with 0-3 mm diameter of 
average soft rot versus 11 mm for check 
Desir~e, were ERW 91-42.23, ERW 
91-45.15, ERW 91-42.01, ERW 91-45.07, 

ERW 91-02.04, ERW 91-33.29, and ERW 
91-43.09. 

Although we have selected many 
clones with resistance to soft rot using the 
injection method, which is a very severe 
test, they have a strong S. luberosum ssp. 
aind ena background. We have begun 

crossing these clones with tuberosum to 
improve agronomic characters and 

provide earliness and broader adaptation. 
Because this project was rated lowest inpriority setting and funding ended in 
1993, TPS of these last crosses was turned 
over to Argentina's INTA-Balcarce 
experiment station potato program as a 
result of an agreement in which INTA 
researchers will continue to develop these 
populations. 

Solanum brt-videns-derived resistance 
has been investigated at SCRI, Scotland 
(CIP research contract), and found to be 
operative even under anaerobic conditions 
among tie sextial progenies of a cross 
between an S. bre'idens x .t. tuberosum 
somatic hybrid and a potato cultivar 
(Katahdin). This has been of value in 
identifying the mechanism concerned. 
Both tuber and stem resistances were 
related to the level of cell-wall pectin 
esterification. Pectin esterification level 
and resistance were significantly greater in 

Table 5.Percentages of resistant (R), moderately resistant (MR), and susceptible (S)clones ineight families of 
tuberosum xandigena crosses, and average tuber rot per family (diameter inmm). 
Pedigree 

ERW 91-050 (XY-13 xERW 293) 

ERW 91-053 (XY-14 xOCH 6175.2) 

ERW 91-054 (XY-14 xOCH 6400.4) 

ERW 91-056 (XY-4 xOCH 6175.2) 

ERW 91-057 (XY-9 xERW 88-065.05) 


ERW 91-055 (XY-4 xERW 88-065.04) 

ERW 91-052 (XY-14 xERW 88-065.04) 

ERW 91-051 iXY-13 xOCH 6175.2) 

Desirde, MR variety 

Percentage by resistance category Average rot 
R MR S (mm) 
9 40 51 6.92 
0 90 10 5.55 
0 22 78 7.57 
2 24 74 8.65 
2 18 80 8.78 
0 19 81 8.87 
0 6 94 9.79 
2 11 87 9.84 

11.25 
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resistant sibling clone 4680 thian in
 
susceptible sibling clone 4708 and three
 
culivars, including the parental Kataldin.
 
Whereas clone 4680 sterns llccd to rot
 
when inoculated, tubers of all gcnotypes
 
rotted, alh(ugl clone 468(0 tubers rotted
 
the slowest. This resistnco should be of
 
valuC becCatsc untder natural coitdiliOlls
 

iitf'ctiOt is begun by a small inieruluit
 
load and prolonged or unitcrrupitild
 
,itacrobiosis is uttnlikely to occur. IJnder" '
 
these cotditions, growth of tile bacteria
 
would be sltowed or eeI arrested in
 
tubers with a high pectin csterification
 
level by the activity oi ( )2-dopeitcIde
 
resistance, resulting Ii ficd resistatico.
 

We improved inoculation methods for 
lie selection of resistatce to lErwitia soft
 

rot through a collaboraivc project with
 
eight l-uropean iItstittins. Standard
 
procCdlrCS were published it the
 
Fuirn),an Ass( ciat io for Potato Figure 3.Gall produced by a smut fungus infection on
 
Research (FAIR) 1993 Procecdings of the maca (Lepidium meyeni).
 

ilenitiall MCiI~g heli Paris. ii Arcquipa, Peru, was shosvn to ause 

I)iseases of ARTC mo,saic synmptonls in cv. Toinls, 
Itt 1993-1994, 3.5 pa.titogeiic fungi and Condeinayta. Its host range was restricted 
bacteria of maca, niasha, oeta, and ulluco to fainily Solanaceae and it can be 
were isolated front diseased storage organs transmitted by the leafhopper Rlsse'liama 
nd foliage (F igure 3). We have .o/anicula T. (ftmi ly Psyllidac). It is not
 

Iemonistrated these to be pathogenic in serologically related io any known
 
inoculation stuilies, atid have careflully isometric potato viius. Another isometric
 
idicntified thett according to genus and virus (SB-23), serologically related to
 
species. A bullet in describing these Sowbaie inosaic tyriovirtus, s'as found in 
diseases aId illistrating them with color some plants of cv. luebla from Mexico 
phiotograpils is a mnost ready for sent to C1P for clcatup. It only produces 
pfublication, tint mosaic symptoms and is readily 

detecteid by sap inoculaion to 
Detection and Control of Potato C'ht,poliun qinioa. 
Viruses A diseise called saq'o was studied in 

native cultivatrs Runa and Wavch'a in 
Identification and Bolivia. It is characterized in cv. Runa by 

characterization of previously chlorosis of the leaves, anthocianescence 
unreported viruses or virus diseases in the lower 3/4 of the plant foliage, mild 
An isometric virus code-named S13-26 utosaic, reduced plnt vigor, an average of 
(c. 28 nn dian.), widespread in potatoes 5 stems in contrast to 1.5 in healthy 
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plants, and absence of flovering. In cv. 
Waych'a, chlorosis is less pronounced 
than in Ruin. tub.rs from affected RlI,tI 
plants shov '-5 sprouts witI excessive 
braniching. The agent causing saq'o can he 
transmitted hy gralfing and no vcior has 
beeti associa ted viti the disease. 
I1iological Stlidies are not yet cotclisive. 

A PIRV isolate apparently shoing 
infectivity difCrent from other PIRV 

strains has been found in approximately 
2 Pi of cv. Runa plants tested. A 

previously lunreported Isonetric virus has 
alsO been fioud in one pIlnt of cv. 
Waych'a and mycoplasma-like organisms 
(Nl()s)have been shovti by polyicrase 
cliai, reaction (P(R) ii two infected 

plants of cv. Run.u. 
Potat yel loV veiti disease occurring in 

Ecuador and Colotmbia has spread 
alarmingly in recent years. The agent is 
transmitted by the wlitefly ia/'uro4's 
vlalraritrum(Figure 4). A viral etiology 
has not been demonstrated conclusively. 

Purification attempts have revealed 
elongatcd particles resemblilng those of 
closteroviruscs. PCR analysis using 
universal primers for clostcroviroses has 
allowed us to, anplik, a DNA fragment of 
approximately 350 base pairs (bp). 

Variability anti detection of 
vr i t d t 

potato viruses 
Through collahorative research with hoth 

SCRI, in Scotland, and IPROINPA, it 
polivia, we studied thie variability of 

ptato le-roll ItCoviros (II.R) and 
potiti) top-top furoirus (PMIV) its the 
Andean region. II potato plants wvith 

typical PMIV symptoms, the virus was 

itot reliably detected in se:ological te ,ts, 
although coat protein gene aII aLit 
acid sequence amalysis of several isolates 
revealed little sequence vaiation. Poor 
de,,ctiots itight be caused by erratic 
distribution of PMIV in naturally 
infected plants, or very losv virus 
concentration in some cultivars. Its 

R MFDOIA 

Figure 4.Anundescribed potyvirus inTropaeolum tuberosum Ruiz yPav6n causing yellow vein banding. 
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detection by reverse trarscriptICn 
(RT)-PCR, however, was reliable and, 
although not recounended for large-scale 
screening, it may be a useful diagnostic 
too in some circumstances. We fouitd 
evidence for the existence of a icw 
furovirus in Cusco, PertI, whcis 
,Spmitospora.ublrrantea (the vector of 
IMI-V) spore balls scraped from tubers 
from plants with symptoms were used to 
isfect bait plants of Nicotiinadebin,,. 

This iew f*Urovirus is not transmitted 
ttteclatiically to potato or to indicator 
hosts of MTV. 

WCe stuiedC va riability of' I5 RV InI 

relation to setssitivity atsd reliability )f 

scrologicasl detections. A ptscl of' 10 

,inoisoclonal antibodies (MAbs) was 

produced for as Andeats isolate of PI.RV 

that causes "cnsaisnio amarillo" 

symnptoims ill native Antdais cultivars. Six 

of the MAbs were specific for PLRV asd 

four were fousd to cross-rect with other 

lutCovi ruscs, inCluditlg groutidIut rosette 

assistor, barley yellow dwarf virus RPV 
straits, atd chickpea htteovirus. Three 
MAbs shlowed differences its reacti' ity 
assog 10 isolates of 11.RV tested. Aisiiso 
acid seqiensce aisalysis of these isolates, 
iowever, showed little seqtcusce variations. 
It seuss tslikely that tile differeisces 

Table 6.Tpe of virus resistance inselected potato clones. 

detected by the MAbs can be explainied by 
the few ansino acid differences ii tise coat 
protein of P1.RV. It is possible that tlse 
MAbs detected a change caused by the 
minor coat protein gene (reIad-through 
protei), which is known to reissalti 
attached to sonie virus particles. MAbs 
have been produced in large antounts and 
we are evah1lating MA,'bs-balsed detection. 

Virus resistance studies 
We placed usalor ciphasis Ois 
determii sg the iseclsatistis and stability 

of the resistaice operating in already 

selected PlRV-resistauit genotypes. We 

tested tile seven selected cloIes, whicllwe 

lIsave cvalatCd for sevets ),ears for yield 

aId resistaice to viruses its altcrsatinig 

witer atnd sunilier seasoss its Ica, Peru, 

to deteriniie the type of resistansce to 

IIRV (Table 6). We arec valuating these 

cloies for resistaice to virus 

iuiltiplication asd they are available its 

tile pathogeis-tested list for distribution. 

Because isatural virus itifectiots of 
accessions its the gerilplasni collections 
Iseld at CAP fIcilitates tile evaluatio for 
virus resistisce, we decided to accelerate 
this evaluationt before taking steps to 
cleat the collectios. We deterniised 
sources of virus (PI.RV, PVX, PVY, PVS, 

Clone Progenitors PLRV resistance Reaction to: 

Antixenosis5a Res. to intectionb PVX PVY 

86008 B71.240.2 x7XY.1 - MR H 
86060 B71.240.2 x 7XY.1 - R H 1 

87059 Pirola x 1-1039 - S H 
88076 Serrana x84.011 - R I 

88052 7XY.1 x Katahdin ? R I 
88108 Y2 x Katahdin ? MR H 

88146 BR-63.65 x 7XY.1 - R H I 
a.Determined by companng reduction of numbers ofaphids after aperiod of time with asusceptible control (DTO-33); - no antixenosis 

exhibited, ? = inconclusive results. 
b.MR=roderate resistance, R=high resistance, S=susceptible. 
c. H =hypersensitivity, I =immunity 
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and APMV) resistance genes among 46 
wild species tested and in iore than 

3,000 accessions of the potato gerniplasm 
coilcetion. We Ire evaluating resistant 
accessions to determine the type of 
resistance involved for each virus. 

Identification and Control of 
Sweetpotato Viruses 

Identification anti 
characterization of viruses 
Because the coto rercially available 
Itsotnscloital antibody (MAb) PlY I 
recognrizes a cryptotopc cioserved ott 
.aliid-transninssible potyvirusCs, WCeused 
it to deternitine the relationship atnong 
different potyviruscs inl swcetpotato and to 
gather evidence ott their vector (Table 7). 
PTY I did not react witlh sweetpotato 
clorotic fleck virus (SP(1V), swcetpotato 
leaf speckling virus (SI.SV), C-3, and (-6, 

suiggesting that their vectors are not aplid 
species. The observed wcak rcaction of 
ss'eetplot to litet virus (Sll.V) witi this 

MAb could explain tile aphid 
transmitssion of some straits of SPIN 
reported in Japait and China. The C-3 
virus previously reported as a possible 
bacilliform virus was shown to be a 
clostero-like virus whlien it was purified 
iollowing the protocol reported for 
swectpotato sunken vein virus (SPSV"). 
We observed open, helical clongated 
particles typical ot closteroviruscs. 

SPLSV, also called C-4 it previous 
reports, was confirned as a LtCovirus. 
Cotuplelcintary I)NA obtained from 
SPISV-RNA by IRT(I-(R was cloned and 
sequenced at SCRI in Scotlanid. We 
est aiis led relIat iotships between the coat 
protein gCnC of S1ISV anid other 
hiteovirtiscs by scqtlence comparisons. 
The highest sequnlcC homology was 
fiuutd bctween 1SP.SV and PI.RV. In spite 
of' this similarity, there is neither 
scrological cross-reaction nor host range 
congrutence between these tWo viruses. 

It Africa, we ire studying the 
inportance of virus diseases in 
sweetpotato through an ODA holdback 

Table 7.Reaction of the MAb PTY 1to different viruses inNGM-ELISA. 
Virus" Group 

APMV Comovirus 
PVX Potexvirus 
PVY Potyvirus 
SPFMV(RC) Potyvirus 
SPLV Potyvirus 
SPMMV Potyvirus 
SPCFV Potyvirus? 
SPLSV Luteovirus 
C-3 ? 
C-6 Potyvirus 
14R Tobamovirus 

Vector 

Diabrotica sp.? 
Fungus 

Aphids 
Aphids 
Aphids? 
Whitefly 
Unknown 
Aphids 

Unknown 


Unknown 
Unknown 

Sap extracted in: 
Ab B C 
C 

- - -
4+ 3+ 1+ 
4+ 2+ 1+ 
+/- - -

- - -

- - -

- - -

- - -

- - -

- - -

a.APMV = Andean potato mottle virus; PVX= potato virus X;PVY potato virus Y;SPFMV(RC) =sweelpofato feathery mottle virus 
(RC strain); SPLV =sweelpotalo talent virus; SPMMV =sweelpotato mild motle virus; SPCFV =sweelpotato chlorolic fleck virus
 
(or C-2); SPLSV = sweetpolato leafspeckling virus (or C-4); C-3 and C-6 = new lexuous sweelpotalo viruses.
 

b. A= carbonate buffer, pH 9.6; B= Irisbuffer saline (TBS); C= TBS containing 02% Na2SO. 
c. Reaction intensity inNCM-ELISA test: I = minimum, 4 =maximum, - = no reaction. 
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project. As in other parts of the world, 

swectpotato feathery mottle virus 

(SPFMV) is the virus iost frequcntly 

found in diseased plants; hio\veve'r, these 

pltnts taitaly show syllultonls of 
swCctp)otato virus disease cotpl)lex 

(SI'V ;) caused by"thet ,-,parettt 
synergism of SIP]M\V attd a whtitefly-bornc 

virtts, proilbaly a closterovirus. StudiCs O0t 

the Ctiology of SIVI)C arc in progress. 

Virus resistance studies 

SPFMV IdonC doCs 1tot usually cause 

severe yield reductiot iIt sweetjotL; 

mixed infeLctions of SIFMV with other 

viruses arc tfle traitt catse of' crop 

degcncratioi. TherctOre, vc developed a 

strategy to find sotrces of iesistanice to 

several viruses iII one gcttotypc. 

Accessiotts from tihe gernplastu collcotion 

andlpatlogeltvestcd list at CIPll hving 

high levels of resistance to SIFMNV were 
sequten tially tested for ICsishtnc to 

swctlpotato mild tiottle virus (SlIMMNIV), 

SplI.,attd I(AI: nil1 by grafting Imo' 

inlfctCd with the challCnging viruses onto 

swcct ot0,1t \Vc dLCctCd in fcctionn,11ts. 

of plants utnder evaluatiti by syttiptoll 

dcvClopttlCt, NCM-IISA, and 

back-tcstlig by graftig hcalthy 1.it'm; 

plants onto previotsly gralt-itocttCd 

swCctot,tto plants (Table 8). It is 

irterestittg to note thtat accessions 

(SPFMV) from CIP-held germplasm 

collection to SPMMV, SPLV, and SPCFV. 

C'P Accession Virusa 
number SPMMV SPLV SPCFV 

Table 8.Reaction of accessions resistant fosweetpotato feathery mottle virua 

f.setosd I. I. I.bafatasI.batatas , batatas setosa I.setosa 

420018 ST-3 + + 

420019 S-12 + + 

420020 S-20 + + + +
 

420021 ARB 231 + +
 

420022 ARB 426 + + + +
 

420023 DLP 298 + + + + +
 

420024 DLP 886 + +
 

420025 DLP 1912 + +
 

420026 DLP 1913 +
 

420027 DLP 1914
 

420028 DLP 2247 
 + + 

420029 RCB 73-IN + + + + 

420030 PMH + + + 

ARB 261 + + 

ARB 403
 

DLP 2364
 

DLP 279
 

RCB IT 16
 

RCB H 452 + + 

RCB 3018H + + + 

virus, SPLV sweelpolato lalent virus, SPCFV 
b,Healthy I setosa scions were grafted onto swcelpotato plants previously gralt-inoculated with viruses. 
a SPMMV sweelpotalo mild mottle sweetpolato chlorotic fleck virus. 
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DI 1914, ARB -403, I1)P 23(0, l)IIT 279, 
and RCB IT 10 are resistant t,( IL four 
viruses tested (SH:MV, SPM MV, SPIN, 
and SIAF). 

Control of Bacterial and Fungal
 
Diseases of Swcetpotato 


Screening for disease 

resistance
 

lo determline the best way to sci cci for 

1:rz,mia Avoanillemi ha ctcrial root rot, we 

tested three iiocullti,o methods to intect 

storage roots: ticrtoinjcct iol, Pipette tip 

tiujctiCOi, aiid pipette tip ilti tioi plus I 

vaseliie seal, with (O()ICctIti,Vims (d 


I X 105 
to 1 x 10' t1n/nil. Ibis list 


method produced the hiwhst incci1, 

%%'ithn) sigllit]C.Il it(.1 tCIc
I x I()7. C 1 1 IXsuceptdn,..and1este 111, U 

We tested Idisesiaa a li it aouss 
lava black tot disease agaiist two gro,ups 
of'Swecipotato cloties. We found marked 
dil1fereIces v.'hicii high relative humidity 
(RI I) was tiaitained during the three 
days -,lloswiig inocutl.tioti. 

Swcctpc.tat,. showed variability il 
resistance to 1). ,o.ypina. The 
pathogenticity of this tuingus also varied 
according to the level of moisture duiIng 
storage. When 197 accessions were 
screened using lose RI I durinig 
incubation, 20% resulted susceptible, 
7.5% highly susceptible, antd 72.5% 
resistant. But with a high RII incubation 
f'or a group of 120 entries, oily one (1)11 
2689) resulted resistant. 

Scab in Asia 
Through iaii agreement between the 
NatralI Resources Institute in the United 
Kingdom and SAPPRAI), we are 
conducting collaborative research ott 
sweetpolato scab (caused by l;iinot 
batala.V in Southeast Asia, where it is a 
serious problem. Results of 

inutiocational trials with numerotis 
clones indicate considcrJble variation in 
resistance aioig swecpotato cultivars; 
thereforc, general resistance may be 
available. 

Molecular Approaches for
 
Detection and Control of

Pathogens 

Detection of viruses and 
viroids by nucleic acid spot 
hybridization (NASI I) 
l)etection of potItO virusLT (PVI') by 
sCrolOgical meats is unreliable because of 
the low cotncentration of the virus in 

plant tissues, the iistability of the 
polylthiial antibody, andtie 

s s e t ibility of NCM-EIISA to 
producing niotispecific reactions when 
true potato seed (I'TS) I.; tested. We 
thercf'ore sought molecular approaches to 
overcome these disadvantages. We used a 
cl)NA (1,100 bp) developed some years 
ago to pImpae a specific -'2P-labecled probe. 
This probe (pI\rl'l) was able to detect as 
little as 32 picograins (pg) of virus and 
3-5 pg of' viral RNA, and allowed ts to 

detect the virus iin a single infected TPS. 
In order to reduce vork in preparing 

samples for detection of both 'IPS-borne 
agents (PVI' and PSTVd), the pPVI1 was 
linked to the IS'IVd cDNA to create a 
chimeric clone. The chimeric clone 
detected IVY in infected leaf sap up to a 
dilution of 1/192 and PS'TVd up to 
1/3,072. In tuber sprouts, PVI' can be 

detected at a maximum dilution of 1/384 
and PS'lVd at 1/1,536, whereas in IPS, 
I'VT Cali be detected up to it dilut inn of 
1/96 and PS'TVd at 1/768. 

We completed vork to characterize 
PS'IVd iin avocados is requested by the 
Servicio Nacional dc Sanidad Agraria 
(SINASA), Ministry of Agriculture, Peru. 
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We found PS'IVd in avocados in several manuahy onto the leavcs of (ombreh'na 

Peruvian provinces, but it seems to be globosa (a local lesion host for PVX) 24 
especially important in Moquegua, ti1e hours before rubbing theni witli 

most important avocado production area. PVXcp-infecttis sap. AI. Hapaextracts 
reduced virus infection to 1% of the

PL.RV-assisted aphid incidence in the tntreateCL control. 
transmission of PSTVd(AIP confirmed in several experiments thle Si experiments, but replacitig tlr 

tr11) tnisicofti byveralaxphri s the,, .globota wvithi a susceptible potato clone 
rnsisIIIIs
sioI of-PSTIVd by aph11ds(0 ('1)O-33), shtoNwcd that systemic tnicction 

pentc St lz.) when the source ofi 
inoculuin also contained lI.RV. Other wherea the n d conrols b em 

i i whereas the untreated controls beec ric 
experliments itid ica~el thIat like PL.RV, 8)-100% infected. The residual effect of 
PS'ILVd is also persistent iIt the aphid atId p
that transomissibilipyo nd presetnt in 

not lost aftcr several passgcs of dl. 11(i~w indicated ahigh stbily and 

aphids on cabbage plants. A persisteicte of the virus inhibitory effect.virutiferotiscai OS ]lSl( p,ifle preints A *\Cl')weiy-ftLr days aftcr trcatmitenit, about 
cc) ipa riSl IT1.RV putrifte Ccfroiiiio ilson niior fet\VI tl 
doubly infected plants (PI.RV and PSTVd) 50% of the i.ibitory effect sas still 
and PI.RV purified froiIa mixture Nvi! l pent (Table ) 
PS'IVd indicated tla! IS'l'Vd is closely
as.sociated swith P'I.RV particles front a iss fected plails. hlese resulsT Table 9. Residual effect of Mirabihsjalapaextracts on 
stl Iect e ants. raesult PVXcp inGomphrena globosa plants.l al 

sggest thatayof No. ofesions t/plan Inhibition
 
Treatment
inPtIRV particles during replicatio, inoculatin Control 

(/
althouglh they do not rule out completely M.Tatmen Contr 

--- ___________________the possibility that lS'l"Vd is attached to 

the outside of PI.RV particles. We wvill 1 0.5 35.5 98.6 

conduct more work to elucidate the 2 0.5 31.0 98.4 

itecltanisin of transinissioit. 3 2.0 73.0 97.0 
4 5.5 78.5 93.0 

Studies on antiviral 5 8.0 103.5 92.3 
compounds of natural origin 6 20.0 117.5 83.0 
We began studies on antiviral compounds 7 29.5 121.0 76.0 
frol plaits ising the previously reported 8 9.5 121.0 92.2 
viral inhibitor MAI' (Alirabili amtiviral 

protein). MAP hias been reported as a 9 8.0 120.0 93.4 
protein capable f temporarily blocking 10 20.0 120.0 83.4 

protein synthesis antd thlerefore virus 12 16.0 125.0 87.2 

replication in the infected cells. We l,-e 14 -0.0 170.0 58.8 

conductcd some experiments to confirm 15 13.0 140.0 90.7 
the reported effect of MAl', extend 16 59.0 140.0 57.9 
itiformation to potato viruses (PVX and 18 53.0 120.0 53.8 
PVY), arid evaliate the potent ial practical 21 32.0 120.0 73.3 
use of lirabilisfrala/l to control virus 23 67.0 150.0 55.3 
spread impotatoes. 24 80.0 150.0 46.7 

In a typical experimeill, we applied a.Day of treatment with M.jalapa = day 0. 
A..ljlapa extracts (from leaves and roots) b.Average calculated on 2plants, 2leaves/planl. 
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Virology of Andean Root and 
Tuber Crops 


Identification of viruses 
Studies on viruses of ARTC aim to 
identify, characterize, and detect viruses, 
Recently, we ident;fied an isometric virus 
from Ullucus tuberosus (ulluco) as a strain 
of API.V, and it was detected in 27% of 
uliluco accessions from gcrmplasm 
originating in Colombia, Ecuador, and 
Peru. We found another isometric virus 
in tulluco from I 'rU,although its 
relationship to other isometric viruses has 
not yet been determined. General surveys 
on ulluco from three locations in Peru 
showed that 98% of the samples were 
infected with viruses, 

In Oxali tub,'rosa (oca), we 
characterized a strain of papaya mosaic 
virus. This virus was found in 20/0 of the 
field samples tested. In Tropaeohm 
tuberoswn (maslhua), we determined a high 
incidence of yet unidentified viruses. 
Table 10 summarizes the viruses affecting 
ARTC. We arc characterizing several 
other viruses and have not included them 
in tiletable. 
We have developed serological 

methods for tiledetection of ARTC 

viruses. Because DAS-ELISA was 
consistently more sensitive than 
NCM-ELISA and indirect ELISA, we are 

presently using this form of ELISA. We 
have distributed antisera kits to ARTC 
programs in IcLuIIdor, Bolivia, Peru, and 
Colombia for use in the production of 
healthy p. rting materials. 

Training 

A workshop on the use of R-gene-free 
horizontal resistance to P.infestans was 
conducted in Kunming, China (24 
participants from several potato-growing 
provinces), and Montevideo, Uruguay (15 
participants from five countries). We 
provided in-service training to 14 NARS 
staff during visits by CIP-Lima staff to 
Costa Rica, Guatemala, and Panama. 
Collaboration with PRECODEPA in 
Mexico provided training in a Workshop 
on Managemejt of Germplasm for 
Resistance to Late Blight for 26 
participants from Costa Rica, Cuba, El 
Salvador, Ilonduras, Mexico, Nicaragua, 
and Panama (August 21-27, 1994). At the 
CIP station in Rionegro, Colombia, 
training was given to NARS scientists 
from PRACIPA and PROCIPA 

Table 10. Groups ofviruses affecting Andean root and tuber crops. 
Virus group Virus Symptomsa 

Potyvirus UMV M 
AP-1 M,Df 

Comovirus UVC M,Mm 
Potexvirus PapMV/U M,Df 

PapMV/O 
Tobamovirus TMV/U M,B 
Tymo,,''us APLV/U SS 

NPpovirus PBRV/A SCR 

AVA M 
UV8 SS 

Unknown AVB-O SS 

Particle size (nm) Natural transmission 
750 Aphids 

15 x750 Aphids 
28 Mechanical (beetles) 

550 Mechanical 
550 Mechanical 

250-350 Mechanical 
29 Mechanical (beetles?) 
25 Nematodes? 
26 Nematodes? 
28 Nematodes? 
26 Unknown 

a. SS zsymptomless systerric infection, M=mosaic, Mm = mild =leaf =systermicmottle, DI delormation, B=blistenng, SCR chloroic rings. 
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participating in a planning meeting on 
late blight. 

CIP and the Institut des Sciences 
Agronomiques du Burundi (ISABU) 
provided a Workshop on Management of 
Bacterial Wilt in the PRAPACE countries 
in Bujunsbura, 3urundi (February 22-26, 
1993). Both BW and Erwinia diseases 
were covered in the Workshop onl 
Bacterial Diseases of Potato organized by 
PROCIPA, CN PI I-EM BRAPA, and CIP 
in Brasilia, Brazil (March 15-18, 1993). 
An International Workshop on Integrated 
Management of Bacterial Wilt of Potato 
took place in New Delhi and Shimla, 
India (October 11-16, 1993). It was 
organized by the Indian Council of 
Agricultural Research (ICAR) and CIP 
regions-South and \est Asia andil ast 
and Southeast Asia and the Pacific. 
Training onl diagnosis of 13W in the fieldand laboratory was given to staff of the 

Servicio Agricola y Ganadero (Chile) to 
undertake a BID-financed survey 
(September 20-October 1, 1993). 

Victor Alvarez of Bolivia (September 

20-October 17, 1992), Paulina Tolosa and 
Ernesto Vega of Chile (October 5-17, 
1992), and Alicia Albornoz of Cuba 
(November 15-30, 1993) received 
individual training at CIP on bacterial 
wilt. 

Ivette Acufia of Chile, who received 
training on Erwinia diseases in 1992, 

received an intensive follow-up session 
during a visit by Liliain Gutarra of 
CIP-Lima to Osorno (August 8-27, 1993). 
G.P. Ilenz of Brazil received training in 
Linia, November 2-12, 1993. 

A course on Techniques for the 
Detection of Phytopathogenic Viruses was 
held in Linia for participants from 
Ecuador, Chile, and Peru (August 2-13, 
1993). A two-week practical course on 
Potato Virology was held in Paraguay 
(September 27-October 6, 1993) for 18 
participants. A two-week course on Basic 
Techniques in Virology was conducted in 
Lima in February 1994 for 14 participants 
from Peru, Chile, the USA, and Italy. In 
June-July 1994, two courses were held in 
Lima: Advanced Virology U11,ne 27-July 
26), with seven participants from Peru, 
Chile, India, Venezuela, the USA, and 

Syi;adedPruconivligSyria; and Seed Production, involving 
tissue culture, rapid multiplication, and
serological techniques (June 27-July 11), 
wit atcints from ItalyMxc, 
with five participants from haly, Mexico, 
Peru, and Syria. 

personnel from the Virology 
Department have also been asked to 
participate in and help conduct several 
courses organized in Peru by national 
entities (such as SENASA and INIA). We 
provided on-tbe-job training to several 
NARS staff frca Peru and other 
countries. 

U 

1993-94 Research Projects and Partners 

This list contains titles qf research projects, names o/principalresearch partnersand responsible 
CIPscientists, collaborating institutions, ani, when applicable, countries where work isconducted. 

Control of potato late blight J. [.andeo, G. Forbes, M. Gastelo, 
(Pbytophthorainfestans). G. Forbes. Fl. Pinedo.
 

Breeding and selection for horizontal Integrated management and control of
 
resistance to late blight in potato, potato late blight. Bolivia. N. Estrada,
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E. Fern'mdcez-Northcote, J. Gabriel 
(PROINPA). 

* 	 Development of fundamental 
information for late blight work. 
Netherlands. L.Turkensteen (IPO). 

" 	 Evaluation of genetic material from 
CIP and ICA for resistance to late 
blight in Rionegro, Colombia. 
J.L. Zapata, G. Forbcs. 

* 	 Epidemiological and biological studies 
related to efficiency of selection for 
horizontal resistance to late blight and 
its durability. G. Forbes, J. L,,ndeo, 
H. 	Pinedo. 

" 	Relationship between late blight attack 
and production in potato. R. Morales, 
J. Rcvelo (INIAP); G. Forbes. 

" Selection of adapted potato cultivars 
with emphasis on late blight resistant 
germplasm in South China. WalgJutn, 
Li Baoquilg (YNU); Song Bo Fu. 

" 	 Selection of resistance to late blight of 
potatc. Mexico. F.Flores (INIFAP); 
J. Landco, G. Forbes. 

" 	Combating a genetically distinct 
migrating population of I' in/istans 
with plant resistance. Bolivia, Ecuador, 
Pert. G. Forbes, F. Mufioz, 
E.Fern'indez-Northcote, [I. Pin-do, 
W. Fry. 

Integrated control of potato bacterial 
wilt. E.R. French. 

" 	Ecology, taxonomy, and strategy to 
control Pseudomonassohanacearum. 
E. French, P. Aley, U. Nydegger. 

* 	 Improvement in the integrated control 
of bacterial wilt disease caused by 
P solanacearum. United Kingdom. 
A. Robinson (ODA), E.French. 

* 	 .. anagemnt of bacterial wilt. Kenya, 
Burundi. S. Ajanga (KARl), 
A. Rubigiti (ISABU), D.F. Berrios. 

* 	Breeding for resistance to bacterial 
wilt. R. Anguiz, P.Aley, E.Guevara, 
E.French, H. Mendoza, K. Watanabe. 

* 	 Effect of plant extracts on Aeloidogyne 
incowrita. R. Anguiz, M. Canto. 

* 	 Evaluation for resistance to bacterial 
wilt races I ant 3. Brazil. C.A. Lopes, 
J.A. Buso (IMBRAPA); E. French, 
R.Anguit, 1'. Aley. 

* 	 Screening potato geinmplasm for 
resistance to 1. solanacearumn in 
Southeast Asia. DA Philippites. 
F.Saldivar, A. Tunapon, L. Duna, 
E. Maape; E.Chujoy. 

* 	 Control of bacterial wilt of potatoes in 
China. lie Liytan (CAAS); Song Bo 
Fu, F. French. 

* 	 Evaluation of clones for resistance to 
bacterial wilt. Colombia. J.L. Zapata, 
0. [lidalgo. 

Combining resistances to potato viruses 

* 	 Genetic studies and breeding for virus 
and viroid resistance. 1-1.Mendoza, 
L.F. Salazar. 

* 	 Breeding for early blight resistance. 
R.Anguiz, 1-1.Mendoza, E. French. 
3reeding potatoes resistant to the 

potato leafroll virus, PLRV. Poland. 
M. Dziewonska (IZ, IPR). 

e Evaluation of potato germplasm for 
resistance to viruses and early blight. 
Brazil. J.A. Buso, S. Brune, A. Dusi, 
1P.Melo, A.C. Torres (EMBRAPA); 
R. Anguiz, F. Mendoza, U.Jayasinghe. 

* 	 Evaluation of advanced potato 
breeding material in Andean 
countries. R. Pineda, E. lernindez 
(CORPOICA); M. Sola, J. Revelo 
(INIAP); R. Le6n, E.Ortega 
(FONAIAP); R. Egfisquiza (INIA); 
V. Huanco (INIA); 0. Hidalgo. 

* 	 Evaluation of advanced potato 
breeding material in southern South 
America. M. Huarte (INTA); A. Buso 
(EMBRAPA); A. L6pez (MA Paraguay); 
F.Vilar (CIAAB); H. Mendoza, 
F. Ezeta. 
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" 	 Utilization of So/anum tuberosunt ssp. 
andAqena germplasm in potato 
improvement and adaptation. USA. 
RL. Plaisted, tlI.D. Thurston, 
W. Tingey, B. Brodie, E Ewing 
(Cornell U); P. Gregcry. 

" 	 Potato breeding for disease resistance 
and desirable agronomic 
characteristics in East Africa. J. fligiro 
(ISABU); B. Lenaga (IAR); D. Maingi 
(KARl); P. Tegera (ISAR); D. Akimanzi 
(MOA); N. BoL, - (INERA); 
IH.M. Kidane-Marim,. 

" 	 Germplastn evaluation with emphasis 
on virus resistance. Tunisia. M. Fahem 

(CPRA), C. Martin. 

" 	Evaluation of advanced potato genetic 

materials in Egypt. L. Amrity (MA), 

A. El Abassey (Ainshames Faculty of 
Agric.), R. Fl-13edewy, C. Martin. 

" 	 Evaluation of advanced potato genetic 
materials for Cameroon and countries 
with similar agroecological conditions. 
GTZ. National breeders of West and 
Ccntral Africa, 1-1.Mendoza. 

" 	 Selection of advanced v;rus-resistant 

potato materials with adaptation to 

North Africa and the Middle Last. 

P. Rousse!le (INRA), H. Mendoza. 

" 	 Evaluation of potato germplasm for 
earliness and resistance to PVY, PVX, 
PLRV, and Aliernariasoami. Uruguay. 
J. Vilar6, C. Crisci (INIA); 

I-. Mendoza. 


" 	 Evaluation of advanced potato 
breeding materials in Central America 
and Caribbean. PRECODEPA. NARS 
breeders, J. Landeo, F. Ezeta. 

Control of field and storage diseases o 
Andean roots and tubers including 
potato. T. Icocheca. 

* 	 Control of tuber and soil-borne 
diseases of potatoes. L. de Lindo, 
[I. Torres, E. French. 

* 	 Envinia disease in different phases of
 
tile Tunisian potato seed program.
 
M. Mahjoub, M. Romdhani (ESI-I); 
C. Martin.
 

e The importance of -rwinia diseases
 
during the different phases of 

Tunisia's potato seed multiplication 
prograi. Ministry of Foreign 
Relations (France) and ESI-I f. Priou, 
R. Cortbaoui, E. French. 

* 	 Elimination of viruses and 
determination of tile effect of viruses 
and otier pathogens prevalent in 

promising ulluco and oca cultivars. 
G. L6pez (UNCP). 

* 	 Identification and characterization of 
bacteria and fungi pathogenic to 

Andean root and tuber crops. 

T. IcocICa, [I. Torres, P. Aley, W. Prez. 

Detection and control of potato viruses. 

LF. Salazar. 
e 	 Antiserun production and 

improvement of serological techniques 
for virus detection. C. Delgado, 
V. Flores, L.F. Salazar. 

* 	 Production of antisera and 
standardization of virus and viroid 
testing procedures for potato. 
S.M.P. Khurana, J.S. Grewal (CPRI); 

M. Upadhya. 
* 	 Vaiability and mechanism of 

resistance to potato leafroll virus 
(PLRV). L. Salazar. 

e 	 Characteristics of the transmission of 

potato viruses and viroids through 
TPS. P. Malagamba, N. M.z ,1 
C. Barrera, L.F. Salazar. 

* 	 Development and utilization of virus 
detection techniques. Zhang Heling
(U Inner Mongol'a), Song Bo Fu. 

0 Characterization of new virus and 

vrus-like diseases and confirmation of 

immunity to PVX and PVY. 
E. Fernindcz-Northcote, A Gandarillas, 
V. Alvarez (PROINPA); L.F. Salazar. 
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* 	 Epidemiology of PVY in potato seed 
fields and their environments, 
C. Cherif, M. Boudhir, K. Mnari 
(INRA'I); C. Martin. 

" 	 Studies on the potato diseases Saq'o 
aid Kully Onqoy. PROINPA. 
L. Salazar, E. Ferunidcz-Northcote. 

Identification and control of 
sweetpotato viruses. L.F. Salazar. 


" Identification and characterization of 

swectpotato viruses, and search for 

resistance. S. Fuentes, I.F. Salazar. 


" In vitro eradication of potato and 

sweetpotato viruses and viroids. 

A. (olnirzaie, I.F. Salazar. 

" 	 Virus diseases ofsGenetic resistaoce t 

Gi Ctc reistii, Icc.. 
 .etm 

Molecular approaches for detection and 
control of pathogens. M. Querci. 

* 	 Molecular analysis of genetic 
resistance to viruses and development 
of molecular probes. M. Querci. 

* 	 Molecular analysis of genetic 
resistance of sweetpotato to viruses 

and development of molecular probes. 
M. QuCrci, LF. Salazar. 

Virology of Andean roots and tubers. 
L.F. Salazar. 

o 	Virology of Andean tuber and root
 
of R.tubra nd r o
crops.crops. UJNMSM. R. Estrada,
 

H:. Salazar, M. lermann.
 

an ageinent, andconservation in vitro of germiplasm of 
U/icus fuberosuls, Oxalis tuberosa,

C. l.oehecnstcin, I l.J. Vetteit (Volcantirpc/m(bTSUad.oau 

Center); .1 Salazar. 

" The influence of viruses on 
sweetpotato yields In Uganda:

yilds 

Assessment of the potential to use 

clean planting material to increase 
yields. R. Gibson, R. Mwanga (ODA); 

swecpotaon Ugnda:cuhtivars. 

F. Carey. 

Control of bacterial and fungal diseases 
of sweetpotato. T. lcochca. 

" 	 Etiology of swectpotato chlorotic leaf 
distortion. C.A. Clark, R.A. Valverde, 
D.R. La Borne (LSU). 

* 	 Morphological and pathogenic 
characterization of lsinot,(Sphac'obma) 
batalas: Causal agent of sweetpotato 
scab. J. Lenn. (NRI), E.I. Rasco, 
E. French. 

Troaeouam ub,rosum, aUd Solanum 

andtiena. C. Granados (U Tacria). 
Virus elimination from native potato

R. Mejia (INIA). 

* 	 Identification and characterization of 
virus, in Andean roots and tubers. 
F. Barrantes (UNSCH), IF. Salazar, 

C. Lizirraga. 
Select, divulge, and implement specific 
methods of virus detection for Andean 

roots and tubers. Collaborators from
 
U Ayacucho, UNCP, INIA, CICA,
 
PROINPA, CORPOICA, INIAP;
 
LF. Salazar.
 
Determine the effects of viruses in
 
cultivars of Andean roots and tubers.
 
Collaborators from UNCP, CICA,
 
PROINPA, ICA, INIA; L.F. Salazar.
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PROGRAM 4
 

Integrated Pest Management
 

During 1993-1994, the Integrated Pest 
Management Program did a sigiificant 
amount of work to integrate previously 
developed IPM components into IPM 
progran-s, and tested these programs 
under experimental and arirmers' 
conditions. Pest species include the 
Andean potato weevil, three specics of 
potato tuber moth, the potato leafminer 
fly, and the Asian swcetpot:ito weevil, 
Countries involved are Bolivia, Peru, the 
Dominican Republic, Cuba, and Tunisia. 
At the same time, we continued to 
develop new IPM components, 
particularly for breeding for pest 
resistance in both potato and swectpotato 
plants. We also studied the role of 
parasitoids in the population dynamics of 
leafiner flies and potato tuber moth, 
and the effects of local cultural practices 
on African swceetotato weevil infestations 
tirder mounds (piecemeal harvest) and in 
furrow cropping in Uganda. In Southeast 
Asia, we assessed the importance of the 
sweetpotato weevil, developed interactions 
with NARS, and evaluated the potential 
of the farmner field school model for 
CIP's IPM programs for sweetpotato in 
the region. The first pilot HPM fie!d 
schools were organized recently in 
Vietnam. 

We contrasted previously developed 
individual IPM components with 
conditions, of the integration plots and 
pilot areas and adj'stcd them 
accordingly. This work involved research 
on potato tuber moth pheromones, 
trapping of leafminer flies, mass 
trapping of the Asian sweetpotato weevil 

using pheromones, and crop rotation
 
schemes for management of the potato
 
cyst nematode and potato rosary
 
nematode.
 

All of this work corresponds to CIP's 
IPM research strategy (Figure 1). The goal 
is to continue to develop technologies 
that farmers can apply to reduce pest 

damage that limits crop productivity, 
without the use of costly and dangerous 
pesticides. 

We conducted intensive training 
activities and produced diffusion 
materials to help implement IPM in pilot 
areas as well as on a large scale. The 
extension work itself was under the 
responsibility of NARS and NGOs. 
Significant roles were played by the 
Institut National de la Recherche 
Agronoinique de Tunisic (INRAT), 
funisia; lnstituto de Investigaciones de 
Viaidas Tropicales (INIVIT), Cuba; 
Progrania de Manejo Integrado de Plagas 
(MIP), Dominican Reublic; CARE-Peru 
and the Centro de lnvestigaci6n, 
Educaci6n y l)esarrollo (CIED), Peru; 
and Programa de Investigaci6n de la Papa 
(PROINPA), Bolivia. 

Management of the Potato 
Tuber Moth 

The potato tuber moth (PTM) is the most 
injurious pest of potatoes in fields and 
stores in warm, dry areas of the world, 
such as North Africa and the Middle 
East, Mexico, Central America, and the 
inter-Andcan valleys of South America. 
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Pest problem assessment Development
Socioeconomic research /of management

S components 
Plant resistance- Pest life cycle(s) 

-Biological.Pest behavior Predators and parasitoids 
research - Pest population dynamics Pest pathogens 

Large-scale Implementation 
*Training 
*Diffusion materials 
*Extension (NARS and NGOs) 

Implementation in pilot areas 
*Technological development 
* Socioeconomic studies 

Figure 1.CIP's IPM research and implementation strategy. 

Species involved are the commnion PM, 
lY5torim'ae opteradclla, of worldwide 
distribution; the Andean IrIM, 
.Y),?nnelrischenia tangoia (lae'siosma), iin 
hi1emid-elevation Andean region; and 

"aa'tlsolafiVora, a Centra! American 
species that has spread to Venezuela and 
Colombia in recent years. There is still 

another species, Scrobipalpuloides 

(=Scrobitalp~tta)absoluta, whose damrage is 
restricted to the aerial part of the plant. 

Work in the Middle East 

and North Africa 
The IPM developmental phase for 
management of this pest varied according 
to locality, species of PTM, and progress 
in previous work. In Tunisia, where the 
IPM progran for H'M is already well 

developed, most work related to 
monitoring HPM field populations using 

pheromone traps to measure the 
efficiency of cultural practices (billing 
and irrigation). Sprays were phased out 
under field conditions. The PTM 

Habitat management 
Ethloica -Pheromones 

- traps"StEthological 
techniques - Repellents 

-R eln 
_ _ _" 

Integration of key 
S1 components 

Ecological integration 
•Socioeconomic 
compatibilities 

problem is restricted to nonrefrigerated 
store conditions. -lere, highly toxic 
compounds have been replaced with the 
bioinsecticides Bacillus thurinlgi,'nsisor 
PTM granulosis virus, which are not toxic 

to humans. INRAT is multiplying this 
virus and distributing it tc farmers. The 
experience in Tunisia could soon be 

replicated in Egypt, where the 

governinent and farmers have expressed 
their interest in establishing IPM 

programs for UI'M in order to reduce the 

current intensive use of pesticides. 

Figure 2 depicts CIP's IPM program for 
PPM. 

We have evaluated specific IPM 
components in different places. In 
Morocco, the Complex lHorticole of the 

Insiitut Agronomique ct Veterinaire 
-lassan II has found that appropriate 

hilling is a key component in PTM 
tnanagem~nt in that country. In Yemen, 
we are evaluating PTM par itoids, 
including some native species. In the 
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3 Multiplication 

Colonizatio~n 

6 Storehouse 

" WII K., Multiplication 

*.kb: ~kW potato~New 
field Colonization 

= control measure 

Components 

1. Resistant cultivars 5. Baculovirus or Bacillus thuringiensis, 
(not in commercial use yet). repellent plants. 

2. Irrigation and hilling. 6. Trapping in store 

3. Pheromones and selective (pheromone or light traps).
 
insecticides. 7. Trapping in the field
 

4. Sorting prior to storage. (pheromone traps). 

Figure 2.Potato tueer moth: population dynamics and management. 

Domiiiican Republic (Valley of Research concentrated on the life cycle 
Constanza), the adoption of plheromone and behavior of the Central American 
traps led to better timing for spraying, species in Venezuela (FONAIAP) and 
which rcsultcd in 50% fewer sprays in the Colombia (ICA and CORPOICA), the 
field. In stores, preliminary trials were use of traps with specific pheromones, 
conducted with the granulosis virus and the determination of susceptibility of 
instead of the highly toxic insecticides this species to the granulosis virus used 
currently used. against the common PTM species. Based 

* Work in the Andean region on these findings, we established pilot 

In the Andean region, the sittuation was areas in M rida (Venezuela) and in 
more complex because of the Pamplona, Rionegro, and Tunja 
sinultancous presence of the common (Colombia). In all these places, 

'TM and the Central American H'M researchers are evaluating under iocal 
species in Venezuela and Colombia; and conditions the various IPM components 
the common PTM and Andean P'M develored by CIP. During the first two 
species in Peru and Bolivia (Tarija). growing seasons, use of the IPM program 
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in Pamplona resulted in a 50% reduction 
in the use of pesticides compared with 
farmers' practices. 

In Peru and Bolivia, part of our 
research was related to the Andean PTM 
species. In this case, no sex pheromone is 
available yet. Research on the isolation, 
identification, and synthesis of a specific 
pheromone is being conducted by the 
Research Institute for Plant Protection 
(IPO-DLO), Netherlands. The first 
samples with a synthetic compound 
demonstrated a strong attractant effect. 
For effectiveness of the granulosis virs, 
the Andean PTM species was more than 
1,000 times less susceptible than the 
common PTM (Figure 3). Furthermore, 
the larvae did not develop the disease; 
they were killed by toxicosis as neonate 
larvae. For this reason, we cannot use this 
species for m, htiplication of the 
granulosis virus. 

We have established pilot areas for 

management of the common PTM and 

Andean PTM species in southern Peru 

(Urquillos, Cusco), in the central Sierra 
(Huancayo), and in the north 

(Cajamarca). PROINPA, in Bolivia, has 

established a pilot area in Mizque. 'There, 
infestations of tubers under the IPM 
program, after three months of storage, 
were below 10%, whereas damage 
averaged 40% in the traditional system, 

Biological control 
The granulosis virus plays a key role in 
the management of PTM in stores. CIP 
has developed a simple technique for 
multiplication and formulation of the 
virus. The dust formulation (20 infected 

larvae/kg) is used at 5 kg/ton of stored 
potatoes. The virus is being produced in 
Peru (CIP and NGOs), Bolivia 
(PROINPA-40,000 infected larvae per 
season), Egypt, and Tunisia (INRAT). 
Several other countries and institutions 

have expressed an interest in having their 
own production units. Meanwhile, 
samples are being shipped for testing 

purposes when requested. 

CIP also developed a simple method 
to multiply the egg-larval polyembryonic 
parasitic wasp Copidosoma koebleri. This 
species has been reared and released in 
Peru, Bolivia, Colombia, Tunisia, Yemen, 
India, and other countries, in most cases 
successfully. Tunisia and Yemen reared 
the parasitic wasps Diatdemtamolliplum, 
Cbeloms pbhtorinaea,atid Orgilus lepidus, 
besides ( koehleri. Some refinements are 
still needed to improve the production 
and define the ecological conditions that 
would ensure the successful introduction 
or release of C. koehleri. Recent tests have 
demonstrated that, for laboratory 
multiplication of parasites, fresh eggs (1-2 
days old) are more productive. 
Laboratory-reared wasps had a limited 

searching capacity; 80% of total 

parasitism was produced within 10 cm of 

the release point and the remaining 200/0 

up to 30 cm. Under store conditions, 
parasitism was low and limited to the 

superficial layers of potatoes. 

Periodic field sampling in the central 
Coast of Peru showed that the 
predominant parasitoid was 
Dolichogenidea(=Apanteles) gelechiidivoris, 
with 26-41% parasitism in farmers' fields 
(with application of insecticides) and 570/ 
parasitism in an isolated field without the 
use of insecticides. Species of Temeucha 

and Pristomeruswere present only in the 
nontreated field with 13% parasitism. 

Plant resistance 

Conventionally, plant resistance is 
considered a key component of any IPM 
program. For PTM management, 
however, resistant plants are not yet part 
of our program. But a great deal of 
breeding work is going oti, both 
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Figure 3.Dosage/moriality regression line of granulosis virus on (A)Symmetrischema tangolias and (B)Phthorimaea 
operculella. 
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conventional and with genetic 
engineering, to obtain potato plants that 

are resistant to the pest and at the same 

time high yielding and acceptable to 
ariners and couIsLl~rs.fhmr nosmr.LT-8 

To find sources of resistance, we 

screened 764 accessions of the wild potato 

collection using tie olpen-container, 

free-choice infestation method, and 
recorded 33 accessions as resistant. 

Likewise, 283 clones of cultivated 
potatoes undergoing the same test 
resulted in 6 clones with moderate 
resistance. Finally, 966 clones derived 
from 16 fanilics with resistant parentals, 
glandular trichomes, and TS-5 (ITS 
parentals) resulted in 23 resistant and 38 
moderately resistant clones. Another 
group of 46 clones previosly selected 
from the TPS breeding lines rendered 4 
resistant clones. 

The evaluation of transgenic potato 

plants containing the 13t CryA(b) t n 
gene continued with tests under 

laboratory, greenhouse, and controlled 
field conditions. We did this work in 
collaboration with Pl.nt Genetic Systems 
(PGS), Belgium. Forty one transgenic lines 
of Sangena and Cruza-148 tested against 
PTM under greenhouse conditions 
showed 100% and 74% resistance, 
respectively. We evaluated under 
controlled field conditions 14 transgenic 
lines of 1.-8 and Sangena clones that 
showed high resistance to PTM in 
greenhouse tests, Yields were similar to 
those of the nontransformed plants 
(Table 1). 

Studies on PTM-plant interactions 
showed that, under field conditions, tall, 
erect plants are less infested (150,0 
infestation) than shorter, decumbent 
plants (100% infestation). For piles of 
clean stored tubers, infestation starts on 
the outer layers and progresses inward as 
new moth generations emerge. 

Table 1.Transgenic potato plants containing the Bacillus 
thuringiensis insecticidal crystal protein (CryA(b)), toxic to 
potato tuber molh (PTM). 

Clone Line PTM mortaity Yield 
(%) (g/plant)Contro 0 318 

DST 36-8 100 346DST 36-8 100 323 

DST 36-4 100 323 

DST 34-2 100 318 
D8134-1 100 314
 

DST 36-1 100 304
 
Sangema Control 0 169
 

0ST39-2 100 205 
DST 39-3 100 141 

Management of the Andean 
M aageen t d 
Potato Weevil 

ssp., is the most serious pest of potatoes
 

at high altitudes (above 2,800 in) in the
 

Andean region (Bolivia, Peru, Ecuador,
 
Colombia, and Venezuela). In this region, 
land divided into small units has made 
impractical the ancient system of 
cotmnnal rotations that so efficiently 
controlled this and other pests. Under 
recent conditions, 15-40% of tubers are 
commonly infested at harvest despite the 
use of insecticides. Fields are sometimes 

doned because of high infestations. 
Three nain weevil species that share 

similar biological and ecological 
characteristics have been identified: 
1. ,oratv, occurring in northern Peru, 
Ecuador, Colombia, and Veil Tlela; 

P.suturicalusin central Peru; id 
P. latilhoretv, in southern Peru and Bolivia. 
Two other species of different genera, 
Rhi opsidius lucumanus and Phrdenus 
muriceus, are largely restricted to Bolivia 
and are being studied by PROINPA. 
Weevils that infest other Andean tubers 
such as oca (Oxalis 1,iberosa), ulluco 
(Ullucus tuberosus), and mashua 
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(T'rotpa'ohmi tub,'rosum) have also becn 
considered pests of potato. lowcver, our 
rccent tests indicate that these weevil 
species do not infest potatoes. 

The first pilot area for managentcnt of 
the Andean weevil (see scheme of IPM 
program in Figitrc 4) was estaIlished in 
Chinchero, Cusco, where damage 
averaged 44% infested tubers itt 1990). We 
have used this successful experience as a 
model for establishing iew pilot arcas: 
one, in the coto t unity of Aymnara, 
I Itlamcayo (central Peru), with an average 
damage of 25% despite the use of 
insecticides; ,and one in Clilinpamipa, 
Caja narca (itortieri Peru), with an 
average damrage of 60% with tto use of 
insecticides (Figure 5). Eaclt site has a 
different weevil species, and different 
socioecottornic conditiotls. The 

Larvae leaving 

/InfestedY 
H eg 

potato "Larvae dig into 

managenient prograis, however, are 
basically similar, with minor adjusitsmcnts 
to new conditions. In Chinchero, weevil 
damage decreased, from It% in 1992 to 
8.5% at the end of 1994. In Chilinpamp.t, 
adoptiot of the IPM programii reduced 
damagc frot 60% in 1992 to 17% two 
years later, without the use of insccticidcs. 

We are evauating two other sities for 
establishmet of' pilot areas: Vereda Sote, 
l'tnja, ilt Colombia, and Midrila in 
Venezuela. 

In order to improve the efficiency of 
IPM comtpotemtts in the pilot areas, we 
conducted additional investigations otl 
insect behavior and seasonal occurrence 
at the ttew sites (Figure 6). We tested all 
(lte other comtpoments-winter plowittg 
ad the use of clickets as predators, 
hanid-picking of aduh weevils, the use of 

potato tubers 

Storage 

the soil potato 
-field 

ultiplication Colonization 

Migratory adult weevils 

0 control measure 

Components 
1. Winter plowing. 5. Fungus treatment of soil or trenches 
2. Elimination of volunteer plants. around store. 
3. Use sheets or turn over soil in winter. 6. Trenches around new field. 
4. Use sheets or turn over soil in winter. 7. Border barriers. 

Figure 4.Andean potato weevil: population dynamics and management. 
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J A CAZAR 

~44 

Figure 5.Use of blankets (to prevent weevils inharvested tubers from returning to the soil) during the sweetpotato
harvest, an IPM component for management of the Andean weevil inthe community of Chilinpampa, Cajamarca, Peru, 
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Figure 6. Aspects of insect behavior and seasonal occurrence of Andean potato weevil: (A)emergence of overwintering 
weevils from rustic stores, (B)immigration of adults into anew field, (C)oviposition sequerlce, (D)infestation of potato 
tubers in the fie;J, Chinchero, Cusco, Peru. 1992-1993. 

94 



sheets at harvtst and sorting, tile use of 
the pa . it it fun;gus B'T117,cra bruonui,,ar/ii 
in stores, and fieLd harriCrs-aIid ev,iItedIIC 
their ,ILcIpti Cbv 1,i11urcs. 

I'R(MINIPA, iII BlivIdJ, WOkIed oi 
chticilidiI conlpo)ticts for the 
1n1a,1geilnIIt Of R1,ptto ;oelus. 

lThis s,+rk iM.hidCId dIciiifestitii t1 sucCI 
tIbers with lltniiui phit,,phiIde 
(trttnicnit illcd ()io (I tile inscts buti 
%etCiItXoXI to uites, thus rCoiisIng 
sptiltiig) and soil tlCItIItiiCtS %'fith 
C,IIbOtlIfiI lilI isiZof It13 itIC 

CtfitLiv. 
Tht strattgy orIMIiking the Il'N1 

prograni s.lti-susitlited ill Iluaattf, 
(;iihihrI,, is basId oi file dircit 
invoI'tltilit Of flrtitets, t, mituniipality 
Of (AlMi 1her, tie Itistituto N 1c ,l the 
InvCstigii'ii \gr'ui (INIA), file 
.InivCisity of ('.us, diid the N(G() 
AIARI A shirt (CuIIsIs 1n fielI 
days. IIIlhcu e it vtties, fi iers 

W... 

participating in tile IIM jri'Ogr.InIi played 
active roles andIItrI IsfletrrCed thir 
knov'Iedge and exlperitnle to other 
fariners. The iiiuniitpallity oi(iIniwhero 
has taken )il tile rcspnsilility of 
producing tue 1tgus / IL fr,, u :iri. hIt 
IIIIIicipalliy rrtIiNly aIloan toICCinitid 
tOIsIrt I nil thii swill"tt a Itgtr pioltiLig 
meet tile dciitLd 10r ilte t'ungus btyOIId 
(Lt1t1iutity boMiduics. 

The success ,of this " gIaili (as wsseil as 
tile N MI) InJs gen]e'atldI/IM I)ogrIti lot 
interest Il oilie liiiituliIfls to 

PautiCilte iMiifs difusilon, such ds tiile 
NG()s loigC BasLiiC ill (ija niarc 
lALIlY in I luancao, aId (CARI:,. 
(;ARE, with I ISAII) Lutidinig, is 

dch'lolping I lirogini that covers 3,50() 
itr tnic vir a pcriod dthreeaiiciis o 

Nas ( igtuic 7). (ARE: teliicil staff 
ItvC beenh tiniCd Antd providilIsd With ill 
Ill" tCcssuI difftIsiO iaterials foi their' 
wsoik. ( I proides icthinicil supervision. 

.MM1iiRA 

Figure 7.CARE (an international development NGO) works to diffuse IPM technology developed by CIP inthe 
community ofBarro Negro, Otuzo, La Liberlad, Peru. 
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For individual IPM components, all Management of the 
conventional components are present it1 Leafminer Fly 
the IPM program except plant tesitatIce. 
All ativc cultivars were susceptible to tile The lcaf miner fly, lirimyza huidobrensis, 
Weevil;Ihowever, in screeting tests for 

resistance using tie gertuplasm bank, 
some accessions showed moderate 
resistance. Tihe adoption of tdse rotlier 

ittoved resistant materials by farttise 

who have cultivated tiraditional potato 
varieties for centuries is doubtful. TIese 

farmers plant several native cultivars, not 

only fi)r use in traditional cookingtheir 
but also to reduce tile risk ofproductioti 

losses causCd by unfavorable biological 

and climatic conditions. For these 
reasons, plant resistance is not yet a part 
of APW nianagemen t. 

isa polyplIgous inset Ihat becCIes ad 
serious pest in areas where insecticides are 
used intensively and wherc particularly 
susceptible cultivars are p1. red. These 
conditions occur iII coastal Pcru atid 

Chile and itt certain areas of razil, 
Central America, Kenya, and other 

coumtries. In Perti's Cafiete Valley, this 

pcs reduced yield 45-021)o, as an average 

10r six cultiVars. 

'Th nn1agenctl strategy fur this pest 
(Figure 8) differs fiom that of the potato 
tuber moth and Andean potato weevil 

2 [ Multiplication 

4 

"Colonization
 

..
,,'I,A. ,.. 2. New fields 
of potato 
and other 

crops 

Beans and
 
other crops l f
 

'.5 

control measure 

Components 
1.Resistant or tolerant plants. 4. Selective insecticides. 
2. Sticky yellow traps. 5.Avoid other crops nearby that host 
3. Increase of natural enemies. leafminer fly. 

Figure 8.Leafminer fly: population dynamics and management. 
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already mentioned. It is based on the use 
of resistamt or tolerant cultivars and 
habitat managenwrtt to favor thle increase 

of natural ener.mnies, which are normally 
quite effective in balanced 
agroccosysteros. The use of' sticky yellow 
traps to capture adult flies reduces tile 
rate of increase of the pest. The use of 
selective insecticides (insect growth 
regulators) when necessary is a final step. 

CIP has evaluated several mechanisms 
of potato plant resistance against this 

pest, including hypertrophic growth of 
the leaf tissue surrounding the incrusted 
eggs (so that eggs are exposed to 

desiccatiotI and [prCdatory action); 

hypersensitivity, in which eggs are 
surrounded by necrotic tissue so tlht 
newborn larvae cattnot survive; leaf 
tolerance of mining damage, in which the 
leaf remainits turgernt (cloines FS.93053 aid 
C8Q.294) whereas it dries out III 
susceptible plant; and a less understood 
mechan ismtapparently related to 
glitdular tricho ines. Plaits with high 
tricliomc densities had 60-90 fewer eggs 
cotopared with susceptible cultivars (there 
was io evidence ofa trichome trappiig 
effect). Some itmaterials have antixeiiotic 
arid larval antibiotic effects. 

Ficl tests with 314 clones derived 
from resistant parents resulted in 3 
resistant and 145 tmoderately resistant 
clones, all wvith yields higher than 
1,000 g/planit. Siuiilar yields wcrc 
obtained with 40 tolerant clones despite 
their relatively high foliar infestation. 

Some advanced clones currently being 
tested have good levels of resistanice to 
and toleraner of IMF and good 
agronomic characteristics. The roost 
advanced materials have beets evaluated 
with tileparticipatios of farrmers (to test 
for agrorsomic traits) antd coissutoers (to 
test for use its cooking, such as boiled 
potatoes, Frenich fries, and chips) (Table 2). 

Table 2.Performance of seven best potato clones 
resistant to leafminer fly selected by farmers for 
agronomic characters, Tarnbo Valley, Arequipa, Peru, 1994. 

Pedigree iuber characters" Plant Dry 
Shape Unif. Ranking yield matter 
... . ... ..... .... (kg) _ (%) . 

2 79282LM87B 
136LM86B 

9 
7 

9 9 
8 

1.20 
0.80 

23
23 
28 

Rev01ucion 6 9 7 0.75 23 
6evo18io66LM86B 68 99 78 0.750.70 2020 

320LM86B 8 8 8 0.70 22 
92LM87B 7 8 7 0.70 22 

153LM87B 7 8 8 0.65 21 
220LM87B 8 8 8 - 0.65------ 22 
a Onascale of1to9,where 1=poor,=9 best 

LMF control)b.Susceptible Peruvian cullivar (sprayed for 

Intensive research on LMF population 
dynanmics, including the influencc of 
clintatic conditions and tilerole of 
niatural enemies (the sequence of endo
anld ectoparasitoids), is under way. There 
is evidence of diapause inI tile 
erndoparasitoids thiticnieraarduie (3.5 
to S to onths), C,Iryioclrarissp. (3.5 to 8 
ilroniths), and GatasphiiIII sp. (5.5 to 8 
iitonths) collected in winter aId autumn. 
II. ardtui' represented 91% of the 
diapausitig pirasitoids in the Cafiete 
Valley ard 6211 in l.aMolina, Peru. The 
factors that induce mnd terminate the 
diapause are not know. Several species 
of weeds that host ILMF may also be 
considered natural reservoirs of the 
parasitoids. It is interesting to note that 
tile
relative abutdance of parasitoids 
varied with weed species. Pteromalids 
were more numerous itnStachys arvenis, 
F.ulophids it Solianuoi americatun, 
Cynipids isGai.ota parvi/lora, and 
Braconids isAlalva tarvi/lora.We 
satopled a total of 25 different species of 
weeds, lit a study on the capacity of 
parasitoids to survive after insecticide 
sprays, we founid that Dgly hus sp., an 
ectoparasitoid, was ab!e to survive 
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cyromazine (an insec, growth regulator) 

treatments. 
Sticky yellow traps had a wide 

acceptance by tfIrmers, probably because 

they see the flies trapped on the surface 

(Figure 9). We are studying the real value 

of the traps. In experimental plots, six 

traps (0.5 x 0.5 i,replaced twice) 
captured 2.5 million flies and 154,000 

parasitoids in11,100 i 2 during the 

cropping season. 
In experimental plots using a 

susceptible cultivar (Revoluci6n), a 
selecive insecticide (cvrotnazine), and 

inonlitoring of the timing of applic.tion, 
two sprayed plots yielded 1.1 k'g/plant 
.i11d the control plot 0.27 kg/plant. The 

average number of sprays ini the Cafiete 
Valley, where the experiinent was 

conducted, was 10. 

The first pilot area for IMF 

nanagetient was established in the 

TaLmbo Valley (southern Peru), with direct 

participation of Cli), an NGO. In a 

two-year period, participating fartners 

benefited fron a reduction in the nmnber 

of insecticide sprays from six per season 

to zero to two. larners are increasingly 

asking to be incorporated into the IPM 

program. 

Management of Sweetpotato 
Weevils 

Sweetpotato weevils are the most 
important sweetlpotato pest in the wovrld. 
Different species prevail inI different 
geographic areas. The South American 
species, luio'/epo'to!/aiams,occurs in 

South America and a fow other places. 
The Asian species, (Cy/,la:icriu,is 

present in the Caribbeani, southern 

United States, and Asia. African species 

(.,/asti'unaicolli and C ,runne'us are 
restricted to sub-Saharan Africa. 

J ALCAZAR 

Figure 9.Use of sticky yellow traps inleafminer fly management inthe lambo Valley, Peru, as part of IPM work done by 
the NGO CIED. 
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CIP's strategy for managing the Asian 
species focuses on a series of measures 
designed to use noninfested sweetpotaro 
cuttings as planting material, reduce the 
physical and tinie exposure of the crop to 
infestation in the field, increase the 
action of natural enemies (predatory ants 
and the f-ungus 13eauvc'ria ba..iana), and 
reduce the rate of increase of the 
population by mass trapping of males 
with sex plieroinones. Despite intensive 
efforts to develop true resistant plants 
(that is, with antibiosis or antixeiosis 
neclhanisnis), little has been achieved so 
far. Therefore, attention is turning to 
psctdoresista nec-cscaping weevil dama.ige 
through deeper fortnation of ,,orage 
roots and short-season varieties, which are 
less titne-exposed to sWeevil infestation 
(Table 3). 

Table 3.Evaluation of two IPM components (clones and 
harvest timing) for the management of sweetpotalo 
weevil inHorquita and Arimao, Cuba, 1994. -.. 
Clone Infestation (%) Yield (thla) Harvest 

Clone Check Clone Check timing 
... . . .... . .. - -- (days) 

C85-48 '1.7 6.9 18.2 135 100 
C78-354 12.7 27.8 20.1 8.0 120 
Yab. _14.4 23._3.. 13.1 

The Cuban experience 
CIP is developing this program itl close 
coordiination with INIVIT, tihe Cuban 
research instimttion its charge of tropical 
staple food crops its that country, anid 
MI1, the Dominican institution working 
on 1PM. Pilot areas ire located in 
Arimao, Cienf:egos Province, Cuba, and 
in l.aVega, l)ominican Republic. 

Until 1990, Cuban farmers Used 12-11 
sprays to control tie sweetpotato Weevil. 
In 1991-1992, when insecticides from tle 
Soviet Union Were no longer available, 
weevil damage increased to 40-50% of 

production. But after two years of using 
IPM, with financial support from the 

Organization of Petroleun Exporting 
Countries (OPEC) Fund for International 
l)evelopiuent, damage dropped to 12%o 
(1-18%) in the pilot and surrounding 
areas, without the use of insecticides. 

Al though the adult weevil is able to fly 
long distances, Studics in Cuba indicate 
that planting infested swetpctato 
cuttings results ini the insect spreading to 
nw fields in the form ofegg-larvae 
inlfestcd vines and free adult weevils. 
Research on oviposition preference shows 
that aoat 60% of the eggs are deposited 
in the basal 10 c of the vine, 30% 
between 10 and 30 cm, and 10) 30-40 cm 

from the base in plants 100 days old used 
to produce cut tings for plantilg new 
fields. l'hcrefore, the basal part of the 
viine (40 cm) should not be used as 
planting ttaterial. Cuitings selected for 

planlitintg lie sulbierged in a water 
suspenision of the fitgus B. I'assiat prior 
to planting. Any adult weevils present in 
the cuttings becomC infected by the 
fungus and die in two to three days. 

IN IVIl' has investigated the use of the 
predatory ants IhejIIlemegacephala and 
'It',rainorito,,guin c '. After studying the 

biology and behavior of the aits, 

including their efficiency as predators, 
researchers developed a technique to 
transfer the ants from their natural or 
artificial reservoirs to sweetpotato fields. 
Expcrinents in farrners' fields colonized 
Witlh 100 nests/ha showed reduced weevil 
damage at harvest of 2.50/o (with 
r. ,n,',ac'a/a)and 3.5% (Witi 
7''guincDei). Damage in the control fields 
With insecticide treatmeints was 6-i00,0. 
Experiments have demnonstrated the 
coipatibility of the predatory ants with 
teauvert ba.olliana and Bacillus thuruieusis. 

Sex pheromones 

The attractant effect of the Asian 
sweetpotato weevil sex pheromone has 
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become an important component in 
management of the pest. The sex 
pheromones were initially used to 
monitor the weevil population, 
tivestigations in Cuba and the 

Dominican Republic have demonstrated 
their efficiency in reducing pest 
populations when a trapping or killing 
device is used. If io trapping device is 
used, talies attracted to tile lire are killed 
by spraying insecticides or a suspension 
of 13. baoinaaround the sex pheroione 
unit. Research findings from field trials 
indicated that 16 traps/hta is 
recommended, tile normial dosage of 
I tug of active ingredient/septun cats be 
reduced to 0. 1 ing with negligible loss of 
efijcisncy, asd tsat traps should be 
itsta lled as early as possible, no later than 
30 d.ys after planting. In Uganda, 

prlititina.ry tests with a synthetic 
coHpound (dccyl (F)-2-butenoate) 
ideistified by te NRI chein icatl ecology 
grcup showed that this cotttpoutsd 
atrascted tlcs ofote of' ile Africans 
swetpotato weevils, (."ilas tuncticollis. This 
suggests htattis co noun t tay be part 
of the sex pterontte. 

Use of Jeiauveria bassiana 
Researclt conducted its Ciuba 
demonstrated that tile entomopathogenic 
fingus IBauveria tbasianacall play an 
iportant role its controlling swectpotato 
sveevil. Cubals fariers spray the fuingus 

spore suspension around pltercmone 
traps instead of insecticides. It is well 
established that soil moisture is 
important for the survival of the Cungus, 
but the effectiveness of broadcast 
.ipplications cannot be considered 
consistent yet. It fact, prelitinary field 
trials in Uganda were not successful. We 
still need to characterize tile conditions 
that favor tle developttent and 
effectiveness of the fungus int the field. 

Cultural practices 
The Influence of rainfall and soil 
moisture oil the level of sweetpotato 
infestatiol has been well established in 
experiments in Cuba, the Dominican 
RepuIbIic, at .JganidLI. In Cuba, 
ilssf.Stat ion during the dry season was 4-5 
times higher that during the rainy season 
or when irrigation was available. Weevil 
infestation is favored by soil cracking, 
which becoses more severe SO-90 days 
after planting, at tile time of storage-root 
bulking. Proper lilling and irrigation 
were fotnd to be eiective at that time in 
avoiding direct access of the weevil to tile 
sweetpoiato through soil cracks. In 
UgIndi,, sve Ire costducting tests to verify 
the effect of hilling antd filling of'soil 
cracks under conditions of planting in 
Istounds aind pieceeial harvesting. 

= Plant resistance 

Sweetpotatoes with weevil resistance are a
desirable IPM coimiponenst, but significant 
levels of resistance have so flr been 
elusive. Research conducted at Mississippi 

State Un'ersity under a CIP contract lsas 
reported some progress in increasing 
resistance levels through selection and 

intertating. Selected clones are 
producing a higher percentage of 
uninjured roots thtn cv. Regal, which had 
tie highest level of resistance available at 
the beginning of this research. The 
identificatiols of new sources of resistance 

might result in more rapid gains in 
producitsg stable weevil resistance. In 
Cuba, sesen selected clones with some 
resistance are being used in polycrosses 
aund backcrosses for conmbining resistance 
with good yieli. Because breeding for true 
resistance is a long-term and complicated 
process, the Cuban breeding program is 
considering two other approaches: deep 
storage-root formation to avoid or reduce 
the possibilities of weevils conttacting the 
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roots, and short-scason cuhtivars to reduce 
the time of sweetpotato exposure to 
weevil infestation. Under he same 
conditions, a short-season (80 days) clone 
had only 5(1 oftl e infestation reported 
fr an intermediate (110 days) clone, 
Long-season clonles (more than 130 days) 
were 3.5 times more infested than 
short-season clones. 

For another sweetpotato pest, the 
biology, natural enemnics, and economic 
importance of thc swveetpotato butterfly, 

cnea erati, are being studied inte 
Uganda. 

Management of Potato Cyst 
Nematodes 

Potato cyst nematodes (PCN), U/o/,odra 
I//i,, aid (G. ro [sh n,ki, are a serotis 
soil pest of potatocs in thie Atndeai rcgbors 
(whltere they ate native), its temperate 
regions, and its I fcsw other highland 
locatios. Although1P.N reduces yield by 
dbout 30%, ftimcrs usually overlook its 

occ.rretuebecauseIts 1eletedSizeof
dic LArfcpcclcaeovcits( send
Sm latk spcdif atovg rounI s 
sysptoits. lesca ret ott thsis pest focuses 
ott two aspecs: breeding a iI eva liat 1i01 
of resistatt clones, alld field tisalsageicit 
trials (mostly rotations) for nemtatodes. 

Althi lgli there are differcnt races of' 
G. 1,tij,1d, tie nssost cLoinissois are I-,A, 
PI5A, and P6A, svilose interactions with 
the potto plant vary to such all extent 
that a plant resistat to or,c ra(ce may be 
susceptible to another. For this reason, 
the tsree maits races were used its 
resistasc ealCuatios tests with the Pot 
test its the screenhouse aid the peri dish 
test it the laboratory. Furtier testing took 

)laCe under natural tsetnatode 
iifestations ill the field. 

Froim crosses made ill 1992, 400 
genotypes were tested for the first time in 

pots. Rcsults indicated that 36% were 
resistant to N.A, 26.506 to PSA, 9.3% to 
PA, and 2.800 were sinsltancotsly 
resistant to the three ra(es. We subjected 
314 previously selected clones to the petri 
dish test. From 95.70 to 98.1%s of the 
clones were resistant to individual races, 
and 71()o were resistant to the three races. 

Field tcst ng included 77 genotypes 
that wre Cvaltjatcd for a second year. ()f 
these, -15 iinibILed the dCvclopiunct of 
fcmale ttematodCs. From these, 19 wee 
selected for agrononic chmatcteristics, 
including yields higher than those of cv. 
Marial Iluainca, a resistant sutivar 
released in 1989. Seven other geinoopcs 
were selected as tolerant. 

Another group of clones (85) was field 

tested; 731)o confirmed their resistance 
and 10 ssere selected for lirl yield. Sevein 
were conisidered tolerant. 

Studies i Bolivia by PR()INI'A 
contfirned tle presence of botil 
U rboih/,iA and (. /,aid , which caused 
yield losses of up to 58o ill intfestcd 
areas. Previously seleed iative ptato 

pdtcuhtivas coifirmcd their resistance to
ixed popitl ati olis f //obod ra. Some 

clones were also resistant to NMicobus 
(/rr,mn. Selected clones froui PROINPA 
aid UIP brediig prograns showed 
resistaisce, good yield, and good quality. 

Clones G87523.8, G87540.1, G87368.1, 
G87323.4, 91-168.2, 91-168.5, 90-128.21, 
atsd 90-96.8 w'cre selected ii r use in PCN 

Management of the Potato 
Rosary Nematode 

The potato rosary nimatode (PRN), also 

cal!cd the false root-knot setsiatode 
(FRKN), Naeeobus abi'rran, is a severe pest 

in the Andean plateaus of Peru and 
Bolivia, where losses vary from 11% to 
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6206. The presence Of ina1y cuhItivated 
and noncuthivated plant hosts (09 species, 
17 tamilies) limits alternatives ftor 
rotations and reduces their cfieiscy. 
Iherefore, iial,,gellent of this lictilatode 
iisainlv i( uses ot t ueuse of resistant 
cultivars and soil amendttetnts with 
,rgaitsc mattei, atsd the potential use of 
trap pl anit ts" t)iiu l(toil , Brot, 
1,L/,, ]c- ,,-,,,j, cv. Rcnacer, aid 


I,'r,1,'om 'ir,,'t lucsa atsd
cs'S. 
IBTYAB ,)1.B(405o0 

Resistant geltctvpus frotit CII' and 
lR()INI'A witlh high levels of resistatsc 

Atd high viCld potcttial were sClectCd 

after testing undos field conditions ftor 

stoic than three years. Superior ciones 
thatie ready it be isncluded its the 
iitaiiasctsCIt of Iis nettsatode its firisiers' 
fields are 90-225-15, t)0-23-1-1, N8S05.25, 
N8S(2. 3A, (;87132.3, G8-137127, and 
(;,5-17Q)5. I'ctt tsage f ott 11isoduatitt 
in these chlies was l.Iiislt Bolivia, 
native (ultisa)Is ((;Ccidaric, Sakatupayas, 
11aiis, attd others) aisd tlonc 8-1-75-1t, 
(otfirned their resistance its 
Cochbalisbat field tests. Tests its 
Chuquis,;ca, Iiowcever, have shown tile 
occti reiscc of a llore aggressive 

pOpulatioIt of this iteissatode, which is 
able to overcome available resistaisce. 

Soil ansendIneists with sheep aisd cow 
tIatsure at tle rates of' 10-15 i/ia reduced 
tiodulhs to 5-18, wlereas the control 

plots had is average of400 snodulatiott. 
Meanisli he, yields increased 28451)o. fii 
Bolivia, sitilar results ws'ere obtainted s'With 
chicken ianiure (7 i/ha). '1hiese results 
have beets consistent during tle past two 
to thice years and should be taken into 
consideratios for management of this 
setnatode. 

The third-year evaluation of' crop 
rotations (ofa five-year prograis with 25 
different crop sequences) showed that the 
most economical sequicccs, so far, are 

potato-hors ehean-,potato and 
potato-barley-potato. In Bolivia, the use 
Of ViCii'a./,hIl aisd I.tzq'inM Midaili/iias 
rotation crops or green issaiturc and early 
plowing (otte nsonith before planting) 
reduced tile netuatode population and 
iscICascd potato yields. 

Fisally, because nicItatode-indcsied 
sCeeI tubers are tise inatn source of 
spreading the pest, we coilductcd trials to 
dciisfest tubers. "l'hertnotlserapy (water at 

C for 15 itissutcs) killed 93-1000'o 
of tile nematodes. isnmersion of' tubers 
(10 1ins) its lpcsticide dilutiotis 
(feiatiiphos, ctlioprop, and carbofuran) 
was also cffiectiVe. 

Management of the Root-Knot 
Nematode in Sweetpotato 

It iany areas of th world, the root-knot 
icistatode (RKN), Ah',,idokyne incognila, 

causes sigisificaist yield Iductious il 
swecetpotato. This icniatodc is 
polyplhagous and infcsts iany other 
cultivated and ionicultivated plants. 
Research its previous years hias shown the 
occurrensce of ,isasy sources of resistanlce 

among gerisplasni accessions, particularly 
frosts Chitia, Peru, aiid Japan. Therefore, 
tuatiageleist of this pest is based oit the 
use of resistait cultivars. 

CloIse MF12 was introduced iii La 

Conveiscit i Valley, Cusco, Peru, as all 
alternative to native cultivars that were 
susceptible to isetuatodes atsd low 
yielding, aiid had a long growing period 
(which exposed thems more to weevil 
infestations). The clone had a wide 
acceptance by Ltrncrs; as a result, the 
University of Cusco, a collaborator in tle 
prograin, released the clone as a iew 
cuhtivar (Alto Urubatsba). A program for 
multiplying planting material iin the area 
was supported by a United Nations 
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)evelopment Programme (UNDP) 

project. We are currcnitly testing tell
nesw 
clones with advantageous traits fo,r the 
region. 

CI P eval ated 16,251 seedlings 
representing 208 imllnilics of selected 
materials resistant to salinity and tropical 
conditions fr their resistance to tile 
roct-knot nemaItode. Some 360 gcltv~pes
o go 

(2.200) were selected as highly resistant, 
3,242 (20()) as resistant, and 603 (3.706) 


ISnoderately rsism ait. These resuls 

inadicate ,ihighi frequenscy of iscisatode 


tested 

evalluated the selected genotypes (highly
 

resistance genes its tile niatcrial. We 

rn e 

IIIOprograms 


resista1) un~der-fie Ohdcls lS 


resistant,) uisrelcmitm i ons ~yied 
cfm r yield

and other agrononic characteristics, and 
selected 374 clones. 

We¢'cond..ucted tests to Ihstrat tel iz 

SOIsse clotnes of tile pmthcgei-testcd 'li't 

for tleir susceptibility to RIKN. O f 174 

clones evaluated, 15.5% were resist.mnt and 
12.6%estltblislsttt 

Training and Diffusion of IPM 
Technology 


Its order to assure thIat the technology 

developed through rcsearch reaches 
fa-rmers' fields, training anld othecr 

diffusiots activities mnust be taken 
seriously. ClI11 does not pretend to replace 
the nlationsal exteissios system but to Ielp 
extel sion workers in NARS atd NGOs to 
do tleir work for the beisefit of' IPM 
technology.The onvcntiona lapproach 
of industrial countris-scientists produce 
scientific articles based ois their research, 
amnd exteision workers use the :'chnical 
iiformatiois and produce extensioa 
bulletins ,smsd other materials to trats 
flirtners on adoption of IPM-do.:s not 
usually work inthe ipea of CMP's 
influence, 

CIP's IPM program is involved in 
three activities related to the diffusion of 
IPM iccinology: training, preparation of 
IPM diffusion materials, and, to some 
extent, consultimg. 

Training 
It order to establ isih 1PM pilot areas, 

participating Lrtners need to be trainedtie biology of the pest(s) and the 

rationale of measures constdered in tle 

progratt. Duritng the execution of the 
lprogram, field days are Occasions for 

st9rngthetttg farmers knowledge and 
stitisuilatitsg their costributilonls to 

proving the rtograus. Fartners in pilot 
also participate its prescntiMg 

ticir experiiences to other Lirmers. Its 

idditio, worklshops are organized once a 
year to evaluate tileoperations and other 

aspects of tie pilot program and to tmake 

Tincess r rdjusttents for tile tsex year. 

straiishitg for tle large-scale 
of IPM Includes short courses, workshops, talks, aInd field days 

for NARS specialists, NGO technicians, 

ad lrier-leaders, satiotally amd 
iternatiotnally. Intmost cases, lon-CIPlocal staffshare thle training responsibility. 
In soue cases, such as those of INIVIT
(Cb)MI5 lomiicsReui), d 

(Cuba),MIP (Donlinican Republic), id 
CIEI) (Peru), staff svho had participated 
international workshops took full 
responsibility for traininlg IIItheir areas 
r enpoissibl r te 
of ttsflence (Table 4). 

Preparation of'diffusion 
materials 
The most efficient way to reach farmers 
with tile right inessage is to produce 
adequate training materials for exteision 
workers (manuals, bullctins, charts, 
posters, slide sets, video cassettes, etc.) 
(Table 5). The forln and content of these 
materials are validated previou,sly Utnder 
farmers' conditions before proceeding to 
large-scale productiotn. These validated 
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Table 4.Training activities on IPM conducted in1993-1994. 

Country Institution' Workshops Short courses Field days Talks 

Don. Rep. MIP - - 430 (13) b 269 (13) 

Cuba INIVIT - 105 (6) 1,126 (51) 5,163(143) 

Colombia CORPOICA-CIP - - 582 (48) 1,587 (62) 

Uganda CIP - 25 (1) - -

Peru 

Puno INIA-CIP - 127 (1) - -

Ayacucho INIA-CIP - 121 (1) - -

Apurimac INIA-CIP - 141 (1) - -

Hunuco INIA-CIP - 120 (1) - -

Cajamarca INIA-CIP - 726 (10) 119 (1) 450 (16) 

Cusco INIA-CIP - 257 (3) 327 (2) 827 (14) 
Huancayo INIA-CIP - 548 (6) 375 (3) 611 (6) 

Lima INIA-CIP 30 (2) - - -

Tambo CIED-CIP - - 300 (2) -

Cahete VG-CIP - 70 (1) - -

Regicnal 

Lima, Peru CIP 15 (1) - -

Kenya MENA 12 (1) - -

a, IP=Maneio Integrado de Plagas, INIVIT= Institulo Nacional de Investigaci6n en Viandas Tropicales, CORPOICA= Corporacion del 
Insliluto Colombiano Agropecuano, INIA = Inslituto Nacional de Investigaci6r Agrara, CIED =Centro de Investigaci6n, Educacion y 
Desarrollo, VG = Valle Grande (NGO), MENA =Middle East and North Africa. 

b Numbers inparentheses refer to number of indicated events. 

Table 5.Preparation and production of IPM diffusion materials. 

Posters: Life cyclesa Management 

APW APW (2versions) 

A-PTM SPW 

SPW 

CA-PTM 

LMF 

Folder pages: Life cycles Management 

APW APW 

PTM PTM 

Bulletins: IPM of Andean potato weevil, IPM of potato tuber moth, mass rearing of 
Copidosomakoehleri 

Charts: Life cycles of Premnotrypes spp., Symmetrischema plaesiosema, Phthorimaea 
operculella, Tecia solanivora 

Entomological boxes and cases: Andean potato weevil (life cycle), potato tuber moth (life cycle) 

Slide sets: Andean potato weevil (life cycle), potato tuber moth (life cycle) 

Video cassettes: Andean potato weevil (life cycle), potato tuber moth (life cycle) 
a.APW =Andean potato weevil, A-PTM =Andean potato tuber moth, SPW =sweetpotato weevil, CA-PTM =Central American potato

fuber moth, LMF = leafminer fly,PTM =potato tuber moth. 
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materials make training easy and pleasant 
for most NARS and NGO extension 
workers. Farmers themselves often act as 
snccessful extension workers with these 
training aids. The British Embassy in 
Pcru has partially financed the 
preparation and production of many 
training materials on IPM. 

Consulting 
CIP'S IPM staff has acted as technical 
consultants for NARS and NGOs 

involved in the establishment of IPM for 
potato and sweetpotato. This activity 
mainly focuses on general aspects of the 

1PMimplementation programs that are 
going to be under the responsibility of a 
NARS or an NGO. Eventually, we may 
consider specific techni,:al aspects, such as 
the production of potato tuber moth 

granulosis virus or Beauveria lrongniartii, 
the parasitic fungus of the Andean potato 
weevil. 

1993-94 Research Projects and Partners 

This list containt titles of research projects, names q/principalresearch partners and responsible 
CI scientists, collaborating institutions, anl, wvhen applicable, countries where u.work isconducted. 

Potatoes with resistance to major insect 
and mite pests. A. Golmirzaie, 
M. Palacio,. 

" 	 Breeding for resistance to insect pests. 
A. Golinirzaie, J. Telnorio, M. Palacios. 

" Breeding for glandular trichomes. 
A. Golmirzaie, J. Tenorio, M. Palacios. 

" 	 Field evaluation of insect-resisrant 


clones. MI. Palacios, J. Tenorio. 


" 	 Evaluation of transgcnic potatoes with 

insect resistance. PGS (Belgiunm). 
A. Golnirzaie, F.Cisneros, J. Benavides, 
V. Cafiedo. 

Integrated methods for control of 
potato tuber moth (IYFM), leafminer 
fly, and other potato pests.
F. Cisneros, M. Palacios. 

" 	 Development of IPM components for 
VM and other foliage insect pests. 
Mvi.Palicios, F. Cisneros. 

" 	 IPM for potato pests in Bangladesh. 
G.P. Das. 

" Integrated methods for the control of 
PTM in North Africa and the Middle 
East. A. Lagnaoui. 

* 	 Integrated methods for the control of 
PTM in Colombia and Venezuela. 
P. Corzo (Colombia); L. Niflo 
(Venezuela); M. Palacios, F. EzCta. 

* 	 Integrated methods for the control of 
PTM in the Dominican Republic. 

P. Alvarez, V. Escarraman; M. Palacios, 
J. AlcAzar. 

* 	 Integrated methods for the control of
PTqM in Bolivia. R. Andlrew (PROINPA),
J . A nrwzar.J.Alcazar. 

e 	 Integrated methods for the control of 
IRM inKenya.KARl, N. Stait. 

0 	 Evaluation of components for the 
integrated management of pests other 
than PTM. J. I Herrera (UNA). 

Integrated methods for the control of 
sweetpotato weevils. A. Braun, 
J.Alcizar. 

e 	 Development of IPM components for 
sweetpotato weevils. A. Braun, 

J. AlcA za r. 
e lost-plant resistance for sweetpotato 

weevil. P. Thompson (Miss SU). 
* 	 IPM for sweetpotato pests in the 

Caribbean (Dominican Republic and 
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Cuba). OPEC. P. Alvarez (Dora. Rep., 
MIP); A. Morales, N. MaSa (Cuba, 
INIVIT); J. Alcazar, M. Palacios. 

" 1PM for sweetpotato pests in 
Bangladesh. G.P. Das (BARI). 

" IPM for sweetpotato pests in East and 
Southeast Asia and the Pacific. 
A. Braun, L. Chujoy. 

" IPM for sweetpotato pests in Kenya, 
Burundi, and Uganda. N. Sinit. 

" 	 Integrated methods for the control of 
sweetpotato weevil in India. K.S. Pillai 
(CTCRI), M. Upadhya. 

" 	 Use of pheromones and 
entonopathogenic nematodes for 
control of sweetpotato weevil, 
R.Jansson (LJ Fla), F. Cisneros. 

Integrated methods for the control or 

sweetpotato nematodes. P. Jatala, 
F. Cisneros, A. Gonzlez. 

* 	 Integrated inana,;emcnt of important 
nematodes of sweCtpotato. P.Jatala, 
F.Guevara, A. Gonzmlez. 

" 	Utilization of root-knot-nematode-

resistant clones in Per. P.Jatala. 


Integrated methods for the control of 
Andean potato weevils. F. Cisneros, 
J. Alcizar. 

" 	 Development of 1PM components for 

Andean potato weevils. J. Alcazar, 
F. Cisneros. 

" 	 Mass production and use of parasitic 
figi for the control of Andean 

potato weevils and other pests. 
il. 	Torres, J. AlcAzar. 

* 	 Integrated methods for the control of 
Andean potato weevil in Peru and 
Colombia. IDRC. J. Alc'izar, 
M. 	 Palacios, F. Cisneros. 

* 	 Integrated methods for the control of 
Andean potato weevil in Bolivia. 
R. Andrew (PROINPA), J. Alc'izar. 

• 	 Integrated methods for the control of 
Andean potato weevil in Ecuador. 
P. Gallegos (INIAP), V. Lindao
 
(FUNDAGRO), J. Al6zar.
 

Integrated methods for the control of 
potato cyst nematode (PCN) and 
false root-knot nematode (FRKN). 

J. Franco, M. Canto, A. Gonzilez, 
A. 	 Matos. 

* aianeso in Peru:Cajamarca, Cusco, lPuio. M. Canto, 
A. Gonzmlez, M.A. Pacheco (INIA), 
J. Arcos (INIA), J. Franco. 

* 	 Management of FRKN M Peru (Puno). 
J. FrancoJ Arcos. 

a Breeding, screening, and selection for 

resistance to PCN. J. Laideo, A. Matos, 
M. 	 Canto, J. Franco. 

* 	 Integrated management of PCN in 

Bolivia. J. Franco, R. Montesinos 
(PROINPA). 

* 	 Integrated management of FRKN in 
Bolivia. J. Franco, R. Montesinos 
(PROINPA). 
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PROGRAM 5
 

Propagation, Crop Management
 

Propagation of Healthy Clonal 
Potato Planting Materials in 
Diverse Agricultural Systems 

Through special projects, CII' continued 

to assist seed production itt Cameroon, 
Bolivia, and Ecuador, with economic 
assistance from the Swiss Technical 
Cooperation Agency in tile latter two 

countries. Two other similar special 

projects in Burundi and Uganda endedafter several years oasuccessfal 
cooperation, 

In Bolivia, PROINPA has organized a 
prebasic seed production system, based 
ol the production of pathogen-tested in 
vitro plantlets at three research stations of 
the Instituto Boliviano de 'ecnologia 
Agropecuaria (IBTA). PROtNPA's 

padthlolgy and neClatology departrnent 
are establishing phytosanitary control its 
the sy"'.em. Rustic beds to produce basic 
seed were promoted among farmers to 
handle small and affordable amounts of 
tubei -eed. The current system also 
inclitd.s clean.ip and pronoion of new, 
advanced cultivars and research on 
optimization of production factors to 
improve multiplication rates, 

A collaborative project between CIP 
and tile Institute of Horticultural 
Development, Knoxfield, Victoria, 
Australia, seeks to produce 
pathogen-tested potato and sweetpotato 
germplasm for East and Southeast Asian 
and Pacific (ESEAP) countries. The 
Froject has supplied basic seed tubers of 
42 potato clones to potential 

collaborators throughout the ESEAP 
region. These clones were supplied as sets 

of seed tubers to the Philippines, 
Indonesia, Bangladesh, Vietnam, Vanuatu, 
Western Samoa, and Fiji. 

The project supplied 53 
pathogen-tested sweetpotato clones to 

regional tissue culture laboratories in 
Papua New Guinea, Fiji, and Western 
Samoa. 

In Burundi, CI' and collaborators 
tested an integrated approach for the 
production of prebasic tubers and are 
now using it oit seed farms of the Institut
des Sciences Agronomiques du Burundi 
(ISABtJ). In order to reduce possible 
latent infection from lPseudomonas 
solanaccarum, the model basic seed scheme 
being used is the key element in the 
integrated approach. Researchers 

proposed a flush1-out scheme based ott 
initial in vitro inicropropagation of 
pathogen-tested plantlets in screenhouses. 

In Colombia and Venezuela, we have 
obtained better knowledge on seed 
quality, prebasic and basic seed 
techniques, and actual seed production. 
Several private companies that participate 
in seed production in those countries are 
now using these techniques and results. 

Information on sanitary conditions for 
seed production, especially in Venezuela, 
is facilitating increased production, 
thereby reducing seed imports. 

For basic seed production in Peru, the 
total production of potato basic seed in 
research stations of the Instituto Nacional 
de Investigaci6n Agraria (INIA) increased 
by 65%, and adjusted the quantities of 
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varieties according to regional needs. The 
quality of seed sold also improved. The 
introduction of adequate agronomic 
technologies for seed has increased rdic 
production of seed-siz d tubers in INIA's 
production centers for potato basic seed. 

A pilot project for se.d production in 
low-cost greenhouses (ILC(,) inl P11o 
Department has made it possible to train 
farmers in the use of this low-cost 
technology. Productivity has improved 
and average yield obtained by farmers per 
I.CG increased from 32 to 71 kg of 
high-quality potato seed. Production 
improved mostly because farmers were 
trained. Farmers are adopting this 
technique to produce potato seed with 
security in a hligh-risk environ ment. 

In Uganda, four local varieties 
(Sangena, Rutuku, Malirahlinda, and 
Rosita) were cleaned and their basic seed 
produced for distribution. Two 
additional cultivars-CF.W 69.1 
(CIP-575049) and Cruza-148 
(CIP-720118)-Lave been included in the 
seed program because of demand by 
farmers, inplaces where late blight and 
bacterial wilt are the main problems. True 

potato seed (TPS) is atthe threshold of 
adoption. A group of farmers in Kabale 
district has already demonstrated the 
commercial viability of this technology, 
The Sugar C.mne Corporation inLugazi 
has tested TI'S technology successfully ott 
a large scale to produce low-cost quality 
seed for its own fields, for planting 
between the rows of young sugar cane. 

The Uganda special protect also 
successfully adapted established 
technologies for basic seed production to 
local conditions. At the Kalengyere 
Research Station in Kabale (2,600 in), 
high-quality seed cats be produced itl one 
aphid-free cool season by using 
conventional clonal propagation and 
rapid muhiplication techniques (such as 

rooted stem cuttings), which have proven 
to be successful. We organized four 

iin-country training courses on different 
aspects of potato improvement for the 
benefit of researchers, extensionists, and 
farmers. 

Ilithe Philippines, Cll, continued 
on-farm evaluations of potato sten and 
sprout cuttings as alternate planting 
materials. We used apical stem cuttings 
tested in lowlands as planting materials 
for clonal testing. The apical stem 
cuttings produced tuber yields 
comparable to those of tuber seed in 
lowlands. Trials with sprout cuttings 
indicated diversity in tuber yield among 
clones. Farmers selected clones 385130.5 
and 385130.11. The litter clone was 
found suitable for lowlands when hilled 
up 15 days after transplanting, with 
mulch removed before hilling up and 
later rentlched. In the highlands, 54 out 
of 58 clones were selected; several 
outyielded the local cl'ecks grown from 
tuber seed. 

Sexual Potato Propagation 

CII' evaluated 60 progenies from a TPS 
population mated with virus-resistart 
clones in Peru for agronomic and 
reproductive characters in warm tropical 
environments. We selected some families 
for further evaluation by CIP regiontal 
scientists. Many clones, which can be 
used as female or male for 'TPS 
production, have been identified and 
added to our pathogen-tested list because 
of their high general combining ability 
for agronomic and TPS characters, and 
adaptation to warmn tropical climates. 
Screening of advanced 'PS progenies in 
Peru resulted in the identification of two 
additional promising TPS male 
parents-TS-9 and TS-5. We identified 
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nine superior TIS hybrids with 
adaptation to tropical conditions 
(Chiquita x "1S-4, MF-I x 1"S-9, MF-II x 
TS-9, I'-9 x 'I'S-5, Serrana x TS-5, TS-7 x 
TPS-67, 11-9 x TPS- 113, I.'[-8 x TS-9, and 
I IPS-25/67). Five hybrids showCd superior 
adaptation to highland conditions 
(Yungay x 104..121,H, variety Chacasina, 
Ccompis x 4.11)1, F-6 x Ccoipis, Yungay 
x Cconpis, and F-7 x4.1 1)I). I'PS hybrid 
families 1T-8 x 1S-9, 1T-9 x I'S-9 , I.T-9 x 

TPS-I 13, 1IPS-I/67, and MF-II x TS-10 
were selected for superior processig 
quality of tubers. Tiialls ott productiom of 

TI'S froln advanced hybrids identified 
three superior cross conibiinati losotr 
T'PS yield per plalit uinder short-day warm 
citviriutincs-IS-12 x I'1PS-67 (15.-4 
g/pllnt), (:hiq(ti,i x 1S12 (11.1 
lnd "1S-8 x TPS-I13 (8.2 g/pllan). 

Selection ofi ilproved TPS parental 
Imaterials in India has produced a nulmber 
of hybrid fatnilies swith a swide range of 
adlptability forr CII"s South aiMd West 
Asia (SWA) region ('able 1). Progress 
made through breedinig in this icgion is 

evideniced by the selection of',dapted 

parental Inatcrials (tuale and fenile) that 
produ-e widely adalptable hybrid TPS 
faminilies. Five superior clones (MF-I, 
MF-II, TPS-7, 'ITS-13, and TPS-67) out of' 
the selected p.reital lines were supplied 
to the CentriIal Potato Rcscarch Institute 

Table 1.Yield data from advanced adaptability trial of FiC 

(CPRI), othec govcrtnital agencies, arid 
NGOs for hybrid TI'S production. We 
selcted potato clones with reasonably 
long tuber dorniancy, high dry matter, 
auld low rcducing sugars. Two TI1S 
hybrids-I I 'S-l1/67 anid I IPS-7/13-were 
iittrodIced for advanced trials at 
All-India Coordinated Centers. We have 
selected clones with piofuse flowcritg 
under natural short-day piotopcriod 
fIni the (li/rooin gloup of pollato. We 

will tse these clones to brced tl.is 
flowering character it prolnising potato 

clones having high yields and desirable 

hoiticultur,il traits. In addition, 419 
accessions were selected fiont 57 different 
cross cotnbinatiois. 

\'e conl ,rcd three nethods for bulk 
exptrat),extraction of potato pollen for effiiency 
.1ad cftcct of extracted pollen on berry 

set, seeds per berry, and 100-seed weight. 
Results indicate that extractlion of pollen 
uising a sieve witl 24-nesh Inlo netting 
ind shaking the predried anthers was the 

most econolnical in time, labor, and 

sitirplicity of the I)rocedure, which also 

requ ired inexpeilsie cquipmenlt. 

lhe excellent yields produced by tWo 
TPS hybrids selected in Indi,-I IPS-II/67 
and IIPS-7/'7-colviiced the governiment 
to becomie actively ilIvolved in the 
promiotion of''IIS itt Bangladesh. In 
collaborative projects with the Tuber 

tubers of TPS families indifferent agroecologies, India, 
1993-1994. Crop duration vwas90 days, with asplit-plot design. Cultivars used .vere Kufri Chandramukhi (Chhindwara 
and Hissar), Kufr Bahar (Modipuram),. and Kufri Sindhuri (Patna). . . . . .. . . 

TPS .. Hissar Cthindsara Modipuram . Patna Average yield 
family/culivar Total (tha) MIf.' (9) Total ftha) Nlkt. (o) Total (ltha) Mkt.(1%) Total (tha) Mkt. 1 bha) 

HPS-1/13 38.9 956 26.2 93.4 38.3 91.8 35.3 87.6 35.5 

HPS-11/13 '13.7 93.5 39.5 94.5 38.4 90.7 32.0 87.5 36.5 
HPS-7/67 41.0 91.6 39.4 95.3 38.2 90.9 30.1 77.8 37.5 

Cultivar 29.9 95.4 26.2 95.6 - - 28.5 82.6 26.5 
LSD (P=0.05) 2.3 0.8 2.1 2.6 7.3 2.2 1.5 1.7 5.6 
a Mklt.marketable.= 
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Crops Research Center (TCRC) and 
)epartment of Agricultural Fxtension in 

Bangladesh, we conducted 281 firmer 
trials in 12 different districts. Almost All 
of the farmers involved expressed 
continued interest in potato production 
using IPS. 

Breeding of adapted ITS parental 
materials in KIIenya has produced several 
dozen hybrids and opcn-pollinated (01') 
progenies that have been advanced ftrr 
large-scale production and testing in 
Africa. We have identified several 
progenies that are adaptable and have 
acceptable yields and overall unifbrmity 
for seed tuber production. We will test 
them further in multilocational trials, 
mainly its PIRAI'ACI member countries. 

Research results Indicate lhat the use 
of l'l;S could be Ail acceptable teclitology
in Tulnisia, Syria, anrd Morocco. There is 

ii-iisisi t i rey fru e P I reli inary 
results from TPS use_', but fIture CII' 
tctivities will cotcentrate oil adoption, 
use, ausd production of 'PS by fa rmers 

ait1d private companies Ill Egypt. 
The use of'I'SP. consinues to increase 

in the highland regions of soulivesterts 
Chit,! (YallthlsI ald Siclitanl plovitnccs). 
Tei clones introduced by (11' were 
selected for production of l'PS hybrids otn 
the basis of yield ad disease resistance, 

Farter-ledicsarCIlC ,t11d Cvlnatioi ot 
TI'S progenies since 1N88 ias indicated 
ilut for TPS to have at econotiic i11mptct 
its Indonesia, we tiLIst screen Mid idiCii'fy 
progenies tlut titture carlier and 
maintain stable yields across generatiolts, 
The development of metlods tlat intvolve 
farmers iin the evaluation of ttew material 
is crucial to success. 

We have obtained encouraging resuls 
in the l'hilippines, Vietiai, Indonesia, 
ad Sri Lanka after the first year of the 

project ott "Field-testing of true poiito 
seed its the lowland tropics," fhinded by 

the Asian Development Bank. Conditions 
for establishing this project were 
substantially different ils each country. 
But Indian hybrid TPS of the lIPS series, 
now produced by the country's private 
sector, has outperformed TPS from all 
other sources ii all participating 
programs. Wc have conducted in-country 
training activities itl Vietnam and 
regional irsining ictivities in Indii. 

Research under way at the Department 
of Vegetable Agronomy and Genetics of 
the UniversitA l)egli St udi di Napoli 
Federico II, Naples, Italy, on selection of 
IPS parental lines for the productioti of 
improved 'PS flmilies has shown that 
three 4x clones, coming from cloltal 
selections evaluated foi their flowering 
characteristics, have been used to produtce 
hybrid TI'PS. It addition, some new 
diploid interspecific 2n pollen-produciig 

hybrid clones have been used as inule 
"aettis itt 4x x 2x crosses for hybrid TI'PS 
production. 

We have obtained iew hybrid 
combiaions 1bycrossing widely 
culivated varielies iin southern Ialy with 
cultivars and clones already tested for TPS 
proLuct iou. We evtluated different 
Ihybrid I'PS 1ts ilics coming from 4ix x 4x 
and 4x x 2x crsses for wIre potato 
production using seedlimng tubers and 
seedling transplants. 

CIP itivestigited altertnatives to avoid 
ilse high cost of sending s,itples to the 
lited SIts to determine total 

glycotkiloid (*I'(;A) c,.ttcit in TI'PS 
progenies, htpsllrt1ttt reStliIS were 
obtited Iron research ott seisory and 
chsetic.tl aialysis. We stmtsdardized the 
-I.ISA technique for estilaiitg TGA 
coniteit aid screening all advanced TPS 
materials. We obtained satisfactory 
correlations vitIs triangular sensory tests 

ill a relatively Iov cost. We are it the 
process of standarlizitg the lIPCL 
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technique to compare its sensitivity with 
ELISA. 

We are obtaining increasing evidence 
of client confidence in CIP's postharvest 
handling and seed-quality testing 
practices, as vell as more awareness of the 
need to use only high-quality IPS for 
sowing Under suboptimal field conditions 

(Figure 1). Newly harvested TPS of 162 
differcilt lots totaling 25.1 kg was 
conditioned (dried below 4.5% moisture 
content and packaged) and periodically 
tested during afterripeiting (high 
tenperature and low moisture for 
"breaking" dormancy). When ready for 
sowing, the lots were returned to CIP's 
seed specialist for regional research and 
technology transfer. Also, 83 different 
TPS lots totaling 32.5 kg were tested for 
clients in Perul or for CIP scientists, 

Emergence (%) 
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Results from seed-quality tests icciirately 
and consistently predicted relative field 
establislnent in a large direct-seeding 
operation under desert conditions in Ica, 

Pcru. IPS handling and testing 
techniques were adopted by seed 
producers of the Itistituto Natcional de 
Investigaciones Agropectarias (INIA) and 
lSCAgenetics in Chile, and were 
transferred to NARS in Cuba tnd Turkey 
via an inlormnation bul letirn and 
individuatl training. 

The ability of CIP's seed-quality 
laboratory to conduct applied research 
capable of responding quickly to our 
cliettts' urgent leeds was demonstrated 
when the SEINPA program in Pert 
provided 12.5 kg of a deeply dormant 
highland TPS progeny (Ccompis OP), of 
which 2.5 kg was needed by 100 small 

12 13 14 15 16 17 
Days after sowing 

Figure 1.Effects of seed moisture content(-= 3%, ---=5%) after 18 months of storage at 450C inthree seed lots 
harvested from the bottom (lot A), middle (lot B), and top(lotC)thirds of the mother plant. Seeds stored with 7%SMC 
did not emerge. Bars indicate significance at P<0.05. 
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commnunities ill P'uno for immediate 
planting. Research results showed that for 
this progeny we could accelerate tire rate 
of afierripening by careful low-moisture 
storage at high temperature (40 C). As a 
result, we satisfied S'INPA's needs in 
time. \Vc applied a less aggessive 
afterripening treatment to tie remaining 
IPS before returning it to SINI'A 
wsithoIt cost for distribution to 1,000 
fairmers. 

Propagation of Healthy Clonal 
Sw eetp tato g M at rialslanti

Sweetpotato Planting Materials 
in Diverse Agricultural Systems 

The soils of Per u's Coastal plain ate very 
low itl orgatnic matter content (belov 
1.5%). Therefore, soils are Also extremely 

poor in available nitrogen. In Intuny field 
experilncnsts, howeer, we have obtained 
yields higher than 25 t/ls without any N 
fertilizer applicatiot, indicating strong 
fixaltion of N2 I, ;Ltop'irillum.We have 
found a nonsignificant response bet'een 
varieties, 

Field experiments also sshowed that 
high yields conld be obtaiised wilhout 
any application of organic matter. In v'ery 
sandy soils (new, irrigated sandy soils), 
however, we have ftnd a highly 

significant response to organic marure 
antd NPK fertilizer applications. 

In order to understand how N affects 
tle comnplex relationship among the 
swetpotato plat, the soil, and the 
atissosplere, we needed to contduct a 
systCmatic study Oitll phases of the 

plant's growth cycle. This approach has 
beets useful is idenlifying physiological 
processes directly affected by N, and 
showing how all tiis affects plat yield. 
We conducted two field experilncnts at 
two locations-l.a Molina and San 
Ram6n-during the growing season 

(May-November 1994). Our goals were to 
determine the rates of growth and 
assimilatiol pattern of the sweetpotato 
plant under different N regimes ald 
environitiental conditions, and to better 
understand the physiological processes 
that produce N yield responses. 

CI and collaborators developed 
foragc-type sweetpotato "I lelena" as a new 
perennial forage that is an 
environttnel Ily sustainable, low-input 
crop with a plint-top yield and nutrient 
value thalt surpass those of other forage

cpsuding those ofr forge 
, IICinldig 11111111. rsh forage 

,,d silage provide excellent palatability 

and digestibility for difo'reit kinds of 
livestock. This cultiva r has produced up 
to 225 t/ha of* fresh forage or silage witlh 
up to 20-25%6 protein (dry weight) under 
a range of environniental conditions. 

c o ps The 

We screened 25-I swecctpotto clones 
fromn the patlsogeI-tested list under 
extreme water stress conditions its both 
the winter and summer seasons at 1,insa, 
Plru. We plantedcuintimIgs itt replicated 
trials under moist field conditions and 
harvested after 150 days wth1out any 

additional irrigations. We identified 20 
clones for superior drought toleranec, 
root yield, and acceptable quality (size, 
color, taste, and dry itatter). These clones 
denionstrated rapid establishment and 

superior naintcnance of top growth 
under extreme water stress. These 

characteristics are vital to ensure 
availability of planting inaterials during 
the short raliny periods that occur in tile 
drylands of Africa,. One orange-flesls 
clone (zapallo), collected inl Cajamarca, 

Peru, was outstanding under both witster 
and sumncr conditions; it produced an 
average of 620 grais of edible 
sweetpolato roots per plant (Figure 2). 
The practical applicability of this simple 
screening procedure has been 
demonstrated after only the first year of 
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Figure 2. Yield of sweelpotalo clone Zapallo inPeru. 

research. Clone Zapallo vas noted for 
producing superior yields during three 
trials in the drylands of Kenya under 
both irrigated and water-stress conditionls. 

During 199-1, (All conducted intensive 
work on genetic evaluation for tolerance 
of salinity and drought. We have screened 
ab~out 1,600 svettato clones and~ 32hybrid ,t6nilies under sumner and winter 
conrd " ner sal aridsali e rcoudillio s illthe co.stal arid-saline filds 
of Taca, Pert. Gerinplasm screened 
included advaned clones and progenies 
fromu Iybridizationi programs. We have 
now generated 167 stress-resistam clones 
with good agronomic perfortnamce under 
a restricted irrigation system and salinity 
levels correspond ing to 5" ntnh/cm.5151 
From these Improved populat iolls, eiglt 
superior early clones were released joitly 
by the I1niversidad Nacional de "lacl 
aid CIP.Farmer participat ion itl the 
selection of these new varieties Was a1 
important component of this work. 

I
I AC _7% 

Maintenance, International
 
Distribution, and Monitoring of
 

The central patlogen-tested potato 
collection now consists of 1,212 cultivars 
maintained in vitro fbr different 

purposes. We can safely export these
 
ctihivars to germplasm 
users around thewol .S nc8 co esie l f epr es
 
world. Sote 86 clones arc it the process
 

i tost of 
of the different types of genetic materials 
rem ai ned at the saic level as itnprevious 
years. CllP sent clonal material in the 
form of tubers to 27 countries, in vitro 
plantlets to 39 countries, tuber families to 
9 countries, and true-seed fanilies to 15 
countries arotind the world. We 
distributed 3,400 samples of clonal 
material arid 300,000 genotypes in the 
form of families for varietal selection. For 
research on FPS, CIP-Limna distributed 22 

ofcleaup. In1994, distributioth 
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million seeds (18 kg) to 29 countries, 42% 

mnore seed than in 1993. 
In the Philippines, CIP maintained aI 

total of 269 paltho0gen-tcstcd (oies in 

vitro for regional distribution. We 
clelned the most adapted locally selected 
clones and sent 91 to LIia tor tal 
pathogen-tCsting,. We distribucd 29 of the 

newly cleaned advanced materials locally 
tor testing. Trials to colmpare te 

cfltCicy of P\VY cradication showed that 
thertotlterapy at a Contstatt temperatlure 
of 36 ( plus ,teristeIlt tuurc was the 
nost efficient tctlth d.We continued select ft late blight 

resistaite and camlitmcss it theIl'hilippiites, 
and screetned a wide ratige of germplasm. 

l)alisay (B-71-2-10.2) and Mottaflosal 
(1-1035) kept their mtoderate IcsistattCe i 

spite of the CxtCIt of variaion in the 

races of the fungus. We urgently ticed to 

identitf new cuhtiv.s rcsistant to late 

blight. 
Ill betta, we Cottitntd to produhce 

at1d distribute improved gettetic 

materials. Following the new CIP policy, 

a seed unilt will be cleated to produce and 

distribute elite or pretasic seeds of a fev 
,dvanced cluies (three to six pIr Cotllllry) 
to selected coutttries (lIurutIdi, lEth1iopia, 

Kenya, Rwvalda, and tJgatda). 
We coItitueld to Ceatn iative aind 

advanced cltI al material fron CIIP in 

Austria and Australia ill 1991. 
We produced large atnolists of 'PS 

for research and coiiecial uses its 
India, Chile, ttd Turkey. III Indit, we 

distributed six 'TS hybrids (11'88001, 
88002, 88003, 8800-1, 88005, and 88006) 
to different research centers for 
multilocatiottal evaluations. These 

hybrids have wide adaptability in Asia, 
Africa (Uganda and Klenya), 1tid 
Nicaragua. WithItechnical sIpport antsd I 

supply of parental lines from CIP-India 
(SWXA region), tie State )epartnent of 

Agriculture ofTripura produced 110 kg 

of hybrid TPS during 1993-1004. In total, 

about 140 kg of hybrid T'PS wis produced 
InIndia ill 199-1. 

In Chile, INIA producdI10 kg of 

seven progenies to mect te needs of large 

(i research and devcloplent projects 
ott ITS. Ploductiot ofl'l'PS itt the 
Turkish Potato Program at Iztnir vas 
consolidated by ittproving ITS quality 
and by producing new progenies from 
better parental lines. 

Maintenance, International 
Distribution, and Monitoring of 
Advanced Sweetpotato 
Germplasm 

A total of 372 swectpotio clones (190 

more ihan in 1993) fron diverse sources 

arc now patltogin-lested and available for 

gCeisert distiitioit flori CI'-1iina,. We 

Ceated 70 clones its 1994. 1:1om linsa, we 

settt 1,2-10 satsples of ill vitro loises to 

24 cotinies atid 26,00() geniotypcs it tlhe 

forts ot true-seed Luies to 13 

developitig countries. Tie number of in 

vitro chines increased by 107% in relation 
to 1993. 

Its 1993-199-1, the Itliversidad 
Nacional Agraria Ia Molitia, together 
with (11), released Ifrage variety I leleia, 
selected from the gertsplasn collectiOtn 
msaitntaitsed by CIIP. 

Ill Keity'), genetic materials received 
from CIP-litna (183 clones and 23 
true-seed failies), CIP-Ildonesia (12 
true-seed faitilies), and UIganda (64 
true-seed ftnilics) were cleaned by the 
Kenyan Plant Quarantine Station (PQS) 

and tested under local conditions. It 
vitro clones were scti to Zaire. Currently, 
PQS-Kcnya and CII' sub-Saharan Africa 
(SSA) regional facilities keep 126 ins vitro 
clones for regional evaluation. Some of 
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these clones are also inaintaitled tnder 
greenhouse conditions to produce 
exportable material. 

In the Philippines, we tmaintain 82 in 
vitro pathogen-tested cult iva rs f'or 
regional distribution to the Philippines, 
Bangladcd, India, Indonesia, Victnai,
and South Korea. In 1093-1994, we tested 

43 of these cloiies iin the highlands of dic 
Phillippines for adaptation aiid possible 
use in processinug. Swcetpotato access ions 
diffe'red ini response to propagation 
through single-nIode uAitings; yields 
vained between 4.3 and 31.8 t/ha, with 
clone 1.9 vie1lding tile highest. Rooted 
simgle-iode cuttings outyiclded normal 
viie cttiigs. 

Abiotic Stresses and Crop 

Management 


CIP continued collaboration with NARS 
in tile SSA region to cvaluat2 stipcrior 

potato clones. Most national progranis 
eipliasized the identification oCf clones 

possessing resistace to and tolerance of 
late blight, higher yicld, and overall 
adaptation to local cnviromimnents. 

Burundi. We evaluated 19 clones in a 
replicated trial it the Gisozi station. Trial 
results indicated that at least two 
clones-CIl-382210.2 (19.5 t/ha) and 
CIP-387197.23 (18.8 t/lia)-yielded more 
than check cultivar Ndinamagara 

(16.6 t/ha), wlicli shoved the same degree 
of resistance to late blight. 

F.thiopia. We coidtcted a national 
varietal Cvahtitom trial sitl sevei 
advanced clones and two checks. Results 
indicated tht Iwo clones-CIP-384298.56 
and CIP-384321.16-pcrformed umni form ly 
al tile foir sites, and outperfored the 
checks ii yield and uniformity ill 
prodtiction under the diverse locations. 
We atre also evaluating clones to develop 

varieties for lowlands in order to expand 
potato production in Ethiopia 

Kenya. CIP and coliaborators 
conducted extensive evaluations and 
screening at the National Potato Research 
Center (NPRC) of the Kenyan 
Agriculural Rcscaili Institute (I(ARI1).
The tv'Itatio scheme consisted of 350 

clone .i several cycles of selection at 

different stages. Scoring for late blight 
began with the appearance of tie first 
symptomns and continued oil a weekly 
basis until full maturity. Few clones 
pert Orined Consistcntly. W1,: Will include 
the top live clones iin on-farm trials and 
five in national perforiance trials (NH') 
ill 1995. Ill the final evaluation of clones 
in the NPT trial at the NPIRC, farmers 
fro Ii tile surrounding area also 
participated, aiid tile farmers and 

rescarchers generally agreed ill their 
prefereiice ranking of tile clones. 

Tanzania. The 1.Jyole Agricultural 
Research Cemiter ill tile soUlitern 

highlaids of Ianzania has evaluated 
germplasiii supplied by CIIP and has 

selected a fesw clones to advance to 
mutilocatioial trials in the 1994-1995 
season. 

Zambia. The Zamseed Company of 
Zambia has selected promising clones 
from 45 cloes received from 'CIPin 
1990. These will be evaluated in the 
formal natiomial advanced trial system in 
1995 before final release of selected clones 

as varieties. 
The national potato programs of 

Malassi, Mauritius, Zaire, and Zimbabwe 
are evatiing ill different stages 
germuplasm suppHlied by CI. 

We have coiiutcted studies Oil gene 
expression during cold acclimation ill 
potato ill a contract project vith the 
Department of Vegetable Agronomy and 
Geietics of the Uiiversit' Dcgli Studi di 
Napoli Federico II, Naples, Italy, to 
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identify a gene or genes responsible for 
cold-hardening ability of'Soiaunm 
cOmMr(o,,ii. One partial and one 
full-length cDNA clone coding for the 
etzyme AG stcaryl-ACP desaturase have 
bcc-Ii solated frominaS. commeriotni 
l)NA library. Sequetce analysts of the 
two cloes has revealed high ,iotiioogyto0 
oilier published sequences. 

CIP continuCd to devClOp
frost-ttleratut potItu cultivars for the 

Andeani highlads in 1.93-0l)94. \Ve 
evluated note than -10,000 clonCS 
produced at IPROINPA (and received 
from CliP) at -3 C to -5 C under natural 
conditions and iII a growth clianiber. We 
selected f,311o of this material for future 
field evalualiois. 

We coiducted field tests itI Bolivia iII 
the departinents of-Cocliaba iba 
(PROINPA), ()ruro (UnItiversidad u'e,ica, 
IJT( ), and l.a Paz (ORST()M grOulp). A\ll 
clones tested (about 200) utiderweit frost 
stress for several hours at temperatures of 
-2 C to -4 C. Vc selected 10 advatced 
clones for their frost tolerance, with 
average yields of 1-1.5 kg/plant versus 0.5 
kg/plamt for the local cultivars. These 
clones also carry resistance to nematodes, 
wart, and late blight. :valuations of their 
culinary qLualities with participation by 
local farmers have led to the 
idettificat ion of five clones with 
potential as future cultivars. 

Developiient of drought-tolerant 

potato cultivars in Bolivia is a 
collaborative activity with PROINPA. 
Because the activities only started 
recently, our efTorts have focused on 
obtaining hybrid seeds from crosses 
between wild species S e'berbaucri. 
N mexitacrolobum,S i/ndim1bul/rme', 
. Itpophi'S, and S berthaultiiand 
culhivated species N lehureja, X goniocayx, 
S am/ifru, a-and S. x a/.inhuiri.We have 
obtained about 2,000 seeds of 22 families, 

which we will test in the greenhouse 
during the next season. Material obtained 
last year was sowed in trays its the 
greenhouse and was exposed to drought 
stress when seedlings were ablout 10 cm in 
height. We selected 1-43 clones from 20 
fatnilie; for their drought tolerance. 

\Ve began a prelimnary trial to study 
the Morphological and physiological 
factors involved iII dtought tolerance. We
studied tetraploid clones reported as 

drought tol.ratit from the Peruvian 
national prograti such as Chaska and 
Yungay, in addition to clone 84-48-7 
(Colombian), and coiipared them with 
\Vaycl'a (N ,ndi i,'a),Alpha 
(S. mubrenu;m), and S. ATrIhAliii. 

CIP continued research on the 
adaptatioll of potatoes to arid and saline 
soil conditioiis iii southerti coastal Peru 
as a collaborative activity with the 
lJniversidad Nacilonal de Tacia. This 
work resulted in tlie release of two early 
illatulitg stress-resistant clones as 
varieties lacna and Costatiera. In 
addition to their stress tolerance, these 
varieties have high tuber-processing 
quality atid resistance to PVY, PVX, and 

M.RV. 
Under advanced selection, three 

clotics-CIP-388615.22, CIP-392781.1, and 
CIP-392780.1-were selected for release as 
varieties after ori-farln trials and 
confirmation of resistance to PVX, PVY, 
Pl.RV, and root-knot nematodes. 

In the project on technical assistance 
to Uganda's National Potato Research 
and 1)evelopment Program, which ended 
in 1994, we made several achievements. 
Clone CIP-575049 (CEW 69.1) was 
provisionally named Kabanyolo and, 
along with CI P-720118 (Cruza-148), may 
be considered for release. Three genotypes 
were officially released its varieties 
Victoria (CIP-381381.20), Kisoro 
(CIP-381379.9), and Kabale 

116 

http:CIP-381381.20
http:clotics-CIP-388615.22


(CIP-384080.5). Resistance to late blight 
and tolerance of bacterial wilt 
characterized them. We also selected 
genotypes With combined resistance to 
bacterial wilt and late blight, adapted to 
mid-alitude regions. 

Propagation of Andean Root 
and Tuber Crops and 
Management of Andean Natural 
Resources 

production ofulluco seed 
in peasant communities of the 
Ecuadorian highlands 
Five communities iu five proviisces of tlie 
Ecuadorian lighlaisds participated iii 
svork aimcd isaiily at unltiplying ulluco 
(melloco) (U/h, to 'robo) seed. Ai 
additional objective was to validate 
enhanced priduction technologies 
through active tarnser participation and 
thus acIi eve "Iraiiiiisg by LIo ing." 

We selected six cliscs ('or good yield 
and earliiess (Table 2). We studied their 
days to flowermg, tubcrization, and 

harvest; pest and disease resistaice; and 

their seed prodtlctiois by coiis issnsitsy. 
As work progressed, Lmriners showed 

great Interest in the yield of tIese plants. 
"rheirsinilarity with local varieties imade 
cloises FCU-814 aid ECU-831 more 
acceptable. Farmers also expressed 

satisfactioln with the wider range of color, 
size, shape, and taste of the newly 
introduced varieties. 

Meanswhile, peasant community 
leaders agreed to continue with seed 
multiplication of these varieties, subject 

to continucd advice from the Instituto 
Nacional de hivestigic;oics 
Agropccuarias (INIAP). 

We Used 1,061 kg of seed fron six 
proiising clones produced at the Santa 
Catalina Experineit Station to install 
,muhiplica tioll plots in peasant 
communities, usiig rapid Multiplication 
techniiqItes developed for potato. 

Tuber seed dorinaicy of oca (Oxa~lis 
tu/drosa) atid ulluco could be broken 15 
days after treatment with Riisdite, 
bromocthIane, 2-chloretlIanol, and 
gibberellic acid, but the treatiseit with 
these chemicals did iot break seed 
dormanicy svheii applied to tnashua 
(T-oaolhm ubro.wun). 

Quality seed production in 
peasant communities foir oca, ulluco, 
and tnashua 

Sose I1 communities from Arequ ipa, 
Cusco, and Puiso (Table 3) participated in 
this work condCted by Peru's National 
Andean Crops Program. The goal was to 
increase oca, isashta, and ulluco 
production by using high-quality seed to 

Table 2.Yield and earliness of six promising ulluco melloco) clones, with average yields at 11locations, Ecuador, 1993. 
Clones Yield (kg'ha) Days after planting 
-- ---- Maximum Minimum Average Maximum Minimum Average 

ECU-759 32.7 8.9 18,0 256 200 226 
ECU-791a 40.7 10.0 23.5 253 200 225 
ECU-831 49.6 9.6 25.1 258 205 228 
ECU-814 42.6 7.6 24.5 252 188 221 
ECU-837 30.4 13.9 21.5 251 200 225 
ECU-842a 33.3 10.8 20.5 253 200 226 
a.Low mucilage content. 
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Table 3.Seed production for oca, ulluco, and mashua by 
location and participating communities, Peru, 1993. 
Department Experiment Communitiesstation 

SanCamito Pachaychaca, 
Arequipa Sa aioPcacaaEchancay 
Cusco Andenes Patapayoc (Sacsayhuamn), 

Chiara (Combapata), 
Ccorimarca (Chinchero), 
Checacupe (Urcos), Cruz 

Verde (Arco) 
Puno Illpa 	 Titilaca (Acora), Potojani 

(Plaleria), Corpamaquera 

(Ilave), Yanaque (Acora) 	 

strengthen farmers' potential to grov 
these crops ('Table 4). 

Peru's INIA, with support from CIP, 
ias developed aquality seed productioti 
system for Andean tubers. This allows 
farmers to increase production and profit 
from wider diversity. 

We have increased oca, ulluco, and 
tnashuta genetic diversity and now have 
100 cultivars of oca, 57 of ulluco, and 18 
of mashua. 

Basic seed production for 
Andean roots and tubers using rapid
 

multiplication methodsmultilicaionmthod
 

Low multiplication rates (1:3 to 1:10) 

with traditional methods to produce seed 

material led us to try rapid multiplication 

techniques using sprout cuttings from 

young, lateral, and adult steins, and 

stolons, split tubers, and tuberlets at 

CIP's I[uancayo experiment station. Our 

main objective was to introduce rapid 

multiplication methods for use in the 
production of planting material of 
ulluco, oca, and inashua. 

We can attain efficient surface 
disinfection of seed tubers by soaking for 
10 minuites in asolution of 
alkyldimethylbenzylammonium chloride 
(Dimnanin A) (1 cc per liter of water). A 
mixture of deltanethrin (1 cc per liter of 
water), benomyl (1 g per liter of water), 

and Tween 20-adhesive (0.5 cc per liter of 
water) is recommended as a fungicidal 
treatment for 10 minutes at 24 hours 
after the Dimanin treatment, 

Table 4.Production (kg) of three types of oca, ulluco, and mashua seed inPuno, Peru, 1993-1994. 
Localit 	 Crop Genetic nucleus Basic seed Community seed Total 
Puno Oca 307 3,972 4,906 9,185 

Ulluco 1,817 1,587 1,584 4,988 
Mashua - 480 116 596 

Arequipa Oca 399 474 92 965 

Ulluco 243 293 79 615 
Mashua 80 - - 80 

Cusco 	 Oca 6,147 2,842 2,673 11,662 
Ulluco 1,965 2,140 1,644 5,749 
Mashua 325 380 240 945 

Total 	 11,283 12,168 11,334 34,785 
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1993-94 Research Projects and Partners 

This list containstitles 0/ reearchpr x-t, names o/,princital t'csarchpartnersanl reTponible 
CII) scientists,collaboratint,in titutionV, and, ,'ui'n applicat', comrn's ,h're work iSconducteL 

Propagation of healthy clonal potato 

planting materials in diverse 

agricultural systems. 0. 1lidalgo. 


", 	Potato seed program iM Burundi. 
A. Sandohija, C. Muvira, Z. Nzogilhcra, 
1). Berrios. 

* 	 Potato proagatIion research and 

production in Camcroon. 

C. Martin, II. Mendoza. 


" Potato seed research and production 

in Uganda. I.. Sikka. 


" Strengthening of research and 


production of-prebasic potato seed in 
Bolivia. A. l)cvaux (PROINPA). 

" Support for seed production to 
imnprove pota to productivity in Peru. 
E. Franco (SFINPA). 

* 	 Information managetnent systems for 
potato prodlcLiots and distribution itl 
Ecuador. P. Espinoza, C. Crissinait. 
Potato seed i lcuadr Evaluation o" 
internal demand for seed. Basic seed 

pr~d~ti~l.rodutionandA. 
production. Proc iott and 
A.It ibon. 

A.tnm.AIlibon.midihe 
• On-farni evaluation of varioUs cuttings 

as alternative plalting materials. 

Philippittes. I. Cht, joy.
Plllill)'ICSF.C Jy.W. 

" 	 Comparison of tber productivity of 
four types of seed tubers ill Vietnam. 
I. Cltujoy, l. Jayasinghe. 

* 	 Research and technical assistance itt 
potato seed production itt Colombia 
and Venezuela. P. Corzo, Y. Rodriguez 
(CORPOICA); 0. 1lidalgo, 
I). Espittoza. 

" 	 Production of potato seed by rapid 
propagation in Paraguay. 
A. Stroltmenger. 

Sexual potato propagation. N. Pallais. 
* 	 Breeding and selection of appropriate 

I'PS progenies and/or paretal lines in 

eastcrn and southern Africa. Kenya. 
I I.M. Kidame-Mairiam. 

* 	 Potato product ion from ITS in North 
Africai (E-gypt, 1'11siI, NI orocco). 
NARS and M. Fahca (CPRA), 
A. Ililali, R. llBCdewy, C. Martin. 

* 	 Breeding for I'PS parental lines and
 
initial cxaloatiou in India.
 
K..C. Thakur, M. Upadhya.
 

* 	 Evaluation of IPS progenies and 
research on production of hybrid seed 
in Indonesia. A.A. Asandhi (LEIIRI), 
A. Chilver. 

, 	 Fvaluatifoil of advanced 'PS families 
and on-airm trials itt India. 
M.S. 	Kadian, M. Upadhya, P.C. Panday. 

dies on 'IPS production in 
Bangladesh. I. Raslid (BARI),
 

A Qumsit 11. Raphd hyA

Qusei (CRC), M. Upadlhya. 

o 	 Potato productiot from 'S lit Asia. 
Sri Lanka, Indonesia, lhilippines, and 

V AIB. P. Schotieiche. 

o 	 Developmeit of'l'S progenies for 
various civironmiits of China.

lKetong, Song B3o ]:t,. 

o 	 1)evelopment of ITS parental lines 
and progenties itt Peru. A. Golhirzaie. 

a 	 Screciting of advainced TPS piogenies 
and production technology itt Peru. 
P. Maltgambt, J. Bryan, R. Cabcllo. 

8 	 Physiological studies on 'IPS quality, 
storage, and handling itt Pert. 
N. Pallais. 

9 	 Production and utilization of seed 
tubers derived from TIS in Paraguay. 

119 



IAO. T. Mayeregger, A. Strohmenger, 
J.F. Bareiro. 


" Breeding to select TPS progenies in 

Chile. J. Kalizich, P. Accatino 

(INIA-PROCIIPA). 


" 	 Search for horizontal resistance to late 
blight for the development of cultivars 
tor produ ci ng potatoes fro in TPS. 
Argentina. M . Ilatc. 

* 	 Use of"ITS for potato production il 
Central American and Caribbean 
countries. F. Torres, M. Batista. 

" 	 Selection of 'l'S parental lines. Italy.
I. 	rusciainte, P. ( arelfl. 

Swcetpotato production through 
improved planting and management 
techniques. If. Bcaufort-Murphy, 
P. Malagamba, NI. Upadhya. 

• 	 An evaluation of tolcrance of excess 
moisture of Smth (hina sweetpotato 
gertoplasm. X. Chunsheng, I.. Meiying, 
Song Bo Fui. 

* 	 Soil manageienit, fertilizers, and 
mineral nutrition of the sweetpotato 
under diffrent soil, climate, and 
Earming conditions. Peru. S. Villagarcia. 

e 	 Development of propagation ,ind crop 
management techniques for 
swectpoltto ill PcI U. 
II. 	Be.ltfort-Murpiy. 

* 	 IPhysiological mtcchaisin fbr 
improved tolerance of abiotic stresses 
in swcetpotaito. Peru. N. P,dlais. 

e 	 Adaptation of'swcetpoitito to arid and 
saline soil condit ions. Peru. R. Ch'iVez. 

* 	 Nitrogen ,ini] dry matter portioning 
during the developtMen t of 

sweetpotato under differcnt N 

regimens and environiments. Peru.
 
M. Villagarcia. 

* 	 it roduction, maintenance, and
 
distribution of advinced potato
 
genctic matcrials. Kenya.
 
II. Kidanc-M/hariat. 

* 	 TPS produtction in Turkey for the
 
needs of the Middle Liast and North
 
Africa. NI. liaslam (AAVII),
 
R. Corlotoii, C. Martin. 

9 	 Maintenance, multiplication, and 
distribution of potato germplasm. 
Indonesia, Philippines. U. Jayasinghc. 

• 	 Produtct ion and ci;stribution of hybrid 
IPS. India. K. Ihakur, M. Upadhya. 

* Maintenance, multiplication, and 
dist ribitt ion of phogen-tested potato; 
production of lowv-virus seed. Peru. 

J. Bryan, 0. 1lidalgo. 
e "ITS production in Chile. .IS. Rojas, 

J. 	 Kalazich (INIA); 1'. Accatino. 
9 	 Pathogen elimination of selected 

potato cultivars fIOr worldwide 
distribution. Austria. J. Bryan, 
0. 	 1lidalgo, A. Golmirzaie, J. Schmidt. 

* 	 PIroduct ion of pithIsogen-tested potato 
alid sweetpotato gcrmplasm for East 
and Southeast Asia and Pacific 
countries. Aust ralia. 1. Schiniediche. 

Maintenance, international 
distribution, and monitoring of 
performancc of advanced 
sweetpotato gerinplasn. J. Bryan, 
0. 	 1lidalgo. 

• 	 Introduction, nultiplication, and 
distribution of swectpotato 

gertnplism. Kenya. I1. Kidane-Mariam. 
0 Maintenince, multiplication, and 

distribution of swectpotilto 

germ plaisi. Ind ottesiai, Philippines. 
U. Jayasinghe. 

Maintenance, international 
distribution, and monitoring of 
performance of advanced potato 
germplasm. 0. Iidalgo. 

* Maintenmce, multiplication, and 
distribution of paihogen-free 
sweelpotato materials. Per. J. Bryan, 
0. Ilidalgo. 
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Abiotic stresses and potato crop 

management. P. Malagamba. 


" 	 Collaboration with national programs 
in the evaluation antd selection of 
superior clones, Eastern and southcrn 
Africa. NARS and II.M. Kidance-Mariam. 

" 	 Agronomic research. Uganda. .. Sikka. 
* 	 UsC of PG-R substances for stress 

protcction to imnprovc potato 

productivilty. India. .Itladlhya. 


" Soil managecmnt, fcrtilizcrs, and

mineral nutrition of potato under 
mineral nutritions of sol ad cilnc, 
avers conditions of soil and cit. 

Peru. S. Vil laga rcia. 
" 	 The usc ofagronoinic practices to 

reduce temperatuires il the potato 
macroclimate. l)ominican Rcptblic. 
F.Paytoin. 

" 	 )cvelopmcit of frost-tolerant pllo 
cultivats in Bolivia. N. Estrada, 
A. Dcvaox. 

" l)cvclopmetnit of droughlt-tolerant 

potato cultivars inBolivia. N.Estraa, 
A. lDcvauix. 

" Adaptatiot of poitto to arid and 
salute soil cotditions. PCru. R. CllvCz. 

" 	 DmItabasc oit crop response to 
en vironrment. Pcri. 1).NI aigamlxa, 
J. Roca. 

* 	 Sttdy on the effect of NK fertilizer on 
the production and processing of 

potato.S.Villagarcia (SQM-Chile). 


a 	 Study of gene expression during cold
 
acclimation. Italy. M. Tucci.
 

e 	 Genetic basis for improved tolerance 
of frost and other major abiotic 
constraints of cool growing areas. Peru. 
1. Landco. 

* 	 Breeding and sclcction of potato
 
genetic material for adaptation to
 
suiboptimal tenipcraturcs. Chile.
 
J. Kalazich (INIA),P).Accatino.
 

Propagation ofAndean root and tuber
Poaaino ncnro n ue
 
crops (ARTC) and management of
Andean natural resources.M. Holle.
 

0 	 Production of high-quality seed of 
Ul/ucto lub 'ro.vo(mcloco).Ecuador. 
C. Monlteros (INIAP). 

e Basic seed productlion of iative potato 
cuhtivars. PCru. G. Javier (UNCP). 

e Product ion of certified seed of 
l.cidium in,*'enii (iaci) through 
clonal selection atid progety icsts-or 
the Pasco and Jtmin regions of eri. 
1). 	 Potice (UNDAC). 

* 	 Basic sccd production of Andcan root 
and tubcr crops. ertI. J.1.. Marca. 

* 	 Basic secd producton of Andean tuber 
crops in fartinig coimin uniities of 
Punio and Cusco. Peru. A. Mujica 
(INIA-PICA). 

* 	 Physiological and soil fertility studies 

on ARTC. PerU. S. Villagarcia. 
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PROGRAM 6
 
Postharvest Management, Marketing
 

Expanding Utilization of Potato 
in Developing Countries 

Introduction 
The potato is increasingly becoming an 
important source of carbohydrates in 
developing countries, particularly at 
harvest, when other basic staples are in 
short supply and potato is comparatively 
cheap. For the rest of the year, the potato 
is a high-status, relatively high-priced 
vegetable. Because potato provides certain 
amino acids (such as lysitte) and vitanins 

(vitainii C) that are not found in cereals 
(such as rice or wheat), consumers have 
sound nutritional reasons for their 
preferences. Growiing urbanizatiot, 

prefrenes. rbanzatonincomes.rowngfealde participatiotn un the fo~rmal
forepandicipatioris i r the alIn wo rkfo rc e, a n d to uris m in crease the 

demand for processed potato products 
with convenience and gastronomic 
appeal. In Asia, Africa, and Latin 
America, however, potato production 
tends to be highly seasonal, with periods 
of abundant supply followed by weeks or 
months of relative scarcity. 

Consumers are eager to incorporate 
more potatoes into their diets if the crop 
can be made more readily available 
througho .t the year. To help achieve that 
goal, CY's postharvest efforts currently 
focus on three areas of research: 
ambient-temperature (or rustic) storage 
for table potatoes; marketing of potatoes 
and potato products; and breeding for 
processing. Training activities in the form 
of courses and materials on methods 
complement these research efforts. 

Storage 
Inthe developing world, farmers store 
potatoes in maniy different ways, 

depending on their scale of farming and 
the purpose for keeping the tubers. The 
size, design, and material used for storage 
also differ. Small farmers tend to keep 
their produce iII the home in small 
containers, on floors in special structures, 
or in eartlienvarc pots. These closely 
guarded stocks serve as seed for the next 
season and also as ware potato When the 
need arises. As yields improve and 
production increases, however, 
particularly in Asia, even small farmers 
take an interest in alternative storage 
practices to help reduce losses and raise 
ll~ls 

areas where cold-storage capacitiesa el wi c a i n t eare low in relation a d h i i eto demand, the limited 
availability of cold-store space as well as 
the cost and rental conditions for such 
facilities prevent many small farmers 
from availing themselves of such 
infrastructure. II India, construction of 
additional cold-storage capacity and the 
future sIpply of adequate power to 
operate these units simply may not be 
able to keep up with the anticipated 
increase in potato production by the year 
2000. Farmers are therefore left with the 
following options: sell the bulk of their 
potatoes at harvest at very low prices; 
heap tubers in the field for 1-2 months 
until prices recover; or find alternative 
storage arrangements to keep their 
potatoes for later sale. 

Option one is often simply not 
economical. Farmers prefer to leave the 
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crop in tile field when producer prices do 
not cover thc cost of harvesting. I leaping 
can be useful, but is ctremely risky. If 
wet weather develops, such a practice 
invites disaster; farmers can lose their 
entire crop, s occurred iII certain 

farming ireas itn India in 1'),1. A 
permanent structure of*a rustic t;ture, 
cheap to build and aintainii, can serve is 
a storage ficility for potato farmers 
during the glut period. Such a faility can 
help small grlowers aIvoid elitialic 
iucertaities and ,ovcrcote limited access 
to cold-slorage spacC. CII' atid its 
collaborators it nationtal programs have 
expcrimented witlh different rustic-storage 
dsigns for many yea rs. Recently, CIP 
postharvest specialists and national 
program scientists began to test the most 
promising designs in field experitieitts 
under ariner conditios. lhe putrpose of 
thesc trials is to) ev,aluate economically 
a1d technically the package of improved 
storage techliiujtes versus traditiiIal 
practi e., 

India. Storage research f0cused ott the 
state of Uttar Pradesh (iP), wh'iere more 
than 6 million tos of potatoes are 

pr duIced ainnu,illy in the lowlnd plaits. 
Nearly all these Potatoes are harvested in 
a period of just 4-6 weeks. Given the 
rcsulting drastic drop iin potato prices at 
hai vest (Jan.-Feb.), most f'aitirs keep pirt 
of the crop iin cold stores or under rustic 
cotiditiois. CIP-supportcd collaborative 
storage research seeks to provide Lrmers 
with a cheap and simple yet improved 
method to delay the sale of table potatoes 
it harvest, when prices are low. The CIP-
Central Potato Research InIsti tut (CPRI) 
research team conceives storage as m 
sysem" aid tle set of improveients as 

a "package." In this approach, tihe) view 
structure, quality aid type of potato 
stored, and storage management as 
integral components of the overall systein. 

The CIP-CPRI team tested fbur storage 
designs with evaporative cooling during 
1994. The first was it the CPRI research 
station at Modipuram and tie other three 
in neighboring on-farn trials in Meerut
district. Ihe tean modihed the store 

design of OtWprevious year to improve 
evaporation of water froln the troughs 
atid to obtain uniform movement of air 
through the potato pile iin storage. They 
filted the rooftof tire store At the CPRI 
Lmn with I rotary exhaust turbine driven 
by wind power (Figure 1). Thie upward 
draft of ittoist air caused by the tlurbine 
provided a fister, more untitforin, and 
continuous movement of moist air 
through the potato pile and away from 
ilie, water trough. 

[hey also modified the storage design 
by coveriig Ihe loading door witlh an 
enclosure to prevet its heting during 
periods of higher temperatures land added 
an improved floor to hold the poLalocs iin 

the store using unsplit, small, greet 

bamboo poles tied together to rtin a 
mat. They iIIproved waiter evaporation by 
constructing a lip, 5 cm higher than the 
existing lip, ott the water trough on the 
eastern side of tie store. The store was 
const ructed so as to catcl tie westerly 
winds that prevailed during the 
postiarvest season. The lip on the eastern 
side prevented the wind from blowing 
through the bottom of the store, thus 
increasing the residence time of ie wind 
over the water trough. This gave the water 
in the trought More time to evaporate and 
move upward through the potato pile. 

Weekly temperature data (Table 1) 
takei during tlie storage period from 
Marcht (entry inlto storage) to Jute 1 
(reitoval from storage) indicate a 
uniforni reduction iin the difference ill 
temperatures outside versus those inside 
the CPRI store during tIhe day; these 
differences became larger from March to 
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Figure 1.Improved rustic store for table potatoes in
 
India:
 
(A)covered loading door, 
(B)rotary exhaust turbine, 
(C)bamboo floor mat, 
(D)lip for water trough. 
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May. For example, in the store with the 

rotary turbine on the roof, the inside 
temperature recorded at 2 p.m. was 
12-19'C lower than the outside one. The 
rotary exhaust enhanced evaporative 
cooling. Together, this combilation 
helped avoid fIluctuations in temperatures 
inside the store; ones observed at 8 a.m. 
and 2 p.mrt. were not significantly different, 

Table 1.Weekly averages of maximum and minimum 
temperature inCIP-type evaporative cool store and 
ambient during March-June, 1994, Uttar Pradesh, India. 
Month Week Temperature ('C) 

CIP store Ambient 
8:00a.m. 2:00p. 8:00a.m. 2:00 pm. 

March 4 21.2 21.2 18.0 35.2 
April 1 20.0 20.6 20.0 33.2 

2 18.6 18.6 20.8 36.8 
3 21.3 21 9 23.3 33.2 
4 22.9 23.4 26.3 40.0 

May 1 25.2 25.6 26.3 41.5 

2 25.4 25.4 23.9 41.4 
3 24.2 24.9 25.0 43.0 
4 27.7 28.2 29.6 44.1 

June 1 28.4 29.5 27.4 45.0 

Results from these initial storage 

experiments in farmers' fields have becn 
mixed, but t nonetheless encouraging. Two 
of the three farners who stored potatoes 
in rustic stores made a profit (Table 2). 
Although the CPRI store ill Modipuram 
had losses, the losses were lower than in 
stores under farmncrs' conditions. For a 
storage period of 70 days, losses for Kufri 
(handramtukbi (KCM) were 11.8%, and 
were 12.3% for Kufri Bahar (KB) at 
Modipuram. Varietal differences no 
doubt played an important role; KCM 
ad K1 are considered to have better 
keeping quality. KCM was sold after 70 
days at Rs. 1.45-1.65/kg and KB at Rs. 
1.21-1.26/kg (31.25 rupees - US$1.00). 

Among the three f-arniers who tried 
out the improved storage design, the 
lirmner with the best results had losses of 

139/o and 13.7% in storage periods of 84 
and 76 days for Kufri Badshah and 
potatoes produced from true potato seed 

(TIS), respectively. Timely storage, good 
store construction and efficient store 
managernent (such as regular watering to 
keep the evaporative cooling process 
working and attention to market 

Table 2.Details of storage studies conducted inCIP-type cool store and ambient, Uttar Pradesh, India, March-June 
1994. 

Location Cullivar Cool store 
Storage Disposal Days of Loss Price range 

storage 
Date Wt. Date WI. (%) (Rs./100 kg) 

Machhri unit KCM 31/11160.0 8NI 52.9 70 11.8 145-165 
at CPRSa K.Bahar 31/11139.7 9NI 34.8 71 12.3 121-126 

Village: K.Badshah 24/11150.0 15NI 43.5 84 13.0 160-180 
Lavad TIPS 1/IV 70.0 15NI 60.4 76 13.7 160-180 

Village: JI-5857 3/IV 43.2 31N 32.0 59 26.0 65-180 
Bichola TPS 3/IV 54.9 1NI 42.4 60 22.8 65-180 

Village: Advanced 
Sivaya selection 14/11150.4 20N 41.9 67 16.9 n.a. 

TPS 14/11150.4 20/V 41.9 67 16.9 n.a. 
a.The cool store atMachhn was titled with awind-powered rotary exhaust turbine. 
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conditions), good store hygiene, and store 
location enabled this farmer to mininize 
Ihis storage losses. Ile also carefully 
monitored prices inl different markets in 
India and finally sold his potatoes at 
prices 30-60% higher than when they werc 
placed in storage. These prices gave him a 
good profit. 

'Ileother two farmers had losses of 
about 17-26% for storage periods of 67 
and 59 days (Table 2). Their higher losses 
were caused by poor store managenent 
and poor quality of p-otatoes stored. They 
also sold their potatoes earlier id at 
lower prices. Nevertheless, one farmer 
indicated an interest ii building a larger 
rustic store for the 1996 season. 

Thi waswas the first attempt to take CIP 
ruistic-storage technology to tile filrml level 
in South Asia. The findings obtained 

provide a basis for furthcr improvemnct 
of the overall storage system. As part of 
this effort, CIP postharvcst specialists 
made visits during 1993-1994 to observe 
storage practices in other parts of India, 
and inPakistan. Scientists with 
Bangladesh's Tropical Crops Research 
Center (TCRC) began a storage sUrvey ill 
Bangladesh with support from CIP 
regional staff, and expect to complete it 
in 1995. 

China. Results frotti a survey on 
potato storage iii Inner Mongolia 
conducted by Chinese scientists with 
support from Program 6 revealed that the 
well-cellar method, now used alrost 
overwhclmingly, is intended to store 
tubers for table consutiption or for seed. 
Storage temperature is from 0 C to 5 C. 
Because a large quaidntity of tubers grown 
inthis region are for industrial use, the 
Chinese team has indicated a need to 
develop, with CII' support, an 
appropriate storage method for potatoes 

destined for processing (such as chipping), 

Egypt. Collaborative research in Fgypt 
focused onl the storage behavior of seven 
potato varieties and three TPS hybrid 
progenies. l)ata from the fill season of 
1993-1994 indicate that varieties Diamant, 
Monalisa, and Draga and TPS progenies 
S x 1"1O-28, S x 1.1-7, and Fx-2 showed 
high yields after storage under rustic 
conditions. Varieties Ajax and Nicola 
showed lower yields and therefore require 
cold storage. 

Marketing 
Building on earlier case studies of specific 
countries, recent marketing research at 
CIP has focused on international trade, 
tile market for processed products, and 
comparative marketing systems. 

1liresearch on trade and processed 
products, C1P social scientists noted three 
interrelated trends: (1) a shift iil the locus 

of totao product ion back to developing 
countries, as their share of world output 
passcd frotii 10% to 30% between 1961 
and 1993 (Figure 2); (2) the growth in 
potato trade as a percentage of global 
output from roughly 1°/o toin 1961 
between 4/0 and 5% in 1990-FAQ data 
on trade in ware and seed potatoes 
(Figure 3) were combinied with national 
statistics on trade in processed potato 
products to arrive at this estimate; and (3) 

the explosive expansion indemand for 
processed potato products (such as french 
fries and chips) in developing countries. 

With trade liberalization, 
improvements in telecotiitnutriications 
arid inansport, and the international 
mobility of consumers, traditional 
limitations to iriteriational trade in 
potatoes-such as bulkincss and 
perishiability-are beginning to disappear. 
The growth inpotato trade involves 
developing countries inl a variety of ways. 
Developed countries are exporting more 
potatoes to North Africa (seed) and 

127 



89% 81% 69% 

11%/ 19% 31% 

1961-63 =265,114 1975-77 =275,050 1991 -93 = 274,043 

E:Developed countries [l Developing countries 

Figure 2,Global potato production (000 t), 1961-1993. (Adapted from FAO, PC-Agrostat, unpublished statistics, 1993.) 
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Figure 3.Potato exports as ashare (%)oiglobal producion, 1961- 1993. (Adapted from FA, PC-Agrostat, unpublished 
statistics, 1993.) 

eastern Asia (processed products). 
Developing countries around the 
Mediterranean basin are shipping more 
table potatoes to WVestern Europe. Trade 
amnong developing countries is also 
emergilg in importance (e.g., Latin 
America). 

Recently completed research 
comparing marketing systems for 

Year
 

potatoes in Africa highlights important 
differences among thle crop's naturc, size, 
and growth prospects in two regional 
markets north and south of the Sahara. 
The differences encompass tihe 
socioeconomic environment, the 
orientation of production, the marketing 

system, and consumer demand (TFable 3). 
As with agroecological production 
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Table 3.Food systems for potatoes inAfrica. 
Component Region - -

North Sub-Saharana 

Socioeconomic environment 
Per capita incomes, 

(US$), 1991 

Urban population (%) 


Production 
Ecology 

Elevation 
Marketing 

Percentage sold 

Imports/exports 

600-2,000 100-350 
45-55 12-35 

Arid Humid 
temperate tropical 

<500 m >1,500 m 

Nearly all Less than 

for sale 50% 
Imports of Negligible 

nonavailability in both quality and 
quantity of varieties that serve as suitable 
raw material for french fries (frozen and 
fresh) and chips. CIP therefore continues 
to develop varieties adaptable to tropical 
growing conditions to meet these 
processing requirements. 

Peru. nima-based breeders working in 
Program 6 have obtained advanced clones 
for processing with high yield and 
tmtmunity to the naost iniportant potato 
virus diseases (P\Y and PVX). Based on 
trials involg apopulation of more 
than 500 clones in Ia Molina during 
spring 1993 and in La Molina, San 

see eptes toraen 
Consumption 

osmt Boileinand 
Form Boiled in Boiled 

stews, trench 

fries 
Role indiet Regular Luxury item, 

complementary seasonal 
vegetable staple 

Levels Highest in Highest in 
urban areas rural areas 

a.DataforSouthAfrica areasfollows: percapda income--USS2,560; 
urban population-60%; rate of growth--O.7%; share of 
agriculture ingross domestic product-5%. 

research, these findings point to the teedn 

for more market-specific technological 
tnnovations, that is, emphasizing the 
potential for processing in certain 
locations (North Africa) and 
de-enplasizing it elsewhere. 

Breeding for processing 
A rapidly growing local fast-food indutstry 
bolstered by the prospects of 
joint-ventures with well-known food 
chains provides increasing evidence of the 
potential for potato processing in 
developing countries. The main 
constraint to accelerated development of 
processing industries is the 

seed,exports foreign Ram6n, Tacna, and lca during winter1994, eight clones showed good 
adaptability and pertormaricc for chips 

french fries. These clones tad high 
yield, high dry matter (I)M)content 
(ranging from 21% to 2401), and low 
glucose content (ranging frotm 0% to 
0.5%), with a very good frying color. 

C11 staff planted the satme population 
in the highlands (I luancayo, 1994 rainy 
season), but because of excessive rainfall 
more than 8(0 was lost to asevere attack 
of late blight. I lowever, some clones 
survived and showed resistance to late 
blight, with good yield and good 

processing attributes (Table 4).
CIP breeders planted a population of 

10,000 seedlings frotti 50 TPS progenies 
obtained front crosses between advanced 
progenitors for processing and clones 
resIstatnt to late blight, PVX, PVY, and 
PLIRV at La Molitsa during winter 1994. 

The seedlings were previously screened for 
PVX and PVY. Sixteen !:rogenies showed 
good yield, uniformity, acceptable DM 
content, and low reducing-sutgar content 
(Table 5). 

At harvest, CIP breeders selected 
approximately 400 individual clones for 
agronotnic attributes and will evaluate 
them in 1995 for processing attributes 
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Table 4.Clones selected for processing at Huancayo, 
Peru. 

Clone Yield DM GL' Chip 

. . . . (kg/plant) .() (%)_ colorc_ 

Costanera 0.90 24.23 0.05 1.5 

E86.695 0.70 25.40 0.06 20 

(LM86.320 x YYbk)62 0.58 23.18 0.09 2.0 

(87.055 x XY.20)71 0.94 23.17 0.09 2.0 

390652.1 0.81 23.15 0.11 2.0 

Kamera 0.75 23.18 0.04 2.0 

Zarevo 0.90 23.19 0.06 . 0 

a DM dry mailer content 
b GL =glucose, acceptable upto 0 10% 
c.Onascale ofI to 5, where I zlightest color and 5 darkest 

color; acceptable up to grade 3 

and to coinfiri their immnunity to PVY 
and IWVX. Muring 1994, these scientists 
evaluated 130 clones with late blight 

resistance for processing. en cloines 
showed good DM content aid acceptable 
frying color, both for chips and french 
fries. Researchers planted six advai Iced 

i ~their 
processing clones-385499. 11 (F86.01 1), 
386611.5 (F8n.300), 386612.5 (186.60-1), 

385500.1 (1P86.692), 385500.2 (E86.694), 

atid 385500.3 (P86.694)-cleaned for 

pathogens at la Molina for 

multiplication, and vil tiuse them later in 

trials in farmers' fields. These clones are 
available at CIP for the processing 

intdustry for chips and french fries, 

Kenya. Potato scientists wvith tile 

Kenyan Agriculurtal Rcsearch Itstitute 

(KARI) worked wvith CIPI breeders based 
in Nairobi to test varieties grow ill 

variouts trials, clones, TPS progetiles, id 

other varieties in tile seed program for 

agronomiic and postharvest attributes. Lab 
tests focutsed on tile use of these materias 
as boiled ttbers, chips, and iresh atnd 
frozen french fries. KARl staff also 
organized taste panels to eva,Ite 
consumer acceptability. They also tested 
the acceptability of cooked potatoes after 
various periods of storage. The goal is to 

Table 5.TPS progenies with processing alributes. 
Progeny Yield Dry matter Glucose 

(kg/plant (o) (%) 
LT-8 x 575049 1.19 21.25 0.10 

LT-8 x 1-1039 1.18 21.02 0.08 

Atlantic x 1-1039 1.16 21.86 0.03 

Atlantic x TY.3 1.15 21.90 0.04 

Delcora x XY.20 1.14 19.75 0.04 

E86.300 x DXY!0 1.03 22.01 0.10 

Norchip x XY.13 0.99 18.30 0.08 

Shepody x XY13 0.97 18.90 0.12 

E86.300 x XY.4 0.97 21.45 0.10 

E86.692 x DXY. 10 0.97 21.67 0.08 
DXY10 x Atlantic 0.96 20.34 0.05 

Ernzteltolz x DXY.15 0.96 21.49 0.10 
Shepody xXY4 0.85 20.38 0.12 

Shepody x XY,9 0.85 19.28 0.11 
(YY5 aK223.1)7 x1-1039 0.85 20.15 0.12 

develop efficient screening methods for 

existing varieties that wvill reliably predict 
acceptability to Ketiyaii couist, rers. 

KARl scientists worked wvith CIP staff 

to cotlnduct field trials involving 25 potato 

clones in 1994I during tile long rains at 

Man Norok (2,500 tn). Trials also took 

place at Kabete (1,800 in), with five TPS 

cloties, and at Tigoi (2,100 i), with 12 

clones and five varieties. Based on their 

high yields, disease resi.:tatnce, and 

desirable postharvest quality 

characteristics in previous scasons, clones 

381381.13, 381381.20, 384298.59, 
382792.5, KP90188.3, 378699.2, and 

387699.2 have been advanced to national 
performance trials. 

China. Some 30/e of potato 
production its China goes to processilg 
into flour tnd starch to make noodles. In 
northern China, CIP-sponsored research 
attempted to improve the noodle-makinig 
process for potato starch, Imovations 
included the additiont of konjacmartman 
Q'morpho phallus konjac) flour to potato 
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starch, which greatly reduced the amount 
of alum needed to facilitate the extrusion 
process used to produce noodles from 
starch. The addition of the flour also 
reduced the health risk from the use of 
alum, and decreased the viscosity of the 
wet noodles while incrtasing the tensity 
of the cooked noodles. These 
improvements ease the production 
process, increase profits of processors, 
and help promote potato cultivation in 
northern China. 

Product Development for 
Sweetpotato in Developing 

Countries 


Introduction 
As economics develop, crop utilization 
patterns change in response to shifts in 
market demand for fresh foodstuffs, 

processed foods, and feeds. This pattern 
has been particularly pronounced in the 
c,.-- of swectpotato, as several major 
producers, most notably China, have 
witnessed sharp shifts in use patterns for 
this commodity over the past two 
decades. These developments represent a 
series of opportunities and challenges forCIP. 

One opportunity concerns the chance 

to study the nature and pace of" as well as 
caiusal factors beimnd, changing 

utilization patterns. This should serve to 
better establish research priorities for 
sweetpotato use for the countries il l 
question and to anticipate similar 
scenarios in other countries. Another 
opportunity concerns the emergence of 
indigenous technological developments 
that facilitated these changilg use 
patterns, namely, techniques for possible 
horizontal transfer. A third opportunity 
involves simultaneous work onl 
sweetpotato for food or feed or both, 

depending ol the regions and their 
circumstances, and the need for new 
innovations to build on existing practices. 

Certainly one major challenge to CIP 
resulting from these developments is the 
need to adjust research and training 
activities to maximize the prospects for 
impact ulder this dynamic situation. 
This will require careful priority-setting in 
terms of technological problems to be 
addressed, geographic focus, and research 
methods to be employed. In Program 6, 

these elements come together in baseline 
studies aimed at analyzing evolving 
production/use patterns and market 
potential for processed swcetpotato 

products, product dcvelopment efforts 
aiiled at improving or developing new 
products nade from sweetpotato, and 
accelerated brccding work to provide a 
more competitive source of raw material, 
especially sweetpotato cultivars that have 

both higher yield and higher )M 
content. Training efforts in tI e form of 
thesis preparation and completion of a 
training manual onl product development 
complement these research initiatives. 

Baseline studies 

In an effort to better understand trends 
in swcetpotato production and use in key 
countries in Asia, Africa, and Latin 

America, Program 6 launched a series of 
baseline studies in collaboration with 
nat11ial research inlstitutiols. Two key 
nationare 
questions are: 

What have been the major trends in 
sweetpotato utilization in the country 
(or region within the country) and 
what is their relation to production 
patterns? 

* 	 What do these trends imply for 
sweetpotato postharvest research? 
China. As the producer of 850/0 of the 

swcetpotatoes in the developing world, 
China dominates global trends in 
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production and use. Sweetpotatoes are 
equally important to China itself, as they 
constitute tilefourth l.rgcst crop in terms 
of sown area. They filfill a vital role in 
food and feed security in many provinces, 
especially in the economically poorer and 
more remote areas that have increasingly 
become the focus of poverty alleviation 
efforts. Because Sichuan Province alone 

produces more sweetpotatoes than the 
whole of the non-Chinese developing 
world, is the leading pig-producing 
province within China, and is a major 
maize-deficit region, CIP's collaborative 
efforts have focused on this location to 
identify use trends, opportunities, and 
research priorities. To put this province 
in a national context, recent 
CIP-supported research hy Stanford 
University's Food Research Institute and 
Chinese research partners has focused on 
Zlhejiang and Jiangsu provinces, on the 
rapidly developing eastern seaboard, and 
Sichuan, isolated in the southwestern 
interior of the country. 

The households sampled in Zhejiang 
Province in 1991 used more than 60% of 
sweetpotato production for on-farm pig 
feed. Only two years later, this had 
declined to 16%, reflecting the fact that, 
with rapid development of off-farm 
employment in new industries, on-farni 
labor was insufficient for pig-raising 
activities (pigs per household dropped by 
22% over the same period). Sweetpotatoes 
are now mostly processed (chipped and 
dried) and sold for feed to households in 
other areas not yet well linked to the 

industrial sector of the economy. 
In contrast, in the households sampled 

in three major sweetpotato-producifg 
counties of Sichuan Province, located 
aay from the coastal mainstream of' 

Chiva's economic development, more 
than 80/0 of sweetpotato production is 
still used on-farim as pig feed. Only 6% is 

consumed fresh on-farm, and another 4% 
processed into starch and noodles. 
Sweetpotato tops are also important for 
feed. The muimber of pigs per houst:hold 
in Sichuan (iore than 10) is large 
compared with Zhejiang (only 1.8), 
reflecting the importance of the crop and 
pig production/utilization systems in 
Sichuan. Feed grain deficits there cannot 
be easily countered by imports from 
other provinces, because of poor and 
clogged interprovincial transport 
networks, the remoteness of lmally of 
these pig-producing areas within Sichuan, 
and the seasonal nature of grain deficits, 
which coincide with peak times of 
sweetpotato root and vine production. 

In the households sampled in the 
north of Jiangsu, the poorest region of 
this coastal province, sweetpotatoes were 
dedicated mainly to processing starch and 
noodles at the household level (Figure 4). 
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Figure 4.Sweetpotato noodle drying, Sichuan Province, 
China. 
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Indeed, sweetpotato production was 
insufficient in many households, and 
large volumes were purchased from other 
countic;, and even from as far away as 
Anhui Province. Almost no sweetpotatoes 
were used for food or feed directly 
on-farm. Nearly 600/0 of processed 
products were marketed outside the 
county of production, a sign of good 
market linkages. 

In light of these results, Program 6 will 
focus postharvest research activities in 

China in Sichuan Province, where 

sweetpotato production is high and 

relatively stable. Use is varied. 

Collaborative research now emphasizes 

sweetpotato for pig feed, with localized 

Importance given to starch and noodle 

production (see below). Furthernirore, 

because of shortages of maize to- feed 
and for general food processing, coupled 
with the total absence of cassava starch iII 
this part of China, sweetpotato starch and 
flour may have market potential in the 
food industry beyond that already 
reached through noodle production. In 
1994, for example, the price of 
sweetpotato starch was competitive with 
that of maize and other available starches 
and flours (Table 6). Given this situation, 
CIP regional staff will join with 
UPWARD in support of market research 
to identify the most promising 
commercial segments for product 
development research. 

Philippines. An economist from the 
University of the Philippines-Los Bafios 
has conducted a baseline, priority-setting 
study titled "Prospects of sweetpotato 

production and processing in the 
Philippines." It considers crop 
production and the following 
sweetpotato-based food and feed 
products: flour, dehydrated sweetpotato, 
fermented products, chips for feed, catsup 
and soy sauce, and snacks (sticks). 

Current sweetpotato yields in the 
Philippines average only 5 t/ha. Research 
at Visayas State Agricultural College 
(ViSCA) and elsewhere shows that yield 
can be increased easily by using new 
varieties and better production 
technology, such as fertilizer use. But why 
has this not happened? Basically because 
expanded sweetpotato production quickly 
saturates existing markets, resulting in 
sharp declines in producer prices. Average 
elasticities of supply across 12 regions of 
the country are 0.40-0.65, whereas 
elasticities of demand vary from 0.20 to 
0.30. A 10% increase in production 
quickly results in a 50% drop in 
fresh-root prices. This removes incentives 
for farmers to invest ii, new production
 
technologies for the crop.
 

If farmers use high-yielding varieties 
along with good pioduction technology, 
they can still obtain good incomes from 
sweetpotato production, based on 
increased yields. Net returns on a yield of 
20 t/ha and price of P 1.25/kg (24 
Philippine pesos =US$1.00) are 98/0 
(296/0 if the price is P 2.50/kg). In 
comparison, the rate of return (ROR) for
 
maize is only 25-50% using high
 
technology, or 4-28% using traditional
 
technology (based on 1989-1990 data),
 
because of the high cash cost of the
 
inputs needed. Net social profit ranges
 

Table 6.Prices of starches and flours available in 
Chengdu and Suining markets, Sichuan, China, 
1993-1994. 
Starch or flour Wholesale price 

(/kg)a 

Sweetpotato starch 1.7 
Maize starch 2.1 
Rice flour 2.5 
Bean starch 2.2 
Cassava sarch n.a.b 
a.Ya.7 =US$1.00 (1994). 
b.No cassava starch available for sale. 
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from P 1,400 in Zambales to P 12,350 in 

Cagayan. Cost per unit of energy (P/Kcal) 
is lower for sweetpotato (P 0.04-0.16) than 
for maize (P 0.62-0.75). 

For regional processing potential in 

the Philippines, an economist worked 
with CIP staff and UPWARD and 

SAPPRAD scientists to consider several 
factors. Sweetpotato production is least 
seasonal in tie regions of Southi 
Mi ndanao, Fast and West Visayas, and 
the Cagayan Valley. The climate favors 
natural drying at harvest time in Central 
l.uzon, Ilocos, and Bicol. Average 
monthly prices (1993) were lowt iil 
West Mindanao, South M indan io, and 
Bicol, and were also seasonally low 'a 
Central Luzon. Political support for 
sweecpotato enterprise development is 
highest in Cagayan and Central Luzon, 
especially in the areas still gravely affected 
by the eruption of Mt. Pinatubo in 1991. 

Considering different sweetpotato 

products in detail, demand for dried 
chips for feed use, for example, depends 
on the relative price of swectpotato versus 
maize. Demand for commercial feeds is 
increasing: from 1985 to 1990, the growth 
rate of pig and poultry inventory was 
4.9%.After falling in tileearly 1980s, 
mixed feed production increased by 6% 
from 1985 to 1990. -alfof feed-mill 
capacity is located near Man:i., with 
another 20% in Central Luzon. 

Sweetpotato and maize compete for 
land (correlation coefficient of -0.35), 
Dried sweetpotato chips must be priced at 
80% or less of tilemaize price because of 
lower feed value (less protein), During 
most of the 1980s, the ratio of the maize 

price to the theoretical dried sweetpotato 
chip price (i.e., calculated from fresh-root 
price x conversion factor) was less than 1, 
so it was better to use maize. This is why 
sweetpotatoes have not yet been used in 
significant volumes for feed in the 

Philippines. Itowever, if domestic 
production expands and prices fall, this 
picture could change. It is also predicted 
that tile onnew General Agreement 
Tariffs and Trade (GAT) will lead to a 

10% increase in international maize 
prices over time. 

All of tilewheat used to make flour in 
the Philippines is imported, an average of 
1.3 million metric tons (1988-1990). Some 
12 flour inills, located mostly in Metro 
Manila, currently use only half of their 
operating capacity. Wheat prices are 
maintained above the world market price 
by tariffs of 30% on flour and 100/16 on 
wheat grain. Bakers are interested in 
trying swcetpotato flour as an alternative 
as long as its price is lower than that of 
wheat flour. ViSCA has, in the past, 
developed many food and bakery 
products using swectpotato flour, but has 
paid less attention to cost-efficient 
production of the flour itself' Current 

processes are inefficient, comprising more 
than 50% of total production costs. Based 
on experience with cassava flour in Latin 
America and Indonesia, CIP postharvest 
specialists envision a considerable payoff 
from research investment to lower these 
costs. There may also be potential for 
producing high-quality flour by low-cost 
natural or mixed drying systems in 
regions such as Zainbales and Tarlac, with 
favorable climate during the main harvest 
period. This would be extremely 
cost-effective. In order to make 
swcetpotato flour more economically 
viable, CIP staff and Philippine specialists 
now agree on the need to define better 
the product against which such a flour 

would compete. Research at ViSCA shows 
that sweetpotato flour is allexcellent 
substitute for wheat flour for sweet bakery 
goods like cakes and cookies. Wheat flour 
for this market has a higher price than 
standard wheat flour, making sweetpotato 
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flour more attractive if we can obtain 
adequate quality. The potential of 

sweetpotato flour for food use therefore 
depends onl reduced rawv material costs 

and research to improve processing 
efficiency and adjust quality to market 

needs. 
Finally, aialysis of domestic resource 

costs shows that processing of 
sweetpotato has a comparative advantage 
in saving foreign exchange when 
fresh-root prices are below P2.00/kg. The 
study recommended that fartn credit be 
as available for sweetpotato as for maize 
or rice, in order to improve crop 
production. Regions most favored for 
sweetpotato-processing projects are 
Cagayan Valley and the Central 
Luzoii/Mt. Plinatubo area. Processing 
should be rural-based. This has a strong 
justification on equity and sustainability 
grounds, and potential for saving foreign 
exchange. 

Kenya. A sociologist at the University 
of Nairobi completed a study on the 
potential of sweetpotato for processing 
into a wide range of products, with 
support from Program 6 and CIP social 
scientists based in Kenya. She surveyed 
urban consumers in Nairobi and Kisumu 
(Kenya's third-largest city, located in a 
major sweetpotato production area) on 
their attitudes toward sweetpotato and 
products based on this crop. She also 
surveyed other groups involved, or with 
potential involvement, including owners 
of existing food-processing industries 
using other raw materials, plus traders 
and farmers, 

Consumers sampled a wide range of 
sweetpotato-based products. Inclusion of 
sweetpotato was more acceptable in some 
products than in others, and in that 
regard Nairobi and Kisumu consumers 
differed (Table 7). In both cities, bread 
incorporating sweetpotato was the most 

Table 7.Consumers from Nairobi and Kisumu, Kenya, 
willoiq to consume foods containing sweetpotato (fresh, 
flour, or starch). 
Food product Respondents willing to consume (%) 

From Kisumu From Nairobi 
Crisps 68 74 

Bread 89 88 
Chapati 58 78 
Ugali 33 54 
Chips 50 68 
Biscuits 50 68 
Cakes 75 84 
Mandazi 69 83 

highly accepted food product (almost 
90°%o of the consumers interviewed). More 
than 70% of respondents in Nairobi and 
50% in Kisumu consumed bread for 
breakfast the day before the survey. Cakes 
and biscuits were also generally acceptable 
for use of sweetpotato, but consumption 
of these foods is limited to special meals 
(e.g., celebrations) in all except 
high-income groups. Inclusion of 
sweetpotato in ugali, a staple food of 
lunch and dinner in both cities, was not 
acceptable, especially in Kisumu, where 
only 33% of consumers responded 
positively to this product. This survey 
therefore helped (o identify a few specific 
products for which sweetpotato product 
development research should be targeted. 
But we also need to study the economic 
aspects of using sweetpotato in bread, 
cakes, and biscuits, especially for raw 
material costs as compared with those of 
existing flours. 

A survey of local industrialists 
identified problems with both wheat and 
maize flour, which are not produced in 
the immediate vicinity of these cities. 
These cereal-based flours are the major 
raw material in 8700 and 600/ of 
industries surveyed in Nairobi and 
Kisumu, respectively. In both cities, more 
than 70% of industries reported problems 
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in tile supply of wheat and maize flours. 

The use of locally available raw materials 

(e.g., sweetpotato) was secn positively in 

this light. Prices of wheat flour and 

sweetpotato will determine to agreat 

extent the commercial feasibility of any 
substitutioni. In lany regions of Kenya, 
sweetpotato prices aire highly seasonal, 
Kisumu, however, has stable prices, at a 
level below seasonal minima in other 
regions, that make it the most promising 
location to begin sweetpotato processinig. 
Furthermore, a comparison of prices for 
sweetpotato and wheat flour in Kisumu 
from 1989 to 1992 (Table 8) shows that 
the trend in fresh-root prices relative to 
flour prices favors swcctpotato. The 
poteitial for processing sweetpotatoes il 
Kisumu seems promising. In Nairobi, the 
picture is different, with mu,ch higher 
prices (the ratio of vheat flour to fresh 
swectpotato root prices was only 1.9 in 
1992) and pronouInced seasotiality of 

swctpotato supply. It may nevertheless be 
possible to incorporate fresh sweetpotato 
into bread, as ws successfully reported 
for CIP projects in Peru and Burundi (see 
CI' in 1992, IProgram 1tport). 

F-inally, the ecoitomics of flour 

production also depends on the rate of 
conversion of fresh swetpotato roots to 
flour, and the costs (variable, fixed, ald 
capital) of this transfornation. Results 

from the evaluation trials have identified 
clones with good processing potential: 

high fresh-root yields and root DM 
content (i.e., high DM prodiction per 
hectare). Using varieties with high DM 
content, a target conversion rate of 3.5:1 
(fresh root to flour) is possible, leavitng a 
margiti for both flour processing and 
markctiilg costs. 

Peru. New uses for sweetpotato have 
focused on feed and bread-making-in 
either fitrsh, grated form or as flour. 
Results of two M.Sc. theses done by 

Table 8.Trends inwheat flour and sweetpotato root 
prices inKisumu, Kenya, 1989-1992. 

YearPrice 
1989 1990 1991 1992 

Wheat flour prce (KstVkg)a 8.8 10.5 12.1 14.1 

Sweetpotatoprice(Ksh/kg) 2.0 2.7 1.9 2.4 

Wheat:SP price ratio 4.4 3.9 6.4 5.9 

a.Ksh =Kenyan shilkngs. 

students at Wageningen University in 
affiliation with CIF'suggest that, in the 
long run, sweetpotato and wheat flour 
prices move in the same direction, but 
have large short-term fluctuations. 
Although the magnitude of the variations 
in swectpotato real prices is twice that of 
wheat flour, actual swctpotato priccs 

average only 33% of wheat-flour real 
prices (and only 50% of real cassava 
prices). The use of sweetpotato flour 

instead ofwheat flour depcnds, therefore, 
on the processing costs and efficiency 
(conversion rates) with which sweetpotato 

roots can be traisformed into a 

high-quality flour. Experimental data on 
the costs anid efficiency of swcetpotato 
drying, milling, etc., are not yet available 
for Peruviatn varieties. Generatilg this 
informationi is the next step in a 

feasibility analysis for sweetpotato flour 
production in Peru. 

Product development 

CIPI has supported rcsearch oin 

swcetpotato processing at the Sichuan 

Academy of Agricultural Sciceces (SAAS) 

since 1989. A wide range of small- and 

medium-scale equipment for starch 
extraction from swectpotato roots and the 
tllanufacture of noodles from this starch 
has been developed in an attempt to 
improve traditional household practices. 
In 1994, SAAS and CIP conducted 
detailed process appraisals of both starch
and noodle-making household enterprises 
to document the effects of teclmological 
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change at the level of individual 
enterprises, and identify any remaining 
constraints in terms of equipment, raw 
material supply, product quality and 
marketing, and enterprise profitability, 
The noodle enterprise study conducted iII 
January 1994 involved a detailed analysis 
of five household enterprises using the 
new technology, based on a small-scale 
extruder, :.nd five still using the 
traditional manual method of noodle 
manufacture. The results showed that 
households that invested in the extruder 
(local government has provided 
considerable support for this, including 
loan programs) have two advantages over 
households Using the traditional method: 
greater profit per kg of noodles produced 
and a higher production volume (Table 9). 
This combination generates a 
significantly greater enterprise profit in 
households with extruders. The capital 
investment is not excessive and, according 
to users, can be paid off in one 

processing season, 
Based on these results, it is clear that 

we need no further research to improve 
the extruder process for noodle 
production-this successful technology 
needs to be more widely promoted within 
China and its impact documented. The 
study did, however, nighlight the need to 
improve and standardize starch quality, 
It should be noted that the noodle 
product is highly tuned to Chinese 
consumers' textural preferences, which 

may restrict its acceptability to other 
population groups. 

As the noodle-making research winds 
down, Program 6 is now giving special 
emphasis in China to developing efficient 
pig-fccding systems based on local feed 
resources, especially sweetpotato roots 
and vines. Field data from March 1994 
clearly demonstrate tilepoor performance 
of current pig-feeding practices based on 
swectpotato (Table 10). Compound feed 
rations are rapidly becoming more 
available in Sichua, and represent a 
more efficient (but not much more 
profitable; Table 10) option for farmers. 
The best option for farmers by far, based 
on simulalion modeling tsing data from 
Suining County, is the use of swectpotato 
combined with appropriate quantities of 
a feed supp!ement designed to 
complement the nutritional inadequacies 
of the root crop (protein, vitamins, and 
minerals). CIP and SAAS are therefore 
developing a project with relevant 

provincial and national institutions in 
China to address this issue. This will 
complement an ongoing project on 
sweetpotato for animal feed, being 
implemented by the Chinese Academy of 
Agricultural Sciences (CAAS) in Beijing. 
This project has collected samples of 
sweetpotato-processing residues from 12 
sites across China, including Sichuan, 
and evaluated them for their nutritional 
value. Residues include those from starch 
processing and brewing. Researchers also 

Table 9. Profit/production comparisons of noodle-making enterprises using traditional (manual) and new 
(extruder-based) technologies. Information from field appraisal, Santai County, Sichuan Province, China, January 1994. 
Profitlproduction Extruder Manual enterprises 

enterprises (1,1=5) A(N=5) B (N=4) 
Profit per kg noodles (Y) 0.63 0.18 0.53 
Total production volume 1993 (kg) 11,000 4,160 5,025 
Total profit (Y) 7,295 2,399 3,236 
Note: One otthe manual technology enterprises made a toss Inoodle production costs eXcLeded sales price). Column Aincludes this 
enterprise inthe analysis, column Bexcludes it. Y 8.70 =US$1.00 (1994). 
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Table 10. Comparison of modeled annual productivity under different pig-feeding systems inSuining County, Sichuan 
Province, China, based on data.- -.. . . . . . . 

Sweetpotato (kg) 


Maize (kg) 


Other on-farm feeds (kg) 


Concentrate (kg) 


Corrpound feed (kg) 


!nvestment in feeds (Y) 


Total liveweight produced (kg) 


No. of pigs reared 


Mean time to slaughter (days) 


Income from pig production (Y) 


Total
feed costs (Y) 

Total revenue over input costs (Y) 

Profit perpig (Y) 

On-farm On-farm Compound 

feeds only feeds + concentrate feeds only 

2,000 2,000 0 

200 200 0 

1,000 1,000 0 

0 205 0 

0 0 436.00 

0 409.60 409.60 

128 267 108.00 

1.60 3.34 1.35 

278 125 100.00 

576.00 1,202.18 487.41 

490.00 899.60 899.60 

14.00 152.30 16.89 

8.75 45.61 12.47 

Nt'oepnces
A.! and costsare inyuan (Y)Y870 US$1 00(1994). 
O"hr,1 ;ns 

Ccncentraie supplement andvaminsofprolein, minerals, 
Conmound feed commercially purchased balanced feed. On-farm feed resources sold atmarke prvces. 

atsalyzed vine and leaf nafterial. Tihey 
found a high proten content in the 
brewer's waste (miore than ll i tt o a DiM 

basis), conispared with only 2.291 in the 
residues fron starch extraction. Based on 
these results, CAAS is formulating a series 
of additive prensixes and feed 
concentrates, which will be tested its trials 
with cotiniercial pig-raising enterprises 
starting in 1995. 

Vietnam. l)uring the 1980s, CIP, 
together with the United Nations 
lconoinic and Social Comimission for 
Asia and the Pacific (ES('AP),the Centre 
for Grains, Pulses, Roots aisd Tubers 
(CGPRT) it Bogor, Indonesia, and 
Vietnamese Itatiousal ilstitutioTIs such ,Is 
tIhe lustitut Natiotal des Scicices 
Agrononsiques (INSA), cotiducted a 
1sational survey antd analysis of' 

sweetpotato production and mnarketing. 
This survey identified potential for the 
use of swect potlato starch in transpareit 

noodle production, as a substitLIte for 

more expensive canna starch. Subsequent 
CI1 support for an M.Sc. thesis at the 
AsiatlI Institute of Technology (All) on 

the use of sweetpotato starch for noodle 
production was followed by tile 
implementation of a s 
UPWARD-financed and support,?d 
project, carried out by INSA, to introdutce 
sweetpotato processing into a village 
(Thash Gia) itt Tllanh I ea Province, 

southeast of Ilanoi. INSA and UPWARID 
established two hsouselhold enterprises, 
one producing starclh from sweetpotato 
roots and the other producing and 
marketing noodles froni a mix of 
sweetpotato and canna starches 
(proportions varied according to the 
relative prices of the two starches in the 
,narketplace) (Figure 5). INSA introduced 
the iianual technology for noodle 
production to the village through 
training provided by a noodle producer 
from acatina noodle-producimsg village 
close to Ilanoi. The noodles nade from a 
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pringue esett/ reachdwy it.Laocsthwvrnoodles qualretng 

from ice noodle produict ion comipletely differentially, affected profitability. 
becauseC Of'11limarket success Of' thIis neCw Sensitivity anai'lysis showed that1 the 
produIct and lhe good profit ia rglins. traditional, mIanuLa process had the 
Labor shortages were the mnator constraint highest finanicial rate of* return (FRR) 
to the starch produIct mu enterprise. The when labor costs wvere low (U.S$0.66 per 
smnall-scale and largely mianual nature of roan-day), butl that partiatl m1chlanlizationl 
starch extractiotn techinology, representted a wvas best wvhent labor cost rose to US$0.95 
brake ott enterprise expaiiston to satisfy, per mian-day,. iThis result corresponlded 
demiand for starch, Closely to the SItua.titII IIt the T11Ihtlt Gia 

Itt 199-1, anot her M.Sc. thesis WAS project, svlr poor. availability of*labor 
supported at All. This thlesis evaluiated was tile miajor conistratint to Increatsed 
twvo jinpilroved seitmimeeltantized but stamrcht product ion uIsiI thle exist itg 
sttmall-scatle sta1rcht extiractjolt systettis tnid tuanui,tl system. InI Auigust 1994, P1111I 
cotrtparecldici wetIthe traditional itroducedith anld INSA 
mianuial methiods. TIhe Posthmarvest pairtial-meecltanizatiouti eqtipttieitt ittto the 
Techtnology lIIttittt (Pl ITI) ItII 11,noi0 starchi-producig litusehold, and 
developed the( tsvo systems, pritneipally f'or observed anl intediate increase itt starcht 
ulse Willt catssava, buit optitttitl Operatiottal productin. This coicided Witl a period 
procedures for sweetpotato htad yet to be of htigh prices for cattna starch. TFhis 
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successful pilot enterprise project is now 
ready for replication in other households 
in Thanh Gia, and in other areas of 
Vietnam. 

Building on this success, INSA, PI ITI, 
and several other Vietnamese institutions, 
with support fron UPWARD and 
Program 6, are conducting a diagnostic 
survey in four targeted locations in North 
and Central Vietnamn to identify research 
priorities in utilization. This survey takes 
a participative approach to analyzing 
food systems for root crops, including 
cassava, thanks to collaboration with the 
Centro Internacional de Agricultura 
Tropical (CIAT). 

Kenya. Since 1992, the Food Science 
Laboratory of tile Kenyan National 
Potato Research Center at Tigoni has 
been developing a series of food products 
that incorporate sweetpotato. These 
include mandazi (a kind of doughnut), 
chapati (a form of unleavened bread), 
crisp (or chips), and cakes from raw, 
grated, and dried as well as from cooked 
and mashed sweetpotato. Researchers 
found that mixing wheat flour and 
mashed sweetpotato produced the best 
mandazis, chapatis, and cakes. Grating 
was too labor-intensive and off-colors 
developed because of enzymatic 
browning. Furthermore, in collaboration 
with the U.K.'s Natural Resources 
Institute (NRI), CIP provided support for 
a Kenyan scientist to demonstrate a range 
of sweetpotato products to a women's 
group in Uganda, where local varieties 
were used to replace up to 30% of the 
flour in bread, biscuits, and cakes, 

Peru. Studies conducted in Lima 
demonstrated that, with a 50% 
(fresh-weight basis) substitution of grated 
sweetpotato for wheat flour in bread rolls, 
quality did not differ from that of bread 
rolls with 100% wheat flour as long as the 
sweetpotato was peeled and grated finely, 

Researchers at the Universidad Nacional 
Agraria La Molina found significant 
differences in crust color and crumb 
structure when sweetpotato was unpeeled 
or coarsely grated, but no significant 
differences in taste or texture except for 
finely grated sweetpotato with peel 
(Table 11). 

Sweetpotato starch in Peru has 
growing commercial interest, and 
commercial operation of the first 
medium-scale starch extraction enterprise 
started in the Cafiete Valley, an irrigated 
coastal production region, in 1994. In 
support of this and other future ventures, 
and in coordination with the private 
sector, CIP began screening sweetpotato 
varieties to identify material with starch 
characteristics (compared with those of 
potato starch) of specific industrial 
interest. CIl' complemented chemical and 
physical analyses by characterizing 
swelling power and solubility of the 
starches extracted at the industrial plant 
from six clones and one local variety. 
Results showed that clones MC880-016, 
YM89-133, and YM89-232 have tile 
greatest swelling power and solubility 
(although the highest amlounts are still 
only 54/0 and 73%, respectively, of those 
of potato starch at 90'C). 

Breeding and selection 

SAAS is one of the institutions 
collaborating in the evaluation of 
sweetpotato varieties for processing. In 
work linked to tile starch enterprise 
evaluations mentioned above, this study 
is testing two of the promising new 
materials. The lead institution for the 
breeding for processing project in China 
is tile Xuzhou Sweetpotato Center. 
Researchers evaluated 23 new varieties in 
four provinces during the 1993-1994 
season in Xuzhou itself, plus the 
provinces ofJiangsu, Zhejiang, and 
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aTable 11.Sensory evaluation of bread from sweetpotato and wheat versus wheat-only, Lima, Peru, 1994. 

Treatment 
1 2 3 4 5 

Sweetpotato treatments 
Grating fine coarse coarse fine wheat only 
Peel removed no no yes yes wheat only 
Sensory evaluation 
Symmetry 2.27 2.65 2.93 3.58 3.57 
Crust color 2.27 2.53 2.92 3.37 3.92 
Crumb color 2.12 2.50 2.70 4.13 3.95 
Crumb structure 2.33 2.58 2.60 3.95 3.53 
Texture 2.50 2.78 2.65 3.55 3.52 
Aroma 2.33 3.10 3.15 3.22 3.20 
Taste 2.50 2.85 2.93 3.52 3.20 
a. Treatments I to 4used a 50% grated sweetpotato substitute for wheat flour, treatmenl 5 is 100% wheatl-flour control; sensory

evaluation was conducted with panel of 10members, using a1-5scale (5=excellent, 1z bad); values inbold are not signilicantly 
different from the 100%wheat-flour bread control. 

Sichuan, Xushu 18 was used as a check 
variety because it is widely adapted to the 
trial locations. Indeed, only in jiangsu 
and Sichuan was Xushu 18 consistently 
outperformed for fresh and dry matter 
yields. All clones that outperformied (or 
nearly outperformed) Xu hu 18 Were 
advanced breeding lities. For example, 
Xu90-19-3 outperforned Xushu 18 in 
Xuzhot, and Zhsejiatsg, although this was 
not sign ificairt in Xuzhou. Chuan 8129-4, 
Chuan 8801-1, and Chuas 8410-788 from 
Sichutan performsed well at all locations 
where they were tested. I Ilgh DM clones 
Clhuan 8410-788, Mienfnul, Shengiran, 
Xu90-30-9, and Zlhe84-64 performed well 
at all locations, although the latter failed 
its Sichuais. Roots froin SiclrLtair had 
higher 1DM content lhan those from 
other locations. Researclhers carried out 
further quality evaluations for specific 
products at differeint locations: for starch 
extractioir its SicIruatr and Zlsejiang, and 
for fried chips its Xuzhsou. Based oil tlrese 
conprehensive evaluations for 
productivity aid processing quality, 
clones retaired for evaluatiotr in 1994 

included Chuau 8410-788, X90-9, 
NingR61-4, Lu86320, Yi1506, Xushu 18, 
Shelngnan, and Xu90-51-1. In addition, 
based oil productivity and processing 
quality, CIP and Chinese collaborators 
have recommended four clones for fried 
chip production, four for candied strips, 
and six for starch extraction. 
Multiplication of these clones Will begin 
in 1995. 

Philippines. ViSCA is also evaluating 
CIP-introduced germplasm for processing 
characteristics. Results to date in 
observational trials have identified several 
clones witlh poteitial for high DM 
content, such as 440084 and 440003, 
although tire local clreck VSP-15 had tile 
highest fresh and DM yield per ia. 
Researchers also identified clones witlh 
high starch and low total sugar content. 
In the prelinsinary trial, clotres 440004, 
BC101, aird R16-2 had higher fresh yields 
thai the local checks. In additioir, clones 
with orange flesh suitable for snack and 
beverage productioi-such is 440003, 
440084, and TN 66-have beens ideitified. 
Researchers evaluated these clones in taste 
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panels with ViSCA variety VSP-1 for 
various sweetpotato products, and found 
them to be equal to VSP-l in organoleptic 

quality and product acceptability. Selected 

clones will enter replicated trials and 
multilocational regional trials in 1995 for 

further evaluations, 
Indonesia. The CIP team in Indonesia 

collaborates with the Central Research 
Institute for Food Crops (CRIFC) iI 
evaluating both CIP-introduced clones 

and promising clones bred by CIP in 

Indonesia. Researchers selected 22 CI 
pathogen-tested clones based on 1993 
results, and planted them at both Bogor 

(200 m) and Lembang (1,600 im)in 1994. 

Results (Table 12) show that, even in a 
year badly affected by drought, several 
different clones performed better than the 
local check, SQ27, at both sites. In 

addition, the team found significant 
(I0.001) correlations between fresh and 
DM yields at both Bogor and Lembang 
(0.972 and 0.945, respectively), but not 

between DM yield and root DM content 

at either site. Correlations between sites 
and between years (1993 and 1994) were 
also significant for fresh and DM yields 

and DM content. This implies that 
selecting for widely adaptable varieties 

may be possible. In another trial located 
in West Sumatra, CIP and CRIFC tested 

eight locally selected clones and thrce 
advanced clones from the FSFA 
breeding program at Bogor for 

productivity in the field and flour 
production, in collaboration with a 

commercial flour producer. All 
ESEAP-bred clones were superior to the 

local germplasm for flour production and 

fresh-root yield under poor fertility 
conditions. CRIFC and CIP selected 
clone B0053-9 as the most promising. It 

had white skin and flesh, tile highest 
fresh-root yield (12.8 t/ha) under acid-soil 

conditions, and the best conversion 
(24.7%) to dehydrated diced cubes (the 
penultimate step before flour is obtained 
through milling/sifting). In comparison, 
SQ27 had fresh-root yield of only 
9.2 t/ha, conversion of 240/1,and a poor 
final-product color after drying. This 

identification, by a commercial processor 

in collaboration with CIP, ofa new clone 
that outperforms existing materials for 
both crop productivity (on poor, acid 

Table 12. Results from evaluations of 22 CIP pathogen-tested clones inBogor and Lembang, West Java, Indonesia, 
1994. 

Bogor Lembang 

Fresh yield DM content DM yield Fresh yield DM content OM yield 

(tha) (% (t/ha) (t/ha) (%) (tiha) 

Maximum 15.4 38.4 5.07 26.3 36.7 6.86 

Minimum 0.5 22.2 0.16 1.6 21.4 0.50 

Mean 5.4 30.3 1.60 12.9 28.2 3.60 

SQ 27 check 

(mean of 3 reps) 3.8 35.8 1.38 12.0 31.9 3.87 

No. clones > SO 27 15 2 11 11 4 11 

Top 3 clonesa 440084 SQ27 440084 440056 188005.1 440056 

440005 188005.1 400005 440084 440100 440084 

440025 440100 440025 440021 S027 440024 

a.440025 isXushu 18,440056 isIvoire, 440084 isIITA-TIS 8250, 400005 ;sCEMSA 78-326, 440100 isIITA-TIS 9162, 440021 is 
W-226, and 440024 is Yan Shu I. 
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soils) and end-product yield and quality 
demonstrates the potential of sweetpotato 
in Indonesia. 

Kenya. With collaboration from CIP, 
the Kenyan national research system has 
established a comprehensive series of 
regional trials to test local and 
CIP-selected clones. The results are highly 
encouraging, in that the best local clones 
have produced excellent yield and root 
quality (dry matter) for processing 
(Table 13). Several CIP-selected clones are 
promising in terms of overall yields, but 
do not yet present advantages in DM 
content. With the establishment of a 
project funded by the Kenyan research 
system, this series of trials will continue 
in the future, and provide a solid basis 
for conducting regional research on local 
and introdaced materials. Several trial 
sites are close to Kisumu, where good 
potential for sweetpotato processing was 
identified. The good yields and excellent 
DM content recorded at these sites 
suggest that superior raw material quality 
will be one additional advantage in this 
area. Besides carrying out quality and 

yield analyses in these trials, we identified 
some clones with superior processing 
quality for specific products. 

Peru. CIIP evaluated three groups of 
sweetpotato clones ill field trials in 
Cafiete during 1994. Group 1 included 18 
advanced clones from CIP's high DM 
recurrent selection population. Group 2 
contained 20 clones selected from a total 
of 60 elite clones from other countries 
and international centers. Group 3 
contained 18 selected clones (based on 
yield and other agronomic traits) from 
100 clones on the CIP pathogen-tested 
list. Of these clones, 23 yielded 
significantly more than the local check 
cultivars (Maria Angola and Jonathan), 
whereas 30 clones had significantly higher 
DM yield (Table 14). Eight clones yielded 
50/0 or more dry matter and starch than 
the local checks. As an added advantage, 
most of these clones also had a growing 
season 20-30 days shorter than that of the 
local checks. 

CIP also subjected roots from Group 1 
clones to starch content determinations, 
in both the laboratory and a 

Table 13. Summary of data" from eight regional trial locations inKenya, comparing loca! and CIP-introduced 
sweetpotato clones. 
Measurement 

Fresh-root yield (t/ha) 
Mean 
Best local 
Best CIP 
Root dry matter content (%) 
Mean 
Best local 

Best CIP 
Dry matter yield (tiha) 
Mean 
Best local 
Best CIP 

Trial location 
Mtwapa Kakamega Siaya Mosocho Kabondo 

6.23 19.19 6.78 11.40 14.11 
11.96 34.50 9.61 23.00 31.22 
34.25a 46.11 10.61 12.39 14.72 

31.30 30.00 31.50 34.70 29.70 
37.50 36.10 39.80 42.00 37.00 
33.50 30.10 34.90 37.00 39.00 

1.92 5.62 2.11 3.97 4.06 
3.77 10.37 3.83 8.12 9.99 
5.82 9.64 2.41 3.84 5.18 

a. Data are placed inbold where the best CIP-inlroduced done outperformed the best localclone atthe same tral location. 
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Table 14. ResUlts from evaluations of promising clones inCafiete, Peru, 1994. 

Group Fresh yield 

(1/ha) 
Pathogen-tested clones (N=18) 

Mean 33.89 

Maximum 41.65 

Minimum 27.31 

MariaAngola 33.26 

Top 3clones YM89.052 

YM89.208 

MC88.016 

Elite clones from other breeding programs (N=21, 

Mean 27.69 

Maximum 52.08 

Minimum 6.61 

MariaAngola 13.52 

Top 3clones NG 7570 

L49 

SAPR 1-005 

DM content DM yield 

(%) (L/ha) 

29.03 9.81 

33.87 13.48 

20.02 6.70 

30.99 10.31 

YM89.104A YM89.052 

YM89.259 MC88.016 

SR90.025 YM89.133 

summer harvest) 

32.20 8.59 

40.90 17.00 

21.30 2.45 

32.10 4.34 

AVDRC 21-005 L49 

JPKY 5-018 JPKY 19-008 

JPKY 7-014 SAPR 1-005 

CIP pathogen-tested (N=18 fresh yield, N=7 DM content and yiold) 

Mean 26.08 

Maximum 41.42 

Minimum 13.02 

Maria Angola 24.49 

Top 3 clones IITA-TIS 8524 

Tainung 64 

IITA-TIS 9:65 

medium-scale starch extraction plant 

located near the field site in Cafiete. 

Whereas the laboratory starch 

determinations showed values of 14.8% to 

27%, those in the starch factory, based on 
dry starch produced from the sampled 

roots, ranged from 10.1% to 14.9%. The 

total recovery rate of extracted starch 
ranged from a miaximum of 85.6% to a 
low of 45.2% (mean recovery, 62.8%) of 
the total starch contained in the roots, 

United States. CIP has also supported 
a project on the enlhancement of 
sweetpotato nutritional quality for food 

and feed uses conducted at Notth 
Carolina State University. This project 

24.27 8.36 

31.15 10.78 

17.32 5.15 

2324 5.69 

Viola IITA-TIS 9265 

IITA-TIS 9265 Viola 

Tainung 64 IITA-TIS 8524 

principally concerns starch digestibility 

and trypsin inhibitor activity (TIA) in 

sweetpotato roots. Both of these 
antinutritional factors are significant 

drawbacks to increased use of sweetpotato 
products, especially for feccl. Studies at 

NCS[J have quantified the narrow-sense 

heritability of TIA and crude and true 
protein based on both family means and 
individuals (Table 15). Genotypic 
correlations showed little correlation 
between crude and true protein, but crude 
protein correlated with nionprotein 

nitrogen. TIA correlated slightly with true 

protein, but moderately with crude 
protein. A breeding strategy based on 
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Table 15. Narrow-sense heritability of trypsin inhibitor 
activity and crude protein and true protein content based 
on family means and individuals, North Carolina State 
University, USA,1994. 

Selection unit Trypsin inhibitor Crude True protein 
activity protein 

Family means 0.89 0.57 0.52 
Individuals 0.79 0.15 0.17 

mass selection would be thle most 
effective strategy for changing TIA levels 
in sweetpotato roots, whereas a strategy 

based on family selection would be better 

for manipulation of protein content as 
such. Selection for protein content 
should be based on true protein, not 
crude protein. Selection for low TIA 
would not result in lower root protein 
content, 

A study is currently under way on 43 
clones selected from a high DM 
population. NCSU will analyze samples 
from all clones for fi-amylase, DM 
percentage, starch digestibility plus 
amylose content, gelatinization, and 
viscosity characteristics, as well as 
correlations between these characteristics, 

Postharvest Management of 
Andean Food Commodities 

Introduction 
In the past two years, CIP's collaborative 
program of postharvest research activities 
has expanded to include lesser-known 
Andean roots and tubers such as oca, 
mashua, ulluco, yac6n, achira, and 
arracacha. Work on native potato 
varieties is also part of this recent 
initiative. The thrust of these efforts is to 
document postharvest characteristics of 
these crops and current tse and 
marketing patterns, and, most important, 
to identify possible ways of expanding 
current household uses and commercial 

outlets. Improved postharvest 
management and marketing can greatly 

enhance tie long-term viability of 

continued cultivation ofthese 
crops-otherwise destined for further 
decline. The initial geographic focus of 
the work has been Bolivia, Ecuador, and 
Peru, with some effort in Brazil and 
Colombia. Because research on these 
various crops began recently, this report 

on achira. 

Achira 
Achira (Canna edudis) is a common 
backyard plant in mesothermic areas of 
the Andes. It is essentially known as an 
ornamental and source of large leaves (for 
tamales, etc.). It is common to encounter 
bundles of achira leaves in tile vegetable 
section of markets in the northern Andes. 
For example, tile leading supermarket in 
Quito, Ecuador, has these leaves on hand 
year-round. In contrast, the plant's edible 
starchy rhizome is rarely appreciated, 
even in the countryside, and direct 
consumption of the rhizome-once a 
staple along the pre-Columbian Peruvian 
coast-is disappearing. The reasons for 

this are obvious to travelers who have a 
chance to witness the preparation of 
achira. The rhizone must be cooked for 
several hours (!) to soften. Texture and 
taste of the cooked rhizome are not 
unlike those of sweetpotato, but it is 
more fibrous-a rather mediocre food 
compared with common root staples. 

The starch contained in achira 
rhizomes has the largest granule known, 
and the fact that the starch settles out 
rapidly from a suspension of grated tissue 
must have been discovered independently 
in several places. Starch extraction from 
achira, however, although still more 
common than rhizome consumption, is 
confined to specific areas. For example, in 

145 



Ecuador, Quito residents are totally 
unaware of the existence of achira starch, 
whereas people in Lola in southern 
Ecuador include achira starch regularly in 
their cuisine, especially in the 
countryside, where households themselves 
(perhaps several thousand) produce 
minute quantities for domestic 
consumption. The situation is similar in 
Colombia and Peru. Elderly informants 
confirmed the antiquity of this type of 
processing as did the persistence of local 
names for the achira plant and its starch 
(achira, chuflo, sagfi, etc.). 

It is obvious from interviews that the 
oldest and in most areas still prevailing 
mode of achira use is small-scale and for 
domestic consumption. Typically, a few 
hundred square meters of achira are 
planted near houses (to minimize 
transport of rhizomes to the processing 
site). Mostly women engage in harvesting 
and grating the rhizomes. Extraction is 
done with primitive equipment (manual 
laminar graters) and total annual 
production per household rarely 
surpasses 40 kg. Occasionally, women sell 
some excess starch to shopowners in 
nearby towns, or, when prices are high, to 
wholesalers who may come long distances 
(e.g., Bogotil to lIluila; southern to central 
Ecuador). 

In Patate (central Ecuador), and in 
some achira-growing regions in 
Cundinamarca, Colombia, however, more 
entrepreneurial-minded farmers have 
small achira starch operations with daily 
outputs ranging from 50 to 300 kg of dry 
starch (20-100 batches per year). There is 
great diversity in processing time 
(continuous throughout the year versus 
strictly seasonal), varietal use, cultivation 
method, extraction technology, provision 
of raw material, market channels, and use 
of family versus hired labor. The most 
"evolved" operations are perhaps in 

Patate and Cundiunaarca, 'here, farmers 
use engine-powered graters able to process 
several hundred kg of rhizones per hour. 
Pulps are no longer washed in traditional 
wooden "badeas" (trays) but in large 
cement tanks. The investment needed 
amounts to perhaps US$1,000-$3,000 for 
the grater and settling tanks. Either 
family (ininga) or hired labor is used for 
the onerous task of harvesting and 
cleaning tile rliizomei (about 40 
person-hours per ton of rhizomes) and 
extracting the starch (about 30 
person-hours per ton of rhizomes). In 
Patate (Ecuador) and Narifio (Colombia), 
we met farmers who would buy most of 
their raw material from other farmers not 
engaging in extraction themselves. 
Arrangements whereby farmers make 
their equipment available to neighbors in 
return for a share of the extracted starch 
are al.o common. Iiowever, even under 
such "advanced" production conditions, 
the typical achira plot rarely covers 1 ha 
or more. 

Table 16 presents data on the chemical 
composition of achira rhizomes and the 
efficiency of starch extraction. The term 
"processor starch" refers to the amount of 
starch recovered by the farmer and 
"laboratory starch" denotes the amount 
recovered in the laboratory from bagasse 
by further crushing tile material in a 
commercial food processor. Total starch 
is tile sum of processor and laboratory 
starch and approximates tile potential 
starch yield achievable with better 
extraction equipmeit. Because the 
equilibrium humidity of achira starch is 
around 200/0 (considerably higher than 
that of cassava starch-120/0), starch 
contents in Table 16 are expressed 
accordingly. 

Starch contents under the rather moist 
conditions of Huila are considerably 
lower than in Narifio and Patate 
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Table 16. Chemical composition of achira (Canna edulis) and parameters of starch extraction (in%ofrhizome fresh 
matter).' 
Locality Processor Laboratory Total Extraction Total Soluble Total dry 

starchb starchc starchd fibersolidsefficiency' matter 
Narihio, Colombia (2,050 m,1.370 N) 11.3 4.7 
Huila, Colombia (1,800 rn, 1.57' N) 9.0 2.0 
Huila, Colombia (1,800 m,1.57' N) 5.9 1.9 
Patate, Ecuador (2,350 m,1.19 S) 13.6 4.4 
a. All starch contents are expressed as starch with 20% humidity. 
b.Starch extracted by larmer. 
c. Starch extracted fromprocessed bagasse. 
d.Potential starch yield.
 
e %ratio actual/potential starch yield.
 

(Table 16). Although total DM content of 
the rhizomes is high (20-24%), a 
maximum of only 13.6% starch was 
recovered from the rhizomes. As evident 
from 'Fable 16, two factors explain the 
low extraction rates. First, the proportion 
of total starch content recovered by rural 
processors is only around 750,16. This is 
most likely a consequence of the 
inadequate grating surfaces that fail to 
totally release starch from the fibrous 
rhizome tissue. Second, soluble solids, 
most of which are sugars, account for as 
much as 410/1of total dry matter. 
Obviously, achira cultivars are poor 
converters of sugars into starch, and this 
indicates opportunities for crop 
improvement, 

As result of the inefficient and costly 
extraction process, achira starch 
throughout the region is traded at 
premium prices, typically three times the 
price of wheat starch, if not higher. It 
would iollow that achira starch is used 
only in recipes in which the widely 
available wheat starch gives unsatisfactory 
results or where achira starch represents a 
minor proportion of total product costs, 
Indeed, both conditions are met for most 
products using achira starch. 

The most widely used product made of 
achira starch is "bizcochuelos," a 
traditional recipe containing achira 

16.0 71 4.1 6.4 23.8 
11.0 82 3.8 9.1 22.1 
7.8 75 5.9 7.4 19.8 

18.0 75 6.4 2.1 23.5 

starch, a large amount of eggs, and 
condiments. Loja (Ecuador) is known for 
its achira-based bakery products 
(quesadillas, carmelitas, etc.). 
Cundinamarca (Colombia) invented the 
popular "panl de sagfi," a type of 
cheese-bread similar to "pan de yuca." So 
far, these are traditional products more or 
less confined to the areas of achira 
cultivation or adjacent areas. 

The only product that has transcended 
municipal or regional boundaries is salt 
biscuits, called "achiras," once a local 
delicacy in Altamira (Hluila, Colombia), 
but improved and popularized all over 
Colombia in recent times by a 
Bogots-based cookie producer. Several 
other companies imitate the recipe and 
these biscuits can now be bought 
throughout Colombia. Avianca, the 
Colombian national airline, offers these 
biscuits on its international flights as a 
genuinely Colombian snack. The product 
even appeared recently on the Ecuadorian 
market. There is little doubt that, as a 
consequence of the popularization of this 
product, achira area in Colombia must 
have expanded over the past 10 years. 

The functional properties ofachira 
starch and their significance for product 
development are not yet understood. 
Based on experience with traditional 
products, we believe that exceptional 
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expansion of achira doughs and the 
granular and light textures achira starch 
confers to bakery products are the 
features sought by achira starch users. 
Nevertheless, therc is evidence that both 
potato and arrowroo" ttarclies (from 
Alaranta arundinea'a)can replace achira 
starch to some extent in the preparation 
of bizcochuelos, and we have seen large 
amounts of Dutch potato starch in the 
market of Loja used to that effect. There 
is reason to be concerned about the 
influx of the Dutch starch because it will 
increasingly replace the erratic supply of 
domestic achira starch. Maranta is very 
rarely grown in the Andes and it 
represents no competition to achira. Our 
informants consistently perceived cassava 
starch, priced much cheaper than achira 
starch, as quite distinct from the latter 
and unsuited for most recipes requiring 
achira or maranta starch, 

Training 

Literature surveys, field visits, a training 
workshop, and thesis research have 
provided information to develop an up-
to-date manual on potato storage in 
developing couttries. The mnamiual will 
serve as a vehicle for diffusing 
informnalion about the various 
componenis of tie technological package 
oti rustic storage for table potatoes, 
especially the latest developments and the 
application of these principles. The target 
users of this publication are scientists, 
rural development specialists, and 
extension personnel. Topics will include 
storage needs for potato in developing 
countries; simple storage systems imi 
different regions; principles of storage in 
a systems context; biological and physical 

damage during storage; storage design 
specifications; store management; and 
storage economics. A draft of the manual 
was presented for comments at a regional 
training workshop on "Storage of 
potatoes in developing countries," held 
26-31 March 1994 at the lakistan 
National Agricultural Research Center in 
Islamabad, Pakistan. Scientists from 
Bangladesh, Kenya, Nepal, Pakistan, 
Rwanda, Sri Lanka, and Vietnam 
participated. Resource persons present 
were from the United Kingdom, United 
States, CIP-Tunisia, CIP-Delhi, FAO, the 
Swiss/Pakistan potato project, Pakistan's 
national potato progratm, and the 
Postharvest Institute in 'aizalabad, 
Pakistan (Figure 6). 

FBecause of strctural adjusimnent and 
trade liberalization, recent years have 
witnessed a growing interest on the part 
of national programs, NGOs, rural 

development projects, and policy-makers 
in developing countries in domestic 
agricultural marketing issues. CIP 
responded by preparing a collection of 
papers to be published on these issues in 
collaboration with social scientists from 
CIMMYI', CIAT, IFPRI, ICLARM, ILRI, 
and leading developing-country research 
institutes. This document is unusual in 
several respects. It provides the reader 
withi a set of practical, applied mnethods 
for rapid assessment of marketing 
problems aid opportunities based on the 
authors' experiences in Asia, Africa, and 
Latin America. It covers field methods for 
analyzing marketing systemns and 
particular product markets, with a focus 
on data collection procedures, and 
analytical methods for prices and other 
marketing issues such as impact 
assessment. 
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develping cuntrs fhilppin,
developing Countries. Philippines,
Vietnam. 1. Chujoy, J. Bacusmo 

(ViSCA) 
* 	 Sweetpotato cultivars for processing in 

Indonesia. 11Gin Mok. 

9 	 Evaluation of sweetpotato varieties for 

starch processing. Thailand. 
M. Thongiiem, K. Tantidhamv (DA); 
E. Rasco, E. Carey, C. Wheatley
 
(SAPPRAI)).
 

* 	 Sweetpotato cultivars for processing in 

developing countries. China. Wang 
Shengwu, Zhu Chongwin, Wu Jinyu 
(XSPRC), Song 30 Fu. 

o 	 Prospects of sweetpotato production 
and processing in the Philippines: An 

economic analysis. L.S. Cabanilla 
(UPLB), G. Scott, C. Wheatley. 

* 	 Introducing and diffusing a new 
method for making bread with 

sweetpotato in Burundi. M. Beavogui, 
A. Bikorimana, A. Ilagoye 
(FAO/UNDP); D. Berrios, G. Scott, 
P Ewell. 
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" 	 Sweetpotato as a feed of China's 
southwest. S. Rozelle (Stanford U), 
G. Scott, C. Wheatley. 

" 	 Qiality evaluation of promising 
swectpotato varieties from CIP 
evaluations and Irian Jaya collections. 
C. Wheatlcy, J. Schneidcr, I1Gin Mok 
(ESEAP); I). lDamardjati, S. Widowa 
(BOR1I F); J.F. Rickard (NRI). 

" 	 Market/technology/policy assessment 
for swcepotato in Bangladesh. 
N. 	 Itigginson (CIIA), S. Ilangantileke. 

" 	 A socioeconomic assessment of 
sweetpotato market potential II 
Nairobi, Kenya. MI. Omosa 
(I1 Nairobi), P. lwll, E. Carcy. 

Postharvest management of Andean 

food commodities. M. I folle. 

" 	 Product dcvclopncnt for Andean 

roots and tubers. Bolivia. G. Alfaro 
(IIMSS), M. I tolle. 

* 	 Inventory, research, and diffusion of 
processing technologies for Andean 
roots and tubers. Ecuador. 
G. Enriquez, B.Jaramillo 

(FUNL)AGRO); M. Holle. 


e 	 Evaluation, Improvement, and 
diffusion of storage and processing 
systems for Andean roots and tubers. 
Peru. F. Ccama, 0. Chaquilla, W. Salas 
(IAPA); M. I lole. 

• 	 Evaluation, improvement, and 

diffusion of storage and conscrvation 
systems for Andean tubers. Peru. 
A. Tupac Yupainqui, M. I10lle. 

e 	 Political economy and its impact on 
pcasani potato production in Fcuador 
with emphasis on producers of native 
varieties. II. Ramos (CIICA), 
M. I lolle, G. Scott. 

e 	 Relative importance and potential of 
native potato varieties in the dict of 

rural and urban consumers in Peru. 

II. 	Creed (1IN), M. I lIole, N. Espinola, 
G. Scott. 

* 	 Technical aspects in processing 
potatoes in Peru. M. Alvarez (Centro 
IDEAS), M. I 1olle, G. Scott. 

9 	 ARTC carbohydrate characterization 
and utilization. M. lermann. 

o 	 Arracacha and achira processing and 
product development. M. Hermann. 
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Streamlining and Integrating Information Services
 

In 1993, the Information Department 
began a three-year program to revamp its 
organization, draft a new information 
strategy, and acquire the personnel, 
specialized training, and tools necessary 
to achieve CIP's goals. By matching CIP's 
information strategy with the Center's 
unique, decentralized institutional 
structure, (I' could fulfill its vocation of 
service to national programs and farmers, 
incorporate new technologies, and adapt 
to budget realities. The goal was to 
translate CIP research results and 
know-how into suitable information 
products and greater public awareness. 

Teamwork 


The Inform ation Departm ent worked toI 

diffuse more effectively results achieved 

over the past 2(1 years, but not readily 
accessible to all users interested in new 
technologies. This approach means that 
the Department has worked closely with 
researchers and support personnel to 
determine what information products 
should be developed and how they should 
be packaged. Then, the Department 
assists with the resources needed (on staff 
or hired temporarily) to achieve the goals, 
and supervises progress. Scientific staff" 
however, determine whether an initiative 
is worth the investment and meets their 
needs, 

For instance, CIP's main scientific 
databases (germplasm, in vitro, seed 
distribution, and pedigree) were 
integrated, linked to agenetic resources 
work group, and also made available 
on-line so that those working directly 
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with the information could have ready 
access. This new, comprehensive database 
will be compatible with the CGIAR 
Systemwide Information Network on 
Genetic Resources (SINGER). 

The Department was instrumental in 
putting together the first workstation for 
geographic information systems (GIS) by 
encouraging pooling of resources from 
various disciplines. The )epartment also 
set up a gopher (a structured text database 
for access over the Internet) to permit 
international access to CIP information 
and publications. 

CIP's information strategy also aims 

to use formats and tools that will allow 
regionally based staff to have the same 
kind of access as headquarters scientists. 

Greater use of the Internet and electronicI a s tin h st skcoinmunications will assist in this task. 

Library 

Although the library underwent a sharp 
staff reduction, reorganization, and 
change of name (it was previously called 
the Information Unit), the staff 
maintained their high standard of 
research services to CIP scientists, 
national programs, and other clients. The 
library's bibliographic database has 
48,000 entries. Its information profiles 
reached more than 300 priority clients, 
mainly national programs and libraries. It 
continued to broaden the scope of its 
core collection by expanding sweetpotato 
literature, christening an Andean root 
and tuber crops collection, and acquiring 
more material on ecology and mountain 
farmiig systems. 

'.. +. V 
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Trhe library has effectively tapped into 
nonconventional literature, such as 
research theses and national program 
training materials, that would not 
normally find its way into more 
conventional reference libraries. 

The library is now venturing into new 
areas by setting up an on-line free-form 
text database of CIP-generated 
information for scientists and senior 
management. It is also helping to 
reorganize the photography archive as a 
preliminary step toward setting up an 
image database linked to the text and 
genetic resources databases, 

Communications 

In conjunction with the Director 
General's Office, the Communication 
Unit revamped the yearly corporate 
report, the biennial program report, and 
the (,lP Circular,and prepared 
institutional brochures and other 
products. The Unit continued to put out 
the Circulrin three editions, English, 

Spanish, and French. Oil an experimental 
basis, Ohe Unit began distributing an 
eletronic edition in English and Spanish 
on the Internet. As CIP's flagship 
publication, the Circularnow reaches 
more than 6,000 subscribers around the 
world. The Unit also made all of its most 
recent institutional publications available 
on-line through CGNET Services in tile 
United States. 

The Unit has provided enhanced 
editing services to the institution to 
impr,, (' the clarity and presentation of 
CIl' d(," til ients, in both English and 
Spanish. I has also increased the visual 
impact -I its products by incorporating 
more modern design and style. Desktop 
publishing has allowed the Unit to 
modernize its production system while 

still taking advantage of installed printing 
capacity. 

The Unit updated its photo collection 
to reflect current activitics and it joined 
with tile Peruvian Social Photography 
Workshops (called TAFOS in Spanish) to 
expand the range of images. In support of 
CIP's public awareness activities, the Unit 
has also been highly successful in 
preparing specialized exhibits and 
targeted publications for donors, research 
partners, and the general public. 

The Communication Unit relaunched 
a popular series of' field manuals with the 
publication of A1 ajor Di eaises and I'sts of 
Sweetpotato in 1astern ,Iriiw.New versions 
of field manuals for potato and 
sweetpotato were under way, in both 
English and Spanish. A manual for other 
Andean roots and tubers is also in 
preparation. 

Information Technology 

The ITU (formerly called the Computer 
Unit) helped C1P to go on-line to the 

Internet, with the Peruvian Scientific 
Network as its local carrier. This move 
provided enhanced electronic mail and 
fax services to research and support staff 
at headquarters and in regional offices. 
The mushrooming use of electronic 
communications has changed tile way 
that CIP staff operate. For instance, 
computerized ordering helped the 
Logistics Unit to eliminate the use of 
21,000 paper forms per year. When the 
Internet link is fully established, CIP 
scientific staffwill have access to the same 
electronic research tools as any university 
campus in the United States or Europe. 

With a more powerful generation of 
desktop computers connected to the 
headquarters network, the Information 
Department has steered the Center 

154 



toward a Windows operating Lompany provided training to small 
environment. This move included a groups of staftf 
policy of major software upgrades, such Finally, CIP increased its participation 
as Microsoft Office, to increase staff illsystemwide efforts to coordinate 
productivity, and a switch to Microsoft information and dissemination and to 
Mail. CIP signed onto the CGNET find integrated, efficient, and inexpensive 
Services' main e-mail and fax system solutions to problems shared by all the 
(CGNET 1I). This invest ment in agricultural rcsearch centers ilthe 
equipment and software was paired with a CGIAR. The CC SINGER initiative and 
flexible training program adapted to user Integrated Voice Data Network (IVDN) 
needs and skills. An outside service were the two major components. 
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Cross-Program Training Courses 1993-1994
 

In 1993, CII1 and PRODASA (Proyecto de 
Desarrollo Agropecuario Sostenido en el 
Altiplano) organized a short course on 
Bibliographic Database Information 
Management at INIA (Instituto Nacional 
de Investigacion Agraria) facilities in 
Puno, Peru. The course emphasized 
management of CIP's bibliographic 
database. It includcd the use of micro-isis 
software, inputting and editing dati, 
search and recovery, information import 
and export, and visual analysis and 
printing. It also covered formhli design for 
daLabases, 

A Course for Training Trainers on 
Agricultural E!xtension was held inl 
Paraguay, sponsoreL hy the Ministry of' 
Agriculture, IAO (lstituto Agronoinico 

per l'Oltreniare), lPROCIPA (Progrania 
Cooperativo dceInvestigacioncs en Papa), 
and (:1P. The main objectives were to 
discuss the basic concepts involved in 
training extension igents to organize 
activities aimed at producers, plan 
training events, and produce training 
docUments. The training materials used 
were reproduced and distributed to 

participants for immediate use. 
CIp, IH'A (International Institute for 

Tropical Agriculture), ISABU (Institut des 
Sciences Agronomiqutes du Burundi), and 
ESARRN (East and Southern Africa Root 
Crops Research Network), in 
collaboration with FAO (Food and 
Agriculture Organization of the United 
Nations), I)RC (International 
I)evelopment Research Centre), and 
UNICEF (Unitcd Nations International 
Children's lmcrgency Fund), sponsored 
an in-couitry course in Burundi oml 

v 1 

Cassava and Sweetpotato Production and 
Postharvcst Technology, with French- and 
English-speaking participants. It covered 
the socioeconomic importance of root 
and tuber crops in Burundi, cassava and 
sweetpotato rapid multiplication 
techniques, agronomy of root crops, 
diseases and pests and their control, and 
ficld plot techniques. The course also 
discussed field plot layouts ,id 

agronomic practices. Participants 
observcd and identilied diseases and pests. 

An international training svorkshop 
on Methods 1or Agricultural Marketing 
Remearch was held in New Delhi, Idi,, in 
collaboration with ICAR (Indian Council 
of Agricultural Research), IARI (Indiatn 
Agricultural Research Inst itLuC), anI CIp. 
Some 37 scientists from (litfferent parts of 
the world pa icipated, including 
representatives from CIP, 111)RI 
(International Food Policy Research 
Institute), UPWARID (User's Perspective 
with Agricultural Research and 
l)evelopment), Australia, Bangladesh, 
China, Elthiopia, India, Japan, Nepal, 
Pakista, the United Kingdom, the 

Uttited Statcs, and Vietnam. The 
wo'kshop permitted an open exchange of 
ideas, itiethItods, Ild experience in 
agricultural mtarketing among researchers 
and national progrllam leaders. 
We organized , course in 

collaboration with PROINPA, Bolivia, on 
Analysis and Presentation of Scientific 
Data, Report Preparation, and Lecturing 
Methods. The course had three parts. The 
first part addiessed problems commonly 
found by research scientists in planning 
analysis and interpreting results as well as 
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in reporting and presenting scientific 
results orally. The second part dealt withI 
generating scientific databases and 
following up different research projects. 
The third part was i seminar on the most 
relevant subjects of thc two previous parts. 

A meeting on Planning and Priority 
Setting on Andean Natural Resources 
took place for five days at CIP-Lima. 
Program planning by objectives (ITO) 
covered the following subjects in Andean 
agriculture: land and water inanagensent, 
policy and sociocconomics, livestock and 
pastures, agroforcstry, and training and 
communicatious. The meeting included .1 

proposal and design ifor a Consortiiunl 
for the Sustainable DeCvelopment of the 

Andcan Ecoregion (CONI)ESAN). 
Participants prepared a strategy for 

partnership to promote development of 
lie Andean agroccosystem. Some 43 

participants from national, international, 
and donor agencies attendizd. 
CP and the Office de laRech:rche 

Scientifiquce et Technique Outre-Mer 
(ORSTOM) organized an eight-day course 
on Serological and Molecular 

Identification of the Granulosis Virus in 
Egypt. The course emphasized the use of 
ELISA, nucleic probes, and techniques to 
detect and diagnose the virus. 

In 1994,CON1)-SAN sponsored a 
two-day international workshop for 
INFOANDINA participants at CI1P 
headquarters inJima, Peru. Its mainl 
objectives were to organize and analyze 
existing electronic commun ication 
facilities, tle exchange of information, 
and access to databases, with emphasis on 

the man1tgeit Of natUral resources and 

sustainable development, for 
INFOAN1)INA members in the Andean 

ecoregion. 

A two-day workshop on 

Macroeconomic Policies, Regional 

Integration, and Andean Food Systems: 
The Case of' Potato was held at CIP-ima. 
It covered the identification ofproblems 
derived from changes in macroeconomic 
policies of Colombia, Bolivia, Ecuador, 
and Peru, and analyzed their effects on 
highland agriculture both nationally and 
regionally. 
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Contributions to Scientific Literature by CIP Staff
 

1993-1994
 

Selected CIP Publications 

AIc~zar, J., W.Cataln, K.V. Raman, F Cisneros, 
H. Torres, and O. Ortiz. 1994. Control integrado del 
gorgojo de los Andes. Boletfn de Capacitacion No. 5. 
CIP, Lima, Peru. 18 p. 

Alczar, J., F Cisneros, and 0. Ortiz. 1994. Asi vive el 
gorgojo de los Andes. CARE/USAID/CIP, Lima, Peru. 
n.p. 

Amalin, D.M. and E.A. Vasquez. 1993. Ahandbook on 

Philippine sweelpotato arthropod pests and their 

natural enemies. Philippine Root Crops Research 

and Training Center (PRCRTC-ViSCA), Los Bahos, 

Philippines. 82 p. 


Amauri Buso, J. and R.N. Espinoza (comps.). 1994 
Entermedades bacterianas de la papa: Memorias del 
taller, Brasilia, Brasil, 15-18 marzo 1993. 
EfBRAPAPROCIPA'CIP, Limo. Peru. 100 p. 

Berrios, D.E. 1994. Rapport de fin de terme du Centre 

International de la Pomme de Terre au Burundi. 

ISABU/CIP, Bujumbura, Burundi. 44 p. 


Berros, D.E., J.Higiro, D.Niyongabo. 1993. National 
potato and sweetpofato programs research and 
development activities. ISABU/CIP, Bujumbura, 
Burundi. 27 p, Burud . 7 p.274 

Brown, K.J. 1993. Roots and tubers galore: The story of 

CIP's global research program and the people who 
shaped it.CIP, Lima, Peru. 93 p. 

Chilver, AS., A.Koswara, and 0. Ractrmanunddin. 1994. 

The economic viability of true potato seed (TPS) in 
Indonesia. Working Paper Series No. 1994-1. CIP, 
Lima, Peru. 28 p. 

Chujoy, E.(ed.). 1993. Workshop on potato seed 
production inBukidnon: Proceedings of aworkshop 
held inDalwarigan, Philippines, 19 September 1992. 
CIP, Manila, Philippines. 32 p. 

CIR 1993. Biotechnology and biosafety at CIP: Internal 
guidelines. Lima, Peru. 22 p. 

CIP 1993. Biotecnologia y bioseguridad en el CIP: 
Normas internas. Lima, Peru. 22 p. 

CIP 1993. Elagroecosistema andino: Problemas, 
limitaciones, perspectivas. Taller Internacional sobre 
el Agroecosistema Andino, 30 Marzo-2 Abril de 1992. 
Lima, Peru. 355 p. 

CIP 1993. El manejo sostenible de los recursos naturales 
en la ecorregion andina. Lima, Peru. 7 p. 

CIP. 1993. Proceedings of the Asian sweetpotato
 
germplasm network meeting, 25 February-2 March
 
1991. Guangzhou, China. CIP, Manila, Philippines.
 
161 p. 

CIP 1993. Sweetpotato: Postharvest topics-Poscosecha 
de batata (camote)-Aspects de post-recolte de la 
potate douce. CIP-Bibliography-Bibliografia 

CIP-Bibliographie CIP No. 28. Lima, Peru. 133 p. 

CIP 1994. Sweetpotato situation and priority research in 
West and Central Africa. Proceedings of the 
workshop field at Douala, Cameroon, 27-29 July 
1992. Lima, Peru. 142 p. 

Collion, M.H. and P Gregory. 1993. Priority setting at CIP: 
An indicative tramework for resource allocation. CIP-
ISNAR, Lima, Peru. 55 p. 

Consorcio para el Desarrollo Sostenible de la Ecorregi6n 

Andina (CONDESAN/CIP). 1994. Prioridades de 
investigaci6n y desarrollo en la cuenca del 
cajamarquino: Informe final. Taller de Planificaci6n 

Paricipativa por Objetivos, Cajamarca, Peru, 20-25 
junio 1994. CONDESAN/Municipalidad Provincial de 
Cajamarca/CIP; Centro Internacional de 
Investigaciones para el Desarrollo (CIID), Lima, Peru. p. 

Consorcio para el Desarrollo Sostenible do la Ecorregion 
Andina (CONDESAN/CIP). 1993. Planificaci6n y
priorizacion dle actividades de investigacion y accion
pirzcd oatiiae oivsiainyacopara el desarrollo sostenible de la ecorregin andina:
Informe final. Taller de Planificacidn Participativa por 
Objetivos, Lima, Peru, 22-26 marzo 1993. CIP, Lima, 
Peru. 82 p. 

Covarrubias C., C.Bustos, and P.Accatino. 1993. 
Diagnostico socioagroecon6mico del camote en 
Chile. Serie La Platina No. 41.INIA-CIP, Santiago, 
Chile. 23 p. 

Crissman, C.C., L.MrA. Crissman, and C.Carli. 1993. 
Seed potato systems inKenya: Acase study. ClP, 
Lima, Peru. 43 p. 

Dahiya, PS. and H.C. Sharma. 1994. Potato marketing in 
India: Status, issues, and outlook. Working Paper 
Series. No. 1994-2. CIP, Lima, Peru. 27 p. 

Daza, M.and H.Rincn. 1993. Perfil tecnologico del 
camote (batata) en la costa central del Per. 

Documento de Trabajo No. 1993-1. ClP, Lima, Peru. 
38 p. 
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Ekanayake, I.J. 1993. Evaluaci6n de resistencia ala 
sequia en genotipos de papa y batata (camote). Guia 
de Investigacion No. 19. CIP, Lima, Peru. 16p.

Ekanayake, I.J. 1994 Estudios sobre el estres por sequia 
y necesidades de riego de la papa. Guia de 
Investigacdn No 30. CIP, Lima, Peru. 38 p. 

Estrada, N.and N.L. Ugarte. 1993. Catlogo boliviano de 
cultivaros de papa nativo. IBTA-PROINPA. 
Cochabamba, Bolivia. np. 

Ewell, PT., H.Fano, K.V. Raman, J.Alcazar, M.Palacios, 
and J.Carhuarnaca. 1994. Manelo de plagas de la 
papa por los agricultores en el Peru: Informes de un 
proyecto interdisciplinario de investigacion en 
determinadas regiones de las zonas altas y de la 
costa. Serie de Investigacidn No. 6.CIP, Lima, Peru. 
72 p. 

Fonseca, C., M.Daza, C.Aguilar, N.Bezenqon, 
M.Benavides, H.Fano, H.Goyas, G.Prain, H Roncal, 
and S.Tafur. 1994. Elcamote en los sistemas 
alimentarios del yunga node del Peru Documento de 
Trabajo No. 1994-4. CIP, Lima, Peru. 40 p. 

Fonseca, C, J.P Molina, and E.E. Carey. 1994. Farmer 
participation inthe selection of new sweelpotato 
varieties. CIP Research Guide No. 5.CIP, Lima, 
Peru. 28 p 

Fonseca, C , J.P Molina, and E.E. Carey. 1993. 
Selecci6n de nuevas variedades de camote (batala) 
con la participacidn de los agricultores. Guia de 
Investigaci6n No. 5.CIP, Lima, Peru. 28 p. 

Franco, J., A.Gonzalez, and A.Matos. 1993. Manejo 
integrado del nematodo quiste do la papa Globodera 
spp. PROINPA/CIP, Cochabamba, Bcivia. 172 p. 

Fuglie, K.O. 1993. Measuring welfare benefits from 
marketing impio.,emtrilts: Potato storage inTunisia. 
Working Paper Series 11o.1993-2. CIP, Lima, Peru. 
27 p. 

Gonzalez, A.and J.Franco. 1993. Tecnicas y mdtodos 
para estudios del nematodo quiste de la papa 
Globoderaspp. CIP-PROINPA, Lima, Peru. 100 p. 

Jayasinghe, U. 1993. Le virus de 'enroulement lo a 
pomme de tdrre PLRV. Bulletin d'nformation
Techniqedo.er PL. B , rullDocumento 
Technique Na. 22. CIP, Limo, Peru. 21 p. 

Jayasinghe, U.and L.F. Salazar (eds.). 1993. Basic 
techniques inplant virology: Fascicles. CIP Pathology 
Dept. Technical Training Unit No. 1.CIP, Lima, Peru. 

Jayasinghe, U.and L.F. Salazar (eds.). 1993. Manual de 
tecnicas en virologia do planlas: Fasciculos. Dpto. do 
Patologia, CIP. Unidad Tdcnica de Capacitacion 
No. 1.CIP, Lima, Peru. 

Kerridge, PC. and B.Hardy (eds.). 1994. Biology and 
agronomy of forage Arachis. Centro Internacional de 
Agricultura Tropical (CIAT), Cali, Colombia. 209 p. 

Larenas de la F, V., T.Lopez, and P.Accatino. 1994. 
Introducci6n, selecci6n y comercializaci6n de nuovas 
variedades de batata (camote) en Chile: 
Investigacion socioagroecon6mica, producci6n,
variedades, utilizaci6n y mercadeo del camote en 
Chile, segunda fase. Serie La Platina-INIA No. 45. 
Instituto Nacional do lnvestigaciones Agropecuarias 

(INIA), Santiago de Chile. 46 p.
 
Larenas de la F., V., P.Ramirez, T.L6pez, and
 

P.Accatino. 1994. Producci6n de papa utilizando 

semilla botAnica con agricultores de la zona central 
de Chile. Serie la Platina-INIA No. 56. Instituto 
Nacional de Investigaciones Agropecuarias (INIA), 
Santiago de Chile. 24 p. 

Leon Velarde, C.U. and R.A. Quiroz. 1994. Analisis de 
sistemas agropecuarios: Usa de mdtodos 
bio-matematicos. Centro de Investigacion de 

Recursos Naturales y Medio Ambiente/Centro 
Internacional de la Papa/Consorcio para el Desarrollo 
Sostenible de la Ecorregi6n Andina 
(CIRNMACIP/CONDESAN), La Paz, Bolivia. 238 p. 

Manetti, P.and F Ezeta (comps.). 1993. Memorias: Taller 

de manejo integrado de plagas, 24-26 febrero 1993, 
Balcarce, Argentina. PROCIPA-INTA-CIP, Lima, Peru. 
98 p. 

Omosa, M.1994. Current and potential demand for fresh 

and processed sweetpotato products inNairobi and 
Kisumu, Kenya. CIP, Nairobi, Kenya. 116 p. 

Palacios, M., J.Alcizar, and F.Cisneros. 1994. Asi vive la 
polilla de la papa. CARE-USAID-CIP. Lima, Peru. n.p. 

Palacios, M., K.V. Raman, J.Alcazar, and F.Cisneros. 
1994. Control integrado de la polilla de la papa. 
Boletin doCapacitacidn No. 4.CIP, Lima, Peru. 18 p. 

Raman, K.V., M.Palacios, and N.Mujica. 1993. Control 
biologico de la polilla do la papa Phthorimaea 
operculella por ot parasiloide Copidosoma koehleri. 
Boletin de Capacitacion No. 3.CIP, Lima, Peru. 28 p. 

Ramos, H.H., R.Flores, P.Salazar, A.Hibon, M.Acosta, 
C.Crissman, and I.Reinoso. 1993. Determinacion de 
fa ventaja comparativa de la produccion dopapa en 

of Ecuador: Implicaciones para la asignaci6n do 
recursos doinvestigacion atraves de regiones.Tecnico No. 58. IDEA-FORTIPAPA,
Qio cao.1 .(umr.
Quito, Ecuador. 17 p.(Summary.) 

Ramos H.H., R.Flares, PSalazr, A.Hibon, M.Acosta, 
C. Crissman, and I. Reinoso. 1993. Determinacion do 
la ventaia comparativa de la producci6n de papa en 

of Ecuador: Implicaciones para la asignacion do 
recursos de investigacion atraves doregiones. 
Documento Tecnico No. 53. IDEA-FORTIPAPA, 
Quito, Ecuador. 162 p. 

Sala, F and PM. Oliden. 1993. Guia para of uso de 
informaci6n bibliogrdfica en micro-isis: Base de datos 
del CIP CIP, Lima, Peru. 27 p. 
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Schneider, J., C.A. Widyastuti, and M.Djazuli. 1993. 
Sweetpotato inthe Baliem valley area, Irian Jaya: A 
report on collection and study of sweetpotato 
germplasm, April-May 1993. CIP/ESEAP 
Region/CRIFC/RTCRC, Bogor, Indonesia, 54 p. 

Scott, G.J., P.l.Ferguson, and J.E. Herrera (eds.). 1993. 
Product development for root and tuber crops. Vol. 3: 
Africa. International Workshop on Root and Tuber 
Crop Processing, Marketing and Utilization inAfrica, 
26 October-2 November 1991, Ibadan, Nigeria CIP, 
Lima, Peru. 506 p. 
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Liaison Office - Ecuador 

Charles Crissman, PhD 


Sub-Saharan Africa (SSA)
Peter Ewell, PhD, Regional 

Representative (Kenya) (from 
Aug. 1993) 

Sylvester Nganga, PhD, Regional 
Representative (Kenya) (until 
July 31Q93)

Liaison Office- Nigeria 

Humberto Mendoza, PhD6 


Middle East and North Africa 
(MENA) 
Carlos Martin, PhD, Regional 

Representative (Tunisia) 
Liaison Office- Egypt 
Ramzy EI-Bedewy PhD 

South and West Asia (SWA)
Mahesh Upadhya, PhD, Regional

Representative (India) (until 
Sept. 1994) 

Sarathchandra Ilangantileke, PhD, 
Regional Representative 
(India) (from Sept. 1994) 

East and Southeast Asia and 
the Pacific (ESEAP) 
Peter Schmiediche, PhD, Regional 

Representative (Indonesia)
Liaison Office - People's
 
Republic of China
 
Song Bo Fu, PhD
 
Liaison Office -Philippines 
Enrique Chujoy, PhD (until 

Feb 1994) 
Gordon Prain, PhD (from Feb. 

1994) 

U Genetic Resources 

Ali Golmirzaie, PhD, Geneticist, Head of Department 6 

Carlos Arbizu, PhD, ARTC Consultant 5 
Fermin de la Puente, PhD, Germplasm Collector 4.6 

Marc Ghislain, PhD, Molecular Biologist 1 
Michael Hermann, PhD, Andean Crop Specialist 

(Ecuador) 6 
Z6simo Huaman, PhD, Germplasm Curator 6 

Koshun Ishiki, PhD, Associate Expert, Ecuador 15 

Carlos Ochoa, MS, Taxonomist, Consultant 
Bodo Trognitz, PhD, Geneticist 
Kazuo Watanabe, PhD, Cytogeneticist (USA) 6 

Dapeng Zhang, PhD, Breeder 2 
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N Nematology and Entomology 

iausto Cisneros, PhD, Entornologist, Head of 

Department (from July 1993) 


Parviz Jatala, PhD, Nematologist, Head of Department 

(until July 1993) 3,6 


Ann Braun, PhD, Entomologist (Indonesia) 1.6 


Aziz Lagnaoui, PhD, Entomologist (Tunisia) 

Kandukuri V.Reman, PhD, Entomologist 3 5Fernando 


Nicole Smit, MS, Associate Expert, Uganda 


* Pathology 

Luis Salazar, PhD, Virologist, Head of Department 6 

Hossien EI-Nashaar, PhD, Bacteriologist 


Gregory A.Forbes, PhD, Plant Pathologist (Ecuador) 


Edward R. French, PhD, Bacteriologist 6 


Teresa Icochea, PhD, Pathologist, Consultant 6 


LIpali Jayasinghe, PhD, Virologist (Philippines)6 
Pedro Oyarzbn, PhD, Mycologist (Ecuador) 2.5 

Sylvie Priou, PhD, Bacteriologist (Tunisia) .5 


Maddalena Querci, PhD, Molecular Virologist 6 

Linnea G.Skoglund, PhD, Mycologist (Kenya) 3 


Lod J.Turkensteen, PhD, Adjunct Scientist, Netherlands 


M Physiology 

Malagamba, PiD, Physiologist, Head of 

Department (until Sept. 1994) 6 


Mahesh Upadhya, PhD, Physiologist, Head of 

Department (from Sept. 1994) 6 

Helen Beaufort-Murphy, PhD, Physiologist 3.6 

James E.Bryan, MS, Senior Seed Specialist '.6 

Yoshihiro Eguchi, MS, Associate Expert (Indonesia) 2.5 

Ramzy EI-Bedewy, PhD, Breeder, Egypt 

Vital Hageniman,, PhD, Physiologist (Kenya) 254 
Oscar Hidalgo, PhD, Senior Seed Specialist 
Sarathchandra Ilangantileke, PhD, Physiologist (India) 1.6 

Jukka Korva, MS, Fellowship Agronomist, Ecuador 25 

Nodl Pallais, PhD, Physiologist 6 

Christopher Wheatley, PhD, Physiologist (Indonesia) 1.6 

Patricio 


* Social Science 

Thomas S.Walker, PhD, Economist, Head of Department 
Alwyn Chilver, MS, Associate Expert, Indonesia 5 

Ch'arles Crissman, PhD, Economist (Ecuador) 6 

Peter Ewell, PhD, Economist (Kenya) 6 

Jan Low, PhD, Economist (Kenya) 2.5 
Adhiambo Odaga, PhD, Geographer, Cameroon 3.5 
Gordon Prain, PhD, Anthropologist (Philippines)6 

Gregory J.Scott, PhD, Economist 
J~rg Schneider, PhD, Associate Expert, Indonesia 5 

N Research Support 

Fausto Cisneros, PhD, Entomologist, Head of 
Department 6 

Francisco Muioz, PhD, Head of Quito Station, Ecuador4 

Victor Otaz6i, PhD, Superintendent of San Ramon
 
Experiment Station
 

U Training 
Ezeta, PhD, Head of Department (until March 

1994)
 

Patricio Malagamba, PhD, Head of Department (from 

March 1994) 4 
Pons Batugal, PhD, Technology Transfer Coordinator 

E Information 
Carmen Siri,PhD, Head of Department (until March 1994) 4 

Michael L.Smith, Journalist, Head of Department (from 

March 1994) 1 
Hernan Rinc6n, PhD, Head of Communication Unit (until 

June 1993)3 
Christine Graves, MA, Senior English Writer/Editor 2 

Bill Hardy, PhD, English and Spanish Writer/Editor 2 
James H. Bemis, PhD, Consultant 1,3 

N Directors' Offices 

Office of the Director General 

Edward Sulzberger, MS, Assistant to the DG 

Office of the Deputy Director General for Finance and 
Administration 

William A.Hamann,BS, Assistant to the DDGF&A 

Office of the Deputy Director General for Research 

Jose Luis Rueda, PhD, Coordinator, Andean Natural 
Resources 

Auditing
 

* Special Country Projects 

SEINPA, Peru 
5
Efrain Franco, MS, Economist, Team Leader 4,

FORTIPAPA, Ecuador 

Albric Hibon, PhD, Economist, Team Leader 5 

PROINPA, Bolivia 
Andre Devaux, PhD, Seed Specialist, Team Leader 5 

5
Nicole Bezengon, Ir.,Associate Expert 3
Nelson Estrada, PhD, Breeder 4,5 
Javier Franco, PhD, Nematologist 5 
Enrique Fernandez-Northcote, PhD, Virologist 5 
Graham P.Thiele, PhD, Technology Transfer Specialist 2s 

5
Greta Watson, PhD, Human Ecologist 4

Liaison Office - Burundi 
Donald Berrios, MS, Agronomist 45 
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Uganda 


Lyle Sikka, MS, Consultant on Seed Technology 1.4.5 
Nicole Smit, MS, Associate Expert" 

0 Consortium 

CONDESAN 


Miguel Holle, PhD, Biodiversity of Andean Crops 15 

Rubn Dario Estrada, MS, Natural Resources Economics 

(Colombia) 1.5 

Robert Jan Hijmans, PhD, Associate Expert2.5 

Carlos Le6n-Velarde, PhD, Animal Production Systems 
Elias Mujica, MS, Anthropologist, Adjunct Scientist 1.5 
Osvaldo Paladines, PhD, Andean Paslures (Ecuador) 1,s 
Mario Tapia, PhD, Agroecotogist 2.5 

Nationally Recruited Staff 

Departments 

[ Breeding and Genetics 

Waltef Amoros, MS, Agronomist 

Ral Anguiz, MS,Agronomist 

Miguel Ato, Food Industries Specialist 

Luis Calia, MS, Agroncmist 

T.R. Dayal, PhD, Breeder (India)
 
Luis Diaz, Aiionomist 

Jorge Espinoza, MS, Agronomist 
Hugo Gonzalez, Ing. Agr., Agronomist, Chile 
Pamela Jean Lopez, MS, Breeder, Philippines 
Elisa Mihovilovich, Biologist 
Daniel Roynoso, MS, Agronomist 
K.C. Thakur, PhD, Breeder, India 

10 Genetic Resources 

CesarA.Aguilar, Agronomist, Huancayo 
Victor H.Asmat, Biologist 
Milciades A.Baltazar, Agronomist, .an Ramon 
Jorge Benavides, Biologist 
Fausto Bt,itr6n, Agronomist 

Patricia G.Cipriani, Biologist 5 

Jaime Diaz, MS, Agronomist 3 

Walberto M.Eslava, Agronomist 
Rene A.Gomez, Agronomist 
Maria del Rosario Herrera, Biologist 
Ana M.Hurtado, Biologist 5 
Kurt Manrique, MS, Agronomist 3 
Luis H.Nopo, Biologist 5 
Ana Luz Panta, Biologist 
Maria Gisella Orjeda, MS, Biologist 
Matilde Jrrillo, Biologist 
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0 Networks 
PRAPACE
 
RPCMarco Solo, PhD, Coordinator (Rwanda) 3 

SAPPRAD
 

Eutemio T.Rasco Jr., PhD, Coordinator (Philippines, 
UPWARD
 

Gordon Pram, PhD, Coordinator (Philippines) 

E Controller's Office
 
Carlos Niho-Neira, CPA, Controller
 

U Office of the Executive Officer 

Cesar Vitiorelli, Ing. Agr., Acting Executive Officer 

Flor de Maria Rodriguez, Biologist 5 

Alberto Salas, Agronomist 
Roxanna Salinas, Agronomist

Carmen Sigbias, Biologist 7
 
Jorge Tenorio,
Biologist
 

Judith
Toledo,Biologist 

Fanny Vargas, Agronomist 

* Nematology and Entomology 

Jesu~s Alc;zar, MS. Assoc. Agronomist 
Veronica Cahedo, Biologist 
Javier Carhuamaca, Ing. Agr. 5 
Wilfredo Catalan, Ing. Agr. 5 
Victor Cerna, Ing. Agr. 5 

Roberto Delgado de laFlor, Agronomist 4 

Oder Fabian, Ing. Agr. 
Alberto Gonzalez, MS, Nematologist 3 
Erwin Guevara, Ing. Agr., Agronomist 
Rossio Haddad, Biologist 
Angela Matos, Ing. Agr. 
Norma Mujica, Agronomist 
Maria Palacios, Assoc. Biologist 

Villano,
Wilbert Agronomist 5
 

U Pathology 

Pedro Aley, MS, Plant Pathologist 
Ciro Barrera, MS, Plant Pathologist 
Ida Bartolini, MS,Biochemist 
Carlos Chuquillanqui, MS, Plant Pathologist 
Christian Delgado, MS, Biochemist 
Violeta Flores, Biologist 
Segundo Fuentes, MS, Plant Pathologist 
Liliam Gularra, MS,Plant Pathologist 



Charlotte Lizarraga, MS, Plant Pathologist 
Hans Pinedo, Agronomist 4 
Hebert Torres, MS, Plant Pathologist 
Jose Luis Zapata, MS, Plant Pathologist, Colombia 

M Physiology 

Rolando Cabello, MS, Assoc. Agronomist 

Nelly Espinola de Fong, MS, Nutritionist 

Rosario Falcon, Biologist 

Norma Gonzales de Maza, Phar. Chemist 

M.S. Kadian, PhD, Agronomist, India
 
John Kimani, MS, Agronomist, Kenya 

Joseph Koi, MS, Agronomist, Cameroon 

Jose Luis Marca, Ing. Agr. 

Jorge Roca, Biologist 


*0 Social Science 

Cherr-y Bangalanon, MS, Philippines 

Rosario Basay Economist 2 


Patricio Espinoza, Economist, Ecuador 5 


Hugo Fano, MS, Economist 


Cristina Fonseca, MS, Agronomist 

Jose Herrera, MS, Economist 3 


V.S. Khatana, PhD, Socioeconomist, India 

Maria Lozano, Computer Assistant 

Luis Maldonado, Economist 2 

Margaret Ngunjiri, MS, Sociologist, Kenya 

Osccr Ortiz, MS, Agronomist 4.5 

Maricel Piniero, Ecologist, Philippines 

Victor Suairez, Statistician 

Inge Verdunk, Ir.,Nutritionist, Philippines 


M Research Support 

Lombardo Cetraro, Biologist, Field &Greenhouse 
Supervisor, San Ramon 

Roberto )uarte, Ing. Agr., Greenhouse Supervisor, La 
Molina 

Lauro Gomez, Supervisor, Huancayo 
Hugo Goyas, Ing. Agr., Supervisor, Yurimaguas 
Victor Otaz6i, PhD, Superirl!endent, Huancayo 

Experiment Station 
Abilio Pastrana, Accountant, Can Ram6n 4 
Mar'o Pozo C., Ing. Agr., Supervisor, La Molina 

Experiment Station 
Miguel Ouevedo B., Ing. Agr., Off-Station Field 

Supervisor, Cajamarca 

* Statistics Unit 

Beatriz Eldredge, Biometrist 4 
Alfredo Garcia, MS, Experimental Statistics 
Felipe de Mendiburu, Statistics Eng.2 

* Consortiu.i 
CONDESAN 
Blanca Arce, MS, Animal Husbandry, Quito, Ecuador 
Jorge Reinoso, MS. Agricultural Economics, Puno, Pe,-u 

Roberto Valdivia, MS, Agronomist, Purro, Peru 

N Training
 
Nelson Espinoza, Training Specialist
 
Martha Huanes, Training Logistics
 
A.i.arico Valdez, MS, Train:ng Material Specialist
 

* Information 

- Communication Unit
 
Emma Martinez, MS, Supervisor Media Production
 
Gigi Chang, MS, Audiovisual Section Coordinator
 

- Information Technology Unit 

Anthony Collins, Coordinator
 
Jorge Apaza, PC Manager 3
 

Jorge Arbul, Telecummunications Systems Supervisor 
Oscar Bravo, Microvax Systems Supervisor I 

Roberto Castro, Systems Development Supervisor 

Pia Maria Oliden, Database Administrator 
Jorge Palomino, VAX and Network Manager 

- Information Unit 
Fiorella Salas dc Cabrejos, MS, Coordinator 4 
Martha Crosby, Librarian 4 
Cecilia Ferreyra, Circulation and Reference, User 

Services 
Carmen I.Podesta, Archives and Verification 4 

W Controller's Office 

Miguel Saavedra, CPA, General Accountant 

Rebeca Cuadros, 3enior Accountant 4 

Edgardo de los Rios, CPA, Senior Accountant 
Vilma Escudero, Accountant 

- Accounting Unit 
Rosario Pastor, CPA, Senior Accountant 
Jorge Bartista, Accountant 
Jorge Bautista, Accountant 
Blanca Joo, CPA, AcccIntant 
Eduardo P'ralta, Accountant 
- Budget Unit 
Denise Giacoma, CPA, Accountant 
M6nica Merino, CPA, Accountant 3 

Alberto Monteblanco, CPA, Senior Accountant 

- Treasury Unit 
Luz Correa, CPA, Accountant (Supervisor) 
Sonnia Solari, Chief Cashier 
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0 Office of the Executive Officer 

- Foreign Affairs Liaison 

Marcela Checa, Liaison Officer 

* General Services 

Aldo Tang, Comdr. (ret.), General Services Manager 

- Equipment and Maintenance 

Gustavo Echecopar, Ing. Agr., Supervisor 4 

- Security 


Jorge Locatelli, Capt. (ret.), Supervisor 


- Transportation 

Carlos Bohl, Sipervisor 4 


Hujo Davis Paredes, Vehicle Maintenance Officer 


Jar cues Vandernotte, Pilot
 
Percy Zuzunaga, Co-Pilot 


0 Human Resources 


Juan Pablo Delgado, Human Resju,ces Manager' 


- Compensation 


Estanislao Perez Aguilar, Supervisor 


- Social Work 


Martha Pierola, Supervisor 


*Some staff members appearing on this list worked under temporary 
I Staff who joiner • J93 
2Staff who joined in1994 
3Staff who left in1993 
4Staff who lelt in1994 
5Staff funded byspecial p,ojects 
6Project leader 
7Died in 1993 

- Labor Relations
 

Luis Caycho, Acting Supervisor
 

- Medical Office
 
David Halfin, MD 1
 
German Rossani, MD 3
 

Lucero Schmidt, Nurse 

U Logistics
 

Lucas Reaho, CPC, Logisti, Manager
 

- Purchasing Supervisors
 

Arluro Alvarez
 
Roxana Morales Bermbdez
 
Jose Pizarro
 

- Warehouse
 
Jorge Luque, MBA, Supervisor
 

U Visitors, Travel, and Auxillary Services 

Rosa Rodriguez, Manager 

- Auxiliary Services 
Monica Ferreyros, Supervisor
 
- Travel
 

Ana Maria Secada, Supervisor
 

- Visitors' Office
 

Mariella Corvetto, Supervisor
 

or special contracts. 
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The CGIAR: A Global Agricultural Research System 

CIP is a member of the Consultative Group on International Agricultural Research (CGIAR), an association of public and 
private sector donors that supports aworldwide network of agricultural research centers. Together, the 16 CGIAR cen
ters have more than 1,000 scientists, representing more than 50 nationalities, stationed in51developing countries, 
where they work closely with national partners to promote sustainable agricultural advances. Their research involves 
crops that provide 75% of food energy and asimilar share of protein requirements inthe developing countries. 

The other 15 centers are: 

CIAT 
International Center for Tropical Agriculture 
Cali, Colombia 

CIFOR 
Center for Internaticial Forestry Research 
Bogor, Indonesia 

CIMMYT 
International Maize and Wheat Improvement Center 
Mexico City, Mexico 

ICARDA 
International Center for Agricultural Research in 

the Dry Areas 
Aleppo, Syria 

ICLARM 
International Center for Living Aquatic Resources 

Management 
Manila, Philippines 

ICRAF 

International Centre for Research inAgroforestry 
Nairobi, Kenya 

ICRISAT 
International Crops Research Institute for the 

Semi-Arid Tropics 
Palancheru, Andhra Pradesh, India 

IFPRI 
International Food Policy Research Institute 
Washington, D.C., USA 

IIMI 
International Irrigation Management Institute 
Colombo, Sri Lanka 

IITA 
International Institute of Tropical Agriculture 
Ibadan, Nigeria 

ILRI 
International Livestock Research Institute 
Nairobi, Kenya 

IPGRI 
International Plant Genetic Resources Institute 
Rome, Italy 

IRRI 
International Rice Research Institute 
Manila, Philippines 

ISNAR
 
International Service for National Agricultural Research 
The Hague, Netherlands 

WARDA 
West Africa Rice Development Association 
Bouake, C6te d'lvoire 
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Acronyms and Abbreviations
 
AARI Aegean Agricultural Research Institute, 

Turkey 

AARI Agricultural and Animal Production 
Research Institute, Ugand3 

ACP acid phosphatase 

Acvs Andean cultivars 

ADB Asian Development Bank 

AGG Administration Generale dlea 
Coop6ration au Developpement, 
Belgium 

AIT Asian Institute ofTechnology 

APLV Andean potato latent virus 

APMV Andean potato mottle virus 

APW Andean potato weevil 

ARTC Andean root and tuber crops 

AUDPC area under the disease progress curve 

AVRDC Asian Vegetable Research and 
Development Center, Taiwan 

BARI Bangladesh Agricultural Research 
Institute 

BID Banco Interamericano de Desarrollo 

BORIF Bogor Research Institute forFood 
Crops, Indonesia 

Bt Ba.cillusthuringiensis 

BW bacterial wilt 

CAAS Chinese Academy ofAgricultural 
Sciences 

CEICA Corporaci6n de Estudios sobre 

Inversi6n y Comercio Agricola, Ecuador 
CGIAR Consultative Group on International 

Agricultural Research, USA 
CGPRT Centre forGrains, Pulses, Roots and 

Tubers, Indonesia 

CIAAB Centro de Investigaciones Agr(colas 
A.Boerger, Uruguay 

COAT Centro Internacional de Agricultura 
Tropical, Colombia 

CICA Centro de Investigaci6n en Cultivos 

Andinos, Peru 

CIDA Canadian International Development 
Agency 
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CIED 

CIMMY-i 

CIP 

CIRNMA 

CNCOS 

CNPH 

CONDESAN 


Cornell U 

CORPOICA 

COTESU 


CPB 


CPRA 


CPRI 


CRIFC 

CRRI 


CTCRI 


Centro de Investigaci6n, Educaci6n y 
Desarrollo, Peru -

Centro Internacional de Mejoramiento 
de Maiz y Trigo, Mexico 

Centro Internacional de laPapa, Peru 

Centro de Investigaciones de Recursos 
Naturales y Medio Ambiente, Peru 

Chinese National Centre forQuality 
Supervision and Test ot Feed 

Centro Nacional de Pesquisa de 
Hortaliqas, Brazil 

the Sustainable 
Development ofthe Andean Ecoregion 
Cornell University, USA 

Corporaci6n del Instituto Colombiano 

Agropecuario 

Consortium for 

Cooperaci6n Tecnica Suiza, Switzerland 

Colorado potato beetle 

Centre de Perfectionnement et de 
Recyclage Agricole de Saida, Tunisia 
Central Potato Research Institute, India 

Central Research Institute forFood 

Crops, Indonesia 
Chinese Rice Research Institute 

Central Tuber Crops Research Institute, 

India 

CURIA (UNAH) Centro Universitario Regional del Litoral 

DA 


DAS 


DECS 


DGIS 

DIA 
DM 

DNA 


DOH 


EAPR 


Atlantico-Universidad Aut6noma de 
Honduras 

Department ofAgriculture 

double-antibody sandwich 

Department ofEducation, Culture, and 
Sports, Philippines 

Directorate General forInternational 

Cooperation, Netherlands 

diaphorase 

dry mattr 

deoxyribonucleic acid 

Department ofHealth, Philippines 

European Association forPotato 
Research 



ELISA 

EMBRAPA 

ENEA 

EPAMIG 

ESARRN 

ESCAP 

ESEAP 

ESH 

EST 

FAO 

FONAIAP 

FORTIPAPA 

FRKN 

FRR 
FUNDAGRO 

GAAS 

GATT 

GIS 

GOT 

GTZ 

IAO 

IAPA 

IAPAR 

IAR 

IARI 

IBTA 

ICA 

enzyme-linked immunosorbent assay 

Empresa Brasileira de Pesquisa 
Agropecudria, Brazil 

Comitato Nazionale per la Ricerca e 
per toSviluppo dell'Energia Nucleare 
edelle Energie Aternalve, Italy 

Empresa de Pesquisa Agropecuaria de 
Minas Gerais, Brazil 
East and Southern Africa Root Crops 

Research Network 

Economic and Social Commission for 

Asia and the Pacific 

East and Southeast Asia and the 

Pacific, CIP region 

Ecole Suprieure d'Horticulture, Tunisia 

esterases 

Food and Agriculture Organization of 
the United Nato-s, Italy 

Fondo Nacional de Investigaciones 
Agropecuarias, Venezuela 
Fortalecimiento de la Investigacion y 

Producci6n de Semilla de Papa, 
Ecuador 

false root-knot nematode 

financial rate of return 

Fundacion para ,-IDesarrollo 

Agropecuario, Ecuador 
Guandong Academy of Agri.,lural 

Sciences, China 
General Agreement on Tariffs and Trade 

geographic information systems 

glutamate oxaloacetate transaminase 

German Agency for Technical 

Cooperation 

Istituto Agronomico per I'Oltremare, Italy 

Instituto da Anlisis de Politica Agraria, 
Peru 

Instiluto Agron(mico do Paran%, Brazil 

Institute of Agricultura; Research, 
Ethiopia 

Indian Agricultural Research Inclitute 

Instituto Boliv:ano de Tecnologia 
Agropecuaria 

Instiluto Colombiano Agropecuario 

ICAR 

ICLARM 

ICRISAT 

IDEA 

IDH 

IDIAP 

IDRC 

IFPRI 

IIN 

IITA 

ILRI 

INIA 

INIA 

INIA 

NIAP 

INIFAP 

INIVIT 

INRA 

INRAT 

INSA 

INTA 

IPM 

IPO-DLO 

IPR 

Indian Council of Agricultural Research
 

International Center for Living Aquatic
 
Resources Management, Philippines
 

International Crops Research Institute 
for the Semi-Arid Tropics, India 
Instituto Internacional de Estudios 

Avanzados, Venezuela 

isocitric acid dehydrogenase 

Instituto de livestigaci6n,' opecuaria,
Panama 

International Development Research 
Centre, Canada 

International Food Policy Research 
Institute, USA 

Instituto de Investigaci6r, Nutricional, 
Peru 
International Institute fr Tropical 
Agriculture, Nigeria 

International Livestock ResearchInstitute, Kenya 

Instituto Nacional de Investigaci6n 
Agraria, Peru 

Instituto Nacional de Investigaciones 
Agropecuarias, Chile 

Instituto Nacional de InvestigacionesArpcais rga 
Agropecuarias, Uuguay 

Instituto Nacional de Investigaciones 

Agropecuarias, Ecuador 

Instituto Nacional de InvestigacionesFrsae goeuraMxc
Forestales y Agropecuarias, Mexico 

Instituto de Investigaciones de Viandas 

Tropicales, Cuba 

Institut National de IaRecherche 

Agronornique, France 

Institut National de la Recherche 

Agronomique de Tunisie 
Institut National des Sciences 

Agronomiques, Vietnam 

Instituto Nacional de Tecnologia 
Agropecuaria, Argentina 

integrated pest management 

Institute for Pant Protection-Agriculture 
Repearct, Department, Netherlands 

Institute for Potato Research, Poland 
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ISABU Institut des Sciences Agronomiques du 
Burundi 

ISAR Institut des Sciences Agronomiques du 
Rwanda 

VON Integrated Voice Data Network 

tZ Instytut Ziemniaka, Poland 

KARl Kenyan Agricultural Research Institute 

LAC Latin America and the Caribbean, 

CIP region 


LB late blight 


LCG low-cost greenhouses 


LEHRI Lembang Horticultura! Research
 
Institute, Indonesia 

LMF leafminer fly 

LSU Louisiana State University, USA 

MA Ministry of Agriculture 

MAbs monoclonal antibodies 

MAP Mirabills antviral protein 

MDH malate dehydrogenase 

MENA Middle East and North Africa, 
CIP region 

MIP Programa de Manejo Inlegrado de 
Plagas, Dominican Republic 

Miss SU Mississippi State University, USA 

MLOs mycoplasma-like organisms 

MOA Ministry of Agriculture, Tanzania 

MS Murashige &Skoog 

MSIRI Mauritius Sugar Industry Research 
Institute 

NAARI Namulonge Agricultural and Animal 
Production Research Institute, Uganda 

NARO National Agricultural Research 

Organization, Uganda 

NARS national agricultural research systems 

NASH nucleic acid spot hybridization 

NAys North American varieties 

NCM nitrocellulose membrane 

NCSU North Carolina State University, UJSA 

NGO nongovernmentl organization 

NPRC National Potato Research Center, 
Kenya 

NPT national oerformance trials 

WRI 
ODA 

OP 

OPEC 

ORSTOM 

PCARRD 

PCN 

PCR 

PGI 

PGM 

PGS 

PHTI 

PIABS 

PICA 

PICTIPAPA 

PLRV 

PMTV 

PPO 

PRACIPA 

PRAPACE 

PRECODEPA 

PRN 

PROCIPA 

PRODASA 

PRODE-KON 

Natural Resources Institute, UK 
Overseas Development Administration, 

UK 

open-pollinated 

Organization of Petroleum Exporting 

Countries 

Office de Recherche Scientifique et 
Technique Outre-Mer, France 

Philippine Council for Agriculture & 
Resources, Research & Development, 
Philippines 
potato cyst nematode 

polymerase chain reaction 

phosphoglucose isomerase 

phosphoglucomulase 

Plant Genetic Systems, Belgium 

Postharvest Technology Institute, 
Vietnam 
Proyecto de Investigaciones Agrarias 

de la Provincia Bautista Saavedra, 

Bolivia 
Programa de Investigaci6n de Cullivos 

Atndinos, Peru 
International Cooperative Program for 

Potato Late Blight, Mexico 

potato leafroll virus 

potato mop-top virus 

program planning by objectives 

Programa Andino Cooperativo de 
Investigaci6n en Papa, CIP network 

Programme Rdgional de I'Amelioration 
de la Culture de la Pomme de Terre et
de IaPatlate Douce n Afrique Centrate 
et da alEst,CP network 

Programa Regional Cooperativo de
Papa, ClP network inCentral America 

and the Caribbean 

potato rosary nematode 

Programa Cooperativo de 
Investigaciones en Papa, CIP network. 
inSouthern Cone 

Proyecto de Desarrollo Agropecuario 

Sostenido en el Altiplano 
Proyecto de Desarrollo Rural Integral, 

Peru 
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PROINPA Proyecto de Investigaci6n de laPapa, 

Bolivia 

PSTVd potato spindle tuber viroid 

PTM potato tuber moth 

PVM potato virus M 

PVS potato virus S 

PVT potato virus T 

PVX potato virus X 

PVY potato virus Y 

RAPD randomly amplified polymorphic DNA 

RES Rothamsted Experinicnt Sation, UK 

RFLP restriction fragment length 

polymorphism 

RH relative humidity 

RIPA rapid immunotilter paper assay 

RKN root-knot nematode 

ROR rate ofreturn 

RTIP Root and Tuber Improvement Program, 
Tanzania 

SAAS Sichuan Academy ofAgricultural 
Sciences, China 

SAPPRAD Southeast Asian Program forPotato 
Research and Development, 
CIP network 

SCRI Scottish Crop Research Institute 

SEINPA Semilla e Investigaci6n en Papa, Peru 

SENASA Seivicio Nacional de Sanidad Agraria, 
Peru 

SINGER Systemwide Information Network on 
Genetic Resources 

SPCFV sweetpotato chlorotic fleck virus 

SPFMV sweetpotato feathery mottle virus 

SPLSV sweetpotato leafspeckling virus 

SPLV sweetpotato latent virus 

SPMMV sweetpotato mild mottle virus 

SPSVV sweetpotato sunken vein virus 

SPVDC sweetpotato virus disease complex 

GM Sociedlad Quimica y Minera, Chile 

SSA Sub-Saharan Africa, ClP region 

Stanford U Stanford University, USA 

SWA 

TALPUY 


TCRC 

TGA 

TIA 

TPS 

U Fla 

UInner Mongolia 

UNairobi 

UNaples 

UTacna 


UTuscia 

UMSS 

UNA 
UNCP 

UNDAC 

UNDP 

UNICEF 


UNMSM 


UNSCH 


UPLB 


UPWARD 


USAID 

UTO 


ViSCA 

Wageningen U 

XSPRC 


YNU 

South and West Asia, CIP region 

Grupo de Investigaci6n y Desarrollo do 

Ciencias y Tecnolog(a Andina, Peru 

Tropical Crops Research Center, 
Bangladesh 

total glycoalkaloid 

trypsin inhibitor activity 

true potato seed 

University ofFlorida, USA 

University ofInner Mongolia, China 

University ofNairobi, Kenya 

University ofNaples, Italy 

Universidad Jorge Basadre Grohmann 
de Tacna, Peru 

University ofTuscia, Italy 

Universidad Mayor de San Sim6n,
 
Bolivia
 

Universidad Nacional Agraria, Peru
 
Universidad Nacional del Centro del
 

Per6 

Universidad Nacional Daniel Alcides 
Card n, Peru 

United Nations Development 
Programme, USA 

Nations Children's
United International 

Emergency Fund 

Universidad Nacional Mayor de 
San Marcos, Peru 

Universidad Nacioial San Crist6bal de 
Huamanga de Ayacucho, Peru 

University ofthe Philippines, Los Bahos 

Users' Perspective with Agricultural
Research and Development, 

CIP network 

United States Agency forInternational 
Development 

Universidad Tdcnica, Oruro, Bolivia 

Visayas College ofAgriculture,
Philippines 

Wageningen University, Netherlands 

Xuzhou Sweet Potato Research Center, 

China 

Yunnan Normal University, China 
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CIP's Global Contact Points 
(as of June 30, 1995) 

This list indicates CIP's principal contact points worldwide, by region. Amore detailed list, including current staff contacts, 
can be obtained from the office of the Director for International Cooperation. 

Latin America and the Caribbean 

Regional OfficelHeadquarters 

Peru 

International Potato Center 

Apartado 1558 

Lima 100, Peru 

Phone: (51-1) 436-6920/435-4354

Fax: (51-1) 435-1570 

Telex: 25672 PE
 
Cable: CIPAPA, Lima 

Internet 


e-mail: cip@cgnet.com orcip@cipa.org.pe 
Research Stations 

Colombia 

Rionegro 

c/o CIP-ICA (La Selva) 

ApartadoAdreo 128 

742 Rionegro, Antioquia
 
Colombia 

Phone: (57-4) 537-0161/537-0079

Internet 


e-mail: cipcol@sigma.eafit.edu.co 


EcuadorBamenda,
Estaci6n Experimental INIAP Santa Catalina 
Km t4 Panamericana Sur 
Casilla 17-21-1977 
Quito, Ecuador 
Phone: (593-2) 690-362/63 

(593-2) 690-990 

Fax: (593-2) 692-604 

Internet 


e-mail: 	 cip-quito@cgnet.corn or for group messages 
to all staff: irs~cip.org.ec 

Special Projects 

Ecuador 
FOPTIPAPA (at Santa Catalina Station, same as above)
Phone: (593-2) 690-695/364 
Fax: (593-2) 692-604 
Internet 

e-mail: cip-quito@cgnet.com or fpapa@cip.org.ec 

Bolivia 

PROINPA (IBTA-CIP) 

Man Cespedes 293 (Zona de Cala Cala)

Casilla Postal 4285 


Cochabamba, Bolivia
Phone: (591-42) 49506/49013 
Fax: (591-42) 45708 
Internet 

e-mail: proinpa-bolivia@cgnet.com or 
proinpa@papa.bo 

Sub-Saharan Africa 

Regional Office 
Kenya 
P.O. Box 25171 
Nairobi, Kenya 
Phone: (254-2) 632-054/632-151 
Fax: (254-2) 630-005/631-499 
Telex: 22040 ILRAD 
Internet 

e-mail: 	 cip-nbo@cgnet.com 

Liaison Office 

Cameroon 
c/o Delegation of Agriculture 
North West Province 
SP.0. Box 279Cameroon 
Phone: (237-36) 2289 (public booth) 
Fax: (237-36) 3893 or 3921 (public booth) 

(237-36) 3284 (Skyline Hotel) 
Telex: 58442 (NWDA) 

Nigeria 
c/o IITA 
PMB 5320, Ibadan, Nigeria 
Phone: (234-22) 400300-318 
Fax: 874-1772276 via INMARSAT Satellite or 

(234-2) 241221 
Telex: TROPIB NG (905) 31417, 31159 
Cable: TROPFOUND, IKEJA 
Internet 

e-mail: iita@cgnet.com 

Uganda 
P.O. Box 6247 
Kampala, Uganda
Phone: (256-41) 567670 
Fax: (256-41) 567635 
Internet 

e-mail: ciat-uganda@cgnet.com 
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Network 

PRAPACE 
PRAPACE/Uganda 
P.O. Box 22274 
Kampala, Uganda 
Phone: (256-41) 235306 
Fax: (256-41) 2412V2 
Internet 

e-mail: iita-uganda@cgnet.con 

Middle East & North Africa 

Regional Office 

Tunisia 
11Rue des Orangers 
2080 Ariana 
Tunis, Tunisia 
Phone: (216-1) 71-6047 
Field phone: (216-1) 53-9092 
Fax: (216-1) 71-8431 
Telex: 14965 CIPTN 
Internet 

e-mail: cip-tunis@cgnet.com 

Liaison Office 

Egypt 
P.0. Box 17 
Kafr EI-Zayat, Egypt 
Phone: (20-40) 58-6720 
Telex: 23605 BTNA UN 

(messages may be directed via Tunis Reg. Office) 

South and West Asia 

Regional Office 

India 
IARI Campus 
New Delhi 110012, India 
Phone: (91-11) 574-8055/574-1481 
Telex: 3173140 FI IN 

3173168 EIC ,N 
Cable: CIPAPA, New Delhi 
Internet 

e-mail: cip-delhi@cgnet.com 

East and Southeast Asia 

and the Pacific 
Regional Office 

Indonesia 
c/o CRIFC 
P.O. Box 929 

Bogor 16309, West Java, Indonesia 
Phone: (62-251) 317951/313687

Fax: (62-251) 316264
 
Internet
 

e-mail: cip-bogor@cgnet.com 
Lembang Annex 
P0. Box 1586 
Bandung 40391, Indonesia 
For courier mail/packages to CIP: 
do Balai Panelitian Tanaman Sayuran, JI. 

Tangkuban Perahu 517 
Cikole, Lembang, Bandung 40391, Indonesia 

Phone/Fax: (62-22) 278-6025 
Internet 

e-mail: cip-indonesia@cgnet.com 

Liaison Offices 

Philippines 
Los Bahos Office 
c/o IRRI 
P.O. Box 933 
Manila, Philippines 
Phone: (63-94) 50235, 50015-19, exl. 248/274 
Fax: (63-2) 891-1292 or 818-2087 

Internet 
e-mail: gprain@cgnet.com

Baguio Office 
c/o NPRCRTC 
P.O. Box 1234 

2600 Baguio City, Philippines 
Phone: (63-912) 3083910/ (63-43) 22439 

Internete-mail: cip-baguio@cgnet corn 

China 

do The Chinese Academy of Agricultural 
Sciences 

Dai Shi Oiao Rd. No. 30 
West Suburbs of Beijing 
Beijing, People's Republic of China 
Phone: (86-10) 831-6536 
Fax: (86-10) 831-5329 
Telex: 22233 or 222720 CAAS CN 
Cable: AGRIACA 
Internet 

e-mail cip-china@cgnet.com 

Networks 

SAPPRAD 
(same as Philippines-Los Bafios Liaison Office) 
Internet 

e-mail: e.rasco@cgnet.com 
UPWARD 
(same as Philippines-Los Bafos Liaison Office) 
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CIP Networks 
CIP's Networks and Their Partner Countries 

PRACIPA 	 PRAPACE 

Programa Andino Programme 
Cooperativo de Regional 
Investigacion en de lAmdlioration de 
Papa la Culture de la 

Pomme de Terre et 
Bolivia, de la Patate Douce 
Colombia, en Afrique Centrale 
Ecuador, et de IEst 
Peru, 
Venezuela 	 Burundi, 

Eritrea, 
Ethiopia, 
Kenya, 
Rwanda, 
Uganda, 
Zaire 

PRECODEPA 

Programa Regional 
Cooperativo de Papa 

Costa Rica, 

Cuba,
 
Dominican Republic, 

El Salvador, 

Guatemala, 

Haiti, 

Honduras, 

Mexico,
 
Nicaragua, 

Panama 


PROCIPA 	 SAPPRAD 

Programa Southeast Asian 
Cooperativo de Program for Potato 
Investigaciones en Research and 
Papa 	 Development 

Argentina, 	 Indonesia, 
Brazil, 	 Malaysia, 
Chile, 	 Papua New Guinea, 
Paraguay, 	 Sri Lanka, 
Uruguay 	 Thailand 

UPWARD 
Users' Perspective 
with Agricultural 
Research and 
Development 

China, 
Indonesia, 
Nepal, 
Philippines, 
Sri Lanka, 
Vietnam 

CIP Regions and Networks 

PRECODEPA 
UPWARD , 	 SAPPRAD 

PRARAC/PA 

PROC/PA 

CIP Regions and Networks 
* Regional Office e Country Liaison Office
 

E Latin America F1 Sub-Saharan F] Middle East i South and East and Southeast Asia

and the Caribbean LJ Africa and North Africa West Asia E and the Pacitic 
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