
11 '.l 

POTATO AND S\VEET POT,ATO RESEARCH: 
A ,voRLD,VlDE l\1ANDATE FOR THE INTERNA­
TIONAL POTATO CENl'ER 

David ~L lvlidmore'' 

ABSTRACT 
The International Potato Center (CIP) was established in 1971 to address con­

straints on the production and use of the potato, and more recently of the sweet 
potato, in developing countries. A flexible thrust research approach based on farmer 
needs and demand, was developed al CIP to bring together scientists from separate 
disciplines to focus on common problem areas. The same approach is used to transfer 
the resn!iing technologies to national agricultural research agencies Examples from 
t\YO thrusts arc discussed. which deal ,vlth the development of production lechnology 
for potato and sweet potato crops in warm climates, and with seed technology. 

CIP distributes heat-tolerant potato populations, originating from parents with 
high degrees of general combining ability. for selection of adapted clones in recipient 
coumries. Xew sources of heat tolerance are being sought among potato cuHivars, 
breeding lines. and species. Control of bacterial wilt, a disease that can seriously limit 
potato production in warm climates. is a priority research activity a! CIP and 
methods to control it range from agronomic practices (e.g. crop rotation) to genetic 
engineering (c. g. insertion of genes coding for antibacterial proteins). Post-harvest 
concerns are also addressed, for example, processing quality, markcling, and 
demand, all of which are of particular importance for svveet potato. The need for 
inexpensive high-quality planting materials for the potato crop has been highlighted, 
as well as the use of true potato seed and rooted stem cuttings as alternatives to 
traditional seed tubers. To ensure that C:IP's research is farmer-orientated, some of 
C'IP's social scientis(s are based throughout CIP's eight regional programs in the 
deYclopiPg world. 

The background 
Hoth the potato and the s,veet potato contribute enormously to the nutrition of Third 

\V orld population's living in the tropics. Indeed it is seldom recognized that potato 
production in lovvland tropical zones accounts for more than half the potato production 
in developing countries (Mid more and Rhoades, 1987), the total (87 million tons) of 
which represents nearly :309& of annual potato production worldwide (299 million tons). 
Sweet potato is also a crop of the tropical 'fhird World, where alost 100% of the world 
harvest is produced. 

The International Potato Center (Cll') is a client-orientated agricultural research and 
development institute. Established in 1971 to address constraints on the production and 
use of potato in developing countries, since 1986 its mandate was extended to include the 
sweet potato. Scrutiny of production figures in developing countries shmvs a 140% 
increase in potato production since 1961 (Anderson and Horton, 1989), and a more modest 
increase of 20% for svveet potato (Horton, 1988). Reasons for this marked difference in 
expansion of production rnerit attention, especially if research formulated to increase food 
production is to hear fruit. One major reason put for,Yard to explain this difference is the 
lack of research and dissemination of information appropriate to the resource-poor svveet 

* lntcrnational Potato Center, Apartado 5969, Lima, Peru. 



71•) 
,. Id 

potato farmer in the developing world. It is generally the fanneI who is faced vvith the 
difficulty of expanding sweet potato production in marginal lands. 

CIP is conducting a formal survey of national researchers to ascertain their views on 
the principal constraints on potato and sweet potato production and use. Preliminary 
results (Fig. 1) highlight the importance of marketing for both crops. Lack of demand, 
and storage problems are crucial for sweet potato, and the lack of quality planting 
materials in particular for potato. The marked difference between the two crops in the 
constraining role of varieties might reflect the greater breeding effort devoted in the past 
to the potato crop (including the 18 years of CIP's efforts), which has resulted in a gTeater 
abundance of suitable genotypes. It might also reflect the fact that potato crop manage 
ment (e. g. prophylactic treatments, priority assignment of resources to the remunerative 
potato crop) is more highly developed, and to a certain extent obviates the need for pest, 
disease, or stress-tolerant genotypes. Whether these or other reasons are responsible for 
the lesser importance placed on varieties in potato, problems related to planting material 
(quality, timing, availability, cost, etc.) have yet to be solved through the breeding of 
varieties with widely suitable attributes. 

Comparison of the results of the constraint survey with the numbers of publications 
within CIP's information data base (Fig. 1) on the same topics, shows that for both 
potato and sweet potato the high priority given to storage, marketing, and demand is not 
reflected by the number of published reports on these subjects. Conversely, the number 
of reports on bacteria and fungi outweighs their estimated importance as constraints on 
production. 

Efforts are currently underway to gather detailed information on constraints in 
specific agro-ecological zones, to complement the initial survey of national researchers. 
This type of information has been requested by national scientists who have attended 
workshops and planning conferences aimed at setting; priorities for collaborative research 
programs in sweet potato. For the potato, the development in union with CIP of unique 
collaborative research networks (Table 1 and Fig. 2) has already permitted neighbour 
countries in geographical areas to identify and solve production and utilization problems 
common to each. 

The commitment to increase production and use 
The commitment of CIP to increase the production and use of potato and sweet 

potato in developing countries is reflected by the sponsorship of a wide range of research, 
development, and information activities. To address its priority issues, which are subject 
to change, CIP has structured its research on a flexible thrust approach. Scientists from 
various disciplinary backgrounds interact to bring together expertise to focus on a 
common objective within a research thrust. External consultancy and research contracts, 
as well as collaborative research in developed and developing countries supplement 
research efforts in CIP's priority thrusts, and through the well-established regional 
research program (Fig. 2) practical applications quickly reach the farmer. Two examples 
of research thrusts would be the thrust on warm climate potato and sweet potato 
production (staffed by breeders, agronomists, pathologists, and social scientists) and the 
one on seed technology (staffed by geneticists, seed physiologists, economists, and social 
scientists). A complete listing of all thrusts is presented in Table 2. 

The above-mentioned two research areas will serve as examples for a fuller descrip­
tion of the philosophy, research achievements, and prospects of CIP's efforts. This section 
will be followed by a brief summary of innovative research and approaches relating to 
these and other priority areas of (]P's research. 
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INTERNATIONAL POTATO CENTER (CIP) 

REGIONS AND COUNTRY NETWORKS 

Regional ( *) and Subregional (•) Headquarters 

a Manila 
fyjI.,fhil ippines 

~ rt/I."', SAPPRAD 

~-!: ......... ✓: ··tj 

Fig. 1 Constraints on potato and sweet potato production and use as 
identified in initial survey of national researchers representing 
121 regions in 38 countries for potato and 34 regions in 12 coun­
tries for sweet potato 
Horizontal bars represent mean scores for components of each main cate­
gory, and horizontal lines represent maximum scores for components if 
markedly greater than main category score. Scale O = not present, 1 = little 
practical importance, 2=somewhat important, 3=very important. Also 
presented are percentages of total publications in CIP's information data 
base for each category (Source : International Potato Center, 1989). 
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Table 1 
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Pro}{t·an1a 
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de Pc-tp;:-;, 

Cos;ta Rica 
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Fig. 2 Distribution of CIP's regional programs and potato 
research networks 

Table 2 Research thrusts at the International Potato Center 
Thrust 

I 
II 
III 
IV 
V 
\'1 
VII 
\lll 
IX 
X 

Title 
Collection, maintenance, and utilization of unexploited genetic resources 
Production and distribution of advanced breeding material 
Control of bacterial and fungal diseases 
Control of virus and virus-like diseases 
Integrated pest management 
Warm climate potato and sweet potato production 
Cool climate potato and sweet potato production 
Post-harvest technology 
Seed technology 
Potato and sweet potato in food systems 
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\Varrn climate potato and sweet potato production 
l Potato 

The demand for potato in urban areas in the warm and hot tropics has been inter· 
preted as being analogous to an increase in living standards in those areas (Woolfe, 1987). 
The demand has more recently been enhanced by the proliferation of fast- and snack-food 
outlets. The main constraint on potato consumption in these areas is apparently its high 
unit cost, which invariably includes the high value-added cost associated with transport­
ing potatoes from the cooler production areas. Research from the 1940s onward, inten­
sified by CIP in this decade (see Midmore, 1989 for a review), has demonstrated the 
feasibility of potato production, particularly during the fayourable tropical winter season. 
Germ plasm collected at intermediate tropical altitudes (e. g. Solanum phureja, S. 
cluzcoense) has been crossed with S. tuberosum and Keo-tuberosum accessions, and 
resulted through the population breeding approach in the development of parent clones 
with a high general combining ability (Mendoza, 198:3). These are known to impart 
attributes of tolerance to their progeny and to increase the gene frequency of desirable 
traits in new populations. The wide adaptation of this material has been facilitated by the 
use of three distinct warm/hot CIP experimental stations in Peru for screening purposes. 
It has been CIP's philosophy to distribute segregating populations as botanical seed, or as 
tuber families, for the further selection of, and crossing with, clones adapted to specific 
local conditions. For example, a total of :3,822 new introductions from 59 tuber families 
were evaluated by the Bangladesh Potato Programme during the growing season of 1978-
88, together with 602 second-generation and 91 third-generation clones from the previous 
year's introductions. A number of sixth-generation clones introduced frorn CIP await 
rnrietal status in Bangladesh (Table 3). 

Tolerance to heat in the potato crop takes a number of forms, the most important 
being the plant's ability to tuberize. However, the plant's ability to intercept solar 
radiation and assimilate CO2 is also of great importance, and screening of breeding lines 
and 8olrmum spp. for desirable attributes of these characters is in progress (International 
Potato Center, 1989). 

Cultivation techniques for the potato crop in warm climates have been deYeloped 
with two major considerations in mind : to modify the edaphic envirornm,nt to suit the 
temperate crop, and to rninimize crop loss due to bacterial wilt (Pseudmnonas solanacear­
um). Quantification of potato 1-,rrowth and developmen1 following cost-effectiYe 
agronomic practices within CIP's stations in Peru permitted elaboration of crop produc­
tion principles adaptable for implementation in other lmvland potato production areas 
(e.g. in the Philippines; Batugal et al., 1985). Practices effecting a quick crop cover over 
the soil (e. g. close spacing) or reducing soil heating (e.g. mulching, relay cropping) were 
particularly effective for low land potato production (Midmore, 1989). The simple rota­
tion of the potato with non-solanaccous crops, particularly paddy rice or sugar cane, or 
intercropping with maize, beans, or cowpea, reduces incidence and spread of bacterial 
wilt. At the other end of the technical scale, genetic engineering for bacterial disease 
resistance using Agrubacterium vectors is also underway. Insertion of antibacterial 
proteins such as cecropin A, for which the cDNA sequence has been determined, has 
great promise especially since various bactericidal compounds may be coded. These 
compounds should amplify the spectrum of resistance and perhaps impart resistance to 
both bacterial wilt and Erwinia, another bacterium of increasing importance in warm 
climate potato production (Schmiediche et al., 1988). 

Production issues in either traditional or non-traditional areas cannot be addressed in 
isolation from marketing and demand issues. Indeed, agricultural research should be 
demand-driven. :\farketing and demand relate to seasonal availability and price fluctua­
tion, ,vhich can be alleviated through policy decisions relating to production and storage, 
and to the quality and suitability of potato for consumption in yaried forms. Breeding for 
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Table 3 Pedigree and major characteristics of potato clones awaiting 
release in Bangladesh (unpublished data of Dr. L. Sikka) 

Cultivar No. 

CIP 720088 
(B Cl 240.2) 

CH' :r,9667 .501 

UP 379668.2:30 

CIP :379G59.657 

CIP :{7967:3.150 

CIP :179687.93 

ClP :l79G!l7.153 

A nmc 12s2-rn 

K. Lalima 

CIP 800224 

Pedigree 

(MPI 61:375.2:l X 
B-2565) 

i (BWttG5 X 
Katahdin) X 
Maria Tropical I 

LCBRG:l.65 X 
Atlantic) X 
CG>l-69.lJ 

Atzimba X 
Maria Tropical 

I (BR63.74 X 
Anita!) X 
:\faria Tropical I 

I (BR-63.65 X 
Katahdin) X 
CGN 69.1 l 

(BR 93.65 X 
Atlantic) X 
CGN 69.l 

K. Reel X A & 14 
(Wisconsin X :m 

1\tzimba X A T 

Characteristics 

l\Iain season variety (90 days) ; moderate yield ; 
field-resistant to late blight bacterial wilt and leaf­
roll ; low degeneration rate. heat·tolerant, excel­
lent storability in farmer's store white round 
tubers. 

Early (70-90 days) ; fast growing ; consistently 
high yield ; low degeneration rate ; white oval 
tubers. 

l\Iedium maturity (80-100 days) ; quick growing; 
field resistant to insect-transmitted viruses ; red 
round tubers. 

Very early (60-80 day,;) ; excellent yield ; very low 
degeneration rate ; white oval tubers. 

Early (70-80 days) ; high yield ; very low degener­
ation rate ; white oval tubers. 

Early maturity (80-90 days) ; vigorous growth ; 
high yield ; having in its pedigree field resistance 
to late blight and bacterial ,vilt; lmv rate of degen­
eration and attractive ,vhite, round oval tubers. 

Medium early (85-90 days) ; consistent high yiel­
der ; attractive white round tubers with shallow 
eyes, low rate of degeneration, good storability. 

Medium early (80 days) ; good yield ability ; lmv 
rate of degeneration ; heat-tolerant ; white oval 
tubers ; setting berries under tropical conditions. 

Main season variety (90-100 days) high yield ; 
excellent storability in farmer's stores ; red round 
tubers with shallow to medium eyes. 

Main season variety (90-100 days) ; high yield ; 
low rate of degeneration ; field-resistant to late 
blight, and bacterial wilt; white round oval tubers 
of medium size. Occasionally set berries. 

processing quality is a recent innovation at CIP, and substantial progress has been made 
in screening heat-tolerant germplasm and in the study of quantitative variation for 
processing characteristics. Narrow sense heritability estimates indicate medium to high 
additive genetic variability for tuber yield, specific gravity, and reducing sugars, the latter 
measured 10 and 60 days after harvest (International Potato Center, 1989). Two CIP 
clones, LT-7 and TS-2, were outstanding progenitors for these characteristics. vVithin 
CIP's collection of pathogen-tested clones, a number have desirable frying (MEX-32) and 
chipping (CFC-69.1) qualities. 

Two important roles that CIP's Social Science Department plays are providing 
support for marketing studies conducted by national agricultural research organizations, 
and strengthening the capacity for local expertise in marketing and demand studies by 
national scientists. In one such study in Bangladesh, a country ,vith a high average 
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::·.i:nperature d.nd a ~.;i:1gle f)UU:1.to season per year, potato production \Vas shov,:rt to be· 
fo;_· 1nns1 far1T1<:xs de,~iJDiLe nlarket and price declines, 1"ht' ~:,an1e study 

'~'l":O\\~ed that {rr1.ditiunal potato stor;J~;e n1orr- JTrofita"L.:1e than c"1ld storage in certain 
r;;jrts of 'ihc :..:otu1tty and ctrn.firrncrl tl'ie cnrrect focus df resParch efforts to develop 
lo\'\'···(-Ust YC' <ilatc,:J ccn1~.;_.._rn.H?l' ::;to.rage :_:.-tructurt":·.;. prL•tc1typc[} •Yhich a1rcac.ly have 
,,._,d stun:1.?J~ of up to :i:sn day:,~ {Sik-ka, per~1iYr~al crir:trnunic.:-ttion). ~"'~(~reening; for ;;er1oty_p;,:, 
,vl'i.h long , :::-nid for t}11:1 ability to .d:::slst lo~::: o! 1natter and Hh)lsturt~ under 

}"dch und,'.~·:t\\.·a:r, \\=ill rnake io\\"··Z-Ost consun1er ;:-_,:.nragc t·V(?n n}crf: 
ractire to ~~ina.11 fr;xrners, -;:-t'ho a"l"t£\r:cly r.._-·cei,·e Ices for their pfoduct i_n :narLc-' 

tha.n Jarge J.!,TO\\'CTS al the -far-ni-~ratP (Interncd..i,,nal :Potatu (~enter} 1989)< 
··rhi~ brief st~rnrnr\r:.-~ iHustratc:~ hoYv CTP i_,,,:. successfully enhanci~·1R the 

;_:;_ \.\·arrr; c.lirn;Jt?5 for th.e bt_:inefit cf hoth the farrner DJ1d consun1r,.r, 

Sv,. vet pot:·~to pr ::,.luctior;_ is a1_;·pi1rently ~t~ 0 d~"rnand-driven H a::, that. fur potato .. (~]obai 
prudt:.ctiog trend>...: ::-:.re \\'('itthted do,, .. 1r·/.-ard the dec1ine ln production. in C'.hina. ~.,1,_.·J1ich 

attri1yuted t(~ g;ovcrnrnent po lie:\ -:1nd LH.ck of ('.}Centi ;·es fc1r the hand Jing b> inarke1 
n.gt'.nl~ o-r perL~,hahlc roots (intf?rna.i.'ion.;Jl Fotatt1 Ce11ter) 1989), l\'iarketing aud dt:rnand 
appt.:<ar to ·be the :: '\YO rno~t inrportarn. constraints ~,:;;cct potato product.ion and use, 

l-fo\1.:c\\ er~ these t \\~fJ area::,; •:.ire ,dso the rnost poorly repre~~cnted by e:xrJc-rtise t-d' 
• ' a .', ' 

£1(.i\,Jf}:n(.ii SCjt1]jl_iSi>-=, 

1--\-,st-harvest trt·a1JT1t~nt of sv~:eet _potato root~. cunvr~rting thern into rnore desirable 
l)roducts~ is une line uf col1a borali\'-C research ~~:,;ousored by C1l_} to increase dernand for 
pn,v0 c;::;pd ,s\veet r,,qtato. !!.:rtinllarly 111 ~;outh,,;,~,l .\ .. i,L S,-..!·t'l potatt1 i,; a highly \"tT,.,,,tilr 
crop tl1at ·Is used 1.viclely as a ~;,taple food, a source. of starch or alcohoL a vf,g;etablt\ a 
cic~~c:rt fJr as anin1al fodder (C;regorr el al., 1989) and potentiaH;/ for erosion contro.L 
\\'u·ld sta;islics '1:'flect th< [)rnduction thai 1n:c:se::-c tllrnugh market channel:,; in th~· funn 
of storage roots, but the statistics underr;:::;tirnatc the irnporiance uf alternative for111s of 
;.2:.:.e, inciudin;,: Uw u•;~ ,.i:; a subsisteilce crnj_,. The low input aad iwrdineSC> of the S\\ cet 
potalo crnv favo,tr production in subsistence agri~ultural syHems. therefore much uf 
{ 'l P's focus on s,veei pota1 o res0an:h is 10 en 11cn1cc 1 hese characteristics, particularly 
ihrouµ;h :zermplac;m enhanccmen1 and manipulation of a!,!ronomic practice:,, such a:,, 
intenropp111g. 

Acti,e collection of sweet prnato gnrnpla,m, from Latin American com1[1 ies, ilw 
~enter of di,rcsity for :,;weet polato, has taken place, and all new accessions Dre beillg kept 
under quarantine condition::; at CIP's headquarters. During 1987 a total of 579 cultirnted 
: 1rcessio11s \\TH' collected, together \\ith 8 wild /pomoea species from Lhe section Batatas, 
on,, I. tri/ida x J. triloba natural hybrid, two potentially new species. and 29 nther 
Jpnmoea species from other taxonomic sections. :\1uch effort is being placed on the 
dewlopnwnt of 1x interspecific hybrids betwern hexapioid cultivars and 2x I. !rifida. The 
latter is an important potential source for re::;istam:e to sweet. pntato weevil ( Cvlas 
fonuirnrius Fabr.) and drought. Crossing with interspecific hybrids v,;ill also raise the 
!c,·e! of hrterozygo::;it1 of the cultivakd sweet potato gennplasrn. However, cross­
incompatibility generally leads to Yery little seed set. Fruits produced throught inter­
specific crosses between I. tririda and cultivated Jpomoea werr harvested to study 
embryo rescue, and a number of fruits left to mature gave fertile seeds (International 
Potato Center, 1988a). Of thr 250 plants Lransplanted to the field, 182 were 4x as expected. 
and the rest ,verc 5x and 6x. Approximately 7% of Central and South American J. lrifida 
accessions produced 2n pollen without chromosome reduction, and these are being used 
to produce tetraploid progenies when crossed ,vith 4x I. trifida as a means of gene 
introgression from the 2x to the -1x Je,·el. 

To amid the centralization of germplasm collection and maintenance in Latin 
America. CIP has also sponson·d germplasm collecting activities in other areas of thr 



\Yorld. l{ecent-h-, ~n the J-lhilippincs. a secondary center of diven-dt\- for sYvee-t potato, 2GO 
chn1c--~; ,vere co11ccted in l.JJzon and an~' l-:H:fr1g tnaintained in the f-ield, ,vhi!e collection in 
cooperation \Yith tbt_~ Ir1iernationaI l)pvelop111ent J.{esearc.h Center (Canada) has ah~{i 
laken ;>he in the n'ntr;!l highland,,, nf the Philippines. ,\ co111p1-ehc•n,;i1,e propu,;a1 on 
;;,H't't put;;,,> co!leu,un for Indo11p;;1a, \\·ith emphasis on ilw compilation \lf fan,ir•; 
kno\\·ledge of ::.:,\vt:\_'t potato .._~Jones, has bt,c-n prepared \\'·t-~h the integral asslstance of CIP 
,,:c:it.-\ntists, 

, \lreadr ger1nplasn1 is ·being· screened fen~ yield ahllity under a range of ~..;trcssfu_l and 
non-strt .. s3fui enYirornnent.s (Intcrna_tiunal I)otato Center.198Ba). l\.1ajor en1phasis in Peru 
is being p1aced on (fH: short~season trait. 'T'he sanu~ polycross population based un in, .. 
vrn·•:,·d l'crm·i,rn cul\iqirs wa:, kstcd in four diffcn·nt t.'rffironrnents. Yields ,~xceedeci 10 
i /h,-,. 111 HO dare, a, three sites (Table !) , hut barely so .i.t the hotte,:t site in Y lirimaguas, 
\\ lwrc yield potential was apparently limikd by acid :,oil'.~ and high night temperatures. 
Rreedini1. efforts in Peru are separated into two programs. one focusin~: on adaptation lo 
;;alinil1 ,u,d drought, f(I,· which reasonable le,·els arr presenr in the i'enni;m germpla;;n,. 
and the nllwr for adapt;,lion to hot hmnid tropical zones --major a1-c~1s ol sweet p(;t;;t,, 
1,:m\,,ction-- for '-\·l1ich foreign ,~ermplasm has been identified (Asian \"eget,,ble Research 
·,nt: DeYelopinent Center, 198'7) and must be imported tu Peru. 

Field and i;1 Z'ilro selection for drought tolerance i,; also underway ili l'eru. 1nitial 
results { rom the field with increasing drought intensity as the season progressed, demon 
strnte 1 he ,,· icle Yariahilitr in water use efficicncr (e:~pressecl as kg of s1 oragc' rnoi per m · 
nf waler ,mppb) and storage root yit-ld (Ekanayitke et al .. 1989). The lack of interaction 
1wl ,\·cen clones and irrigation treatment for either trait SU}.;f{ests thal under the condition;; 
uf that experinwnt drought tolerance was simply related to inherent crop ,·igour and 
.1·ield, and not to specific drought tolerance characters. Certain clones, e. g. lngie:,; and 
:-.;cgriLo de Ihuance, haw ,.:onsistenily yielded well in rnrious drought studies within Peru. 
A simpl•~ root-pulling technique to quantitatively estimate tlw size and distribution of the 
ro(,t system was applied succes;;fully to the potato crop (Ekanayake and l\1id111ore. 1989) 
and i~; now under evaluation for s,Yect potato. In l'ilro screening for drought tolerance is 
unclerwa} and \\'ill soon be related to field re,,;ponse of tesi clones:. ConcurTcntly. sectors 
of the' Peruvian and Philippine gnmplasm collections an' being e,aiuated for ·,;hade 
tolerance t<, improve yield under intercrnr> situations, and additionally in Peru for toler­
ance iu acid soils. waterlogging, low soil fertility, and adaptability to relay-cropping. 
Although yield reduction due to shade was more than proporlional to reduction of 
irradiance (Table 5), as a result of later storage root formation, when internopped with 
S\\U'i corn at 8 : I and 1 : 1 ratios of sweet potato : sweet corn, sweet potato yields \\'ere 
only slightly less than sole sweet potato yields (Demagante and \' ander Zaag, unpub­
lished). 

Of all the constraints on sweet potato production, the damage caused b~- the sweet 
potato ,x.:et·Yil is rated as !he most limiting (Borton, unpuhlisbt·d). Screening ai CIP for 
resistance to the tropical sweet potato weevil (Euscepes postlatiatus) has been based 
upon the closed-container test through which antihiosis effects may be measured. Of the 
initial 15 resistant clones out of 700 accessions tested, all exhibited stem damage \\·hen 
subjected to field evaluation; howeYer, certain clones ,vere damaged to a significantly 
lesser degree than others. 
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Table 5 Influence of irradiance on yield (t/ha) of 
five sweet potato clones grown in the 
lowland Philippines 

Irradiance 

100% 
70'.h; 
30% 

Clone 

Miracle Sinukisuk 

30.4 28.9 
17 .5 5.7 
4.3 0.7 

VSP3 

Ji.5 
17.8 
fi.6 

VSP4 

:is.s 
21. 1 
7.4 

~-----~--------

LSD (0.05) lrradiance 3.2 ; Clone 4.0 ; Interaction ns 

VSfii 

:12.2 
19.7 

L5 

December 1988-March 1989 (unpublished data of A. Demagante 
and P. Vander Zaag) 
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Following markehng, planting materials was the second most important disciplinary 
constraint on potato production (Fig. 1). High cost, due in part to storage requirements 
for seed potatoes dictated often by the annual cropping season, 'vvas considered as the 
single most important constraint for plantin14 materials. In contrast, for sweet potato. 
planting materials was rated as a constraint of relatively less importance, pf'rhaps due 
partly to the greater temporal distribution of sweet potato in a climate characterized by 
year-round production, which facilitates the provision of planting materials. 

Res1carch at CIP has concentrated on the development of practices that permit a 
reduction in potato seed costs (e. g-. the use of low-input diffused-light storage technology 
for seed tuber storage), and on the incorporation of virus resistance, important for the 
vegetative method of propagation and important to break the dependency on importt·d 
sources of clean seed. In addition, CIP has also been actively invoked in researching 
alternatives to the use of seed tubers as planting materials and techniques that permit 
maximum returns from limited supplies of quality seed tubers. 

The major alternative to seed tuber use is true potato seed (TPS), the sexual 
propagule of the potato plant. The true sexual alternative to seed tubern, L c. the 
production of consumer potatoes from direct-seeded or transplanted seedlings, is hamper­
ed hovven·r by the proliferance of small-sized tubers (Vander Zaag et al., 1989). Neyerthe­
less, if the harvested tubers are to be used as seed, this step from seedlings to first 
generation (or "seedling'') tubers is turned into an efficient and favourable multiplication 
step. lf tuber size is not a discriminatory factor reducing the acceptance of TPS-produced 
consumption potatoes, then the success of the true sexual aliernatiw will depend largely 
on the TPS quality. TPS production techniques differ from those for seed tubers ; high 
nitrogen doses (Pallais et al .. 1987) and long yet decreasing daylength favour profuse 
flowering, pollen production, and seed set (Palla is. personal communication). Correct 
storage procedure;; (dryiny; at 20 to 25 C and lmv humidity for 2 days, followed by 6 
months al 20 C and G% moisture) and seed priming dictate that vigorous plants. more 
likely to withstand transplant shock, will be produced quickly under nursery conditions. 
Hybrid progenies are not invariably superior to open-pollinated (OP) seed lots, especially 
if only Yigorous seedlings arc selected and transplanted io the field (Golmirzaic and 
i\Iendoza, 1986). In Chile, hand emasculation to aYoid self-pollination contributes 30% to 
60'1(i to the cost of hybrid seed. Although self-pollination can be avoided through emascu­
lation, or remoYal of bumble bee-visited flowers, it is, nevertheless, desirable to introduce 
cytoplasmic male sterility through protoplast fusion and organelle transfer to female 
parent clone;;. which permits tetrad production and bumble bee attraction. This work is 
taki11g place through collaboration between CIP and the Weizmann Institute in Israel, 
and the first field evaluation of tnw hybrids has been reported ((~olmirzaie et al., 1989). 

The profuse ability of nodal segments from the potato stem to form roots and shoots 



has been tht: ,;ingle most imponant factur responsible for lhe in,plementation of · ap!d 
;wupagation :-yste,m, for the potato. :\lultiplication schemes that moid passing through 
tlw field stage represent a potential :,,hing in both unit price of se(sl tubers aml risk of 
infecli\ln. Roowd nodal segment.~. can also be treated as TPS ,;eedlings and tran::;vtrnred 
to tlw field to produC(' consumc·r potatoc,,. Stem cutting:•, frorn tuber-derh·ed mother 
plants (Benz et al.. 1987), from in ritro plants (Bryan, 1988}. or lrom TPS seedling~ 
1:\lidrnore. 1989), sprout cuttings (Van Ho et al., 1988). and nodal cuttings from in titn: 
planb (Bryan. 1988) h,1n:- all been used ,mccessfully as pianting materials to produce 
rnnsurner potatoes in the tropics. These systems reduce the reliance on traditional tuber 
seed-producing schemes, and can obviate i.he need to store large quantities of seed tubers 
for prolonged periods that require refrigerated storage. 

Since plantlets derived from nodal or apical sections of mother swms carry the 
stimulus to 1uberize experienced by the mother plant. inhibition of the stimuhrn Lhrough 
high rates of l\'2 application and imposit10n of daylength extension and low light intensity. 
and the choice of clones (generally late mws) that do not readiiy tuberize, arf' indispensi­
ble for success with stem cuttings under short-day tropical conditions (Escobar and 
Yander Zaag, 1988). The adoption of altematiYes to seed tubers will undoubtedly reflect 
site specific needs. ·which experience has shown to he related to climate. cropping 
periodicity, farmer aptitude, and other site-specific factors. 

Further innovative research and activities 
related to CIP priority research areas 

\Vith farmers as prime recipients of improved technologies, it is understandable that 
they should have a full say in the inception of a technology, as well as its design and 
development, CIP has consistently benefitted from the analyses of current food systems 
carried out by CIP's social scientists, who interacting with biological scientists, assist in 
the testing of new technologies under farmer conditions (International Potato Center, 
1988b). Variety development (especially with integrated virus resistance, and 
major-gene-free resistance to late blight (Phytophthora infestans)) and integrated pest 
control ( with natural control agents, e. g. granulosis virus and deterrent ,veed species for 
potato tuber moth (Phthorimaea operculella)) are typical examples. In cooperation with 
CIP's strong regional operation, mapping of potato production areas worldwide provides 
a framework through which boltlenecks and advances to potato, and for the future sweet 
potato, production can be evaluated and quantified. 
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Discussion 
Saxena, M. C. (ICARDA) : Could you indicate the gene vector used for transferring 

gene-coding for antibacterial protein ? Are the transgenic potatoes being used for 
commercial utilization with bacterial wilt resistance ? 

Answer : ·we are using Agrobacterium tumefasciens and A. rhizogenes as the g-ene 
vectors. The potatoes are still under test and the data presented are only preliminary. 



We have yet to test that they are indeed transformed plants. It is hoped that thi;; 
material which codes for antibacterial protein will be useful for the prevention of 
bacterial wilt (Pseudomonas solanaceamm) and infection v.;ith Erzl'inia. 

J\'kansah, G. 0. (Ghana) : How could you integrate the use of sweet potato inio the life 
style of the populations ? 

Answer : -we expect that two developments \Vil! improve ihe acceptahility of sweet 
potato, firstly by developing non-sweet types that can be used as stapie crop, and 
secondly developing nc\v processing practices, at various levels of expertise, for new 
s,Yeet potato products acceptable as fast-food and snack-food. 
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