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In the quest for food and the struggle for human survival, the sweet
 
potato has historically played an important role. It has been accepted as
 a staple crop in several countries, such as Papua New Guinea and certain 
parts of the Philippines. 
 Years ago sweet potato was recognized as a staple
 
crop in Taiwan.
 

Daily consumption of the starchy staple type of sweet potato provides

sufficient vitamin A to prevcnt the debilitating diseases caused by defi
ciency of this vitamin. An intake of only about 13 gm/day of the dessert
types, which are higher still in vitamin A, is sufficient to meet the human 
body's requirements.
 

Orange-fleshed varieties 
are utilized for desserts either baked, boiled
 
or canned, and have found a place in the commercial canning industry. 

Not only the roots are rich in nutrients. The tender shoots of thesweet potato serve as an important source of vegetable fiber and food inPapua New Guinea and the Philippines. Studies in Taiwan have shown that 
tops contain total nutrients equivalent to beef or pork. 

the 

Sweet potato is also widely used as an animal feed. In the most primi
tive situations, roots are cooked by the farmer bcfore beinq fed to animals.Where more sophisticated technology is available, roots are processed intod ips which are more nutritious than corn in hog rations and more nutritious 
than soybeans in beef rations. 

Sweet potato is one of the world's highest yielding crops with total
food production per unit area exceeding that of rice and with higher food
value. Noreover, it requires only low inputs. Tolerance 
 for limited water
and little fertilizer permits production in semi-arid conditions. Acceptable yields of sweet potato are frequently produced with residual fertilizer 
remaining from a previous rice crop. Because of its high level of nutrition,
high productivity and low input requirement, it is a useful component ofhome or kitchen gardens. In the sub-tropics and tropics, sweet potato is a crop that can be grown the year round, an important factor for struggling
families with little real income. It is very adaptable to systems of relaycropping, intercropping and rotations of various crops. It will flourish in

the shade of tree crops.
 

Looking to the future, there is potential for developing a sweet potato
with useful levels of protein. Lines of sweet potatoes currently can con
tain as little as 0.5' and as much as 231,,. protein on a dry-weight basis. 

Home or cottage industries can easily be adapted to potato.sweet 
Candies, cookies 
or rolls can be prepared in one-man operations and sold on
 
a street corner as a source of ready income. The next logical step is the
distribution of home or cottage industry products for sale in other areas. 
This has already been done in Taiwan. 
 The sweet potato is adaptable to
 
more sophisticated technology in which products are canned -for desserts, 
or
processed into starch or distilled into butinol or ethanol, with the wasteproducts providing a source of protein for animal feed. Other products, 
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such as carotene, pectin, and a kind of tempeh which can be produced from 
sweet potato are of commercial interest in certain areas of the world. 

Research in genetics and plant breeding is being conducted in several 
parts of the world: in the USA at several locations, at AVROC in Tai,'an, in 
north, west and south Africa. Every effort should be made for germplasm to 
be available at a central location so that national breeding projects need 
not worry about the problems of collection. Expeditions should be made to 
the hoie of the sweet potato in South and Central America to augment the 
limited variability of the world's germplasm. 

One of the problems in exchanging germplasm, particularly since the 
sweet potato is propagated Fsexually, is the potential for exporting disease. 
Sweet potato pests are not ubiquitous and particular care should be taken to 
distribute pest-free germplasm. There should be much wider use of tissue 
culture and meristem culture as a means of developing and expo-ting propa
gules with a minimum risk of introducing disease. 

Plant breeding is bedeviled with the problems of sterility and incompa
tibility. Fortunately, some plant breeders have made excellent progress in
 
unraveling some of these mechanisms. Breeding for high protein varieties
 
would seem to be a useful project considering the quite high levels of pro
tein available in certain lines. Further breeding to improve staple types
 
and dessert types as well as types for animal feed could make a significant
 
contribution in certain areas of the world.
 

An important problem often ignored is the rapidity with which a variety 
loses its desirable characteristics. It has been considered an advantage 
that propagules can be collected from a crop and replanted, saving the 
expense of purchasing high quality seed stock. This can be a serious dis
advantage through which inferior, sub-standard low-yield sweet potato 
entities are propagated. There is a great need for institutions to take on
 
the responsibility of providing high quality propagules and either certified
 
or registered seed to growers in order to maintain high quality gen..plasm 
and high levels of production.
 

Breeding for disease and insect resistance is particularly important in 
developing countries where the cost of pesticides is often prohibitive. 
Experiments on weevil resistance started over 40 years ago, but the lack of 
consistently weevil-resistant germplasm has complicated the research and 
resulted in slow progress. Nevertheless, there appear to be varieties with 
significantly higher resistance than others and because of the severity of
 
the problem, breedinq programs for improved weevil resistance should con
tinue. The instability and variability of resistance in various plant parts
 
are presumably affected by the rigors of environment. These vagaries neces
sitate highly sophisticated methods for determining the level of resistance 
and its reliability. The development of methods for improved reliability 
would be an important contribution. 

The development of a bush-type sweet potato would seem to have some 
merit: in some trials staking the vines doubled yields. In other trials, 
there is evidence that pod-borer is less prevalent on erect than on prone 
vegetative growth. 

After a long history of vegetative reproduction of the white potato, 
research has shown that production from seed shows considerable promise. 
Has this approach been seriously investigated for sweet potato? 



Plant physiologists appear to be making good progress in unraveling
 

mechanisms which control storage of photosynthate in the root, and factors
 

which trigger these processes. Similarily, research has been done on those
 

physiological processes which are altered by plant virus diseases and their
 

vectors. In future, the fruits of this research should permit manipulation
 

of environmental factors for improved production efficiency and higher
 
yields.
 

The use of rice straw residue as a source of nutrients has stimulated 

significant increases in yields of sweet potato. Improved utilization of 

crop residues and compost as sources of crop nutrients is very important. 

The high cost of fertilizer already prevents its use in some developing 
countries and escalating energy prices will result in even higher costs in 

the future. 

These are mainly important in that they prevent optimum production of 
vegetables in general and sweet potatoes in particular. Problems of market
ing are generally individual to a situation. The inhibiting factor may be 
high production costs, high transport costs, inadequate transportation or
 

communication, inadequate packing or an under-developed marketing structure. 
Economic incentives to the producer are very important in the development 
of a crop. 

Other f-ictors may prevent the sweet potato from being accepted as an 
important food. These may be lack of expertise in preparation and cooking, 
or eating habits which do not include sweet potdto. Such problems, be they 
technical, economic, social or historical, must be attacked on a case-by-
Case basis. Social scientisLs can make an important contribution in this 
field by encnmurag ino consumption of vegetables in general and sweet potato 
Illparticular. 

Considerable technological effort has been put into storing and con

ervin~p the sweet potato and its products. It is important that the 
apptopriate technology be identified and promoted in specific Simpleareas. 
solar dryers, for example, could be used in dry seasons in some developing 
cCunl tries. bulk storage experiments have succeeded in preserving sweet 
pocatoes for five to six months even in sub-tropical environments. 

A great deal of te chnology exists for production and processing and the 
development of o)ew Irodicts from the s.,eet potato. But in developing coun

tries there is a lack of trained and dedicated people active in extension 
programs to h1el) transfer this technolor]y. Too often, the basic structure 

for an extention organization is lacking. Or if not, research and extension 

are often left uncoordinated. Pesearch is important, but without a means 
of transferingo information to people who need it in a way that is under
standable, the practical impact. of technology is lost. 

A great deal of technology is already available and practical at 
various levels of development. We need economists, anthropologists, socio
logists, nutritionists, teachers and extension people to collect anc dis
tribute tecbniques to appropriate areas. Questions about what to grow, how 
to prow it, huw to prepare and how to cook it, how to process and how to 
store and dry it, must be answered. 1 

Vegetables in general and sweet potato in particular should rarely be 
promoted independently from staple crops, but should complement staple crop 
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production. Crop rotations and integrated crop production havediscovered many been retimes during the history of man. In the western world,rotation was found to cropbe very important in Europe during the tenth century.It has been forgotten from time 
to time, was re-discovered in the US duringthe 1930s and neglected again until 

per 

the last decade. If agricultural outputunit area is even to come close to ,leeting the demands of the world'sincreasing population, still further emphasis will neea to be placed (n croprotations and integrated crop production.
 

There are many advantages of crop rotations, multiple cropping, intercropping and relay-cropping. 
 Here are some:
 

- maximized food production per unit 
area
 
- food of higher nutritional quality
 
- utilization of excess 
labor (purling people to work and allowing them 

to eat) 
- improved utilization of crop residues and compost a3 plant nutrients
 

(and thus economy of fertilizers)
 
- improvement of soil fertility and increased capacity for crop pro

duction 
- improved soil conservation, reduced water erosion and improved soil 
stability 

- Improved quality of human life. Too often, developing countries 
emphasize production of staple crops to fill bellies and ignore theneed for balanced diets, resulting in an aftermath of widespreadnutritional disease. 
Once a staple food is in good supply, there isusually a program several years later to introduce legumes and vegetables into the rotation. This 
is inefficient, often encounters
sistance, requires expensive re
re-edLcation and needs decades to accomplish. It can be avoided by introducing ai integrated cropping system
in the early stages.
 

There should be increased cooperation between national and international
research organizations on 
sweet potato in order to 
pool resources on
projects where techrloloqy can be 
common

benefitted, improved and transferred. 

I am con /inced that this International Symposium on Sweet Potato raisedthe level of the data base and the level of understanding of the sweetpotato and its value. 
 This will prepare the way for the 
next giant step in
the development of technology. 
 In the meantime, we needto disseminate to do our very bestthis valuable information for the benefit of the farmer andthe people he feeds. He urgently needs our help.
 

Dr G. W. Selleck
 
Director, AVRDC
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Sweet Potato in the Tropies - Pirogress mid ProI iems 

it. I,. VILLAItIAI. 

.\ian Ve,,elaleh lesearch and D l opmelnl llr, P.O). IBOX 12. Shi. m7 1 1. Tlaiwan.en te: iha. 'laid 

INTRODUCT I ON
 

After poverty itself, the Third World's most pressinq problem is food 
scarcity. The International Food Policy Research Institute (1977) predicted
 
a bleak future for the world food situation "... the food deficit in the 
developing market economies is projected to rise from 12 million metric tons 
in 1975 to 70-85 million by 1990 ... Asia accounts for 40 of the total pro
jected deficit, North Africa/Middle East about 25<, sub-Saharan Africa over
 
20' , and Latin America over 10<." Equally alarmina is the fate of some 15 
million of the world's children who die each year of malnutrition and re
lated diseases. [lost of this mortality is concentrated in 'he developing 
countries, which are home to about 75" of the world's population. Tronical
 
Asia alone has miore than half a billion people, without counting those in 
China and India. Throw in the Chinese and Indian populations (neither China 
nor India is entirely in the tropical zone) and the figure is about two 
billion people, one half of the world's population. Even where the "green
 
revolution" has made its mark, many children are malnourished. This is be
cause their diets are largely based on such commodities as cereal grains,
 
cassava, and bananas, all starchy and low in protein. A child's small
 
stomach cannot hold enough of such food to provide the protein the body 
needs, let alone the necessary vitamins and minerals. It is imperative that 
man and food should be brought into better equilibrium to avert the threat 
of starvation and malnutrition on a massive scale.
 

Food production specialists are generally agreed on four conventional
 
ways to increase food supply and meet the dietary requirements of the people
 
within any country:
 

1. Increase the amount of land under cultivation. 

2. Increase the output of food crops per unit of cultivated land and
 
decrease postharvest loss. 

3. Purchase food from outside the country and attract foreign aid. 

4. Make use of wild plants. 

In the next four days, we shall focus our attention on recommendation 
number 2 for sweet potato, which is considered to be the world's most under
rat d crop. I don't intend to labor the point that sweet potato has tre
men ous yield potential, high nutrient yields per hectare per day and can 
survive a wde range of adverse environments (Villareal 1977). Rather, I 
plan to analyze current sweet potato production statistics, examine reasons 
why it is underrated, review some highlights of work done so far and suggest 
what work remains to be done on this sadly undervalued crop. In other 
words, I shall attempt to set the stage for discussion so that the subsequent 
papers can be better appreciated and understood. 
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SWEET POTATO 

All ASIAN CROP 

Of all the world's root and tuber cropS, sweet potato < second only towite potato in imiportance. It occupied about 13.6 million hectares in 1979compared to white potato's 18.3 million hectares. Cassava ranked third. InAsia, however, sweet pot:ato is the most imI)nrtant root crop. It was grownon about 12.3 million hectare , relresentiunq 92 of the world's sweet potatoarea, and Asia also 
, 

accounted for 2 of total production, amo-nting to 105mill ion metric ton Ta1)I( I). For that r(1son the averagle pro uction per 

Table 1. Areas of production, perceu taoe tote lof world production and 
average yields of the it st important roots a1 tubers in Asia
 
1979
 

Roots tubers Area------ ------ Production 
 Yield 
.......... . -- 00(0 ha) 
 (1000 M..T) -. (kg/ha) 
Sweet potato 12,330 (92) 
 104,617 (92) 8485
 
White potato 326, (18) 36,928 (13') 11,300
 

Cassava 
 3737 (22-) 41,036 (35) 10,980
 

Source: rAO Production Yearbook 190
,. 

hectare (AV5 klha) inlAsia is about the same as the world's average (8355kg/ha). Of the throe (,ruw, , sweet potato is the least prondctive on a perhectaro !)a is;. It ,01(l d! he einntiolled, howe(V,' that lost if allnot ofthe whito i 'oLet ot.lS ,0' (trIt'n ill IlOre favorai li tvironllents in the highlatswhereI s.eUt iot'Lo;es ar genira l/ urown in the hot lowland tropics.Cas'>avat i hri'ves.ted ovfr ablout a 12-month period while sweet potato is
harves t(d in lesS thor, llf that time. 

,Sweet Ioteleo i 1,:l, ically an Asian crop: let us examine then some data
on the IruIe'l, f i,'rtsii its iroductivity in the relion. 
 The progressachieved in incr,, ,-ic (, i dodct ivity in Asia is very dramatic - 1.5 to4.2 increase r .,r, "Tl 2. n Lht case of sweet potato, productivity 

Table 2. Yieild iItl,I':,-5 1)1 ,'ioe Sweet potato over i 16-year period in 
5ml ectLd CJiilltrio, in /si a 

-1-9 63. . .. 1-9-79------- t a yse .. . .. . 

.. . . . .. . . . Potato Rice.. . . Swtt Rice------------- -------- Sweet 

China 2.8, ,':. 5 3.7 81.5 3? 1 
India 
 j.4 7.3 1.81- 6.9 29 -6
 
Indonesia 
 1.( 6.3 3.0 7.6 67 21 
Japan 5.0 21.2 6.2 20.0 24 -6 
Philippines 1.3 5.0 2.0 4.6 54 -8 

Avg 2.5 
 9.7 3.3 9.5 32 
 -2
 

Source: FAO Production Yearbook 1964 and 1980
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in most Asian countries except China and Indonesia registered a decreas>e in
 
yield. China had a neqliqible 1 increase over 16 years whereas Indonesia
 
increased its national overane hy 21 over the same period. Amonq lsian
 
countries, only japan has arl averaqe yield of abhove ?G t/ha. rhe lower
 
productivity of sweet potato compa red t rice is uI&"Wr,La nkdhle nince most
 
of these countries need staple food to Lthe delrl,u1'l5 of thei3r rapidly
 
increasinj poiulations. Therefore, niti onh1 LJ]lir'Id, 0:,,te their limited
 
resoorces to research and e/tension activiti(, of priorit! crops lik rice.
 
Sweet potato has ll,tep arilv ittai ,,-! th, st1tus Jif i ,tao,1l food il lian'y
 
Ioor co itntries liforturt.tely oul/ in tiei! (-;f war, Ct a'i ty,, and fa,-in. To
 
l/ knowlcdqe it i, oni'y il P,iot ew (ti ba, on Orchid Tslatnd off Taiwan
 

and in certaiin loca,,tions ill th t'hiliipine , where s,,(,et !potato is accorded
 
the - Lttus of , stap](, fond
 

The hiqh yield potential of sweetpota tot has been illtentioled as all
 
iiportalit reasol lhy this crop deserves attelntion . Nevertetiless, there is
 
a hiQ nap hetween t''erilytrental yields and farmiers' yields of sweet potato,
 

,whether it i orowri in tropical or temperate environtmrenits (Tahle 3). 

Table 3. 	 Sweet potato yields ohtaiied in eseriiental s;tations
 
corpared wi th tire national averaqe
 

Potential Farilhir' sYieod Possi le 

Country 	 yield: yield. gap iiprovemeint 

.......................- {ij~r .................. 7 ...
 

Ind i a 	 37 7 30 423 

Phil ipi ines 35 5 30 600 

iigeria 	 32 13 19 146 
Teriirpe ra<te 

Japdli 	 35 20 15 75 

Ko rea 	 43 20 23 115 

USA 	 45 13 32 246 

'Based on 	 yields obtained from experitirental stations (Anonymous 

1980; Collins and Pope 1979; Fugise 1970; IITA 1979; Karialan 
:/ 1.979 and Park ' 1)71) 

1979 natiral1 averan ('owce: FA"'r"[' iLn earhook 195)) 

Realization of exieririent,i yitldd moan ai -iuiln-n{v nL of between 75' , 

and 600 . I shial not try to ideriLify th taen"ou for this yield qap in 
affluent couin'ies such as ,arar a! the '. in por crtrm however, 
this (jap is typical not tiltIy for sweet iota tul also for other" crps, 
inrluding cereals. (ini'rez (1 ,M) and Garcia arid (oiiz (]198{) in the Philip
pines claiired that tis couIld Ie due tI QiopysicaI lid socio-econoliic 

tprobleirs. I thiiik the swee -. lottto situation fits into t0-is m(odel. The 
specific contistrainits onl this crop are presented ii Fiqurn 1. Sn what pro
gress has been iade to solve -nr minimize these iprobl=:i? 
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SWEET POTATO
 

.:<!illBIOPHYSICAL 
 PROBLEMS
 
::: // 

:.:{i / Variety
 
i~:/ I Pests wa
 

Management practices needed 
Cropping ;ystems inputs areill Problem soils 

. .Ot hers missing 

gap 

SOCIO-ECONONIC
 
PROBLEMS 

N\ Ignorance
\XLack of cred:it Why 

Input availability those 
Economic behavior inputs are 
Market 
 not used
 
Superstition
 
Tradition
 
Others 

Maximum Actua 1
 
potential farmer's
 
yield in yield
 
farmer 's
 

envi ronment 

Figure 1. Both yield potential and actual farmers' yields are
duc to both bioptvsical and socio-ecolomic problems (Garcia
and Gomez 1980; Gcrmez 1980) 

'ROGRESS SO FAR 

Even before the establishment of the International Institute of Tro
pical Agriculture (ITTA) 
and the Asian Vegetable Research and Developnment

Center (AVRDC), both basic and applied research on sweet potatoes were beingconducted by scores of agricultural experiment stations and universities inaffluent nations, and by a few in the tropics. The creation of IJTA andAVRDC, however, strengthened research on this crop especially under tropical
conditions. These research institutions have significantly contributed to
 
sweet potato improvemer'.
 

.ophjysi caj..p rob Iems 

Biophysical barriers to sweet potato production can be overcome using
a number of approaches. The variety to be grown must be carefully chosen;protection against diseases, insect pests and weeds mfust be ensured; andappropriate management practices - land preparation, mulching, fertilizer
application and cropping systems 
- must be selected. I will draw attention to some developments in these areas, but I will leave more detailed 
discussion to other speakers.
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Choice of variety: - One significant breakthrough has been made which 
has resulted in the rapid progress of the sweet potato industry oilthe 
American continent. ethods and techniques have been developed to induce 
the sweet potato to flower and set send (Hiller 1937, 1939), This techno
logy has enabled sweet potato scientists around the world to study steri
lity and incompatibility, and the inheritance of various traits such as 
yield, flesh color, skin color, dry matter, and disease and insect resist
ance. A fuller understanding of the genetic mechanism of inheritance allows 
breeders to identify the appropriate hreeding technique for the transfer cf 
a useful trait to a commercially acceptable sweet potato line. American 
scientists should be proud of the numerous outstanding varieties they have 
released and grown commercially in the United States (Harmon , ,,;i1970). 
Most of these varieties are moist-fleshed and nutritionally high in beta
carotene, a precursor of vitamin A.
 

In Africa, I ITA's sweet potato breeding iro gram has been successful in 
producing improved sweet potato cultivars which are high yielding, resistant 
to weevil, virus diseases and drought, and which exhibit good keeping 
quality under ambient conditions, and high adaptabi 1i ties to different en
vironments (Hahn 1979). These improved hreedino lines have been distributed 
to many national programs, for exaple those in Sierra L.eone, Liheria, 
Cameroon, Zaire, Burundi, the Seychelles, Indonesia and Nigeria. 

Japanese plant breeders in Kyushu ational Agricultural Experient
 
Station have succeeded in developing one variety and 17 strains of sweet
 
potato by crossing :.:.-!,, , ,,,':':..with its wild relative . , .",,I
 
(Sakamoto 1979) . Most ot these hybrid iaterials posses high resistance to
 
rootknot and root lesion nematodes - resistance which was transferred from
 
the wild, species. A well-known high starch variety, Hoganesengan, with
 
resistai.ce to rootknot nematode, was also developed in Japan (Kawakami and
 
Fuji 1980).
 

Since the establishment of AVRDC in 1971, its scientists have been
 
irvolved in the development of more nutritious sweet potato roots and tips,
 
high in beta-carotene and proteii, whici can be grown with uiiinimuin in)ut.
 
We have ,-lso experimented with sweet potato varieties for intensive cropping
 
systems such as intercrolping, relay cropping and multiple croppring. In
 
1979, we described in chemical terms our breedinq goals for various nutri
ents (Table 4).
 

Staple crops are not normally sweet, and we believe that the sugar con
tent of sweet potato may ,.;nrk against its acceptance as a staple crop. Rice 
contains less than I sugar, and wheat and white poLato 2 , compared with 
sweet potato which contains between , and 40 sugar on a dry weight hasis. 
We therefore embarked on a program to devol op low sugar sweet potato (be
tween 3' and 5 on a dry weight basis). Low sugar sweet potatoes should be 
more acceptable as a staple, have lorger storage life and be more useful as 
food or animal ',WJe have some high yielding, moderately low sugar feed. now 
liores that await evaluation in several tropical environments. Sweet potato 
intended to be eaten( as a dessert should con tain high levels of heta
carotene, and in additiorn have a texture acceptable to most Asians, who 
normally prefer dry-fleshed varieties to moist-fleshed ones. Al though we 
have developed several orange sweet potatoes which scored high in eating 
quality evaluation tests in the Philippines, Banrqladesh, Taiwan and Thail nd,
there is still room for improvement. We have also a series of breeding lines 
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Table 4. AVRDC breeding goals for various sweet potato nutrients
 

Nutr i n t s Sweet potato type'_
-e 


staple_ dessert feed
animal industrial
 
Beta-carotene
 
(mg/100 g fresh wt) <1 10-15 <1
 

Protein ( dry wt) 5-8 -' 5-3 <3 

Starch (f fresh wt) >20Y >20
_X >20
 

Sugar (7 dry wt) 3-5 >20 3-5 3-5
 
Dry matter (") 23-35 25-35
-x 25-35
 

'All types should have white to yellow flesh except dessert type which should
 
have orange flesh
 
"Preliminary goal
 
"Amount is not critical
 

that appear to meet our criteria for varieties to be used as animal feed and
 
for industrial uses. 
 Several of them have been under evaluation at various
 
locations in the Asian tropics.
 

AVRDC's philosophy in developing sweet potato breeding lines which re
quire minimum input and which fit intensive cropping systems is compatiblewith the Center's mandate to serve the rural poor of the Third World coun
tries. The high cost of fertilizers and other inputs necessitate a search
 
for VeLtahle varieties which can efficiently utilize residue nutrients in 
the soil after a principal crop has been grown. Several studies indicate 
that some veqetable crops - especially celery, beans and tomatoes - are more
 
efficient than others in the uptake of mineral nutrients (Gableman and
 
Gerloff 1978). This suggests that nutritional capabilities of vegetable
 
crops can he manipulated genetically. o-7.
Villareal , (1979) at AVRDC found
 
a number of sweet potato accessions capable of yielding at least 15 t/ha
when grown following a rice cr01), without extensive soil preparation, irri
gation or use of costly inputs. High yielding genotypes survived, yielded
and Matured ,re officiently under these conditions than did low yielding
genotypes. Preliminary results indicate that high yielding lines accumulate 
45 more dry iatter than low yielding ones (AVRDC unpublished data). The 
impact of a heavy sweet potato crop on the soil and its influence on -ub
sequent crop yields remains to be determined. 

Economic pressures force the small farmer to adopt intensive cropping
systems. For years, such farmers have been intercropping vegetables, using
varieties which have been devloped under nonoculture. Consequently, their 
yield levels are generally low. Villareal and Lai (1977) at AVRDC pioneered
 
a study on this problem, concentratinq on tomatoes and sweet potatoes.
Shading may be the main problem. Large yield reductions occur when sweet 
potato is relayed iinstead of beinq orown in a monoculture. The relayed crop
receives only 40-6() of the prevailing solar radiation. Our data suggest
that it is possible to select and breed genotypes that can tolerate partial
shading and therefore perform better than those varieties bred specifically
for monocul ture. 

It is clear that many outstanding varieties are now available to sweet 



potato growers around the world. These varieties, however, require appro
priate lest coi:trol, tanagemfoit pr ctices and production systems to exploit 
their yield potential. 

Pests: - Sweet potatoes are attacked by various insect pests (Kantack 
and CUthhjert 19h ard diseases (['artin 1970; Martin 1970; rlorrison 1970 
and Steinbatier and asLlhtlv ]97I), but the ost serious of them all, particu
lairly in the trnpics, is the sweet potato weevil ( '"''"'. and 

I 1 Is WIIItly prese nt in Asia, Paci fic Islaids and 
the Americas wherea,' • is predominantly found in Africa. Weevi i 
is the only sweet potato pest which seems to have attracted iiijor research 
attention among scientists. Because of the prohibitive cost of insecticides 
which can adequately control this pest, the identification and development 
of resistance to the weevil offers a practical solution. Scientists at IITA 
have obtained through breeding a nutmber of breeding lines with good resist
ance to . ,' * '.. (Leuschner 1979), but scientists at AVRDC have not 
found materiais with satisfactory resistance to ,". ', ,-- .. Thus, deve
loping variotie.; .v'ith immunity or relative resistance to sweet potato weevil, 
and :iudilt an ineetsive rffoctive control, remain formidable problems for 
sweet pota to scie, ti ts 

Amono leaf diseases, scientists from AVRDC and IITA have stressed 
st diC- , o tit] [ner and virus diseases (Terry 1979), respectively. Both 
'pou:, ha', i Pou tified fairly good sources of resistance to these pathogens 

n-td Lhr-y. ctare 11(w bein incorporated into various breedinn materieis. 

flaiaqeiCient tractices: - Sweet potatoes are sel dom fertilized or irri
gated, and are generally neglected in most parts of tile tropics. However, 
in order' to produce a satisfactory crop, tne optimum conditions for growth 
and root development must be provided. For instance, investigations on the 
nutrient uptake of sweet potato indicate that a crop yielding 15 t/ha re-moves 
from the soil about 70 kg of nitrogen, 20 kg of phosphoric acid and 110 kg 
of potash per hectare (Jacob and von Uexkull 1963) which indicates that at 
least the same amount of nutrient should he returned to ihe soil in one form 
or another. Scientists generally agree that for maxmum sweet potato yields 
the level of potassium in the soil should be increased several times more 
than the level of nitrogen. AVRDC scientists have observed that rototilled
 
land, compared with land under rice-stubble culture, produces highly signi
ficant increases in averaqe root yield, and a highly significant decrease in 
vine/root ratio (Luh and Moomaw 1979). Fertilizer and weed control signifi
cantly increase total root yield, vine weight and the number of roots. Vine 
turning has no effect. Banking of the soil, compared with no banking, sig
nificantly increases total and Itarketable rnot yield. Durinq the wet season 
in 1977, sweet potatoes exhibited excessive vine growth and failed to pro
duce large, fleshy roots. Pruning at one month after planting produced the
 
highest root yielas (331 greater than the check). The vine to root ratio
 
for this treatment was 31" lower than the Yatio for the check. In a study 
of the effect of top growth retardation on sweet potato yield, pruning to 20 
cm length of the vine appeared to increase root yields during the wet season. 

One experiment indicated clearly that the level of soil compaction
 
produced highly significant differences in root yields (Table 5). There was
 
a highly significant interaction between soil texture and compactness. Both
 
AVRDC 35-2 and Tainung 57 cultivars yielded better on compact rather than on
 
nor-compact sand, but a non-compact loam gave the highest root yield. 
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Table 5. 	Mean root weight (g/flat) as affected by soil texture and
 
compaction, AVRDC, 1978
 

Cul ti var Sand" Loam Mean
Compact Non-compact Com)act Non-compact
 
g/flat ------------------

Tainung 57 228 134 
 144 356 

AIS 35-2 297 276 
 161 406 285
 
:Bulk density of the two soils without compaction were 1.6 (sand) and 1.4
 

(loam) 

Cropping systems: - Perhaps it is only in Taiwan where the role of the

swe'et potato in intensive cropping is fully exploited. It has been a popu
lar intercrop with either rice or 
sugarcane (FFTC 1974). 
 Local scientists
 
have established the appropriate cultural requirements (such as the type of

soil required, the arrangement of planting rows, the time and nethlod of
planting, the 
rate and time of fertilizer application, and field management)

to ensure 
good yield for either combination of crops. In other countries,

techniques are not well developed for the commercial cultivation of sweet
 
potato in intensive cropping systems. Nevertheless, there is growing interest among scientists of developing countries in cropping systems involv
ing sweet potato.
 

Socio-economic problems 

Unavailability of inputs 
or the lack of an adequate distribution
 
system can limit the farmer's yield just as much as the lack 	of appropriate
management practices or the prospect of infestation from weevil. In other

words, both the biophysical and socio-economic problems must be dealt with

in sLIch a way as to 
narrow the yield gap between experimental stations and

farmers' fields. For scientists (especially for those from the developino

countries) it is 
not enough that we develop the appropriate t~chnoiooy to
 grow sweet potatoes. We should also encourage farmers to use this technology as prodwcers. To do so 
they should forget such indulgences as super
stition and tradition. We should also make 
 local governments understand

the need to introduce practical innovations such as farm credit arrange
ments and cooperatives, irrigation systems, roads 
 from farms to markets,information networks, and marketing systems for agricultural produce, par
ticularly processing and storage facilities.
 

WHAT REMAINS TO BE DONE? 

Sweet potato scientists and development specialists still have much todo to make sweet potato a popular, productive crop. Problems associated 
with yield stability, post harvest loss, flower synchronization, diseases
other than witch's broom and virus diseases, weevils, management practices
in various soil types and environments in the tropics remain to be solved.In addition, there is a need for 	work on the more effective utilization ofsweet potato roots and tips. Along these lines, we should pay attention toproblems 	 such as that of sweet potato's trypsin inhibitor content, the fla
tulence it causes, the difficulty of finding efficient drying methods, the
loss of quality in storage, and so on. The answers to most of these pro
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blems will undoubtedly be discussed formally or informdl ly in the next four 
days of our symposium. 

In some Third World countries, development projects are necessary to 
bring this nutritious root crop to public attention. Luh and Moomaw (1979)
 
summarized some aspects of these needs:
 

"]. Adequate supply of quality planting materials, to be propaqated by
 
dependable sources of named varieties, with varietal description as the
 
first step of development. r
 

2. A well organized scheme througih which the transmission of research 
findings can be effectively applied for profitable crop production. Trained 
manpower, as well as information prepared in many forms, become indispensa
ble to successfl.i implementation. 

3. The appreciation of food value of the sweet potato by the public
 
through various educational processes is an important requirement for
 
development. For example, the nutritive value of sweet potatoes and their
 
contribution to human health should be wade more widely known to the general
 
public and the traditional attitude of regarding sweet potatoes as a low
status food for the poor would change.
 

4. Food scientists, nutrition specialists, biochemists and home
 
economists need to create i novative ways to prepare more appetizing and
 
appealing sweet potato dishes. This will undoubtedly help change people's
 
attitude and encourage their acceptance of the sweet potato.
 

5. Re-evaluation of the sweet potato in the social and economic context 
of world hunger may reveal techniques useful to E successful development of 
the sweet potato around the globe." 

THE TAIWAN EXPEPIENCE
 

There are many lessons to be learned from the Taiwan experience that
 
may be useful in food production programs of other countries. In 1952 when
 
Taiwan's yearly per capita income was USS124, 25" of sweet potato utiliza
tion went to human consumption, and 60" to animal feed and manufacture
 
(Table 6). In 1939, when Taiwan's yearly per capita income was less than
 

Table 6. Sweet potato utilization in Taiwan, 1952 and 1972
 

Use1952 of 1978 of
(1000 MT) Total (1000 MT) Total
 

Food 522.6 25 99.6 6.8 

Animal feed 933.2 45 q19.5 63 

Manufacture 313.6 15 291.9 20 

Seed 112.1 5 2.6 0.2 

Waste 209.0 10 145.9 10 

Total 2090.5 1459.5
 

Source: Taiwan Food Balance Sheet, 1952 and 1978, JCRR
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US5100, about 40' of sweet potato produced was used as human food. In 197,
the increase in per capita income to US51271 was accompanied by a decrease
in the use of sweet potato for f,"od to 6.," and an increase in its use for
animal feed arid in industry to ,3 . This sugoests that as the standard of
living has improved, dependence on low-cost food has decreased. It is truethat it is called a poor man's food' but unfortunately there are a great
many poor men who (jO to bed hungry each night. Based on the Taiwan experi
ence, it appears that sweet pctato is a crop that can be relied upon to

help alleviate food supply and nutritional problems in countries with low
 
per capita 4ncome.
 

In the past, farmers prepared hoq feed from sweet potato using a small

hand-operated machine which chipped the roots and chopped the tops. This

product was then sundried and stored. Dried roots or tops were then mixed
with either commercial f-eds or kitchen leftovers and fed to the hogs. More
recently, however, labor shortages have meant that an incroasingly largenumber of farmers prefer to buy commercially mied aniuial feeds. AI though
there are still farmcrs using sweet potato for aurnimal fed, the trend i

towards the use of readily availahle coirrrercial feed_. This i Ore ra ';or

why the area planted to sweet potatoes 
 has gradu- 11 y dde rc f rC 2;3,502

hectares in 1952 to 91,749 hectares in 197 , 

- a 61 reduction - though

yields increased from ahout 9 to 16 t/ha (78 ) over the same perind. This 
suggests that in countries where labor is ,till cheal,, wet pota te :an
 
eco romically he usen : a 0i,101 feed a w..'ellw fr r ,ji fo,,i, es ially
as 
by backyard iivestock raise rs . ,turally, a wider raqnn of sea enlarges

th,: market for sweet _.)taoes.
 

To chame the status of sweet potato from subsistence crop to market
oriented crop rgriures a fresh approach aimed at getting L'is food bck
 
onto peop1 ',)'; Or C. S. Tsou
ta.les . ramson (personal communication), AVRDC
 
Liochomi ';t, srrg% .st, (r~' trategies:
 

Peduce production coats. This means that planting and harvesting

(the ,wft lalor- intensive operations) shouli be mechanized as far as
 
poss i le. 

2. Irri"cavo yield per hectare in the farmer's field. In 1978, iaiwan's
national avc',cr ws ,ahouit 16 t/ha, whereas scientists obtained about 5:

t/ha in thei, .;'erirenta 
 plots. [" Tsou b!eIieve'I that a consistent yieldof 25 t/ha imithe crrrer's field would akoe sweet potato competitive with
 
dry atter yield of otlher crop';.
 

wirrsrt3. Extond t iliziLion. As humrnu frod for urban centers, sweet 
potato should 1)o available ;pacF"ged arid read/ for cookinq with minimum 
preparatioii. For feed use, some inuovatious are needed, such as low-cost
drying a~iefficient systerr for col lecting produce in a form easily mixed
with other feed itiqredir'nts , arid pIractical stnrlge facilities which willirmit inil]uu J'terioratior ifigui lity. Starch yield and quality should beirproved so that they will 
be compertitive with other starch-producing crops.
 

;. I itiato a viclorois progra, to develop new producta. The food pro
cessingl irrdustr/ of Taiwan car play a domiriant role in pursuin, thisatta Loegy. 

rain, theseAe atrategies could be useful to any country where sweet 
potato ray soon become a wrrkt-oriented crop. 
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CONCLUSInN
 

In closing, I wish to reiterate a statement in an earlier paper 
(Villareal 1977). I share the optimism of my fellow sweet potato scientists 
that we can contribute to the alleviation of food problems in the developing 
nations. Certainly, there is no single practical answer to the complex 
problem of food and population. Hfowever, I think Dr Robert F. Chandler, Jr, 
former director of IRRI and AVRDC, hest summarized what be thouqht could be 
and should be done, "... The solutions will require intelligent and dedi
cated leadership by governments, educators and religious leaders, and, of 
course, most improtantly, the solid cooperation of the general public. Such 
indulgences as bigotry, superstitution, and even mere parochialism are too 
costly to human progress to be allowed a place in mankind's scheme. They
 
must be supplanted by liberal, yet realistic, unselfish thinking, unswerving
ly directed toward the wellbeing of mankind.."
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INTRODUCTION
 

The seventh ranking of sweet potato production in world crop statistics 
(FAO 1978) after wheat, rice, maize, potato, barley and cassava, has been 
accepted by the International Board for Plant Genetic Resources (IBPGR 1981) 
as one basis of a proposal for a germplasm conservation system. There are a 
number of collections in tropical countries that are often of restricted, 
local varietal interest, or limited in their representation of the potential 
genetic range i:, v .,, ,,, Certainly there are alliedof the ... '., species. 
species that could be of value in breeding research. So the working group on
 
sweet potato of the IBPGR recommended in 1980 a field campaign for conserva
tion of this crop. This approach takes into account both phylogeny and the
 
history of sweet potato dispersal in the world as a major factor in the plan
ning of field collections. The historical theme is the one that will be 
developed here. 

PHYLOGENY 

With the development of taxonomic and cytological studies on sweet 
potato in the early 20th century, it is now seldom questioned that the 
species originated on the American continent. Botanical genealogy however, 
is fart from settled, anid more research is necessary on the wild i "': 
species. The revision of ,Jishiyama (1971) based on chromosome number and 
genome anal ys s defined a ,: group in '..'ich sweet potato (2n = 90), z. 

!: (2ni 90) , (2n = 60) and . ,:,' 30) form' ;: (2n 
an apparently autoploid series of hexaploid to diploid and provided support 
to Nishiyama's earlier contention that ". : ' '.,: was a direct descendant of 
the wild /./ ".'. An anatomically differentiated group of different geno
me constitutionI also recognized, the diploids (2n = 30)w.,as comprising 

,, and '. , , while the tetraploids , 
,./..' and . .' remain unassigned in terms of genome composition. 

On two grounds, the relevance of this reorganization to the issue of sweet 
potato ancestry is questioned. 

Cytologically, chromosome behavior in ... w-. as demonstrated by 
multivalency, univalency and secondary association indicates some inter
specific hybridization in that species' ancestry (Ting and Kehr 1953; Yen 
1974). 

Iorphologically, the studies of Hartin and Jones (1972) on most of the 
species named above do not demonstrate the direct evolutionary mechanism 
that Nishiyama's revision suggests, and especially the direct descent of [. 

T,;'h'Tie recent taxonomic revision of the ,: u,., , . c,;, complex of 
species incorporates nearly all of the species named by Nishiyama within a 
single group on anatomical qrounds. However, referring to previous work on
 
these species, Austin (1978) indicates the problems that misidentification
 
has posed to theorizing on sweet potato ancestry. As an example, Austin
 

,'1
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(1977a) cites the erroneous recognition a-, tetraploids of (an'.-.:,,.'"

Australian species) and .
 . . Based on revised taxonomic, field
 
and hybridization studies, Austin accounts for these polyploids as 
results
 
of natural hybridization of the cultivated . " .,'with a diploid weed,
probably..... ., 
. Aid the hexaploid . ' . of flishiyaia is, on 
Austin's mnodel , the produc,' of the rehybridization of the cul tirien with the 
wild alloploid weed species. 

Wider issues of phylogeny are involved in the distribution of the genus
outside the Americas. Perhaps the most interesting group of species

is that recorded for Australia in the tropical north of the continent, Arnhem
Land and Cape York, and in the desert region of central Australia. In his
review of plants used as food by the aboriginal hunters and gatherers, Golson 
(1971) lists eight species gathered for their roots or leaves, with two of
them, interestingly, for their seeds (Table 1). Meehan and Jones (personal
communication) have noted a further and yet unidentifiedas species exploited
for its roots as a secondary food by the Anbara of Northern Australia. Latz
(unpublished data) describes the use of three ,.,. . species as food among
the desert dwellers of the central continent: . . .' and a further unnamed 
species often producing large roots (Figure 1), anrd ,. , . .. , the util ized 
roots of which have no tuberous characters, and of which the seeds are said 
to be eaten by one tribal group. There is considerable ethnohotanical 
interest to these species, for two of them, .. .;,,, , and the unnamed 
species, are culturally significant. The former is a totemic plant often
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Figure 1. 1:,.. of the Central Australian desert. 
A) A flowerinq plant of /,. , 
 Diaileter of open flower approximately
 
8 cr1 
B) b)arhy )afnpiginp- holding the result of 15 minutes' labor, harvesting

* . .' roots 
C) Edible roots of an unknown I, .,. species. Length of largest anpro
ximrately 16 cm (Photographs: Peter Latz) 



Table 1. Iromoca species gathered for food by the Australian aborigines 

Species Region Environment Plant part used7z 

. e 'stataF Muell Central Australia desert tuber 

i. 'c 'ax, v. R Br Cape Tork (east) tropic rain forest root 

oZ 7f' R Br Arnhem Land streai, marsh root 

7 . Benth Central Australia desert root, seed 
2. :. 'c (L) Sweet Cape York (east) coast root 

]. .- , ssp 3.,cn £i Oostr Arnhem Land coast root 

3 .:'.., :,, Roem and Schult 
or Central Australia desert root, seed 

. , ' '; R Br 
R Br Arnhem Land savannah, coast root 

!. spp Central Australia desert greens, tuber 

sp Arnhem Land coast, inland root 

- R Br Arnhem Land (northeast) coastal tuber 

. ,: :ta R Br 
or Arnhem Land (northeast) savannah root 
. t,(Schlect) G Don 

ZDifferentiation tuberized forms from non-tuberized roots 

(Source: Golson (i971) with additional information from personal communications with R. Jones, P. Latz,
 
B. Meehan, N. Scarlett and N. White)
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featured in aboriginal myths, and the latter figures in the related phenomenon of 'dreaming', defined by Stanner (1979) 
as the evocation 'of a sacred,
heroic time long ago when man and nature came to be as they are.' Such cultural associations, of course, suggest considerable antiquity for the link
between these species and Australian man. 

It is unpredictable what contributions that such comparatively distantand isolated relatives could make to 
future plant breeding for the improvement of sweet potat r. And indeed, we do not know how far such species could
be domesticated or 
ddapted to often stressful environmental conditions; for
agriculture in pastoral and arable forms in Australia has only been developed
with the coining of the Europeans. 
 In 40,000 years of prehistory during
which Bopulations subsisted as hunter-gatherers, there was a considerable
reliance on wild plant foods. Distributed over a wide ecological raige, thewild T I . - represent possible world economiic food resources that maymain unassessed refor their potential adaptation to desert, savannah and tropical forest regions outside Australia. 
 With the modern trends towards
intensive development, particularly mining, in Australia, the aboriginal foodplants as part of the natural flora are likely to become endangered species. 

SWEET POTATO HISTORY
 

The construction of the tripartite hypothesis to account for the distributicn of sweet potato to Oceania (Yen 1974) i-s inseparable from the story ofits global diffusion from an American origin. Concentrating on the .r,,tcam
section of :':... : species, 
 Austin (1977b) has suggested that sweet potatooriginated in the region bounded by the Yucatan Peninsula to the north andthe Orinoco Rivcr to the south, within which the four major American taxa ofthe . group are di ;tributed. My work on variation in !. .';,,.indicated max :mum diversit , in northwest South Aierica (Colombia, Equador andnorthern Peru), an area Hiirh falls within the origin center postulated byAustin, who also identifics secondary centers of high diversity for Guatemala 
'in s outhern Peru. 

From the ethuohistorical records of Columbus in Hlispaniola, of theSpanish explorers and missionaries in Mexico and Peru, and of the Portuguesein Brazil, it is' ohvious that sweet potato was widely spread through theAmerican tropics crr, ,idera bly before 1492. The plant was further spread byIberian ex)1orers, and parti cu larly the Spanish in the Pacific in the sixteenth century (Frederici 1929; ["rand 1971). With the support of linguisticevidence, these lines of transmi ssion can be traced as follows (Figure 2): 
I. The :.-. :.,. inw: Portu(luese explore rs transferred West Indian

clonns grown in western ilediterranean Europe to Africa, India and
the East ,rndies. 

2. The 'kamote' liiie: Spanish trading galleons between Acalpulco and
Manila spread sweet potato clones from Mexico. 

These two inritroductiors of the same species from America were to spread,respectively, into New Guinea and the western Pacific Islands, and intoChina and Japan. The possibility that .: :.- reached China by an overlandroute through south or southeast Asia carnot be discounted, for by 159' theplant was recorded in south China (although reported to hepines), in Taiwan and from the Philipthe Ryukyu Islands by 1597 and 1605, and in southern 
Ja)an by 1698. 
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Fr y o Asia of t s 
g Chna' Japan 
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n T -d h of t sPeruto t 
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ka mnotel~~~ltlll 


1kumnara 

Figure 2. The history of dispersal of the sweet potato from America. 
The kuara lints are prehistoric, with the transfer from northern SouthAmerica to eastern Polynesia dated at !.400 AD. The extension of this
 
line to Melanesia through western Polynesia before European contact is
 
the subject of contention. The time-depth of the transfer to the An
tilles is unknown. The }.. r line dates from the first voyage of 
Columbus, 1492, introducing the plant to western Europe; this line con.
tinued after 1500 AD with the exploration and colonization of Africa, 
Asia and western Melanesia. The kamote line represents the direct
 
transfer by the Manila galleons from Mexico to the Philippines in the
 
16th century. In the east Asian and western Melanesian area, there
 
have been complex interchanges of sweet potato after early introduc
tions. (Diagram by Winifred Mumford) 

The third line is the prehistoric transmission uf the 'ktiriara' line. 
Here the main and unresolved argument centers on the identity ,f the carriers
 
of the plant from South America to eastern Polynesia. Lexical parallels
 
between a Quechua name and the Polynesian word kumara suggest human transfer,
 
but whether Peruvian or Polynesian voyagers were responsible is in doubt.
 
The Kon Tiki theory of a Peruvian origin for the population of Polynesia
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(Heyerdahl 1952) still 
retains popular support even though archaeological
study in Easter Island, the Marquesas, and the Society and the Tuamotu archipelagoes has done little or nothing to confirm it. Archaeological work
throughout the Pacific has 
in fact tended to consolidate the opposite view
that the islands were settled from the west 
(Asia) at various times in prehistory, and that there was no American Indian input to Polynesian culture.
Thus, by this circuituous elimination process, the advent of the American
sweet potato in - the Pacific in prehistory is associated with Polynesian
voyagers in, agair, 
 unattested extensions of their exploratory probing
 
across the ocean.
 

SECONDARY DISTRIBUTION -
A MAJOR QUESTION IN HISTORY
 

The accepted view has 
been that the prehistoric introduction of the
sweet potato into Polynesia never penetrated the Melanesian region, nor
indeed western Polynesia and Micronesia. However, a major study into prehistoric agriculture of the Wahgi Valley in the New Guinea highlands by
Professor Jack Golson and his colleagues has resurrected the whole issue.
Golson 
(1976a) and Golson and Hughes (1976) have delineated the sequence of
agricultural drainage that, since 9000 years ago, has many implications of
adaptive evolution of technology to 
a changing swamp environment. The
successive erosional depositions in the swamp within this drainage sequence
from upland soils, together with vegetational changes indicated by pollen
analysis, have been interpreted as 
the result of intensifications of slashand-burn agriculture that have complemented or succeeded periods of intensiveswamp cultivation. In the later stages of this sequence, there was a long
cessation of drainage of the swamp between 1200 and 350 years ago. With theresumption of drainage at the latter date, the pattern of water control thatemerged was similar to the drainage systems still in use today in the NewGuinea highlands for 
sweet potato production (Figure 3). Earlier and simpler forms of drainage have been attributed to cultivation of 's .." that the 350-year-old conversion of the aims of water control 
fit with the
 

ie
 

Figure 3. Indigenous cultivation of sweet potato under drainage.
A) The Baliem Valley of central West Irian, Indonesia. An aerial photograph of the complex drainage patterns forming 'island gardens' for the
planting of sweet potato. 
 (Photo: J. Golson)
B) Sweet potato fields in Rwanda, Africa, with drainage technique similar to New Guinea systems. (Photo: S. K. Hahn)
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putative post-1500 AD introduction of sweet potato through the h.,tcztaa line 
(Figure 2). However, in a paper presented at the Waigani Seminar in New 
Guinea in 1975, Golson exploded a minor bombshell for Oceanic archaeology, 
by stating that some 1200 years agu, sweet potato had already reached the 
New Guinea highlands. Using the evidence from the Wahgi Valley excavations,
 
the major features of the re-interpretation were: 

a. Palynological evidence at 1200 years ago suggested significant in
crease in the clearance of natural forest that resulted in the rise in im
portance of species that are now planted or conserved in garden fallows under 
sweet potato cultivation regimes. 

b. Such clearing could coincide with the advent of sweet potato, which
 
would extend the scope of cultivation because of its adaptations to sloping
 
ground and relatively higher altitudes than the more traditional cultigens
 
such as ' . and 

c. The soil depositional evidence that marks the cessation of drainage
 
at 1200 years ago is interpreted to he a consequence of widespread forest 
clearance for sweet pntato production. 

Fuller expositions of the evidence are available in Powell .t -,1 (1975) 
and in Golson (1076b). In the latter paper however, Golson cautions against
 
the complete acceptance of the earlier advent of the sweet potato in New
 
Guinea, hut indicates that future, interdisciplinary work could settle the
 
questi on.
 

The conservative view of recent introduction into Melanesia (Hendren
 
1976; Green 1976) has undoubtedly been spurred by my own rather equivocal
 
treatment of a combination of plant variation study and data from historical
 
sources (Yen 1974). However, in the face of Golson's hypothesis, though as
 
yet unproven, it may be instructive to test the plant and re-examine other
 
ethnobotanical lines of evidence to see if There is support for an extension 
of the prehistoric introduction of sweet potato from Polynesia to Melanesia. 
For without this possibility, it would be difficult to account for the pre
sence of the plant in the Ulahgi Valley 1200 years ago. 

Plant variation 

In a survey of 42 characters, Yen (1974, 1971) indicated that differ
ences which might distinguish the Polynesian and Melanesian cultivar popu
lations are obscured in the border islands because of the exchange of germ
plasm. The wost plausible explanation for this mixture seems to be found 
in the plant introduction activities of missionaries, often recruited in 
western Polynesia for the Melanesian missions. 

Lexic)lopgy_
 

The same missionary source has been attributed to the variants on the 
Polynesian word kumara for sweet potato recorded in the Melanesian islands, 
including Tawala in the Louisiade Archipelago, eastern New Guinea (Yen 1974). 
It may be contended that the name accompanied the plant in prehistoric times. 
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Historical records
 

Sweet potato does not 
figure in early European records of western Polynesia, though other root crops like Dio.co,?-z yam and .. 2QZoc tarospecified. areThe exception however, is Tonga, where a European settler called
Mariner (1818) specified the presence of 'kumala' in the late 18th century.
The records of Cook's 1773 landings on Tonga (Beaglehole 1961), and the
account (Heeres 1898) of Abel 
Tasman's discovery of the island 
in 1643 make
no reference to sweet potato, so that its 
presence at that time cannot be
substantiated, though unspecified roots other than yan are mentioned by

earlier chroniclers.
 

There are some Spanish records from first landfalls in the Pacific that
may have been unjustly dismissed as misidentifications. Thd"eyewitness

account of Magellan's discovery of Guam and the Philippines in 1521 (Pigafetta 1969) includes reference to kamote as an agricultural product at both
landfalls. Mendana's 
illfated 1595 expedition to Santa Cruz in the eastern
Solomons offers a description by Quiros (Markham 1904) of 'three or fourkinds of roots', one of which 
'has a sweet taste, the other two prick a
little when eaten'. It is difficult 
to relate this to any Oceanic root crop
other than sweet potato. In Legaspi's account of the discovery of Majit, 
an
island in the northern Marshall Islands in (Sharp 1960),
eastern Micronesia

the plant is mentioned again. 
 However, in another translation (Blair and
Robertson 1965) thp 
relevant passage is translated as 
'they are engaged in
vegetable gardening from which they got some roots with which they make
 
bread'.
 

Ethnograp hic record 

In recent fieldwork in the eastern Solomons, informants on Santa Cruz
and Polynesian-speaking Tikopia claimed independently that the present
forms of sweet potato are of recent introduction, but previously there were
inferior varieties of unirnown origin. 
 This information is not uniform
throughout the area and might well 
be ignored, but together with the reports
mentioned above it could support the idea of a prehistoric penetration of
sweet potato from Polynesia to Melanesia. 

SWEET POTATO ADAPTATION
 

The adaptability of the sweet potato in the tropics 
to a wide range of
edaphic and climatic conditions is amply demonstrated in Oceania. 
 On atolls,
raised coral 
reef islands, volcanic islands and continental land masses, the
plant is seldom absent from cultigen rosters. The human element, however,
has been important in the history of adaptation, both socially arid technolo
gically.
 

The technologies applied to the cultivation of sweet potato, in keeping
with its adaptability, ire usually simple and 
fit well into the common
shifting mode of slash-and-burn and digging stick agriculture. 
 Nevertheless,
there are cases of environmental modification through more intensive methodsof cultivation that seem to 
be correlated with situations of natural ecological stress. One conspicuous example is the drainage system in the swamps
of highland New Guinea (Figure 3a) 
mentioned above. 
 In such environments,
which may be described as marginal 
for tropical agriculture, drainage systems
thought to be developed for the culture of 
 c' m2> taro were further deve
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loped for sweet potato. The crop was finally to dominate the more permanent 
drained fields as well as hillside shifting agriculture in New Guinea. 

There is an interesting case of parallel agricultural development in
 
Africa. Hahn (personal communication) has observed similar drainage prac
tices for sweet potato in the inland valleys of Rwanda (Figure 3b). Is this
 
also a case of a post-Columbian development? Again, history gives us a
 
cloudy answer, for Columbus (Jane 1960) says that the roots that tasted like
 
chestnuts in Haiti in 1492 he had already found earlier in Guinea, implying
 
an older, trans-Atlantic introduction from America.
 

The highlands of New Guinea offer the greatest variety of agronomic
 
adaptations for growing sweet potato in permanent and semi-permanent or long
 
rotational fields, as well as in shifting fields (Figure 4a) usually on mon
tane slopes (Brookfield 1962).
 

K. 

Figure 4. Mountain slope cultivation of sweet potato. 
A) The walled gardens of the mountain slopes of the Baliem Valley, West 
Irian, complementing production of sweet potato on the valley swamps 
(Photo: J. Golson) 
B) The integration of slope production of sweet potato with irrigated 
rice terracing in Ifugao, Philippines. Secondary growth vegetation on 
the slopes marks earlier sweet potato fields, while current plantings 
can be seen on right upper part of photograph, marked by rows across
 
the slopes. (Photo: 11. C. Conklin)
 

In Hew Zealand, the Maori overcome the problem of cold by growing sweet 
potato strictly as an annual crop. Roots are kept in ground pits for winter 
consumption and as propagation waterial. This is an early development of 
postharvest treatment of the crop. Also, the Maori have developed 'kao', a 
dried product from cooked roots, as a storable food. The potential of pro
cessed roots was probably most fully realized in south China, for in addi
tion to a kao-like product used there as a confection, farmers developed 
storable forms of flour, sago-like granules and dried flakes. 

The most important human-influenced adaptation of sweet potato has been 
its integration into agricultural systems the diversity of which is only 
hinted at by the variations of environments. !t is a comparatively easy crop
 
to grow, and in the tropics it exhibits no strict seasonality, sn that it can
 
be combined in mixed fields with other tubers or roots, vegetable species and
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even grain, as inthe rice swiddens of the Hanunoo (Conklin 1957) inthe
Philippines. 
 It is a constant provider of farinaceous staple, and is often
integrated into indigenous cultivation cycles with a secondary role as 
a feed
for livestock, often occupying inferior land. 
 A number of examples of such
integration have been described 
(Yen 1974), but recent research on the Ifugao

people of central Luzon merits special notice. In what must be one of the
most sophisticated subsistence systems extant, sweet potato occupies a key
role in a food production cycle which emphasizes, both technologically and
ritually, the spectacular pondfield rice (Figure 4b). 
 Conklin (1980), in his
household survey, records 
an average consumption ratio of 40 rice: 
38 sweet
potato. In the -ichest central 
valleys he calculates that the proportion may
reach 5:1 
in f-vor of rice, but in the more marginal steeper territories,

this ratio is reversed to show a marked sweet potato dominance of the diet.
The contribution of the root and green tops 
to pig husbandry is not taken

into account in these calculations: the importance of the sweet potato to
 
this economy is clearly very great.
 

The positive, if indirect, cultural 
role of the sweet potato is patent

in this example as it is in pig-raising in Papua New Cfuinea, 
for the Dig
figures as a major material constituent in the ceremonial cycles in both 
re
gions, albeit in different manifestations. However, in many parts of Oceania,
and particularly in tropical Polynesia, the status of sweet potato as human
food is often as low as in Asia. 
 'We have already observed that in Polynesia,

the plant only achieved dominance at the apices of the Polynesian triangle.

It was the one tropical crop brought to New Zealand from the tropics by the
Maori that could be adapted to 
the temperate seasonal conditions, and was

thus to lose its inferior food status immediately. Easter Island was a
somewhat similar case, for although taro and yam grow there, sweet potato was
 a more reliable producer in the inclement although subtropical climate.

Hawaii, on the tropical margin, presents 
a more complex situation that is
partially shared by New Zealand and Easter Island; 
as one of the last archipelagoes to be settled in Polynesia, the sweet potato probably arrived with

the first men from eastern Polynesia, at the same time as 
taro and yam. In
such competitive circumstances, the relative merits of the three root crops

were more easily recognized. 
 By contrast, in the case of tropical Polynesia,
the sweet potato entered into already established systems emphasizing the
traditionally important yam-taro complex that so fitted 
into the environmental dry-wet categorization of adaptation that Darrau (1965) has pointed out.

In Hawaii, the formed systems incorporated pondfield taro and specialized
areas for yam-growing, while sweet potato shared a dominant role as human andanimal food (Handy 1940; Handy and Handy 1972) in more marginal areas. It
is significant that in Hawaii, 
Easter Island and New Zealand, though not
elsewhere in Polynesia, sweet potato is embedded within native tradition and
origin stories, and was the subject of agricultural ritual. It is an interesting confirmation of the effect of crop precedence, that from the New
Guinea highlands to island Melanesia, there are only a very few examples of
the entry of sweet potato into folklore that may still be recorded for yam
and taro. A similar situation obtains in Ifugao, where rice and taro are
the principal symbolic plants in ritual 
(Conklin 1980), again reflecting

precedence over sweet potato. 
 In more highly stratified societies such as
pre-revolutionary China (Yang 1945) the low status of sweet potato as 
a food
mirrored directly the economic level of consumer classes. 

In 25 years of fieldwork in tropical Oceania, 
this writer has observed
 an 
increasing dependence on sweet potato in the subsistence sectors of the
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changing economies. The shift from subsistence to commercial agriculture 
(Yen 1980) has emphasized the qualities of sweet potato over the other tra
ditional crops, largely in terms of 'elative labor inputs and the proportion
 
of that input that can be diverted to cropping for cash. Where populations 
are increasing, the productive capacity of sweet potato is testified to by 
the preference shown to it over previously important root and tree crops, 
now often only secondary components in cropping systems. Where populations 
are decreasing due to emigration as on the Cook Islands (Ward and Proctor 
1930), sweet potato is grown because it requires less labor than other root
 
crops such as taro.
 

While difficult to quantify, it appears that prejudice against the 
human consumption of sweet potato, at least in Oceania, is declining in the 
face of continuing economic change. Already, production has become commer
cialized on a small scale i,- many places and swcel pniai ,, an' i.9,i other 
great American root crop, manioc, are likely to become dominant as prejudice
 
against them declines. Papua New Guinea however, provides an interesting
 
example of change in food prejudices. While sweet potato, sago and taro were
 
the dominant, predevelopment food, preference is now changing with increasing

cash earning and urbanization, to imported rice. This is a noticeable trend
 
in many Pacific countries (Castle 1980), and efforts to counteract it by

increasing acreages of root crops, especially sweet pocato, by processing to
 
add the storage of quality of rice to tuberous crops, and even by import
 
control, have so far met with little success.
 

The potential of root crops to produce energy is a topic that figures 
in most reviews for economic development in the Pacific. But in the case 
of the small islands, the problems of production scale and of achieving self
sufficiency in food perhaps overshadow the economics of conversion techno
logy. Oil the larger land surfaces, and especially New Guinea, the choices
 
are wider, with the uses of sago and other palm sources in wild 
and cultivated swamp stands as tile most conspicuous alternatives for energy
production that will detract little from other agricultural development. 

SECONDARY CENTERS OF VARIATION 

Genetic adaptation of sweet potato is also significant. Although its 
distribution through the tropics is recent in terms of world agricultural 
history, and its reproduction in cultivation is universally vegetative, the 
potential for occurrence and selection of new variations may be quite high
in regions where the plant has become widely adapted. There is no evidence 
for the loss of sexual reproductive capacity, and accidental seedling 
selection has been recorded in many instances from the Pacific region, from 
Asia and from America. Indeed, the hundreds of varieties recorded among 
subsistence farmers in areas like the Philippines and New Guinea owe their 
existence to accidental seeding, rather than to somatic mutation, or to 
varietal exchange between areas, and certainly more than to original intro
duction. The heterozygous nature of sweet potato clones, and the virtually 
obligatory outcrossing breeding system together allow for a wide range of 
genetic recombinants with natural seed production. The biological nature of 
the species combines with its agronomic treatment in areas of dominance (high 
plant population) to allow for the preservation of new and perhaps unmarked 
variation in local gene pools. Such variation may be the result of mutation 
or the effect of genetic drift from relatively narrow variability in the 
original founder populations. Vegetative propagation is a conservative 
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mechanism, but accidental seedling selection has the opposite effect. The
 
alternation of generations in sweet potato is considerably affected by the
 
fact that, in the tropics, two and three plantings per year are common, so
 
that the opportunities are greater for mutation and for new variability from
 
other sources than in strictly annual crops. However, this process has not
 
led to geographic speciation - nor indeed has the influence of sexual repro
duction led to greater diploidization of chromosomes in meiosis anywhere
 
except in some of the highly bred and selected North American cultivated
 
varieties.
 

In Yen's (1974) analysis of cytological, morphological and physiological

characters in his sweet potato collection, th:,re is some evidence for new
 
variation in the species. 
 In both American and Polynesian collections, gla
brous reproductive organs were absent, ,hile this character was evident in
 
Asian and Melanesian varieties. With the more economic character of specific

gravity of roots, 
one variety from eastern Polynesia showed a significantly

lower reading than any in the entire collection. Of course two aberrants
 
out of 42 characters measured may be due to sampling, or simply to theunusual
 
expression of multifactorial inheritance affecting those characters. But
 
they could signify the possibility of new genetic variation, some of which
 
might he peculiarly adaptive to the new environments to which the species was 
transported. 

Considerations like these have formed the basis for the planning of the
 
world collection of sweet potato germplasm (IBPGR 1981), 
in which secondary
 
centers 
of variability - New Guinea, the Philippines, and parts of Africa 
-
will he the focus after initial exploration in Central and South America is 
compl eted. 

CONCLUS I ON 

Plant improvement and inheritance studies could both benefit from a 
knowledge of the history of sweet potato distribution. With developments in
 
genetic engineering, possibilities of incorporating desirable traits from
 
other species seem less remote than they once were. 
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INTRODUCTION
 

Sweet potato, rice and sugarcane were for many years the three main 
crops in Taiwan. Sweet potato supplied I1/of the average caloric intake of 
Taiwan people in 1958 (Yang and Blackwell 1961). Its importance was espe
cially marked in the rural areas where sweet potato supplied 44' ' of the 
total caloric intake. Sweet potato was cooked alone or cooked with rice and 
served as a staple food. In addition, sweet potato in the past has been 
the main food enerq,/ source for animal production. The importance ot sweet 
potato as human food has been gradually replaced by imported wheat. Increas
ing consumlption of animal products (Yang ., .,I1975a, 1977), fruits and vege
tables also cut down the consumption of sweet potato and rice. According to 
a recent dietary survey 'Hsieh '..'1976) the consumption of sweet potato 
as part of the human diet in Taiwan has decreased to less than one-third of 
its former level. Accordingly, the annual production of sweet potato has 
decreased to less than half of its peak level (JCRR 1976; PDAF 1978). 

PROTEIN CONTENT AS AFFECTED BY VARIETIES
 
AND CULTIVATION PRACTICES
 

The protein content of sweet [;otato and its quality are two of the most 
important factors that deserve attention in using sweet potato as supplement
al staple food and feed. In 1967, my laboratory assistants collected locally
produced sweet potato from many agricultural stations and analyzed them for 
crude proteiii (Yang 1967a ) . Anmong the varieties evaluated, Okinawa 
19(1 had the highest crude protein (4.8 to 7.5 dry weight). Other examples 
are: Tairung 57 (3 to C.3 ), Tainung 60 (3.1 to 6'), Hong-Hsin Wei (3 to 4.7 
),Tainung ' 2. -) .o ) , Tainuing 31 (3.2 to 4.3 ) , Iisin-Tsu 1 (2.9 to', 1. 

4.7 ),and Ta inaif :1 (4.2 to 2.1 ) . In a separate experiment, our results 
indicated tnat the crude :)rotein and lysine - first limiting amino acid in 
cereals - lIv.v ,significantly influenced by variety and location of 
cultivation. The lys i n level of sweet potato crude -rotein varied from 2.5 
to 5.7 and thre'nnine - t'e second limiting amino acid in cereals - from 2.6 
to :.9 'Yarll 19751). 

We noted a wide variation of the ahove data even for the same variety. 
Therefore, to ii nirize the variation due to location and cultivation practices 
another study was carried out under controlled conditions in one location 
(Yang 1976). Five varieties of sweet potato (Tainung 60, Tainung 57,
 
Hong- Isin Wei , 70 Ju-Chao and Okinawa 100) were grown under four fertility 
levels as shown telow: 

Code Fertil izer rate kgJ/ha 

Control Zero 
Low 40 N - 20 P -80 K 
Medium 80 N - 40 P - 160 K 
High 120 N - 60 P - 240 K 7 I 
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The sweet potatoes were harvested at 161 days (short term) and 192 days(long term). In four of the five varieties, the highest root production both on 
fresh and dry weight bases was obtained at the medium fertility level, with
 one variety reaching highest root yield Lnder low fertility. On the other
hand, 
the crude protein content of the root was proportional to the level of
fertilizer. 
 Root production was increased by delaying the harvesting to 192
days. However, the crude protein content was 
decreased by this delay.

Starch accumulation was mainly responsible for the higher yield of the 192
day crop compared with the 161-day crop.
 

The lysine level was decreased with increasing levels of fertilizer,

in spite of the increase of crude protein content in the high fertility

treatments. Prolorgation of the cultivation period decreased protein lysine
and threonine content. 
 On the other hand, the aspartate distribution was
increased as the level of 
fertilizer was increased in the short 
term crop.
The results indicated that the increased crude protein content with increas
ing amount of fertilizer may be explained mainly as an increase of protein
with relatively higher aspartate 
level. In the long 
term crop, three of tile
five varieties (Tainung 60, Hone-Hsin Wei and 70 Ju-Chao) showed a drop ofaspartate level. 
 This phenomenon indicated that considerable amount of protein decomposition with relatively higher aspartate occurred with prolonged
crop duration. The methionine level 
increased with increasing fertility

levels and by prolonging crop duration. 
 Results of these studies also revealed that the lysine level uf sweet potato is higher than that of rice
 
and wheat flour.
 

Free amino acid content levels showed the 
same response as that of
methionine. Ammonia r/total N ranged from 0.03 to 0.06' 
in three of the
five tested varieties, and the other two va-ieties ranged from 0.11 
to 0.17'.
Ammonia decreased with extended crop duration. 
 Nitrate N/total N ranged from
0.06 to 0.3 
 among the varieties and cultivation conditions. Nitrite N/total
N ranged from 0.002 to 0.007 
 in the short term crop and from 0.004 to 0.01
 
in the long term crop.
 

BIOLOGICAL VALUE OF SWEET POTATO PROTEIN
 

Protein quality of the staple food is arother important aspect of nutrition. Therefore, we decided to determine the biological 
value of dietary
protein by feeding six-week-old male and female rats with a sweet potato
diet supplemented with either a high level of wheat 
fl ur or ,,f rice.
 

Protein true digestibility of precooked high rice and precooked high
wheat flour diets slightly decreased with the substitution of 30 pr cooked sweet potato. The use of 30 
 dried sweet potato corresponded to substituting
25.5' crude protein of rice, wheat flour 
or their mixture. The biological
value increased from 72 to 80 for male and 65 to 71 for female rats when 30"
of wheat flour was replaced by sweet potato. The same 
trend was observed
when part of a high rice diet was replaced with sweet potato; the'e was an
increase in biological value from '7 to 8,9 
 for male and 80 to 83 
Tor female
rats. The 
results paral leled the earlier observation by showing that sweet
potato roots have a higher lysine 
level than either rice 
or wheat flour especially than the latter. 
 Lysine is the first limiting amino acid of rice
 
or wheat flour protein.
 

Our nutritional study on 
rice and sweet potato for the improvement of
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the Taiwanese diet indicated that 13' equicalorie sweet potato substitution 
in place of rice enhanced human nitrogen balance ( ang 1966; Yang , .! 
1967b). The same treatment prolonged the longevity of tested male and female 
rats (Yang 1977). 

EFFECT UF PREHEATIMG RAW SWEET POTATO
 
FOR THE ELIMINATION OF TRYPSIN INHIBITOk
 

A study on the effect of heat treatment on the nutritive value of sweet 
potato was conducted with a view to enhancing the utility of locally produced 
sweet potato (Hseu c : 1979). The results obtained from pair-fed rats and 
rats fed 7. revealed that the feed containing preheated sweet potato 
resulted in higher feed efficiency, nitrogen retention and growth rate than 
the feed containing unheated sweet potato. The raw sweet potato contained 
trypsin inhibitor and thus lowered protein digestibility of the feed mix 
containing soybean oil meal, wheat bran and raw sweet potato material. This 
trypsin inhibitor could be destroyed by preheating raw sweet potato. The 
times needed for the destruction of the inhibitor in raw sweet potato ex
tract were 120, 60, 30, 15 and 10 minutes when heated at temperatures of 
900, 1000 and 1200C, tespectively. 

ENHANCEMENT OF SWEET POTATO AS A SUPPLEMENTAL STAPLE FOOD 

Several studies were conducted in Taiwan to enhance the intake of sweet
 
potato together with rice and wheat flour in the form of dumplings, cakes,
 
cookies and other pastries (Lu 1977; National Taiwan University unpublished
 
data).
 

CONCLUS ION 

Sweet potato has contributed to the Taiwan diet as a staple food in the 
past. Potentially it could be a very valuable supplemental staple in other 
developing countries. Our studies have shown that sweet potato is an excel
lent supplemental staple food to cereals such as rice and wheat Flour. Al
though the crude protein content and the amino acid pattern of sweet potato 
protein varies depending upon cultivar, environment, cultural management 
and growth duration, it is generally high in lysine and is a good supple
mental protein to cereal s. A high protein sweet potato line given optimal 
fertilizer application can promote the role of sweet potato in the human 
diet as a supplemental staple. Studies furtheer support the view that sub
stituting 30 of rice and wheat diets with sweet potato enhances the bio
logical value of dietary protein. Although a cjlight decrease in protein 
digestibility is also ol)served, replacing 13 dietary energy from rice by 
sweet potato enhances human nitrogen balance in the Taiwanese diet. Thi, 
treatment also prolonged the longevity of tested male and female rats. 
Cooking sweet potato, however, is necessary for good digestibility. It is 
proposed thac the low digestibility of raw sweet potato could be due to the 
trypsin inhibitor present in the root. 
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iNiT RODUCT ION 

Sweet potato contains approximately 20' scarch and 51 simple sugar, and
 
is generally considered as a high energy food. In some parts of the world
 
it is the staple crop. It also provides a considerable amount of vitamin C
 
(20-30 mg/lOg), and deep yellow varieties of sweet potato can provide
 
sufficient pro-vitamin A carotenoids for health, if eaten in quantity. How
ever, overall the variation in carotene content is great (0-8000 IU/lOOg).

Vitamin B1 (thiamin) is also present in adequate amounts in terms of calories,
 
0.8-1.0 mg/lO00 kcal, about twice the level 
requireu by humans. Potassium
 
(200-300 ig/lOOg) is known to be the predominant mineral present, and iron
 
content (0.8 mg/lOOg) is sufficient for sweet potato eaters who consume 2 kg
 
or more per day. However, sweet potato is a starch root and contains very

little fat (0.1-0.2 ). The content of protein (mainly in the form of a kind
 
of globulin) is generally low, providing about 4-6" of the total calories
'
 (1-2,
; on a wet weight basis), although sweet potato's essential amino acid
 
pattern is reasonable (chemical store: 80) and the limiting amino acid is
 
leucine. According to some food analysis tables, sweet potato is giving a 
chemical score of 65, with sul' ,,-containing amino acids listed as the limit
ing ones if compared with the FAd/WHO reference pattern (1973). It is 
reasonable to assume therefore, if sweet potato contributes more than 90" of 
the total calories intake in any diet, protein deficiency is likely to occur.
 
Therefore, sweet potato eaters have to supplement their diets with some
 
protein-rich food such as fish, a practice adopted by aboriginal Lan-Yu
 
tribesmen living on 
Orchid Isiand - a small island southeast of Taiwan. 

Between 1960 and 1970, several studies conductc ' N(ew Guinea reported

that the sweet potato eaters of the New Guinea highlands were hralthy, al
though a considerable negative nitrogen balance was recorded 
 for them every
day. The investigators proposed that the intestinal bacterial flora of 
these sweet potato eaters were able to fix gaseous nitrogen and provide amino
 
acids for the host; an interesting) story but hard to accept. Our studies
 
have indicated L..it this conclusion was erroneous (luang K 1979).
 

We enlisted the hel p of nine young Yami tribesmen from Orchid Island 
between 16 and 24 years of age. They were given sweet potato diets (steamed 
sweet potato of variety Tainun 57) which suplied "0 to 09 of the total 
calories and 75 to 91 of the total protein in two separate experiments.
Experiment 1 lasted 32 days and E/periment 2 lasted 53 days. In Experiment 1 
and during the first 36 days of Experiment 2, nitro(jen (N) balance studies 
with the seven teenage boys in the group were conducted with 0.67 and 0.71 g
of protein per kg of body weight, respectively. Theoretically teenagers
should show positive N balances. However, results of the N balance study,
taking into account skin i loss, were -0.5 mg N/kg/day it) Experiment 1 arid 
-3.2 mrg N/kg/day in Experiment 2. Protein digestibility was about 701. 
Plasma urea N decrea sed from between P and 11 to between 2 arid 3 mg/lO0 ml, 
and the plasma free amino acid pattern showed some abnormality, in that 
valine, isoleucine arid leucr;e decreased significantly. This indicates some 
degree of protein depletion in the teenagers. On the other hanid the two 

http:Natio.ai
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adults who were 
given 0.63 g/kg of protein did not show such results. In
other words adults may be able to get enough protein to meet their minimum
requirement when fed about 2.5 kg of sweet potato per day, supplemented by a
small 
amount of fish and vegetables. We were also able to show that the
feces of the sweet potato eaLing subjects were not able to fix N under eitheraerobic or anerobic conditions. The conclusion of this study is that 
sweet
potato alone is not able to maintain adequate protein nutrition in subjects
of growing age. 
 But it is not as deficient as 
some people consider, who feel
that it haS no value at all 
from the viewpoint of protein nutrition. The
extent of negative N balance is not 
as great as reported by some investigators. 
 For adult sweet potato eaters the protein nutrition status is marginal,
and 
no apparent sign of protein deficiency, except a tendency to tire easily,
may be seen after feeding for as 
long as two months. However, due to high
dietary fiber content the 
fecal volume was huge, averaging about 800 
a on a
 
wet weight basis per day.
 

Recently, we have tested the hypocholesterolemic effect of various dietary fiber-rich vegetable foods in rats and found many of them, including
leafy vegetables, legumes and bamboo shoots, 
were able to lower serum and
liver cholesterol 
if given in sufficient amounts. Therefore, we also tested
four varieties of sweet potato for this effect. 
 Dry sweet potato powder was
incorporated into 20 casein rat diets at a level of 20" together with 17cholesterol. After a four-week feeding period, 
rats were killed and blood
and liver were collected for analysis. Sweet potato did not cut down on
serum cholesterol and total lipids as much as 
 other vegetables. However,one variety of cwert pot-ato, Pono flu, was found to decrease both serumcholesterol and total lipids significantly. 
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INTRODUCTION
 

There are barriers against the consumption of sweet potato particularly

in the developing countries, where the crop could be most benefi'ial in al
leviating malnutrition and starvation. Food preference is a complex subject

and cannot be analyzed simply. 
Sweet potato is one of many nutritious foods
 
which are overlooked by consumers in underdeveloped countries. Most of these
 
foods fail to meet certain important requirements in their production, pro
cessing, distribution, storage, preparation 
or cultural acceptance. Utili
zation of these crops is less advanced than that of cereals, and the factors
 
working against their consumption vary from crop to crop. Sweet potato has
 
been consumed in many parts of the world for centuries, yet it remains a

)survival crop', or a food for the last resort. People will eat it only when
 
they are on the verge of starvation. When better fed, consumers shift to
 
other crops.
 

The primary purpose of this paper is to analyze the resistance to eating
 
sweet potato.
 

STAPLE OR VEGETABLE?
 

A question that has been repeatedly asked is whether sweet potato is 
a
 
staple or a vegetable. It can be considered either depending on the point of
 
view. For example, eaten with simple kitchen preparation and as a supplement
 
to other foods, it is classified as a vegetable. When used as the principal

food, it falls into the staple crop category. Since this is controversial
 
and sweet potato is primarily an Asian food, we will follow the Asian way of
 
food classification into three groups: main food, supplementary food, and
 
luxury food (sometimes called food for pleasure). Main foods 
are staples

like rice, wheat or corn which provide energy and are included in almost every
meal. In most parts of Asia the main food is rice, whereas wheat is the
 
staple in Europe and North America and parts of India and China. Supplemen
tary foods like meat, eggs and vegetables are eaten with the main food and
supply protein, minerals and vitamins. These vary from meal to meal, season
 
by season. Luxury food is considered non-essential and includes those items
 
such as c-kes, icecreams, candied foods, beverages, and so forth (Riley and
Moomaw 19/9). Following this classification, sweet potato can fall into three 
groups depending on the method of preparation or the level of consumption.
For example, white-fleshed and high-starch sweet potato eaten in large quan
tities is considered a staple. Many inhabitants of Papua New Guinea have
been reported to eat 3 to 5 kg of sweet potatoes every day. On the other hand
hand, since sweet potato is rich in beta-carotene, vitamin C, minerals and
dietary fiber, it also can be considered as a typical vegetable. A sweet potato
high in sugar or with an attractive color can be made into candied products

and other delicacies, therefore becoming a luxury food. 
 In our discussion,

however, we will regard sweet potato as a staple food. 
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TRENDS IN SWEET POTATO CONSUMPTION
 

Sweet potato's status as a survival crop is apparent from a study of the
 
situation in Taiwan. The relative per capita availabilities of major food
 
groups during the period 1962-1977 are shown in Figure 1. We are using the
 
food availability of 1962 as our base for comparison. As a staple food it
 
contributed 6.55Z of the available food energy in the people's diet in 1962.
 
However, it also formed an important source of vitamin A and minerals. The
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consumption of rice remained 
constant during the period of 1963-1977, where
as the consumption of all other food groups increased, and that of starchy
roots decreased. Sweet potato was the principal starchy root referred to 
in 
these figures. In 1977 the per capita availability of sweet potato was only
6.93 kg per year, contributing only 0.73: of the total daily energy intake 
(JCRR 1978).
 

In 1977 AVRDC economists surveyed food patterns of five cities in Tai
wan. Sweet potato consumption responded to income levels, with the inlow 
come group having higher frequency of sweet potato in their diet (Calkins 
1978). 

We do not have sufficient data to do similar calculations for other 
countries. However, trends appear to be similar. Table 1 lists the avail
ability of food erergy and sweet potato in 1964-66 and 1972-74 of selected
Asian countries (FAO 1971 and 1977). With the exception of China and India,
most countries in Asia were able to irprove their available food energy
during this period. These fiqures suggest a greater availability of food as 
a source of calories and probably a better standard of living. Again, ex
cept for China and India, reduction in sweet potato consumption in these 
countries is very noticeable. This trend ;ndicates a discrimination against
eating sweet potato. Similar trends can be observed in the case of African 
and Latin American countries (Table 2 and 3). 
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Table 1. Food energy and sweet potato availability in selected Asian
 
countries in 1964-66 and 1972-74 

1964-66 
 1972-74

Country energy sweet potato energy sweet potato 

(cal/caput/dayJk/caput/year) (cal/caput/day) (k/caput/year)
 
China 2379 
 68.9 2278 
 80.2
 
Inaia 1964 
 2.1 1967 3.0
 
Indonesia 1760 25.4 
 2301 17.1
 
Rep of Korea 2329 76.1 2749 
 28.7
 
Malaysia 2200 3.7 
 2539 1.0
 
Pakistan 1995 3.7 
 2128 2.0
 
Philippines 1911 20.4 1957 
 5.1
 
Thailand 2226 16.2 
 2302 7.2
 

Source: FAO food balance sheets
 

Table 2. Food energy and sweet potato availability in selected Latin American
 
countries in 1964-66 and 1972-74
 

1964-66 
 _!_97 42-7
Country energy sweet potato 
__ 

energy 
1 

sweet potato
 
. .. dk(ckal (ca llcapu t/day) q-cauLl
(kg /caut/year.) 

Argentina 1885 14.2 3280 
 13.6
 
Bolivia 1765 45.8 1858 48.4
 

Brazil 2541 15.1 
 2537 13.3
 
Chile 2516 65.4 
 2734 73.6
 
Ecuador 1848 
 1.4 2084 1.0
 
Paraguay 2723 37.9 
 2714 27.6
 
Peru 2271 
 10.2 2322 
 9.8
 
Uruguay 3023 26.4 
 2969 20.3
 
Venezuela 2367 8.9 
 2388 2.4
 

Source: FAO food balance sheets 

If the same approach is used to study the consumption of cassava, the 
trend is less marked (Table 4) indicating cassava to be more acceptable as
 
a staple than sweet potato.
 

THEW,-iHY RESISTANICE? 

Food preference is a complex social phenomenon, caused by many factors. 
We believe that some of the major reasons contributinq to the resistance to
eating sweet potatoes are negative psychological associations, seasonal 
fluctuation of supplies, high sugar content, and flatulence. 
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Table 3. Food energy and sweet potato availability in selected Arrican
 
countries in 1964-66 and 1972-74
 

1964-66 1972-74 
Country energy 

(cal/caput/da) 
sweet potato 
kg/capUt/year) 

energy sweet potato 
(cal/caput/day) (kg/caput/year) 

Angola 1911 22.6 1993 23.8 

Burundi 2017 199.2 2324 186.5 

Cameroon 2228 39.8 2379 21.0 

Central African 2172 25.5 2318 28.9 
Republic 

Congo 2036 64.3 2261 62.7 

Guinea 2059 20.4 1992 17.4 

Kenya 2243 29.5 2137 26.3 

Liberia 2287 6.5 1973 7.6 

r1ali 2131 12.1 1756 5.5 

Pliger 2178 4.4 1857 3.0 

Rwanda 1910 67.5 2101 109.4 

Sierra Leone 2155 3.4 2248 3.0 
Sudan 2091 20.4 2067 1.6 

Tanzania 2144 19.5 1956 18.1 
Uganda 2157 141.5 2140 42.9 

Zamibia 2246 7.2 2014 3.4 

Source: FAO food balance sheets 

oiPsych_ .loi cal 

Resitance to eating sweet potato is partly psychological. For example,
those Filipioos and Taiwanese who survived on this crop during the Second 
World War seldom eat sweet potatoes now because of unpleasant memories of 
suffering and hardship. Pecause sweet potatoes are considered a survival, 
or poor man's 'food, they are also considered a low prestige food. The situ
ation is further aggravated in some countries like the ROC where sweet potato
is used as hog feed. Also, it is natural that any farmer shifting from sweet 
potato to rice as a source of income will also eat more rice and less sweet 
pota to. 

Seasonal ctuati on of sujp es 

Earlier we mentioned that a staple food is included in almost every
meal. To meet that criterion, sweet potato should be available the year
round. This is not the case because of production, distribution and post
harvest problems. Although a tropical root crop, sweet potato harvest in
Taiwan is generally lower in July to September than in February to April (Lee
1978). Consequently, the limited supply from July to September results in 
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Table 4. Food energy and cassava availability in selected African countries
 
in 1964-66 and 1972-74
 

1964-66 
 1972-74 
Country energy cassava energy 
 cassava
 

(cal/caput/day) (kg/caput/year) (cal/caput/day) (kg/caput/yearl
 
Angola 


Burundi 


Cameroon 


Central African 


Republic
 

Congo 


Gabon 


Gambia 


Ghana 


Guinea 


Ivory Coast 


Kenya 


Liberia 


Madagascar 


Malawi 


Mozambique 


Niger 


Nigeria 


Rwanda 


Senegal 


Sierra Leone 


Somalia 


Sudan 


Tanzania 


Uganda 


Zambia 

1911 182.9 1993 174.8 

2017 11.8 2342 95.4 

2228 104.0 2479 80.2 

2172 3539 2318 158.3 

2036 241.7 2261 313.3 

2182 192.8 2226 269.6 

2315 15.5 2305 13.6 

2084 104.8 2291 112.5 

2059 86.5 1992 76.2 

2430 71.7 2621 79.0 

2243 41.7 2137 35.5 

2287 200.7 1973 163.0 

2387 74.2 2361 59.6 

2131 11.4 1756 1.5 

2127 301.6 1987 243.2 

2178 23.0 1857 29.4 

2166 102.6 2071 114.2 

1901 15.8 2101 24.3 

2299 41.9 2180 23.7 

2155 25.8 2248 24.8 

1770 6.8 1915 7.9 

2091 126.3 2067 57.6 

2144 86.8 1956 65.2 

2157 260.0 2140 65.6 

2246 35.3 2014 33.2 

Source: FAO food balance sheets
 

high sweet potato prices. High moisture and free sugar content make sweet
 
potato susceptible to rapid deterioration in storage, complicating preserva
tion of large quantities during off-season production. However, sweet potato
 
can be stored for one to six months with proper curing and adequate storage

facilities (Ryal and Lipton 1979).
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The sweet potato weevil also prohibits effective storage of roots. This
 
pest is not only a problem in production, but riddles sweet potato roots re
ducing their value as human food. Weevil-infested sweet potatoes have a 
strong bitter taste due to production of ipomeainarone (Akazawa .. ; i' 1960).
Regardless of the toxicity of this compound, the unpleasant flavor makes 
sweet potato less acceptable for humans. Unfortunately, there are still no 
economical ways of controlling this insect in developing countries. 

igh suar content
 

Sweet potato may not be acceptable as a staple food because of high
 
sugar content (Villareal 
 1981). A staple high in free sugar could elevate
blood sugar in a short period and reduce the appetite (personal communication,
T. 11. Yang, pro fessor, National Taiwan University). Furthermore, there is a
 
tendency for ,weet foods to dominate the flavor of others.
 

Flatulence 

Flatulence or 'gas' problems that occur after eating large quantities of
 
sweet potatoes have been mentioned in a joking manner as a reason for low

acceptability of sweet potato. This problem, 
 however, has not been studied. 
Undigestible carbohydrate could he involved in this process. 

SUGGESTED APPROACIIES 

There are situations and areas in the world where it should be practical
to promote sweet potato as a staple food. In many rice areas it would seem
 
feasible to )romote sweet iOtAto as a supplementary staple food. The follow
in(j alpproaches are rocommiended to accomplish this goal.
 

1. 'edi a prom) Lion. A massiwy campaign should he made through the use
of the pres s , rod in, tol(vision , and attractive posters. Coupled with the 
campaig, i stronq aed highly trained corps of extension nutritionists should 
carry infOrmation Lo,,hol m potential (Villareal 1977).,rid consumers 

The lpreseot orpi i cldevilop sweet potatoes slpecialized for human
food, mniria 1 fed rn lii'-rial uses in starch and alcohol production should 
help di spel sil ,'i ! lrrirs agairst L~h, status of sweet potato. 

At AVYP)C, we cnn' i t a I.a stapl typo nf sweot poLato should possess
the follrwirli charoti ', riih dtry matter content, low sugar, high protein,
dry te;lure aril i whit.'' fH, II "olir (Villareal 1931). A variety high ill dry

aittLer will stor(,e h Ait r ''.ri l as , haviing lit(,Lr (Odtll j (I ii /ty. The dry
iittc'r co rl;( ,- owF LmlJ),, icmnwi uLjnder aiwat, conditio s varies, from 13.6 
Lu P.i 'AVP!,, i irim ,rhl cijdot:.). The ,flJ r content of our gerwplasr variesLO a ttfromli t: ui Jr,/ wr i ,)aisi,;. [he lilr'; with the ln;.'st sugar, how
(ver , e,(.,(F the st[1(ar Cmlit.lit of oth ' stJa le foods. flvertheless, after 
intercros si l Mn,' s,. r l1 e rlfu ,:,l th(e 1eat s u3 m content from 13.4 
il the 'jeril,1 ii Lu 1).2 ii ir r 'edil lines, i idicalinlo that it lucy he 
ossi lie to edt(Jlce it fili t i 'r ni ] rli r I ,,oue' T-h lJrotin i comntenits of miost 

pOI)LIlCr Aian -wee 'if Inv'.t tm-'anarle A wfriLion styi,' has s'howIthLt this amllint cif- pr'it, ll i' mffi iellt. L fe'lanmlm1 - Uhe lil tabolic r(eds of
a1n adil it if sweet Ift,lnr, Iir(, ,at m ill soiffic ieint enla ltity to sjply calorie 
nleeds (Lee 1P70). 'w+-et i)o1t 1sri at AVPiC rhiesn pr J fl'0i1 aboUt 2.5 to 
I? lrote'ii riol d dry we(jht basis (,.VPLC H/5). It appears olss;ihle to 1im
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prove this level without sacrificing yield levels. Although a positive cor

relation was ohserved between protein content and antiproteiase factor acti

vity, it is not considered a serious problem for human consumption since
 

this factor is destroyed by cooking.
 

2. Although sweet potato can be grown the year round in the tropics
 

(Santos 1977), yields during the wet season are much lower than in the dry
 

(Li 1979). For this reason, high yielding varieties for wet season
season 

plantings need to he developed.
 

3. Food processing needs to be emphasized in any sweet potato research 

undertaking. For example, a low-cost drying process will surely improve 
storability and maintain good eating quality. Current techniques used in 

Taiwan to prepare sweet potato chips for animal feed are not adequate to 
develop products acceptable for human consumption. 

Fortification of conventional foods with sweet potato flour is one area
 

that deserves more attention. The work at the National Taiwan University
 

experimental farm and TARI's Chiayi Agricultural Experiment Station demon

strate that breads made with up to 20- sweet potato flour are tasty and of
 

good quality. Additional vitamin A can be supplied to the diet if orange

fleshed sweet potato varieties are used. This technology would be practical
 

in countries where sweet potatoes are available and importation of wheat has
 

drained precious foreign exchange. 

4. Other new products need to be developed depending on the country. In
 

Taiwan, for instance, the electric cooker is an essential household utensil.
 

Precooked sweet potato flakes recently introduced to the US market (Hoover 

1966) may have potential in Taiwan but will be too expe'-sive for certain less 

developed countries. 

5. A lov:-cost postharvest handling system is another way of assuring 
consumers of a continuous supply of sweet potato. 

6. On the problem of flatulence, studies on the following area should be 

considered: 

a. the nature of flatulence-causing substances in sweet potato. 
b. breeding and selection for low-flatulence lines. 

c. storage techniques and processing methods which can eliminate or reduce
 

flatulence.
 

CONCLUSION 

Despite many advantages, sweet potato is a low prestige food. Its value 

has been as a survival food but it has the potential to play a fuller role in 

many developing countries. -.le believe thr resistance to eating sweet potato, 
particularly in poor countries, is both pisychological and technic,, in nature. 

National governmrents can probably play a dominant role in rernovirg the 
in developingpsycholrJgical barriers. The world's scientists can cooperate 

improved varieties, apirooniate rianrageirrrt practices, and postharvest hemdling 
and proces,irg technology to imiprove sweet potato as a supplementary staple 
food. i by these we have everything to gain in feed) pl/ trying approaches, 
ing a iungry world, and tinthing to lose. 
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SWEET POTATO CULTIVATION
 

Significance and distribution
 

Sweet potato (i,-omo-3a batata. (L)Lam) is by far the most important food
 

crop in Papua New Guinea (PNG). The only production estimates are now 20
 

years old. Walters (1963) gives the annual production as 1,223,000 tons from
 
If this is valued at a conservative 15 US
an approximate area of 72,000 ha. 


cents/kg, crop production is worth over US$180 million per year. Present
 
The only other
production is probably worth over US$200 million per year. 


crop that approaches this value is coffee whic>l is grown as an export crop.
 

Sweet pc':ato isa very important cash crop and large quantities are grown
 

for sale. It is the most important crop grown at schools and similar insti

tutions.
 

Small roots
The principal product is the root which is baked or boiled. 


are used as pig feed and large pig herds are maintained on sweet potato
 
The vines and leaves are occasionally
roots, particularly in the highlands. 


eaten by people as a green vegetatie, but their main use is as pig food.
 

Sweet potato is cultivated extensively in the highlands between 1200 in
 

and 2700 1nwhere it is generally the staple food. Various authors have cal

culated that it provides between 60% and 90% of energy needs for highlanders.
 

It also provides a significant proportion of people's protein intake. In
 
sweet
the lowlands (0-600 m) and intermediate altitude areas (600-1200 in), 


potato is increasing in importance in subsistence a.riculture. In some
 

areas, such as on Bougainville Island, it has completely displaced the tra

ditional staple taro. Sweet potato production is in general increasing,
 

together with Yrmt:ho:r taro and cassava, at the expense of the traditional 

staples of CoZooa jQ£ taro, yams and bananas. This is occurring because of 

the loss of fertile forest land which is necessary for taro cultivation, the 

ease of cultivation of sweet potato, pest and disease problems in other
 

crops, and the loss of traditional values associated with other staples.
 

Introduction to PNG
 

Itis generally accepted that sweet potato was introduced to PNG some

time in the past 400 years following European exploration in the New World.
 
came to PNG from the West Indies via Africa,
Yen (1974) has proposed that it 


India and the East Indies (Indonesia). Various authors have estimated that
 

sweet potato has been in the highlands for 200 to 300 years. Some examples
 

Upper Kaugel Valley, minimum 170 years (Bowers 1968); Kainantu, 200 to
are: 

300 years (Watson 1965); Waghi Valley, 250 years (Golson); Tari Basin, 250
 

years (personal commiunication with B. J. Allen, Office of Environment, PNG).
 

The effect of the comparatively recent introduction of sweet potato 

into the highlands has been the subject of controversy. Watson (personal ( 
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communication) has suggested that a subsistence revolution occurred following its introduction. 
 Aspects of this revolution include radical changes in
gardening patterns, an increase in the ilportance of pigs,tion explosion, a change in the 
a human popula

relationship betweenlanders, changes in 
the sexes among highsocial structure and an increase in warfare. Otherworkers in the highlands have rejected this hypothesis (Brookfield andWhite 1968). 
 They suggest instead that the introduction of the sweet potato
was not of major relevance to the development nf agriculture in the highlands,although its introduction has had 
some effects, such as an expansion of cultivation into areas of higher altitude, t,,e clearing of montane forest andthe resulting wider planting of casuarina trees to 
provide wood 
in ,'eforested
 

areas.
 

Farmin systems
 

The crop is grown from sea level to 
the altitudinal
This is usually at abouL 2700 in,but occurs as 
limit of agriculture.


high as
Enga Province. 2850 m in parts of
The crop attains its greatest importance above 1400 m.
2350 m, regular Abovefrost damage occurs. It is the staple crop in areas with
mean annual rainfall ranging from 1700 mm to over 5000 mm. It is grown onvery wide range of soil atypes ranging from sandy loams to heavy clays andpeat soils. In the highlands where 
generally clays. 

the crop is most important, the soils areIt is grown on flatlands and on slopes up to 400. 
Thewiderange of ecological conditions under which the crop is grown reflect bothadaptability of the thecrop and the wide genetic base within the country. 
The farmring systems in which the crop is grown are equally diverse.is grown in systems ranging Itfrom those where a single crop is followed byvery long forest fallow to those a 

the 
involving continuous cultivation in whichcrop has been cultivated for over 200 years with fallows of only 2-3months between crops (Wood 1911 ). It is grown in systems using both grassand forest fallows, although grass fallows are more coniimon, particularlythe highlands. Cultivation techniques in

in grassland areas may be classified 
as follows: 

1. Planted without mounding or
Little soil cultivatio!n. 
in small mounds (30-50 cm diameter).Generally practiced on 
steel) hillsides, especially
in Simbu Province, where soil 
retention devices 
are common.
 

2. Planted in small Mounds (30-1 10 cm diameter) on drained beds.cultivated by hand Soilprior to mounding. Beds are long and rectangulardrier Eastern Highlands ad square in shape 
in the

where the rainfall is higher(Waghi and Plaiyer Valleys, parts of SimhiU). 

3. Planted in large mounds (I to 5 in in diameter) withpositions pr Mound, 
up to 30 planting

with 2-3 plants per position. Compost is placedmounds prior to planting. inThis is the traditional systemProvince and adjoiinirr in most of Engaparts of the Westeri and Southerrn Higlilands. 

4. Mechanical cultivation systems. Mounds or ridgesmechanically formed by hand orafter mechanical soil cultivation. (inflat or gently slopingland in grassland areas in the lowlands and highlands, especially by commercial or institutional farmers.
 

In forest areas, 
 little soil cultivation is practiced and mounds are 
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This isthe common system inthe lowlands
small, ifthey are built at all. 

and intermediate altitude areas and also at high altitudes as new land is
 
opened up for agriculture.
 

Cultivars and cultural techniques 

in PNG. Yen (1974) suggests that more cul-Cultivars are very numerous 
any other area in the world.tivars could be collected in PNG than from 

There are probably in the order of 5000 cultiv~rs grown. Abot 500 cultivars 
The avail(including some duplicates) are maintained on research stations. 


cultivars held by various groups is summarized in Table
able information on 

1. The number of cultivars held by may one group of people ranges from six
 

to 71, with a mean of 33. Some of the lower figures are almost certainly 
In the lowlands the number of cultivars held by any groupunderestimates. 

of people is generally smaller than in the highlands. Spontaneous germina

tion of true seed gives rise to potential new cultivars, some of which are 
retained and may eventually replace existing ones. This process, and cul

tural isolation of growers, explains the large number of cultivars (Yen 1974; 
Powell 1975). Cultivars introduced since European contact are rapidly
 

replacing traditional ones and many traditional cultivars are now being lost 

(Table 1 ). 

The crop is alw&ys propagated by stem cuttings. These are almost always 

taken from the apical portion of the vine and cuttings from mature plants 
pruning are both practiced.are preferred (Kimber 1972a). Vine and root 

Cu tivation of sweet potato in the highlands is mainly the responsibility of 

Men clear new areas, and do tore heaviest work such as removuing thewomen. 

basal parts of cane grass and fencing whilst the women prepare the soil,
 
plant, wend and harvest the crop. Crop planting is somewhat seasonal in the
 

highlads, wi ti iore planting taking place at the beginning of the wet season. 

Systems oF harvF'.,t and_ Crop y.ield 

The most coiwnion harvest system ir progressive harvesting: large roots 

are removed frori the soil as they are needed. Up to four harvests may be 
In the Dom areamade from iidividual p,11ts over a period of a year or more. 

of Simnhu Provinc , villagers claim that harvesting of individual plants may 

extend for a; 1olpj as 3-4 years (Wohlt, personal communication). On Bougain
single harvest is takenville (itchell l' iK) ard in other lowland areas, a 

and all roots are rerioved at the same time, regardless of size. Roots are 
in holes ii the cround filled with sand (Kimher 1972a)occasionally stored 


or are also stored ill houses for a few days before consumption (Siki 1981).
 

The available inforiatioi on suhsisterice yields is summarized in Table 
fromr ' to 50 t/ha, with most values in2. Peor-ted siylsi stence yields ranoe 

the range 5 to 25 lha. Values of over 25 t/ha ar-e unilikely to be accurate
 
indications of subsistence yields. E/erimental yields have ranged from
 

crop failure to 71.2 t/ha (Er/i l')77). Exoerimental yields usually lie be

tween l0 and 30 t/ha. In the lowlands yields of 10-20 t/ha are the rule, 

whilst in the highlands yields are often in the range 20-40 t/ha. Tie to 

ira tur ity is 5-6 mont hs iii the lowlands , 6-,. months in the highlands and 7-12 

irrorths (and longer) at high altitudes. 
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Table 1. 	Number of sweet potato cultivars grown by various groups in Papua

New Guinea
 

.- _Cu-t-aaL s_n3ow n 
Location 	and 
 total 
 Post- Traditional


approximate altitude 
 number 	 tradi- contact cultivars Source 
tional inLroduc- flow lost 
tivrs
cu a tionsUpper Cl~nilbu Valley,Simbu Prov:: (c. 220tm) 71 	 45 26 - Sterly (1978) 

Grand Valley, BalimRiver, Irian Jaya:: 
 70+ 	  - Heider (1970)(1650 ivY' 
Sinasina area, Simbu
Prov" (1800-2500 m) 
 67-	 28 32 36 Hlide ,t (l(1979)Tari Basin; (1600 ri) 53 - - - Powell (1981)
Upper Mendi Valley,
SHP:: (2000 m) 49 	 30 
 19 - Simpson (1978)
Siibai area, Madanq

Pro:: (1500-2300 m) 5
482 	 43 
 - Bulmer (198,1)
UppQr Mendi Valley,
SliP" (2100 in) - Most cvs42 	

22 Harrison (1916)
Mt Hagen 	 area, WHP:: 40-50 
 - -(1600-1900 in) 30-40 Powell .t
 
(1975)
 

Lai Valley, lga:1
(1800 m) 35  - Waddell (1972) 
Upper Lai Valley,Enga'; (2100 In) 31 	 25 6 - Meggitt (1952)Simbu Province:: 30+ 
 - - Brookfield ard(1500-2700 i) 
 Brown (1963)

Sirfajai area, Madan
Proy:: (1500-23Cj in)g 29 ' 21 8 22 Buh1ner (1981)

Upper Shnbu Valley,
 
5 jirbu (1900 mn)prov:. 
 29 	  - Komha (1978)

'ainanto area, [P:;


(1550-b80o m) 27 20

ONembiPlateau, 1jjP:; 25 11 

7 - Watson (1967)
14 
 25 
 R. II.Bourke
(161101) 

(unpub. data)
Simihai P.iver, :adarqProv (13)(--1600 I) 24 - - Rappaport (1962)
Siruini Plateu [nga::
(1900-270) :;) 24 
 - - Sinnett (1975) 
'agua area, 'HP::
t1600 in) 17 	 11 
 6 - Abaya (1978)

Simh1i Pivr area,
 
'laddn Prov
(700-1100 	 (n) 15+ 
 - - Clarke (1971) 
Sirunki Plateau,
 
[nqa:: (2600 m) 13 	 11 
 2Pangia 	 - Walker (1966)area, SHP::(1500-1600 m) 
 10 	 - 16 Paia (rid) -

Markham Valley (300 m) 7 

- Langley (1950)

Snake River, Morobe 
Prov:: (1100 in) 6 

- Langley (1950)
"Sweet potato i% the main staple foodI'Irian Jaya (West New Guinea) is a province of IndonesiaInclude, 	7 varieties of unknown origin

'Situation in 1963-64 

"Situation in 1980 
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Tale 2. Sweet potato yields recorded insubsistence gardens in Papua New Guinea
 

Location and 

approximdte altitude 

Snake River area, 

Morobe Prov (1100 m) 


Tsak Valley, Enga 

Prov (1500-1900 m) 


Tsak Valley, Enga 

Prov (1900-2300 m) 


Tsak Valley, Enga 

Prov (> 2300 m) 


Simbu Prov 

(1900-2300 m) 


Kaugel Valley, WHP
 
(2200 in) 


Simbu Prov 

(<1900 M) 


Enga Prov 

(1500-1900 m 


Lai Valley, Enga 
Prov (1800 m) 

Enga Prov 

(1900-2300 ii) 


Enga Prov 

(' 2300 m) 


Mt Hagen (1600 in) 

Lai Valley, Enqa 
Vrov (1800 in) 

Loper Lai Valley, 
Eriia Prov (2100 in) 

Simbu Province 
(> 2300 in) 

Oksapinin area, 
WSP (1800 w.) 


Upper Wage Valley, 
Enga Prev (2650 in) 

Tari Basin, SHP 
(1600 m) 

SW Bougainville 

Island (100 in) 


Tar Basin, SHP 
(1600 m) 


Siane area, Simbu 
Prov (1900 iii) 

Yield 

(t/ha) 

37.7-50.3 


33.2-37.0 


31.3-34.9 


27.6-30.7 


24.0-26.6 


23.5 


22.5-24.9 


22.4-25.0 


20.9 


21.2-23.6 


18.6-20.7 


18.4 


17.4 


15.7 


15.0-16.6 


14.8 

c.14.0 


13.1-13.3 


12.2/8.5 


11.2-11.3 


10.6 


sources 


Conroy and Bridgland
 
(1950)
 

Bureau of Statistics)
 
(1967b)
 

Bureau of Statistics) 

(1967b) 


Bureau of Statistics)
 
(1967b)
 

Bureau of Statistics)
 
(1967a)
 

Bowers (1968) 


Bureau of Statistics 

(1967a) 


Bureau of Statistics 

(1967b) 


Waddell (1972) 


Bureau of Statistics) 
(1967b) ) 

Bureau of Statistics) 

(1967b)
 

Clarke (1977) 


Waddell (1972) 


lleggitt (1958) 

Bureau of Statistics 

(1967a) 


Cape (personal 

comnunication) 

Wohlt (19711) 


Wlood (1981) 

Mitchell (1976) 

Wood (1981) 


Salisbury (1962) 


Notes
 

Averaeoe l

*rage over all
 

soil types and
slope classes
 

River terraces
 

Averageover all soil
 
types and slope classes
 

Average overall soil
 
types and slope classes
 

Small mounds
 

Average over all
 
soil types and
 
slope classes
 

Good soil. After
 
8 year fallow
 

Large mounds
 

First crop on
 
best soil
 

Average over all soil
 
types and slope classes
 

After 35 year fallow 
on limestone soil
 

Per year
 

Peaty soils
 

First and fifth crops
 
respectively. Other
 
crops intermediate
 

Alluvial soils
 

Estimate only 
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C.00 Meggitt (1958) 
 soi types
 

Oksapmin area, WSPi 
 Cape (personal Atr1.erflo
in)9.7
~(l80 conmunication) ~ on mudstone soil 7 
Upper~LaiValer
Mt En 300-16(200mn)m) Clarke (1977) )mHagen (1600 9.3 "a..lalpot(9 Avrg yieldInPoor soil. 


cultivation for
 
115 years
 

Kamu Valley, Irian 
 Intensive valley.
Jaya (1500 m) 7.1 
 Pospisil (1963) cultivation
 

Simbal River, Madang 
 Over 1200 weeks in
Prov (1300-1600 mn) 6.5 Rappaport (1968) mixed garden. Total 
 ' 
garden production
 
15.5 t/ha
 

Membi Plateau, 
 Bourke (unpublished Soil fertility re-
SHP (1650 m) 6.3 data) 
 'duced 
 by many years
 
of cropping
 

Kamu Valley, Irian 
 Valley s . . .Jaya (1500 mn) 
 6.2 Pospisil (1963) cultivation 
. . 

Tani area, SHP
 
(1600-1800 mn) 5.4-8.5 Wood (1981) 
 Volcanic ash soils 
Kamu Valley, Irian Mountainside gardenJaya (1700 m?) 4.2 
 Pospisil (1963) 
 M i g
Manus Island (100 m) c.2.0 Rooney (1981) 
 Following taro blight
 

epidemic, people
 
changed briefly to a 
sweet potato staple
 

Pest and .disease problems. 
 . 

Rats cause much damage to roots. Villagers often turn the vines to
rdexpose tothe soil 
 the sun and thus reduce rat damage by making the soil
harder. Women and children hunt and eat the rats. 
 Domestic and wild pigs
can do much damage. In most parts of PNG, individual gardens or groups of
gardens are fenced in to keep pigs out. 
 The sweet potato weevil (QCylcu.foricariusF) can be a major problem at times. 
 It is only serious in areas
with a marked dry season, such as 
around Port Moresby, or in very dry.years.
The recommended control measure iscrop rotation and use of uninfested

planting material (Kimber 1972b). 

Hawkmoth (Agriuaeconvolvuli (L)) 
has been recorded as attacking sweet
potato leaves, mainly in the lowlands, but the damage is generally notsevere. 
 The pest iscontrolled by the introduced cane toad (Bufo" maPrltrnw(L))(Dept Agric 
 1941). The sweet potato leafminer (mrdellZa aomrnizenteZaZell)) has reduced yields int he highlands and the lowlands in some years

imber 1972b). Sweet potato littleleaf is
plasma-likc organism (Pearson 1981). a condition caused by a mycoIt is a serious problem in villagegardens in Central Province and has caused severe yield loss in experimental
'plots on New Britain in the past. ieafscab, caused by the fungus Eiz'leinnlbatata Jenkins and Viegas, common on
is sweet potato vines and leaves * The 
ndition is worse in the highlands than in the lowlands. Cultivars vary 
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widely in resistance to the condition. It is not believed to cause much
 
yield loss in most cultivars. In the Upper Mendi area of the Southern High
lands sweet potato yields were severely reduced in 1980 by a condition
 
associated with nematode damage and the fungus F'm arra o , )o),zvn Schlecht
 
, Fr (Anders, personal communication).
 

Fu t u re prosspe ts 

Continuing expansion of production is likely in both the subsistence and 
commercial sectors. Courses for farmers in cormiercial sweet potato produc
tion are being run at Aiyura in the highlands and at Laloki near Port Moresby 
to encourage commercial production. Use of irrigation in the dry Port Mores
by area should facilitate expansion of production to meet the high demand 
there. It is likely that sweet potato will continue to replace the tradi
tional staples in the lowlands and intermediate altitute areas. The spread
 
of littleleaf disease is the most serious threat to production.
 

RESEARCH WORK
 

Research on sweet potato in PNG has concentrated on crop agronomy,

farming systems studies, use of the roots for stockfeed, the littleleaf con
dition and production of a dried sweet potato product. Some 150 agronomic

field trials have been undertaken, mostly by staff of the Department of 
Primary Industry. The research work is briefly reviewed below. 

Aigroto-mic t-ria-ls 

Cultivar trials: Some '.0 cultivar trials have been conducted at 11 loca
tions. In th se, yield, taste, resistance to leafscab and weevil, and pro
tein content have been evaluated. CGItivars have been released mainly on the 
basis of high yields arid acceptable taste. Current releases are Ma'alua, 
Markham, t.f!rikari, JIaveto, Cerenta and W:nmun Kabiufa for the highlands; Milne 
Bay and Oiiia,.a for Central Province; and K 9 ad K 13 for other lowland 
areas. I itrodict ions crow Peru, the USA and IlTA in Nigeria have been eval u
a ted. The Perivi(m varieties were imporl-ed from New Zealand in an attempt to 
obtain1 frr:,t resistant material. They pcrforied poorly and were not frost 
res istant. ate-ia] from the 1ISA has not performed particularly well and 
th,- soft orari(J-rJ~i root is not acceptable to local taste. Some of the 
I ITA vrieties nav o(u'Tyielded local material at Aiyura (1600 il) and Tambul
 
23Q0 in). Th.ir evaljatin , is continuiro.
 

Fertilizer trials: -v,r V) inorganic and organic fertilizer trials have 
been carrid out on sweet iot to in PRIG, many of thei in the highlands. Re
sul ts .ith irior'lanic fertilizer in the highlands have not been consistent. 
In some tr:a1 s fertilizer incrreased root yi e1ri with responses recorded in 
various trials to iiitrrgen, phosphate and potassium. In other trials yield 
was deures sed alrd ill others there was mo response (Dept Agric Stock and 
Fisheries 197? ; Clarke and Street 1967). The variable response is likely 
to re ficL differenit soil types, hut ma y have been caused hy a nitrogen by 
cul ti var interact in. Seventeen field and six pot trials have been under
talke on a young volc.anic soil or New ,ritain in the lowlands (Bourke 1977).
Inithese tr'ialis nitrogen (ave la rge yield increases, especially in grassland
si tes . Potassium increased yield in a depleted forest soil. In lost trials 
nitroeri increased tuber yield, but in others it depressed yield. This 
appears to have icJocurred because of the use of di fferent cul ti vars. 
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Nine organic fertilizer expe'iments have been performed in the highlands
and lowlands (Table 3). In all trials, except one usinq chicken manure,
organic fertilizer increased root yield. In the trial where no response was 
recorded, yield levels were already very high (Velayutham ,-_H 1981). These 
results suggest that yield respoiises are inore likely with organic fertilizer 
than with inorganic fertilizer. 

Table 3. Sweet potato organic fertilizer trials in Papua New Guinea 

Organic fertilizer 
Level of 

application 
Crop . 
yield 

Lr,v(l of 
significance Source 

--- - ______(t/ha) t/ha 
Pig manure 0 13.4 * Kimber (1973) 

22 17.0 
44 15.9 

Chicken manure 0 40.7 ns Velayutham -' 1981 
15 42.7 

Chicken namure': 0 18.2 ** Thiagalingam and 
5 16.6 Bourke (1981) 

10 24.9 
15 19.2 
20 1F,.8 

Coffee pulp! 0 9.3 ** Siki (1980) 
15 12.1 
30 13.0 
45 12.9 
60 15.81 
75 15.6 

Compost placed in 0 8.9 P .1 Bourke and D'Souza 
mounds 12 11.9 (1981) 

24 13.7 
36 14.1 

Conrost pl,-ced in 
wounds 

0 
10 

7.5 
10.3 

Bourke 
(1981) 

and D'Souza 

20 12.7 
30 12.0 

Compost placed 
o und~1 

in 0 6.6 
10. 1 

** Wood (personal 
1ic)t ion) 

commu

1Traure appl ile to a -r crop of winged beanredillI 

Avr arir Of trerial 

N t ihod of C] Li bit o : In i ia1 Olna -,andy 10rloat Verava t (20 in) on 
new iitnam, ]ar(e hill, a, rid,, , i, , yield of 37.7 t/ha compared with 
1.1/' (1 lt'. 1,r.;l : . hUd otL/hd Li' ',ll rid(rd',aid proha hl7 a lower oilanll
ilg rh''w n lp1y1it.p' ')411). it i ,, Fiit,rr (170) compared flatland 
plan lt 0 v it'illio irJ rid ! idle' of ar iou. ',iZr-, iii five tri ails on Ii stl y
hiravy, 'l,. Il'lInlrid l Ji i 'aw, yi.1'I wriicii wewre very much inferior in 
lio't L noil',, irlmiriri' (Jlnv hiqlfgir yild"' l~tirii ridgi', of-rorrespoiding size. 
il the ofther hand, Po"', (lo'oa :-loiiliili1 r l,,ion) fo ird 1ri 'Jill

, 
ificant


yieldr di fferenic, letweeii lar(je anid smal1 mro nd, anl ridhqs iria light soil 
at Piwa (1700 i). 
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Plant density: In seven trials at Aiyura plant densities ranging from
 
11,000 plants to 110,000 plants/ha were compared. There was very little
 
difference in yield of marketable roots (over 100 g weight) between treat
ments, but yield of stockfeed roots (under 100 g) increased with increasing
 
dens i ty (Ki mbe r, personal comnun i cation). 

Effect of weeds and herbicides: Four herbicide trials and one trial 
examining the effect of weeds on yield have oeen carried out t Aiyura (Dept
Agric Stock and Fisheries 1973). It was found that yield was increased as 
the weed-free period after planting was extended from 0 to 8 weeks. Gramo
xone at 0.7 liters/500 liters water/ha applied at two and four weeks after 
planting gave good weed control. 

Time to maturity: Jamieson (1968) examined various crop characteristics 
on one soil type with varied pre-crop histories using successive row-by-row
harvesting of plots,. le found that maxima in crop yield, number of roots 
and flowers occurred earlier in more depleted soil, and that maximum flower
ing is a useful indicator of time of achievement of maximum yield. 

Method of harvesting: Two comparisons have been made of single harvest
ing of all roots versus progrssive harvesting of large roots. The latter 
technique is the universal practice in the highlands. A. J. Kimber compared
the two technigues for two cultivars over three plantings at Aiyura. Rose 
(1979) used two cultivars over one pl1anting. Both workers found that root 
yield was the sane when compared on a per day basis. 

Tuber rotein conterit: 8eca'ise of the importance of sweet potato in 
highlanders' diet-,, root protein content can have a major effect on the 
amount of protein people eat. The protein content of ro)ots from 11 cultivar 
trials done by DPI have heen analyzed. In addition six authors have report
ed on root protein content. Thest. are reviewed by leywood and Nakikus (1981).
The, pull iski(ed ard uJpublished analyses indicate that root protein content 
vari s mrkl edily betweet cultivars . W.1here the same cultivars have been ana
lyzed from idiffere-t eperiments , the ranking of the various cultivars was 
not very cr.isistent froml analvys is to analysis. It is not clear whether this 
is because of variati on in root protein content between plantings or because 
of problem,'s ii: the technipies used. In a series of experiments, the protein 
content of three cult i ,r, was increased by N or [IPK fertilizer (Ki mber 1976). 

Stora qe triil,: 7 'cjlscoparcing various technigoes of storing roots in 
clamps, haw been c,' cried onit at Kandep (2350 ill) arld Kuk (1690 is) by Aldous 
(1976) aid at (7J o Iourke data). It was found that'eravit m) , ky (unpublished 

it wds ,ssib i, to store rmr uccessfull! in clampls for up to 50 days at
 
'ianldep, 1-')day's at VAI'and ,i< days at 'eravat.
 

(Otier (i ,tudifs : Sweet iotato has been the ia in indicator crop
used ill varaius farlingq system trio,Is in the lowlands and highlands. These 
ifl ud' trials to asess th, effect of soil ehaustion, crop rotation and 
type of fajllow. [ntercrolpprig trials at I!PIW using sweet potato with ma ize 
or socghum have 'showi that ii sweet otato/ai/e comibination increases yield
and ecofsomic IT'e)ava1rowth anal ys is studies have been doner'eturni l. 
by "orke ('1l, ) ,r'nd Ln i (177). Uniformity studies by A. J. Kimber have 
resulted iii a re-oisiiied(jed, ;)lot siz- oif 16 / 2.5 ill for trial work . Other 
work has ea, limmd viie pruning arid the effect of frost irder simulated con
dit i tl',. 
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Other research work 

Kaukau rice': Experimental work has been done ol producing a dried
 
sweet potato product known as ' kaukau rice'. Siki (1981) and Thomas (1981)

describe the process. The experimental work was done 
 in 1977 but no further
production was carried out because of an inadequate supply of roots and lowsales due to high cost, low consumer acceptance and poor marketing (Thomas
1981). 

Littleleaf disease: ome work has heen done on identification of thecausal organism of littleleaf condition. This is reviewed by Pearson (1981). 

Stockfeed: Sweet potato roots and foliage have been evaluated as pig

and chicken feed. Nalyricz (1971) found that raw sweet 
 pota to and a 53'",
crude protein concetitrate gave satisfactory returns for growinq pigs. Supplell entation of standard rations with sweet potato foliage was not found to
iiIprove pig p)erformiiance (rHaliica and Had 1973). A tetherinq systeum of pigls
graziig a sweet potato crop has been found to be successful (Rose 1976).

',laLt (1973) has,,uicari 
 zed t'he results of this and other research work on
feedingo sweet Ioti t-o Lo oigs. He includes the findings that giving pigs

cooked sweet iota to inctreiciP live v;eight ain when com tharedraw sweet
wiLi 

potato, 
 a1nd tha t p~i' , raZiljg sweet )otat(, required protein supplerlieit of(i)i o corlliceltra to per pirj per day. Turner , (1976) examined various

diets based oii swof, otato lid a protein supplement as chicken feed. They

Coincluided that uIIlos (' eiifeitrate prices are low 
 and sweet potato is consider
od a free food, it i, lol'e econoiic to nve a filly )repared ration. 

Cuu'ri.,i [t r'.~ i rh' 

C mluam, col :ct~i ors at Aiyura, Keravat arid Laloki are bheinrg steadily
e/IJi-iidoi Ival ali¢oi of hothi Pu; ctlLivars arid jlUi'odulced ones is continuingatf Pi/vu , t'erv at ,, lialoi'i and throuqho ti the hiqhlands. The interaction ofnitiri(, ri forti 1i tr Ind ciLi var is beili exalililrcd at. Aiyura arid Keravat. LittlefOr l i/(.,r situd is ,ir(, bIi twy atiL loki . Trials with various organic fer
t i , lir', , of fi,* pl l, .: ' arid coiIpost) are being under

hal'on rl tich7 F' ft o i) in (o .lllirH(1 /!iii !h0i the theit ihlands Province. Sea
;coa li ,' cf td)y .i'i c'i, g'I IIi ('d b'/ i)ar Iot illd jardell surveys arid )y

tiluci of t i F 'I .iti" i/i<rt mid cc tie ml i Pli ot,(','ai. Cultiva rs areclcinq c ; "i .I a Incr,uerf.' of 1it.! , ilf' il cropc ' ' l-i ar, .h of-Fr.t 

yikeld is Ic iqir 'ii' cc i fiold 
 trij , at Lilol i. 

<,,' rwlf',e 'cH hw.l'l hl r!n Mid~ 1, [ limj (tooo( oJill Awe f,!i pot~ato inl PN~G. 
TileJ ';1ial] !l(w i'i I' ii i ilu c'iLt , ,I viiIidle t the 'OcjenLific cocilllluliLy,
arid iilo Cli y, Lu Iii'cc r;'t i culit'r ',tSS Jb, arid ccllircial sweet
 
iotal Ic lirodicrs',
 

I.I [PtPf!AliPF ClITfb 

Aliaya , 11. H,:. 117;',. odu, i nq ii c uiculI'r il sii'pcliis: Pira village, S.tt.P.
hstliory Agr'ic. 4, ''. Pa .' 2I. Ihiiv. PlJj/FIolji. Prim. Iriust. , Port 

Aldhur, T. 1 /h. <tIr',ic , (if ,weft iol,i lt iji or's. . K. lf ll ,orr ard R. 1.. 
kou rht ( 11/C i Ford ('rouli' Conf. Proc. Dlept. Prim.Ni) I'cllchlow, (iii(,i 

Inoisth:l, Porl birelcy. p ??'i-?jh.
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INTRODUCTION
 

In Liberia, sweet potato covers 2000 ha of land. Although this crop is
 
generally grown for its roots, there are large groups of people in the world
 
who eat the leaves and the tops of the vines. In Liberia, the leaves are
 
more extensively used than the roots and many people grow sweet potato in the
 
their backyards mainly for the leaves. Sweet potato leaves and cassava
 
leaves together provide the population of Liberia with more than 25'% of its
 
daily calorie intake. With the widespread incidence of protein-calorie mal
nutrition in many areas where sweet potatoes can be grown, the tops of the
 
vines arid leaves of this crop could serve as a most valuable supplement for
 
other carbohydrate food (Dahniya 1979). Furthermore, the crop is considered
 
useful as a famine reserve (Drooke 1972) in case of locust attack. It is
 
also more drought tolerant than cassava (Culwick 1941).
 

World production figures (Table 1) show Asia as the major sweet potato
producing area with Africa as the second, producing roughly 4% of the total 
world output (FAO 1980). The reason for the low production levels in Africa 
in general, as well as in Liberia in particular, has not been thoroughly 
ascertained but the sweet taste of the root (which most natives find unpala
table) may be an important factor. The highly perishable nature of the crop 
in regions where economic home processing techniques have not been developed 
and cormmercial processing is not available may also keel) its popularity low. 
The crop, however, has great potential in Liberia, as in other parts of the 
tropics, and production practices are developing in anticipation of wider 
acceptance. 

Table 1. World sweet potato production 1979
 

Area Yield Production
 
Zone 1000 ha t/ha 1000 t
 

World 13,638 8.4 113,954
 

Asia 12,422 8.5 104,617
 

Africa 782 6.5 5,053
 

South America 225 10.1 2,263
 

North America 178 7.2 1,293
 

Oceania 110 5.4 593
 

Europe 13 10.4 135
 

(Source: FAO 1980)
 

5y1 
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RESEARCH FOR IMPROVEMENT 

Realizing the importance and potential of sweet potato as a source of 
energy food to tide people over food crises, a sweet potato improvement pro
gram was initiated at the Central Agricultural Research Institute (CARl) of
the Ministry of Agriculture in 1978 in close collaboration with the Inter
national Institute of Tropical Agriculture ( IT)\), Ibadan, Nigeria. 

The main objective of the program is to evolve high yielding, good
quality, disease and pest resistant/tOlerant varieties together with improved
cultural practices for high production. 

Sweet potato research at CARl is at a preliminary stage. However, the 
following progres s has been Iade since the pInogram gained cooperation from 
IIITA. 

Germp lasm: A nationwide tour was conducted from October to December 1978 to
collect local gerlpl asr, ma terials of sweet potato and other root and tuber
 
crofs . A to Lal of 172 accessions was collcted out of which 52 were sweet
 
pota to. A 1iv riruplaum harnk has heen established with these at CARl and
 
they are heing "v'ili,oa ed against introduced varieties from IITA. Most of the
local type'. are li-,eise and insect susceptihle and have low yield potential.
The collected sweet iotatc,es have varyinq cowhi naLtion)s of pigientation of 
root feel arid flesh, arid of petiole and the under-surface of leaves, and of
leaf shie and size. The ';crrli inm hank will e maiintained for future plant
Preed i ng ,.rirks. 

Varietal1 ii;jrnveiierrt.: Two hundred seed', of differelit varieties were received 
from the 1l1a hreedirg program. They were planted ill ITY) and a seedlin 

rSer" !his bl.li estiAl i'lied, lhe gerlilinatio ercenita(e has been and"0' 

'. ioll thy, 


Thei will ho hi'irw,,sted in 1)71" aiid a 

tlhe plimln ,ro wiLh rio disease <;.yilpltouis, and show vigorous growth.

j'ril inarv yield trial will )e estah
li'hid .,itil .,1!1.d l. l )i ' a f(,w hundred seeds of 11 varieties or 
sweet otat() '(, ]'ri 11TA torA,( i,,, from ,stabi a second seedling
1.1"oriy. li, vIriot.i,., " 'f '1 272 , -10)0, T10 ;,Tl; 5125, 1IS 3217,
T11 l" , Ii , Fl' 7 )? , TI 2 li% 21F)?, Iirid T1 3017. ihey w/ere

stiuri d illtfr nf',dl i,< 'r'i,,r/, ',crnt ,ifd or diseases, insecLs Iaild yield.

AlilOllf Ul' lll1ti.' ilt tw;('', iiin liyi11 ,!:(A1'i 1o 0(" ihl isih a to'fl iilii ary

yieiIrt trii 1.'l 9' ,,.'', tli 'i'rfo 'iiarir'' of all tiic valioti('t . Airorrg

thrii J, a o ','r,' I Si ni' arl ' of t of le(afy type which will
meld i(e ai'e

bel s a .; i f ' ill: '5)
l'I 1 y cc( 1t't ' ' Cdi~f', 

;"i'i;h t~i!,1', ,,rfr'.l l vir <!~i ', 1m advaliced 7ield trial
 
(liiica iii four t 1) ) 
 !,i' i 't llid t i',yeir. Frn root/leaf yield 

arildiiai it;y will ic tijd. 

[r illi the lwn 'naliu .Jiu'-L;foh, ) tlh( si; var'iotiwi wil i ullder(gyo
differollt griinoir' i: ' i.,, L;tin illthe
triti]',, '.i'liiuitr' r linerforinaricofarliicrs', fiel [l Iin. ,iif,,ir'f',, i',,vli i'. ,ii' ,inhf' u r Li teStiitl-'iliil l 


;, 'iii",IiiLWVJfL')ii .ii If it L Chufrt'. 

Inlt,'OhfJ L ic , 'ml ,lrld luatiii ,f di ffrflrt. rin Lies of ,eed';i,'L un f/i 
ill '. '',' frl r'flll. iAolll 

Zit ioIll irid Ill' l'f SOr w ill ,(.illvolvod ill IWi'(, d'Iilil' , ,vIi l'ri (A', !Arly'J o
logy, plarrt; n, i 1ri11e(d lill-it.ioinr 'tlidies. 

will r ol lim f y/llr' difft Ir dIat irit.o n'lLiiticrlal or jdPi 
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Table 2. Preliminary yield results of sweet potato roots 
and tips tested at CARl during 1980
 

Varieties:; Root yield Leaf (tip) yield 

t/ha t/ha 

TIS 2330 25.7 10.1 

TIB 8 23.8 9.3 

TIS 3030 22.1 8.7 

TIS 5016 20.2 9.8 

TIS 3290 19.6 11.2 

TIS 3247 18.7 7.0 

TIS 3017 18.3 9.1 

TIS 5125 17.5 10.7 

TIS 2532 15.3 7.9 

TIS 2328 13.7 8.7 

T]S 5239 10.3 9.3 

Local check 10.0 12.3 

Source of materials IITA, 1badan, Nigeria 

POTEITIAL INP/,,,l 

Sweet potato ranks fourth after rice, cassava and cocoyam as a staple 
carbohydrate food crop in Liheria. The leaves provide substantial protein 
whil e the ro ts U)ll st arch arid viLairin A. 

Lwreetl plot<lto 1 ,ayv,, ,ire munti'ritinll1y valualle and could go a long way 
towards iivirn the lulri tiAoal !,tatus of its COlsUIllller'e. Li (1974) re
ported crn<,dr~rhti vari a.ion in the crude prote in level on a dry weight 
hasi <, of the ntrml ulid1eave, , of vieet potato ranging from 12.1 to 10.7 hut 
most ciltivl- ,n.-iwef 1.5 and 2).5 Puregllove (1974) statedet1weu . 
that on a fir .hii i, is, t.he leave, conta in 8 wIteI,3.2 1)roteiri, 
0).3 fat aiI ,(-(.I -hoh Irito. 

,( I-et tvriep2 chelica I tCoi)llpo, 
n)otato leave , pJro dr%/" r ii, w ,: ; 

Oyerlliti ( .!d t.he Lion of young sweet 
i rcf) 1 ( l.;Lef:[ frIll ,rude protein, 24.67 

crude, filer, 1i.1 rild t,()ti ,,1 11.5 . The leave, had a dry ial'ter coll
t nLt of 1?.') . 

I0ve, iLi OI) /,Pu (11'iO1) ou fre h basis,J I, uilridrd revealed thalt i weiglht 
the leave', of p,,e Cofittlill 1l11mo't Olhie al MucH actual puroteinpot.a to Liiue 
ald froim ii Li 100 timii, i e caroti.ie thai the roots. i'ay (1973) reported 
thi; I tyvical 7 i p the (100 is:'iri] f the i', of vinrc.' g edible portion) 

, nitrrorii,iinoiti1re, 21.7 i J.7 (j; ether extract, 0.67 (1, cr-ude fiber, 1.4g; 
xnlh, I.Y) q (of which ,I 2 lrq k calil ur, 67.3 inuq 10hOlphorLrs, and 10.37 Ing 
irol) . The v i tarui n co L(iit, 1 3.1F Irng carotene , 0.00 Iug thi ani ne, 0. 17 imig 
ri hor l vi 0"0,( 1.94 iu ui-ill a 25.o no! ascorbic acid. 

i

"r ( 

http:caroti.ie
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Sweet potato has a tremendous potential as a carmohydrate source for
both humans and animals. Its development may however depeiid on development
of processing and preservation methods which will be commercially 
 feasible
 
within the region.
 

Agronomic research aims at developing production techniques in antici
lFation of expected wider acceptanc., aind increased 
 usage. The predominanceof intercropping in the req ion indicates the need fnr integrating sweet
 
potato into crop combinations and sequences ,specially with crops that 
arealready popular. As a minor crop with drought tolerance the crop should be

better able than most to exploit the environmental resources during the late
riins. Such expiloitation will 
 depend however on wee vil resistant cUltivars
 
and improved mana nement.
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IUTRODUCT ION 

Three countries - Tanzania, Kenya and Uganda - comprise East Africa. 
The area is situated between the Indian Ocean in the east and the Rift Valley 
in the west and is bordered by Sudan and Ethiopia in the north, and Z mbia, 
Malawi and Mozambique in the south. East Africa extends from latitudes 4045' 
north to 11050' south. Table I gives the land area of the East African coun
tries. Tanzania mainland accounts for over one-half ()f the total land area 
of the region; Kenya comprises just over one-third and Uganda about 13 . The 
physical features of the region vary greatly from the permanent snows on 
Mount Kilimanjaro and Mount Kenya to the humid coastal belt and from the arid 
deserts of Kenya's Northern Province to the lush parkland of the high plateau. 
Climatic conditions are also very variable particularly in Tanzania and Kenya. 
They range from thcse of the tropical coastal belt which has mean tempera-
Lures of over 270C, high humidity and ,arrow temperatnre ranqes, to those of 
the temperate climates of tie highlands, where mean temperatures vary between 
I0OC and 210C. In Uganda climiatic variations are less marked. Mean tempera
tures ar for the most part between 210C and 25oC. 

Table 1. Land area of East Africa (including swamps) 

Uganda Kenya Tanzania Total
 

(mainland) 

Land area square miles 80,292 219,789 341,150 641,231
 

Land area square kms 208,759 571,451 886,990 1,667,200 

Percent of total 13 34 53 100 

Source: J. G. C. Blacker. The Demography of East Africa. Hawkins Ltd, 
Nairobi 1962 

The mean annual rainfall in East Africa varies from less than 250 ml to 
over 1500 uin. Some parts of Kenya's Northern Province only receive abcut 
125 ummof rainfall annually. In contrast, in some of the mountainous areas, 
precipitation is as much as 2500 i per annum. In addition to this consider
able range of annual total rainfall, the other important consideration is the 
distribution of rainfall over the year. In some areas, the rainfall occurs 
in two distinct seasons each year; in others the total annual rainfall is 
concentrated in such a short period that the production of many kinds of 
agricultural crops is impossible. A good example of such an area is the 
Northern Province of Kenya. Here, agricultural production is limited to 
small areas of drought resistant crops such as cassava, sorghum and millet, 
grown for subsistence purposes. Their hardiness in withstanding unfavorable 
cimatic conditions makes them [irticularly important as an insurance against 
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Table 2. Percentage of land area receiving selected amounts of annual
rainfall four years of every five 

Rainfall (inches or mm) Uganda Tanzania Kenya East Africa 

Less than 20" (500 ImII) 12 16 72 35 
20-30" (500-750 m) 10 33 13 20 
30-50" (750-1250 mm) 72 47 12 41 
Over 50" (1250 mm) 6 4 3 4 

Source: j. F. Griffiths. The Climate of East Aft ica. Hawkins Ltd 
Nairobi 1962 

crop failure ard famine. Another important factor which influences thegrowth of crops is the reliability of rainfall. Table 2 gives the minimumannual rainfall to be expected in four years out: of five. This shows thaton average during four years out of five, 727 of the land area of Kenya receives less than 500 mm of rainfall annually, compared with 16 of Tanzaniamainland (Tanganyika) and 127 of Uganda. In contrast, 72' of the land areaof Uganda receives, on average, hetween 70 mm and 1250 mm of rain four yearsout of five, compared with 47' of Tanzania mainland and only 12' of Kenya.The unreliability of rainfall, particular;, in Kenya, emphasizes the vital
necd 
 for a strict and sensihle agricultural mid forestry policy if the bestuse is to he made of the land within such severe climatic restrictions. Despi-Lt the wide variation in both the climatic and physical features of theregion it is nevertheless possible to divide East Africa into four iiain divisions: the Coastal Belt, the Coastal Hinterland Plain, the main East AfricanPlateau and the Lake Victoria Depression (Oloya 1969). 

IMPORTANCE AND DISTRIBUTION OF SWEET POTATOES IN EAST AFRICA 

In East Africa sweet potatoes and cassava are the most important rootcrops. Of the two, sweet potato is the more widely distributed. It is grown
in areas below 2100 m so long as such areas do nct experience a dry period
so long that vines cannot survive from 
 one season to another. In some places- such as the Central Province of Kenya and on the slopes of Mount Kilimanjaro in Tanzania - where standards of smallholder stock husbandry are high,
swect potatoes are an important animal feed especially during 
 the dry seasonbecause they are resistant to drought. In these places many varieties produce large amounts of vi-)e and few roots and are specifically grown for feed
ing the stock.
 

According to the Uganda Census of /Agriculture (1963/64) 86,000 ha of
sweet potato were planted in 1963 of which 74,000 ha were grown in pure 
 standand 12,000 ha were mixed with other crops. They are invariably grown bywomen. As a supplementary food crop sweet potatoes are widely cultivated inalmost all parts of Uganda so that their distribution relates quite closelyto that of population. The most marked concentration is in South Kigozi. Insouth Uganda sweet potatoes have a more entrenched status in traditionalagriculture than .ias the comparable crop cassava which is limited by altitude. Before 190(i sweet potatoes were imaportant in Buganda, Uwailba andamongst the Bakonjo of Ruwenzori. The seread northwards within Uganda has 
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been morce recent since 'the crop only arrived inLango shortly before 19.
 

,in recent yearsprobably due to banana plantings (Dunbar 1975). Inother
 
areas, where they are less important, they are found growing on small plots
 
around homes, *being treated as a garden vegetable crop Inthese circum
stances, sweet potatoes may be grown on the same plot .of land for several
 
years in succession.
 

Inmost areas with a pronounced dry season they are grown inswampy'

areas during the dry months. This ispartly to ensure a supply of planting
 
material for the following season's crop arid partly to provide food prior to
 
the harvesting of the main rains crop - a season of the year inwhich food
 
is in short supply. These plots may be individually or communally owned and
 
in some districts in Uganda their planting iscompulsory under. legislation

aimed at providing famine reserves. 

InUganda as a whole sweet potatoes occupied,about 9%of the food crops
 
area (Table 3)and ranked as the fourth most impottant food crop, after'
 
RlAtuwiw millet, bananas and cassava. Kigezi in Uganda is an area in which 
sweet potatoes have been increasing inimportance o ,er the past 50 years and
 
it may well be that the pressure of population on land in that district has 
dictated a trend toward replacement of the traditional staple cereals by a'
 
high yielding root crop. This hypothesis gains support from the fact that
 
the main centers of sweet potato production in East Africa,'namely Kigezi
 
ard the Kampala area inUganda, Sukumaland in Tanzania and the Kikuyu reserve
 
inKenya, are all centers of high population pressure.
 

The present stbtus of sweet potatocultivation in East Africa is pre-.
 
sented inTable 4. At present little more than 3%of arable land inUganda

-is under sweet potato cultivation according to FAO estimates. InTanzania
 
and Kenya the land under sweet potato cultivation is about 1%of the arable
 
land. At the same time itisinteresting to note that the yield of sweet
 
potatoes per unit area isrelatively less inUganda compared to Tanzania and
 
Kenya (Table 5), although area under cultivation inUganda isthe highest.
 
This is attributed primarily to diseases, insects and lack of suitable varie

'' ties. 

L..SWEET POTATO CULTIVATION INDIFFERENT PARTS OF EAST AFRICA
 

PLANT CHARACTERISTICS
 

Altholgh the sweet potato isoften treated as an annual crop, the plant 
a perennial vine. Each plant produces many trailing stems which seldom
 

rise more than 45 cm above the ground. Sweet potatoes have herbaceous,
 
creeping oi- trailing stems (vines) with adventitious .roots that end i
 
swollen roots. Where nodes touch the ground or when they are buried diring
 
weeding they may produce roots although.these are usually. much smaller than
 
those from the buried end of. the planting material. The plants are grown as
 
annuals and are propagated vegetatively from stem cuttings, rarely from......(.../ 
Toots. The cuttings'are usually withered inthe shade for two days. This.......I
 
makes them root easily.< Most~East African sweet potato varieties flower 
frheely anid ithas been observed inUganda that seedlings' often grow in th
 
field Most varieties are self-sterile but will sometimes, set seed whe
 
grown alongside;4other varieties or when artificially pol~linated. Roots of
 
different varieties, vary in'size, shapejand color',and. food quality. Lea'f'
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shape, root shape, root color and root:vine ratio all differ widely from one 
variety to another.
 

The first roots can usually be harvested between four and five months
 
after planting. The crop duration (planting to harvesting) depends on the
 

Table 3. The acreage of sweet potatoes expressed as a percentage of the food
 
crop acreage (mean of 1957 and 1958 acreage statistics)
 

Sweet potato

Food crop Sweet potato acreage as Z
 
acreage acreage of food crop
 

acreage
 

(x 103 ha) acreage---Buganda 


Mengo 286 32 
 11.0
 
Masaka 
 104 
 6 5.7
 

Mubende 
 38 5 1,;.2
 

Total 
 428 
 43 10.0
 
Eastern Province
 

Busoga 248 32 
 13.0
 
Bukedi 208 13 
 6.2
 
Bugisu 162 
 6 3.7
 

Teso 323 23 
 7.1
 

Total 
 941 
 74 7.9
 
Western Province 

Ankole 163 11 
 6.8
 

Bunyoro 49 5 
 10.0
 
Kiqezi 219 
 49 22.3
 
Toro 72 6 
 8.3
 

..................-----------------------------------------------------------

Total 
 503 
 71 14.1
 

Northern Province
 

Lango 251 13 
 5.3
 
Acholi 
 141 
 7 5.0
 
W. Nile and Madi 155 12 7.8
 
Karamoja 48 <1 <1
 

Total 595 32 
 5.4
 

Total Uganda 2,467 
 220 8.9
 

Source: Based on Acreage Statistics from Uganda Prot Dept Agric, Annual
 
Report 1958
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Table 4. 	Land use in East Africa (1978)
 

Tanzania Kenya Uganda
 

(x i03 ha)------------

Total 94,509 58,265 23,604 

Land area 88,604 56,925 19,971 

Arable and permanent crops 5,140 2,270:: 5,610 

Arable land 4,110 1,790" 4,080 

Permanent crops 1,030' 480 1,530:: 

Permanent pasture 44,680: 3,770'' 5,000 

Forest and woodland 31,074 1,874 2,759 

Other land 7,710 49,011 6,602 

Source: FAO Production Yearbook, 1979 (Vol 33)
 
"FAO estimate 
!Unofficial figure
 

Table 5. 	Status of sweet potato production in East Africa with
 
reference to Africa
 

Tanzania Kenya Uganda Africa
 

Area (x l03 ha)
 

1969-71 39 30 133 675
 

1977 54:' 36 137:' 749
 

1978 53:' 37 139'. 768
 

1979 53 38: 140: 782 

Yieid (_k/_ha) 

1969-71 6053 7753 5200 5954
 

1977 6204 7176 4818 6258
 

1978 6226 8884 4865 6383
 

1979 	 6226 8947 4912 6459
 

Total Production (x 1O3 it)
 

1969-71 234 230 693 4020
 

1977 335" 258 660" 4688
 

1978 330:; 330 674" 4905
 

1979 330" 340" 689:: 5053
 

Source: FAO Production Yearbook 1979 (Vol 33)
 
;:FAO estimate
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variety, the cli 
ma te and tie local custom. In Uganda, Tanzania and wies tern 
parts of Kenya sweet potatoes are seldom left in the ground for longer thana year, in the Central Province of Kenya where the rainfall distributiontfavorable, they usually remain in the ground for two years, 

is 
sometimes for as 

many as six.
 

ECOLOGY
 

Rainfall aid water -renu
iremen ts
 

Sweet potat')es are very drought resistant. The vines remain green and
healthy during severe droughts although root growth is negligible. Sweet 
potato grows well in areas with an average annual rainfall of 750 mimor more.In areas with a long dry period - like many parts of Tanzania - it is grownas an annual and is replanted near swamps, rivers or seepage areas during thedrounht. Where the rainfall is high and well distributed, as in Central

Province in Kenya, it is usually 
a perennial crop. 

Altitude and temperature 

Sweet potatoes grow well 
both in the warm and the cool areas of East
Africa. A warm, himid climate with reliable rainfall gives best yields. The
crop will 
stand a fair amount of drought but yields will be less. It tolerates shadowing but no dense shade. It grows best at temperatures greaterthan 240C. Sweet potatoes are widely grown from sea level up to 2100 if andsome are found as high as 2400 m. They therefore replace cassava, which is
seldom grown over 1500 11,at 
the higher altitudes.
 

Soil requirements 

The soil needs of sweet potatoes in East Africa are poorly documented.They are grown in a wide variety of soils, froiii swamps to eroded areas.
Based on the good responses which sweet potatoes show to farmyard manure,
they need fertile 
,oils for good yields: although the crop can stand 
a poor

soil, yields will be less. 

FIELD OPERATIONS 

Land -repara t i on 

In Africa methods of land preparation differ widely. In Uganda and the
lakeshores 
of Kenya sweet potatoes are often grown on mounds which are about0.9 in apart and about four cuttings are planted on each. In Central Province in Kenya they are almost always grown on the flat. Ridges are thegeneral rule in Tanzania and are sometimes seen in Uganda and western Kenya.Mounds and ridges provide ideal soil conditions for root expansion. Where
sweet potatoes are grown on the flat the soil is usually sufficiently friableand well drained to make mojnds or" ridges unnecessary. Thus deep cultivationis required so that the roots have plenty of room for growth and consequentlyfor best yields. All troublesome weeds - such as ,'.< : - must 
be destroyed.
 

T.ime _of_ f1 a-nit-i ng 

There is little experimental evidence to suggest the best time for 
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planting sweet potatoes. Thus growers very seldom give them priority over 
cereals or important cash crops suc as cottun. They plant at any convenient 
time when there is sufficilent oil Moisture for estahlishment. 

Where rainfall is evenly distributed throughout the year, as in Buganda, 
planting can he done nearly every month. Where there is a pronounced rainy 
season, as in Teso, planti:ri is done at the beginning of the rains on the 
high grould 1rat the (end of the raiwl ill th swalmps. 

Pl anti ng ina ter ia 1 

Propagation by seed i'; possible but is only likely to be used by
breeders; vegetative proiagation is the only method practiced by sinall 
holders. Througthout Eist Africa apical pieces, of vine (the pieces furthest 
froir the base of the plant) are preferred and are taken from0l Mature plants. 
Local cist'ol and innividu<l preference dictate the length of the planting
iria teriat1 pices muay be arryLhirig froum 23 cm to 90 cmr lorg. ihen planting 
material is in short stuppl y it wiay be takern fromr the middle or even the 
basal part' of vines. Ill some parts of East Africa - such as Uganda, the 
lakeshore areas of Kenya and the southern highlands of Tanzania - the plant
ino material is cornrmonly wilted for a few days before pl anting to encourage 
root iniitiaLion; it may be covered with a layer of soil or vegetation or may 
he kept in the shade with no direct cover. In other areas the plants are 
planted without wilting. 

Plan t iirnm et-hods 

Cuttings (or slips) about 30-45 cm long, of the apical part of the vine, 
ahout peicil thickness at the base, are taken from a mature plant. These 
are usually withered irn the shade for two days to encourage root formation. 
Cutting<s re plaited at an angle with between one-half and two-thirds of 
tiwir lerti ,W, including tLhe cut end, buried in the soil. lowever, long cut
tirgs ar wn'soally planted alimost flat with the end pointing up and out of 
the soil at anl gl ,. ,orwetimnes, as in Central Province in Kenya, cuttings 
are planted wit'l ,oth enlds ep.losed arid only the middle )art buried. In Teso 
and iLIedi (iti Inianda) they are planited directly on the Muound arid covered 
with soil , whic, is remnoved two days later. They should he free of viruns 
(Il-,ease. Ti, trad it lrei1 method of plantiilg is Ol m1oJnds , which consist of 
thorowilil/ ciilLl 'il :itx into a heap. The height, size and distancenude 
apart of Lthe iiotiid, /,it/ ft-oim tribe to tribe. The use of a forked stick is 
Cor)nIIi it) rth !Jjiurlni crdUfi s crinveiient for pl1antiri larje nuJibhers Of cut
t iligs. [1l'ewhiern the cutt rig' are inserted by hanid or covered with -,oil. 
IJsrally 2, 3, ' nr 0 cuttings<' lre inserted inl each ImlOund. Yield'; per hectare 
vwiry little with ',lsacilig tu1t Lirprjr roots are ohtained fromr wider spacings.
The l(dern mIethod oJf eill-inting is on ridge, which if they follow the contour, 
prevent 5,oil eros on and can he niud, try all ox-or tractor-drawn ri dger. The 
flat relt11ed of p1 anti rig is used in pierennial crops when ground cover is re
qui rod. 

Sj-ac. i n9i 

Sweet Jotato is Usuall planted in lre stands or with ierennial crop 
It slread, so -rapidlythat it is seldomr interpulanted with annual crops and 
whell it is, lanting is usially delayed until the other" crops are well 
established. When pore stands are planted oir the flat a randol spacing is 
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adopted. When grown on ridges the ridges are 0.9-1.5 m apart and the vines 
are not an important factor in achieving good yields. 

Fertilizers and mali nur-es.

N fertilizers have not given good results in East Africa; vine yields
are sometimes increased but 
 root yields are not improved and are sometimes
 
even depressed. P and l' are not encouraging when used; farmyard manure

always gives good responses but it is very 
seldom applied. 

Varieties 

There is a large number of varieties varying in taste, food value, size,shape and color of roots, maturity period, yield, resistance to pests anddiseases, leaf structure, and so on. At Ukiriguru in Tanzania collections
of over 2000 clones were made in the past. There is great scope for selecting, breeding and issuing improved varieties. New varieties are periodically
found, probably from self-sown seedlings, the seed resulting from crossfertilization between flowering varieties. New varieties are grown in 10-20 
years. One of the problems of sweet potato growing in East Africa is thatvarieties often degenerate over the years. The cause of this degeneration
is suspected to be virus diseases. Seedlings are thought to be the source
 
of new varieties.
 

Rotations
 

The crop is often grown in small plots around houses or on swamp fringesand often is not included in the rotation - otherwise it usually comes nearthe end. Occasionally it may be used as an opening crop for cleaning land.When sweet potatoes are planted in a pure stand, as they usually are, they
may be grown in L crop rotation. 
 Examples of continuous cultivation occur on
 steep slopes (where sweet potatoes cover the ground and prevent erosion
better than most other crops) , on small plots near the homestead (convenient
ly situated for ease of transport), alon( roadsides (especially true 
 in partsof Kenya where local bye-laws prohibit growing tall crops such as maizedirectly alongside roads), and in valley bottoms. Unlike Uganda and thewestern parts of Kenya where sweet potatoes are often grown in a crop rotation as the first crop after clearing the land from grass, in Central Province in Kenya sweet )otatoes are often grown on land which has been exhaust
ed by previous crops of maize and beans. 

Weed control
 

With this crop weeding is not a great problem. The crop isso aggressive
that it covers the soil quickly and suppresses mcst weeds. Two or three
thorough weedings can be done in the first two months of the crop but oncesufficient grouind cover has been established most weeds will be smothered.
 
Sometimes no weeding is necessary at all.
 

Harvesting and _st;ra(j,
 

Sweet potatoes 
are usually harvested piecemeal because few are needed
at a time for domestic use and compared to other crops they cannot be stored

fresh for more 
than a few days. Only if they are sliced and dried can they

he stored for a considerable period, but this 
is not commonly practiced. One
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or two roots are removed from a plant leaving the rest of plant undisturbed. 
A sharpened stick is often used for harvesting; if on the other hand a 'jembe' 
or a hand hoe is used Lhen the chances of damaging the roots increase. When 
the roots are dried ahout 2/3 of the weight is lost. 

Yi el ds 

Exact data are difficult to obtain locally because of the iethod of 
harvestirg. They may vary between 2.5-15 L/ha of fresh roots. In addition 
2.5-10 t/ha f)f tops are produced which are a valua)le feed for cattle. 

Pests aid disea-es 

"Sweet p Lato weevils are the most (dariaqing pests of sweet potatoes in 
East Africa. There art, two species , :. ' ., ,,, ', .. and . :. , ; .. ./ 1'. 
The former is wore common. The larvae tunn el inside vines and roots causing
discloratini and hitterness in the roots and dwarfing and yellowing of the 
vines. SweL potato virus k causes the 1 y disease that poses a great
threat to swet potato cIt iva tion in East Africa . It causes stunting, ex
ce",sivW lirar:hirqi( arid yello'iinq of the vities, arnd cor'k symptoms may develop
iii tLre rotfs. Viru, 1, is snpread b/ whiteflies (., . spp)). Another virus, 
sweet potato virus A, which is transmitted by aphids, is of very little 
sijniificarnce except i r estert Tanzania. 

!i i zatiort 

The commonly jiracticed method of preparing sweet potato roots is to boil 
thei Un ieled; they are then peeled iimtediately before eating. A Iopular 
a1 terna.iwye in Central and Easterri Provinces in Kenya is to roast them un
peeled ill the a',hes of a fire. A less common method of cooking is to peel 
and slice thre roots hefore toiling or frying with other root crops, cereals, 
tequtls or ijetables . Itl a few areas - like Nyanza in Kenya and Western 
Tanzatnia - sweet iotatoes are peeled, sliced, dried, and then intoground a 
fi oltr ,-iith ',o'(hjri or ia ize for Main1rg 'oga li' or 'uj i' (Acland 1975; Dunbar 
1975). 

RESEACtI ACTIVITIES CHI SEET POTATOES I N EAST AFRICA 

Altiough sweet pota tr is one of the most important food crops in East 
Africa, research activities oti it at the present time are 1acking. In the 
past, smie research work was done in Uganda and Kenya in the 1960s by expa
tri(ite sto ff (Aldrich ]((3; inirai 1967; MacDonald 1963; Wheatley 1961), but 
due to political changes in lbjtida tMe work was not followed up. 

In Tanzania research work on sweet potato was initiated in 1967 at 
Ukir 'Jinri Research Station (Western Tanzania near Lake Victoria). The re
search work covered collection of varieties, time of planting, spacing,
effect of leaf size and sha we on va-riety tolerance to late planting and so 
on. i)ue to Lurno\er of expatriate staff arid shortage of local manpower rrost 
of the work was discontired. Further, many varieties collected from inside 
arid outside the courttry were not raintained arnd several others died due to 
drought, pests and diseases (Annual Reports 1970, 1972). 

Recently, tiie Tanzania NLational Root and Tuber Crop Improverent Program
me was established at Ilkiriijuru and given the responsibility of improving tue 
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production of sweet pota toes in the country by identi fyi nq the liiwi ting fac
tot in their production. )ome of these include: cnntj ired 1';e of poor
 
yieldinq varie ties; poor cro p husbandry i nsec t and di sose,proIIems; poor
 
stora(y fac iIi processing esand inade(Iuate Iuti
ties probl 0111s; crop izat ion.
 
Althooui h the loc,1l variet ien Of sweet pnLta0to have conti nIunusl, shown low
 

ofa)citLien )r1d resistalce to disneaose aind ,ets, farmers
of t prod'rctior 
lrOW Ilder u dI((.Oiti nu to t Il te I r lIIVi1r-irei La] cond it i m il poor cu] t ural 

pruac,Lice. lie rea',on', for thin may be that. mo t fa ruliern do not get improved
varieLi,'a,a11d aa lofprctices froil .te aiir cultiLal research stations, 
a d tiret0A nise do fir aCvie5n roVed.t practicesfar;orlr yr tii ilt Vd ien0l(d

do in0: , te ae the'y a'e osTiothirj new and Oie; haV not ieen themii
 
(i1wni or w5(d (frilrua l 16,iurtn 1 179,]71J).
 

Froin the pr'ecedirrg bararjphs it in,clear that a tcowrj coordinated 
re'earch irorr Oil ',wIll, ota to in'urjertly needed in the three coutries
 
of Eant. Africa. It in al.i 'fyi r to note, that srch a jroriral1 has already
 

arid 1ahe inlTinzania.
been initiated i, ri iroiertil particular]y 

'..L1T t'fTATO[ ',A11 ITP FUITIURE IN LAST AFRICA 

yter'/,I have 

courtrie,. C.'ral ,od'ilictio!) in also not increasing because of a number of
 
factor',. It, ir,,he,r o,',iirved that sweet iotatoes are grown in almost all
 
pirt , Oif [a ,t/lfrir, ,idit is,a mpoular crop in traditional farming systems.
 

In1 re (-,It ,, lc een acute f (oodshortages in Last African 

Siricf, 	 ti, yiol uitet Ia] of .weet potato is extremely high and it is 
min i doubt bright future inriot,I rop tl regijont, there is,ro that it has 

E,!t Africa ii( r ,rt the food reeds of the region. 
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(st-sioti I ) 

URTANI: Please explain whether sweet potato will be better than cassava in
 
the tropics for the future. 

VILLAREAL: Sweet potato scientists believe that sweet potato has better 
potential than cassava primarily because of its shorter growing season and 
higher nutritional content. 

SALIRE: Is sweet potato better than cassava in terms of alcohol )roduction? 

VILLAREAL: I think they have comparable yield on a hectare basis but sweet 
potato seems a little better if yield is expressed on a daily basis. As 
you know sweet potato has a shorter growing period than cassava. 

SALIRE: In Bicol Region, the Philippines, some farmers prefer to plant sweet 
potato on Ash Wednesday in the belief that more and bigger roots can be 
produced. Is there any scientific reason for this practice?
 

VILLAREAL: It is a superstitious belief for which I am not aware of any
 
scientific explanation. 

KAYS: On compacted soils, the two primary components of yield reduction 
appear to be decreased: soil oxygen concentration and mechanical impedance.

Which of the two do you believe to be the more important in sweet potato
production? 

VILLAPEAL: I think both are important. Which one is more important I am not 
sure. Dr Sajjapongse will give a paper on soil compaction on Thursday but 
he may wish to comment on this matter now. 

SAJJAPONGSE: In our experiment oxygen was not limiting. Therefore mechanical 
impedance was more important. Under flooded conditions, however, soil oxygen 
becomes a critical factor.
 

ANONYMOUS: Are there any reports or studies on the domestication of sweet 
potato on any of the Pacific islands?
 

YEN: No. The possibilities are being researched by me in such genera as 
'Cm'ri , !5tW,,1.:/ /, i'w/,n: and so on but there is no evidence for the 

origin of sweet potato other than diffusion and varietal formation by genetic
recombination and mutation. 

VILLAREAL: Which part of the Philippines is considered a secondary center of
 
variation of sweet potato?
 

YEN: Iwould say that the center of mountainous Luzon - among the Ifugao and 
Bontoc peoples, judging from the great range of varieties, seed production
and ethnonraphic examples of seedling selection. 
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VILLAREAL: Any evidence to indicate what form or kind of sweet potato was 
grown about 300 years ago? 

YEN: I presume you mean in the Pacific as a whole. The indications from
relatively isolated areas l i1'e Easter Island, New Zealand, and the Eastern

Solomons is that early varieties were wh ite-skinned, white- or near white
fleshed, and lower yie1ding 
 than more recent introduction. Also they were
 
more bushy in growth hahit.
 

ANONYMOUS: From your point of view, which is better - long cultivation or
 
short cultivation?
 

YANG: From the standpoint of solar energy fixation efficiency, long term
 
cultivation is better than short term cultivation. The following points

should also be considered in determining which is better: crop rotation,

market price of sweet potato at harvest time, favorable climate for sun
drying of sweet potato chips, an(] economic conditions of farmers.
 

WINARNO: How were the phy ical conditions of rats .-ihich received uweet
 
potato sUppl ementa t ion?
 

YANG: No differences in the physical appearance of rats were observed be
tween those fed with a ri,_, diet alone arid those fed with a rice diet
 
supplemrented with sweet potato.
 

ANOiJYN.OUS: Please commert on the use of fertilizer to increase protein con
tent in sweet potato especially to increase aspartate 
content. 

YANG: Aspart te levels of sweet potato root crude protein were remarkably
iicreased by increasing the amount of fertilizer under short term cultiva
tion. A remarkable decrease of aspartate 
 levels was observed together with
 
a decrea s e of protein co temt, when cultivation was prolonged by 31 more

days 
 arid during this period free amino acid ircreases were oh erved.
Therefore, I conludC that )roteins with relatively high aspartate level
 
,ere bro ken dn d'Mrig the prolonged harvesting period.
 

WIINAPf: is there anr' future puossib ility of incorporating sweet potato into 
weaning diets? 

HUANG: It is not possilble to use sweet potato as the main weaning food be
cause an infant's stomach capacity is small and cannot contain enough to 
let sufficient calories and protein. The high-carotene variety, however, 

can he used as a supplemerit to provide pro-vitamin A to prevent xerophthal
mi a. 

WINARNO: What were the physical characteristics of your younger subjects 
after sweet potato eating? 

HUANG: They are shorter amid lighter for their age as compared to Chinese. 

ANONYMOUS: Is it possible that the different results obtained in the New 
Guinean study and in your study are due to genetic factors? 

HUANG: The New Guinean study was conducted in the subjects' houses in the
highlands, and therefore the dietary N intake measurements, urinary and 
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an indepth study on 
sweet potato weevil and the related problems. However
 
with time we will look into it.
 

ANONYMOUS: Can sweet potato be planted by row instead of by heap in Papua
 
New Guinea?
 

AKUS: Sweet potato in Papua New Guinea is grown in nany ways. It is grown
 
on flat land, small mounds, large mounds and on ridges. Of all the methods 
used the best yield is obtained from large mounds (1.5 x 1 in). 

LEE: Why do you plant sweet potato in a pile of soil instead of using the
 
traditional 
ridge method? Do you have any yield data on these two planting 
metLfds? 

AKUS: The two methods have been tried and it 
was found that yields obtained

from mounds were far superior to those obtained from ridges. Mounds yielded

281 more roots than ridges. However, it is more work building mounds than
 
ridges.
 

URITANI: Please explain how sweet potato roots 
are stored under natural
 
conditions as foods or seeds.
 

AKUS: 
As food, sweet potato is best stored by our method of harvesting. We
 
harvest large roots as they are required. Sweet potato in Papua New Guinea
 
is not grown from seed. All sweet potato varieties are propagated vegeta
tively.
 

ANONYMOUS: Your sweet potatoes are grown from low to high elevation. Do you
have data about varieties including maturity time for low, medium or high 
elevations?
 

AKUS: Our region is divided 4 to two: 
the highlands and the lowlands. There
 
are six varieties that are L:;ng recommended for the highlands. The low
lands have their own varieties. Sweet potatoes are harvested in 5-6 months
 
in the lowlands, 6-8 months at the intermediate elevation and 8-12 month
 
or more in the highlands.
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INTRODUCTION
 

Root tuberization is here defined as the sum total of all the processes
 
leading to Lhe formation of mature roots in sweet potato. It developed at
 
some point du .nq the phylogenetic evolution of the genus i7,omoca to give
 
rise to the chari-cteristically tuberous lorqoca J(zta2.<. It is repeated
 
during the cropping of the several modern sweet potato varieties and culti
vars now grown throughout the tropical and subtropical world. Different
 
hypotheses on the origin of the sweet potato species are briefly described
 
and biological processes involved in tuberous root initiation, development
 
and growth to maturity reviewed. Variations in yield and yield components
 

within the species is briefly outlined and achievement of potential photo
synthetic productivity discussed.
 

TUBER INITIATION
 

Wilson (1970) defined the sweet potato tuber as the localized lateral
 

swelling that develops in certain roots in the sweet potato root system.
 

Later Wilson and Lowe (1973a) designated such roots potential tuber-bearing
 
organs by analngy with the stolons of ,S'oirvui potato. The significance of
 

such a designation is that the genesis of the tuber-bearing organ might
 
indeed be considered an integral part of the process of tuber initiation. In
 

reviewing the gross morphology of the sweet potato root system, Wilson (1970)
 

listed ten root types (Figure 1). In addition, adventitious roots may be of
 

nodal or internodpl origin and in some sweet potato varieties, pigmented and
 

non-pigmented roots are observed (Wilson and Lowe 1973b). In sweet potato
 

plants grown from stem cuttings, positively geotropic thick roots, desig

nated potential tuber-bearing organs, give rise to string roots, pencil roots
 

or tuber-bearing roots (Wiilson 1970). In sweet potato plants grown from
 

tuber sets, certain tuber roots give rise to daughter tubers. Diageotropic, 
adventitious roots, lateral roots and tuber roots do not normally give rise 

to tubers. However, tubers generate lateral tuber roots and the root L nsti
tuting the proximal extension of the tuber is designated the tuber end root. 

Wilson (1970) suggested that the interpretation of thick roots as tuber

bearing organs depended upon:
 

(i) their different form and function from other root types
 

(ii) the control of the process of tuber initiation on thick roots by
 
different factors from those leading to growth and development of
 
the thick roots.
 

Accordingly, thick roots were found to differ from thin roots in the greater
 
size and more rapid growth of their apical meristems and their origin in
 
nodes nearer the stem apex and in those nodes containing few root primordia
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1. Adventitious roots (those roots developed on the stem)
 
(A) Positively geotropic roots
 

(I) thin roots (Togari 1950; Wilson 1970) 
(II) thick roots (Togari 1950) 

(111) string roots (Wilson 1970) 

(IV) pencil roots (Togari 1950) 
(V) tuber-bearing roots (Wilson 1970) 

(B) Diageotropic roots (surface roots of Fujise and Tsuno 1967)
 

(VI) thin roots
 

(VII) thick roots
 

2. Lateral roots (roots developed on existing roots)
 

3. Tuber roots (roots developed on tuber):
 
(A) Tuber end root (Wilson and Lowe 1973a)
 

(B) Lateral tuber root
 

Figure 1. Root types in the sweet potato root system
 

(Tooari 1950). Alternatively, roots of internodal origin were almost exclusively thin roots (Togari 1950). 
 The most important functional difference
between the root types 
is the capacity for tuber initiation in a specific
subapical region of thick 
roots. 
 That such tuber initiation is subject to
different controlling factors from those controlling the 
continuing growth
of the thick 
root was supported by evidence that the following specific conditions promoted root development but apparently inhibited tuber initiation
 
or at least early tuber growth:
 

1) exposure of the root syste:'i to light (Tsuno and Fujise 1965)
 
2) growth of 
roots in water culture even when well 
aerated (Wilson 1969)

3) growth of roots in Waterlogged soils with oxygen deficiency or in


dry and compact soils (Togari 1950) 
4) exposure of roots 
to high leveis of N03-N supply (Wilson 1973a, 1973b).
 

Wilson (1970) pointed out 
that the positive geotropism of the tuber-bearing
root and its capacity for alternative development of shoots 
(albeit lateral
rather than terminal) under conditions of high nitrogen supply (Wilson 1973b)
completed an 
apparent analogy between the tuber-bearing root of the sweet
potato and the stolon of .',,,I potato. In dark subterranean conditions,in a well aerated solid medium with low level, 
of nitrogen supply, apparent
tuber initiation as 
judged by localized, subapical 
lateral swelling of the
tuber-bearing root occurs. 
 The tuber divides the otherwise unthickened root
into the distal 
'tuber stalk' and the proximal tuber end root.
 

Anatomical considerations on 
tuber initiation have been concerned with
 



9. WILSON TUBERIZATION 81 

(a) the initiation of the tuber-bearing organ (thick roots)
 

(b) tuber initiation on this organ.
 

Artschwager (1924).and Togari (1950) reported that tetrarch thin roots
 
could be distinguished from thick roots which were either pentarch or hexarch.
 
It was further observed that tuber initiation occurred in such thick roots
 
which, in addition, contained a central pith, with or without a central
 
metaxylem cell. Wilson and Lowe (1973a) later confirmed these findings for
 
Caribbean sweet potato cultivars but maintained that although tetrarch
 
tuberous roots did not occur, many pentarch and hexarch roots were not
 
tuberous. Also, roots which were pentarch or hexarch and tuberous in their
 
distal regions sometimes became tetrarch at their proximal or root tip ends
 
to give rise to the tuber end root. However, there is agreement that the
 
process of tuber initiation involves the genesis of anomalous primary cambia
 
in the central pith surrounding the central metaxylem cell, as well as a
 
vascular cambium with capacity for centripetal generation of storage paren
chymatous cells instead of xylem cells (Artschwager 1924; Togari 1950;
 
Wilson and Lowe 1973a). The earlier report by McCorlmick (1916) that tuber
 
initiation occurred in roots with complete centripetal development of the
 
stele, later to be broken up by meristematic activity in adjacent parenchyma
 
cells and in the vascular cambium, was not supported by the later studies.
 
Wilson and Lowe (1973a) further pointed out that such renewal of meristema
ticity gave rise to anomalous primary and secondary cambia surrounding
 
primary and secondary xylem elements respectively. Also, complete but not
 
incomplete centripetal development of the primary xylem elements leading to
 
lignif'cation of the central pith frustrated the process of tuber initiation,
 
characterized by the generation of secondary parenchyma from the vascular
 
cambium. Such progressive lignification led to development of uniformly,
 
secondarily thickened, string roots and pencil roots and later in tuber on
togeny, delimited the tuber at the tuber stalk and tuber end root regions of
 
the tuberous root.
 

Tuber initiation, as so described, takes place at two to eight weeks 
after planting of stem cuttings of Caribbean cultivars and at this time is 
not recognizable by the lateral swelling commonly called the tuber. little 
work has been done on the physiology and biochemistry of tuber initiation 
defined at the anatomical level, presumably because of the tedious sectioning 
of roots involved in recognition of the process. Instead, studies have been 
conducted on factors affecting the process which will be described as early 
tuber growth, that is, the early lateral expansion of the tuber. However, 
it should be mentioned that Wilson and Duncan (1968) found that the location 
of pith cells could be recognized in the undifferentiated region of the root 
by the absence of peroxidase activity compared with surrounding 'pre-xylem' 
cells, ugqesting that pith formation (and hence tuber initiation) might in
deed be determined prior to visible cell differentiation. Also auxins are 
known to increase the number uf xylem elements in ferns and higher plants 
(Wardlaw 1968), as well as in !,iuz .:-Lu. root tips grown in asceptic cul
ture (Torrey 1955). Such an effect of auxin on the early ontogeny of sweet 
potato roots might mean that auxin supply was critical for the pentarch and 
hexarch condition of roots found to be a prerequisite for tuber initiation. 

1UBER DEVELOPMENT 

Tuber development is here defined as the qualitative changes in growth 
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which take place in the sweet potato root system in the course of the trans
formation of potentially tuberous roots into mature tubers. 
 These changes,

which are interpreted to include those resulting 
in the frustration of

tuberization leading to formation of pencil 
roots and string root;, as shown
 
be 1ow: 

tuber initiation and early growth
 
formation of alternative root types eg pencil and string roots
 

tuber stalk development 

determination of tuber shape
 

development of buds
 

development of lateral tuber roots
 

These processes have not been studied 
in detail and hence only brief state
ments on available information on each of them are given below. 

Tuber initiation and early._rowth 

Althougih 
Thu process of tuber initiation has been previously described,
it is here noted that if the process is defined on the basis of the primary
stelar structure of thick roots, then it occurs at root initiation. flowever, definition of the process on the basis of meristematicity of primary
cells in the subapical region of the thick, tuberous root means that tuber

initiation commences 
later in root ontogeny. In any event, Lowe and Wilson

(1974a) found that the process was completed by eight weeks after planting

stem cuttings, at which time typical tuber numbers of 
the six cultivars 
studied could be discerned. The following events were 
recognized in the
 
tuber initiation process: 

1. rapid increase in the number of pigmented and non-pigmented roots over the period, between week 1 and week 4 after planting. 

2. increase in thre thickened root number and decline in total root

number over the period 
 weeks 4-12; but with a significant mean increase in

thickened root mirlber of 117 
 over the oeriod weeks 8-12.
 

3. increase in tuber nUmber to maximum values in five of tile six culti
v- rs studied by week 8 ([niwe and Wilson 1974a).
 

Since tubers were recognized in this study by their morphological
appearance as lateral swellings rather than by anatomical observation, then
the process of early tuber growth, which is realized by active meristeriacity
of primary, secondary and tertiary meristems, was included in the definition 
of tuber initiation. 

Formation of al ternatiye roo t types 

The period weeks 8-12 appeared to be cr-titI for the genesis of alternative tuberous root types, that is, lencil and strina roots, through pro
gressive lignification of secondary stelar tissues, leading to the definition
of tuber number (Lowe and Wilsun 1974a). Thus, when the total nurrber oftuberons roots was defined as potential tuberization index and the lercentage
of these roots which tuberized as percentage tuberization index then there 
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were major reductions in percentage tuberization indices in the period weeks
 
8-12 after planting, indicative of the frustration of the tuberization pro
cess by the formation of uniformly thickened string roots. As a result,
 
there were only marginal increases in tuber number after week 8. However,
 
in one of the six cultivars studied (I 62) tuber initiation cItinued over
 
the entire 24-week growth period.
 

Tuber stalk development
 

At the completion of tuber initiation at week 8, Lowe and Wilson (1974b)
 
found that maximum tuber stalk length was virtually achieved in two culti
vars (Al 6/15, C 9/9) and percentage increases in the other four cultivars
 
at final harvest (24 weeks after planting) ranged from 15-34'%. Final tuber
 
stalk lengths ranged from 2.4-7.6 cm suggesting that stalk length was a
 
varietal character. The anatomy of the tuber stalk (Wilson and Lowe 1973a, 
c) showed that secondary xylem elements had the structure either of string 
roots with complete centripetal lignification or of punil roots with in
complete lignification, medullary rays and secondary xylem parenchyma. It 
follows t'erefore that the subapical region of the tuberous root along which 
tuber initiation occurred, varied in different sweet potath cultivars. 
Although tuber stalk length is virtually determined at the completion of 
tuber initiation eight weeks after planting, there is progressive secondary 
thickening of the stalk with tuber development to diameters of up to 5-6 mm 
in cv A 28/7 (Wilson and Lowe 1973c). Such secondary thickening results in 
the formation of extensive secondary phloem as well as genesis of phloic 
bundles within secondar} phloem parenchyma and cortical tissues (Wilson and 
Lowe 1973c). Such phloem development results in trie specialization of the 
tuber stalk as an organ of translocation for the transport of assimilate 
from the stem to the tuber. At tuber maturity, Wilson and Lowe (1973c) 
found that phlcem tissues occupied up to one-third of the cross sectional 
area of the tuber stalk in a high yielding sweet potato :ultivar, A 28/7. 

Determination of tuber shape 

Different rates of longitudinal and lateral growth result in characte
ristic changes in shape with tuber development. Thus Lowe and Wilson (19741))
 
found that 92-100' of final tuber length was established by 16 weeks after
 
planting in six sweet potato cultivars but only 49-77% of final tuber width
 
developed in the same time (Lowe 1971). Accordingly, rates of increase in
 
tuber length were 2.6-8.3 mm/week in the 8-16 week period and 0-0.1 inm/week 
in the 16-24 week period, but the corresponding figures for increases in 
tuber width were 1.1-2.3 and 1.1-3.3 mm/week respectively. Final tuber 
lengths and widths ranged from 7.4-15.6 cm . ' 3.0-5.3 cm respectively and 
length/width ratios varied from 1.5-4.4 in tiie six cul tivars studied. Since
 
tuber stalk length was fixed early in tuber ontogeny (by week 8) then in
crease in tuber length over the period weeks 8-16 must hv, taken place at 
the tuber end root region of the tuber and mediated through lateral expansion 
in the initiated region of the root. Definition of tuber length at this end 
of the tuber was determined by development of a typical, secondarily thicken
ed strirg root by secondary lignification oF thr. stele (Wilson and Lowe 
1973a). Variations in the rate of increase in tuber width in difierent cul
tivars was effected either through major contributions of the vascular cam
bium, as in cv Al 6/15 with narrowly uniform tubers, or throutrh contributions 
from both this cambiimr as well as successively formed secondary and tertiary 
tuber meristems for examiple in cv 049 with globular tubers (Wilson and Lowe 
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19 73a) In'the latter 'cultiv(1r' there' ias up to a 1.'7 fold increase inthe 
rate of,tuber widthLincresei-the16-weekperiod'compared with-the 8 16

weeperod Low anP~ison 1974b) Anatomical e~vidence (Wilson and Lowe 
1973a)rfurther demonstrated that tube shape as largely determined by the
jjshape of the stele. As"'the tuber expands, a phellogen increases ingirth to
<accommodate its increasing width producing an external layer of tuberized


"''Kcells.
 

'"Development 
 of buds and 'lateral tuber roots
 

Wilson andLowe (1973a) 
established that early in tuberous root'ontogeny,

adventitious buds were produced *inthe tuher stalk,pencil arid string roots
 
as well as on the tuber, either..singly or in groups ofup to four. 'Such buds
occurred in the primary cortex opposite xylem rays and were distinguishable

f l..omateral tuber root primordia by their exogenous origin. ,Wilson (1973b)
showed that adventitious buds produced on thickened roots of detached rootedleaves could be stimulated to develop into shoots by high levels of nitrate
nitrogen supply. 

Therefore tuber development involved a series of 'qualitative changes in
growth, the most important of which appears to *b'e
the, relative 'activity of ' cell division and cell expansion versus cell lignification. *Such' relative 
' 

~'activity leads :to either tuber initiation or the generation of alternative
 
root types such as pencil. roots,'delimits the tuber stalk,.defines the
length of the tuber, and later determines its rate of lateral gjrowth to give
rise to tubers of different shapes. However, in additi on, normal tuber
Sdevelopment includes deveopment of a unique 
translocatory system in the

tuber stalk and development of lateral tuber roots. 
 Light dry and compact

soil (Akita ot al 1960), 
as "well a'swaterlog ed soil conditions (Togari 1950),
high levels of nitrogen supply (Wilson 1973b), gibberellin and long days
(McDavid and Alamu 1980ab) are known to 
encourage lignification and frustrate
tuber development. Alternatively, dark conditions (Akita et UZ 1960; Fujise

and Tsuno 1967), high potassium supply :(Tsuno 
 and Fujise 1967), well aerated
soil 'conditions, low temperature (Togari 1950 and Kim'.1961) short days and
kinetin (Spence and Humphries 1972; McDavid and Alamu 1980ab) have been


ihownencourage tuber development. Apart from the work of Spence and
to 

Humphries (1972) and McDavid and Alamu 
 (1980ab) few investigations on the
role of plant growth substances and growth inhibitors in sweet potato tuberi- A
zation have beon reported. However Sirju showed(1977) that in addition to
IAA, gibberellic acid (GA) and benzyl anino purine (BAP) both stimulated and
 
inhibited, and abscissic acid' (ABA) inhibited, IAA oxidase genesis during

ageingof sweet.potato tuber discs. 
 ' ' -

The process of tuber development therefore results inthe realization
 
f"tubers with specific characteristics with respect to number, subapical


locationi on the tuber-bearing root, length and function of tuber stalk,
shape and the relative contribution of the vascular meristem and anomalous
 
secondary and tertiary 
neristems to tuber growth. These characteristics

va'y considerably between sweet potato cultivars and appear to be under'
genetic 'control . It'will be shown that capacity for expression of these,characteristics resides system rather thanin the root in the foliage ofsweet ,potato plants and also that these qualitative development characteriaci,~ilstics of the tuber influence its capacity for quantitative growth.
'A'a 
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TUBER GROWTH 

In contrast to tuber development, tuber growth is defined as the 
quantitative changes in the size ind weight of tubers which take place in 
the course of transformation of s.eei potato tuberous roots into mature 
tubers, that is: tuber yield. Increase in tuber size is mediated through 
increases in cell number and cell siz e and in tuber wei ght through accumu
lation of assimilate in tuber cells (Wilson 1967, 1969, 1971, 1977). In
creases in tu her cell number and cell sizre are tinder hormonal control whilst 
increase in tuber weight depends upon leaf photosynthesis. Moreover, the 
transport of assimilate to the tuher via the petiole, sLew and tuber stalk 
is an active process known to be influenced by tuber growth in sweet potato 
(Fujiso aid Tsuno 1967). Therefore, there is a morpho(genetic or cellular 
comnponent versus a photosynthetic or weight component in tuLber growth. 
Since tuber cells must first be formed and then expand before they can store 
assimilate aid since the cell division component of tuber growth continues 
throughout tuber ontogeny (Wilisoi and Lowe 1973a) it appears that the mor
phogerietic component of tuber growth must first be realized in order to 
accommodate the photosynthetic cormponent (-Ilson 1969). Ilowever, if it is 
accepted that cellular gr'owth is a prerequisite for increase in tuber dry 
weight, then the growth compornent might be ahs ssed by conpari son of the 
di strihut ior of dry/ matter between the tulber and al teriative gro;.iig organs 
or the plant such as stem aLd leaves. 

Tuber yield depends upon the rate of irrcrea,e arnd drritirti of tuber 
growth and hence tuher growth a lso includes rate arid time components. In 
additiol the terminal , physical components of tuber yield are the numbler and 
inearn size of trlbrs at final harvest ,nnd therefore iricreases of tuber number 
and tub)er size colmponeuts with tuber growth are physical expressions of 
tuber glrowth. Cons ideratiows on these various componlents of tuber growth 
are preseniteni under the fullowirig headings: 

a) Interrm:ationship, betweer foliage characteritics and tuber yield 

1)) P[Ittiermi Of tubrer grow.ith 

tut,' ti shape ri, dc) ,.hir hl , teail Jier tul)r (rowth 

d) Possile! mecha-isms of tlb)er gr'wtl.
 

Interrelatioihi ,, ttwei f'_iriage charac(-istic % arid tubnir yield 

A no',t reria kai fea, tarwr of the see. potat;o specis i, the wide range 
rf liorl-pholri cal eharacneri ,tics of frli,ifle arid ttber that e i st in cultivars 
arid varieties. , itrimnpt% to) ,leon (, relan ionrshipsowrvr '.u,,(,IT ,T ,t lear 
between yield, id either iuol'iniu len ira 1,r h lol(gilaccharacteristics of 
thIQ cn'o[, fol inge hatve an:.(j i Iris.r filln,ran line'. (1m,(). 

Cowl inn "1i) d ari (Dl6r5) d stakingl/i Cha;idill Coqillirrj ro that 
resul t(d ill dralillh increases,i of al yioldinij, high leaf areatir ieid 
i rid, (LAI) (tiltivar / I i (ia [N /i arid igeted verticalii /'I " thait 
leaf dispijljay :111d !'c iifrfenl e photo".iit.ol', is miqht; b)e directlt involved in 

1
sweelt poL,tto iold . io,.nve' , ]1 sor1 (I 9( , I'7%) pointed out tlhat these 
,;
yieldn lrirroas wer'e mr to illhavl",est (HtI)tharr du woe illtrrases irldices to 

ncrease in total dry ratter (TNi.). Thus, illthe [reerce of appl ied II, 
percentage i n, rease; it."ielvd, HI and Th, were 180, 222 and 1 arid in its 
absrice ]1)(,, ,2 arid 41 resnectively. It iih1t alsol )e mentiollied that the 

http:photo".iit.ol
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low light intensity conditions in shaded 
leaves of unstaked plants could
also have led to reduced cellular growth of tubers (Togari 1950) and so have
 
a morphogenetic effect. 

In reciprocal graft (phytomodel) experiments with three sweet potatocultivars of different yield (sink for assimilate) capacity and foliage
(source of assimilate) characteristics, Wilson (1967) showed that rootstocks with the high yielding 
cv 049 gave higher average tuber yield/plantafter eight weeks of growth (65 g) than cv C9 (29 g) and the low yieldingS38 (4 (e) respectively. However, scions of cv C9 and cv R 38 (both lowleaf area ciltivars) gave higher yields iton 040 rootstocks than cv 049self. The preeminence of C9 as a scion was also illustrated by the superior yield ,f C9/C9 phytomodels compared with 049/C9 and R 38/C9 models.However thi- latter effect was not obvious at final harvest. It was concluded that early tuber growth in the cultivars examined, providing a sinkfor assimilate, was a function of their capacities to tuberize, a characteristic associated with the rootstock. roreover these capacities weretransferable to the scion of other varieties by reciprocal grafting. Itwas also suiggested that itrtervarietal differences in tuber yield were re1la ted to tuber growth (Wilson 1967).
 

ubsequently Ifozyo (1970), and Hoz/o and Park (1971) confirmed thatearly (and late) tuber eril argement characteristics were inherent propertiesof the root-tock, in reciprocal grafts with six improved Japanese sweetpotato varieLies . They also reported that in reciprocal grafts between cv
(Jkinawa ]1O ard . ' ' '::, photosynthesis of the non-tuberous i. ti,
scions was increased by 50 (approx imately) on Okinawa 
<Ho
 

100 rootstocks compared with controls of sel f gra ft .'. 'h3: Dhtomodels. 

L,ter, a ma ieilatic, ll analysis of yield in reciprocal graft phytoiodels witih foul ,weet j'tato varieties was done by Hahn (1977) who found
that high tuber trowth varieties (TIS 1499 
 and T111 10) responded to increase in th(h son'rc as the si ri k demand increased. Ifowever, increasedsin k dn(rId i ,cr sod the )rod u, t i on of the source. It was concluded onthe remlit, (if .,tjid,,d partial Ingression coefficients, that the sink , pea-rd to h or' ili.,rirtant thi the source i,' determining dry tuberousyreld.iort dHa- iwed thilt the produictivity of the scion of thelow /io1ldinrj in ,t ' (a self- ra ft phyto'irod-1 TI 5/Tib,/5, 7.28 g/

pldnt) iwaile, 25) 

the 

,o, in the T b 5/Tfl) 10 phytonodel and 181' in
' rITlb S/TI lb ] derio'istrating clearly the ca,)acity of tuber growthto dc"rayr, id t f.,t tivity of sweet pota to fol iage. 

Ulsinig r' Oft d lea f ;)iy/l.ol-'r(1.1 , ', Wi , or; '19 7) al so deimonstrated that inthe a,,enrcn f ni',,CGflei in ";h. ' e "ioliitionrs used for growth, phytomod(+s'neashir ithe ' ltt orf- '.F 'ItIrr glr ill ,ves or exposure to lightbefore miod(,]"sT'1'41 ill thO' piOrer n ,f riitrogenl, leading to a 41: increaseinl seci fic lluif,,i weI'iqht jlftrt th-'neeo w ,e s of growth (Table 1). Moreover,at ii s time, - h to odnis ,llri, th ',tate (Jf prrmanent accumulatinn ofstarh inl , (Itatnlai <a which ;ws oc al leviated after 72 hours indar . Thwsn innsi its , we'e initerf'pietod to 
toe 

r!eari that the -l induced cessation
of roo)t extn'iis on 'Jro'wth and resullted increasied starch accUMula tion inlewyes with photos /nth 'si s . Later, i s i 

, 
rooted leaf phytomodels, Spence

and nlriJhri (1972) derolllnstrated i iii 1Lr icrca,,es in sjec ific I ainrihaweight. ihor j'rowth was restric ted by 'loistiie in suJpply and root temperature. There ,as also up to ',I increase in dry matter productivity at 250 
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Table 1. Increases in specific lamina weight in
 
sweet potato rooted leaf phytomodels in
duced by reduced root and tuber growth
 

Specific lamina wt:" Specific lamina wt: 
g fresh wt/100 sq cm g dry wt/100 sq cmx 

+N -N " increase 250 RT 150 RT % increase
 

12.7 17.9 40.9 0.50 0.68 36.0
 

:Adapted from Wilson (1967)
 

YAdapted from Spence and Humphries (1972)
 
£RT = Root temperature
 

root temperature compared with 150 induced by up to 
205% increase in tuber
 
growth at the higher temperature (Spence and Humphries 1972).
 

Therefore, it is here concluded that the capacity of tubers 
for growth

is a major factor in determining sweet potato yield in view not only of its
 
effect on the realization of the size component of tuber growth, but also

because it results both in increased rate of photosynthesis and dry matter
 
productivity of the sweet potato plant through sink effects both in dry

matter production and distribution to tubers. 
 The data also demonstrated
 
that nitrogen and staking had positive effects 
on dry matter distribution.

However further experimentation is needed in order 
to separate morphogenetic

from photosynthefic effects of light on tuber development.
 

Patterns of tuber growth 

Lowe and Wilson (1974a) and Wilson (1975) examined patterns of tuber

bulking in six sweet potato cultivars of different yield potential and
 
foliage characteristics and recognized three bulking phases (Table 2,
 
Figure 2) as follows:
 

Table 2. Early and 
linear bulking rates in six sweet potato cultivars over
 
a 24-week crop (Lowe 1971; Wilson 1975)
 

............ ..... . Sweet potato cultivars28/-7--0--4-9 ... 62 C 9/9 Al 6/15 0 36 Menflea ns 

Early bulking rates 7.6 4.5 0.4 2.6 6.1 1.9 3.9 
(0-8 wks) 
(g/plant/wk) 

Duration of linear 16 8 16 16 8 12 13 
bulking (wk) 

Linear bulking rates 
(g/plant/wk) 36 47 30 26 34 26 
 33
 

yield formed in 90 84 99 95 76 96 90
 
linear bulking
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6--	 Mean root wt -300 

~-Total yield 
-200 

6.0 A28/7 	 03/62 

4.0 I00'i 
2.0,.,. 

a, 	 
- Al 6/15 	 049 20 

6.0 

4.0 	 100 
2.0 

0 4 12 20 0 4 12 20 
Weeks after planting 

Figre ?. I y/ iru i,.i rt.trrr. ilLeet l~t :r) 

c 	 ii l . 'I I .'(, ,I idSOil'l 1 'i ) 

1. 	The period up to week , when tuber initiation was being completed 
and tuber hulking was slow (0.4-6.1 g/plant/week) 

2. 	 The linear phase of rapid bulking (16-34 g/plant/week) 

3. 	 The phase of late tuber hulkiong 

In Phase I , there were relatively rapid rates of tuber bulking in cv 
A 28/7, Al 6/11 and 049, slower rates in cv C9/9 and 03/62 and a very slow 
rate of huI' ing in cv 1 62 in which tulber initiation continued up to week 16 
(Table 2). The lI oar pha',e extended for 16 weeks (8"-24) ili cv A 28/7, 1 62 
anld C9/i; 1I-'vs (12-11) in cv 03/62 and eight weeks (12-20 and 8-16) in 
cv 0)19 rid I 0/I1 - eect ivel/. Some 90-99 of final tuber yield was formedand 
in culLivr!r', wit 12-1 weeks of linear bulking and 76-84 in the eight-week
huliik higlt' ivivm'. 711i', phase was clearly the most important for final 
,ild (l,LeI'riutinJ l. However there were low and high yielding cultivars 
w,-ithin nigut. iO l(11P) k. , Vlin r,'oups determined by different bulking 
ra tes. Thn', in tn 1(-w. lul king Ioup cv A 2'/7 had a bul king rate of 
•6 g f r/,h weiglit/pilirr./uu,,l rirI wa,; higher yielding than cv 1 62 and C9/9 

withl ulkii reI , of --)( , ll ; g/fresh wei(ght/plant/week (Table 2). Simi-
IIrly, ill tire eiht-,eeP lliiq group cv 049 had a higher bulking rate and 
yield thar cv Af/ . 

-uhr i, king 
for fre'I i lht (Lowe, arid I974(1). Mldditic;.ally, it illustrated 

Tuher dry w(girht di a s1howed similar , patterns to those 
1i.Iison was 

that in thrce il Ii vtir, witih rapid early (uif Lo week 8) shoot growth (cv
I 62, 0119, ( /,), tiuler Irul king is delayed compared with the remaining
cuiLivars (cv i !9 A 2"'/7, Al 6/15) with slower early shoot growth. This 
result, was interpreted to mean that Lhe shoot systei functioned as an alter
iiative silnk for nsimilate during early growth. Peak shoot dr/ weights
occurred at week 12 in five of the six cultivars studied and at week 16 in 
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cv C9/9 and there were rapid rates of decline in shoot dry weight thereafter 
in cv C9/9, 1 62, 049, and A 28/7 compared with the remaining cultivars (Al
6/15, 03/62). Highest shoot growth in the period weeks 8-12 was recorded in 
cv 1 62 and 049 but only in the latter ciultivars was there a slower rate of 
tuber bulking. floreover, only in the late bulking rate when competitive
effects of the alternative shoot sinks were released by cessation of shoot 
growth. In cv 79/9, A 28/7 and 1 62 tuber bu]king continued at similar 
rates up to final harvet and in cv 049 and AI 6/15 it decreased after weeks 
20 and 16 resiectively. In the latter cultivar, 'Al 6/15), rate of decline 
of shoot dry weight after week 12 was slower than in any other, suggesting

that slum tuber growth in this cultivar at this time was not caused by lack
 
of assimilate,
 

Therefore it is concluded that tuber yield was determined by the dura
tion and rate of tuber bul king achieved during tuber ontogeny. Thus, the
 
high yielding cultivar A 2,/7 had a high bulking rate over a long period.

Cultivar; 049, 1 62 and 09/9 with intermediate yiclds had a high bulking
 
rate Rr a short duratiom (049) or lower hulking rat(s for longer durations
 
(19/9, 1 62). f the low yielding cultivars, Al 6/15 had a relatively high

hulking rate for a very short duration and 03/62 a slower rate for a long

duratimi. The duration of tuber bulking was short in the late bulking

cultivars 0,P9 and 03/62 where oulkirg was apparently delayed by rapid early

shoot growth. owrve r, iii the former ctiltivar (049) rapid late bulking 
resilted ii incieased yield, but such high holking rate was not achieved in
 
the low yielIdi rq cv 03/6?, in which bulking was erratic. Therefore a highly

coripetitive shoot sitk early ii ontogeny re;ulted irnlow yield only when
 
there was po(Jr distrihutir:n of ass imi lato to tubers during later growth. 

r.> rt t ,lbr weir;ig t, ir ',hapm a!rd tuber! iroimt!h 

,,i, ( 197 ) rotosed that tither wright per plant which was the pro
d(ct of r in, t io" rrtrl'hr irtd mean tuber weight was a measure of the total
 
tuhcr rir oipw it',, that i,, the ,ui total of ieristeiatic cells and ex
panditrt (.'1] unpdlue of assittil a storage. herefore, since tuber initi
atio, ,:, ,,ltd .'<rcl (by .oeeok8 ) in the course rtf tiuherization and
 

f,, i, L ti weight after this timec, . rria' tieldor and teari W er 

we,re Jrlil,ir" '.., 1 srt 1971a) then riean tober weiqht values, parti
c ,l ,' -, bIlking, appeared to be a measure of
di-in'j , , ,f linear 
tLb,ca'rt1acit/ uf pI1w1t for further tuber growth, that is, sink capacity.
 
, t. ri'hi , ? h ,.d tUi, f l i ttiler weight values continued to increase up

to firlal , . il th. ]lt. Lilklig cultivar 0,19, where there was a reduc-

Liont ill tit, lil' r at f-ii, l rla,'vt, lowever, iii cv C9/9, I 62, 
 A 21/7
1id 1 i ll 1e ;,' I Itr' r'ictioni, in the rate of increase ofCtdrr 
ItrO'ni tLW ei" L 20yr ; ig lt ert w'l''eek}, mui 24. 

li a c l;[r',lrl- ort of 'oIie', iii t iter shape (lenrjth/width ratios) and mean 
tri',,,
w eiht. w.ith de',el opt 'ltt ill t 'meet Iota to Gil ti vai-s , cv 049 with 
glolnl i" r',aid ". /1 withtJti CV '.l tar'r'O;'IV fu iform tubers, Lowe ald Wilson
 
(19711 ',.,d t~hat trter., ., r between for in
imtilar-ity curves increase 

.n
t;Ihir width arid tb 'erwight ill the two rni]tivor , arid also that length/
width ratio', wer' irivir",ly r elawL t ield. It was also shAwn (Wil1sor and 
Lowe l973a) that: reduced calpacity for lateral tuber growth inrthe low yield

rig Cv Al 6/15 wa'-a' ,0(1 iated with redAuced riilers, of secondary and tertiary 
i oistA tutter . he ion ated at a ratotil!,retilti g in eop.ri on ild 'lower 
mainly by tile vascular Caimbiuu. 'this findinq was interpreted a, an illustra
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Figure 	3.Control of cellular 


in sweet potato tuber DAUGHTER TUBERS
events 
development, Togari (1950); 
Y = young root; P = pencil- Figure 4. Possible roles of IAA and IAA 
like root; T 7 tuberous root; oxidase in tuber growth (Akita ,ot ,11962) 
N = not-tuberous root 

tion of the necessity for increased meristematic capacity and high rates of
 
cell numnber increase towards generation of sink capacity first for tuber
 
growth and then for assimilate distribution to tubers. Given the growth
 
pattern of the 	sweet potato tuber whereby growth in length is ccmpleted be
fore growth in width, such meristematic capacity would be higher in globular
than in narrowly fusiform L,.!bers. It was previously explained that such 
tuber capacity 	for growth led to increased photosynthesis, increased trans
location of assimilate and increased dry matter productivity as demonstrated
 
in staking trials arid phytomodel experiments.
 

Possible mechanisms of tuber growth 

Togari (1950) proposed a classical mechanism for tuber development and
 
growth whereby 	 initiation and growth of the tuberous root were promoted by 
active camlbial 	meristematicity to produce starch storing parenchyma instead 
of lignification of stelar cells (Figure 3) as already explained in the
 
section on tuber developient. Akita -t (,.(1962) showed that partial expo
sure of mother 	tubers to light in tuber set cultivation induced lignifica
tion, 	low IAA levels, high IAA oxidase activities and high electrical poten
tial leading to limited 'refleshing' and increased capacity for translocation 
of assimilate in the exposed section of the mother tubers. In tile dark, sub
terranean section, there was increased cell division arid expans.ion, starch 
storage and tuber growth associated with high IAA levels as well as low elec
trical potential and IAA oxidase activities (Figure 4). Fujise and Tsuno
 
(1967) emphasized the importance of critical K20/N ratios for increased water 
content, respiration rate and tuber growth leading to accelerated transloca
tion of photosynthate from leaves and higher photosynthetic rates. These 
authors proposed that high potassium snupply and the K20/N ratios in tubers 
might also be associated with increased protein synthesis leading to enhanced 
tuber growth. Although this interpretation app.eared to be contrary to the 
nitrogen requirement for protein synthesis, it is in accord with N-induced 
increases in tuber growth arid dry matter distribution to tubers in staking 
and reciprocal 	graft experiments. However, the dramatic effect of potassium
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ROOT GROWTH
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concentration in increasing sweet potato tuber starch synthetase activities
 
(Murata and Akazawa 1968) suggests that potassium supply would play a criti
cal role in starch synthesis in sweet potato tubers. On the basis of demon
stration of stinulatory/inhihitory effects of scopoletin and IAA on IAA
 
oxidase activity (Inibert and 'W4ilson 1970, 1972) and genesis (Sirju and Wilson
 
1974) regulatory roles for IAA and scopoletion are envisaged in a mechanism
 
of tuber growtn which separates the growth components of cell division, cell
 
expansion and starch storage which shows some of the factors affecting these
 
components (Figure 5).
 

TUBER PRODUCTIVITY
 

In studies on final tuber yield conducted with six sweet potato culti
vars over two crops, Lowe and Wilson (1975a) found average yield, mean
 
tuber number and tuber weight per plant to be 23.4 t/ha, 4.7 tubers and
 
129 g respectively and highest and lowest yields of 31.6 and 16.3 t/ha.
 

However, in later experiments (Ochuba )nd Wilson 1981) with 56 un
selected open-pollinated seedling lines from seven female parents of Inter
national Institute for Tropical Agriculture (IITA) and University of West
 
Indies (UlfI)origin, yield of the highest yielding line (TIS 2328/6) was
 
68.1 t/ha, with a mean tuhb,' number of 8.5 and mean tuber weight of 168 g.
Therefore it might be concluded that the yield potential of the cultivars 
studied by Lowe and Wilson (1975a, b) was limited by failure to combine 
high tuber numbers and mean tuber weights in the same cultivar, a combina
tion later achieved in TIS 2328/6. Two other selections TIS 2525/6 and 
C 26/7 outyielded the comnmercial cultivar cv 049 by 60% and 37% respective
ly (Ochuba and Wilson 1981). 

Using an average net potential dry matter production of 550 x 103 cal/ 
ha/day and a harvest index of 80;', potential tuber yield productivity for 
sweet potato of 44 x 103 cal/ha/day was calculated by De Vries et (zi(1967). 
This level of productivity equates to tuber yields of the order 150 t/ha/ 
year, 69 t/ha for a 24-week crop or 46 t/ha for a 16-week crop. Yields of 
greater than 46 t/ha -n 16-week crops in three UWI cultivars TIS 2328/6, 
TIS 2525/6 and C 26/7 suggested that the predicted photosynthetic potential
of the species might have been achieved. However, in view of the demon
strated capacity of growing tubers to increase dry matter productivity in 
reciprocal grafts up to 259% (Hahn 1977) it is suggested that further
 
optimization of the relationship between yield components consistent with
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even higher tuber yield capacity might he sought before attempting to im
prove the photosynthetic potential of the species. 
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INTRODUCTION
 

The biological concept of the 'rate limiting step' is an outgrowth of
 
kinetic studies of the enzymatic control in a series of reactions. When this
 
concept is applied to gcneral processes within a plant, it becomes apparent
 
that different processes may be more cr less limiting under changing :ondi
tions. For example, the lack of light energy limits the acquisition of
 
carbon during darkness, while at normal daylight energy levels, other steps
 
are probably rate limiting. In addition, the rate limiting step in a pro
cess may be a physical factor, for example sieve tube diameter, rather than a
 
biochemical one.
 

A genetic engineering approach to the enhancement of productivity func
tions most effectively through a) analyzing individual steps within a series
 
of reactions or processes, b) ascertaining which step is most limiting, and
 
c) screening genetic material and subsequent crosses for improvement of this 
step. The major problems associated with this approach have been the inabi
lity to isolate and measure crucial steps and to predict what alteration of 
the step will do to subsequent interrelated processes. In addition, an 
assumption ,ia6e in the genetic engineering approach is that there are a re
latively limited number of major rate controlling points. 

The purpose of this paper is to a) outline briefly what is currently 
known about carhun assimilation in the sweet potato, b) look at patterns of 
carbon depos ition in thef. storage roots and c) outline a technique which may 
enhance isolatio and measurement of specific processes of carbon assimila
tion which 1I,1y rate litinq under normal production conditions.to 1i' !

IUTfEIIAL FACThkS AFFECTING STORAGE ROOT DEVELOPMENT 
Net phot n1t etic rate 

The net photosynthetic rate for sweet potato exhibits a cyclic pattern 
during a normal li!!ht period (Fujise and Tsuno 1962). Under natura' condi
tions, the rate of plotosynthesis was approximately 12 mg C02/sq di/hr be
tween the hours of 010() and 1300, declining to 2 rug C02 /sq dm/hr by 1700. 
Under constant environmental conditions, however, photosynthesis is high and 
relatively stahle during the morning and mid-day, only declining toward the 
later afterooon (Tsuno and Fujise 1965). Typical net photosynthetic rates 
ranwge from 14 to 20 ,taC02/sq dm/hr, however, apparent photosynthetic rates 
of 35-36 tig C02/s q dm/hr have been reported (Kato . , !; 1979). The photo
synthetic process is thought to saturate at around 30 Flux of light energy 
(Fujise and Tsuno 1962). In addition, the rate of photosynthesis of indivi
dual leaves varies with position on the plant (leaf plastochron indice, LPI) 

http:iat~r.ii
http:I)a.liMzrtlll.ut


96 
SW'ET 'POTA'1O 

(Kato c:,Z 1979) and stage of development of the plant. 

It has been over a century since [oussingauolt (],68) presented tire hypothesis that '... the accunulation of assimilates in an illuminated leaf may
be responsible for a reduction in the net photosynthesi s rate of that leaf'.While the hypothesis has heen supported by considerabl e exlierimen tal evidence,it has not been strictly proven (see review by f.eales and 11coll 196',). In
the sweet potato considerable correlative evidence, based primarily 
on altering si:ik strergth or suurce potential, points in Favor of the hypothesis.For example, if storcge root development is inhibited by its ex;-)sure to sunlight, leaf photosynthesis is reduced (Tsuno and Fujise 1965). When comparingreciprocal grafts between plants with substantia l1y differeont sink potentials,plants having stocks which exhibited strong sink potential normally fixedmore carbon (Hahn 1977; lozyo and Kato 1176; Hozyo . ' 1971; liozyo andPar,. 1971; Kato 
 , 1979). This suggests that sink potential is typicallymore limiting than source putential in the sweet potato. 

Photosythate export rate arid di "ec t ion
 

Phloem loading: After sucrose 
 that is to be exported from the leaf issynthesized in the cytoplasm of a leaf chlorenchyma cell , it must passthrough a series of steps pri-'r o transport. The ini ial step involvestransversing the plasirralemira of the cell in which it originateLs arid movementinto the apoplast. Then molecules of sucrose di ffuse in the apoplasticsolution to phloem cells. At which time it is transported across the plusmalemma against a concentration gradient into the ph]1oem cell (termed phloeiloading). Loading is an active rocss ren i'rin eniergy and is thought tofunction irlmany plants througlh a siAcrose-protol r.otransliort -,ystem (Giagu
inta 1979).
 

Transport direction: The direction of flow of pihotosynthate from individual leaves appears to be controlled by hoth the individual leaf's positionun the plant and the hi0erarchy of demand for' photoslifhates wit hil the plantat any given moment. Typically Fibrous roots and lateral buds are much lowerin the hierarchical chain of control of photosynthate partitioning than arestorage roots arid shoots. In addition, neither leaf position relative to theapex nor photosyn thate demand are static. As a consequence, directional
flow of carbon may chan1ge radically in response to chaowing coriditions.
 

Sweet potato lejves ranging iinpositim on the plant from LI el to 19display bidirectional transport (Kato . , 1979). The lower leaves (LPI 19)transport a reater percentage *ji their fixed carhon in a hasipetal direction.Altering the size of the storage 
 root sink demrand through grafting the same
scion on different stocks had a disti ict effect orr the directional flow ofcarbon. Transport direction of ciarhoir from leaves of LF11 4 aid LI 19 werenot affected by stock type, that is , storage coot sink potential; however,leaves of LPI 7 had a sulhstan ti al inc1a se il the piopor Lf'o of their translocated carbon which was directed toward the stock.
 

Movement of photosy t hate 
 to developi q orgaw, call hre limited in partby orthistichy and vascular connectiois. As illustrated in a nuimber of 
species, lateral ofrovement c,-iihon may be guitO ' ited (Wardllaw 1968).a consequence, the loss of photosynthato As

supply potential through defoliation or shading of one side of the pl ont may have an extreme effect on developingorgans or organ parts on the affected II .side. '.'' ". ,.,. var ,:.,. ,,, . .,, 
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Ptir7 DC, vascular connections reflect the plants 5/13 phyllotayy l,:ith

14carbon 
 flow exhibiting little lateral movement (Kays, unpublished data).
The relationship of vascular connections in relation 
to leaf phyllotaxy and
 
photosynthate allocation has not been closely studied in the sweet potato.

Problems dealing with storage root hierarchy may prove to be closely tied 
to
 
the extent of vascular connections and lateral movement of -arhon from the
 
vascular system. Moreover, the structural relationships of the phloem

transl)ort system such as sieve tube cross-sectional diameter and number have
 
not been explored relative to transport volume and ,elocity.
 

Transport velocity and vol ume: The importance of phloem transport velo
cities in relation to leaf photosynthetic rate has been stressed in several
 
studies (Fujise and Tsuno 1967; Tsuno 1970). 
 Based Oll field dry matter pro
duction rates, Austin and Aung (1973) also suggest that the rate by which
 
dssimilates move appears to be more important for storage 
root growth than
 
increases in leaf area. 
 Kato and lozyo (1976) have described the transport

velocities and coefficients of transport of l4C-photosynthates in both the
 
acropetal and basipetal direction using reciprocal grafts to alter both
 
source and sink potential. Transport velocities of carbon toward the apex
 
ware not as substantially affected as were the velocities toward the root
 
system when the storage root sink potential was altered. Using the improveo

cultivar Okinawa No. 100 (0-100) which has a strong storage root sin[- poten
tial and the wild type, - 1.HB (T-15) has 1imited. , which a 
storage root sink potential, 0-100/0-100 (scion/stock) grafts had a mean
apical transport velocity of 0.80 cm/min while 0-l00/T-15 grafts were 0.70
 
cm/min and T-15/0-100 and T-15/T-15 grafts were 0.77 and 0.52 cm/rlin,

r-2spectively. L;asipetal transport, in contrast, 
 was very strongly affected
 
by storage root sink strength. Zero-l00/0-l00 grafts had a mean velocity of 
2.13 cm/min while 0-l00/T-15 grafts had a velocity of 0.62 cm/illin, It is
 
concluded by Kato and iozyo that sink activity affects the speed of trans
location and the coefficient of translocation. It should he noted, however,

based on the close rates of basipetal transport between 0/l00/T-15 (0.62 cm/

min) and T-15/0-100 (0.52 cm/min) grafts, that factors other than 
 storage

root sink strength have a pronounced effect on transport velocity.
 

Storage root sink lotetntial 

Attempts made to resolve the inherent factors contributory toward final 
yield in the sweet potato revolve around the source-sink relationship (Hahn
1977; flozyo 1970; Spence and Humphries 1972; Wilson 1967). The relationship
between photosynthesis and catbohydrate sinks is well 
documented in a wide
 
variety of plants (Humphries 1967; Neales and Incoll 196,"8).
 

Spence and Humphries (1972) manipulated eirvirormental conditions sur
rounding rooted single sweet potato leave, all(] related increases in net 
assimilation rate to increasing storage root growth. Their interpretation 
was that the rate of photosynthesis depenids on the capacity of sinks to 
accept phocosynthate. 

Using reciprocal grafts, it has been inferred (flozyo 1970; Wilson 1967)
that yield is determined prinarily by the rootstock rather than the foliar 
portion of the sweet potato plant. 
 However, both )hotosynthetic source 
potential 
and storage root sin!, capacity can be rate limiting (Hahn 1977).

Thus it is likely that a series of processes, from carbohydrate production in
 
the leaves to final carbohydrate polymerization in the storage root of the
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sweet potato, can each under appropriate conditions be rate limiting.
 

Deposition of carbon at sink sites: 
If one accepts, based on substantial
 
correlative evidence in the sweet potato (Hlahn 1977; Hozyo 1970; Wilson 1967)

and other plants (Neales and Incoll 
1968), that sink potential is of major

importance in the net rate at which carbon is fixed by the plant, then 
processes dealing with the deposition of carbon at active sink sites become 
of critical interest. These processes can be grouped under three verygeneral headings (a) phloem unloading (b) transfer of the carbon to the
site of polymerization, and (c) starch synthesis. Each of these general
processes is composed of secondary and tertiary subprocesses or steps. 

In general, when contrasted with phloem loading and transport, little isknown about tlK specific steps in the pathway of photosynthates upon reachnig
a major sink uch as a storage root. One might anticipate a sweet potato
storage root to function is some ways similarly to wheat grains where the 
rate of starch synthesis in the endosperm is closely related to the concen
tration of sucrose 
in the tissue. In this case, regulation is not predomi
nantly due to the supply of sucrose to the grain (Jenner and Rathjen 1972a,
1972b), but rather to processes operating within the grain itself. 
 Factors
regulating the movement of sucrose into and through the grain and influencing
its conversion to starch appear to be major controllin9 steps (Jenner 1974).

In addition, declining deposition of carbon as the plant approaches maturity

may more accurately reflect a 
decline in the sink's capacity to accept or
metabolize sucrose rather than 
a decline in supply potential from the source

(Jenner and Rathjen 1975). Although there are obvious places where this

analogy between a wheat grain and a storage root does not hold, it does pro
raise to serve as a useful model for comparison. 

Other evidence concerning the relationship of the sink to the carbon

acquisition-transport systems can he inferred using mathematical nodels.
Goeschl i ,,'
(1976) described the response of a concentration-dependent

unloading mechanism in a steady state MUnch pressure flow model of phloem

transport to varying input parameters. 
 If loading rate was held constant and
the value of the unloading coefficient increased, then the velocity of
 
sucrose toward 
 the sink increased and the concentration of sucrose throughout

the sieve tube decreased.
 

Pattern of carbon depoosition: Little is known about the pattern of
carbohydrate deposition in the sweet potato storage root over the course of
its development. Our present understanding of the nature of storage root
growth in the sweet potato is based primarily on evidence from anatomical 
studies. 
 The general concensus is that the development of the storage root

in the sweet potato involves cell proliferation resulting from both the

meristematic activity of the localizr' 
vascular cambium, cs well as the
activity of the anomalous cambina (Artschwager 1924; Esau 1960; McCormick
1916; Takatori and Purnell 1961; Tsuno 1970). The anomalous canibium is
recognized as a general phenomena in the storage root (Artschwager 1924). 

Comparative anatomical 
studies of West Indian cultivars (Wilson and Lowe
 
1972) indicate that the relative contribution of cells derived from the
activity of the vascular cambi um versus 
tile anomalous cambia, to the overall
size of the mature storage root was a cultivar characteristic. In some cases 
the vascular cambium accounted for about half of the total storage root size. 
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Studies using starch staining techniques (Indira and Kurian 1973), show 
that in the initial stage of storage root development, starch is localized 
in the cortical tissues. However, the contribution of the primary cortex to 
the total volume of the developed storage root is negligible. 

Starch is the major storage compound in the storage root of the sweet 
potato (Onwueme 1978). In the cultivar Red Jewel, it accounts for 27'. of the 
storage root dry weight (Chang 1979). At the histological level, starch is 
located in storage parenchyma cells. Artschwager (1924) discerns two types 
of storage parenchyma. There is the normal hundle parenchyma, rich in 
starch and whose cells are the product of the camhium. It is the major type 
of storage parenchyma. The other type is the interstitia.1 porenchyma, a 
filler hetween groups of bundles, relatively poor in starch and ccsidered 
to he directly derived from the original parenchymatous sheath of the young 
rootlet. Con idering these facts, one would expect the sJarch deposition 
pattern to reflect to a large extent the nature of storage root development. 

There has been some work involving the use of labelled 14C0 2 to monitor 
carbohydrate distribution patterns in other underground crops. In tile potatr 
twbe r, assimil 1a ted 14C a ccumul ated most in the periderm with weak radioacti
vi ty evenly distribued inner to this layer (Padlen hui zen and Dutton 1956). 
In a 14C tracer study on the Jerusalem artichoke, where polyoerized fructose 
is the major storage Com1pound in the tuher, it was suggested hat carbo
hydrate was deposited maiinly in the cells newly formed by a sub-epidermal 
canili 1mand, therefore, the tuher grows in the outer layers (Edelman 1963). 

',toraor, root sirrk hierarchy: Control of tile allocation of carbon to 
cOl1ietitive 51 oh; is not well understood. A mbl)er of mechanisms can influ
ellc( the ireferential movIerit of carbon to one sink over another. Varia
tioins ir the ai ility of one sink to deplete tb supply of photosynthates in 
1[he ;,h[1oe: (Irloadiugj coefficient) causes a concentration gradient which 
eihauce,, soIfswluert ioveent of carbon to the sinki. Variation in the chrono
logjical orde-r of inceptio, of the sink is also a fa-tor (hence, large storage 
root'; will hive runre cells which increases the potential to deplete the level 
of cllton in the pIiwl,). he mosition of a sink relative to the source of 
ssiluiilate Irodmtiloll all also be significant. Us,inq 11as flow models, sinks 

with idrrtic'cil unloaldiolj coifficients (strength) but at different distances 
from tihe ',Jl di zoarI(-,,iln be shown to nave differences ahsolutecan ill the 
amolojnt. a'1:d alrceoteoF' ('I the total photosynlthate unloaded into each; sinks 
c Iu(-r to) OI sanre hiving9 the advantage (Coeschl, unpulished data). 
Fi a lly, vasculalr frl,.Ltic; and lateral transport potential, may also be 
imortant it the tablifirt of a hierarchy of carln allocation between 
crIpeti Live storag! root ,i o . Ctrrent ir'e(din lprograms fo- edible sweet 
potatoes have selected LowaIrd mimiutzinq variation ini the patterns carbon 
allocatiot to the roots. In,A d.'istfuerce desirable new cultivars tend to 
ha{ve 0 11Itiofhen of roots of on1if 0ol! ize . 

[XFi PNAL FACTOU- AFf[(.T I Sf; PWIfIT AUD DEVELOPlEUTITW,,;[ IPH!!JCTIO01 

F/terral1 f ctors a ffec ti 1g storage root i hic on and devel opment can 
in genera] e c lansed into two groups: those over which we have minimal con
trol ,radi'Itio, tetleri Lure and carian dioxide concentration for example), 
aid tho',e over wil]ch we havi the potential to exert suhstantial control (such 
as ,oil r1triti(t , soil type and moi sture level). 
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several 
studies have been directed toward ascertaining the effect of
temperature on assimilate partitioning and storage root development (Kim
1961; Sakr 1943; Sekioka 1970; Spence and lumphries 1972). For exampile,(1961) demonstrated that sweet Kimpotato plants, when subjected toperature of 200C during an air temthe period of darkness alternated with a temperature
of 290C during the light period (16 hr), produced more storageincreased storage root weight 
roots and anthan plants subjected to a constant temperatureof 290C throughout the cycle. Storage roots were alsotreatment incorporating the 

formed earlier in the200C temperature.
role for a thermoperiodic This may suggest a possibleeffect in storage root induction, although in thetropics sweet potato yields abundantly in spite of much smaller differences
between day 
 and night temperatures. 

Soil tei,npprature -!, ::,also affects sweet l)otato storageand development (Spence root formationand llumphries 1972). In rooted sinle leaves,imum storage optiroot formation and development resulted when the soil temperaturewas 250C, whereas soil temperatures of 150C2 and 350C were inhibitorystorage root formation to(Spence and Humphrios 1972). Sekioka (1Q70) foundthat sweet potato plants produced
when they 

the largest increase in storage root weightwere subjected to a constant soil temperature of 30OC coinhined withair temperatures of 250C during the night compared to other temperatLure
treatment combinations. 

According to Tsuno (nd), Togari attempted an integrated explanationthe effects of the environment in influencing for 
the variousLow temperatures (22o-24oc as against 

root types produced.
norma 1ltelpe ratures of /40-2qoc andheavy K application prorote storage ruot induction. (),the otheroxygen deficiency hand, soiland heavy N application increased lignificolion of stelecells and inhibited the activity of the can1biun. Therefore, young rootsto develop into fibrous (thick) 

tend 
roots instead of storane roots. 

Soil aeration when limiting can also have a pronounced effect on storageroot induction and/or development. Sweet potatoesconditions grown under waterloggedor in solution culture (Wilson 1970)
storaq roots. 

typically fail to produce
In iddition, with field plroduction of sweet potatoes on many
soils, yields are markedly improved by ridging (Edmond
minary work by , ,.',1950). Prel i-WeIt{ aho, Uzaki and Yashiki (196;) and a recent study by Chuaand Kays (1981) sugglest that low storage root yields under field conditionsof excess moisture Ire due largely to inadeguate o,ygen inExposure of the the root zone.storage root production zone, separated from the fibroussystem, to 2.5' rootoxygen decreased the 
to 0.8 and 

numher of storage roots/plant from 6.2the dry weight of storage roots formed per plant by 97.5 whencompared to 21 oxygen controls. Shifting the storage root productionfrom 2. 5 oxygen to 21 oxygen on the 81st 
zone 

day of growth, resulted in a rapidincrease in storage root number and carbon allocation rate.suggest that low This wouldsoil oxygen is probalbly more detrimental lato in the growingseason after the storage roots have formed aind attained some size.estimates for threshold Initiallevels of oxygen for shifting of storage rootsanaerobic fermentation are toin the 5 to 7 range (Cinq and Kays 1981; [asselbring and Hawkins 1915). 

Under field conditions, soil water, aeration and bulk density are closely related. Adeguate wat.-r supply
tial 

through rainfall or irrigation is essenfor maximui development of storage roots (AndersonPeterson 1961). However, excess water in the soil 
1941; Onwueme 1978; 

results in poor aeration. 
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The use of mounds or ridges in sweet potato cultivation results in better

yields (Edmond w ,t 1950; Kimber 1970). This can be partly attributed to 
better drainage and aeration, but also to decreased physical resistance of
the soil for lateral expansion of the storage roots. Since the storage root
displaces its volume equivalent of soil by deforming the soil adjacent to it,
elevated physical resistance of the soil surrounding the root can, if suffi
ciently high, decrease storage root growth. Decreases in storage root growth
due to soil compaction have been documented (Watanabe. , ,,,! 1968). Its

restriction of the allocation 
of carson in the storage roots did not, however, 
cause a corresponding decrease in the top and fibrous root growth. 

The nutritional statu- of the plant also influences the allocation of
 
carbon. Nitrogen, P, K, S, Mg, Ca and Fe below critical levels resulted in

deficiency symptoms 
 in sweet potato plants, with inadequate K, Mg or Ca
resulting in no storage root formation (Spence and Ahmad 1967). Storage root
induction occurred in N-deficient plants in spite of severely restricted top
growth (Spence and Ahmad 1967). 

It is well established that K is required for storage root development
(Fujise and Tsuno 1967; Scott 1950; Stino and Lashin 1953; Tsuno 1970, Tsuno
nd ) . Conversely, a high nitrogen supply favors top growth that would serve 
as a competitive sink for carbohydrate supply. Thus a high N supply would
 
have an adverse effect en storage root development under low K conditions

(Samuel s 1967). Tsuno and Fujise (Fujise and Tsuno 1970, Tsuno nd) hold that 
a high K2 0/ rati,' in the storage root results in a higher water content in 
the storage root and this increases the respiratory rate. To the extent that
the resu1tant energy is used for cell division and starch synthesis, storage
 
root growth is facili tated.
 

Though seldom a problem in the field, the exposure of storage roots to

light ilhibits their development (Fujise and Tsuno 1970; Hozyo and Kato 1976).

When subjected 
 to light (Hozyo and Kato 1976), the starch content of the
 
storage root decreased, beginning from 
 the cortex inwards. Lignification of 
parenchymatous cells as well as all increase in the number of xylem vessels in
the vicinity of the vlscular cambi um were found. The amount of parenchyma
tois tiSsue ill the stele decreased. When the light treatinent was withdrawn,

storage root development resumed together with anl accompanying increase instarch. 

REDI ST3Ii;PTION OF CARBON FPO. STORAGE ROOTS 

[Because of intense a!Iricultural interest in the sweet potato storage

root as an edible commodity, the primary biological purpose of the root as a

reproductive organ is often obscured. This has resulted in little being

known about the pattern of ca rhohydrate remobilization from the storage

for the suts tenmatice of the sprouts that develop from it. 

root
 
It is known that 

sprouts develop from the vascular caltuhium zone of the storage root (Schlimme
1966) or irr it,, vicillit'/ (Wi lso and Lowe 1973) and that the size of sprouts
produced from root pieces used in plant propagation varies with the size of
the root pieces used (0Lays and Stutte 1979; Takatori and Purnell 1961).
Larger-sized sprouts are :roduced from 1arger root pieces, with whole roots 
producinrug the largest sprouts. This suggests that carbohydrate remobilization from the root piece has an important role in sprout vigor and growth.
Among otter considerations, cartohydrate remobilization would depend on
factors such as the site, the amount, and the availability of carbohydrate 
reserves in the storage root. 
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In the Jerusalem artichoke, where the major storage carbohydrate (inul in)is a straight chai- molecule composed of approximately 38 to 40 fructosesubunits, it has been shown that the carbohydrates are initially remobilizedfor shoot growth in a region a few millimeters beneath tire epidermis (Jeffordand Edelman 1960). Subsequent hydrolysis of the stored carbohydrato pro
gresses 
inward. Whether hydrolysis of stored carbohydrates in tle sweet
 
potato is localized as 
 in the artichoke or is a general pheorimenon is not
 
currently known.
 

USE OF 11C AND 14C ISOTOPES FOR STUDIES OF SWEET POTATO PHOTOSYNTHIESIS, 
TRANSPORT AND METABOLISM 

14C has been used extensively in the study of carbon metabolism in many
orgafiisms. In the past few years a wealth of new inforlnati on aboult thegrowth and development of the swer L potato has been generated wi h this
isotope (Kato and Hfozyo 1972, 1974, 1976, 1978; 
Kato t il/1979, 1972).

Along with many advantages (such as long half-life, low cost and relative

safety) are a number of disadvantages which limit its potential 
uses ospecial
ly in live, 
intact plants. Many of these limitations can he circumvented,
however, with the use of the unstable isotope of carbon, 11C. 

The use of 11C in CO2 studies was first suggested in the 1930s (Ruben 
, 
1939; Ruben and Kamen 1940) because of its several significant advan

tages. First, it decays by positron (-+) emission followed 
 by positronelectron annihilatin with the emission of two oppositely-directed 0.511 MeV gamma (,) rays. Gamma emission allows for measurement through
essentially any thickness of live plant tissue in real time. In addition,coincidence detection of both { rays allows for precise localization (f thedecayiing carbon atom. Secondly, 11C has a half-life of 20.4 minutes.
Therefore, several experiments cal be run daily on the same plant and
throughout its growth cycle. The recent development by Fares ,../(1978)
of a technique for continuous rather than batch production 
of I1C, allows
for steady-state labelling and negative pulse labelling. 

METHODS AIN) IATERIALS 

11C ex erime,nts.
 

Sweet potato plants, variety Centennial , were grown in 29.4 cm diameter 
pots containing 1:1:1 ratio of Terface, vermiculite and gravel . Lateralbuds were rows ved 
from the main stems to prevnt the formation of secondary

sink sites . Planfts were qrown at the Duke University Phytotron for the
majority of their growth period uder the followina coiditions: 240C day 200C night temperatures, 16-hour photoperiod of 40"Klx combined fluorescent
incandescentt light, ambient C02 concentration (350 ppm). Durig IIC experiurents the CO2 concentration to the treated leaf was 450 ppm. The p1antsdesc'ihbed in the following I1c e/periments were six-week-old vilne cuttings
whic had not yet developed distinct storaje roots. 

I IC__j~roducti_on 

I1c was continuously produced during the course of an experiment to
allow for steady-state kinetic analysis of transport phenomena (for a de
tailed description see 
 ares ,, 1978). Production consisted of accelera
ting 31ie with a 4 MeV Van de Graaff accelerator using gaseous ]2CO 2 as the
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target. This yielded the following reaction: 12C(3Ue, 4He)lIC. The target
effluent was then transported to the phytotron through a Teflon capillary 
tube wi th an inner diameter nf about 1.3 cm and 120 meter length. Upon 
arcival , the effluent gas was passed through a soda lime trap to remove 
12C0 2 , leaving predominantly 11Co. 1ICO was then passed over a cupric oxide 
furnace (-600oC) and oxidized to 11C02. Using this technique llCO 2 of a 
constant, known specific activity was administered to the plant. 

1 1 C02Administering to the plant and subsequent monitoring of the flow 
of carbon: A detailed description of the experimental set-up is provided by


1 1 C02Fares (1978). Briefly, was fed to an individual leaf using a standard 
leaf chamber (10 cm2 ) with the C, input/output ratio monitored by infra-red 
gas analysis. Coincident scintillatie.1 detectors were positioned at the
 
leaf, on the petiole, and various locations up and down the stein. This
 
technique allowed pulse labelling, steady-state labelling and negative pulse
 
labelling.
 

Data for each of coincident detectors and inlet, outlet, line and leaf
 
detectors were collected over each 60 sec period, as were continuous measure
ments of leaf net photosynthetic rate. Data collected was plotted as col
lected in 'real time' on a Hewlett Packard model 9245 computer. Tapes of 
each run were later corrected for detector variation, isotope half-life and
 
background. Transport velocities were calculated from the arrival time of 
the labelled front moving up and down the stem and the distance between the 
leaf source and stem detectors. Use of coincidence detectcrs allowed for
 
precise measurement of the 11C front position. 

14C exjerimients 

Three sets of ten plants of variety Red Jewel, grown individually in
 
pots of 29.4 cm diameter, were treated with 14C-labelled CO2 at the 44, 74
 
and 105-day growth stage with a fourth set serving as control. The above
 
ground portion of each plant was exposed in a standard plant treatment chai
ber for two hours to 14.4 Ci 14C02 fron Ba 14C03 released with 113PO4 . The 
atmosphere within the chamber was circulated during the treatment period
with an air circulation pomp. Remaining 14C02 was removed at the end of the 
labelling period by the insertion of an Ascarite column into the circulation 
system. 

Plants treated at the 44, 74 and 105 day stage as well as the control 
plants were harvested on day 106. Two plants, however, from each of the 
sets treated at the 44 day stage and at the 74 day stage were for the pre
paration of storage root sections 24 hours after their respective treatment
 
periods.
 

Freshly harvested storage roots were used in the prepar7 ion of 1.5 r1n 
thick cross sections. rhey were obtained fror tine proximal, medial and 
distal portions of the storage root. Longitudinal sections were made from 
separate roots. Samples were pressed between cardboard, frozen and lyophy
lized, after which they were mounted on paper for autoradiography (Kodak
X-Omat RP film, D-19 developer, 2-4 week exposure time). After autoradio
graphy individual samples were quantified by oxidation of 20 rmg samples and 
subsequent trapping in 10 ml of ethanolamine-ethanol (1:2, v:v). A 1 rrl 
aliquot was added to a 15 ml scintillation cocktail (0.6 gin PPO and 6 gil 
POPOP/1 toluene) with 1 ml of absolute and counted in a Beckman LS-100C 
liquid scintillation counter. 
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Distribution of radioactivity of cross 
sections was determined by

quantitatively measuring samples taken from four areas of the storage root.These were designated: area 1 - the periderm-outer cortical region; area 2 the vascular cambium ring arid tissues in its immediate vicinity, extending
more than 1 mimlon either side 

no 
of the cambium ring; area 3 - the peripheral
stele, which is adjacent to but inner to area 2 and corresponds to the area


of the stele showing radial xylem files; 
and area 4 - the inner stele, which
is the innermost portion of the storage root, and is where the xylem vessels 
are randomly distributed within it. 

Remohilization of labelled -,uhstrate upon sprouting was monitored in
 
sprouts from replanted storage roots obtained 
 from the four sets of plntsharvested at the 106 day growth '-tage. Storage roots were planted 2 cm

below the surface in 294 cm diameter pots of soil (Cecil clay loam) in the

greenhouse. No more than three 
sprouts were allowed to develop at the proximal end of each stora'e root. Entire sprouts at the two, four, six and eight
leaf stage were harvested, pressed, oven-dried 
 at 700C for 1&,hours, mounted 
on drawing paper and autoradiographed as previously described. 

RESULTS 

Fixation and trat sl ocati o f !of1Cjhotosynthates 

A typical res ponse of a sweet potato to a square wave input of 1 1C02 to
 a sin1le leaf is presented in Figure IA. Nutbers on the figure refer to the
 pos ition of specific sets of detectors on the plant and the corresponding

data rutput, (log otf the radioactivity). Detector 1 was stationed 
on the 
lif 1tiole iiis t be low the lde of the treatment leaf. Detectors 2 and 3 were16 anid 7 sit h-i ow thr leaf hlade on the ttain stem. For the first 23 minutesof theJ,, 'erientet, 1110 2 frost the accelerator (marked line) was vented until

readiw I ,i. Jeady staDt. buring this tite the 
 leaf was exposed to ]2 C( 2 at
iO p mt . be weei 22 ald 131) uiinutes, 11C02 + 12C02 were supplied to the

at 11)t) pmt. Flhe le,el of radioactivity in the leaf increases 

leaf
 
rapidly until

it. ajii'Oilis , 'toady state, at which time export due to translocation and
 
-spir t10 )11 eil s itlcorporation. Line :l represents the export of carbon


dornt tih lftt,0,'i. . aiifrte of arrival of the 11c 
 front at various detectors(.u(,h , )d,'..h, the ste1 Ca1 be used, knowing their distance from the
so(uis, lo i .il, , th,: Las ipetal transport. velocity. III this case (Figure

,) t: , jr,rt o / offt itlo l transport of phntosynthates was 1.04 ci/min. This 
c 1 w domr iIIi Icir, ' f r 'lcropetal transport with appropriate detector 
po',itionin, alt woijh t hi, was not lone in this study. In addition, byItlowilgrj the spr'cif , (Iivit n f the sucrose formed, and with appropriate
corrections for hal f- it fe , dr (ittor %ensitivity and 'view' of the stein andtlhe Voluttie of 'ieve tutbs 3I ort rliu i,,j 11 C, the moles of sucrose/cmt can becci 1nulci ted. 

After J;topjifIg the flow of C02 to the leif, a characteristic decay
curve develo ps . The dif e orL wee ie th(e calculated decay of 11C (20.4
riin half-life) artd the teati rr c1ecay indicates the amount of 11C photosyn
thates availab~le for export (tIaftport 4 respiration) (Figure 1A). The
reia ininj count ra tde i s eua_ to the ra te of 11C. photosynthate stored in 
products such as starch in the leaf. By leasoiring the turnover tiime of the 
,iolile 11C photosynthate pool, the half-life for the pool can be calculated. 

Figure U1 represents the effect of exposing a 1 cm long section of the 
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petiole of the treatment leaf to 120 sec at 100C with rapid (=30 sec) rewarm
ing to the ambient temperature, 240C. Transport of I1C photosynthate down
 
the stem is stopped almost immediately, with subsequent effects on transport
 
at positions lower down on the stem. While recovery begins to occur appro
ximately 55 minutes after the end of the temperature treatment, it is
 
extremely slow, never approaching (note log scale) pretreatment levels during

the remaining 80 min of the test period. In addition, the level of 11C
 
staying in the leaf increased simultaneously with the decreased transport.
 

The effect of a slight physical perturbation on the acquisition and
 
transport of 11C-photosynthates can be seen in Figure 2A-F. The treatment
 
involved lifting the potted plant from the floor of the growth chamber and
 
setting it on the bench used 
to hold the detectors and positioning the
 
individual detectors. This small amount of agitation resulted in extreme
 
alternations in the carbon transport system of the sweet potato. 
The IIC 
experiment was initiated 2 hrs after the agitation and by 275 minutes after
 
the initial exposure of the plant to I1C02 , no lIcarbon could be detected
 
leaving the leaf (Figure 2A) via the petiole and stem (detectors 1-4). The
 
photosynthetic rate of the leaf, however, remained relatively high (18 mg

C02/dmz/hr as measured by infra-red gas analysis) relative to the rate of 
photosynthesis of the leaf during the period of recovery of the transport

function over the next 48 hours. 
 11C0 2 fixed by the leaf after agitation
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1 hr) remained almost exclusively (92%) in the leaf as starch or other nontranslocated products (Figure 2B). 
 The pool of mobile products represented
8' of the 11C fixed, nearly all of which left the leaf via light and dark 
respiration. The turnover time for the mobile pool of 11C was 80 min (i = 
40 min). By the second day the plant had significantly recovered from t~e
 



107 10. K}AYS ET AL CAI?130A ASSIMILATJjN 

perturbation (Figure 2C). Transport of IIC from the leaf was occurring at a 
substantial rate and could De monitored at the petiole and at each position 
down the stem. Phloem transport velocity of photosynthates had increased 
from 0 to 0.86 cm/min. On day 2, the storage pool of lIC represented only 
43' of the fixed carbon, with the mobile pool increasing to 57. (Figure 2D). 
In addition, the turnover time of the mobile pool had shortened substantially 
(Ti = 25.4 min). By day 3 (43 hours after perturbation) the plant had re
turned to what appears to be a normal carbon fixation-transport system
(Figure 2E). The storane pool rrpresented 32"' of the fixed carbon while 68'1 
as found in the mobile pool (tran:location + respiration). T. had decreased 

4.2 min from the previous day to 21.2 min and phloem transport velocity of 
photosynthates had reached 1.13 cm/min. 

Deposition of 14C-photosynthate in storage_ roots and redistribution in 
sprouts 

Autoradiographs of cross sections of storage roots from plants treated 
at the 44 day stage and harvested at the 106 day stage showed radioactivity 
throughout the cross section except along a somewhat circular band (Figure 3). 
This band is in the vicinity of the vascular cambium ring, and includes the 
vascular cambium ring itself, as well as tissues differentiated from it on 
botl- its inner as well as outer surface. Although the outer cortical region 
shows radioactivity, the phloem-secondary cortex region adjacent to the 
vascular camnbium ring does not. The bulk of the cross sectional area showing 
radioactivity is in the center of the stele. The periphery of the stele, 
contiguous to the vascular cambiu'm ring is, however, within the band where 
the radioactivity is less disceriible. This band is much broader in the pro
ximal section (Figure 3A) than in the distal section (Figure 3C). Its width 
is somewhat intermediate in the medial section (Figure 3B). 

Fiqure 3. Distribution of assimilat
ed1 4C02 in cross sections of a
A B :" Cstorage root obtained from a plant
 

treated at the 44-day stage and
 
harvested for autoradiography at 
the 106-day stage. A) Section foom 
proximal portion, B) section fron. 
medial portion, C) section from 
distal portion. (Mounted specimens 
on top, autoradiographs below) 

Distribution of radioactivity within the central stele is not uniform. 
This is especially the case in the proximal section (Figure 3A). In the 
cortex, the labelled region shows uniform distribution of radioactivity 
within each individual section. The labelled portion of the cortex in the 
medial section (Figure 3B) accounts for about 50' of the total area external 
to the vascular cambium ring. 

Autoradiographs )f cross sections of storage roots from plants treated
 
at the 74 day stage and harvested at the 106 day stage show a second distinct
 
pattern (Figure 4). Again, there is a circular band extending from both
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A CFigure 4. Distribution of assilllilated 
Cin 0B cr-ass sections of a 5tnraqe 

root obtained from a plant treated at 
the 74-day stage and harvested for
autoradiography at 1the 6-day stage.A) Section from proximal portion, [3) 

ICm section from mnodial p~ortion,tion from distal portion. C) ec,,S (Mounted specimens onf top, autoradio

graphs below)
 

sides of the vascular cambium ring, where the radioactivity is much less
distinct than that in the other portions of the cross section. 
 This band,
however, is relatively much narrower than the one in the first pattern previously described in Figure 3. 
The band is again broader in the proximal
section (Figure 4A) than in the distal section (Figure 4C). 
 The width of the
band in the medial section (Figure 413) 
occupies an intermediate position.
 

Radioactivity in the outer cortical 
area appears uniformly distributed.
In the section across the medial 
portion of the storage root (Figure 4B),
the portion of the cortical 
region that appears labelled accounts for about
70 of the area external to the vascular cambium ring.
 

A larger portion of the stele shows discernible radioactivity than in the
first pattern previously described. 
Distribution of radioactivity within
the center of the stele appears non-uniform. This is especially true in the
case of the proximal section (Figure 4A). 
 The non-uniformity of radioactivity distribution 
in the central stele is, however, not as obvious that
as
observed in the first pattern described in Figure 3.
 

Autoradiographs of cross sections of storage 
roots from plants treated
at the 105 day stage and harvested at the 106 day stage (Figure 5) show a
radioactivity distribution pattern distinctly different from the other
 
patterns described earlier.
 

In this case, radioactivity is concentrated in a clearly defined ring
which corresponds exactly to 
the location of the vascular cambium ring. 
 The
 

iqjure 'j. Disltribution of assimilated 
) V C(2 in cross sections root( % obtained of a storage from it plant treated at the 105-

B C 
 day stage and harvested for autoradio
grahyt te 10-dystage. A) Section 

frow proximal portion, [,)section fromAedial portion, C) section from distalportion. 

_ (Mounted specimens on top, autoradiographs below) 
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remaining portions of the cross section appear labelled, with the cortex and
 
the periphery of the stele appearing to have a higher concentration of radio
activity than the center of the stele. Within each of these areas, however,
 
distribution of radioactivity was uniform.
 

There was essentially no difference in this pattern of distribution
 
between the proximal (Figure 5A), the medial (Figure 5B) and the distal
 
(Figure 5C) sections of the same storage root.
 

The longitudinal sections (Figure 6) further demonstrate the differences
 
between the three patterns resulting from the different times of treatment.
 
The longitudinal section of a storage root from a plant treated at the 44
 
day stage and harvested for autoradiography at the 106 day stage, is shown in
 
Figure 6A. The relative tissue area that appears radioactive follows a
 
gradation along the longitudinal axis of the storage root with the distal end
 
showing more of its tissue area being radioacti,,e thdn the proximal end.
 

The longitudinal section of a storage root from a plant treated at the
 
74 day stage and harvested at the 106 day stage (Figure 6B) shows that the
 
band where radioactivity is not readily discernible is widest towards the
 
proximal end and tapers toward; the distal end. At the extreme distal end
 
the band is absent. The band in this case (Figure 6B) is on the whole re
latively narrower than in the previous case (Figure 6A).
 

The longitudinal section of a storage root from a plant treated at the 
105 day stage and harvested at the 106 day stage (Figure 4C) shows that the 
vascular cambium has a much higher concentration of radioactivity than 
other areas of the storane root. 

Results of the quantitative analysis for radioactivity concentration in
 

Figure 6. Distribution of assimilated 14C0 2 
in longitudinal sections of storage roots 
obtained from plants treated at three dif49 ferent growth stages and simultaneously
harvested for autoradiography at the 106-

A B C day stage. A) Section from storage root 
__labelled at the 44-day stage, ,)section 

from -torg, reot labelled at the 74-day 
Ame. C) section from storaqe root labelled 

at the 05-day stage. (Mounted ;pecimens on 
.4. Lop, autoradiographs at bottom, top end of4/ storage root is the proximal end) 

5cm
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Table 1. 	Distribution of radioactivity in cross sections of storage roots 
obtained from plants treated at the 44, 74 and 105 days 	stage

and harvested at the 106 day stage (in cpm/20 og dry wt)
 

Stage of Room area:; Position of cross section in root;/
 

development 	 Proximal Medial Dista 

44 day 1 274 (44) 251 (42) 448 (105) 

2 36 ( 6) 50 (14) 459 ( 50) 
3 77 (10) 98 (25) 705 (107) 

4 246 (27) 520 (15) 815 (41) 
74 day 1 218 (7) 295 (6) 220 (45) 

2 173 (23) 108 (12) 191 (10) 
3 313 (23) 153 (10) 250 (8) 
4 333 (16) 196 ( 4) 253 (21)
 

105 day 1 84 (14) 151 (13) 88 ( 2) 

2 197 (16) 198 (11) 103 (32)
 

3 114 (40) 143 (16) 59 ( 3) 
4 53 (28) 35 ( 8) 50 (10) 

Area 1 -	 periderm-outer cortex 

Area 2 -	 vascular camhium ring and its imediate vicinity 
A,ra 3 -	 peripheral stele 
Area 4 -	 central stele 
Figure in brackets ( ) denotes standard deviation 

various areas within the cross sections are presented in Table I. These 
resLl t essnitia ll, confirm those shown by the autoradiographs. 

For thi, s ,raqp, root cress, sections ohtained from plants treated at the 
4 tsayJap, md .,t(,d at the ]16 day stage, the vascular cambium ring
and its i it+i oitv shows the lowest radioactivity count per unit dry
weight comparer] I,(, "er in cross section. This is true forL-d ,otd areas the 

the proxinral , ;)!- j as well as 
 the distal portion of the root. However, the 
amount of radiac:Livit/ in ny area of the distal section was higher than the 
corresjiold ilg aria in either the proxiimal or medial section. 

Tiln doto for the s toage- root: cross set,; rslhtained from plants treated 
at tle 7.1 day sUqLoo arid harves ted at the 106 day stage indicate that the 
lowest radioactivi t/ count per ,Ili t dry wei ht was recorded in the vascular 
cainhiu0111 ring and its iinniediate vicinity. This was true for all three of the 
proximal, nedia l, aild distal sections. 

In the case oif storage root sections from pl1ants treated at the 105 day
stage, the highest rodioactivity count was rucorded in the vascular cambium 
reon in, the lowest ii the ceitral stele, with the other two areas in the 
cross section showing intermediate counts. This pattern of radioactivity
concentration within the cross section was the same in the proximal, as well 
as the medial and distal portions of the stora(e root. 
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Figure 7. Redistrihutioll of assirilated 14C into an eight leaf 
stage sprout growing from storaqe root frwev imjnly harves ted 
when plant was at the, 106-day stage after treatment at the 105
day stage.
 
(Mounted specimen oil left, autoradiography on right- fibrou, 
roots are not shown) 

Radioactivity in storage roots of plants treated at the 44 day and 74 
day stages, but harvested for autoradiography 24 hours after treacment is 
concentrated in the vascular cambium ring (data rnot shown). The other areas 
in the cross sections are labelled more or less unliorrly, but to a lesser 
extent. This is the same general pattern exhihited uy storage roots of 
plants treated at day 105 and harvested 24 hours later. 

Autoradiographs of sprouts removed from storage roots exhibiting three 
distinct root labelling patterns of 14C (44, 75 or 105 day treatment stage)
 
produced essentially identically labelled autoradiographs whether they were
 
pulled at the 2nd, 4th, 6th or (th leaf stage (only 105 day, 8th leaf auto
radiograph is shown, Figure 7). Radioactivity was uniformly detected 
throughout the plant with the highest concentration found in the leaf veins. 

DISCUSS ION
 

Fixation and translocation of 1_1 photosynthates_ in res[ponse to external 

We have demonstrated, using the rates of fixation and translocation of 
11C, that brief periods of exposure to low temperature and mechanical stress
es have a pronounced effect on the carbon transport system of the sweet 
potato. The plant responded to a petiole cold collar (lOC for 120 sec) by

rapidly decreasing the translocation of 11C-p)hotosynthates through the 
petiole of the treaol.ed ledf and down the stein. The slow recovery rate of the 
transport systom indicates that substantial stress occurred, rather than 
simply rate changes in specific transport steps. 

The magnitude of the stress imposed by the treatment is difficult, at
 
present, to place in perspective from a field culture standpoint. While
 
prolonged exposure of very young sweet potato plants to 100C can cause death 
(Harter and Whitney 1926), it is not uncommon in the temperate zone for 
fields of sweet potatoes to be exposed to 100C night temperatures during the 

http:treaol.ed
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late fall without apparent damage. 
This would suggest that plant age, preconditioning and length of exposure are of considerable importance in addi
tion to absolute temperature.
 

Mechanical stress (thigmomorphogenesis) to portions of plants is krio'..'nto cause significant changes in plant growth (Boyer 1967; hiraki and Ota
1975; Jaffe 1973; Heel and Harris 1971; Russell and Grace 1978). For example.-wind (7.4 m s 1) has been shcwn to alter the 
sequently the whole plant structure of grasses 

rate of leaf expansion and sub
(Russell and Grace 1978).the present study, very slight mechanical stress, possibly 

In 
in part caused bythe plants alteration of its 
position in the gravitatioral field, resulted
in complete cessation of the transport of carbon from the leaves. In addition, the rate of photosynthesis by the leaf was not substantially affected.This resulted in a major shift in the sizes of mobile and non-mobile poolsof fixed IC, and in the turnover rate of the mobile pool. 

It has been known for some time that plants, in response to stress ofsufficient magnitude to cause large internal pressure changes rapidly (forexample), form callose around the pores of sieve plates in the phloem. Thisconstriction of the pores results in a pronounced effect on the flow throughthe sieve tube. For example, a decrease in the diameter of the pores from1 ;m to 0.2 -m results in a 6)O-fold decrease in flow rate through the pores.A callose response to mechanical stresses imposed by wind or other movementhas been thought to be onli ,(ely, since it would 1pear to place tile plant atan evolutionary disadvantapie (Canny 1973). This argument could be circumvented, however, if the response did not have a significant effect on netcarbr[rr acpu isition by the plant. Neither our results nor those by Russelland Grace (1 :7,) showed a substarrtial effect on photosynthetic rate due toagitation. .hile it is premature to speculate on a !possible operativeffechani'snr for the pronounced changes in carbon translocation caused by movement of a sweet potato plant, the response was considerable and perhaps significant in overallthe control of carbon movemlent in plants. In addition,the effects of pre-conditionim] of the plant, severity of stress and species
need to he addressed. 

It is also evident from tire data presented that tire use of IC has
excellent potential for- nooitoring rate lmiting steps 
 in plant growth. Netphotosynthetic rat(-, imr-conjor-atio rate of photosynthatesn in the leaf, exportrate, mobile atnd norn-,ioile pool size, export pool turnover rate, velocity
or- nea, speed of phl oem transport, L1rlleadin at sinks and other 
processes canbe readily and ron-des-trucftiel, measured. Tue integration of this potentialand a mechanistic modellitng sys tern into a sweet potato genetic engineering

progral will have a pronounced effect on the rate at which 
 sweet potato pro
ductivity cat hbe ,nhaiced. 

)_epos ition of 14 C ihotosyr, tina t( i , storage roots 

For all tire tiree growth stages investigated, tue labelled carbohydrateassimilates accumulate most along the vascular camnbiLm ring of tile storageroots, 24 hours after treatment. The assimilates at this point would mostlikely occur in a form other than starch, as no starch grains were observedin the vascular cambiun. The accumulationl of recent carbohydrate assimilatesin the vascular cambium ring could to a large extent be related to the vascular cambium being a metabolically active site, it being the zone of maximur
meristernatic activity in the storage root. 
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All the remaining areas of the storage roots show discernible radio
activity. The 14 C-labelled mater'ial at this point in time probably exists
 
in a hydrolyzed form, allowing it to be distributed throughout the storage
 
root.
 

In storage roots from plants treated at the 105 day stage and harvested 
24 hours later, the radioactivity count was highest per unit dry weight in 
the vascular cambium, somewhat less in both the periderm-outer cortical 
region and the peripheral stele, and lowest in the inner stele. This indi
cates that part of the assimilates upon phloem unloading would concentrate 
around the vascular cambi um ring (which is near the plhloem region) with the 
remainder moving out toward the external surface and in toward the center of 
the storaje root. Since the inner stele is furthest from the unloading zone, 
it shows the least amount of radioactivity count per unit dry weight. 

The concentration of recently assimilated carbohydrates along the 
vascular cambium ring immediately after treatment is no longer observed upon
further development of the storage root. The accumulated carbohydrate is 
either expended in such metabolic activities as respiration or else trans
ferred to other regions in the storage root. Both processes may be involved. 
Transfer to other regions may either involve the actual movement of the 
assimilates to other parts of the storage root or else involve a relative 
shifting of location due to cell division and subseguent differentiation of 
tissues from the vascular cambium. This latter process is unlikely to be 
major contributory factor, as autoradiographs of storage roots labelled at 
the 44 day or 74 day stage and harvested at the 106 day stage do not show a 
distinct ring of radioactivity inner to the vascular cambium ring. It is 
noted that the final depository for starch in the storage root is mainly in 
the hundle parenchyma, which is a general rather than a localized occurrence 
(Artschwager 124). 

The area spread of discernible radioactivity in the inner stele of 
storage roots labelled at the 44 day stage and harvested at the 106 day 
stage is much larger than the entire cross sectional area of storage roots 
harvested at the 45 day sta(le. Similarly the area spread of discernible 
radioactivity in the inner stele of cross sections of storage roots labelled 
at the 74 (ay stage and harvested at the 106 day stage is much larger than 
the total cross sectional area of storage roots harvested at the 75 day 
stage. It is noted that the etire cross sections of storage roots harvest
ed at the 45 da stage or at the 75 day stage show discernible radioactivity 
distributed evenly in areas other than the vascular cambium raing. 

The above comparisons 4ndicate that either the deposition of 14C0 
assimilates in the storage root continues far heyond the 24 hour period after 
treatment, or else an outward redistribution of the deposited material from 
the center of the root occurs. Kato ,, : (1972) reported that 20, of 14 C
yhotosynthate was translocated from the treated rooted leaf after 30 min of4C-labelling. Movf,,ent of 14C-ihotosynthate was predominantly to the roots. 
About 50' of total 14C-photosynthate was lost via respiration by 24 hours. 
They were, however, working with the single rooted leaf. It is more likely
that once located in a region other than the vascular cambium ring, the 
labelled assi milates polymerize and do not move readily into newly developed 
areas differentiated from the vascular cambium. Otherwise, the fully deve
loped storage roots labelled at the earlier dates would not show such dis
tinct radioactivity differences between the different areas in the same 
cross section. 



114 SWEET IOTATO 

Elsewhere, it is proposed that the role of the vascular cambium ring
versus the anomalous canibium, in determining storage root growth is a cultivar 
characteristic (Wilson and Lowe 1973). In the Red Jewel cultivar investi
gated here, the region of growth attributable to the activity of the vascular 
cambium ring from the 44th day onwards accounts for at least half of the 
cross sectional area in the pro,.imal section of the storage root. It is pro
babl that a still larger area of growth iniay he attrihutable to the vascular 
cambiun ring, though this cannot be shown in the evidence presented here,
because either the transport of 14C02 assiriflates into the root extends for
 
a relatively long peri od after treatment, or redistribution of labelled
 
ma terial occurs 
frnt the centra core to its peri phery. 

Storage roots from ulants treated at the 44 and 71 day stage and

harvested for autoradiography at the 106 day stage, show that distribution
 
of radioactivity in the central stele area does 
 not alppear urliform. This is 
especially the cas with storage roots from p1]ants treated a t the 44 day

stage, w e re a 
soinew.hat speckled pattern is discerned. Ordiinarily in a 
storage root section, /yler groups and vessels 
are randomly distrihuted in 
an otherwise uniformly appearing inner stole. 
 Anomalous canuhiii mainly

arises in the vicinity of xyleon groups (Artschwaqer 1924). Thus, it is pro
bable that areas within the inner stele that show 
 lessor amounts of radio
activity, would be solls of the anowalou s camb iurn o, cells recently differ
entiated from it. 
If such is the case, the areas showing lesser radio
activity within the 
core indicate the relative contribution of the anomalous
 
cat; iul to th, overall hull 
of the storane root, friom the date of labelling. 

p.la at" trma ted at different gIrowth stages hut harvested for
 
autoradiograi.nlhy ff the storage root at the 10 day growth stage, the
 
thic 'n,: of t 1t1 (leledcortical zone varied with the date of treatment. 
torapt rootMjfrop tw,Parlior treated plants shiow a thinner zone of radio

act ivi t. iu i ,dicrto' that jrowth of the secondary phloem-cortex region
 
ocu, jaid thf, ,rhonydrate deposited in the older cortical region is
m thot 

not inp; o,,d into
ir,-MiaLly ifwnrdk the zone recertly differeetiated fro
 
th o'it(, o f tUn vascular samhiur ring. It:way also indicate that
 
!:he rldcor 1 -,-r r!a) compressed to some degree by the underlying
,ml, he 

rd ir!,o par 1,;l 

T-', ut that in ainatiorns along the surface of the storage 
root are -,o-,d to et art of the vascular carbi um ring showing
difrfrent ,',itf:% f i;sr n at,i activity; rtdepth, of invagination to an 
e-,htI d Jti~ ,i -i', in rate4t e 
 .. t rn ce first arises. 

0 I t ,, 

trated tryriJIto 


T!, rn,..n . -,liarlier deposi ted carhohydrates are concen
r tfie di tjlj raid o' tthe, sorr1j root. To the 0:/tent that the 

,'100'. 1ti i r(f carlrrh/rrato is 1/ mclate r , of thetI balk growth storage
-or)' , this i irtr-tnd to [ear iat gro.,,thj lnorjg the longitudinal axis of
to(e ,toIge Cot 1,aL a t,ft Ie di % Id and, nrorresss towa rds the proxirnal
end as the.- -tOn a'jc root devil pns. 

Au] t0 1ic1 it.,d~eil son 1-7 nave shown that early in, and Lowe 
storage root ont' ,iny, specialized tissues at the root end of the storage

root allow for toe 1on,;itudinal extension of the storage

t. root and that later
 
thse tis ue, ssure the str,-ature ard presuably fanctions of norral secon
dary thickened rots, thu do1initing the s torage root t:1hiend.at s The 
iplicatior that longitudin-al growth would ten progress towards the proxinial
end is verifiid by the results presented here. 
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Redistribution of stored 14C photosynthates out of the storage root into
 
sprouts
 

The autoradiographs of the sprouts sugges that while attached to the
 
storage root, sprouts will draw food reserves from the storage root and at
 
least up to the eight-leaf stage, the amount drawn into the last opened leaf
 
is comparable to that drawn into the first opened leaf. It is conceivable
 
that a sprout continues using carbohydrate reserves from the storage root
 
indefinitely so long as it remains attached to the storage root although
 
carbon export to the storage root may occur simultaneously once the sprout
 
is of sufficient size.
 

In root piece culture of sweet potatoes, smaller root pieces give rise
 
to less vigorous sprouts (Kays and Stutte 1979; Takatori and Purnell 1961;
 
Tsuno and Fujise 1965). The results presented here indicate that this is
 
due to limited food reserves in the smaller root pieces. The nutrient
 
physiology of the plant growing attached to the storage root from which it
 
sprouts, as distinct from the detached independent plant, remains to be
 
studied.
 

It has been demonstrated that sprouts originate in the vascular cambium
 
region (Schlimme 1966), or in the cortical region adjacent to it (Wilson and
 
Lowe 1973). The storage roots used for sprouting in the experiment were
 
from plants treated at different dates and, therefore, showing different
 
patterns in the deposition of labelled materials. This difference is not
 
reflected in the redistribution pattern of labelled material into the sprouts.
 
This would suggest that the hydrolysis of starch for remobilization into the
 
sprouts occurs as a general phenomenon throughout the root rather than in
 
localized regions. Additional evidence will be essential to establish if
 
this is in fact the case.
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INTRODUCTION
 

Sweet potato produces the highest amount of calories per unit land area
 
of all useful crops inJapan, and ithas been grown as a most important food
 
crop since the 18th century. Recently, this crop has also come to be consi
dered most promising as an industrial raw material, in particular with re
ference to biomass energy. Because of the importance of this crop, a lot of
 
research on cultivation methods has been carried out since the Meiji period

inthis country, but not much research has been undertaken from the view
point of matter production (Boysen-Jensen 1932). Tsuno and Fujise (1965;

made the first studies based on matter production, and they also provided
 
the theoretical foundation for sweet potato cultivation method. Intheir
 
study, however, CO2 balance inthe field and also the relationship between
 
climatic factors and dry matter production throughout the growth period were
 
not clarified.
 

This investigation was carried out to make clear the characteristics of
 
dry matter and yield production during the whole growth period inrelation
 
to climatic factors, based on growth analysis and on investigation of the
 
CO2 balance under field conditions.
 

MATERIALS AND METHOD
 

Nursery stocks of sweet potato (Ipomoea batatas, cultivar Koganesengan) 
used inthis experiment were obtained from the National KyLishu Agricultural

Experiment Station, Kumanoto, Japan. The cultivar is a recommended variety

for food and as an industrial raw material inJapan. The plants were grown

in a field inside the campus of Kyushu University under standard cultural
 
conditions from 11 June 1979 (planting date) to 14 November 1979 (harvesting
 
date).
 

Basal dressing 6, 6, and 19 kg/r ha of NPK was applied ten days before
 
planting. Planting density was 4938 plants/4 ha (one plant/45 cm x 45 cm).

About 0.8 ha was used for this experiment. Fror August to September, irri
gation was carried out frequently to minimize moisture stress. During the
 
growing period, sampling was carried out ten times at about two-week inter
vals. Three plots were sampled at each time. The samples were taken from
 
a 90 cm x 90 cm plot and sampling was done at random. After sampling, the
 
leaf area was measured and the dry weight was measured after drying ina
 
forced-air drying oven for more than 48 hours at 800C.
 

Growth analysis followed Watson's method (1952). Crop growth rate
 
(CGR), net assimilation rate (NAR), maximum crop growth rate (CGRmax) and
 
optimum leaf area index (LAlopt) were calculated, based on the data of dry
 
weight and leaf area measured at each sampling time.
 



120 
SWEET POTATO
 

The C02 exchange in population was measured six times using an open
system assimilation chamber method under field conditions during the whole
growth period. The assimilation chamber was made of transparent acrylyl
resin and measured 45 x 45 
x 40 cm. It was constructed on a 
metal frame
which rested on stolons soil 
was heaped up around the frame.
 

The air temperature inside the chamber was 
regulated by adjusting the
flow of cooling water which was 
poured continuously over the chamber. 
 Whenever the CO2 concentration in the chamber dropped, it was 
boosted to within
of the20','i ordinary atmospheric level by pumping air into the chamber with acompressor. 
The light intensity in the chamber was adjusted by coverino it
with a number of layers of cheese cloth. 
 The dark respiration under field
conditions was measured by covering the chamber with dark curtain cloth. 

The photosynthetic rates were expressed as gross photosynthetic rates
(g DW/sq m/br) which included the dark respiratory rates and apparent photosynthetic rates 
both of which were measured under field conditions. The
dark respiration in each organ of the plant was also measured periodically
using the chamber method at 25 ± 0.50C. All CO2 gases sampled were analyzed
with an infra-red gas analyzer. A factor of 0.61 was used for conversion of

C02 to dry matter.
 

The efficiency f:hr solar radiation utilization (Eu) shows the ratio offixed energy calculated as 
3.75 kcal/g of dry matter to the total amount of
incident radiation (flonteith 1966). All climatic data, sLzh as air temperature, solar radiation and precipitation during the growing period were obtained from the Fukuoka Meteorological Observatory Station in Fukuoka City.
 

RESULTS AND DISCUSSION
 

General conditions of climate and rowth 

The mean daily air temperature, mean daily solar radiation and theamount of rainfall in each growth period from 11 June to 14 Novemberare given in Table in 1979I. Mlean values of air temperature and solar radiationduring the whole growth period were 24.2 3.6 0C and 319 ± 85 cal/sq m/day,respectively. Ploth air temperature and solar radiation tended to increase
till the end of July, and 
 then to decrease until November. In the case of
radiation, however, fluctuations were mainly noticed in the latter half ofthis period. Th arfou11Ut of precipitation differed in each growth period.Generally speakinq, climatic conditions in 1979 were quite favorable forsweet potato growth, and yields were high. 

Dry_ weigjlt of total arid o.f tf_ u s root 

Changes in total dry weight and in tuberous root dry weight withare shown in Figure 1. Total dry weight showed a sigmoid growth 
time 

curve alsotypical of other crop plants. Tihe highest value, at harvesting time, was2047 g/sq m. Formation of the tuherous root started dt 30-35 days afterplanting and its dry weight increased almost linearly till har,.sting time.The yield at harvest was 1754 g/sq m and the ratio of yield to total dryweight (harvest index) was 84.6 . This value was larger than those obtained
by Tsuno and Fujise (1965). Tile reason for this may be that the growthperiod was longer and climatic conditions were more favorable in this ex
perimen t. 
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Table 1.	Mean daily air temperature, mean daily solar radiation and
 
precipitation at each growth period of sweet potato (1979 in
 
Fukuoka)
 

Mean air Mean solar Precipitation 
Sampling period temperature radiation 

ca I/sq cm/day M111oC 


11 Jun -	22 Jun 24.5 251 127
 

23 Jun -	5 Jul 24.5 244 497
 

6 Jul - 21 Jul 25.4 386 	 96
 

22 Jul -	2 Aug 29.0 501 7
 

3 Aug - 20 Aug 28.2 422 	 66
 

21 Aug - 4 Sept 26.7 330 	 68
 

5 Sept -	19 Sept 24.6 407 44
 

20 Sept - 4 Oct 23.2 296 	 6
 

5 Oct - 24 Oct 18.8 329 	 99
 

25 Oct -	14 Nov 16.7 226 27
 

Mean 24.2 ± 3.6 399 ± 85 	 -

Leaf area index
 

Changes of leaf area index (LAI) with time are also shown in Figure 1.
 
After planting, LAI increased rapidly till early August and then decreased
 
gradually towards November. But LAI remained above 4.0 throughout the
 
latter half of the growth period. 

G-rowt h- analysis_ 

Growth analysis was carried out based on the data of total dry weight
 
and LAI shown in Figure 1. The results are shown in Figure 2.
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CGR increased exponentially till early August, showing a pattern simi
lar to the increasing trend of LAI. 
 Then CGR varied irregularly till

November. CGR peaked in September and October. 
 On the other hand, NAR,

which is a component of CGR, reached 
a pe~k at the end of July. Therefore,

it showed a pattern similar to that of CGR till harvesting time.
 

The changes of CGR, LAI and NAR during the growth period suggest that

CGR before and after early August depends mainly on LAI and NAR, respective
ly. Therefore, analyses as to the correlation of CGR with NAR and LAI in

the first half of the period under study (before early August) and in the
 
latter half, were made. 
As shown in Table 2, CGR in the first half of the

period was highly correlated with LAI, but not with NAR. 
On the other
 
hand, CGR in the latter half of the period was strongly correlated only
with NAR. 
 Such results have been reported for many crop populations (Take
da 1961; Murata 1961; Tsuno and Fujise 1965).
 

Since the LAI-CGR curve shows typical of dry matter production plants

in the field, the relation between LAI and CGR was analyzed. The following
 
very close relation was obtained:
 

y = -1.188x 2 + 9.505x - 0.925 (r = 0.778**)
 

From this curvilinear regression, it was calculated that CGRmax and
 
LAInt were 23.5 g/sq m/day and 4.0, respectively. These values were a

little larger than those reported by Tsuno and Fujise (1965).
 

Table 2. Correlation coefficients of crop growth rate (CGR) with
 
leaf area index (LAI) and net assimilation rate (NAR) in
 
the first half of the growth period and in the latter
 
half of the growth period
 

Items First half period Latter half period
 
LAI NAR 
 LAI NAR
 

CGR 0.98 ** 0.61 0.72 0.99 ** 

**Significant at 1% level
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Table 3.	Correlation coefficients of crop growth rate (CGR), leaf area
 
index (LAI) and net assimilation rate (NAR) with climatic
 
factors in the first half of the growth period and in the
 
latter half of the growth period.
 

First ha lf perIod Latter half period
 
Items Mean air Mean solar Mean air Mean solar
 

temperature radiation temperature radiation
 

CGR 0.96* 0.85 0.66 1.00**
 

LAI 	 0.88* 0.76 0.98 0.71
 

NAR 	 0.75 0.92* 0.62 1.00*
 

Significant at 5' level, **Significant at I.,level
 

To make clear the differences of influence of LAI and NAR on CGR in
 
the first half and the latter half of the period, it was necessary to make
 
analysis 	with regard to climatic factors. The mean air temperature and
 
solar radiation are considered to be the main climatic factors affecting
 
CGR. The results of these analyses are given in Table 3.
 

CGR in the first half period was more highly correlated with tempera
ture than with solar radiation. However, in the latter half of the period 
CGR displayed highly significant correlation only with solar radiation. 
Further, LAI in the first half of the period was highly correlated with air 
temperature, and AR in the latter half was highly correlated with solar 
radiation. These results indicate that CGR in the first half and the 
latter half of the period depended closely on the relationships between 
temperature and LAI, and between solar radiation and NAR, respectively. 

Relat ign 	between _ttberous root rowt l.rate_and growth parameters 

In the case of sweet potatoes, tuberous root production is equal to
 
yield. Therefore, the growth rate of the tuberous root (YGR) is one of the
 
most important growth parameters. As shown in Fioure 2, the variation of 
YGR during the growth period was similar to that of CGR. However, the 
difference between CGP aind YGR became smaller and smaller after August, and 
YGR exceeded CP after the middle of October. This indicates the translo
cation of matter from other organs to the tuberous root. 

Table 4 shows the correlation coefficient of YGR with climatic factors 
and growth parameters. It is obvious that YGR was more highly correlated 
with CGR and MAR than with LAI, and was correlated closely with solar radi
ation. These results indicate that YGR is strongly influenced by solar 
radiation through MAR and CGP when LAI is above the optimum value. 

Table 4. Correlation coefficients of tuberous root growth rate (YGR)
 
with climatic factors and growth parameters 

Itemn 
. ... 

.Cl-natic 
mmean air 

temperature 

factors 
nmean solar 
radiation 

Growth parameters 
CGR LAI NAR 
CGRLAINAR 

YGR 0.52 0.94* 0.95* 0.56 0.95* 

Significant at 1' level
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The relationships between light intensity and gross photosynthetic rate
 
measured 	in each growth period, 
are shown in Figure 3.
 

The gross photosynthetic rate under strong light intensity increased
 
rapidly in proportion to LAI increase from 24 July to 23 August, and then it
 
decreased gradually towards 23 October in spite of the fact that LAI 
was
 
above 4.0. The highest value of the gross photosynthetic rate was 5 g DW/sq

m/hr on 23 August. This value was higher than those recorded by Tsuno and
 
Fujise (1965).
 

The response of gross photosynthetic rate to light intensity showed a
 
saturated curve at the stage when LAI was 
low, but a fairly non-saturated
 
curve when LAI was above 3.0. Such a result has been found in other crop

populations (Takeda 1961; rlurata 
1961; Shimizu and Tsuno 1957; Kubota -,t (17Z
 
1972).
 

Dark resphiration in Dlancs
 

Dark respiratory rates of each organ at various growth stages are shown
 
in Table 5. These values differed for each organ. The value for leaf was
 

Table 5. 	Respiratory rates of each plant organ at different growth
 
stages of sweet potato,"
 

Petiole + Tuberous 	 Whole
Date Leaf stolon roots Root plant
 

18 July 4.49 3.36 
 - 5.09 4.10
 
4 Aug 4.68 3.07 2.09 2.43 
 3.27
 

18 Aug 5.66 2.19 1.09 1.03 2.34
 

3 Sept 1.12 0.67 0.24 
 1.42 0.48
 

1 Oct 1.38 0.66 0.20 1.27 0.48
 

!:Values indicate mg C02/g/hr at 250C
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the highest, and the values became smaller for petiole and stolon, root and
 
tuberous root, in this order. They also tended to decrease from the early

stages to the later stages of growth. The dark respiratory rates of the
 
whole plant were calculated from the respiratory rate and the dry weight of
 
each organ at Ehe same time. Further, QIO of their rates in the range of
 
150 C to 300C was about 1.6 in mean value.
 

CO2 balance in sweet potato
 

Based on the gross photosynthetic rate shown in Figure 3, plant respi
ratory rate given in Table 5, total dry weight and LAI shown in Figure 1,
 
and air temperature and solar radiation given in Table 1, the gross photo
synthesis (Pg) and respiration (R) per day at each growth stage were com
puted by the method described in previous reports (Agata ,, 1972; Kubota
 
(-,t 1972). are given in Table 6.
czl The results 


Table 6. 	 Changes with time of crop growth rate (CGr ), arount of qro,,s photosynthesis (Pq), respirdtion (R) and 
net photosynthes is (P'n) per day, ird ratios o f In/Pg, R/Pg aid Pn/CGR, and efficiencies for solar 
enerly utilization (Eu) hasid on Pq, Pn and CGP 

11 Jun 2-3 Jun1 5 Jr. ly 2? , ? A 5 pt 2 Spt - - 25- Oct . -

Iters 22 Jun 4 July 21 July 2 Auo ?0 Atir 4 %opt IS Sejt 4 Oct 24 Oct 14 eov 

CGR g/sq m/day 0.*5 0.71 4.88 1t.% 252.9 1 18 .13 27.13 11.21 17.63 5.19 12.:;1 9.01 
Pg g/sq n/day 1.10 <'.00 32.40 30. 22. , 2.001.8 7 27.00 30.8,) 00 2r) 11. )1) 1:;.6 , 11.49 
R 9/sq m/day 0.61, 1.01 2.9 9. 07 13.0 1 .2 " .33 .29 6., 1 .91 6.59 3.79 
Pn q/sq r/day 0.44 0.86 01 17.93 1.31 ').;10 21.17 13.8 1)5.19 5.01) 12.03 7.34 

Pn/Pg 4r.0 46.1 62.6 6(,. 51., (.I 72.2 62.7 (.0 46.3 59.3 10.6 
R/Pg 6 /. 541.0 37.4 33.6 40.4 31.1 127.: 37.3 31.0 53.7 40.7 10.7 
Pn/CGR 97.8 121.1 102.7 9'.4 84.3 115.7 79. 1104.5 .2 91.) 97.7 12.6 

Eu .f P;j .16 0.29 0.78 2.1)? 2. 1 3.51CI .if 2.19 2.'1 1.83 1..5 1.11 
Eu of [In 0.07 0.13 011.49 1.34,1 1.72 2.38; 2.00 1.73 0.11l 1.251.75 0.77 
Eu of CGR ' 0.07 0.11 0i.47 2.1-1 2.06 2.5f 2.1111.39 	 1.67 2i,86 1.35 ' 0.85 

Pg increased from the early stage to the middle stage of growth. The 
maximum value was 32.41 g/sq n/day in the middle of August. Thereafter, it 
decreased gradually to November. R also showed seasonal changes similar to 
Pg. The increase of R in the first half of the period depended on the in
crease of LAI and air temperature. On the other hand, the decrease of R in 
che latter half period was correlated with the increase of the ratio of 
tuberous root weight to total dry weight and the decrease of air temperature. 

Net production (Pn), which is determined by subtracting R from Pg, 
showed an increasing tendency till the middle of September, and then it 
decreased gradually towards harvesting time. This pattern of Pn vas closer 
to that of Pg than to that of R. This means that Pn depended mainly on Pg.
Actually, the ratio of Pn to Pg was greater than that of R to Pg, that is, the 
the mean ratios of the former and the latter during the whole growth period 
were 59.3 , 10.6 and 40.7 , 10.7, respectively. However, both values differ
ed for each growth period. An R/Pg ratio of 30-40" during the middle period
of growth coincides well with Tsuno and Fujise's data (1965), but it is 
necessary to note that the R/Pg ratio varies according to growth period. 

The ratio of Pn to CGR was 98.6 4 12.5,: in mean value during this ex
periment period. This ratio indicates that the measuring methods of photo
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synthesis and respiration were suitable for analysis of dry matter produc
tion of sweet potato under field conditions.
 

Efficiency for solar energy ut-ilization
 

Values for solar energy utilization efficiency (Eu) based on Pg, Pn,
 
and CGR are also given in Table 6.
 

Eu based on Pg averaged about 1.95%, throughout the whole growth period,

but it differed for each growth stage, and tended to increase with the in
crease of LAI, reaching a maximum value (3.5%) at 
the end of August. It
 
then decreased gradually towards November. Eu based on Pn showed almost a
 
similar pattern to Pn and its mean value was 1.35% .
 

According to the JIBP report (Kanda 1975), the mean Eu of rice, soy
bean, maize and sugarbeet based on CGR during the growth period are 1.25%,

0.72"7, 1.34'/ and 1.34", respectively. So the 1.35% Eu of sweet potato in
 
this experiment places near it maize and sugarbeet and above soybean, al
though it is the same broadleaf plant type. The following factors may ex
plain why this is: a) the sink effect for photosynthesis in root crops is
 
large; b) the yield productive period of root crops is very long.
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Screening for high dry matter content using specific gravity.
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INTRODI ICT I ON
 

The photosynthetic activity and carbon dioxide diffusion resistance of
 
the leaf blade influence dry matter production in sweet potato plants.

Measurements of carbon dioxide influx and water 
vapor efflux indicate that
 
the diffusion resistance to carbon dioxide transfer in the leaf is a rate
limiting process in photosynthesis at saturating irradiance and normal carbon
 
dioxide concentrations.
 

The aim of this work was to make clear the photosynthetic characters and
 
the diffusion resistance to carbon dioxide transfer in the leaf and to assess.
 
their relative significance as the rate-determining processes in tuberous
 
root growth in sweet potato plants.
 

EXPERIMENTAL METHODS 

The photosynthetic activity and transpiration rate of the leaf bladewas 
iieasured in a leaf photosynthesis chamber and the plants were grown in a con
trolled airconditioned growth cabinet (Hozyo and Kato 1978). Each measure
nent was carried out at 250C, with a relative numidity of 50'. Yoko lamps

nd incandescent lamps provided the light source. 
 Carbon dioxide diffusion
 
resistance was calculated according to Lamoreax and Chaney (1978). 
 The up-

Lake of carbon dioxide was measured with an infra-red gas analyzer and the
 
qater vapor efflux was measured with an 
infra-red water vapor analyzer. The 
temperature of the lower leaf surface was measured with a copper-constantan
thermocouple. The saturating light intensity for photosynthesis determined 
)t the surface of an intact leaf blade was about 35 klx (Figure 1). 

50 Carbon dioxide
E~ concentration 900ppm
C. 

-0 40 

E 30 

0 Figure 1. Relation betwJeen light inten-Carbon dioxide 

0concentration 300ppm sity and photosynthetic activity. Measu
0 rement conducted at following condi
0 I 

tions: temp 250C, 50'. Variety, Okinawa
100. Fifth leaf was 
used for measuring


O0 10 20 30 40 and leaf position was numbered from the 
Light intensity(kK) expanded top leaf blade 
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50 ..=_ Figure 2. Changes of photosynthetic activity in leaf blade
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Figure 3. Relation between carbon dioxide con- 0 500508 900 300 ' 700700 900
concentratior and photosynthetic activity Carbon dioxide concentration(ppm) 

RESULTS AND DISCUSSION
 

Photosynthetic activity of the lee'f blade was high in early growth 
stages and gradually declined with increasing leaf age. Photosynthetic
activity was 
30-35 mg C02/sq dm/hr in the first growth stage of the tuberous
 
root and 20-25 mg C02 /sq dm/hr in the final growth stage of the tuberous
 
root (Figure 2) (Hozyo .. -:7 1979, 1980).
 

Increase of photosynthetic activity of the leaf blade was observed with
 
the increase of carbon dioxide concentration in the atmosphere. The leaf
 
blade subjected to 
'00-900 lppm carbon dioxide atmospheric concentration can
 
uptake carbon dioxide 1.5 to 
two times faster than at a normal concentration
 
of 300 ppm (Figure 3; Hozyo and Kato 1976). 

Methophyll and stouiatal resistance increased with the ageing of the 
leaf blade. Photos,/ithetic activity and transpiration rate decreased at the
 
same rate during the poriod when the total leaf resistance to carbon dioxide 
diffusion was increacin(J. 

Stomatal resistance was found to be lower than methophyll resistance 
under all conditions at which measurement was carried out (Figure 4). The 
increase in stomatal resistance affected transpiration more than it affected 
photosynthesis, as 
evidenced by the increase in the ratio of photosynthesis
 
to transpiration.
 

Intercellular carbon dioxide concentration remained constant suggesting

that the stomatal aperture was imposing some limitation on photosynthesis
and that carboxylation was imposing some limitation on photosynthesis. 

Of the resistances in the leaf blade, the resistance to transfer of
 
carbon dioxide in the liquid phase through the cell wall and cytoplasm of
 
the methophyll cells to the sites of carboxylation seems to be of overriding

importance as indicated by the 
fact that its value is usually higher than
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Light Light
20- [o. intensity C02 No. COintensity 2 

o cal/sqcm/min ppm cal/sqcm/min ppm 
tI197 300 6 0.482 600 

.II 2 0.329 300 7 0.482 700 
oI0 3 C482 300 8 0482 800 

4 0.482 400 9 0.482 900X 5 Q482 500
0 
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0 fi ]FI II1 2 3 4 5 6 7 8 9 12 3 4 5 6 7 8 90
Measuring condition Measuring condition 

Figure 4. Changes in parameters of carbon dioxide and water vapor
 
exchange in different carbon dioxide concentrations ranging from
 
300 to 900 ppm
 

stomatal resistances (Catsky at al 1976; Goudriaan and Laar 1978; Friedrich
 
and Huffaker 1980).
 

Stomatal resistance was found to remain constant in the range of carbon
 
dioxide concentration 300-900 ppm. The increase of stomatal resistance to
 
carbon dioxide had not been induced simultaneously during the period when
 
the carbon dioxide concentration was increasing.
 

The interrelationship between photosynthetic activity and tuberous root
 
growth was investigated by grafting plants to cultivated varieties and wild
 
strains of sweet potato. Large values for total plant production were
 
obtained in the grafts where tuberous root growth was superior (Figures 5,
 
6). The photosynthetic activity of the leaf blade was promoted when the
 
cultivar was used as stock. Photosynthetic activity was better in grafts

of large tuberous roots than in grafts of small tuberous roots (Figures 7,
 
8). A close relationship was thus found between photosynthetic activity and
 
tuberous root growth (Hozyo and Park 1971; Hozyo and Kato 1973, 1976).

Methophyll and stomatal resistance increased where wild plants were used as
 
stock and the degree of increase of methophyll resistance was found to be
 
associated with the ageing of grafts (Hozyo at aZ 1979, 1980).
 

In spite of the decline in photosynthesis, the concentration of soluble
 
sugars and starch increased dramatically with the grafts where wild plants
 
were used as stock (Hozyo et aZ 1979, 1980).
 

It is possible that the enlarging tuberous roots influence both carbon
 
dioxide diffusion resistance and regulation of carboxylation.
 

Thus it seems that some metabolic event such as the accumulation of
 
sugars results in a feedback inhibition of photosynthesis, and that the
 
action of endogenous growth substances of tuberous roots on leaf blade con
trols photosynthesis (Hozyo 1973).
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MFigure 
 5. (Left) Changes of tuberous
200Measuring de:17Aug Mesuringdate20d root weight (DW) in the grafts (Hozyc
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It is suggested that the maintenance of high photosynthetic activity

and the longevity of the leaf blade are important factors for obtaining

high yields in sweet potato plants.
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INTRCDUCTION
 

This report briefly summarizes information on sweet potato carbohydrates

and points out the need for more data on them, especially in relation to
 
their role in defining texture, inducing flatulence and as dietary fiber.
 
The references are not meant to be complete, but were selected only as 
exam
ples from the extensive literature on sweet potato carbohydrates (Rotar and
 
Bird 1981).
 

GENERAL CARBOHYDRATE COMPOSITION
 

Carbohydrates generally make up between 18 and 35% of the fresh weight

and 80 to 90% of the dry weight of sweet potatoes. Table 1 presents typical

data calculated from two recent publications (Sistrunk 1977; Reddy and
 
Sistrunk 1980) on the carbohydrate fractions in cooked sweet potatoes. Table
 
2 shows the distribution of sugars in the total sugar fraction of baked sweet
 
potatoes (Buescher, R. W., University of Arkansas, personal communication).

The data in Tables I and 2 are approximate since sweet potatoes tend to
 
exhibit exceptionally large variations in carbohydrate composition with cul
tivar, cultivation practice, and cooking, storage, curing, and processing

method. Notice the large standard deviations in Table 1. As another exam
ple, Hammett and Barrentine (1961) reported nearly 16' starch after baking

in one variety of sweet potato, as 
compared with the 4.1% estimated average

in Table 1. In addition, the results obtained in carbohydrate analyses

depend to a considerable extent on method of analysis. 
The data 	of Table 1
 
were obtained by a sequential extraction method, measuring sugars in the
 

Table 1.	Approximate carbohydrate composition of cooked sweet potatoes
 
(% fresh wt)
 

Total sugars 13.2 ± 2.5"
 

Starch 4.1 ± 0.9
 

Pectins 0.9 ± 0.1
 

Hemicelluloses 0.7 ± 0.3
 

Cellulose 1.5 ± 0.4
 
Total carbohydrate 20.4 ± 3.1
 

"Mean t standard deviation (n=25) from cooked samples representing a 
total of 	4 cultivars, 5 cooking methods, 2 sizes, bruising, long term
 
(7 month) and short term (4-10 day) storage, and 2 storage temperatures.

The data 	were taken from two separate studies and the standard devia
tions include the variation between studies as well as the variation
 
with the individual studies
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extracts by the phenolsulfuric acid method (Dubois ot a 
1956) or uronic acid
 
by the carbazole method (Dietz and Rouse 1953), as 
appropriate. Total (free)

sugars were extracted with 80% ethanol. 
 A second portion of tissue was
 
treated with diastase and sequentially extracted with 80% ethanol 
(total

sugars plus starch); water and Ualgon (pectins) and 1N NaO11 (hemicelluloses),
leaving a cellulose residue. The individual sugars in Table 2 were deter
mined by gas chromatography of trimethysilyl derivatives and identities were

confirmed by thin layer chromatography. 

Table 2. Composition of the soluble sugars in baked sweet potatoes'"
 

Sugar 
 % of fresh wt 

Maltose 
 5.5
 

Sucrose 
 4.4
 
Fructose 
 0.9
 

Glucose 
 0.8
 
Raffinose 
 0.5
 

TOTAL 12.1 
"'Average data for four varieties 
- Georgia Jet, Centennial, Jewel
 

and Jasper
 

No corresponding data could be found on the carbohydrate fractions of

uncooked potatoes. Onwueme (1978) reported 
8-29% starch, 0.5-2.5% reducing
sugars, and 0.5-7.5 non-starch carbohydrates in 'fresh' sweet potato roots.
Hammett and Barrentine (1961) reported freshly harvested sweet potatoes to
contain about 72 moisture, 1.77 sugars, 26%', starch and no dextrins. Sugars
increased to about 2.8 and starch decreased to about 25% after curing and 
storage for 60 days. 

It is well known that much of the starch in sweet potatoes is converted
during F.aking or processing into maltose and dextrins (Ali and Jones 1967;
Hamett and Parrrntino 1961; Walter ....... 1975). The dextrins would presuma
bly be distrihouted letween the starch and total sugars fractions of Table 1,
depending on the degree of lpolymerization. Walter , (1975) reported that
between 42 and 95 of the starch in several cultivars of sweet potato was
converted during baking. Between 72 and 99' of the converted starch accumu
lated as maltose, the remainder accumulating as dextrins. The dextrins 
were
of uns,,ecified chain length, hut were solubilized from the 80% alcohol
insoluble solids with 10 ethanol and determined as glucose after hydrolysis
hy amyloglucosidaso. The su(:rose content of sweet potatoes did not change
during baking, suggesting that the sucrose in baked potatoes does not arise as a product of starch hydrolysis (Buescher, R. W., University of Arkansas,
personal comunication) . Deobald ,: (1971) found sucrose to increase
from about 10 at harvest to 20 during 65 days storage of cured or uncuredpotatoes. This increased sucrose is probably a product of starch hydrolysis. 

THE ROLE OF CARBOIIYDRATES IN DETERMINING ACCEPTABILITY OF SWEET POTATOES 

The composition and properties of the carbohydrates of sweet potatoes
are of prime importance in determining the acceptability of sweet potatoes as 
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food. Three important properties - texture, flatulence induction and dietary
 
fiber source - are discussed below as they relate to carbohydrate composition.
 

Texture
 

Since carbohydrates predominate in sweet potatoes, key textural attri
butes such as firmness, dryness, and 'mouth feel' must be largely determined
 
by the composition and properties of the carbohydrates. Considerable re
search has been carried out to seek correlations between desirable or unde
sirable texture and carbohydrate composition. For example, starch and
 
alcohol insoluble solids have been correlated with firmness of canned sweet
 
potatoes (Kattan and Littrell 1963), texture and viscosity of canned sweet
 
potatoes have been correlated with pectic substances (Sistrunk 1971); hard
core (hard, inedible tissue in cooked sweet potatoes attributed to chilling
 
injury) has been correlated with content of particular pectin fractions
 
(Buescher ./;,,,. from eating
1976); mouth feel baked potatoes has been corre
lated to starch and dextrin content (Walter -t :zZ 1975); total polysaccharide
 
content has been correlated with softness after cooking (Reddy and Sistrunk
 
1980); decreases in starch and 'protopectin' (measured as pectic substances
 
solubilized by pectic enzymes) have been correlated with increased moistness
 
of baked potatoes (Swingle 1966).
 

Several conclusions can be drawn from these and similar studies. First
ly, there is already considerable evidence that the content of particular
 
carbohydrate fractions can be correlated with textural attributes. Secondly,
 
carefully designed experiments are required to single out statistically
 
significant correlations because of extensive variations in carbohydrate com
position with cultivar, cultivation practices, handling, cooking, and so on.
 
Thirdly, better chemical and physical characterization of the carbohydrate
 
fractions would no doubt lead to clearer and more specific correlations with
 
textural attributes.
 

Flatulence caused bjy sweet _potatoes
 

It seems to be quite generally recognized that ingestion of sweet
 
potatoes causes flatulence and that the flatulence can be severe. However,
 
only one specific reference to flatulence induction by sweet potatoes has
 
been found. In a survey designed to identify social and cultural values
 
leading to acceptance or rejection of sweet potatoes in a North Carolina (USA)
 
community, 14 of 100 respondents mentioned 'indigestion' as a reason for dis
liking sweet potatoes (Fitzgerald 1976). This was the commonest complaint
 
and Fitzgerald implied that the respondents were in fact referring to flatu
1enc e. 

Flatulence is induced by carbohydrates which are not digested in the
 
upper digestive tract but which are fermented by colon bacteria to yield
 
flatus gases, prin-;arily H2 and CO2 . This mechanism has been established for
 
other flatus-generating foods, especially legumes, and the oligosaccharides
 
raffinose, stachyose and verbascose have been demonstrated to induce flatus
 
(Rackis 1975). However, there are other carbohydrates in beans which induce
 
flatus. For example, Olson -..z (1975) isolated oligosaccharide-free re
sidues from beans which induced flatus in rats. Further, there was an appa
rent synergistic effect when this residue and stachyose were fed together,
 
thc resulting gas (hydrogen) production being about twice the sum of the gas
 
production from feeding the individual test substances. In a more general
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sense, it has recently been observed (Salyers ot aZ 1979) that colon bacteria
 
can digest a wide variety of polysaccharides typical of those found in plant
cell walls, suggesting that virtually any food polysaccharide which finds its
 
way into the colon is a potential source of flatus.
 

Preliminary data (Table 2) indicate the presence of raffinose in baked
 
sweet potatoes, but at 
levels (about 0.5," fresh weight) well below those
found in legumes. Mature soybeans, for example, contain about i% raffinoseand 2.5," stachyose (Rackis 1975); mature winged beans contain 1-2% raffinose,

2-4. stachyose and 0.2-1' verbascose (Garcia and Palmer 1980). Cooked beans

would contain about one-half those concentrations, still well above the

levels found in baked sweet potatoes. From these data, it 
seems unlikely

that the raffinose present in sweet potatoes would be sufficient to generate

significant flatulence.
 

Further study will be required to (1) establish the extent and severity
of sweet potato induced flatulence and (2) determine which specific sweet
 
potato carbohydrates induce it.
 

Sweet j)otatoes as a source of dietary fiber 

There has recently been a strong upsurge of interest in the 'indigesti
ble' or dietary fiber components of plant foods. 
 The renewed interest stems
from epidemiological studies which indicate that increased fiber in the dietreduces the incidence of a variety of diseases in 
man, including colon can
cer, diabetes, certain kinds of heart disease and a variety of digestive

disturbances. 

Dietary fiber is presently defined rather loosely to include the nonstarch polysaccharides of plant foods - the hemicelluloses, the pectic substances and cellulose - as well as associated structural proteins and lignin.
The reseurch on dietary fiber is proceeding in two primary directions. The
first involvs the detailed chemical and physical characterization of dietaryfiber from various sources, with the ultimate goal of better defining and
determining dietary 
 fiber. The second involves studies designed to obtainlaboratory and chemical evidence for the effectiveness of dietary fiber or
 
particular dieLary 
 iher Components in ameliorating disease. It is too early
to expect definitive rsults, hut considerable progress has been made in the

characterizations, 
 and clinical results with diabetes are promising (Reiser
 
1979).
 

Sweet potatoes are potentidlly a significant source of dietary fiber
(Table 1) and should he included in studies .)f dietary 
fiber composition
and function. 

RESEARCH NEEDS 

Any additional studies of the role of sweet potato carbohydrates
determining texture, generating flatulence or as dietary fiber, should 

in
bepreceded by (or should include) detailed studies of the sweet potato carbohydrates. The methodology for dctcrininiicg aad characterizing carbohydrates

has advanced by leaps and hounds in the past ten years. First, it is now
possible to identify unequivocally and quantitate rapidly the individual sugars and oligosaccharides in foods. Second, the detailed structure of evencomplex polysaccharides can be determined with relative ease. The reports 
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of Conrad and Palmer (1976), Li ct al (1977) and Valent ,-tLZ (1980) provide
 
examples of the newer analytical methodologies. The study of Schweiger and
 
WUrsch (1979) is an example of the newer methodologies adapted to the analy
sis of dietary fiber.
 

Once the sweet potato carbohydrates have been characterized, studies can
 
proceed to elucidate the role of the individual carbohydrates in determining
 
texture or other properties. This information will be the basis for selec
ting cultivars, cultivation practices and so on, which lead to the desired
 
attributes in the product on the consumer table. If the reduction of flatu
lence is taken as an example of a desirable goal, the approach would be to
 
identify and characterize the particular carbohydrate(s) responsible for
 
flatus, to develop rapid methods for determining the carbohydrate(s), and
 
then to use these methods to select or breed cultivars with the lowest possi
ble content of the undesirable carbohydrate. Alternatively or simultaneous
ly, it should be possible to develop cultivation, storage, cooking or pro
cessing methods which reduce the content or impact of the flatus-generating
 
carbohydrate. The wide variability in carbohydrate composition of sweet
 
potatoes noted earlier will be a positive factor at this stage, providing a
 
greater range of possibilities for eventually producing sweet potatoes with
 
the desired carbohydrate compostion and hence the desired traits.
 

Additional studies on sweet potato carbohydrates are recommended, as an
 
avenue to ultimately increasing the acceptability and use of this valuable
 
crop, especially in developing areas.
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General iiscussion 

(Sessioni II ) 

ANONYMOUS: Ingeneral, plant roots accumulate metals absorbed from the soil
 
inquantities several times as high as inthe shoot. For instance, ifcad
mium content inthe soil is1 ppm, how much would be the concentration in
 
the root of sweet potato?
 

WILSON: I do not know of any studies on cadmium accumulation insweet potato
 
roots.
 

ANONYMOUS: What isthe best indicator to determine maturity in sweet potato?
 

WILSON: Inthe Caribbean, senescense of the foliage isused as an indicator
 
of the time to harvest. Sweet potato maturity isdifficult to determine
 
precisely by objective observation.
 

WINARNO: Isthe sweet potato root developmental pattern unique as compared
 
to other tubers such as cassava and carrot?
 

WILSON: Yes, the sweet potato tuber isunique interms of its cellular deve
lopment such as activity of primary, secondary and tertiary meristimatic
 
strips or association with xylem tissue. This pattern isnot precisely

duplicated inany other root crops.
 

VON UEXKULL: To what extent istuber root formation influenced by the nutri
ent and carbohydrate content of the cutting and to what degree istuber root
 
formation influenced by external factors (nutrients and other substances)

during early stages of root formation? I have seen farmers inBali planting

cuttings into the leaf axils of dead leaves of oil palm for rooting, and
 
then transplanting the rooted cuttings into the field. Farmers claim to get
 
a much larger number of roots this way.
 

WVILSON: The encouragement of rooting by the organic medium inthe axils of
 
oil palm- probably leads to increased tuber number and growth. However, I
 
cannot guess what specific substance is involved. Nitrate nitrogen is known
 
to promote tuber bulking insweet potato.
 

RASHID: Substantial differences inroot shape are often observed insweet
 
potato. To what extent do the plant's internal and environmental factors
 
influence root shape? Will the roots be of identical shape insimilar
 
environments?
 

WILSON: Tuber shape isunder genetic control since varieties with typical

shapes - such as globular, ftsiform and so on - can be recognized. However,
 
environmental conditions do influence shape. For example, waterlogged con
ditions can lead to fusiform tubers.
 

TSAY: Are there any plant hormones which can promote tuber initiation and
 
tuber growth of sweet potato except IAA?
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WILSON: A number of hormones are more than likely involved in tuber metabo
lism and grc!th. fly paper dealt with a hypothesis which explains the
 
function of IAA and IAA oxidase in sweet potato.
 

ANONYMOUS: Inasmuch as your photomicrographs as well as the work of many

others show conclusively that the storage organ of the sweet potato is a
 
root, do you agree that it would be much less confusing to a general audi
ence to refer to these storage organs as storage roots or fleshy roots
 
rather than to use the incorrect term tuber?
 

WILSON: The sweet potato tuber is developed from a specialized root which
 
has many analogies with the potato stolon, such as positive geotropism,
 
anatomical differences from a normal root, the initiation of a storage
 
organ, the capacity for producing buds. If a tuber is defined as a storage
 
organ developed on an organ specialized to initiate it, then the sweet
 
potato storage organ is a root tuber as opposed to 7
the stem tuber of . ,,-rnr, 
potato. 
 Also the growth of the storage organ is very different from that

of a normal root. The growth of the storage root of cassava on 
the contrary

is very similar to that of a normal 
root except that the storage parenchyma

is produced in each of the xylem.
 

WARRIT: From our discussion this morning, what prospects do we have in terms
 
of plant improvement?
 

WILSON: The objective of physiological investigations of the determinants and
 
and components of yield is to develop screening tools 
for se ecting elite
 
varieties of sweet potato.
 

URITAI: According to your picture, 14C does 
not seem to be incorporated

into carhohydrates in the cortex. 
 If so, would you please explain that?
 

KAYS: 
14C is deposited around the vascular cambium; however, with subsequent
cellular division new cells adjacent to the cambium are not labelled. 
Figures 3 (45 days) and 4 (75 days) illustrate this. With plants labelled
 
on day 105 and harvested on day 106 (Figure 5), the 14C is primarily in the
 
vascular calhiuw regJion.
 

A\OIIYIlOUS: In sweet leotato, the natural genetic diversity has not been 
fully exploited. In the light of this, what is the advantage of a genetic
engineering apl recach over conventional plant breeding? 

KAYS: Answerin( this question from a physiologist's point of view, our 
attempt is to understauid the hasic plant processes which are limiting yield
under normal conditions. This will allow for a more pragmatic program of 
selection for nih yield. 

ANONYWOUS: If you use CO2 from the air how do you calibrate it? How do you 
measure net assimilation rate? 

AGATA: All sampled C02 gases were analyzed with infra-red C02 gas analyzer.
A factor of 0.61 was used to convert CO2 to dry matter. Net assimilation 
rate was calculated by atson's method. 
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ANONYMOUS: What is the maximum yield potential of sweet potato? Some speakers
 
reported 60 t/ha and 70 t/ha or more. I'd like to know the theoretical maxi
mum yield weight of sweet potato.
 

AGATA: I obtained maximum yield of about 60 t/ha (fresh weight) in five months.
 
The yield of sweet potatoes is decided by the length of growing period. Based
 
on my experiment I calculated that 120 t/ha can be obtained in eight months
 
and 80 t/ha in six months at Naha, Okinawa, Japan.
 

URITANI: Would you please show me the effect of water stress on dry matter and
 
yield productivity? Do you have some data on the difference in temperature
 
between day and night, in relation to productivity?
 

AGATA: I think soil moisture is one of the most important factors for produc
tion of sweet potato. I cannot answer your question accurately since I have
 
not studied the effect of water stress on dry matter and yield productivity.
 
However, irrigation was used frequently from August to September to minimize
 
moisture stress in my experiments.
 

SAJJAPONGSE: When is the best time to plant sweet potatoes in the tropics?
 

AGATA: I have no experience in the tropics, so I cannot answer your question.
 
However, the best time to plant sweet potato in the temperate region is during
 
the month when air temperature is above 200C. In my experiment it is in the
 
spring season.
 

OKA: An increase in CO2 would increase photosynthesis. However, it is usually
 
accompanied by air pollution with HS0 3, NO4 , etc. How is the sensitivity of
 
sweet pocato plants to pollution as compared with other plants?
 

HOZYO: We don't have specific data concerning tile sensitivity of sweet potato
 
to air pollution. From the data of CO2 effect on photosynthetic activity,
 
however, it is suggested that the sensitivity of sweet potato to air pollution
 
is intermediate compared with other crop plants.
 

ANONYMOUS: Could you explain the difference of Dr Hozyo's finding of decreas
ing photosynthesis with ageing and Dr Aqata's findings of high NAR (net photo
synthesis) at the later stage of plant growth.
 

HOZYO: My data were obtained from the measurement of photosynthesis from one
 
single intact leaf whereas Dr Agata's data were obtained from dry matter pro
duction under experimental field conditions. MAR value does not indicate the
 
CO2 uptake rate. MAR value means the dry matter production efficiency arid
 
also dry matter production is a complicated production process.
 

URITANI: Would you please explain the effect of temperature and water stress
 
(water content in .oil) on photosynthetic activity, in your experinments?
 

HOZYO: Carbon dioxide uptake rates were found to be almost of the same value
 
at 25-320C, so the effect of temperature to photosynthetic activity is not
 
severe at temperatures between 20 and 320C. We don't have data on water
 
stress, but etiolation occurred under soil moisture deficient conditions
 
which suggested that water stress can influence photosynthesis.
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LEE: Why was starch content so low after cooking or baking?
 

CHEN: Conversion of starch into sugars 
takes place during baking, cooking

and storage of sweet potato. This explains the lowered starch content and
 
increased sugar content. 
The conversion is due to enzymatic hydrolysis.

For example, Walter w reported that 42-95X of starch was converted 
during baking.
 

VILLORENTE: 
Kindly explain further why sugar content increased during curing
 
or storage.
 

CHEN: There are two major sources of commercial f-amylase, sweet potato and
 
barley, which indicates that sweet potato has 
a high amount of -amylase.

c-amylase also exists in sweet potato. 
 These two amylases contribute to
 
the conversion of starch into sugars.
 

WINARNO: 
Is the increase of sugar content due to hydrolysis of other carbo
hydrates, or due to synthesis from another source?
 

CHEN: 
I think this has also been answered in the last question, but I would
 
like to give some more information. According to the report of Walter rt
 
ri, the (-amylase activities of some sweet potato varieties increased from

0.6-2.5 units at harvest to 
10-62 units after storage for 71 days, but (
amylase activities remained cnnstant. Furthermore, the taste panel scores
 
correlated significantly with c-amylase activities, but not with 3-amylase

activities. Therefore, a-amylase activity could be the major 
contributor
 
to the starch conversion. It should also be noticed that the typical 'dry'

varieties of sweet potato had much lower cx-amylase activities and percentage

of starch converted.
 

URITANI: When starch is decomposed to maltose during heating, do you think
 
the sweetness decreases the acceptability of sweet potato?
 

CHEN: As the sugar content increases, the sweetness also increases. This
 
might be a reason for low acceptability of sweet potato, at least when used
 
as the main supplementary food. 
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A Sea relh for Sotin(-es of lResistaii(,e to Sweet Pota to Weevil 

N. S. T.AI;EK Itl 
Asiati \Vegetabh. IRe.,enreh mid IDvielolinent Centehr. Shm,,nh a. 'laimmn 7 11. Tlai%1100 

INTRODUCTION
 

Among over 40 species of insect pests that infest sweet potato in
 
varicus parts of the world, the swet potato weevil, CyZzo t'o mlcr£us (F)

and a closely related species, C. ,,uetzcol , are the most destructive in
 
tropical and subtropical regions. C".:,-.zticoZZ-s is confined to a dozen or
 
so countries in Africa. Sweet potato weevil, however, is more cosmopolitan,

being distributed from West to East Africa, in south Africa, Madagascar,

Mauritius, the Seychelles, India, Bangladesh, Sri Lanka, southeast Asia,
 
China, Papua New Guinea, eastern Australia, the Solomon Islands, Hawaii,
 
Samoa, Fiji, the Caroline, Gilbert and Mariana Islands, the southern United
 
States, the Caribbean Islands, Mexico, Guyana, and Venezuela (Hill 1975).
 

The insect attacks sweet potato roots in the field and in storage. In
 
the field, the adult female lays eggs in the stem or developing roots if
 
they are exposed or accessible. Legless white grubs, which are responsible

fcr most of the damage, tunnel through stems and roots. The tortuous feed
ing tunnels are filled with excrement, and are characterized by terpene odor
 
noticeable even in slightly damaged roots and making them unfit for human
 
consumption.
 

The weevil is difficult to control even with insecticides because of
 
the nature of its feeding habit. Cultural control is not uniformly effective
 
and often impractical due to varying cropping practices throughout the world.
 
Use of weevil resistant sweet potate cultivars appears to be more practical
 
and the most economical method for (n.itrol.
 

Several attempts have been made during the past forty years to find
 
resistance to this pest and to 
introduce it into commercial cultivars. One
 
of the earliest studies was initiated in 1939 by Cockerham and Deen (1947)

of the United States Department of Agriculture, Bureau of Entomology and
 
Plant Quarantine at Baton Rouge, Louisana. Several cultivars each year were
 
screened from 1939 to 1946. The researchers observed wide variation in
 
infestation levels from year to year and reported that for one 
line, No.32
10-5, it was 'the first time that any seedling or variety had shown consis
tent resistance to weevils for two successive years in the presence of suf
ficient infestation to show significance'. The apparent inconsistency in
 
resistance among cultivars from season to season or location to location
 
which was observed by the authors has constantly frustrated the efforts of
 
workers. Cockerham and Deen (1947) reported, among other characteristics,
 
that the cultivars with long roots from which fleshy roots grow widely

separated in the hill were desirable for preventing weevil attack. In
 
further tests during 1949-1950, No. 32-10-5 (renamed L 187) had consistently

lower infestations compared with check entries L 225, Porto Rico or Oklahoma
 
(Cockerham and Harriscn 1952). Despite these early successes 
in Louisiana,
 
by 1969 resistant cultivars were still not available (Anon 1970).
 

Previous Pagea r/ 
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In a non-replicated, small plot field 
test of ten cultivars, Jayaramaiah

(1975) failed to find any significant difference between them in terms of re
sistance although local cultivars appeared to be less affected than the im
ported cultivar, Centennial. lie noticed that local cultivars possessed thin,
hard crowns, stems and tuberous roots. Cockerham and Deen (1947) observed 
the same character in the resistant cultivar. Jayaramaiah (1975) also found 
that the local cultivars have long stalks and that the tuberous roots are 
located deep beneath the soil and are widely spaced. They are therefore not 
easily accessible to weevil feeding and breeding. Edmond (1971) also men
tions that roots developed 10-15 cm below the soil 
surface are relatively
 
free of weevils. 

A concerted effort to breed sweet potato resistant to .:' . 
has been made since 1971 at the International Institute of Tropical Agqi
culture (IITA) at Ibadan, Nigeria. Their early resistance screening results 
indicated that lines TIS 2534, TIS 2328, TIS 2529 and TIS 1499 have field 
resistance to weevil for one year, but were susceptible thre following year
(Anon 1975b). In 1976 (Anon lq76) IITA reported 12 new lines least damaged
by weevil in the laboratory as well as field screening tests. However, a 
later report indicated that there are 'yet Ile major sources of tuber resist
ance' (Anon 1977). ,ased on yield trials in 15 environments between 1976 
and 1970], TIS 3053, TV5 232;8., TS 2544, TIS 3030, TIS 2532, TIS 2153, TIS 
2534 and TlV 3017 ,wiere reported to have shown consistent resistance toweevil 
(Anon 1972). iieritabi lity of resistance was reported to be 82.8 in mid-dry 
seasons w.hich encounter hiqh eevil population pressure, 39.3 in early dry 
seasons which eucounter l ow weevil population pres ,,:re and 40.3 in rainy 
seasons (Anon 19781). Furtitr fiel d study at I ITA showed that resistant 
lines T 3030, TI S t017 ,:nd TIS 2532 with roo ts at medium depth (2-4 cm)
 
mere less laiKaced than sLsceptible Tib 4 with shallow roots (0-2 cm). This
 
corfi rms r r',a tior, of fockerhami and Deen (1947) and Jayaramaiah (1975)
who retortI d tlt deer-ootd lines are loss damaged. IITA's laboratory
study idi tart ,t n- i as E' possibile resistance mechanism. However,
until 1:79, no l.tre'Jristarnt to the weevil has keen developed using
previo'ly id,'iid sour', nf resistance (Anon 1979). 

r,, inI 

(11<7:8) testi.,i 


tn : 'e tes t between 197) to 1977, ..addill and Conover 
' and 4 elections of .ihite-fleshed sweet potato

,and one o }-! . , , ' . r, di q iner for," r, s ';tance to sweet potato weevil. 
Al trio t n 'v f J r,-i', i, i,,t di ffcrece in s scrptibi1ity, there were
iniconsih r i' i s 'ii 'fn stations of cenrtain selections between tests. 
For _,,airre '1 0 t in ' 1 ast darnlajod in the 'ecoud tests, was con-
Sidera 1,, irIIff d ir tti briew of tihe iromisinri selections from the 

S tirt'r t t , 1n fort-' f,1 ,,' were r incli ir third awid ,d a to their
COn ,'] oi Ic',. 

in]'; tur, (1')) ,re'ortd -w:'-]ptreciatrle resistance in some lines
dur inj a tour-Tear r' b'd o '1starnce, to sweet potato weevil at Louisiana 
State vierv'rsit,', aton P 1ole. Certir, line were consistently resistant 
when ovl] j ted for ton ',- i,'re ,ar' Li n _ 3-61, for exaiple, had a low 
inifostati on cnf ,,red to tjire acebtif le 1ires and wa" used as a resistant 
check stijin. Of however, proved to bein later V-O,0these re-i stunt lime';,,susceptib le in our tet., atek'Pu)Q. 

Mullen ( l f ILaI:rd five of 79 1irnes to 1)1resistant at two loca
t i on;, Sa var ah , Georj i a , ord noa kum, Texas. 
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Screening sweet potato germplasm for resistance to sweet potato weevil 
was initiated at the Asian Vegetable Research and Development Center in 1974.
 
Our basic approach was to identify the source of resistance by screening the 
available germplasm under relatively higher uniform weevil population pres
sure maintained in the field, and then to incorporate the resistance imme
diately into high-yielding agronomic cultivars. 

METHODOLOGY 

Field testingprocedure 

Routine screening work was carried out at two locations in Taiwan; 
one
 
at AVRDC's experimental field at Shanhua, in southwestern Taiwan, and the 
other at a government agricultural research station on Penghu Island in the 
Taiwan Strait. While the climate in southern Taiwan is typical of humid 
tropical lowland, Penghu Island represents a semi-arid tropical climate. 
Screening germplasm at these two locations permits assessment of weevil re
sistant material under a wider range of environmental conditions. At AVRDC 
,ource rows 1 m wide and spaced 2 in apart are planted two to three months 
prior to screening test material (Figure ]A). These are infested thoroughly
two months after planting with weevils from colonies maintained on stored 
sweet potato roots in the laboratory. Rototilling is carried out between 
rows at planting and the area is prepared intr, two 1 m wide heds. Test 
materials are planted on the top of these beds (Figure 113). By this method 
every test entry is located adjacent to a heavily-infested source row. [his 
assures uniform infestation. 

Our usual plot size is 5 m long single row beds. The number of repli
cates depends on the number of lines L- be tested and the area available for 
such tests. Preliminary screening is usually confined to one replicate and 
advanced tests to two or three. Suggested cultural practices developed for 
sweet potato at AVRDC are followed, except the use of insecticides. Root 
yields are recorded at harvest (Figure IC). All harvested roots per [)lot up
to a maximum root weight of 5 kg are collected for evaluation of weevil in
festatiors. Also collected for evaluation were five 50 cm sLems at random 
from the plot. Each length consisted of about 25 cml of above ground stem 
and 25 cm of underground stem. The experimental area is then rototilled 
(Figure 11)), worked into 1 m wide beds and the procedure is repeated (Figure 
IE).
 

Weevil source rows are not maintained at Penghu Jsland due to extremely
dry winter ionths a.d limited rainfall from May to September. We plant test 
materials on 5 m x 1 i hods and release weevils as uniformly as possible
eight to ten weeks after planting. Other experimental procedures are similar 
to those reported above. Screening at Penghu Island is done between April 
and September. 

Resistance evaluation 

For various reasons different investigators use different procedures
for evaluation of resistance. In some cases (Anon 19751, 197r, 1977, 1978)
)rocedural details provided are not sufficient for critical evaluation to be 
nade. Cockerham and Deen (1947) and Cockerham and Harrison (1952) used 
_xternal visual observation of infested crowns and roots, for evaluation of 
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Figure 1. Sweet potato weevil resistance sclreeninq procedure.
(A) Sweet iotati weovil sorce ruucc nw r , IlaIitod two to three 
months hefore field i Ieadi ,d for rI.llitio ,:'.istacc 
screciling nat i ,-Id. ([j)(jro, thI f i (-1- ino'ceer!i 
material, ,l1 ,iId e tweeri t.wi ',oijroi.ipI, t;i.omOnths 
later. Afftr lv,.,,. r .r ,, iirg , ials (C)if r-,ic it 
the testin i ir.i 1' .,dl thl, , iv,,, i" -ri 1rll([;), l 
and late - Il,,rit ! ln , r ,',lt r , ' r r iii , 
inatori (I.). (f v.r e otati', a ;iii, ii, iritri ?.5 itrirI 


thi C ck r svc if(l A 'ervilm t t ilo i ,d i toftry 1 
dama ge 

resistance. Jayaramaiah (1 i75) ived percreinLarjrl dlaajod root.-) and vines as 
the criteria for resistance. At I ITA evaluation rr)i ,i ,. apieari to vary
considerably. A daraqe rat iliq 5 r/tci ',ill a ( uiffale0 fir 5 i.al adapted in
1975 (Anon 19751) arid Sniillme'rtrtd with , .v'rril JuiarIto tol score and 
percentage of infested tiler-s Arion 1i,I ) r, , lr, f a ia_ ro i'Ilipjtion by the 
adult weevil (Anon 1Y77, j7;.) . ;arddi 11 md -,iriver (li 7 ;V) ked retT their 
sistance rating on 1t10 rtiillier i Fr eevil s e!i'ji J e fl' 1.4 k root sampleso 
stored at room temperature (22-2Cf1) for '()days. 

Rolston , ,, (1979) made their resistance rating Iry asv igiring roots to 
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catego.ies- accordi ng-too- .offive -te pctures - 5---lO--0 
11-15 and 16 or more. The number of roots in each category was multiplied
by a weighting factor of 1 to 5 and tie sum of these products was divided by

the number of' roots in the sample. The result was an index, with a potential
 
range from 1.00 (no damage) to: 5.00 (most damage), which was adaptable to
 
statistical analysis, Mullen oet 'at (1980) used crown infestation and hill 
infestation criteria in judging resistance levels. Crown' infestation was!' 
measured by the percentage of crown infested and by the severity of the 
infestation (crown index 1-5 scale). Rating was done by four persons to "1 
minimize individual differences. Hill infestation was determined by the 
number of hills with infested roots and by the number of weevils emerging
from roots (22o-26oC for 30 days) returned to the laboratory. Mullen et at 
(1980b) also developed a laboratory screening method consisting of exposing 
weevils to 1.7 cin diameter plugs corked out of sweet potato roots in the 
laboratory and recording the feeding punctures. Although the method appears 
to be simple aid less laborious, its utility in extending laboratory results 
to 	field conditions is doubtful. 
 After several months of trials we abandoned
 
a similar technique in 1975-76 since we were unable to correlate our labora
tory results With field results. This is most probably due to the fact that I 
like other constituents such as carotene (Anon 1975a; Ezell' and Wilcox 1958)

,and proteins (Anon 1975a), resistance factors in the roots ,ay vary from root 
to root within a single plant or even in different regions of an individual
 
root. Such variations, and they are common in sweet potato, are likely to
 
vitiate any benefit derived from laboratory testing methods.
 

For. resistance evaluation at AVRDC we slice sample roots into 2.5 mm 
slices using a HDJ-2 Deluxe Ham Slicer (Tokyo Nantsune Shoji Co), (Figure . 'K ' )
I). The number of insects (grubs+pupae+adults) in each sliced root sample
is recorded. 'Insect-damaged slices are separated and weighed to determine 
the root damage. Relative resistance to weevil is measured as a standard 
deviation of the mean infestation of all entries in a screening and in terms 

K. of the numler of weevils per kg roots and the percentage of weevil-damaged 
2-roots. 	 In this way entries are classified into various resistance categories


(Table 1). Entries that fall into MR or HR categories by all three criteria
 
are tested the following season for Confirmation of resistance.
 

Each screening test includes two standard susceptible cultivars, usual
ly P1 344129 and Tainung 57, and two cultivars which have appeared resistant 

2 in earlier tests, usually 136712 and Red Tuber Tail. 

RESULTS AND DISCUSSION
 

By the eid of 1980 we had screened our entire germplasm collection of
 
sweet potato (400 accessions) and several hundred entries of breeding

materials derived from the crosses made by our plant breeders. Initially we
 
concentrated our efforts on germplasm. Once accessions showed resistance
 
for two seasons they were incorporated into our breeding program. Germplasm
 
as well as breeding materials was screened for other sources of resistance
 
'fromcrosses in order to study the inheritance of resistance. We have'

scieened all out- germplasn at least once and several of our promising acces
sions as many as eigh't times at two 'locations. Like most other workers who
 
have ventured into screening for sweet potato weevil resistance, we 'encoun
tered tremendous variation in resistance rating from place to place and fromi
 
season to season. Wide variations between two plots of. the same accession'
 
are not uncomon. Results of selected accessions indicating promising re
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Table 1. Sweet potato weevil relative resistance ranking methods

1. Based on weevil numbers
 

I (HR): Highly Reistant = < (X)wn - (Isd)wn
 

II (MR): Mod. Resistant = (X)w - (Isd)wn (X)wnto 

III (S): Susceptible = (X)wn to (X)wn + (2sd)wn 

IV (HS): Highly Susceptible => (X)wn + (2sd)wn
 

2. Based on ' damaged roots
 

I (HR): Highly Resistant = < (X)d - (Isd)d
 

II (MR): Mod. Resistant = (X) d (Isd),.d to (X)d 

III (S): Susceptible = (X)d to (X d + (2sd)d 

IV (HS): Highly Susceptible = > (X + (2sd) 

3. Based on weevil number + damaged roots
 

I (HR): Highly Resistant
 

< ((X)wn - (Isd) wn) + ((X)d - (isd)Vd) 

II (MR): Moderately Resistant 

wn- (ISd)wn) + ((X)Z1d A(d)rd) ((X)to wn + (X)'d) 

III (S): Susceptible 

((X)wn + (X)'d) to ((X)wn + (2sd)wn) + ((X)%d + (2sd)cd) 

IV (HS): Highly Susceptible 

> ((X)wn + (2sd) wn) + ((X)d + (2sd)cd) 

wn = No. weevils/kg roots, 'd = Percent damaged roots, X = Mean, 
sd = standard deviation. 

sistance levels are shown in Table 2. In all 
but two cases, B 6712 and Red
Tuber Tail, we discontinued screening once an accession appeared susceptible.

We continue to 
use these two in further tests as well as in our breeding
program because they have shown the most consistent resistance during the

last five years. Individually they 
are crossed with a parent carrying desirable agronomic characters (such as 
high yield and early maturity) and the

performance of such a single cross progeny is evaluated. Inorder to increase the level of resistance, either such a single cross 
is backcrossed to
 a weevil resistant accession, or two single crosses, each carrying weevil
resistance, are intercrossed. Breeding materials from such crosses are 
being tested in the field. 



Table 2. Sunary of resistance reaction of selected sweet potato accessions to sweet potato weevil
 

VRC CultivarIIIIIV
VRC Cu vResistance 
 screening tests
 
Acc. identification
 
No. place" weevils resist- placeZ weevils resist- place: weevils resist-
 place" weevils resistand /kg roots ance and /kg rnots 
 ance and /kg roots ance and /kg roots ance


date ratinga' date rating." date rating:-
 date ratings
 

181 P1 286619 AV75/1 
 6.35 MR AV75/6 10.8 MR AV76/1O 2.3 MR PH77/5 169 S 
12 P1 286621 AV75/1 0 HR AV75/6 1.4 HR PE76/9 3.5 MR PH77/5 0 HR
 
193 PI 315342 AV75/l 0 HR AV75/6 5.5 MR PE76/0 4.7 MR PH77/5 81.3 MR
 
197 P1 315350 AV75/I 13.90 MR AV75/6 0.6 HR PE76/9 12.0 MR PH77/5 160 S
 
iol PI 318956 AV75/6 1.7 HR PE76/9 2.3 
 MR PH77/5 66.5 MR PE77/10 6.54 MR
 
1123 B 6712 AV75/1 8.15 MR AV75/6 0 HR PE76/9 
 2.5 MR PE77/1O 24.98 MR
 
1152 Red Tuber Tail AV75/1 22.49 MR AV75/6 4.6 HR PE76/9 10.3 
 MR PE77/10 21.57 MR
 

V VI 
 VII VIII
 

182 Pi 286621 PE78/II 281 S
 

193 PI 315342 PE7S/11 306 S
 

197 PI 315350 PE77/10 0 MR
 

1104 PI 318856 AV78/11 8 MR PE78/11 293 S
 
1123 B 6712 AV8O/5 28 S AV81/2 0 MR
 
1152 Red Tuber Tail AV78/11 2 HR AV79/5 
 13.1 MR AV80/5 37.6 S AV81/2 0 MR
 

AV:AVRDC, PE: Penghu Island, PH: Los Baaos, Philippines. Dates shown are year and month of harvest
 
-'HR: highly resistant, MR: moderately resistant, S: susceptible
 

01n
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Wide variation in sweet potato is not confined to weevil resistance hut 
extends to many other characteristics. Ezell and Wilcox (1958) recorded as 
much as 45 variation in total carotenoids and 145" in carotene content 
within one variety planted over applroximately 0.07 ha area and sampled in 
ten replicates of five roots each. A twofold variation in carotene occurred 
in the same field from one season to the next. Individual roots from the
 
same plant varied by as much as 47 in carotene content in variety Orange

Little Stem, and by 22 in Yellow Jersey. Similar variations were also
 
observed for carotene and protein content of sweet potato at AVRDC (Anon
 
1975a) and yield performance of six cultivars at eight locations for a
 
three-year period in Korea (Jong and Park 1975).
 

In an effort to understand the extent and nature of variation in weevil 
infestation, we performed a uniformity trial during spring 1980. A one
hectare field was planted to cultivar AIS 35-2 and two months later sweet
 
potato weevils were released as uniformly as possible. Three months later,

at harvest, roots from a 20 x 20 n: area were harvested in 400 lots of I
 
sq m each. Roots in each lot were sliced in 2.5 mm slices and the number
 
of weevils and weevil damaged roots were recorded. The coefficient of
 
variation (CV) at each plot size is shown in Figure 2. The CV ranged from
 
170 for 1 sq m to a minimum of 65 for 20 sq m plots, when weevil number
 
was 
 used as the criterion, and from 132 to 55- respectively when damaged
 
roots was the criterion used. Such variation occurred despite our best
 
efforts in spreading weevils uniformly over the field. A similar or even
 
larger variation can be expected when the resistance rating is based on
 
natural weevil infestation. 

140 

1-20
 

100 

E 80 

90 60 
0 

.~170Figure 2. Plots of •coefficient of variation =Y 15C 
(CV) for percent damaged roots and number of 
sweet potato weevils per kg roots at various _130
 
plot sizes 1o
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It is beyond the scope of this paper to explain the nature of this 
variation or the influence of environmental factors. Variations between 
plants and between varieties undoubtedly has been responsible for the fail
ure to develop, weevil resistatit cultivars since Cockerhan and Deeo first
reported potential sources of resistance almost VP years ago. 

U CIj I, I~(bi 

Host i lant-inscL(;(t interaction is based on physiological and 
envirorm ertal factors, aold ,r' ti' interaction of both. In sweet potato and 
sweet potato weevil inera(tin , env.irorimental factor- p1lai a very important
role in the express ion of re-,is tance. Resistance work -,hould therefore be 
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carried out over a wide range of environmental conditions. Under given 
experimental conditions, determination of optimum plot size and the number 
of replicates should receive prime consideration. Resistance performance 
based on smaller plots, inadequate number of replicates, and repeated over a 
limited number of seasons does not provide sufficiently reliable information, 
especially if such information is to he used for breeding weevil resistant 
cultivars. Wide variations in a large numher of sweet potato characters 
already documented in the literature, and the failure to breed a commercial 
cultivar utilizing parents with known sources of resistance to either species 
of weevil despite years of research, indicate the possibility that an adequate 
source of resistance to the weevils may not exist in sweet potato germplasm. 
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INTRODUCTION
 

The sweet potato weevil, CI' *',' ,, .. ' (Summers), was 
first found in the United States near New Orleans, Louisiana, in 1878 and
 

has since spread throughout the southern states. It is the most serious
 

insect pest of sweet potato in Florida and the coastal areas of Texas,
 

Louisiana, Mississinpi, Alabama, and Georgia. The insect produces from six
 

to eight generations a year in southern Louisiana (Cockerham, .111954)
 

and is active all year round in southern Florida (Waddill and Conover 1978).
 

Wolfenbarger and Walker (1974) stated that granular formulations of 
insecticides commonly used for control of soil-inhabiting insects were in

.'. However, foliar applicationseffective against :. , .' 
of insecticides every three to four weeks substantially reduced numbers of 

the pest (Pillai and Magoon 1969; Wolfenbarger and Walker 1974; Kung 

1976).
 

Considering the seriousness of the pest and the lack of economically 

effective control measures, studies were initiated to determir the efficacy 
',' !... This paper presentsof insecticides against 1"' *, / , 

data from those studies. 

MATERIALS AND METHODS
 

Stem dip test
 

wereFifteen cm stem cuttings of the sweet potato cultivar Nancy Hall 
dipped in insecticide solutions on 19 June 1975 and allowed to dry. The 

cuttings were then placed in cylindrical screen cages (height = 17 cir, dia
= 
meter (.5 cm) and maintained with the lower 2.5 cm of the cutting in a
 

saiall jar of water. These cages were kept in a greenhouse where each treat

ment was replicated five times in a completely random design. Ten field

collected '. " . , introduced into each cage at the.,:, were 
following post-drying times:l, 7, 14, 21, 28, and 35 days. The numbers of 

dead insects were recorded four days after introduction. 

Field studies 

The ". , Ill., cultivar Engordo used in 

two field trials. Vine cuttings were planted 30.5 cm apart within rows in 

Rockdale soil. Test 1 was planted 26 August 1975 and plots consisted of 

single rows on 2.4 m centers and were 7.6 rilong. Test 2 was planted 23 June 

1978 and plots were single rows on 1.8 m centers and were 9.1 m long. A 

randomized complete block design with four replications was utilized in both
 

tests. Treatments were applied every three weeks with a tractor-mounted
 

.,,' "/, ; ,,,/,, susceptible was 

yl,;\
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sprayer having five nozzles per -'1w which delivered 935 liters finished spray/ha. Totals of nine and ix ap :ations were made to Tests 1 and 2, respec
tively. 

Test 1 was harvested 26 March 1976 and a sample of 2.7 kg of rootscollected per plot. Test 2 was harvested 8 November 1978 and a sample of3.6 kg of roots taken per plot. The root samples were held at 240C in paperbags for 30 days, at the end of which the n)umher of adult . 
,.. :; wasthat emerged counted.
 

Data were 
 analyzed by analysis of variance and means separated by 

Duncan's multiple range +test (P 0.05). 

RESULTS AND DISCUSSION 

Stem dip test 

All insecticides tested were equally effective against adult . 
'.. 1 ,,'. .. for the first 14 days (Table 1). However, differencesbecame apparent 21 days after application. Phosmet IS, methyl parathion 2F,permethrin 25WP, and endosulfan 50.P still induced high mortality (Table 1).Phosmet IS and permethrin 25WP had the 1ongest residual effectiveness. 

Phosmet IS and methyl parathion 2F arc flowale formulation, with polymeric microcapsules containing the insecticides. Phosmet 1S caused 10umortality and phosmet IE 66 mortality at day 22. (Tjble 1), indicating thatunder greenhouse conditions microencapsula tier. e<tended the residual effec
tiveness of the compound. 

7 I : 1 
in ' :Y'4t . 5.,'. 1O00 a1 1 , 1',, 10 ,
'Jr ," at11L i 2Ff0.41 ,00 a , 18 ,0 i , -

Parait ior,) -F + r i orl-a,] c E 1)m4. ..)a ia11 ,l , '0 ,4

P'errtn in 251' 
 0.m On a 90 a 2 a '0 , 76 ) 5 

ndiwo , , 'j,1 5.45 0 ja a aia 96 a 40 c 
h ' .4 t. a a ,7 a 66 1)

'ntt ,., ' 2? 1 S I) 21 h 14 c 
1 ,-4.
 

2 d 0 c 

° 
':.t 

, *.' i f,,,] ,j ",, jr~t,'i', tU'. K.b Km ir fr'K' 4
K , ., ' *,.' .,. 'm ' ,,I' j rJ I,,,-,7tio r. I jt II j W..C 

i. ittiiirj', C Jet' w,:t 

Field studies 

All data frol the field trials are presented in Table 2. Although therewere no significant differences among the insecticides applied to the foliagein Test 1, only treatment with permethrin 25WP and endosulfan 5OWP resultedin roots completely free of '. ,"' :' .  ', .,.. I.. .. However, this testwas conducted from September - NIarch when the insect population is lower than
during the summer months. 
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Test 2 was conducted during the summer and fall and some adults emerged 
from all the treatments. Roots from both permethrin and endosulfan plots 
had significantly fewer adults emerging than did the untreated check. 

Table 2. 	Efficacy of foliar spray applications of insecticides 
for "" " : ':. ,, :,; ,' ,', control 

"a nK 	 Number of?''
Treatment" 	 Kg ai/ha adults emerging 

Test 1 

Permethrin 25WP 0.22 0.0 a 

Endosulfan 50WP1 1.12 0.0 a 

Phosmet IE 1.12 0., a 

Parathion 8E + Chlordane 8E 1.12 + 1.12 1.0 a 

Phosmet IS 1.12 1.5 a 

Methyl parathion 2F 1.12 6.8 a 

Untreated check - 16.0 b 

Test 2
 

Permethrin 2EC 0.11 1.1 a 

Endosulfan 3EC 1.12 2.1 a 

4.3 a
 

Endosulfan 3EC 0.56 5.8 a 

Untreated check - 43.9 b 

Endosulfan 3EC 	 1.68 


Formnulations expressed as lbs ai/US gal 
"AJmbers of adults emerging from 2.7 and 3.6 kg of roots from 
Tests 1 and 2, respectively 
"Treatment means followed by a common letter are not signifi
cantly different (P 0.05) 

corwtul1 S IO 

Paia fri' wL"I: (, f i,d trialq indicate that foliar applications of 
1iec Li nihl, ,i ) ,k t............... ' . population. Foliar 

chili mat i, 4l, il,,cL iicid, (e used in COHjunction with cultural techni
(11-ti t , ;tit >il ivr ,ho.uld iid i l producingj marketable sweet11d i 

L I I .HllT IJI(:1 '

'(B inl ti, K. IL., (. T. ,, !. !..C(lrii ii ind L. [. Hewsom. 1954. The
 
ljiwl 7 f the sweet ptoLate ve vil. 1,1. 1ch10 . lu11l. No. 413.
no 

incllq, . ( 1.'. anid P..i . . ]')7r,. (ontrnl off sweet potato weevil, 
K K. (j ie wi ,lAulc idri i In t V 1:7! 

P i i ,. ,t inl !1. 1 . *.Iwc ni 1 (')i. 't,iidiw, il chumical control measures 
for v ,. it w. ,i1, .. . Indian J. iort. 26:201

,JddilI.I/',. ". i, (,jui v(,r. I17.,. L si st ,ce of white-fleshed sweet 

Ittltitt i ilt . in to ti .h,rt. priL.at.o weevil. HortScience 13:476-477.
 
lb I tci.c rc.', '. 'C. 071 sweet
. owl . Car. 974. Concerning potato weevil 

mnitronl. l itrid Ilnit ilu . 57:71. 
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INTRODUCTION
 

Data on crop losses due to sweet potato (,.. i..,.. L) virus 
diseases are generally limited. Hildebrand and Cook (1959) reported that 
the four sweet potato virus diseases which had been recognized accounted for 
-nore than half of the total estimated losses of 20' from all causes to the 
sweet potato crop in the USA. Losses of up to 50 of the crop were attri
buted to virus diseases in South Africa (Anon 1978). Hahn (1979) reported 
that yield of fresh roots was reduced by 78 in plants showing sweet potato 
virus disease symptoms in Nigeria, and ;N1ukiibi (1977) reported that a sweet 
potato virus disease caused a reduction of 57 in yield both in terms of 

vjeight and number of roots in Uganda. 

The crop loss figures quoted above indicate that sweet potato virus 
diseases can constitute a serious constraint to crop production. This 
article reviews the global distribution of sweet potato virus diseases and 
the state of our knowledge of these diseases. It also presents some control 
strategies for minimizing crop losses due to .veet potato virus diseases. 

GLOBAL DISTPIBUTION OF SWEET POTATO VIRUS DISEASES 

The global distribution of sweet potato virus diseases is presented in 
Table 1. Since these diseases of sweet potato have been characterized 
largely through symptomatolorny, transmissibility and vector relationships, 
attempts to group them on the basis of their relationships to other sweet 
potato virus diseases in other parts of the world have been difficult (Terry 
1976). Thus we find for example that a virus disease described as sweet 
potato mild mottle in East Africa (Hollirlgs , 1976), transmitted i)y 
grafting, sap inoculation and a whitefly vector (..- .,, . . ) is caused 
by a virus whose particles are straight arid filamentous atid measure 800-950 
nin; and, a virus disease described as yellow dwarf in the United States of 
America (Steinbauer -,nd(l 'ish'an 1971), transmitted by whitefly vectors 

. .. and . : . ), is caused by a virus whose morpho
logy has not been described. 

THE STATE OF KNOWLEDGE OF SWEET POTATO VIRUS DISEASES 

Syntoilaoloy_an_d disease development 

The names applied to sweet potato virus diseases reflect the symptoms 
produced in roots (internal cork arid russet crack) or on foliage (feathery 
mottle, mosaic, vein clearing and banding, and chlorotic spotting), or they 
define changes in plant morphology: littleleaf and witch's broom (Hielsen 
and Terry 1977). 



Table 1. Sweet potato virus diseases MM. 

Symptoms Transmission Virus particles HOSt the work was Author 
Russet crack - transverse 
dark lesions with cracking 

. 
'.:'.aSaiedout 

may encircle root. Discolou- USA Steinbauer and 
ration due to secondary 
fungal infection. Grey 
spots/streaks may occur on 
vines or petiolesSweet potato russet crack 

Pinwheel inclusions, I. a USA Lawson, Hearon 

Russet crack also feathery mottle Graft transmission 

bundle inclusions,
filamentous particles 
flexuous rod-shaped par- I. . 

o(,1 

USA 

Stt
and Smith (1971) 
Campbell, Hall and 

ticle 800nm. Member of 
the potyvirus group 
(russet crack is regarded 

Mielinis (1974) 

Feathery mottle complexi. yellow dwarf 

as a strain of feathery
mottle) 

Whitefly 
- :atUHd 

ii. internal cork 
Aphids) 

-:.Nt7 esrie 
:i('.',:, Not7e 

i e 
Not described 

USA 

nd 9 

Hildebrand (1960) 

iii. leaf spot 
Aphids) 

Internal cork - yellow spots on 
younger leaves. Dark brown to 
black hard, corky spots in roots 

Chlorotic leaf spot - always also 
occurs when internal cork is 
present in roots 

and others 
Aphids 

Not described 

Not mentioned (but Not describedsee Hildebrand, 1960) 

USA Steinbauer and 
Kushman (1971) 

Internal cork 
Vein mosaic - general chlorosis,reduction in size, short inter- Mechanical sap and.. . 

Polyhedral pa-ticles45_a7nm 

Flexuous rods 761 x 13 nm 

r. , Salama - (1966) 

clearing,mosaicnodes, distorted leaves, veinclearing, mosaic 

Variable - mottling and stunting Grafting, sap io-
1 n 

Straight filamentous par-

dAgentinaand other Convolvu-laceae 

. 

ome (1973) t 

or symptomless sweet potato 
mild mottle 

culation, whitefly 
00" 

ne 
Bock (1976) 

Sock 1976 



Yellow- dwarf Whitefly ., Not described USA Steinbauer and
 
Z :., and ,ushman K. (1971)
 

Sweet potato vein clearing; sweet . , Filamentous rod 850 nm - I Nigeria Schaefers and 
potato chlorotic stunt - both ,o:;-:.; . :.',:. non persistent h. :.,r: Terry (1976) 
separately latent in :. '.-, 
cultivars tested in glasshouse Not detected, probably a 
conditions, but produce symptoms virus 
on . :. 2 agents together 
produce severe symptoms on 

(varying with cultivar) 
and on . , 

Virus A  vary with cultivar; Cr. :., Not described J. bata ta East Africa Sheffield (1957) 

chlorotic spots; mosaic may be grafting 
latent; tends to be mild 

Viris B - vary with cultivar - .. , ., and sap Not described 
stunting, mottling, distortion: 
more severe; has different strains 

Vein clearing also mosaic, chlorosis . graft- Not described I. bitata:.; Israel Loebenstein and 
and stunting (has different ing but not sap Harpaz (1960) 
strains) 

Ring spot, conspicuous ring 4. ,, , Not described 
spots, stunting, chlorosis grafting but not sap 
Leaf pucker Not identified Possibly a virus 

(Source: PANS Manual No. 4 Pest Control in Tropical Root Crops) 
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It is apparent, however, that even though some of the sweet potato
viruses induce distinct and definitive symptoms 
 in roots or foliage, thesesymptoms are usually but not consistutly associated with other minor ortransient sympitoms in sweet potato plant parts above or helow ground.Therefore, these sweet prtato viru- di seaso names tend to focus major attention on the definitive syrlptous to th,,1liutjal exclu si on of the other minor
but diagnostically equally imiportait symptoms. 

Variations in investi qation procedurw, and varying differential reactions to complex infections with two or more sweet potato viruses have ledto some conofusion with regard to the etiology of sweet potato virus diseases.The deartn of inforrmatioi about viruses infecting sweet potatoe7 ia beattributed 1a,'j.ly to the rel1 at ive instability of the non-persistent viruses
(Martiii 1970). Wi th few e>xceptioirs sweet potato 
viruses are transinittedManually Only with difficnlty. (lildehrand and Smith 1961), and the naturalspread of the diseases iirdicates flat vectors are involved, hLu only a few
vector-virus relationship[ 
 have been studied (Nielson and Terry 1977). 

Pfartic1e 1 hol-yImOr 

The disease which is described as russet crack in the United States of
Amrerica and is srmietimes associated with f-athery 
mottle on the foliage hasbeen a ttrihilted to a lr,'rrrs rod-shaped particle measuring 800 rimand amlerbIr'r of tire 's(,,yvigroup (Carmpbell ' 1974). On the other hand, the
di :iasr 'doscrilbed as- the featLhory mottle coiriqlex in the USA (Hildebrand19f()) corisi sts of other associated syrmrptomrrs viz yellow dwarf, internal corkafrid lo,f eictar H ha') been attrihuted to a viru s whose particle 1orphologyis yet t r,h(d',ct 
 !rid. The viruLs attritllted to internal cork is reportedto h1w, ilh r l, l!eo',rl'iilrj 15-47 rim11(Salarra 1966).
 
1I, otd 0,1 1d/( 17)T,) reported that all isolate of sweet potato
fo tir¢,r, O'p, recovered fruin sweet: potato plants 
 exhibi ting interveinal
 

chle ot i' ','ofitinrj and veill 
 motfl luiwere particles which imeasured approxi-Illate ly ) 11111 leulin) th. 'Ill thre Africai continent, Schaefers and Terry1()7(,) r- i' o ','tr','ld f d ril-irersistorr filamentous rod (150 rim) which
is ld t,,'ii in, 'oi a;o, larits in lli while itollirigs ' (1976)
iria, 
I'e10()tol tn rinrL 1 l:t is '0rticle , "J00-950 11111 length, inducing
11ottlirro, >t11 nil _, 5,,''';tor'lIs;rHes ill swoe!'t potato 

in 
in East 
Africa.9 hiffi,.I I C 1:,;', l B r,-nnu,- that arterj virus whose particle iorphologywa tsi t ir. I, c vit&,' trr inl(u(- Illl)oti s of mo.ttlinrg , stunting and

disfort 1111 imill ',woo ,a]ali iii Ea st AFrica. 

It ha'; bei ,islpested fhr t fc-at ty iottle is a disease caused by aIllixtur.i' of tire lphid-tarlSlri tied leafspot and internal cork viruses and a
witefl y-fransini.tied vir'u ( ildebranrid 1960).
 

,
Two whitoi-l i(,uappear capahle of frariimiitting a virus frorm the feathery;oLtle collmplex. lheso ai ."' ' (Ci ra rdeaou arnd Ratcl i ffe 1960)and ,, ' 
 . ' , . (Ilildo raid 1960) . ... '. '.. ' also was reported as a V:ctor of I swe(*e- pLotato virus ii Israel (Lobenstein and I arpaz1960) aid illEast Africa (1h field 57). 

IiiNigeria, Schaefers and Terry (1976) separated two infective agents 

http:1a,'j.ly
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from a sweet potato virus disease complex. One was a non-persistent virus
 
transmitted efficiently by the aphids and a and
 
less efficiently by ... h.' ;. This virus was latent in sweet potato,
 
but produces marked vein-clearing in 1. ;.'. A second unidentified agent
 
(suspected to be a virus) was transmitted by the whitefly i. ;. . This
 
aqent was also latent in sweet potato but it produces a mild chlorosis in 1.
 
"..'.:.. In combination, the two disease agents produce severe symptoms in
 
sweet potato.
 

A virus obtained from sweet potttoes in Kenya, Uganda and Tanzania was
 
transmitted by sap inoculation and by ... , r to different seedling lines
 
of sweet potatoes which varied significantly in their susceptibility.
 
Hollings (1976) concluded that the virus was a whitefly-borne filamen
tous particle (100-950 nrm long).
 

The relationships between the sweet potato viruses described in differ
ent parts of the world and those with common aphid or whitefly vectors are 
rot krrown. Th, oh,,ervatinn by Schaefers and Terry (1976) that the aphid
vectored agje t was latent in sweet potato under greenhouse conditions in 
N1igeria and that dual infection by the aphid and whitefly vectored agents 
was eioCessiry for" s;yrrptorm exoression in sweet potato indicate that some of 
tho sweet ;)otato viris disease syndromes may result from multiple infections 
by differert viruses. This indication is further strengthened by the 
elimilnationl of 501me virus syrmiptomss but not others by meristem tip culture 
(Al cororr 1975). 

The ise of 'healthy rooted cuttings' as test plants for vector trans
,1issi"l tLits by sorn investigators (Clerk 1960) and the evidence of latent 

ri . Lior, in sweoL potatoes (lollings :. 1976; Schaefers and Terry 1976; 
Shef iF.Id 1,;iS7) further' sunigests that symptoms believed to be induced by 
5,i n i, sweet io Lal.o viruses may indeed be the result of complex or multiple 
i fecLio,,' l ii tLhis conrection, the use of sensitive indicators like i. 
. .to ser ri t1he components of a complex infection is a prerequisite 
in sweet potato vi rus disease investigations. 

THE CONTROL OF SWEET POTATO VIRUS DISEASES 

ost plant resista rcne 

Sweet potato varieties range from highly susceptible to very resistant 
to internal1 cork, and resistance to this virus disease is readily trans
witted to *weet pota to rojreny (Iielsen and Pope 1960). Resistance in sweet 
potaLoes to the feilrtry ottle corplex has not been reported (Martin 1970). 

nohiir (19,1) reported that in field trials at four locations in 
Nigeria five sweet potato cultivars (TIS 2498, TIS 3223, TIS 3053, TIS 2544 
and TI" 253,) were evaluated for field resistance to a sweet potato virus 
disea so (SPVD) . A hih correlation between field SPVD scores and scores 
recorded after positively challerrirg the same test cultivars by the root 
graft tra ri snissioe 1r thod confirmed the high level of resistance observed 
in the field trials. 

Individual plants of the resistant cultivars were challenged with virus
horne core tisLes, arnd although test symptoms,i the plants expressed there 
was eviden e that they had the capacity to grow vigorously and recover from 
the infection (Terry 1979). 
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Crop hygiene 

Disease spread: The system of vegetative propagation of sweet potatoes
provides a highly efficient mechanism for the perpetuation and dissemination 
of sweet potato virus diseases.
 

Sheffield (1953) reported that spread of the disease by the vector in
the field was normally slight and suggested that the more important damage

may arise from propagation of infected vines.
 

In Nigeria, although large populations of whiteflies and aphids have

been reared in captivity on sweet potatoes, field infestation levels are

rather low and it appears that field transmission efficiencies of SPVD by

these vectors 
is also quite low (Hahn -:;, 1981). Under Ibadan (Nigeria)

conditions it normally takes one to 
three years before SPVD-free sweet potato

seedlings develop severe SPVD under field conditions. Hahn (1979) reported
that most of the symptomless plants used as disease-free controls in trials
for yield comparison between SPVD-infected and disease-free plants remained 
symptomless until harvested four months after planting.
 

Aphids are fairly efficient vectors of internal cork when feeding from

plant to plant within a given field (Martin and Elmer 1961). however, they
apparently lose their infectivity rapidly, resulting in very little spread

from one infected field to other virus-free fields 100 yards away (Martin

and Kantack 1960).
 

The evidence therefore suggests that at least with 
some sweet potato

virus diseases, man, by propagating vine cuttings from virus-infected sweet
 
potato plants, may be the principle vector of these diseases.
 

Elimination of sweet potato viruses 
- meristem-tip culture: A method foreliminating vir,ses 
from sweet potato cultivars is based on the discovery

that virus concentrations are 
lower in plant stem apices, and that virus

symptoms are sometimes eliminated by growing new plants from shoot and ormeristem-tips from diseased plants (Hollings 1965). By combining aseptic
procedures for dissecting the meristem tips and 
a sterile nutrient medium to
 
grow plants from these tips, virus-free plants are often obtained. 
Reports
indicate that virus-free sweet potatoes have been grown from meristem tips

of virus-infected plants in the United States of America (Nielsen 1960),
Japan (Mori 1971), New Zealand (Over de Linden and Elliot 1971) Puerto Rico

(Alconero .- ,, 1975) and Nigeria (Frison 1979).
 

Meristem tips of sweet potato cultivars do not grow with equal facility
on 
nutrient medium, and the proportion of virus-free plants may be small.

An alternative is the use of thermotherapy. By growinq infected sweet
 
potatoes at 
380C for four to 12 weeks, it is possible to obtain virus-free

plants from some cultivars (Elliott 1969). 
 Heat treatment has been used toeliminate successfully internal cork, yellow dwarf, and chlorotic spots but 
not russet crack (Anon 1978).
 

To confirm the virus-free status of the plants produced from meristem
tips and or by heat therapy, all plants are 
indexed using the wild f..a'-~to;'a
 
as a test plant. This is done by grafting a two-leaf shoot of the sweet
 
potato onto 1. ,., and checking for the development of virus symptoms.Ijpo ,,,,c .: < is a sensitive indicator host and expresses virus symptoms 
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much more readily than sweet potato. Indexing has to be negative three times
 
over a year's growth before a sweet potato plant is chosen as a mother plant
 
(Anon 1978).
 

Interated control
 

It is proposed that a high degree of control of sweet potato virus
 
diseases can be achieved by combining the use of host plant resistance with
 
virus-free planting material. The success of such a control practice de
pends to a large extent on tile incidence and magnitude of subsequent field
 
re-infection. Subsequent field re-infection is influenced in turn by the
 
varietal susceptibility of the planting material to the prevailing viruses
 
and the existence of favorable environmental conditions for disease develop
ment after re-infection. 

Hahn /. ,H (1981) reported that the IITA improved sweet potato varieties
 
which are resistant to SPVD can also yield an average of 20-30 t/ha of fresh
 
roots in four months without fertilizers. 

In field tests the resistant variety TIS 2498 had a low SPVD severity
 
rating and only a small increase in prevalence.
 

The low rate of disease spread in virus-free plants of a resistant
 
variety offers therefore possibilities for maintaining a virus-free crop
 
yielding an average of 20-30 t/ha, and roguing out the small number of
 
plants which are subsequently re-infected.
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INTRODUCT ION
 

Virus diseases of sweet potato have not attracted much attention in
 
Taiwan until recently. At the Chiayi Agricultural Experiment Station (CAES)
 
where ',mietal collections of sweet potato have been maintained for breeding
 
purposes, Yang (1972) surveyed the collections and obtained evidence of
 
virus infection. A more thorough survey was made later by Liao (1978) in
volving field observations for virus symptoms and some indexing attempts
made over two growth se;sons. This survey revealed virus infection in 285 
varieties out of 320 surveyed. An ensuing research program on sweet potato 
virus diseases placed emphasis on identifying the viruses and establishing
 
virus-free clones for multiplication. This paper reviews the work along
 
these lines and provides a sketch of research findings.
 

TYPES OF VIRUS SYMPTOMS IN THE FIELD
 

In a general survey, Liao (1978) observed suspected virus symptoms in 
most of the 320 sweet potato varieties maintained at the Chiayi Agricultural 
Experiment Station. These symptoms were categorized as yellow spots, purple 
spots and purple rings, mottle and feathery mottle, mosaic, ruffle, and leaf 
rolling. Yellow spots and purple rings were seen in 190 and 183 varieties, 
respectively; however, there was some overlapping of symptoms and most 
varieties exhibited both types in different leaf positions and different
 
seasons. Of the 116 varieties which showed feathery mottle, 108 also pro
duced yellow spots, purple rings or both. Leaf rolling was found to be
 
another predominant type of symptom which occurred alone or in combination 
with other symptoms in 185 varieties. Mosaic was observed in 20 varieties 
and ruffle in 18 accompanying other symptoms. Liao also attempted to trans
mit virus from varieties either with or without symptoms to indicator plants 
/2 '1,o, ; .,!o;:x or i. ;;:. i..,:by mechanical inoculation or by grafting. 
Transmission was successful with 68 varieties showing symptoms out of 130
 
tested. One out of 12 symiptomless plants also showed a positive reaction
 
when indexed on these indicator plants.
 

TWO SAP-TRANSMISSIBLE SWEET POTATO VIRUSES
 

Two sap-transmissible viruses, designated SPV-A and SPV-N, have been
 
isolated from Tainung 63 plants showing interveinal chlorotic spotting
 
symptoms (Liao ,,taZ 1979a, 1979b). Both viruses were readily transferred
 
by leaf rubbing to (cP,:oKZir '/H/uoa and to some species of Ip,omoea. They 
can be differentiated by symptoms and aphid transmissibility. The following
 
descriptions of these two sweet potato viruses are mainly based on Chien
 
(1979) and Liao -,t (,I (1979a).
 

http:grit-.Ial111.1I
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This virus has a narrow host range which isconsistent with other aphid
borne sweet potato viruses described by various investigators (Nome 1973;'

Campbell et aZ 
1974; Moyer and Kennedy 1978). By mechanical inoculation '
 young Tainung 63 plants developed systemic interveinal chlorotic spots in8
10 days. These spots were indistinct and had ill-defined borders. They

usually faded in 1-2 weeks after first ap'pearance. On a purple-pigmented

cultivar I'uno-hsin-wei, chlorotic spots were also produced under nethouse
 
conditions but in the field the main symptoms consisted of purple ringspots.

Vein clearing or yellowing was not observed on 
these and other' cultivars
 
tested.
 

On 1'.nilZ, systemic vein yellowing was first noticed inlarger veins

about 6-8 days after inoculation; veinlets were affected later, thus bringing

about a typical feathery mottle appearance. Systemic yellow spots of varying

size developed inabout four weeks after inoculation on the 6th-8th leaves
 
counting from the primary leaf pair which received inoculation. These
 
lesions faded and became invisible later. Young leaves coming out later'
showed no lesions. Infected plants were slightly stunted, ,Similar symptoms

were observed on 1T.setosa and 1. hederaCea.
 

The inoculated leaves of C. quiinoa and C. amaranticolor,pr6duced chloro
tic spots, diameter 2-5 mmn, inabout 6-8 days. Older lesions~on the latte~r

species often turned red, but necrosis did not occur ineither'host.'
 

Reactions of other test plants to SPV-A are given inTable I..
 
Table 1.Reactions of various plant species inoculated with SP'I-N
 

and SPy-A under greenhouse conditions
 

Test plant 
 SPy-N Rato' SPy-A
 

Ainaranthaceae
On Bon£sic einloigwaoisjnoieanlagrvls 
...
Almaranthun apinoaua
 
Cclo.ia 
 pointata 
Gamphvena7 gZoboa 

Balsarninaceae
 
Impq.atico xilaamina 

Caryophyl laceae
 
Dimithua AiliG 

Chenopodien tilo i
LNs ' hLCs 
Chespoditwen guinda Lns 
 LCs
 
Chenopodi n,neae Lss 
 LCs• 

Compositae
 
Coanmoo biinnatuo 

'' 

Caltnuta officinalin 
eTagte ei'ota 

Cruciferae
 

Braica rapa var p eran c
 
Raphamin nativiin 

Cucurbltaceae
 
Cuctunis metuliferua 
Mlomiordica bat emma 
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Convolvulaceae 
Ipomoea bona-nox 
Ipomoa hederacca 
Ipomoca obscura 
Ipomea ramouri.,Vd 
Ipomoaa nil 
Ipomoea setoca 
Ipomoca raptanB 
Quamooit vutgaris 

Gramineae 

.
 
-S,Vd 

S,Vs,Vn,R 
S,Vc,Vn 

Avena byzantinae 'Coast Black' -

Avera nativa 'Clintland' -

Hordeum vulgare 'Moreval' -

Sorghumn
bicolor 'Rio'. 

Sorghum halopense 

Triticwn aeativwn.
 

Labia tae pedn-

Legurninosae
 
Gl 'Bragg'
Oycine max 
Phaseotus vulgaria 'Bountiful' -

Piawn oaivwn 'Perfected Wales' 

* 	Trifotiwn repeno 'New Zealand' -

Trifoliwn pratenso, 'Kenlevnd' -

Mirabitis jalapa. 

Solanaceae
 
Capsaicn annuum 

Lycopersioutm enoulefltum 
Lyciwn-ohinense 
Nicotiana aZoata 


Nicotiana benta =niana 

Nicotiana debncyi 


Nicotiana g ua .S
 

~Th 	 Nicotiana gtutinoa 
Nicotiana megatosiphon 
Nicotiana rependla 
Nicotiana runtica 
Niootiana aylvestria
 

-

-.
 

'Margiobe' -

S,Mt,o,N 
LCs 

SI~t 
L,Cs 

SVd
 

S 

S,Vd,Vn,Cs 
S,Vd,Cn,Cs
 

-

.	 

i
 

- > 
-

-

-


-

Nicotiana tabacown 'Judy's Pride' L,Cs 
Nicotiana tabacumi 'Turkish' --

Nicotiana tabacwn.'Sam sun 15A' Sc 
Niootiana tabacum 'Xanthi NC' Sc 
Nicotiana tabacwn 'Hicks' L,Cs

~';2'~Nicotianatczbacum 'Havana' L,Cs 
Nicotianatabacum 'V 20' 
Nicotiana tabacown 'Van Hlicks' 
Pateunia hybria 

~ ~ ~ " Phy~atin ftoridana 

'-ecto legend: negative reaction; L=,local,, S 

> r~'cove'ry of sy'mptoms; N =necrosis; Cs ,chlorotic .spot; Mo =mosaic;~~~'H ={'' = necrotic spot; Sc =symptomless carrier; Vd = difmt~ottle;~s 

fu,&vi yeljlowing*, Vc =ivein clearing;:Vn =lven netting .Vs
chlooticveins'Poting
 

c'2~:~~
 

systemic; R * 
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Green peach aphid (,,y:.us pervicao) transmitted SPV-A in a non persistent
manner. An acquisition time of 0.5-2 minutes resulted in
a higher transinis
sion rate (60-80%') than) that was obtained when the aphid was allowed anacquisition period of five minutes 
or longer (0-30%) (Liao et aZ 1979a). In
later experiments, transmission was also obtained with cotton aphid (Aphis
~aypii) as vector but not with Rhopa liophui naidjo (Liao unpublished

data).* Seeds collected from infected 1. niZ and sweet potato plants did 
not
transmit the virus (Liao et al 1979a). 

SPV-N 

This virus appeared to be latent or nearly so 
in most sweet potato
varieties. Cultivar Hong-Hsin did showWei not symptoms upon infection withthe virus. Mild mottling and vein yellowing were observed on Tainung 63

plants about four weeks after inoculation. On 1. niZ, SPV-N induced pale
greten dots along the veins and some vein yellowing in expanded leaves. The
 
dotted areas were irregular, sometimes discontinuous, and one-sided along the -j
veins. They had well-defined borders. Upper leaves were usually withoutsymptoms. Reactions of r.atosa and I. hrd~reacea were similar to l. niZ.
However, under identical conditions for inoculation, a lower infection rate
 
was usually obtained with the former two. 

C. qunoa produced chlorotic local lesions, diameter 3-5 nm, in 4-6 daysafter inoculation with SPV-N. The werelesions also produced on C. c-anticoloi, which, ,however, was less susceptible as an assay plant than C. quinoa
and usually gave fewer lesion counts with the same 
inocula. Aged lesions

became necrotic in both hosts. 

SPV-N appeared distinctive in that it infected 
some Nieotiana plants
which are not hosts of other known sweet potato viruses. On N. benthaiana,
systemic symptoms developed in 4-6 days after inoculation. Infected leaves

showed mottle, interveinal chlorosis, leaf puckering, and some degree of leaf
distortion. 
A severe strain of the virus also caused necrosis in random
 
areas alonq the veins. No necrosis was observed with a mild strain (Chien
1979).' Working with a severe strain, Chien determined the virus inc'rement in

N. bcnamwa and found virus concentration to peak at seven days following
inocu,ation. 1,. mC(Jfaioiriph~on also showed systemic mottling when infected,
but it was found to be less susceptible than N. onthwaniana. Several plants

of the genus ihcota- including N. dohnelyi and ti. tabacum, reacted with .

SPV-N by producing vague, chlorotic lesions on inoculated leaves (Table 1).
 

Transmission of SPV-N was not obtained with M.' pericae as'vectoior
using seeds collected from infected i. nil plants (Chien 1979; Liao 't a7
 
1979a).
 

COMPARISON OF SPy-A AND SPV-N WITH OTHER KNOWN SWEET POTATO VIRUSES
 

Both SPV-A and SPv-N have thread-like virus particles with a diameter
of about 12 nin. Previous measurements of particle length indicate a range

of 850900 nimfor SPV-A and of 800-870 nm for SPV-N in dip preparations.

Modal length occurred at 830-880 nm 
for both Viruses, Partially purifiedsamples of SPV-N yielded a length range of 750-800 nm (Chien 1979). However,
thee values are based presumably on 
a'rather limited numhber of observations 
and thus need confirmation. 
 Particle morphology together with transmissi-:-;

lity by aphidsin a non-persistent manner (Liao and Chung 1979) seems to

be a justifi~able basis for placing SPV-A inthe potato virus-y group. 
 " 



Table 2. Comparison of some properties of SPV-A and SPV-N with other known viruses on sweet potato
 

Properties Sheffield
(1958) Lobensteinv
 

SPV-A SPV-N* FMV "z RC-FMVY VMVX A MMVU CWS
 
MV A B MM'VCV RSV
 

Transmission by
 

mechanical means + 
 + + + + - + + 

pzusrprsicae + - + + + + - + 
A~phis gossypii + - + +
 
Rh.opalosip rn maidi - - 

r71~i7~.a tr a ... . + + +
 

Host range
 
Amar nttha.?ao .... - + + 

Ch~nopodiw'a.~ + + + - - - +
 
Compas tap ... +
 

Conzvoi,uu ac ac + + + + + + + + + + 

- + ... . + + -

Local lesion host
 
C c?:3odi: a~:rntieolor + + + - + + 
GoQrca a:oi'(s, - - - + +
 

cora qZu:nosa ... - -.
 

Properties -n wiro 
-3 -3 -3 -4
Dilution end point 10 10-2 l0 l0 l0 1O-2

4 3 4 4 5 3


_lO _lO _lO _lO lO _lO 


Thermal inactive point (oC) 55-60 60-65 60-65 60-65 62-65 55-60
 
Ageing (days) 1 1 1 1 10-20 3-7
 

Particle morphology thread thread thread thread thread thread
 
Particle length 830-880 830-880 800-850 810-860 760-770 
 950
 

zFMV = Feathery mottle virus (Moyer and Kennedy 1978)

YRC-FMV = Russet crack strain of feathery mottle virus (Campbell al 1974; Moyer ct LZ 1980).
XVMV = Vein mosaic virus (Nome 1973)
 
WMMV = Mild mottle virus (Hollings and Bock 1976)
 
VVCV = Vein clearing virus; RSV = Ring spot virus (Loebenstein and Harpaz 1960)
 
*SPV-N = More recent measurement by the present authors of SPV-N particles in dip preparation revealed a
 
modal length of 700-750 nm.
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Some of the ir' vitro properties of both SPV-A and SPV-N .have been
determined (Chien 1979; Liao et al 1979). SPVA exhibited a dilution end
 
point of 10-3 - 10-4 and a thermal inactivation point of 5060oC; it lost
 
infectivity in 1 100 dilute crude sap after 24 hr at 250C. 
 SPV-N exhibited
 
a dilution end point of 10 - , 3 and a thermal inactivation point of 55
60°C; it also lost its infectivity in 24 hr at 250C.
 

WHITEFLY-TRANSMISSIBLE AGENT CAUSING LEAFROLL SYMPTOMS
 

Using the whitefly (Benipia tzboci) as vector, a disease agent responsi
ble for leaf crinkling and rolling was successfully transferred from diseased 
Tainung 63 plants to -. niZ and r. setosa and to healthy Tainung 63 plants
derived from meristem-tip culture. Slight swelling of veins was observed at 
the lower side of affected leaves,. Infected plants had leaves severely
rolled upward (insweet potato) or downward (inr. nil and I. siosa) and 
were markedly stunted (Liao ePt al 1979). These symptoms were prominent only
 
on young plants in summer, from May to September, and transmission experi
ments carried out in other months often gave negative results (Liao and Chung

unpublished) 

The whiteflies appeared to be inefficient vectors for the leafroll
 
agent. Successful transmission was obtained only when a large number of
 
insects, 100 individuals or more, were used per test plant after having.

access to source plants for 24 hr. Attempts to transmit the whitefly-borne

disese agent by mechanical means failed (Liao anid Chung, unpublished data).
 

Yang (1972) reported the transmission by B. tabaoi of a disease from 
sweet potato plants showing vein clearing and .feathery mottle symptoms to 
young plants grown from the seed. No detailed description was given of the 
disease which resulted from the transmission test. 

MERISTEM CULTURE TO FREE SWEET POTATO CULTIVARS FROM VIRUS INFECTION
 

Aware of a high virus disease incidence in its varieta' collections
 
(Liao 1978), CAES initiated a meristem culture program in 1978 in an attempt
 
to eliminate viruses fron; some valuable cultivars, Meristem cultures were
 
obtained from cultivars Tinung 63, Tainung 57, Tainung 64, Okinawa 100 and
 
Hong-Hsin Wei by explanting shoot tip tissues, 0.3-0.6 mm in length, from
 
plants previously exposed to 38-400C for about one month. 
A high percentage

of the young plants derived therefrom were indexed virus-free (Liao and Chung

1979). For instance, 16 out of 24 Tainung 63 plants from shoot-tip cultures
 
were found free from both SPV-A and SPV-N when indexed on 1. nil and C. 

4- oquinca. source plants carried both viruses, possibly comwhile the original 

plexing with others. 

Plants derived from weristem cultures and indexed virus-free grew more 
vigorously than the source plants. . In a iethouse trial, virus-free plants
of cultivar Tainung 63 vyielded 19.6 t/ha of fleshy rootsand .9.2 t/ha of
 
tops as compared .to 12.9 and 7.5 t/ha for the .respective portions from. 
plants that were virus-infected. . Healthy Okinawa 100 plants yielded 14.5 
./ha of fleshy oots and 7.9 t/ha of tops, while virus-infected plants
yielded 6.4 and 6.4t/ha,respectively. Ina field test, the fleshy root 
yields of virus-free plants were 28.1; 25.3; 20.2. and 49.3 t/ha for Tainung
,57, Tainung 63, Okinawa 100 :andHong-1sin Wei, respectively Plants of 

cultvars itheseinfected with a virus complex yielded 24.5, 35.6 30.5 and 
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31.7': less, respectively. The reduction ir the stem and leaf yield was 
less marked (Liao and Chung 1981). 

A further yield trial was conducted by Liao (unpublished data) to com
pare virus-free plants of differeit cultivars with plants infected either 
by a known virus or a virus complex. Pesults showed no signif cant differ
ence in yield between the healthy plants and the plants infcLec '..,th SPV-A 
or SPV- or boch. A sicqnificantly lower yield of fleshy roots came from 
plants which were used to start meristei. cul ture and which presumably carried 
a virus complex. 

Liao ana enUn s Vl'~I._ Ie(L 1i01vm 1 alSO eL uLiVrv nill Ui 
dry matter content, crude protein content and sugar rrefractometer reading 
of sweet potato plants. Plants infected with a virus complex were found to 
score higher in all these determinations than healthy ones. 

DISCUSSION
 

The production of sweet potatoes in Taiwan is characterized by small, 
scattered farms all over the island. No systematic survey has been made as 
to virus incidence in the growers' fields. Although a high virus disease 
incidence in varietal collections of CAES (Liao 1978) may not be indicative 
of the magnitude of the disease problem in commercial planting, virus infec
tion is believed to be widespread because sweet potato is an asexually 
propagated crop and some major cultivars have been used by farmers for many 
years without frequent renewal. No governmental certification system exists 
to keep sweet potatoes free from agents causing systemic diseases, including 
viruses.
 

Apparently, some cultivars of sweet potato grown on this island have 
probably harbored a complex of viruses. One line of evidence has come from 
the fiold trial conducted by Liao (unpublished data) who observed a fleshy 
root yield not siguificantly different between healthy plants "Id plants 
infected with SPV-A, SPV-N, or both. Their yield, however, was significantly 
higher than that of infected plants showing more severe symptoms and probably 
c rryinq additional viruses from natural infection in previous growth seasons. 
Obviously, the presence of other viruses could have affected plant yield to 
a greater extent than did 'SPV-A and SPV-N. Anoth(- piece of evidence is 
that inoculation of some cultivars, notably Okinawa 100, with either SPV-A 
or SPV-N or both did net result in symptoms resembling those of naturally 
diseased plants. In these cases, the elements responsible for yield reduc
tion still await identification and isolation.
 

Of the two sap-transmissible sweet potato viruses mentioned above, SPV-
A is probably closely related to sweet potato feathery mottle virus or its 
strains (Campbell ,! :1 1974; Moyer and Kennedy 1978; Moyer -t :/ 1980) on 
the basis of parlricle morlhology, transmissibility by aphids in a non
persistent manner, hst range and some 'o -"*,. properties. That SPV-A 
induced only chlorotic spots on test cultivars, such as Tainung 63 and 
Okinawa 100, does not exclude it from being classified with the feathery
nottle virus group if the consensus of Canpbell , (1974) is to be accept
tad.
 

SPV-N appears to be distinct from all sweet potato viruses so far re
oorted. Although it resembles the whitefly-borne sweet potato ild mottle 
virus (Hollings .i. wZ 1976; Hollings and Bock 1976) in that ic onfects C. 
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amcimmP.co 7'. *:u., and several species of A'icot/< , there are, however, some major differences. Hollings' mild mottle virus induced necroticspots as well as systemic vein clearing, leaf mottling, crinkling, and plant
stunting in ,. :!.: >;,Z and .*. , .,:.e,,. In contrast, the former specieswas not infected with SPV-N and the latter reacted 
to it by producin"
localized chlorosis on inoculated leaves only. 
Work rn serological aspects
and on possible vector transmission of SPV-N is in rrogress.
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INTRODUCTION
 

Sweet potatoes, Tpmo,,oatat;a (L) Lam, are grown for many uses.
 
Primarily they are used for human consumption in the United States and else
where because of their high nutritive value. In addition to carbohydrates

they are high in vitamins; orange-flecked cultivars are particularly high

in vitamin A. Roots and foliage are used for animal feed 
in many countries.
 
Interest has been recently renewed in industrial uses for starch and ethanol
 
production. 
The extent to which growers are concerned with postharvest care
 
depends a great deal on the intended use. However, nearly everyone who
 
produces sweet potatoes must store the harvested root for a period of time
 
following harvest. Disease-related losses may occur no matter how short
 
the storage period. Some of the most devastating diseases strike within a
 
few hours after digging. For example, bacterial softrot, caused by !,h'j
ubi<:w,/ n can destroy an entire root in 48 hr following infection under
 
ideal conditions.
 

Disease problems may arise which are unique to 
each of the intended
 
uses. Each use requires the roots to be stored for varying periods of
 
time. The impact of storage diseases can be minimized when sweet potatoes 
are grown by subsistence farmers in a tropical climate. Under these con
ditions, continuous cropping may allow the use of freshly ha, vkted roots. 
Conversely, where swcet potatoes are grown as an annual crop in a temperate
region, it may he important to maintain the roots for many months, especial
ly since growers naturally try to capitalize on peak marketing per;ods, such 
as holidays, for extra profits. As marketing becomes more sophisticated and 
intercolmodity competition increases it is also becoming necessary to retain 
harvest-time quality for many months. Furthermore, consumers demand a con
stant supply and are reluctant to accept seasonal fluctuations. Similar
 
factors apply to production for canneries, which must have a supply aover 
sufficiently long periJ time justify the effort inof to terms of profit.
Industrial users also need an assured supply of reasonable quality.
 

Growers who rely on roots as their source of 'seed' are also influenced 
by postharve t diseases of sweet potato. Roots used to produce sprouts,
which are then transplanted to the field for production of more ruots, will 
henceforth be referred to as 'seed' in this paper. The importance of using
good quality seed cannot be overstated. Some diseases which become apparent
durin storage are actual ly present - though undetectable - in or o, the 
seed. The classic disease of this type is blackrot, caused by (',u;uimu: 

,";; and 

bacteria ard viruses may also originate from seed roots used for propagation.
It is cleai that everyone who produces sweet potatoes, for whatever purpose,
should he cognizant of the potential losses due to disease which occur 
following harvest. 

-" ., Ellis lalsted. Howvever, other diseases caused by fungi, 
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DISEASES
 

Effective disease management should be integrated with cultural
 
practices. The impact of postharvest sweet potato diseases can frequently

be reduced by improving production practices. Prevention is better - and

cheaper - than cure. 
 To support this hypothesis and to be consistent with
 an 
integrated approach to postharvest disease control, diseases have been
 
classified here in a system based on the relationship of the most probable

time of infection to critical events during production. The rationale is
that by the time most postharvest diseases become apparent, implementation of

control measures is wasted effort. 
 The focus in this paper is on those
 
diseases wh'h are problems following harvest during storage. Thus, consider
ed here are examples of diseases in three categories based on time of initial

infection in rrlation to 
harvest ( that is when infection first occurs during
production, providing inoculum for epidemics that may occur during storage).

These categories are: 1) diseases contracted prior to harvest, 2) uisease.
 
contracted during the harvest process, and 3) diseases contracted during

storage and shipping. 
 These divisions should not imply etiological or otf .r
biological affinities within each group. 
 Nor is it intended that the cate
gories be mutually exclusive (Table 1).
 

Before engaging in detailed control recomnendations applicable to each
disease type, we should exmine disease cycles from each class. This is not
 an exhaustive list ,mt instead will deal with a limiLcd number of examples.
Sweet potato diseases have been reviewed many times (Halsted 1890; Harter and
Weimer 	 1929; Chupp and Sherf 1969; Steinbauer and Kushman 1971) and some of 
the more notorious ones are listed in Table 1.
 

Table 1. 	 List of storage diseases with pathogen ard comnon name. Time of
infection in relation to harvest is given to aid in implementa
tion of control, 

tsease Corrnon Pre-	 PostPathoe!n ------ name harvest Harvest harvest 

FUNGI 

Blackrot ** * * 

Java blackrot * ** * 

Scurf 	 ** * * 

Charcoal 	rot 
 **
 

Softrot ** ** 

Dryrot* 

Surface rot ** 

Pootrot 
 ** 

BACTERIA
 

Bacterial softrot 
 ** 

NEMATODE 

"',1 '1 . sppt 	 nt** 

VIRUS
 

Unknown Internal 	 cirk 

" indicates when primary time of infection is most probaLle and whencontrols shoulo be introduced into the production cycle* - indicates other times when new infections or spread from previously 
infected roots may occur 
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Figure 1. Symptoms of the scurf disease 
caused by Mnilochaates infuscans on 
storage roots 

Figure 2. Colonization of sweet potato 
plants by MoniZochaetes infuscans. A. 
Colonization of sprouts from infected 
roots; arrows indicate lesions. B. 4 
Symptoms (arrows) at harvest on under
ground stems and roots grown from in- B 
fected cuttings 

Preharvest infection
 

Several postharvest sweet potato disease epidemics are contracted prior
 
to harvest. The pathogeis which incite these diseases are frequently
 
introduced when infected seed roots are used for propagation. These diseases
 
may be present at a relatively low level at harvest, but provide an excellent
 
source of inoculum. The inoculum can then be spread to healthy roots by
 
contact during handling. Wash tanks provide another'reservoir of inoculum.
 
When roots are stored in boxes or bins, air currents and insects can spread
 
the inoculum. Once the pathogens are introduced into the production chain
 
they are difficult to remove.
 

Blackrot, caused by Ceratocystis fimbriata, has been a problem wherever
 
sweet potatoes are intensively grown. Symptoms, consisting of dark lesions,
 
occur on underground stems and roots. Root lesions are circular and may
 
penetrate inwards to the vascular ring. Secondary invasion may result in
 
decay of the entire root. The pathogen is spread on seed roots and young
 
sprouts where symptoms go undetected, and it may survive on debris left in
 
the field. The pathogen sporulates on roots during storage; mites can spread
 
the inoculum resulting in significant disease increase (Halsted 1890; Stein
bauer and Kushman 1971).
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;'Scurf, caused' by 14oniZOchae'tes i-nrusccans Ell' and Haist ex Harter, is. 
55"A.so 
 '-1 
 ......
 ..
... *,-
 . su e<'nb' 5 

infl
prima ilyd cosmetic(i re 2 o dColonization i
disease (Hrlso onfined' 
.........e e1890)id (F g r S.....1 lo.it el.tothe. periderm,
.. .....
urlr c der ud ... .. c t ',n,,,,,it;e.......... a t r 
 of the
- ons -"f-t h a..............' - ..
-p vr -,.. rfigdarkh .....brwn tou s 
 on the root surface are objectionable to consumers.
Alsd,increased shrinkage does 
' 
 occur during storage due to excessive moisture
loss fromruptured areas 
of the root periderm. Lesions continue to enlarge

duaynb 
 sprae toother produced in long chains on
maybe re
pred t oterroots, inciting new the root surface and
pathogens of,sweet potato, M4. 

infections. Unlike many root
in'ffuscans does not require awound for infection. Appressoria are formed on the root suface fromgerm tubes and the
periderm is then colonized intracellularly (Lawrence and Moyer 1981).
 

SViruses can also cause 
storage diseases of sweet potato. 
 Internal cork
disease, although the pathogen has not yet been identified, is thought to be
of'viral origin. 
 The disease agent has been transmitted by grafting and
durinstorage. onidia:Hwve
spread has'been observed under field conditions.
ero nO ru,This'z4.lgndisease canp;;myiii!be parti-
cularly serious because affected roots cannot be detected withoutslicing into
into the root itself (Nusbaum 1946). 
-

Thus, standard grading procedures do ~~not cull1 diseased roots. 
 Lesions 
occur on the interior of the root as dark
brown, corky areas. 

greater than 200C. 

Lesion size and number increase at storage temperature6
This disease becomes ofgreaer importance when roots 
are
stored for several months (Aycock and Hughes 1952; Aycock et ai 1953;
1951). Nielsen.
 

Nematodes, particularly rootknot, have not been considered responsible
for sbrage problems. 
 However, the rootknot group, Meoidogyne spp, may
cause cracking 
egg 

or other 
can 
injury which

found 
could open the root to other pathogens.In addition, masses be in the periderm or cortex of roots growninheavily infested fields (Steiribauer and Kushman 1971).
 

E sHarvstinfection
 

Diseases in this category are usually caused by soil 
organisms which
require fresh wounds 
to
smallest abrasion which 
infect sweet potato roots successfully. Even theremoves the outer 'skin' will provide the necessaryopening for infection. 

F 
ii~ sape frequently cause diseases which become apparent during

storage. A disease commonly called surface rot 
is caused by Fuetari.
ox',,n....
Schlert, (Figure 3A,B) (Harter and Wiemer 1919).
.n Lesions are
circular, spreading out from 
the inoculation site, and becoie conspicuous
after 3-4 weeks in storage. The lesions, dark brown in color, may be several
centimeters 
in diameter, but seldom extend below the periderm. 
-Excessive
wounding caused by rough handling at harvest, and improper storage resulting
inslow healing, increase the incidence of this disease. 
 Roots harvested
from wet soils are particularly favored by the disease.
generally spread in storage except when 

The disease does notadditional wounding occurs,*> vidingj new infection sites (Lauritzen 1935; Nielsen 1965).
j- FUSariw07Z7n
pro-

rn(Sacc) Mart emend Snyd and Hans infection superficially resembles infection
by F. Qc*y.porwn- However, the lesion may extend well
C) (Nielson and Moyer 1979). 
into the root (Figure
The advancing margin of the lesion isdark
brown with freshly decayed tissue brown, to orange and, sharply delimited from
iDhealthy tissue. 
 The lesion may extend beyond th-.vascular ring eventually
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4 41 

A , . . . . 

Figure 3. Symptoms of surface rot and rootrot caused by Fus rhin oxysporum
and /n'waiw roZani, respectively. A. A surface lesion caused by P. oxy
.i o1, B. A side view of surface rot lesion. C. Lesions on storage root'w. 

caused by F. cwazi
 

destroying the entire root (Figure 3C). The pathogen grows most rapidly at
 
280C in pure culture, though the rate of disease development in roots has
 
been observed to be greatest at 240C. There are several reports (McClure
 
1951; Clark 1980) of stein infections by P. oolaii, suggesting this pathogen
 
may also be seedborne. Preliminary studies conducted by the author support
 
this hypothesis. Artificially inoculated sten cuttings and sprouts produced

from diseased ronts were shown to be infected (Moyer and Campbell, unpublish
ed data). However, the epidemiological significance has not yet been demon
strated. Both of these F;,,'m, spp are nonspecialized forms frequently found 
in agricultural soils. The host range of a sweet potato isolate of P1. oZr~i
 
includes the fruits of apple, cucumber, eggplant, squash, tomato and potato
 
tubers in addition to sweet potato (Nielson and Moyer 1979; Clark 1980).
 

Java blackrot, caused by D)piodi *,.ola (Ell and Ev) Taub, and 
o;7charcoal rot, caused by c.iu ' plaw.oi (Tossi) Goid are also important 

wound pathogens which can cause severe losses in storage. They have a wide
 
host range and frequently present problems in tropical regions. They are
 
included here because of their soilborne nature. They may cause serious
 
losses if infection of injured roots occurs during harvest (Harter and Weimer
 
1929). Like the !Y-w;'iadiscussed above 1). tubr&ei'ola may also infect stem 
tissue (Daines 1959).
 

Postharvest infection
 

The diseases classified here have one characteristic in common: roots
 
decay in a few hours or days following infection rendering them unfit for
 
sale or consumption. These diseases are frequently observed immediately
 
after harvest, or after removal from storage and subsequent packaging for
 
the market place. They are classified here because preventative measures
 
must be incorporated into final preparation for marketinq. The small wounds
 
inflicted by the cleaning process, contaminated wash water, and the packaging
 
of wet roots, provide near optimum conditions for infection. The production

of pectolytic enzymes by the organism following infection causes a rapid 
dissolution of the cell walls resulting in a softrot type of disease.
 

One softrot is caused by Rb V I n,:' r (Ehr ,r Fr) Lind. This 
organism is a wound pathogen found nearly everywhere. Infected tissue is 
soft, moist and stringy. It also gives off a characteristic sweet smell. 
The presence of dense, aerial mycelia with dark brown spores, often called 
'whiskers',is a diagnostic sign of the disease. 
 If a suspect root is
 
observed, the formation of whiskers can be induced by puncturing the root
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surface in several places with a knife. Later, infected roots become
 
shriveled and brittle due to moisture loss. 
 The organism sporulates profuse
ly under favorable conditions providing inoculum which cal be spread by
flies, rodents and air currents (Halsted 1890). An abundance of fruit flies
 
(D . '.: spp) in a storage house usually signals the presence of this 
disease. New infections can then occur in freshly wounded areas. A single
infected root introduced into a tank of water used to clean the roots can 
contaminate subsequent roots washed in that water. Roots may then be 
destroyed during the few days between packaging delivery to theand consumer. 

A more recently recognized softrot disease of sweet potato is cause by
*m"L'-I.:,,. , . ,,: . . This disease has only been reported as a severe pro

blem in the state of Georgia, USA (Hartin and Dukes 1977). However, it has 
also been observed to a lesser extent in North Carolina. The root phase of 
this disease can be confused with .";:. . softrot. . u:' t.. . is a 
commron pathogen with a wide host range and is incluLIed] because the potential
hazard is great (Schaad and Brenner 1977). The disease is classified a post
harvest disease here because of its devastating effect on roots. However,
it coulc also he classified under the other two categories, because plants 
are also infected in the field. 

Bacterial softrot thrives at relatively high temperatures (32-34oC) com
pared to - *:: .....softrot. Fresh wounds and free moisture are required for 
infection , ma kilrq the eonvironment created by washing and packaging favorable 
for the disease. When infected roots are used for propagation, sprouts may
harhor symptomless infections . A rapid, moist decay stem and petiolesof may
result later in the growinq season duLi-ing periods of high temperature and 
free molsture. The ha,:teria will survive in this debris providing an excel
lent souce of inoculum when the roots are harvested. Plant symptoms include 
yellow leaves with water-soaked, dark brown to black lesions on the stems and 
petiolns. Black streaks ray occur in the vascular tissue of stems and roots. 
The symotoms are s inilar to those cause by ,'f sp ! ,, ,,p,..' 
(,w) .nyd and !ars (lantin and [Dukes 1977; Sci,-ad and Brenner 1976). Both 
the stem and root r'iso of the disease poses a potential threat in tropical
regions wh.ore ,.1ur, rain, occur. In more temperate regions, epidemics may
only occur inl str' Obsirvations by the author suggest the epidemic is 
incited Iq , few iift,(d roouts be ing introduced into the wash water during
gradirig and ; , i A;a/s 'any as 30 of the roots passing through tile 
same ,.as;h prs , o,,, observed to be inoculated in this manner. 

Light pathogorr I.wo 'selected as exampls of the three classes which 
incito ipostharvest di srso,, 
Sherf 10f(0: 'ti 
that sially of the 

though 'ro- have been reportedmarry 
,dotor llrd FLsImrarr 1971). F,om these examples we 
oistharvest miladies begin at or before the crop 

(Chupp 
can 
is 

and 
see 

har ves ted. 

CONTP OL 

Control of pustharvist diseases should le seen from the point of view 
of prevention. I ittle ca rr he done once tire r oot is infected. Mny published
recommendations for control of postharvest diseases begin with harvest. 
However', a sound s trategy for pus tharvest disease control should begin wifhseed' selection. Only heuiltmy -oots so1(ld he used for propagation, Re
sistant cultivars are available for sotie diseases such as internal cork and 
bacterial softrot, though sources of acceptable levels of ;resistance have 
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not been identified for all of the diseases. Cold frames or land used for
 
propagation should be fumigated and rotated for each crop. Preferably a 2-4
 
year rotation should be adopted. A similar rotation should be followed for
 
land used to produce the crop. Many of the pathogens such as ... >, 
c. :' ., and ... o,*',,.,.: ,;:,,." can survive in plant debris remaining from
 
the previous crop. Vine -uttings should be made above the soil line rather
 
than pulled to avoid contamination by soilborne organisms. Under less than
 
ideal conditions it may be necessary to treat roots and/or cuttings with a
 
fungicide.
 

At harvest, efforts to control these diseases should be intensified. 
Machinery should be properly adjusted. Workers should be instructed to 
handle roots carefully to minimize scrapes and bruises which invite infection 
by the soilborne wound pathogens. W.,henever possible, wet soils should be
 
allowed to dry before harvest. Diseased roots should be discarded and
 
healthy roots placed in contair,2rs which have recently been sanitized.
 
Several materials can be used for this purpose: methyl bromide, various fun
gicides or calcium hypochlorite for bacteria.
 

Roots should be taken to storage facilities to begin curing immediately
 
following removal from the soil. Curing initiates a rapid healing of wounds
 
which prevents infection by several organisms. Freshly-harvested roots can
 
be cured by waintaininq them at 28-300 C and 85-90', relative humidity for 
approximately seven days. These conditions favor healing and minimize deve
lopmnent of rots such as ..- , ' . Roots should then be stored e.t 150C until 
used. It is also important to minirinize moving stored roots following curing. 
New wounds will occur providing another opportunity for pathogens such as iP. 

or , spp. 

Roots are frequently washed, sorted and graded in preparation for 
marketing, and this provides another opportunity for wounding. .A. . '%>;*", '. 
and -'. , ., ...-, can become serious problems during this process. Wash 
water should be frequently changed to prevent accumulation of inoculum. 
Calcium hypochlorite is an effective sanitizer and is effective against . 
';,'I",.. '; ;.,- " ,". In addition, roots can be treated with a fungicide which in
hibits .-...- , '. :,. All pesticides and ;materials should be used in accord
ance with local la.,s and manufacturer's recommendatiors. 

A preventative strategy for control of sweet potato storage diseases is 
essential to achieve a high level of success. Planning controls which begin 
at the earliest stages of production can have additional benefits. For 
example, selecting high quality roots for propagation is effective not only 
against storage diseases, but also against field diseases arid helps the 
maintenance of horticultural characteristics. 
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ANONYMOUS: Which season of the year is the best for screening sweet potato
 
for weevil resistance? Did you take averages ratings over seasons, loca
tions and years? 

TALEKAR: At AVRDC the fall season, plinting in September, is a better sea
son for screening. Our results are based on screenings done at two loca
tions over eight seasons during the past four years.
 

ANONYMOUS: What is the effect of crop rotation on sweet potato weevil
 
appearance and attack incidence? If any, which crops reduce incidence?
 

TALEKJR: Crop rotation with rice definitely reduces weevil infestation of a
 
subsequent sweet potato crop. However, if a weevil source exists in neigh
bouring fields or if you use planting materials from weevil infested plants,
 
rotation is of not much use. Simple sanitation procedures such as using
 
planting material free of weevil, and cleaning the field free of weevil
 
sources such as perennial [;rA';,.'. weeds, and of the buds and debris from 
the previous sweet potato crop, will considerably reduce weevil infestation
 
without rotation.
 

WARGIONO: Do you think that there is a correction between tuberous root
 
position, latex content, skin thickness and weevil damage? Could you tell
 
us whether I 152, which you showed to be modcrately resistant, is deep 
rooted or has high latex content?
 

TALEKAR: Deeper tuberous roots are definitely less infested than the roots
 
close to the surface. We have not done any study on the effect of latex
 
content or skin thickness on weevil infestation. I 152 is not a deep rooted
 
cultivar. We have not yet studied other characteristics.
 

MEYNHARDT: Does bearing habit influence p( entage weevil infestation? Are 
there indications that cultivars which bea, ')eir roots deeper in th- soil 
are less susceptible to weevil infestation? 

TALEKAR: Yes, the deeper the roots the lower is the weevil infestation.
 
This has been shown by several workers. I have reviewed the information
 
in my paper. Deep rooted cultivars are not necessarily less susceptible to
 
weevil, it is just that deeper roots are not easily accessible to weevil.
 

TANABE: You mentioned weevils do not affect the yield. Do you mean biolo
gical yield or marketable yield of sweet potato? Your slides indicate
 
weevils infested vines which very likely will interfere with the translo
cation of dry matter into the storage root. Could you connnent on this?
 

TALEKAR: Our results show that weevil infesLation does not reduce total root 
yield. I realize that theoretically infestation should reduce transloca
tion of photosynthate or mineral nutrients but in practice we do not get
 
any yield reduction, possibly due to the excessive vegetative growth that
 
sweet potato puts up. As a result, an adequate quantity of photosynthate
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is still translocated and an adequate yield results. 
 Excessive vegetative

growth probably uses quite a lot of photosynthate in control plants.
 

URITANI: Have you ever investigated whether some specific attractants are
 
present in some species of IpomoczO? 

TALEKAR: We have not done any research on this aspect. However, the fact

that wee, il infests almost exclusively 17,ooecz species suggest the possi
ble existence of an attractart, or of some other factor in iio,oeri essential
 
for growth and development if weevil.
 

URITANI: Have you ever investigated some relationship between resistance to
 
weevil and some secondary metabolites produced in sweet potato in response
 
to infestation?
 

TALEKAR: No, we have not done any research 
into this aspect. I am aware of

the work done in Japan. The secondary metabolites seem to be nonspecific 
as they are produced as a result of infestation by weevil as well as infes
tation hy blackrot fungus. The possibility of such chemicals being involv
ed in resistance to weevil, therefore, seems to be rather remote.
 

WILSON: Has any effort been made to identify sources of weevil resistance
 
in .. .. species other than sweet potato?
 

TALEKAR: We have not made any systematic efforts directly but we have
 
observed that certain '., species 
are not at all attacked by this
 
insect. Howw"ar, no other F,oeuo,7: species besides sweet 
potato thac we 
observed, r- istant or susceptible, forms tuberous roots. This could pose

a serious prohlem in utilizing such sources for resistance breeding in :;weet
 
pota to.
 

WADDILL: Wvere the plants which showed no relationship between yield and

number of weevils emerging attacked by the weevil soon after planting or
 
only late in crop development?
 

TALEKAR: In two ,easons the plants infestedwere six weeks after planting
and in one easo, they were exI)osed to natural weevil infestation which was
almost froi, plaitinj time, because the crop was planted soon after harvest
ing i i,,avily infe-ted sweet potato crop. In all three cases there was 
considerale, weevil ifestatior when we observed the roots at harvest time. 

V!LLAREAL: (an you feed weevil-infested sweet potatoes to animals? The 
weevil can he an additional source of protein. 

WAIDILL: Yes. 

ANONYHIOUS: Is it correct to state that feathery mottle (FM) is a complex
of two viruses a) one transmitted by ".:,: .,'.: b) the other trans
mitted by whiteflies, and that both virus components have to be present
for symptoms to develop? If this is so, the sweet potato virus A which has
been identified in Taiwan night not be identical with FM, since sweet 
potato virus A can by itself produce mottle symptoms on sweet potato. Car 
you please commient on this? 

HAHN: Feathery mettle virus is aphid transmitted with particles of about 



85 nm length. Several strains have been described which include the com
mon strain, russet crack and yellow vein. The complex you are referring 
to is sweet potato virus disease found in Africa. Both components trans
mitted by aphid and whitefly must be present for symptom expression. Sweet 
potato virus A is most likely a russet crack strain of F-.
 

ANONYMOUS: Is IITA going to ship its breeding lines as meristeil tip culture 
in the future or is this already being done. 

HAHN: It is already being done. In fact, I just delivered to Dr Villareal
 
several meristem cultures of some promising IITA lines. 

ANONYMOUS: Can FM be transmitted to c ,., ' . or is it confined to 
(Zo.'usp? 

CHIU: The russet crack and yellow virus strain of FM infest '. ,,ci; how
ever, the common strain does not. 

URITANI: Did you find any pathogenic fungi which can penetrate into the 
tissue through the epidermal cell layer without mechanical injury? 

MOYER: Yes: .;. -*.t.-.,:,-:, causal agent of scurf. An appressorium is pro
duced by the germ tube which penetrates the cell wall. Interestingly, as 
hyphae grow intracellularly, a new appressorium is produced each time the 
fungus passes through the cell wall. 

WINARNO: Curing of sweet potatoes is usually conducted at relatively high 
temperatures (30oc, RH 85-90 ) to avoid blackrot damage, but further pro
blems arise lik e the development of internal cork due to virus. Could you
recommend the best conditions (temperatur ) so we can avoid both problems? 

MOYER' Roots are only cured at these high temperatures for five to seven 
days. It reguiLres several montns for internal cork virus to develop. 
Curing followed by storage at 150C will solve these problems. 

WAN: Virus-free seedlings of sweet potato can be obtained by thermotherapy 
and tip culture; what are the temperatures needed and what duration of heat 
treatment? Does tip culture completely eliminate or inactivate the virus 
based on your experience? 

CHIIU: We obtained meristen ti p culture by a procedure which involved expos
ing the source plants tn 3;nC for four weeks and excisinq the shoot tips
0.3-0.6 mm in length. In thi , case a temperature of 3,"0 C did not seem to 
inactivate the virus (or vir-uses) coili etely but it slowed down virus move
ment to the shoot tip. I nne e ipeci we ia-ained 16 plants werement, , which 
virus-free jut of 24 0iich were indexed. 

WUSTMAN: Is the application of sys te mic i isec ti clacs to be recoiniended in 
reducing the spread of sweet po tato vi ruses in the field? 

CIU: Application of systemic insec icides may be effective in reducing the 
spread of the whi tefly-transmi tted sweet potato viruses which are semi
persistent or persistent in their vector, but may not be effective against
the aphid-transmitted non-persistent viruses such as sweet potato feathery
mottle virus and its strains, especially when the virus spread is in large 
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part due to incoming migrants. however, to suppress within-the-field virus
 
spread, systemic insecticides could be of some value.
 

WUSTMAN: Is monitoring of aphids and whitefly flights a useful 
technique for
 
seed vine production?
 

CHIU: It would be a useful technique in areas intended for seed vine pro
duction. The monitoring results will 
serve as a basis for adjusting the

planting date of the crop and for scheduling insecticide applications to
 
prevent the spread of persistent viruses due to incoming vector insects
 
mentioned above.
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Research oii Producitioni of Sweet Potatoes from Cut [oot 

Pieces 

J. G. IMUNN''KANMI 
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INTRODUCTION
 

Sweet potato planting materials usually consist of sprouts or vine
 
cuttings. Sprouts are produced by placing 'seed roots' in beds (often later
 
covered with sash or polyethylene film), covering the roots wit' 5-8 cm of
 
sand, then pulling the sprouts when they reach a height of 20-2 cm. Vine
 
cuttings, obtained from established plantings, are used primarily for pro
duction of disease-free 'seed' or for main crop production in areas with long
 
growing seasons.
 

Both systems require extensive labor. One alternative is a simplified 
system of production consisting of direct planting of small whole roots or 
root pieces (similar to the practice with white potato (.SoZ-iwn t bmo.rum L) 
tubers). Early attempts (Lutz et aZ 1946) to produce sweet potatoes from 
root pieces were unsuccessful, resulting in poorly shaped roots, low yields 
and poor stands. In most cases the root piece enlarged, producing a badly 
misshappen root. Later work by several Japanese scientists (Kobayashi 1968; 
Kobayashi and Akita 1966; Kodama and Kobayashi 1952, 1954; Kodama and Nomoto 
1954, 1955; and Kodama ct aZ 1958) was more encouraging and rekindled in
terest in the United States. Our efforts began in 1970. 

MATERIALS AND METHODS
 

All experiments were done at the University of Maryland Vegetable Re
search Farm located near Salisbury, Maryland, USA (380 22' N latitude) on
 
Norfolk sandy loamsoil (fine-loamy, siliceous, thermic typic paleudults soil).
 
Spacing was 0.9 m between -ows and 0.3 m between plants in rows, resulting
 
in a population density o! approximately 35,800 hills/ha. All plots received
 
1680 kg/ha of 5-10-20 (NPK) with 2% MgO fertilizer, one-third applied before
 
planting and plowed down, one-third one month after Planting or transplanting,
 
and the remaining one-third two months later. Root pieces were 20-25 g each
 
in weight, and were treated with a DCNA dip (75 w, 12 g/liter) immediately
 
after cutting unless otherwise stated. Decayed root pieces were discarded
 
before planting and only sound root pieces were planted. Root pieces were
 
hand-planted in furrows approximately 3 cm deep and covered to a depth of 5-6
 
cm by makino a small ridge on the row. Additional cultivatiens increased the
 
height of tfie ridge to 7-9 cm.
 

CLASSIFICATION OF RESPONSE TYPES
 

Success when using root pieces as planting material depends on new
 
fleshy roots growing from the sprouts arising from the root piece (known as
 
indirect daughter roots) and on the root piece not becoming a metabolic sink
 
and thus enlarging. We classify a response type depending on where the new
 
fleshy roots grow and on what becomes of the root piece (Figure 1): 1) in
direct daughter root piece enlarging (IDRE); 2) indirect daughter root piece
 

Previous Paca nhi:
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Figure 1. Root piece response types. (A) indirect daughter, root piece

enlarging (B)indirect daughter, root piece remaining (C) indirect
daughter, root piece disappea;'ing, (D)direct daughter, root piece

enlarging, (E)mother root piece enlarging; arrows 
indicate original
 
root piece
 

remaining but not enlarging (IDRR); 3) indirect daughter root piece disappearing (IDRD); 4) direct daughter (new fleshy root grows from root piece)
root piece enlarging (DDRE); 5) direct daughter root piece remaining (DDRR);
and 6) mother root piece enlarging with no or 
very few daughters (MRE). In
fact these are not distinct classes but there are 
intermediate types tending
to a continuous graduation especially in the degree of root piece enlargement.
For classification purposes we rate a line according 
to the modal response

class. For example a line with all 
seed pieces remaining and a few enlarging
slightly would be classified as 
RR; a line with both direct and indirect
daughters would be classified according to whether the majority of the stored
 reserves was in direct or 
indirect daughters and MRE are classified as having

less than 20% of the stored reserves in daughter roots.
 

PREPLANTING TREATMENTS
 

Using lines from groups 2 and 3, we 
found that we could produce a crop
of sweet potatoes comparable to tnat produced from sprouzs (Table 1, from
Bouwkamp and Scott 1972). 
 Other experiments and other experimenters convinced us 
that the difficulty of obtaining a satisfactory and uniform stand
was a serious problem and would have to be resolved before production from
root pieces coLd become feasible. 
Thus we decided to investigate cutting
the roots and placing the root pieces in prasprouting conditions (90% RH and
at about 300C). 
 We expected that this treatment would serve to break proximal dominance (Thompson and Beattie 1931), 
heal the cut surfaces and induce
early sprouting (Deonier and Kushman 1960). 
 We found (Bouwkamp et al 1971)
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Table 1. Yields of several clones of sweet 1otatoes grown from root 
pieces and sprouts 

Propagation method Yield (t/ha) 
and cultivar Grade Total 

numbOl no. 2_ ma rketa blI eno. cu 1s-

Root piecesj' 

Redmar 3.4 29.5 11.9 0.2 44.7 

MD18 2.6 20.3 11.8 2.5 34.6 

MD 112 3.0 6.8 2.5 0.1 12.3 

MD115 6.8 20.2 6.5 0.3 33.4 

MD 116 15.1 21.8 10.5 0.7 47.4 

LSD 5 	 8.9 6.0 3.0 1.1 13.4
 

Sprouts;: 

Redinar 	 1.6 33.1 11.0 0.0 45.8 

MO 18 	 0.0 15.5 17.0 0.0 32.5
 

MD112 	 3.0 20.7 14.0 0.0 37.7 

MD115 7.8 27.6 8.5 0.0 43.9 

MD 116 18.1 22.9 6.8 0.0 47.8 

LSD 5 	 4.8 -4.1 1.7 - 5.0
 

"'Jumbos P.75 cm dioieter, 22.9 cm length, or 5675 g 
No. 1 5-8.75 cm diameter, 7.2-22.9 cm length, 567.5 g 
Jo. 2 2.5-5 cm diameter, 5-17.5 cm length 

:'Root pieces planted 18 May 1971; harvested 13 Oct; 21,510 hills/ha 
-'Sprojts planted 24 May 1971; harvested 5; 33,8050 hills/tw 

Table 2. 	 Effectiveness of DCNA dip in controlling softrot of sweet potato 
root pieces 

Percentanecby vY) sound time of evaluation1t 
Treatet 	 Redma r Jul ian Mean:; 

Control 	 45.5 87.5 66.5 a 

OCNA 75W (12 g/liter) 96.3 92.0 97.2 b 

DCINA75W,,(2,' /liter) 97.6 97.9 97.2 b 

Mean:8 83.1 a 94.5 b 

"'Meat. separation hy Duncan's Multiple Range Test at the .05 level of 
probah iity 

that losses of root pieces due to rotting caused by Rhi:;otm: species were 
controlled by DCNA (2-6-dichloro-4-nitroaniline) and there were significant
 
differences between cultivars with regard to susceptibility (Table 2).
 

We also studied the effects of the length of time the root pieces were
 
exposed to presprouting conditions or early emergence, final stand and 
yield. The cultivar Redmar was used and all root pieces were treated with 
fungicide before treatment. We made two separate plantings, the first on 
20 May, the second on 2 June. Stand counts were made several times during 
the growing season. All plots were harvested on 10 October giving growing 
seasons of 142 and 129 days respectively. The results are presented in 
Table 3 and 4. In both experiments significantly poorer early and final 
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Table 3. Effects of length of oresp)routinq treatment of emergence and yieldof sweet potatoes grown from root pieces (experiment 1)": 

Weeks of 
 emergence after: Total
 
treatment .. .
. . . . .. . . 1 .d . . . . .27 days marketable37 dda. . __ ays 18 days . yield (tha)

0 1 b 7 b ?2 c 3, c .1 .7 a 
1 20 a 37 a 43 b 63 ab 23 5 a 
2 14 a 33 a 41 b 47 bc 25.5 a 
3 34 a 4 81a 50 b 62 ab 25.8 a
 
5 30 a 47 a 
 63 a 72 a 
 29.3 a
 

'Mean separation within columns by Duncan's New Multiple Range Test at the.05 level of probability
 

stands were obtained from the plots which had 
not received the presprouting
treatment anO in experiment 1 the one-week treatment was 
also poorer than
longer treatments. 
 Yields were not significantly affected although in both
experiments the control (0 treatment) resulted in the lowest yields.
 

As a result of these experiments, we generally employ a two to threeweek presprouting treatment before planting in the field. 
 There may be
some advantage to 
a longer period of presprouting in locations where the
length of the growing season is limited since sprouts which emerge more
quickly would give the effect of a longe.' growing season. It should be noted
that the five-week treatment gave the highest yields, equivalent to between
une and two more weeks of growing season 
than in the two-week and three-week
treatments, since we know that Redmar yields increase at approximately 0.45
t/ha/day during the last half of the growing 
season 
(Scott and Bouwkamp

1975).
 

QUALITY OF SWEET POTATOES GROWN FROM ROOT PIECES
 

Since quality, especially processing quality, is important in the USA,
we decided to investigate the effects of propagation methods 
on the various
attributes normally associated with quality. 
Crops were produced in 1978 and
1979 from both sprouts and root pieces. 
 In 1978 we grew one cultivar and
three breeding lines (Redmar, MD 302, PID 
628 and MD 714) and in 1979, three
breeding lines 
(MD 628, NC 718 and NC 719). In both years we used a split
plot design with four replications. Plots consisted of a single row 1n II
 
long.
 

Table 4. Effects of length of presproutino treatment of emergence and yieldof sweet potatoes grown rootfrom pieces (experiment 2):: 

Weeks ofemergenceafter:
 
treatment 4days 24days
14 ________ 28 days 3arketableyiel _(t/ha)
 

0 
 0 d 22 1 31 d 
 38 c 23.4 a
 
1 
 2 cd 49 a 
 63 c 72 b 
 27.1 a
 
2 8 bc 58 a 78 a 
 83 a 32.1 a
 
3 
 12 ab 60 a 7P a 81 ab 
 31.1 a
 
4 21 a 60 a 
 64 bc 70 b 28.4 a
 
5 23 a 62 a 74 ab 
 80 ab 32.6 a
 

;;Mean separation within columns by Duncan's New Multiple Ra-nge- Te-st- a-t-t-he

.05 level of probability
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At harvest, we determined the total marketable yield and yield inthe
 
various size classes. The roots were processed the day after harvest (accord
ing to standard techniques and procedures) and various tests were undertaken
 
on the raw product. We determined specific gravity by weight and water dis
placement, percentage N by total Kjeldahl, percentage dry matter from oven
dried samples. Phenoiase activity (darkening) was established by blendinq
 
roots with equal weights of distilled water and various solutions (Ig
 
thiourea per liter of dH20, 10 g catechol per liter of dH20, and I g thiou
rea + 1 g FeCl 3 per liter of dH20). Color values (L,reflectance; a, red
ness; and b,yellowness) were determined on a Hunter Colrr Difference meter
 
against a sweet potato standard plate (L= 58.6, a = +29.4, b = +32.0).
 

Canned samples were analyzed for color approximately six months after
 
canning by a H!nter Color Difference meter, percentage fiber was determined 
by AOAC procedures and firmness measured as resistance to shearing on an 
Allo-Kramer shear press. The results are presented inTable '.
 

The results are similar for the two years although the effects may not
 
be significant inboth years. Itwould seem that reduced yields may be ex
pected from root piece grown crops, at least with present cultivars and
 
techniques. The reduced yields may be partially attributed to a shorter
 

Table 5. 	 Significance of effects on yields and various raw product and canned 
product quality attributes in each of two years 

Treatment effects:; . Interaction effects' 
variable (sprouts vs u vt rea Ient

rootj)iec e s ) effects x cultivar) 
1978 1979 1978 1979 1978 1979 

Yield No. 1 	 37** ,°, ** ** **(t) *(R) 

Yield No. 2 105 103 ** ns *(R) ns 

Yield Jumbo 	 l0** 88 ** ** **(M) ns 

Total marketable 53** 86 ** ** *(0) *(R) 

% dry matter (roots) 97 94** * ns Os ns
 

N dwb roots 88** 85 * ** * ns ns 

Specific 	gravity 100 100 ** ** ns ns 

AL (Thio - H20) 114 ** ns 

.L (Thio 	- Cat.) 116 ** ns 

AL (Thio - Fe13)) 108 ** ns 

Hunter "a" (Thio) 99 	 ns
 

dry matter (leaves) 104"* ** ns 

N dwb leaves 107* ** ns 

Hunter "a" 	 91** 92 nsn ns ns 

Hunter "b." 	 96** 9P ** ns **(14) ns 

Hunter "L" 	 96** 97 ** ns **(R) ns 
"1fiber 	 84 91 ns 
 ** ns ns 

Firmness-shear 85** 9l ** ** ns ns 

"Root piece grown means expressed as a percen.age of sprout grown means 

followed 	by significance level
 
;i**= highly significant; * = significant, ns not significant. Signifi

cance of interaction effect followed by nature of interaction (P) = Reversal 
effect, (1i) it.agnitude effect
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effective growing season. 
 Several quality attributes may be lower for root
piece grown sweet potatoes and warrant further investigation. The lower N
concentration, especially if reflected in lower protein values, is probably
the most serious concern. With regard to processing quality the lower firmness 
and the higher discoloration (as measured by lower L values and higher

AL values) 
are the most serious concern.
 

There is, however, some reason 
for optimism in that 
some cultivar X
treatment interactions 
are of a reversal type, indicating that certain cultivars may perform better when grown from root pieces than from sprouts.
Thus we may be able to 
select lines which perform well and also have good

quality when grown from root pieces.
 

SELECTION FOR ROOT PIECE PRODUCTION
 

Our selection scheme proceeds as 
follows (Table 6'). Seedlings are
screened for root color in the greenhouse during the late winter or 
early
spring, then vine cuttings of the selected seedlings are grown in the field
during the summer and selected for horticultural characters in the fall.
They are placed in storage, and selected for storage quality in the late
winter, with particular recard to their resistance 
to storage rots.
 

Table 6. The selection system used at the lniversity of Maryland for selecting sweet potato lines adapted
for root piece production
 

Time Year Location 
 Select for: 
 remaining per 10 000
 

E. Spring I Greenhouse r ina s-eed41gs-Root flesh color 3,000
7all 1 Fiela 
 Horticulturai characters 

V. Spring 2 Storage 

400 
Storage quality 150

L Spring 2 Propanjatien beds Suivival and rate sprouting 300

Fall 2 field (preliminary trial) 
 ID, survival, horticultural characters 30
 
E. Spring 3 orir, toraqe (tpility 25
L. Sprinq I IrT -sllrouting Rn", resistance 15
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Roots are bedded in the spring, evaluated for sprouting ability, thenremoved from the beds. The sprouts are removed and the roots cut into 20-25
g pieces and ten pieces of each line are planted. We refer to this aspreliminary testing. In the fall, the plots are dug and selections are made
on LJhe basis of hortic'ltural characteristics, yield potential, stand
survival and so on. Srlected lines are harvested, cured and stored. In the
following spring roots ara cut, treated with fungicide and placed in presprouting conditions for two 
 to three weeks. Arfter presprouting dataobtained on the percentage of rotting and 
are 

poor lines discarded, sound root

pieces are planted into what we 
 call observational trials, usually nonreplicated. In the fall the li: ,s are once again selected for horticulturalcharacters, stand survival, and degree of root piece enlargement. Selectedlines are placed in advancnu trials or returned to observational trials thefollowing spring. Advanced trials are usually replicated and we obtain
 
yield and quality data in the fall.
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Table 7. Frequency distribution of observational lines
 
for the percentage of rotted root pieces two 
weeks after cutting
 

% rotted root pieces Frequency 

<0.5 29.8 

0.5-2.4 13.8 

2.5-4.99 22.3 

5.0-9.99 11.7 

10.0-19.99 10.6 
>20 11.7 

ROTTING
 

Data obtained from three years observational trials (Table 7) indicate
 
a fairly high level of rot resistance in the population but it should be
 
noted that the root pieces had been treated with Botran dip at the rate of 12
 
g/liter prior to presprouting. We attribute this level of resistance to two
 
factors. 
 Firstly, the lines have been subjected to two separate evaluations
 
for freedom from storage rots, and secondly the root pieces in the prelimini
nary trial were not treated with fungicides and only those lines with good 
.
 
survival were selected fhr the observational trial. Thus most of the highly

susceptible lines were discarded prior to the observational trials from which
 
these data were obtained.
 

Freedom from rotting is an important trait for two reasons. First,

loss of cut root pieces results in a waste of propagation material thus
 
necessitating more planting material 
than would normally be needed. Second,
 
the more susceptible lines produce a poorer stand even when only sound root
 
pieces are planted. In 1976 we planted all 16 lines in the observational
 
trial even though some had poor resistance. We found a highly significant

linear corr,-lation of -0.642 between percentage rots and percentage stand
 
surv -,.
 

We believe that ac, our level of rot resistance increases it may be 
possible to elimninate the use of fungicides before presprouting. 

RESPONSE TYPES AND ASSOCIATED CHARACTERISTICS
 

As mentioned previously we recognize six response types and in 1980 we
 
made a careful study of the 220 lines in our preliminary trial. In addition
 
to classifying the lines as to response types, we also recorded the survival
 
and the number of sprouts per surviving hill. The results are presented in
 
Figure 2. It may be noted that the predominant types are root piece enlarg
inq (RE types) and 
indirect daughter (ID) types. With regard to sprouts/

hill the lower values predominate and with'regard to survival/hill the higher
 
rates of survival predominate.
 

Survival, sprouts/hill, and sprouting rating (obtained in propagation

beds) in each of the response types are presented in Figure 3. Note that all
 
direct daughter DD types have been combhined since the DDRR class included
 
only two individuals. It can be seen that the IDRD and MRE classes are quite

different from the other response classes for both variables. This was veri
fied by tests for non-homogeneity.
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Response type Sprouts/hill Surviving hills 
Figure 2. Relative frequency of response types, sprouts per

hill and survival in a population of sweet potato lines
 
planted as root pieces
 

The rel-tionship between survival and sprouts/hill was investigated

through polynomial regression. The regression line was calculated and found
 
to be y = .0E + 4.26 x - 0.77 X2 (R2 = .323) where is the predicted survival and X is the number of sprouts/hill. This relationship cdn be explain
ed by assuming that poor sprouting or slow sprouting lines are more likelyto succumb to rotting or insect predation before the root pieces can be
established. The more vigorous sprouting types are more likely to sproutquickly and profusely, thus decreasing the vulnerability of such root pieces 
to attack.
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Figure 4. Polynomial regression lines Figure 5. Polynomial regression lines
 
indicating the relationship of survi- indicating the relationship between
 
val rate and sprouts per hill for the survival rate and sprouts per hill
 
various response types for the various sprouting classes
 

(evaluated before planting)
 

The relationship between sprouts surviving/hill and survival among the
 
various response types is somewhat confusing (Figure 4). A test for co
incidence of regression equations indicates that the equations are signifi
cantly different but none of the response class equations are as good as
 
the overall equation in terms of R2 value.
 

The relationship of sprouting (rated in propagation beds as good, fair
 
and poor) with the various response types was investigated. We found that
 
in general, good sprouting lines were randomly distributed among the response 
types but fair and poor sprouting lines were represented in greater than ex
pected numbers in the IDRD, DD, and none surviving (NS) classes. We inter
pret these results to mean that poor sprouting will result in fewer surviving
 
plants and in those that do survive, the root piece is more likely to dis
appear. Thus the IDRD class is made up of lines which are generally poorer
 
sprouters, resulting in fewer sprouts surviving/hill and fewer surviving hills.
 

The relationship between sprouts surviving/hill and survival among the 
various sprouting classes is more revealing (Figure 5). It may be seen that
 
the fair and poor sprouting types represent a different relationship between
 
sprouts surviving/hills and survival than the good sprouting lines. The
 
quadratic nature of the response may be explained by assuming that the pro
ximal root pieces survived at a higher rate than the more distal pieces in
 
fair and poor sprouting lines (which would be expected to show a higher rate
 
of strong proximal dominance).
 

T hus the breeding lines represented by the right side of the regression
 
lines are made up of poor and fair sprouting types with strong proximal
 
dominance. The result is a survival of more proximal pieces than distal ones,
 

http:jO.O5,526"X-O.77
http:55.26"X-O.77
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Table 8. Frequency distributions of response types and
 
sprouting classes for the years 1971 
and 1980
 

1971 1980 

IDRE 22.2 23.2 
IDRR 21.8 18.2 

IDRD 19.4 17.3 
DDRE 19.4 11.4 
DDRR 10.1 0.9 

MRE 3.9 22.7 

NS 3.1 6.4 

Good sprouting 23.2 74.6 
Fair sprouting 37.2 11.3 

Poor sprouting 39.6 14.1 

which is evidenced by more sprouts surviving/hill and a lower survival 
rate.
We can also explain the quadratic nature of the IDRR and IDRD response types

by noting that these classes are composed of 25% and 40%, respectively, of
 
fair and poor sprouting lines.
 

Further evidence for the importance of the relationship between sprouting and response type can be obtained by comparing response types 
in the 1971
preliminary trial with the 1980 preliminary trial 
(Table 8). It may be noted
that frequency of the DD and IDRD resp3nse group has decreased and the fre
quency of the 
IDRE and MRE response types has increased.
 

We may conclude that by increasing the sprouting ability of the population as 
a whole we have also increased the frequency of root piece enlargement and decreased the frequency of direct daughters in the population. Since
 we had no data from 1971 on survival 
or number of sprouts surviving/hill, we
 
can 
only speculate that both have increased due to 
increasing sprouting

ability of the population.
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Seed bed preparation at AVRDC for seedling screening.
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INTRODUCT ION
 

In the case of sweet potato, as with most root crops, it is only the
 
roots themselves which are normally harvested and considered as the source
 
of food. The extent of root development, and hence tuberous yield, is to a
 
large extent influenced by the vegetative part or top growth, though favor
able environmental conditions for top growth are not always suitable for
 
root formation. A leafy plant with vigorous vine growth is quite often found
 
to have a low root yield. It is believed that the first stage of root for
mation is the accumulation of photosynthate, predominantly of carbohydrates,
 
from the top (Austin .. i' 1970). The timing of N application, irrigation
 
or soil moisture, and soil physical properties, are some of the factors be
lieved to play important roles in root yield. Too much N could cause exces
sive top growth but a reduction in rot yield (Johnson and Ware 1948; Lana'
 
and Peterson 1956; De Geus 1967). Jones (1961) suggested that approximately
 
3810 mm of water for the season were required to produce a crop of sweet
 
potato. Pearscn (1961) found that irrigation application of 254 mm at weekly
 
intervals was sufficient to produce high sweet potato yield while with the
 
application of 127 n at weekly intervals the yield was significantly re
duced. The imposition of temporary drought stress at a certain time may
 
trigger more root forr:;ction; however, soil compaction may also have a signi
ficant influence on yield.
 

The objective of this study is to evaluate the effect of irrigation and
 

soil compaction on root yields of sweet potato.
 

MATERIALS AND METHODS
 

Three experiments were carried out during 1979-80. Two field experi
ments were designed to investigate the effect of time of irrigation; and the
 
third, a pot experiment, was conducted to study the effect of soil compac
tion on root yield. 

Field experiments 

The two field experiments, one in the fall (12 October 7979-31 March
 
1980), and the other in spring (19 March - 31 July 1980), were identical,
 
except that ten irrigation treatments were employed in the fall and 12
 
treatments were used in the spring.
 

A randomized complete block design with various times of irrigation as 
treatments ranging from 20 days after planting (DAP) to 120 DAP, and repli
cated four times, was used. The land was first rototilled and beds of 3 x
 
12 m in size, consisting ot three ridges, were afterwards constructed. The
 
replications were separated by 1 m walkways and the beds by 0.5 niwalkways.
 



204 
SWEET POTATO
 

Prior to planting, the bed was fertilized with 40, 60, and 100 kg/ha of N,

P205, and K20 as urea, superphosphate and potassium chloride, respectively.
One month later, all treatments received an additional fertilization of 40 
and 100 kg/ha of N, and K20 as 
a side-dressed application. Hilling was also
 
performed at this time. AVRDC's sweet potato breeding line AIS 35-2 was 
used for planting. Cuttings about 30 cm long were planted on the beds at a 
spacing of 0.3 x I m (3 rows/bed). 

The first differential irrigation treatment started at 
20 DAP and the
 
last one at 120 DAP. During each irrigation, the soil moisture was brought
 
up to about field capacity. Throughout the development of the plant, weed
 
was removed by hoeing. At harvest, only the center row was taken for data
 
collection.
 

Pot experiment
 

This pot experiment consisted of eight different bulk densities of soil
 
as treatments. 
 It was arranged in a randomized complete block design and

replicated three times. 
 The experiment was conducted outside the greenhouse.
 

Soil taken from the field was air-dried and passed through a 2 mim sieve.
It was then placed in a 14 liter bucket to a depth of about 4 cm and pounded
with a wood pestle to a uniform compaction, as checked by the penUtrometer.

This was repeated layer after layer until the bucket was 
almost full. Eight

bulk densities were obtained in this manner. 
 Details of the treatments are
 
presented in Table 1. Prior to pounding, each batch of 18 kg soil 
received

10.3, 9 and 4.5 g respectively of ammonium sulfate, superphosphate, and 
potassium chloride. After pounding, the soil moisture content was brought 
up to field capacity and incubated for three days before planting. One 30 
cm cutting of sweet potato selection AIS 35-2 was planted in each pot on 1
 
August 1980. A soil 
moisture content of about field capacity was maintained
 
throughout the growing period of the plant. 
 At harvest, 23 December 1980,

the above ground portion was cut and weighed separately from the root. Root
 
yield, number of roots per plant, and average root weight were also recorded.
 

Table 1. Details of the treatments used in the spring expernent
 
Total dry Vol of Bulk Penetrometer 

Treatment soil soil density_ reading 

kg/pot liter g/cc kg/sq cm 

1 17.0 14.2 1.19 soft 
2 17.5 14.2 1.23 soft 

3 18.5 14.2 1.30 2 
4 19.9 14.2 1.40 3 
5 21.3 14.2 1.50 5 
6 22.7 14.2 1.60 11 

7 24 1 14.2 1.70 13 

8 25.6 14.2 1.80 15 
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RESULTS AND DISCUSSION
 

Effect of time of irrigation
 

ihe effects of time of irrigation on root yield, vine weight, root
 
number, and root size are presented in Table 2 for the fall planting. Top
 
growth or vine fresh weight was significantly affected by time of irrigation.
 
The lowest top growth of 3.8 t/ha was from the check (no irrigation). Among
 
the irrigated treatments, applying water at 30 DAP gave the lowest top
 
growth of 4 3 t/ha whereas the highest growth of 6.9 t/ha was from the treat
ment which received irrigation at 60 and 120 DAP. The data indicated that
 
irrigation at the later growth stage gave better top growth. The trend was
 
also very similar for root yield. The lowest yield of 13.4 t/ha was from
 
the check which received no irrigation. Yield of the treatment receiving
 
irrigation once at 30 DAP, 14.4 t/ha, was much lower than those of other
 
treatments which received irrigation at the later growth stages, 60, 90, and
 
120 DAP. The difference in root yield was accounted for by differences in
 
root size as shown by correlation coefficient analysis (Table 3). The re
sults of the second experiment, in the spring of 1980, are shown in Table 4.
 
They were essentially in agreement with the fall 1979 results. Again, apply
ing irrigation at 30 DAP drastically reduced root yield even lower than the
 
check (5.6 vs 6.6 t/ha). Irrigation at 40 or 50 DAP also gave low yields.

The best single water application was 60 9AP with the yield of 8.3 t/ha.
 
Applying irrigation two times at 40 and 9j DAP gave the highest yield.
 
Yield difference was attributed to difference in root size (Table 3).
 

Economic yield of the crop is not always closely related with total
 
growth. For sweet potato, excessive top growth may result in low root yield.
 
The relationship between vine weight and root yield of the fall experiment
 
was highly significant (r = 0.88* ) whereas that of the spring trial was not
 

Table 2. Effect of time of irrigation on yield and top growth of
 
sweet potato (AIS 35-2), fall 1979, AVRDC
 

Time of Vine wt 
 Root yield Root no. Root size
irrigation
 

DAP t/ha --------- !plant g/root
 

30 4.4 14.2 4.13 122.90
 

60 5.2 18.8 4.27 152.30
 

90 5.8 18.6 4.23 152.09
 

120 6.8 19.9 4.32 148.69
 

30, 60 5.3 18.1 3.87 0164.67
 

30, 90 5.6 17.0 4.84 120.35
 

60, 120 6.9 19.6 4.36 147.21
 

90, 120 6.5 17.6 3.92 154.43
 

30,60,90,120 6.5 19.2 4.34 143.21
 

no irrigation 3.8 13.4 3.83 116.76
 

LSD .05 1.68 ns ns ns
 

ns = not significant
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Table 3.	The correlation coefficient of root yield versus root number
 
and root weight per plant as affected by time of irrigation,
 
AVRDC, 1979-1980
 

Correlation coefficient
 
Fall Spring


Root no. Root wt Root no. Root size
 

Total yield 0.36 0.75* 0.44 0.95**
 

significant at 5% probability level; highly significant at 1% pro
bability level
 

significant (r= 0.55). Suppression of leaf growth sele-tively by moisture 
stress may favor the formation of flower buds (William and Joseph 1976) and 
time of irrigation could have a pronounced effect on root yield of sweet 
potato (Tanaka and Sekioka 1976). The formation of sweet potato roots may
be stimulated when drought stress isimposed some time during the plant 
growing period. Jones (1961) showed that irrigating sweet potato when 40%
 
of total available water was depleted gave the highest root yield. This
 
study indicates that the first irrigation ought to be withheld until 60 DAP.
 
Ifthis isdone, more photosynthate may be translocated to enhance the for?
 
mation of and/or the enlargement of roots.
 

Effect of soil comiaction 

Table 5 shows the effect of soil compaction on growth and root develop
ment of sweet potato. As soil compaction increased, plant growth, as shown
 
by number of leaves per plant and plant height measured at 30 DAP, was
 

Table 4.	Effect of time o' irrigation on root yield of sweet potato

(AIS 35-2). spring 1980, AVRDC
 

Time of irrigation Vine wt Total yield Root no. Root wt
 
DAP t/ha --------- no/plant g/root
 
20 15.0 7.7 3.9 68.5
 
30 14.8 5.6 3.1 63.8
 
40 12.1 5.7 3.4 60.3
 
50 17.0 6.9 3.4 71.0
 
60 15.5 8.3 3.1 87.5
 
90 21.9 7.4 3.4 74.5
 
20,90 18.8 9.1 3.6 80.8
 

30,90 17.5 9.0 3.6 81.3
 
40,90 20.3 11.9 3.5 102.1
 
50,90 20.5 10.4 3.5 94.8
 

20,30,40,50,60,90 14.6 10.0 3.9 84.8
 
no irrigation 17.3 6.6 3.3 67.5
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Table 5. Effect of soil compaction on sweet potato (AIS 35-2), 1980, AVRDC
 

Bulk Growth at 30 DAP Vine Root yield
 
density leaf no. height wt weicht no. size
 
g/cc no./plant cm ---g/plant---- no./plant g/root
 

1.19 71.3 58.7 308.7 294.3 6.3 


1.23 51.7 35.3 248.3 324.3 3.3 98.3
 

1.30 50.3 29.0 255.0 410.7 4.0 102.7
 

1.40 61.0 39.0 245.0 367.7 4.7 78.2
 

1.50 59.3 38.0 286.7 406.7 6.7 60.7
 

1.60 42.7 37.7 261.7 282.7 5.7 49.6
 

1.70 38.7 33.0 353.3 160.0 7.7 20.8
 

1.80 47.7 36.0 271.7 323.0 4.0 80.7
 

Table 6. 	The correlation coefficient of root yield versus root number
 
and root size per plant as affected by soil compaction,
 
AVRDC, 1980
 

Correlation coefficient
 
Root no. Root size
 

Total yield -0.53 	 0.76
 

significant at 5" probability level
 

drastically reduced. The best growth was obtained from the lowest soil bulk 
density (1.19 g/cc). On the other hand, the effect of soil compaction on 
root yield was somewhat different. Low yields resulted from either too high 
or too low soil compactions. The best yields of 367.7 to 410.7 g/plant were 
obtained when soil had a bulk density of between 1.3 and 1.5 g/cc. Yield 
differences were due more to difference in root size than to root number 
(Table 6). 

To obtain better yield, the density of soil should be considered. The
 
resulL s'iow that loose soil or soil with low bulk density enhances more
 
vegetative growth at the expense of root formation. On the other hand, high
 
bulk density reduces both root yield and top growth of sweet potato and root
 
enlargement is resisted. The best bulk density of the soil is about 1.3 to
 
1.5 g/cc.
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INTRODUCT ION
 

In the Philippines, consumers eat not only the roots but also the tender
 
tops of sweet potato (Ipornoea br.tato. (L)Prir). Sweet potato tops provide a
 
good source of vitamins A and B1 , iron and protein. They are a potential
 
source of food and feed to supplement the usual diet of people and animals.
 

Sweet potato tops contain as much protein as 2.8 g per 100 g of edible 
portion (FNCR 1968). Li (1974) has also mentioned that roots of various 
cultivars contain between 1.3%and 25.8% protein. When tops are harvested it 
is important therefore to time the harvesting so that the production of roots 
is not affected. Sweet potato tops are also valuable as planting materials 
for propagation. Shortage of planting materials often limits the expansion 
of production areas. 

The objectives of this experiment were to dctermine the best age of
 
plant for topping, to measure the effects of frequency of topping on root
 
formation and on the chemical components of roots, and to determine the 
effects of various fertility levels and topping treatments on the yield and
 
on other agronomic characters of sweet potato.
 

MATERIALS AND MEFHODS
 

Three experiments were conducted over two years, and desiyinated as 
Experiment A (comprisinn two experiments in the first year) and Experiment B 
(one experiment in the second year). 

Experiment A
 

This experiment examined the interaction of plant age and frequency of 
topping and was conducted for two croppings - one dry and one wet season 
in the first year. The treatments included in Experiment A are shown below: 

Treatment Dy season cropplinU_ Wet season cropping 
code age of plant at topping;' age of ant at toppinaY 

(wks after planting) (wks after planting) 

To Zero topping Zero topping
 

TI 4-6 4-8 

T2 6-8 6-10 

T3 8-10 8-12
 

T4 10-12 10-14
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T5 12-14 12-16 
T6 14-16 Continuous topping 

(4-16) 
T7 10-16 
T8 12-16 

ZTwo toppings at biweekly intervals were done except for To, T7 and T8 which
 were topped 0, 4, and 3 times, respectively

YThree toppings at biweekly intervals were done except for To 
and T6 which
 were topped 0 and 7 times, respectively
 

The same procedure and cultural management were used for both croppings.
A uniform rate of fertilizer of 60-62.4-49.8 kg NPK/ha was applied at planting. Thirty-centimeter apical cuttings of variety BNAS 51 were planted singlyand spaced 25 cm apart in
rows 100 cm apart. Weeding was done as often as
necessary. Cultivation and hilling up was 
done after one month from planting.
Tips were cut in 35 cm lengths by cutting at the seventh node counting from
the whorl of unopened leaves. Data on 
number and weight of tops, marketable
roots and nonmarketable roots at harvest were gathered. 
 The randomized complete block design with three replications was used for both experiments.
 

Experiment B
 

This was conducted in the second year and tested combinations of plants
topped at four different ages and treated with five different fertilizer
levels. They consisted of a zero topping control (TO), topping thrice at
biweekly intervals at 6-10 (T2) and 12-16 (T
5 ) wks after planting, and topping seven times starting at the 4th and ending at the 16th week after planting (T6). The fertilizer levels were 0-0-0, 0-60-60, 30-30-30, 60-60-60 and
90-60-.60 NPK kg/ha. All fertilizer treatments were applied at planting e::cept 90-60-60; in this case one-third of the N 
was applied one month after
planting. 
 The rest of it was applied at planting.
 

The experiment was conducted in split plot design with three replications each with N levels as 
the main plot and the age of plant at topping
as sub-plot. 
 Data gathered followed t.e pattern of that in Experiment A and
analysis of the root 
for starch and sugar content was included.
 

RESULTS AND DISCUSSION
 

Marketable root yield 

The results from the dry 
season cropping (Figure 1) show the effects of
topping on yield of marketable roots. 
 Although not statistically significant, numerical differences 
in root yield seem to follow a certain trend.
Compared with To (zero topping control) the highest yield was 
obtained inTI
or topping twice about one month from planting, which gave a yield of 21 t/ha.This was 
followed by T2 , topping about 11, months from planting, which gave a
yield of 20 t/ha of marketable fresh roots. 
 The results seem to suggest that
topping twice increased yield when done when the plant was between one and
two months old. However, it appears that topping is detrimental to root production when done beyond two months from planting. Rapid root formation and
development takes place at this time. 
 Increasing the frequency of topping
to four times as shown by T7 reduced yield even more drastically.
 

http:90-60-.60
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Figure 1. Mean yield of marketable Ageand frequency of toppingq(wks)
and nonmarketable roots of sweet 
 Figure 2. Mean yield of marketable
 
potato as affected by topping and nonmarketable roots of sweet
 
treatments, dry season cropping, 
 potato as affected by topping
 
1979 
 treatments, wet season cropping.,
 

1979
 
T5 -TT T1
The wet season cropping shows significant differences among toppi ng

treatmlents (Figure 2). Compared with T0 (control), T2 gave the highest ,yield
of 17.1 t/ha followed by T5 with 16.3 t/ha of fresh marketable roots. T6(continuous topping) resulted in drastic reduction in yield with only 7.1 t/
ha. Topping thrice during the crop's growth cycle showed significant effects 
on the yield of sweet potato. Proper" timing of topping increased yield but 
more freguent and continuous topping reduced yield considerably.
 

During the second year, in Experimlent B:,the weight of marketable roots 
was affected signlificantly by topping and not by fertilizer treatments 
(Figure 3). Fertilization did not overcome the marketable root ,yield reduc-

O] Nonrnorketable roots TO= No topping T2=6-10 weekB 
]
25 Marketable roots
[

T5 =124-6 weeks 6: Continuous topping 

205
 

-r1*
 

:. l
 

0 0 0-0 0-60-60 30-60-60 60-60-60 90-60-60 
Fertilizer composition 

Figure 3. Yield of marketable and nonmarketable roots of 
sweet potato (BrUAS 51) as affected by fertilizer and 
topping treatments, dry season cropping, 1930 
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tion caused by topping, and this also confirmed the studies made by Gonzales
 
ot al (1977). TQ (zero topping) gave the highest yield of marketable roots,
 
followed by T5 with 22.0 and 18.5 t/ha respectively. T6 (continuous topping)

resulted in the lowest yield with only 12.8 t/ha marketable roots.
 

Number of marketable roots
 

High yield is associated both with bigger marketable roots and with a
 
higher number of them. Topping only thrice favorably induced the production

of more marketable roots 
(Table 1, wet season cropping). T6 (continuous

topping) reduced the number of marketable roots considerably in all
 
croppings.
 

Both fertilization and topping treatments affected the number of market
able roots (Table 1, dry season). Increasing levels of fertilizer reduced
 
the number of marketable roots. This may be due to the vigorous growth of
 
the plant which produced more vegetative parts and lower yield. Zero ferti
lization and zero topping resulted favorably in a greater number of market
able roots.
 

]7ppy e 1 q 

More frequent or continuous topping increa -ed the number successively,

in all croppings, so that the higher the number of toppings, the higher the 
number of tops harvested, although it reduced root yield (Table 1). 

Percentage starch content (dry eigjit_ basis) 

The level of fertilizer and frequency of topping treatments affected 
the starch content of the roots (Table 2). Increasing levels of nitrogen

fertilizer seemed to result in 
an increase in the percentage starch content
 
of roots. F3 (60-60-60) arid F4 (90-60-60) gave the highest starch percent
age, both 67.1 . They were followed by F2 (30-60-60) and FI (0-60-60), which
 
gave percentage starch contents of 66.5' and 66.0'" respectively.
 

Topping seemed to affect the percentage starch content in the roots as
 
shown by its decreasing order fom continuous topping (T) with 66.8", to
 
zero topping with only 66.0 starch.
 

Percentae total suqars
 

Percentage of total sugars 
was not affected either by fertilization or
 
by topping treatments. Neither did percentage sugars significantly vary
 
among fertilizer or among topping treatments.
 

CONCLUSION
 

Topping increased root yield significantly when done between about 112
 
to two months after planting. Topping beyond two months was detrinrental to
 
root production. More frequent or continuous 
toppinq reduced root produc
tion drastically but hiqher top yield was obtained.
 

Nitrogen fertilization and toppin .eremed to affect the percentage 
starch content of the roots. Percentage of total sugars was not affected 
either by fertilization or by topping. 
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Table 1. 	 Mean numbers of marketable and nonriarketahle roots and number of 
tops harvested of sweet potato (BNAS 51) as affected by age of 
plant at topping and frequency of topping ard fertilizer treatment 

Treatment Number of roots (N_ ' No. of tops 

harves ted/ha 
marketable nonmarketabl r (X 0 

Experiment A
 

Dry season cropI
 

To (zero toppin(J) 76.8 42.7 -


T, (4-6 wks) 82.9 34.5 21.7 d
 

T2 (6-8 wks) 72.3 30.3 36.7 d
 

T3 (8-10 wks) 73.5 25., 53.4 d
 
T4 (10-1? wks) 82.7 41.8 65.4 bc
 

T5 (12-14 wks) 72.7 41.6 67.0 bc
 

T6 (14-16 wls) 70.8 43.3 52.0 c
 

T7 (10-16 wks) 
 72.0 37.3 111.0 a
 
T, (12-16 wks) 64.6 40.8 79.1 
b
 

CV -() 16.3 22.1 3.6 

Welt seasomt cropj~n 

To (zero topping) 34.8 c 13.0 -


T1 (4-8 wks) 33.7 c 19.5 71.5 c
 
T2 (F-10 ;,;") 50. 8,a 14 .(" 110.' bc
 

T3 (8-12 wks) 36.5 c 19.0 117.0 b
 
T4 (10-14 wks) 49.3 a 
 16.2 109.2 bc
 

(12-IF, wks)T5 43.3 b 18.8 114.,', b
 
T6 (continuous topping) 27.5 d 11.2 
 17F8.2 a 

C! ( ) 	 21.8 30.,4 18.4 

E/periment P,
 
Ky se tom r.,opp i.
 

Fertilizer level
 

F0 (0-0-0) 104.8 a 46.9 a 50.1
 

(0-60-60) 	 89.0F1 b 39.7 ah 48.9 
F2 (30-60o-6) 87.2 bc 37.0 abc 52.0
 
F3 (60-60-60) 86.8 bcd 28.4 bcd 54.7
 

F4 (90-60-60) 	 810.4 e 20.6 d 55.2
 

Age of plants at topping 

T( (no topping) 105.6 a 37.2 ab -

T2 (6-10 wk%) 83.7 bc 31.5 bc 30.7 c 

Tr (12-16 wk%) 97.4 ab 46.4 a 45.9 b 
T6 (continuous topping) 71.7 c 23.1 c 81.1 a 

CV () 

riainplot 	 24.4 45.4 25.1 

Sub-plot 7.2 38.9 15.6 

"Means followed by the same letter do not differ significantly at 5/ level 
using Duncan's Multiple Range Test 
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Table 2. Percentage starch content and percentage total sugars as
 
affected by fertilizer levels and topping (dry weight basis)"
 

Treatments h starch content Z total sugars 

Fertilizer levels 

F0 0-0-0 65.4 12.6 

F1 0-60-60 66.0 12.5 

F2 30-60-60 66.5 12.3 

F3 60-60-60 67.1 12.4 

F4 90-60-60 67.1 12.6 

Topping ages 

To zero topping 66.0 12.5 

T2 6-10 wks after planting 66.3 12.5 

T5 12-16 wks after planting 66.7 12.4 

T6 continuous 66.8 12.6 

'Three sainples taken from each replication were combined for the 
analysis to produce 100 g dry weight sample
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INTRODUCTION
 

Approximately 700,000 tons of sweet potatoes are produced on approxi
mately 48,500 ha annually in the United States. Over one third of this
 
production is in North Carolina. Some farmers grow just a few hectares
 
while others grow several hundred hectares to this crop. In North Carolina
 
there are approximately 1500 farmers who grow sweet potatoes, but about 90%
 
of the crop is produced by about 102 of the growers. The latter generally
 
grow sweet potatoes as their principal crop and utilize more mechanization
 
than most smaller growers.
 

Sweet potato production operations are labor intensive. As labor costs
 
increase and/or abor becomes unavailable, the need for mechanization in
creases. Developments in mechanization result in large measure from public
 
supported research efforts at US land grant institutions. Mechanization on
 
the farm is often based on research findings. Such implementation plus many
 
other innovations have resulted in labor saving equipment and methods for
 
nearly every phase of production.
 

Mechanization of sweet potato production must be considered systemati
cally with attention given to the interactions among the various processes
 
and operations which comprise the growth, harvest, and disposition of this
 
product.
 

The sweet potato production system is comprised of five identifiable
 
stages: plant production, plant growth, harvest and handling, on-farm pro
cessing, and disposition. Figure 1 presents this view schematically and
 
attempts to show the myriad interdependencies which exist. There is room
 
for improvement at every stage and significant progress has already been
 
made.
 

Operations described herein are elaborated on more fully in a North
 
Carolina sweet potato production bulletin (Wilson ot cil 1980).
 

TRANSPLANT PRODUCTION
 

Sweet potatoes are vegetatively propagated. Commercial sweet potato
 
production practices include the production of transplants from 'mother
 
roots'. Sweet potato seedstock (storage roots) is bedded early in the
 
spring for the production of transplants. Presprouting seedstock at 24-30 0C
 
and 90-95% relative humidity for two to four weeks will significantly in
crease transplant production.
 

The sweet potato plant bed site should be on well drained sandy loam
 
soil which has not been used to produce sweet potatoes for at least three
 
years (to avoid seedborne disease problems). This soil should be well
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Figure 1. Schematic of sweet potato production system simulation
 

tilled. Most sweet potato varieties are susceptible to flooding damagewhich
dictates that beds be elevated. Generally the seedstock is distributed
 
uniformly over the prepared soil surface and then covered with soil to a
 
unifor'il delpth of about 5 C111. 

Seedstock distribution can be done by hand by individually placing 
the

roots on the soil. Isually seed is carefully poured from 23 kg (1 US bu)

boxes. This can be done by hand carrying the box to the bed. Most often,
howev r, a trailer carrying several boxes of seedstock will move over the bed 
area h,i]e workers distribute the roots bu. by box. Dumping devices deve
loped for this purpose cal be mounted on the rear of the trailer. 

l
'iniwhich will hold approximately 450 kg of sweet potato roots are 
replan in' the singl n bushel units for seedstock storage and nandling.

Em)t viln thef, ( ,os ortn the bed is accomplished using mechanical or

hydrairlic dnpiri, Jo, ices the rear a
mounted on of trailer. Transfer of
bins alonrm tfh tr-, i l.r inito the duinpinng position is usually facilitated by

rl er Cove!or.
 

Cililk sweet pot; to seedcstock beddir~g equipment (Edwards Manufacturing
Co, Cunn, NC) has been doveloped which will continuously and uniforrrly
di strilbute roots on the ted surface. The hopper is approximately the shape
of an inverted pyramid and holds 5675 kg of seedstock. The opening at the
base of thc hopper is 30.5 cm x 76.2 cm. The seedstock drops through this
operin onto a hydraulically driven conveyor. Uniform distribution is
acconiplished by varying the speed of the conveyor and the speed of the 
tractor. Seedstock damage appears to be equivalent to that observed using
other distribution systems. This is the most rapid, least labor intensive
 
system currently in use. 

Potting of sweet potato seedstock in !beds can be minimized by not
bedding diseased roots. The application of approved fungicides directly to
bedded seedstock further reduces the potential for development of rots. 
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Low volume tractor mounted sprayers are used for this operation. 

To restrain the mother roots during transplant pulling or cutting 
operations some growers use plastic netting. This netting consists of 
filaments which are heat-bonded together on approximately 5 cm centers. 
Netting is supplied as a roll which is mounted on the rear of a tractor. As 
the tractor advances over the bed the netting is unrolled onto the bedded 
seedstock, prior to covering with soil. The width of the netting typically

extends several cm beyond the width of the bedded seedstock. It is tempord
rily held in place by shovelling soil onto the outer edges.
 

Covering bedded sweet potato seedstock with soil can be undertaker
 
using several types of three-point hitch toolbar-mounted equipment. Well
 
tilled loose soil can be thrown over the bed in a single operation.

Generally soil 
is dug from between the beds for this purpose resulting in 
between bed drains. Most bed covering equipment requires a baffle or dray 
to level the soil uniformly over the seedstock. Uniform soil depth is im
portant for uniform transplant production. Bedding too deeply may result in 
02 starvation, CO2 accumulation and subsequent breakdown dnd rotting. 

Fertilization of sweet potato seed beds is important for maximum pro
duction of strong, vigorous transplants. Generally, about 36 kg of 8-8-8
 
NPK or its 1-1-1 equivalent grade are recommended per 100 sq m of bed area. 
Fertilizer may be applied after the seedstock is covered with soil using a 
spreader. It should then be lightly raked to incorporate it into the top
0.5 cm of soil. Another method is to incorporate the fertil izer by broad
casting into the top 2.5 cm of soil to making the beds.
prior Additional 
fertilizer should be broadcast later as a topdressing (at 10 kg of NaN0 3/1O0 
sq iii)following each pulling of transpl1nts. 

Weed competition must be minimized in sweet potato beds for optimum
transplant production. lhe application of approved and recommended herbi
cides (such as diphenamid) is made by low volume sprayer after the seedstock
 
is covered with soil.
 

Sweet potato seedstock is vulnerable to freezing temperatures, and thus,
 
clear plastic bed covering (1-2 mm thickness) is commonly used for early

bedded roots. Plastic film is provided in rolls of desired widths (approxi
mately one-third wider than bed width) and unrolled onto the soil 
surface 
from the rear of a tractor in the same way as described for nettinn. Sinqle
discs mounted behind and on each side of the unrolling film are used to de
posit soil onto the edge of the film to hold it in place. Use of plastic
film bed covers is also a form of moisture control. 

If plastic film bed coverings are used this material should be modera
tely ventilated within 24 to 48 hours to prevent overheating, 02 depletion
and CO2 accumulation. This can be accomplished by perforating the plastic
film (approximately one 1 cim hole per 25 sq cm) with short spikes mounted 
on a drum and pulled over the beds behind the tractor. When transplants
begin to emerge throughout the bed and/or when daily ambient temperatures 
are generally about 200 C or higher, plastic bed covers may be removed. 

TRANSPLANTING AND CROP PRODUCTION
 

Field preparation for sweet potato production is similar to that for
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other row crops. Fields are plowed and tilled with appropriate aquipment
 
as early as soil conditions permit. Typical row 
 width is 107 . nd ridges
20-30 cm high are prepared. 

Field fertilization practices vary, but some fertilizer is usually

applied prior to 
planting. This is either broadcast and incorporated, or
 
drilled into the row as 
part of the land forming operations. In the latter
 
case liquid nematicide fumigants may be applied simultaneously; transplant
ing must then be delayed two weeks to avoid injury. Whatever the sequence

of operations it is important to prepare and maintain high beds to minimize 
the effects of flood damage due to potential extended periods of rain in
 
late season.
 

Transplanting sweet potatoes from the beds to the field (20-30 cm
 
within-row spacing) is done with equipment similar to that used for most

other transplanted vegetable crops. Commercial transplants 
can be pulled

from the beds but should be cut if diseases are suspected in the beds.
 
Transplants used for seed production should be cut from the beds to prevent

the possible transfer of seedhorne or soilborne diseases to the field.
 
Cutting transplants from beds is still a manual operation.
 

ierbicides are widely used to minimize weed competition in sweet potato
fields. Preplant incorporated herbicides, vernolate for example, can be 
applied prior to plantinq or preemerqence herbicides such as diphenamid,

chloramben, or ICPA can be applied to the soil directly over the tops of the
 
plants by low voluONe sprayers within a day of transplanting. 

HARVEST AM) HALILIHG MECHANIZATION RESEARCH 

0'Brien and Scheuorman (1969) describe the general harvesting aid

approach as now applied to sweet potatoes. They describe a machine consist
ing of a digoimig elevator and inspection belt interposed between platforms
 
on which workers stand to retrieve roots from the belt. The machine is
 
preceded iin the field hy a deviner for removing the mass 
 of vines from the
row. Worr ors on the machine generally perform tie same operations as they

would orr the rmourd: they separate roots from remaining vines and debris,

classify roots 1,/ sIizr. arid condition, and place them into containers which
 

h1(1eitfh ri',h,1 ri.s or 45n kg bins.
be r 

,amrerle (I1971) reviews a possible system for fully mechanized sweet
 
potato harvesting. ie also discusses an early attempt 
 at combine harvesting
which included all operations in one machine: digging, soil-root-vine sepa
ration, size grading, clonriingj and packing. 

BurIhardt (1971) present the first demonstrably workable approach
to corbine tylpe harvesting of sweet potatoes The machine which they deve
loped embodied the concept of an overhead vine conveyor, vine separation and
soi 1 remova 1 . The roots were deposited into large field bins and the func
tions of grading and further cleaning were relegated to a central facility.
This basic harvesting approach was developed into a commercial machine (John
son Hanufacturing Co, Pendleton, NC) arid has seen some limited use in the 
southeastern USA. 

Humphries and Abrams (19/5) describe a machine for removing the vines
and main stem from the roots prior to digging and discuss its possible use 
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both with harvesting aids and combine type harvesters.
 

Mechanized field grading of sweet potatoes has received some attention.
 
Goodman and Hamann (1971) and Carr et riZ (1970) describe the development of
 
a sizer which could be incorporated into a harvester. This sizer utilized
 
the principle of an expanding opening between belts moving in the same
 
general direction to provide size discrimination and a V formed by belts
 
operating on different-sized sheaves for pre-sizing orientation. The con
cept was ultimately employed in the development of a stationary unit for use
 
in a central grading facility as described by Brantley .) al (1975).
 

Curing and storage of sweet potatoes is recognized as an important part
 
of an efficient system. The ability to store the roots provides for orderly
 
marketing of the product and year-round availability of it in its fresh form.
 
Curing coupled with well managed storage tends to maintain a high quality
 
product. Kushman and Wright (1965 and 1968) describe means for environmental
 
control of storage facilities by means of overhead ventilation and a system
 
for proper curing and storing of the crop with prope- attention to temperl
ture and humidity.
 

The harvest and handling and the on-farm processing stages of the pro
duction system consume the largest share of the human effort and capital
 
costs, exclusive of land. The success of the producer is very much dependent
 
upon the effective management of these operations. Furthermore, the nature
 
of these operations are such as to lend themselves to improvement throigh 
mechanization. 

As with many crops, mechanization of harvest has progressed along two
 
pathways: harvesting aids and combine type harvesters. Harvesting aids are

machines which, when introduced into the system, result in possible improve
ments in the existing traditional harvesting approaches but which do not
 
fundamentally change the sequence or types of operations performed. Machines 
which allow workers to ride through the field while performing crop retrie
val, as opposed to walking and stooping, are typical of this class of mecha
nization. Combine type mechanization alternatives generally embody some 
fundamental change in the sequence and types of operations performed and 
generally reduce the direct human effort drastically. 

CURRENT HARVESTING AND HANDLING OPERATIONS 

Mechanization of sweet potato harvesting and handling operations is 
increasing. In the United States most sweet potatoes are still dug out of 
the ground and picked up by hand. Digging equipment basically inverts 
sweet potato hills to expose the storage roots for easy collection and 
field grading. The effectiveness of this operation depends on proper equip
ment adjustment and careful ground speed control. Some harvesting systems
require that vines be removed by rotary mower. Others also require that 
lateral vines be cut by vertically mounted flat discs (this is known as 
barring off). 

Containers for sweet potatoes vary from 23 kg units to 450 kg bulk bins. 
One large North Carolina grower uses several 2200 kg bulk bins. Hand mana
geable units include wirebound boxes, wooden boxes and bushel baskets. These 
are handled individually from the field to the shipper and/or into curing 
and storage. Palletization of these containers is common, and this minimizes
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handling and reduces damage. Plastic buckets are commonly used for picking
 
up sweet potatoes and transferring them into bins.
 

Moldboard plows dig sweet potatoes with a minimum of skinning damage,

but do not expose the roots very well. Moldboard plow modifications can
 
improve digging effectiveness with only moderate skinning. A popular modi
fication includes cutting off the end of the turning blade and attaching a
 
rotating spiral to facilitate loosening the soil around the roots.
 

Irish potato diggers are popular in some areas. Their rod conveyor

chain effectively separates storage roots from the soil 
under proper

moisture conditions. But light, dry soil sifts throug: the conveyor chain
 
readily and allows too much contact with the tender storage roots causing
 
excessive skinning.
 

Large discs mounted on three-point hitch tractor toolbars have been
 
widely adopted in recent years. 
 The discs are adjusted at approximately a

450 angle to the row and about 100 off vertical. Vines are cut at the same
 
time as the hills are inverted. This sytem works well in light soils expos
ing the roots with little skinning, but does not work in heavy soils.
 

Harvesting aids are those machines which, after preparatory mowing and
 
barring off operations, dig, elevate and convey sweet potatoes to a sorting
 
crew riding on board the harvester. Generally, labor requirements are
 
similar to those needed for hand harvesting, but advantages are that all
 
labor is kept together and the men's work can be undertaken standing or sit
ting rather than stooping or crawling.
 

Soil carried along with the sweet potatoes provides some cushioning and
 
is gradually sifted out by the conveyor chain. Shaking devices on the
 
elevator chain help to remove soil. 
 For use in light, sandy soils the chain
 
is usually continuous for elevation and sorting. In heavier soils one
 
length of chain elevates the sweet potatoes to the sorting area where they
 
are dropped a few cm onto a horizontal chain. This slight drop helps to
 
break up the soil and expose the sweet potatoes. Sweet potatoes are detached
 
by and from the vine-root mass where necessary, and separated or graded by

size or quality (or both) into containers for delivery to the warehouse.
 
Some harvesting aids have mechanical devices (in the form of parallel spring
loaded rollers) which detach all sweet potatoes remaining on the vine-root
 
system after it passes the last person on the line. 
 These roots usually go

into a canner bin.
 

Systems of grading and handling sweet potatoes from the harvesting aids
 
vary with individual growers and with the particular machine being used.
 
Marketable sweet potatoes may be picked off the conveyor and placed by grade

into either 23 kg containers or 450 kg bins. Culls and other sweet potatoes
 
may go back on the ground or into a 450 kg bin at the end of the conveyor.

Alternatively, the vines, soil clods, trash and culls may be taken off the
 
conveyor by hand allowing all the marketable sweet potatoes to he collected
 
in containers at the end of the conveyor. Bin tilting and/ur bin rotating

devices are built into some harvesting aids to minimize handling damage.
 

Fork lifts are utilized in the field to transfer palletized boxes or
 
bins to trucks for transport to the warehouse. Fork ifts are utilized at
 
the warehouse area for unloading trucks and for moving sweet potatoes into
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and out of curing and storage areas. Fork lifts with rot.Ling heads are
 
also widely used to dump sweet potatoes on packing lines.
 

Combines are equipment which will dig, detach and place sweet potatoes
 
into boxes or bins mechanically. Preparatory operations such as vine cut
ting and/or barring off may not be required. Proper adjustment of the
 
various componei of a combine is critical to minimize handling damage. 
Combines are exp ,nsive, sophisticated machines which require good operators
 
and a minimum of downtime for greatest efficiency. Digginn and elevating
 
sweet potatoes is similar to that of harvesting aids.
 

Tractor-drawn combines require a tractor driver aid a combine operator. 
The tractor driver controls such functions as the forward speed, depth of
 
digging blade and elevator chain speed. The combine is equipped with
 
hydraulic motors to drive chains and hydraulic cylinders for steering and
 
bin movement. This hydraulic system is powered by a pump driven by a power
 
takeoff. A double chain is used. The top chain carries the intact vines
 
with the sweet potatoes still attached and suspended below the chain. The
 
lower chain is similar to that used on harvesting aids. Sweet potatoes
 
which become detached during elevation are caught on the flights and con
tinued on to the top. At the top of the upper conveyor is a pair of spring
loaded roller snappers which detach those sweet potatoes still on the vines.
 

Sweet potatoes are transferred onto a reversible, movable cross con
veyor which transports them into a 450 kg bin. Bins located on both sides
 
of the combine can be moved forward or backward to attain the proper posi
tion for filling. In the filling position a bin can be tilted to minimize
 
the distance from the end of the cross conveyor to the bottom of the bin. 
The bin is gradually lowered to a horizontal position as it is filled. The 
cross conveyor is extended into the base of the tilted bin initially then
 
moved forward arid backward to uniformly fill the bin. 

Vines are transported on the continuous upper conveyor chain to the 
rear of the combine where they are returned to the ground. 

Self-propelled sweet potato combines have been built which have been 
used on a limited basis. They dig one or two rows simultaneously and can 
segregate small r-onts intended for canninq from other marketable sweet 
potatoes. APutoimtic h(1 filling is similar to that described for the trail
er comibine. One ondel uses between 12 and 24 450 kg bins, while another 
combnine uses 2200 kg bins. Two operators are required for these sophisti
cated machines.
 

Irish potato combines have been used for collecting sweet potatoes 
intended for processing. !,1odifications of such combines have made it possi
ble to dig sweet potatoes for the fresh market. Generally, sweet potatoes 
are collected in 23 kg boxes bacause of handling and logistics problems with 
bins in the field. Damage to sweet potatoes is generally considered te be 
io worse than that experienced with hand harvesting systems. 

CURING
 

The ideal environment for curing sweet potatoes mivolves a temperature
 
of 300C with 90-95 relative humidity and adequate aeration. Curing pro
motes rapid healing of cuts, bruises and skinned areas, thereby preventing
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decay. Curing lessens shrinkage and weight loss and improves sweet potato
cooking quality by converting starches to sugars. 
 Sweet potatoes should be
cured within two hours of harvest.
 

Modern, insulated facilities are constructed to provide optimum curing
conditions uniformly throughout each 
room. 
 Heating and humidification are
provided by furnaces and humidifiers. 
 Warm moist air is distributed by

floor trenches.
 

STORAGE
 

The ideal storage enviroment for sweet potatoes should be kept at 130C
with 85-90% relative humidity and adequate aeration. Modern storage buildings are designed to maintain these conditions for several months by appropriate insulation, proper heat distribution and adequate ventilation.
 

GRADING AND PACKING
 

Fork lifts with rotating heads 
are used to invert bins to dump sweet
potatoes gently into water handling systems in which chlorination is recommended. Tank dimensions vary, but most maintain 60-90 cm water depth.
Longitudinal movement of sweet 
potatoes in water is promoted by numerous
jets of water (from 1 cm holes in 5 cm pipes strategically located beneath
the surface of the water in the tank). 
 Sweet potatoes are transferred out
of the receiving tank either by flighted elevators or by a paddle wheel
system (Edwards Manufacturing Co, Bunn, NC). 
 Additional transfers require
additional elevators or paddle wheels.
 

Sweet potatoes are treated by spraying, dipping or drenching with 
a recommended fungicide 2, 6-dichloro-4-nitroaniline, for example to prevent intransit decay. 
 Workers located 
on either side of the grading line remove
sweet potatoes which are not up to standard. 
 Fresh market quality sweet
potatoes are then mechanically size-sorted and packaged for shipment to
market. 
Most shippers pack in fiberboard cartons which contain 18 
or 23 kg

of sweet potatoes.
 

CURRENT RESEARCH IN MECHANICAL HARVEST AND HANDLING
 

Simulation of the harvest and handling system both gives guidance in
the conduct of research and can 
be useful in ultimate implementation of research. A simulation model for the in-field harvest and handling operations
has been developed (Abrams rt (Z 
1980) and it is now in use in studying

various alternatives.
 

As alternative system which is being studied involves harvesting the
roots in bulk with no 
field grading or 
sorting and transporting to a central
facility where they are cleaned, sorted and placed into curing (Abrams ct al
1978). 
 For this purpose, an experimental 
harvester using the same harvesting
concept as described by Burkhardt ct uZ (19/1) 
was designed and built
(Figure 2). 
 It differs in that an articulated side delivery conveyor was
provided to allow conveyance of the roots into any container or transporter
positioned alongside the harvester. 
 It is thus generally similar to 
conven
tional 
Irish potato harvesters.
 

Various bulk transporters for the roots were studied. 
 The V-bottom
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Figure 2.Sweet potato combine digs and
 
detaches sweet potatoes from the vine and
 
deposits them in a container
 

Irish potato hopper was found to be difficult to unload due to the bridging
 
and interlocking of the sweet potatoes. A modified gravity low grain box
 
(approximately 2300 kg capacity) was found to be workable; however, the re
quired modifications, which included increasing the slope of the floor, were
 
too extensive to warrant its use. Using what was learned from studies with
 
these two types of transporters, a bottom-emptying hopper of similar size
 
was designed. This transporter was found to perform well. Inan effort to
 
discover a simpler means of handling the roots, however, a tilling-bed dump
 
box was studied. Damage levels were not found to be significantly different
 
from those observed with the other units tested. It is important to note,
 
however, that the damage levels observed inall of these tests were tolera
ble only ifthe roots were placed immediately into curing.
 

The weak link inthe whole process iscuring. Curing is important
 
whether the roots are mechanically harvested or not. With mechanical har
vesting, the likelihood of increased skinning damage exists (Figure 3);
 
curing allows this damage to heal properly. However, it is not convenient
 
to cure all the harvest under the present system. We are studying alterna
tive configurations for curing and storage which might improve this situa
tion. Curing and storing inplace inlarge, continuous volume piles with
 
no containers offers an advantage in terms of space utilization. Depth of
 
piling isan important parameter of such a system. The allowable depth has
 
been estimated to be about 3.6 m (Abrams 1979). The air flow properties of
 
large piles have also been estimated and sweet potatoes have been found to
 
behave in a way similar to Irish potatoes (Abrams and Fish 1978). Work on
 
fluming (Trykowski and Abrams '".-9) indicates a possible advantage by
 
allowing more automation inhandling sweet potatoes between curing and
 
storage. Challenges to be overcome include disease control, environmental
 
control, forming the piles and removing roots from the piles.
 

1~5
Weight loss- no curing 
S (room conditions) 
0 Jewel variety

10 Hrv.30Sep'75 

cuJ 

Figure 3. Weight loss comparison of uncured . /
 
sweet potatoes (variety Jewel) harvested
 
conventionally by hand and harvested mecha- o . , .... ,,
 
nically in bulk - 5 10 15 20
 

Days from harvest 
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INTRODUCTION
 

Sweet potato used to be the most important feed crop with the second
 
largest production hectareage next only to rice in Taiwan. Annual hectare
age was around 230,000 ha over a period of 25 years beginning 1948 (PDAF
 
1980). Production varied year by year from 2.0 to 3.7 million tons during
 
the same period. Since 1971, however, sweet potato hectareage has declined.
 
The lowest hectareage was 74,336 ha in 1979 and production was 1.22 million
 
tons in 1979 (PDAF 1980). The decline of sweet potato production results
 
from the increasing use of corn for feeds and the development of water
 
resources which has expanded rice cultivation. The trenJ is still continu
ing but at a relatively slower rate. The sweet potato hectareage distribu
tion over the island is 48.8,, 23.5"', 18.5?' and 9.2w in the southern, cen
tral, northern and eastern parts respectively. It is obvious that sweet
 
potato is a major crop in the south where irrigation water is limited.
 

Taiwan is partly in the tropical and partly in the subtropisal region,
 
with abundant rainfall and solar radiation so that multipl cropping sys
tems are generally practiced. A number of cropping patterns were reported
 
by Ho and Young (1966). Sweet potato under multiple cropping systems can
 
be grown all the year round. There are four cropping seasons, fall (August
 
to September), spring (February to March), summer (June to July) and winter
 
(September to October). Because planting season is not a limiting factor
 
for growing sweet potato, its position in cropping systems can become quite
 
complicated. Sweet potato can either be a major crop in a rotational
 
sys':em or a minor one in an interplanting pattern. However, in recent
 
years, multiple cropping systems have become less diversified as a result
 
of laoor shortage and higher cost of production (Wan 1971).
 

This paper presents some major cropping systems involving sweet potato
 
in rotational or interplanting patterns in Taiwan.
 

CROPPING SYSTEMS ON PADDY FIELDS
 

Sweet potato is grown on rcdddy fields (55.3T, of production) and on 
uplands (44.7') as well. In tr'mis of hectareage, the spring and summer crop 
crops are mostly grown on uplands with little irrigation while the fall and 
winter crops are grown on irrigated paddy fields. Five major cropping 
systems on paddy fields are described below. 

Rice-rice-sweet potato
 

In this cropping pattern, sweet potato is grown as arelay inter-planting
 
crop which requires a growing period of 5-6 months. The rice crop preceding
 
the sweet potato is transplanted at 25 cm x 25 cm with a 50 cm space left
 
between every four blocks of rows of rice. A small ridge, 6-10 cm high and
 
10-15 cm wide is then built in each of these 50 cm spaces after the last
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weeding and after the rice field has been drained. Sweet potatoes are plant
ed on the ridge 5-6 weeks prior to the harvesting of second rice crop.

Sweet potato is harvested after about 1-I1. months. 
 The planting density is
 
about 50,000 cuttings/ha. The fertilizers, 40-80 kg N, 54 kg P, and 70 kg
K per hectare are applied immediately after the rice harvest to both sides

of the rows of sweet potato. It is then ridged (FFTC 1974).
 

During the early growth stage of swe't potato, care should be taken not
 
to flood the field. At the ripening stage of rice, the rice plants adjacent
 
to the sweet potato should be slightly spread so that sweet potato plants
can receive sunlight. The sweet potato can be harvested in February and the
field is then ready for transplanting the first crop of rice (Figure IA).
 
Rice-sweet potato-rice
 

Sweet potato may also be grown as a summer crop and may be grown

between two rice crops. It is relay-interplanted with the first rice crop

for a period of about 40-50 days. 
 The total growing period including the

interplanting is less than three months. 
 Sweet potato in this cropping

pattern is not only grown for its roots but also for its vines as 
green

feed for livestock. Taichung DAIS (1965) reported that 13,000 kg of roots and

and 30,000 kg of vines per hectare could be harvested, and Lin 7t uZ (1968)
also reported that there was only a 2.8" yield reduction for the first rice
 
crop and no appreciable effect was observed on 
the second rice crop. This
 
pattern is extensively used in central Taiwan (Figure 1B).
 

Feb Mar Ai pr May I Jun 1 Jul Aug Sep Oct Nov : Dec Jan 

a . IstRice Crop 2nd Rice Crop 
B , /S Poeto, 	 Sweet Poato 

cI =,It Hc Cp Sweet Potato Peanut, 
Figure 1. Cropping patterns
 

C2 SweetPotato Intemedate Rice Crop Sweet Potato 

i I I i I 

o 	 Sweet Potato / 2nd Rice Cro ~
 
Tobacco
 

Rice-_s}we_et potato
 

This pattern is more common in the 	 south. Rice is grown either as the

first crop (Figure 1, CI) or as an intermediate crop (Figure 1, C2 ). The
first rice crop is planted in mid-February and harvested in June. Then
 
sweet potato is planted in July and harvested in January the next year

(Figure 1, C2 ).
 

Sweet potato-rice-tobacco 

Sweet potato may take the place of the first rice crop in areas wnere 
the irrigation water is not sufficient for growing two crops of rice. Inthis pattern, sweet potato is planted itiJanuary and harvested in late June.
Thp secotd rice crop is then transplanted and will be harvested in late
October or early November. Before rice harvest, a winter tobacco crop is 
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relay-interplanted. The relay-interplanting of tobacco on paddy is parti
cularly interesting. The method has been fully described (FFTC 1974).
 

Two weeks before the rice harvest, the farmer uses a bamboo stick to
 
part the rice plants gently outwards to open the rows sufficiently to allow
 
room for planting the tobacco plants. Not all rice rows are treated inthis
 
way. Three rows are left undisturbed, then the fourth and fifth are parted
 
for tobacco planting as described. This pattern is repeated across the
 
field. In the spaces in which tobacco is planted, 50, of the required
 
compost and 20" of the total chemical fertilizers must be applied evenly 
before planting. The remaining fertilizers and compost are sidedressed
 
along the row after the rice harvest. Then the soil is loosened with a
 
small harrow and the fertilizers are mixed with the soil in one operation.
 
At 50 cm intervals between the two parteG rows of rice, a small hill is
 
built for the planting of the tobacco seedlings. Building hills in this
 
way results in the formation of shallow ditches which facilitate drainage.
 

Immediately after the rice harvest, the remaining fertilizers and com
post are sidedressed along the row and a ridge 3-6 cm high is then made using
 
a garden tractor. The final ridging is done two weeks later. The first
 
priming of tobacco begins 70 days after trarsplanting and continues until
 
January. 

Rice-sugarcane-sweet potato 

In Chiayi-Tainan area, the supply for irrigation water is not sufficient 
for the whole area to grow rice. Thus, a rotational irrigation scheme is 
practiced by dividing the whole area into three irrigation zones to which 
the amount and time of irrigation water supply are tightly controlled by a 
special conittee in a three-year rotational system. The scheme allows 
farmers in each zone to grow two rice crops in three years. In the other 
years, sugarcane and sweet potato are planted as rotational crops with less 
water supplied. 

As shown in Figure 2, the crop sequence in each zone for the three-year 
period is essentially the same, rice-sugarcane-cashcrop-rice-sweet potato. 
However, it differs in that the crop sequence is rotated by year for each 
zone. For instance, the order of crops grown in the first year in Zone I, 
in the third year in Zone II and in the second year in Zone III are exactly 
the same. This rotational irrigation scheme has resulted in more economic 
use of water, intensive land utilization, and increased crop production.
 

CROPPING SYSTEMS ON UPLANDS
 

Cropping systems in the uplands are even more complicated. In most 

Year Is? year 2nd year 3rd year I 
IMonth ,12131415161718191,q,,I,2 , 12131415161718191,011121 ' 1213141516/718191,0111121 

Zon SI Oeet Rice Sugarcane C her Rice 

I Ptato r ' 

Figure 2. Three-year rota

ecRice Swee Potato Rice01 tion cropping systems in 
Chiayi - Tainan Area
 

Zone ,Oh Rice SweetPotato Rice Sugarcane
Mn rCrop,/ 
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cases, sweet potato is the major crop while peanut, soybean, and other

vegetables are the rotational crops. 
 In addition, different interplanting

systems are also practiced. Although sweet potato is usually the major
crop, occasionally it is the secondary one. 
 Several cropping patterns are
 
described here.
 

Two-crop pattern
 

Sweet potato-peanut: Sweet potato is the major crop, and is planted

July and harvested in January. 

in
 
Then peanut is planted in February and
 

harvested in June.
 

Threei-crop__atterr
 

Sweet potato-peanut(soybean)-vegetables: The three-crop pattern is
similar to the two-crop pattern except that an 
additional short season vegetable is grown during the winter, generally from December to February (Figure
3). The vegetables involved may be Chinese cabbage, cabbage, radish or
 
other crops.
 

Peanut can be either a spring or fall 
crop. Thus, in a three-crop
pattern, sweet potato may be planted 
in the spring and peanut in the fall,
or vice versa. If 
sweet potato is planted as a spring crop, peanut is the
major crop. Otherwise, sweet potato is considered the major crop. 
 In some
 
cases, soybean may take the place of peanut.
 

Figure 3. Cropping patternsS1 4--- 1 on upland 

Sorghum (peanut)-soybean-sweet potato: Although sorghum hectareage isnot very large in Taiwan, yet it is 
an important rotational summer crop in
the Tainan area. 
 It is planted in late February or early March and harvested
120 days later. 
 A crop of soybean is then planted and harvested within 90
days. In early October, a winter sweet potato crop is grown. 
 This pattern
differs from that in the paddy areas 
in that no interplanting is practiced.
 

In eastern Taiwan, the growing 
season 
is shorter and the temperature is
lower in spring than in the south. 
 Under these circumstances peanut is often
planted instead of sorghum and the winter sweet potato must then be interplanted 20-30 days before the harvest of the preceding soybean crop in order
to lengthen the growing period for 
sweet potato. This improved cropping
pattern can increase profit by up 
to 69.2' as compared with the peanut
sweet potato pattern (Chunq and Su 1967).
 

Interplanting pattern
 

Sweet potato and sugarcane interplanting: 
 The slow growth of sugarcane
at the early growing stage allows farmers to 
interplant an additional crop
of sweet potato between 
rows without too much detrimental effect on the
 sugarcane. 
 The land preparation is mainly for the benefit of the sugarcane,

with the rows 
spaced 1.25 meters apart. Traditionally, sugarcane seedlings
are planted 
in th± furrow while sweet potato is planted on the ridge.
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Before sweet potato planting, all fertilizers are applied as basic
 
fertilizer. The cuttings are planted 30 cm apart within the row making a
 
plant density of around 30,000 plants/ha. No cultivation or ridging is done
 
for sweet potato in order to avoid any harmful effect on the sugarcane.
 
Immediately after the sweet potato harvest, 150-180 days after planting, the
 
sugarcane is ridged.
 

In this cropping system, an additional sweet potato can be harvested so
 
that the profit per hectare is increased. However, the effect of inter
planting sweet potato on the yield of sugarcane varies from 7.0" to 17.6%
 
depending on planting season and varieties of sweet potato used (Tang 1960).
 
It is preferable to use early maturing varieties with short vine growth,
 
such as Tainung 57, as these have higher yield potential and cause fewer ill
 
effects to the sugarcane (Table 1). The yield of sweet potato under these
 
conditions is always lower than that from a normal crop, which natura'.ly
 
receives more care than an interplanted crop. Late planting will affect the
 
yields of both sugarcane and sweet potato (Table 1). The residual effect
 
of fertilizers used for sweet potato is another advantage in the inter
planting system.
 

Sweet potato and soybean interplanting: In this interplanting pattern,
 
sweet potato is the major crop. The interplanted soybean is harvested
 
within three months of planting. The vines of the sweet potato by this
 

Table 1. 	Yields of sugarcane and sweet potato in single and
 
interplanting cropping systems (Tang 1960)
 

Time of Cropping Sweet potato Sugarcane 

planting system vine root yield index
 

-------- t/ha------

Sugarcane
 

single cropping - - 96.0 100 

Tainung 53
 

interplanted 14.2 20.5 83.1 86.6
 

August Tainung 57
 

interplanted 13.6 18.6 89.2 93.0
 

Red Flesh
 

interplanted 24.2 11.5 79.1 82.4
 

Sugarcane
 

single planted - - 70.6 100 

Tainunq 53
 

October interplanted 9.5 12.2 61.5 87.1
 

Red Flesh
 

interplanted 10.4 21.0 58.6 83.1
 

http:natura'.ly
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Feb Mar Apr MayiJun Jul Aug Sep I Octi ,ov n,Dec 
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Peanut / Soybean
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stage have not yet entirely covered tne whole field. In general, sweet
 
potato and soybeans are planted at the same time.
 

The land is prepared for sweet potato with ridges 1 inapart. After
 
basal fertilizer application, planting is carried out so that there is a row
 
of soybeans on one side of each ridge, and a row of sweet potatoes on the
 
other. However, their relative positions are reversed from one ridge to the
 
next, in such a way as to create a planting pattern of two rows of soybeans
 
alternating with two ruws of sweet potato (Figure 4).
 

Before soybean planting, basic fertilizers are applied in shallow fur
rows and then covered by soil. Soybeans are planted in hills spaced 15-20 cm
 
apart with two or three seeds per hill.
 

Cultivation, ridging, and sidedressing of remaining fertilizers are
 
done for sweet potato only on one side of each row, and the vines are also
 
trained to grow in the common furrow in order to avoid shading the soybean
 
plants.
 

Sweet potato can be grown all the year round, while soybeans are rather
 
sensitive to temperature and daylength. Therefore, the proper soybean
 
variety and planting time must be carefully selected. in southern Taiwan,
 
it is advisable for the winter crop of soybean to be planted no later than
 
October.
 

The yield of sweet potato when intercropped with soybean, as compared
 
with sweet potato nonoculture, drops by 13-24"' (depending on the soybean
 
plant type) when the two crops are planted at the same time. Yield losses
 
reach 17-197 if soybeans are planted ten days later (Kaohsiung DAIS 1961).
 
However, farmers generally plant sweet potato and soybeans at the same time,
 
which minimizes loss of sweet potato yield and saves time. Soybean yield per

hectare is also low under this system because of the wider between-row
 
spacing needed for sweet potato (Table 2). Although this interplanting
 
system does affect the yield of sweet potato, the total value of crops per
 
hectare is still increased (Kaohsiung DAIS 1961).
 

Sweet potato and corn interplatting: The sweet potato and corn inter
cropping system differs from the sweet potato-soybean pattern only in that
 
the corn is interplanted 30 days after the planting of sweet potato when the
 
cultivation, ridging and side-dressing of fertilizers for sweet potato have
 
been completed. This is because corn overshadows sweet potato to a much
 
greater extent than soybean.
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Table 2. Yields of sweet potato and soybean in single and inter
planting cropping systems (Kaohsiung DAIS 1961)
 

Cropping system Sweet potato Soybean
yield index 
t/ha t/ha 

Single cropping 

Tainung 53 planted on Sept 30 31.5 100 -

Soybean interplanted on Sept 30 

Palmetto 24.1 76.4 1.0 

Shih-shih 27.5 87.2 0.6 

Soybean interplanted on October 10 

Palmetto 25.5 81.0 0.6 

Shih-shih 26.2 83.3 0.5 

Chang ,t ,1 (1963) reported that the yield of sweet potato was seriously
 
affected if corn was interplanted 30 days after sweet potato planting. A
 
20-30" yield reduction, varying with the sensitivity to shading of different
 
sweet potato varieties, was observed. Yield reduction would be as high as
 
60" if corn and sweet potato were interplanted at the same time (Table 3).
 
The yield of corn itself also drops as compared with the yield from single
 
cropping (Table 3).
 

Table 3. 	Yields of sweet potato and corn in single and inter
cropping systems (Chang ,t -, 1963) 

Sweet potato 	 Corn
Cropping system 

Cro _syte yield index yield index
_in 


t/ha 	 t/ha
 

Tainung 57
 

Single cropping
 

Sept 8 	 49.8 100 7.4 100
 

Corn interplanted
 

Sept 8 	 19.8 39.7 6.7 90.0
 

Oct 9 	 35.0 70.3 6.2 84.2
 

Red Flesh
 

Single cropping
 

Sept 8 	 35.8 100 7.4 100
 

Corn interplanted
 

Sept 8 	 19.1 53.2 6.6 89.6
 

Oct 9 	 28.8 80.3 5.2 70.8
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INTRODUCTION
 

Coconut is one of the most important perennial crops in the humid tro
pics of Asia. In the Philippines, 3.42 million hectares of land or 25% of
 
the total cropland is devoted to coconut (Coconut Statistics 1980). Close
 
to one-third of the population is directly or indirectly dependent upon this
 
industry for its livelihcood. It is estimated that within 20-30 years, be
tween 20 and 25/, of the country's economic growth will have to be fuelled
 
by the coconut industry (Creencia 1979; Igual 1978).
 

Despite the fact that the Philippines is the world's largest producer

of coconut (Igual 1978) the net income from coconut farming is still quite 
low (Medina .,al 1976; Valiente ct aZ 1977). This suggests that technology 
and production practices are inadeqiate. 

In a pure stand of coconut planted at spacings ranging from 7 x 7 m to
 
10 x 10 miand an effective root zone of 2 in radius, it is estimated that
 
only 12.6" to 25.7 ' of the total available area is effectively utilized
 
(Neliat ,,Z 1974). Likewise, the structure and orientation of coconut
 
leaves allow part of the solar radiation incident on the foliage to perco
late down the lower profiles to the ground surface. Thus, pure coconut
 
plantations have annual biological production of only 17.1 t/ha which is far
 
below theoretical values (Neliat ,?t ril1974).
 

Coconut farms may be more fully utilized by planting compatible com
panion crops between trees. In the Philippines, many crops have been
 
successfuly grown under coconut trees. Good returns 
have been obtained
 
from the intercrops, and the coconuts too have benefited (Bartolome and
 
Tolentino 1952; Leach .: -,Ui 1971; Cuevas t ./ 1974; Ramadasan )t uZ 1976; 
Brant 1978; Creencia 1978).
 

In a survey conducted by Cuevas ,t (, (1974), sweet potato was found to
 
be one of the most common crops to be grown under coconuts in the provinces 
of Albay and Leyte, but not in other provinces.
 

Sweet potato thrives under a wide range of environments and is easy to
 
establish. It can keep down weeds under the grove even its shoots proas 

vide a rich source of vegetables for tha farmer. The tillage operations
 
necessary before planting and at harvesting provide aeration beneficial to
 
the root system of the coconut palm. The roots are a great potential source
 
of food, feed, and even industrial energy. 

Because shadin, affects plant processes, the performance of sweet 
potato under coconuts varies widely from one variety to another. Yield 
differences between crops grown in open .nd shaded conditions are unpredict
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able. Tsuno and Fujise (1965) as 
cited by Austin and Aung (1973a) reported

that the rate at which the photosynthates are removed from the leaves 
to
the roots 
more affects the yield than does the rate of photosynthate production in the leaves 
 - tx.. 
 Thus, varieties with higher photosynthetic

rates or with greater 'eaf area index do not necessarily give the highest

yield.
 

This study was conductd through five alternating wet and dry seasonsfrom February 1976 to April 1978. A total of 26 
sweet potato varieties were

tested at UPLBCA Experiment Station at Bitukang Manok in Barangay Mainit,
 
Bay, Laguna.
 

MATERIALS AND METHODS
 

Most of the varieties used were selected from the collections of the
Department of Agronomy, UPLBCA. Because of a ick of cuttings, four of the
26 varieties were not grown in the open field during the dry season of 1976.
Also, Misamis Oriental and Georgia Red 
were not grown during the succeeding

seasons because of a lack of planting materials (Table 1).
 

Plowing and harrowing of the area was undertaken twice. Plots measuring
2 x 7 ilwere used for each variety both in the open field and under coco
nuts. These were replicated three times. Hills were spaced at 50 cm between and within furrows and ianted with one cutting per hill. Thus, four

plants were accommodated per square meter. 

Fertilizer (40 kg NPK/ha) was 
applied twice; half of the amount was
applied at two weeks and the remaining half at six weeks after planting.Dry season crops were irrigated. Weeding and cultivation were undertaken

twice prior to each application of fertilizer. 
 Pest and disease controls
 
were applied at the recommended rates for the crops. 

llarvesting started 15 weeks after planting. Since it was done manuallyby means of spading forks, it took about one week to finish all the samples. 

Ten sample plants per plot were taken at random. Vine length and freshweights of vines and roots were recorded at harvest. 

RESULTS
 

The trials conducted in the wet and dry seasons of 1976 were not

successful and no useful 
aata were gathered. The vine weights of the
varieties tested in 1977 dry season are shown in Table 2. 
Karja produced
the heaviest vines under both conditions. The lowest producer of vegetabletop was Kinaransi Puti in shaded conditions, while BNAS 51 gave the lowest
vine yield in the open field. 

The varieties tested during the wet season of 1977 gave varied resultsin vine weight. Eight of 12 varieties produced heavier vines in shadedconditions than in the open field. Thus, the average production of vine inshaded conditions was higher. However, vine production under shade evenwith a regular supply of irrigation water during the dry season of 1978 waslower. This held true for all varieties. The hiqhest vielders were Quezon7 and (Jap x US) 23 for the shaded and open conditions, respectively. Thelowest yielder was North Carolina under both conditions (Table 3). 
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Vine length varied significantly among varieties grown under both

conditions. Kaalsa and Ilocos Norte produced the longest vines under shade

and in the open field, respectively, while Seedling 47 gave the shortest
 
under both conditions (Table 4).
 

In Table 5, vine length of the varieties tried in the wet season of
 
1977 and dry season of 1978 are shown. Quezon 7 consistently produced the

longest during the two seasons 
under both conditions. C 36 and North

Carolina produced the shortest vines under shade and in the open field,

respectively.
 

Table 1. Sweet potato varieties grown under coconuts and in the open field,
 
February 1977 to April 1978
 

Varieties 
 1977 
 1978
 

Dry season Wet season 
 Dry season
 
Kaalsa /
 

Karja V
 

Kinaransi Puti /
 

Misamis Oriental
 

(Japan X US) 23 / V /
 
(Japan X US) 17 / / /
 

Bangued V
 

UPCA 47 /
 

Seedling 45 V
 

Seedling 47 /
 

BNAS51 / / 


Georgia Red
 

Kaogbon /
 

Katalo /
 

Ilocos Norte /
 

Ilocos Sur /
 

Quezon 7 /
 

C 200-1 / /
 

Minuras 
 / /
 
North Carolina 
 / /
 
San Roque 
 /
 

C7 / /
 
C 36 / /
 
Albay 2 
 / /
 
Quezon 13 
 / /
 
C 106 
 /
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Table 2. Vine weight (g/plant) of 14 sweet potato cultivars in open field
 
and under coconut palms, 1977 dry season"
 

Variety Open field Under coconut A/B
 
V(B) 
 (A)
 

UPCA 47 
 380 570 66.67
 
Kinaransi Puti 249 
 450 55.33
 
Karja 832 
 1048 79.39
 
Kaogbon 399 427 
 93.42
 

Kaalsa 
 361 
 463 77.97
 
(Jap X US) 23 487 643 
 75.74
 
(Jap X US) 17 372 
 371 100.03
 
BNAS 51 387 349 
 110.89
 
Katalo 322 715 
 45.03
 
Ilocos Norte 532 
 444 119.82
 
Ilocos Sur 494 828 
 59.66
 
Seedling #47 563 
 612 91.99
 
Seedling #45 
 544 385 141.30
 
Bangued 433 579 
 74.78
 

GRAND MEAN 
 454 563 84.61
 

HSD .05 	 267.7 329.0
 

.01 282.1 346.7
 
CV U-) 14.4 22.0
 
;:Population density is4 plants/sq m
 

Table 3. 	Vine weight (g/plant) of 14 sweet potato varieties in open field
 
and under coconut palms, wet season 1977 and dry season 1978;;
 

Wet season Dry season
 
V a r ie ty .. . . . . 19 7 8
 open .under A/B open under 
 A/B
 

field coco- field coco- ).(B)...t_.( n ?:) (B) __nut A3Aj( 

Quezon 7 
 549 475 115.60 363 366 99.18
 
C 200-1 475 553 
 85.90 281 434 64.75
 
(Jap X US) 17 678 458 148.03 204 287 71.08
 
(Jap X US) 23 729 565 129.02 210 577 36.39
 
Minuras 599 481 
 124.53 177 313 56.55
 
North Carolina 317 314 100.95 
 188 192 97.91
 
San Roque 314 
 452 69.50 251 327 76.75
 
C 7 
 699 867 80.62 127 325 39.08
 
C 36 515 469 109.80 232 353 65.72
 
Albay 2 669 720 
 77.16 151 338 44.47
 
Quezon 13 
 418 401 104.23 248 320 77.50
 
BNAS 51 603 532 113.34 192 331 58.00
 
C 106 
 - - - 254 354 71.75 

GRAND MEAN 
 547 524 104.89 216 347 66.08
 

HSD .05 378.6 245.3 167.1 286.1 

.01 395.5 256.3 173.2 fl5 
CV (') 24.1 15.0 24.3 26.2 

"Population density is 4 plants/sq m
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Table 4. Vine length (cm/plant) of 14 sweet potato cultivars in open
 
field and under coconut palms 1977 dry season, 

Variety Open field Under coconut A/B 

B) (A)_ _ (I)_ 

UPCA 47 332 257 129.18
 

Kinaransi Puti 314 286 109.79
 

Karja 229 210 109.05 

Kaogbon 274 236 116.10 

Kaalsa 411 314 130.89 

(Jap X US) 23 232 211 109.95 

(Jap X US) 17 246 210 117.14 

BNAS 51 259 200 129.50
 

Katalo 258 205 125.85
 

Ilocos Norte 310 359 86.35
 

Ilocos Sur 333 357 93.28
 

Seedling a47 169 140 120.71
 

Seedling o45 241 174 138.50
 

Bangued 179 147 121.77
 

GRAND MEAN 	 271 236 117.00 

HSD .05 	 108.4 114.2
 

.01 114.3 120.3
 

CV ( ) 13.8 12.7
 

::Population density is 4 plants/sq m
 

Table 5. 	Vine length (cm/plant) of 13 sweet potato cultivars in open field
 
and under coconut palms, wet season 1977 and dry season 19780
 

Wet season Dry season
 
1977 1978
 

Variety open under A/B open under A/B
 
field coco- field Coco(B) nut (A) () (B) nut (A) (
 

Quezon 7 642 354 181.35 358 329 108.81
 

C 200-1 428 299 143.14 269 260 103.43 

(Jap X US) 17 508 238 213.44 251 197 127.41 

(Jap X US) 23 459 231 198.70 249 217 114.75 

Minuras 477 312 152.90 233 223 104.48 

North Carolina 266 171 155.55 233 101 230.67 

San Roque 554 385 143.90 237 242 97.93 

C 7 340 302 112.60 240 149 161.67 

C 36 489 336 145.53 207 287 72.12 

Albay 2 422 301 140.20 278 173 160.69 

Quezon 13 550 331 116.16 329 220 149.54 

BNAS 51 584 316 184.81 232 208 111.54 

C 106 - - - 302 282 107.09 

GRAND MEAI 477 298 160.07 263 222 126.89 

IISD .05 134.8 321.5 114.4 JS 

.01 140.9 335.9 120.0 

CV ( ) 15.1 22.5 16.3 31.5 

Population density is4 plants/sq m
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Shading seemed to promote vine elongation. All the varieties produced

longer vines when grown under coconuts than when in the open field, except

for Ilocos Norte, Ilocos Sur and C 36.
 

All the varieties grown during the dry season 
(February-May) of 1977
 
produced roots. Significant differences were observed between varieties.

The four top performing varieties under shade were 
(Jap X US) 17, BNAS 51,

Ilocos Norte, and (Jap X US) 23. It is surprising to note that the yield

of Ilocos Norte and Seedling 45 were even better when under shade than when

in the open field (Table 6). 
 With a regular supply of irrigation water,

these varieties grew vigorous and bushy under shade. 
 This is also evidenced
 
in their vine weight and vine length.
 

Three varieties that performed well under both conditions were selected

from among the varieties grown in 1977-78. 
 These were again tested in the
 
succeeding two seasons to 
verify their performance under cnconut palms.
 

Table 7 presents the root yield per plant of the varieties grown in

the wet season of 1977 and dry season of 1978. 
 The wet season cropping

resulted in very low yields of the intercropped plants to the extent that no
 
useable data were gathered for four varieties. The yield of the single

crops during the season is also low. 
 Albay 2, Quezon 7 and C 36 under shade

did not produce marketable storage roots. 
 These low yields are attributable
 
to the damage caused by heavy rains and floods which occurred during the
 
season (Figure 1). Of the three varieties retested only BNAS 51 performed

well under coconut palms.
 

With a regular supply of water, good performances were observed in all

the varieties grown during the 1978 dry season 
(Table 7). No significant

differences were obtained among the root yields of the crops under both
 
conditions. Minuras produced noticeably Alore storage roots when shaded and

had the highest root yield among the 13 varieties. Again BNhS 51 produced

good yields under coconuts and in the open field.
 

DISCUSSION
 

The production of sweet potato tops and 
roots are considered separate

in the Philippines. The production of the roots 
is given the first priority

while that of the vegetative tops (for utilization in the animal feed in
dustry) can be considered of lesser importance. 

During the three seasons when the 
root and vine yields were gathered,

it was observed that both yields were generally suppressed by shading.

Except during the 1977 wet season, the average weights of vines were gener
ally lower for the crops grown under coconuts than those grown in the open

fields. Likewise, root yield was 
lower for the intercropped varieties.
 

However, in seasons when average vine weight of the intercropped plants

was 
low in percentage terms, a corresponding increase in percentage root

yield was observed (Figure 2). This was observed during 1978 dry season.
 
It is interesting to note that when the average weight of the tops under
 
shade exceeds that in the open field, root yield is very much depressed.

During the wet season of 1977, 
less than one-third of the roots obtainable
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Table 6. Root weight (g/plant) of 14 sweet potato cultivd,'s i, upel 
field and under coconut palms, 1977 dry season.
 

Variety 	 Open field Under coconut A/B

(B) (A) (J )
 

UPCA 47 63 63 100.00 
Kinaransi Puti 340 28 8.24 

Karja 106 4 3.77 
Kaogbon 244 ill 45.49 

Kaalsa 386 108 27.98 
(Jap X US) 23 392 151 38.52 

(Jap X US) 17 282 207 73.40 

BNAS 51 414 171 41.30 

Katalo 210 26 12.38 

locos Norte 168 155 227.94 

llocos Sur 280 77 27.50 

Seedling =47 336 105 31.25 

Seedling -45 73 148 202.74 

Bangued 239 130 54.39 

GRAND MEAN 	 242 106 43.8
 

HSU .05 	 279.! 176.9
 

.01 294.7 186.4
 

CV () 35.1 50.8
 

:;Population density is 4 plants/sq in
 

Table 7. Tuber weight (g/plant) of 12 weet potato cultivars in open field
 
and under coconut palms, wet season 1977 and dry season 19781 

Wet season Dry season
 
1977 1978
 

Variety open under A/B 	 open under A/B
 
field cocofield coco-

(Lj nu tAL ,)_ B_ nut A ( ) 

256 130 50.08
C 200-1 48 12 25.00 


(Jap X US) 17 35 24 68.57 216 108 50.00
 

(Jap X US) 23 68 22 32.35 279 112 40.14
 

Minuras 146 18 12.32 177 198 111.86
 

North Carolina 86 35 40.70 188 154 81.91 

San Roque 54 23 42.49 263 109 41.44 

C 7 253 21 8.30 169 56 33.14 

Quezon 13 27 0 - 298 133 44.63 

BNAS 51 116 78 67.24 195 153 78.46 

Albay 2 0 0 - 259 117 45.17 

Quezon 7 0 0 216 61 28.24 

C 36 0 0 - 230 101 43.91 

GRANtDMEAN 93 29 31.18 229 119 51.96 

HSD .05 11S NS NS US 

.01 

"Population density is 4 plants/sq m 
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Figure 1. (Above) Monthly rainfall at 0
 
Los Bahos, Laguna from August 1976 to 20 ' 

April 1978 

Figure 2. (Right) Percent yields of 0 . 
root weight, vine weight and vine Dryseason Wetseoson Dryseoson
length of sweet potatoes 1977 1977 1978 

in the open field were harvested from the intercropped plants (Table 4). In
 
this case it can be suggested that excessive growth of vines took place at
 
the expense of the storage roots.
 

Although Austin .. 
 zl(1970) found that storage root weight increases
 
occurred concurrently with growth of vegetative tops with a high degree of
 
correlation, the rate at which assimilates are transferred would appear to
 
be more important for storage root development than are increases in leaf area 
(Austin and Aung 1973a). It is not surprising that higher root yields were
 
obtained during 1978 than during the previous trials even though vine yields
 
were lower. 

The length of vines is immaterial to the production of storage roots. 
Plants grown under coconuts produced lanky vines with long internodes and
 
fewer leaves. The average root yield under these conditions was very much
 
lower than in the open field. To explain this, Austin and Aung (1973a) and
 
Incoll and Neales 
(1970) suggested that the stems acted as intermediate 
sinks which compete successfully with the storage roots (the terminal sink) 
for photosynthate originating from the leaves. Thus, in their other experi
ment (Austin and Aung 1973b), in which stem growth was restricted, chemicals 
which failed to suppress the growth of cultivar Centennial significantly
decreased storage root dry weight. However, precautions should be taken in 
vine growth restriction. With severe reduction of vines by cutting them to 
either 30 zmn and 45 cm, tuber yields were gravely reduced (Ching 1923). 
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Storage root yields were also partly affected by the season during
 
which the crop was grown. Dry season crops produced higher yields than the
 
wet season crops (Table 7). This could be attributed to the differences
 
under both conditions in the amount of light available for the crops, since
 
available light was influenced by overcast weather. Figure 2 ;hows the
 
amount of rainfall during the growing period of the crops. Kernard (1944)
 
thought that rainfall and photoperiod exerted some effect on yiel, . This
 
was also reported by Kim (1961) who observed that a 16-hour photoperiod pro
moted storage root formation, while an 8-hour photoperiod obstructed the
 
process.
 

Though root yields dre affected by vine yield, the latter should not be
 
used 	 as a measure of the performance of sweet potato varieties. In this 
study, significant differences were observed on vine yields during the three
 
seasons while significant differences in root yield were observed in the
 
1977 dry season only. The additional ten varieties tested during the 1977
 
wet season and 1978 dry season were the varieties which performed equally
 
well in the trial conducted by the Department of Agronomy, UPLBCA.
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INTRODUCTION
 

Sweet potato (Ipomoea batatac (L) Lamb) was probably first domesticated
 
in the lowlands of northern South America and the Antilles. Its early
 
introduction into Middle America made it known to the Mayans who named it
 
'camotli', from which the Spanish name 'camote' is derived (Leon 1977; Bron

son 1966). In spite of its early domestication in the area, sweet potato is
 
not an important crop in any of the six countries of the Central American
 
Isthmus (Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama).
 
Marketing problems are probably the main constraint to the widespread cul
tivation of this crop in the area. However, it is frequently cultivated for
 
home consumption in the gardens of small farmers and less frequently culti
vated as a cash crop in small areas near large cities.
 

Though scarce, such information as is available from different ecologi
cal areas, mainly in El Salvador and Costa Rica, reveals the potential of
 
sweet potato for inclusion in cropping systems suited to the agronomic and
 
socio-economic conditions of Central American small farmers (Bieber 1978;
 
Moreno 1979). Multiple cropping, including the simultaneous cultivation of
 
two or more crops in the same picce of land, is important in the region.
 

Since 1973, the Centro Agronomico Tropical de Investigacion y Ensenanza
 
(CATIE) located in Turrialba, Costa Rica, has been conducting research to
 
develop appropriate technology for small farmers in Central America. Pro
blem-oriented on-farm experimentation conducted by local scientists in col
laboration with CATIE's resident agronomists in each country receives most
 
emphasis in the outreach phase of this program. More basic types of re
search aimed to find medium and long term solutions to small farmers' pro
duction problems are conducted at the headquarters to support the outreach
 
activities (Moreno and Saunders 1978).
 

The description of existing cropping systems and environments, the
 
design of technological alternatives, field experimentation, and monitoring
 
of useful innovations are the basic stages of the research methodology.
 

The design of new cropping systems for small farmers necessarily in
volves a knowledge of the physiological response of the crops to the envi
ronment. Included in the concept of environment is the presence of other
 
crops, since growing plants in association is one of the mechanisms by which
 
Central American small farmers cope with the agronomic and economic risks
 
involved in production.
 

Turrialba (90 53' N, 830 39' W) is 600 m above sea level and has a mean
 
annual precipitation of 2700 mm. Evapotranspiration exceeds precipitation
 
only between January and March. The mean annual emperature is 220 C and
 

-
mean annual solar radiation input is 154 kcal cm . The soils of the field
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plot area are 
in the Rocky phase of the Instituto soil series and in the
Inceptisol order and Tropepts suborder of the Seventh Approximation Classification system (Hardy 1961). 
 Since 1973, several cropping patterns including sweet potato have been field tested in Turrialba. The component
crops used in the design were maize (Z. _: r d; L) cassava (_'.'/iZUCrantz) common bean (..: . , L) and sweet 
Jut 

, potato. Sweet potatowas included as a component because of its high vitamins and protein content,
the possibility of using it as animal 
feed, its ability to grow in poor

soils, and its drought tolerance. 

In Turrialba, the main constraint to dry grain production is the short
harvesting period (February-March) when average monthly precipitation is less

than 100 mm. 
 Lack of water and low temperatures during the dry period are
the main constraints to cassava production. Excessive water in the soil
profile during the 
rest of the year is probably the main constraint to sweet
 
potato production.
 

This paper reviews and attempts to combine the results obtained at CATIE
in intercrops of sweet potato with maize, comnon beans and cassava. The research results reported here have been obtained with the species, cultivars,
planting distances and densities summarized in Table 1. 
Table 1. Species, varieties, planting distances and density of planting of

different cropping potLerns based on sweet potatoes 

Planting distance (m) DensitySpecies Varieties within row between rows plants 

Common beans 

": ...' . .. ' ' :,' .';' CATIE-1 0,2 0.5 10 
Ma i ze 

Tuxpehio Planta Baja 0.5 
 1.0 4
 
Sweet Potato C-7
 

C-15 0.4 0.5 5 
Cassava
 

",.. " , . Valenca 0.5 
 1.0 2 

IrTERCPOPPING SWEET POTATO WITH MAIZE 

The first field trials during the process of designing cropping systemswith these two crops grown in association were carried out with the croppingpatterns repreented in Fi gure I. This pattern was tested in two plantingseasons: Iovember-March 2Iay-October.and These trials were conducted between 1973 and 1975. Two rows of sweet potato (0.5 i apart) were interplanted between rows of 30-day,-old maize I m apart. Maize was bent overafter 4 months and harvested at 1.5-5 in moniths. Pending the cover plant isa practice that protrcts the cob from attack by pathogens in case of rainfall before harvest ilr. ) et potato was also harvested at 4 .5-5 months.NP, was applied at 175-33-42 ktgi/ha duringI the first planting season and at150-40-63 kg/ha during the second plaiiting season. 
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After these first trials further experimentation was carried out during
 
1975 to determine the influence of cropping pattern and levels of applied K
 
on yields of this intercrop. Cropping pattern 1B was compared with sweet
 
potato planted simultaneously with maize (Figure 1A), and with sweet potato
 
planted 60 days after maize (Figure IC) during the first planting season.
 
Light available to sweet potato was modified by planting it in different
 
cropping patterns. The same basic fertilization of 150-40 kg/ha for N and P
 
was applied, but K was applied at three different levels, 63,125 and 187 kg/
 
ha. Both maize and sweet potato were cultivated as monocrop checks during
 
these trials. The maize monocrop received 110-52-35 and the sweet potato
 
crop 65-10-30 N, P and K kg/ha.
 

For the first planting season, between 1973 and 1975, the average root
 
yield of intercropped sweet potato in cropping pattern 1B was extremely low
 
(1.1 t/ha) compared with its yield in monoculture (10.7 t/ha). Maize yielded
 
2.5 t/ha in association with sweet potato but only 2.1 t/ha as a monocrop.
 
In the second planting season, yields were 3.5 and 2.0 t/ha for intercropped
 
sweet potatoes and maize, while in monoculture these crops yielded 4.7 and
 
2.2 t/ha. Competition with sweet potato planted 30 days after maize did not
 
significantly affect the yield of maize. No significant difference in yield
 
was obtained with this crop association whether it was cultivated once a year
 
followed by fallow in the same plot or whether it was rotated with either
 
maize, sweet potato or maize associated with sweet potato.
 

It was assumed that the yield of maize associated with sweet potatoes
 
was higher in association than monocrop during the first planting season
 
probably because of excessive N. During the second planting season the
 
higher levels of P and K applied probably increased sweet potato yield which
 
competed with maize to reduce its yield.
 

The comparison of cropping patterns IA, B and C showed a decrease in 
sweet potato yield as its planting date was delayed with respect to the 
maize. A 72'' yield reduction (Table 2) was caused by delaying planting 30 
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Table 2. Yield of sweet potato fresh roots and maize grain (14' nO1n), in different croppingpatterns, total accumulated -adiation intercepted by sweet potato from 0-?0 daysand accumulated rainfall during sweet pot ,to life cycle. Turrialba, Costa Rica,1976 
. . . . .-.-.- -AccuT1F- -d-r-ad-4tT6 T Accumulated- rainfall 

Cropping pattern Maize (t/ha) Sweet potato (0-90 days) intercepted during sweet potato- .. -s --- by sweet potato cropping cycle(t---- cm-
I 

S~oao2.21 
 9.61 
 22.9 
 659
 

Z[ Maize 
Z otaito 3.47 2.b6 14.8 338 
,/ Maize/ 

S. potato1 3.45 2.16 12.1 699 

days, which could in part be attributed to water stress, since rainfall 
was
approximately 50% lower than normal during this cropping cycle. 
The best
treatment yielded 2.5 t/ha of maize and 11.4 t/ha of sweet potato when both
 crops were planted simultaneously and fertilized with 187 kg K/ha. 
 No significant differences in radiation 
or temperature in the open 
field between
sweet potato planting dates were recorded, but differences in radiation
intercepted by sweet potatoes interplanted with maize at different dates
 were significant (Table 2) and probcbly accounted for most of the difference
 
in yield.
 

Radiation, nutrients, temperature and soil moisture are known to determine sweet potato yield (Hahn 1977). In Turrialba, light and nutrients are
the most probable factors modified in associations with maize. Maize, being
a C-4 crop, develops its canopy before sweet potato, intercepting most of
the available light. According to Arze (1975), 
an average of 243 cal/sq m/
day of solar radiation was availab, 
 for sweet potato in the interspaces of
Tuxpeio Planta Baja 
C-7 maize. An average of 437 cal/sq 
n/day was available
for a sweet potato monocrop. 
 This reduction of approximately 50% in light
intensity is eriough 
to reduce dry matter production and probably both lignification of stele aridcells cambial activity as well. 

A reduction in sweet potato yield when it 
was cultivated in association
with maize has been reported, but no further information is available (Tang
Dept of Agric 1960). In several 
trials carried out in Turrialba a significant and positive correlation was 
found between radiation intcrcepted by
sweet potato and both leaf area and total biormass (Escobar 1975; Lizarraga
1976).
 

As previously stated, differences in soil moisture available for eachplanting date of sweet potato probably affected the performance of croppingpattern IB when tested against cropping patterns IA and IC. 
In all these
trials no correlation was 
found between root yield and K and P content in
the aerial bioirass or 
the roots. A high N content in the sweet potato
foliage negatively affected yield 
as previously reported elsewhere (Hahn
1977). In maize tissue the percentage of Ca arid Mg increased as 
competition
with sweet potato decreased. Whenever the planting date, sweet potato extracted relatively large amounts of Mg from the soil. Simultaneous planting 

http:S~oao2.21
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of sweet potato and maize resulted in the strongest competition for available 
Mg between these two crops. Also Ca and Mg content of maize tissue decreased 
as the applied K increased. Adequate amounts of Mg are thought necessary to 
prevent imbalance of this element in the soil and plant tissue when K ferti
lization is used to obtain an adequate balance with applied N (Zuniga 1976).
In the three cropping patterns K, Ca and Mg average levels in the soil de
creased from 1.05 to 0.72, 4.70 to 3.71 and 2.14 to 1.6? me/lO0 ml of soil 
between plantino and harvesting time. 

The optimum N/K ratio used to fertilize sweet potato and maize has been 
studied for these crops in monoc1tu re (Fujise and Tsuno 1967; , i shop
Smeltzer and aceacaern 1072) kut the simultaneous Clltivatinn ot thes,
species presents some specific problems since an adequate 1evel of % fertili
zation for maize is relatively high to attain loof ';wet potato rot yield.
Further experimentation was carried out durlin0 1I)77 to find an appropriate
fertilizer management for this two crop combination. See'rc,iltreatients in 
which different levels of H and K were, applied under a c(nn41 an t level of
 
applied P (40 kg/ha) were tested with croppi nrl patteri 1\.
 

In Table 3 these treatm(ents are pr-(sentfd with daLa for di'y ma tter yield
of maize and sweet potato both in total hioma s a(i di i fraction. Treat
ments 5, 6, 7 and 1',resulted in more, total biormass , hut treatmenits fSand 6
 
produced the largest amount of edil, heinmass , smqesiti ,g an M1. r lation of

the order of 1:2 to attai l:,host perfor ilnalce hy t1hi, c rop cnriihiFat io
 
under conditions similar to Turrialha. Above-ground dry matter of maize 
increased with applied N up to 120 kq N/ha and 127 kq K/ha which also yielded

the largest grain dry matter- production and graini yield (14 1120). Maize did
 
not respond to i ncreaser' levels of applied K in terms of I-a in dry matter or
 
grain yield (1' l120) p'ohahly because Of low values of the relation Mg:K and
 
(Ca + Mg): K ili the soil wnich decreased even further with high levels of
 
appl ied K.
 

MaXi mum above-grocd d-y miatter- ILrcnduction by swce ,1o.atn watom 'eached 
at 90 days; it incr-rased pIroportionally froi 5.6 to 8.I t/ha froml treatmeiits 
1 to 8 as appli:d N increased. At 150 days (Table 3) all treatllents cie
creased to valne, il the range (if 1.) to 2.7 t/ha with no significant differ
ences among them. bry matter began to ac(m late in the tublers iinmecdiately
after ahove-gr-onid hioma sc reached its Illa:<imuin dry weig ht . It tended to 
decrease as app lied Nlincreased. The same was true for root fresh weight. 

Based on da Li provided by llcl)owell ((1974) and Molrrit and Watt
 
(1955), dry matter weight of the edi)le fraction of these two crops was

transformiied into energy (g calories) as a colnmoii n fi to expr(ss yield. 
Sweet potato energy yields declreaso d 1,sf ipr l iedi iiiUreased; the opposite 
was true for maize yield. Againi no full responlse to N was otai ned in terls 
of g calories prociuced hy maize Or' o,i ze asc'oci a ted wiftl sweet potato due to 
a low iase i'atio in the soil . Fort ilizatlion with 110 a rid l18 kg/ha of N arid
K roduced the 1a rges t al;uont of elnerg'qy when these two crops5 were growii in 
association. In Table 4 the aioinmit tofintrients taken ul) by maize aid sweet 
potato growina illassociation is presented. For maize, the order of import
ance of uutriets was F, N1,Mq, Ca, 1) while for ,weet potato it was K, N, Ca, 
Mg, S. Maize absorbed most of the P, Mg, Cu, Mnhand 711 available while 
sweet potato absorbed most of the S, Fe and Al. 



Tai, 1. 
-.,ae dry 17;atter prodiction t mda,-,,dmaize and 150-day-old sweet potato grown associateaud r diffrent level on "and - n:)ied. Turrialta, Costa Rica, 1977 

A i1ld element !3ize TotaldivttrCbndTreatment Hat-vest Sweet potatos!,oits "arvest Wholegr in inde, shoots roots edible harvestinde, plant-' fraction indexkq ha 
.t t 'ha . ... .. . . tra 


h 
 t/ha __ 
c 

_ _ 
i 

_ _ _ 
, 
 .I.(?14..3: 215.225 

2. ) 2.7 (9.0) 57.5 11.4 4.6 40.32 61 .5 
 -.3 2.o- '3.' 32.2 2.3 
 2.2 (7.4 49.1 12.3 
 4.7 38.2
3 60 2: n.:; 1 (2.3 25.1 1.9 2.5 (8.4) 56.4 12.1 4.4 
 36.3
4 120 3, 5.6 2." (3.3) 33.1 2.4 1.7 (5.5) 40.5 
 11.9 4.5
5 120 1(9 , 
37.8
 

3." 4.1) 33.4 2.4 
 1.9 (6.3) 44.6 14.5 5.3 36.5
6 120 323 
 6.7 2.9 (3.5) 30.3 
 2.1 2.2 (7.4) 47.0 13.9 
 5.1 36.6
7 180 95 6.7 3.2 (3.9) 32.4 2.6 1.5 (5.0) 35.7 14.0 4.7 33.5
 

6.5 2. ' (3.5) 30.S9 240 !,9 6.-" 2.6 (3.1) 
2.7 LE (5.5) 37.7 13.7 4.5 32.827.7 2.1 1.4 (1.7) 40.2 12.9 4.0 31.0
 

Figures in :arenthesis are maize ,rain yield (11 H,0 and sweet potato fresh root weiht, both in t/ha
"Maize ro,,t 
 te not considered 

Tacle 4. Nutrient uptake 0y maize 3,*d sweet potato Growr in association. Turrialba, 
Costa Rica, 1977
 

Time of 
 Uptake
Nutrients Percentagema~ieium uptake maize s. potato 
 in each cercentage 
 of 
'days after planting) (ha I total taken up 

120 
 76.6 55.4 56.n (1:: 27.5
90 
 113.0 96.6 
 54.9 4,n.0 43.7 
P 
 13.7
120 5.0 73.5 5;.5 3.9 
S 
 120 
 3.0 5.6 
 29.5 70..2, 1.7
 
Ca 
 22.0 32.6
120 

40.0 60.( 
 11.4
 
Mg 120 
 26.0 16.0 
 62.0 32.2 
 8.9
 
Na 
 120 
 4.0 4.7 
 46.5 53.5 
 1.8
Cu 
 45 
 0.04 0.01 
 02."1 13. ) 0.01
 
Mn 
 120 
 0.06 0.01 80.7 
 19.3 
 0.02
Zn 
 120 
 0.07 0.04 
 65.0 35.0 
 0.02 


10
Fe 45 
 0.03 1.45 
 2.0 98.0 0.31
 
A1 
 45 
 0.08 4.00 
 2.0 98.0 
 0.83 


0
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INTERCROPPING SWEET POTATOES WITH COMMON BEANS 

In Turrialba common beans are cultivated once a year to be harvested as 
dry grain during the short dry season (February-March). From 1974 to 197,8 
14 field trials were carried out under similar management conditions in which 
sweet potato was interplanted in alternate rows 30 days after beans (Figure 
1D). This crop combination received a total of 145-61-45 kg/ha of NPK. Most 
of the N and P was applied at planting of the beans; the rest was applied 
iniviediately prior to sweet potato planting. Manual weeding took place two 
weeks after planting beans and immediately, before sweet potato interplanting. 

On the average common beans yielded 1.4 t/ha and sweet potato 7.9 q/ha. 
Yields in monoculture for these crops were 1.3 and 10.7 t/ha respectively. 
The crop association was cultivated only once and the soil was left fallow 
during the rest of the year. At 60 and 90 days the foliaqe biolnass of sweet 
potato intercropped with common beans was not si(Inificantly different from 
the foliar biomass of sweet potato in monoculture. However, a delay in the 
rate of biomass accumulation in the root systems was recorded in intercropped 
sweet potato as cowpared to its monocrop. Number of roots/plant was 2.2-2.5 
in sweet potato associated with conmnon beans and 3.6-3.7 in sweet potato 
monocul ture. This reduction in root number accounted for most of the yield 
reduction in intercropped sweet potato. Competition for nutrients during 
early stages in the development of intercropped sweet potato resulted in 
fewer roots/plant while lack of sufficient water for translocation of photo
synthates probably accounted for the delay in the rate of biomass accumula
tion in the root system. No differences in intercepted radiation was re
gistered between sweet potato monocrop and when intercropped with beans. 

Land equivalent ratio values between 1.6 and 1.8 have been obtained with 
this crop combination. These high values are comparable with those obtained 
in combinations of long life .cycle crops such as cassava with short life
cycle crop such as common beans (Moreno and Hart 1979). 

Mlaize and coinmon beans is the most widely cultivated crop combination 
among small farmers of Central America. Maize is planted at the onset of 
the rainy season and beans are relay intercropped between maize stalks at the 
end of the rainy period. In most cases common beans reach higher market 
prices than maize and consequently the level of input used in their produc
tion is higher too. The ;ntercrop of sweet potato in 30-40-day-old beans 
represents a valuable production alternative to make better use of fertilizer 
and other inputs that are normally applied to common heans. Early maturing 
and drought resi stant sweet potato cultivars should be tested on-farm in 
intercrop with common beans to further validate this production innovation 
which could also represent an i niportant sour-ce nf animal feed. 

Ir:TERCROPPI0IG SWEET POTATO WITH CASSAVA 

,Ilow and coverCassava has initial qirowth dIes niot usually the ground 
completely until 90 to 120 da ys after plantingj. [ -urinrgthis initial stage, 
intercropping wi th a short cycl e crop such as sweet potato improves uti1 i
zation of light and soil. Some cassava genotypes have their leaf area 
reduced hy leaf loss 200-240 days after planting, making it possible for 
another crop to be planted in the interspaces of cassava stalks 120-160 days 
before its harvest (Moreno 19P0). 
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Three cropping patterns with cassava and 
sweet potato (Figure 1E, F and
G) have been tested in Turrialba since 1974. 
 Two rows (0.5 miapart) of sweet
 
potato were intercropped in cassava rows (I 
m apart). In cropping pattern 1E
sweet potato was planted simultaneously with cassava 
and harvested manually
after 140 days. Sweet potato was harvested before cassava roots had fully
developed. No significant damage to the cissava root system was caused when
digging for sweet potato roots. 
 Loosening the soil 
at this stage seems to

favor the development of the cassava 
roots. In cropping pattern IF, sweet
potato was interplanted towards the end of the cassava 
life cycle to make full
full use of available radiation in the cassava 
interspaces immediately after
it began to lose its foliage. At harvest cassava plants are first hand
pulled which loosens soils enough to facilitate sweet potato digging. 
 These
two cropping patterns received an average yearly total 
of 150-48-75 kg/ha of
N, P and K. While N and P remained constant, K application was increased

from 45 to 63 and 
125 kg/ha during 1975-76, 1976-77 and 1977-78. In cropping
pattern IG, 
two crops of sweet potatoes were interplanted with cassava.

total of 185-49-75 kg/ha of N, P and K were 

A
 
applied every planting season.


Potassium was also increased to 125 kg/ha during 1976-77 and 1977-78.
 

Table 5 summarizes yields of these crops 
in different cropping patterns
during four planting seasons. Intercropping cassava 
and sweet potatoes

simultaneously reduces 
cassava yield by 37 i as compared with its yield when
 
sweet potatoes were intercropped at the end of its 
life cycle. Monocrop
cassava yields averaged 17 t/ha over 
the four planting seasons. The cultivation of sweet potatoes at the end of cassava 
life cycle does not reduce
 cassava yield significantly as previously reported for other crops (Moreno

1980).
 

Table 5. Yields of cassava (C) and sweet potato (SP) intercropped in three
different patterns during four planting seasons. Turrialba, Costa 
Rica, 1974- 117" 

CROPPING PATTERNr" 

Yield (t/ha)
 

Year 
 C SP C SP SP C 
 SP
 

1974-75 10.7 9.0 14.8 
 5.9 7.8 10.4 7.9
 
1975-76 4.3 
 9.8 12.2 6.2 10.7 
 6.4 7.1
 
1976-77 
 9.6 3.5 16.6 
 0.6 6.0 10.1 0.3
 
1977-78 13.5 I.
 16.7 0.0 
 1.0 15.9 0.0
 

'Cassava harvested 12 months old; sweet pota to harvested at 4.5-5 months
 

Sweet potato yields were fairly constant from 1974 to 1976 but they were
significantly reduced in tile 
three cropping patterns from 1976 to 1978. This
yield reduction affected mainly the sweet potatoes planted at the end of
 cassava 
life cycle. No significant increase in pests or pathogens was registered during this period of lower yields. However, as shown in Figure 2Aand B a reduction in extractable Mg affected the three cropping patterns,
especially cropping pattern IG, during the four planting seasons. Extractable K was also reduced although this reduction did not affect cropping
pattern IF with the same 
intensity. Apparently increased K applied during 
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Figure 2. Effect of time and Lropping systems on the soil exchangeable

nutritients of an Inceptisol at Turrialba, Costa Rica. 
 A) exchangeable

Mg and B) exchangeable K (Burgos 1980)
 

the last years of the field experiments was not enough to cover the crops'
 
uptake.
 

The production of roots and leaf dry matter for cropping pattern 
IG

during 1974 to 1976 is shown in Figure 3. 
Sweet potato (5 plants/sq m)

reached a peak of approximately I t/ha about 90 days after planting, account
ing for most of the leaf biomass during the initial stages of this crop

association. Dry matter accumulation in the 
"'oot system increased after 90

days. Cassava (2 plants/sq in)reached its maximum weight in dry matter in

the leaves between 210-270 days after planting. The dry weight of its root
 
system increased markedly after 100 days. 
 Growth of the second sweet potato

was delayed and reached its maximum weight in leaf dry matter 120 days after
 
planting. Its lower level of intercepted light during early stages of its

life cycle probably accounted for this delay. This second crop of sweet
 
potatoes was harvested at 160 days when its 
root system was still accumula
ting dry weight and no signs of root quality deterioration were observed.

Probably a 30-40 days delay in harvesting could have significantly increased
 
root yield. 
Radiation available for sweet potatoes interplanted simultane
ously with cassava was reduced to 
75-80% of the open field radiation 100 days

after planting. Most of the above ground biomass of the sweet potato was
formed during this 
period. Translocation of photosynthates and accumulation
 
of biomass in roots occurred when radiation in the interrows of cassava 
was

decreasing from 75 to 30 ' 
of the open field radiation. The second sweet
 
potato crop was established when approximately 50" of the open field radia
tion was available. Approximately 80', of the solar radiation was available
 
when it reached its maximum leaf dry matter weight (120 days). 
 This avail
able radiation increased to 887' at harvesting time. More light available for

the first sweet potato crop was probably the cause of its better yield in
 
terms of root dry weight.
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two crops of sweet potatoes and cassava intercropped in

Turrialba, Costa Rica (Gallegos 1975)
 

THE POTENTIAL OF SWEET POTATOES IN INTERCROPPING SYSTEMS
 

Sweet potato is usually planted as a inonocrop in different cropping
patterns, particularly in regions with a well 
defined dry season where it is
included 
asa cash crop to make use of residual water and fertilizer. In
Turrialba, 
sweet potato yielded 
a fresh root weight of approximately 18 t/ha
with one application of 133 kg/ha K, following an association of maize common beans (Brioso de Leon 1979). 
and 

However, when land is scarce and labor
is abundant, there are also the possibilities for intercropping sweet potatoes 
with several other species. 
 Sweet potato is intercropped in certain areas
of the Antilles, particularly during the establishment phase of perennials

such as plantain and bananas.
 

Competition for light and nutrients is probably the main factor thatmodifies the performance of sweet potato when intercropped as compared to itsperformance in monocrop. Research should be intensified to find both cropping patterns that allow adequate amount of radiation to be intercepted byintercropped sweet potato and to ensure fertilizer practices that ensure anappropriate level of nutrients for the intercrops. 

In the case of sweet potatoes arid maize, light seems to be more important than nutrients in its effect on root fresh weight yield. Preliminaryresults from Turrialba indicate that cropping patterns with double rows ofmaize and four rows of sweet potatoes result in good yields of both crops.This cropping pattern permits enough light to be interccpted by sweet potatoes and allows for N fertilization to be individually applied to the maize
(unpublished results, CATIE, Turrialba, Costa Rica). 
 In spite of the competitive nature of the relationship between these two crops 
(Figure 4), this
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Figure 4. Yields of maize grain (14%
c 2 ""HOH) and fresh tuber sweet potato from• 	 several trials (1975-76) with these
 

V 11 crops in association. Turrialba,
 
Costa Rica (Mateo 1976; Jaramillo,
OT 

0 I 3 5 7 9 II 13 15 1977)
 
SWEET POTATO FRESH ROOTS, /ho
 

crop combination produces a considerable amount of total biomass a year since
 
it can be cultivated twice in certain regions with bimodal rainfall distribu
tion, such as Turrialba. The relationship described in Figure 4 was obtained
 
after pooling results from several field trials (Mateo 1976; Jaramillo 1977).
 

Nutrients rather than light seem to be the main limiting factor for
 
intercropping cassava and sweet potatoes. Erect types of cassava provide
 
sufficient light for a sweet potato crop planted simultaneously with them,
 
and cassava cultivars that have their leaf area reduced at the end of their
 
life cycle allow for another sweet potato intercrop to be harvested simulta
neously. Management of Mg and K in the fertilization seems to be critical
 
for the sustained production of this crop combination under soil conditions
 
similar to Turrialba. This is probably true for intercrops of sweet potato
 
with 	other root crops.
 

Intercrops with sweet potatoes represent also a valuable production
 
alternative for mixed animal and crop farm systems where the animal 
component

depends on farm crops. Several 
research results shows promising perspectives
 
both for meat and milk production (Baker 1976; Ruiz ct aZ 1977).
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(Ses io IV) 

HO: What are the major advantages of using cut root pieces over using

cuttings: which mature first?
 

BOU1KAMP: The major advantage isthat the procedure isless labor intensive

and adapts to mechanization. Root pieces require a slightly longer growing
 
season than production from sprouts.
 

CHEN: What isthe parameter for screening sweet potato for storage stabili
ty? How about the range of storage period of sweet potato among the
 
varieties tested?
 

BOUWKAIIP: For a given year, all varieties are stored the same length of time.
Among years the length of storage was very similar - there was only appro
ximately two weeks difference.
 

ANONYMOUS: 
I notice that you used the term 'root piece' for your propagation

material. Inthe literature, however, the terms 'seed piece' and 'tuber

piece' are also used. Which iscorrect? Would itnot be to our advantage to
 
adopt a consistent terminology?
 

BOUWKAMP: The term root piece iscorrect since the planting material isa

piece of a root not a seed or a tuber. Itwould be helpful to adopt a consistent terminology and I would suggest root piece since the storage organ

of the sweet potato isa root not a seed or a tuber.
 

URITANI: Please explain the difference inthe effect on growth and yield
between cut pieces from the proximal end and those from the distal end?
 

BOUWKAP: Ifthere isstrong proximal dominance, the proximal ends survive

better and produce more sprouts per hill than the distal ends. 
 I know of
 
no data which suggest a yield difference.
 

RASHID: Have you taken into account the effect of temperature ininterpret
ing your results?
 

SAJJAPONGSE: Yes.
 

KAO: About your irrigation experiments, how do you explain the different
 
results obtained inyour fall crop and spring trial? 
When did you harvest
 
to measure root yield?
 

3AJJAPONGSE: The difference inroot yields between the fall and the spring
trial was due to difference in temperature and number of days to harvest.
In fall, the temperature was low and sweet potato was harvested at 170 days

hereas the temperature inspring was very high and sweet potato was har

iested at 140 days. Long term projects will include a wide range of tem
)erature and sweet potato growth.
 

'I
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URITANI: 
Your sweet potatoes could have suffered from physiological deterioration when submerged in water. 
This may mean that sweet potato is rather
 
susceptible to high soil moisture. 
 Is this right?
 

SAJJAPONGSE: 
I don't think sweet potato is very sensitive to flooding.

During irrigation, the plots were not submerged. 
 They were moist. Under

this situation then, 
I don't believe that sweet potatoes in our trials
 
suffered from any physiological deterioration.
 

MEYNHARDT: Variations between replicates were large in your experiments.
Did you use disease-free material, especially virus-free material, 
as your

experimental material? 
SAJJAPONGSE: We did 
not have virus problems in our trials. We believed that
 
we used clean materials in our experiments. 

WARGIONO: Did you observe any correlation of yield with weevil damage?
 

SAJJAPOGSE: We did not do this in our studies.
 

ANONYMOUS: Was irrigation practiced in your compaction experiment? Do you

think the poor yield in the case of low bulk density is related to moisture
 
stress or not?
 

SAJJAPONGSE: The soil compaction experiment was conducted 
in pots and we

kept the soil 
moisture content to about field capacity throughout. It was
 
easy to control soil moisture. 
 I don't think the poor yield was affected
 
by soil moisture. 

HAHN: There were no differences in yield among treatments when irrigated

when high soil compaction was applied. Why is that so? What 

and
 
does it mean? 

SAJJAPOIIGSE: Although there was no statistical difference in yield among

treatments, at least a trend was established which indicated the effect of
irrigation and soil compaction 
 on yield. The non-significance was probably

due to the great variation between replicates.
 

HAHN: hat is the sijnificance of irrigation and soil compaction studies for

small sweet potato growers in Asia?
 

SAJJAP1HNGSE: At the time of root formation (30-40 DAP), irrigation should bewithheld. The hest bulk density of soil was 1.3 to 1.5 g/cc. These principles could he practiced hy farf,ers in general if high yield is expected. 

LEE: At the time of irrigation, did you apply irrigation water up to a cer
tain soil moisture content or did you apply a fixed amount of water? 

SAJJAPON1GSE: It was more or less a fixed amount of water. We filled up thefurrow on each side of the bed and then let the water penetrate through
bed. Since our soil has a light texture, the excess water 

the 
would leach away

rather easily and moisture at field capacity would be obtained. 

AGATA: What do you think is the mechanism of high production tinder 30-40 DAPconditionis? 
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SAJJAPONGSE: Irrigation sho,d be 
 hheld at 30-40 DAP, so that more photo
synthate from the leaves can be trdislocated to form tuberous roots.
 

WARGIONO: As you showed in your slides, topping increases yield and starch
 
content. Could you explain why? 
 Which topping treatment will you recommend? 

DARTOLIHI: Topping increased yield and starch content of the roots 
because
 
it minimizes the competition between the shoots and the roots in drawing
photosynthates. The roots acted as a magnetic sink to draw the photosyn
thate instead of it going 
to the shoots and buds. Limiting vegetative

growth enhances starcL, concentration in the roots. I recommend late topping

since roots 
are already initiated and developed at this stage.
 

URITANI: Which is more suitable to get high yield, topping at the initial 
stage or at a later stage?
 

BARTOLINI: 
Our results showed that high yields could be obtained by topping

both at the early and later stage compared to no topping. Topping early at
 
about l' 
 to 2 months and late at 3 to 4 months appeared suitable to obtain
 
high yieid.
 

ANONYOUS: How were the sweet potatoes topped? For example, what was the 
length of shoots cut? One could possibly explain your increased yields
with the 6-8 week topping due to a change in dry matter allocation. How
ever, your yield increase late in the season when vine growth has decreased
 
substant.ally would be difficult to explain.
 

BARTOLINI: Topping is cutting off a 35 cm apical portion of the sweet potato
with about seven leaves. Topping was done twice, thrice, four times, and 
continuously at biweekly intervals. BNAS 51 is a heavy foliage sweet potato
variety. Topping late in the season limits its vegetative growth. Thus, 
most of the photosynthates are channelled to the roots instead of the
 
leaves. 

VON UEXKUILL: Your data showed that incorporation of 3 tons straw increased 
K intake to 119 kg K20/ha. Assuming the rice straw had 1" K20, it would 
have added 30 kg F,20 to the soil. How do you explain such a big increase 
in K intake?
 

WARGIONIO: 
With the postive effect of rice straw in increasing soil texture
 
arid CEC, 
sweet potato growth was good and good yield rcsulted. Consequently

the total nutrient uptake increased. 

CHEN: As we saw yesterday in Tong-Shun, when the soil condition is wet, the 
sweet potato harvester cannot remove soil from the root. Is there any
Dther type of harvester that can function well under wet soil conditions? 

'IILSON: Harvestinlj sweet potatoes is facilitated by relatively dry soil con-
Jitions. Too dry soil results in increased root damage. Vibrating or 
;hak infj dvices on the elevator chain aid the separation of soil from roots. 

/ILLOP ET[: With the extent of farm mechanization of sweet potato you have 
Jiscussed , what is the minimum area being cultivated to sweet potato in the 
JS? low much is the investment involved in acquiring, operating and main
'a irlinj the machine? 

http:DI.-('U.ss
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WILSON: Many fields of less than half a hectare which are grown in the US
 
are probably harvested by hand or simple plow. 
Usually 8-20 hectares are
required to justify some degree of mechanization. Simple equipment can be
purchased for several 
hundred to a few thousand dollars. For eyample, harvesting aids (riding harvesters) sell for S500-S1,000 each. 
 More sophisti
cated equipment will 
cost several thousand dollars. Maintenance costs
 
correspond to sophistication of equipment.
 

WINARNO: What pesticides are generally used for sweet potatoes before sort
ing and what dose did you use?
 

WILSON: They are all 
spelled out in the NC Sweet Potato Production Bulletin,

'Growing and Marketing of Quality Sweet Potatoes'.
 

URITANI: Do you have 
a problem of wounding damage to sweet potatoes with
 
mechanization?
 

',ILSON: Yes, proper equipment adjustment ane operation are critical to
minimize damage. Curing sweet potatoes is important for disease control and

enhanced storability and quality maintenanc2. It is critically important

for mechanically harvested sweet 
potatoes aid should be done as 
soon as
 
possible after harvest. 

SELL[CK: 
Would the white potato digger used +'r sweet potato be more effective if sweet potato tops were dessicated with herbicides prior to harvest?
hat herbicides are used commercially for weed control? What are the pro

mising new herbicide candidates?
 

WILSON: Probahly not. Vine removal by cutting eliminates or minimizes in-Lerference with digging. Eride, Ai ben, Dacthal and Verndlm are used com
merciallTy. A promiising herbicide is 
Surflan. 

TICKO0: TJ'hat are the net economic returns per hectare for some of the most
important cropping 
 sequences? Is sugarcane an econo;oical component of cropo ninqsystems in Taiwan owing to its long growing period? 

WAN: If lalor ,,'iensive and abundanti, as in the 1960s, the additional 
crop in multipe cr'oppi fgl( means extra profit to the farmers The sugarcane
as a cunIormient of a cropp inq system is largely used in Tainan where water

is limited ,o that qro,rinq more than one 
 rice crop is impossible. There
fore s ug ar'Cane has bee Lised as a roLatiorial crop. However, 
 it is only
economical if the world arket price for suqar is reasonable, regardless of
 
its long (rowifrlg period.
 

AVorYIIOUS: You have mencioned that the acreage of sweet potato in Taiwan is
decreasiwr ] in favor of rice. Hew do these two crops compare in economic 
returns to the producers? 

WAN: The ptrcs,p rufit from rice and sweet potato per hectare are approximtel.y TSP(i ,O md ITS70,000, respectively. However, there are less in
puts for sweet potato so that the net return for the two crops is not muchdifferent. The irobiem is that tha government has a price support system
for rice hut not for sweet potato. 
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WUSTNAN: Do you find any significant difference in sweet potato weevil
 
incidence when growing sweet potatoes under various cropping patLerns?
 

WAN: We did not find weevil a problem in cropping systems involving sweet
 
potato on paddy fields. There is weevil on uplands, but it is not serious
 
even there.
 

ANONYMOUS: From your slides, it seems the yield data for intercropping were
 
made 20 years ago. Do you have any recent data from modern farmers in
 
Taiwan now? Would you tell us what kind of major problems are involved in
 
the intercropping system?
 

WAN: Intercropping is a labor intensive system. In the early 1960s labor 
was abundant and inexpensive so that our main concern was production incre
ment per hectare. However, in recent years, there has been shortage of 
labor. Therefore, it is not possible for farmers to continue such intensive 
farming, and we are trying to study labor-saving farming methods. 

ANONYMOUS: Where do farmers in Taiwan get their planting materials?
 

WAN: Sweet potato can be grown in Taiwan all year round, so that farmers can
 
get cuttings from Field plantings. For the fall plantings, roots are bedded
 
in spring to obtain new planting materials.
 

WARGIONO: Which cropping system will you recommend and which one will give 
the highest income?
 

WAN: This depends partly on the location within Taiwan where different crop
ping systems are adapted. For example, a three-year rotational irrigation 
scheme has been prcticed in Tainan area so that the rice-sugarcane-sweet 
potato scheme is the most profitable. 

ANONYMOUS: What percent of total cultivated land is under respectively two, 
three and four crops a year in Taiwan? 

WAN: We do not have this kind of data. however, we have the general 
multiple cropping index in Taiwan, which was around 163 in 1979. 

ANONYMOUS: Mr Zara of the University of the Philippines at Los BaFios showed 
a marked difference in the response of sweet potato to shading by coconut. 
You showed that in Curta Rica sweet potato was strongly suppressed by inter
cropped maize. Did you test this with different varieties?
 

MORENO: No, we don't have available data from different varieties but the 
search for shade tolerance among sweet potato varieties is very important 
in the development of multiple cropping systems, There is negative corre
lation between root yield of sweet potato and maize grain when these crops 
are grown together. With good management, particularly N/K ration, adequate 
for both crops, and better spacing arrangements between these two crops, a 
land equivalent ratio value above one can be obtained. 
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I. NISIIIY.\MA 

eho.J, Shigakifln. M. , .II Inzn . k K.Iok 011. 

INTRODUCTION
 

It is said that some hundred species of Tpoinooa are found in tropical 
and warm temperate regions. However, the taxonomy of Iromoca is still in
sufficiently studied. The large genus is usually sub- divided into several
 
sub-genera and sections. Sweet potato, T. tDatatai (L) Lam and its relatives
 
are included in the section batata.. Recently Austin (1978) made an exten
sive classification of this section, including 13 species (Table 1).
 

In order to study the origin of crop planes it is generally necessary
 
to obtain information on how, when and where prehistoric crop plants first
 
occurred. Our knowledge so far suggests that the cultivated plant and its
 
ancestor usually must have the same or 
nearly the same genome constitution.
 
In the case of polyploids, it is further useful to synthesize artificial
 
polyploids with the same genome formula as that of the cultivated plant
 
by employing its basic species. It is also important that the ancestor re
sembles the cultivated plant in many aspects of morphology, physiology, 
cross-compatibility, geographical distribution, plant remains, and othes.
 
Of course they are different in certain wild and cultivated type charac
teristics.
 

Based on cytogenetic studies Nishiyama and coworkers (1962, 1963, 1971,

1975) have found a wild ancestor, Ipomoca triffida (HBK) Don (6x), and its 
basic species (2x, 4x) of the sweet potato, and have discussed their evo
lutionary relationships. The principle of the hypothesis has been support
ed by many Japanese workers who recently found 2x- and 4x- forms of I. 
ti-i.*7a (6x) (Muramatsu and Shiotani 1974; Teramura 1979; Kobayashi 1980; 
Kobayashi ,-t aZ 1980; Muramatsu 1980; Shiotani and Kawase 1980). However,
 
Jones (1967), Martin and Jones (1972), Martin ct al (1974), and Austin
 
(1977, 1978) disagree with Nishiyama and c',workers' opinion but do not
 
propose any alternative hypothesis.
 

This paper presents a review, and gives new data on the evolutionary
 
development of the sweet potato, and suggests a new breeding method hy
 
using its progenitors.
 

ANCESTORS POSTULATED BY EARLY WORKERS UNTIL 1957
 

After Columbus's discovery of America in 1492, sweet potato was dis
tributed over the Old World. It was usually assumed that the sweet potato
 
might iave its origin in tropical America, though there were different
 
opinions which suggested African or Asian origin (de Candolle 1884). At
 
the beginning of the 20th century some workers proposed that I. fastigiata, 
I. proviur,ata (Waite 1907), 1. tiliacea (House 1908), J. trizoba (Watanabe
1939, 1940) might be ancestral forms of the sweet potato, because of re
semblance in their plant morphology. The I. tiZiacca hypothesis was es
pecially popular among many botanists. Chromosome number (2n=90) of the 
sweet potato was first counted by King and Bamford (1937) and Watanabe
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Table I. Taxonomy of Ipomoea section ztzact 
 (after Austin 1978)
 

Species 
 Ploidy2
 

1. Iporoca bataaw (L) Lain 6x 

2. 1. azhi.olia Meisn 
 2x
 
3. I. jraciii R BK 
 4x
 
4. I. X rundi* oZia (Dammer) O'Donell 2x
 
5. I. Zaounosa L. 
 2x
 
6. T. X Zczcantha Jacq 2x
 

7. 1. Zittorajic Blume 
 4x
 
8. I. ramoci'sima (Poir) Choisy 
 2x
 
9. I. tenuissima Choisy 
 2x
 
10. I. tiZiacea (Willd) Choisy 
 4x
 
11. 1. ti'i ;oca Eli 
 2x
 
12. I. :rifia (HBK) G Don 2x, 4x, 6x
 
13. tri oba L 
 2x
 

'Ploidy, especially 4x and 6x of I. trifida is appended by the
 
present author, x = 15
 

(1939). Cytological investigations of numerous Ipomoca species were further
reported by many workers. Most of the species showed 2n=30, and only two

species, -. graci,7-7> (I. fa.ztigiata) and I. tiliacea, had 2n=60 (King andBamford 1937; Wolcott 1937, Watanabe 1939; "irg et al 1957; Jones 1964).

Different chromosome numbers, 2n=30 and 60, in both I. ramoni and I.
 
ti:77J(?<( were reported in the literature (Jones 1964). 
 This was probably

due to taxonomic confusion. 
 Because of the difference of chromosome numbers
 
and interspecific cross-incompatibility Ting et al (1957) concluded that 
no

phylogenic relationship existed between I. batatas and the other 
species

mentioned above. 
 The identity of its ancestor remains to be established.
 

WORKING HYPOTHESIS ON THE EVOLUTION OF SWEET POTATO
 

It has become clear that only I. batatas (L) Lam (2n=90) is distinct

from the other species (2n=30,60) in chromosome number, cross-compatibility,

and domesticated characters, such as 
production of edible roots. 
 Before

exploring its ancestral plants we wish to discuss hypothetically all possible evolutionary courses from ancestral diploids to hexaploid sweet potato.

The courses are diagramatically indicated as follows:
 

Course Wild type Cultivated type Remark
 
I 
 2x- 4x- 6x 
 6x Supported by Nishiyama
 

(1962, 1971)
 
II 2x- 4x 
 6x
 
III 
 2x- 4x- 6x Suggested by Jones 

(1967) 
IV 2x-.4x 6x Situation until 1957
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Course I. All ancestors (2x, 4x, 6x) 
are wild plants, producing no
 
edible roots. 
 The sweet potato is derived from hexaploid wild plants K;
 
gene mutation and increase of gene dosage. 
 This is supported by cyto
genetic investigations of the sweet potato and its 
relatives. Details are
 
given later.
 

Course II. All diploid and tetraploid ancestors are wild, while

hexaploids induced by doubling chromosomes of their triploid hydrids are
 
of cultivated type like sweet potato.
 

Course III. All ancestors (2x 4x) 
are of cultivated type. Accordingly

the only hexaploids derived by doubling chromosomes of their triploid

hybrids are sweet potato varieties.
 

Course IV. No phylogenic relationship was found between the sweet
 

potato and the other Ipo'o.,, species until 1953. 

TAXONOMY OF I. I ,,,t,::: AND ITS ALLIED SPECIES
 

A new hexaploid form, F. ,'Ta (HBK) Don (strain K 123, K 177), was 
found in Mexico for the first time in 1955). It was proven to be a pro
bable ancestor of the sweet potato (Nishilama 1963, Nishiyama and Teramura
 
1962). The 
finding suggested that its dipioid and tetraploid progenitors.

might be found in tropical America. Sinc- Chen, I. Zcuziantha Jacq (2x,
K 2?1) and r. L'9JK; Blume (4x, K 233) wCre collected by Japanese
botanlsts in Mexico. 
 By genome analysis, they were confirmed-to be basic

forms of I. t,, (6x) (Nishiyama 1971). Besides, new diploid and

tetraploid forms of f. ,',L' 
 (6x) were recently found by Muramatsu and
Shiotani (1974) and 
Kobayashi (1980) in Mexico, Venezuela and Colombia.
 
In his taxonomy, Austin (1978) also stated 
 that I. t2,irida (2x) was widely

distributed 
in tropical America. Thus it becomes clear that T. trifida is a
 
species complex involving 2x, 4x and 6x forms.
 

Austin (197/) further proposed that T. 1racilio,I. littoraZis and new 
tetraploids found 
 by Martin -z (1974) might originate from hybrids be
tween T.. , .:.I and probably F. 'i:U 
 (2x), because the morphology of the
tetraploid species was intermediate between them. 
This is questionable

because most of hybrid offsprings from I. L z:atac crossed with T. trifida 
(2x) or r. :,; (2x) produce tuberous roots, and their natural hybri
dizations are very difficult (Nishiyama .7i 1975; Shiotani et aZ 1980).
However, the cross is possibly successful when the young embryos are artifi
cially cultured. Austin (1977) furthermore suggested that I. Z'uItaantha Jacq
might arise through hybridization between 1. Zww:owz and .I.t2,ic1oeaLrpa for 
a couple of hundred years. This is hard to justify from a standpoint of

their cytogenetic relationships. Both r. ,-,,.W a and I. triehocarpa have
the same genome formula AA, and are cross-compatible with each other, while
!. ', has BB genomes, and is cross-incompatible with the former two
(Jones and Deonier 1965; Nishiyama 1971; Nishiyama , t aZ 1975). 

Out of the 
 13 species of I.,mio, i section I.-,w.u,. 4x,triida (2x,
6x), r. I , ,,.,,' , (2x) and r. t4 ,ad: (4x) were found to be closely re
lated to the ph/logeny of 1. *:,,., and evidence of this is given in the
following paragraphs. Table 2 gives a l1st of their phylogenic taxonomy.
It is partly revised from Nishiyama's (1,,71), because of the recent dis
covery of diploid and tetraploid forms of f. trij'ida (6x). 
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Table 2. Phylogenic taxonomy of rromooa .btatas group
 

Ipomoea batata, (L) Lam
 

var i i - , . (HBK) Nishiyama (Nish) 
f 	 Jiz i-t,;.-iI (HBK) Muram et Shiot ex Nish (Figure 4, f trizfida 

2x)
 

f l,,zcwit;.u Nish Syn: T. , (L) var Ziwwthza Nish BM.Mt. 	 Lam in 

T. 84, 385, 1971 (Figure 4, f Z. mtc:, 2x) 
var t.: , . ,,*,,-t:,'.*,'(HBK) Ni sh
 

' "
f '. -., ', (HBK) Muram et Shot ex Nish 
f 1,'.:;.' (Blume) Nish Syn: T. (L) Lam varMat,,:. Zittoialin 

(Blume) Nish l.c. (Figure 4, f l ~t:,.2 Z,.4x) 
var .II (BK) Nish Syn: I. ,:,cz:- (L) Lain var vct.t:. 

f :,:' b,Nish l.c. (Figure 4, var trc.':, 6x) 
f h..r,' - I (HBK) Nish Syn: T. bt.tqtq.s (L) Lam var b'atvi.ac . 

f tri ,h (nBK) Nish l.c. (Figure 4, f Lr£iJ 6x) 

f 	 iw-tc, (L) fish Syn: T. L ,~w Mt(L) Lam var 2us'ct-:. Nish l.c. 
(Figure 4, f 6x) (Sweet potato) 

GENOME ANALYSIS IN THE I. batatas GROUP
 

In order to understand a genome relationship between I. batatas and its
 
closely related plants, meiotic pairing of chromosomes in pollen mother cells
 
of their hybrids should be observed. A variable number of univalents, biva
lents and multivalents is usually observed in most of the hybrids. However,
 
Figure I indicates only an averaged number of bivalents at first metaphase

in each hybrid where a trivalent, quadrivalent including pentavalent, and
 
hexavalent are treated as one, two and three bivalents, respectively.
 

All hexaploid hybrids among sweet potato (6x), trifida (6x) and trifiz
 
(3x)-6x showed 4511 
or about 4511; of course complex pairings often occurred.
 
The 	trifidc (3x)-6x was obtained in the progeny of triploid trifida, proba-

Zai --I(o l ,ia (2 x ) - 16 .0 1 1 (15 ) - 1it to ,a~i s (4 x ) 

28.511 (15) 	 131.911 (30) 
29.811 (15) 

tri'icc-_ (3x)-6x-43.711 (45)-baatas (6x) 

44.011 (45) Ca 4511 (45)
 

-(':.
d (6x)
 

Figure 1. Average number of bivalents in hybrids
 
among I. batato,, and its closely related plants.
 
Figures in parentheses show expected numbers of
 
bivalents formed by allosyndesis (after Nishiyama
 
1971)
 

http:b'atvi.ac
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bly a natural hybrid between t.,>-i',lcz (2x) and t 'i la (4x), collected in 
Mexico. It is certain that these hexaploids have the same genome formula. 

In a pentaploid hybrid, T. azttcz; (6x) X Zitto-,,cT": (4x) about 3011 
were usually found. Accordingly both parents may have two genomes in common.
 

Ina triploid hybrid the formation of 1611 suggests that both parents
 
lcu, ant:ac and iit~mcz7 > have one common genome.
 

It is very interesting that a tetraploid hybrid, t:iJUcz (3x)-6x crossed 
with ,-'c :nzt'o (2x), showed about 3011, instead of the expected 1511. This
 
suggests that 15 chromosomes of ii' Uc (3x)-6x pair with those of Z,zcautba
 
and the remaining 30 chromosomes of the former from 1511. Carefully examin
ing the chromosome behavior shown in Figure 1, it is concluded that the $.
 
briot:cz.o group is autoploid derived from duplication of 7 (2x) or Zie,'.: 

e,,t,', genomes BB. Alloploid origin of the sweet potato, previously postu
lated by some authors (Ting and Kehr 1955; Sharm and Datta 1958; Yen 1974)
 
should be rejected.
 

COMMON CHARACTERISTICS OF I. !,drzf .;AND ITS ALLIED SPECIES 

In morphological observations it is often difficult to distiiguish
members of the T. L ; group from the other species in T,,!o11o,,1; section 
hatatw (Martin and Jones 1972; Martin et (171974). However, distinction
 
can be successfully made from a standpoint of the genome analysis and sexual
 
compatibility. Figure 2 indicates comparative characteristics of the 1.
 
hbutot-z group and the others which were formerly assumed to be progenitors
 
or close relatives of the sweet potato. These plants were divided for con
venience into A-, B-, and X-group. In the A-group are included I. tr7obrz 
and closely related lo:,, t2-'clzorwl -z and razoni. Jones and Deonier 
(1965) reported that they were self-compatible and cross-compatible with 
each other, all ,f them had the same genome formula AA. The B-group is the 
T. /, .t,;: group, containing autoploids (2x, 4x, 6x) with doubling of the 
genome B. All of them are self-incompatible but cross-compatible with each 
other. Two well known tetraploids, -. tiliaeoa and I. gracilic, in the X
group are self-incompatible but crossed with one another. Their genome
constitution has not yet been studied. The B-group does not cross with the 
A- and X-groups, while the A-group crosses with the X-group when the latter 
is pollen parent. 

A-group X-group B-group
 

self-compatible self-incompatible self-incompatible 
. t2,iob, group I. L Ut zm,, group 

tp O.L(AA) I.t 1'iji(4x)l- r- 7-mcantha (BB) 
Zawj";(AA) (4x) I*(BBBBE) 

i-no ! (---A) --- ---- --- --- --- --- - t ' da'( (6x) 
~7 (AA) 1t' (RB BBB B)'I''; --

Figure 2. Sexual compatibility relationships in [p ,.vorz F7:Lit:1 
section P-ww. Legend: -_compatible; --- incompatible. 
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ARTIFICIAL POLYPLnIDS
 

Many tetra- and hexaploids were artificially produced from basic forms
 
in the A- and B-group. They were fertile although usually less so 
than the
 
original forms (Sakamoto 1970). 
 Meiotic behavior of chromosomes was almost
 
normal, except for occasional multivalents and univalents (Shiotani Z
.. 

1970). Artificial polyploids in the B-group were easily crossed with each
 
other, and also with sweet potato and -:, (6x), whereas similar arti
ficial ones in the A-group were still incompatible with those of the B
group (Figure 3).
 

Artificial polyploids 
 Natural polyploids
 

A-group
 
, (3x)= 6x
 

,(x) 
 3x => 6x 
(21,) 

(3x)-6x > - B-group 

S. : (2x) F 4X (6x)
 
F1 -4x* -.
 

L::.: /> 4x , t,.r:< (6x).:' (,4x)--


Z,!:' ,
,i:.,(2x)=>4 x-


A-Group
 
-- :,,-;, (2x) 3 =,6 . . i
 

(4y) 

0 . . (2x)-'4x 

Figure 3. Artificial polyploids in the A- and B-group. and 
their cross-compatibility relationships. Legend:-- compa
tible; --- incompatible (after ?ishiyama t z.a1975) 

Artificial hexaploids from ri - (4x) X Ze.cz.mt;:x (2x), or tirif'lrt
 
(3x) were quite similar to natural (6x)
4 2 :',, in almost all characteris
tics. However, it is noteworthy that autohexaploid 7cocatky showed remark
ably decreased vigor, and was sometimes deformed and highly sterile. 
 It was
 
hard to cross it with sweet potato. Since autotetraploid Z,:u:cmtwt was of
 
gigas type and moderately fertile the growth inhibition might be due to 
 a

deleterious effect of high autoploidy, induced by doubling of a Zc'b.
isogenome. 
 The facts strongly suggest that the genomes of Zeuo:'itlvz and
 
Z~t~opc<Zl. have differentiated to 
some extent from each other. However,

they must have been highly homologous as they do not disturb seed fertility
 
or regular meiotic pairing of chromosomes in certain hybrid situations.
 

PHYLOGENY OF SWEET POTATO
 

The research data mentioned above strongly suggest that sweet potato

has arisen through course I in the working hypothesis. Figure 4 further

shows a diagrammatic illustration 
on the mode of origin of the sweet potato.

The sweet potato might have originated through two evolutionary events; (1)
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Prototype
 
I 

Diploid (BB) Tetraploid (BBBB) -


I. bat.t z (L)Lam
 
var 	t,' i.~t',,(2x ) var tiif!J (4x) 
f tei.i',I:(2x) f t,'J' I (4x) 
f hlcucthL (2x) f !Ft a/i:: (4x) 

Wild type
 

Hexaploid (BBB3BB)
 
var t dIi.:n 
 I 
f t,,i.'Wa (6x) 

Domestication -- I- __l 
f batitw.: (6x) Cultivated type 

Figure 4.Diagrammatic illustration of a series of 
evolutionary events of sweet potato. Double lines 
indicate doubling of the chromosome number (x= 15) 

the occurrence of /:,,f'da (6x) by duplication of a single chromosome set B
 
from ti,fiJa (2x) or its close relative 7lezucactha and (2) domestication of
 
wild type characteristics of tifida (6x) into cultivated types. It is in
teresting that natural autohexaploids usually have been free from any dele
terious effect of high autoploidy. It seems likely that harmony has been
 
acquired by genetic differentiation or heterozygosity in hexaploids or in
 
its diploid and tetraploid progenitors. Outcrossing can accelerate it.
 

Tuberous root-forming diploid and tetraploid relativws have still not
 
been found. In hexaploids, however, there are two types with and without
 
tuberous roots. The formation of edible roots is one of the most important
 
characters of the sweet potato. But it is well known that sweet potato

varieties occasionally produce a few seedlings which never form tuberous root
 
roots (Tioutine 1935; Miyake and Matsunaga 1939; Jones 1967). This is proba
bly because the sweet potato is still heterozygous for the formation of
 
tuberous roots. If ancestral diploid and tetraploid texa were tuberous the
 
sweet potato should be homozygous. Tuberous roots appear to have arisen in
 
t'ij'
[Y,(6x) by successive mutations of a number of genes.
 

Inheritance of autohexaploids is generally controlled by random assort
ment of six homologous chromosomes or their chromatids accompanied by cross
ing over between kinetochores and gene loci. In the sweet potato or trifida
 
(6x), however, certain chromosomes may not permit free mixing, because they
 
seem to have to some extent differentiated. They may still be in favor of
 
accumulating genes, six doses being expected at the maximum, instead of two
 
doses in the corresponding diploids. The phenotypic expression may be changed
 
owing to different dose rates. The frequency of six dose recessives or domi
nants is extremely low in autohexaploids (Table 3). Accordingly certain
 
sweet potato clones or a number of seedlings have been found to exhibit a
 
variation of the root formation character, or to exhibit some of such primi
tive characteristics as twining stems and pubescence on some plant organs.
 
Occasional wild type segregates from the sweet potato can oe practically dis
tinguished from the typical tiridf.ci (6x), though hardly in the extreme case.
 
The wild type segregates are pseudo-/;rfipbhi (6x) and may be called 'trifi
doid'.
 

http:tiridf.ci
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Table 3. 	Segregation ratios of recessive homozygotes in autopolyploids,
 
calculated froi. the random chromosome assortment
 

Auto- Rece. homo. Rece. homo. 
ploidy Genotype others Genotype others 

2x R1r 1 1 3 RIr1T1tly I 1 63 

4x R3rI 0 4 R3rlT3tly3 0 64 

R2r2 1 : 35 R2r2T2t2y2y2 1 46, 656 

Rlr 3 1 : 3 Rlr 3Tlt 3 yly 3 1 • 63 

6x R5rI 0 : 4 R5rlT 5tlY 5y1 0 64 

R4r2 0 25 R4r2T4t2y4y2 0 : 15, 625 

R3r 3 1 : 399 R3r3T3t3y3y3 1 : 63, 999, 999 

R2r 4 1 24 R2r4T2t4y2y4 1 15, 624 

Rlr 5 1 : 3 Rlr 5Tlt 5yly 5 1 63 

ORIGIN OF 	SWEET POTATO AND ITS NATIVE REGIONS
 

As stated above, sweet potato plants seem to orginate from i;,ijTda (6x) 
through genic differentiation, especially for formation of tuberous roots. 
Before consideration of the genetic mechanism of thickening of roots, I will 
briefly refer to histological differences between tuberous and non-tuberous 
roots. rishillkura :7 (1980) reported their histological differences as 
follows: 

I. Tuberous roots of sweet potato: (1) Non-lignification of parenchy
matous cells and vessels in the primary xylem, (2) formation of the primary
vascular cambium which vigorously produces the secondary xylem, (3) Initia
tion of the secondary and tertiary development of both xylems. 

I1. Non-tuberous or somewhat thickened roots of ',,- (6x): (1) Lig
nification of a large p)art of parenchyma, and vessels in the primary xylem,
(2) The primary vascular cambium and secondary xylem were very poorly formed, 
(3x) Both xylems showed little or no secondary or tertiary development. 
Thus, the anatomical structure rather resembles that of ordinary roots. In 
short, peculiar differentiations of the tissue structure of tuberous roots
 
seem to he controlled by certain alleles.
 

W,,e have little or no knowledge of the mode of inheritance of edible 
roots. I tentatively assign three different pairs of alleles, R-r, T-t and
 
Y_:y, to designate rooting. In terms of interaction of R, T and Y they final
ly effect non-tuberous roots, and similarly, r, t, and y govern edible roots. 
Originally R, T and Y might mutate to r, t and y, respectively in different 
individuals of-. (6x) with a genotype R6 T-Y6. Its outcrossing habit 
might be of great advantage that all of the mutant genes are brought in to
gether in one individual, for example with a genotype R5rlT5tly5yl. The 
genotype situation of its offspring is extremely complicated as can be seen 
in Table 3 in which the calculation is simply made only by the random chro
mosome assortment in autoploids. Now we arbitrarily assume that dose rates 
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4T2 t 4Y2 4,feach dominant geile 2-0: recessive gene 4-6, such as genotypes R2 r y 
6'6 t 6 v , produce edible roots. Accordingly ',' (6x) with non-tuberous 

oots ma" consist of a great variation of genotypes from R6T 6 Y6 to Rr3T3t3
3 3y . They may show various degrees of thickness of non-tuberous roots. At 

ny rate some of them are able to segregate an edible root-forming offspring 
,ut the others do not. 

B1ased on a linguistic theory it has been proposed that the sweet potato 
ias transferred from the New World to the Old orld, especially into the 
'acific, through three dispersion lines (Barrau 1957). Yen (1974) revised 

;arrau' s hypothesis with his data on sweet potato variability. 

1. 'Kamote' line: Hexico -- Micronesia..Philippine Islands --- China--
apan. 

2. '[atata' lino: Caribhean Islands -Europe--Africa ---- India---
ndonosia (Tii, or) Hew Guinea -- Mela nesia (Nlew Britain, Sol omon Islands, 
ew Herides, New Caledonia, Fiji Islands). 

3. 'umara' line: Peru, Ecuador, Colomhia-- Polynesia (Marquesas- . . 

aster 1 land,, Society Islands, Hawaii, Cook Islands_-. Tonga, Western 
ama ) --hew Zealand. 

that sweet K-J 
6x) had sevenl cross-tncompatibility groups, A, B, C, E, F, G, 1', in coi-von. 
n the other hand, Nakaishi and Kohayashi (1973) preliminarily identified 
5 cross-incompatibi1ity groups, A-L and N-P, in about 700 sweet potato cul
ivars, includinq Yen's (1974) collection from America, Asia, and pan
acific is;lands. The incompatibility group B showed the widest distribution 
n almost all regions in the three dispersion routes, followed by the order 
.fA, C, F, H ano D. It is1 noted that group A was usually found everywhere 
.1the kamote line (fMexico, Philippine Islands, China, Japan), arid the 

line, (frre rica, Tiwor, New Guinea, Sol omon Islands, Hew Hebrides, 
ew Ca ledhrIia ) . .owever, or the [:ura1 line, of 66 cul tivars from Peru, 
olom-i ia di cuad'or, arid of 55 cultivars from Polynesia, none was found to 
xhi bit rrou5 .F..Ol, tvo ciltivars fromi Easter Island and Western Samoa 
xhibi teL orop f. a otrigio of these two cultivars is unknown. The 

estern Sacoa cml t)' Vi rather indicative of a mixed derivation from 
elarws i a and Be 1 i, . varioties, and Yen (1974) postulated probable con
act ,etweo th'n 'iiojraphical evidence suggests that the sweet potato 
ith group) i;aro if, in ard that with group P occurred in both Mexico 
ld Peru or its vicili.7/. 1ho- cultivars showing J, K, 0 and P seem to be 
ildir1qnoS to P fil,(011 a o- Ecuado though sone of them were found on 
astr I,1w . 

Recently Vohaya s i (1974) found the potato ,iid,. ' 

In short, it r ay 1r g-n--rally :oncl1uded from the several pieces of
 
vi deuce d i sciusod ashove that sweet potato is o' polyphyletic origin in
 
ropical ,,erica , o Cl..,iaod froin Coloi:i a to Peru.
 

A ,W 1;PEEP UF, !IETHOI) FOP SWEET POTATO, UTILIZI11F1 ITS ANCESTORS 

So)me rielatives carl he used for improvement of sweet potato by means of 
he usual cross-breeding methods. IBecause of the tremendoL's complexities of 
exasomic inheritanice, however, it is obvious that we must either grow very 
arq-e populations of autohexaploids or devise some step by step scheme for 
btaining plants with the desired characters (see Table 3). I wish to pro



272 
SWEET POTATC
 

pose a new breeding method for sweet potato. 
The procedure is briefly given
 
here:
 

(1) Resolution of sweet potato (6x) 
into 2x- or 4x-forms.
 
(2) Breeding 2x-
 or 4x-sweet potato as genetic stocks with recombinations of major genes for desired traits which are 
found in sweet potato (6x)
or its ancestors.
 

(3) Artificial synthesis of sweet potato (6x) 
from desirable 2x- and 4xsweet potato, resulting in raw sweet potato (6x) with expected genotypes.
 

(4) Synthesized raw sweet potato clones 
(6x) may possess certain minor
defects which must be corrected by further breeding aimed at 
recombining

useful genes or increasing vigor.
 

As 
an example, a procedure for obtaining 2x- and 4x-sweet potato is
 
outlined in the following:
 

I. Induction of 2x- or 4x-forms from sweet potato (6x)
 

A. Diploid relative 
 X Sweet potato (6x)
 
(t,~.f
1,1, 2x) 
 BBBBBB
 

BtBtI
 
F, hybrid (artificial culture of hybrid embryos)


BBBBt

I
 

F2
 

BtBBBBt (BRt is 
a genome mixing chromosomes
 

of B and Bt) 

Fx 

BBBB (sweet potato, 4x) 

B. Sweet potato (4x) 
BBBB 

X 
I 

Diploid relatives 
( ,7:jua, 2x) 

BtBt 
F1 hybrid 

BBBt 

F2
 
BB + Bt (extra chromosomes)
I
 

Fx
 
BB (sweet potato, 2x)
 

C. Sweet potato (2x) 
 X Sweet potato (6x)

BB 
 I BBBBBB
 

FI hybrid (artificial culture of hybrid embryos)
 
BBBB
 

(sweet potato, 4x)
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I. The anther culture method seems to be an important technique for
 
obtaining 2x- and 3x-forms from pollen grains of 4x- and 6x-sweet potato,
 
respectively.
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INTRODUCTION
 

The details of the reproductive behavior of a given species are of
 
basic importance to the plant scientist, especially to the plant breeder who
 
must take such details into account in improving the plant or developing
 
better varieties. In this respect the sweet potato is an unusual species,
 
distributed throughout the tropics and part of the temperate zone, and under
 
development in several importat:t locations, yet still little understood with
 
respect to some of its problems of reproduction. I believe, however, that
 
the bulk of the investigation necessary to understand the reproductive nature
 
of the sweet potato has been done.
 

Certain facts about the breeding system of the sweet potato are clear.
 
The sweet potato is a hexaploid, and is highly probable that it is an auto
hexaploid. In common with many primitive species of the genus I-pomoucz and
 
the family Convolvulaceap. it is self-incompatible. This physiological
 
system enforces outcrossing. Cross-pollination is done by insects, mainly
 
by bees.
 

In addition to these simple facts is the common observation that even in
 
cross-pollinations very few seeds are produced. Plant breeders have had to
 
undertake tedious hand pollindtions in order to make the specific crosses
 
necessary for the advanced varieties now available. But why is it so diffi
cult to obtain seed?
 

If one examines the capsules set or the seeds set afte- pollination in
 
a large number of crossing combinations, the following kinds of data are
 
obtained (Table 1). Curves for the two kinds of data are similar in appear
ance. The mode is zero in both cases, and in the majority of the crossing

combinations very few capsules and very few seeds are produced (Martin 196E).

Rarely can a pair of sweet potatoes be fo.ind that can be said to be fully
 
cross-fertile.
 

This can now be clearly stated to be caused by two phenomena, self
incompatibility and sterility. These are entirely distinct processes, and
 
they must be studied separately.
 

SELF-INCOMPATIBILITY IN SWEET POTATO
 

Analysis in a diploid species
 

Analysis of the incompatibility in lpomoea requires the use of a diploid
 
species free from the sterilities of the sweet potato. In a survey of
 
incompatibility in the family Convolvulaceae, eight such species were found
 
(Martin 1970). One of these species, I. ,otijora Poir, was selected for
 
detailed analysis (Martin 1968).
 

Ipomoea ctifjma is a wild perennial climbing or trailing species that 
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Table 1. Distribution of pjdset and seedset data
 
in a large number of sweet potato cross
 
pollinations 

Precent iu'Gber of cross pollinations 
success Of ,,ds Of seed 

0 38 40 

1-6 20 35 

7-12 19 11 

13-18 13 10 

19-24 5 7 

25-30 6 6 

31-36 5 10 

37-42 6 3 

43-48 5 4 

49-54 5 3 

55-60 5 4 

61-66 5 2 

67-72 1 1 

73-100 7 3 

flowers only during short days at Mayaguez, Puerto Rico. Seeds were
 
collected from five widely eparated localities in western Puerto Rico, and 
grown outdoors. In preliminary studies, we observed the mode of behavior of 
pollen in compatible and incompatible matings, tested bud j-"llination as a
 
means to avoid self-incompatibility, and examined the result of several 
hundred reciprocal pairs of pollinations. Compatibility was determined by

two criteria: success or failure of pollen germination on the style, and 
success or 
failure of podset after controlled pollination.
 

The number of incompatibility groups and their crossing relationships 
were determined by two screenings. In the first, 21 plants from the 
Mayaguez area were crossed in most of the possible combinations, and observed 
for fruitset. In the second screening, five groups of plants from distinct 
geographic areas were sampled for incompatibility groups. First we deter
mined the crossing relationships of a small number of plants; then we 
reciprocally crossed one or two plants of each incompatibility group to
 
unclassified plants to determine their relationships. New testers were
 
added as new groups were delineated.
 

Inspections of pollinated stigmas revealed three kinds of behavior. 
In
 
incompatible crosses all pollen grains failed to germinate. In compatible
 
crosses all (or almost all) 
of the pollen grains germinated. In some 
crosses, part of the pollen germinated and part did not. This partial
incompatibility was difficult to distinguish from full compatibility because 
the harsh treatment given Lo stigmas to prepare them for insr-ction often 
removed many of the non-germinated pollen grains. The numbe )fgerminated 
pollen grains in fertile or partially incompat~ble matings was usually
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between ten and 25, sufiicient to 
have fertilized all of the four-ovules'of7

<the-normal flower. 
 In both species, seedsetting-failure was associated with
complete pollen germinationi failure in the hundreds 
of cases studied he 

~inhibition of pllen erniiirition -isthus .thephy'sijo1o icalI basis. of-incom. .A 

Self_ and cross-incomnpatibility were not avoidod by bud pollination in,
over 150 .coibinations tested and observed-for<pol] en germination or seedset-


When the results of about 300 cross-pollinations were graphed for
seeds'produced per pollinatiri, we found a.
bimodal curve corresponding to

,incompatibility, and to full 
jr partial compatibility.  .
 

i!Reciprocal crosses between two individuals were both fertile or'both

incompatible, or one was 
compatible and one incompatible.
 

The'survey of crossability among plants taken from five distinct 
 ,
geographical populations revealed ten incompatibility groups. In each group

the rinembers were intra-incompatible. Some of the inter-group crossing

combinations were fertile , 
and some were not.
 

The analysis of the self-incompatibility system was then made.

Floriferous plants of the three most prevalent incompatibility groups (A,B,
and C) were chosen and hybridized under isolated conditions. The progenies

were classified for incompatibility by crosses among sibs, and with parents.
On the basis of these results, new parents were chosen, and another genera-i

tion of progenies was screened.
 

The offspring of the crosses among groups A, B,and C 
were of four

kinds. These four kinds corresponded to groups A, B, C, and H of the origi
-
nal population. Each family consisted of two or four groups. Two groups in
each 
 family were always of.t' parental types, and each crossed reciprocal
ly with one parent but not wi., the other. 
On the other hand, crosses

between groups A and B also produced individuals reciprocally fertile with
both parents (group C), and reciprocally incompatible with'both (group H).
Some families also contained a few female-sterile plants, easily classified
 
on thebasisof their behavior as males.
 

The new,.ype of plant produced by families A and B was reciprocally

crossed to 
a plant of group C, the only one of the four groups with'which it
 
was fertile. 
 In each of the two reciprocal families produced, two groups of
 progeny were produced. These groups were not 
like the parents but were
 
identical in behavior with groups A and B.
 

A suitable model (Figure 1) can be constructed to explain the results
of the crosses among groups A, B, C, and H. That model depends on 
the
assumption that a series of multiple alleles controls the incompatibility

groups of Ipomooa Cetifera. These alleles act sporophytically to "determine

the phenotyne of the pollen. 
 Thus, all pollen grains react alike. The
alleles can have independent effects on the incompatibility phenotype, or
 
one can dominate over the other in stigma and pollen. 
 Following convention
al treatm-ent, the alleles have been numbered RI, R5, and R3 .
 Both RI and..
 
R2 act independently, and are dominant in stigma and 
Style to R3. This
 

fmodel
conforms to thetype of incompatibility-described previously in Co 
 .. ra

~bipinizatun Cav and Rlaphanuo (Sampson--1964). 

. -
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PRODUCES 2 PARENTAL
 
AND 2 NON-PARENTAL GROUPS
 

'RR-RR R3 _ 

-PRODUCES -
o 2 PARENTAL 

E~~ RROOUP
 
-~ R
 

R R2 R3 R3 RR PRODUCES 2 PMI .NTAL
 
PRODUCES 2 NON- PARENTAL GROUPS AND 2 NON-PARENTAL GROUPS
 

Figure 1. Pattern of crosses among 4 Figure 2. Pattern of crosses found by
 
groups of IFomn ,.,z, ;, , , and pro- Van Schreven (1953) in sweet potato 
posed genotypes
 

Thus, the system of self-incompatibility in the family Convolvulaceae
 
now appears to he of the multi-allelic, sporophytic type found in the
 
families Compositae and Crucifera_. This is the only system extant capable
 
of explaining the particular results of this study. The characteristics
 
conunon to this system, and the system found in 1. ,-- include:
 

More than two incompetihility groups
 

Unilateral incompatibility between some groups
 

Incompatibility between some parents and their progeny
 

Two or four incompatibility groups in a family
 

Tne occurrence of parental groups in some families 

INTERPRETATION OF THE SELF-INCOMPATIBILITY OF THE SWEET POTATO
 

Since the sweet potato is a hexaploid, the incompatibility locus must 
have been duplicated or evel triplicated during its evolution. The ques
tion is whether the model of se f-incompatibility found in fm,,,(I 
duplicated or triplicated in a hexap'oid that shows bivalent pairing, can 
explain the complex cros,i,,g behavior previously described in sweet potato. 

The rattern of cr-osses among four of , . analyzedgroups '.',,",,,,: 

in detail in this study conforms exactly to the pattern of crosses among 
incomupatibility group; fouId hy Van Schreven (1953) among her crosses of 
the sweet potato. The similarity of the patterns must be re'arded as a 
coin cidenco, however, for the model of relationships among the !. .-, P..'',,t,,: 
classes does not explain the Van Schreven case. By making a different set 
of assumptions aboHt the genotypes and dominance relationships of iniccmipa
tihility alleles, however, the Van Schrever data can be reconciled to the 
mnulti-allelic, sporophytic cointrol hypothesis (Figure 2). 

It is assumed that R] is domimant to R2; R2 is assumed to be domirant 
to R3 ; but R1 and R3 are assumed to act independently. Dominance relations 
are assumed to be the same in stigma and pc,len. 

In contrast with the Vai Schreven data, the crossing relationships that 
Fujise (1964) found in the sweet potato cannot be reconciled to the one
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locus, multi-allelic sporophytic hypothesis. His three intra-incompatible,
 
inter-compatible groups (A, B, and C) produced progeny as follows when
 
crossed: A x B or B x A produced A,B, and C types; A x C or C x A also pro
duced A,B, and C types; B x C or C x B produced only B and C types. Further
more, after self-pollination, pseudo-compatible A varieties Iroduced A and B
 
types, and B varieties produced B and C types. More than two loci (or
 
genes) would be necessary to produce three such incompatibility groups, no
 
matter what scheme is followed.
 

A simple two-loci model explaining the results of Fujise is presented
 
in Table 2. Because bivalent pairing is the rule in sweet potato the two
 
loci receive - :parate letter designations. But the interrelationships
 
between loci (epistatic relationships) are assumed to be comparable to the
 
interrelationships among alleles at one locus (dominance relationships).
 
The model assumes that R1 is dominant over R2, and epistatic to SI and S2;
 
and that SI is dominant over S2 . Both S1 and S2 are epistatic to R2.
 

Thus, the two-loci, multi-allelic sporophytic model can explain
 
Fujise's results. Furthermore, it can be extended to include new groups
 
when they are identified and adequately delineated. The model does not
 
contradict the one proposed for the Van Schreven data, in.ismuch as in
 
particular crosses, either one or both loci may be operating.
 

Table 2. 	A two-!oci, multi-allelic, sporophytic i~iedel to explain
 
crossing patterns of sweet potato obtained by Fujise (1964)
 

Phenotypes 
Variety Genotype Phenotype of progeny 

after selfing_ 

A RjR 2S1S2 RI Rj,S I ,S 2 

B R2R2S1S2 SI SI ,S2 

C R2R2S2S2 S2 S2 

Because the similarities between varieties, as measured by correlation
 
coefficients, are almost normally distributed, classifications for incompa
tibility in the sweet potato must be made and interpreted with cautio
 
Nevertheless, there is little doubt that the genetic basis and control of
 
self-incompatibility in sweet potato conforms to the multi-allelic sporo
phytic type.
 

ANALYSIS 	OF THE STERILITY OF THE SWEET POTATO
 

The sterility of the sweet potato results from a series of phenomena 
that reduce fertility even in fully compatible crosses. Analysis of the 
sterility consists in identifying the reproductive processes that are 
affected, the degree to which these processes are damaged, and of explaining
the causes of the dmage. 

Reproductive processes damaged by sterility
 

Failures in reproductive processes that have been detected in sweet 
potato are described in Fable 3. Some of these failures are very common and 
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Table 3. Detectable failures in sweet potati reproductive processes 

Failure Method of detection Estiefd magni
tude of damagqe 

Pre-poll inition events
 
Male gametes 
are abnormal Pollen production failure Rare
 
Female gametes are abnormal Microscope examination Very rare
 

Pollination events
 
Some pollen does not germinate Counts of pollen on stigma on 
any stigma Very conron
 
Stigma does riotstimulate germination All pollen fails to germinate Rare, but known
 

on stigmas of one female
 
Post-pollination events
 

Pollen tubes do riot pass from stigma 
to style Ilicroscopic observation Conmnion, 30-95" 

Pollen tubes do not pass through
 
entire style 
 Microscopic observation 
 Conmon, 10-20.
 

Pollen tubes do not result in 
 Microscopic observation and Cornon, 10-60'
 
fertilization 
 seed and scale counts
 

Ovules develop as scales Observations and counts 
 Very coimnon, i5K
 
Seeds do not develop norma1 Observations and counts 
 Very corimon, 21-50.
 

enausperms 
Seeds do not germinate Observations and counts Coiron, 10-25 
Seedlings are weak and die Ohservations ar. I counts Uncotmion, 2-3 
Seedlings do riot grow into ma ture Observations and counts Uncomiton, 1', 

plants 
M1ature plants In riot flower tbservations Rare
 

are e-,y to detect. Others are less 
comon or rare, and ability to detect
 
them and 
to judge their frequency varies. The post-pollination barriers to
 
seedset in sweet potato have been carefully described by Martin and
 
Cabanillas 
(1966) and two types of barriers can be described. The first of
 
these are 
those barriers in which the pollen germinates but fails to result
 
in fertilization.
 

In two selected crosses, large numbers of pollen grains, between 15
 
and 20, germinated on the sti gma (Table 4). 
 Yet only a fraction of the
 
tubes passed from stigma into style.
 

In the second 
cross for which pollen tubes were counted in cross
 
section, about 5% of the tubes passed from stigma to style. 
 The numbers of
 
tubes seen 
in the various parts of the styles did not change appreciably

(Table 4). In the first cross, about 3311 of tubes passed from stigma to
 
style. Again, numbers of tubes in various regions of the style did 
not
 

Table 4. Pollen tube growth and podset in two crosses of sweet potato
 

Clones Pollinations Mean number of pollen tubes 
made stigma upper mid lower 

made tigm style style style 

Percent 
Pcetper
podset 

Seeds 

pollination 
89 x 94 42 19.6 6.1 5.7 5.0 42.8 0.86 

101 x 85 94 16.1 0.9 0.7 0.6 6.4 0.10 
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change. 
 In both crosses the mean number of pollen tubes penetrating the
 
lower style was about six times the mean number of seeds per pollination.

Thus, many pollen grains that germinate do not fertilize ovules.
 

The second type of barrier is that in which weakness or death of the
 
embryo occurs after fertilization (Table 5). This may occur at any step of
 
the process of development of embryo or endosperm, resulting in aborted
 
scales, small and malformed seeds, empty seeds, seeds that do not germinate,
 
seedlings that die young, and so on.
 

In unpollinated or incompatibly pollinated flowers of sweet potato the
 
ovules increase slightly in size during the three- to four-day period that
 
the flower remains on the plant. However, several days after anthesis, the
 
ovaries of compatibly pollinated flowers begin to swell. The majority ot
 
such young fruit then develops to maturity. During the process of develop
ment all ovules grow in size together up to about the third day. Thin one
 
or two presumably fertilized ovules increase rapidly in size, whereas grow
th of those that remain is arrested. Dissection of these soon-to-be abort
ed ovules reveals apparently normal morphulogy and some differentiation
 
with respect to shape, but no multicellular development. As the good seeds
 
continue to expand, the aborted ovules tend 
to be compressed to one side of
 
Ehe fruit, and may shrivel. When the seed pod dries, the mature seed
 
shrinks to a diameter of 3-5 mim, half its mature-qreen size. The aborted
 
ovules dry to insignificant scales 0.5-1.5 mm in length. In 130 capsules,

329 dried scales and 191 recognizable seeds were found. Although seeds
 
differ in size (Table 5), the two categories, scales (presumably represent
ing unfertilized ovules) and seeds, do not overlap in weight or size dis
tribution. Scales, of course, do not germinate, whereas seeds of large

size germinate more readily than smaller seeds (Table 5). The smaller and
 
weaker seeds represented 50% of the total number tested.
 

Table 5. 	Distribution of sizes of mature seed and aborted
 
ovules of sweet potato, with respect te germination
 

Weight of Number o.' Percentage
seed or ovule examples germinated 

0.0-0.5 329 	 0.0
 

l. - 1.5 	 15 0.0
 

1.6- 3.0 	 17 
 0.0
 

3.1- 7.0 
 12 0.0 

7.1-11.0 17 11.7 

11.1-15.0 
 34 29.6
 

15.1-19.0 
 35 68.6
 

19.1-23.0 40 
 97.5
 

23.1-27.0 
 16 100.0
 

27.1-31.0 5 
 100.0
 

Thus, sterility can occur at many stages of the development process,
 
both before and after pollination.
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The causes of sterility
 

At the present time it is impossible to establish the causes of steri
lity inthe sweet potato. Because sterility occurs at so many stages and is

expressed inso many ways, it ismost likely that a 
single process is

responsible: polyploidy. 
Sterility iscommon enough inpolyploids, and is

caused by two phenomena, errors inmeiosis resulting ingross defects inthe

genetic complement, and segregation and recombination that lead to so-called
 
unbalanced gene distribution. This means that a certain proportion of
 
gametes and of embryos receive an unfavorable combination of genes that
 
fails to function adequately incertain circumstances.
 

Itishighly probable that selection among seedlings of carefully

controlled crosses for desirable new recombinants to be used as varieties
 
often preserves unbalanced gene combinations. On the other hand, open
pollination among varieties practiced for several generations should favor

fertile over sterile plants, as well 
as those that tend to flower freely.

Martin and Jones (1971) showed that flowering increased about 300% insix

generations of open-pollinated crosses and resulted inextremes of pre
maturely flowering seedlings, those that flower at the first node (Martin

1973). However, open-pollination did not result inincrease of either self
fertility or cross-compatibility inspite of the strong natural selection
 
that open-pollination imposes. Thus, itseems unlikely that either
 
sterility or self-incompatibility are influenced by selection pressures.
 

CONCLUSIONS
 

Most of the research reported here isten or more years old. Scattered

invarious journals, it isoften unknown to plant breeders. The conclusions

of this research, as yet not modified by subsequent studies, are that poor

reproduction inthe sweet potato isdue to a 
duplicated or triplicated self
incompatibility system of the multiple-allelic sporophytic type, and to

sterility expressed at many stages, due to genetic unbalance accompanying

hexaploidy. While flowering can 
be increased by open-pollinated mass
 
selection, incompatihility and sterility are not affected. Thus, sweet
 
potato breeding is likely to contine to be a painstaking process. Open
pollinated populations, and mass recurrent selection, followed by careful
screening for new varieties, are probably the best techniques the plant
breeder can employ. 
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Side dressing sweet potato breeding lines with N fertilizer.
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INTRODUCTION
 

The sweet potato (Ipomooa batata.) was introduced into South Africa
 
shortly after the Dutch colonized the Cape in 1652. According to available
 
evidence in the archives these introductions were made from Brazil.
 

From these introductions through selection of local types a few tradi
tional varieties originated. Amongst these are Borrie, which has a white
 
skin color and a white to slightly yellow flesh color. It has a somewhat
 
dry but sweet taste when baked. Another old variety worth mentioning is the
 
so-called 'Six Months White'. This variety has 
a long growing season and
 
has a white skin and flesh color. It has an extremely dry taste when baked,

giving rise to the common 
name amongst certain sections of the population of
'choack' sweet potato.
 

During 1951 T.G. Joubert (Anon 1954), a plant breeder at this Institute,
 
introduced some varieties from the United States of America and also certain 
breeding lines from the Louisiana Agricultural Experiment Station in the USA. 
These included the variety Porto Rico and breeding line L-240 (also known as 
Early Port). Seeds of L-240 were planted and produced to promising breeding
lines, 4-95 and 4-126. Further seed introductions were made from the Edisto
 
Experiment Station in South Carolina, USA. 
 From these four promising breed
ing lines were selected. These were lines 6-27, 7-3, 7-42 and 7-59.
 

The varieties and breeding lines mentioned above were used in a breed
ing program in an 
effort to obtain better adapted varieties for South Africa. 
The aims of this program were to obtain higher yielding, smooth and uniform 
varieties with resistance to diseases and nematodes (especially %Icloilo lye
spp). It was also hoped to improve eating and nutritional quality, as well 
as to improve postharvest storage quality. Efforts are being made lately to 
improve starch contents for industrial purposes.
 

PROCEDURE
 

In South Africa the usual procedure for the propagation of sweet 
potato is to store the cured roots through winter and to plant them ult in 3 
nursery early in spring. Cuttings of the shoots of these roots are used as 
planting material in early summer. These 15-20 cm cuttings are planted in
 
rows on ridges to the extent of 25-30,000 cuttings/ha. Irrigation is usual
ly applied to start the cuttings growing. Additional irrigation is applied

in many areas when necessary, although in certain areas of the subtropical

region this crop is grown without supplementary irrigation. Fertilizer is
 
usually applied according to soil analysis requirements. In some areas
 
boron is also applied just after planting time. The use of disease-free
 
planting material from special nurserymen forms part of the production phase
of this crop in South Africa. Disease-free material is usually phased out
 
of the production cycle the third year after obtaining it from the Depart
ment of Agriculture nuclear stock.
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In the breeding program of sweet potato at the Horticultural Research

Institute the conventional methods of intercrossing sometimes followed by

backcrossing and interbreeding were used, followed by selection of the best
 
breeding lines.
 

RESULTS
 

Development of new varieties
 

According to the Progress Report of Sweet Potato Breeding of the Horti
cultural Research Institute (Anon 1979) the breeding histories of current
 
varieties are as follows:
 

1. Mafutha: A selection (number 4-95) obtained from seed of L-240 in
troduced from Louisiana Agricultural and Experimental Station. Released as
 
a new variety in 1959.
 

2. Impala (57-2): Obtained from the cross 
7-3 x 7-42 and released in
1962. - 4-126
 

3. Wildebeest (55-17-1): Obtained from the 
cross 7-42 x 4-126 and re
leased in 1962.
 

4. Griqua (6-27): Selection from a seed introduction made from Edisto
 
Experimental Station in the USA.
 

5. Eland (56-27-1): 
From the cross 7-59 x 4-126 and released in 1965.
 

6. Hartebeest (61-7-1): From the cross 7-42 x (L-240 ;,Six Months White)
 
7-59 x 4-126
 

and released in 1965.
 

7. Kudu (61-8-4): Obtained from the cross 6-27 
x 55-17-1 and released
 
in 1965.
 

, a (58-1-3): From the cross 7-42 x (L-240 x Six Months White)

7-59 x 4-126
 

and released in 1970. 

9. Ribbok (73-1-75): Obtained from open-pollinated seed from the
 
variety I jiTaT2) and released in 1978.
 

Description of the varieties 

Table I presents some comparative data of eight well known and popular
varieties in South Africa, grown in an experimental trial near Pretoria.

According to these figures it is clear that 
 afutha, Eland, Griqua, Brondal 
and Ribbok produce the largest roots. However Impala with smaller, but more 
uniform rootL, is usually more in demand on 
the market and realizes very good

prices. The 72.8 t/ha yield of 
Impala makes it sought after by proaucers in
this area. This yield is approached by the 67.7 t/ha of Ribbok. 
 The yields

of Brondal and Kudu also make them attractive to growers. This is especial
ly true for Brondal because of its excellent dehydrated product which makes

it 
a popular variety with processors. Kudu on the other hand has very good

eating quality when baked.
 



Table 1. Comparative data fcr the certain sweet potato varieties when grown at the Horticultural Research
 
Institute near Pretoria C 

Veaniety Skin
color 

ea 
wg 
per root 

(g) 

Average
yield
(t/ha) 

Resistance to-
-

Meloid- Soil 
ogyne rot 
spp 

Carbohy-
drate 
g/10
fresh 
weight 

Carotene 
mg/100 g

fresh 

weight 

Protein 
g/100 g
fresh 

weight 

Flesh color 

Mafutha pink 430 35.7 VS MS 28.2 0.65 1.6 white to 
light yellow 

Impala red 282 72.8 R VS 21.3 0.67 1.2 orange 

Eland grey-
yellow 

424 45.4 R MS 23.1 0.15 1.1 orange 

Griqua light 
pink 

460 35.2 MS MS - - - light yellow 

Six Months 
white 

white 325 20.2 R R 36.3 0.01 3.3 white 

Kudu grey-
yellow 

307 55.3 MS R 20.9 0.18 1.1 light yellow 

Brondal light 
red 

482 56.9 MS MS 20.8 Traces 1.0 light yellow 

Ribbok pale 
pink 

510 67.7 R VS 24.8 0.05 0.9 light yellow 

ZR = Resistan: 

MS 
VS 

= Moderately susceptible 
= Very susceptible 
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The rather high carbohydrate content of Six Months White makes it an
attractive breeding line to combine high carbohydrate content with a good
yield. 
 This variety also has potential as a breeding line for increased
 
protein content.
 

Comparative yield of some varieties at different localities in South Africa 

The results in Table 2 give the comparative yields of the varieties
Impala, Brondal, 
Kudu and Ribbok at different localities in South Africa.
These localities include the Horticultural Research Institute at Fretoria
which is located at an altitude of about 1175 mnabove sea 
level. The average
monthly tempe,-iture during the growing season is 19.6 0C and rainfall is about93 mm. 
Additional irrigation during dry spells is necessary. 
The Addo site
is situated in the Eastern Cape at an altitude of about 50 m above sea 
level.
The average monthly temperature during the growing 
season is 21.2 0C and rainfall 38.8 mi. Irrigation is 
an absolute necessity in this area. 
 The third
site is at Nelspruit in the Trdnsvaal subcropical area at an altitude of 369
m above sea level. 
 Tie average monthly temperature d,,ring the growing seasonis 22.7 0C and rainfall 
is about 108 min. Irrigation is only necessary during

dry spells.
 

From the results 
in Table 2 it is clear that Impala is the best yielding variety at Pretoria and tNelspruit, but the poorest yielder at Addo in
the Eastern Cape. On the other hand Brondal and Kudu yields excellent cropsat Addo, with Brondal topping the list with a yield of 93 t/ha. Ribbok andBrondal both also gave very good yields at Pretoria and Nelspruit respec
tively.
 

Table 2. Comparative yield of four sweet potato varieties 
in experimental trials at three places in South 
Africa 

Variety Pre toria Nel spru i t Addo 

(t/ha) (t/ha) (t/ha)
 
Impa Ia 73 72 25
 
Bronda 1 57 70 
 93 
Kiidu 
 55 
 55 75 
Ri bbok 68 40 50 

Coniparativeiihest e,<periniental and farm yields 

The resul ts in Table 3 (jives an indic,!ion of maximum experimentalyields obtairied at thr Horticultlral1 Resear ch "istitude Experimental Farm atNelspruit. for the "arieties Impala, ',rondal an,, Ti~bok. It also gives theaverage farm 
mun 

yield of these varieties in the u>Yropical area and the maxifarm yield(is obtained in the same area. It should also be stated thatthe area of some of the farm lands for which these yields are applicable werein the req;n, of 25 hectares per variety. 

From these res ults it is clear that the average yields for both theexperimental trials and farmers in the subtropical area differ greatly fromthe high yields obtained some years. 1lhese differences can only be attri
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Duted to climatological conditions of which the lack of rain during some
 
/ears, and also sometimes a too high precipitation especially just before
 
iarvesting time, are the main factors. It is however also clear that some of
 
the better farmers in the drier areas, where irrigation must be carried out
 
regularly, usually attain the higher yields. Some of these farmers regularly
 
ittain yields of 70-80 t/ha.
 

Table 3. Comparative highest experimental and farm yields at Nelspruit
 

Subtropical 
Farm, Nelspruit 

Variety average 
yield, 
(t/ha) 

area, Experimental 

highest 
yield 
(t/ha) 

Subtropical area, farmers' 
fields 

average highest 
yieldY yieldY 
(t/ha) (t/ha) 

Impala 48 72 35 70 

Brondal 45 70 34 75 

Ribhok 35 50 32 80 

-5 year period 

•Figures supplied by farmers
 

;ffect of the use of disease-free planting material
 

According to the results in Table 4 it is clear that the use of
 
Jisease-free planting material had a drastic influence on the yield of the
 
;weet potato varieties. For instance the yield of Impala decreased by 25
 
:/ha when three-year-old planting material was used, compared to planting
 
iaterial which remained negative to virus infection when tested. For
 
rondal the equivalent decrease in yield over the same period was 11 t/ha.
 
hese results indicate that the utilization of a scheme through which
 
7armers are regularly supplied with disease-free planting material is essen
:ial for maintaining high production in South Africa.
 

Table 4. The effect of disease-free planting materidls on yield
 
of sweet potato 

Disease-free planting Three-year-old planting 
Variety material material 

(t/ha) (t/ha) 

Inpala 80 55 

Brondal 51 40
 

DISCUSSION
 

From the results presented above it is clear that plant breeders in
 
;outh Africa have succeeded in developing sweet potato varieties adapted to
 
ocal conditions and with very good yields in certain areas. Those varie
:ies also selected on the basis of eating quality also satisfy the demand
 
it the moment. However, disease resistance, especially tolerance or resist
nce to virus diseases, still remains an unattained objective. The develop
!,cnt of varieties with better dehydration qualities and of those for indus
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trial use is still in the initial stages. 
 Improvement of keeping quality is
 
also to receive further attention.
 

LITERATURE CITED
 

Annonymous. (unpublished). 1954. Sweet potato breeding progress report.

Horticultural Research Institute. Pretoria, South Africa.
 

Anonymous. (unpublished). 1979. Sweet
 

LITERATURE CITED
 

Anonymous. (unpublished). 1954. Sweet potato breeding progress report.

Horticultural Research Institute. Pretoria, South Africa.
 

Anonymous. (unpublished). 1979. Sweet potato breeding progress report.

Hortcultural Research Institute. Pretoria, South Africa.
 



29 

Performance of Exotic Germfpliasnl of Swee Potato ii, 

Bamigladesli 

NI. M. HASI III), A. A.. MAZ I NIAII imd . MIOLLA 

-lghuhsh.Agrieulitaral Ih.-warch Instilatle. Joidelblmr, I)neva, I hlahsh 

INTRODUCTION
 

Among the food crops of Bangladesh, sweet potato is ninth in hectareage

and fourth in production. In 1979-80, it covered 72,356 hectares and pro
duction was 0.77 million tons. However the real significance of :he crop

lies in the fact that it ideally suits the small and marginal far,ers, as it
 
can be produced with very few inputs. Sweet potato is primarily used as a
 
supplementary item of food but owing to its favorable prices as compared

with cereals, in some places people consume the roots as a staple during the
 
peak harvesting season.
 

Sweet potato was introduced into the area now constituting Bangladesh

during the secind half of the 19th century, but its production system long

remained out of touch with modern technology. The average yield of the crop

is still only 10.4 t/ha. Primitive production methods and low yield poten
tial of the indiyenous cultivars have been identified as the two major rea
sons for tiis low yield. All cultivars so far known in Bangladesh are
 
white-fleshed. Farmers store the roots in their dwelling houses for periods

of two to four months and the spoilage in this process is very high. Against

this background, a research program for the overall improvement of the crop

has been started. Development of high yielding, insect resistant and
 
carotene-rich cultivars with a good taste and good storage quality is the
 
major aim of the program. The progress made in this direction is reported

in part in this paper.
 

MATERIALS AND METHODS
 

Research on sweet potacc in Bangladesh was started in 1976. Improve
ment of cultivars was a priority of the program. In view of the long time
 
it was expected it would take to collect and evaluate indigenous germplasm,

it was decided to procure standard cultivars and breeding lines from abroad
 
and test their adaptibility and yields. By 1979 46 genotypes had been col
lected. Of these, 12 were from the IITA, six from AVRDC, nine from the
 
Philippines, five from Japan, four from the USA, one from Sri Lanka and 19
 
from othar u-known on unrecorded sources. The names, origins and important

characters of the cultivars are given in Table 1. Three of the US culti
vars, namely USA-I, USA-2 and BAU-2 are selections from open-pollinated

seed-propagated lines. With the exception of the IITA cultivars, vines were
 
collected for the other genotypes. Two local cultivars were included as
 
checks. Six cultivars including five from the AVRDC were lost and hence
 
not reported here.
 

The cultivars were subjected to a replicated trial during the winter
 
season of 1979-80 at two locations, Joydebpur and Mymensingh. The former
 
is located near the capital city of Dacca and the latter is 120 km to the
 
northeast. The soils of the two places are laterite clay (pH 5.5) and
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Table 1. Particulars about the origin and major characteristics of the
 
sweet potato cultivars
 

No. of Avg root Flesh
Name of cultivars Origin; roots/hill wt (g) color
 

AIS 209-3 AVRDC 4.8 133.5 orange
 
TIS 2328 IITA 5.7 138.6 cream
 
TIS 2330 
 IITA 4.1 121.6 white
 
TIS 2498 IITA 4.0 100.0 white
 
TIS 2532 
 IITA 5.1 129.7 cream
 
TIS 3017 IITA 5.2 91.6 cream
 
TIS 3030 IITA 4.0 169.5 cream
 
TIS 3032 IITA 5.9 125.1 white
 
TIS 3055 IITA 3.8 151.8 white
 
TIS 3247 IITA 6.0 146.4 yellow
 
TIS 5016 IITA 4.4 141.0 cream
 
TIS 5081 IITA 6.0 116.7 cream
 
TIB 8 IITA 4.3 144.6 cream
 
Gokomachari Japan 4.4 75.9 whte 
Okinawa Japan 4.3 93.4 white 
Kokeia Japan 5.5 191.3 cream 
Norin Japan 4.4 171.6 cream 
Norin S Japan 3.3 157.3 white 
DAJA Philippines 5.1 138.8 Lream 
Gyy Philippines 5.3 120.2 white 
HDK I? Philippines 5.3 105.4 cream 
Old tellow Philippines 3.4 186.0 white 
Red Tuber Tail Philippines 4.9 182.8 cream 
Tainan 15 Taiwan 143.2
6.1 cream
 
Tainung New 10 Taiwan 6.0 129.4 white
 
Tinirining Philippines 5.9 188.6 cream
 
BNAS 51 Philippines 3.5 159.5 crean;
 
Wariyapola Sri Lanka 4.6 137.7 white
 
Pelican Processor USA 4.7 80.3 white
 
USA 1 USA 5.5 174.4 cream
 
USA 2 USA 4.6 84.7 white 
BAU 2 USA 4.4 156.1 orange 
RS No 1 Unknown 5.1 163.0 cream 
RS No 4 Unknown 6.3 153.5 cream 
Mount Diamond 1 Unknown 5.5 126.0 white 
Mount Diamond 3 Unknown 3.8 202.2 white 
Mount Diamond 4 Unknown 4.3 168.0 white 
Julian USA 4.9 202.2 white 
Jewel USA 7.2 89.3 cream 
Local White Bangladesh 3.7 166.4 white 
Local Red Bangladesh 5.7 130.6 white 

;Those from the Philippines were obtained from the AVRDC-Philippine 
Outreach Program at Los Ba~ios, Laguna 

alluvial sandy loam (pli 6.6) respectively. The temperature and rainfall 
data of the growing season are given below. 



293 29. RASHID ET AL SWEET POTATO IN BANGLADESHI 


Joydebpur Mymensingh
 

Air temperature (°C) Rainfall Air temperature (°C) Rainfall
 
Maximum Minimum (cm) Maximum Minimum (cm)
 

November 30.1 20.1 8.3 30.4 20.3 0.7
 
December 5G.1 13.7 0.0 26.2 14.5 
 4.5
 
January 25.1 11.6 0.8 24.9 10.7 
 0.2
 
February 26.9 13.7 0.4 27.0 13.7 
 2.6
 
March 31.7 19.6 2.9 32.8 18.6 
 3.3
 
April 35.0 24.3 11.0 35.9 21.6 18.4
 

Stem cuttings were planted on 19 November at Joydebpur and 6 November
 
at Mymensingh at a spacing of 60 cm between rows and 30 cm between hills.
 
The crop was fertilized with 5000 kg cowdung, 50 kg urea,l00 kg triple super
 
phosphate a.id 100 kg muriate of potash per hectare. At Joydebpur the crop
 
was 
irrigated three times but at Mymensingh irrigation was undertaken only
 
twice. Harvesting was done after 150-160 days.
 

The main criteria for evaluating the cultivars were yield, weevil in
festation, carotene content and storage behavior. The evaluation is not yet
 
complete. In this paper, only the yield data are given. Different botani
cal characters of the cultivars have been recorded and some of these are
 
presented in Table 1.
 

RESULTS AND DISCUSSION
 

The yields given by the cultivars at the two centers are presented in
 
Table 1. From the table it is evident that the cultivars difered widely
 
among themselves in yield at both centers. At Joydebpur, the yield range
 
was 8.8 to 47.0 and at Mymensingh it was 4.8 to 38.5 t/ha. Based on the
 
average of the two locations, the cultivar BNAS-51 from the Philippines gave
 
the highest yield of 41.3 t/ha closely followed by Kokeia (40.0 t/ha), a
 
Japanese cultivar. The next highest yielder, Tinirining, was far behind
 
with 31.2 t/ha. The only AVRDC cultivar AIS 209-3 was very close to it with
 
30.3 t/ha. All other cultivars were behind these by a big margin. The
 
distribution of the cultivars among the different yield classes is shown in
 
Table 2.
 

The yields given by the cultivars at the two centers are presented in
 
Table 3. The crop in this experiment was irrigated and fertilizer was
 
dpplied. Cultivation techniques were otherwise as employed by small farmers
 
in Bangladesh.
 

Table 2. Distribution of the cultivars among different yield classes
 

Locations Yield classes (tT/_ha)_ 

<10 >10 - <20 >20 - <30 >30 - <40 >40 

Joydebpur 3 11 18 5 5 

Mymensingh 7 29 4 2 0
 

Average of two 2 25 11 2 2
 
locations
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A noticeable feature of the results is the unexpectedly wide difference
 
in yield between the two locations. On the average, the cultivars gave

nearly twice as much yield at Joydebpur as they gave at Mymensingh. The
 
average yields were 25.9 and 14.8 t/ha respectively, indicating a highly
 

Table 3. 	Comparative yields (t/ha) of exotic sweet potato cultivars
 
at two locations in Bangladesh during the year 1979-80
 

Name of cultivars 


AIS 209-3 

TIS 2328 

TIS 2330 

TIS 2498 

TIS 2532 

TIS 3017 

TIS 3030 

TIS 3032 

TIS 3055 

TIS 3247 

TIS 5016 

TIS 5081 

TIB 8 

Gokomachari 

Okinawa 
Kokeia 

Norin 

Norin S 

DAJA 

GYY 

HDK 12 

Old Yellow 

Red Tuber Tail 

Tainung 15 

Tainung New 10 

Tinirining 

BiAS 51 

Wariyapola 

Pelican Processor 

USA 1 

USA 2 

BAU 2 

RS No 1 

RS No 4 

Mount Diamond 1 

Mount Diamond 3 

Mound Diamond 4 

Julian 

Cinjhi 

Jewel 

Local white 

Local Red 


Joydebpur Mymensingh Mean
 

40.4 20.1 30.3
 
15.7 15.5 15.6
 
20.6 8.4 14.5
 
15.9 15.1 15.5
 
24.2 13.0 18.6
 
24.5 13.8 19.2
 
21.9 11.3 16.6
 
33.3 18.2 25.8
 
16.6 14.6 15.6
 
28.6 20.1 14.4
 
40.0 11.9 26.0
 
24.2 10.9 17.6
 
18.0 9.6 13.8
 
13.2 13.4 13.3
 
9.2 7.7 	 8.4 
41.4 38.5 40.0
 
9.8 7.5 	 8.7 

27.8 22.6 25.2
 
25.5 12.4 19.0
 
17.8 15.9 16.8
 
15.8 10.0 12.9 
16.4 6.3 11.3
 
24.3 18.8 21.6
 
37.8 12.6 25.2
 
20.3 10.0 15.2
 
43.4 19.0 31.2
 
47.0 35.6 41.3
 
26.6 23.0 24.8
 
8.8 12.6 10.7
 
21.2 14.2 17.7
 
22.2 10.0 16.1
 
12.4 16.6 13.5 
22.5 18.0 20.3
 
28.6 18.0 23.3 
30.6 13.4 22.0
 
15.1 13.6 14.4
 
31.6 19.0 25.3
 
19.3 4.8 12.0
 
34.5 18.8 26.6
 
21.4 13.0 17.2
 
21.9 7.1 14.5
 
20.4 11.3 15.8
 

Mean 	 25.9 14.8 19.2
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significant influence of environmental factors, inthis case soil, on the
 
yield of sweet potato, since the climatic conditions (temperature and rain
fall) of the two locations did not differ greatly. We previously felt that
 
loamy soil was more suitable for sweet potato than clay, but the present
experiment proved just the reverse. In Bangladesh sweet potato is grown

mostly in the alluvial soils of the river banks, like the soil at Mymensingh.
 
This experiment showed that laterite clay can be a better soil for this crop,
 
though Joydebpur is traditionally not a sweet potato growing area.
 

Results of these experiments showed that it is possit . to bring about
 
tremendous improvement inthe sweet potato crop inBangladesh both inyield

and quality through the introduction of exotic germplasm. The two local
 
cultivars included in the trial gave yields around 15 t/ha. Out of the 40
 
exotic cultivars as many as 27 gave yields higher than the average of the
 
two locals and in many cases the differences were quite large. Although
 
the two locals cannot be regarded as representative of all sweet potatoes in 
Bangladesh, since the indigenous germplasm still remains unexplored, it can 
be safely said that the exotic materials so far collected possess genotypes 
of very high yield potential and if found otherwise satisfactory, these 
genotypes hold the prospect of boosting total production of the crop in the 
country during the coming years. Luckily, all four of the top yielders have 
creamy to yellow flesh and this quality alone is of considerable signifi
cance as far as the preference of the consumers is concerned. 

However, the final adoption of the exotic cultivars by the farmers de
pends on their performance in terms of weevil resistance, storage quality

and taste. Some of the top yielders have already been sent out for farmers'
 
field trials. Simultaneously the collection and evaluation of the local
 
gemnplasm have been taken up. 

Soime of the AVRDC lines not reported here have given good yields in the 
farmers' field trials conducted by the Mennonite Central Committee in the 
Noakhali district, about 200 km southeast of Dacca. In one place the cul
tivar AIS 243-2 gave a yield of 35.5 t/ha. The highest yield recorded for
 
AIS 0122-2 was 18.9 t/ha. The yields of AIS 35-1, AIS 35-2 and AIS 272-9, 
were at the same level as the local checks and even lower in some instances. 
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Sweet potato tips prepared for vegetable consumption are rich in Vitamin A. 
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INTRODUCTION
 

The sweet potato is rich not only in carbohydrates, but also in vitamins
 
and minerals (Villareal 1977). It is regarded as a high-energy, low-protein
 
food, though usually considered to be inferior to rice and wheat in protein
 
content. Sweet potato is deficient in sulfur-containing amino acids and try
ptoph&n, but this is partially compensated for by high levels of vitamins A
 
and C and of some minerals. Purcell (1972) reported that most cultivars con
tain between 4.5'o-i, protein. However, the protein content of sweet potatoes

from a North Carolina root collection was found to range from 1.73% to 9.14%
 
on a dry weight basis. These data confirm the results of many other workers
 
(AVRDC 1974; Li 1974). AVRDC (1974) has reported that the protein content of
 
the plant parts above the ground range from 21.7% to 31.3% on a dry weight
 
basis. The results indicate that the leaves and stem tips of the vine have
 
a higher nutritional value than the roots.
 

Sweet potato for use as food is usually prepared fresh after harvest,
 
particularly in tropical and subtropical regions. In the temperate zone,
 
sweet potato is normally kept after harvest until the winter season. In the
 
United States, large quantities are canned and also prepared in dehydrated
 
form (Demaree et al 1960; Edmund 1971). Sweet potato starch is probably

used more for textile sizing and in laundering than for food. Sammy (1970)
 
reported that sweet potato flour can be utilized as a substitute for wheat
 
flour at a rate of up to 15% in bread and 20% to 30% in pastries. Other
 
uses of sweet potato flour have been investigated and suggested (Poole et al
 
1955) and they include the possible use of it as an ingredient in cakes,
 
doughnuts, r"-, gingerbread, pies and pastry, puddings and vegetable
 
dishes.
 

In Taiwan, sweet potatoes are readily available in local markets. Baked
 
sweet potato roots are very often served as a dessert or snack in city
 
streets. Sweet potatoes can be kept well for at least two months in winter
 
(Wang 1974).
 

VARIETIES AND IMPROVEMENT
 

Improvement work before 1946
 

Sweet potato improvement work was initiated in Taiwan in 1911 and may
 
be divided into two stages.
 

Firstly, from 1911 to 1921, about 164 varieties were introduced from
 
Japan, Java, the United States, Borneo, the Celebes and mainland China.
 

Then, from 1922 to 1945, a cross-breeding program was carried out at
 
the Chiayi Agricultural Experiment Station by Hirama (1929-37 and 1935)
 
aimed at improving quality, and in particular at raising the starch content
 
of sweet potato with a view to its use for food, animal feed and for in
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dustrial purposes. Forty-seven new varieties (Tainung 1 to 47) 
were named
 

and recommended to 
farmers for cultivation.
 

Improvement work since 1946
 

Since 1946, 
sweet potato breeding has been conducted by Chiayi Agricultural Experiment Station 
(CAES), and various District Agricultural

Improvement Stations. 
 AVRDC (1974) started its own breeding program for
 
sweet potatoes of high nutritional value in 1972-73.
 

Further introductions have been made from Japan, the Philippines, the
United States and mainland China since 1946, as most sweet potato collections
 
were lost during World War II. Up to 1970, more than one 
hundred varieties
and/or clones had been introduced by CALS 
(Wang 1976) and a cross-breeding

program carried out with the following objectives:
 

1. To develop varieties which mature early enough to 
replace native
varieties in northern and north central Taiwan. 
 For this purpose, crosses
were made between native varieties and American, Japanese and old Tainung

varieties.
 

2. To develop varieties which excel 
the old Tainung varieties in both
quality and yield. 
 To this end, 
crosses were made between Tainung varieties
and varieties introduced from foreign countries.
 

3. To develop carotene-rich varieties, which possess higher nutritional
value for table use of processing. 
 For this purpose, the introduced

carotene-rich varieties Nancy Hall, 
Porto Rico, Centennial, seedling No. 779
from California and other orange-fleshed American varieties or clones were
used in crosses mostly with Tainung and Nunglin varieties. The yield and
other major characters of the parents most usually used are 
listed in Table
 
1.
 

Since 1946, sixteen 
new improved varieties (designated Tainung 48 to 57
and Tainung 59 to 64) have been developed for release to farmers by CAES.
One other, Tainung 58 (P30), was released by TARI (Mou 
,t il 1957). Of these17 new Tainung varieties, eiqht are for table use, and two of these eight
varieties, (Tainung 63 and 6,) 
 were released from the first year seedlings
of polycross (Li 1980). 
 The carotene content of these eight new varieties

has increased from 0 to 22.5 mg/lO0 g. 

White-fleshed sweet potato varieties were released by three DistrictAgricultural Improvement Stations (Chen and Hsu 1974; Li 1980). In addition,a new clone, C 53-83 was selected by CA~i from 
hybrid seeds obtained by
crossing Tainung 54 with No. 
779 in 1964. Selection by elimination was
carried out in 1965. Comparative trials among clones were completed from
1966-1968 period, and the agronomical properties studies were carried out
from 1968 to 1970. Yield observation trials at three locations 
in Yunlin
District were made again from 1977 to 
1979. Results are shown in Table 2.
 

Dense planting (20 cmii
between hills) increased not only the yield but
the number of roots, as shown in Table 3. 
Clone C 53-83 was superior to
the other clone, L 21-33, in these respects. The size of the root was also
reduced to 
fit the processing requirement of about 2.5 to 4.4 cm 
in dia
meter. 
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Table 1.Origin, date of introduction, percentage of chips and
 
carotene content Df parental varieties (Wang 1974)
 

Variety 


Native varieties:
 

Today Early 


Chi-Ting-Chun 


Red Tuber-Tail 


Varieties introduced:
 

Nancy Hall 


Porto Rico 


Kandee 


Goldrush 


Heartogold 


Virginian 


Allgold 


No. 779 


Centennial 


Rose Centennial 


Julian 


L 2-116 


L 3-64 


L 4-89 


Okinawa 100 


Nunglin 18 


Nunglin 19 


Nunglin 21 


Nunglin 26 


Percentage Carotene
 
of dry content
 

chips (%) (mg/lO0 g
 

25.5 0.4
 

24.1 0.4
 

18.0 1.2
 

37.0 3.6
 

31.0 5.5
 

30.5 9.2
 

24.4 16.0
 

24.8 11.0
 

22.4 18.2
 

27.7 19.8
 

26.4 14.9
 

28.9 18.0
 

25.8 19.0
 

28.8 24.8
 

33.2 16.5
 

32.8 13.1
 

32.6 12.4
 
37.0
 

39.8
 

36.0
 

39.2
 

40.0
 

No distinct variation of the carotene content was observed to result
 
from variations of locations of cultivation or soil type. Light soil
 
texture usually gives more uniform roots, a quality required for canning.
 

Lxperience in Taiwan show that August-September is the appropriate
 
time for planting, and harvest is expected in the following January-February.
 
Roots harvested approximately four to five months after planting are suitable
 
for canning. As far as the carotene content is concerned, sweet potatoes
 
planted in August-September have a higher content than those planted in other
 
months and sweet potatoes harvested at four months after planting have a
 
higher content than those harvested at three or five months after planting.
 

FACTS RELATED TO BREEDING
 

F'owering
 

Although sweet potato blooms easily under natural conditions in the
 
southern United States, scientists in Taiwan have met with difficulty in in
ducing it to flower (AVRDC 1974; Wang 1951).
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Table 2. 	Average data from observation trials of six seedlings of sweet potato at
 
three locations in Yunlin District in 1977-79
 

Variety Yield Carotene 
or 

Seedling 
Parentage (t/ha)Y 

Yuanchang Taihsi Shuilin 
content 
(mg/l00 g) 

Taste 

C 70-101 Tainung 62 x C 64-11 37.0 20.6 27.6 4.6 4 
(28.7) (30.0) (32.1) 

C 70-54 C 64-88 x L 2-116 35.3 27.9 26.0 12.4 4 
(27.5) (27.7) (27.4) 

C 70-66 Centennial x Tainung 55 39.8 23.2 32.5 14.5 4 
(26.0) (27.8) (27.7) 

C 70-79 C 64-11 x C 64-33 30.0 15.2 23.5 6.8 5 
(27.0) (27.6) (27.1) 

C 64-83 Tainung 54 x No. 779 30.7 27.4 20.7 13.0 5 
(C 53-83) (25.4) (26.3) (26.0) 
C 69-19 Tainung 62 x No. 779 30.8 22.0 25.6 4.0 6 

(34.3) (34.2) (33.1) 
Talnung 57 (ck 1) 34.8 29.8 18.9 2.0 6 

(30.0) (30.6) (30.3) 
Tainung 62z (ck 2) 34.2 27.0 24.9 8.0 5 

(29.9) (28.9) (29.6) 

zVariety and seedling included in trial starting the second year, August 1978 
YFigure 	in parenthesis rafers to dry chips percentage. One year data of 1978-1979
 

Table 3.	Effect of dense planting on root yields and numbers of sweet 
potato clones, C 53-83 and L 21-33:; 

C 53-83 	 AvLe21-3 
Roott....... Root root
Space 	 yield nut Der yield number yield number
 ... t a_)_.(1I__ a _(_/ _. O _a)___t! a) - (1000/ha) 

20 cm 	 41.4 541.4 23.5 396.7 32.5 468.9
 
(112) (132) (109) (130) (111) (131)
 

30 cm 37.0 
 410.2 	 21.5 303.7 29.3 356.8
 
(100) 	 (100) (100) (100) (100) (100)
 

LSD 1 
 2.0 	 49.9
 

"Figure in parrnthes is indicates the percentage of increase com
pared with 30 cm I"acing 

Wang (1964h) reported that tile best season for sweet potato pollination

in Chiayi, Taiwan, is from the beginning of November to tile middle of Decem
ber, when the average daily temperature is between 200C to 25°C. Beyond this
 
range, flowering, seedsetting and the number of seeds per capsule are all
 
restricted. Flower buds of several varieties sufler injury when the tempe
rature drops below 120C. These results confirm the findings made by Monte
laro and Miller (1951) who reported a decline in seedset during very hot or
 
cold periods, with maximum seedset occurring when the mean daily temperature
 
was about 23.90C. Warmke and Cruzado (1949) reported that the percentage of
 
seedset at the beginning and end of the season was low, compared with that in
 
the middle of the season, from 1-15 February in Puerto Rico, located at 180
 
north.
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Fruiting and seedsetting ability
 

Poor fruiting and seedsetting are the greatest obstacles in sweet potato

improvement breeding programs. Environmental factors along with genetic,
 
morphological, physiological, cytological and pathological factors must be
 
considered as influencing the fertilization process.
 

Stout (1924) suggested that the type of sterility operating in the sweet
 
potato was that of incompatibility in the fertilization process; in other
 
words, that self-incompatibility might be present. Wang (1964a) reported

that 45 of 76 sweet potato varieties and seedlings studied were completely

self-incompatible. Hernandez and Miller (1962 and 1964) stated that the
 
presence of self- and cross-incompatibility made it difficult to obtain seed
 
from crosses hetween certain parents and suggested that incompatibility in
 
the sweet potato is determined by genes that form a multiple allelomorphic
 
series. 
 Their statement agrees with Wang (1964a) when he classified 76
 
varieties and seedlings collected from Japan, mainland China, Taiwan, the
 
Philippines arid the United States into five intra-incompatible inter-compa
tible groups and one intra-inter-compatible group. The five intra-incompatible
 
groups were assigned genes SI through S5 of a multiple allelomorphic series
 
representing incompatibility groups I, I, II, IV and V. The varieties in
 
group VI were postulated to posses a fertility restoring factor (Sf)
 

Since Terao (1934) classified 51 varieties of sweet potato into three
 
incomjatibility groups designated A, B and C in 1934, the 
incompatibility
 
groups that have been identified have already increased from three to four
teen (Sakamoto 1973; Yomo 1977).
 

Pollen has been studied by Wang (1964b) as a cause of low seed and
 
fruitset, particularly for four varieties, Hawaiian, 60-Day, Hochwan Big

Vine and Cliett Bunch Porto Rico. All had 50' or more sterile pollen.

Cytological nbservations made for those four varieties showed that lagging

chromosomes were found at metaphase on the pollen mother cell and indicated
 
that those could he partially associated with their high percentage of
 
sterile pollen. Jang's results obtained confirm the statement made by Ting

arid Lehr (1953) and Ting :'. (1957) but were not supported by Jones's
 
results (1965).
 

Research oil the sweet potato megagametophyte has not been extensive.
 
Martin (1965) stated that although most sweet potato varieties have four
 
ovules per ovary, it is very seldom that four seeds mature. Those with less
 
than four regular ovLJles in the ovary as reported by Burnham (1967) and Wang
and Burnham (1968) exhibit lower seedset. The situation is further aggra
vated if a femnale-sterile variety is used as a parent in making crosses. 

RREEDING BEHAVIOR
 

Geiplasmintnroi
ouctio/n
 

Introduction is the first step for sweet potato improvement. Nancy Hall 
was introduced from the United States to Szechuan province, China in 1940 
during World War I, and it was widely grown as an important food crop (Shen
1951). In Taiwan, the first introductions were made between 1911 and 1921. 
The variety White Holland, which was originally introduced from Japan, was 
one of the major varieties grown on the island in the early irprovenment 
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stage (Cheng 1956). Although the second introduction including more than
 
30 American carotene-rich varieties and 31 hiqh starch Japanese varieties)
 
was made in the period between 1945 to 1970, none of those varieties has
 
proved successful enough to be selected directly for commercial growing ex
cept the variety Okinawa 100 (Chien 1964) which has been grown in
some areas
 
of Taiwan for a considerable period.
 

Mutation and selection
 

Since sweet potato is a root crop and is propagated asexually,mutations

usually arise either from roots or 
from vines. In Taiwan, mutations in the
 
sweet potato roots are very often observed (Wang 1964c). In the early 20th
 
century before flower induction techniques were perfected, the selecticn of
 
mutant types of sweet potatoes was the only method which could be used for
 
changing their genetic makeup (Miller 1939). However, most mutations in
 
sweet potatoes were reported to be retrogressive (lernandez . 1964).
4-zl 

Gamma irradiation treatment was applied to three varieties, but themutations
 
of all three proved inferior in overall performance.
 

[frbridization and selection of self-fertile clones
 

Hybridization: Up to the present, a large number of cultivars have been
 
released in Japan, Taiwan, the United States and other places after hybri
dization for different purposes. In Taiwan, breeding programs have two
 
objects: to develop varieties for animal feed and industrial purposes, and
 
to develop varieties for table use.
 

Selfing: In general, sweet potatoes are self-sterile plants, and only
 
a small 
number of varieties and clones have been found to be self-fertile
 
(Hernandez and Miller 1962; Wang 1964). Hernandez and Miller (1962) reported

that of the 13 sweet potato breeding parents that were selfed, only three v,ere
 
were self-compatible. Wang (1964a) agreed with them and reported that Kandee 
is highly self-fertile, and Nancy Hall, Tainung 31 and Tainung 36 are self
fertile too. Wang (1969) re;-rted again that an incompatibility grouping of 
the first genieration of self-Iollinated varieties Nancy Hall and Kandee had 
been made and indicated that most SI clones were nnt restricted by genetical
cross-incompatibiliLy factors. Poole (1955) reported that vigor is not de
pressed upon inbreeding. Sakai (1964) indicated that degeneration byinbreed
ing is weak in rse12ct to starch content. 

Since sweet potatoes are heterozygous, the characteristics of all varie
ties and/or seedlings developed froml hybridization differ from each other. 
There are marked variations in leaf shape skin, and flesh color, root form 
and other characters. However, a range of protein content from 11.9" to 
12.0 was reported by Kehr • ,' (1953) when the top of Jersey sweet potato 
was grown on four different root stocks. Although the sweet potato root 
yie'd wis reported to be non-additive (Sakai 1964) certain genotypes which
 
appeare( to pos~ess both drought tolerance and good yielding ability were 
found by Villareal (1979b) on the evaluation of AVRDC collections. Varietal
 
differences in chemical traits - starch, beta-carotene, protein, sugar - of 
sweet potatoes have been reported (AVR)C 1974; Li 1974a; Wang 1974). Plant 
breeders intend to combine these desirable characters with high yields and 
disease and insect resistai.ce. Recently, the nutritional value of sweet 
potato tops has gradually been attracting the attention of breeders. Villa
real (1979) observed that sweet potatoes exhibit a wide variety of morpho

http:resistai.ce
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logical traits in the tips. Thus, selection can be made for yield, palata
bility, tenderness, flavor and nutritional quality from a large number of
 
cultivar: and breeding lines.
 

Hernandez -,t 7Z (1965) indicated that white flesh color is incompletely
 
dominant over orange. The total carotenoid pigments appeared to be con
trolled by several genes, possibly six that are additive, and crosses between
 
parents medium to high in total carotenoids produced seedlings with a mean
 
total pigment content of 12.8 to 15.8 mg/lO0 gmis fresh weight. Transgres
sive segregation was indicated in crosses between certain parents.
 

Sakai (1964) reported that, since the starch content of sweet potatoes
 
is determined mainly by the additive effect of polygenes, the accumulation
 
of genes controlling high starch content in domestic varieties is recommend
ed. To accumulate these genes, selfing or sib-crossing is effective, since
 
degeneration by inbreeding is weak in this character. In some cases, good
 
results are obtained from line-crosses. Consequently, the high starch con
tent varieties thus selected and cultured may be used as parents for breed
ing varieties with high starch content and high yield.
 

Hammett ,t ,H (1966) reported the occurrence of variations in the fiber
 
content of fleshy roots of sweet potato seedlings, with two sets of genes
 
appearing to be involved. One of these cont.rols the presence of fiber while
 
the other controls fiber size. His data indicated that a few genes with
 
simple dominance controlled fiber size while the total fiber content was
 
controlled by several genes, geometric in effect and linked with genes for
 
fiber size. Consequently, breeding for low fiber content is feasible.
 

Constantin (17(1966) reported that the baked roots of sweet potato
 
seedlings from the progeny o, several parental combinations were evaluated
 
for flesh color, flavor, texture, fiber content, sweetness, moisture content
 
and general acceptability, and that all of these ratings were averaged to
 
obtain a baking index for each seedling. Crosses between parents with a low
 
baking index produced seedlings most of which had low indexes. In crosses
 
between parents with average or superior baking quality, 74% to 94% of the
 
seedlings had average or superior baking quality. Villareal C 11 (1979a)
 
reported that the steamed roots of promising breeding lines of sweet potato
 
and cultivars were evaluated by a panel for flavor, dryness, stickiness,
 
color and general acceptability to determine selection criteria that influ
ence general acceptability. The acceptability ranking of roots varied
 
according to the nationality of panel member. Based on the results of step
wise multiple regression analysis, it appeared that flavor and color would
 
be useful characteristics for predicting general acceptability of steamed
 
sweet potato roots.
 

A far as the nutritional value is concerned, carotene content is recog
nized as a very important constituent which is of interest to plant breeders.
 
AVRDC (1975) reported that orange-fleshed selections were high in beta
carotene. Fortunately, they also ranked high in protein. Jones ot a( (1969)
 
and Jones (1977) reported however a negative association of flesh color and
 
dry matter. Thus, concurrent selection for high dry matter may be difficult
 
but not impossible.
 

Dry matter has been used as an indicator of starch content according to
 
Purcell ,tcr (1976 after Juritz 1921). Dry matter is positively correlated
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with starch content. According to Sistrunk ,t(,,(1954 after Core 1920)

sweet potatoes are rich in diastase which when present in very small 
 quanti
ties may convert practically all of the starch to reducing sugar during the
 
cooking process. Dawson (1950-51) reported that when sweet potatoes are
 
cooked the total 
sugar content is increased by the action o,- oeta-amylase,
 
an 
enzyme which, when activated by the risinq temperature of cocking, con
verts the starch to maltose and dextrins before it is inactivatea hy the

higher final temperature of the cooking. Sweet potatoes of Peto Rico varie
ty are particularly high in beta-amylase and after curing and storage nearly

all of the starch can be converted by slow baking. Hasselbring and Hawkins

(1915) reported that sweet potatoes remain low in sugar content during the

growing 
 season, but after harvest, the conversion of starch to sugar is rtpid,
particularly at low temperatures. Sistrunk (1977) reported that baking con
verted more starch to sugar than boiling did. 

Starch, along with carotene and protein, are recognized as three essen
tial characters in sweet potato breeding programs for human consumption.
Carotene content is negatively correlated with dry matter content, dry matter 
is positively correlated with starch content, and starch content is associ
ated with eating quality. Thus, during selection, in addition to yield,

starch content of about 20", and dry matter above 30'' should be considered as
criteria more important than either carotene or protein content. A sweet 
potato variety which simply has a high carotene contmt would probably be.low
in dry matter and high in moisture. This could prove unpalatable, at least to 
to people M Taiwan. 

Table 2 shows that seedling C 69-19 and variety Tainung 57 both rate
 
highly in chips percentage and 
 tasting grade, but are low in carotene. How
ever, tile ratings of tile other two seedlings, C 70-54 and C 70-66, was just

the reverse.
 

Tihe average dry chips percentage of all clones and varieties tested had 
declined 2 or 3 compared with their former levels recorded at CAES. This

decline in dry chips percentage was followed by the decreasing of taste in
dexes from 5 to 
4 due to the increase of soil moisture resulting in dry
atter reduction. Low dry matter is associated with low taste index. This

confirms the findings of Constantin , ! :! (1974) which indicated that high

moisture levels cause a decrease in both dry matter 
and protein. Therefore,

the selection criterion for dry chips percentage should be raised 2 3%

above the usUal level of 30 in areas of high soil moisture in order 

or 
to meet
 

the re'luiremeit.
 

To breed a variety with dry matter content of more than 35' and carotene 
content ranginj from 12 to 15 mg/100 g (like the new variety Carver) is not 
difficult. 

Open-pollination: Polycross, one of the pollinating processes in use 
now, was probably first suggested as a mieans of induction of fruitset and 
seedset in the breeding of sweet potatoes by Miller, Hernandez and their
collaborators (1964). They said: 'Since the sweet potato is very heterozy
gous, selected parents with goo' horticultural characters from different in
compatibility groups are introduced into the field breeding nursery and 
seeds are obtained from each fmiale parent.' Wang and Burnham (1968) report
ed that triple pollination (placing pollen from three pollen parent clones 
on the same stigmatic surface) resulted in an increase in average number of 
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seeds per fruit but not an increase infruitset. The constructive idea of
 
using polycross made by Herrandez and Miller (1964) has attracted much at
tention from plant breeders. A new breeding procedure for sweet potato was
 
proposed by jones (1965). Jones ,t c, (1976) reported that maintaining a
 
large population size could eliminate the handicap of sterilities and in
compatibilities. Jones' proposed breeding procedure is being adopted by
 
Yono (1977) and Li (1974b). Yono (1977) suggested that the intermating
 
population should include at 'east eight incompatibility groups. As is known 
up to the present, northern American varieties and/or clones belong to five
 
or six incompatibility groups (Hernandez ,,,il 1964). Furthermore, most
 
American varieties tested by Wang (1964a) and classified by Hernandez and
 
Miller (1964) belong to one group only. Therefore, it is essential that a
 
large number of incompatibility groups should be included in the intermating
 
population for mass selection.
 

Hybrid vigor
 

Sweet potato is generally recognized as a self-incompatible plant. 
Martin (1965) reported that self-incompatibility is but one of the outcross
ing mechanisms extant in flowering plants that lead to a high level of 
heterozygosity in a population and to a genetical architecture based on 
homeostasis arid hybrid vigor. Ecmond (1971V reported that an unusual degree 
of hybrid vigor may be present ir.the sweet potato. Hanna (1960) reported 
that one desirable strain, No. i'9, bloomed poorly even after grafting treat
inent, but I found it bloomed 'reely in Taiwan. So he asked me to make some 
crosses for him between No. 779 arid some Taiwan varieties on 26 November 
1957. Not only were greater yields obtained, but the progeny of these 
crosses proved to be quite vigorous, resistant to sunscorching, bruising and 
decay organisms (Hanna 1960). In a high percentage of these seedlings, 
weight loss in storage was greatly reduced.
 

BREEDING PROCEDURE
 

Flowering induction
 

According to local environmental conditions, girdling, grafting, short 
daylength control, or even any two of these combined together as a special 
treatment, may give good results for flower-induction. If a grafting treat
ment is selected, plants of either other Ij:r,: species or free-flowering 
sweet potato varieties are prepared as stock plants by planting theni in the
 
greenhouse or in the nursery. Grafting is usually made at one-and-a-half
 
months before pollination. 

I ncoma t ibi I i tyVrouin19 

Prior to making crosses, it has to be determined to which incompatibi
lity group(s) belong the varieties ond/or seedlings to be used as parental
 
stocks. To establish this, flowers of each parental variety or seedling
 
intended for use as a female parent are pollinated in turn by a member of
 
each incompatibility group. Stigmas and styles of pollinated flowers are
 
collected two or three hours after pollination, and pollen germination and
 
pollen tube growth are examined by staining with lactol phenol cotton blue
 
solution as a criterion for classification. Failure of pollen to germinate
 
means that the two crossed varieties or clones belong to the same incompati
bility group. So far, a total of 184 varieties and/or clones which origi
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Table 4. Incompatibility grouping on the varieti-s and/or clones of
 
sweet potato at CAES, Taiwan
 

Number of

Origin varieties or 

clones surveyed I 
Incompatibility groups-
II III IV V Others 

Taiwan 
Native 37 10 6 1 16 4 
Tainung 33 2 1 2 24 4 
Improved 47 12 12 4 9 8 2 

Mainland China 10 5 3 1 1 
The Philippines 6 4 2 
The United States 16 1 13 2 
Ja pan 

Native variety 4 2(A) l(B) l(C) 
Nunglin (Improved) 31 8 17 5 1 

TOTAL 184 44 53 14 53 16 4 
Letter inparenthesis shows the designation of incompatibility groups

of Japanese system
 

nated from Japan, the Philippines, the United States, mainland China and
Taiwan have been classified into five incompatibility groups 
as shown in
 
Table 4.
 

Pollination
 

Cross-pollination at CAE8 is made every year from the middle of October
until January of the next year. 
The average percentage fruitset and average
number of seeds per fruit during the years from 1973 to 1980 were 50.0% and
 
1.54 respecfively.
 

Seed scarification and stordge
 

Since the seed coat is impermeable to water, germination of untreated
seeds could take as 
long as two or three months. Scarification has been
reported to be very successful in promoting rapid seedling emergence (Steinbauer 1938; Martin 1946). If the seeds are immersed in concentrated sulfuric acid for one 
hour and stirred twice or three times, then water-soaked
for two 
or three hours prior to sowing, over 95% germination is easily

obtained. 
Sweet potato seeds may keep their germination ability for several
 
years, if the seeds are kept well.
 

Evaluation of breeding lines
 

In general, from the first sowing of seeds 
to the release of promising
clones of sweet potato to growers takes eight or more years and consists of
 
many steps.
 

Seedling screening: In Taiwan, seeds are usually 
sown either in the
greenhouse or 
in the seed bed in the field in April. As soon as the seedlings reach 30 cm, they are transplanted to the field and multiplied to 3
 
or 4 plants each. 
 These plants are then planted in the field, spaced at
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one meter intervals, in the middle of August. After about four months
 
growth, harvesting and first screening are undertaken in the middle of
 
December. Screening is based upon the essential craits of yield, skin and
 
flesh color, root form, number of edible roots, veining and growth cracks as
 
well as disease and insect resistance. A second screening is made based on
 
dry chips percentage and on taste. Those selections with a dry chips per
centage less than 30% and an eating quality grade less than 5 (eating quality
 
consists of 9 grades reported by Hirama (1935)) will be discarded regardless
 
of any superior characters that appeared in the first screenings. After the
 
first year's two screenings, the selection rate is less than 2%, calculating
 
from the original populations involved. At Louisiana Agricultural Experi
ment Station less than 1% selection rate was obtained (Miller and Hernandez
 
1959). Scientists at AVRDC (1975) reported that a selection rate of between
 
1.5% and 7.3% was probably disadvantageous in that some desirable genotypes
 
were lost.
 

Comparative trials: The clones selected from the second year observations
 
are entered in comparative trials with a control variety for at least two
 
years. A randomized complete block design is usually adopted with four or
 
six replications. Plot size is 8 sq m in single row planting. Each plot
 
consists of 32 plants. For each clone, records are kept of essential
 
characters and factors related to yields.
 

Advanced trials: Advanced trials may be started from the fifth or sixth
 
year and continued at least for another two or three years. No more than 15
 
clones (including the check) are usually selected from the comparative trial.
 
The layout is usually the same as in the comparative trial. Plot size may be
 
enlarged from single to double rows. At the end of this trial, two or three
 
clones which appear quite stable in yields and other quantitative characters
 
are selected for regional trials.
 

Table 5.	Analysis of the carotene contents of sweet potato clone C 53-83
 
grown at different locations inTaiwan, 1969-70
 

---------- Carotene 10_)_conten -ti(mg/lO _ 
Location Soil type replication 

1 2 3 4 Total Average 
Touliu sandstone, shale 13.1 9.2 8.6 12.4 43.3 10.8
 

alluvial
 
Huwei slate, sandstone 12.4 13.1 9 12.4 47.7 11.9
 

shale alluvial
 
Peichiang sandstone, shale 10.4 9.8 8.0 .6 36.8 9.2
 

alluvial
 
Wushulin sandstone, shale 12.4 12.4 11.7 11.7 48.2 12.1
 

alluvial
 
Chiaotou sandstone, shale 13.8 10.4 14.9 10.4 49.5 12.4
 

alluvial
 
Fentien schist and limestone 13.1 13.1 10.4 11.7 48.3 12.1
 

alluvial
 
Fanlu red yellow podzolic 11.7 11.0 9.2 14.5 46.4 11.6
 

Mailiao slate alluvial 8.6 9.2 11.7 9.8 39.3 9.8
 

Chiayi A.E.S. red yellow podzolic 9.8 8.0 11.0 11.0 39.8 10.0
 

L.S.D. 5% 	 2.4
 

1 	 3.3
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Regional or observation trials: 
The clones used in these trials are

generally from different breeding organizations, and local or traditional
 
varieties should be included 
as controls. A randomized complete block design

with four replications is usually adopted. 
 These trials should be continued

for three years, and an attempt made to examine how the clone(s) respond(s)
under the local climate and soil conditions (lable 5).
 

Registration and release: After regional trials, when a clone or clones

have been found to be definitely superior to local or traditional varieties

in one or more respects and to be stable, the breeder may be ready to 
initi
ate release proceedings. Using appropriate code and number for the new
 
clone(s), 
a list should be requested covering their origin, description, and
 
perforiance.
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A , 

More than 60 percent of the sweet potatoes grown on Taiwan are used for
industrial purposes or animal feed. 
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INTRODUCTION
 

When the Philippines suffered serious flooding in 1972, only two green
leafy vegetables could be regularly found in both urban and rural markets 
sweet potatn tips and water convolvulus or 'kangkong' (W1),orc,(Lay2c'C).
 
All other vegetables were destroyed by about a month's continuous rain. Tips

in this context refer to that portion of the top used for human consumption.
 
The term top is used to denote the entire above ground part of the plant.
 

During the Second World War, many American and Filipino soldiers in the
 
prison camps in the Philippines suhsisted on rice and sweet potato tips
 
(Miller i967). Those fed with tips retained fairly good vision, whereas
 
those who were fed a rice diet alone developed skin diseases and poor eye
sight, due to lack of vitamin A. Many Filipinos for that matter survived
 
famine and malnutrition during the war because of sweet potatoes. During

those days, virtually every Filipino family had a vegetable garden and sweet
 
potato was always a crop included in every garden. We know now that if
 
even a very active man eats about 100 grains of tips a day he gets his supply
of vitamin A for about two days, one-quarter of his vitamin B2 requirement,

and more than half of his vitamin C and Fe needs in addition to some quanti
ties of Ca, ash and fiber.
 

Weather in the Asian tropics is hot and humid in summer, and thus vege
table production is low and prices are high. Sweet potato tips, able to
 
survive adverse conditions, could serve as an additional leafy green vege
table during this time of the year if not the whole year round. The tips'

high amounts of vitamins A, B2 , C and of some minerals could also help alle
viate nutritional problems such as night blindness, scurvy and anemia among
 
the inhabitants of the poorer areas of the tropics.
 

The purpose of this paper is to summarize the approaches which we
 
follow at AVRDC in developing sweet potato varieties for tips.
 

PROBLEMS
 

Although sweet potato tips have been used as vegetables in the Philip
pines, Indonesia, Thailand, Malaysia (Villareal , al 1979a), many rural
 
areas of Kwangtung and Fukien Provinces in southern China (personal communi
cation with C. L. Luh, senior consultant, Taiwan Sugar Corporation), Guinea,

Korea (Dahniya 1979), Zaire (Ifefo 1979), Sierra Leone (Kamara i,.al 1979),
 
Tanzania (Msabaha 1979) and Liberia (Saqui 1979), their usefulness as human
 
food has been neglected in sweet potato research. Consequently, there were
 
many questions that needed answers when AVRDC started its pioneering work
 
on this sadly underrated vegetable. For example, which leaf shapes, and
 
color of stems, veins or leaves are preferred? Are non-hairy preferred to
 
hairy leaves? How can one evaluate for tenderness, since this trait is
 
always sought after in a leafy vegetable? Which of these quality character
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istics contribute to acceptability? Which parts are eaten - the stems, the
 
leaves or both? Information was also needed on nutritional quality, pro
ductivity and how productivity could be improved. In short, sweet potato

had to be evaluated in the several ways in which conventional leafy vegeta
bles have normally been evaluated.
 

PROGRESS SO FAR
 

As a starting point the senior author conducted a limited consumer 
survey in the Philippines in 1974. He observed that acceptable sweet potato 
tips should be tender, glabrous (non-hairy) and purplish, the preference for 
purple being to add color to the table (Villareal et ai 1979a). The parts 
eaten consisted of the top 10 cm tips including both stem and leaves. These 
are the parts generally eaten in many other countries, too. In Korea the 
petioles are eaten instead of tips whereas among Haka people living in Taiwan, 
the mature leaves and petioles are eaten.
 

Survey_ of morphological traits 

Based on the aforementioned survey, four separate screenings were con
ducted between August and September in 1974, 1976 and 1977 evaluating 177, 136 
ard 56 accessions, respectively. The aim was to identify accessions with 
acceptable morphological traits for human consumption. The results of these 
screenings are summarizedin Table 1 and Figure 1. 

A wide variety of color and shape is available with or without glabrous
leaves (Table 1). Some cultivars with only slightly hairy leaves could be 
selected if glabrous cultivars would not combine with other desirable traits. 

Table 1. Yorpholorjical traits of tips of 369 sweet potato cultivars 

Sters Ve ins Leaves 
.....-.-... ..-.. .. . . (u - ir- of cultiv s 

Color 

Purple 61 229 43 
r'een- purp Ie 135 13 169"; 

Green 173 127 152 
Others 0 0 5 

ial riness 

Glabrous 139 

With liuht hairs 153 

With iedium hairs 56 

With heavy hairs 21 

230
 
Lea f shape 

Entire (owe point) 183 
Tri foliate (3 points/leaf) 54 

Palmate (5 Points/leaf) 107 

Others 25 

"Greeo with purpl e edge
 
(Source: Villarea;,, - :7 1979a)
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Plants with I cm petioles Average weight per tip (g) 
Figure 1. Distributions of tips with 1 cm petioles and various 
weights among 369 sweet potato cultivars (Villareal et aZ 1979a) 

The general preference for 10 cm tips as greens in many countries where 
tips are eaten as vegetables is logical, since a large proportion of the 
leaves in the top 10 cm are new and thus tender. It was noted from the study 
that leaves with more than 1 cm petioles are older and generally tougher than 
those with less than 1 cm petioles. We therefore assessed desirability by 
counting the number of leaves with and without 1 cm petioles on each 10 cm tip 
on ten rardon samples per entry. Tips with the largest number of leaves with 
petioles less than 1 cm long were considered desirable, since they are more
 
tender and good for the table. Results of the study (Figure 1) showed that
 
there were from 2.3 to 8.7 such leaves per tip, and it was possible to select
 
from about 3' of the accessions evaluated so far as this trait was concerned.
 

Tips are marketed in the Philippines either by weight or by number (AVRDC 
1975, 1976), but only by weight in Malaysia and Taiwan. Therefore the re
searchers were interested in tips which weighed more, but were tender. Evalu
ation showed that a 10 cm tip could vary between O.9g and 12.5 g (Figure 1). 

Evaluation for yield and nutritional and eating qualities
 

Promising cultivars which combine appropriate color, hairiness and ten
derness were then evaluated for yield, and for nutritional and eating quali
ties. We included BNAS White, a popular Philippine cultivar grown for roots 
and tips, and Kinangkong for tips. Dilaw is also a popular Philippine cultivar 
for tips because of its attractive yellow leaves. 

The results of the yield trial are presented in Table 2. Four entries
 
(Dilaw. Kinangkong, PI 344138 and PI 344120) outyielded BNAS White, the check
 
cultivar in terms of weight/ha; the other entries were comparable with the 
check. With the exception of Dilaw the same entries outperformed the check in
 

http:Mean=5.00
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Table 2. Tip and root yield 	of ten sweet potato cultivars:;
 

Tip yield:; Root
 
Tx
Cul tivar name 	 weight over number yieldW


(t/ha) control- _1000/ha) _(t/ha)
 

Dilaw 16 46 1420 38 2
 
Kinangkong 14 27 3520 59 1
 
PI 344138 14 27 1860 43 

PI 344120 14 27 2080 46 15
 
Daja 380 13 18 746 27 10
 
PI 318856 12 9 1250 35 16
 
Earlyport 11 0 970 31 9
 
IIM16 11 0 1310 37 6 
Rose Centennial 10 -10 610 25 3 
BNAS-White (control) 11 - 1230 36 12 

Avg 13 	 1500 38 9
 

LSD .05 3 5 3
 
:Planted 28 July 1976. liHarvested six times at 14-day intervals from
 
6 Sept to 28 Nov. xTransfonration using square roots of tips/ha.

?Mark~table yield; harvested 6 Dec after 130 days
 
(Source: Villareal .t.z! 1979b)
 

number of tips/hectare. If a grower needs a dual cultivar (which yields
 
equally well for roots and tips), the choice would be PI 344128, PI 344120 or
 
PI 318856. As evidenced in Table 2, the root yields of other entries were
 
drastically affected by frequent harvesting of tips whereas these three entries
 
gave at least 15 t/ha of marketable roots although they were subjected to the
 
same frequency of harvesting as the others. It is clear from other studies
 
(Dahniya 1979, Gonzales ?, :! 1977; Yen 1974) that loss of sweet potato leaves
 
in general results in reduced root yields.
 

Another experiment was held to determine whether frequency of harvesting, 
and nitrogen fertilization, would influence tip yield and other traits of
 
three cultivars with different leaf types. It was found that frequency of
 
harvesting did not influence yield or other traits, but the effects of nitro
gen application and choice of cultivars were significant for some traits
 
(Table 3). The 120 kg N/ha treatment outyielded the control due to production
 
of more and heavier tips. This treatment also produced higher protein con
tents but lower oxalate levels in the leaves than the control, suggesting that
 
levels of both compounds can be manipulated though nitrogen fertilization.
 
Dry matter and vitamin B2 were not influenced by additional nitrogen fertili
zer. Kinangkong, the fide-leaf type gave the highest number of tips/ha, had
 
the highest protein content, lowest oxalate, and fairly high dry matter, which
 
makes it a very desirable green vegetable. Its vitamin B2 content is com
parable with that of the two other cultivars.
 

Nutritional evaluation showed variations in dry matter, fiber content,
 
ash, vitamins B2 and C and oxalate content (Villareal . !-,., No sig1979b). 

nificant differences were detected among cultivars in Ca, Fe, and vitamin A
 
contents. Sweet potato 	tips are superior to other leafy vegetables in
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Table 3. CorTparison of tip yield and other traits of three varieties of sweet potato: 

Number Weight Avg Protein Dry Oxalate Vit B2x 
Factors (100/ha) T (t/ha) wt/tip matter % 2(g) M % ( mo/ l0 g)
 

Nitr gen level Effects of three levels of nitrogen
 

(kg/ha)
 

0 
 3198 56.6 24 4.35 2.79 10.0 0.46 0.22
 
60 3039 55.1 
 22 4.55 2.97 10.0 0.43 0.22
 
120 3575 59.8 26 4.62 2.98 10.0 0.42 0.23
 

....................---------------------------------------------------------------------------------

LSD .05 2.4 2 0.14 0.04 NS 0.02 NS
 

....................---------------------------------------------------------------------------------


Variety Three cultivars with different leaf types
 
Dilaw (broad) 1826 42.7 18 6.7? 2.93 9.0 0.49 0.21
 
AIS 016-1 (medium) 3287 57.3 26 4.10 10.7
2.77 0.48 0.22
 
Kinangkong (fine) 
 5100 71.4 25 2.67 3.05 10.3 0.34 0.24
 
....................---------------------------------------------------------------------------------


LSD .05 5.7 5 0.33 0.08 0.3 0.04 NS
 

"Planted 15 June 1977; means of weekly and twice-monthly harvestings (means of two replications)
3

Transformation using square roots of the number 
of tips/ha
 xData from weekly harvestings only 

nutrient contents (Table 4). Potentially their most important contribution
 
to nutrition may be in their high level of vitamin B2, 
which is generally

deficient in most Asian diets. 
 Their lower amounts of oxalate than amaranth
 
and spinach make them appear better in terms of lower oxalate than these two
 
vegetables.
 

One of the most difficult tasks in encouraging greater use of sweet 
potato tips is to determine the different selection criteria to be used in 
predicting their general acceptability. The researchers approached this by
evaluating the crop's eating qualities such as tenderness, flavor, stem and 
leaf color and hairiness (Villareal -t aZ 1979c). It was found that all these 
quality attributes are important in predicting general acceptability of 
blanched tips (Table 5). However, an 
initial selection could be conducted in
 
terms of stem color and hairiness. In stepwise multiple regression analysis to
 
deterline the relative contribution of each of the quality traits to accepta
bility of sweet potato tips, the coefficient of determination (R2 ) indicated
 
that stem color (X3) accounted for 64% of the variation in acceptability
 
(Table 5). Adding hairiness (X5) into the equation showed an increase of 22%
 
of accuracy in predicting acceptability.
 

Table 4,.NuLritional corrtituents of sweet potato tips and of five common leafy vegetables 

Vegetable Moiture Proteir Fiber _ linprals Vitamins Oxalicx 
t P i i Ase ~ iA 82 C acid 

----------------------------------------- iTcjg-T-(Th-6) 71, 9--lTg/7o 0 OW) 
Sweet potato tips:; 116.1 2.7 2.0 1.7 74 4 5580 0.35 41 5.1
 
Water convolvul usl' 91.8 2.3 0.9 1.0 94 1 4200 0.20 43 4.5 
Spinach" 92.3 2.3 0.8 1.7 70 2 10500 0.18 60 9.6"
 
Aniranth 87.8 1.8 1.3 2.1 
 300 6 1800 0.23 17 10.3
 
Hleadlettucel' 96.3 0.9 0.3 0.2 14 0.2 4300 0.03 
 6 1.3
 
Cabbager 92.1 
 1.7 0.9 0.7 64 0.7 75 0.05 62 0.3
 

Average of ten sweet potato cultivars (uh and Moomaw 1979)
-'Suurce: T. C. TJng, P. C. Huang, H. C. Li and H. L. Chen. 1975. Composition of foods used in Taiwan
 x Source: Food and Nutrition Research Center. 
 1968. Food composition table. Handbook 1 (4th revision),
Manila, Philippines
 
*Source: Eheart, J. F. and P. H. Massev, Jr. 1962. Factors affecting the oxalate content of spinach,
 
Agric. rood them. 10:325-327
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Table 5. Summary of stepwise multiple regression analysis of
 
acceptability and eating quality characteristic of
 
sweet potato tips (Villareal ot ul 1979c)
 

VariableZ Accumulative 
(R2 ) 

1. Stem color (X3) 0.64** 

2. Hairiness (X5) 0.86** 

3. Tenderness (XI) 0.90** 

4. Leaf color (X4 ) 0.92** 

5. Flavor (X2) 0.9F** 

BOrder of variables entered in addition to previous
 

variables; **Highly significant at 1% probability
 
level using F-test
 

RESEARCH PRIORITIES
 

After conducting a series of pioneering studies 
on tips for human consumption, AVRDC scientists feel that there is still much work to be done to

enhance their utilization. Investigations should be undertaken in the follow-.
 
ing areas:
 

1. Development of an attractive variety for sweet potato tips
 

Acceptance of tips is still 
influenced by psychological factors because
they are considered 'poor man's salad'. 
 Tips with new attractive appearance

would help dispel this stigma. Some genotypes with better market appeal 
are

deep purple or deep yellow with fine to medium leaves. So far AVRDC breeders
 
have not succeeded in combining the attractive yellow color of Dilaw with
 
fine or medium leaves. Dilaw is difficult to cross and the gene that con
trols this leaf color seems to be a deleterious recessive. 
 Of the thousands
 
of seeds sown at AVRDC only one seedling appeared yellow, but it 
was weak and

eventually died. 
 Last year, Dilaw produced a lot of open-pollinated seeds.

We sowed about 500 seeds in May 1981. Four yellow seedlings emerged but the

yellow color disappeared in about 15 days from germination. Thus, a month
old seedling of Dilaw which wai yellow at germination appeared lighter green

on the tips and normal green or the older leaves. There has been little
 
progress at AVRDC on developing a deep purple variety.
 

2. Development of a variety with mild flavor
 

The strong flavor of tips make them less easy to cook with other vege
tables. There seems to be a limited number of dishes which can 
be prepared

out of tips. For instance, cabbage, cauliflower, broccoli, Chinese cabbage

and even water convolvulus when cooked with sweet potato tips tend to 
lose
 
their natural flavor. One alternative approach might be for home economists
 
to develop tip dishes which exploit this strung flavor.
 

3. Evaluation of toughness in tips
 

Tips are considered tough compared to other leafy vegetables. The
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level of concentration of fiber which contributes to the toughness of tips
 
should be determined. Does fiber tend to be concentrated in the petiole,
 
stem or leaves? Are there distinct varietal differences in terms of fiber
 
content of tips? Would heavy nitrogen application and frequent irrigation
 
make tips more tender?
 

4. Determination of chemical constituents
 

A complete bioassay to determine chemical and other constituents which
 
might be either harmful or beneficial to human health should be carried out.
 
Bitterness in tips for :.xampic :ight be due to phenolic compounds. Is excess
 
intake of these compounds poisonous'? What screening technique could be used
 
to determine th2ir presence in tips? On the other hand, sweet potato tips
 
are also known to have saluretic properties (increasing the elimination of
 
sodium salt) and diuretic properties (increasing amount of urine) which make
 
them good vegetables for individuals suffering from high blood pressure
 
(Villareal et aZ 1979a). Could tips, then, be recommended by doctors as a
 
regular diet for people with high blood pressure? Why is this not done?
 
Rre there side effects associated with eating tips?
 

5. Development of ways of maintaining postharvest quality
 

The postharvest appearance of tips deteriorates rapidly. There is a
 
need to identify and develop simple, inexpensive and effective means of
 
faintaining the quality of tips from producer to consumer and to investigate
 
the postharvest characteristics of different varieties. Do varieties with
 
smaller leaves have longer shelf-life than those with bigger leaves? Do
 
yellow leaves maintain attractiveness longer than either purple or green
 
leaves?
 

5. Development of varieties with erect plant habit
 

The creeping growth habit of sweet potato makes harvesting of tips dif
ficult. This difficulty would be alleviated if the tips were in a standing
 
rather than in a drooping position at time of harvest. Such tips would be
 
2asier to harvest and may be amenable to mechanization in the future. This
 
qrowth habit needs to be transferred to acceptable varieties. Another pos
sibility which should be explored is the raising of tips with the use of
 
Dedded roots which normally produce standing sprouts or slips.
 

"lease note that the problems we have identified relate mostly to the
 
ieeds of the consumers (items 1 to 5). Only item 6 deals with the problems
 
)f the farmer-producer. Production problems of tip growers should also be
 
liven more attention.
 

CONCLUSION
 

Undoubtedly the sweet potato tips. like the roots, are under-exploited.
 
3ut they could have a significant role to play in feeding large numbers of
 
)eople in the Third World because tips and roots are inexpensive, easy to
 
jrow and nutritious. Scientists should help make this vegetable's tips and
 
roots more appealing and acceptable. Plant breeders should develop a desi
rable sweet potato variety for tips and the food scientists and home econo
nists should prepare more appetizing and appealing dishes out of tips. We
 
iope that other scientists will share their expertise in this worthwhile
 
wdertaking.
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INTRODUCTION
 

The sweet potato is one of the major food crops of the world with more
 
than 15 million hectares grown in 1975 (Cummings 1976). According to Edmond
 
and Ammerman (1971) the sweet potato is one of the most efficient plants in
 
food production per unit area per manhour and isa rich source of carbo
hydrates, vitamins and certain minerals. The croo is also used for animal
 
feed and in some areas, notably the USA, there is considerable interest in
 
the crop as an alcohol source for fuel.
 

Twenty-eight vegetable crops are listed in Agricultural Statistics
 
(Anon 1978). Sweet potatoes rank ninth in hectareage (58,000 ha) and sixth
 
in value (US$120 million) in the United States. Estimated crop losses due
 
to diseases amount to 10% of the production (Wood 1953). The sweet potato.
 
is certainly not below average in this respect and if storage losses are
 
considered too, total losses would be well above the 10% level. Commings
 
(1976) stated sweet potato yields were less than half of the potential.
 
This paper will concentrate on those diseases generally considered to be
 
production problems.
 

The major diseases of sweet potatoes in the United States were listed
 
by Martin (1976) and Martin, Nielsen and Morrison (1979) and Edmond and
 
Ammerman (1971) as those caused by viruses, fungi and nematodes. They are:
 

Viruses
 
1. Internal cork
 
2. Feathery mottle
 
3. Russet crack
 

1. Thww wn wilt or stem rot (Fusariun oxysporizwn f batatas) 
2. Blackrot (Cciatoc?,tic; fimbriata) 
3. Soil rot (Strqotoacu8 i/omoca) 
4. Scurf (/4onilocbactea in ifluac± ) 
5. Circular spot and sclerotial blight (Sclerotium rolfsii)
 

Nematodes
 
1. Rootknot nematodes (IVloidogyn, incognita, N. hapla and M. javanica)
2. Reni form nematode (RotylenehuZnu,c enifornwu) 

VIRUS DISEASES
 

Internal cork
 

Internal cork virus (ICV) of sweet potatoes was a major disease of the
 

) ,4!
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crop during the late 1940s and 1950s. 
 Martin (1960) stated that considera
ble resistance to the development of root symptoms existed among cultivars

but resistance to the virus 
itself was limited. He described the cultivar

Allgood as a 'Typhoid Mary' in that it 
was a highly susceptible active

carrier of the virus but did not develop symptoms of the disease. Martin

(1970) reviewed virus disease work in sweet potatoes and reported resistance
 
to ICV was available and was readily transmitted to sweet potato progenieL.
 

Harmon (1960) studied the inheritance of resistance to 
ICV. He 	screen
ed a large number of cultivars and breeding lines between 1946 and 1960 and

found six that had no ICV symptoms and a similar number with over 50% of the
roots showing pronounced symptoms. He selected six of these lines 
as parents

in studies of the inheritance of ICV resistance in a controlled crossing
 
program. The results of his efforts 
are summarized in Table 1. When both
 
parents were classified as resistant, no 
ICV symptoms were observed in the
 
progeny. If both parents were susceptible, all of the progeny had symptoms

of ICV. The resistant x susceptible or susceptible x resistant 
crosses

produced progenies in which approximately 25% of the individuals had symp
toms of ICV. 
 Harmon suggested resistance was controlled by dominant genes.
 

Several cultivars have been classified as symptomless carriers of the

virus (Martin 1960, 1970). Some pathologists today are suggesting that
'resistance' is merely resistance to the development of the symptoms of ICV

with few of the 'resistant' selections truly resistant to replication of the

virus. Most of the 'resistant' cultivars and selections are 
probably symp
tomless carriers of the virus.
 

Table 1. 	Cork index and percentage of roots and clones showing cork
 
symptoms for selected parental lines and their progenies
 

Roots
Parent or 
 Cork total with symptoms total Clones
with symptoms

Progeny 	 index number number 
 % number number %. 

Whitestar (WS)" 1.74 	 2
43 
 4.6 1 1 100.0
 
Whitestar (selfed) 0.82 122 2.4 2
3 6 33.3
 
HM-15 9 0.00 38 0.0 0
0 1 0.0
 
HM-15 (selfed) 0.35 649 3 
 0.5 58 1 1.7
 
HM-36Z 0.00 59 0.0
( 	 1 0 0.0
 
L-130' 
 14.28 
 7 4 57.1 1 1 100.0
 
L-130 (selfed) 17.86 12
29 41.4 
 3 3 100.0
 

L-21z 5.00 2 1
10 20.0 1 100.0
 
Porto Rico 2 22.39 96 48 
 50.0 1 1 100.0
 
R x R 0.00 977 0 0.0 81 0 
 0.0
 
R x S 3.25 376 24 6.4 33 7 21.2
 

S x R 
 2.18 964 53 5.5 
 91 24 26.4
 
S x S 19.29 127 68 53.5 9 8 100.0
 

'Parental 
lines used in crosses
 
(Source: Harmon 1960)
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All of the parental lines in the LSU breeding nursery are 'resistant'
 
to ICV or at least to the development of symptoms of the disease. Symptoms
 
of ICV have not been observed in Louisiana State University (LSU) selections
 
grown under field conditions in more than 20 years. The LSU screening pro
gram for ICV resistance involves core grafting diseased tissue into roots of
 
the selections and holding them under conditions favorable for disease deve
lopment. Sprouts from the inoculated roots are grown and roots they produce
 
are examined for ICV symptoms. The susceptible check cultivars have been
 
the only ones showing root symptoms of the disease for the past four years
 
of testing.
 

Other viruses
 

Feathery nottle (FMV) and russet crack have not been problems of
 
economic importance in Louisiana fields. The Jersey types, grown in the
 
northeastern part of the US production area, appear to be more susceptible
 
to the russet crack symptom.
 

THE FUNGUS DISEASES
 

Fi, ca,-u Wi 1t 

Fr/, n wilt or stemrot caused by P, szriz oxy.aporun f sp batatcta is 
found throughout the sweet potato production area of the United States and
 
across mucn of the world (Nielsen 1970). It was a major fungus disease of 
economic importance in sweet potatoes throughout the southern United States
 
prior to the 1950s and according to Edmond (1971) it was responsible for 
loss of as much as 50.' of the plants in some plantings. Tinian, Goldrush
 
and Carogold have a relatively high degree of resistance.
 

Kakar (1965) and Hernandez -t ,zZ (1967) studied the inheritance of 
.,,,, wilt resistance in sweet potatoes. The progenies of 29 crosses 

were evaluated for resistance to FThma iwnzo wilt. 

wilt index was computed for each seedling. Twelve terminal 
cuttings of each seedling were inoculated by dipping the basal cut in a 
spore suspension of .,io':,,' inoculum and then transplanting the seedling 
into clean sand. The highly susceptible cultivar Heartogold and the 
resistant one Goldrush were used as checks and were inoculated in the same 
manner. When cuttings of the susceptible check began to die, all cuttings 
were evaluated and placed in one of five categories: 0 - no vascular dis
coloration, I - trace of vascular discoloration, II - moderate vascular 
discoloration, III - severe vascular discoloration and IV - severe wilting/ 
dead plants. The wilt index of each seedling was computed using the follow
ing formula: 

Wilt index Summation of cateqory numbers x no. lants in each categoryNumber of plants tested x 4 (no. classes - 1) 

The wilt index was then used to classify the seedlings as: highly resistant
 
(HR) = wilt index of 0-20; resistant (R) = wilt index of 21-40; moderately
 
resistant (MR) = wilt index 41-60; moderately susceptible (MS) = wilt index 
of 61-80 and susceptible (S) = wilt index of 81-100.
 

The data are summarized in Table 2. The results in general indicated 
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Table 2. Percentage distribution of sweet potato progenies into
 
, wilt classes 

Percentage distribution of seedlings
Cross Number ineach wilt class

seedlings HR R M;, MS S 
MR (selfed) 142 8.5 28.8 42.3 15.5 4.9
 
MR (selfed) 78 0.0 3.8 37.8 42.3 16.7
 
MS (selfed) 132 0.0 15.1 59.1 23.5 2.3
 
MS (selfed) 27 0.0 0.0 29.6 59.3 11.1
 
HR x R 43 0.0 3.3 41.9 39.5 9.3 
R x HR 41 0.0 31.7 42.8 12.5 0.0 
R x HR 226 22.1 51.3 25.6 0.0 0.0 
MR x HR 521 0.2 7.8 47.2 33.6 10.9 
MR x R 283 0.7 11.0 30.4 37.1 20.8 
MR x MR 
 905 2.3 8.4 42.5 31.6 15.1 
MS x R 384 2.6 1.8 22.9 43.4 31.6 
MR x MS 110 3.3 7.2 41.2 43.5 5.7
 
MR x S 
 199 0.0 1.2 23.2 53.5 22.1
 

;HR = highly resistant = wilt index of 0-20 
R = resistant = wilt index of 21-40
 
MR = moderately resistant = wilt index of 41-60
 
MS = moderately susceptible = wilt index of 61-80
 

=
S susceptible = wilt index of 81-100
 
(Source: Kakar 1965)
 

that crosses involving parents of moderate (or higher) resistance produced

progenies with a large percentage of individuals in the resistant category.

Some of the parents transmitted a high degree of resistance and Julian was
 
outstanding in this respect. 
 When the parents were moderately susceptible,
 
or susceptible, a low percentage of seedlings in the progeny had resistanct 
to .i-, wilt. However these parents did carry genes for resistance to
 
the disease.
 

With resistance is a quantitative character controlled by six genes that
 
are additive. Transgressive inheritance was indicated in some crosses. 
 A
 
heritability estimate of 33% was reported and selection based on phenotype

suggested. Jones (1969) reported a heritability estimate of 86% and he
 
stated the additive component accounted for virtually all of the genetic
 
variance.
 

Selections from the LSU breeding program are routinely screened for

resistance to wilt. Approximately 80% of the seedlings tested over the last
 
four years have possessed a level of resistance ranging from 'intermediate'
 
(a rclatively good level of field resistance) to 'highly resistant'.
 

Various degrees of Piaxzr.iumn wilt resistance occur in different selec
tions and are useful under field conditions. For example, Centennial is 
classed as intermediate but under field conditions the resistance is suffi
cient to ensure that the disease is not a problem in most cases. Resistance 
to r-4rivn wilt is readily available, easily incorporated and very effective 
under field conditions so there is no reason why such resistance should not
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be incorporated into all new cultivars. Although resistance has been very

stable to date, we are aware of the fact that there might be differences in
 
the severity of the pathogen. Current screening isdone using only one
 
isolate of the pathogen. We must constantly seek to maintain and incorporate

diverse sources of resistance.
 

Blackrot
 

Blackrot, ra',-,, ; "1m,/uta has been an occasional disease of
 
importance in production areas of Louisiana. Nielsen (1970) reported control
 
by chemical and sanitation practices. Some attention has been paid towards
 
developing resistant varieties. Nielsen and Yen (1966) studied over 600
 
cultivars from worldwide sources. All developed symptoms of the disease but 
some were much more severe than ochers. The six most resistant were from 
South America, five from Peru and one from Ecuador. However, Martin (1960)
reported differences among cultivars in the degree of severity. There is no 
known source of resistance to the disease which approaches immunity. 

Soilrot or pox 

Soilrot, caused by ';,.t"u:., rm, is widely distributed in the
 
United States. It has been reported from Iowa to Louisiana and from New
 
Jersey to California (Nielsen 1970; Hernandez 1979). Technically, Stpn;to
?,2...., belongs to the Actinomycetes which is taxonomically closer to bacteria
 
than fungi. It is often placed with fungi, probably for corvenience. The
 
pathogen is soilhorne and may destroy the crop under soil and weather condi
tions favorable for development of the disease. The disease is often severe
 
in soil having a pH of 5.8, or above, while generally at pH of 5.2 or lower
 
there is little damage.
 

Breeding for soilrot resistance began in Louisana about 1946 and the
 
cultivar Acadian was released as moderately resistant in 1957. Jasper, re
leased in 1974, has a high level of resistance to soilrot (Hernandez ,-
 Z
 
1974). In 19,8,0, Travis, i cultivar with good resistance to soilrot, stemrot,
 
internal cork and rootknot nematodes, was released (Hernandez ,t.z 1980).
 

The greatest ex>tremes in susceptibility and resistance may occur with 
soilrot. Resistance alone appears adequate to control the disease but there 
is some question whether different races of the pathogen may occur. There 
are two phases of the disease, the rootlet phase which affects vine growth
and total yield, and the pox phase which is characterized by lesions on the 
storage roots. Resistance to the two phases may well be inherited indepen
dently.
 

All selections from the LSU breeding program are screened for soilrot 
resistance. Progress in the development of parental lines with disease
 
resistance is shown in Table 3. The hreeding program includes a soilrot 
nursery in which only soilrot resistant par, nts with good horticultural 
qualities are (Irown. Of the s:edlings selected in 1980, almost 60 ' proved 
intermediate to resistant to soilrot in tests. Those selections that do not 
have at least an intermediate level of r-sistance are generally not consider
ed for further testing. Each year new soilrot resistant parents are entered 
into this nursery and less productive parents are removed. Soilrot resist
ance will continue to be a major selection criterion in the Louisiana breed
ing program because of the importance of the disease in our production areas. 
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Table 3. Progress in the development of disease resistant parental
 
lines in the LSU swect potato breeding nursery
 

Percent of parents with resistance to
 
Year Fuc, twn Internal Root Soil 

wilt cork knot rot 

1940 15 0 0 5 

1950 50 15 8 10 

1960 56 20 17 28 

1970 80 85 23 72 

1980 100 100 37 P, 8 

56% of the 1979 seedling selections tested intermediate to
 

resistant to soilrot
 

Scurf
 

Scurf, caused by ,!oniloclzaoltcs fic~w., occurs in sweet potato produc
ing areas virtually worldwide (Edmond and Ammerman 1971). Struble and
 
Morrison (1963) and Nielsen and Yen (1966) screened more than 600 lines for
 
reaction to scurf and found only minor differences in susceptibility. All
 
lines developed disease symptoms but some appeared less severe than others.
 
Martin (1960) reported there appeared to be little worthwile resistance to
 
scurf. Martin Lt ui (1970) pointed out that no sweet potatoes have been
 
found to be immune to scurf. They suggested the 'resistant cultivars' (those
 
with small lesions) may be of little value in a breeding program.
 

Scurf is relatively easy to control by crop rotation, sanitation and use
 
of clean planting mate,'-id. Because of slow growth of the pathogen, the
 
length of the slender attachment root may play a role in the incidence of
 
the disease, according to Martin and Hernandez (1966), but its significance is
 
minor. Due to the absence of a useful source of resistance, there is no
 
breeding directed toward scurf resistant cultivars.
 

NEMATODES
 

Rootknot nematodes, ,.oL_&Oy;y-. species, are a serious problem in sweet 
potato production areas throughout the United States and especially in sandy 
soils (Morrison 1970; Hernandez 1979). Species of lkZoirdoog involved in
clude 4. . U.i(3o(2ltu,;,7. and !.. /* oiic.u. According to Martin et aZ 
(1966) and Brathwaite (1977), the reni form nematode, Rotylicnehl .rni omi<3, 

as well as certain other nematodes may cause problems in some areas.
 

Giamalva ct 4:Z(1963) studied the response of eight cultivars to /. 
z;,.'. and found' o Z1, !4..,,w.uu_ v.. ,.-c -,z and two cultivars, 

Heartogold and Nemagold, resistant to all four species. They varied in the
 
degree of resistance to various species. Jatala and Russell (1972) studied 
the nature of resistance to 1M. Lneucam.lta in the sweet potato. They reported 
the rate of larval penetration was significantly greater in the susceptible 
cultivar than in the resistant cultivars and increased as the temperature 
increased from 24 to 320C. They suggested a root exudate by the resistant
 
cultivar as the basis for resistance.
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Davide and Struble (1966) and Martin and Birchfield (1973) reported
 
different physiological races of .V. ,*ucoP7.(ut could be isolated on sweet
 
potatoes. The presence of multiple races of /ouoi t z will make
io.;. selec
tion for resistance more complicated. Brathwaite (1977), in discussing 
breeding for resistance to ,4.?',o.i,,-, stated that some crosses between 
resistant parents resulted in hypersensitivity. Jones zl (1967) reported 
a good level of success in the development of lines with a high degree of 
resistance to nematodes. Dukes , ,, (1978) announced the release of a 
breeding line designated W-51 for use as a rootknot resistant parent in 
sweet potato breeding programs. W-51 was described as highly resistant to 
two races of i. . including a race which develops on other resistant 
cultivars, and to ..., , and . 

Jones and Dukes (1980) studied the ;nheritance of rootknot resistance
 
in sweet potatoes caused by ,. :>- , :,,'and .'.;. ,,::z .'. They used three 
measures of resistance: number of egg masses, gall index and necrosis index
 
and reported heritability estimates of .69 ± 18, .78 ± 19 and .72 ± 20, 
respectively, for the three measures. They found resistance to the two
 
species was not correlated and suggested independent inheritance involving
 
different genes.
 

Misuraca (1970) classified sweet potato seedlings as resistant, mioder
ately resistant and susceptible. In crosses where both parents were resist
ant, 79 of the seedlings were resistant to moderately resistant. In re
sistant x susceptible crosses, the seedlings were evenly distributed among 
the three classes. In crosses of two susceptible parents, 93X of the seed
lings were susceptible. He suggested resistance is a partially dominant 
quantitative character controlled by several genes. Three cultivars, Jewel 
Jasper and Travis, both with good resistance to *.; 7 -cm'Kt., have been 
released (Hernandez 1979; Hernandez , 1 1980). 

The Louisiana breeding program continues to emphasize the importance 
of resistance. All seedlings are screened for resistance to rootknot. A 
nursery has been established that contains only resistant parental lines 
with many good horticultural characters. Resistant selections are not im
mune as evidenced by a small degree of reproduction of the nematode which is 
known to occur but sweet potato genotypes are available which are resistant
 
to all known races.
 

LSU selections are evaluated for iootknot resistance in a 1:1 (V:V) 
sand-soil mixture in the greenhouse. The plant roots are carefully examined 
and rated based on galls and egg masses. More than 85i, of the seedlings 
tested in 1980 were rated intermediate or better in resistance to rootknot. 

Advanced selections are also screened for reniform nematode reproduction 
in the greenhouse using larvae and egg mass count techniques. Total nematode 
count per grain of fibrous roots (eggs and larvae) ranged from 3839 to 21,966. 
Goldrush was lowest and Centennial was intermediate with 8529 per gram of 
roots. Several seedlings were equal to Goldrush in resistance. However, 
resistance to reproduction of the nematode is not related to growth and 
yield of the cultivars in infested soil because Goldrush is one of the most 
severely affected while Centennial is less severely affected.
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INTRODUCTION
 

Sweet potato weevil species which are of economic significance in the

world are Cylas fornicariu. (Fab) and Cylas puncticoZlis Boh. C. formiicarius 
is pantropical while C. pu;zcticoZli is confined mostly to tropical Africa 
(Leuschner 1979b). These weevils are the most serious pests of sweet potato

(Ipomoca batata (L) Lam) production in the tropics and subtropics. They
attack storage routs, leaves and stems. The larvae tunnel through the pith

system of the stem and often destroy the shoots. They seriously reduce the
 
market value of storage roots and leaves and drastically reduce the quality

of storage roots after harvest since the roots can become rapidly infected
 
and destroyed during the weevils' 20 to 30-day life cycle. Yield loss due
 
to these pests was reported by Dhit: ndia (1919 c f Leuschner 1979b) to be
 
as high as 20% in Texas, 12% in Louisiana and 10% in Florida.
 

In traditional agricultural systems in the tropics and subtropics, where
 
inputs are low, the use of cultural control measures and the cultivation of
 
resistant cultivars is the most economic way of effectively controlling these
 
insects.
 

There are several reports (AVRDC 1975-77; Cockerham and Deen 1947;

Cockerham _,t. a,7 1952; Rolston ot al 1979; Waddill and Conover 1978) of sweet 
potato resistance to C. formic,,iu,. 

Realizing the importance of the pest problem, the International
 
Institute of Tropical Agriculture (IITA) initiated a sweet potato breeding
 
program for resistance in 1971. Since then, many sweet potato genotypes

introduced from Africa, Asia and the Americas have been evaluated for resist
ance to C. , % 1. As a result, resistance to the species has been 
identified (IITA 1972-1930; Leuschner 1980; Hahn 1981).
 

This paper reviews weevil resistance, breeding and entomological work
 
with particular reference to the research results of IITA's sweet potato

improvement program for resistance to C. pzi'cticoZiis. 

EFFECT OF ENVIRONMENT ON WEEVIL POPULATIONS
 

Weevil populations change with environment, and this provides useful
 
information for efficient screening of breeding material for weevil resist
ance.
 

In the rainy season the wet soil also cracks less, thus giving the
 
weevils less easy access to the storage roots and fewer places to breed.
 
Although sweet potato is not grown commercially during the dry season, except 
on irrigated or hydromorphic land, the weevil population increases more
 
rapidly on a dry season crop than in the rainy season crop. This is espe
cially true when sweet potato is left unharvested for some time in the field. 
Planting material should be able to withstand the dry season, so that it is
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available in the following rainy season. For these reasons, resistance of
 
sweet potato to weevils is important in those regions of the tropics and
 
subtropics with dry seasons of more than two months per year.
 

More weevils are observed in clay soil than in sandy soil because the
 
former tends to exhibit more sail cracking, and thus affords more breeding
 
places as storage roots grow.
 

The weevil population tends to decrease as elevation and latitudes
 
increase, which may be due to the drop in temperature.
 

Rotation with other crops, and hilling-up, reduce the weevil population,
 
and continuous sweet potato cultivation on a large scale encourages the
 
weevil population to build up.
 

SWEET POTATO PLANT-WEEVIL RELATIONSHIP
 

Understanding the relationship between the sweet potato plant and the
 
weevil is a prerequisite for screening breeding material for weevil resist
ance.
 

Adult weevils feed on leaves, stems and storage roots. Cockerham (1954)
 
reported that weevils prefer storage roots to stems and leaves by a ratio of
 
about seven to one. The females use storage roots for oviposition rather
 
than as a source of food (Leuschner 1979b). But in experiments mortality
 
levels in a weevil population increased when it was reared solely on storage
 
roots for five generations. On the other hand, weevil mortality decreased
 
when the population was fed leaves; the females laid more eggs, which indi
cates that leaves are e,-ential to the adults for a balanced diet (Leuschner
 
1979b). Weevils lay eggs on steins at an early sweet potato growth stage
 
when storage roots are not yet available. Stens also serve as breeding
 
places for weevils. Leuschner (i979b) observed an average of three to four
 
larvae on the main stens 20 cii above the ground. The older, lower and
 
tougher part of the stein is preferred by weevils to the younger, higher and 
more tender part. The larvae tunnel through the soft pith but not through
the harder vascular bundles. The stem damage caused by weevils can result 
iiiyield loss. 

Most breeding takes place in the storage roots. Weevils do not stay 
deep below the soil surface and cannot mine through soil to reach storage 
roots deep underground. They normally attack only the upper parts of 
storage roots exposed by soil cracking and by the enlargeient of the roots 
theiselves. Deeply placed storage roots are not easily attacked by weevils
 
unless there is access through soil cracking.
 

METHODS OF WEEVIL RESISTANCE SCREENING AND RATING
 

Weevil resistance screening in the field is normally practiced in both
 
the rainy and (y seasons. However, since the weevil population is higher in
 
the dry season than the rainy season, it would appear to be better to screen
 
breeding material for weevil resistance in the dry season. For dry season
 
trials, planting sweet potato is done two to three months before the end of
 
the rainy season in order to ensure good early plant growth in the rainy
 
season followed by good exposure of shoots and storage roots to high weevil
 
populations. The breeding clones are evaluated for shoot resistance to
 
weevils before harvest and for root resistance at harvest.
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Root damage ratings are based on six classes of infestation severity:
 
class 0 - no visible damage; ,,ss 1 - a few, small feeding punctures of
 
adults on the surface of the i._r portion near the neck of 1% of the roots;
 
class 2 - small feeding punctures of adults on the surface of the upper one
fifth portion of 5% of the roots; class 3 - moderate feeding punctures of
 
adults and larvae on the surface and interior of the upper one-fourth portion
 
of 25% of the roots; class 4 - extensive damage caused by adults and larvae
 
on the upper one-fourth portion of 50% of the roots; and class 5 
- severe
 
damage caused by adults and larvae of the upper one-third or more of 75% of
 
the roots.
 

The shoot damage ratings are based on six classes of shoot infestation
 
severity including leaves and stems: class 0 - no visible damage; class 1 
feeding punctures caused by adults on 1% of leaf area, but causing no wiltinq

of shoots; class 2 - feeding punctures caused by adults on 5% of leaf area
 
but causing no wilting of shoots; class 3 - feeding punctures caused by
 
adults on 25% of leaf area and mild wilting of shoots (mainly due to stem
 
damage by larvae); class 4 - feeding punctures on 50% of leaf area and
 
severe wilting of shoots; and class 5 - feeding punctures on 75% or more of
 
leaf area and complete die-back on shoots.
 

Field evaluation of breeding clones selected on the basis of preliminary
 
results is continued for confirmation of resistance as the breeding stages

advance. Clones showing most promise in Field evaluation are retested in the
 
laboratory to reconfirm their resistance. In the laboratory test, storage
 
roots from each clone are tested for adult weevil emergence, preference for
 
oviposition and feeding and for mortality and growth of larvae.
 

RESISTANCE OF SWEET POTATO TO WEEVIL
 

Many weevil-resistant sweet potato clones have been identified, and
 
their resistance has been incorporated into cultivars and populations, since
 
the weevil resistance breeding program started at IITA in 1971 (IITA 1972
80). However, their degree of weevil resistance has not been quantified,
 
and the mechanism of the resistance involved has remained unknown until
 
recently.
 

The storage root and shoot resistance tests carried out in both rainy
 
and dry seasons showed siqnificant differences among cultivars (Table 1).

TIS 3053 and TIS 3030 showed the least mean root weevil damage while TIS
 
2532, TIS 3017 and TIS 3030 showed least mean shoot weevil damage. The
 
relationship between weevil damage scores of roots (Y) and shoots (X) was
 
highly significant with a correlation coefficient of r = 0.74 (Figure 1).

This strong relationship indicates that the differences among cultivars in
 
weevil damage to shoots may he associated with similar differences in storage
 
roots. Therefore, it may be possible to increase efficiency of storage root
 
resistance selection by evaluation of shoot resistance in the late dry season.
 

Clones derived from d few seeds of the source that showed resistance to
 
C. :e o';. U,8z supplied from IITA's collection also showed resistance to 
C. J 'U11,,,I: (Rolston .tal 1979). However, the question of whethc- re
sistance to ,. wt/coZZi:: will also be associated with resistance to C.j in other countries and continents needs to be further examined. 
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Table 1. 	African sweet potato weevil root and shoot damage scores and
 
dry matter percentage for 20 sweet potato cultivars
 

Cultivar Weevil damage (scoreY;root shoot 
Dry matter 

TIb 4y 3.3 a 4.8 ab 29.6 
TIb Ily 3.2 ab 4.3 abc 26.5 
TIS 1145 3.0 abc 4.5 ab 29.5 
TIb 2 2.9 abcd 5.0 a 28.9 
TIS 2330 2.8 bcd 4.0 bcd 22.2 
TIb 10 2.7 cd 4.5 ab 30.1 
TIS 3247 2.5 de 4.3 abc 28.4 
TIS 3270 2.5 de 3.3 de 28.4 
TIS 1487 2.3 ef 2.8 efg 32.7 
TIS 2498 2.3 ef 3.0 ef 31.7 
TIS 1499 2.2 efg 2.0 fgh 28.1 
TIb 8 2.0 fgh 2.8 efg 32.8 
TIb 9 2.0 fgh 3.0 ef 36.0 
TIS 2532 1.9 fgh 1.0 i 29.3 
TIS 3017 1.9 f , 1.5 hi 32.1 
TIS 3290 1.9 nh 3.0 ef 34.1 
TIS 2153 1.8 gh 3.0 ef 38.0 
TIS 2154 1.8 gh 3.0 ef 37.6 
TIS 3030 1.6 hi 1.8 ghi 31.1 
TIS 3053 1.4 i 3.5 cde 29.4 

PScores from 0 to 5; 0 = no weevil damage, and 5 severe damage.
Means having 
cornon letters within a column are not sinniticantly

different at 5 1 level according to Duncan's Multiple Range Test
 
YOrange-fleshed cultivars
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MECHANISM OF RESISTANCE TO WEEVIL
 

The mean weevil damage of orange-fleshed cultivars was significantly
 
more severe than the mean weevil damage of white-fleshed cultivars (Table 1).
 
However, some white-fleshed cultivars suffered as much damage as the orange
fleshed cultivars. It is, therefore, difficult to postulate whether the
 
orange flesh characteristic (associated with a high carotene content) influ
ences resistance of sweet potato to weevils.
 

Significant correlation between weevil damage of storage roots and
 
shoots may be an indication that shoots play an important role in reducing
 
the weevil damage to storage roots by reducing the weevil population on the
 
plant. The fact that fewer eggs are laid and fewer adults hatch on the stem
 
of the weevil resistant cultivars supports this hypothesis (Leuschner, un
published data, 1979).
 

No significant correlation (r = 0.24) was observed between weevil damage 
scores of storage roots of any of the tested varieties and root yield. 
Neither was there significant correlation (r = 0.04) between weevil damage 
scores of storage roots of any of the varieties and average storage root 
weight. However, the correlation of storage root damage scores with dry 
matter percentage was -0.56 and was highly significant (Hahn 1981). This 
indicates that the cultivars with high dry matter percentage, and thus fiigh 
starch content, tend to be less frequently attacked by weevils. Contrary to 
the report by Cockerham and Deen (1947) who studied C. fonmnicrri zw, dry 
matter percentage was significantly associated with weevil resistance. The
 
cultivars with high dry matter percentage showed a general tendency to lower
 
weevil infestation. 

It is not known whether the differences among cultivars in weevil re
sistance are due to chemical or physical factors of shoots or storage roots. 
However, the relationship between weevil damage of storage roots and dry 
matter percentage suggests that chemical or physical factors may be associat
ed either with nonpreference or antibiosis against weevils. In two related 
experiments, roots were infested with an equal number of males and females: 
this was repeated four more times, each time using insects from a different 
generation. The weevils laid significantly lower numbers of eggs on resistant 
cultivars TIS 3030, TIS 3017, and TIS 2532 than on susceptible cultivar TIb4, 
and these eggs hatched four to six days later than on TIb 4. Larvae on the 
resistant cultivars suffered higher mortality rates, and adult males achieved 
a lower average weight gain (Leuschner 1979a, 1979b). All these factors 
strongly indicate the operation of antibiosis as the most plausible mechanism 
behind storage root resistance. However, this needs to be investigated 
further.
 

In order to Lest the preference of larvae for feeding on the flesh of 
different storage roots, two known weevil resistant cultivars (TIS 2532 and 
TIS 3017) were compared with one susceptible cultivar (Tlb 4) using the 
'sandwich method' (Leuschner and Tomu 1980). Slices of uniform 3 mm thickness 
v.ore cut from roots of each of these three cultivars and were sandwiched to
gether in various combinations. In each case the two outer slices of the 
sandwich came from the saine cultivar. Each sandwich was placed between glass 
plates to reduce water loss. The results showed larvae preferred to feed on 
Tib 4 rather than on TIS 2532 or TIS 3017. 
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BREEDING METHODS
 

The strong relationship between weevil damage ratings of storage roots
 
and those of shoots for the same 
:iriety in the dry season indicates that it
 
might be possible to improve sweet potato weevil 
resistance by intercrossing

clones or individual plants of families which survive the dry season. 
 Most
 
sweet potato genotypes flower under IITA conditions during the dry season
 
with shorter daylength and cooler temperature than the wet season. Broad
 
sense heritability of resistance to weevil was estimated as H = 0.84 + 0.03
 
in the shoot test (Hahn 1981). The heritability estimate using s-oot re
sistance data was almost the same as 
that for the storage root resistance
 
data. This high heritability for the shoot test indicates that it may be
 
possible to apply mass selection methods for breeding weevil resistant sweet
 
potato in addition to the conventional sweet potato breeding methods. How
ever, since appreciable cultivar x year interaction was present in the root
 
test, and since cultivar x site interaction was observed in the shoot test
 
caution is needed in considering results of weevil resistance tests 
in the
 
field.
 

CONCLUSION
 

Sources of resistance of sweet potato to c. punetico17 are available
 
and the resistance has been incorporated into cultivars and populations.

Antibiosis seems 
to be the most likely mechanism influencing the resistance
 
to roots and shoots of sweet potato to weevils. The facts that female
 
v,.vils prefer to lay eggs on susceptible varieties, and that on resistant
 
varieties egg hatching is delayed, larval mortality is higher and adult
 
weight gain lower, all support this hypothesis.
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INTRODUCTION
 

At the US Vegetable Laboratory, Charleston, South Carolina, we are con
ducting a comprehensive sweet potato breeding program (Jones et al 1976) in
 
which our first or primary objective is to develop multiple pest resistant
 
breeding lines that we 
and other breeders may use to increase marketable
 
yields and decrease production costs. Our second objective is to develop

cultivars which combine various disease and insect resistances in combination
 
with the many cultural and culinary requirements of the US sweet potato in
dustry. 
This work is pursued by the authors in very close cooperation with
 
Dr M. G. Hamilton of Clemson University, Edisto Experiment Station, near
 
Blackville, South Carolina, about 100 miles west of Charleston. We also co
operate extensively with other US scientists. Originally, Mr F. P. Cuthbert,
 
Jr (USDA, retired) was the entomologist on this team and much of our early
 
progress is due to his efforts.
 

We follow the mass selection procedures advocated by Jones (1965) with
 
populations of sweet potato originated from diverse sources. 
Mass selection
 
populations or polycross nurseries are grown on trellises in isolation from
 
other flowering sweet potatoes with all crossing accomplished by naturally

occurring insects (Jones 1980). Mass selection is used to combine the various
 
traits as rapidly as possible and to increase the expression of desirable
 
characters such as high levels of resistances, dark orange flesh, high yields,

good baking and canning qualities, and so on. In the mass selection process

each genetic cycle progresses from true seed to true seed (Figure 1). In
 
other words, no selected plant is entered again in subsequent generations.

Only true seed from selected plants is used. This provides for more rapid
 
progress in increasing the levels of expression of desirable traits and in
 
sexual generation each year, and this allowed for very rapid progress toward
 
limited goals (Cuthbert and Jones 1972). Recently we have changed to a two
year cycle in order to select for such characteristics as good storage life
 
and plant bed traits and to allow the screening for insect resistance to be
 
done in two years and thus avoid problems associated with escape from injury
 
(Jones ,,,i 1976).
 

Selections from the mass selection populations are used in polycross

nurseries along with selections from various other sources. The polycross
 
nursery is restricted to 30 entries and plants are used for as many years 
as
 
seems desirable. Each year new selections are added and each time this is
 
done some line must le removed. By limiting the number of polycross entries 
a dynamic breeding nursery will certainly gradually improve each year
(assuming that our selection has been effective). Thus, five or ten years
from now we will be crossing a different set of plants, much improved over 
those now in use, rather than screening seedlings from the same crosses used 
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this year or even five or ten years ago (a situation that, unfortunately,
 

appears to be far too common in many breeding programs).
 

EARLY SOIL INSECT STUDIES
 

Cuthbert and Reid (1965) mentioned 14 insect species that feed on 
sweet
 
potato roots in the US and Cuthbert (1967) expanded this list to 19 species

(Table 1). It is difficult to distinguish between the damage caused by a
 
number of these at harvest, after the insects have left and damage has been
 
altered by subsequent growth of the roots. For convenience, we screen for
 
resistance by evaluation of four kinds of injury. Grub injury is easily

recognized as 
the grubs gouge broad, usually shallow, channels in the roots.
 
Feeding by sweet potato flea beetles leaves narrow channels or grooves just

under the root skin and is easily distinguished from other types of injury.

Sweet potato weevils 
are generally studied under controlled conditions and
 
are one of the few species where the insect is still 
in the root at harvest
 
and can be identified directly. A number of insects make feeding holes or
 
scars 
in the roots that may be healed by harvest time and distorted by root
 
expansion. We rate such injury with an 
index of injury caused by the wire
worm- I-'i . :z , , (WDS) complex as d-veloped by Cuthbert and Davis 
(1970). Quite often resistance is found that is effective against the entire 
complex but sometimes lines that appear resistant in one environment may
 
appear more susceptible in another location apparently due to different mixes
 
of WDS species. However, unless adult insect population surveys are made or
 
soil larval populations are monitored, it is difficult to define the species

responsible for the location differences.
 

In 1966 the first evaluations of materials from the mass selection pro
gram for WDS resistances were made by Cuthbert and Davis (1970) who had been
 
looking for resistances in other US 
sources since 1961 with relatively little
 
success. 
 True seed of C/4 (mass selection population C, generation 4) was
 
screened by them and although there had previously been no selection except
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Table 1. Soil insects of sweet potato in the United States
 

Scientific name 	 Common name/description 

WDS Complex (selection for resistance on basis of similar injury)
 
Conodus falZi Lane 	 Southern potato wireworm 
C. pes tinzu- Fabricius Tobacco wireworm 
Diabrot ca balt'ata LeConte Banded cucumber beetle 
D. undctrpunututa howardi Barber Spotted cucumber beetle 

Sytena bZan-ia Melsheimer Pale-striped flea beetle 
S. 	elongata Fabricius Elongate flea beetle 
S. irontails Fabricius 	 A flea beetle 

Grubs 	 (selection for resistance onbasisof similar injury)
 
P;;y. io,1Y. a , L. Say A white grub
 

IL~otr >i,aZ,ua Chapin A white grub 
Sweet potato flea beetle (selection for resistance on basis of typical injury) 

Chactou'ma cof:u/' Crotch Sweet potato flea beetle 

Sweet potato weevil (selection for resistance incontrolled tests)
 
Cyln; 'o"'ru.'!u cio,-wat : iz;: Suniners Sweet potato weevil 

Others (no selection for resistance except in association with above groups) 
Coiou.on anp iooiLo Gyllenhal Gulf wireworm 

Fzii;o'oh,,?,a ' Walker American plumborer 

c'f.i.'rfliu$-o Gyllenhal 	 A wireworm 

t!' wlhspp 	 Tortoise beetles 

?.'nX': 1, u'W a,: tHorn 	 A flower beetle 

i'cr.i ': *:oi Hubner 	 Variegated cutworm 
,'t;o{y t ",! 	 Ambrosia beetle 

T1; 	~q.;'r:,. z':w?,' ." i dFcyap'z Crotch Sweet potato leaf beetle 

for flowering and seedset, the population had a high frequency of resistance
 
to WDS. Fifty of 485 seedlings tested had resistance superior to variety
 
Centennial and as good as L3-64, the best line identified in prior tests.
 
We attribute this high frequency of resistance to the much wider gene base
 
represented in population C than represented in other US breeding programs at
 
that time. This marked the beginning of our cooperative efforts to develop

insect resistant lines for use in cultivar development.
 

MASS SELECTION FOR WDS RESISTANCE
 

After initial successes we intensified our efforts and initiated a
 
recurrent selection program with no selection applied except for soil insect
 
resistances. A comparative test was conducted using remnant seed of C/4 as
 
the control to represent the initiating population and a random sample of
 
open-pollinated seed from resistant plants after three cycles of selection
 
(Cuthbert and Jones 1972). The percentage of clones with acceptable levels
 
of resistance had increased from 10 to 31%'. In addition, 5% of the seedlings
 
from the selected population had higher levels of resistance than found in
 
the control population. Thus, in only three generations of selection we had
 

http:Coiou.on
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markedly increased not only the frequency of resistances but the levels of
resistance as 
well. Studies of associations with other traits indicated that

genetic control of resistance was generally independent of that for other
 
desirable traits (Jones and Cuthbert 1973).
 

Two insect-resistant breeding lines (W-13 and W-178) were released 
to
other breeders in 1975 by Jones, Dukes and Cuthbert. These lines also had
other useful characters such as resistances to rootknot nematodes and
diseases, orange flesh, and good flowering and seedset. 
 The insect resist
ance of W-13 was 
shown to bt more effective than the most commonly recommended chemicals in reducing insect injury to 
roots (Cuthbert and Jones 1978).
Even an intermediate level of resistance gave as 
good control as the chemical
 
applied to a highly susceptible cultivar.
 

COMBINING WDS RESISTANCE WITH OTHER TRAITS
 

Insect resistant selections from this early work were used in combination with plants from other sources to initiate a new mass selection population labeled 'I'. A sequential type of selection has been followed in

that population in order to combine 
 the WDS resistance with all the other
 necessary traits for a successful cultivar. Progress toward that goal has
been very encouraging (Jones . , 1976). That population, now in its tenth
selection cycle, has high frequencies and levels of resistances to the soil
insects, nematodes, and diseases, along with 
orange flesh, good storage andbedding traits and good cultural and culinary qualities. However, no 
line
has yet been released that is acceptable in all respects for the US sweet 
potato industry. 

IERITAI ILITY AND FI-CHANISNS OF WDS RESISTANCE 

Heritability for WDS resi stance in sweet potato has been estimated as0.37 0.11 (Jones 1 when by the1P79) measured same indexing procedures
as used iln earl ier w-jork. Work hy Cuthbert and Davis (1971) suggested that
a major factor for .[) resistance was loicated in the skin but that factor was not idet,ifind. To date we know very little more regarding the mecha
nisIm of i',crerv, .l'
1ved. Thus, our selection success through the years
has beel rwide il itj, of limitedr basic information. Since vie knew
%;, very
neither the echaii'a' of re'sistance nor the genetic control of that resistance, tchn iyra , ,ldoun _ (g.obe described as rather crude. Yet, the mass

selection t'ch(nili~ ', ,.mrr ,d adnirably. 

; (i(;P';F, F1fIJP E NEEDSAN[) 

To ma inta ii the irioilrrietir (if ),lection advance for WDS resistanceattained to da to it vill ;mroL l1 necessary to improve our techniques
the future. Welre(d-d letter def initions, of the mechanisms, genetic and 

in 

physiological , i l,(olvd and we nieed to attain more uniform insect infestations (evaluations15) to roduce tih,effects of escapes. Recent efforts havebeen devoted to these problemls d vie cam now artificially infest with 
s. ..nte irg in small it tests (Schal k., ,' 1979) 

Each year ..o ,ect a 1ii tel lullerr of clones that appear proinisingenough to wirrant furtLher ',tu(y a', otnitial cultivars or breeding lines.One ieasure of our success il selec tinl for WDS resistance is therefore the 
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Table 2.	Progress inadvanced sweet potato selections for resistance to
 
the WDSz complex of soil insects, 1974-1979
 

Resistance 	 Year Total no. Percent
 

level 1974 1975 1976 1977 1978 1979! lines of lines
 
(percent 	of lines)
 

Highly resistant 21 11 19 20 31 19 31 21 

Resistant 25 44 33 56 46 46 62 41 

Intermediate 43 17 37 20 23 27 43 29 

Susceptible 11 28 11 4 0 8 14 9 

Total nio. lines 28 18 27 25 26 26 150 100 

Relaxed selection for WDS resistance to allow selection for soilrot
 
resistance which is from WDS susceptible sources 

iprovement in our advanced selections for that trait (Table 2). From 1974 
) 1979 we have increased the percentage of our advanced lines with resi t
ice to WDS from about 45-501 to about 70-75 '. In 1979 we reduced selection 
i insect resistance a little to allow more selection pressure for high 
'eld and resistance to soilrot caused by ? , .KI:;'o,;o (Person and 
Lrtin) Waksm and Henrici. The soilrot resistance was acquired from insect
isceptible lines, thus the frequency of insect-resistant lines saved was
 
duced. Over the six-year period we have made 150 advanced selections
 
id 62 of those have had WDS resistance.
 

Another measure of our progress would be to look at some of our more 
cent WDS-resistant selections and see what their other attributes are 
able 3). Obviously, the WDS resistance is occurring in lines with many 
.her desirable combinations of traits. Recently six breeding lines, W-71,
 
115, W-119, W-125, W-149 and W-154, with good combinations of insect 
slutance, disease resistances, culinary qualities, production traits and 
owering t'aits were released (Jones ,t. 4: 1980). Apparently our selection 
ntinues to be favorable and we can expect to meet our goal of a WDS resist
t cultivar in the near future. (For Table 3, see p. 336) 



- -

Table 3. Character combinationsz in recent WDS resistant sweet potato selections
 
Entry Internal Psiun Southern Sclerotial Flea White Bakin Canninp
 

corkY wiltx rootknotw blightv WDSU beetlet grub Weevilr Yieldq index index

s 


W-71 R HR 
 R LS HR R 
 I R 80 96 
W-99 
 R I R IS R R 
 I I 127 85 M12
 
W-115 R 
 R R IS R HR I-R R 133 i1 94
 
W-119 R HR HR IS HR R 
 R R 101 112 105
 
W-125 R R 
 R IS R 
 HR R I-R 119 102 105
 
W-138 - I-R HR LS R R 
 R S 106 92 
W-149 - HR HR 
 IS R R I-R R 121 104 107 
W-151 - I-R R LS R I R I 102 102 106 
W-152 - I-R HR LS R R R I-R 166 98 ill 
W-154 - R HR HS R R R I-R 133 82 
W-155 - HR R IS R R I S 
 105 68 -
Controls 
Jewel R HR R LS S R 
 S S 100 100 100
 
Centennial I I 
 S LS S R S S  -
Nemagold S S HR LS R I S -
ZHR = highly resistant, R = resistant, I = intermediate resistance, I-R = intermediate side of resistance, 
S = susceptible
 
YInternal cork is a viral disease. 
The corky lesions develop in stored roots
XAlso known as stemrot incited by Fusarium oxysponwMeZoidogyne incogrnita f sp batatas 
VSclerotial 
blight incited by ScZerotiun 2,oZfsii. LS = lower susceptibility, IS = intermediate susceptibility,
 
HS = highly susceptible

uThe wireworm-Diabrotica-Systena complex of soil 
insects, see text
tChactouem confinis larva
 
SpZectris aZiena
 
r Cylas formicarius eiegantulus. R = 65-70% control and I-R =
oto 50-64% control compared to Centennial when Mf 
averaged over 6 to 13 laboratory and field observations 
qRelative to Jewel, average of 4 or 5 replicated tests over 2 years, except W-154 (2 tests, 1 year)PRelative to Jewel. Data for entries with both baking and canning indexes were obtained by R. A. Baum
gardner, Department of Horticulture, Clemson University, Clemson, SC
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Hand-pollinating sweet potato flowers. 



35 

for Irot(ein in l)ottotCsBree(di ' Inrereaise(d Ctctit Swv(WCt 

I.. 1,1 

(h:l[ai \go'iv'LIluu'1 ll IN pl..ri 14-n1Sl1litoll. 'l% ,a grie.lllm-al 11q,-vart'h hIm ilna.. 2 Nlin-C~hviig I1d. 

(Chim',i 114)(1. Tlai%,',,:1n 

INTRODUCTION
 

In Taiwan more than 70% of sweet potatoes are used as feed for hogs
 
and oth ,r animals. The planted hectareage in 1979 is about 10 million
 
hectares and total production is about 150 million tons. The importance of
 
sweet potatoes among field crops is next only to rice. However, protein
 
content of sweet potato roots is low (about 3-4% dry basis) when compared
 
to other dryland crops. For this reason, selection and breeding for high
 
protein content and high yield potential for animal or human consumption is
 
an extremely important task in our sweet potato research program. Studies
 
on protein content of sweet potato began at Chiayi Agricultural Experiment
 
Station, Taiwan Agricultural Research Institute (TARI) in 1973. The pre
-ent study was designed to develop protein-rich and high yielding sweet
 
potato entries, and to gather some basic information which may be useful 
to the breeding program. 

MATERIALS AND METHODS
 

To determine the variation in protein content of sweet potato, 141
 
native varieties, 66 improved varieties and 93 foreign introductions were
 
grown under similar cultural management in fall planting (Aug 1972). The
 
protein content of roots and tops (40 cm long tips) was determined by the
 
Kjeldahl method using the factor N x 6.25. Samples for protein analysis
 
were obtained from composite samples of each plot. All protein determina
tions were made on duplicate samples on a dry basis (at 5% moisture).
 

Data on factors affecting protein content of sweet potatoes were
 
obtained from four experiments.
 

Experiment 1 examined the effects of nitrogen (50 and 150 kg/ha), 
potassium (100 and 200 kg/ha) and plant spacing (100 cm x 20 cm and 100 cm 
x 30 cm) on protein content of two sweet potato varieties (Gkinawa and Red 
Tuber Tail). This experiment involved 16 treatments which were tested in 
randomized block design with four replications. The seasonal effects on 
protein content were determined by evaluating the 16 treatments in spring 
(March), fall (August) and winter (October) plantings. A composite sample
 
of roots and tops from four replications of each treatment was analyzed from 
each experiment. 

Experiment 2 measured the effect of different years on protein content 
of 12 sweet potato varieties grown at Chiayi. The randomized block design 
with three replications was used. The sampling procedure was the same as 
described in Experiment 1. 

In Experiment 3 the effects of location, variety, and their interaction 
were calculated by analyzing protein contents of ten varieties grown in fall 

.-4 ". 
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plantings at five locations in 1975. 
 These tests were grown in a randomized

block design with six replications. Homoqeneity of error variances was
 
tested by Bartlett test and a combined analysis of variance was carried out.
 

A parent-offspring study of 30 parent clones and their respective open
pollinated progeny (F5 generation) were grown at two locations in one year.
 

Experiment 4 involved the inheritance of protein content and its rela
tionship to root yield in sweet potatoes. A parent-offspring study of 30
 
parent clones and their respective open-pollinated progeny (F5 generation)
 
were grown at two locations in one year. The experimental design in each

environment was a randomized b!uck with three replicates a'd 12 plant plots.

The traits examined in the correlation studies included: percentage crude

protein content in roots; percentage of soluble solids in root juices; per
centage dry matter of roots; 
root flesh ,'olor; fresh root yield; dry matter

yield and 
fresh stems and leaves weight. The data were recorded on an in
dividual plant per plot basis and statistical analysis was computed on a mean
 
per plot basis. Statistical 
analyses were estimated in accordance with the
 
procedures described by Jones (1969) and Falconer (1960).
 

The data on fresh root yield, percentage crude protein content and dry

matter yield obtained from advanced trials of newly developed sweet potato

entries grown at 
three locations over a period of two years were subjected'

to stability analysis. Nine entries and one variety of sweet potato in each
 
environment were tested in a randomized bloc[ design wit 
 iour replications.

Protein analysis based on a sampi2 of three to five roots 
-elected at random
 
from each plot were measured from each environment. Estimates of the stabi
lity parameters were obtained by methods similar to that outlined by Tai
(1971). The amino acids composition of protein in the newly developed sweet
 
potato entry C64-18 planted in the fall crop season was measured by means of
 
an automatic amino acid analyzer by the Department of Agricultural Chemistry,
TAR, and the Department of Animal Nutrition, Taiwan Livestock Research 
Institute (TLRI), respectively. It may give further information regarding

the nutrition value of this new'y developed sweet potato entry. 

RESULTS AND DISCUSSION 

Varieta Idifferencs of protein content 

The frequency distributions of protein contents of the roots and the tops
(40 cm long tips) of the different varieties are given iii Figures 1 and 2,
respectively. Protein content in roots of the various sweet potato varieties
ranged from 1.3 to 10.1 , and in the tops from 12.1' to 25.7r, on a dry
weight hasis. Mlost varieties contained between 4.4'-5.2/ protein in roots
and between 19.5 -20.5 protein in the tops. These results showed that large
varietal differences in the protein content of sweet potatoes exist. The
results agree with those reported hy Purcell. 1 . (1972) in that the protein
content of the various cultivars and selections ranged from 1.7Y to 9.1V. 
AVRDC (1974) also screened 125 sweet potato varieties and indicated protein

contents in roos ran(jing from 2.2 to 9.2' on a dry basis. 

The average protein content in roots of native varieties was 4.4",
ranging from 1.3 to 7.2 , and that of improved varieties was 4.7", ranging
from 2.5 to rP.O , while in the foreign introductions the mean value was5.4 , ranginq fromi 1.9 to 10.1 . The foreign introductions had more protein 
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and wider variation than the 
lative and improved varieties. This showed that
utilization of foreign introductions should be very effective for the impro
vement of protein content of sweet potato. The variation of protein content

in the tops was large in native varieties (12.1%-25.7%) and in foreign in
troductions (13.2/-25.3'.), bt s11all 
in improved varieties (15.4%-23.3%).
 

From this study, it seems 
clear that varieties vary to a considerable
 
extent in their protein levels and that it should be possible through breed
ing programs to select new varieties for both high yield and high protein.

These results are in aIreement with those reported by Purcell et 01 (1972). 

Etnvironmenta l i lflLence onpro tei n content 

The protein 
contents of ten varieties grown at five 	locations, and of

12 varieties grown for 
two years at single location are given in Figures 3

and 4, respectively. 
The analysis of variance indicated that the differences
 
in protein content of roots among varieties, locations and years were signi
ficant at the 1' level. Varieties grown in the Yunlin and Tainan areas
 
generally had a higher protein content than when grown at the other locations.
Pot-to Rico, an introduction from the United States, had the highest average
protein content of roots. The average protein content of roots among varie
ties varied from 3.2' to 8.3', among locations from 2.8% to 6.5%, and between 
the two years from 4.3 to 5.8'. The variety x location interaction was

highly significant, indicating the importance of testing in different loca
tions. 
 There was no significant year x variety interaction for protein

content of roots, indicating that varieties ranked similarly in each year.
 

The protein contents of two sweet potato varieties with each of two
levels of nitrogen, potassium and plant spacings are given in Table I. 

Among the different crop seasons, highly significant differences in
 
protein contents of 
roots and tops were found, varying with 	varieties and
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Table 1. Effects of different varieties, plant spacing, N and
 
K applications on protein content inroots and tops
 
of sweet potato
 

Protein content_ (% dry basis) 
Treatment Fall:; Wintery Spring' Combined 

roots tops roots tops roots tops roots tops 

Varieties
 

Okinawa 100 7.5 18.8 6.0 17.3 3.6 17.8 5.7 18.0
 
Red Tuber Tail 4.6 19.4 3.9 19.6 3.1 16.2 3.9 18.4
 

N applied
 

50 kg/ha 5.5 18.1 4.4 17.7 3.0 15.4 4.3 17.1 
150 6.6 20.0 5.5 19.2 3.8 18.6 5.3 19.3 

K applied 

100 kg/ha 6.0 18.7 4.9 18.8 3.5 17.1 4.8 18.2 
200 6.1 19.4 5.0 18.0 3.3 16.J 4.8 18.1 

Plant spacing 
100 x 20 cm 6.2 19.2 4.9 18.1 3.4 17.3 4.8 18.2 
100 x 20 5.9 18.9 5.0 18.9 3.3 16.7 4.7 18.2 

LSD 57 0.63 0.58 0.31 0.76 0.22 0.76 0.24 0.39 
11" 0.85 0.77 0.41 1.01 0.29 1.02 0.32 0.53 

Planted 15 Aug 1973 and harvested 13 Jan 1974 (150 days) 
'Planted 25 Oct 1973 and harvested 20 April 1974 (168 days) 
"Planted 10 March 1974 and harvested 6 Aug 1974 (150 days) 

nitrogen levels. No effect on protein content was found to result from 
using different levels of potassium and different plant spacings. Protein 
content of the roats was increased from 4.3"' to 5.3% by applications of 50 
3nd 150 kg/ha of nitrogen, respectively. The protein content of the tops 
,as likewise increased from 17.1 to 19.3%, respectively. Differences in 
)rotein content of roots and tops at different crop seasons were also highly
;ignificant. The ;protein content in roots at different crop seasons varied 
from 3.47 to 6.1- and that in tops ranged from 17% to 19.1%. Protein con
tents in the fall and winter plantings were significantly higher than in the 
3pring planting. The differences in protein content between fall and winter 
)lantings were not significant (Li 1975). 

In addition, a field experiment was conducted at Chiayi AES farm during
:he 1974 fall season. Okinawa 100 and Red Tuber Tail were grown under five 
levels of nitrogen (0, 80, 160, 240 and 320 kg N/ha). There was a tendency
7or protein content of the roots to increase with the i60 kg N/ha application
ind to decrease dry matter of the heaviest N dosage applied (Li 1975). Most
 
)f our results agree with those reported by Constantin ot c(z (1974) in that 
ncreasing N levels up to 100.9 kg N/ha resulted a linear increasein in 
)rotein content of sweet potatoes. 

Differences in protein content at two root sizes in a single hill were 
iot significant (5.2; for large roots above 300 g, and 5.4% for small roots 
,elow 160 g). It was found that protein content was not uniformly distri
uted within the root. Concentration was highest at the stem end of the root. 
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There was no significant difference between the protein content of the middle
 
portion and that of the end of the root opposite to the stem. The range of
 
protein contents in the three positions varied from 4.8; to 5.77. Variation
 
of protein content in roots from an individual hill within varieties is re
latively large (5.3'" to 6.5i). Li (1975) attributed these large variations
 
to various environmental and developmental fa,-tors.
 

Inheritance of protein content and correlation studies 

Separation of the genetic components of variance estimates into additive
 
(12A), and additive x additive (p2AA), and non-additive components is shown
 
in Table 2.
 

The combined data showed that a large portion of the phenotypic variance

of protein content was accounted for by the genetic component. The value
 
of the genetic component was 73' (1.,2/2 = 0.326/0.449 = 0.73). The additive
 
component of genetic variance was more' important than the non-additive part

for protein content of roots (a + 1/2 o2AA)/c?. = 0.257/0.326 = 0.79; (1/2

2AA + non-additive)/,2 = 0.69/0.326 = 
0.21 (Li 1977). Estimates of heri

tabi li ty for protein content was N'Io of
57. estimate protein heritability in 
sweet potatoes could be found in the literature to compare with the value
obtained in the present study. However, our estimate of protein h2 was higher
than those ohtained for fiber content and other traits in sweet potatoes

(Jones - .' 1978). Predicted genetic advance from mass selection of the
 
hest 10 of the parents was 6.9 of the mean. The observed genetic advance
 
obtained in offspring of the selected plants 
was 7.2'. Tile results indicate
 
that a mass selection technique would be effective in improving this trait.
 

The phenotypic, genotypic and environmental correlations among the six

raits were calcullated and these are presented in Table 3.
 

There we re small negative correlations, both phenotypic and genotypic,

bet-een protein content and fresh root yield and between dry matter yield of
 
root 'rid Inot.'ii contenit. This differs in magnitude from results reported

by AVRDC (IW76) where correlations of -0.30, -0.23*, -0.87** and 0.68 were
 
olbserVd l protein content and fresh root yield in four
prtweeri sweet potato

trials. Li ( 1974) ,tdied this in a variety trial involvinig a large number

of va,'ie t i vs a4d flmd a small positive partial correlation of 0.07 between
 
proteinl colOtO. 110, root: yield.
 

Based oin the rbo l , of this investigation, it is suggested that small
 
neqa itiwycoJ wrroat i ol'; e.t hetween protein content and yield in sweet
 
potato, indicatirig thait protei, 
 is not strongly negatively associated with 
root yield. Therefor(e, the chances of obtaining high I)ercentage protein
C:ontents and high yield appear likely. 

S tabii t y anals is of jote . t and yield 

The r'esults of the comhined aralysis of variance for root yield, protein
content ainrddry mat ter yield irdicat(d that the mean squares for entries (or
varieties), envirnnmieits and ent:ries x environment interactions were all
highly significarit (Li 1979). The significance of the first order inter
action showed that the r(,lative e)(:rformances of entries were quite different
when the entries were grown under various different environments. Thi s 
response was similar to that reported by Li (1975). 



Table 2. Genetic components of variance, heritability, phenotypic variance, parent and offspring mean
 
and percent of genetic advance for each location and combined locations
 

Partition of -.2: Parent Offspring 
 ' of genetic advance

Locations into genetic (with 10% selection


2
variance component h mean mean 
2 2 non- c2 intensity) 
A AA additive () (1) () predicted observed 

Shan Tzu Tin 0.34 0 0.12 55 0.62 5.13 5.43 7.41 7.18
 
Shui Yuan Ti 0.47 0 0 89 0.53 4.62 4.54 
 12.37 10.13
 

Combined 0.26 0 0.07 57 0.45 4.87 4.98 6.92 7.23
 

Table 3. Correlation coefficients between percent crude protein and other traits in 
sweet potato
 

Traits correlated Correlation coefficients
Phenotypic (rp) 
 Genotypic (rG) 
 Environmental 
(rE)
 

Crude x fresh root wt 
 -0.30 -0.12 
 -0.56**
 
protein x dry matter wt -0.17 -0.13 
 -0.29
 

x fresh top wt -0.92** -0.92** -0.99**
 

x root flesh colorZ 0.89** 0.35
 
x dry matter- 0.30 0.15
 

x soluble solidsz 0.38** 0.17
 
Fresh root wt x root flesh color zy -0.19 =-0.95'3
 

x soluble solidsz -0.41* 
 -0.53*
x % dry matterZ -0.42* -0.75**
 

Soluble x root flesh color" 0.42* 
 0.46*
 
solids (Brix) x dry matter: 0.96** 0.78**
 
Root flesh color x dry matter: 0.17 0.09
 

2
zBecause of the high h of % soluble solids in root juices, root flesh color and % dry matter
 
of roots, rE were not computed

YThe two estimates of rG were different at the I% level of probibility, they were not averaged
 

' Sionificant at the 5% and 1% levels, respectively
 

3 
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The estimates of the parameters & and , for the entries with mean root
yield, protein content and dry matter yield of roots are shown in Table 4.
 

Table 4. Mean root yield, protein content and dry matter yield of roots and stability statistics
 
in ten sweet potato entries
 

Fresh root yield
Entries 7 Crude protein Dyy-matter yieldx-th "'-(t/ha) x 
 I (W -hax 

C64-3 23.6 a 0.00 1.71 4.5 a 0.30 2.21 
 7.3 c 0.04 2.48.r
 
C64-4 19.2 c -0.23 2.71 x 4.2 ab -0.31 1.1,1 5.2 d -0.14 ?.93 x 

C64-7 33.6 0.53 12.94 x 3.6 ef -0.13 1.54 7.8 ab 0.32: ' 4.35:" 

C64-9 18.9 c -0.33k 0.42 4.1 bc -0.98 0.68 5.6 d -0.31- y 0.66 
C64-44 23.9 -0.07a 0.48-r 4.1 bcd -0.01 3.15 8.2 a -0.13 5.95 x 

C64-18 27.9 b -0.08 2.06 6.5 -0.14 2.41 bc7.7 -0.09 1.55 
C64-22 30.3 -0.399' 2.15 3.9 cde 0.17 0.16 )8.6 -0.46! 3.01x 
C64-27 29.1 b 0.38 6.52 " 
 4.2 ab 0.27 1.53 7.7 
bc 0.16 7.13 x
 

C64-87 
 24.1 -0.11 1.35 3.P de 0.17 3.53-l' 7.2 0.10c 0.94 
Tainung 57 25.5 
 0.14 5.12-7 3.3 f -0.23 0.,813 7.9 ah 0.24 7.11x
 

"Any two means in each column not sharing the same letter or letters werf, %ignificantly differentat 5.,level according to Duncan's multiple range test
 
YIndicate r±values significantly different from 'L 
= 0 at the 5 level
xIndicate A the F values for greater than the Fa values found frrin F-tdhle with n -- n-2, n2n(m-l) (r-1)degrees of freedom at the 5', level of significanco 

The statistic ,. is a measure of the linear response to environmental

effect, and is observed for the deviation from the linear resporve. A
perfectly stable variety has the values 
 of = -l , and 1 , and a varietywith average stability has the values of ( 0 and I= (Tai 1971). Theresults indicated that C64-18 has the best average stability over a, 1 environments. This entry showed a significantly higher rean root yield andprotein content than the check variety but the dry matter yield was the 
same as the check (Table 4). Therefore, C64-1) would have good gerera 1adaptability. The root yield of C64-18 taried from 17.2 to 40.5 t/ha andprotein content ranged from 5.6 to 9.2 . The Tai runrl 57 check plots yielded 13.2 to 3, . t/ha and protein contents frol 2. to 4.7 

The essential amino acids of C'(4-1 ar- presented in Table 53. Theentry C64-1,, showed that it contains all kirids of essential amino acids.Total sulfur-contai ni wu amino acids and methionine aro deficient compared tothe FAO reference protein , but othe,- amino acids are il e/cess . Similarly, 

Table 5. The amounts of eosenti)l a,';ino acid contents of the entry C64-1;' a, compared with
that of the fi,5 ref "erer:ce protein 

Source 3 a.ino acids/ , S proteir,I leu. I'i. Tota I ProteinLy,. Met. ;The. Thr. Val. T/r. Try. ,ul fur (M'. 
A 3.9 4.3 P.22.3 1 . 1 -.2 2.1 3.9 5.4 
Bu 

5.1 7.'" .: 1.1 .3 ,.1 .1.9 3. - 3.0 1.3 
FA 4.2 2.2 2.,'.2 ?. 2.8 4.2 2.0 1.4 4.2 -

':Source: Department .gn,'.j,- ir, l Shemitr/, TARI (1977)

ZSource: Department of Animal hutrition, TL-' (l97;)
xSource: Purcell 
 , : 1972 
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Purcell -t. ,/ (1972) reported tne amino acids composition of six selected
 
cultivars of sweet potatoes and found that total sulfur-containing amino
 
acids and tryptophan were limited by comparison with the FAO reference pro
tein, and that: most other essential amino acids were in sufficient excess to
 
sulpplement other plant proteins.
 

Select ion for protein- rich sweet; jiotato 

Selection for high t'protein content was undertaken among the progenies 
and seedlings derived from hybridization and polycrossing. A total of 8500 
seedlings were tested in the? fall seas on of 1979, and 32 seedlings were 
selct od at harvwst 151) days af ter planting. These seedlings had better 
plhenotypic charlcters than the check varieties. Average root yield varied 
from 0.62 to ? .4 kq Iwr hill. The protein content of roots of these seed
1lino s ra nejd from 5.5 to 9).5 on a dry basis. The dry matter content of 
thee seedlirq - varid greatly, ranging From 21 to 32". In the meantime, 
the II ,;ed] i rtgs wi ith hihest dry tiitter content were also selected. The 
avr ar(, r)ot yi(ld varie(d from 0.21," to 1.5, kg per hill. The dry matter 
corterllt. of roots 'riied frol 36 to 39 ' ' . 

Hlosl of the sol injs wi tt hi gh protein content tended to have orange 
rot tlesh olor. lhe plositive correlation observed between protein content 
and root. f leshi color wast not siqIni ficant at the genotypic level, but was 
siqni ficartnt alt the phenotypic level (Table 3) . The results seem to indicate 
tihat solcLior for hiqh protein wil give sweet potato with orange root 
flesh Color. 
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NUTRITIONAL ANALYSIS OF SWEET POTATOES
 

Sweet potato is undeniably one of the world's most important food crops. 
Its main importance as food has been the carbohydrate content or starch 
source as a dietary staple. However, sweet potato can also be a source of 
other nutritionally important dietary factors. The nutritional composition 
of sweet potatoes has been reported by Watt (1963), Edmond and Ammerman (1971) 
and by a new report prepared by the S-101 Regional Technical Research Commi
ttee (1980). Efforts to increase consumption of sweet potatoes must go hand 
in hand with efforts to educate consumers on nutritional benefits of eating 
sweet potatoes. A short discussion of the major nutritional components of
 
the sweet potato follows.
 

Vi tami is 

Vitamin A: Sweet potatoes are an excel ient source of provitamin A (caro
tene) which is converted into vitamin A (retinol) by the body (Table I). 
Many factors affect the level of carotene in sweet potatoes but the varieties 
now being grown in the United States can easily supply the recommended die
tary allowanice (RnA) of this vitamin. 

Vitamin B complex: A 113 g serving of sweet potatoes can supply 2-6'. of 
the recommended dietary allowance of niacin, 3-5,' of the riboflavin require
ment and 1-7 of the thiamine requirement. The main source of these vitamins 
is usually meat or meat products. There seems to be little variation in con
centrations of vitamins from the B complex in sweet potatoes; the range of 
those tested is extremely narrow. 

Vitamin C (ascorbic acid): Sweet potatoes currently being grown differ 
in ascorlbic acid content with cooking method. They can supply between 25; 
and 50 of the recommended dietary allowance of vitamin C depending on 
whether the roots are camied or baked (S-101 Technical Committee 1980). 

Cayrho hydrates rd coergy-

The major energy supply to the human body is carbohydrates. Most of the 
current sweet potato varieties grown in the United States contain 25-307, car
bohvdrates in the roots and approximately 98' of those carbohydrates are 
(easily diestihle. Vines are much lower in carbohydrate content. The tre
,eridous yielding capacity of sweet potatoes (up to 85 t/ha in experimental 
plots according to Collins in 1980) mrakes it an important carbohydrate source 
for areas where populations depend mostly on carbohydrates for their food 
source. A 113 r serving of sweet potatoes per day can supply 5- of the ener
ty re(uirements for a 23-50-year-old male. 
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Table 1. Nutritional analysis of canned sweet potatoes (variety Jewel)
 

Root content RDA; "RDA supplied
 

in 113 g sample
 

Solids 
 28.7
 
Fats 0.3
 
Protein 1.2 56 
 2.1
 

Carbohydrates 26.7
 
Ash 0.5
 

(mg/Og) {Ln_)
 
Calci
iLr 
 11 800 1.6
 
Iron 
 0.9 10 10.4
 
Sodium 
 20Y 1000 2.3
 
Potassium 192' 2000 
 10.8
 
Thiamin 0.02 1.4 
 1.4
 
Riboflavin 0.03 1.6 
 1.9
 
Niacin 
 0.3 
 18 1.7
 
Vitamin C 10 45 25
 

I !/100 IU 
Vitamin A 5345 5000 121
 

P'ccor rdc'd dietary allowance 
Fr,i Lopez, i.'illiarvCooler (1990)and 

•Intro 'mat.irua I inri 

Mi nerals 

The major inorganic eleme its necessary for body processes are sodium,

potassium, calcium and iron. 'ie recommended dietary allowances for calcium,

iron, sodium, and potassium are 800, 10, 
1000, and 2000 ig/day respectively.
 

A 113 g sample will supply 1.6 of t'e calcium RDA and 10.2" of the iron
RDA (S-101 Technical Committee 1980). It will also supply 2.37 of the sodium 
dud 10.8 of the potassium RDA (Lopez ,I 1980). 

Protein 

The recommended dietary alluwance for protein is 56 g for a 23-50-year
old-male. A 113 cjservin9 of sweet potato roots can provide 3-47 of the RDA 
(S-101 Technical Committee 1980). 

POTENTIAL FOR INCRASIG IJTRITIONAL COMPONENTS IN SWEET POTATOES 

Efforts to increase nutritional components in sweet potatoes can
limited to specific areas which show greatest promise for a significant 

be
in

crease. Sweet potato is already recognized as an important source of carbo
hydrates in many areas of the world. The total production of carbohydrates
is directly linked to yield. Av(eragje yield in the United States in 1980 was
12 t/ha witht a high of 1. c t/ha. In experimental plots we regularly obtain
selections with total yield well over 56 t/ha. In many areas where a carbo
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hydrate source can he exploiteI for ! n consumption and where yields are 
low, breedinq and cultural efforts shuuld be directed toward increasing 
yields. 

Mineral content of sweet potatoes is very low in terms of the percentage 
of the RDA supplied by eating a 1410-170 q serving. Sweet potato hreeding 
efforts are unlikoly to increase ,i(Inificantly the levels of calcium. low
ever, there ,ine> appear toihe a is;i hil ty Ithat levels of iron and/or potas
sitln iniqht be silui ficinitly increased provided high-ironl an( high-potassium 
germplasm can be located. li tLhose qetiotypes tested, thore appears to be 
little viriation from ejnotype to enotype hut a large root-to-root within
genotype viriation. At present, da fa are not e;.teniive rno0l h to predict 

,result of effrtsL Lo i icreaiso iiron and potassi oll leve] . 

.I. ot , inpote.s i e:<o]l 1nt , ource of provitaluin A. Since high-
C- irntolle typer', to vored inst l7 in tu Woo tern Hol sphere were induced to 
hlOOll and ,et seed, the caroteno content in the )opular types has risen fron 
6.2 ii(j/lO)(j . 17.4 Uw/i)0()j (11illor and 'iernandez 1970). Since high-carotene 
goiuiplaiUi i' iii y available and presenL in high levels in all breeding 
IlW'O(Jlil< in Ulf! lllitUd ta (L-s, this ch<lracter does not appear Lc he a criti
oa lititifinlll atiarater timel from a hreeding standpoint. TheLhis 

~rob] em ,,1,u 1 iLd ,,itLi hi gh-caroten Lpes of sweet potatoes is personal • 
proot'eii]t of 11iyllly nlplul iLionsi% lor the low-carotene or nOn-carotne types. 
flw'rcovim Lii p- rmlc , in Situttinus il which thi s carotene source is 
iiiedod will - ill (.1oml.tsivo edicatiolal effort. 

'll,. vi toi ii, ill til , coinifl(,y iin :wne poLt ;iies appear to be present in 
Ciu iliL rot i ll< ,.I 11i little (jonotype onnotype. rangev,.ry from to The of 
V,ilu i' r;Io'tfvd ,.t.rr el y imriow. ONly i very s 1111 portion of the RDA" is 
f€r liii , C111.:0, ',ul from otatoes. intense breedingca, liod sweet Au 
ofi irt. .Id u', iv douibl e the cnrentra :inn provided high concentration 
Lype, unrf, fulnd fhir (.of.h if these, vitluins . This< would still supply only a 
sUllIl rcitw . f PiPA. Il timo opjl ,rs i.hnt ain inti i;e breeding effort 
iLii s wollf houwi 

[Ili,) , ,,M, t ,,X wiici we fe l offor 1liiciih potential for increase 
ei thor ihrollih 1: iiwl or t;hroii cul tural iiani pu lation: vi taitii C. (ascorbic
aW id) 011d l~ ll 'ii 

Vi tonli U (. 

in Liv,ir' which or', curi'ently grown in the United States contain 11.4
1?. 5 unp/lO() of a,coric ac il(ii thi cined iroduct , which Sltpp lies 25- 28: 

hWr as 
nO,'/I Ith(ll(l ?). Ironioypoes onge Frnim ( ilO(10 tip to Lhis value of 19 
ilii/lI(ii (fresh i [I no efforts have hieen under

o f li, 1)iA. Ilifresh Li, le wo v ineosiured cincetLrations as high 19 

weiqht it', ). tl i(Jiil 'roedinq 
in h'j in istiLonn i I , i<,ai'i , :id<s cmiituit thi] Colloctin , it conceiva

1 f d o i ii. .,o r e,xi',IfKI, a wi ll c llopiLti010 tyl s. 

Ill ilint awerli: a:id in leil hieavily oin size,i, elwcnd', ijtotype, 
iat-rvi"t Iil i, 1 ,i i i i',iroie cri iLion', (Juri id 1979).q ',Ji-Lrut 

wit increases with late harvest,ViLowill ( i,; rie, wl curin tid sLie, 
,11 iskpri t-,I'lit ili hi ii'r gihi.iti in lrgew rnlt'; nd ronts that have heen 

hi ked. 
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Table 2. Eva ionIuat of or,thCar'o Iina 'psdinq ,iateiia for dr,/virttvr,
pertcrit (iitein (drIy weiriht ad frosih waeiqht hi'k) and 
ascor-hic acid 

A C Ol!) Jc acid 
Genotype dr, protein ;r itin (r'-q/100 r 

11.ttr. (I rv Wit) (frI I ,t wt) 

W-77 
 24 13.1 3.1 
 2.6 
Ro'o Centennial ?5 r4.7 .3 14. 1
 
Leeland Bunch 
 22 9.,1 2.1 10. 

Jewe1 21 B.H 1. I 4.4 
215 21 8.7 1.8 6.9 
234 30 8.4 2.5 10.C 
213 x 228-1 ?2 8.1 1.8 7.3
 
212 
 26 8.1 2.1 7.1
 
8edgoI d 
 22 8.0 1.8B 4.7
 
Kandee 24 7. 1.9 4.2
 
Ceortnrir'al W-1 21 7.7 1.6 11.3 
4-178 26 7,6 2.0 1.5
 
I6 23 7,6 1.7 0.J
 
alicy Iall 
 20 7.5 1.5 
 19.0
 

TI-195 
 16 7.5 1.2 
 R.3
 
246 
 24 7.5 1.8 
 6.8
 

Fa iiter 
 23 7.2 1.7 8.7 
C iforiaiPed 
 15 7.2 1.1 7.0
 
351 20 7.1 1.,1 2.0
 
311(l) 23 
 7.1 
 1.6 16.?
 
;Nma jo1 ( 20 7.0 1.4 9.I,
 
OlId ldr',h 24 6.9 1.' 6.)
ii 


241 : 213 29 
 6.9 2.0
 
2?1:4 
 ?1 6.. 1,6 6.1
 
.iito Jiii1 1P 
 6.5 1.? 
 1.1
 
I, ?W11(, 20 6.4 1.3 1.7 
273-0-42 
 23 6.2 1.4 7.5 
fi, ,. 
 19 6.1 1.2 4.7
 
2, . '7-1 25 6.1 1.5 
 tt.,8 

22 r) 1.3 4.2
 
?0'J 30 5.9 1.8 14 .,
 
Cor',ta I Let 34 5.8 2.0 5.6 
Cirri,? 21 5.6 1.2 
T1 10,4 22 5.6 1.2 4.2
 
C,,itwinril ?3 
 5.6 1.3 7. 8 
South, 1.r')(i n 23 5.5 1.3 17.4 
W-I I 1," 5.4 1.0 1.4 
8h1 5o t'Ir 23 5.4 1.2 4., 
Pi i(-In 'rir.,,,,r 20 4.7 
 0.9 5.9
 
31if?( 
 21 4.6 1.0 3.4
 

22 4,1 1.0 
 6.9 
2?:; 23 4.2 1.0 3.3
 
P1] 09161 241 
 4.0 1.) 0.0
 

TII189r)? 19 3.H 0.7 6.1 
P! 341 	?
1,1 
 25 3.1 
 0.8 1.0
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Protin 

Protein is one of the most important chemical compounds involved in 
nutrition because )f its involvement in so many of the basic processes and
 
structures of thc, human body. Most people in the United States have an
 
adequate intake of protein even if they are 
not meat or meat product eaters.
 
Many vegetables contain adequate amounts of proteins.
 

However, there is now the distinct possibility that sweet potatoes will
 
be lused as L source of carbohydrate in the US for production of ethanol by

microbial ferimILdtion. Such a process would lead to highly concentrated
 
sweet potato protein which would be available for incorporation into human
 
food. In some parts of the world, sweet potatoes are consumed in large

quantities and can be an important source of dietary protein; foods contain
ing 5 utilizable balanced protein can sustain health if eaten in sufficient
 
quantity. For these reasons, information on factors affecting crude protein

in sweet potato plants as well as the quality and composition of that protein

is important.
 

Several environmental factors have been shown to influence protein con
tent in sweet potatoes. Purcell i ,,'(1976), studying length of growing
 
season, determined protein and dry matter contents for 16 
sweet potato geno
types harvested on four different dates. They found that protein content
 
decreased at the rate of 0.0067, per day after 102 growing days with dry
 
matter decreasing by 0.233: per day after 102 growing days. However early

harvest, while maximizing l)rotein, would not offset the extra total protein

obtained with later harvest because of increased yields.
 

Fertil ization also affects crude protein in sweet potatoes. Purcell t. 
* (unpubli shed) found that fertilizer had an effect on nitrogen content of
 
the roots but did not chanqe the inon-protein N/N ratio (Table 3). An in
crease in the cntent of the fertilizer caused a corresponding increase in
 
N contenlt. in the ha rvesited roots. Varying the amount of sulfur in the ferti
1izer had ri,)effect on the composition of the roots. Apparently the soil
 
used contained enough s l fur so that rl uptake was not limited, or the ability
 
to res'poil Lo sulfur fertil ization does not occur in sweet potatoes as itdoes
 
in some other cropnj, (Piabufetti and Kamprath 1977). Potassium was also shown
 
to have no effecL o ',tured r1in the root or on the NPN/N total ratio. These
 
data suggest tha t the amount of protei: in sweet potatoes could be increased 
by i ncrea si ng N fertilize , however, this would have to be managed very care
fully since excess N at -r;Lical periods in the root enlariement phase of 
growth can decrease yields. 

The (ffec ts of genotyl)t(io crude pretein content are well described. 
Several studies have reported significant diFferences between genotypes
(Purcel1 1972 ; Edmond and Ammerman 1971). Table 2 shows protein con
tent of North Caroli na hreedingmaterials in a 1980 survey evaluation. There 
are clearly differences between these genotypes which can be used in a breed
.ig ;program to elh,;ice protein contenLt. 

Cross,.s are uruduer.ay now hetween high protein and high dry matter types
in al e.ffort to developI cultivars ideal for fuel alcohol production as well 
as cultivars for fresh iarket production with enhanced protein content. It 
appears- that an important by-product, or perhaps even the most important
product, of a sweet potato fuel alcohol operatiol will be a high protein con

http:uruduer.ay
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Table 3. Effect of N and S on total N and non-protein-N/N ratio 
of sweet potatoes (variety Jewel 

Treatment1 	 Total N' NPN/N 

=N 0, S = 0 	 0.78 a 0.25 
=N = 0, S 71 0.82 a 	 0.24 

=N 51, S = 0 1.04 b 	 0.24 
= =N 51, S 71 0.92 ab 	 0.26 

N = 101, 	S = 0 1.24 c 0.25 

N = 101, 	S = 71 1.22 c 0.25 

'1Figures with the same superscript are not significantly 
different at the 0.01 level using Duncan's New Multiple Range 
Test 
::Treatments included 168 kq K/ha and 40 kg P/ha 

Table 4. 	 Dry matter, fermentation alcohnl yield, and protein yield 
in fermentation residue of five sweet potato cultivars 

.. .. . ..... . . . . . - Alcohol . . . . protein. 

Cul tivar dry yield in 

------------ ina te qf''g res idCue 

Centennial 	 25.9 94 30.1 

Pelican Processor 26.7 118 	 32.5 

Rojo Blanco 	 24.9 107 39.3 

WIhitestar 	 26.4 113 33.6 

Vogel Wh it,. 	 28.2 126 26.6 

centraLe ext rtcLd from the res idue. lhis concentrate is suitahle for 1uman 
consumiLion. Sh iii [able 4 are five culti vars which we have fari: so 
studied in co ection with alcohol yield. Althouiqh the dry matter in these 
cultiVars is If-l' I Lhan of' higfOest the conhe;s some the reported, protein 
tent in the res idue is ec. t inrial1y high. Usiro hiqher dry matter types 
should increase 11i PVer mirelnis ige 

The effect (nf yI)otyi?., envi ronmeirt inLeriictions in sweet potato pro
teill determillathions ma invesLioalet d ill a] stldy(i f Jx sweet. iotato genotypeS 
growl at siX ioca Lion'; for Lthre; ,ealrs (eighteen elviroimients ). Protein con
tent (reported on dry wei(git hasis) varied trenendously during this period 
The analys is of variance for this study is shown in Table 5. 

Protein lou1 ity 

Amiiino acid aiialyses of sweet potato protein are putblished. It has b(en 
shown by Purcell - .' (1972) to be of good nutritional quality hut marginal 
ii l ysinu and deficienil. in total sulfur in comparison to FAO protein. It 
has also been 1ljwn to be deficient in tryptophan ill terms of FAO standards 
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Table 5. 	Analysis of variance of protein genotype x environment
 
interaction study
 

Source 	 d.f. Significance
 

Genotype 	 5 ** 

Envi ronment 	 71 ** 

Years 	 2 ** 

Locations 	 5 ** 

Years x Locations 	 10 ** 

Rep (Year x Loc ) 	 54 ** 

Genotype 	x Environment 85 ** 

Year x Genotype 	 10 ns
 

Loc x Genotype 	 25 ** 

Year x Loc A Gen 50 ** 
**Significant at l level 

ns = not significant 

although 	 some cultivars contain more tryptophan than the FAO minimum (Split';
stoesser 	and Martin 1975). However, no measure of the protein efficiency
 
ratio (PER) of sweet potato has been reported until now.
 

Walter and Catigliani (1981) extracted white protein (protein isolate)
 
and a grayish-white lowder which is the protein concentrate or chromoplast 
protein from washed sweet potato roots of varieties Jewel and Centennial. 
The essential amino acid patterns for this chromoplast protein and for white 
protein are compared to FAO protein in Table 6. The total sulfur appears to 
be better in this protein than in white protein for Jewel. Lysine scores in 
the chromo protein of both cultivars were higher than in the white protein, 
and exceedcd the FAO val,ie. 

The PER-using rats was measured to determine the biological quality of 
sweet potato protein. The PER is the weight gain of the rats divided by
 
protein consumed (under standardized conditions as described by the AOAC). 
In addition the NPR (net protein ratio) was also determined. NPR corrects 
for body maintenance protein requirements. One group of rats is fed a no
protein diet and the weight loss of this group then can be used to credit the 
test protein for its mmaintenance function. 

Results are shown in Table 7 for white protein and for chromoplast pro
tein. For white protein, both cultivars appear to be slightly better than 
casein but nut statistically better. There is about 135 g weight gain over
 
the 28-day period for 47 g protein consumed. For chromoplast protein, the
 
PER is closer to casein and is not quite as good numerically as the white
 
protein; 	 however, there are no statistically significant differences. 

NPR values are shown in Table 8. They are better than PER values, of 
course, and the white sweet potato protein nay be slightly better than casein 
which indicates that sweet potato protein is of high nutritional quality. 
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Table 6. Comparison of essential amino acid patterns for chromoplast and
white protein inJewel and Centennial sweet potato roots to FAO
 
protein
 

Amino acids 	 Chroino FAO White
 
Jewel Centennial 	 Jewel 
 Centennial
 

Threonine 5.77 
 5.67 4.0 6.43 6.39
 
Valine 7.83 
 7.68 5.0 7.90 
 7.89
 
Methionine 2.26 
 2.10 	 2.03 
 1.84
 

(Total S) (4.04) (2.77) 
 (3.5) 	 (3.11) (2.75)

Isoleucine 6.01 
 5.89 4.0 5.63 5.71
 
Leucine 9.64 8.95 7.0 7.40 
 7.44
 
Tyrosine 6.71 
 6.41 6.0 6.91 
 7.09
 
Phenylalanine 7.08 
 7.15 	 8.19 
 7.94
 
Lysine 7.03 6.43 
 5.5 5.16 5.21
 
Tryptophan 1.56 
 1.77 1.0 1.23 1.44
 
g amino acid/16 g N
 

Table 7.	White and chromoplast protein of Jewel and Centennial sweet
 
potatoes compared to casein inrat weight gain studies
 

Corrected Weight Protein
PER 	 PER 
 gain consumed
 
(q) (g)


'Chromoplast' protein
 
Casein 2.73 ± 0.10 2.50 ± 0.09 
 109.5 ± 7.8 39.4 ± 2.53
 
Jewel 2.75 ± 0.09 
 2.52 ± 0.09 117.6 ± 11.3 43.1 ± 3.95
 
Centennial 2.82 ± 0.10 2.58 ± 0.10 
 122.2 ± 14.9 43.8 ± 4.45
 

'White' protein 
Casein 2.81 ± 0.11 2.50 134.3 ± 11.7 47.8 ± 3.8 
Jewel 2.91 ± 0.10 2.63 ± 0.09 138.9 ± 11.7 47.7 ± 2.9 
Centennial 2.96 ± 0.07 2.64 ± 0.07 140.3 ± 12.4 47.3 ± 3.5 

Table 8. PER and NPR values of Jewel and Centennial
 

sweet potatoes compdred to casein
 

PER NPR
 

Casein 
 2.81 3.95
 
Jewel 2.91 4.15
 
Centennial 
 2.96 4.20
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Sweet potato greens suitable for vegetable consumption.
 



General l)isctission 

(Sessiol V ) 

BARTOLINI: The wild ancestors of sweet potato are not root bearing and you

made mention that by gene mutation the present day sweet potato evolved and
 
developed roots. How could you explain the presence of high carotene pig
ments insweet potato? Has itdeveloped by gene mutation also? I am con
fused; the sweet potato has no relation to the carrot.
 

NISHIYAMA: Several colors of skin and flesh of roots, which occasionally are
 
somewhat thickened, were observed indifferent lines of hexaploid trifida.
 

HSIEH: Sweet potato has as many as 90 chromosomes- Itseems difficult and
 
laborious to make genome analysis by chromosome counting. What isthe possi
bility of using electrophoretic isozyme patterns to analyze the genome in
 
sweet potato?
 

NISHIYAMA: Genome analysis isprimarily based upon chromosome homology and
 
chromosome pairing inhybrids. Isozyme pattern analysis can suppo-t the
 
result of genome analysis.
 

JONES: Though Dr Nishiyama and I have different opinions regarding phylo
genetic relationships of sweet potato and its relatives, I would like to
 
commend the Japanese for their progress inthis area. I would like to cor
rect one apparent misinterpretation of my work. I have not reported 2X and
 
4X cultivated genome A. I did suggest however that one or more of the three
 
genomes of [. hatatcw may be genome A.
 

NISHIYAMA: Based on the genome analysis reported inthe present paper, sweet
 
potato and its relatives are autoploids with the duplication of genome B.
 
Cytological difference between genome B and A isnot yet observed because
 
hybrids with A and B genomes have not yet been obtained.
 

OVkI: What isthe present status of genetic resources conservation inthe
 
sweet potato?
 

VILLAREAL: The International Board for Plant Genetic Resources working group

on the genetic resources of sweet potato expressed great concern over the
 
narrow genetic base of existing collections of sweet potato with its closely

allied species. The working group recommended to the board to remedy this
 
situation through: (1)collecting activities inthe center of Origin, (2)

collecting inthe secondary centers of variation and (3)establishment of
 
repositories to hold these global collections. As far as we know, IBPGR
 
approved these recommendations.
 

ANONYMOUS: The compatibility-incompatibility relationship of I. batatas
 
seems to be similar to a plant-parasite relationship, whose mechanism is

assumed to be the combination of a protein ina plant and a specific protein

inthe parasite. Do you think that such a mechanism isalso applicable to

the compatibility and incompatibility relationship inI.batatas?
 

MARTIN: Studies of the physiological basis of self-incompatibility inother
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crops implicate proteins as the substances involved in the recognition pro
cess and selective mechanism by which some pollen grains are stimulated to 
germinate and others are inhibited. This occurs in , which has the 
same system of genetic control of incompatibility as 7; ,:... It is ration
al to suppose that the physiological control is the same, but there is no 
evidence or investigation concerning this question. 

OKA: Is self-incompatibility partial in some cases? What is the magnitude
of sterility which is independent of self-incompatibility? Which is more 
pronounced, self- or cross-incompatibility. 

MARTIN: I believe incompatibility is partial at times. This is expressed as 
germination of some and inhibition of germination of other pollen grains.
This is distinguished from complete compatibility only with difficulty, by
examining stigmas after pollen action. Self- and cross-incompatibility are 
the same phenomenon, and thus of equal strength. In any particular cross,
 
eiLher incompatibility of sterility could be the factor limiting reproduc
tion. Some sterility is always present.
 

ANONYMOUS: With regard to post-fertilization sterility, do you have any
information as to the cause of the phenomenon? 

MARTIN: Poer seed production in fertile crosses can be associated with 
damage by fungi and insects. Some of the remaining sterility is assumed to 
be due to genic imbalance expressed in poor embryo or seed development. 

VILLAREAL: Your yields are very impressive! Are those marketable? What is
 
the crop duration? Soil fertility? Did you use any special cultural prac
tices to obtain those yields?
 

MEYJHARDT: Yes, they are marketable yields obtained from a five-month crop.
_.asic NPK fertilizer is usually applied, followed up by one or more N top 
dressings. Results indicate that in the summer rainfall production areas,
 
sweet potato yields in South Africa react favorably to N fertilizer. Good 
farming practices, which included land preparation, use of fertilizers, pest
control, and especially the use of disease-free planting materials, were 
adapted to obtain the high yields I reported. 

HSIEH: You mentioned that a yellow leaf is one of your objectives in breed
ing for sweet potato tips as vegetables. However, according to Professor Lu 
of the Department of Economics, Shieh-Chien College in Taipei, cooked yellow
leaves have poor color which affects the appetite of consumers. Therefore 
yellow leaves seem undesirable. What do you think about that? 

VILLAREAL: So far there is only one yellow-leafed sweet potato variety that 
is available for tasting which unfortunately becomes discolored upon cooking
We think home economists in developing countries can find a suitable way of 
cooking that iLinimizes this discoloration. Meanwhile, we will continue to 
search for other yellow and purplish leaves that can retain their color upon 
cooking. 

ANONYMOUS: You have edible [::,.. species such as :. _4;n:z,2,. Do you think 
that the quality of this plant can be used as a basis for breeding I. J,tu; 
as a vegetable? 



VILLAREAL: Although F. qual-ica has tender stems and leaves, its flavor and 
eating quality are vastly different from sweet potato. We are thinking of
 
sweet potato tips as another distinct leafy vegetable.
 

ANONYMOUS: Do you think that visible symptoms such as brown spot are the 
result of resistant action of sweet potato to infection by internal cork
 
virus?
 

HAMMETT: Yes.
 

VILLAREAL: What breeding techniques do you advise Asian plant breeders to use
 
in their programs? 

JONES: The mass selection technique applied to populations to develop improved 
breeding lines with favorable combinations of desirable types. The use of 
polycross nurseries of limited size so that each time a new line is added 
some lines must be dropped thus forcing change with time. 

ANONYMOUS: Were the sweet potato protein concentrates which you used for feed
ing experiments cooked or not? Do they contain any trypsin inhibitor activi
ty? 

COLLINS: Yes, they have been heated several times during the extractive p'ro
cedure which effectively cooked them. They would therefore not show any
 
trypsin inhibitor activity. 

YANG: I am interested in your sweet potato sample with 7% lysine. Would you 
please give more detail about it? 

COLLINS: Chromoplast protein was analyzed and lysine content was found to be 
7.03 g/l6g nitrogen in Jewel and 7.15 g in Centennial. This is much higher
 
than casein, the white protein fraction, or the FAO standard.
 

ANONYMOUS: How (lid you prepare 'chromoprotein'? Please tell us the method of 
centrifugation more precisely. Is carotene mostly contained in this fraction? 

COLLINS: Carotene was contained in the chromoplast protein fraction at the
 
first purification. However it was then extracted with hexane-acetone until
 
the filtrate was faintly yellow.
 

RAJAPAKSE: According to your table there are differences between varieties 
TiB q and TIS 2532 in terms of eqgg1-laying and of larvae feeding. Could you 
explain the basis of these differences? 

HAIIN: The basis of this difference was not studied. 

ANONYMOUS: Ii response to the infestation, bitter substances are produced. 
Do you think that the content of the substances produced is correlated with 
resistance t sweet potato weevil infestation? 

HAHN: Bitter substances were not checked in relation to weevil resistance. 

TALEKAR: I notice that you did not use statistics to show the differences in 
consumption of roots of resistant and susceptible cultivars or weevil hatch
ing. In all other tables you have used statistics to show the differences. 
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Is this because, despite the seemingly large differences, the data were not 
statistically significant, I suspect thanks to large variations within repli
cates? This is a very very common problem in all sweet potato weevil resist
ance work.
 

HAHN: The paired comparison nf the test was employed to test the difference
 
and highly significant differences were observed. 

TALEKAR: Since your data show that the mechanism of resistance is antibiosis,
 
I would like to urge that IITA conduct a rat feeding study (if it has not
 
already been done) to study the possible adverse effect of the antihiosis 
factors in the resistant material. This is just to make sure that such factors 
factors are not detrimental to human health. This has happened in some other 
crops especially in sorghum in the US and since IITA's sweet potato program
is aimed as sweet potato for human consumption such work needs to be clone even 

TALEKAR: Since your data show that the mechanism of resistance is antibiosis,
 
I would like to urge that IITA conduct a rat-feeding study (if it has not 
already been done) to study the possible adverse effect of the antibiosis
 
factors in the resistant material. This is just to make sure that such 
factors are not detrimental to human health. This has happened in some other
 
crops especially in sorghum in the US and since IITA's sweet potato prograim
is aimed as sweet potato for human consumption such work needs to be done even 
before these resistant parents are used in breeding programs.
 

HAHN: This point became very important because weevil resistance appeared to
 
be due to chemical antibiosis and because vegetative storage roots are used as
 
food and feed. This aspect will be studied. 

TALEKAR: How many roots per cultivar are used to study egg-laying activity on
 
susceptible and resistant cultivars?
 

HAHN: Four randomly chosen storage roots and three replications within a 
tuberous root were used for oviposition tests for each cultivar.
 

TALEKAR: In view of the fact that distribution of many chemical constituents 
in sweet potato roots varies greatly within each cultivar from plant to plant,

within each plant from root to root, and even within a sinale root from one 
section to the other, do you think the technique of confining weevils on
 
single roots is useful in the long term? Besides host plant variation there 
is the problem of insect behavior which most likely will not be identical in
 
the lab study and field study.
 

HAHN: Variation of chemical constituents between plants and storage roots and 
within a storage root was taken into account. For each cultivar random se
lection of plants, storage roots and test sites on the surface of storage roots 
roots was made to minimize experimental error. 

The screening procedure for weevil resistance is first to screen sweet potato

breeding clones in the field and then to confirm the resistance in the labo
ratory. 

TALEKAR: Do the cultivars that show less damage in the laboratory bioassay 
also shuv less damage to the roots in the field?
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HAHN: Yes. 

LIN: Did you find any biotype of SPW in your resistant cultivars? What's the
 
frequency and reproductive rate of the biotype in the weevil population? We
 
already know that insects may mutate or evolve to forms that are virulent
 
against previously resistant cultivars.
 

HAHN: Variation of weevils within '.'K;. has not been studied. 
However the source of resistance to ':'. ,',-:. showed resistance to C. 

in the United States and Fiji, indicatinq the variation within a 
weevil species may not be a serious problem. This needs to be further
 
studied,
 

VILLAREAL: low long does it take to show infestation of weevil in your
 
sandwich-choice method of evaluating resistance to weevil?
 

HAIH: Seven to ten days.
 

VILLAREAL: How would the resistant selection in the lab perform in the field?
 

HAHN: The field results of resistance are very closely related to the labora
tory results.
 

VILLAREAL: Did you conduct any rat-feeding experiments of your resistant
 
naterials? What would happen to a rat fed with these materials since you
 
postulate antibiosis as the mechanism of resistance?
 

IAHN: No. Ile will conduct a rat-feeding experiment with the weevil resistant
,ultivars.
 

NONYMOUS: You indicated that the sandwich method could be used to detect
 
:ultivar differences in weevil preference. Does it also detect antibiosis?
 
Is there a good source of antibiosis to use in a breeding program?
 

]AHN: The sandwich method is mainly used as a weevil preference test. How
?ver, it could be used to detect antibiosis if so designed by using one geno
type alone. The weevil resistance of our genotypes appears to be due to
 
)ntibiosis.
 

\NONYMOUS: In breeding sweet potato resistant to weevil, do you use manual
 
"rossing between resistanL and susceptible or any other crossing techniques?
 

IAHN: Two approaches are used in crossing for breeding sweet potato weevil
 
'esistance: hand crosses between selected parent cultivars and open pollina
ion of several selected parents in an isolate.
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INTRODUCTION
 

Sweet potato, an inexpensive source of energy, carotene, ascorbic acid, 
niacin, riboflavin, thiamin and minerals, is the succi~lent tuberous root of 

L. This is a slender, perennial, herbaceous vine and the 
only food plant belon(iing to the Convolvulaceae family of a relatively large 
group, the dicots. It is an ancient food plant of tropical America and the 
Pacific islands, and several varieties of sweet potato are now extensively 
cultivated in many parts of the world. The major producing countries are 
Japan, Indonesia, Brazil, Korea, China, India and Uganda, with their pro
duction ranging between one and four million tons per year. Substantial 
quantities are also produced by the Philippines, tile USA, Malaysia and 
several other countries. 

Sweet potato can be grown in well drained loamy soil which is rich in 
humus to provide a warm and moist environment to the root. In Indonesia 
where rice is the choice food crop, sweet potato is cultivated only on dry 
lands (annual rainfall 500-1000 mam), and is frequently intercropped with 
maize or grown between two rice seasons when enough water for irrigation is 
not available. The latter is harvested early (65 days) to allow sufficient
 
sunshine for the sweet potato to attain full maturity. Most varieties are 
harvested in 70-90 lays but high yielding varieties (HYVs) take 120 days to
 
mature (Suryanta 1981). Though the average annual yield from three sweet 
potato cropping seasons is only 7.3 t/ha (Directorate of Food Crops 1979), 
moderate application of NPK fertili7er more than doubles the yield to 15t/ha
and tile recently introduced IYVs promise a yield of 20-30 t/ha/year (Table 1 
arid 2). In Indonesia, where sweet potato farming is being linked with a 
transmigration and resettlement project, some 15 million hectares of dry
lands are expected to he brought under root and plantation crop cultivation. 

This paper briefly reviews the technologies and practices for the 
utilization of the sweet potato with emphasis on its use as food. While 
dealing with the processing arid utilization of sweet potato, technologies

developed in non-tropical advanced countries have also been examined in 
some detail for their possible application in the developing countries of 
the tropics. 

NUTRITION AND UTILIZATION
 

The sweet potato provides mlore calories than the potato (113 vs 75/ 
100 y). It is also an exceptionally rich source of vitamin A (100 g provide 
7,100 1,, about two-and-a-half times the daily minimum requirement for 
adults) arid with its appreciable quantities of ascorbic acid, thiamin, 
riboflavin, niacin, phosphorus, iron arid calcium, the sweet potato, in 
combination with legumes, can form an ideal food to combat protein calorie 
malnutrition (PCM) which is so widespread in almost all developing countries. 

Previous3 Page PH
 



Table 1. Yield of HYVs of sweet potatoes in t/ha
 

Clone No. MK 1977 MK 1978 
 MK 1979 MP 1979-80 Average
Pacet Jambegede Muara Kuningan Yogya 
 Magawo Kr Anyar Sukamandi yield
 
1 57 6.7 24.9 25.0 - - 21.2 25.7 15.0 19.8 
No. 6-2 - - 19.4 26.0 46.4 25.3 43.1 18.0 29.7
 
No. 3-6  6.3 23.9 34.9 11.6 14.7 
 5.5 16.2
 
No. 22-2 - - 16.3 21.2 38.0 16.0 18.1 11.4 20.2 
No. 17-1 8.5 20.4 12.2 21.5 36.7 16.5 23.0 12.6 18.9 
No. 17-5 6.7 22.6 13.8 30.8 36.8 19.0 22.4 7.6 20.0 
No. 17-7 8.0 25.0 16.3 20.5 32.6 16.2 19.8 10.0 18.6 
No. 20-9 4.2 20.6 18.7  - 13.6 22.7 11.1 15.2 
No. 31-1 - - 13.7 - 18.2 22.4 8.9 15.6 
AIS 128 11.4 17.0 4.0  - 21.2 27.8 14.1 15.9 
Local 11.5 9.3 8.0 23.3 33.5 14.8 21.8 8.3 16.3
 
No. 380 10.9 20.8 20.9 38.6 43.3 23.8 25.8 
 10.3 24.3
 

Source: Suryatna (1981)

MK : dry season; MP = food scarcity season
 

Table 2. Yield and characteristics of some yellow sweet potato varieties
 

Crop Starch Vitamin C Carotene
 
Variety Yield duration content content content Taste
 

t/ha m % mg mg
 

Daya 23.7 4 27 4 
 2.80 delicious
 
Ged ing 22.3 4 
 - 4 8.11 sweet
 
No. 3-6 23.0 4 28 
 4 12.26 sweet
 
No. 6-2 27.0 4 28 
 4 6.14 sweet
 

Source: Suryatna (1981) 0
 

0 
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The composition of sweet potato and other common foods isshown inTable 3
 
(AVRDC 1976), that of common Indonesian sweet potato varieties inTable 4
 
(Hardjo 1952) and that of HYVs inTable 2 (Suryanta 1981).
 

In most developing countries, the sweet potato is consumed immediately
after harvest without any intermediate storage. Sweet potato may be
 
consumed after baking, boiling, steaming or frying; itmay be candied with
 
syrup, sliced into chips or pureed. During cooking, some starch is
 
hydrolyzed to maltose and dextrins by beta amylase action. Sweet potato is
 
sometimes sliced and dried in the sun, then ground into flour for baking

bread and confectionery. In Indonesia, sun-dried chips are fried and packed
 
in polyethylene for retail sale (Winarno ,t (,.1930). In some African
 
countries, boiled or roasted roots are pounded with peanuts to produce
 
'futal i'
 

Table 3. Composition of sweet potato and some common foods per 100 g 

Rice Soybean Mungbean Sweet potato Pot'to 

Moisture (g) 13 8 11 70 67 

Fiber (g) 0.5 18 1.1 0.3 0.1 
Cal 354 325 320 113 75
 

Protein (g) 6.5 36.8 22.9 2.3 2.3 
Fe (mag) 0.6 7.4 4.9 1.0 0.7 
Ca (mg) 15 216 86 46 7 
Vitamin A (IU) 0 20 70 7.10 0 
Vitamin Bl (mg) 0.11 0.44 0.52 o.08 0.07 
Vitamin 82 (mg) 0.04 0.31 0.29 0.05 0.04 
Niacin (rag) 1.4 3.2 3.1 0.9 1.0 
Vitamin C (mg) 0 0 0 20 7 

Source: AVRDC (1976) 

Table 4. Composition of some sweet potato varieties of Indonesia, %
 

Porto Loma Jarak Bainul. Paris Papaya Tanjung Kuntul
 
Rico kulit 

Moisture 68.5 60.2 69.2 65.4 67.7 72.4 75.0 65.6
 
Dry matter 31.5 39.3 30.8 
 34.6 32.3 27.6 25.0 34.6
 
Protein 0.7 0.8 0.6 0.7 0.6 0.6 0.6 0.6
 
Ash 1.1 0.9 0.8 1.4 0.8 1.0 1.2 1.1
 
Fat 0.4 - - 0.4 - 0.9 - 0.8
 
Fiber - 0.8 1.0 0.7 1.0 0.9 0.9 
 0.4 
Unknown matter 28.3 3G.7 28.0 31.4 29.1 24.3 21.9 31.5
 
Flour 30.1 39.3 26.1 31.7 26.6 26.6 
 19.5 33.2
 

Source: Hardjo (1952)
 

Sweet potato leaves are also eaten in Indonesia and other countries of
 
the region. The leaf is more nutritious than the root. It contains on a
 
dry matter basis: starch (8%), sugar (4%), real protein (27%) and ash (10%).
 
It also has 56 mg of carotene/l00 g dry matter (Onwueme 1978). The respec
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tive per capita consumption of sweet pctato and cassava in Indonesia is 
43.95 g/d and 208.13 g/d, respectively providing 42 and 204 cal daily (Biro
 
Pusat Statistik 1978). The sweet potato contributed only about 2'' of the
 
total calorie intake.
 

In the USA, about 60-70 of the sweet potato crop is consumed as human
 
food in the form of fresh roots, or as canned, frozen or dehydrated foods 
and is used in a variety of products such as pie fillings, purees, candied
 
pieces, souffles, baby foods and so on. In Japan, about half of the total 
crop is utilized for the production of starch for use in the textiles, paper, 
cosmetics, adhesives, glucose syrup and food manufacturing industries.
 
During the production of food products or starch, the peels and other
 
residues may be advantageously extracted for pectin or compounded with vine
 
tops and leaves to serve as animal feed.
 

FRESH HANDLING, CURING AND STORAGE
 

Hand ica 

The roots are usually allowed to remain in the ground for one week
 
after cutting the top vine to facilitate the sweetening process. They are
 
then carefully dug out, and partially sun-dried before marketing. Alter
natively, after harvesting, sweet potatoes are graded as closely as
 
possible and stored in crates stacked 3 cm apart and at least 10 cm off the
 
floor and 15 cm away from the walls in a well ventilated storehouse. 

Storage rots of sweet potatoes are caused by various fungi, some of 
which are carried by the roots from the field. Proper cleaning and dis
infection of the storehouse and periodic elimination of infected roots is 
therefore important. Chloropicrin is the common fumigant used in the USA. 

Excessive sprouting during storage results in reduced qua' ty of the
 
roots. 
 Some plant growth regulators like isopropyl N-(3-chloro: henyl
 
carbamate), in the trade called CIPC, and exposure to gamma radiation
 
inhibit sprouting ([ramlage and Lipton 1965; Patterson 1957; Simon and Scott
 
1952).
 

Curing
 

Roots intended for storage are harvested a little later than normal and
 
are cured to harden the skin and hasten the healing of any surface wounds.
 
During storage, the weight of roots decreases due to biological processes
 
like respiration and transpiration, sprouting and microbial activity. Booth
 
(1974) reported that loss in weight in sweet potato after 113 days storage
 
was 17% in the cured sample and 42% in the uncured one.
 

During curing and storage and to a greater extent during cooking, some
 
root starch is converted into sugars and dextrins which improve the eating
 
quality of sweet potato. Short chain saturated fatty acid content 'ecreases
 
and tetracosenoic acid content correspondingly increases (Boggess et cZ
 
1967). Sweet potatoes are also stored in pits between layers of wood ash,
 
earth and straw (Wargiono 1960).
 

The traditional methods of curing and storage are typif J by the Indian
 
practice of spreading the root in the sun for one week, providing a suitable
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waterproof cover during the night, and then storing in a well ventilated room
 
with frequent inspections to elimate any unhealthy roots (Indian Council ,,f
 
Agricultural Research 1956).
 

In the USA, where the. sweet potato processing industYy is well developed,
 
the common practice is to cure at about 300C with a RH c, 85-90% for seven
 
days, and to extend the period up to 20 days if the sky is overcast, and to
 
follow this by storage of cured roots at 13-160C wich RH of 85-90%.
 

Wang (1975) has also suggested curing conditions of 26.7-29.40 C with
 
high RH for a period of 10-20 days, depending on local climate and on root
 
variety. While low storage temperature, as in vogue in the USA, prevents
 
the development of corky areas caused by an internal cork virus, it is far
 
below the optimum for comercial practice in most developing countries in
 
the tropics. An alternative approach to combat internal cork virus is thus
 
called for, especially when the use of higher curing and storage tempera
ture helps in reducing blackrot damage.
 

It may be advantageous to re-examine the traditional curing and storage
 
practices wiuh a view to upgrading them with inputs of modern science and
 
technology.
 

PROCESSING
 

Canni ng
 

Considerable quantities of sweet potatoes, particularly orange types,
 
are canned in the USA in several styles of packing. Examples are canned
 
whole slices or puree, in syrup or water, using conventional canning methods
 
and equipment. Since the chemical composition and texture of sweet potatoes
 
varies widely according to culfivar, climatic and soil conditions, the degree
 
of matu, it, and duration of s .'age after harvesting, canneries usually carry 
out their own inspection and standardization of the raw material. Freshly 
dug roots are preferred to cured and stored ones. 

To pack fancy wholes, the canner is interested in 25-45 mm wide and 50
175 mm long roots. The essential processing steps are shown in Figure 1.
 
Preheatinn (630C, for eight minutes) drives out intercellular gases and helps
 
in attaining a good can vacuum. In lye peeling, 10" lye solution and a
 
temperature of 93-940C for eight to ten minutes are commonly used though
 
higher lye concentrations and temperatures are also used. The addition of
 
surfactants aids peel removal.
 

PEELING INSPECTIONLAN1........63 0C83MIN1 LYE 6m
DR FiguPREHEATING or STEA: 8, TRIMMING 

SYRUPING - FILLING into: 11CS l BLANCHING -- SIZE GRADING 
94-960C77-C, 1-13 MIN 

132-930C,6-121MIN1115 °C. 55 -9 MI?;lN 35.4n OC 

Figure 1. Canning of sweet potatoes
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Steam peeling is a recent development which uses a steam temperature of
 
1500C and retention time between a few seconds and 1.5 minutes.
 

Discolored areas, fibrous ends and damaged parts are removed during

inspection, trimming and sorting. After blanching, the material is
 
immediately packed in cans 
and covered with syrup to prevent discoloration.
 
Any holding is done under water to which a little citric acid has been added.
 
The syrup should be brought to 94-960C before filling (Edmond and Ammerman
 
1971).
 

Though canning is an established method of preserving food, the marKet
 
for canned sweet potato is likely to be limited in the developing countries
 
due to its high cost, mainly as a result of the cost of the can. Until
 
alternative packaging technology is developed, canned roots can only be
 
manufactured for export.
 

Chips, flakes and flour
 

Dehydration of fresh and preco-ked sweet potatoes by sun-drying has been
 
practiced in the developing countries for a long time to produce chips and
 
flour. Both white and colored varieties are suitable for sun-drying. The
 
roots are cut in 2-3 mm slices, and submerged into boiling water for six
 
minutes. Blanched or unblanched slices, with or without sodium metabisul
phite treatment, are sun-dried to 60% moisture. The sl':ces are now brittle
 
and can be ground into flour. Both slices and flour iemain in good condition
 
for a long time if kept under dry conditions (Jackson and Mohamed 1969). A
 
similar process, but using artificial drying was in use in the USA during
 
the early twenties (Hard and Cokerham 121).
 

In Indonesia, fresh roots are sometimes soaked in 8-10% salt solution
 
for about one hour before cutting into chips and sun-drying. The brine
 
treatment is reported to inhibit microbial growth during drying. 
 The Food
 
Technilogy Development Center, Bogor has developed an inexpensive manually
 
operated chipper called R~singko and a solar shelfdrier for cutting and
 
drying of sweet potato and other roots (Namaken 1979).
 

The modern sweet potato dehydration practice, however, involves many
 
more unit operations, some being common with the canning process (Spadaro
 
and Patton 1961). The essential unit operations are shown in Figure 2. For
 
chips, the peeled roots are rinsed io remove excess starch and after slicing
 
a.e then deep fried and packed. To produce dehydrated flakes, thicker
 
slices (13 mi) are cut, blanched and pureed. The puree (20% solids) is
 

STORAr
2WEEKS 155 C 

WASHINyi
ROD a REEL 

PREHEATING 
.......71- 85 C, 30 MIN 

LYE PEELING 
105 *C 5-6 MIN j 

CHIPS I-2MM1 

P=C ING II......4 DEEPFRYN SLICING13 INSPECTION I 
175-180°C13 or 1-2 MMIVI1111CK T IMN 

TFLAKES NaHSO0 4Na So, 13 MM -

S GRINDING H DRUM DRY:,NG H PUREEING -- BLANCHINr
1.5- 5.6MM DIA. 6 ATM STEAM H1.5 MM SCREEN I ATM STEAMf 30MIN 

Figure 2. Dehydration of sweet potatoes
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passed through steam-heated drums (0.13 mm apart; speed 2 rpm; retention time
 
20 sec; steam pressure 6 atm). The moisture content of the flakes is around
 
2-4,7,. The flakes are finally ground in a coconut grinder and packed.
 

The high sugar content of sweet potatoes causes chips to turn dark brown
 
and give a burnt flavor when deep fat-fried. Wiley and Bouwkamp (1979) have
 
developed a technique to extract sugars from sweet potatoes and other vege
tables and fruits by liquid extraction before they are to be fried.
 

In India, sweet potato flour is produced by dehydration (usually sun
drying) and gh'-ding of the peeled, sliced roots and is used as a supplement
 
to cereal flou.i in bakery products, pancakes, puddings, and so on. It acts
 
as a dough conditioner in bread manufacturing and as a stabilizer irnice
cream. It is also consumed in some food preparations along with peanut cake.
 
Sweet potato flour can also he produced by spray drying or cabinet drying of
 
the peeled sliced roots. The use of sweet potatoes in breadinaking was
 
studied by Gore (1923) and more recently by Hamed 7,' (1973). The peeled

and sliced roots were dried in an air oven at 600C for ten to 12 hours 
and milled in a disc will to produce flour. A metabisulphite treatment 
(dipping the sliced root in 0.5 sodium metabisulphite solution for two
 
minutes) before drying produced flour of acceptable color. 

Dehydration of swee' pocato appears to have a great potential as a 
method of preserving fond in developing countries. Since steam is the major 
energy input, countries having geothermal energy resources, as Indonesia and 
the Philippines do, can operate dehydration plants quite cheaply. In 
Indonesia, sweet rotato is cultivated in the vicinity of some geothermal 
energy sources. 

Starch 

Sweet potato varieties which have a high starch content and light flesh 
are used o,)r the manufacture of starch. The processing steps are similar to 
those for starch making from other roots except for color removal. In the 
USA, an experimental sweet potato starch plant was established in 1934 at 
Laurel, oWississippia plant was set up at Clewiston, Floridaand commercial 

The however, duein I1,15. hlat;,, were closed down to high production costs, 
poor quality of stairciand lom returns per acre of crop. 

On the other hand, the Japanese small scale and cottage scale sweet 
potato starch indus try i, iot, only well organized but is able to face compe

,tition fro',m other staircm, due to its ability to adapt to demand changes,
its close personal relationnships with its employees, its cooperative rela
tionships with larger ernterprises arid users, and abundant cheap power. The 
ability to utilize all my-products, to provide cheaper unbleached grades to 
consumers w0ere color has no consequence, and the ready market, further add 
to the economy of scale. The capacity of a Japanese starch plant is seldom 
higher than 1) t/dav and it opera tes for only three months (October-December) 
per year, usually inl close a.sociation with a cannery which takes roots 
unsuitable for starch :-,osuction (Ano 196;18). 

The process for sweet potato starch production is kept alkaline 
throughout (ph 8. h) by using lime which flocculates the impurities and 
dissolves pigments. The tubers are ground in lime water and starch is 
separated from the pullp by washing over a series of screens. The starch 
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suspension is then bleached with sodium hypochlorite, if required, and cen
trifuged. Starch is stored wet in concrete tanks or dried to 
a moisture
 
content of about 127 in a vacuum drier, pulverized and screened. The yield

is 20-26".. A flow diagram of the process is shown in Figure 3. 
In the late
 
sixties, the components of cost of production of starch in Japan were: 
raw
 
material 707, other materials 7.3%, labor 14.6;, other expenses (like

interest depreciation and so on) 8.1.. 
 The by-product returns contributed
 
about 67 in the reduction of the cost of production. With wages, interest
 
rates. raw material and other costs having gone up since then, the picture

must have changed somewhat. The small part played by the wage bill 
in the
 
total cost of production is however worth noting.
 

ATTRITION MILL I SCREEN I ATTRITION MILL 2 SCREEN 2 

SETTLING TANK CENTRIFUGE SCREEN 4 SCREEN 3I NOZZLE DISCHARGE 

fVACUUMDRIER MILL WITH SCREEN.........STAR CH7
J: 

Figure 3. Sweet potato starch production
 

Sweet potato starch has no special character of its own to justify any

price premium. Its properties lie intermediate between white potato starch
 
and corn/cassava starch in terms of viscosity behavior and other character
istics.
 

Glucose
 

Sweet potato starch can be advantageously converted into glucose by acid
 
or enzymic hydrolysis. 
 While acid hydrolysis gives a better conversion, the
 
enzymic hydrolysis product has better flavor and color (Santosa 1977). 
 In
 
acid hydrolysis dilute hydrochloric acid is added in an antoclove to a 35-40%
 
suspension of starch in water (final 
acid concentration 0.0.5-0.02 N) and
 
heated to 140-160oC for 15-20 minutes. 
 The product isthen neutralized,
 
treated with active carbon, heated again md filtered hot through a centri
fuge. Glucose crystallizes from the filtrate on cooling. Yield is 75-807.
 
Agra . ,1 (1969) have reported satisfactory yields of starch by boiling a
 
13"; suspension of sweet 
potato starch with 0.2 N hydrochloric acid for three
 
hours.
 

In enzymic hydrolysis, the roots are cooked in water, pulped and
 
saccharified by treatment with malt (0.2-) 
at 600C. The solution isclarified
 
and concentrated to a concentration of 70' solid content. The product is not
 
as sweet as cane sugar and contains 30.11' water, 43.07 maltose, 7.07 sucrose 
and 14.0' dextrins (Dawson i951).
 

ANIMAL FEED BY-PRODUCT UTILIZATION
 

Low grade sweet potatces are utilized in the USA as a carbohydrate-rich

feed for livestock, especijlly for pigs, after chopping and dehydration.
 

http:0.0.5-0.02
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The dried material is equal to corn in total digestible nutrients but low in 
proteins. However if cottonseed meal is added to sweet potato meal, it per
forms satisfactority as an animal feed. The average composition of dried 
sweet potato meal is: 90.2' dry matter; 4.9% protein; 0.9'%fat; 3.3% fiber;
77.0 N-free extract; 4.1 minerals; 0.15 Ca and 0.14" P. 

Considerable work has been done in the USA to evaluate sweet potato as
 
an alternative to corn as an animal feed. Fleshy roots were found to be a
 
satisfactory feed for horses, mules and hogs. Sweet potato meal was found
 
to be 90" efficient as a feed for lactating dairy cows when compared to corn
 
meal feed and could be substituted up to 25' as poultry feed. Since
 
shreddin or slicing was necessary to facilitate drying, several inexpensive

machines were developed. Drying was carried out under natural and artificial 
conditions. However, sweet potatoes have not yet replaced corn as an animal 
feed in the USA to any appreciable degree, mainly due to high dehydration 
co-ts (Edmond 1971). 

The vines serve as a nutritive and palatable green feed for cattle. 
The average vine yield in MIadras, India is reported to vary from 9 to 33 
t/ha, and when grown only for fodder during November-December, the yield can 
be uL)to 65-20 t/ha from three or four cuttings (Mudaliar 1950). The feed
inrj via lue of vines is close to that of alfalfa. The dry vines have 90.7" 
dry matter; 16.6 protein; 19.1 fiber; 3.3'. fat; 45.4' N-free extract;
10,.2 minerai] ; 2.( digestible protein and 51.7' total digestible nutrients 
(Sen 19.13). 

liennett and Gieger (1940) and Hall • (1954) studied ensiling of 
sweet potato vines alone and in combination with molasses and roots. The 
sweet potato silage was found to he equal in performance to corn silage when 
fed to dairy cows. 

ERICHED PULP, YEAST, CAROTENE AND PECTIN 

The possibility of developing products other than starch from sweet 
potatoes .,.,is invostiqated in the USA (Da,, son 1951; Thurher 1951). The 
products are beta carf)teoe, pectin, protein-enriched pulp and feed yeast.
Both the liquid extract arnd pulp contain carotene which can be concentrated 
in air-dried material to 2000 ppm. The liquid extract is centrifuged to 
remove starch, acidi Fied (pil 3.2) and heated to about 800C to coagulate
proteins. The coagulant is added to the pressed pulp which results in a feed 
containing 10-12 protein. Feed yeast can also be grown on fruit water 
utiliziig the sugar content to get highly proteinaceous feed. 

Sweet potato pectin is co;pabahle to apple pectin in jelling properties.
It is obt ;,ed asa by-product from the peel and trim wastes of starch manu
facture and sweet ;pou, to canneries. The starch is solubilized by treatment 
with amylase and pectir, from the residue. Carotene concentratps have also 
been prepared fros carotene rich varieties. The commercial application of 
these developmen-ts is, however, not known. 

ENERGY 

Al cohol 

Sweet potatoes, like other starch grains and roots, are a raw material 
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for fermentive lproduction of industrial alcohol, lactic acid, acetone,

butanol , vinegar and yeast. 
 In Japan, raw roots arid pressed juice are em
ployed for the preparation of alcoholic beverages 
a fter sacchari fication with 
liquid 'koji'. Similar local wines are made in Africa and in other Asian
countries. Currently, only relatively small quantities of food materials are
used in the lproduction of alcohol and other fermentation iroducts. lut with
the recent accent on 'energy farminf' large volUilles of, food materials, grainus,
tubers and sugarcane, are) planned to be us.;ed for alcohol productLion to an 
extent that the very availability of food at reasoiab)le pr ices is threatened. 

For the first time since alr iculture beian, L.he world is faced with a

(langerowi divers0ion of fuod resources 
 and it has" comle at a Lime when the
 
world( food output is l sil I moIlentLm11, food ri ces' areO in(:rea-li u 
 arid mal

riitiLion and )uiiiier are on tHe rise. Alcohol may well i)roduced from
 
abundant nol1-food bi(nin ,s in Lhe form of amricultural an( forest wastes.
 

AparL from ililngingin human food resources , the green energy plrogram

will have other socio-economic iinpl icaLtions. The danger of the 
 easy avail
bility of puOLalh li(iLuor to yOugIIJ and old, practically in the backyard,


,,hould(not. be und. :.stliwteid. The disposal of enor-mon, quanLiLies of dis
. il l'y efflllmlnt' will al so cause serious irhlem. Each liter of alcohol
a o 

will produc, ton I i trs of spent wash which is acidic (p11 11.5) arid has a high
!Ml) ('(0,000-l1(10,000 ppm). rhe total solid cooLtent iLsalso likely to he hi'gh
 
(imsIao 1 77). 

rhi toc hology for the l)roduction of alcohol from carbohydrates is well
 
known. 'M o, are direc:tly converted into alcohol arid carbon dioxide by the
)iia 

action of' enzymes lr;s'iit. iii livinq yeast. lut if starchy materials like

sweel. pol..oe; aid other roots, 
i,' grains are to be conver'ted into alcohol,

th(e ',nr:h isl first onzymiLticalil, converted into sugar (glucose). 
 Fermenta-

Lion 1riot, (e c rri ( tiut in diltitions which permit yeast cells to survive arid
 
ilLi l1Y. Ihw I'esuitanL pro(lucL there-fo-e is diluted alcohol 
 which is recti
fied(1 y ti-rl'act lill (iiLillaLi on. rlJi'eiiiove the 
 last traces of wate rflom

rictl flefid '"lp l'il. ('T 1lcollol), aion 'olIiC distillation , u'ually witl)ibenzo e,

i'lcarried mil.. 'imlr jion att
eiFllk is, traditiolally ied' Out in lar(Je wooden
 
vil., Iy 1t1 iicol iLl idiw',.try, though other ll oLrials of coosL rLcLi ul
 
Ci) a1lso I' ld. eR(:,lification 1(ld ,IZO(otri(pi c dis illation iiVolve the use
 
of, till fr ;,ililli l c liii.imai llljc 

Ill 1Ir nid ',Jluie', id, ,P ()( a 1coniol lan ts are Ip a mmed to be set up, sweet
fIpotito, cassaivai mi(d l,5to will h, used as raw malterials. Proference is being

elwntio ,welt Iota to .irlu, it1 cl Iarv tod in year opposedho Ia thrice a as 

to ca,,',iva whih i lilarowsLed iuico every eight to 12 nirltlis (Anon '980).
 

(ICIJI ; I01 1 

'.;Wn',lt.io ) -l inij pI, lotenti I tieirld'(i ill trollical coulitnries
I.t ,i linlliil. IV) il,l)1) food )'(-lollI,(-e.. In (i;(illiinalt iollwithi I aid otherliem s 
plro.e illii;ih fonuif, , ,,w f)OL. ll 1 d con, Iar slw to llattnialnuttri ion. BOecaUse

pe(,ii!iilel (if!.lie its 
iritake pe¢,rc;i Lal, 
of th i ii ,lure 'i)t) , co:inlr ibut.ion to total calorie 

i t pi'i nt. ii iwitr low (only 2 in Iidonesia) but it can 
r dbe nc ,isolea subsi.it ia Ill if ,l) piir iat, aiid illexlieii,-,ive technologies are 

introduced to proce sw ', l i.ollilto. 

A revieow Of the ox i,,till Lecnoloqies and IwacLices Lo process sweet 
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potato suggests the need for science and technology inputs to upgrade the
 
traditional technologies and to modify or adopt such processing technologies
 

which not only strengthen the existing cottage scale industry but also
 
promote more labor-intensive small investment food industries.
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Utilizatioi of Sveet Potatoes for Animal Feed ai(d lindustrial 

Uses Potenitial aiid Prohleiiis 
1'.1I1.
YIll
 

Pig I ieirch Isititahil of 'I'l iii. illilZII Imal hi tlrv Itl..llareh li~ltiutn. 'liawui .i r Corpo4lraltloln. 
(lhuN.Nii Mliaito-I. °Taih~in 3501 

INTF;ODUCTION
 

In 1978 in Taiwan, 73% of sweet potatoes produced were utilized as
 
inimal feed while 11% and 16% of sweet potatoes were used for human food and
 
For tie starch industry, respectively. Sweet potato vines were used almost
 
?xclusively for animal feed. Although imported corn rather than sweet potato
 
iswidely and very efficiently used as the main carbohydrate source for pig
 
Jiets in our feed industry at the present time, continous efforts have been
 
nade to obtain better utilization of sweet potatoes as animal feed. The
 
follou;ing aspects of the problem have been studied here.
 

(1)Determining the optimum proportion of sweet potatoes to corn in a 
pig diet,
 

(2) Defining the most effective process to enhance the nutritive value
 
of sweet potatoes,
 

(3) Establishing the effects of feeding sweet potatoes on the carcass
 

quality of fattening pigs,
 

(4)The feeding of a high-protein sweet potato cultivar to pigs,
 

(5)The possible application of sweet potatoes as cattle feed, and
 

(6) Increasing the nutrient production of sweet potatoes.
 

This paper is intended to discuss the better utilization of sweet
 
)otatoes for animal feed in terms of the above six aspects of current re
;earch work.
 

DIGESTIBLE NUTRIENTS OF SWEET POTATOES FOR PIGS
 

Yang .. -<,,!(1975) reported that the crude protein contents of sweet 
)otatoes varied from 3.5 to 7.1. on a dry weight basis, and that the protein 
ind lysine contents are significantly influenced by variation between varie
:ies. One example of data analysis of amino acids for sweet potato chips is 
;hown inTable 1 indicating comparatively lower contents of methionine, 
:ystine, tryptophan and tyrosine in Tainung 57 than HP-18 (high-protein cul
:ivar). The digestible energy (DE), metabclizable energy (ME) and net 
?nergy (NE) of swert potato chips and corn for pigs have been estimated by
 
lu (1980). The results showed that DE and ME of sweet potato chips were 91%
 
)fthose of corn while NE of sweet potato chips was only 79% of that of corn.
 
Thus, sweet potato chips are not comparable with corn as a pig diet in terms
 
)feither quantity or quality of digestible protein and energy.
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Table 1. Comparison of selected amino acids between Tainung
 
57 and HP-18 (chips, % air dry sample)
 

Amino acids Sweet potato chips2 Yellow corny 

Tainung 57 HP-18 

Dry matter 90.50 90.40 89.00 

Crude protein 2.90 6.35 8.90 

Cystine 0.03 0.10 0.09 

Isoleucine 0.12 0.24 0.45 

Lysine 0.13 0.26 0.18 

Methionine 0.04 0.12 0.09 

Phenylalanine 0.13 0.31 0.45 

Threonine 0.11 0.29 0.36 

Tryptophan 0.41 - 0.09 

Tyrosine 0.05 0.27 0.39 

:"Source: 
Yeh -t ,Z (1979) 
?Source: Livestock Res. Inst. (1976) 

FEEDING SWEET POTATOES AS A PIG DIET
 

Feeding efficiencv and growth rates
 

Koh :/ (!976) have reported that a daily crude protein intake of 334 
g and a daily gross energy intake of 8.5 Mcal results in satisfactory growth 
performance for growing-finishing pigs fed diets containing raw sweet 
potatoes or dried sweet potato chips. Raw sweet potatoes as a feed for
 
growing-finishing pigs needs more added soybean meal or some other protein
supplement tn obtain satisfactory performance than aoes a feed of dried sweet 
potato chips. The cost per kg gain of the former is also higher than that 
of the latter. The ahove results indicate that the utilization of sun-dried 
chips is more economical than Use of raw sweet potatoes (Table 2). The re
sults of many feeding experiments (Koh , 1960; Tai and Lei 1970; Tai and 
Lei 11)79; Yeh 1979 and Yeh ,i, ,' 1980) confirmed that the performance
of pigs fed diets with dried sweet potatu chips was not comparable to that of 
of pigs fed diets ..;ith corn, but naily gain and feed-to-gain ratio were 
slightly superior when the pigs were fed diets formulated with dried sweet 
potato chip)s substituting 25 of the corn in the ration (TaLle 3). 

Carcass quality of j]is fed sweet potato chips 

Tai and Lei (1970) reported that the backfat thickness of pigs becomes 
thinner as the proportion of sweet potato chips is increased in the pig 
ration. Thinner backfat and a higher percentage of lean cut is obtained 
when the pigs' diets are formulated with sweet potato chips to substitute 
half or all of the corn (Yeh t l! 1979 and 1980; Table 4). Porcine fat 
melting point, and unsaturated fatty acid content, are significantly (P<0.05 
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Table 2. 	Feeding fresh and sun-dried sweet potato chips for fattening pigs
 
(body wt 26-90 kg)"
 

Treatment 	 AvN Backfat:, Feeding
 
g, days to
 

avg daily intake daily gain thickness 90 kg
 
(kg) (kg) (cm) hodywt
 

1. Corn-s(,ybean meal
 

balanced diets 2.02 r.78 a 2.89 a 83
 

2. Soybean meal 0.41 0.66 b 2.61 ab 98
 

Corn 1.42
 

Sweet potato vine 1.03
 

3. Soybean meal 0.61 0.63 b 2.25 b 102
 

Dried sweet potato chips 1.45
 

Sweet potato vine 1.04
 

4. Soybean meal 	 0.64 0.54 c 2.46 ab 118
 

Fresh swett potato chips 4.59
 

Sweet potato vine 1.00
 

"Source: Koh t _11 (1976)
 
!Values on the same column followed by different small letters differ sig
nificantly (P<0.01 or P<O.05)
 

Table 3. 	The performance of fattening pigs fed different proportions of
 
c ni and sweet potato chips
 

Treatment Daily' Feed/" 
corn sweet potato gain gain Source 
in diets chips, % in diet (kg) 8kg/kg)_ 

65 - 83 0 0.53 3.93 Koh et aZ (1960) 

0 56 - 72 0.37 4.79 

30 - 39 30 - 39 0.48 3.83 

63 - 81 0 C.65 ab 3.38 Tai and Lei (1970)
 

45 - 58 15 - 20 0.66 a 3.37
 

29 - 37 29 - 37 0.62 b 3.54
 

14 - IP 42 - 54 0.58 c 3.74
 

0 54 	- 68 0.56 d 3.81
 

72 - 84 0 0.60 a 3.08 b Yeh et al (1979)
 

35 - 41 	 35 - 41 0.48 b 3.84 b
 

6n
0 	 ql 0.44 e 4.08 a
 

69 - 75 0 0.69 a 2.95 b Yeh et al (l980)
 

0 63 - 68 0.60 c 3.37 a
 

33 - 36 33 - 36 0.66 1 3.13 b
 

72 - 84 0 0.56 3.14 'ee and Lee (1979)
 

35 - 41 35 - 41 0.49 3.71
 

0 69 - 81 0.48 3.80
 

"Values in the same column followed by different small letters differ
 

significantly (P<0.01 or P<0.05)
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Table 4. The carcass measurements of growing-finishing pigs fed different
 
proportions of corn and sweet potato chips
 

Treatment Backfat 
corn 

% in diets 
sweet potato

chips, 'Kindiets 
thickness 

(cm) 
tlean
CutSourc 

63 - 81 0 4.47 - Tai and Lei (1970) 

45 - 58 15 - 20 4.34 -

29 - 37 29 - 37 3.81 -

14 - 18 42 - 54 3.53 -

0 54 - 68 3.84 -

72 - 84 0 3.57 47.19 Yeh e, al (1979) 

35 - 41 35 - 41 3.20 47.35 

0 69 - 81 3.30 47.43
 

69 - 75 0 3.25 "2.77 Y,.h ,- : (1980)
 
0 63 - 68 3.22 54.12
 

33 - 36 33 - 36 3.10 54.89
 

or P<O.Ol) lowered when sweet potato is fed to pigs (Kawaita et aZ 1979).
 
These experimental results indicate that dried sweet potato chips could
 
improve the carcass quality and porcine fat quality of growing-finishing
 
pigs.
 

FEEDING SIEET POTATOES AS A CATTLE DIET
 

The feedinq value of sweet potato vineq for cattle was evaluated (Chen
 
et al 1979; Chen and Chen 1979; Chen (-t Cz 1979). Fresh sweet potato vines
 
are palatable to cattle, and a cow of 400-500 kg can consume 50-70 kg daily.
 
An increased proportion of fresh sweet potato vines produced more milk. No
 
ill effect on health or milk pH, acidity, or specific gravity were found to
 
follow the feeding of fresh materials as the sole roughage. The high cost
 
of mechanical dehydration and the reduction of palatability means that the
 
use of dehydrated sweet potato vines would be less practical than that of
 
fresh, sun-dried, or silaged vines for feeding to growing heifers.
 

POTENTIAL AND PPOBLEMS OF INDUSTRIAL USE OF SWEET POTATO
 

Dry-heating process for pig diets
 

The starch availability and nutritive value of dried sweet potato chips
 
are not improved by eithcr icro-wave heating (80-900C, 1.5-4.5 min, wave
 
frequency 2450 M1HZ) nor by rapid nigh temperature e ring (390-4300C 1 min).
 
But 'popping the chips (in the same way poprice is .zde, 6-8 kg/cm pres
sure at 164-1780C) can improve their starch availabi'icy and nitrogen
 
digestibility (Yeh ,. aZ 1977; 1978; 1980 and Wu 1980; Table 5). Also, the
 
trypsin inhibitory activity of the chips can be completely eliminated by the
 
popping treatmeL, but not by the rapid high temperature drying process,
 
which is designed for large scale prouuction. Available lysine in the chips
 
is reduced by high temperature heat-drying (Yeh (, ul 1978 and Yeh ct aZ
 
1980). The results of feeding trials showed that daily gain and feed effi
ciency of the pigs fed with popped dried chips were significantly (P<O.05 or
 
P<O.Ol) improved as compared to those of pigs fed untreated dried chips,
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Table 5. Starch availabilities of sweet putato chips treated with dry-heating 

Starch 

Treatment availability
m C02/g 

__ DM/hr 

improve-
ment 

Source 

Micro-wave heating:; 

Non-treated 20.50 - Yeh (t ,Z (1977) 

Heating for 1.5 min 0-900C 19.87 -3.17 
for 3.0 min PO-900C 19.90 -3.00 
for 4.5 min 80-900 C 19.85 -3.17 

PoppingY' 

untreated 19.26 - Yeh ",t alZ(1977) 
6 kg/cm 2 , 1640C 52.02 170.09 
8 kg/cm 2 , 1750C 53.65 178.56 
12 kg/cm 2 , 1910 C 46.64 142.16 

Popping 

untreated 15.21 - Yeh et al (1978) 
6 kg/cm 2 , 1640C 47.77 194.35 

8 kg/cm 2 , 175 0 C 42.56 179.82 

Dry air for I min passing
 

untreated 
 10.58 - Yeh et (l,(1980) 
at 3900 

2 .35 7.28 

at 4300C 5.15 "3.19 

5weet potato Tainuni £7, moiture rcontent of chip, 0.75' 
'weet :~jotato laii nigi £7, moi ctire content of chips ,.16
",weet ,rotat, Tairinn £7, mo,,ture content of chips 9-10' 

arid the performance of pigs was comparable to that of pigs fed corn diets. 
The daily gain aod feed-to-gain ratio of growing-finishing pigs fed unpopped
dried chips sul';tituted for 40- of the corn in their ration were signifi
cantly (P,0.01) inferior to those of pigs fed corn or popped dried chips
(Yeh ,'' 1970; -'J , 19("0). 

A_h-igh j ro.tei iiccltiva;r_ H.P-II. f o-rjiq _diets_ 

Lin and Chen (1900) pointed out significant differences of trypsin in
hibitory activity (TIA) arng cultivars, as high as 90' inhibition with 
IIP-lO and as low as 20 inhibition with Tainung 48. A significant positive
correlation (P'0.05) between TIA (percentage inhibition) and amount of total 
crude protein was found. TIA of the chips prepared from cultivar HP-18 could 
not he eliminated hy pelleting at room temperature or at 80oC, and the per
formance of pig, fed chips pelleted at 800C was inferior to those of pigs
fed the same diet, [uJL where pelleting had been performed at room tempera
ture. There was still a tendency towards poorer performance of pigs fed 
dieLs with dried chips of HP-lO as compared to those of pigs fed corn diets. 
(Yeh - ,' 1979; Table 6). Papid high temperature dry-heating at 3900C of 
dried chips of LP-1. also could not eliminate TIA, and reduced the percentage
of available lysine with no improvement of starch availability. Thus, the 
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Table 6.	The effects of pelleting temperature on the performance of grow
finishing pigs '19-90 kg body wt)::
 

Feed/gainx
Ma in Trea tments 	 Daily gainX 

carbohydrates> Pel leting temp (kg) (kg) 

Corn Room temp 0.61 a 3.06 a 
800C 	 0.60 a 3.10 d 

Corn Room temp 0.51 b 3.62 bcd 
+ 

12sweet potato chips 80°C 	 0.46 c 4.05 bc 

Sweet potato chips Room temp 0.44 cd 4.11 abc
 

800C 0.44 cd 4.06 bc
 

Sweet potato chips Room temp 0.34 e 5.16 a 
+ 

Sweet potato vine P00C 	 0.36 de 4.84 a 
Source: Yeh . (1979) 

'Sun-dried chips of HIP-18 and dehydrated meal of HP-4 were used for chips 
and vine, reslpectively
"'Values on the samrle col umn followed by different letters differ signi
ficantly at (P-O.05) (r highly significant at (P<0.01) 

performance of pigs fed this diet was not only inferior to those on corn
 
diets but also to those fed untreated chips (Yeh ,st al 1980; Table 7). With 
reference to fertilizer application to cultivar HP-18, increasing nitrogen
 
application also increased the protein and lysine contents of ronts, stems
 
and leaves (Yeh ,. i,'1980). 

Starch urea (starea) for cattle 

A series of experiments were conducted to evaluate the effectiveness of
 
gelatinizalion of urea-sweet potato meal (GUSP), by Chen Ct al (1978). The
 
cattle receiving soybean meal diets performed significantly better than on
 
urea diets and GUSP diets, though the feeding value of GUSP diets was better
 
than urea diets. Results from metabolis, studies appeared to show that the
 
effect of GUSP on the digestibility of dry matter, as well as en crude pro
tein, crude fiber, and nitrogen retention of blood urea level was similar
 
to the effect of soybean meal, but urea alone was inferior to soybean meal 
in these respects.
 

CONCLUSION
 

Sun-dried sweet potato chips are seen to be most economical as a pigfeed. 
It is clear from a series of feeding trials that when chips replaced 25% of 
corn in a pig ration the results were comparable to that of a whole corn 
ration. The carcass quality of pigs, including the percentage of lean cut, 
could be improved if the pigs are fed diets containing more than 50% of sun
dried chips to rplace corn in the ration. 

With a view to enhancing The nutritive value of sun-dried sweet potato 
chips for more efficient utilization in a pigfeed, several dry-heating pro
cesses have been studied. The starch availability and nutritive value of 
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Table 7. The effects of high temperature momentary dry-heating on the
 
performance of growing-finishing pigs (20-90 kg body wt)::
 

Trea tment' 	 Daily Feed/ . of
 
Ma-iin-ar o-hydrates Dry-ii-ai Fo gainx gainx lean 

kg ___ kg/kg cut 

Corn 	 Non-heating 0.69 a 2.95 c 52.77
 

Sweet potato chips 	 Momentary
 
heating at 0.61 c 3.29 ab 52.92
 

3900C
 

- corn Momentary+
 
2 sweet potato heating at 0.65 bc 3.18 ab 52.6C
 

chips 3900C
 

Sweet potato chips Non-heating 0.60 cd 3.37 a 54.1Z
 

12 corn 
+ 0.66 ab 3.13 bc 54.89
 

Sweet potato chips Non-heating
 

Sweet potato chips
 

+ tallow Non-heating 0.61 bc 3.27 ab 52.37
 

:;Source: Yeh , 1 (1980) 
!/Sun-dried chips of HP-18 were used

It"Values on the same column followed by different letters differ
 
significantly at (P<0.05) or highly singificant at (P<0.01) 

sun-dried chips were improved and trypsin inhibitory activity (TIA) was com
pletely eliinir -ed by popping (6-8 kg/cm2 pressure at 164-1750C) the chips,
 
arid also resulted in good performance of pigs. But high temperature dry
heating (3900C, 1 rin) or pelleting at 800C of the sun-dried chips of high
 
protein cultivar HP-18 failed to eliminate TIA and Lo improve feeding values,
 
and inferior performance of pigs was observed.
 

Increasing nitrogen fertilizer application increased the protein and
 
lysirie contents of roots, st,.s arid leaves of HP-18. Dehydrated sweet potato
 
vines would be less practical than fresh, sun-dried, or silaged vines as a
 
feed for cattle. Sweet potato chips supplemented with urea for growing
 
cattle was seen to be the most economical combination, and starch urea for
 
feeding cattle was 	better than urea alone, indicating there is potential for
 
gelatinization of urea-sweet potato meal as a catti: diet.
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C Hoierciial Production of Sweet Pottt(-s for Hotir a(d Fee(ds 

Field A.'rtp 11hh, III(. - Nhi,. (Cit.llit INti-r Co. Bldg.,n %I-.lm the. Iqililll] ,..vs 

SUMMARY
 

The project under discussion involves the growing of improved varieties
 
of sweet potato (1jo, - itto::) in a pilot area in Bohol, Central Visayas, 
the Philippines, and the processing of the crop into a wheat flour extender
 
from selected high quality roots and into an animal feed product from the
 
lower quality roots, peelings and vine tops.
 

The proposed flour processing plant will have a starting capacity of
 
1000 kilos daily of finished product from approximately 5000 kc of fresh 
roots. The end product will be sold as a wheat extender to substitute for
 
at most 20,7 of the wheat flour ingredient in the baking industry, specifi
cally in the production of 'pan de sal', a kind of local bread. The capacity
 
of the project will be increased in line with market conditions. It is also
 
hoped to supply government agencies involved in nutrition intervention prp
grams in schools and depressed communities.
 

Operations will be designed to ensure a regul3r supply of raw materials
 
for the flour processing plant. The scheme calls for a system of contract
 
farming with independent small landowners in the area, with crop financing to 
be made available through the rural banks in the province
 

The project will be managed by Field Agro-Industries, Inc, a Cebu-based
 
firm engaged in food production and distribution. A new corporation will be
 
formed for this agro-industrial venture with equity participation by the
 
rural banks, the sweet potato growers, and the managing company, Field Agro-

Industries. The research and development work for this project is being
 
initiated with special assistance from FMC International, SA for the field
 
trials in Bohol, and the University of the Philippines Institute for Small-
Scale Industries for the preparation of the project feasibility study.
 
Generally, the projQct analysis that follows is limited to feasibility as
pects in the market, the workability of the production process, the invest
ment decision and the financing scheme proposed. Detailed engineering of
 
the proposed flour plant commences as soon as ensuing market tests on a com
mercial scale have been implemented and the results thereof have proven
 
satisfactory.
 

HIGHLIGHTS OF MAJOR ASSUMPTIONS
 

The initial plantings of sweet potato will be undertaken by Field Agro-

Industries in a 5 ha demonstration farm located in Trinidad, Bohol. The
 
variety of sweet potato to be planted will be Plainly tie BNAS 51 line deve
loped at the Visayas State College of Agriculture in Baybay, Leyte. This
 
line is well adapted to Philippine conditions and has shown yield potentials
 
of up to 35 t/ha in a five-month growing season. Planting materials of this
 
variety, and other high yielding strains, will be made available to farmer
cooperators in the project.
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Expansion of the areas to be planted to sweet potato will be through

production loans from rural banks in Bohol. These loans will be used for
 
land preparation, purchase of fertilizer and pesticides, labor expenses for
 
weeding and harvesting, and will amount to P2500/ha. The approximate conver
sion rate in 1981 is IUS$ = P7.50. Borrowers will agree to sell their crop

to the processing plant at PO.25/kg. Assuming a conservative yield of 15
 
t/ha, for marketable roots, a gross income of P3750/ha is computed. Addi
tional income from the sale of dried sweet potato tops and vines for animal
 
feed will also contribute an average of P1500/ha of additional income.
 

A pilot processing plant with a capacity to convert 5000 kg of fresh
 
roots 
into 1000 kg of sweet potato flour daily will be established by a new
 
company which will be called the Food Resources Corporation. The new corpo
ration will 
be capitalized at P550,000 and will have equity participation

from the farmer-growers, the rural banks financing the crop loans and the
 
managing company, Field Agro-Industries, as well as from other outside in
vestors. Equit participation will be P250,000, while P300,000 will be
 
borrowed from the bank at 16' interest pa. 

The primary product of the processing plant, sweet potato flour, will 
be sold in 50 kg bags at 02.75/kg, landed Cebu. The secondary product will
 
be an animal feed ingredient consisting of finely chopped sweet potato vines
 
mixed with rejected roots and peelings, having a protein value of approxi
mately 16,. This will be sold to feed millers and animal-raisers at P1.00/
 
kg landed Cebu.
 

Multi-purpose driers using agro-wastes as fuel will be used in the pre
paration of fresh sweet potatoes intn dried chips prior to milling, thus
 
reducinq the dryinq cost to a maximum of PO.05/ka of dried 
oroduct. An anti
browning agent such as sodium bisulfite may also be used to retain the fresh
 
color of the sweet potato. Total processing cost is computed at PO.72/kg

of dried product, with an additional P0.42 for administrative and selling
 
expenses. A recovery rate of 20' of dried flour from fresh roots 
is assumed.
 

GENERAL INFORMATION
 

The product 

The product to he offered by the new corporation is considered as a new 
one for the consumer industry. It is the first time that a flour processed
from sweet potatoes will have been marketed in the Philippines. The indus
try is dominated hy wheat flour. The main advantages of the new product 
are that it is fmuch cheaper and much sweeter and it contains more calories 
than wheat flour. It is also much higher in vitamin A and in the amino acid 
lysine than wheat Flour. The total nutritive value of bakery products is 
enhanced when a flour mix containing both wheat and sweet potato flour is 
used. Generally, the primary reason for sweet potato flour development is 
its potential as a wheat extender, bearing in mind rising prices of wheat 
products today. The substitution for at least a portion of wheat flour in
 
bakery products (the optimium is experimentally proven to be 10 to 20% of the 
wheat flour mix) is recommended in this study. Sweet potato flour mix has 
been found to be acceptable in the production of bakery products like pan
de sal, margarine cake, margarine cookies, hot cakes and other local deli
caries.
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Sweet potato flour will 
reduce the cost of bread flour and contribute
 
to savings in foreign exchange, apart from creating local agro-based indus
tries. 
 Table 1 shows the volume and value of wheat flour imports over the
 
last nine years. Table 2 on the other hand presents the annual demand of
 
flour in the country.
 

Table 1. Wheat imoorts of the Philippines, 1970-1978
 

Year Volume (tons) Value (USS) Source 

1970 508,492 31,003,882 FOB USA 

1971 600,597 38,353,040 FOB USA 

1972 747,285 48,950,282 FOB USA & Caitada 

1973 522,269 51,768,871 FOB USA & Canada 

1974 470,695 78,800,000 C&F USA & Canada 

1975 449,829 88,458,615 C&F USA & Canada 

1976 618,173 85,188,202 C&F USA & Canada 

1977 753,914 99,807,302 FOB USA 

1978 803,798 129,526,672 FOB USA 

Source: National Grains Authority
 

Table 2. Total annual flour, demands of the Philippines
 

Year 25 kg bags 
 Value (P 000,000)
 

1975 15,689,000 914.3
 

1976 18,822,000 1,129.3
 

1977 21,704,000 1,302.2
 

1978 25,222,000 1.513.3
 

1979 26,097,000 1,826.8
 

1980 26,490,000 2,039.7
 

Source: Philippine Association of Flour Millers
 

Wheat accounts for 90% of the cost of producing and selling flour. It
 
requires 33 kg of wheat to produce 25 kg of flour (75.7% recovery). The
 
present price (1981) 
of wheat grain is P2,100/t and wholesale price of wheat
 
flour is P77 per 25 kg bag (P3.08/kg). The sweet potato flour will be sold
 
slightly cheaper than wheat flour 
- P2.75/kg. It will be distributed by the
 
Philippine Multi-Foods Corp, a semi-government agency concerned with nutri
tion intervention programs, and will be promoted for its higher nutritional
 
value, particularly in vitamin A.
 

Farmer benefits from sweet potato as a cash crop
 

From the farmer's viewpoint, a gross income of P4,750/ha could be obtain
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ed in one crop season, assuming a yield of 15,000 kg of marketable roots and
2000 kg of dried vine tops with a value of P0.25 and P0.50 per kilo respec
tively. 
The maximum cost of per hectare of sweet potato production is P3000.
Thus a net income of P2000/ha could be realized in
one crop season of four
 
to five months. Since a guaranteed market for his farm produce, as well 
as
crop financing, is to be made available to the farmer, the promotion of this crop as a new source of income will be readily accepted. The farmers inthis pilot area are traditional 
sweet potato growers but their plantings

have been on a limited scale because of the small market they could find for

their fresh produce. 

The pilot plant will have the capacity to process 5000 kg of fresh roots a day and operate for 250 days a year. The land area required to feed itwill be approximately 85 ha. The planting of the sweet potato crop willtimed to assure deliveries to the processing plant for about ten months of
be
 

the year. A system of supervised credit will be practised by the ruralbanks financing the crop to see that the proper inputs are made. This wouldinclude the planting of high yielding lines, the correct use of fertilizer,and the use of pesticides to control 
sweet potato weevil, the most serious 
pest attacking this crop. Recommended fertilizers are 
four bags of 14-1414 NPK kg/ha and two to three bags of the pesticide-nematicide Furadanwhich has been tested and proved effective against the weevil. No traceable
residue of the pesticide is found in the roots when applied correctly, since
it is completely biodegradable. A maximum of three bags of Furadan is recomniended per hectare for controlling the sweet potato weevil. Cost offertilizer and pesticide is estimated at 
P850 to P950/ha respectively.
 

Given below are the estimated costs of growing one hectare of sweet 
potatoes, under Philippine conditions (Table 3).
 

Fertilizer and pesticide applications are to be timed to obtain the
maximum benefits. The first application is done at time of planting; the
second two months 
 after planting and the third three months after planting. 

Rate of application is to be equally divided by three, which would be
equal to 66.7 kg of complete fertilizer mixed with 16.7 kg of Furadan 3G per

application.
 

Food uses of sweet potatoes 

Sweet potato has been cultivated in the Philippines since the early days
of the Spanish regime. It is grown practically in all parts of the country,in fields and backyards or in the wild. It is a hardy crop, maturing in between three and six months and it produces large returns. It can be grown
successfuily in almost all types of climate and soils, needing only a small 
amount of water. 

Sweet potato is high in caloric value. For example, a hectare of this
crop can support twice as many persons as rice and five times as many as corn (Table 4). The high energy value of sweet potato should be exploitedto overcome of protein crisis.the complex problei What diets ar.k isadequate energy food and this requires protein intake (Payne 2975).
 

Villareal 
(1970) cited that sweet potato isa good source of both protein and calories. 
 It is also rich in minerals and vitamins (Table 4). A 
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Table 3. Cost of production per hectare of sweet potato
 

Itei Cost 

Ite _ _ _(P/ha) 

Land preparation 

Plowing 450 

Ist irrowing 250 

2nd harrowing 200 

Hilling up 200 

Plantiqi 

Ccst of cuttings 150 

Cost of planting 150 

Fertilizer andLpesticides
 

Complete (14-14-14\
 

Fertilizer, 4 bags 400
 

Furadan, 3G, 3 bags 475
 

Weeding and harvesting
 

Two weedings and cultivation 300
 

harvesting 400
 

Total production cost 2975
 

hectare of sweet potato can provide the calcium requirements of 50 times as
 
many people as one of rice. It can provide the necessary iron for 12 times
 
as many, the thiamine for eight times as many, and the riboflavin for 11
 
times as many. Although protein enrichment is the main concern in increasing
 
the quali iet, it is desirable that vitamins should supplement it.
 
Yellow fleshed or orange fleshed varieties of sweet potato contain a consi
derable amount of vitamin A.
 

Villareal (1977) also cited five reasons in favor of the utilization of
 
sweet potato in today's diet:
 

(1) It has a tremendous yield potential despite its being a neglected
 
crop in the Philippines. Even limited research could increase its yield.
 
How much more could it be increased if a sustained program were carried out
 
to solve many of its production problems? In 1977, Villareal also noted that
 
yields ranged from about 15 t/ha in Taiwan to 28 t in the Ryuku Islands.
 

(2) it has a high nutrient yield per hectare per day. Again Table 4
 
shows the comparison between sweet potato and other crops as sources of
 
different nutrients (protein, minerals and vitamins) in the Philippines. The
 
comparison is based on the number of persons that a hectare of a given crop
 
can support in terms of the daily requirement of dif ?rent nutrients. From
 
this table, it can be seen that sweet potato can support more persons for
 
their requirement of more different nutrients than either rice or corn, which
 
between them form the main bulk of the Filipino diet.
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Table 4. Number of persons a hectare of crop can support per day in terms of different nutrients
 

Crop 

Rice 

Maize 

Sweet potato 

roots 

leaves 

Taro 

Corms 

Leaves 

Petiole 

Cabbage 

Mungo 

Pod 

Drybean 

Soybean (dry) 

Soybean (green) 

Mango 

Tomato 

Banana 

Calories 

61.3 

27.4 

138.3 

122.4 

15.9 

55.4 

45.8 

6.3 

3.3 

41.6 

29.5 

42.0 

63.6 

33.6 

36.0 

1.02 

16.6 

2.6 

Calcium 

2.2 

1.0 

138.0 

85.0 

53.0 

86.4 

28.8 

40.9 

16.7 

178.0 

17.0 

159.6 

18.0 

41.0 

87.0 

0.24 

26.0 

110.5 

Iron 

33.38 

9.7 

405.0 

105.0 

300.0 

178.3 

71.7 

65.8 

40.8 

194.2 

78.8 

150.0 

193.4 

168.8 

194.0 

501.5 

115.7 

2.3 

Vitamin A 

0 

25.3 

991.8 

324.0 

667.8 

770.8 

0 

747.4 

23.4 

50.0 

4.3 

347.7 

0.7 

0 

6 

18.4 

257.2 

1.1 

Thiamine 

18.50.-

42.1 

140.8 

100.0 

40.0 

120.0 

107.9 

10.2 

1.9 

92.8 

60.9 

158.7 

129.0 

40.6 

1257,k 

1.8 

58.3 

0.9 

RiboflaIn 

24.2 

106.7 

40.0 

66.7 

61.5 

24.0 

33.6 

3.9 

74.0 

20.3 

168.0 

61.5 

16.7 

614.0 

1.0 

38.9 

2.1 

Vitamin C 

0 

480.0 

1370.0 

1050.0 

320.0 

660.0 

180.0 

433.3 

46.7 

3441.0 

27.7 

1008.3 

0 

trace 

251.0 

279.0 

845.8 

237.0 

Source: Villareal 1970 

0 

0 
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Vegetable and field legumes can support the greatest number of persons
 
in terms of their protein requirements. But though not so high in protein as
 
these vegetables, combined sweet potato roots and tops can provide the pro
tein requirements of 24 more people than rice and 45 more people than corn,
 
per unit area.
 

(3) It is dependable; the dependability of sweet potato is due prima
rily to its drought tolerance and ability to withstand typhoon conditions.
 

(4) It is acceptable to consumers because of its palatability.
 

(5) It is inexpensive.
 

In the recent Philippine Food and Nutrition Program on Indigenous Foods, 
sweet potato was among the crops chosen to extend the wheat supply and to 
serve as a base for weaning and supplementary foods (Barba 1976; Madamba et 

al 1977). It was within this context that these researchers .tudied the 
potential of sweet potato flour as a substitute for wheat floir and as a base 

for snack/dessert items. They reported that sweet potato flour can be used
 

as wheat extender in the making of pan de sal. Substitution of 10-20% of
 

flour from eight different varieties of sweet potato with wheat flour made
 

pan de sal accepte.,le to the laboratory test panelists.
 

Consumption patte.ns in the Philippines show that pan de sal is the most
 

popular wheat produc' (Ergel 1973). It is widely used not only as a snack
 

item but for brcakfas'. With the introduction of equipment for production
 

of pan de sal, people have been able to open small businesses to sell bread
 

throughout the day. Hot pan de sal when made from composite flour can help
 

improve the caloric-protein intake of children. It is also within the reach
 

of many because it is easy to prepare, acceptable and always available.
 

Nutritional and economic benefits of the prod,,rt 

Malnutrition is one of the most prevalent socio-economic problems in 
Asia and a major contributor to child mortality in the Philippines.
 

The series of surveys conducted in ten regions of the Philippines from
 

1958-1967 by the Food and Nutrition Research Center, Manila, showed that the 
Filipino diet when compared with the nutritional standard set by the FNRC 
was found to be inaJecquate both in quantity and quality (Quiogue et al 1969).
 

Psults of thr. FNRC survey showed that in the first three months of life,
 

the growth pattern of the average Filipino infant is comparable to that of
 

the average American infant; beyond this age, however, the Filipino infant
 

begins to lag behind (Bayan , 0i 1972). It was also discovered that Fili

pino toddlers and preschool children, particularly those in the rural areas,
 

were the most critically affected. This was noted in the body weight survey
 

in the province of Laguna where only 12.6, of the children, ages 6-7 months,
 

had normal weights, the rest being affected with varying degrees of mnalnu

trition (Matawaran and Gervasio 1971). The same study showed further that
 

the body weight of the urban children were higher than that of the barrio
 
children.
 

A critical look at the malnutrition problem in the Philippines tends
 

to show that calorie-protein deficiency which primarily affects preschool
 

children is a major public health problem.
 

http:patte.ns
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Marasmic-kwashiorkor was fairly widespread especially among children inlow-income urban slums arid 
the rural farming sectors. Retardation of growth
and excessively high mortality rates are the most obvious effects of calorie
protein deficiencies (Scrimshaw 1977). Severe 
forms of marasmic-kwashiorkor
do not only make children more susceptible to infections, but may also re
sult in physical stunting and permanent brain damage. Since calorie-protein

deficiencies have been shown to have long term consequences amo g survivors,
the recommended level of caloric-p)rotein for different age groups of children
should be met so that incidence of marasmic-kwashiorkor will be minimized if
 
not entirely eradicated.
 

Because Of the seriousness of the problem, malnourished children are thetarget of a natic;i,.:idc nutrition program. Nutrition experts of the countrybelieve that mnanl!r tion is a rmuti-faceted problem which is large in scope
and difficult to remledy, 1here can be no sing-ie answer to the complex prohleins involving nutrition for the are interwoven with such factors as limi t
ed supply of good quality protein, high cost of other nutrition foods,
prevalenc, of parasites arid infectious diseases arid the lack of 

the 
proper know

ledge of mothers on the food needs of their children. Two other problems arethe people's lack of awareness of the right kinds of foods, and the non
utilization of availablo local food resources. 

C.For ally food ito, nutritional value to he useful, it must be within 
the rei, )f the individual who needs it at a price he can afford. One of

the great challenges to researchers today 
 is the development of inexpensive
foods which are nutri tioially superior and at the same time acceptable to
 
the intended consu or-.
 

Since Filipino children, by and large, do not have a liking for vegetables arid other plarnt 
 sources of cilories arid protein, various ways of in
creasinj thJeir present intake in other forms must be studied. 

Several jpproache-, to solving this problem have been tried and one
stratey is to replace, at least in part, imported wheat flour used in breed
making Ly other flours such as that made from sweet potato. 

The o'.iq. ;rOmlm, ity of wheat products, particularly bread, has
increased in of world whererln/ (irt the previously bread was not part of
 
the daily diet.
 

.1rncr th. r1 ro ,pnliers, of wheat are located in only a few countries,
part icularl1 in J7, (",nda, Argentina, and New Zealand, the expanding
demand for ;.heat ind, 
(1 av create a detrimental effect on the economy of
developini countri- 1iil" the Philippines. 

rn1"s is of dried yello. sweet potato as reported in the Philippine Food 
Comlposition Tm 1e i% 117,00)1r IJ ;Ier 100 graims. 

Assu'inmg that 10 of the whelt flour weiriht is substituted with yellow
camorte flour ie the akim:q of pan de sal, which is the wost conrmmon type of
bread ea ten 

sal 

in the, Philippimos, then a piece of yellow camote-enriched pan deweighing 20 g will contain 5P7 IU vitamin A. This value is approximately
25 of the PDA for ,'itamnin A for Filipino preschool children. 

Since vitamin A deficiency is a major nutritional problem especially 



401 TAYLOR FLOUR AND FEEPS 

ing preschool children, incorporation of yellow camote into their diet will
 
eviate this deficiency.
 

production process
 

Seven basic steps are involved in processing fresh sweet potato roots
 
o flour, from the unloading of the raw material in the processing plant
 
the bagging of the final product for warehousing or delivery. The pro
s is described in Figure 1.
 

Primary grinding Suction blowingWeighing/checking Chipping/slicing 

cyclonre bagging 

eet potatoIIIlot Washinq/peeling Drying Attrition grinding Storage 

Figure 1. Processing fresh sweet roots into flour
 

Fresh roots from the field are delivered to the plant site and weighed
 
a platform scale. Receipts are issued for the accepted roots and payment
 
the farmer is based on these supporting receipts. One weigher/checker is
 
only manpower needed.
 

The weighed roots are then loaded into a rotary screen friction peeler
 
ch is turning at 30 RPM, and subjected to water spraying at 120 liters/
 

This machine measures about 3.7 m in length and 0.9 m in diameter and
 
driven by a 1.5 HP electric motor. It washes and peels at the rate of
 
kg fresh roots per hour. The manpower requirement is two, but one of
 

se workers will be the same weigher/checker described above.
 

The washed roots, with the fine peeling scraped off by friction against
 
rotary screen, are then selected for quality and fed to a chipper/slicer
 

hine. The rejected roots and tips are separated for conversion into
 
mal feed. This chipper/slicer is provided with an adjustable drive and
 
rates at 1000 RPM with a 5 HP motor. It reduces the roots to fine chips
 
flakes of about 8 mm thickness to allow for faster drying. The manpower
 
uirement is for one worker.
 

A horizontal consecutive belt type dryer is used next, and consists of
 
r layers of screen belts approximately 20 m long and V2 m wide, with a
 
tance between belts of 25 cm. Each screen belt is mounted on a roller
 
ch moves in a direction opposite to that of the belt below. The lower
 
t protrudes over the end of the line of the belt above, thus allowing it
 
catch the flakes that drop from the higher belt and continue to move them
 
ough the dryer. The final belt carries the dried flakes to a receiver at
 
bottom of the dryer. The heat exchanger for this dryer is fired by
 
o-wastes, in this particular case coconut husks which are abundant and
 
xpensive. Cost of coconut husks is PO.05 a pair (2 halves) and the burn
rate in this dryer is 50 pairs per hour, with a temperature inside the
 

er of between 600 to 800C. Blowers are also provided to produce a forced
 
ught within the dryer. Drying rate is approximately 420 kg of fresh
 
kes per hour, which reduces moisture from 70% to 12%. Direct cost of
 
1 for the heat exchanger is estimated at PO.03/kg of dried product. Power
 
uired to propel the rollers of the continuous screen belts and for the
 
wers to the heat exchanger is rated at 5 HP. Two men are required.
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The dried flakes are continuously conveyed to a small hammermill which
 
further reduces the flake sizes in the presence of heated air to prepare
 
them for final grinding in an 'attrition' grinder. This primary grinder is
 
powered by a 5 HP motor which produces a speed of 2000 RPM. This is direct
ly connected by a chute with heated air to a Jiju mill to undergo the final
 
process o attrition grinding.
 

The attrition grinding mill is designed to meet food grade standards
 
and uses stainless steel to pulverize the dried finer chips into a 300 mesh
 
fine flour. This mill has a capacity of processing up to 150 kg of ground
 
product per hour and is po.'-red by a 7.5 HP motor delivering 2000 RMP. Two
 
men are needed to operate the grinder.
 

The final process prior to storage or delivery uses a suction blower
 
with a 1 HP motor to separate air from the ground flour and to feed the
 
flour with heated ai- into a cyclone type bagginb -rhine. This process

reduces the moisture content of the flour further to aout. Y'. This is a
 
small unit designed to deliver an output of 20 bags of 50 kg ecd,, eight
-r 

hours. Two men are needed.
 

Machinery and equipment
 

The pieces of equipment and their estimated costs are given in Table 5.
 

Table 5. 	Machinery and equipment for the processing of
 
sweet potato flour
 

Cost
Item 
 (P) 
Machineries:
 

Weighing scale, 500 kg capacity 12,000
 

Washer/peeler 12,500
 

Water pump with 5 HP motor 12,500
 

Chipper/slicer 10,000
 

Dryer with blowers 25,000
 

Primary and attrition grinder 25,000
 

Suction blower and cyclune bagger 5,000
 

102,000
 

10% contingency 10,200
 

112,200
 

Generator 115,000
 

Subtotal 227,200
 

Furniture and fixtures and office equipment 20,000
 

Manpower 	requirements
 

A total of nine direct workers, a supervisor and a maintenance mechanic
 
will be needed.
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Plant size 

TK2 plant will be able to process 5000 kg fresh sweet potato roots into
 
1000 kg sweet potato flour per day for 250 working days in a year. This
 
means a total production of 250,000 kg sweet potato flour for one year. In
 
addition, it could also prepare 166,000 kq dried sweet potato vines as an
 
animal feed mix component.
 

Financial aspect
 

Project cost
 

The estimated total project cost is P550,000, summarized as follows:
 

Fixed cost:
 

Land and building P150,000
 

Machinery & equipment 227,200
 

Furniture & fixtures 20,000
 

Total fixed cost ..................... P397,200
 

Working capital: 

Raw materials (6 days) 9,890
 

Accounts receivable (1 month) 63,000
 

Minimum cash balance 20,000 

Total working capital ................. P 92,890
 

Pre-operating expense. ..................... 60,000
 

Total project cost .......................... P550,090
 

or P550,000
 

Projected financial statements
 

The projected income statement is as follows: 

Sales: Sweet potato flour, 25,000 kg P853,500 

By-products, 166,000 kg 166,000 

less: Discounted sales: (by-products, 3) 

P853,500 

4,980 

total sales P84 520 

less: Cost of goods manufactured and sold: 

Sweet potato flour P490,690 

by-products 124,500 

Total Cost of Sales P615,190 

Gross profit: P233,330 

less: Operating expenses (including salaries, 
transportation, supplies, depreciation, 
taxes, etc) 

P113,525 
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Net profit before interest P119,805 
less: Interest expense 48,000 

Net profit before income tax P 71,805 
Financial evaluation: 

Profit to sales ratio - 8.46% 
Payback period (recovery of the owner's equity) - 3.482 years 

Return on investment (ROI) 

Total investments (assets) - 13.06% 
Equity (owner's equity) - 28.72% 

Break-even analysis 

Break-even sales is P684,366 which is about 81% of total capacity. 
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INTRODUCTION
 

Sweet potato is the third most important summer upland crop in Korea on
 
a quantitative basis, after rice and barley. It is mainly used for food, as
 
an industrial raw material and as an animal feed. But in recent years, the
 
area planted and the production have shown a tend ncy to decrease. This is
 
thought to be due to the following three major factors: farmhouses have no
 
storage facilities capable of handling large amounts of sweet potato for a
 
long time afcer harvesting in autumn; farmers do not have facilities or labor
 
for drying processes; and sweet potato itself generates relatively low income
 
compared with many other competing summer upland crops.
 

As shown in Table 1, the area planted to sweet potatoes in Korea has
 
decreased annually from 127,000 ha in 1970 to 61,000 ha in 1979. The amount
 
produced has also fallen from 2,136,000 to s in 1970 to 1,387,000 tons in
 
1979. But yield per unit area is relatively high compared to many other
 
sweet potato producing countries. It was 22.7 t/ha in 1979, which was a 35%
 
yield increase over 1970.
 

Table 1. 	The area planted to sweet potato and amount produced in Korea
 
yearly since 1970
 

Are - Yield Amount Index % 

Year plated (t/ha) produced Area Yield Amount 
(0j00 _ pl ante d produced 

1970 127 16.8 2,136 100 100 100 

1974 80 18.1 1,450 63 107 68 

1975 95 20.7 1,953 75 123 91 

1976 87 20.4 1,783 69 121 83 

1977 77 20.2 1,560 61 120 73 

1978 74 22.1 1,627 58 131 76 

1979 61 22.7 1,387 48 134 65 

Source: The Korean Ministry of Agriculture and Fisheries Statistics, 

Because sweet potatoes grow wrll under relatively high temperatures and
 
are mostly cultivated after barley in Korea, the major sweet potato producing 
area is in the southern part of the country, especially in the province of 
Jeonla Ham-do. A lot of sweet potatoes are also cultivated on islands off 
the country's south coast where cereal crops cannot easily be grown because 
of strong sea winds. 

This paper will deal with the general aspects of storage, marketing and 
utilization of sweet potatoes in Korea.
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STORAGE
 

InKorea, sweet potatoes are stored for six to 
seven months after harvesting inlate autumn to early spring under relatively low temperature

conditions. Monthly mean temperatures during this period vary widely between
the southern and the central regions inKorea. 
 The range of monthly mean
temperatures inthe central regions during storage of sweet potatoes isfrom
-5.20C to 120C,while that inthe southern regions is -0.50C to 150C, which

isbetweer 1.70C and 4.9
0C higher than inthe central regions.
 

The harvesting time of sweet potatoes inKorea isfrom late September to
early October inthe central regions and from early to middle October inthe
southern regions. Roots are dug out with a 
forked rake or a weeding hoe
after removing all vines. Much attention ispaid to avoiding damage to the
 
root skins.
 

After harvesting, roots are first stored inthe shade for 10-15 days to
allow respiration and evaporation of moisture.
 

Sweet potato storage can be undertaken at temperatures between 10-17 0C,
but the optimum temperature range is12-15 0C. The optimum relative humidity

range is85-90' (Cho 1978).
 

Storehouses, storinq boxes and incidental equipment should be sterilized
before use. 
 Chemicals such as copper sulfate, formalin, chloropicrin, methyl
bromide, and sulfur are commonly used for sterilization. The storehouse is
usually sprayed with 400X copper sulfate before storing while storing boxes
 are simply washed and dried. During storage, burning 1.5-2 kg sulfur per 300cu in storage space is known to control effectively fungal diseases such as
softrot :'0"': ./ ?.(Chung 1976). 

Storehouses for sweet potatoes inKorea are designed to keep temperatures
above certiin levels during the storage period. The structure of the storehouse vari-,s according to soil conditions, the amount to be stored, and the
weather of the region. Because there are big differences inmean monthly
temperatures between the central and the southern parts of Korea during storageperiods, different storing methods are practiced in each region. In most
storehouses temperatures are controlled not by artificial heating 
 systems butby natural soil temperatures. 
 The depth below the surface of an underground

storehouse ischosen so that soil temperature isas near as possible to the

optimum temperature (12-15oC) for sweet potato storage. 

Several storage methods for sweet potatoes during winter are practiced

in Korea (Tikasi 1942). Three are detailed below.
 

Indoor all-underqround storaqe
 
This method iscommonly practiced inthe central region of Korea. As
show, inFigure 1,a building iserected as protection from cold winds with
 an underground pit which has a 
volume of 12.6 cu inand iscapable of holding
about 7.5 tons of sweet potatoes. Experiments with this method (Table 2)
have indicated that the temperature range in the pit was 6.3-9.OOC when emptyof roots but 10.8-14.0oC when roots were stored in and storabilityit, that was 96,. Storability refers to the number of roots that remain good afterstorage divided by the total number of stored roots multiplied by 100.
Sproutino of stored roots under these conditions was about 27%. The merits
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Table 2. Results of experinent into four popular storage methods for sweet 
potatoes in Korea
 

Date full of roots emj)yof roots 
[AU' - 'Ondol -__ISU_ tunnel I [AU 'Ondol' ISU tunnel 

Nov 5 18.3 17.0 13.5 18.0 - 19.5 8.0 17.4 

1 12.0 15.0 17.0 17.6 6.8 16.0 - 16.2 
25 10.8 11.2 17.5 16.5 6.6 12.4 12.6 15.9 

Dec 5 14.0 12.5 17.6 16.0 6.5 13.0 8.0 14.8 

15 14.0 12.0 18.6 16.0 6.5 13.0 8.3 13.5 

25 14.0 11.0 18.3 15.5 6.3 14.0 5.0 13.0 
Jan 5 14.0 11.0 17.6 15.0 6.5 14.0 6.6 13.2 

15 14.0 10.0 18.1 14.0 6.5 13.0 3.9 12.2 

25 14.0 11.0 17.9 12.0 6.5 12.0 4.1 10.5 
Feb 5 13.0 12.0 16.9 12.0 6.7 9.0 3.4 10.5 

15 14.0 13.0 15.4 13.0 6.9 11.0 2.7 10.5 
25 14.0 12.0 15.9 13.0 7.0 8.0 2.8 10.5 

March 5 13.0 12.0 14.6 13.0 9.0 10.0 1.6 11.0 
15 12.0 13.0 15.0 13.5 9.0 9.0 5.1 14.2
 

Average 13.7 12.3 16.4 14.7 6.9 12.4 5.4 13.1
 

"I[door all-underground storing m .ethod 

"Indoor sei-underground storing method 

LConcrete[ * 
ceiling Eeho 

Kitchen 
Covering
material sL 

Roots 
-1 Chimney Fire hole 

F- 2.1 -

gate
 

Figure 2. 'Ondol' storage of sweet Figure 1. Indoor underground storage
 
potatoes in Korea of sweet potatoes in Korea
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of this method are that existino buildings can be used as the shelter, and
 
that the temperature inside the pit is relatively stable. 
 The major dis
advantage, however, is that the control of the relationship between amounts
 
stored and the heat generated by the roots is too difficult.
 

'Ondol ' storage
 

'Ondol' is the name given to a traditional type of floor in Korean 
houses which is heated from below. Sweet potatoes can be stored in rooms 
heated in this way, and this method is also commonly practiced in the central 
part of Korea (Figure 2). About 1.2 tons of sweet potatoes can be stored in 
a medium sized room and an experiment with this storing method (Table 2) in
dicated 99% of storability. This method is appropriate for small quantities

of sweet potatoes. It is easy to control room temperatures by adjusting the
 
heating of the floor, but it is difficult to control moisture and the tech
nique is apt to dry out too much of the root weight. 

Indoor semi-underground storane 

This method is used in the southern part of Korea. As shown in Figure 3,

a building is erected above a pit with raised sides which has a volume of 57.4 
cu m and can hold about 19-37 tons of sweet potatoes. The temperature range
in the pit, as shown in Table 4, vas 
1.6-12.60C empty and 13.5-18.6oC when. 
filled with roots. The storability was 100% and sprouting of stored roots was
15 '. The size of the storage pit can be adjusted with ease but the tempera
ture 
varies greatly depending on outside temperatiies.
 

Tunnel storage 

This method is also commonly practiced in the southern part of Korea. As 
shown in Figure 4, the usual volume of the tunnel is about 27.6 cu m and it 
is cal)able of storing about 7 tons of sweet potatoes. A storing experiment

with this method (Table 2) indicated the temperature of the hole during the 
storing period was 12.0-18.0oC, that the storability was 98%, and that the
 
sprouting of stored roots was relatively high, 41'. The temperature in the
 

Figure 3. (Left) Indoor semi-underground 

Covering material 
Soil 
wall 

storage of sweet potatoes in Koreo. 

Figure 4. (Below) Tunnel storage method 
for sweet potatoes in Korea 
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tunnel was relatively stable, and the tunnel itself can be used almost per
manently. But of course it can be made only on suitable terrain.
 

The above four methods are the most commonly used ones for storing sweet
 

potatoes during winter in Korea.
 

MARKETING SWEET POTATOES IN KOREA
 

Marketing of sweet potatoes in Korea goes on from August, the time of
 
early harvesting, to June of the following year. Sweet potatoes are sold for
 
two main purposes: for food and for industrial use. As shown in Table 3, the
 

percentages of sweet potatoes used for food, industry, and seeds over the
 
last five years were 50%, 38%, and 3% of total production respectively.
 

Table 3. Demand for sweet potatoes for different uses in Korea
 

Year Manufacturing% of Foods%of 
Seeds% of 

Total 

amount 
_____-total__ 

totalnt % of total 
amounamount total (1000 t) 

1976 604 34 1,121 63 58 3 1,783 

1977 619 39 886 57 55 4 1,560 

1978 598 37 974 60 55 3 1,627 

1979 543 39 798 58 46 3 1,387 

1980 580 42 761 55 46 3 1,387 

Average 589 38 908 59 52 3 1,549 

Source: The Korean Ministry of Agriculture and Fisheries Statistics,
 
1980
 

In the case of sweet potatoes planted for industrial uses, of course, the 
whole crop is sold to the manufacturing factory. When the crop is planted 
for food only the amount which remains after farmhouse consumption comes onto 
the market. The percentage of sweet potatoes grown for industry rose from 
29% in 1970 to 64.9% in 1975, while the amount consumed per city household 
has declined. As shown in Figure 5, the marketing channel for sweet potatoes 
grown for food is: producer - local collector - commission wholesale dealer 
retail dealer -* consumer. But there are three kinds of channel for sweet 
potatoes intended for industrial purposes: 

Fresh sweet potatoes 

EE Local collector Commission Retail dealer 

wholesaler 

Dehydrated sweet potatoes 

Ag c ooerte a~nufacturilng factary [ Consumer 

Figure 5. Marketing channels of fresh and dehydrated
 
sweet potatoes in Korea (NACF 1979)
 



410 SWEET POTATO
 

1)producer agricultural cooperatives - manufacturing factory;
 
2) producer manufacturing factory;
 
3) producer - local collector - manufacturing factory
 

All dehydrated potatoes take the first channel. 
 The amount of sweet
 
potatoes which agricultural cooperatives purchased in 1970 was only 3"13,000
 
tons, 14.7% of total production, but in 1978 it was 495,000 tons or 30% of
 
total production (Table 4). The amount purchased by agricultural cooperatives

had greatly increased since 1976. 
 In that year for the first time the amount
 
of dehydrated sweet potatoes purchased by agricultural cooperatives was
 
greater than the amount of fresh ones. 
 This is because producers can get more
 
profit by selling their sweet potatoes in dehydrated form, whereas the manu
facturing factory can more efficiently store dehydrated sweet potato than
 
fresh roots. Dehydrated sweet potatoes can also be more easily handled in
 
bulk than fresh ones. The purchase price offered by the agricultural coopera
tives (Table 5) has been increased 453% and 556% from 1970 to 1978 for fresh
 
and dehydrated sweet potatoes respectively. The purchase price per ton of
 
fresh and dehydrated sweet potatoes in 1978 was US$52.5 and US$277, respec
tively.
 

Table 4. The amounts of sweet potatoes purchased by agricultural co
operatives in Korea from 1970-1978 (NACF 1979)
 

Amounts purchased by A/B

Year Productions agricultural cooperatives


(A) fresh dehydrate," total (B) (%) 
----------------- 1,000 t----------------

1970 2,136 167.7 145.3 313.0 
 14.7
 

1974 1,450 131.9 144.1 276.0 19.0
 

1975 1,953 224.2 95.9 320.1 16.4
 

1976 1,783 217.4 313.8 531.2 29.8
 

1977 1,560 130.0 435.5 565.5 36.3
 

1978 1,627 64.4 431.0 495.4 
 30.4
 

The amounts of dehydrated sweet potatoes were converted into fresh
 
weight
 

Table 5. 	The purchase price paid by agricultural cooperatives for
 
sweet potatoes in Korea between 1970 and 1978 (NACF 1979)
 

Fresh 1st grae Dehydrated 1st grade)
 
Year price index price index
 

A~t% US$/t%
 
1970 11.6 100 49.8 
 100
 

1974 27.7 
 239 127.4 256
 

1975 36.3 313 
 175.4 352
 

1976 42.6 367 205.9 413
 

1977 49.8 429 
 240.8 484
 

1978 52.5 453 277.0 556
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UTILIZATION
 

In the home, in general, sweet potatoes are steamed as food, but con
siderable quantities are fried or baked. Sweet potatoes, with a minimum of
 
preparation, can also be made into delicious and nutritious foods such as
 
hot cakes, gruel, noodles, candy, or they can be sweet-fried. All these are
 
valuable subsidiary foods.
 

Starch production figures from sweet potatoes over the last five years
 
are shown in Table 5. As shown, 21,600 tons of starch has been produced
 
from 123,400 tons of sweet potatoes annually on the average. In 1978, 78%
 
of the total starch produced from sweet potatoes was used for various kinds
 
of noodles.
 

Starch can be mixed with wheat flour to make noodles, which will cut down
 
flour consumption. The remaining 32% of starch production in 1978 was used
 
for chemicals, medicines, and so on. Even more sweet potatoes are used for
 
alcohol production. Alcohol production figures from sweet potatoes in 1978
 
are given in Table 6.
 

In total, 79% of the sweet potatoes grown for industrial purposes are
 
used for alcohol production and the remaining 21% for starch.
 

Table 6. The amounts of sweet potatoes used for starch and alcohol
 
production, and amounts of starch and alcohol produced in 
Korea (1976-1980) 

Raw materials Production
 
Year (1000 t) for alcohol starch
 

alcohol starch total (D/M) (1000 t)
 

1976 472 132 604 605 23.6
 

1977 517 102 619 653 18.3
 

1978 462 136 598 650 24.3
 

1979 426 117 543 - 17.4 

1980 450 130 580 - 24.4 

Average 465.4 123.4 588.8 636 21.6
 

() (79) (21) (100) 

Sources: The Korean Ministry of Agriculture and Fisheries Statis
tics, 1980 and Korean Alcohol Association, 1979
 

LITERATURE CITED
 

Cho, J. Y. 1978. Sweet potato. i) Upland Crops (3rd ed). Suweon, Republic
 
of Korea. 3 76pp.
 

Chung, S. K. 1976. Storage of sweet potato. li,Sweet potato cultivation.
 
Office of Rural Development, Suweon, Republic of Korea. 76pp.
 

National Agricultural Cooperative Federation (NACF). 1979. A handbook of
 
agricultural products. Suweon, Republic of Korea.
 

Tikasi, S. 1942. A research on sweet potato storage. Agric. Res. Bull. of
 
Chosun (Korean) Government-general 14(2):71-114.
 



412 SWEET POTATO
 

A snack prepared from sweet potato roots.
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PRODUCTION
 

In recent years, sweet potato production has been declining in Taiwan.
 
Peak hectareage (246,000 ha) was reached in 1964, and peak production (3.72
 
million tons)was recorded in 1967. Since then, both hectareage and produc
tion have declined, reaching only 74,000 and 1.22 million tons respectively
 
in 1979 (PDAF 1980a). Total production decreased to only about one-third of
 
the peak level when hectareage declined to 74,000 ha. This situation is
 
especially surprising when seen against the dramatic upsurge in output of
 
other f.rm products.
 

Many factors have contributed to the decline in the production of sweet
 
potatoes in Taiwan. Two factors have predominated in bringing about this
 
decline. Firstly, as the standard of living has risen in Taiwan people have
 
tended to eat more rice at the expense of sweet potato. Secondly, hogfeed
 
based on corn rather than on sweet potato has been adopted by the large-scale
 
hog-raising industry that has developed over the past few years. Shrinking
 
market demands have made the production of sweet potato relatively unprofit
able compared with other crops in terms of both prices and returns.
 

A third and less important factor is the improvement of irrigation
 
facilities, which has encouraged farmers to plant more rice, especially in
 
the upland areas which were previously planted largely to sweet potato.
 

Sweet potato, however, is still by far the most important starchy root
 
crop in Taiwan, accounting for about 4% of the total value of crops produced
 
in 1979 (PDAF 1980a).
 

CONSUMPTION
 

Sweet potatoes are cultivated in Taiwan for three distinct uses: as
 
human food, animal feed, and industrial raw material. According to the esti
mates made in the food balance sheet of Taiwan, these markets accounted for
 
84,000 tons, 771,000 tons and 245,000 tons respectively of the total 1.22
 
million tons harvested in 1979 with the balance of 125,000 tons disappearing
 
as waste and seeds (CAPD 1979).
 

In the period 1940-44, the average annual per capita consumption of
 
sweet potato was 91 kg. By 1979, the average consumption had decreased to
 
only 4.8 kg per person per year (JCRR 1975 and CAPD 1979). Sweet potato is
 
now considered to be an inferior food by the majority of people in Taiwan.
 

Customarily, fresh sweet potatoes for human consumption are mixed with
 
white rice. They are also occasionally served deep-fried or peddled in the
 
streets charcoal-baked. These forms, however, account for only an insigni
ficant market share. Despite the overall decline of the industry, there have
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Table 1. Disposal of sweet potato produced in Taiwan
 
Total For use as PercentaTe. r o . 

Year production animal inanu- waste and animal manu- waste and fo 
feed facture seed food feed facture seed 

----------------1ODD t ------------------
1935-39 1624 585 162 228 
 650 36 10 14 
 40
 
1940-44 1539 544 154 226 
 616 35 10 14 
 40
 
1945 1165 402 117 
 181 466 10
34 16 
 40
 
1950 2201 989 330 332 
 550 45 15 15 
 25
 
1955 2437 1101 366 362 609 45 15
15 25
 
1960 2979 1376 447 
 411 745 15
46 14 25
 
1965 3331 1610 470 
 426 626 14
48 13 19
 
1970 3441 2143 68' 
 345 2G£ 62 20 
 10 8
 
1975 2403 1513 480 245 
 164 63 20 10 7
 
1979 1225 771 245 
 125 84 63 20 
 10 7
 

Source: JCRR 1975; CAPD 1980
 

been 
some recent signs that sweet potato may be gaining in popularity again
 
as a dessert or snack food.
 

As an animal feed, 
sweet potato is consumed by livestock either raw or

in dried chips. Because of its bulk and susceptibility to decay, it tends to
 
be given raw only to animals in the producing areas, very soon after harvest.
 
The dried chip 
form can be much more easily stored or transported. In the
 
past, both forms would be cooked before being fed to livestock: this is less
 
often done nowadays, to save labor and fuel.
 

Sweet potatoes are used for industrial purposes mainly for the potato

starch and alcohol they contain. If the end use of these components is human
 
consumption, however, they are counted as 
human foods in the food balance
 
sheet.
 

Sweet potatoes intended for table use and those destined for feed or

industrial processing are distinctly different commodities. Those for table
 
use must have acceptable flavor, taste and nutrition. 
 These qualities are
 
unnecessary of 
course in those varieties selected as 
feeds and raw materials.
 

MARKETING
 

A recent survey indicated that almost two-thirds of sweet potatoes

harvested by farmers flows 
 through marketing channels and the remaining one
third is used up on 
the farms by the farmers themselves (F1su 1979).
 

In recent years, smallscale hog-raising, which used to be the mainstay

of Taiwan's hog industry and which used to consume most of the home-grown

sweet potatoes, 
has rapidly given way to very large scale commercial opera
tions. This tendency has resulted in an 
increase in the percentage of the
 
crop used industrially, because fewer and fewer growers 
use sweet potatoes

grown o~l 
 their farms to feed their own hogs. Instead, they sell the potatoes

to other hog-raising farmers in the community, 
or even ship them to other
 
localities. Even as 
recently as 1966, when hog-raising using home grown

sweet potato was still very popular, the percentage of sweet potatoes market
ed was as low as 30%.
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,rocessing factories, shippers (traders who buy and distribute potatoes
 
from small producers), county buyers, wholesalers, retailers and exporters
 
all participate in marketing activities of sweet peiato. The market shares
 
of the various channels and agencies are presented in Figure 1 and Table 2.
 

The most important outlet for the potato growers to select when selling
 
their produce is the shippers who are taking up 61% of the produce directly
 
sold by the potato farmers. The next most important outlets are the processing
 
factories which absorb about 25% of the potatoes marketed from the farm.
 
These factories collect sweet potatoes either directly, by sending their own
 
employees, or indirectly through commission agents. Other farmers make up
 
the third most important purchasing group, and buy the potatoes mostly for
 
feeding animals. These three major outlets absorb 97% of the produce direct
ly sold by the farmer.
 

Of the sweet potatoes bought by the shipper, about 70% are resold to
 

Figure 1.Marketing channels of sweet potatoes
 

Table 2. Distribution of sweet potatoes marketed off-farm in percent (1976) 

Farmer Shipper Wholesaler Retailer Exporter Total
 

Processing factory 25.3 10.5 35.8
 

Shipper 60.9 60.9
 

Wholesaler 1.0 2.1 3.1 

Retailer 0.6 4.2 2.8 7.6 

Consumer 0.9 0.1 0.2 7.6 8.8 

Other fariRers 11.2 44.0 55.3 

Exporter 0.1 0.1 

Export 0.1 . 1 

Total 100.0 61.0 3.0 7.6 0.1 

Source: Hsu 1979 
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other farmers mainly for feeding animals, and about 171 are delivered to processing factories 
to be used as raw materials. The wholesaler accounts 
for
only 3 of the total market flow while the retailer accounts for about 8''of
the total. 
 Channels other than those mentioned above are comparatively minor
 
in terms of handling this commodity.
 

Sweet potato business is not usually transacted at the terminal wholesale market for fruits and vegetables in Taiwan. However, the volume of this
product bought and sold in Taipei 
terminal market has increased quite appreciably. The transaction record for the past four years shows that 1274 tons
changed hands in 1977, 
1150 tons in 1978, 1472 tons in 1979 and 2023 tons 
in
 
1980.
 

COST AND MARGINS
 

The cost and margins involved in marketing sweet potatoes in Taiwan are
presented in detail 
in Table 3. From this table, it is clear that in 1976

the cost of marketing 100 kg 
 of sv.eet potato was NTSl64, or 43" of the retail price. Even after the bulk of the crop and its 
perishable nature are
taken into account, sweet potato still 
seems to offer a fair return to the
 
grower.
 

By far the most important cost 
item is the gross margins at both wholesale and retail levels which together account for about 66"' of the total
marketing bill. 
 Although many people make the mistake of equating gross
margins with profits, these margins in fact ii.clude all 
paid and imputed
costs of the dealer, such as 
wages, risk premiums, interest or returns 
on
capital, depreciation and taxes, 
in addition to 
net profit in the original
 
sense.
 

Table 3. Marketing costs of fresh sweet po' to by function (1976)
 

Fun tio ....... ... Am 
urnt-. ..... . -Percentage~
T$/LookiCFun c t ion A -- ------- Pe____----

Farm Price 216.67 

iransportation 13.62 8.33 
Packing 6.81 4.17 
'holi,,le marginse 31.73 19.40 
Loss ind shrinkage 5.18 3.17 
Suh-total (1) 
 57.34 
 35.07
 

W4holesale price 
 274.01
 

Transportation 
 9.64 
 5.90
 
Packing 10.94 
 6.69
 
Retail margin 
 75.73 
 46.31
 

Loss and shrinkage 9.87 
 6.03
 
Sub-total (2) 
 106.18 
 64.93
 

Retail price 
 380.19
 

Total r areting costs 
= (1)+ (2) 163.52 100.00 
Farmer's share of retail 
price (farm price : retail price) 57.00
 

"Appro/imate conversion rate in 1976 was IUS$ = NTS38Source: '!gu l 7> 
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Second in importance among the marketing cost items is the cost of
 
transportation needed for moving the commodity from the farmyard to the re
tail market. This accounts for 23% of the total marketing bill of this pro
duct. Packing expenses come third to account for 18% of the total. Other
 
cost items are relatively unimportant.
 

In 1966, the farmer's share of the retail price of fresh sweet potato
 
was 56% (Chen 1972). This can be seen as the farmer's share of the con
sumer's dollar. There has been practically no change in the farmer's share
 
of the consumer's dollar for this commodity during the past decade. But
 
gross margins of the wholesaler and retailer have increased a great deal
 
during this period, resulting in a significant change in the structure of the
 
marketing costs of this conodity. This tendency suggests that whatever
 
savings in costs have been made for the physical distribution of this pro
duct, such as transportation and packing expenses, are offset by the increase
 
in the gross margins.
 

PRICES
 

Farm prices of fresh sweet potatoes in Taiwan for the past 15 years are
 
presented in Table 4. From data in this table, it can be seen that the farm
 
price of fresh sweet potatoes was NT$O.89/kg in 1965. In November 1980,
 
the price had risen to NTS2.70/kg, a net increase of about 200% in 15 years.
 

Table 4.Market price of sweet potato and rice,
 

Year 
Farm price of sweet 
potato (NTS/kg)lY 

Farm price of 
paddy (NT$/kg)1 

Index of 
price ratio 

(_) __2 (1): (2) 

1965 0.89 4.13 100 

1966 0.82 4.15 92 

1967 0.91 4.39 96 

1968 0.90 4.63 90 

1969 0.80 4.53 82 

1970 0.90 4.72 88 

1971 0.78 4.65 78 

1972 0.77 4.93 72 

1973 1.14 5.69 93 

1974 1.71 10.20 78 
1975 1.40 11.80 59 

1976 1.76 10.62 77 

1977 1.82 (2.63)X 8.90 95 

1978 1.88 (3.42)X 9.08 96 

1979 2.27 (4.33)x 10.98 96 

1980 (Nov) 2.70 (4.5) x 14.24 88 

"All data from PDAF 1980b except those figures with x superscript
 
which were taken from TFVM (1978-80)
UApproximate conversion rate in 1980 was 
IUSS NTS36
 
Average annual price of fresh sweet potatoes transacted at the
 
Taipei Fruit and Vegetables Wholesale Market
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Over the same period, the Taiwan economy has experienced rapid and
steady inflation. 
 The growth rates of prices of competing crops are in some
 
cases higher than that of sweet potato. This makes the price of sweet
 
potatoes relatively unattractive to the farmers compared to other farm products which the farmer can grow more profitably. The farm price of paddy,

for instance, rose by 245? in the same period, leaving the price of sweet
 
potato lagging far behind. 
 The indices of the price ratio between sweet
 
potato and paddy over the past 15 years, using 1965 as 
the base period, were
all below 100 and 
in more than half of the years were even below 90. This
 
means that compared to 1965, sweet potato growing now has become less pro
fitable than rice qrowing if prices alone 
are taken into account.
 

Sweet potatoes bought and sold in the terminal markets of the consuming
areas 
are for table use only and therefore fetch much higher prices. Figures

in parentheses 
in Table 4 show the annual average wholesale price of fresh 
sweet potatoes bought and sold at Taipei terminal markets. The price in this
market is 70-90' higher than those market in the producing areas. Even
allowing for transportation costs, which is about NTSO.50/kg at present,

dealers put the price up for 
sweet potatoes sold for table use.
 

PROSPECTS
 

As far as total production is concerned, Taiwan's sweet potato industry

has row 
lost most of its past glory. This does not necessarily imply, how
cver, that the future is hopeless. The crop could still 
be economically

valuable if adequate steps were taken to 
improve production and marketing.
 

First of all, it is necessary to distinguish clearly between sweet 
potatoes for 
table use and those for animal feed. They are absolutely different coimnodities. Improvement measures must be tailored to reflect the
market characteristics of 
sweet potatoes for these different uses.
 

Since ready-mixed feed is the most common type fed to the animals inmodern hog-raising, it is extremely important to develop technology which

will include sweet potato as a major ingredient in a balance hog ration. Only
when sweet potatoes are used in large quantities by the feed-mixing industry

can the market for this product be sustained and grow.
 

As regards sweet potatoes for table use, it is necessary to make the
consuming public recognize its nutritional and 
 market value. It is absolute
ly necessary to create an entirely new market image of the sweet potato forhuman consumption. Only when consumers become aware of the fact that the
 
sweet potatoes they are eating are completely different varieties from 
 the ones the hogs are eating will they feel attracted to sweet potatoes for home
 
consumption.
 

The existing marketing channels for sweet potatoes were established 
primarily to accomodate the flow of this product for feed use. As such, theyare far from appropriate for marketing sweet potatoes for table use. It
therefore necessary to develop 

is 
new marketing channels and new handling techniques specifically designed to accommodate the market flow of this commodity

for consumption in the house. 

If all this is done, it may be reasonably expected that the domesticmarket of sweet potato will expand and grow far beyond the present level. 
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Delegates to the First International Symposium on Sweet Potato visit a sweet
 
potato candy factory in Taiwan.
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INTRODUCTION
 

The postharvest physiology and pathology of sweet potato presents many

problems. These problems vary somewhat, however, between temperate and
 
tropical regions. In temperate regions, chilling injuries may be important,

since sweet potato is a tropical plant and sensitive to chilling (Lyons 1973;
 
Uritani 1978b). When stored in a range of chilled temperatures lower than
 
about 80C, sweet potato roots normally suffer from physiological deteriora
tion, and then from softrot, the pathogen which is some kind of rather
 
saprophytic fungus, such as iRihlowtu- stoloniJfr, (Fries) Lind (Shichi and 
Uritani 1956). Farmers in Japan store roots at a temperature range of 10-.
 
150C in the winter season.
 

In tropical and subtropical zones, however, the most serious problems

with sweet potato after harvest involve sprouting, a decrease in the content
 
of carbohydrates (such as starch) and damage from fungal infection and 
insect infestation, leading to a lowering of value as food and feed. It is
 
normally difficult to store roots at 10-15oC in tropical or subtropical
 
regions.
 

This paper deals mostly with the mechanical wounding of sweet potato

roots during and after harvest, with wound healing, and with subsequent

deterioration following microbial infection, since these are common to both
 
regions.
 

WOUNDING AND BIOLOGICAL REACTIONS
 

The factors causing injury can be divided into four categories:

physical (including weather), chemical, biological, and physiological.
 

Root crops can normally be stored in a fresh condition for a long

period compared with, say leaf crops. But root crops respond to mechanical 
injury strongly and show vigorous biological reactions which finally lead 
to wound healing. In cases where the healing is not complete, they are 
often attacked by various kinds of microorganism both pathogenic and non
pathogenic. Thus, mechanical injury is often accompanied by infection.
 
Biological reactions to either mechanical injury or infection often cause
 
changes in food and feed quality.
 

MECHANICAL INJURY
 

When sweet potato roots are harvested either by hand or by machine,
 
they often suffer mechanical injury. This can occur aL anytime in the
 
course of storage, transport, packing and boxing. When mechanical injury is
 

I.-' 
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visible to the naked eye, the market value is lowered. On the other hand,
 
some mechanical injury is not visible but will also lower the quality sooner
 
or later by the gradual appearance of biological changes.
 

Wound respiration
 

As with many tuberous roots, tubers and bulbs of root crops, respira
tion is enhanced in sweet potato roots in response to mechanical injury 
(Figure 1), and the roots become more sensitive to cyanide. Respiration in
creases two-fold after about 20 hours with a lag of several hours. Such 
increased respiration is called wound respiration (Uritani and Asahi 1980). 

Time after injurybycuttingor infection with 

450 Figure 1. Increase in respiration of sweet potato root 
. 400 tissue in response tc mechanical injury or C,,rio,.otu tiu; 

I thick; , , infection. Tissue slices (about 3cm in 
ness) of sweet potato (cv Norin I) roots were incubated 

300 
_2tissue 

at 300C after incubation with or without the fungus.
Thin (0.5 x 10 mm) slices were taken from the inner(1-2 m thick) adjacent to the cut surface, and 

200 -. from the noninfected tissue (1-2 mm thick) adjacent to 
the infected region, in both cases of mechanical injury 
and infection, respectively. The respiratory rate was 

"100 
. 

50-...
0 0 20 30 40 50 

measured by Warburg manometry, in the presence or ab
sence of 10- 3 M cyanide. *---e , o---o , A--A 
and A---iA : mechanically injured tissues with and
without cyanide, respectively. 

parasite(hrs) 

Generally speaking, the respiratory rate is controlled by the concentra
tion of the initial substrate, the concentration of ADP related to oxidative 
phosphorylation, and the mass of the activity of the respiratory enzyme 
system. 

The major initial substrates of respiration in sweet potato roots are 
starch and sucrose, and the minor ones are glucose and fructose. 

In res,-pole to mechanical injury, monosaccha ride derivatives such as 
glucose 6-phosphate seei to be used initially as the substrate, next comes 
sucrose, and then starch. Investigations so far indicate that it is not 
likely that the initial substrate is the limiting factor for wound respira
tion. In response to mechanical injury, acid invertase is formed !r, o, 
with a lag of several hours, and this activity reaches a peak at about 18 
hr and then decreases. As shown in Figure 2, the activity is controlled 
by both the intrinsic enzyme and the proteinacious inhibitor. The amount of 
sucrose is decreased to a certain extent following the increase in the
 
activity of acid invertase (Iatsushita and Uritani 1974). It may be that
 
soon after mechanical injury, sucrose is decomposed to glucose and fructose 
by increased activity of acid invertase, thus they are utilized as the
 
substrate. 

Finally, starch is decomposed to glucose with a lag of about 12 hr and 
this provides the substrate for wound respiration. The activity of both ,
amylase and >-d-nmylase is increased, but not to so marked an extent. We be
lieve that the accessibility of those enzymes to starch granules in amylo
plasts way be further strengthened by the change in amyloplast mn:brane in 
response to mechanical injury. As a result, reducing sugars such as glucose 
are increased (Kato and Uritani 1976). 
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Z100 2 
*E 

-- cn Figure 2. Changes in activities of apparent, 

% intrinsic acid invertase, and the inhibitor 

50 -
in tissue slices (3amm thick) of sweet potato 
(cv Norin 1) roots in the course of incuba

•0 iO tion at 300C. G---G , O- , and 

E 
* 

< %%---e :<activities of apparent, intrinsic 
0 acid invertase, and the inhibitor, respec

tively. 
0 0 m 

0 9 18 27 36 

Time (hr)
 

Decrease in starch and increase in reducing sugars in mechanically
 
injured roots affects the quality of sweet potato as food and feed.
 

Regarding the concentration of ADP, adenine nucleotides including ATP,
 
ADP and AMP are increased in the roots 3 hr after mechanical injury, and ADP
 
itself is increased a little later. The increase in ADP may be due to the
 
active operation of various ATP-utilizing events such as protein biosynthesis,
 
and to the synthesis of adenine nucleotides (Takamura and Uritani 1973).
 

Regarding the mass of activities of the respiratory enzyme system, we
 
have some evidence for increased activity of some enzymes in the glycolytic
 
pathway and the pentose phosphate pathway. They are acid invertase, glucose

6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase. The later
 
stage of the respiratory enzyme system is localized in mitochondria. The
 
oxidative activity of mitochondria is stimulated in mechanically injured
 
roots, when succinate and c-ketoglutarate are used as TCA-cycle inter
mediates. Furthermore, cytochrome c oxidase and succinate dehydrogenase,
 
which are the enzymes bound to mitochondrial membranes, are synthesized dc
 
nooo, preceding the increase in wound respiration (Maeshima and Asahi 1979).
 

Changes in enzyme activities reflect those in protein turnover (Uritani
 
1976). This means that individual concentrations of the intermediates and
 
coenzymes, including vitamins, in the respiratory enzyme system are changed
 
and the compositions of amino acids in the protein and amino acid pool 
are
 
vigorously changed in mechanically injured roots. This leads to changes in
 
taste and nutrition quality of sweet potato as food and feed. In fact,
 
total ascorbic acid is increased during the increase of wound respiration,
 
although the ratio of the oxidized type to the reduced type is higher in
 
mechanically injured roots.
 

Polyphenol production
 

In response to mechanical injury, chlorogenic acid and isochlorogenic
 
acid are produced in the roots after mechanical injury after about 12 hr
 
(Uritani 1978a). Caffeic acid and its methyl ester are also produced
 
though in lesser quantities. Production is highest in tissue very closely
 
adjacent to the cut surface and gradually lessens in tissue inwards from
 
the cut surface (Figure 3).
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Figure 3. Production of abnormal secondary metabolites in
 
different disc layers of tissue slices of sweet potato
 
roots in response to mechanical injury or Ceratocyati.P
f'imbriataz infection. Tissue slices (about 3mmin thick
ness) of sweet potato (cv Norin 1) roots were incubated
 
at 300C after inoculation with and without the fungus,

and were called "infected" tissue and "wounded" tissue,

respectively. At appropriate periods slices were cut
 
into discs (0.5 mm or 1.0 mm thick) starting from the cut
 
surface and proceeding inwards, and different disc layers
 
were analyzed for the three kinds of compound. (A)Poly
phenol, mg (expressed as chlorogenic acid) per 15 discs
 
(10 mm indiameterand I mim thick). (B)Furanoterpene, mg
(expressed as ipomeamarone) per 15 discs (10 mm in dia
meter and 0.5 mm thick). (C)Umbelliferone, g per 10 
discs (10 mmiin diameter and I mmithick). I shows the 
periods when more than 50" of the discs were infected. 
Numbers 1 to 5 indicate the disc layers (0.5 mnlor 1.0
 
mi) from the surface inward to the inner tissue 

RI and enzymatic experiments have shown that the shikimate pathway and 
phyenylpropanoid pathway are involved in polyphenol production in response
to mechanical injury in sweet potato roots, as also in some other plants. 

In response to mechanical injury, some enzymes pertaining to the shiki
mate pathway are formed, and phenylalanine aimmonia-lyase (PAL) and trans
cinnamic acid 4-hydroxylase are synthesized a little later (Tanaka .3t aZ 
1974). A combination of RI experimentation with immunochemical techniques
has indicated that PAL is synthesized 7, vm-,perhaps through active opera
tion of the masked DNA part by some plant hormone such as indoleacetic acid 
(Tanaka and Uritani 1977a, 1977b).
 

Peroxidase and polyphenol oxidase isozymes are synthesized dc zo'o with 
lags of about 12 hr and 24 hr, respectively (Uritani 1976). Some of the 
former isozymes *articipate in the lignin layer formation, as described 
below. The latter isozymes are related to the browning reaction. In the 
intact tissue of mechanically injured roots, the isozymes are separated from 
polyphenols by the cellular membrane system. When such a tissue is homo
genized or again injured, the browning reaction occurs, because polyphenol
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oxidase isozymes freely oxidize polyphenols to ortho -uinone, which isthen
 
combined with amino acids and proteins, producing tlw. brown pigments. Thus,
 
sweet potato roots suffering partial mechanical injury also suffer lowered
 
food quality.
 

Wound layer formation
 

Wound respiration and polyphenol production are related to wound layer
 
formation. In the case of sweet potato roots, the wound layer is composed
 
of a lignin layer and a cork layer. Lignin is formed by the polymerized
 
oxidation of the reduced type of phenylpropanoids with a lag of about 24 hr,
 
perhaps by some specific peroxidase isozymes, called component H1 and H2
 
(Matsuno and Uritani 1972; Uritani et aZ 1975). Thereafter, the cork layer
 
is formed immediately beneath the lignin layer. When humidity is high, a
 
callus layer is also formed.
 

One treatment for such injury is to store the roots after harvest in a
 
room at 30-350C and 85-90% relative humidity for three to four days. This
 
treatment is called curing. The wound layer formation is effective in pro
tecting the roots from the attack of microorganisms and in minimizing the
 
loss of water and nutritious components.
 

INFECTION
 

When mechanically injured, the injured parts of sweet potato roots are
 
sometimes attacked by various kinds of microorganism, preceding the com
pletion of wound layer formation. Soon after the infection of the injured
 
parts, respiration and polyphenol Production in adjacent non-infected tissue
 
increase sharply (Figure 1 and 3) (Asahi et al 1979), and ethylene is rapid
ly produced. Furthermore, coumarins and furanoterpenes are produced in the
 
infected region (Figure 3) (Uritani 1976, 1978a). Furanoterpenes are fungi
toxic and belong to the phytoalexins (MUller and Bbrger 1940). The main com
ponent of furanoterpenes is called ipomeamarone (Hiura 1941; Kubota and
 
Matsuura 1953), and now about ten components have been characterized by Burka
 
et ol (1977) and Uritani (1978a). Both coumarins and furanoterpenes are
 
toxic to pathogens, and normally protect the root tissue from the penetration
 
of pathogenic microorganisms. Those components are produced in relatively

large amounts in parallel with the penetration of pathogenic microorganisms

such as Ccrctocuctiw t*P7 '.riata (Ell .-!t Halst) Elliot (Uritani 1971), Fusarium 
oxyopoien f battatiia (Wollenweber) Snyder et Hansen (Burka et aZ 1977), and 
Bctryodti1c1.!oia theoL,'voma (Arinze and Smith 1978). 

When mechanically injured, sweet potato roots acquire the potential 
to
 
produce coumarins and furanoterpenes rapidly and largely in response to the
 
infection, although they are only barely present 
- or are r4uite absent - in
 
uninjured roots. In response to mechanical injury, some parts of the bio
synthetic pathway of furanoterpene production are induced, and the subsequent

infection completes the pathway, leading to the biosynthesis of this com
pound (Figure 4) (Uritani 1971, 1978a; Uritani and Asahi 1980; Uritani et al
 
1981). Ethylene may take part in the above events, even if it only plays a
 
small role.
 

When considered from the food science viewpoint, the production of those
 
stress compounds including furanoterpenes, coumarins and polyphenols is un
desirable. They are all more or 
less toxic, and harm the taste, especially
 
furanoterpenes which are extremely bitter.
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Figure 4. Pathway for the biosynthesis of furanoterpenes in sweet
 
potato roots in resonse to infectious injury
 

CONCLUSION
 

The problems of postharvest storage and handling of sweet potato roots
 
differ between temperate regions and tropical or subtropical regions. It is
 
important to harvest sweet potato roots without causing injury and to store
 
and to handle them without doing them either visible or invisible harm.
 

It would be an important advance to devise methods of harvest and post
harvest storage and handling which avoid mechanical injury. Further, it
 
might be a worthwhile aim to try to breed sweet potato varieties with
 
epidermal cells which are tough enough to resist injury.
 

It may be easy to cure sweet potato roots before hauling or storage, in
 
tropical or subtropical regions, because of the relatively high-temperature
 
climate. Should sweet potato roots become more highly appreciated as food
 
by people in tropical or subtropical regions, as they are in some temperate
 
zone countries such as the USA and Japan, it would be worthwhile to carry
 
out curing in these regions.
 

It is not easy in tropical or subtropical regions to store sweet potato
 
roots at about 10-20C, as they are in the temperate regions. We should
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devise ways of storing the roots without high carbohydrate consumption and
 
sprouting even at 250r or higher. One approach may be to test storage in
 
precisely controlled atmospheres using plastic packing.
 

Sweet potato may have defense mechanisms to microbial infection other
 
than the stress compound production described above. These may involve the
 
recognition of microorganisms as 'non-self' by some lectin(s) insweet
 
potato (Uritani and Kojima 1979). The role of these lectin(s) inthe
 
defense against microbial infection should be further explored.
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INTRODUCTION
 

Solar drying of crops and some food products has been prdcticed through
 
the ages in various parts of the world. An economical means of converting a
 
harvested product to its dried state with a reasonable shelf life, solar dry
ing has the advantage of using a source of free and non-polluting energy for
 
drying with minimal investment in equipment. Its drawbacks are that the
 
energy input and product quality can seldom be controlled. Also, the crop
 
or food being dried is easily contaminated by dust and insects. As a result,
 
the quality of solar dried food, except grains, is often considered inferior
 
to that of other dried foods.
 

Solar dehydration - a process combining drying and temperature control,
 
air flow regulation, and other technical innovations - is emerging as a step
 
towards improving the quality of sun-dried products and increasing the
 
efficiency of the solar drying process. The potential of solar dehydration
 
technology to reduce or eliminate many of the problems encountered in sun
drying, such as lack of hygiene, inefficient energy utilization, localized
 
heating and inferior product quality, has only recently been recognized.
 

For centuries, the sweet potato was an important food plant in different
 
parts of the world: notably in tropical America, the tropical Pacific and
 
northern New Zealand. Spanish explorers in the early 16th century carried
 
the plant in both the easterly and westerly directions and disseminated it
 
to Europe, Africa, southeast Asia, North America and the East Indies.
 

Sweet potatoes are usually boiled, baked, roasted or fried for home 
consLmption. Only since the early 1900s was sweet potato processed into 
dehydrated form (Amimerman and Edmond, 1971). In the United States, peak
production of dehydrated sweet potato was reached in the Second World War 
with 25 million kg in 1944. Precooked dehydrated sweet potato flakes were
 
manufactured with the following steps: raw material storage, washing, pre
heating, peeling, trimming, slicing, blanching, pureeing, drying, grinding,
 
and packaging. While sweet potatoes are also marketed in canned and frozen
 
form, it is quite likely that drying will reemerge as being more cost
effective than canning and freezing, especially because of the energy problem.
 

A survey of recent literature shows that very few processed sweet potato
 
products are produced in other parts of the world. In the Philippines, sweet
 
potato and aroids are grown and consumed as food quite extensively (Villa
nueva 1979. Processed products from sweet potato are very limited, which 
is due proha~ly to a limited market, varied quality, inconsistent supply and 
unavailability of suitable processing technology for small scale and large 
scale operations. 

In Papua New Guinea, sweet potato is processed into 'kaukau rice', by
 
roller-crumbling, shredding and hot air drying of the roots (Siki 1979). It
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is cooked and consumed in ways similar to rice. Deep fat fried sweet potato

chips are also experimentally prepared there. 
 Sun dried sweet potato chips
 
are used primarily as pig and poultry feed.
 

In Taiwan, only 25% of the population consume sweet potato regularly

(Calkins 1979), and mainly in boiled form. 
 Starch is made from sweet potato

but it cannot compete with white potato or 
cassava for this purpose. It is
 
also used as an animal feed.
 

Worldwide consumption of sweet potatoes appears to be declining. 
To
 
improve its storage stability and utilization, processing methods should now

be found that are practical and economical in converting the sweet potato

into a quality product. Solar dehydration might be one such method.
 

In a recent study at the University of Hawaii at Manoa, sweet potato was
 one of several under-utilized tropical 
root crops and fruits dried in a com
bined mode solar dehydrator. The objectives of the study were 
to conserve
 
conventional energy, to 
improve the quality and economics of solar dried
 
foods, and to advance solar dehydration technology.
 

EXPERIMENTAL
 

Solar dehydrator - design and construction
 

A combined mode, or mixed mode, solar dehydrator was designed and built.
 
Solar-heated air from a detachable solar collector supplies the thermal
 
energy for drying in the indirect mode. 
 In the direct mode, it functions
 
with solar radiant energy absorbed in the drying chamber. Thus this solar

dehydrator can function in three modes of drying: direct, 
indirect amid com
bined direct and indirect. 
 Figure 1 shows the side view and dimensions of
 
the dryer while Figure 2 shows the cutaway view of the drying chamber.
 

63.5--- 65.9 

A I I7F 

0I 
C\J 

_4 

50. 

---45.7 

Figure 1 Side view of the combined Figure 2. Cutaway view of the drying
mode solar dehydratnr with dimensions chamber of the combined mode solar
in centimeters. A is the dehydrator dehydrator with dimensions incenti
and B the solar collector meters
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The basic materials of construction are plywood and wood. The drying
 
chamber features sliding panels on its four sides providing for selection of
 
different construction materials for drying rate comparison and for different
 
modes of operations. Panels of aluminum screening, aluminum sheeting painted
 
black and clear plastic (acrylic) were used for direct, indirect and combined
 
mod- respectively. The top of the chamber is equipped with a detachable
 
panel similar to the side panels with about a 3 cm wide space on the back
 
side (opposite to the collector entrance) for air movement when the indirect
 
or combined mode is used. Air movement is by natural convection.
 

A duplicate combined mode solar dehydrator was built to allowdirect 
comparisons of different modes of drying operation under the same solar and
 
weather conditions.
 

Solar dehydration of sweet potato
 

Sample preparations: Samples of sweet potato (Hawaii No. 1 Grade) were
 
prepared by washing, boiling, peeling, trimming and slicing into 6 x 80 x 20
 
mm pieces. The slices were dipped in a 2% sodium metabisulfite solution for 
two minutes to minimize discoloration 

Weather conditions, temperature and solar radiation measurements: In
 
solar drying and other solar applications, the most variable and unpredictal
 
ble factor is the weather. A completely clear and sunny day would provide
 
ideal conditions for solar dehydration. More often than not, however, non
ideal conditions prevail. The availability of solar energy in a given loca
tion on a given day could change by the hour.
 

The weather in Hawaii changes less than that in many other parts of the 
world, hut it still changes. The campus of the University of Hawaii, where 
our experiments were conducted, is situated in the Manoa Valley (Honolulu), 
where cloud, rain and sunshine fluctuate. Fortunately, the samples inside 
the dryer were protected from sudden rain because of the design of the 
dehydrator. 

A hygrothermograph was used to monitor ambient air temperature and 
relative humidity (,endix Corp, Baltimore, MD, USA). Temperatures at various 
points of the dryer system were measured with copper-constatan thermocouples 
and recorded on a 12-point potentiometric recorder (Honeywell, Philadelphia, 
PA, USA). On-site direct solar insolation was measured with an Eppley black 
and white pyranometer and recorder (Eppley, Newport, Rhode Island, USA). 

Drying rate measurements: Drying rates of different samples dried in 
different modes of solar dehydration were measured by the gravimetric method. 
A single layer of .weet potato slices was placed on the drying screen which 
resulted in a loading density of 6.4 , 0.4 k9/m 2 . 

Use of dehumidified air in solar deIl jdra tion 

It is generally recognized that lowering the relative humidity of the 
air used in a dryer should help increase the drying rate by allowing a 
larger vapor pressure gradient between the water in the food and the water 
vapor in the air and therefore a larger driving force for vapor transfer. 
This part of the experiment explored the use of dehumidified air in the 
solar dehydrator. 
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Sample preparations: Samples of sweet potato 
(Hawaii No. 1 Grade) were
prepared by washing, blanching in boiling water for 30 minutes and slicing

into 5 x 5 x 30 mm pieces. Blanching is another accepted practice to 
mini
mize darkening of the sweet potato.
 

Drying system with or without deh;'midified air: When the solar dehydrator described above was operating in the combined mode, it served as 
the

control run 
for comparing solar drying rates and determining the benefits of 
using dehumidified air in solar dehydration. 

Modification was 
made to the solar drying system to accomodate compress
ed air being dehumidified in a silica gel column before being admitted tothe solar collector for drying of sweet potato samples. 
 The air was forced

through the silica gel 
column by a 1.5 hp air compressor. Air velocities
in the two drying chambers were measured with 
a hot wire anemometer (Alnor,

Niles, Il, USA).
 

Drying rdte measurements: Solar drying rates of sweet potato samples inthe two systems were measured by the gravimetric method. The loading
density was about 3.5 , 0.3 kg/m 2 .
 

The 'Osmosol' process for dryin 
 sweet potato 

Osmosol process: This 
is a two-step process involving the removal of
water from a food in a concentrated syrup (usually about 60-650 Brix) for 4
to 6 hr; then transferring the food 
to a solar dehydrator to complete the
drying. It is a variation from the 'osmovac' process (Ponting 
. - 1966;Farkas and Laa.r 1969; Noy 1.!977a, 1979) where the second step iscarried out ' .<. Preliminary experiments showed tilethat vacuum dryingstep was not necessary, dnd quality of the osmosol dried samples was quite
good. A schemnatic diagram of the process 
is shown in Figure 3.
 

I'EC E - FORM, Y A N EPRTO 
DRPuTO PAR TIALLY 

CONCENTRATION SYRUP DEHYDRATED 

DRIED COMBINED MODE 
SOLAR DRYING 

Figure 3. A schematic diagram of the osmosol 
process
 

Figure 4. A combined mode solar dehydrator

used in solar drying experiments 
 .
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Osmosol drying experiments- Samples of sweet potato (Hawaii No. 1 Grade)
 
were prepared in the same way s as for the direct, indirect or combined
 
mode solp- drying except that .,e samples were first placed in four osmotic
 
vessels with recirculating 650 Brix syrup for 4 hr. The samples were then
 
removed from the syrup, given a quick rinse of cold water, dipped in a 2'%
 
sodium metabisulfite solution for 2 min, drained and then loaded on screen
 
trays at about 6.0 ± 0.4 kg/m 2 for combined mode solar drying. 

These were exploratory experiments in that drying rates determination
 
was not replicated, and quality was evaluated by an informal taste panel
 
only.
 

RESULTS AND DISCUSSION
 

Performance of the solar dehydrator
 

There are ten helvc_ in the solar drying chamber each measuring 42 x 44 
cm. The total area available for solar dehydration is 1.85 m2. With the 
loading densities used in various experiments, the capacity of the dehydrator 
is 6.5 to 12 kg per load. This was not used in actual experiments because 
it would involve a large amount of material for each experiment and time and 
logistics made this impractical. The experimental results reported here 
represented only partial loading of the solar dehydrator. 

With natural convection, ambient air entered the solar collector and was 
heated twice - in the collector and again in the drying chamber when opera
ting in the combined 'lode. It was quite obvious that the air received more 
heat in the combined mode than in either the direct or indirect mode. Tem
perature measurements in the geometric center of the drying chamber in the 
combined mode on a typical day showed the air heated to 400C at 10 AM, and 
to a max imun of 54C between 12 noon and 1 PM, and then decreased to 440C by 
4 PM. This was in comparison to ambient air temperatures of 290C, 320C, and 
300 C at the same times. Solar insolation varied from day to day and from 
month to month. The highest average was in September, 632 cal/cm 2/day; the 
lowest was in December-January, 320-370 cal/cmz/day. These readings obtained 
during the period of :Iay-September were comparable to those measured in other 
locales in the US such as riami, Florida and Charleston, South Carolina, but 
not as high as those in Albuquerque, New Mexico and El Paso, Texas (Ldf -t a 
1966).
 

Fi.lure 4 shows the combined node solar dehydrator as constructed. The 
mid-plane of the solar collector was a piece of corrugated copper plate 
painted black serving as Lhe solar heat absorber. Other metals such as gal
vanized iron could also be used, but copper has a thermal conductivity two 
to seven times hi gher than other metals commonly available for industrial 
applications. The efficiency of the collector could also be increased by 
adding a triaiiml ar-shaped collector to each side, or by adding fins to the 
copper late. 

A common problem in solar drying is the interruption of drying caused by 
cThud, rain and nightfall. An electrical heater could be installed to supply 
the thermal enerjy needed to continue drying. This is not always practical 
and is not in line with the idea of conserving conventional energy. A good 
substitute for an electrical heater in this situation would be to use biogas 
to augment solar drying, especially by generating biogas from fruit and 
vegetable wastes. 
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Solar dehydration of sweet potato
 

Results of drying 6 mm 
thick cooked sweet potato slices in three modes
 
of solar dehydration are shown in Figure 5. Represented in a composite of
 
2-3 days' drying rate data, the indirect mode of solar dehydration was the
 
least efficient of the three. This was because the thermal energy for dry
ing came mainly from the heated air through the solar collector. The com
bined mode solar dehydrator wa; the most efficient of the three modes. 
 It
 
utilized both direct solar radiant energy in the drying chamber and solar
heated air from the collector to the food samples. The efficiency of the
 
direct mode solar drying was 
between that of the indirect mode and that of
 
the combined mode.
 

These findings agree with earlier solar drying studies of raw taro and
 
ra.q sweet potato slices in terms of the drying rates in the three modes of
 
drying (Moy ut al 1977b, 1980a). The drying rates of raw taro and sweet
 
potato slices were higher than those of cooked sweet potato slices. This
 
was 
due to the changes in the chemical structure of the two forms of the
 
root, uncooked and cooked. 
 The starch in the cooked slices gelatinizes

during cooking, and water has to be removed from a more tightly bound
 
structure.
 

BC
 
. 0 0 Indirect dr' ,g
 

! Direct d- ,g

660 03Combir Imode drying


IEnd of df.iy solor drying
 
E
 
1240
 

Figure 5. Drying rates of 6 mm thick,
 
cooked sweet potato slices in three
Z 20 modes of solar drying at a loading
 
density of 6.4 kg/sq m
 

C" 0 2 4 6 8 10 12 14
 

Drying time, hrs
 

It is logical (but not always compatible with techniques available),

that forms of sweet potato to be dehydrated should have some relationship to
 
the forms people prefer to consume. If served as tabie sweet potato, it
 
should probably be in chunk form. 
While this is available as a canned or

frozen product, it is not practical to dehydrate in this form because of the
 
thickness involved. Another commercial form involves the preparation by

drum drying of sweet potato -Fakes. When rehydrated, this becomes mashed
 
sweet potato. But this form probably has only limited appeal.
 

This leaves the slices, dices or shreds as suitable forms for drying.

The raw slices or shreds can easily be solar dried, and can be ground into
 
a flour. This flour can be still further p,'ocessed ito forms resembling

rice, noodle and macaroni. No work has been done in this area 
except on
 
taro in Papau New Guinea mentioned earlier (Moy -?t aZ 1980b). The potential

of this form of sweet potato product should be explored.
 

The form of solar dried, cooked sweet potato slices prepared in this
 
study can be used 
as a snack and marketed in the same category as dried
 
fruit. Some of the experimental samples were quite acceptable based on an
 
informal taste panel evaluation. The color and texture of the solar dried
 
sweet potato could be further improved to minimize darkening and case harden
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ing. Studies of the chemical and organoleptic qualities and storage stabi
lity of solar dehydrated sweet potatoes are under way.
 

Dehumidified air in solar dehydration
 

Drying rates of sweet potatoes in the combined mode solar dehydrator
 
were compared with or without using dehumidified air. Figure 6 shows that
 
in terms of sample moisture remaining compared to drying time, the use of
 
dehumidified air increased the drying rates b, about 6-8%. The higher dry
ing rate began after the first hour until the moisture contents of the
 
blanched samples dropped to about 20%. A small difference in drying rates
 
was observed in the latter period of drying at the end of which the final
 
moisture fell to about 10%. Results also showed that it took about the same
 
length of time to remove the next 10% of moisture as the first 55% of the
 
moisture from the samples. This occurs in a number of drying processes
 
including vacuum drying and freeze drying. The use of dehumidified air
 
is not considered sufficiently efficient. In the case of solar drying of
 
sweet potatoes, the variables were the amount of heat transfer from solar
 
radiation to the dryer system, size and shape of the samples, loading den
sities, and the relative humidity of the air as a result of being heated.
 

S80
0 1  0 Combined mode drying 

60 -
0 Combined mode drying with 

desiccated air 

E 
E 40 

$ End of doily solar drying Figure 6. Drying rates of blanched 
sweet potato (5 x 5 x 30 mm) at a 
loading density of 6.0 kg/sq m in 

.520 
EWfied 

the combined mode solar drying 
with and without using dehumidi

air 
Ea 00 

0 2 4 6 8 10 12 
Drying time, hrs 

In these experimental runs, the percentage relative humidity difference
 
between using and not using dehumidified air was about 10 to 12% during most
 
of the drying period. The temperature in the system using dehumidified air
 
was 5 to 70C higher than the one without dehumidified air. This phenomenon
 
can probably be attributed to the lower air velocity in the dryer with
 
dehumidified air, 3.8 m/sec as against 5.0 m/sec in the system without
 
dehumidified air. Thus, the contribution to drying rate increase made by
 
lowering relative humidity by using dehumidified air was considered not sig
nificant.
 

Qualities of the sweet potato samples solar dried with and without
 
dehumidified air were quite acceptable. However, during six months of
 
storage in glass containers, the samples gradually turned dark.
 

Adding dehumidified air to the solar dehydration system requires using
 
a quantity of desiccant such as silica gel, and expending a certain amount
 
of thermal energy to regenerate it frequently. While regeneration of the
 
desiccant using solar energy is feasible, the technology is not economically
 
so as yet. In view of the added cost involved in using dehumidified air, it
 
is not considered cost-effective at present.
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Results of the osmosol process
 

Sweet potato samples of the same size as used in the combined mode
 
solar dehydration (6 x 80 x 20 mm) were first dehydrated for 4 hr in recir
culating syrup of 650 Brix, then placed in the combined mode solardehydator

for the second phase of drying until the final moisture was about 8-10%
 
of wet weight.
 

Flavor, color and texture of osmosol-dried samples were quite good as
 
judged by an informal taste panel. Except for the slight increase in
 
sweetness, the overall quality and acceptability were as good as or better
 
than those by the combined mode solar drying.
 

The problems with this process are the additional time, labor and
 
expense required in the osmotic dehydration step. But compared with the
 
conventional method of preparing glazed fruit, which takes many hours of
 
cooking the fruit in syrup, the 4 hr osmotic step used in this experiment
 
seems quite practical. In a study of the economic feasibility of making
 
osmovac 
dried tropical fruits, Moy and Spielmann (1980) found it to be
 
economically feasible and can compete with other conventional nonglazed,

dried fruits such as dried peach, prune, apricot, and so on.
 

Since the osmosol process will be more economical thani the osmovac pro
cess because solar dehydration is less expensive than vacuum drying, the
 
potential of the osmosol process is worthy of further study.
 

CONCLUSIONS
 

Experimental results of several methods of solar dehydration of sweet
 
potatoes led to the following conclusions:
 

1. The combined mode solar dehydrator is efficient and economical in
 
producing quality dehydrated sweet potato slices and other root crops. 2.
 
Dehumidifying the air prior to solar dehydration does not contribute to a
 
significant increase in drying rate and is tentatively judged not economi
cilly practical. 3. The osmosol dehydration process can produce sweet
 
potato slices of good quality. Its potential application warrants further
 
study. 4. Studies of chemical, organoleptic and storage qualities of several
 
promising forms of solar dehydrated sweet potato should be encouraged and
 
supported.
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AVRDC flood tolerance screenings at the seedling stage.
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I NTRODUCT I ON 

Traditionally, the sweet potato (Iomoca batat.,; (L) Lam) has been 
cultivated for its root production, its aerial part being considered as a
 
residue. The value of the root rests on its hi~n energy content (2.6 Mcal
 
of metabolizable energy/kg of dry matter (DM), according to McDowell ot al 
(1974); but its crude protein content is only 3.4% (Backer 1976). The aerial
 
part is usually left in the field. It is known that animals can consume the
 
aerial part, but little information on its nutritional characteristics has
 
been produced.
 

One idea that is being explored by researchers in tropical America is
 
the development of new animal feeding systems for the small farmer, utiliz
ing crop residues and even whole crop biomass as the basis for the system.

Due to the popularity of sweet potatoes among Central American farmers, this 
is one of the main crops that is being studied in this context.
 

This paper deals with variations in agronomic management, taking into 
account the need to produce foliage as a source of roughage and protein for 
ruminants. Also, the silage characteristics of the foliage and roots are 
examined, since a whole crop is usually harvested at once and the use of its 
residues over a prolonged period of time will require conservation measures.
 
Finally, digestion, consumption and input/product data and an animal produc
tion model based on these aspects will be presented to provide an idea of 
the potential of sweet potato as a dual-purpose crop: as a direct provider
of food to man and of feed for cattle whose product, milk or beef, is used 
by man as a major source of high quality protein. 

AGRONOMIC ASPECTS
 

Planting densi ty 

The production potential of sweet potato roots, under Costa Rican con
ditions, and with certain varieties, can reach up to 25 t/ha/harvest (Zumbado
1967; Mora-Vargas 1969; Pinchinat 1974). Usually, the planting distance has 
been 50 cm between plants and 1 hi between rows (Pinchinat 1974). Very few 
studies have been conducted with regard to planting density and these have 
shown that as the distance between plants is reduced the root yield will 
decrease (Mandal 1971) and the foliage yield will increase (Gamboa 
1962). 

To examine the effects of varying the planting density on foliage and 
root production, and on chemical composition and digestibility of the foliage,
Ruiz., :,' (1980) compared four distances of planting: 10, 20, 30 and 40 cm 
between plants (maintaining 50 cm between rows constant) in two varieties of 
sweet potato, C-15, commonly used in Costa Rica, and C-l Asbana which was 
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introduced to Costa Rica from Taiwan and is characterized by a shorter vege
tative cycle (Personal communication with Roger Meneses, CATIE).
 

In Table 1, the results on foliage production, at the end of the growth

cycle (165 days for variety C-15 and 131 days for variety C-1) are shown.
 

From Table 1, it is clear that the total foliage yield is 39% greater

from C-15 than from C-1. However, this comparison is distorted since the
 
C-1 has a much shorter growth cycle; therefore, the rate of growth of the
 
aerial part is a more appropriate basis for comparison. In this respect,

although the C-15 still shows some superiority (10%), the difference between
 
the two varieties is not significant.
 

Table 1. Total yield and rate of growth of sweet potato foliage
 
(Ruiz ,-t o 1980) 

Variable Avg density Yield Growth rate
Vplants/ha kq DM/ha/crop 
 kg/DM/ha/day
 

Variety
 

C-15 104,000 5,979 36.2
 

C-1 104,000 4,305 32.9
 

Distance between plants
 

10 cm 200,000 4,779 32.3
 
20 cm 100,000 5,090 34.5
 

30 cm 67,000 5.254 35.5
 
40 cm 50,000 5,222 35.3
 

Distance between plants did not cause significant differences in the
 
yield of foliage. The yield from plots where the distance between plants was
 
more in accordance with commercial planting (40 cm), was as high or even 
higher than the yields from plots with more dense planting. The dry matter 
(DM) content of the foliage at 
harvest was, on the average, 14.6% with very

little variation; this means that the yield on 
fresh basis was approximately

36 t/ha/crop. It is interesting to note that the rate of growth of the 
aerial part (32.3 to 35.5 kg DM/ha/day) is superior to that observed in
natural swards (Gonzflez 1979), similar to grass-legume associations (Coimbra
1979) but slightly inferior to fertilized pastures (Rocha 1978), all compari
sons made among results obtained from CATIE's experiment stations in Costa 
Rica.
 

With respect to root yield no significant differences are caused by
varyinq the distance between plants (Ruiz , 1980), the average production

being 3409 kg DM/ha/crop. The average DM content in roots is 30.1" (Backer 

1980). 

It would seem, then, that planting density has no significant effect on
either foliage or root yield, thus contrasting with the results found by
Mandal , , (1971) and Gamboa (1962). It is remarkable that foliage is pro
duced at the level mentioned; this implies that in certain areas of the tro
pics, where two crops of sweet potatoes can be obtained per year, as much as 
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70 t/ha of fresh material can be harvested. With respect to the root pro
duction, yield is not high (11 t/ha/crop) when compared to other experimental
 
results, for example that of Mora-Vargas (1969) who obtained 34 t/ha of fresh
 
roots.
 

Frequency and intensity of r'ining
 

The work by Ruiz ct aZ (1980) included the study of the effects of cut
ting off the sweet potato vines on yields of aerial parts and roots. In
 
Table 2, it can be seen that cutting off most of the vines (leaving one or
 
two per plant) will significantly increase the yield and rate of growth of
 
the aerial part. Also it seems unimportant whether one vine or two are left
 
since the foliage yields were not different between these two treatments.
 

Table 2. Effect of frequency and intensity of pruning on the yield of 
foliage and roots (Ruiz et cZ 1980) 

Variable 
yield 

Foliage" 
growth rate 

Root% 
Yield 

kg DM/ha/crop kg DN/ha/day kg DM/ha/crop 

Number of prunings 

One (only at harvest) 4,136 a 27.9 a 5,634 a 

Two (two months after planting 5,212 b 35.2 b 3,706 b 
and at harvest) 

Three (three months after plant- 4,845 b 32.7 b 3,409 b 
ing and at harvest) 

Intensity of pruning 

Leaving one vine 5,035 a 34.0 a 3,416 a 

Leaving two vines 5,250 a 35.5 a 3,699 a 

Figures with different superscripts are significantly different (P<O.05)
 

On the other hand, pruning had a negative effect (P<O.05) on root yield.
 
That is, the greater foliage production induced by pruning resulted at the
 
expense of root yield, probably because a reduction of leaf area results in
 
a poorer solar energy utilization for root development (Lizarraga 1976) or
 
because regeneration of the aerial part will draw on the energy stered in
 
the roots. In any case, the results described offer the possibility of
 
managing the crop to increase leaf (protein) yield at the expense of roots
 
(energy) or vice versa, depending on the objectives set.
 

Meyreles and Preston (1979) initially pruned at three months after
 
planting and afterwards compared cutting every 4, 6, 8 or 10 weeks. All
 
cuttings were complete; that is, no vines were left on the ground. They
 
found that the yields were 88, 121, 108 and 122 t of fresh material/ha on a
 
yearly basis, respectively; however, the proportion of leaf in the cut
 
material declined as the cutting interval increased, and the authors con
cluded that an interval of six weeks between cuttings was optimum. Unfor
tunately, no data on root production were provided.
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CHEMICAL COMPOSITION AND DIGESTIBILITY
 

Differences in crude protein content can be expected between varieties,

judging from the results shown in Table 3 (Ruiz 
 . c i 1980). Th. superiority
of C-l over 
C-15 is very evident although both varieties received the same
 
amount of nucrients (125, 130 and 48 kg of NPK/ha). 
 Other than the effect on

crude protein, no other differences are found due to variety.
 

In Table 3, it 
can 	also be seen that when the aerial part is cut, either
 
at two or 
three months after planting, the protein content of the foliage is

always higher, nearing the value of 20 
 on a dry basis, as compared to the
 
values found at the end of growing period.
 

Distance of planting and intensity of pruning do not alter the content
 
of crude protein either at the time of pruning 
or at the end of the growing

period. As expected, when the material is cut at three months, its protein

content is lower than when it is cut at two months 
(P<O.05).
 

A striking result in Table 3 
is that which refers to the 'u ix':o
digestibility data. 
 The procedure used for determining this is the two-stage

technique of Tilley and Terry (1963), which simulates rumen and gastric

digestion. All figures indicate that the sweet potato tops are highly diges
tible and, furthermore, that their digestibility does not change with age:

the aerial 
part at normal harvest age is similar in digestibility to the
 
aerial part at two or 
three months after planting.
 

Table 3. Content of crude protein (CP), cell wall constituents (CWC) and 
't,,:) dry matter digestibility (IVDi.1) of sweet potato foliage at

pruning (A) and harvest (B) (Ruiz .t ,-;l 1980) 

Variable 7 CP 	 CWC; % IVDMD' 

Variety 	 A B A B A B 
C-15 17.5 12.2 a 28.2 29.7 74.0 72.3 
C-1 
 20.2 
 17.3 29.3 23.6 80.2 77.2
 

Distance between plants
 

10 cm 
 18.2 13.6 28.6 31.F. 75.3 75.5 
20 cm 18.9 15.6 29.1 31.3 75.3 71.7 
30 cm 18.5 15.6 28.9 31.5 71.4 77.4 
'10 cm 19.9 15.7 29.5 31.5 77.8 75.4 

Number of prunings 

One (only at harvest) 20.3 a 14.5 26.0 a 32.0 77.6 
 74.7
 
Two 	(at two months and 

at harvest) 17.4 b 15.0 32.0 b 31.0 76.6 75.0 
Two (at .*ree months 

and a, harvest) - 13.7 29.5 - 75.1 
Intensity of pruning 

Leaving one vine 18.7 14.6 29.0 31.2 78.2 71.5
 
Leaving two vines 19.0 14.9 29.1 
 31.8 76.1 74.4
 

'Wi thin a factor and col umn, di fferent superscript indi :ate signi ficant

differences (P<0.05)

Dry matter at pruning time was 11.7 and at: harvest 
 14.6 with minimum due
 
to factors
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SILAGE CHARACTERISTICS OF SWEET POTATO FOLIAGE
 

After harvesting sweet potatoes, a large volume of foliage, constituted
 
by stems and leaves, and a variable amount of non-commercial roots are left
 
in the field. Some varieties may be used to produce two or three crops per
 
year, which could represent up to 125 t/year of fresh material of which 64',
 
would be the aerial part (Pinchinat 1974). Chemical analyses of the aerial
 
part indicate values of 12: to 17" crude protein, less than 18" crude fiber
 
and a DM digestibility of over 70" (Ffoulkes ., ,- 1973; Ruiz , *', 1980).

However, a major constraint in the use of the sweet potato residues as animal
 
feeds is the fact that they are produced once or at most twice a year, usual
ly at a time when pastures are in any case abundant. Therefore, there is a
 
need to conserve these materials or to plant the crop in strips at appropri
ate time intervals.
 

The information that follows is derived from the work of Ruiz
 
(1981) which was carried out using microsilos consisting of double plastic

bags where chopped sweet potato foliage dried for one day was introduced 
and packed together with various additions of urea and roots. The addition
 
of urea to ensiling material is to promote the formation of lactic acid which 
is desirable (Lara y Lara 1977) although it may also cause an increase in 
butyric acid (Barnett 1957), an acid that imparts a foul smell to silages
and causes animals to reject them. The use of a source of rapidly fermenting
carbohydrates, such as molasses, cereal grains or roots is to promote a rapid
fermentation which will lower the pH to a point where bacterial action will
 
cease (Cherry 1970).
 

1ry mjatter content and 1losses by putrefaction 

Dry matter content of sweet potato foliage silages does not change by

adding roots (up to 1.2') or urea (up to 1.6'). The average DM content is
 
20.4 in these silages, which is higher than the content in fresh material 
(14.6 ), the difference being due to the wilting for 24 hours prior to en
siling. 

Losses of hy putrefaction not by of roots, andL111 are altered additions 
average 21.6 loss when the level of urea is kept constant at 0.8'. This 
implies that the sweet potato top silage does not require any rapidly fer
menting carboh-/drate additive and that the forage is sufficiently fermenta
bl e. Other results shown later give support to this statement. 

In contrast to the effect of adding roots, the addition of urea in

creases the proportion of silaqe lost by decay or mold invasion (Figure 1).
When no urea was added less than 10 of the silages were lost, but the loss
es increased exponentially to 22 with additions of urea. 

Such a deleterious effect of urea clearly eliminates it from considera
tion as arn additive for sweet potato foliage silage. Although there is a 
dearth of information relating to the causes of this effect, it may be 
speculated that the microbial activity in the silaie was stimulated due to 
the alkaline effect of Urea which would promote an undesirable fermentation 
by clostridia and mold (Dritt and Huber 1975). 

Aci dity 

The implication of an alkaline effect of urea is clearly demonstrated
 
in Figure 2.
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30 Figure 1.Effect of the addition of urea (X)to 
*sweet potato foliage silage on the losses by

putrefaction (Ruiz ct al 1981) 
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Figure 2. Effect of the addition of urea (X)and
roots (X2 ) on the pH of sweet potato fcliage 0.4 0.8 1.2 1.6
silage (Ruiz , t ,1 1981) Urea insilage,% fresh basii 

In Figure 2, it is clear that urea has a definite effect on pH, and
 
raises it to values between 6.2 and 7.5, dependinq on the amount of roots
 
added to the ensiled material. Figure 2 also serves to illustrate that if
 
no additives (neither urea nor sweet potato roots) are added, a silage made
 
of sweet potato foliage is sufficiently acid (pH 3.6) to show excellent
 
conservation characteristics, according Lo Wilkinson ot al 
(1976). When no
 
urea is used, or if low levels are used, adding roots to 
the silage does not
 
seem to affect the pH. 

Orqanic acids: acetate, butyrate and lactate
 

Lactic acid content in the silages was highly variable and no definite
 
trends could be detected as a function of level of urea or roots. 
 The
 
average lactic acid content was 2.01 + 2.277 
on dry basis.
 

Urea did not cause definite changes in either acetic or butyric acid;

however the addition of roots 
tended to increase linearly the concentration
 
of these acids (Figure 3).
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The plotted points in Figure 3 correspond to silages where an average

of 0.8% urea was present. Although not shown here, Ruiz -t ,l (1981)

reported that the silages which did not receive any additives contained
 
0.68< butyric acid, 3.49 acetic acid and 5.21' lactic acid, on a dry basis,

which indicates excellent silage characteristics according to Barnett (1957).

Thus, the data shown lead to the conclusion that excellent quality silages
 
can 
be obtained from sweet potato foliage when no additives are used. It
 
remains to be seen if such indication is valid for practical, 
in-field con
dition silages; according to Moreno (1977), 'here exists a positive corre
lation between laboratory and field silages with respect to qualitative
 
parameters.
 

ANIMAL RESPONSES
 

Given the information on the quantitative and qualitative characteris
tics of the sweet potato foliage, its utilization for animal feeding presents

possibilities exceeding in value other tropical plant materials that have
 
recently been considered. Nevertheless, to decide whether the sweet potato

plant can play a role in some improved aniial production systems, it is
 
essential to study its acceptability by cattle and their efficiency in con
verting the foliage and roots into milk or beef.
 

Because of the convenience in handling the animals and in measuring

biological responses, nearly all the research on the use of sweet potatoes
 
for cattle feeding has used beef steers.
 

Voluntary intake
 

Despite the high digestibility (70') of sugarcane (,:.,,: i 
,: L), 


production. Given this situation, Ffoulkes 


•', cattle do not consume it at levels that will support high rates of
 
,, ,*7(1978) reported that by


substituting sweet potato forage for whole chopped sugarcane 
a 	significant

increase in total DM intake occurred (Figure 4). 

Given the similar Values in DM digestibility for both sugarcdne and 
sweet potato forage, the intake of digestible DM follows the same pattern as 
the intake of DM (Figure 4). Also, the higher intake means an increase in 
true protein supplied by the sweet potato forage (Table 4) and a reduction 
in the non-protein nitrogen provided by urea (Table 4). 

3 	IbDry matter (DM) (I-SE
, Digestible DM
°0 + 

0
 
0
 

I~ 	 Figure 4. Dry rmatter and digestible dry matterintake of steers fed diets including different
 
proportions of chopped sugar- cane and sweet
 
potato foliage (Ffoulkes .,,:1 1978)
 

100/0 67/33 33/69 0/100
 
Chopped sugarcane /s.potato foliage
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Table 4. 	Intake of the diet components and sources of N indiets with
different proportions of whole cane/sweet potato foliaqe
(Ffoulkes ,-1 <Z 1978) 

Sugarcane : 
sweet potato foliage (drybasis)
 
100:0 67:33 33:67 0:100 

DM intake, kg/day 

Total 3.88 5.41 5.70 4.51 
Sugarcane 3.88 3.62 1.88 -
Sweet potato - 1.79 3.82 4.51 

Protein provided 
by sweet potato, g/day - 370 784 900 

Nitrogen provided by urea, g/day 136 124 68 -

In view of such changes in the composition of the dietary nitrogen,
Ffoulkes . .:' (1978) suggested that perhaps part of the sweet potato was
escaping 	 rumen fermentation and thus more true protein was being made avail
able at the intestinal level. 
 This could be the factor responsible for
stimulating feed consumption (Kempton and Leng 1978). An alternative hypothesis was that perhaps the sweet potato forage F'omoted a higher intake
through 3 stimulation of rumen function and an iicrease in the efficiency ofmicrobial fermentation. That the 	second idea was the most probable one was
shown by 	 Mena - " (1979) and Gill .- :1 (1980) who found that sweet potato
foliage is eztensively degraded in the rumen and that its half-life digestion
rate .as 	as low as 13.3 + 7.7 hours as compared to 40.8 _-24 hours for sugarcane. At such a fast rate of rumen degradation, it was not surprising tofind that the rate of ruminal outflow was increased from 40 to 120 liters/
day when derinded sugarcane was supplemented with sweet potato forage (Gill

19820). It would then appear that thK, increased voluntary intake
observed, when sweet potato forage s used as a supplement of sugarcane, isdue to a rureen function stimulation and not to an increase in dietary pro
tein flow to the duodenmw. 

Rate of gro,.th inbeef animals 

In terms 	 of the nutritive value of sweet potato foliage for beefanimals, 	 Ffoulkes and Preston (1978) reported that young bulls with aninitial weight of 216 kg and fed a molasses/urea - based diet showed a rateof 0.570 kg/day when the roughage source was sweet potato forage. This response 	was further improved by 38 when soybean meal was added to the 
diet (Table 5). 

In light 	of the results shown in Table 	 5, Foulkes and Preston (1978)reasoned that in the diet where no soybean meal was used, the major limitingfactor was not just that the 	 amount of protein provided by the diet wasinsufficiert (the sweet potato forage was offered at only 5 of the body
weight) hut that it contained very little, if any, protein insoluble in theturen. This limitation was remedied by the use of soybean meal which contains a large proportion of protein that escapes rumen fermentation. 

Of diets based on derinded sugarcane, the supplementation with fresh 
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sweet potato forage (offered at 5% of the body weight) dramatically improves
 
feed intake and weight gain of young bulls weighing between 174 and 194 kg 
(Meyreles ct cz 1979). The main results of the experiment of Meyreles ot aZ 
(1979) are illustrated in Figure 5. 

Table 5. 	Weight gain, feed intake and feed conversion in young bulls fed
 
molasses/urea plus sweet potato forage and soybean meal (Ffoulkes
 
and Preston 1978)
 

Paramieters soybean meal, g/day 

0 400 

Live weight, kg
 

Initial 217 218
 

Final 287 316
 

Daily gain 0.57 0.78
 

Feed intake (fresh basis), kg/day
 

Sweet potato forage 10.58 11.16
 

Sugarcane molasses (2.5" urea) 5.82 4.83
 

Soybean meal 0 0.40
 

Feed intake (dry basis), Ig/day 

Sweet potato forage 	 1.45 1.51
 

Total 4.72 5.28
 

Voluntary intake index:; 1.87 1.98
 

Feed conversion, 8.28 6.74
 

kg DM, intake/lO0 kg LW/day
 
'kg DM intake/kg weight gained
 

In Figure 5, it can be seen that when derinded sugarcane is fed, 
whether with a low level of urea (6 g/kg fresh sugarcane) or a high level of 
urea (25 g/kg fresh sugarcane), the DM intake is rather limited. However, 
when sweet potato foliage or cottonseed neal (750 g/day) or both together 
are used as supplements a significant increase (P < 0.002) in intake occurs. 
Weight gain response follows the same pattern exce-t that the improvement 
imparted by the supplements is more impressive since sugarcane/urea fed 
animals can only maintain their weight. Ileyreles , 'K I' (1979) argue that 
the results shown are due to a stimulus of rumen motility (and therefore, of 
rumen turnover rate) by the sweet potato forage which would result in great
er flow of protein to the duodenum. In the case of the cottonseed effect, 
this would have been caused indirectly by the stimulus that ruinen by-pass 
protein has on voluntary intake (Kempton , 1977) which in turn would 
increase the rumen turnover rate. 

That voluntary intake and weight gain are intimately related has been
 
shown by 	 a number of workers; for example, Ileyreles ,t Z (1979) who related 
weight gain (WG) to feed intake index (Fl) by the linear function
 

WG = -0.875 + 0.691 Fl (± 0.069) 

R2 = 0.94 (Syx = ± 0.088) 
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where WG is given in kg/day and Fl 
 in kg DM/100 kg live weight.
 

1.0- Figure 5. Weight gain and feed intake of diets 
0.8 E-] High ureo based on derinded sugar cane stalks, supple- Low urea mernted with sweet potato foliage, cottonseed 
06 meal and two levels of urea (adapted from 

Meyreles i ,1.1979) 
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Table 6. Consumption data for rations based on sweet potato plant 
components fed to young steers (Backer ,t-1 1980)
 

Dietary -Intake, units/lO0 kg LW/day
 
crude protein metabolizable

proportion of dry matter (N x 6.25) energy
 
roots: aerial part kg k9 Mcal
 

0:100 2.45 0.30 5.05
 

25: 75 2.32 0.27 5.19
 

50: 50 2.34 0.29 5.53
 

75: 25 2.39 0.27 5.74
 

100: 0 2.41 0.30 6.34 

Calculated from McDowell .: ,1 (1974) 

rZ1(1980), it is possible to consider a situation where the sweet potato is
 
grown primarily for its traditional purpose but its residues, tops and
 
culled roots are fed to cattle properly supplemented with urea, minerals and
 
vitamins. All this information has been integrated into a model usingCosta 
Rican economic indexes (Table 7).
 

The data shown clearly indicate that it is possible to derive economic
 
gains from the use of the sweet potato residues which, in nearly all cases
 
in tropical America, are lost. In fact, and perhaps more important than the 
economic considerations, these 'wastes' can be transformed efficiently into
 
high quality food for humans. 

table 7. A model for the integral utilization of one hectare of sweet potatoes (Backer
 
, 1980)
 

Agronomic component Beef produr -nn component 

Variety C-15 Foliage production (16.8% DM), t 13 

Growth period, days 150 Non-commercial roots (30.1" DM), t 1.8 

Root production, t 15 Urea (100 days), kg 14.8 

Minerals and vitamins, kg 26.0Cormercial roots, t 13.2 

Farm labor, US dollars Number of animals 5.2 

Soil preparation 60.4 Initial weight of animals, kg 184 

Planting 71.7 Days in feeding 100 

Fertilization, weed control 23.6 Ratio roots/foliage 0.25 

Hand weeding 63.4 Intake, kq D/head/day 5.2 

Harvesting 85.6 Weight gain, kg/head/day 0.71
 

Costs of materials, US dollars Farm labor, US dollars 50.0 

Seed 30.0 Cost of urea, minerals, etc, US$ 11.3
 

Fertilizer 17.6
 

Herbicide 45.9 Other costs, US dollars
 

78.0
3.1 Feed
Insecticide 

' 

Other costs, US dollars Administration (10 of income) 36.9 

Land rent 58.6 Interest (8 ) 90.6
 

Administration (10: of income) 335.3
 

Interest on investment (8 ) 63.6 Gross income, US dollars 
 369
 

38Gross income, US dollars 3,353 Profitability, 

Profitability, 290
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(Svesioit V) 

VILLORENTE: Regarding your gasohol production program, may we know which is
 
more expensive now in Indonesia, a liter of alcohol or a liter of gasoline?

If alcohol is more expensive, what measures are being taken to reduce the
 
price of alcohol production so as to be more competitive with gasoline? 

WINARNO: I don't exactly know the price of alcohol in Indonesia, but the 
cost of gasoline is still below USSO.25 per liter. We are concerned about
the future. I hope the future of alcohol production is very good and that 
it can sup)plement our oil production sc that our supply of oil will not
deplete very fast. It will be economically good for farmers since there 
will be another incentive to grow sweet potatoes. 

URITAI: Are there changes that occur during sun-drying of flour? 

WIIARHO: Yes, .- carotene is destroyed ly prolonged sun-drying. Pretreat
ments such as lye peeling, 1lanching and storage of raw material also reduce 
P-carotene content. The browning reaction is commonly observed too. 

URITAr':: Please explain in detail the method of manufacture of sweet potato
fl our. Is the flour manufactured without heat treatment? 

I.lIJAP1O: There are several ways to produce sweet potato flour; two of them 
are through direct sun-drying and dehydration. Traditionally sweet potato
flour is produced by slicing unpeeled roots (3 mi thick) and drying them 
until brittle (easy to hreak, usually with 6-8 moisture). Then the dried 
potatoes are ground and screened to get flour. The color of the flour is
usual111y dare'. This is used as bread extender and in baking cakes. 

WILSON: Has it been determined whether alcohol production from sweet potato
es will be econowical in Indones ia considering conversion costs? Will alco
hol be produced from eoxi ti ng varieties? Are they high dry matter types? 

WILWSO: Has it er deterired whether alcohol production from sweet potatoes
will he con(mical ir lridnesia considering conversion costs? Will alcohol 
be produced frori e-i tie varieties? Are they high dry matter types? 

WIAP?!O: According to ca lculations, yes. More inrmportant, however, is that 
the alcohol factory will eive additional income to people participating in
the transmigration. Alcohol is produced from the most suitable variety.
expect the high-starch varieties are better. 

CIHI: Apart from the price, is the te.:ture of canned sweet potato a problem 
in its acceptability? 

WI HARFhO: In canninq sweet potato only selected varieties with good texture 
that cam stand sterllizing temperatures are used. For example in the US,
Centennial, GoIdrush, Julian, and 11uggett varieties have been used because 
they have acceptable textures. They have also the desired root size that 
can fit into the cans that are generally used. 

I 
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VILLAREAL: What is the cause of diarrhoea in hogs fed with uncooked sweet
 
potato?
 

YEH: Trypsin innibitor contained in raw sweet potato roots is higher than
 
in sun-dried or cooked (heat-processing) roots. This inhibitor may in
directly cau;e indigestion of protein in diets which in turn causes
 
diarrhoea in hogs fed with uncooked sweet potato.
 

CHEN: What is the definition of starch availability? What is the difference
 
between starch availability and starch digestibility?
 

YEH: In our experiment, starch availability is expressed by applying diazyme
 
solution (ml C02/q DM/hr). St:,rch digestibility should be measured by

animal test. Starch availaLi'1ty is usually positively correlated with
 
starch digestibility.
 

ANONYMOUS: How would you explain your data on the daily gain of pigs using
 
sweet potato diet. It is lower compa;ed to a corn diet and the feed/gain
 
is high.
 

YEH: Superior daily gain of pigs fed corn diets usually results in lower
 
feed/gain. The higher feed/gain means lower feed efficiency.
 

ANONYMOUS: Does wounding or fungus infection induce IAA oxidase activity
 
too? Will submersion of woLrded or fungus-infected sweet potato slices in
 
a solution, such as NaCl SOlLtion, prevent the series of enzyme reactions?
 

URITANI: Wounding and infection induce IAA oxidase. However, IAA is syn
thesized by wounding. Thus, IAA seems to be separated from IAA oxidase by
 
the membrane system. Generally speaking, anaerbiosis stops the induction.
 

Al JNYMOUS: Do coumarins or furanoterpene compounds found in wounded or 
d seased roots pose a threat to man or animal if eaten?
 

URITANI: Yes, because they are toxic.
 

MOYER: Colonization by :.n, ": :" ;' :,,,, causal agent of surface rot,'. . . causal agent of scurf, is limited to the periderm. Hyphae are
 

seldom found in the cortex. What resistance factor or factors do you think
 
responsible for this phenomenon?
 

URITANI: 
Sweet potato has a primary and a secondary defense mechanism. The
 
former involves lectin-type components, which may be related to the defense
 
against surface rot and scurf. The latter may be related to the defense,
 
possibly because of the strong antibiotic activity to those pathogens.
 

WILSON: Can you explain the fungus-induced synthesis of enzymes in swLet
 
potato tubers?
 

URITANI: The fungus seems to have two kinds of components. The first one is
 
to recognize the penetrating fungus, leading to synthesis of some of the
 
enzymes. The other is to induce other enzymes specially related to furano
terpene biosynthesis.
 

ANOrlYMOUS: How can you use solar dehydration in the rainy and cloudy weather?
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What is the cost of equipment? How long can you keep the dried sweet potato
 
products?
 

MOY: By coupling the solar dehydrator with a source of electrically-heated
 
or biogas-heated air, and activating the heat source by a thermostat when
 
it is rainy or cloudy, drying can be continued, and into the night also.
 
The latter system using methane is preferred. l solar dehydrator that we
 
built cost less than USS200 in Hawaii. The main expense is the acrylic
 
plastic. Solar dried sweet potato can be kept for at least 12 to 18 months
 
without change in quality of slices or flour if packaged in plastic bags or
 
glass jars.
 

ANONYMOUS: Do you think that it is possible to use your solar dryer with
 
other starchy root crops?
 

MOY: Yes, it is possible to use our solar dryer to dry other starchy root
 
crops such as taro and cassava.
 

ANONYMOUS: Would you compare electrical and solar dryers on the basis of
 
practicality, economy and quality of dried materials?
 

MOY: With the high cost of oil and electricity, a solar dryer is definite
ly more economical than an air dryer with electrical heat. The only im
practicality is that it depends on the sun and the weather. So a good
 
method will be to add biogas (methane) as another source of heat for drying.
 
Qualities of solar dried products are at least as good as air dried pro
ducts. I. some cases, solar dried products are preferred over hot-air dried
 
products.
 

ANONYMOUS: In comparing the efficiencies of direct solar dehydration, in
direct solar dehydration and a combination of the two, did you consider the
 
space each type would occupy?
 

MOY: The space occupied by the three modes of solar dehydrators is not too
 
much different. The direct mode solar dehydrator does take a little less
 
room because no collector is involved.
 

RASHID: Have you studied the effect of atmospheric humidity on the rate of
 
dehydration by solar drier? If yes, what are the findings?
 

MOY: Not systematically as yet, but the relative humidity (RH) of the air
 
decreases when the air is heated through the solar collector. As long as
 
the RH is not as high as 90-100', solar drying should be quite efficient.
 
The air temperature in our solar dryer ranges between 45-550C.
 

YANG: How about the exit humidity? How do you dry silica gel for repeat
 
use? 

MOY: While accurate measurements are not simple, we estimate the exit humi
dity in our solar dryer to vary between 65 to 85", relative humidity. The 
factors influencing the exit RH would be the initial RH of the air entering
 
the solar dryer, the temperature to which the air is heated for solar dry
ing, the velocity of the air going through the solar dryer and the amount
 
of moisture being removed from the food products in a given time interval.
 
To dry the silica gel, electrical heat can be used. It would take about 10
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really that profitable in Taiwan now. Farmers grow the crop for other rea
sons, like the need for an intercrop or as feed for backyard hogs. 

WARGIONO: The price of rice is always higher than sweet potato but in fact 
farmers grow sweet potato over a large area. Do you think that sweet potato
is more profitable compared to rice? 

CHEN: I don't think profitability of rice and sweet potato should be com
pared because they are not competing crops. In fact, their incomes supple
ment one another. Also sweet potato is grown especially if irrigation 
water is not sufficient to grow a rice crop. 
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hrs at 1300C or higher. Wit today' ost of electricity, it seems not
 
economical to regenerate a batch of ica gel with electric heat. If a
 
solar concentrator can be used to dry the silica gel, then it would be
 
practical to use silica gel to dehumidify the air to improve solar drying
 
rates.
 

HAIMETT: Would it be feasible economically to intensify heat production by 
using a series of lenses and mirrors?
 

MOY: Yes, mirrors and lenses would intensity solar radiation, but they in
crease the cost of solar drying which may become uneconomical. 

CHEN: People have said that if the sliced sweet potato is sun-dried before
 
cooking with rice, its texture will be poor when compared with using fresh
ly sliced sweet potato. Please comment on this. 

r.OY: This is a problem that has not been methodically studied, and one should
 
should look into it if one were to make solar dried sweet potato rice. 

ANONYIiOUS: In some regions in the Philippines, there is a distinct dry sea
son and wet season during the year. Therefore, if sweet potato harvesting 
falls during rainy months where sunlight is expectedly minimal, you think 
solar dryers will work under such conditions? 

N1OY: Please see my answer on adding biogas (methane) to the solar drying 
System. 

VILLAREAL: How much is the cost of a solar dehydrator (unit) that you 
described for small scale industry or for family use? Where can you buy the 
uni t? 

rNOY: Tne size that we built costs less than USS200 in Hawaii. It should 
cost less el sewhere. It is suitable for family use. One can build several 
units for small scale industry operations. Instead of buying the unit, the 
best way is to Luild one yuurself. We can furnish you with a sketch and 
di ensio!,s. The d,ersions are not important since you can vary the size to
suit '/rr;r ner!ds. 

ANG1O1Yr.r'WS: ,hat, is tse ,oi sture content of the sweet potato dehydrated by 
solar drier? ;eiwa,mIrs it reuire to dry 100 kgs of sweet potatoa would 
when a dryer d?solar im uH( 

M.IOY: Jsua1 y about C-1 H , l~1 t it is better not to dry the sweet potato 
slices to toe low a r content because the may become hard andoitjr texture 
unacceptable. Our dryer' has a capacity of about 9 kg per batch at 12 hrs 
per batch. So for 100 kn, it would take 132 hrs of drying using our solar 
dryer. 

WADGI OD: In /our salretingj systes + V0 of sweet potato production is 
hougit ky shipper. Do you have a floor price for sweet potato? How profit
allte is it for' f -;,ers to (Irow? 

: qreneral haivr floor price seet 
However, soine fariser's' a sciations ha ve established a floor' price only of 
one variety of sweet potato - Taimiung 57. Frowi sweet is not 

CHEttE In we dom't a for potato in Taiwan. 

,. potato 
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