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"The fauner i6 ouA cZient; it he whom we must-z 

serve. Any. othe &&OW, tia compared 
with ow'k diM;t&4%to v'we the we.U- being o6 -the 
rkuwae popuation and o tAengthen agticurttwa 
p'wduction." (RobeAL F. Chandler, JA., 1975) 

this is the
 

ASIAN VEGETABLE RESEARCH.'AND DEVELOPMENT CENTER'S
 

PROGRESS REPORT FOR 1975 



ABOUT THIS REPORT
 

This report briefly presents a 
summary of the research, training, and outreach activities
 
of the Asian Vegetable Research and Development Center (AVRDC) during 1975.
 

For persons desiring to remain on our mailing list or wishing additional information,
 
a detachable form is included with this report. 
 Please give us your complete mailing
 
address.
 

Research reports have been published summarizing 1975 activities for soybean (Glycine

max), tomato (Lycoper-sicon esc.Zentu) , sweet potato (Ipomoea batatan), mungbean (Vigna

radiata), Chinese cabbage (Brassicapekinenaia), and white potato (Solanum tuberosun).
 

Data are presented inmetric units, and monetary values 
are expressed as U.S. dollars
 
at the prevailing exchange rates.
 

Correct citation: 
 Asian Vegetable Research and Development Center. 1976.
 
Progress Report for 1975. 
 Shanhua, Taiwan, Republic of China.
 

AVRDC mailing address: P. 0. Box L42,Shanhua, Tainan 741, Taiwan, R.O.C.
 

The Aian Vegetable Rueach and Devetopment Cente (AVRVC) a .the inteAna~tonatag)UcuZtae re4eaach organizationrteponzible 6o& improving the productionand quatity o6 vegetabte cAoph .in the humid topia. The Center occupie 116hectate6 od land anid is 19 kitometem north o6 Tc'"nan City in Southejtn Taiwn.The c,mate z twpic most o6 the yea, and vegetabLea mte grown year-lowund. 
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NOT ENOUGH FOOD
 

"Prtoviding sui6icient 6ood to meet the needs o6 an euer
increasingwoxtd popitation is one od the greatest chaUenges
mankind has ever daced..." (Con6uttative GrLoup on Inte.natwn
at Agkicuft=u Reheakch, 1974) 

Current projections indicate that the world community, which reached the 4
 
billion mark sometime in 1975, will number 5 billion by 1989 and 6 billion
 

at the turn of the century. The 'Borlaug breather' given the world by the
 
'miracle seeds' 
of the late sixties is over; population again appears to 
be
 
overtaking food production in the never-ending malthusian race that once
 

more threatens the well-being of mankind.
 

Present food production can hardly be considered adequate--statistics
 

are generally undigestible, and only a vague idea of aggregate production
 
and consumption can be obtained from even the best 
available analysis.
 

Inadequate marketing and distribution systems mean that so-called self
 
sufficiency in food production is based on what 
the 'market' will move rather
 

than adequate food supplies for one and all.
 

Not only is 
the world lagging behind in the production and distribution
 

of foodstuffs, particularly among the hungry poor who often can not pay for
 
their food even if it 
is available, but the nutritional quality of the food
 
produced is beginning to be of concern. 
No one can doubt the critical
 
importance of such cereal grains as 
rice, wheat, and corn for the world's
 

hungry multitudes. Yet, it is becoming increasingly more obvious that these
 
grains, even if consumed in quantities sufficient to meet caloric needs, do
 
not supply adequate amounts of protein, vitamins, and minerals to meet basic
 

nutritional requirements.
 

"Vuinng the third quaxteA o6 this centuy, oveauL giobal dood 
p4oduction kept pace with the poputa~ton groth. SugaV and dat 
p'Wduction g4ew faster than the poputation, but legume, a key
6upplement doiL the ceeat-eating biltions, tagged behind, eu6uLt
ing in a deteriorating nu~thtionat simttiaton. The oueutl gains
took ptace mostty within the wet-fed woltd; the hur.gry world 
barely managed to zttike a balance. In Asia, the increa6e kose 
brielty to 7%, 6tiL shockingty Low when compared to the 50 to 
100% ineAeahe needed to ditl existing nut'tional needs." (Geoltg 
Bo.ltgtom, 1976) 

It is difficult to estimate what percentage of the world's population
 

suffers periodically from malnutrition, because the criteria for such
 
judgments are not easily established. However, the World Health Organization,
 
through numerous clinical surveys of preschool children in developing
 

countries, has reported that nearly one-third of the children of Asia are
 

malnourished; the figures for Africa and Latin America are 20 
to 25%.
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"We want our chiddLAen to tead. We don't want them to be Aick 
att their tive.e, and we want to grow ouA own food on our own 
Land." (Vietnomee ViLCtge Chief} 

More foodl Better nutritionl Rural employmentl These appear to be
 
the new, urgently uttered buzz words of development. The small farmer is
 
being re-discovered, but we 
still don't quite know what to do with him--when
 
ignored, he produced only for himself; when stimulated with promises of a
 
better tomorrow, he left his fields for urban slums.
 

"Without rapid pwgrus in6maJJholde%ag'icuatuAe... theAe 
4i6 ttte hope either o6 achieuing long-teAm 6table economic
growth o&o6 zignificay teducing the Levets o6 ab6oLute 
poveJty." (Robert McNeamti, 1973) 

The food for tomorrow in most countries will come from the efforts of
 
millions of small farmers. Technology must be developed to enable him to
 
produce enough food to feed both himself and his urban neighbors. In many
 
countries, agriculture must also productively absorb more labor. There are
 
indications that this can be achieved, but only with a great deal of effort,
 
applied research, and commitment.
 

"At p4e6ent .the incomez o6 neazy a bittion peopLe depend upon 6aAm6 
o6 1e6 than 5 hecta ... but on thee mini-hoLdign output peA
hectae can be a third as large again a6 in the laget aAm6....
here i6 the critical gap in capital, productiviy, and, above aLL,
dood that the new development approach isbegi,nng to put at the 
cente o6 it6 stkategy." (BabaaWand, 1973). 

The world is now increasingly confronted with shortages in each of the
 
four basic agricultural resources, viz., 
land, water, energy, and fertilizer.
 
Small farmers in tropical regions have coped with such 'shortages' for
 
centuries. The days of 'cheap' energy are over; 
the only cheap energy these
 
farmers used regularly was their own. Now, greater demand is being exerted
 
on scarce resources, and while the 
small farmer is being urged to contribute
 
more to the world's food supplies, there is little evidence to suggest that
 
his share of the basic resources will be proportionally increased.
 

Tnerefore, appropriate technology must be developed to 
exploit the longer
 
growing seasons of the tropics by breeding plants that are more efficient
 
converters of available resources into food. Attention also needs to 
be
 
focused on the improvement and use of nitrogen-fixing plants in rotational
 
cropping systems. Plant 
types that produce well under conditions of low
 
fertility, without chemical pesticides, and with an efficient use of labor
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ScientLt6 conzideA eveAy fea6ibte
 
technotogicat option, pautacu&ry

those within reach o6 the smatt
 
tropical 6ame, when conducting
 
their expetimentz.
 

must be developed. Despite their high humidity, many tropical locations
 
have a period of little or no rainfall ranging from two to seven months.
 
Crops able to endure water stress must be developed for such dry seasons.
 

"Most od the incAeaze [in food production] muzt come fhom the 
devetoping cotu'tteA them6etves...and moat o6 tUmut come by
incAea6ing the productivity o6 land abready unde cu~t&'ation." 
(Constrtative Gioup on InteAnational AgicuttuaL Rae6fftch, 
1974) 

As arable land becomes more limited, farmers must harvest as many crops
 
as possible from each field in order to increase food production. The
 
equatorial latitudes are well endowed with solar energy, rainfall, and
 
temperatures favorable to year-round crop production. Fortunately, such
 
potential is greatest where hunger and malnutrition are most prevalent--in
 
the tropics.
 

This potential is well illustrated by the efforts of Taiwanese farmers
 
who expanded Taiwan's multiple-cropped area from 18% of the total cropland
 
in 1946 to where they are now harvesting an average of nearly two crops on
 
all their land. It has been estimated that about half the farmland on the
 
China mainland is double cropped, whereas only about 18% of India's fields
 
in the early seventies weLe being exploited in this way.
 

Fame.t& in Taitnii have 5kifLC~uLy over
come the izland's 6hortage o6 arable 
Land by employing uaious mutipLe 
c ppong .cheineA to incAease 6ood 
p~'wduction. 
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AsIa's Grow~flg Food WOeS:
More people, Less Farmland
 
in." e rwnc pobU. rullPtCa roduclgtivitY,tg'~t; c 

gaathe~mutil .battlenAsianshaoests a e g-o 	 and highernd 

i ore P prospe rowt ur gr iculturasha ' As; 
the .rot even g Sl ion e uertuqt' knpsANGKOnreginP) lat at the ar0 The reporttd 	 s ShinIobeec, had hte n r, In..ulB~eNetopK'",.,, loyOW on t .6 1pe e in

the r epit n didreti ta crcroe a 	 ... .e at roUti fahavehe 	 tmulTipe at 	 irease nd P nicehtloincine 
emilba te w t nhis s spur Pro

Todayls 

d d to s 

ten breaterel regicagnat of Pro ceAs irflodsn e new ih high en, at atbe etqutheputdnw a	akes 
a a lov gesand he aaonldivwith it M triin 	 notlieste
intolde dhetworld pntrerAi~annuntre do ~ tot2%oftea 	 o m be ig tond.peaor t iate ofro 

ilano to ro cte oncoe in n adeque q ueretity o e 
a sawt
onlyto 	 t 

weler nfwewalih or r eatrlethppat i
In c n d q 

reb rante a r anhle a i thiu sth talY dedeld 

ro - n e. e l a o.segfnoO b 
to
 

to25%onotaveralivee s is aodly tred woef scp a is
 
ve l oblecauof rmantrifto. 


immensely greater than that of earthquakes or floods--but we seem to 
have
 
learned to 'live' with it. Malnutrition takes several forms and has many
 
causes with only one known cure--adequate food from beginning to 
end. Yet,
 
it is not enough to produce or consume an adequate quantity of food;
s ays 197n 	 U.u3 -,e" we must 

Of t gcilden nlc th world'sy poorerhcounies o and ,bcre~ 
h ee rep.eatedlyhirct ouratni on tlo te fattht2Toayo's


be concerned about food quality as well if we wish for healthy populations,
 
strong of mind and body, who can 
acHeve the ambitious goals of development.
 

and~~ aloi h Tothetldpiatin ensultIu t and frm rten
 

"The tigh~t o6 cuziou4zty abs~ent 6om chitd'en'z eye. Twetve
yWL-otd6 w~th .the gd~scaL 	 dstaeume og eight- yeai-o&. 
Voungsteing whotack e eeAty o Mash agede o e cottectn
abort the 6ore6 on theiat Agonizngty stow Aeexe6 odpacet.

adutt6 c'zoasing .t~a6d.Zc. Thixt.y-yeaA-otd motheu who took 
sixcty. ALL a~re cormmon imnages icn devetopizg cowvttie; att 

/LetecindeqatenuttAUon- -atL have zocietaC consequenees." 

The problem of hunger manifests itself not only in terms of starvation
 
and death, but also in the mental deprivation that results from protein,
 

vitamin, and mineral deficiencies. Far too many children in the tropics
 

suffer from protein malnutrition, particularly at the critical stages of
 

their development. Even babies who receive adequate protein while being
 

breast-fed, often experience protein deficiencies after weaning because of
 

the change from mother's milk to a diet of cheap, starchy, easily digestible
 

foods such as rice gruel, cassava, an-d bananas. Their tiny stomachs will
 

not hold enough of these bulky staples to provide an adequate supply of
 

protein and other essential nutrients. Protein shortages in the early
 

years of life impair the development of the brain and the central nervous
 

system, thus preventing the realization of genetic potential and permanently
 
reducing learning capacity.
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"Unotunatety, some o6 the eddc-t o6 matuth.von in the 
eahty yeau o6 ife aie tasting and inAevweiZbte. No amount
od compensatouy deeding, education, o,%envitonmentat imphove
ment in tateR Zide can %epairthe damage to the centla/ 
nevous sy6tem. Protein shortages today ae deprteciating the 
stock o6 human Ae.ouAces do& at teast a geneuxton to come." 
(LeteR B'own, 1974) 

Available evidence suggests that such vitamin-deficiency diseases as
 
rickets, scurvy, and beriberi are major problems in only a few areas of
 
the world today. However, vitamin A deficiency and iron-deficiency anemia
 
continue to be significant nutritional problems throughout much of the world.
 
Inadequate levels of vitamin A are a major 
cause of blindness and eye diseases
 
for many millions in India, Indonesia, Bangladesh, and the Philippines.
 
A emia, which results in sluggishness, fatigue, and generally poor health,
 
affect important portions of the population in many nations, rich and poor
 
alike. Expectant mothers are especially susceptible to anemia, which
 
increases the chances of death or illness to the mother as 
result of
 

pregnancy and childbirth, and also impairs the health of the newborn infant.
 

Major causes of malnutrition include reliance on a single plant food
 
source--generally a cereal staple, poor socioeconomic conditions, inefficient
 
and inadequate agricultural technology and policies, and ignorance.
 

"Matnutritionadve4ety addect6 mentat deveopment, physicat
de etopment, p'oductivity, the span od wo&king yeAz--aUt od 
wh~chYs gniant~t influence the economic potentiat o6 man." 
(AWan BeAg, 1973) 

EFFORTS TO PROVIDE
 

In 1968, a symposium was convened by the Rockefeller Foundation to discuss
 

"Strategy for the Conquest of Hunger." 
 At that time it was asked:
 

"How much has science done dolt the many otheA tropicat dood 
Wops, the egme., the other ce.eats, and dol, dlu. and 
vegetabte.... I" (Ste..'tng Wottman, 1968) 

As if in 
response to Dr. Wortman's query, representatives of six Asian
 
governments, the U.S. Agency for International Development, and the Asian
 
Development Bank formed the Asian Vegetable Research and Development Center
 
(AVRDC) in 1971. Research activities were initiated in the fall of 1972.
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From more than 100 crops that are considered to be vegetables+, the following
 
six were selected for initial research and improvement, viz., soybean (Glycine
 
max), mungbean (Vigna radiata), tomato (Lycopersicon eaculentum), Chinese cabbage
 
(Brassicapekinensis) , sweet potato (Ipomoea batatas) , and white potato 
 (SoZanwn
 
tuberosum ).
 

Thus, located in the center of Taiwan's southern coastal plain and
 
surrounded by some of the most productive and hardest working small farmers in
 
the world, an equally diligent (and small) international group of scientists
 
has been charged with the formidable task of developing appropriate technol
ogies for increasing and improving vegetable production in the hot, humid
 
lowland tropics.
 

Mozt topicae count4ies have tadL
t.onaZUy depended upon vegetabte

p4oduces int the highand6 to 6uppey

thei4 uAban produce makhtt. fow- .777:,
 
ever, the Aecent 'apid g4owth of
 
uWban center ha outdistanced the :
 
production capacity of such Liited
 
hlghtand arezu, theieby Aeuuting iln
 
shortages and hgh puices.
 

It is not surprising that both production and consumptiov levels of
 
vegetables are so 
low when one considers the relatively meager research
 
efforts that have been devoted to the improvement of such crops in the
 
tropics. Until recently, much of the research on 
the crops selected by
 
AVRDC had been ronducted in the temperate regions, and the resulting innova
tions have generally been more appropriate for the farmers of North America,
 
Western Europe, and Japan than for their counterparts in the tropics. Many
 
agricultural innovations and policies from the temperate zones have been
 
introduced into the densely populated tropical regions without adequate
 
adaptation to local conditions. Such imports have generally resulted in
 
failure and the further negative conditioning of small farmers' attitudes
 
toward 'modern agriculture'.
 

As one of the international agricultural research and training centers
 
(Fig. 1) charged with developing suitable technologies for tropical farmers,
 
AVRDC is part of an important effort to correct this technological deficiency.
 
AVRDC's location--just below the Tropic of Cancer--enables our scientists to
 

+There is,unfortunately, no all 
Inclusive or universally acceptable definition for the term

vegetabla. 
Our use of the term Is in the broadest sense as Indlcated by the nature of our
six vegetable crops, i.e., food legumes, traditional horticultural crops, and root and tuber
 
crops.
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test our crops under hot, wet tropical conditions during the summer and
 
multiply seed stock, advance generations, and evaluate breeding materials
 
for optimum yield potential during the cool, dry winter season. In addition,
 
because of the local development of diverse cropping pattern3, our scientists
 
and trainees are able to observe and study the role of AVRDC's crops within
 
different multiple cropping systems on neighboring farms.
 

We at AVRDC would like to acquaint you not only with some of our
 
accomplishments during the past year in this brief progress report, but also
 
with the challenges that we face along with our many colleagues in the effort
 
to produce more and better food for the world's billions.
 

VEGETABLES FOR BETTER DIETS AND HIGHER RURAL INCOME
 

"With one 6i.th o6 the woktd'4 aabte !and, the Azian and Pacidic 
region iz home to more than a had of the wortd'a people. Acco4d
ing to conaevotive e timatez, neaAty 30% od the region'6 poputtion
ib matnowtL.hed and zudde.ng drom p4otein defcicency." (U4P, 1975) 

The most economic sources of plant protein, vitamins, minerals, and fiber are
 
the legumes and vegetables. Yn Asia, AVRDC's area of special emphasis, rice
 
is the principal food staple that provides most of the calories consumed.
 
AVRDC's six crops are effective nutritional supplements to a rice diet
 
(Table 1). particularly in supplying protein; iron; calcium, vitamins A, B1 ,
 
B2 , and C; and niacin, which are generally the nutrients most 
lacking in
 

tropical diets.
 

Table I. Notritional contributions of AVRDC-s six crops tcwards balancing a rice diet.a
 

C rop I Fiber fnergy Protein Iron CaIcium Vitamin A Vitarin B Vitamin B Niacin Vitamin C
 
(per IO q) H;0 (qa) (CaI 
 g) () (ag) I.U. (mg) (g) (rg) (mg) 

flice 13 35.
0.5 6.5 o.6 15 0 0.11 0.0 1.4 0
 

Soybean aI 18.0 325 36.8 7,.4 216 20 0.44 0.31 3.2 0 
Mungbean I I .1 320 22.9 4.9 7086 0.52 0.29 3.1 0 
Sweet potato 7 0.3 2.3 46 7,100 0.05 0.9 2070 ii) 1.0 0.08 

White tJotto 67 O. i 75 2.3 0.7 7 0 0.07 O.O4 1.0 7 
Tomato 15 0.3 ]a 0.? o.4 it 260 0.04 0.03 0.4 


Chinese catid,ge 95 0.5 Is 1.9 0.7 38 4 0.10 0,0 0.4 35 

Rec(--snded 354 7.8 2.4 83 690 0.19 0.20 2.4 7 
ntri t ioal balance'"
 

"Adapted froinT. C. lung, P.C. Huang, I.C. Li, and ii., Che,. C-poe i t ion of foods used in Taiwan. Journal of the Frmo san
Medical Association, Vol. 60(1) pp. 973-1005, Nov i96t. 'Orange-fleshed sweet potato roots. "Comnbined averaqes of re -nend
ed balance when caloric level is 354 (100 g of for adult nen doing work andCal rice) moderate 10-year-old children In Taiwan 
and India. "4" - Trace. significant contribution. 

29 
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The eight essential amino acids, the 
building blocks of protein, must be
properly balanced in order to 
supply human requirements for protein.

protein ot most cereals is deficient 

The
 
in one or more of these amino acids.
However, animal protein is not 
the only available source of an appropriate


balance of amino acids. 
 The same balance can be achieved by consuming the
right combination of vegetable products, e.g., 
a proper combination of
cereals and pulses (mungbeans, peas, soybeans) usually provides 
an adequate
 
balance.
 

In a recent conference on nutrition at AVRDC 
one of the participants
presented data (Table 2), 
which compared the 1965 consumption patterns of
AVRDC's crops to 
the projected needs of selected Asian countries for 1980.
Approximately 17 
and 19% of the daily caloric and protein intake per capita,

respectively, were supplied by vegetables, including pulses and root 
crops.
The total projected demand for 1980 was about 16.5 million 
tons more than

what was produced in these countries in 1974 (Table 3).
 

"... improved puduc~ton o6 vegetabte.6, broaey de6ined, 066ehthe greateropportunity fot bettct n inoutLitnthe ttopia
today." IMunget, 1971) 

Statistical data for AVRDC's crops are frequerly unobtainable or
grossly inadequate for many countries. 
 Therefore, 
such crops are generally
not accurately reflected in most gross national production and consumption
estimates. 
 Some of this is due to their very nature as either backyard or
subsistence crops. 
However, even with that in mind, the current production

and yield levels of our crops in the developing countries are far from
sufficient in providing for the nutr'tional needs of 
their growing population

(Table 4). Such countries, which contain nearly ha)l 
of the world's
population, only produced 14% 
of the world's sweet 
p~tato, 17% 
of its soybean
(4% if Brazil's prodcuction is excluded), 
and 7% of its white potato
 

Increased production of AVRDC's crops must 
come 
from higher yields as
available land for vegetable production is limited and in some 
cases is even
being reduced to make room 
for higher yielding, but less nutritional cereal
 crops. Research is vital 
to break through the yield barriers holding back
vegetable and legume production in the tropics. 
 Teclnology must also be
developed to incorporate high yielding vegetables with high yielding grains
in extensive multiple cropping systems to 
ensure both economic and appropri
ate nutritional 
returns.
 

In addition, both policymakers and research workers in the tropics must
give more attention and higher priority to the long neglected root crops-crops that have the potential of producing more 
carbohydrates and are a
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Table 2. 	Proportinns of daily per capita calorie and protein intake for selected Southeast
 
Asian countries based on consumption patterns for 1965 and projected demands fo.
a
 
1980.
 

Country Daily Cal/capita 
& total vege- % of 

yer diet table total diet tableb total 

Singapore
 

1965' 2,454 237 10 63 10 
 15
 
d 


1980 2,912 258 9 72 I1 
 15
 

Hong Kong
 

1965 2,324 183 8 65 7 It
 

1980 2,856 219 8 78 9 It
 

W. Malaysia
 

1965 2,225 166 8 49 7 
 15
 

1980 2,511 180 7 55 8 
 15
 

Taiwan
 

1965 2,379 280 12 59 
 12 20
 

1980 2,689 251 9 71 
 13 ls
 

Korea
 

1965 2,421 338 14 67 12 
 18
 

1980 2,632 341 13 14
83 	 17
 

Thailand
 

1965 2,226 216 10 51 
 7 14
 

1980 2,428 213 10 57 8 14
 

Philippines
 

1965 1,895 181 10 44 4 
 8
 

1980 2,020 184 9 47 4 
 8
 

Indonesia
 

1965 1,798 473 26 39 11 
 28
 

1980 1,998 481 24 43 
 11 26
 
...................................--------------------------------------------------------


Total
 

1965 2,013 349 17 47 9 
 19
 

1980 2,212 351 16 50 10 20
 

Adapted from material prepared by R. W. Engel for AVRDC Nutrition Conference (June 1976)

from FAO's Agricultural Conow.dity Projection 1970 to 1980, Rome, 
1971. Vegetables In this
 
table include commercial vegetables, root and tuber crops, pulses, nuts, and oilseeds.
 
-Average consumption level for 1964-65-66 from FAO Food Balance Sheets. 
dEstimated demand
 
based on price and quantity elasticities and projected Income changes.
 

complementary source of protein, vitamins, and minerals, thereby providing
 
nutrient components at a price that the poorer strata of society can afford
 

Present yields and nutritional quality of most Asian varieties of sweet
 

potato are extremely low. However, farmers' yields in Taiwan have shown
 

that sweet potato is capable of producing almost double the amount of
 

calories produced by rice 
on a daily per hectare basis. Investigations
 

within AVRDC's germplasm collection have indicoted that the potential of
 

breeding for high protein as well as high s-carotene content is very promis

ing. 
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a
Table 3. Comparison of projected demanl for vegetables
 in 1980 and 1974pro ;tionlevels
 
for selected Asian count les.?
 

Prolections for 1980V 
 1974domestic
 
Country population per capita vegetable yearly vegetable 
 vegetable
 

tconsumpt ion demand product Ion'

(000,000) (kg/yr) (1,000 t/yr) 
 (1,000t) 

Singapore 2.4 1014 250 13 

Hong Kong 5.1 128 653 40
 

W. Malaysia 12.1 
 80 970 313
 

e
Taiwan 
 18.1 111 2,009 4,837
 

Korea 41.7 
 195 8,123 4,122
 

Thailand 48.4 
 104 5,014 5,018
 

Philippines 54.5 
 84 4,556 1.596
 

Indonesia 157.1 
 159 24,916 14,233
 

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


Total 339.4 
 137 46.492 30,172
 

Vegetables in1his table Includecommercial vegetables, root and tuber crops, pulses, nuts,
anJ oilseeds. 
 'Adapted from material prepared by R. W. Engel for AVRDC Nutrition Conference
 
(June 1976)from FAO's "Agricultural Commodity Projection 1970 to 1980, Rome, 
1971.
cEstimated demand based on price and quantity elasticities and projected Incomechanges.

dData, except for Taiwan, from FAO Production Yearbook, 1974,vol. 28-1,Rome, 1975. 'From
 
Taiwan Agricultural Yearbook, 1976. Dept.of Agric. & Forestry, Provincial Government of
 
Taiwan.
 

Ignorance concerning proper nutrition is by no means restricted to the
 
tropics or even the poor. Policymakers as well as housewives need to be
 
informed about basic nutritional requirements and how such requirements can
 
be satisfied. 
In selecting the crops for AVRDC's initial rescarch priorities,
 
careful consideration was given to the basic nutritional needs which these
 
crops could fulfill, and the economic opportunities that they might provide.
 
The goals of our crop improvement efforts have been defined based on the
 
premise that the good health of the entire population is one of the most
 
important requisites for the building of a modern society.
 

Not only has the food production--and the vegetable production in
 
particular--of the tropics lagged behind its potential and fallen far behind
 
the growth of the area's population; but a substantial part of the population
 
has remained unemployed, economically unproductive, and thus, too poor to
 
purchase an adequate diet even when food is available.
 

Concerned governments in countries, which once exported food but are
 
now faced with the threat of ever increasing imports, are striving to
 
develop food policies that will keep the growth rates of food production
 
ahead of the annual increase in population. It was suggested at the 1976
 
World Food Conference that such food production policics should (i) ensure
 
adequate nutrition for the country's inhabitants' (ii) generate more
 
employment and income; (iii) provide, where possible, surplus food products
 
for export to obtain foreign exchange; (iv) develop food processing and
 
distribution industries using local materials, as well as 
indu,tries
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Table 4. Comparison of production levels and average yields for each of AVRDC's crops
a
 
among selected areas of the world In 1974.


Developing Developed Centrally
 
Item market b market b planned b World
 

economies economies economies
 

SWEET POTATO:
 

production (1,000 t) 18,137 1,758 114,330 134,225
 

of world production 14 1 85 100
 

production per capita (kg/person) 9 2 93 34
 
average yield (t/ha) 3 13 9 7
 

SOYBEAN:C
 

production (1,000 t) 9,804 34,120 12,879 56,803
 

% of world production 17 60 23 100
 

production per capita (kg/person) 5 46 10 14
 

average yield (t/ha) 1.4 1.6 0.8 1.3
 

DRY BEANS:d
 

production (1,000 t) 7,790 1,883 1,784 11,458
 

% of world production 68 16 16 100
 

production per capita (kg/person) 4 3 2 3
 

average yield (t/ha) 0.5 0.8 0.5 0.5
 

TOMATO:
 

production (1,000 t) 10,690 18,986 6,583 36,259
 

% of world production 30 52 18 100
 

production per capita (kg/person) 6 25 5 9
 

average yield (t/ha) 14 33 18 22
 
e
 

CABBAGE: 


production (1,000 t) 2,835 7,552 3,518 13,904
 

% of world production 20 54 26 100
 

production per capita (kg/person) 2 10 3 4
 

average yield (t/ha) 11 24 25 19
 

WHITE POTATO:
 

production (1,000 t) 21,406 79,297 193,020 293,724
 

% of world production 7 27 66 100
 

production per capita (kg/person) 11 106 157 75
 

average yield (t/ha) 9 23 12 13
 
...........................................................................................
 

Population (millions) 1,927 750 1,228 3,905
 

% of world population 49 19 32 100
 

aSource: FAO, Production Yearbook, 1974. Rome, 1975. bAs defined by FAD. eIf Brazil is
 
excluded, the data for the developing mkt. economies would be 2.3 million t; 4% 1 kg/person;
 
and 1.1 t/ha. dAs defined by FAO--includes mungbean. eAll types of cabbages, Including
 
Chinese cabbage.
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utilizing by-products, in order to 
improve local employment opportunities;
 
and (v) improve national self-reliance in food and agricultural 
raw materials
 
and thus, ensure an available supply of such materials for local food proces
sing industries. 
 Without a doubt, AVRDC is ideally situated in terms of
 
both crops and location to conduct meaningful research on the implementation
 
of such policies.
 

Besides providing Asians with highly nutritious supplements to their
 
traditional rice diet. AVRDC's crops also offer small Asian farmers opportu
nities to increase their incomes. 
 These crops fit into numerous cropping
 
patterns with rice, sugarcane, corn, etc., and are 
grown by small farmers in
 
multiple cropping systems under both rainfed and irrigated conditions. The
 
marketable surpluses produced can 
be channeled into urban produce markets,
 
processing factories, and exports, thereby generating more jobs and income
 
for rural populations.
 

Vegetable production is generally thought to be more labor intensive
 
than cereal production. 
Thus, increased vegetable production would utilize
 
more rural 
labor in addition to creating jobs in the processing, marketing,

transportation, and export sectors. 
 Multiple cropping systems involving
 
vegetables tend to make more consistent use of labor over the year.
 

There is every reason to believe that a vegetable-producing rural
 
populace will also consume vegetables, and that more nutritional diets will
 
result in more productive and innovative farming. 
 It can similarly be
 
argued that a vegetable-consuming community will have lower rates of infant
 
mortality; a development that in time will reduce family size. 
 Hence, per

capita income rises, and because this usually occurs in the poorer households,
 
income distribution becomes 
more egalitarian.
 

RESEARCH AT AVRDC: DESCRIPTION AND PROGRESS
 

Given the world's need for greater vegetable production in the lowland
 
tropics, we feel that our work at AVRDC on 
two vegetable legumes, two vege
table cash crops, and two root and tuber crops is 
an example of both what
 
can and must be done to meet our commitment to 
the small farmers of the
 
tropics.
 

In the ensuing discussion, we present each of our six crops and describe
 
the key problems limiting its production in the tronics. AVRDC's crop

improvement objectives and strategies are also outlined and followed by a
 
brief summary of research highlights for 1975.
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ie LCA ICRISAT %\.IRRI 
* (Ethiopia) (India) (Philippines) 
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(Nigeria) 
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(Kenya) 
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Corn 
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Sweet potato
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Fig. 1. International Agricultural Research and Training Centers.
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I-AVRDC 
(Taiwan)
Soybean 
Mungbean
Tomato 
Chinese cabbage 
Sweet potato 
White potato 

CIMMYT 
(Mexico)
Wheat 
Corn 

IFDC 
(Alabama) 
Fertilizer IIFPRI 

(Washington D.C.) 
Food policy 

CIAT "-'-- ." 

(Colombia)
Cassava 
Field bean l 
Rice 
Corn CIF 
Swine (Peru) 
Cattle White potato 
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The gotiden peai2."MI 

AT A GLANCE: 

Soybean production and yields in
 
the tropics, 1974."
 

Country Production Yield
 

(1,000 t Ct/ha)
 

Indonesia 550 0.8
 

Nigeria 65 0.4
 

Philippines I 0.8
 

Thailand 115 1.1
 

Uganda 3 0.6
 

Source: FAO, Production Year
book, 19714.
 

•Soybean [(-,'':wine mzx (L.) Merri 11], one of the world's oldest cultivated crops, has 

been given recent prominence because of its broad utility and versatility for both human
 

and animal nutrition, effect on soil fertility, and industrial usefulness. Besides being
 

an important source of protein meal and vegetable oil, the immature beans can be eaten as
 

a green vegetable, and the dried bean is consumed whole, split, sprouted, or prepared in a
 

variety of processed forms such as bean curd, bean paste, soy sauce, and beverages. It is
 

not widely known, but young soybean leaves are also edible. Soybean has been a major food
 

source in Eastern Asia for thousands of years, contributing to a generally balanced diet.
 

In developed countries, the protein is generally used as a livestock or poultry feed,
 

although %oy flour and more sophisticated soy proteins are being used increasingly as meat
 

extenders and as components of a wide variety of "manufactured" foods.
 

Soybean has also become extremely important in economic terms. It has become the
 

leading export of the United States, surpassing not only traditional agricultural exports
 

such as wheat and corn, but also such high technology items as computers and jet aircraft.
 

Yet since 1950, soybean yields have increased less than 30k, whereas corn yields have
 

increased by 140V in the U.S.A. Thus, the world obtains mere soybeans only by planting
 

more area to soybean. For most countries including the United States, it will become
 

increasingly difficult to make more land available for soybean. An inability to achieve
 

a major breakthrough in soybean yields may create serious global supply problems for this
 

most promising source of vegetable protein.
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Soybean is not well known in most parts of the tropics. In many regions, the
 

a:ceptance of soybean as a food crop by indigenous populations has not been successful.
 

Varieties and cultural techniques developed in the temperate zones have generally not been
 

adapted to the humid, lowland tropics. In addition, little attention has been given to
 

developing locally acceptable uses for soybean. Thus, in many tropical countries, demand
 

has been limited and production has remained at relatively low levels. It has been
 

reported that the major obstacle to increased soybean production in the tropics is lack of
 

markets and understanding of its cultivation and utilization.
 

4 

AVRDCiA inteutatonat Board d
Director6 a e briefed in the
 

6ieed on the progr4es o6• 
AVRDC'z soybean wotk.
 

Soybean is sensitive to photoperiod, a characteristic which limits its area of adap

tation and affects its time of maturity. Most soybean cultivars, adapted to production
 

under U.S. conditions, flower soon after emergence and require careful management to
 

produce satisfactory yields when planted in the tropics. Through massive screenings of its
 

germplasm, AVRDC is identifying cultivars whose "biological clocks" are less sensitive to
 

changes in photoperiod. Such cultivars will be used in the development of prototypes with
 

Soybean cu.tvaut palS .thuiough 1lie(leIzOIS 
ta~ts a~t AVRVC -u oiqdeit to deteunine 
.the.iA eii.LtZvity to photoperiod. Tho6e 
which (ZAOcoil 6i.s ibsellOltive totelt-Ci 
dife6e6nt day feugthd aite then lincCuded 
in out b,'eedhng pitogiamu. 
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flexible planting dates, which local plant breeders can then refine and modify specifically
 

for local growing conditions.
 

Soybean production and yields are greatly reduced by 
disease and insect problems in the
 

humid tropics. Of particular importance is soybean 
rust caused by Phakopsora pachyphizi,
 

which has reduced .eybean yield by 68% in AVRDC experimental fields (Table 5). This disease
 

is prevalent in the Asian 
tropics and although generally unknown in the Western Hemisphere,
 
this fungal pathogen was reported to be in Central America. Recently unconfirmed reports
 

have placed it in Eastern Africa. There is considerable concern among soybean growers in
 

both the U.S.A. and Brazil, because all U.S. varieties were susceptible to rust in screenings
 
at AVRDC and else where in Asia. We have concentrated our efforts accordingly and have made
 
progress in understandiog and controlling soybean rust.
 

Soybean uiut symptoms alte. touttfy 
evident onl the ifeaves 10 days etttCA
.t,.ocuTh~uon. ,"' 

Table 5. Yield and 100-seed weight of TK 5 in plots sprayed with Dithane M11-45
and those
 
without fungicidal protection in the rust nursery; 1975, AVRDC'"
 

Yield' 100-seed (wt) Reduction in
 
-
protected' not protected: protected not protected yield 100-seed (wt)
 

) .. .. .... .. .... .- - -- -- - -- -- - -S(t/ha ....... (g) -- -- -- - -- --- -)
 

2.2 0.7 18.5 12.5 68 32
 

LSD 5 ' 1.1 5.1 

TK 5 was sown Sep 18 in the rust 
nursery; population density: 400,000 plants/ha. hYield 
calculated from 42 m" plots; 3 replications. 'Protected with Di thane m-45 (2 kg a. i./ha) on 
a weekly spray schedule. INot protected with fungicide. 

Other diseases which concern us at AVRDC are soybean mosaic virus, purple seed stain 
(Cwrcospora kikuchii), downy mildew (Peronospora manhurica), and root-knot nematodes 

(WeZoidogyne sp.). Sources of resistance to each of these diseases have been obtained and 

Identified and are being used in our breeding program. 
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J F M A M J J A S 0 N D 

Fig. 2. 	Epiphytotic conditions of diseases attacking soybean during the year in
 
Southern Taiwan.
 

Soybean plants are attacked by a number of foliar-feeding insects such as beanflies
 
(Melanagromyza sp.), 
southern green stink bug (Nezara viriduZla), spider mites (Tatanyehus 
sp.), leafhoppers (Empoasca sp.), and various leaf-feeding beetles and caterpillars. The
 
germplasm is being systematically screened to identify cultivars that are 
less damaged by
 
these pests. In addition, chemical insecticides and biological control agents are being
 

carefully evaluated for effective and economical pest control.
 

1 71 
The ta.~vae o6 .the zmatt bea,16q can
 
Semiouzey damage soybean ptants. 
 .
 

Low soybean yields In the tropics are generally associated with low levels of soil
 
fertility, inadequate population densities, and ineffective nodulation. Intensive work
 

Is under 	way at AVRDC to understand and correct these deficiencies.
 

Last but 	not least, more needs to be known from the socioeconomic, or farmer's
 

perspective about the production, distribution, and utilization of soybean In the tropics.
 
The accumlatlon and analysis of such data 
is in itself an immense, but essential task.
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1975 Soybean Highlights. Soybean production in Taiwan was surveyed and analyzed to assist
 
us in understanding production methods, conditions, costs, and prob;ems 
from a produqer's
 

perspective (Table 6). This Taiwan survey will 
serve as a baseline for future regional
 

surveys of soybean production and marketing in Asia.
 

tabl 6. cn..1 ,yl" t.an0Iiarleti. pro)duction in T.,ii-n accordinq to lo(ation and cultural twthdtI: 1974-1975, Taiwan. 

(aF-, ii, (At Field size (B) Yield
nil I xsnCIea range 1-111 anqe 

... ..... ..... ( .. a ..) .. ... .. .. ... .. . ,. I. . . ( i/h.,)- . - . . 

local ;(i: 

PilIlun (1t-8I) 1.2 0.1- 5.0 0. a 0.1-3. 4 67 1.8 0.4-2.1 
Unhi.,iun 1 M-t29) 0.6 0.1- 1.6 0.14 0.1-1.3 69 1.7 1.t-2.5
 
t1a lien (4.28) 3.11 0.9-26.2 0.7 0.7-2 .8 
 2t 1.0 0.1-2.1
 

cu,_,It t .. ,it l__i,[
 

tils"I (l lO0) 1.0 0.1- 5.8 0.7 
 o. 1-3.4 70 1.7 0.4-2.7 
Till, - loIanid (-10) 1.7 0.4- 3.5 0.9 0.1-2.4 53 2.1 1.9-2.5 

(INK2l)Nii2l.in8l 3.', 0.9-28.2 0.7 0.2-2.8 21 1.0 0.1-2.1
 

Total (NO)) 1.r 0.1-28.2 0. 7 0.1-3.4 46 
 1.6 0.1-2.7 

+Ilhl', Ce l .td,;, in iit,' th, reklti. j e,orn e af S',,;l,ln t fala.C. . , the pcrCe'tntaqle of his total far, Ji ts (A)
.pltned ii l ,i, n (B)I f., I,. ,,+i t. lipvtl. "IRS - no-t; l iei rice-stbIble cultural nethod. 

Contributions from seven countries added 3,960 accessions to AVRDC's Gietne sp.
 
germplasm collection, bringing the total to 9,093 at the end of 
1975.
 

During the year, we distributed seed samples of 205 cultivars and 
1,151 segregating
 

populations to 49 individuals in 29 countries.
 

A total of 1,309 successful crosses were made involving 349 single, double, triple,
 
and back cross combinations. 
 These crosses were made to combine high yield potential with
 
insensitivity to variations in photeperiod and to incorporate 
resistance to various diseases
 

attacking soybean in the tropics.
 

Twenty-five elite selections were 
tested for yield in Taiwan and the Philippines.
 

Selections from KS 628 and KS 535 yielded more than 4 t/ha at AVRDC. 
 Five entries which
 
produced more than 3 t/ha in 1974 did equally well 
in 1975. In a preliminary yield trial
 
of 86 F4 breeding lines, 20 entries had yields greater than 3 t/ha.
 

The combination of plant height and the increase 
in plant height after flowering was
 

selected as a criterion in screening for high yield potential.
 

Nine soybean cultivars were identified as moderately resistant to soybean rust after
 

artificial inoculation in a field screening of 1,080 entries.
 

A soybean rust rating system was developed and adopted by soybean rust research workers
 
at an international soybean conference in Thailand.
 

Varieties that were resistant to races of P. paclp,hy-ni in India and Australia were
 
tested in both the field and 
laboratory at AVRDC and proved to be susceptible to the local
 
races, which seem to be more virulent.
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Results 
from repeated experiments confirmed that soybean rust 
is not a seedborne
 

disease.
 

A biweekly spraying of Dithane m-45 effectively reduced yield loss due 
 to soybean
 
rust 
if begun 15 days after planting.
 

In 
an advanced field screening of 136 entries which were artificially inoculated, 25
 
cultivars were highly resistant to purple seed stain.
 

Ten resistant soybean cultivars were selected from a preliminary screening of 23
 
entries in 
a field heavily infested with root-knot nematodes.
 

A physiological race of Peronoepora manshurica, the causal organism of downy mildew
 
on soybean, was identified by using standard race 
differential hosts.
 

Of 187 soybean cultivars screened for reaction to beanfly attack 
in the fall, seven
 
were less preferred. Among 11 
 legume species evaluated for comparative beanfly 
infestation
 
rates, soybean was one of the 
three most preferred hosts 
(Table 7). Dimethoate, carbofuran,
 
mephosfolan, surecide, and oxamyl 
were the most effective insecticides for controlling
 
beanfly in soybean.
 

Table 7. Comparative severity of beanfly attack on II different legumes;1975,AVRDC.'
 

Plants damaged 
 inuets
Comon name %festat
Scientific name 4 of plants infested by
s- no. of ature 
 square root beanflyspecies

formation beanflies/plant transformation 
 H.phaseoli S. sjac 

Garden pea P. sativum 9 9 0.1 
 1.0 
 0 tOoRice bean 
 V. umbellata 
 IO 14 
 0.1 
 1.0 100 

Black gram V. mungo 

0
 
29 30 
 0.4 
 1.2 100 
 0
iungbeanh 
 V. radiata 
 49 44 
 0.4 
 1.2 100 
 0
Coapea V. unqiculata 52 48 
 0.6 
 1.3 100 
 0
Adzukl bean V. anqularis 60 
 51 
 0.8 1.3 98 
 2
Asparagus bean 
 V. sesquipedalis 79 
 67 
 1.0 1.4 tOo 
 0


Tepary bean 
 Ph. acutifolius 
 81 66 
 1.8 
 1.7 t00 
 0
Soybeanc G. 
max 
 81 69 
 1.0 1.4 
 58 42
Lima bean 
 Ph. lunatus 
 82 71 
 1.6 
 1.6 
 57

Snap bean Ph. vulgaris 91 84 

3
 
4.0 
 2.2 100 
 0
 

Mean 
 60 53 
 i.3 1.5 
LSD 11 31 
 0.3
 

aSown Jul 10; 50-plants/plot; 4 replications; lO-plant samples were taken Jul 28. and Aug 5. 
 'Mungbeonc-11tvar CiS 87-7.
 
CSoybean cultlivarShih-Shih.
 

Four species of hymenopterous parasites of beanfly 
were observed at AVRDC with the
 
most 
prevalent being PZutairhia sp. 
 Local parasite population peaks approached 50% in
 
beanfly puparia in April and July. 
 Two beanfly parasites, Opius importatun and 0. phateoli 
were Introduced from Hawaii for propagation and future release In Taiwan.
 

An air suction trap and an 
insect emergence chamber were designed and constructed
 
to help evaluate seasonal population dynamics of small 
flying insects and to produce large
 
numbers of adult beanflies 
for parasitism and resistance studies, respectively.
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An aai suction tap i6 uted to
 
obtain 6 ampees o6, 6ma 6fying nect S at AVRDC. / 

Alachlor, applied once at 
2 kg/ha as a preemergence herbicide, controlled annual
 
grasses and some broadleaf weeds in soybean plots. 

In a greenhouse experiment involving soils of different 
fertility, application of

nitrogen caused significant increases 
in both dry matter and pod number 
for all tested
 
soils. In the 
less 
fertile soils, nitrogen also increased nodule number and size.
 

Soybean plants grown in pots containing calcareous soil 
varied greatly in yield and
 
their uitilization rates 
of applied nitrogen, depending upon the nitrogen sources used.
Ammonium phosphate was the most effective; ammonium sulfate, ammonium nitrate, and urea 
were intermediate; and sodium nitrate had the 
least effect. 
 These results were related

chiefly to the speed of ammonium release, salt concentration in the soil, and soil pH.
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Sprouts o6 energy. * 

AT A GLANCE:
 

Mungbean production and yields in27
 
the tropics, 1974.a
 

Country Production Yield
 

(1,000 t) (t/ha)
 

Bangladesh 14 
 n.8
 

India ,
 C9 


Indonesia 
 17 0.6 
 EA 
 ,' .
 

Philippines 16 
 0.4 
 I I 

Sri Lanka 6 0.6 W 

Taiwan 
 3 0.7
 

Thailand 190 o.8 

Data from country reports submit
ted to FAQ and IAEA Regional
 
Legume Seminar, Sri Lanka, Dec
 
1975.
 

Mungbean CVigna radiata (L.) Wilczek] is an important pulse crop throughout Southeast
 
Asia and particularly on 
the Indian subcontinent. 
This popular and ancient crop is
 
especially esteemed as 
an excellent source of protein and for its 
high digestibility and
 
freedom from the 
flatulent effects associated with other pulses. 
Mungbeans are often fed
 
to babies, convalescents, and the elderly, 
or used when ending a long fasting period in
 

various societies.
 

Mingbean, or 
green gram, is prepared as 
a d~ird pulse by either splitting or eating
 
the whole bean after cooking. It is also made 
into a soup of dahl (porridge) and eaten
 
with rice. bean sprouts, noodles, green beans, and bean cdke are 
other forms of preparing
 

mungbean.
 

Although generally well 
known In the Asian tropics, farmers' yields ranging from 380
 
to 660 kg/ha in 
India and Taiwan, respectively, reflect 
the present stalte of mungbean
 

production In the tropics.
 

Indeed, little is actually known or understood about this semi-dornesticated crop 
because It has received relatively 
little research attention. 
 AVRDC has beriefitted from
 
some of the pioneering work done 
in India, the Philippines, and 
the United States, especially
 
In amassing a germplasm collection, which at the end of 1975 contained almosi 4,000 entries. 

The mungbean plant is 3n undisciplined producer. 
 Yields of he same variety will vary
 
widely depending on season, environment, etc. Such uncertainty nakes it difficult for a
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farmer to 
risk his limi ledland, capital, and labor on mungbean production. We are, 
therefore, striving to develop varieties with stable, uniform yields because mungbean 
presently requires costly multiple harvests. 
 We are alsc seeking varieties that will make
 
more efficient use of available solar energy and soil 
nutrients and that are resistant 
to
 
disease and insect attack.
 

Cuimen.t va ietiz.c, of mangbean 4eqtu&ie 
f.iom 5 to pickings as "the pods do 
not ma.tueci the same tine. Thus,AVROC 6civntizt.s cute deveto~pinlg pean~t 
tytpe's wt~ h lloqe o, 146for natuALty. 

For mungbean, even a relatively short (70 days) growing season does 
not allow it to 
escape severe disease attack. (eroospoi'a leaf spot (Cercospora eanescens) can reduce yields 
of unprotected mungbean by 47% during the warm, wet season. 
 Powdery mildew (Erysiphe
 

poZ.ygoni) is a severe problem during the cool, dry season. 
However, 	the unlucky mungbean
 
may not 	survive long enough for either of 
these diseases to be of major concern as the
 
seedlings often succumb to a combined attack of root rot fungi (Fuarium solani f. sp. 
phaeoli,, thithiwan sp., and Rhlzoctonia soZani) and root-knot nematodes. Sources of 
resistance to these and other 
less important diseases are being identified by screening our
 
Viqna sp. germplasm. 

HOTzWET SFASol 

d F 	 M A M J d A S 0 N 	 D 

Fig. 3. 	Epiphytttic conditions of diseases attacking mungbean during the year
 
in Southern Taiwan.
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Mungbean 
is very susceptible to virus diseases, particularly on the Indian sub

continent, where a large screening of AVRDC germplasm and breeding lines was 
devastated
 
by virus. The survivors were returned to AVRDC to be included In our 
breeding programs,
 
and subsequent generations will be repeatedly tested 
in India and Sri Lanka. At AVRDC,
 
mungbean mottle virus has caused reductions in mungbean yield as high as 79%.
 

Ve
 

Mungbean teaves with the chaactei.stic
 
symptom6 o6 mungbean motte vwtus,
 
which em .s ou.6ty timit mungbea yLd.
 

Similar to soybean, mungbean is attacked by Mfeanaromy:;a sp. beanflies, whose larvae
 

after hatching in the leaves burrow through the petioles and stems, killing young seedlings
 

and damaging mature plants.
 

Another very important pest of mungbean in Asia is a weevil (CalZosbruchua chincns a),
 
which sometimes attacks the beans in the field, but principally is a storage pest. Tradi
tional 
and modern methods of protecting stored beans from weevil infestation are being
 

explored. HeZiothis sp. and other pod borers also severely damage mungbean.
 

Farm-level production and marketing data are also essential, but difficult 
to obtain
 
for mungbean in the tropics because of the limited attention this crop has received. Exist

ing data usually present problems of comparison.
 

WeevZiU tddeing mungbean seed6. 
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1975 Mungbean Highlights. To learn more about mungbean, particularly from the farmer's
 

perspective, our agricultural economists interviewed 160 farmers, 16 farmers' association
 
staffs, 10 seed store owners, 13 pesticide shop clerks, 4 importers, and 3 processors 
in
 

Taiwan. Preliminary analysis of the data indicates 
that Taiwan generally imports more
 
mungbean from Thailand and Iraq 
than is produced locally. Mungbean is usually sown in small
 
plots and plays a vry small role in the cropping systems of local farmers. Reasons for
 

growing mungbean included seasonal suitability, short rowth duration, income or consumption
 

value, and soil fertility improvement. Major costs were incurred by labor for multiple
 

harvests and in 1975 the major problem was damage from heavy rains. 

Yield trials of 20 elite cuttivars were conducted in the spring, summer, and fall
 

seasons at AVRDC. Several entries yielded as high as 1.6 to 2.1 t/ha, but such yields
 
varied with each season. The Philippine line PHLV 18, however, had an average yield of
 
1.8 t/ha and was a relatively stable yielder (Fig. I). This line also produced 75% of its
 
yield at 66 and 75 days after sowing in the summer and fall experiments, respectively.
 

YieldI/ho)
 

2D4 afyter planhn 2.4-S F 

59 69 

2.0 F E 66 
73 

75 
84 

s 0 80 89 

1.6 I~e S __. 5 SummerF Fall 

s 

1.2 F F F 

0,8
 

04

0 
PfLV 18 TNI ML-3 010595 

Fig. 4. Proportions of total yield harvested at 4 different dates intwo trials
 
of four mungbean cultivars.
 

The PI~Zt~ppllc Un.Le P'HLV 18 Wa identi4Led 
inaa zei on' y.iefd tiiafs a.5 a kitgh, W 
s.tabe podueA. 
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Significantly negative correlations were 
found between seed size and the number of
 
pods per plant, yield and the number of days 
to first flowering, and yield and plant height
 
(i.e., plants more than 60 cm tall produced the lowest yields, especially in spring and fall
 

trials).
 

Physiologists demonstrated that the growth 
rate of mungbean was very slow during the
 
Inital 
stage (up to 35 days after sowing) regardless of variety or population density. 
 At
 
flowering, however, growth analysis, dry matter partitioning experiments, defoliation, and
 
14C translocation of assimilates 
indicated that 
the higher yielding cultivars translocated
 
a higher percentage of photosynthate to reproductive organs than 
the other entries.
 

In addition, specific leaf weight (i.e., 
 leaf weight per unit leaf area) was positively
 
correlated with both yield and RuDP carboxylase activity. A test for the latter may be used
 
as a selection criterion for high yield potential.
 

Femate mungbean diowe/ bei.ng pu'LpoAed 6oAt 
polZfnation az pwatt o6 AVRVC's mungbean 
breeding program. 

More than 
400 crosses were made to combine resistance to several diseases with high
 
yield and desirable plant type.
 

Ten mungbean cultivars were resistant to Cercospora leaf spot. 
 Another six cultivars
 
were resistant to attack from Rhizoctonia sp.,Pythium sp., and Fusarimn sp. in a root
 
disease nursery.
 

A previously unknown disease attacking mungbean crops at AVRDC was 
identified as
 
mungbean leaf blight caused by Vianatephoras cuccumeris.
 

In screenings of 100 cultivars 
in Taiwan, Thailand, and the Philippines for beanfly
 
nonpreference, one cultivar, LM 196 (AVRDC Acc. 
 2500), consistently ranked among the
 
least infested. Adzuki bean was most severely infested by beanfly, whereas black gram,
 
mungbean, cowpea, and ricebean 
(in that order) were less infested.
 

Successful beanfly control 
in mungbean was attained by applying cabofuran granules at
 
2 kg a.i./ha to the soil 
at planting or by spr.-ying hostathion weekly at 0.25 kg a.i./ha
 
beginning shortly after germination.
 

The usefulness of such traditional methods as applying peanut oil 
or soybean oil to
 
prevent severe weevil infestations 
in stored mungbean was verified. Such methods did not
 

affect seed viability.
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To increase the genetic variability in mungbean, particularly resistance to disease and
 

insect attack, mungbean was crossed with ricebean in a series of 
interspecific crosses using
 
an immunosuppressant, E-amino-caproic acid 
(EACA). The success rate was doubled when a
 
concentration of 100 ppm EACA was sprayed on 
the foliage of the seed parent.
 

ADZUKI BEA BLACK GRAM(Y_.ANOLL&AF?) (V1)!'_q 

Mungbean and 6out ctozey 'tetoted Vigna6peciec. MUNGBEAN
I (V. RADtAT A ) 

COWPEA RICE BEAN
(: L!GUICULATA) Y. UMELATA) 

Preliminary cytological studies indicated that EACA treatment probably increased
 
chromosomal pairing in meiosis of Fi 
plants, although the F1 progeny were sterile.
 
Cytological examination of other interspecific crosses, which were made using conventional 
techniques, indicated that their progeny were 
likely to be spontaneous amphidiploids. No
 
evident segregation was observed in the F4 generation of the mungbean/ricebean crosses.
 

Interspecific crosses were also made between mungbean and black gram to 
introduce the
 
latter's higher levels of methionine and resistance to pod shattering into mungbean. Both
 
the F,,and Fs generations showed a wide range of segregation, and hybrid sterility decreased
 
with generation advancement.
 

In management trials, soil scientists demonstrated that mungbean responded negatively to
 
concentrations of ammonium grown water andion wken in culture, the crop management team did 
not find a yield response to different levels of nitrogen in two field experiments.
 

The chemists refined a microbiological assay to detect mungbean lines with high
 

concentrations of sulfur-containing amino acids.
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Sunshine on the vine. 

AT A GLANCE:
 

Tomato production and yields in
 

the tropics, 
1974.
1
 

Country Production Yield
 

(1,000 t) (t/ha)
 

Bangladesh 53 8
 

Cuba 70 6
 

Ghana 115 5
 

India 660 9
 

Nigeria 220 10
 

Philippines 105 6
 

Sri Lanka 7 2
 

Thailand 15 3
 

W. Malaysia 26 5
 

aSource: FAO, Production Year-
 - I I Ibook, 1974. 
 -" "=
 

Tomato (Lycopeyaicon eacuZenturn Mill), a solanaceous fruit believed 
to have originated
 
In Latin America, 
is one of the most popular vegetables around the world as well as one of
 

the most important. It is generally grown 
in both home gardens and commercial fields. But
 
in some areas, 
the demand for quality produce in the marketplace is sufficient for 
tomato to
 
be economically grown in greenhouses or 
controlled environment facilities, particularly in
 
the United States, Western Europe, the Middle East, 
and Japan. As a crop for the canning
 

industry, it is most attractive.
 

Few agricultural products lend themselves to 
so great a variety of uses as does tomato.
 

It can be eaten as a fresh fruit and is one 
of the most popular salad vegetables. Tomato
 
is a primary ingredient in soups, pastes, catsups, sauces, pickles, and many other products.
 

It is served raw, baked, stewed, fr:ed, and 
as a sauce with various other foods.
 

Tomato, in addition to 
its high demand in the marketplace, is adaptable to rainfed
 
cropping systems, offers the small farmer profitable cash crop, and is an excellent source
 

of vitamins A and C.
 

However, tomato production in hot, humid 
tropics is beset with many problems, which AVROC
 

scientists 
are trying to solve. Because of its susceptibility to disease and insect attack
 
and its inability to set 
fruit under hot, humid conditions; almost no tomato is grown in the
 

lowland tropics during the rainy season.
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HOT, WET SEASON 
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Fig. 5. Epiphytotic conditions of diseases attacking tomato during the year in
 
Southern Taiwan.
 

An intensive tomato improvement effort 
is under way at AVRDC, seeking to combine
 
tolerance to high temperatures and excessive moisture with resistance to bacterial wilt
 
(Paeudomonae oian eapuz), 
tobacco mosaic virus, gray leaf spot (StemhyZium solani),

blight (Phytophthora in.tfeatans), 

late
 
leaf mold (CZadoopriwn fuvw';), 
and root-knot nematodes
 

(MeZoidogyne sp.). Careful 
attention is also being given 
to fruit quality and size,

particularly with the processing industry and the 
transportation of 
the fruit in mind.

Multi-disciplinary approaches 
are also being used to develop effective cultural practices for
 
tomato farmers during the rainy season.
 

1975 Tomato Highlights. 
 Recently, the production of 
tomato for the processing industry has

become very important in Taiwan. Therefore, a series of economic surveys were initiated to
 
increase our understanding of the production system. 
 Some of the 
factors contributing to
 
the significant increase 
in the production of 
tomato for processing since 1970 
in Taiwan were

fa.orable natural environment, improved technology and varieties, advantageous domestic
 
investment policies, responsive farmers and farm-related institutions, adaptable cropping
 

Tomtoaa in wooden eate4 aawit poce,6ing
at a 6ma/ canneny near AVRDC in Southen. 
Taitnn. 
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systems, and favorable International markets.
 

Over 95% of the LycopezDion sp. germplasm collection or 
3,799 entries have been screened
 
for heat tolerance, i.e., 
the ability to set fruit under high temperatures. Only 31 
cultivars
 
have been selected from such screenings to serve as parental stock 
in our crossing program.
 

Seedbed& 6m anotheA' minve,c j elliig
AVRVC'S tomato geuipeasm and b.cediq 

-J 

Linu ae.pitepaud. . ." s i"'',. .:.
 

Tests conducted in both 
field and greenhouse confirmed that 
two of the heat-tolerant
 
cultivars, which have been used extensively in our crossing work, 
are also able to tolerate
 
excessive moisture 
--a most important attribute for 
the 
tropical tomato during summer 

monsoons. 

Preliminary yield trials during the cool, dry season included several breeding lines 
with yields of 55 t/ha or more. 

Tomato zeedIigy a're teted 4o'ti~c,56&znck,.to bacte'iatC toiUt undc'z d 4zitt.t 
temperature conditions in the gcjenlti , .
 

From a series of screenings involving more 
than 2,000 entries from our germolasm
 
collection, 23 new 
cultivars with 
resistance to bacterial 
wilt were identified (Table 8).

In add'tlon, screening for 
resistance 
to bacterial wilt in both early segregating populations
 
and advanced breeding lines 
resulted 
in a number nf promising selections.
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Table 8. List of tomato cultivars identified 
as resistant to bacterial wilt in four
 
different tests; 1975, AVRDC.
 

Screening AVRDC Varietal
 
no. acc. no. name Origin
 

I 1737 PI 250436 Czechoslovakia
 

1 1937 PI 263722 Puerto Rico
 
II 1629 PI 212441 Ohio, U.S.A.
 

II 1822 PI 255864 Italy
 

II 3490 PI 341135 Maryland, U.S.A.
 

II 3560 PI 346890 Nigeria
 

II 3638 PI 357265 Yugoslavia
 

II 3682 '
PI 36 59 02 Ecuador
 
"
 II 3690 PI 365914V Ecuador
 

II 3705 PI 365930 Peru
 

II 3745 PI 367963 Brazil
 

II 3786 PI 368005 Brazil
 

IL 990 PI 129101 Colombia
 

III 1477 PI 200879 Afghanistan
 

IVd 751 PI 128223 Bolivia
 

IV 
 755 PI 128227 Bolivia
 

IV 761 P1 128233 Bolivia
 

IV 766 PI 128238 Bolivia
 

IV 791 
 PI 128263 Bolivia
 

IV 792 PI 128264 Bolivia
 

IV 794 PI 128266 Bolivia
 

IV 795 
 PI 128267 Bolivia
 

IV 798 PI 128270 Bolivia
 

Inoculated by clipping at the seedling stage, spring, 247 entries tested. bSpring
 
screening of 675 entries in bacterial wilt nursery (BWN). OSummer screening of 645
 
entries in BWN. Fali screening of 575 entries in BWN. eL. esculentum var. cerasiforme.
 
L. pimpinellifolium.
 

We have also begun to incorporate resistance to tobacco mosaic virus, leaf mold, gray
 

leaf spot, late blight, and root-knot nematodes in our most promising breeding lines. Two
 

cultivar; were identified as resistant to both leaf mold and gray leaf spot. Another five
 

cultivars were highly resistant to root-knot nematodes.
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Clazsicat salad. . 

AT A GLANCE:
 

Cubbagea production an yields
 
in the tropics, 1974.
 

Country Production Yields 

(1,000 t) (t/ha) 

Bangladesh 37 7 

India 420 6 
1. WP-

Nicaragua 9 2 

Philippines 53 7 

Sri Lanka 13 5 

Thailand 184 6 ,'t 

Zaire 5 3 

a Includes all types of cabbage.
Source: FAO, Production Year
book, 1974.
 

As its name implies, 
Chinese cabbage (Bysaiqoa ok?iiei.i-Rupr.) is a native of Eastern 
Asia. Its history is long, for it is believed 
to have been cultivated 
in China before the
 
time of Christ. 
 From the mainland it was introduced to the adjacent 
islands in Pre-Columbian
 
times. Therefore, Chinese cabbage 
is both well distributed and well 
known in the Asian
 
tropics, but 
is less known elsewhere. However, it has 
been introduced successfully in parts
 
of Central America, Puerto Rico, Sierra Leone, Nigeria, and the United States.
 

Chinese cabbage resembles head lettuce in many ways. 
 The leaves are usually wrinkled
 
and form heads that are less compact 
than those of common cabbage. The heads 
form rapidly,
 
sometimes in as little as 
two months after transplanting, and 
are usually vase shaped.
 

Chinese cabbage has many 
uses. It is commonly cooked as a 
green, leafy vegetable or
 
prepared in tasty soups. 
 It can also be eaten raw as a salad. 
 A unique dish, Kimchi, is
 
prepared in Korea and elsewhere by fermenting Chinese cabbage and pickling it in a salt
 
solution. Under cool 
conditions, it can be stored for up to 
three months and call also be
 
dried for later use. 
 Chinese cabbage is a good 
source of calcium and vitamins A and C.
 
Because of 
its rapid growth, it is an efficient food producer.
 

Bl'raaica pekichsi, is a short-lived or winter annual, which is usually planted during 
the cool season or 
in the highlands due to its sensitivity to high temperatures. During the 
hot summer months in the 
lowland tropics, most varieties do not form heads and the few that
 
do are generally irregularly shaped and soft, 
and sometimes have a bitter flavor. 
 High
 
quality Chinese cabbage is best produced at a temperature range of 150 0
 to 20 C.
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F1 hybrids have become available to farmers in Japan, Korea, and Taiwan, and farmers
 
in the lowlands lucky enough 
to escape typhoon damage have earned exceptional profits.
 
However, hybrid seed is too expensive for many Asian farmers and 
the risks remain high.
 
Yields are still considerably lower than those of winter or 
highland production. AVRDC
 
scientists are 
in the process of creating--as has been done for ccmmon cabbage--new heat

tolerant, disease-resistant varieties of Chinese cabbage.
 

Chinese 	cabbage is vulnerable to attack from a host of disep",e and 
insects. The most
 
serious diseases include bacterial soft rot (E2rinia carotovora), downy mildew (Peronospora
 
pax'axitica), and turnip mosaic virus. 
 Varieties with combined resistance to all three
 
diseases are being developed.
 

Sot tot iz a bactCetLa diseacWe which -j 
6cuvcif Umnts ChjieSe cabbage p'oduct~iizn 
.i tihletopics.
 

' !9 __. W 	 , , , i i 

J F M A M J d A S 0 N D
 

Fig. 6. 	Epiphytotic conditions of diseases attacking Chinese cabbage during the
 
year in Southern Taiwan.
 

Current 	production of Chinese cabbage 
in the tropics generally requires large doses of
 
insecticides to prevent the crop from being consumed by 
insect pests, yet such protection
 
poses an ever increasing risk to the human consumer as insecticides are often incorrectly
 

or carelessly applied.
 

Among the 11051
damaging pests of Chinese cabbage in tropical Asia are the diamondback 
moth (Olut(?14a.' .:i.ea), cabbage butterfly (Pieris rapae), and cabbage looper 
(Triholu uiia n:i). All three of these lepidopterous species eat the foliage while In the 
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larval stage and contaminate the plant with their feces. 
 Aphids (Rhcpaloaphjwn 
paeudobraaaicae) may also building up enormous populations on Chinese cabbage, resulting in 
wilting and even 
the early death of the plant. Their numerous bodies and the sooty mold that
 
grows on their excreta also badly fouls the plants.
 

AVRDC scientists are screening the germplasm for genotypes that are 
less preferred by
 
the various pests. At the same 
time, promising chemical as well as 
biological controls are
 
being evaluated for effectiveness.
 

Cultural methods are also being investigated as one means of reducing 
some of the
 

environmental damage to Chinese cabbage.
 

ClUnne cabbage was inteluppd cith 
coutJ by tilePhtqsitv (.5 ts to ""alfla te 
the CKcct ol Shadii ott tle had 
6vilma~tiol ( Ch ilese cabbage. 

1975 Chinese Cabbage Highlights. 
An economic survey was conducted in Taiwan to determine
 
the extent of Chinese cabbage production in the summer, 
to compare lowland production with
 
that of the highlands and to 
identify the major factors affecting summer prodttction. The
 
net returns to the highland farmers for this particular season were about 
$180 to $200/0.1 ha
 
per crop, whereas the 
lowland farmers realized no net 
return for their efforts. The
 
interviewed farmers reported such problems as shortage of 
labor, crop damage due to diseases
 
and insect pests, expensive chemical inputs, damage from heavy 
summer rains and strong winds,
 
and low tolerance to high temperatures. 
 The majority of these farmers were particularly
 
interested in testing new varieties of Chinese cabbage, especially those with heat tolerance.
 

From our Br~ Toio2 sp. germplasm collection, which had 601 entries at the end of 1975, 69 
cultivars of B. pokinonaZi have been identified as heat tolerant. 

In a summer yield trial of 61 heat-tolerant entries, AVRDC Acc. 
177 produced the highest
 
yield of 8.1 
t/ha and the highest mean head weight of 324 g/head. In general, all the tested
 
cultivars matured early within 36 
to 50 days after transplanting.
 

In contrast, the cultivar KH 3 had the 
highest yield of 63 t/ha as 
well as the highest
 
mean head weight, 2,363 g/head, in a winter yield trial of 154 heat-sensitive entries.
 

Heat-tolerant cultivars were susceptible to bolting under cool 
conditions in previous
 
experiments. This tendency 
to bolt was tested 
as a criterion in screening for heat-tolerant
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genotypes. The vernalization treatment that caused the best separation between the heat

tolerant and heat-sensitive entries was the exposure of germinating seedlings to continuous
 

0

light at 5 C for 20 days.
 

By treating Chinese cabbage seeds with 50 ppm of gibberellin A 4/7 for 24 hours before
 

placing them on an agar medium for germination, our physiologists were able to identify heat

tolerant lines as those with the longer hypocotyls.
 

Improverient of local , heat-tolerant varieties was accomplished through recurrent 

selection procedures. Increases in head weight of 18 to 23R were attained after one cycle
 

of recurrent selection.
 

During the year, 65 successful crosses were made including 24 that combined heat
 

tolerance with resistance to soft rot, downy mildew, and turnip mosaic virus.
 

In suiiiner screenings of 60 F2 populations, most of the selections had dense heads two
 

to three times larger than those usually produced by local heat-tolerant cultivars.
 

Also during the surwner, self-pollinated lines and assortatively-mated populations, 

derived from selections made the previous summer, were evaluated. Only 7 of the 34 self

pollinated lines had heat-tolerant segregants, whereas 27 phenotypically uniform selections
 

were made from the seven assortatively-mated groups.
 

Seed samples of 305 cultivars and 12 segregating populations were sent to cooperators
 

in nine countries. Reports were received from scientists in Malaysia, Bangladesh, and
 

Thai land.
 

Five cultivars were resistant to soft rot in a winter ,;creening. Temperature was an
 

important factor in the developmen, of this disease as temperatures between 240 and 28
0 C
 

were most favorable for the bacteria.
 

Of 365 cultivars and advanced breeding lines screened in spring, summer, and fall
 

planting at AVRDC, nine were resistant to downy mildew. Another six cultivars were
 

resistant to turnip mosaic virus.
 

In spring and fall preference tests of 127 cultivars in the field, 36 cultivars were
 

classified as less preferred based on the comparative insect-caused damage to the plants.
 

The Insects generally preferred the entires with light colored, fragile leaves to those
 

with dark green, rigid leaves.
 

Eighteen insecticide treatments were evaluated in two screenings at AVRDC. Based on
 

insect control, average head weight, and yield; the most effective insecticides were 

methami dophos, acephate, naled, EPN, and phenthoate (Table 9). 

A granulosis virus disease of the jiamondback moth has been tested for the past two 

years at AVRDC as a possible biological control agent. Single and combination treatments of 

this granulosis virus, ! ', s, ,,'qi,,;iu, natural pyrethrln insecticides, and a 

pesticide extender were comparable to quinalphos In controlling the diamondback moth.
 

The deleterious effects of sunlight on the pathogenicity of the granulosis virus were
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Table 9. 
The most effective insecticides for insect control in Chinese c, bage

compared to untreated control, 1975, AVROC. '
 

No. of . t iN. of plants in
 
Insecticide 
 Yield Average larvae . pupae 12-plant sample
treatment (kg/IO t
ri; head tt per plant with '100 aph;ds

(kgj) 
 per plant
 

Methamidophos (50V EC) 
 56 1.9 0.3 
 1.2
 

Acephate (75/ WP) 
 50 1.7 0.8 
 3.5
 

Naled (64.5/ EC) 
 47 1.6 0 
 2.0
 

EPN (45 EC) 
 48 1.6 0 
 6.3
 

Phenthoate (50' EC) 37 
 1.3 0.8 
 1.0
 

Control 
 14 0.8 9.8 
 11.5
 
..........................-----------------------------------------------------------------


LSD 5;' 
 9 0.3 4.8 

CITransplanted Feb 17, 
variety New BaWang, 6 applications of insecticide, harvested ',pr 17to 19, 4 replications. , : i"e--.I 4 . Z " .... 

evaluated. 
 When the duration of exposure to light increased from 4 to 60 hours, moth
 
mortality decreased from 98 to 6,,.
 

Rice straw mulch reduced the growth of annua Igrasses on Chinese cabbage beds by 
approximately 70*, 
but the growth of broadl:af weed', incr cased. Soi I erosion duri'g heavy
rains was minimized by placing the rice straw perpendiculor to the raised bed,. M Ilcirirg 
was also helpful in reducing the incidence of sof t rot arnd downy rildew. 

1. e
 

A rcsea lch it s i om-, Ihritl tii1 
s tudies3 n lpi5iltit tecliqflv ic('~it f 
Chrine 3 carbhati at AVRVC. 

L. -,"3
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Alachlor and butachlor herbicides provided the most consistent weed control and
 

persisted less than two months in the soil. A combination of the two herbicides gave the
 

best weed control for both direct seeded and transplanted Chinese cabbage when applied
 

preemergence.
 

HeA bcid" ate. s6ceened cut AVRVC to
 
evaeuate theiA poteiLt~at use .n
 
contvoCltiig weeds in the ftopics.
 

Chinese cabbage utilized 65 to 70% of the applied nitrogen fertilizer in a fertilizer
 

experiment. Yield indicc6 in plots not treated with nitrogen, phosphorous, or potassium
 

were resp!ctively 60%, 85%, and 90% of those that were treated. Application of a borax
 

solution iiicreased yield by more than 30% in a field experiment.
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The people's root. 

AT A GLANCE: 

Sweet potato production and yields
a
 
in the tropics, 4.
197


Country Production Yield
 
(1,000 t) (t/ha)
 

Bangladesh 637 10
 

Cameroon 550 4
 

Cuba 245 4
 

Ethiopia 265 4
 

Haiti 91 
 5
 

India 1,800 8
 

Indonesia 2,180 6
 

Papua New Guinea 400 4
 

Philippines 640 5
 

Sri Lanka 95 4
 

Sudan 495 
 4
 

Source: FAO, Production Year

book, 1974.
 

The jleopte'.S root. 

Sweet potato (Ipornoea batatas L.) originated in the Western Hemisphere, although the
 

site of origin and the manner in which 
it was domesticated are still unknown. An early
 
world traveler, sweet potato had 
reached New Guinea and New Zealand before the time of
 
Columbus and played an important role in the colonization and welfare of the Pacific 
islands.
 

Its range has since been extended so that the species is well known 
throughout both
 

temperate zones and the tropics. In 1974, 
the Food and Agricultural Orgdnization estimated
 

that approximately 84% of the world's production was 
on the Chinese mainland.
 

Sweet potato is normally a trailing vine, although climbing forms similar 
to typical
 
morning-glories are known. 
It is a perennial 
crop, however, the succulent nature of its
 

roots restricts sweet potato cultivation to relatively short growing seasors of three 
to
 
six months. Unlike many 
root and tuber crops, 
sweet potato begins to store starch at a
 
very early stage making early harvests possible. As mentioned earlier, 
sweet potato is one
 

of the most efficient plants at converting the sun's energy into food.
 

Sweet potato is generally cultivated for 
the starch in its enlarged roots. However,
 

the leaves and stem tips of its vines are 
frequently eaten as a highly nutritious and tasty
 
green, leafy vegetable. Often considered a poor man's 
spinach, sweet potato tips have 
a
 
rich protein content that helps fill the nutritional gap left 
by eating the low protein roots.
 
In West Africa, sweet potato greens are particularly important, and varieties have been
 
developed that are 
used only for the leaves, which are especially high in calcium and
 

vitamin A.
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Swee..t potatoes being offeAed 6ot ate 
in a natket in Papua New Guinea a'e
 
g9ee,latty Low in both B-ca'wtene and
 
pioten. AVRVC z.cieatistz ae
 
deveaopLng bed~ig mateiat s which
 
have much highen nuft.Ltionaii vaezuc.
 

Tropical root crops such as sweet potato have traditionally been regarded as inferior
 

foods and less worthy of attention than the cereals. Relative to the amount of research
 

done on the staple cereals, the root crops have been seriously neglected.
 

Rapid urban growth in the developing countries is not only producing a new middle class
 

with enough affluence to increase demand for the more desirable cereal foods; such growth
 

is also resulting in an expanding mass of low income groups who place a high demand on
 

inexpensive caloric sources.
 

Increased affluence would tend to increase the demand for cereals more than that for
 

root crops. But such rises in income are being matched by increased populations. The
 

Increase in total population with proportionately fewer people remaining in the rural areas
 

will place an increasingly heavy burden on the small farmer to produce more food. He must
 

not only increase production to meet the demand from population growth, but also to meet
 

the growing demand of an ever expanding, nonfood-producing urban sector. Root crops such
 

as sweet potato are better able to meet the needs of the peasant farmer for a crop that
 

yields well with relatively few inputs, and also meets the needs of the low income classes
 

for an inexpensive source of calories.
 

Ifivcut time. A Taiwan 6ajtni 

moat o6 which tiL be shitedded,
dried, and fed to his hogs. 
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Several developments in the processing of root crops may also influence 
their future
 
demand. 
 Baked goods made from imported wheat flour are a staple food 
in many of the tropical
 
developing countries. 
 Sweet potato flour can be substituted for wheat flour 
at a rate of
 
15% in bread and 20 to 30, 
in pastries. The implementation of findings such as 
these may
 
greatly increase demand for domestically producud sweet potato as well as 
reduce loss in
 
foreign exchange.
 

Sweet potato ranks high in calories produced per hectare per day at 
a lower cost per
 
calorie than cereals. 
 Sweet potato has an amazing potential for feeding people, is
 
relatively free from disease problems, and generally produces high and dependable yields
 
with a minimum of costly energy-consuming inputs such as 
fertilizers and pesticides compared
 
to those needed for high yields of cereals.
 

The sweet potato plant can use the nutrients that 
remain in the soil after preceding
 
crops, and it resists environmental extremes such as 
drought. It can be grown in paddy
 
fields Juring 
the dry season in many tropical countries, thus increasing the food production
 
of hungry nations.
 

Perhaps sweet potato's biggest drawback 
is the low esteem in which it is regarded by
 
the general population. It is a famine food, 
a food of last resort. 
 Over 70. of Taiwan's
 
large sweet potato crop is consumed by hogs. 
 Most breeding programs have improved the
 
starch content of sweet potato for 
industry with 
little concern for nutritional quality.

However, we at 
AVRDC believe that sweet potato has a tremendous potential as human food and
 
is long overdue for improvement.
 

AVRDC's objectives for improving sweet potato include selecting for high yield under
 
tropical conditions, high protein content, high R-carotene 
(precursor for vitamin A) content,

resistance to weevil (Cyla* f1L-)2riai-1) infestation, dry texture, and stem tips suitable
 
for use as a green vegetable.
 

Asians generally prefer a hard, dry, white-fleshed sweet potato, which 
is high in
 
starch, 
low in protein, and contains almost no s-carotene. 
 The sweet potato cultivars in
 
our germplasm that came 
from the United States, however, are generally high yielding and
 
contain greater amounts of protein and 6-carotene. Such cultivars are generally too moist
 
for Asians. 
 AVRDC is crossing the U.S. varieties with Asian cultivars in an effort to
 
develop lines that 
are richer in protein and -carotenc with higher yields, yet 
retaining
 
the drier texture preferred locally.
 

Scene at a smaet staeh factory neaA
 
AVRDC whete sweet potatoes aitc
 
scooped on to a c',zveyn bett and l
p4ocessed fo.m *tatch and other by
products.
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1975 Sweet Potato Highlights. We continued to screen for genotypes which yield well under
 
conditions of 
low soil fertility, minimum management, and high water stress. 
 In a minimum
 
input test of 194 cultivars and 49 5 breeding lines planted 
in a field which previously grew
 
a rice crop, maximum yields were 
18 and 20 t/ha for 
thi cultivars and selections,
 

respectively, at 
155 days after planting.
 

AVRVC 6weet.t potato see'econi 35-2
 
(,tght) otttyieded the foca' check
 
under minmtm input cozd.tions. Thi.s
 
seftcUon Z5 aftso 
 h.L jh 6n 6-cLatc'tene
 
and p ot .6i (17. 1' d'rq wt) .
 

More than 70 promising breeding 
lines were analyzed for protein, k-carotene, and dry
 
matter content. 
 Lines having poor quality were eliminated as parental materials.
 

Our analysis found a significant correlation (r=0.92) between 
the protein content of
 
sweet potato roots and trypsin inhibitor activity (Fig. 7).
 

Trypsin inhibitor activity (units/g) 

8.0
 

6.0
 

4.0
 

2.0 / r 0.9203 
20 

0 	 0.5 D 1.5 2.0 
Protein content (% fresh wt) 

Fig. 7. Correlation between protein content 
and trypsin inhibitor activity in 13
 
sweet potato breeding lines.
 

A simple technique for analyzing 1-carotene in flour made from sweet potato roots 
was
 
developed, which replaced the laborious analysis of three separate samples per 
root.
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Much o6 .te exciting woitk in AVRDC'z " V
 
aweet potato pogamn haz occew d in
 
the NuttittoncI Quwtety Laboratory in .
 
the anaey s 6o s6weet potato 'wot.
 
6o protein and 0-coAotene content. 

Yield trials were conducted internationally incooperation with scientists in the
 

Philippines, Thailand, and Bangladesh. Yields during the rainy season in the Philippines
 

ranged from 0 to 9 t/ha. However, during the dry sehson, the yields ranged from 25 to 48
 

t/ha in 153 days. InThailand, the highest yields of our breeding materials were about
 

22 t/ha. Seven AVRDC breeding lines with high a-carotene content were selected in
 

Bangladesh.
 

Five sweet potato cultivars were resistant to "witches broom" or "little-leaf" disease.
 

From a screening inAVRDC's heavily infested weevil nursery, six relatively resistant
 

breeding lines were selected for inclusion inour breeding program.
 

The Ameening o6 di&Aesnt 
in et dezor contA'o, 
o6 the hweet potato weefJP 
geta undeA my at AVRVC. 

Insweet potato management trials, the entomologists reported that hostathion, furadan
 

flowable, surecide, and lannate insecticides successfully controlled the weevil.
 

Although varietal differences to fertilizer application levels were observed during
 

the different seasons at AVRDC, increasing levels of nitrogen required proportionally
 

larger levels of potassium for maximum sweet potato yields.
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Tubeu 6o& tommo vow i i 

AT A GLANCE: 

White potato product i.,,and

yields in the tropics, 1974.a
 

Country Production YielI V 

(,000 t (t/ha)
 
Bangladesh 731 
 9
 

Burma 50 , 
Cameroon 
 40 3
 

Cuba 
 76 5
 

Ethiopia 170 
 5
 
India 4,626 9
 

Indonesia 138 4
 

Philippines 24 7
 

Sri Lanka 26 
 8
 

Thaila~nd 
 10 7
 

Zaire 
 47 4
 

'Source: FAO, Production Year
book, 1974.
 

White potato (Solanum tuberoswm L.) was cultivated in the highlands of the Andes 
in
 
South America over 2,000 years ago. 
The Spanish conquistadores brought 
it to Europe around
 
1570. 
 It spread rather quickly throughout 
 Europe and became a popular, easily grown

staple In Ireland. When, 
in 1845 and 
1846, a blight fungus destroyed the Irish potato
 
crops and the 
resulting famine caused the death or emigration of many Irish, the crop
 
became known as 
the "Irish" potato.
 

White potato has since continued its travels, and 
the nutritious tuber is now
 
considered to be the 
fourth most 
important food plant of man--after the cereals, corn, and
rice. In tropical Asia, white potato is still 
not well known, but is believed to have
 
considerable potential 
for the region if 
a truly tropical potato could be developed. Thus
 
AVRDC, 
in cooperation with the International Potato Center (CIP) 
in Peru, is screening the
world's germplasm of tuber-bearing Solanwn species for clones capable of tuberization under
 
lowland tropical conditions.
 

White potato has been referred to as 
a well balanced, well 
packaged food. Nutrition
ally, 
it is close to sweet 
potato in calorie production per hectare per day and 
second only

to soybean in protein production per hectare. 
 In addition, white potato is 
an excellent
 
source of vitamin C and the vitamin B group. 
 Its balanced protein-calorie composition, the

nutritious quality of its protein, and its 
relatively rapid growth 
makes white potato an
 
ideal food complement to cereal crops 
in multiple cropping systems.
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1975 White Potato Highlights. Continuing emphasis was given 
to germplasm introduction and
 
screening for genotypes adaptable to hot, humid conditions.
 

Clones of selections made during 1974 
summer trials at AVRDC were planted in a
 
replicated trial at 
the Twin 	River Research Center 
(1.5 m above sea level; 7ON latitude;
 
maximum 	temperatures, 31 
to 37°C; mean minimum temperature, 250
C) in Davao City, Philippines.
 
Two selections, 1282-1 
and 
1284-5, produced marketable yields of 22 and 20 t/ha, respect.ively, 
in 83 days. These are impressive yields when compared to the Philippine national average 
of 7 t/ha.
 

In a uisit to the TwLn RiveAs Resehach
Centet in Davao City, Phitppinez,
AVRDC's potato b~eede, Di. R. T. Opena,
exanmrie the pf6oi'mance o4 AVRDC 
buteedin g eine.6. The 41te t6 aMe 4.om 
the subaequent harvest. 

Tuber growth rates and yields were higher for heat-sensitive clones under both high
 
and low night temperature conditions.
 

Limited reciprocal grafting tests between 
tolerant and sensitive clones further
 
underscored the importance of normal shoot development in the tuberization process at high
 

temperatures.
 

In 
a carbon dioxide assimilation experiment, there was greater translocation of
 
photosynthates 
to the tubers at low temperatures than at 
high temperatures.
 

HOT, WET SEASON 
.............
 ...... c 
. . ........ ..... ,., 

.A2;i;-2"......... .. ........... 

.. ........ ......
 

.. ......... 
 . 

J F 	 M A M J J A S 	 0 N 0 

Fig. 8. 	Epiphytotic conditions of diseases attacking white potato during the
 
year in Southern Taiwan.
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The concentration of potassium, an element known to affect translocation processes
 

in several plants, dramatically increased in the tuber after 48 days of growth. A gradual
 

decline in the potassium Loncentration in the leaves and stem throughout the various growth
 

stages was also observed. Potassium remained at a higher concentration (3.2%) in the dry
 

matter of leaves taken from plants growth under high temperatures than at low temperatures
 

(2.4%). The implications of this as a criterion in screening for heat tolerance will be
 

studied.
 

Another possible criterion for use in our heat tolerance screening resulted from a
 

study of the temperature sensitivity of the key enzymes involved in starch biosynthesis.
 

We observed a significant reduction in sucrose synthetase levels under high temperatures.
 

A shift to low temperatures for even one week, however, produced a marked increase in
 

sucrose synthetase activity. Kinetic studies indicated that this enzyme is closely regulated
 

by both uridine diphosphate and sucrose at high temperatures. Under low temperatures,
 

however, it is only controlled by sucrose.
 

AVRDC'6 C/W,.1s awe aes anafqzed fut N 
petixc.de . esLdtues to acccns the Cefct 
oA ag.I.ic tunat chemicab on t.opicae. 

The minimization of the breakdown of potato seedpieces under high soil temperature
 

conditions was examined in summer field experiments involving mulching and time of cutting.
 

Mulching accelerated emergence, reduced tubr.r greening, and promoted more vigorous vegetative
 

growth, but did not significantly affect the total number of emerging plants, the stand at
 

harvest, nor the yield. Planting whole tubers or seedpieces cut one day before planting
 

effectively improved emergence and stand at harvest, but did not significantly increase
 

yield.
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TRAINING AND OUTREACH
 

AVRDC's research and production training programs offer a wide range of
 
opportunities to vegetable research workers and production specialists
 
throughout the tropics. The participants in AVRDC's training programs learn
 
by doing at 
the side of the Center's scientific staff. Upon their return
 
home, these participants strengthen national programs and 
serve as Valuable
 
cooperators in AVRDC's international activities.
 

Although training at AVRDC was only initiated at the end of 1974, con
siderable progress has been achieved. 
 Through early 1976, 39 research,
 
production, and student trainees from nine countries studied and worked at
 
AVRDC (Table 10). 
 As of February 29, 1976, AVRDC had provided 8.8 man-years
 
of training.
 

A training brochure has been published which describes training at AVRDC
 
in greater detail. Copies may be obtained by writing the Training Officer.
 

As an international agricultural research center, it is essential for
 
AVRDC to develop and mair.,ain extensive contacts throughout Southeast Asia
 
with formal outreach programs, staff travels, exchanges of germplasm, visits
 
of cooperators to AVRDC, and participation of AVRDC staff in international
 

meetings.
 

On April 15, 1975, the Asian Development Bank made funds available for
 
the establishment of outreach programs in Korea, the Philippines, and Thai
land.
 

Table 10. Countries sending training participants to AVRDC through February 29, 1976.
 

Country Research oriented Production Othera Total Equ'valent man
interns scholars fellows oriented years of
 
b
 

training
 

---------------------------(no. of participants)------------------------

India 1 1 0.1 
Indonesia 1 2 3 0.5 
Korea 2 2 0.8 
Micronesia 1 1 0.1 
Pakistan 1 0.2 
Philippines 6 1 7 14 2.8 
Taiwan 1 3 6 10 1.6 
Thailand 5 5 0.8 
U.S.A. 2 2 1.9 

Total 17 
 3 1 12 6 39 8.8
 

aStudents of local universities who spent ther summer vacation at AVRDC as student trainees.
 
bAs of Feb 29, 
1976.
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VEGETABLE RESEARCH TRAINING AT AVRDC
 

N. M.t Jamens A. Deutsch conp~eted ha.~ 
taccl ol ilcomonentyactn infind, 
tanI vmonesva~a6Actij n jietd
ititonat vatue, and acccptabieity 

o4 Amanathus sp. and 4tuwmned to 
CoueU lnvetsity in ety1976 to 

Orr 6 11,ih hi,5 PhI.D. wut in1 Ptanlt
 
;I Buteding.
 

by kh. Cha~i ~e'tj Sagjwa npyi.n, a 
'iv'secnh in te.,n 6,zoii Thai (and as lie 
cvnidue ts a At'own. inducti'ii expt'ti-
Men t (60thwet pt~ta to. 

Mi ss Evangetyni Cem'.Le, a ueatch 
inteAn ALtom tile PIItiAtp.Znu, iAA~gate

7' hut expetimentat ptot. 

A~t AVRtJC one fcausn by doing. Ifn'e 
AI'i,. IHaAjii Z. squki, a 'Iea~ch 
4jituAi m 1lidoizc,.ia, app(tm heA 

skit6 ineascitfatingj sweet potato . 
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VEGETABLE PRODUCTION TRAINING AT AVRDC
 

'. ' -', :PARTICIPANTS IN AVRVC'S J.&,rst 

k , ecci.ite ins titletiel ill.the 
c'as5l'vil -

Rioductioi t.iabivoe a iv o o e 
with a chaC''gil .Ore-test at the 
beginnbzig5 oj the41c 5-rkoth cotose 

Tainees ae izt ioduced t( both 
bufa C' Io n. 

amd the peowe. tittIeit as pazt 
.theiA f.t'.d cxpe't/eouc at AVRJC. 
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The Korean Sub-Center, estaib ILshed in 1974, continued to evaluate AVRDC 
breeding inaterials LnIle r Konrean conditions. The Technical Assistance 
Agreement was si poed Septeiber 23, 1975 by the Cove rnmen t of t:he Republic of 
Korea, the Asian Dev(.pment Rank, and AVRDC. The Bank wiill provide funds
 
for a Resident [!,,rt i 'loto-rist to be 
 st ationed it the St:-Ceinter in Suweon 
and for the (;',' letnt ita il_ at A i(I).ir ii.Sub- cr" 

The ['hi li;opine ! rac , :ueai O AVRM)C aN!;iini tLIted in May at the
 
EcOnoi ic Cit!Lr'ln in B;1 1a0!; with the 1ppointment of [)r. John [[ubbell. 
 POP 
is Oi!ot . 'trv ::t_. . t.v' b Btlreu , of ['lint indust ry , the [Philippine 
Council no Aorl c11 :,1 ndRe.Soe -cLS Reseach, and AVRDC. The Southeast 
Asian Celli er (r ducat ion in: Ei-, AgriculurU (SEARCA) provides the 
necess;ry ad./ iii . r'! . ;c*-Sr ic'.. 

f s' 

'h,Ii v('.'viciii .However, AVRDC eni i noIs to COOpei'e t 

I'l. iT'(,.iui ;iit A<,reement has not vet been signed with the Royal 

closel.y with Thai 

r'{ S V,-. I ; 01 ;1 SC it lit iS t -t u (c ' I 1 s Is b sis. 

i:-. ( PC' .] Ifi: 11. 

Sut I uuuiuir(i,[ Ib h""-OUNRECH I " TAFOR I ALIUANRVWIBll.RESEARCH AND BEVfLOPMINT EtNlTEWXVUli 
!/NATIONAL HEADQIUARTERSl FOR PHmmIIPN,j.'< tiSiiw, ,,,,,, %ite,,, COUNCIL FOR AGRICULTURAL. lttSEAttR 

!'~ii' 1 'i~ CutcicliI'~'~i'u.OPERATED JOINTLY BY- 0A1'PI.PCAR.ANltijfmi ,IiSP% E - i04-t"c 

RESEARCH SUPPORT SERVICES
 

Inforia ion_dc_ i.'iat .ton and disseriination. The Iibrary acquired approxi
mately l,40(1new 7'nog riphic titles for a total of 3,190 titles in early 
1976. During: 1975 we subcribed to neirlv 275 scientific journals and added 
773 bound volumes tn oir collection, which now includes 3,865 volumes and 594 
t itles. 
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ti'e 'nCfated di~scipl'inc5 can be ,'(40 ( E -

(ie' AVRVC C(toa1,. 

The tablesof contents of newly received journals are reg!,ularly photocopie(I
and circulated amon,, the staff. 
 We initiated i literature search for !flunt,
bean and closely 
 related species. Nore thaln :70 document.s are h)0 Iiteed t,

exist and about half are cIready in our collect icm. Similar 
bibliog raphics

for our other crops will be initiated durinv 1976.
 

The Office of Inforrnation Services (OIS) further developed ii:; calpabil
ities to support AVRDC's 
 research and traininv pro-grims, It.s functions
 
during 
the year included editorial services, photog raphic sorv'ices, artwork,

offset pripting, audio-visual 
 services, visitor soervices, and the prepar;it ion 
and dissemination of information concerning AVRI)C'; programs and progress. 

,,... , 4, 

The 01S photoglaphel iat wok 

The AVIDC An ~a1 ,1 ',o or, 1;3. was edi ted, publ ished, ,anti dist.ributed to 
over 3,500 researchers, libraries, extension workers, Sudents, and ,Idminis
trators in approximately 100 countries. A rcnera l information brochure was 
prepared in both Eni'lsh and Chinese. 

The reporting of research re.sult; for 1975 li,s been , Ini'eo -gani[;ed.
addition to this progress report, separate reseat rch reports have been prepared
for each crop. These reports give a more detailed account i ng of AVRDC',s 
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research, training, and outreach activities and are available upon request.
 
A detachable form is provided with this report for your 
use.
 

At the end of 1975, OIS initiated a special project 
to collect information
 
and recipes on our 
six crops for eventual publication as an AVRDC manual on
 
the preparation of vegetables. 

This project :as undertaken with the assumption that AVRDC's contribution 
to the improvement of diets in the tropics will not be accomplished unless
 
people 
eat the vegetables AVRDC and its cooperators improve. Although there
 
are various reasons why 
 people do not eat certain vegetables, in many cases
 
it may be because 
 they do not know how to prepare the vegetables that AVRDC 

is improvinug. 

, a,,l'.,' i .%a ki it to, tOwfc,'cl ' 
 " -.ii
qlc tab Cr ,' uqnwi 'kht h' '(Qi( & _a ' 'fuC(' •
 

t et d . 
witim thi . 'mLt tw')p bit )(bf ishu a 
.O' i AVRVC is 'tel.,..' i to hri' 

The consumption of the 
six AVRDC crops in different tropical countries
 
varies both in 
intensity and in methods of preparation. Many methods
 
commonly used in one country are simply not 
known to 
people in other countries
 
or regions. Our purpose is to collect 
as many vegetable recipes as possible
 
from around the world and include the 
simpie, tasty, and nutritious ones in
 
a manual, which can be 
supplemented periodically. 
We welcome your assistance.
 

A JC-mbiat 'miNSt Of Ch tbbC((' 
Secd is c4ooiucted ,iiOle AVRC seed 
Cab. 
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Seed laboratory. 
 A major part of AVRDC's research program todate has been

the assembling of large germplasm collections for each of our six crops.
To properly accommodate and maintain such collections, we have coatinued to
expand and improve our seed storage facilities. We multiplied seed of more
than 8,00 accessions for scientists at 
AVRDC and filled requests from our
cooperators. 
 Nearly 6,000 seed samples were distributed to 103 scientists
in 30 countries. 
Another 80,000 packets of seed were 
sealed and placed in
 
long-term storage.
 

Experiment farm. 
We c ntinued the development of our 
102-ha experimental
farm in order to increase the accuracy and efficiency of our field research
activities. 
All but 16 ha of the farm has been developed; roads, ditches,

and canals account for another 16 ha. 
 Thus, approximately 70 ha are now
available for research, training, and seed multiplication. During 1975, 82%
 
of the available 
land area was used.
 

A crop and land management committee was 
formed to coordinate land
assignments, drainage and irrigation improvements, and soil fertility

evaluations. 
 The farm was classified 
on a seasonal basis according to
drainage and 
soil fertility. 
Work was also initiated on the creation of
windbreaks, rotation of AVRDC crops with green manure 
crops, and the 
stan
dardization of research plots.
 

FINANCES
 

Unlike the other international agricultural research centers 
(all of which
 
are supported by bilateral grants within the framework of the Consultative
Group on International Agricultural ResearcL), 
AVRDC is mainly supported by
six countries. Expressed in U.S. dollars, 
funds received in 1975 totaled

$1,819,979. 
 The largest single donor was 
the Repjblic of China, which
contributed $761,787. 
 Next was 
the United States of America (through the
Regional Economic Development Office of the U.S. Agency for International

Development) with $600,000. 
Thailand, the Philippines, Korea, and Japan gave
$75,000 each. 
Japan also provided the services of the Soil Scientist.
 

The Rockefeller Foundation provided the services of the Director and
contributed 
a grant of $25,000 toward 
the mungbean improvement program.
 
The Sino-American Joint Commission on Rural Reconstruction (JCRR) donated$50,000 for the construction of a screen hoLse to be used by pathooniJsts and

entomologists and the improvement of controlled environment facilicies.
 
Support 
for research on improving the efficiency of fertilizer use with
vegetables in the tropics was provided in two grants totaling $40,000 from
 

the International Minerals and Chemicals Company.
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PUBLICATIONS
 

In addition to its annual 
reports, AVRDC makes available, upon request, reprints of
 
technical papers prepared by 
its staff. 
 Such papers may be obtained by detaching the form
 
provided at the beginning of this 
report, marking the appropriate items, and mailing it 
to
 
AVRDC. Be sure to 
include your complete mailing address. All AVRDC publications are free
 
and will be sent by surface mail.
 

AVRDC Technical Bulletin Series:
 

TB 1 - Menegay, Merle R. Taiwan's specialized vegetable production areas: an integrated
 
approach. 1975.
 

AVRDC Journal Paper Series:
 

JP 1 - MacKenzie, D. R., L. H1o,T. D. Liou, Henry B. F. Wu, and E. B. Oyer. Photoperiodism
of mungbean and four related species. HortScience, Vol. 10(5), Oct 1975. pp. 486-7.
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