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Preface
 

"Research for the potato in the year 2000", was the theme
 
for the Congress in celebration of the tenth anniversary of the
 
International Potato Center (CIP). The Congress was sponsored
 
jointly by the Potato Association of America, the European Asso
ciation for Potato Research, and CIP. Over 226 scientists and
 
administrators of agricultural programs from 47 countries were
 
present. These with CIP personnel as well as scientists from
 
the Peru Ministries and the National Agricultural University
 
totalled over 300 persons active in potato improvement. At no
 
time previous, has a group been assembled which included such a
 
broad representation of persons from countries in which potato
 
culture results from long established, well tested practices to
 
countries to which the potato has only recently been introduced.
 

Invited papers by recognized world authorities in potato
 
production, utilization, and improvement research were presented
 
in the plenary, (morning) sessions. These served to orient
 
subsequent discussions with over 120 research papers presented
 
later in each of the three days in three concurrent sessions per
 
day. Reports include information from countries in which potato
 
is now becoming an increasingly important food as well as from
 
those countries in which potato has long been an staple food and
 
its culture a high production technology science.
 

The tenth anniversary of CIP marks the induction in July
 
1972 of the International Potato Center as the fifth center of
 
the Consultative Group for International Agriculture (CGIAR).
 
More than a year earlier work of the Center had been initiated
 
by an agreement with the Peru Ministry of Foreign Relations a~.d
 
the North Carolina State University. The Congress marked the
 
occasion for extending the agreement between the government of
 
Peru and CIP to the year 2000.
 

President Fernando Belaunde Terry of the government of Peru
 
participated in the inauguration ceremony and invited 50 members
 
of the Congress to visit the palace. The interest of President
 
Belaunde in CIP's program has been enthusiastic and most encour
aging.
 

Since experts from around the world were present in Lima,
 
five one-day planning conferences were held for orienting CIP's
 
programs of integrated pest control, production of potatoes from
 
true seed, potato production in the hot-humid tropics, and 
strategies for late blight, virus, viroid, and mycoplasma 
control. 

W. J. Hooker
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THE POTENTIAL OF THE POTATO AS A WORLD 

FOOD 


M.S. Swaminathan and R. L. Sawyer 

International Rice Research Institute, 

Los Bafios, The Philippines, 

and International Potato Center 

respectively, 


Hunger and malnutrition have been with 

mankind since the early days of civiliza-

tion. A vicious circle exists amongst the 

four factors: health, food, income, and 

population. Medical advances to control 

disease increase the population and the 

problem of adequate food supply. Adequate 

food and nutritional balance tend to in- ance amongst the more important amino 

crease the population and consequently the 

food requirement. Increased income pro-

duces a greater demand for food and a fur-

ther drain on food supplies. Increased 

income produces a greater demand for ani-

mal meats and creates a greater demand on 

plant foods for animal feeding at the ex-

pense of the supply available for human 

consumption. 


There has been no planned attack on this 

vicious circle up until now. Nutri-

cionists have fought for programs to pro-

vide a better balanced diet. The medical 


the elimination of major diseases and 

pests of mankind. Agriculturists have 

consistently made major advances in food 

production, concentrating mainly on the 

traditional cereals which come ina con-

centrated, well packaged form at harvest 

for preservation and distribution. Rais-

ing the incomes of the "poorest of the 

poor" and population control programs have 

been goals of many major international 

funding sources for many years. The ap-

proaches have been reactionary to problems 

on a piece meal basis with insufficient 

long range planning and consideration of 

all alternatives and interactions, 


A long range plan for an adequate food 

supply inthe world must involve many fac-

tors but principally amongst them are: 


a.An adequate program in population 

control. 

b.An adequate investment inagriculture 


with a well coordinated research and ex-

tension base. 

c.An adequate pool of professionals to 


plan, execute, and implement programs. 

d.Time to cope with cultural and reli-


gious mores. 


All alternatives must be considered and 

innovative approaches developed which may 

require a planned attack on tradition when 

it is impeding progress towards the goal 

of an adequate diet, good health, and pro- 

ductive happy lives for all mankind, 


This Congress encompasses many of the com-
ponents necessary to a strategy for an 
adequate world food supply. It involves 
long term planning - to the year 2000 
with a crop that iswell balanced nutri-
tionally, but a non-traditional crop for 
attacking the world food problem. Fur-
thermore, this Congress is considering 
non-traditional approaches to the produc-
tion of the potato and the research being 
accomplished to eliminate factors which 

have prevented the use of the potato in tablished from continuous potato produc
many climates up until now. 


To plan for the potato in the year 2000
 
requires an objective assessment of the 

potato as a world food at the present 

time. What is the present status of the
 
potato in relation to several major re-

quirements for a world food? 


Nutritional balance 


There are a wealth of statistics available 

from many sources indicating the compara-

tive advantages nutritionally of the pota-

to over all of the major world foods. The 

balance of proteins to calories, the bal-


profession has made consistent advances in would be valuable. However, present 


acids in the protein, and the levels and 

spread of minerals and v,:amins make the 

potato second only to eggs innutritional 

value as a single food source. 


As new varieties are produced with higher 

yields and better resistance to pests and
 
diseases, care must be taken and monitor-

ing must be done to make sure that an al
ready excellent product is not harmed. 

There is adequate variability amongst 

breeding materials to increase the protein 

to calory ratio ifthe normal mix of foods 

being utilized by a country indicates this 


judgement of senior management at CIP is 

that itwould be detrimental to the nutri- initiated. A major portion of the tuber
 
tional balance of the potato to try to bearing wild species have not been used up
 
build in a higher protein content as is until now in breeding programs. Their
 
being done with a number of the major 

cereal crops, 


Climatic flexibility for production 


The potato has been mainly a cool season 

crop for the higher altitudes inthe trop-

ics where it originated or for northern 

latitude cool climates for which it has 

been highly adapted by scientists during
 
the past 150 years. A few of the varie-

ties developed for northern latitudes have
 
had some flexibility for warmer climates. 


With the establishment of CIP and its 

world potato collection with facilities in 

the high jungle and the lowland Amazon 

basin, the ability to screen for hot cli-

mate flexibility in the tropics has 

increased tremendously. CIP with its 

associated contracts has developed and


resistance
identified material with cold 

° 
to -8 and other genotypes which will pro-


duce edible tubers ina very short period 

in the hot-humid tropics. The genetic

flexibility for growth has been identified 

more rapidly than has agronomic research 

been conducted for potato growing in such 

environments. However, during the past 

two years, CIP has consistently produced 

15 tons of potatoes per hectare in60 days 

using commercial non-adapted varieties at 

its Yurimaguas low jungle facility. This 

indicates that good progress isbeing made 

on the agronomy for tropical potato pro-

duction. 


A tremendous genetic reserve for flexi-

bility to climates exists. Use of this 

has only recently been initiated. The 

extent to which resistance to diseases and 

pests of the lowlands or their control 

will have to be developed will only be 

known after there has been a pressure es-


tion over a period of years in such loca
tions.
 

Comparative advantaoes inthe use of land,
 
time, water, and energy
 

The potato produces more well balanced
 
protein and more calories per unit area
 
per unit oi:time than any other major
 
plant food. Although it is a high invest
ment crop, returns are very high inrela
tion to the investment. Statistics from a
 
number of developing countries in the
 
tropics indicate that the potato produces
 
a higher return to the grower per unit
 
area than any other crop. Obviously, part
 
of this isdue to the high cost of pota
toes on the market and the high demand for
 
this commodity known mainly as a luxury
 
vegetable in many tropical countries.
 
Even at 5 tons per hectare in Ethiopia,
 
the potato isthe best economic plant crop
 
for small farms inthe highlands.
 

Potential for genetic improvement
 

The potato has been develop,: for northern
 
climates utilizing a very na"row genetic
 
base. CIP's world collection of native
 
cultivars and wild species which has been
 
developed over the past few years with the
 
collaboration of many institutions is a
 
resource whose use has only recently been
 

potential value isstill unknown. Itwill
 
be long after the year 2000 before the
 
variability which exists with the potato
 
will have been utilized to a similar level
 
as the major cereal crops. Thus, there is
 
tremendous potential for exploitation in
 
the potato which could give wider climatic
 
flexibility with higher yields and better
 
resistances to pests and diseases.
 

Seed production
 

Good low cost seed has been one of the
 
major limiting factors for use of potato
 
as a food in tropical climates up until
 
now. Most tropical countries are present
ly relying on costly importations from
 
northern latitude countries as the base
 
for potato production. Seed costs are
 
from 50 to 75% of the total production
 
costs under such conditions.
 

The systematic study on the inter-rela
tionship of the climate to pest (vector)
 
avoidance has helped inthe realization of
 
low cost healthy seed production in de
veloping countries such as India. The
 
experience in India inthe last few years
 
has proved that the use of "seed plot
 
technique" by the small farmers can enable
 
them to produce a rebsonably healthy seed
 
crop at low cost as well as allow them to
 
sustain reasonable yields. Inthe devel
oping countries producing potato, the ex
tension and/or modification of the Indian
 
system will be useful to identify suitable
 
areas for potato production. Selection
 
should be where climatological factors
 
allow the required period for potato pro
duction as well as avoidance of vector
 
populations. This will provide a solution
 
to the production of low cost high quality
 
tuber seed and reduce or eliminate depend
ence on seed imports.
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CIP has made major research advances 
in ble crop which fitted into the
the past three years inidentification and 

incorporation of resistance into advanced
breeding lines for those viruses important

to seed production schemes, 


The highest priority research at CIP this 

past few years has been the development of 

technology which could permit production

of the potato from seed instead of tubers.

This change from the traditional methods 

could well be the great!?st break-through

inagriculture this century. The Chinese 

through necessity for food have already

commercially established the viability of

certain variations of this technology,

CIP will have this technology at an ad-
vanced stage in growars fields with na-

tional scientists well before the year 

1985. 

Post-harves+ technology 


Appropriate and efficient
technology and marketing are posr-harvest
critical to 

the entire production-use system of potato

due to its bulkiness and perishability,

Post-harvest losses are highest throughout

the developing world and itisusual that 

in areas with seasonal peak production, 

potatoes are available for consumption

only during a part of the year due to

the inadequate storage. Unlike intemper-

ate regions, ii tropics and sub-tropics
the potato crop isharvected at the time 

when summer sets in,and temperatures are 

high during post-harvest handling and
marketing, leading to deterioration in 

storability and consumer quality. 
 It is

therefore, necessary that priorities 
be

developed for making available low cost 

renewable energy dependent, storage and 

processing systems. 


Southern and eastern Asia, which have 50%
of the world's population, only possess 
16.5% of the world's energy resources. If good example of a country which was tradi-
China isexcluded the position becomes 30%

of the world population vs 3.2% of world's 

percentage of energy resources. Such sev-

erely energy limited areas need urgently,

processing and refrigeration systems based 

on renewable energy sources such as solar

photovoltaic techniques and blo-gas. 


The reduction of spoilage as well 
proper utilization as

of the potato, needs 


involvement of institutions like Home 

Science Colleges with the extension pro-

grammes which would be needed in the de-

veloping countries. Indian experience of 

"Lab to Land" programme involving direct 

dialogue between scientists from different 

disciplines with the small farmers has 

brought out the efficacy of such a system

for the speedy translatio, of research

results ina usuable package by the small 

farmer towards increasing his production
potential as well as for the integrated

up-liftment of the farming community. 


The potato and farming systems 


Hhat has taken place in India during the 

past 25 years, clearly demonstrates how 

hell the potato fits into cropping pat-

terns. No third world country has made as 

rapid increases inuse of the potato as a 

food as hes India. 


For many years India depended mainly on 

two cereal crops, rice and wheat, to feed 

its people. Both crops had to go to com-

plete maturity and could be grown during

the same 356 days in the same fields,

There was approximately an additional 80

days a year which could produce food on 

the same land. The potato was the flexi-


farming 

system and quickly became a major crop for 

India. The potato did not need to go to
maturity since itisthe tuber and not the 

seed which is eaten. Maturity for the 

potato could be when the rice crop had to
be planted, 


There are hundreds of thousands of hec-

tares of potatoes in the southern hill 

country of China which fit into the farm-

ing system ina different manner than in studies of successful examples of removing
India. In southern 
China the potato is the barriers to expanded and sustained
intercropped with a number of other food 

plants, principally corn and soybeans,

with staggered plantings. The Chinese 

claim that this system gets the most from
the soil, the light and the crops on a 

combined basis, 


Thusits the potato already has demonstrated
flexibility to fit into farming sys-


tems in a few tropical areas where the
potato has become important as a staple
food. Still to be investigated is the 

role of the potato infarming systems for 

the rest of the tropics where the potato

isstill mainly a luxury vegetable. 


Acceptability of the potato as a food 


According to FAO statistics, the potato

has had the greatest increase in produc-

tion inthird world countries of any major
world food crop during the past ten years.

These statistics certainly attest to the 

acceptability of the potato as a food and
the increasing awareness of the productive

capabilities and the food value of 
the 

potato in developing countries. South

Korea in its 
new five year plan is con-

centrating on potato production at the 

expense of rice, its traditional crop,
 
in order to give a better stability to 
gos annual food supply. India isanother 


tionally a rice-wheat consuming nation 

that has found ready acceptability of the 

potato. 


A social scientist at CIP has been study-

ing the acceptability of the potato 
as a

food ina number of countries around the 

world which are not traditionally con-

sumers of potatoes. The study still in
 process indicates that acceptability and 

use of the potato as a food depends prima-

rily on 
price and not on food habits or 

customs. Thus the ability to lower the 

price to the consumer so that the cost of 

the potato per unit of food value issimi-

lar to other inexpensive foods is impor-

tant for the technology being produced for 

the potato inthe year 2000.
 

Forum for national policy makers
 

The major barriers to expanded and sus
taned potato production as well as its

utilization are at the national level.
 
This calls for national, regional, and
 
international coordination among the poli
cy makers for devising a package of public

policies suited to the respective national
 
needs for stimulating and sustaining pota
to production and utilization. Such a
 
package of policies could be devised to
wards streamlining each component of the
production system indifferent ecological
and socio-economic environments with a

definition of national priorities for po
tato vis-a-vis other crops, including

pricing and movements from the area of

production to consumption. The introduc
tion of potato in "Food for Work" pro
grammes will help in establishing its
 
rightful place in elevating the nutri

tional standards of the rural and urban
 
poor.
 

The much needed coordination among the
 
policy makers from developing countries
 
for crystalizing the package of policies

can possibly best be achieved by providing

a common international forum at seminars
 
or panel meetings under the auspices 
of
 
CIP/rAO. Such periodic dialogues among

the policy makers, should be based on case
 

potato production and utilization.
 

Summarl
 
-

On a global base the potato already isa
 
major world food occupying fourth place in
 
importance, falling just after the three
cereals rice, wheat, and corn. However,
most of the importance of the potato as a
 

food exists in the colder regions of the
world, either the highland tropics or the
northern and southern latitude temperate
 
climates.
 

The genetic potential which exists with

the potato must be utilized to the fullest
 

the tropical regions where a
extent for the wrl opulwtion
major portion of world
the population
exists with insufficient diets and no ade
quate staple food supply.
 

The major cereal crops have been highly

exploited for many years. The resources
 
with the potato have only recently been

developed which would permit a similar
 
kind of genetic exploitation as has taken
 
place with the cereals. Already the

flexibility of the potato to environment
 
isemerging.
 

Technology is being developed which will

give exciting new approaches to produc
tion, storage, and processing for tropical

regions of the world. National capabili
ties for research and transfer of tech
nology in agriculture are rapidly being

developed in a number of tropical 
coun
tries. Good national agricultural capa
bilities inresearch and transfer of tech
nology are essential to the development of
 
the potato for tropical climates.
 

With coordination of research effort and
 
a concentration on the priority factors
 
which have until now limited the use of

the potato, the potato will take its pro
per place as a world food by the year

2000. This Congress provides a needed
 
base for action to exploit the potential

of the potato.
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THE POTATO IN THE LOWER TROPICS
 

F. A. A. Couto, L. C. Sikka, 

S. P. R. Weeraninghe. 


Director General CNP Hortalitas
 
EMBRAPA-Brasil, 


Potato Specialist (IADS/CIP) - Bangladesh,
 
Regional Agriculture Research Office 


Bardarawela, Sri Lanka. 


Introduction 


The potential of the potato (Solanum tu-

berosum) as one of the mosfiTfcient 
foo-d-crops is an accepted fact. Besides 

being a highly nutritious source of food 

with high quality protein, over twice as 

much dry matter and calories can be pro-

duced through potato production on unit 

area of land and time, as compared to 

wheat or rice. Talburt and Smith (1967) 

have rightly observed that nature has de-

signed only a few foods that are capable 

of nourishing mankind and of these, the 

potato is one. The potato ranks first in 

protein production per hectare per day. 

Biological value, which is an index of the 

portion of absorbed nitrogen retained in 

body for growth or maintenance, or both, 

is 73, compared to 54 for maize and 53 for 

wheat flour (Kaldy, 1972). It is for 

this reason that in recent years several 

authorities have indicated an important 

role for the potato as a food crop, par- 

ticularly in the developing countries of 

the world and where protein availability 

has been showing a downward trend (Sim-

monds, 1971; Dodds and Hawkes, 1952; Hay
 
and Allen, 1978; Swaminathan, 1977). 


In the last 17 years the population of 

the developing countries increased by 50% 

while the total increase of the world
 
population was 40%. For the developed 

countries it was only 16% (Table 1). 


For the same period, the per capita potato 

production decreased by 25% for developed 

countries but increased 69% for the de-

veloping countries (Table 2). This clear-

ly shows the growing importance of the 

potato as a food for the populations of 

the developing countries (Table 3).
 

To achieve the foregoing changes in potato 
production, technology for the developing 
countries is needed in order to increase 
potato yields, which in the developing 
market economies is about half (10.5 t/ha) 
of the developed ones. 

In the specific case of Brazil, the popu-

lation growth index is much higher in the 

Western and Northern regions and potatoes 

must be transported from 1000 to 3000 km. 

to reach only the wealthier portion of the
 
consumers. 


The production of the potato in the lower 
tropics is a recent innovation. Neverthe
less, the primary centre of origin of the 
cultivated potato is the tropics, between 
ION to 25°S and at altitudes of 2,700 
to 4,200 m. (Hawkes, 1941). The potato 
defied adaptation in the lower altitude 
tropics, mainly for socio-economic rea
sons. However, in recent years, there 
have been definite trends in its accept-
ance as an important article of basic food
 
(Figure 1). From an ecological point of 

view, the lower land tropics, to quote 

Mendoza and Estrada (1979) and Wellman
 
(1969), are zones at elevations between
 
sea level and 1,000 m with day length
 
varying between 12-13 hours; average light 

intensity between 8,000-9,000 fc; absolute 


Table 1. Population growth rates by world Table 2. Per capita potato production and
 
regions. percent change in production: by world
 

regions.
 

Populations x 1000
 

Region Percent Region Per capita Percent
 
change in production change
 
population 1978 production
 

1980 1963 1961 - 80 Kg. 1961/65
1980
 

World 4414800 3160294 39.7
 
World 66 -15
 

Developed
 
market Developed
 
economies 785805 673934 16.6 market
 

economies 100 -24
 
North
 

America 246100 208200 18.2 North America 79 12
 

Western Western Europe 143 -34
 
Europe 372123 335998 10.8 Oceania 60 49
 

Oceania 17637 13482 30.8 
 Other 29 - 2
 

Others 149945 116254 28.98
 
Developing
 

Developing market
 
market economies 15 93
 

economies 2213460 1448134 52.8 Africa 9 119
 
Africa 376912 229723 64.1 Latin America 32 40
 
Latin Near East 26 132
 

America 368466 232215 58.7 Far East 9 150
 
Near East 217741 140913 54.5 Other 2 113
 
Far East 1245210 841875 47.9
 
Other 5138 3408 50.8 Centrally planned
 

economies
 
Centrally Asian CPE 14 35
 
planned Eastern Europe and
 
economies 1415540 1038226 36.3 U.S.S.R. 415 -25
 

Asian CPE 1037600 712645 45.6
Eastern All developed
 

Europe and countries 202 -25
 

U.S.S.R. 377941 325581 16.1 All developing
 

All developed countries 15 69
 

countries 1163740 999515 16.4
 

All developing
 
countries 3251060 2160779 50.5
 

maximum temperatures in the range of 35 to
 
Source: FAD Production Yearbook 1973, 40°C and absolute minimum temperatures be

1980. tween 20 to 220C, with mean temperature of
 
25*C or more. Annual rainfall is 2,000 to
 

Percentchange 0 10 20 30 40
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Source: Adopted from Horton 1981. 

Figure 1. Change in per capita production of selected food crops in developing coun
tries, 1963-78.
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about half the time required for produc-	 Among the less important pathogens one can
Table 3. Potato production, 
area, and tion of an equal weight of tubers under include Rhizoctonia solani, Helminthosoyield by world regions, 1980. 	 long day conditiois (Moreau, 1944). In rium solani, and Vertictlium spp. Rht-

Brazil, yields of 20 to 25 t/ha are ob- zo-Ton-asol3ni, however, is proving-of

tal..dJ during the winter months at mid- Tmporance--'Titelds established from true
Region Area Production Yield elevation altitudes, while 10 to 20 t/h potato seed.
 

(X 1000 (X 1000 t) t/ha are obtained during the summer, in 80-90
 
ha) 
 days. At sea level, yields of 10-15 t/ha 	 Among the pests, the leafminer fly (Lirlo

are obtained in 70-80 days when the crop 	 myza spp.) the potato 'pin worm" (DUabro-
Developed 
 is raised during the winter months. 	 tica speciosa) and other Crysomel1Tiae
market 
 very important. The root-knot nematodes

economies 2,963 69,393 23.4 	 It is thus obvious 
that ecological re- (Meloidogyne spp.). anripotato tuber moth 

North straints, as put forth bv some scientists (Phthorimaea opercilella) are a great 
America 575 16,176 28.1 (Mukhatar, 1972; Kish t and Upadhya, menace. 

Wesern 1977), do not present ii, ssible barriers 
for adaptation of the po,',ato Significantly, of the devastatingin the lower 	 none
Europe 2,165 47,838 22:1 
 land tropics,
1,93 6:4wart 	 diseases of the temperate viz.
Oceaia 5 	 region,
(Synchytrium endobioticum), bacterial
 

Other 178 4,186 23.6 It will not 
be out of place to mention ringrot (o uneacterium sepedonicum), and
 
Developing
market 	 that in Europe, as the literature has it, potato spie ber (PSTVhavebeen rethe crop was generally unimportant until corded. Cyst-forming nematodes, serious
 
ecrnomies 2,984 30,843 10.5 the eighteenth century after its introduc- pests in the temperate regions, have not
 

tion in 1576. Earlier introductions from 	 been reported in the low land tropics
Africa 449 
 2,983 6.6 the tropics (Peru) were poor performers. eitner.

Latin 
 It was only 'after improved variettes
America 1,095 10,602 9.7 adapted to temperate latitudes were bred (c)Degeneration of seed stocks

Near East 422 6,385 15.1 that the potato became established as a
Far East 
 981 10,867 11.1 major food crop. In this context, major The key constraint to effective exploita-
Other 1 6 6.3 	 problems which have limited the 
potato tion of the crop is inadequate supply of
 

growth inthe lower tropics are mainly of 	 good quality seed. No factor is more
Centrally a scientific and technical nature. Prob- critical to potato production than a reguplanned lems arising ft'om, socio-economic and lar supply of quality seed at a reasonable
economies 12,115 125,440 10.4 soclo-political factors have, 
of course, price that a small farmer can 	afford. At
 
Asian CPE 1,690 14,889 B.d 	 over-ridin3 influence, present, most of the countries have little
Eastern 
 in the way of domestic seed production.


Europe and 	
The farmers are, therefore, obliged to use
U.S.S.R. 10,425 110,551 Major Problems Limiting Growth degenerated stocks of local varieties;
10.6 
 hence yields are low and unremunerative.
 

All developed (a)Narrow genetic base 
 Even the high quality imported seed decountries 13,388 179,944 13.4 
 generates rapidly because of late arrival
 

The varieties planted inthe low2r tropics 	 of seed stocks. Aphids and leaf hoppers

All developing are from northern latitudes and do rot that are prevalent in earlier stages of 
countries 4,638 45,732 . express their full yield potential-in a crop growth or inthe later stages towards 

profoundly different environment because maturity as inBangladesh, undermine its 
World 18,026 225,676 12.5 	 of the difference in day length and tem- health.
 

perature. The classical example of this
is illustrated by the dati from Push- (d) Post-harvest losses and storage
Source: CIP/World Potato Fact (1982) 	 karnath (1970). Of the cr')ection of 642 problems

established commercial potato varieties
 
from temperate countries introduced into Unlike temperate countries, in the low-

India from time to time and tested under 	 land tropics the storage of this bulky
4,000 mm and the bulk of the precipitation 	 short day condition only 6 percent gave perishable crop poses 
a serious problem.
is during summer months. Winter months 	 comparable yields with local varieties and A sigrificant percentage of the crop is
are often dry. A majority of soils are 	 among these only 
2 varieties viz Up-to- lost ,;uring the 	post-harvest period due to
characterized by low pH and high aluminum 
 Date and Great Scot could be established 	 high temperatures that make the harvested
concentration, causing toxicity problems, 	 in commercial 
 culture. The same would tubers vulnerable to several rots. Due to
The tropics thus, consist of the zone 	 hold for Bangladesh. Among the wide spec- inadequate and inappropriate storage fabounded geographically in the north by trum of exotic varieties, mainly from the cilities, farmers are compelled to dispose
the Tropic of Cancer and in the south by Netherlands, most of the varieties with of their produce immediately after harthe Tropic of Capricorn. The latitude is the exception of Cardinal, Patrones, and vest. Thus, potatoes are known as an in23°27' but 300 
North and South Latitudes Multd failed 	to become established. In elostic product. This results ina tempoare also generally considered part of Brazil more than 100 varieties have been rary glut in the market, leading to low
the tropics. Sri Lanka, Eastern India, introduced, however, only Bintje, Achat, prices, and thus adversely affecting the
Bangladesh, the Terai plain of Nepal, a Baraka, and Radosa are being cultivated economics of the crop.


part of Burma, Laos, Vietnam, a part of regularly.

China, most of Africa, all of the Central 
 Storage of seed potatoes ina single crop
America and most of South America are 	 Besides, genetic variability inthe avail- zone, requires '-imseven to n 
ne months.
within this range, 
 able cultivars is relatively ndrrow and Inabsence of adequate refrigelated stor

most of the present day varieties do not age, seed stocks are rendered Fhysiologi-
Inthis region, rice, cassava, weet pota-	 fit into the variable growing conditions cally senile due to the high losses caused
toes, some Dioscorea species, 
and srie of the lower land tropics, 	 by rotting, excessive sprouting, and
bean crops are the basic foods. The po-	 shrinkage. Hence yields from the resulttato is still a minor crop mainly grown 
 (b)Disease and pest problems 	 ant crop are extremely low. For regions
during mild winter under equinox condi- where two or more crops are grown in a
tions. Although the growth phase iscon-
 Major diseases of potatoes in the lower 	 year, varieties with long dormancy but
siderably shortened and an ideal tuberiza-	 land tropics are bacterial wilt (Pseudo- responding well to dormancy breaking
tion period is limited, short days and monas solanacearum) and viruses. Late chemicals may help solve the problem.
abundant sun-shine induce early tuber TTgTt (TPhto ora infestans) under cool

initiation and rapid tuber developmet, and humid conditions as in north west (e)Crop management problems
In Bangladesh, yields o. 10.6, 14.8 and Bangladesh, Sri Lanka, and Brazil is of
16.5 t/ha were obtained in 60, 75 and common occurrence. Early blight (Alterna- Information on improved production tech90 days, respectively, (Ahamad and Rashid, ria solani) isalso very important--in- the niques and cost economics of the crop is
1981) by using adapted varieties. InWest Uee ion regions of Brazil and Sri inadequate. Agronomic techniques devel-
Bengal, Iddia, representing the lower 	 Lanka during the rainy seasons. Fusari~im oped in temperate countrie6 are not ditropics, 13.5 t/ha o. potatoes were har- dry rot (Fusarium spp.) is considered a rectly applicable to the lower tropics,
vested in 70 days (Anoi ymous, 1976). In major problem'in-seed potato storage in where the crop received minimum levels of
Kenya', the same yield was achieved in 	Brazil. 
 tillage, fertilizer. water and other in
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puts. Plant protection measures are 

adopted only by a few progressive farmers, 

Many farmers use either small -sized 

tubers of local degenerated varieties, or 

use cut seed-pieces of imported seed to 

effect economy on seed cost. Post-harvest 

techniques are generally neglected. Cul-

tivation of potatoes is practiced inthe 

same fields in succession, thus aggravat-

ing the disease problems. Therefore, all 

these factors interact to reduce the
 
yield. High risks and uncertain returns 

prevent farmers from investing in cash 

inputs and, the asset base of the farms 

remains sub-optimal from the point of view 

of crop management. 


f)Socio-economic factors 


Despite the recognized potentialities of 

the potato as provider of maximum food per 

unit area and per unit time, itis still 

considered to be a luxury vegetable in 

developing countries. At national levels, 

no priorities have been determined for 

accelerated development programs for adop-

tion of an institutional framework to give 


The knowl-
necessary support to the crop. 

edge of the socio-economic conditions with 

respect to potato production and demand 

patterns isscarce. There are no produc-

tion incentives for the potato as compared 

to wheat and rice crops in the form of 

subsidising prices on costly inputs and 

providing adequate long-term credits. exert considerable influence upon the 

There are no input-output pricing policies genotypes, population breeding (progeny 

that can optimize the efficiency of crop testing) as outlined by Mendoza and Rowe 

production and stabilise marketing. The (1977) would be appropriate. Inthis sys-

cost risk-return structure of farming in- tem, the breeding work should create a 

fluences the decision making of farmers on 

crop choice. 


Major approaches for solution of 

problems 


Most of the foregoing problems need to 

be solved through research to give the 

potato its right place inthe economy of 

the countries of the low land tropics. To 

achieve these objectives, long term plan-

ning is required for effective basic and 

adaptive research on different aspects of 

the potato. Some of the essential lines 

of work required during the 80's are de-

scribed below: 


(a)Varietal improvement 


of the history of 

Some understandin ofuthe isthe of 

present varietis in culture in the low-

land tropics is essential for projection 

of its national improvement. Traditional 

potato varieties, which are widely grown, 

are relics of earlier introductions, main-

ly descendants from subspecies andigena 

(Swaminathan, 1958; van der Plank, 1946). 


Teron menl acn

local adaptability to environmental fac-

tors, through sustained high selection 

pressure. Possibly, these cultivars also 

became saturated with degenerative dis-

eases; hence not productive. To overcome 

this situation, there is a definite need 

for comprehensive research for breeding 

varieties to suit the agro-climatic condi-

tions of low land tropics. The varieties 

should be essentially photo-insensitive 

and tolerant to high temperatures. Their 

main characteristics should be: 


(1) Ability of seed tubers to survive 

and emerge rapidly under high soil tem-

peratures, 


(2) Quick, early, and balanced haulm 

growth with good leaf canopy. 


(3) Inherent ability for fast tuber 

growth to give a high tuber to haulm ratio 

or high harvest index, 


(4) Built-in resistance to insect 

transmitted viruses (PLRV and PVI), bacte-

rial wilt, and late blight. 


(5) Longer dormancy period so as to 

facilitate tuber storage over 7-9 months 

but with high responsiveness to dormancy
 
breaking chemicals.
 

The first immediate step inthis dire tion 

is an improvement of the domestic so-

called indigenous cultivars by re-juvenat
iAg their stocks. These varieties culti
vated ineach area have proven adaptabili
ty to local environmental factors. Though 

they do not have very high resistance to
 
diseases, they are also not very suscepti-

ble. Such an attempt would improve the 

present level of national yields until the 


new suitable varieties are bred. 


Simultaneously, the hybridisation program 

should be initiated to produce large proge-

nies of hybrids for selection. This would 

entail incorporating, into a few domestic 


value, a large
varieties with agronomic 

number of desired genes consistent with 

the foregoing breeding objectives by a
 
succession of crosses and subsequent se-

lection for the most promising recombina-

tions. For those traits with complex

inheritance where environmental factors
 

variable population with an enhanced fre-

quency of desirable genes for adaptation,

yield, and disease resistance through re
current selection. 

Choice of parents is a first pre-requisite
 
for the success of the breeding program,
 
especially for developing varieties meant
 
for the warmer conditions of the lowland 

tr;-cs. Earlier studies showed that wide 

crosses should be made to introduce genet-

icvariability using andigena or andigena 

derived stocks or the wide ra~ige of varia-

bility which occurs in related wild tuber 

bearing Solanum spp. Khanna (1966a; 1966b) 


were observed from crosses between Sola
num tuberosum, S. phureja and Neotubero
sum. Promising lines were tested-a--mid
 
eTevations of the western part of Brazil
 
and also in the lowlands near Rio de Ja
neiro and Manaus. The best clones are
 
being increased for further tests. (Ta
ble 4).
 

Table 4. Summary of behaviour of CIP ma
terial inBrazil (EMBRAPA 1980/82).
 

Dates Material under selection
 

Families Genotypes for
 
(NO) 


01-05/80 44
81 

04-07/P0 81 

05-09/80 42 

02-06/81 24 

09-01/81-82 59 

T
 
Totals 250 


Dates Selected 

genotypes 


(No) 


01-05/80 44 

04-07/80 341 

05-09/80 518 

02-06/81 208 

09-01/81-82 903 


Totals 1,834 


selection
 
(NO)
 

1,253
253
 
2,046
 
4,563
 
2,059
 
7,862
 

17,773
 

Genotypes
 
s ected
 

(%) 

3.5
 
16.7
 
10.0
 
11.5
 
11.5
 

10.3
 

screened th-eprogeny of the crosses (S. ters for adaptation and disease resistance
 
tuberosum x S.chacoense) for tolerance To 

hrgh thermoperiods and a number of the 

clones gave significantly higher yield

than the tuberosum varieties. Saleem and
 
Shafi (1966) concluded that andigena va-

rieties have more adaptability to warmer 

temperatures. The variety Antarqui, bred 

from andigena x tuberosum, was claimed to 

be tolerant to 18 to 24°C. In coastal 

areas of Kenya, CIP 377257.1 (tuberosum x 

phureja) gave remarkably commendable 

yields where '.he temperature regime during 

growing period was 22 to 270C. Further-

more, the progeny from andigena - derived
stocks are day-neutral for tuberisatior,
 
(Rothacker, 1962). In Banoladesh, andi
gena-based tuber families for adaptation 

to lowland tropics were received from CIP.
 
These involved crosses for resistance to 

late blight, bacterial wilt, and insect 

transmitted viruses. They showed 

predominately day neutral reaction for 

plant characters and tuberization. Of 

1700 genotypes, more than 60 percent ma-

tured in60-70 days. 


In Brazil 17,773 genotypes belonging to 

250 families from CIP were tested in 1980/ 

1981. The crops were grown during the 

rainy and dry periods. Plants with good 

characteristics were selected at rates of 

3.5 to 16.7%. Better plants and yields 


(After de la Puente and Mendoza, 1982)
 

Itcan be thus concluded that for selec
tion of desirable lowland tropical va
rieties, highly heterozygous and heteroge
neous populations of wide crosses hold a
 
good future promise. Inter-specific cros
ses involving tuber forming species of
 
Solanums with potential value of charac

are difficult to obtain owing to environ
mental, genetical, and cyto-genetical com
plications.
 

Most of the varieties generally do not
 
flower in the warm climate owland trop
ics. Furthermore, national programs have
 
difficulties to ru, the breeding programs
 
needed for their countries. In this con
text, the International Potato Center has
 
to play a vital role in a regular supply
 
of the segregating progenies for selection
 
of promising genotypes inthe environments
 
of lowland tropics.
 

(b)Raising potatoes from true seed
 

Raising potatoes from true potato seed
 
(TPS) could be another immediate possible
 
opportunity in extending potato cultiva

tion in the lowland tropics. This is a
 
means of virtually starting with virus

free material. Itwould mean taking the
 
basic seed production program to the
 
farmer's door step and thus providing a
 
low risk technology because the high in
vestnnt on costly potato seed isno long
er a limiting factor. Use of TPS may be
 
economical and convenient for handling and
 
long distance transportation without any
 
deterioration during transit and storage.
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Such a technology seems to be more feasi-

ble for countries like Bangladesh where 

the holdings are small and the farmers 

have scarce resources. For example, pre-

liminary studies in Bangladcsh indicate 

that yields on the order of 14. 6 t/ha. 

have been obtained in 80 days aftrer trans-

planting (Table 5). The average national 

yield of potato is 10 t/ha. Furthermore, 

many farmers in the lowland tropics are 

good horticulturists and they would make 

this technique a success. This technology 

also offers good rural employment poten-

tial. 


Table 5. Performance of open pollinated 

progeny of Kufri lyoti at Bangladesh

Agricultural Institute, Dacca, Bangla-

desh. 


Plant characteristics Mean 

and yield components values 


Plant height (cm) 49.9 

Leaf area index 3 


Foliage uniformity excellent-/ 

Foliage weight Ct/ha) 

(at peak growth period) 24.5 


Tuber yield (t/ha) 


JI mean 14.6 

(ii best 24.5 


Yield in3 average grades

(%) 

Large (61.0 g) 14.7 

Medium (23.0 g) 58.0 

mali (6.5 g) 27.3 


To iiformity gooj2/ 


Nat potato yield 

of the .,untry (t/ha) 10 


1/80 days after planting, comparable to 

the clonally propagated crop.


!/50 days after planting, generally white 

oval tubers with shallow eyes. 


However, there are some technological as-

pects which need to be considered before 

adoption of TPS on a commercial scale. 

Potato varieties as such may be expected 

to be extremely heterozygous and their 

progenies will contain a variable popula-

tion similar to F2 which may not be agro-

nomically acceptable. To. overcome this 

problem, a comprehensive research program 

is needed at CIP and other institutions to 

develop phenotypically uniform lines using 

monoploids and diploids. It is reported 

that tetraploid progeny from tetraploid-

diploid or diploid crosses are uniform, 

vigorous, and high-yielding. Recently, 

phenotypically more uniform families have 

been developed at CIP through inter-

crossing followed by recurrent selection. 

Such lines may have a high yield potential 

because of heterotic effects. Chromosome 

engineering in production of desired lines 

will go a long way in producing commer-

cially acceptable families wihh high yield

and better disease resistance. Another 

important aspect is that parental lines 

must be identified with profuse flowering 

and high fertility under tropical environ-

ments. Such parental lines should possess

built in resistance to major diseases of 
the region.. Research is also called for 

on the pathological aspects of the crop 


raised from true seed both in thi nursery generations between the development of the
 
stage and after transplanting. S. 'is- first initial nucleus 
of stocks and pro
eases such as damping-off might be .rob-

lematic. Agronomical and physiolgical 

aspects of TPS in the lower tror;cs are 

also important and need to be perfected. 


c) S'ientific potato seed production 


As the potai is cornentionally asexually 

propagated, its prcduction under ideal 

conditions and its transportation to lower 

tropic regions becomes, nowadays, a very

costly process. Actually, potato tuber 

seed shares from 40 to 60% of the total 

production cost in the lower tropics, 


Development of sound seed production tech-

nology based on research through organized

seed programs should be one of the es en-

tial pre-requisites. Seed stocks must be
 
genetically pure and free from seed-borne 

di.eases and should also be in the right 

physiological condition at planting time. 

The seed should also be of optimum size. 

No doubt ecological conditions prevalent

in the lower tropics are not ideally suit-

ed for growing seed potatoes as in the 

Netherlands, Scotland, Germany, Canada, 

and other cnuntries. Nevertheless, rea-

sonably clean seed stocks could be raised 

by following the basic principles of seed 

production with suitable modification,

The program should mainly aim at exploit-

ing the vector-free seasons with adjust-
ment of planting and harvesting dates,

timely roguing 'before arrival of aph;ds, 

adoption of appropriate plant protection

measjres, and proper cultural methods. Of
 
course, one of the requirements is to
start with high quality planting material, 


Degeneration studies in Bangladesh to test 

this simple methodology with six commer-

cial potato varieties showed that initial-

ly high grade stocks could be reasonably

maintained in their health up to the
 
fourth clonal generation. InSwitzerland, 

which is climatically not well placed for
production of quality seed, its production 

has been made possible through indexing of 

initial stocks, their rapid multiplica-

tion, rigid field inspection, and post-

harvest tests (Keller, 1974). Similarly 

in India, where seed production was re-

stricted to the high hills on the pattern 

of Scotland, quality seed potatoes are now
 
produced in vector-free locations in the 

Northwestern plains containing 90% of the 

potato area (Pushkarnath et al., 1971). 

Such approach seems feasible for most of 

the countries in the lower tropics. It 

would be quite unrealistic to aim at high 

standards as in the case of seed exporting 

countries. However, there are some fac-

tors to be considered in order to improve 

efficiency of seed production programs for 

lower land tropics: 


(1) Survey to locate aphid-free areas 

and seasons based on the dynamics of aphid 

populations and occurrence of destructive 

pests and diseases, 


(2)Undertaking degenerative studies
 
to determine the rate of virus infection 

in the varieties in culture and periods of 

renewal of their seed stocks. 


(3)Control of aphids and other suck-

ing insects such a leafhoppers by cultural 

and chemical methods. 


(4) Breeding varieties of short cycle 

which are not exposed to full epiphytotic 

periods combining field resistance to in-

sect transmitted viruses, 


W5, 	Standardization of seed agronomy. 

6 Study of techniques or rapid mul-


tipliction so that the number of clonal 


duction of certified seed could be re
duced.
 

(7)Standardization of post-harvest
 
techinology to maintain the seed stocks in
 
correct physiological condition.
 

(8)Standardization of post-harvest
 
check of the seed stocks in different
 
stages of multiplication to determine cur
rent year re-infestation in the seed
 
stocks.
 

The aforesaid technology as envisioned
 
would provide healthy potato seed at a
 
much cheaper rate which would have a far
reaching effect in stabilizing potato

yields.
 

(d) Post-harvest technology and storage
 

As stated previously, significant post
harvest losses occur in the lowland trop
ics because of the warm climate that fol
lows harvesting. Countries in this region
 
ill, therefore, have to devote considera

ble research to standardize post-harvest
 
technology consistent with ecological con
ditions. A notable work has recently been
 
done in designing low cost non-refrigerat
ed cool tores for short term storage of
 
both wAre and seed potatoes. But it seems
 
equally important to control diseases and
 
pests during storage which account for
 
major seed decay or damage. Important
 
diseases are charcoal rot, late blight,

dry rot, brown rot, and bacterial soft
 
rots.
 

Among the pests, tuber moth continues to
be a major pest and yet there is no effec
tive method for its control. Pre- and
 
post-harvest treatments relevant to tuber
 
health are also important in minimizing
 
the extent of contamination of diseases
 
during storage.
 

(e)Agronomic advances
 

Another important aspect of potato culture
 
in the lowland tropics is to develop im
proved production technology under the
 
conditions of small holdings to optimize
 
resource inputs. In view of the worldwide
 
shortage of energy, studies on efficient
 
use of fertilizer must be emphasized.
 

In Brazil , farmers use up to 6 t/ha of 
fertilizer mixtures. Research conducted 
at latosoils of the Cerrado Region shows 
that economical applications are between 2 
and 4 t/ha of a 4-14-8 mixture and varie
ties differed in their efficiercy in nu
trient uptake. In these tests, the local 
variety "Aracy" is a high yielder with 
lower fertilizer applications (Table 6). 
For these latosoils, the source of N, P, 
and K that carry along other nutrients 
such as Ca, S, and others have been show
ing a greater importance. High solubility 
may permit the loss of nutrients through 
leaching due to the heavy rainfall or im
proper irrigation schedule.
 

Nitrogen applications were most efficient
 
at 120 Kg/ha. Also a less soluble nitro
gen source such as ammonium sulfate was
 
desirable.
 

Irrigation facilities are normally needed 
for potato to overcome water stresses dur
ing dry spells in the rainy season or to 
give proper water supply during the dry 
season. In the latosoils of mid elevation 
regions of Brazil, irrigation frequency of 
4 days during the crop cycle, provided 
better yields with lower costs (Figure 2)
than did other treatments. 
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Table 6. Influence of fertilizer applica
tions (4-14-8) on yields of 3 cultlvars
 
in a new red latosoil of Brasilia D.F., 	 Vh 
1981-1/ 	 33'
 

Fertilizer cv. ARACY
 
t/ha
 1980 1981 	 30

0 12.1 B 12.2 C X 
2 
4 

48.5 A 
46.9 A 

24.5 B 
30.0 AB 27 

6 50.1 A 29.9 AB 
8 46.8 A 32.8 A 

Tukey 5% 14.24 5.71 

Fertilizer cv. ACHAT POTATO Ih 2 2 	 2 4 4 4 7 7 7
t/ha 	 O-'Odav L 

51- 100days	 4
1980 198 1932192 CICLECCLE 2nd phase 2 4 7 2 4 7 	 2 7 

0 9.9B 3.4D
 
2 32.7 A 14.6 C 	 IRRIGATION FREQUENCY TREATMENTS 2, 4 and7 DAYS 
4 41.2 A 18.9 B 
6 42.4 A 23.8 A 
8 	 45.4 A 21.9 AB 

Figure 2. Effect of frequency of irrigation on potato production ina latosoil in the
Tukey 5% 16.96 3.66 


Cerrado Region of Brasilia-Brazil (After Carrijo and Silva 1981).
 

Fertilizer cv. BINTJE
 
t/ha search on specific planting times for both Procedures for a commercially viable sys

1980 1982 crops, their water relations, nutrient tem of potato tuber true seed production
 
competition, and others. Potato ismore technology have been outlined for regular
 

0 11.7 C 4.8 B 	 heavily fertilized than cereals and other supply of clean seed that the small
 
2 25.8 B 9.6 B 	 agronomic crops, thus the nutrient resi- farmers can afford.
 
4 31.4 AB 15.6 A 	 dues will produce an increase insoil fer
6 33.6 A 14.6 A 	 tility for the next crop. Need for standardization of improved pro
8 29.6 AB 14.6 A duction technolog) under the conditions
 

Tukey 5% 7.21 4.79 Summary and Conclusions of small holdings to optimize resource
 
inputs through concurrent attention to
 

The p;per reviews prospects for extension non-monetary inputs has been emphasized.

VJAfter Lindbergue and Campos, 1982. of potato production to lowland tropics 	 Pre- and post-harvest treatments and ap

and its role as a supplementary food crop, propriate storage methods consistent with
 
especially when per capita availability of ecological conditions relevant to tuber
 
protein inthe regions with high popula- health during storage could probably be
 

In lowland and humid tropical regions, tion pressure has been showing a downward developed through applied research for
 
agronomic techniques may be used to give trend. The ecological restraints as are minimizing storage losses and stabilizing
 
better conditions of temperature and mois- generally understood, do not present se- the marketing structure.
 
ture to the potato. Research conducted by rious barriers for adaptation of the pota-

Midmore (1980) inYurimaguas- Peru indi- to inthe lowland tropics. Major problems The importance of the potato as a compo
cates that agronomic practices may modify which have limited potato growth are main- nent of the improved cropping systems in
 
the microclimate at the planting sites and ly of a scientific and technical nature, the lowland tropics was stressed. Current
 
permit an increase inproduction. Mulch- Socio-economic factors have, of course an studies inBangladesh indicate that it is
 
ing with rice husks, maize stalks, or dry overriding influence, 	 possible to grow one crop of early pots

toes followed by a crop by adopting
grass leaves, lowers the soil temperature tphoto-insensitive wheatwheat varieties during 
during the day and avoids excessive evapo- The low per unit yield and low per capitawheto-insenstie vritiduin 
ration from either ridge or flat planting, consumption in these regions are main- the same time period when traditionally 
Additionally, it prevents erosion caused ly due to lack of adapted, day length only one crop of potatoes or wheat could 
by heavy rainfall. Plant emergence was -neutral varieties, and rapid degeneration be raised. 
faster resulting in high plant stand, of seed stocks, apart from problems of 
Yield increases of 30% were obtained, crop husbandry, and storage in the warm 	 The aforesaid technological advances could
 
Soil reflectants may aIso be used with climate following harvest, 	 have far-reaching effects in harnessing

success. Chalk applied to soil surface 	 the potato inthe lowland tropics as a low
 suc ess. ing increseatue. Pyants Suggestions are made to solve these prob-	 cost supplementary food.
 
after planting, increased yields by 80%,
 

produced better marketable tubers 
with lems for effective potato cultivation

higher dry matter and less tuber moth 	 in the 
 lowland tropics. Breeding of References
 
damage, photo-insensitive and heat tolerant varie

ties with built-in resistance to insect-

Planting in closer spacing up to 110,000 	 transmitted viruses (PLRV and PVY), bacte- Ahtad, K.U., and A.Rashid. 1981. Effect
 

rial wilt, and late blight are the first of planting and harvesting dates on the
plants/ha gave an earlier crop cover over 	 In K.U. Ahmad,
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Potatoes come in all sizes, shapes and 

colors. People also come in all sizes, 

shapes and colors. When you put people 

and potatoes togethe-, the possible coni-

nations are amazingly diverse. Potatoes 

are truly one of the world's most versa-

tile foods. But too often, those of us 

intimately involved in the technical
 
aspects of improving potato production 

think of potatoes only in terms of the 

forms we ourselves are most accustomed to 

eating. If we know potatoes as a luxury 

food, something to be eaten only on spe-

cial occasions, we marvel that other
 
people can consume them on a daily basis. 

Conversely, those of us who eat "our daily 

potato" cannot imagine an existence with-

out them. Lifelong habits prevent us from 

seeing the broader uses and potentials of 

te potato, and at the same time discour-

age changes in traditional consumption
io
 

patterns. 


First domesticated in the Andean highlands 

of South America, the potato has moved
 
around the world during the past 400 years 

and adapted to a wide variety of environ- 

ments and an equally diverse range of hu-

man tastes and preferences. Narrowing our 

view to only the tropical developing coun-

tries, we find that in some it plays a 

fairly homogeneous role as a common veget-

able, while elsewhere, consumption ranges 

from one to over one hundred kilos per 

person per year. To some, the potato is 

the "bread of life," while to others it is 

a taboo item, to be eaten with caution, 

This paper addresses the great diversity 

in potato consumption patterns. I hope to 

clarify, as well as to raise, some im-

portant issues concerning the potato's 

current role in the food patterns of trop-

ical developing countries and its poten-

tial role for the future. (Much of the 

information presented in this paper was 

collected between 1979 and 1981 during a 

series of case studies conducted inPeru, 


Why study consumption ?
 

But first, why should we concern ourselves
 
with consumption when our goal is to im
prove production? In response to this
 
question, I believe that the specific role
 
the potato plays in a national diet and
 
the factors which determine and regulate
 
its consumption levels must be considered
 
when planning and developing technologies
 
to increase production. It has often been
 
assumed that merely increasing production
 
will cause increases in consumption. How
ever, there is a growing realization that
 
"programs aimed at increasing the produc
tion of food, even if they are successful,
 
must be accompanied by efforts designed to
 
affect the distribution of incomes and
 
patterns of diet" (Berg, 1981). The po
tential for increasing consumption of a
 
food item is largely determined by its
 
current role in the diet, and the extent
 
to which that role can be altered, expand
ed or diminished as changes occur in sup
ply or cost. Hence, it is essential to
 
view the potato not only in terms of pro
duction, storage and marketing, but also
 
in terms of consumption behavior. We must
 
look not only at the farmer, but beyond
 
the farmer if we are to succeed in
 
providing more food for people to eat.
 

Very little has been written about potato
 
consumption in the tropics. The major
 
objective of this paper is to reduce that
 
gap by providing a broad overview of the
 
tropical potato consumption situation.
 
The topics covered are organized into
 
three themes expressed as questions:
 
I. How much potato is currently consumed
 

in the tropics and by whom?
 

II. How are potatoes consumed and what
 
factors regulate potato preferences and
 
consumption patterns?
 
III. What is the potential for greater
 
potato utilization?
 

In the space and time allocated for this
 
paper, it is not possible to answer com
pletely each of these questions. It is
 

hoped instead that these initial answers
 
will stimulate others to probe deeper into
 
the complexities governing, tropical pota
to consumption.
 

I. Calculating potato consumption
 

Food balance sheets
 

The most frequently used method of calcu
lating potato consumption is the food
 
balance sheet (FBS). Such sheets are con
structed to show the total supply of food
 
available in a country for a given year
 
(or period of years) offset by the item
ized utilization of those foodstuffs
 
(Farnsworth 1961:181). The food balance
 
equation lists domestic production, im
ports and exports, and net changes in
 
year-end stocks as the "supply.' From
 
this quantities used for seed, non-food
 
industrialization, animal feed and waste
 
are substracted. The remainder is labeled
 
as the amount of potatoes available for
 
human consumption. This is then divided
 
by the total estimated national population
 
to obtain per capita availability of pota
toes. The equation is usually carried
 
further to show the calories and grams of
 
protein provided by potatoes per capita
 
per day. Unfortunately, "per capita a
vailability" isoften erroneously referred
 
to as "per capita consumption." This is
 
erroneous for two reasons.
 

First of all, the information fed into the
 
equation isoften unreliable. On the sup
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ply side, determining total production of socioeconomic status, price fluctuations, informal survey eliminates costly data
 
potatoes is difficult. The fact thax they or seasonal availability. Such surveys processing and the normal timelag between
 
are usually grown in more isolated areas, measure total consumption of a large sar,- survey and results and recommendations.
 
in highland and mountaneous regions, on ple of people for a period of time (24
 
small discontinuous plots, discourages hours, 3 days, or a week) to calculate Whatever interview method is employed, the
 
ac.urate official measurements of produc- daily intake averages and annual consump- most useful procedure to follow is to dis
tion areas. Potatoes are often grown more tion rates for the area under study. aggregate the consumers along the chain
 
than once a year yet counted only once. Surveys conducted in rounds during a year connecting production zones, markets, and
 
Potatoes act as intercrops, multicrops, can indicate seasonal consumption of cer- urban and rural households. Interviews
 
relay crops, secondary crops, or dooryard tamn items. and observations at each link in the chain
 
garden crops. As such, they are over- allows identification of homogeneous con
looked in national tallies. In northern Though nutrition surveys supply a wealth sumer groups, their average rate and fre-


Luzon, Failippines, for example, yields of information on potato consumption, quency of consumption and the constraints
 
were officially estimated at 6-8 tons per there are three problems which limit their or factors which regulate their consump
hectare. But when farmer yield surveys usefulness. First, their goal is to meas- tion. This type of qualitative informa
were carried out, it was found that the ure caloric and protein levels in the sub- tion also provides the means to estimate
 
actual average is 28 tons (Potts, 1981). ject populatien to determine dietdry ade- the potential of each group to increase or
 

quacy. Often foods are grouped together decrease potato consumption according to
 

On the utilization side, inputs are also and their nutritional contribution is con- changes in cost or supply. Specific con
suspect. In many cases, seed rates in the sidered as a unit, for example: "root and sumer groups vary from country to country
 
tropics are estimated using temperate zone tuber crops." Depending upon the level but as a minimum, the national population
 
rates. However, due to the widespread use where the grouping took place, it may or should be disaggregated according to agro

resiof marble-sized seed in many countries, may not be possible to separate potato ecological zones and urban or rural 

the tons calculated for seed are consumption from that of other foods. dence. This produces consumer groups
 
overestimated. Waste factors of 10, 15, Second, if a recall method is used, and sharing common consumption characteristics
 
or even 20% are applied indiscriminately the potato plays only a nominal role in such as described below.
 
without regard to local habits of peeling, total intake, the informant may simply 1. Potato producers. Farm size, land
 
cooking or peel utilization. Many forget any potatoes consumed. This is tenancy, and the number of pctato crops
 
populations consume large quantities of especially true if the recall period is planted per year will distinjuish sub
the peel, leaving little if any waste, longer than 24 hours. Finally, these groups within this group. Consumption can
 
Waste determination is further complicated method:, ca,,not adequately measure potatoes vary a great deal among potato producers.
 
when peels or rotten potatoes are fed to consumed only on special or ritual occa- Some will store large quantities to last
 
animals that are subsequently consumed. sions since nutrition surveys normally all year until the following harvest.
 
In highland Peru, small shriveled potatoes take place on working days and not on Others store only small quantities and
 
- "waste" according to North American or Sundays, holidays, Holy days or festival produce several times a year, supplement-
European standards - are consumed and days. Food consumed only on these days ing their stocks with supplies from the 
prized for their "sweeter taste" (Werge, could very well never appear in such con- marketplace. Some do not store at all, 
1979). sumption tallies. It is true that con- consuming potatoes only at har.est time. 

sumption of luxury or special foods may Though some potato farmers are said to be
 
Waste in market places can also be over- not have high nutritional significance, strictly commercial producers, it is rare
 
estimated. Poor quality potatoes, classed but estimating their periodic demand so as to find a producer who is not a consumer
 
as waste in developed country markets, are to plan for production, marketing and as well.
 
sold but at very low prices in the devel- storage is quite important. 2. Non-potato farmers in potato produc
oping countries. Often "waste" potatoes tion zones. This group has greater access
 
are "donated" to local institutions such Both food balance sheets and nutrition to potatoes than rural non-producers liv
as orphanages, or are "collected" by local surveys should be used as the starting ing in non-production areas, since they
 
beggars. Partially rotten potatoes are point for calculating potato consumption, can harvest potatoes and receive a portion
 
many times cut and peeled and sold in Despite their limitations, they can pro- of their payment in kind, exchange their
 
plastic bags, often at higher prices per vide indications of availability and some production for potatoes, or purchase di
kilo than whole potatoes. Potato waste consumption trends. In addition, since rectly from neighbors at low prices.
 
differs widely and standard figures cannot most international and national statistics 3. Non-potato farmers outside potato
 
be epplied across the tropics. Total na- are based on them it is advisable to teke product These people theoreti
tional population can also be underesti- them into consideration. They are, in cally have the-least access to potatoes,
 
mated, or overestimated in developing effect, the official position on the sub- must pay the highest potato prices and
 
countries. Ject. perhaps have the least familiarity with
 

potato consumption, especially if they
 
In light of the dubious quality of the However, to make correct decisions on pri- live at great distances from the influ
inputs, it seems doubtful that the result, ority areas for potato promotion, more ences of urban dietary habits. It is
 
per capita availability, can be worth- reliable estimates of consumption are necessary to determine the relative
 
while. As one colleague put it, "garbage needed, as well as an understanding of why importance of price and availability in
 
in, garbage out." However, even if all people do or no not eat potatoes. Con- limiting their consumption and whether
 
the inputs are accurate, the result cannot sumer responses to potato price, size, there are other consumption constraints,
 
be called "per capita consumption." To do color, quality and origin and their incli- such as ethnic background, food taboos or
 
so implys equal food distribution among nations towards altering their potato con- social status.
 
all ethnic, religious, socioeconomic, age sumption must be determined. To do so 4. Potato marketing people. Other than
 
and sex groups. This does not happen. requires talking to consumers, potato producers, potato whole-salers,
 
Additionally, FBS cannot account for retailers and small vendors have the
 
seasonality nor regional differences in Consumer surveys and consumer groups greatest and most regular access to pota
consumption among these groups. In sum, toes at the lowest cost. It is felt that
 
sole use of the FBS makes it difficult not There are numerous methods and manuals for this group is the best indicator for the
 
only to adequately calculate current conducting consumer surveys (Den Hartog potential consumption of a non-producing
 
consumption levels, but also to predict or and van Staveren, 1979; Christakis, 1978; population if constraints of price and
 
estimate the potential for change in Chavez and Huenemann, 1981). Time, budget availability are removed. Additionally,
 
consumption rates or to identify target and personnel constraints will usually set market people are often the best inform
groups within a country for specific limits on the depth and extent of any sur- ants on buying habits and preferences of
 
consumption-related programs. vey, including ones on potato consumption, the larger study populations.


Speaking generally of all surveys, it has 5. Urban residents In potato production

Nutrition surveys been shown in several situations, that zones. Potato prices and seasonal avail

most of the information, at least enough aFty patterns can differ here from ur-

Other sources for calculating potato con- to make initial planniiug decisions, can be ban areas in non-producer zones. Market
 
sumption are nutrition surveys, which are gathered with informal surveys (Rhoades, enters in production zones usually have
 
conducted at national, regional and local 1982, Ruano and Calder6n, 1981). iower prices than other cities especially
 
levels. They are useful for determining at harvest times, and the residents have
 
potato consumption on a daily basis, and, Informal surveys replace lengthly, diffi- more familiarity with the use of the pota
depending on the quality of the survey, to cult questionnaires in favor of open, to in the diet. It is important to sepa
distinguish patterns of consumption ac- spontaneous dialogues and conversations rate this group from the other, because
 
cording to regional classifications, with a variety of informants. The their consumption levels can also indicate
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the overall potential urban consumption if 

prices are lowered, 


6. Urban residents in non-potato produc-

tion zones. It is necessary to consider 

separately those persons living in small 

urban settings from those in regional or 

national capitals, since the latter nor-

mally receives larger proportions of the 

potatoes marketed. Capital city popula
tions can also receive greater potato con-

sumption motivation from the influence of 

western expatriate residents, 


In each of the above groups, stratifica-
tion by socioeconomic status will reveal 

further differences inpotato consumption

and provide a rough estimate of the income 

elasticity for potato consumption. Gener-

ally, inthe developing countries, exclud-
ing Andean South America, potato consump-

tion ishigher among wealthier than poorer

people within the same consumer group,
This should be viewed with caution, how-

ever, since it isnot known whether this 

actually reflects genuine preference for 

more potatoes specifically, as income lev-

els increase, or if it indicates general

increases in all food-stuffs witi; higher

incomes. 


Special consumer groups 


Inevery country there are special groups

which, because of certain economic, SO-
cial, cultural or political factors, dem-

onstrate potato consumption patterns that 

differ greatly from the groups described 

above. Some examples of these are pres-
ented below, 

1.Expatriates. Certain expatriates


living in the tropical developing coun-

tries bring with them a set of food habits 

which are accomodated to the new environ-

ment, but nevertheless, not radically

altered. 
Potato eaters removed from pota
to areas will still maintain high potato

consumption levels even when potato prices
are high. Often potato producers, mer-
chants, and agricultural planners will 

claim (without justification) that expa-

triates are the biggest clients for pota-

toes. The extent of their influence on

native food habits, especially incolonial 

situations and their continuing influence 

should be evaluated separately from other 

wealthy or elite groups.


2. Ethnic groues. Ethnic groups sharing
the same agroecological zone, urban resi-

dence and socioeconomic classification can 

vary according to potato consumption. In 

Indonesia, the ethnic Chinese are found to 

have higher consumption levels than non-

chinese city residents of the same socio-
eooilee.TeMnnabupeople 
 of Agriculture over 40% of the
of Arclueoe research
0 ftersac
economic level. The Minangkqutitiese of 

Indonesiapotatoes.

marble-size potatoes in preparations not 


comon ote rst f Idonnoacommon to the rest of Indonesia. 

3. Pre-school children. Potatoes are 


used as a weaning food or a supplement to

breast feeding in many countries such as 
Guatemala, Rwanda and the Philippines. In 

some cases, they are fed to young children

exclusively while the rest of the family

eats other foods. Often such consumption

is excluded or overlooked in household 
surveys. The ages children are fed pota-

toes, preparations, taboos, and frequency

of consumption should be determined to 

estimate potential utilization. 

4.Hotels and restaurants. These can 


constitute the major bulk buyers of pota
toes. They must meet special consumer 

preferences, such as those of tourists, 

which may differ from national consumer

preferences. Care must be taken not to 

focus potato improvement plans only on the 


hitel and restaurant trade, but on local
 
demands as well.
 

5. Nutritional and agricultural profes-,ri
sionals. Taken separately, this group has 

ti iatest access to accurate nforma-

tion about the use of the potato. Com
pared to equivalent groups their consump
tion habits reveals the effects of educa
tion and exposure on Potato consumption.
 

Not every country will have all of the
 
groups described in the preceeding para
graphs, nor will the variations between 

official per capita availability and consumer survey results always be of the same
 
magnitude. Some Examples of consumer sur
vey results incountries with high or low 

reported per capita availability are 

presented below to demonstrate this varia
bility.
 

Consumer survey results in selected coun-

tries 

1. Indonesia. Food balance sheets 

constructe-d- n 1978 for Indonesia, the 

fifth largest country in the world in consumption. Expatriate interviews showed
 terms of population (149 million), re-

ported a per capita availability of 

1.35 kg person/year (Indonesia 1978). A 

nation wide household survey (Indonesia
1980) reported average consumption rates 

that were lower (see Table 1) for the
country as a whole but higher for urban 

areas than rural areas. Separating the 

household survey results for only one of 

Indonesia's islands, Java (60% of the 

national population), rural and urban 

consumption was reported to be lower than 

the country as a whole, 


Table 1. Potato cons ,-tion: Indonesia 

(kg/person/year, 1978).
 

_ 

Food Balance Sheets 1.35 
National Household Survey 1.04 

Rural 1.04 
Urban 2.08 

Java Household Survey
Rural 

1.04 
0.52 

Urban 1.56 
_ _ 

Because the national statistics are so

low, it is widely believed that potatoes 

play an unimportant role in the national 

diet and econony. Yet within the
ional,

vegetable research section of the Ministry 


budget for 1981-1982 was allocated to 

Better information on potatolargBette nformatonon ta
 

utilization was needed to determinewhether this 
 budget expenditure 

justified.
 

In 1981, informal consumer surveys 
carried out in West Java province 

identify homogeneous consumer groupsto compare their rates of potato 


was
 

were 
to 


and 
con

sumption with the reported statistics.
 
Surveys were conducted ina highland vege-

table and potato production zone, a low-

land rice-growing zone and several urban 

centers including the national capital,

Jakarta (see map, Figure 1). Some of the 

survey results are presented in Figure 2. 


None of the consumer groups identified had
 
a per capital consumption level equal to
 
the estimated per capita availability. In

both urban and rural areas, the wealthier 

esidents had higher rates of consumption 


j,- o am 

J a /_ 

a 4 

Figure 1. West Java: Potato consumption

study sites.
 

than poorer people. Interestingly, poorer

lowland rice farmers had similar consump
tion levels as poorer urban residents or 
production zones, indicating that lower
 
prices and greater availability may not
 
automatically encourage greater potato
 

that indeed, their average consumption

levels are higher than any other group,

but even so, they are lower by half than
 
the average consumption levels in their
home countries.
 

Potato farmers have the highest consump
tion levels, yet again, wealthier farm
 
families consume more than the poorer
 
ones. Insome cases this is due to the
 
latter's lack of sufficient storage

facilities, but for many the reason is 
because they sell the larger portion of
 
the crop to provide family incone.
 
Wealthier farmers also sell the majority

of their crop but they an afford to pur
chase potatoes when home supplies run out.
 

Expatriae 

Higircom,

M M 
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1 
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Figure 2. West Java: Disaggregated con
sumption levels.
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This kind of information provides a better 

picture of the consumption situation and 

facilitates decision-making concerning 

potato research and extension such as 

where ware storage needs are greatest or 

who might benefit most from initiating 

potato cultivation. It also demonstrates 

that potato consumption is not restricted 

to the wealthy or to select urban areas, 

but is widespread throughout the province.
 
It also supports the need to re-examine 

productions statistics, since with much 

higher levels of consumption, production 

must have been underreported, 


2. Rwanda. Located in the Africa high-

lands atthe watershed of the Nile and 

Zaire rivers, the tiny country of Rwanda 

(5 million inhabitants) reports the 

highest per capita potato availability of 

Africa, 46 kg/person/year (International 

Potato Center, 1982). Consumer surveys 

conducted in 1980 throughout the country 
show that in production zones, zones con-
tiguous to production zones, and in urban 

centers, average consumption is a great 

deal higher than 46 kg while for other 

regions, consumption is quite low (Figure 

3, Table 2). The average for two major 

urban centers was also high at 153 kg/ 

person/year. 


I. orpodpoductioz (vo cn > Ioom 
3. Peripheryofn.orproducionzone 

4. ctrn pI8 W 

e.wa..lak, i 


Ruhtrqi . 

*K.;. " 
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'Wdlc~ii,,Names 
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Figure 3. Major agroecological zonen of 
Rwanda. 

As with Indonesia, this information indi-

cated higher production than currently 

reported, and corroborated field observa-

tions of higher than average yields as 

well as extensive use of potatoes as an 

inercro wih n-fod as rop s sh as 

intercrop with non-food cash crops such as
pyrethreum. Though only roughly 10% of 

the national population lives in urban 
centers, this percentage is growing and 
more potatoes will be needed to supply the 
increasing demands. Potato program lead
ers previously througlit that inhabitants 
in the Central and Eastern plateau regions 
did not consume potatoes, yet consumption, 
though comparatively low, does occur. 


Table 	2. Potato consumption in Rwanda. 


Zone kg/person/year 


1 	 261 

125 

72 

28 


5 	 26 

6 Not available 


Informants in these areas reported a de-

sire to consume more potatoes yet they had 

disappointing results in attempts to 

produce their own crops. Shifting some 

priority in the national potato program to 

the introduction of new production tech-

niques in such areas would have consider-

able potential impact on increasing house-

hold consumption level. 


3. Guatemala. Guatemala, with a popula
tion o ,00O is the largest potato
 
producer in Central America. Though pota
toes have been produced in the Guatemalan 


highlands for centuries, per capita avail
ability is reportedly quite low, oi-'!y
4.5
 
kg/person/ year (Christiansen, 1980).
 
Examination of nationwide nutrition sur
veys (INCAP/ ICNND 1971) indicate that
 
consumption is probably much higher (Table
 
3).
 
Looking only at urban consumption in the
 
Lokn onya ra-onupini h 
capital, Guatemala City, (Table 4) con-
sumer surveys carried out in 1981 provided 

much higher consumption levels among each 

of the three Income groups examined than 

the two above-mentioned estimates. It is
 
unlikely that potato consumption has vast
ly increased, but rather by focusing on
 
potatoes exclusively in a survey provides
 
more accurate consumption recall than when
 
all elements of the diet must be recol
lected by the informant. There was little 

difference between middle and high income 
groups, but the low-income group was 10 kg 
lower. The majority of the informants in 
this category expressed a desire to con
sume more potatoes, but that the cost pro-
hibited them from doing so. Among the 

desire to consume more, stating that what 
they currently consumed was sufficient. 

This seems to indicate a potential among
 
low-income groups to consume more If
 
prices could be lowered, but that this 

potential has a ceiling or level of suffi-

ciency at around 35 kg/year. 


Table 	3. Guatemala: Per capita potato
consumption,

,tastes.
 

Location kg/person/year 


Urban 13.32 


(n= 100) 


Rural 6.0 
(n = 206) 

Total 	 8.32 

(n= 306) 


Source: INCAP/ICNND, 1965-67 


Table 4. Guatemala city: Urban potato 

consumption, 1981. 


Income group kg/person/year 


High 36.9 

n - 10 


Middle 	 35.8 
n -21 

Low 25.1 
n - 24 

TOTAL n - 55 28.7 

4. Peru. A final example is Peru. Per
 
capiti-vailability is estimated at 63 kg
 
for 1981 (Scott, 1981). Despite the
 
fact that Peru is well-known for its high
 
levels of potato consumption, there is
 
a great deal of variation within the
 
population, which can be seen if the four
 
major agroecological zones are examined
 
(Fiqure 4).
 

PERU
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Figure 4. Agroecological zones of Peru.
 

In the Andean highlands, potatoes are a 
primary food source and are cbnsuTed on a 
daily basis often in quantities of 0.5 
kg/person/day )r more. Per capita annual 
consumption levels of 100-200 kilos are 
common and a wide range of traditional 
varieties are produced to meet home de
mands for different preparations and 

In the eastern mid-elevation zone, Peru's
 
'ceja de la montana', potatoes play a
 
vegetable role in the diet, complementing
 
other locally produced roots and tubers as
 
well as a variety of fruits and
 
vegetables. Though potatoes are normally
 
not produced extensively in this zone,
 
they are readily available in markets, or
 
can be traded from neighboring highland
 
zones. Consumption eedn
0t 0 levels vary widely.
fo gpro/er 

om 10 to 100 kg/person/year, depending
 

on the frequency of family access to a
 
potato source.
 

In Peru's lowland humid zone, the Amazon
 
basin region, potatoes are imported over
 
great distances at high cost from highland
 
production zones, or even from Lima whole
sale markets. In part, their high cost
 
makes them a luxury vegetable, available
 
only to wealthy urban residents, but also
 
relative unfamiliarity with the potato in
 
addition to abundant availability of other
 
local 	root crops causes potato consumption
 
to be quite low, often as little as 1 kg/
 
person/year.
 

In the larger cities of Peru's dry coastal
 
zone, potatoes play a regular role in the
 
diet due to their fairly constant market
 
availability at comfortable prices. Pota
toes are co-staples with other foods such
 
as noodles, rice, sweet potatoes and
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brrad. Consumption levels average between 
50 and 100 kg/person/year. For rural and 
small town coastal residents, potato con-
sumption is often highly seasonal, occur-
ing only immediately following the cool 
season harvest. During the hot season 
potatoes may either be unavailable or at 
prices too high to be affordable. 

II.How and why potatoes are consumed 


Patterns of consumption 


The examples presented in the case study

summaries of the preceeding section demon-

strated who is consuming potatoes and in 

what quantities. The overall conclusion 

is that there is tremendous diversity in 

the manner in which people consume pota-

toes, and that it is difficult to gener-

alize or summarize the diversity. But if 

attention is shifted from the "diversity" 

to the common features among all the pota-

to consumers, they can be grouped accord-

ing to "how" they are consumed. "How" 

does not refer specilically to the means 

of preparation, but to the quantity con-

sumed at any one meal, the frequency of 

consumption and the relationship of pota-

toes to other food items comprising the 

meal. 


Figure 5 depicts graphically the 4 posi-

tions potatoes can occupy in a meal. Each 

large circle represents the plate or bowl 

holding the principal or staple food 

item(s) for the meal. Smaller bowls re-

present major or minor side dishes that 

complement the staple food items. An "x" 

marks the place of potatoes in each hypo-

thetical "meal." 


0 

0 


0 


0 o 


Figure 5. Possible positions of the pota-

to in a meal. 


Potatoes may occupy the entire place (Fig
ure 5A) indicating their 
predominance as
 
the main staple item in the diet. This
 
pattern was common in Ireland prior to 

1845 when an average of 3.5 and up to 7 kg

of potatoes a day were consumed by the
 
Irish peasants who had little else 	to eat 

(Woodham Smith, 1979). Today, highland

peoples of Rwanda, Nepal, Tibet, 	China, 

Peru, Bolivia and Ecuador also exhibit the 

same pattern, adding a variety of spices

and sauces to the ubiquitous plate of po-

tatoes. 


The potato can be in equal distribution 

(Figure 5B) with other staple foods, all
 
of which can be alternately termed as 

co-staples. This pattern is common in 

European countries, the United States, as 

well as segments of developing country

populations. An example of this pattern

is often found in Peru's city markets 

where potatoes, 
rice, and wheat noodles
 

may all be served on one plate in equal

portions for a fixed price. For urban 

people in most of South America, potacoes 

join rice, noodles, cassava, sweet 	potato

and plantains as the optimal counterpart 

staples consumed with meat, fish, poultry, 

eggs, or legumes. 


The potato may serve as a major side dish
 
to the principal staple(s) (Figure 5C). 

In this case potatoes complement the meal,

but do not replace the staples. This pat-

tern is seen in Central America where corn 

'tortillas' and beans, form the mainstay

of the diet, and potatoes are a 	'vege-

table' side dish, consumed on a regular

basis, but in comparatively smaller quan-

titles and not every day. The same pat-

tern is reported for South Asia, in India 

or Bangladesh where potatoes are one of 

the major vegetable complements to the 

staples of rice, wheat and legumes. 


Finally, Figure 5D represents the in-

stances where potatoes are only one small 

item among many other dishes prepared to 

complement the basic staple element(s).

This pattern is common to Indonesia, 

Malaysia, Philippines, China and other 

Asian and S.E. Asian countries. The ac-

tual quantity that any one person consumes 

may be quite small, but the frequency with 

which they appear in the meal may be quite

high. 


A typology of potato consumption 


Observed patterns of consumption are used 

to construct a typology of potatu consump-

tion (Table 5) Patterns A and B from 

Figure 5 are combined in the first role,
 
and patterns C and D comprise the 	second 

role. When potatoes are consumed in pat-

terns C or D but in greatly reduced quan-

tlties and frequency, such as only on spe- 

cial occasions or as an infrequent luxury, 

then the third typology role applies.

Finally, when no potatoes are consumed at 

all, the last role is applicable, 


Cross-culturally, there are certain food 

beliefs concerning potatoes that are link-

ed to each role. When potatoes are con-

sumed as staples, they are usually 	valued 

for their energy-producing capabilities.

Potatoe!. may be lumped with grains as well 

as othe, tubers, and thought of as "over-

sized grains" or in a category of their 

own, but never grouped with vegetables

such as greens, cabbage lettuce, or rad-

ishes. The statement "a meal without po-

tatoes is not a meal" is commonly heard in 

association with this role. 


Table 5. Typology of potato consumption.
 

Role Frequency 	 Rate 


Staple or 5 + ± 60-200 

co-staple food meals/week kg/year 


Complementary 1-7 ± 10-60 

vegetable meals/week kg/year 


Luxury or 1-12 ± 0.1-10 

special food meals/year kg/year 


Non-food Never consumed 	 0.0. 

kg/year 


In contrast, potatoes considered as com
plementary vegetables or special foods are
 
not judged as having "food or 	energy
 
value." In many Asian countries, it is
 
often found that "rice is food" and all
 
other items, including potatoes, are mere
ly "trimmings, garnishings, or flavorings
 
to rice".
 

In the Philippines, it is often heard
 
that, "if a man eats rice for breakfast,

he can work all day, but if he eats po
tatoes, he is hungry by ten o'clock".
 
In this role potatoes are lumped with
 
vegetables. On the island of 	 Lizon,
 
Philippines, they are classed with other
 
highland, cool-season, "high status" vege
tables such as cabbage, cauliflcwer,
 
carrots, cucumbers, and celery. 	 In the
 
Bagulo city market, they can be found pre
washed and plastic wrapped, as evidence
 
of their high status. In the southern
 
islands oi the Philippines, potatoes are
 
not so carefully displayed, and are often
 
found among onions, garlic, ginger, and
 
sometimes other root crops.
 

Associated with the vegetable role 
are
 
certain beliefs about potatoes causing
 
har-. In Guatemala the harm is part of
 
the "hot-cold" food belief system in which
 
a cold state is attributed to potatoes

since they come from the ground. This
 
does not refer to temperature pe 	 se but
 
to intrinsic qualities of specffTc- roods.
 
Too much of a cold item or too frequent
 
ingestion can cause ham or shock to 
a
 
warm body. To be safe, they must be eaten
 
in smaller quantities and combined or
 
counter balanced with "hot" foods such as
 
maize or beans.
 

Among some groups of people, potatoes are
 
special foods, due either to high cost or
 
certain social significance attached to
 
them, which can also sometimes be related
 
to the foreign cultures who first intro
duced potatoes. In the Philippines, pota
toes are served at parties, special events
 
like birthdays or weddings and at Christ
mas or Easter feasts. In Indonesia, pota
toes are prepared in lavish dishes and
 
exchanged to repay or cement social ties
 
during Lebaran celebrations which follow
 
Ramadan, the Moslem month of fasting.
 

In the final category, potatoes as 	a non
food, complete unfamiliarity with potatoes
 
is fairly restricted to certain isolated
 
groups and lowland areas where lack of a
vailability or extreme cost prohibit their
 
consumption among all except the very

wealthy. There are individuals among po
tato consuming populations who, due to
 

Beliefs
 

Potato - food or energy 
Meal is incomplete without potatoes 

Potato # food or energy 
Potato = vegetable 
Potatoes are harmful if consumed 
frequently 

Potato j food or energy 
Potato = special food 
Potato rich people's food 

Potato food for other people
 
Potato is unknown.
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medical, dietary or idiosyncratic reasons, 

do not eat them, but they are relatively 

few and far between. These persons usual-

ly do admit, however, that potatoes are 

'food', but for others, 


Consumption role and potato prices 


The typology is useful in predicting how 

consumer groups will react to changes in 

potato prices. It is proposed that each 

of the first three consumption roles has a 

different response to price fluctuations, 

These are presented in Figure 6. Those 

persons who consider potatoes as a staple 

can often consume over 200 kilos a year 

when they are available and inexpensive, 

Consumption, irrespective of price, does 

not go below a certain level, proposed 

here at roughly 60 kilos. To people with 

this consumption pattern, potatoes are a 

basic necessity, so even when expensive, 

they are still consumed, 


When potatoes are consumed as complementa-

ry vegetable, consumption is highly re-

sponsive to price fluctuations but maximum 

and minimum limits of 60 and 10 kilos are 

proposed. If potatoes are cheap and a-

vailable, they will be consumed more fre-

quently; if expensive, less frequently, 

but the intake at a given meal remains 

fairly stable. Consumers in this role 

with average annual intakes in the upper 

ranges (35-50 kg/year) will commonly state 

that they do not want or need to consume 

any more potatoes even if they become very 

cheap. 

The most interesting pattern displayed is 
that of the luxury vegetable role. As 
stated earlier, when potatoes are con
sidered as luxuries, they are consumed 
only at special times, usually holidays or 
religious celebrations. People buy large 
quantities of potatoes at these times to 
prepare special foods. Vendors know that 
potatoes are status symbols and must be 
obtained, so they increase their prices to 
their highest annual levels because they 

sell all they have available. To meet 

this increased periodic demand, farmers 

practice delayed harvesting and merchants 
hoard potatoes in order to bring prices 
up. After these times, prices drop again 

but so does demand. This results in the 

"blip pattern" shown on the chart. 


The diagram in Figure 6 shows that con-

sumption roles are not created by price


threoleere sond to
p

factors, but rather the roles respond to 

price situations with specific reactions 

congruent to the nature of each role. 
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Figure 6. Relationship of potato prices 

and consumption role. 


Throughout this paper, certain factors 

have been mentioned as influencing the 

role potatoes play with certain consumer 

groups. It is now useful to examine these 

and the other factors together. 


Factors influencing potato consumption 

roles 


Figure 7 shows factors which can influence 

the role of the potato in the diet, ex-

pressed here in the central box as the 

quantity and frequency of potato consump-

tion. Price is placed closest to the cen-

tral box because it is often the most ob-

vious factor, the easiest to measure and 

one many times thought to be the most im-

portant. In fact, price is the last 

factor. Once the role is established, 

price mcdulates the consumption according 

to role patterns. It is the other factors 

arranged around the outer circle which in 

groups, act to formulate the specific 

role. Some of these such as rural vs. 

urban residence, income level, the type of 

agroecological setting, or whetner one 

produces potatoes or not, have already 

been discussed. Some of the food beliefs 

associated with each role have also been 

described, as well as the effects of sea-

sonality and availability on role forma-

tion. Some examples of how the other fac-

tors operate are presented below, 
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Figure 7. Factors influencing potato con-


sumption. 


Historia events.Wlook 

1. Historial events. When introduced in 


Rwanda, potatoes were considered taboo 

items and not consumed at all. If a per-

son ate them it was believed that their 

cows could become sick and die, or the 

milk could go bad. Tribal leaders, seeing 

that potatoes caused no harm among for-

egners, especially missionaries, and had 
good production potential, forced local 
headmen to consume them and thus proved 
that no harm occured to people or cattle,
Forced labor migrations of people fron 
consuming communities promoted the spread 

of potato cultivation and consumption, 

2. Famine. In both highland Rwanda as 


well a' Nepal's highlands, periodic 

famine in times a
pre-potato encouraged 


rapid acceptance of potatoes once they 

were introduced. In these areas, little 

else could produce as well at higher alti-

tudes. Since populations were. hungry, 

potatoes were welcomed into the diet as a 

staple food. 

3. Social status. Potatoes in Southeast 


Asia are expensive relative to staple 

foods or native vegetables, therefore, it 


is assumed that if you can eat them, you
 
must be wealthy. Potatoes are also sym
bolic of wFstevn expatriates who normally
 
enjoy high social status while residing
 
abroad. Thus, conspicuous consumption of
 
potatoes at special occasions is a way of
 
demonstrating to others that a high social
 
status level has been achieved. In
 
Singapore the younger generation is re
ported to be changing from eating only
 
rice to eating potatoes as well. Potato
 
consumption is viewed as symbolic of mo
dern ideas. For young people, "status is
 
to walk down Orchard Road while eating
 
from a package of McDonald's French
 
Fries." (Reported by Ms. Hazel Ong. Com
mercial Officer, British High Commission,
 
Singapore.)
 
4. Foreign influence. Potato-consuming
 

colonizers on tropical countries have
 
greatly influenced local consumption ha
bits. Colonial administrators often in
troduced potatoes and their cultivation
 
where it was heretofore unkown. In
 
Rwanda, Belgian school masters and mis
sionaries encouraged consumption among
 
boarding school children. The Dutch left
 
behind in Indonesia, varieties such as
 
Eiggenheimer, which are still widely
 
grown, as well as a preference for white
skinned, yellow-fleshed potatoes. The
 
English influenced consumption in Kenya as
 
well as throughout South Asia. Potato
 
production and consumption grew in the
 
Philippines only after the American
 
occupation, even though the Spanish had
 
introduced potatoes over a century ear
lier. Today the McDonald's signs on the
 
skylines of Hong Kong and Singapore are a
new synmbol of foreign influence on potato 
coWnsumtiof foig u n
 

Type and quality of potatoes. The
 
types and qualities of potatoes can influ
ence the consumption role, but also, the
 
role responds to variations in type or 
quality according to a range of acceptable
 
types, rejecting those that fall outside
 
this range. Among Filipinos, marked pref
erences exist for red-skinned or white
skinned potatoes depending on the part of
 
the country. In Luzon, red-skinned ones
 

are used for cold salads while white
skinned ones are for cooking with meat or
 
vegetables. In Mindanao, white-skinned
 
potatoes are eaten, and red ones are often
 
avoided because they are said to spoil
 

In Indonesia, red or purple
skinned potatoes are produced in a few
 
isolated areas, but they have little mar
ket value because consumers think they
 

like sweet potatoes, a low-status
 
food, and they will not buy them. For
 
years in Guatemala, a leading potato pro
ducing area was Santa Rosa. Potatoes from
 
this area were preferred to as 'Papa Santa
 
Rosa' and were highly esteemed by urban
 
consumers. Today Santa Rosa no longer
 
produces many potatoes, but merchants,
 
desiring better prices for their potatoes,
 
hawk them as Santa Rosa potatoes no matter
 
what their variety or production location,
 
and consumers pay higher prices for them.
 

The degree of importance attached to tuber.
 
size, shape, skin or cooking quality or 
color depends highly on the specific con
sumption role and the consumer group which
 
displays it. For some, small potatoes are
 
prefereable to large. Others desire a
 
potato that holds a cube-shape when cook
ed, while some seek out potatoes that fall
 
apart when cooked. Skin quality may be
 
important to the staple consumers who eat
 
the entire potato, but to vegetable con
sumers who peel and cut up potatoes to mix
 
with other foods, the skin quality is of
 
less importance. Above all, in each
 

0 
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group, no matter where or what role, con-

suers search for potatoes that taste 

good, then they identify these potatoes

with names, origins, sizes, shapes or 

distinctive colors. Any new potato must 

not only produce well, but fit within the 

local ranges of acceptable taste, 


III. Potato consumption in the future 


Potential for changes in the consumption

roles 


Reviewing the consumption typology, the 

factors influencing consumption, and the 

price/role relationship, it is proposed 

that there is greater potential for luxury

potato consumers to become complementary

vegetable consumers, than for the latter 

to incorporate the potato as a staple 

food. As a luxury vegetable, the potato

has a high status position in the diet. 

People would likely include it in ordinary

meals, as a vegetable, if it were more 

readily available or cheaper. There is 

little difference between these two groups

in terms of beliefs, 


It is much more difficult to change pota-
toes from a complementary vegetable posi-
tion to that of staple. Strong belief 
systems hold the potato to one or the 
other position. Usually in the vegetable 
role, other foods such as grains, legumes, 

or other tubers are considered staples and 

are more readily available. This does not 

mean that the change cannot occur (and it 

does), but that rather when it happens,

the potato comes to fill a staple food 
role that was either previously unoccupied 
or poorly occupied by local foodstuffs. 

Our goal for the future should be to f
cilitate greater frenc of consumption

camnthsegreate freu eny nsuo tnamong those who regar potatoes as veget-


reduce the price of potatoes relative 

to other vegetables;


- encourage wider market distribution 
o encorge gu r arkt dopedon a more regular basis; 


- improve home potato storage; 
- promote varieties suitable to local 

vegetable preparations; 
- provide information on new methods to 

incorporate potatoes into local diets, 

In line with the last of these recommenda-

tions, processing and weaning food prepa-

rations are two vehicles suitable for en-

couraging greater potato utilization, 

Both merit further examination here. 


Potato processing 


Techniques for processing potatoes were 

developed in the Andean highlands over 

1000 years ago, yet processing has only

become widespread in the developed coun-

tries since World War II. In fact, pota-

toes led the "food revolution" which 

brought the processing industry to its 

present level of importance, 


Processed potatoes are rapidly supplanting 

fresh potatoes, and in the U.S. alone ac-

count for over half the annual consump-

tion. Yet in the devel:ping countries, 
potato processing accounts for only a tiny
fraction of the consumiption. (FAO reports
that only 0.1% of the potatoes produced in 
developing countries are manufactured for 
food. However, their term "manufactured"
is much more restricted than "processed" 
which can apply to frozen and fried pota-

toes. Additionally, since FAD does not 

even report Peru and B3livia's potato pro-

cessing, where the techniques themselves 


were invented, it is likely that the sta-

tistics are as a whole, far underestimat-

ed.) 


If the trends for consuming processed po-

tatoes among higher income groups in the 

developing countries are similar to 
those 

in developed countries, then we can assume 

that the demand for such items will in-

crease in the future. However, we should 

not limit ourselves to the narrow pros-

pects for promoting potato products among 

the relatively small groups of wealthier 

developing country inhabitants. Potato 

processing has a much broader applicabili-

ty. 


Processing can provide an alternative or 

an extension to storing fresh potatoes,

Transforming them 
 into flour, starch, 

dried or freeze-dried products makes them
 
easier to store for long periods, less 

expensive to transport, concentrates the 

nutritional quality by eliminating the 

water, and often increases their unit val-

ue. Processing also offers a means to 

utilize poor quality potatoes, and bring a 

higher price for them than if sold as ani-
mal feed, which often happens. Processing 

can also improve the nutritional quality 

through the addition of nutrients, such as 

mineral (iodized salt) or by increasing

the caloric density by adding oils during 

frying.
 

When considering processing, we should not 

be bound to images of elaborate factories 

and machinery. Such items may indeed have 

a role in the developing countries, how-

ever a much more pressing need is for in-

termediate or rustic processing, something 


that can be conducted inexpensively, with

small capital investment, at the village 

or commune level, with relatively inexpe-
rienced operators and managers, and oper-


ated with relatively small quantities of 

potatoes at a time. Such techniques and

rustic processing devices have been devel-


in Peru and Bolivia, but exploration
remains to be done as to the applicability 


of these to other contexts and situations, 

In Peru, 'chuflo' native freeze-dried pota
toes, and 'papa seca', dried potatoes,

form a significant part of the highland

diet. We should investigate whether these 

same products might have a place in the 

diets of non-Andean populations, 


We must be inventive and innovative in the 

search to develop the potentials of potato

processing. We must look for the places 

in local dietary patterns where a pro-

cessed food might fit in. Not all items 

are easily, nor justifiably, transferable.

In Guatemala, for example, processed pota-

toes fit well into several dietary niches, 

French fried potatoes are rapidly becoming

the preferred complement to local fried 

chicken, 'polio campero.' Potato chips 

are 
sold in urban areas on street corners, 

and at movie theaters, and as a part of 

the general 'street food' consumed by the 

urban workforce. One of the more promis-

ing processing avenues currently being de-

veloped locally is the fabrication of in-


In Indonesia it is difficult to find any

examples at all of processed potatoes.
 
However, many other food items, such as
 
cassava, rice, nuts and plantains are pro
cessed into a variety of crunchy 'krupuk'
 
a kind of giant spicy crisp, eaten with
 
meals. Many other kinds of fried 
snack
 
foods are sold and consumed among all so
cioeconomic groups. Occasionally, pota
toes are also processed, into chips. It
 
is possible that potatoes could play a
 
more significant role in the 'krupuk' in
dustry, however, at present, there are
 
very few potatoes available for process
ing, since virtually all of the fresh com
modity can be sold profitably at the local
 
markets. It is also possible that the
 
market is already saturated with processed

food items and there is no need 
for
 
processed potatoes.
 

In sum, processing holds much potential

for diversifying potato consumption in the
 
future. Caution must be exercized in ap
plication of processing technologies in
 
that: (1) there should first be a place

for the resulting product in the diet or
 
plans formulated to develop that place,
and (2) that the technology is appropri
ate to the overall farming and post
harvest system.
 

Potatoes as weaning foods
 

One of the reasons behind the extent of
 
malnutrition in developing countries 
is
 
the lack of good quality weaning foods for
 
feeding the child when it has to be tiken
 
off breast milk (Mudambi and Rajagopal,
 
1980). Potatoes, either ina fresh state
 
or after processing, mixed with other
 

foods or made denser calorically through

the addition of oils, provide an excellent
 
weaning food for infants. Among oviny
producer and merchant mothers in Central
 

America and S.E. Asia potatoes are already
 
used as a weaning food. However, anong

other producers, particularly those for
 
whom potatoes are a relatively new crop,
potatoes play only a very small role in
 

the weanling diet.
 

Among many Filipino producer ftmilies,
 
potatoes are only rarely given to chil
dren. Instead, costly items are purchased

for baby food, rice, and sweet potatoes
 
are imported from the lowlands, and pota
toes are overlooked. Due to their bland
 
flavor, low fiber content, facility of
 
preparation, protein quality and balanced
 
ratio of protein to carbohydrate energy,
 
potatoes should be encouraged as an infant
 
weaning food.
 

For the future, efforts should be focused
 
among newcomers to potato production to
 
encourage greater utilization of their
 
product in their own diets and particular
ly those of their children. This will
 
require innovative educational procedures

and village-level pilot projects since
 
food habits are the cultural traits most
 
resistant to change. Yet, if potatoes are
 
to be more widely consumed among these
 
regions of the tropics, then the efforts
stant mashed potatoes. 'Pur6 de papa' or 


home made mashed potatoes, is already one 

of the most popular urban potato prepara-

tions, and thus the new, easier prepara-

tion, if moderately priced, has a good

chance to become a success. Promotion of 

other items, such as potato flour to sup
plement wheat or corn flour, could meet 
with greater resistance, since it is not a 

customary practice and would alter the 

nature of the traditional staple food 

items, 


must begin with children, and particularly

children of producers and marketing people
 
for whom price and availability are not
 
constraints to increasing consumption.
 

Potatoes in a vegetable production world
 

It must be emphasized strongly that for a 
large part of the tropical world, the 
potato is considered as a vegetable. This 
classification places potatoes in a cate
gory often considered much less important
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per hectare production of our favorite Indonesia (Food Balance Sheet inIndone- and northern regions of China.
 
crop, or how many kilos ittakes per day sia). Biro Pusat Stastistik, Jakarta.
 
to nourish a person. The Irish are re- Indonesia. 1980. Susenas V., Pengeluaran The total cost of production for the sup
ported to have consuir from 3.5 up to 7 untuk konsomsi rumah tangga. Biro Pusat ply of disease-free seed tubers through
 
kilos of potatoes per day to meet their Statistik, Jakarta. clonal propagation, and the substantial
 
food needs prior to the Great Famine Institute of Nutrition of Central America amount of money and expertise needed to
 
(Salaman, 1949, Woodham-Smith, 1962). and Panama (INCAP) and the Irterdepart- produce it cannot easily be afforded by
 
Many Andean people easily eat over 1.5 mental Committee on Nutritijn for Na- developing countries. Therefore, an al
kilos per day. One calculation tells us tional Development (ICNND). 1971. Nu- ternate technology is made available
 
that an average man needs 18 medium-sized tritional evaluation of the population through the use of TPS for raising potato
 
potatoes per day to meet bod'ly needs of Central America and Pdnama, 1965-67. crops, because most potato viruses, except
 
(McCay and McCay, 1967). An experiment Regional Summary. USfID-DHEW Publica- PSTV, APLV, are not transmitted by true
 
many years ago showud that male and female tion NO (HSM) 72-8120, seed.
 
human adults could exist for 167 days and International Potato Center, (CIP). 1982.
 
maintain nitrGgen equilibrium and good World potato facts. Social Science De- Experiments using either direct field
 
health on a diet solely of potatoes (Kon partment. sowing or transplanting seedlings from the
 
and Klein, 1927). Potptocs alone are Koni, 1928. nursery to the field, demonstrate
S.K., and A.K. Temi. The val- that
 
reported to ue p.o1 in human nutrition, Most agronomic
 provide and adequate protein ot rotato transplanting issuperior. 

source for human adults (Tudge, 1977). Biochemistry Journal, 122: 258-260. research of TPS seedling production has
 
According to recent nutritional require- McCay, C.M. and J.B. McCay. 1967. The been conducted under both sub-tropic' and
 
ments standards (World Health Organiza- nutritive value of potatoes. Potato northern environmental conditions in
 
tion, 1973), an active 30 years old female Handbook 12: 54-56. China. In comparison with transplanting
 
can be maintained on 2.799 kg of potatoes Mudambi, R., and M.V. Rajagopal. 1980. seedlings, the young seedling derived from
 
per day. Role of potato in child nutrition, direct field sowing of TPS does not have
 

Indian Food Packer, September-October: enough reserve energy to maintain active
 
We also compare the ability of potatoes to 25-32. growth in case of drought or insect at
supply human needs versus bread, rice, Potts, M.J. 1981. Farm-level research to tack. This is due to inherent defects,
 
sweet potatoes, corn, or cassava. But in optimize potato productivity in the such as slow growing at the early stage
 
reality, few people eat these items alone. Philippines: some reflections. Social de long growing period required. In
 
A handful of beans, a bunch of greens, or Science Planning Conference, Interna- ton of seedlings from nursery to field is
 
some spoonfuls of oil, added to each tional Potato Center. Lima, PerO, Sep- practiced and known to small farmers, and
 
erases the nutritional advantages of any tember. where human labor is not a limiting fac
single item over the others. Rhoades, R. 1982. The art of the Infor

mal agricultural survey. Training Docu- tor, the farmers would be able to raise a
 
We must broaden our thinking about pota- ment 1982-2. Social Science Department, succfessful potato crop providing that
 
toes. Diversity isthe goal of the human International Potato Center, Lima, PerO. suitble TPS be made available to them.
 
search for food. Diversity provides bal- Ruano. S,,and Calder6n S. 1981. T~cnicas
 
ance inthe diet, and the correct propor- b8sicas de entrevista al realizar inves- The suuthwest mountainous region of China
 
tions for enabling physical growth and tigaci6n sobre sistemas de cultivo. has a long growing season covering about
 
body maintenance. No one food, no matter Presented in the Dominican Republic, 200 days, and young seedlings need not be
 
how wonderful, can truly meet all of March 27-30. started under cover. Furthermore, rain
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fall is plentiful, about 1,000-1,500 mm 

during the potato growing season, thus 

seedlings can be transplanted from seedbed 

to the field successfully without irriga-

tion. 


Techniques for use of TPS to produce po-

tato seed tubers have been 	successfully 

practiced in Inner Mongolia, Yunnan, Si-

chuan, Heilongjiang and Anhwei provinces.

During 1967-1979, open-pollinated and in-

tercultivar hybrid TPS were mainly used 

for raising seed potatoes. The yield of 

marketable potatoes derived from these 

seedling tuber seeds were 35-55% higher

than controls. In order to improve this 

technique, commencing from 1978, the 

diploid hybrid (W5295.7) %s used as 

staminate parent to cross with Tuberosum 

inbred lines (S - S ) and Andigena (Neo-

Tuberosum) inbr d ines ($4), and Andigena

to cross with Tuberosum, aiming at de-

veloping more vigorous and phenotypically

uniform hybrids. 


A trial was made to compare the yield po-

tential of different F hybrid seedlings, 

open-pollinated seedlings, and tuber fami-

lies from hybrid seedlings and OP seed-

lings. Progenies of each of the family

types were grown at Harbin (Heilongjiang

province), Xichang (Sichuan province) and 

Jieshou (Anhwei province) during 198--

1981. The results suggested that yield of 

4x-2x F1 seedlings and F, tuber propaga-

tion were superior to those of intercul-

tivars F1 and OP seedlings. The mean 

yield of 'the group of 4x-2x crosses was 

the highest between hybrid groups and was 

significant, in the spring and autumn

double cropping region (Table 1). The 

fact that progenies of 4x-2x hybrids have 

both large vine and tuber yield has made 

this excellent material for 
evaluating - l in kg of plot containing 100 seed
potato vines as a green manure. The lings.

progenies were relatively uniform and pos- 2 CV = coefficient of variation. 

sessed short dormancy. They were adapted !/S4-3-5-9-25-1-(21) x NS12-156-1 to the spring and autumn double cropping best one of the 5 shown above. 

the
 

region where the spring crops were har
vested at the end of June. The progenies 

can be replanted in mid-August following 

a short dormant period without GApre-

This susceptibility to wart can be traced
back to both the original Andigena and 

Tuberosum clones. Therefore, it becomes


Table 
1. Average tuber yield and uni- imperative that selection for resistance
formity of seedling populations between 
 to wart precede the breeding use of Andi
different crosses (1980). 
 gena, because wart had been widespread in 


southwest mountainous region since 1979.

However, 3 families, including two 4x-2x 


Parentage Families Harbin Jieshou 
 and one tbr x Neo-tbr hybrids, have been 

of seed- No. 
 identified as uniform and high yielding,
lings Yield 	 Yield and will
CV CV be 	ued to raise the potato crop


1/ 2/ 1/ 
2/ in the sprin autumn double cropping re-

. . . .
 gion and Sichuan province separately.
tbr(S6 O x 


Neo tbr(S4) 5 51.3 38.1 30.2 
41.8 The seedling transplantation method has 

Neo-tbr(S4) x 
 been successful in raising commercial po-

W5295.7 
 4 	 45.1 40.2 32.1 41.2 tato and seed tubers from hybrid seed in


China and will become a routine method for
tbr(S) x 
 potato cultivation in the southwest moun-
W5295.7 
 7 40.7 36.5 48.1 37.2 tainous region. It seems evident that the 

Cultivars 
 technology of raising a commercial potato
x W5295.7 5 38.4 45.7 	41.3 43.7 seed
and potato from true hybrid seed 

Epoka (OP) 39.6 46.0 should hold promise for the developing
countries. Looking ahead, we are filled 

Epoka control 47.2 
31.8 with confidence. This would be especially

White
Bumper 	 true when both parents with good combining
ability are complementary to 	disease re-
sistance in such that the
a way hybrid


(control) 44.4 29.7 population, or the greater part of it, 

possess. the resistance of both parents.


-/Yield in kg of plot containing 100 seed- It is believed that revolutionary changes

lings. 
 are forthcoming both in technique for the 


use of TPS and potato agriculture, along
2/CV = coefficient of variation, 
 with the development of potato breeding 

programs, 


treatment. However, 
many of the 4x-2x 

hybrids resembled the 2x parents in ap-

pearance. They had deep eyes 	and a tuber 

type which was considerably less attrac-

tive than that of the 4x 	parents. A 

broader use of this breeding method must 

await development of more adapted diploid

parents. 


Mean yield of the group of tbr x Neo-tbr 

crosses was the highest between hybrid 

groups in Xichang, Sichuan province (Ta-

ble 2). The progenies of tbr x Neo-tbr 

hybrid were more resistant to late blight

that were others. Extensive segregation

of resistance to wart found in families of 

these crosses was a disadvantage. Of 15 

families, 3 family populations were re-

sistant to wart with ratios resistant to 

susceptible 80.03 to 19.97 on the average, 


Table 2. Average tuber yield and uni-

formity of tbr x Neo-tbr hybrid seedling

populations (1980). 


Combina-
 No. of Harbin Xichang

tion families -It 


Yield CV Yield CV 

i 2/ I/ 2/ 

tbr(S ) x 

Neo-br(S4 ) 15 49.4 40 53.3 40.4 

3/ 60.2 37.7 67.1 36.8
 
Tnter
cultivars 5 57.2
39.2 44.1 55.3
 

Kunnae (OP) 31.2 48.1 41.3 
 44.2
 
Kunnae
 
(control) 44.6 36.4 47.5 31.9 


1/Yield inD
 

With regard to further research required

for widespread application of this tech
nology by the year 2000, the following
 
proposals are recommended:
 
The inherent defects of TPS, such as
 

slow growing at the early stage and the
 
long growing period required are essential
 
disadvantages in the use of 	TPS to 
grow
 
potatoes. We need so search for a mutant
 
with short growing period, adapted to di
rect field sowing, similar to the "topiary

gene" which conditions early tuberization
 
and very short stolons and a genotype set
ting greater numbers of tubers than is
 
found in wild diploid potato.
 
PSTV is widespread in China. Because of
 

pollen and seed transmission of PSTV, par
ticular attention should be given to de
velop a technique for eradication of PSTV
 
from parents used for true seed produc
tion. 
It is necessary to develop a broadly

based population of S. tuberosum ssp.
andigena and clones -of -M group of 
diploid species S. phureja and S. steno
tomum with good yel, "ronom charac
te-rstics, wide adaptation, and disease
pest resistance.
 

is important to develop breeding
 
methods for maximum uniformity and hetero
zygosity of TPS. The potential for
 
true seed production justifies intensive
 
searches for mutants which modify meiosis
 
so that homogeneous gametes are produced.
 

POTATO PRODUCTION FROM TRUE SEED - PRESENT
 
AND FUTURE
 

S. Sadik
 
The International Potato Center
 

Introduction
 

Potatoes can be propagated venetatively

from seed tubers or sexually from true
 
seed. Traditionally, coimmercial production of potatoes has been based on the use
of seed tubers for planting, while the use
 
of true seed was limited to breeding and
 
selection.
 

Potato production from seed tubers has
 
been popular because of the ease by which
tubers can be planted, the fast and
 
vigorous growth of the plant, the uni
formity of harvested tubers and its high
yield potential. In spite of these ad
vantages, the method has presented impor
tant problems which hampered the adoption

and expansion of potato production, espe
cially in developing countries. Among the
 

problems associated with potato production

from seed tubers are the following:

In developing countries, seed tubers
 are usually imported at hiqh cost from
 

European, North American, and Australian
 

sources. It has been estimated that the
 
cost of the two tons of seed tubers neces
sary to plant a hectare of potatoes can be
from 30 to 70% of production inputs.
 

Seed tubers are often the source of
 
disease and pest introductions.
 It is not always possible to import seed
 
tubers for certain planting seasons be
cause of their unavailability from export
ing countries.
 
In many cases, seed tubers often arrive
 

late for a recommended date of planting

and sometimes of poor physiological quality, often succumbing to rotting by micro
organisms.
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Imported seed tubers are of cultivars mountable with further research. These between 120 and 160C), germination and 
bred for temperate climates, and thus are drawbacks include: seedling emergence and establishment from 
often poorly adapted to growing conditions Tubers obtained through the use of pre- directly sown seed were satisfactory and 
inimporting countries. sently available seed progenies have less resulted ingood yieid.

uniformity inshape, color, size and cook-

Costly and often unavailable storage ing quality than those obtained from cul- Production by transplanting
 

facilities are sometimes necessary before tivars grown from seed tubers. These
 
the distribution of imported seed tubers deficiencies can be overcome by future Inthis method, seed is sown intrays or
 
to farmers, breeding and selection, ground beds containing soil of proper
 

Seed tubers are bulky and perishable Potato production from true seed re- physical structure, fertility, and mois
and, therefore, difficult to transport to quires more farming operations and labor ture as practiced for seedling production
 
distant or nearby but inaccessible areas inputs than from seed tubers, of other vegetable crops. Ifnecessary,
 
of production indeveloping countries. Existing true seed materials usually shading of the seed bed is provided to
 

produce lower yields and smaller tubers reduce the inhibitory effect of high tem-

To overcome some of the above problems, than from similar clones. perature on seed germination and other
 
farmers insome countries use seed tubers Seedlings produced from true seed appear stresses during seedling growth. Under
 
either produced locally by governmental to be more vulnerable to insect, pathogen such protective conditions, germination
 
agencies or by themselves. Locally pro- and environmental stresses than young and seedling emergence can occur within
 
duced seed tubers, especially in tropical plants grown from tubers, one week and vigorous seedlings can be
 
areas, are generally of lower quality than ready for transplanting within 4 to 5
 
imported ones in regard to tuber health The above disadvantages are stated on the weekF from sowing (Accatino and Malagamba,
 
and physiological quality, factors which basis of our present knowledge of potato 1982).
 
contribute to low yields often experienced production from true seed and seed tubers.
 
in developing countries. This situation Most, if not all, of these disadvantages This system avoids a number of problems
 
is changing, however, as many countries can be overcome as more knowledge and ex- associated with direct sowing inthe field
 
are developing better seed tuber multipli- perience with true seed are gained and as because seedlings are established under
 
cation programs and storage facilities at superior progenies are bred. careful management in small protected
 
high cost. areas where pests, edaphic and environ

mental stresses can be more easily con-

Because of the above problems associated PRODUCTION METHODS trolled. Therefore, the system has pro
witha mising applications, especially in areas
substitute for the useof true seemethodas
Potato production from true seed has been 
 where vegetable production by transplantasgie mo e i n years. approached inthree ways:
has gained momentum in recent years. In 1.Direct field seed sowing. 

ing isa common practice.
 
China, the use of true seed has been suc- 2.Transplanting from nursery bed to the Production from tubers derived from true
 
cessfully practiced in many communes and field. seed
 
state farms in Inner Mongolia, Ninghsia, 3.Planting of tubers derived frm true e
 
Yunnan, Kweichow, Szechnan, Hellunkiang, seed.
 
Honan, and Anhwei provinces. By 1979, Inthis method, seedlings are grown dense
seed tubers derived from true seed were Direct field sowing ly in ground beds until tuber maturity.
 
planted on 21,660 hectares in China with Seedlings are established either by direct
 
an average yield of 29-155% more than seeding Ator maturity,transplantingare nurs-Potato seeds geminate best at 15-20C and eres. by tubers fromharvested 
standard cultivars (Li and Shen, 1979). are inhibited at temperatures above 250C and stored until planting for production 

or below 100C (Stier and Cordner, 1937 of potatoes for consumption or for seedResearch on true potato seed in recent Steinbauer, 1957; Sadok, 1979). Even aconsuption o rnfr seed 
years at the International Potato Center Senar,15; adk 19). vnat tubers. From an open-pollinated seedinLima, Pe asnellnain NewoZeandr optimum temperatures, they germinate slow- progeny (DTO-33), up to 1000 tubers/m 2 
in Lima, Peru as well as in New Zealand, ly of
over a period of several weeks. Be- various sizes have been obtained (Inter-

India, Korea and by few seed producing cause of the low temperature requirement various Potave en otn (I. 
companies inthe USA has shown the poten- for seed germination, the applicability of national Potato Center, 1981).
 
tiality of using true seed as planting this method according to our present ex
material, especially in developing coun- perience is doubtful in hot areas where This methods combines the attributes of
 
tries. rainfall is torrential and poorly dis- potato production from true seed with
 

tributed and where soil crusting, weed those of seed tubers. The advantages of
 
The recent interest. inusing true seed as and pests are problems during early seed: this system include:
 
planting material stems from the following ling establishment. A grower or a national agency can pro
advantages that ithas over seed tubers. duce seed tubers intensively insmall pro-


The cost of true seed isexpected to be Kunkel (1979) failed to obtain seed germi- tected areas where adverse conditions can
 
cheaper than seed tubers, nation in a well irrigated six hectare be better controlled.
 

Transport of true seed from the produc- field by direct sowing seed that had 87% A grower has an opportunity to eliminate
 
tion site to the farmer, even ininaccesi- germination in the laboratory. The most abnormal looking plants and off-type tu
ble areas, isinexpensive, simple and does likely 'factor that prevented seed germi- bers. This in a way constitutes a further
 
not require storage facilities during nation was the high summer temperatures screening procedure to achieve tuber uni
transit. One hundred gram of true seed experienced after sowing. formity.
 
can replace 2 tons of seed tubers required A grower that isaccustomed to planting
 
to plant one hectare of land and thus Bedi (1978) and Bedi and Smale (1978), potatoes from seed tubers can adopt this
 
diverting itfor use as food. Bedi, Smale, and Burrows (1979) grew pota- system easily.
 

True seed may introduce potato cultiva- toes under sprinkler irrigation by direct The early vigor of plants derived from
 
tion into new areas where good quality seed sowing and transplanting in New Zea- seed tubers helps growers avoid problems
 
seed tubers are difficult to produce or land. Crop performance varied from year associated with seedling survival and
 
store economically. to year depending on the environmental establishment from transplants.
 

True seed is easy to store for long conditions during growth. In 1978, only A grower can usually expect better
 
periods of time incontrast to the expen- about 6% of the total number of directly yields from plants grown from seed tubers
 
sive and specialized storage requirements sown seed survived until final l:ervest, than from transplants.
 
for seed tubers. This gives the grower while in 1979, better total yield was ob
access to potato seed for planting at any taned by direct seeding than by trans- The system suffers from some disadvantages
 
time depending on clmatc conditions and plantinginclude: Seedlings grown in nursery beds can 
be
cropping systems. Accatino (1979) working with direct field infected with pathogens if proper insect
 
Disease transmission by true seed is sowing in several environments and with control and plant handling are not prac

less than by seed tubers. To date, only soils of different composition in Peru, ticed. These pathogens are inturn trans
two viruses (Andean potato latent virus concluded that the success of direct sow- mitted to tubers and result in plant in
and potato virus T)and ore viroid (potato ing ishighly dependent on the edaphic and fection inthe field.
 
spindle tuber viroid) are known to be environr-ntal conditions during germina- Plants produced from true seed generally
 
transmitted by true seed. tion and seedling establishment. In San produce a large number of small tubers
 

Ramon when soil temperature was high, seed some of which are not useable for field
 
The use of true seed instead of seed germination was poor and direct seed sow- planting. These small tubers may have
 
tubers for planting has some disadvan- ing was a failure, while during the Lima a tendency to lose more weight during
 
tages, although most of them are sur- winter months (mean maximum temperature storage, especially under dry conditions.
 



20 

.he mnthod demands intensive labor and 

skilled management. 


The method requires facilities for tuber 

storage until planting. However, such 

facilities can be small since tubers are 

small. Because seed tubers can be pro-

duced off-season, growers can program

their planting and harvest in a way to 

avoid prolonged storage. Itis anticipat-

ed that when an effective technique is 

found for breaking tuber domancy before 

planting, the need for tuber storage may 

be eliminated. 


PRESENT STATE OF KNOWLEDGE 


Flowering 


The physiological mechanism of flowering 

of potatoes is little understood and,

therefore, simple and reliable methods to 
induce it are not available. Flowering 
occurs in various degrees depending on 
species, cultivar and environmental condi-
tions. In general, Solanum tuberosum ssp.
andigea flowers regard"ess7ofdaylength 
a though better under short days; while 
S. tuberosum ssp. tuberosum usually does 

notflower under short days. 


Certain cultivars of either species rarely 

flower under any condition or flower 

sparsely and for short durations. In ge-

neral, flowering of S. t. ssp. tuberosum 

is enhanced by growTng-plants at abOut 

20*C and 18 to 19 hours photoperiods (Pat-

terson, 1953). Zafar (1955) working with 

two tuberosum cultivars, namely Canoga and 

Russet Burbank significantly improved

flowering and fruiting by spraying plants 

with 25 ppm sOlutions of any one of seven 

hormones, es'i)cially 2, 4-D in the case of 

Canoga, and iaphthalene acetic acid in the 

case of Russet Burbank. Frequent sprais

with gibberellic acid significantly im. 

proved flowering (Fischnick and Krug,

1959; Pushkarnath and Chauchan, 1964). 

Other methods for promoting flowering and 

fruiting have been used. East (1908),

Werner (1934) and Abdel-Wahab and Miller 

(1963) found that flowering was not pro-

moted by stolon removal. On the other 

hand, Thijn (1954) and Jessup (1958) im-

proved flowering in some cultivars by 

stolon pruning Abdel-Wahab and Miller 

(1963) stimulated flowering in some va-

rieties by wire girdling or stem incision, 

but, these treatments had no significant 

effect on sparsely blooming varieties. 


The nutritional status of the plant and 

its effect on flowering has been implicat-

ed by Bolle-Jones (1954). He found that 

flowering of the cultivar Majestic can be 

markedly affected by the iron-potassium 


supply occasionally increased flowering at 

lower potassium levels but always de-

creased it at higher levels. Likewise 

high potassium applications were favorable 

to flowering when iron levels were low. 

Czerski, Kulacinska, and Jankowska (1977) 

grew potatoes under 19 hours photoperiods
grewr
in flow hydroponics under optimal mineral 

nutrition and light intensity. These cor-

ditions were very favorable for growth aid 

had positive effects on the amount )f 

flowering and its duration as well as un 

the ntwnber of fruits and seed. Weinheimer 

and Woodbury (1966) condqcted studies to 

determine the effect of grafting as well 

as the influence of Solanum rootstocks on 

flowering, fruit set, and seed number when 

grafted with scions of the Russet Burbank 


s
cultivar. They found that grafting per

had no effect on flowering and fruit set. 


However, when Solanum maglia was used as 

rootstock, ittT s--isdf"ower number,

fruit set and number of seeds. Girdling, 

excision of stems, grafting of other simi-

lar techniques are assumed to promote

flowering by restricting downward trans-

port of metabolites into the roots and/or

tubers. Evidence in the literature does 

not support such assumption. 


Pollination 


Pollen gemination can begin within half 

an hour of incubation on artificial media
 
and reaches a peak in 2 to 8 hours. The

speed of germination and pollen tube 

growth rate depend primarily on the germi-
nation medium and temperature. The opti-

mum temperature for pollen gemination in

vitro is between 15 to 200C, while tem-

peratum'-dbove 250C or below 10°C are 

inhibtury (King and Johnston, 1958; 

Bienz, 1958). Of the several media for 

pollen gemination that have been recom-

mended, the medium developed by Mortensen, 

Peloquin, and Hougas (1964), is the most 

widely used. The medium is composed of 

20% sucrose, and 500 ppm boric acid. King

and Johnston (1958) used a simple media 

composed of 14-16 g sucrose, 2 g agar and 

100 ml water adjusted to pH 5.2. In this

medium, germination rates were remarkably 

low presumably because of the omission of 

boron from the medium. Saini and Joshi
 
(1975) recommended a complicated liquid 

medium for gemination and tube elonga-

tion which contains 15% sucrose, 2.5 ppm

Ca (N03)2 , 1 ppm H3BO3 , 100 ppm cystine, 

0.75 ppm lysine, 0.005 ppm glutamic acid, 

and 20 ppm gibberellic acid or 0.2 ppm

indole acetic acid. According to Saini 

and Joshi no germination occurs in dis-

tilled water and very poor gemination

a,,dLube elongation were obtained in 15% 

sucrose medium without other additives. 


Pollen storage 


Stu-age of pollen is sometimes necessary 
to facilitate crossing when both parents 
are not flowering at the same time or at 
the same location. The work of Kesseler 
(1930) and Kawakami (1934) showed that 
i,_ ato pollen can be stored for 10 to 14 
days under dry conditions (15-20% RH).
Beamish (1954) found that storage in a 
refrigerator can prolong pollen viability,
while King (1955) stored pollen for about 
a year without viability loss at -300 C. 
Howard (1958) stored pollen of four culti-

0
vars at -20C after the anthers had b,'en lent fruit set from the variety Russet
 

nutrition of the plant. Increased ironi -196 0C without a decrease in viability
0


dried overnight at 300 C or over silicr 

gel. The viability of pollen stored for 

11 months was no different from that of 

fresh pollen. Weatherhead et al. (1978) 

was able to store pollen for-9-months at
 

whereas at -20C germination was less than 

1% after 9 months. For short-term stor-

age, Tandler (1978) transported pollen in 

a thermos flask with dry ice at -180C 

without loss of viability. Blomquist and
Lauer (1962) emphasized the importance of 

di anthers before pollen storage at 


low temperaturens
lowpollinated 

Fruit set 


Fruit set often does not take place even 

when conditions are ideal for flowering

suggesting that the necessary conditions 

for flowering are not necessarily those 

that are optimum for some or all processes

frnm pollination until fruit development. 

During the overcast, cool and winter days

of Lima, little flowering can be observed 

on plants known to flower profusely under 

different conditions. In addition, of the 


few flowers that do develop most abscise
 
prematurely. The poor flowering could
 
have resulted from the relatively low tem
peratures and light intensities and short
 
days which are conducive to good tuberiza
tion. On the other hand, flower abscis
sion may have resulted from one or a com
bination of factors such as lack of insect
 
pollinators, poor pollen viability, cool
 
temperatures for pollen germination and
 
fertilization. It could also have re:ult
ed from competition between tubers and
 
flowers for a limiting factor.
 

During winter months in Lima, hand
pollinated flowers also abscise from
 
plants that normally pollinate with ease,
while pollination on similar plants suc
ceed in the screenhouse suggesting that

outside temperatures are too low for pol
lination. Flowering and fruit set im
proves in the spring coinciding with light

intensity and temperature rise during the
 
day and the cool nights. The improvement
 
of fruit set may have also resulted from
 
the increased activity of insect pollina
tors. During the hot summer months in
 
Lima and Yurimaguas, some flowering occurs
 
but fruit set is rare presumably because
 
of the persistent high temperature effect
 
on pollen viability and fruit set (Bienz,

1958; King and Johnston, Simmonds 1958;
 
Young, 1923).
 

Premature blossom and fruit abscission can
 
be a problem under glasshouse conditions
 
in some cultivars and under certain en
vironmental conditions. To overcome such
 
problems, McLean and Stevenson (1952) sug
gested the use of mechanical stem girdling
 
or growing cut, floweeing stems in nu
trient solutions. They speculated that
 
the success of these methods resulted from
 
carbohydrate accumulation above the point

of constriction on the whole plant or in
 
the cut stem. The application of growth
 
regulators (.01% indole butyric acid in
 
lanolin or 0.4% indole butyric acid with
 
0.1% chloro phenoxy acetic acid in lano
lin) to the pedicel after pollination
 
prevented flower and fruit abscission.
 
Chalyuk (1975) was able to improve fruit
 
set in the monsoon climate of the Soviet
 
far east by repeated pollination at night

when temperature was 15-20C augmented by

0.5% indole acetic acid in lanolin paste
 
application \tothe flowers. Similar re
sults were obtained by Zafar (195C) by

spraying plants with growth regulators.
 
Patterson (1953) was able to obtain excel-


Burbank by growing plants under 18 to 19
 
'ours photoperiod and 20oC during the
 
early stages of plant growth and at 10 to
 
15°C when flowers were visible.
 

To improve flower retention and fruit set
 
McLean and Steveiison (1952) and Peloquin
 
and HoLlas (1958) used the "milk bottle"
 
technique in the greenhouse. The method
 
consists of placing cut stems with unopened inflorescences from field grown

plants in milk bottles containing tap

water or nutrient solutions. Flowers are


Fowrsar
the usual way and the fruits
 
are harvested at maturity. Of concern in
 
using this method is the possible poor
 
quality of seed that can be obtained from
 
fruits that develop under inadequate

supply of mineral nutrients and limited
 
photosynthates.
 

Fruit harvest and seed extraction
 

In most cultivated potatoes, berries reach
 
full development after about 6 weeks from
 
pollination and at that stage seeds are
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fully dormant and well developed (Sim- Howard (1969, 1975) found that seed stored lower than in the dark at 70C and 100C
 
monds, 1963b). Seeds from prematurely inparaffin-sealed glass tubes at 5OC re- whie at.200C germination in continuous
 
harvested fruits are less dormant and less taned a mean of 79.6% and 71.5% germina- light was slightly better than in the
 
viable than seeds extracted from fully tion after 15 and 20 years, respectively, dark. Porter and Clark (1979) working
 
developed fruits. The effect of berry Ross (1969), predicted that a germination with seed of Solanum jviculare and S.
 
size on the quantity and quality of seed of more than 75% can be obtained after lacinlatun, state-ta-t fuorescent light
 
was investigated by Rodlionova and Kngut 15-20 years of storage at 3-40C. Barker stimulated both the rate and extent of
 
(1975). They found a positive correlation and Johnston (1980) found that seed of S. germination. Litowski and Rykaczewska
 
between berry size and seed number, how- tuberosum can be stored without stringe7nt (1975) found that germination ismore sen
ever, no correlation was found between conVtions with good germination for 15 sitive to blue light than to others.
 
berry size and seed size. No information years. Subramanyan (1971) obtained more
 
isavailable inthe literature on the ef- than 70% germination after 10 years of Because of seed heterozygosity, lack of
 
fect of environmental conditions on potato storage at room temperatures fluctuating uniformity of seed germination, seedling
 
fruit development and maturation before between 5-60C and 42-450C. Unfortunately, emergence and vigor are problems of prac
and after harvest. Inmost laboratories, inall of the above studies, seed moisture tical importance. They can be serious
 
fruits are allowed to ripen until soft at content was not determined at the begin- problems, especially when seed is sown
 
ambient temperature. The need for this ning of storage. The availability of such under high temperatures and in soil of
 
period of post-harvest fruit ripening, its information is important in view of the poor physical and fertility characteris
duration, and the optimum environmental strong interaction between seed moisture tics. At the International Potato Center,
 
conditions under which it should take and storage temperature and its effect high temperatures during germination and
 
place are not knovn. These factors how- on seed viability. Although good germina- seedling emergence are reduced by pro
ever have beei, 1hown to have strong tion was obtained following long storage viding 30% shading to the nursery bed and
 
effects on seed dormancy and germination without special efforts to reduce seed by keeping soil well watered during the
 
of solanaceous crops (Gutterman, 1978). moisture content or the storage tempera- first three weeks after sowing. Research
 

ture. The possibility that such unfavora- at the Interndtional Potato Center (1980,
 
Recent work inour laboratory showed that ble storage conditions can affect seedling 1981) indicated that a 1:1 mixture of sand
 

and peat moss is an excellent substrate
temperature during fruit ripening has an vigor and genetic stability should not be 

effect on the degree of seed dormancy, overlooked (Roberts, 1972). for germination and seedling development,
 
Seed from three clones had higher degree especially when it contains, 100, 200,
 
of dormancy when obtained from fruits Lange et al. (1979) reported that short- 100 mg/kg mix of PNK, respectively. Vol
ripened at 150C for about a month than term storage of potato seed can be canic soil was L.cessfully used as the
 
when ripened at higher temperatures. (In- achieved at 2-3°C and 30% relative humidi- sole substrate for the preparation of
 
ternational Potato Center, 1981). ty. However, for long-term storage they nursery seed beds inRwanda (International
 

recommended drying seed to 5-6% moisture Potato Center, 1981). Sand alone or other
 
Small quantities of seed can be extracted content and storage at -100C. Under these substrates low in organic matter are not
 
by crushing fruits by hand and separating conditions they predicted seed viability suitable because of their low moisture
 
seed from pulp by repeated washing with after 20 to 30 years. Hinze et al. (1975) holding capacity. In areas of high sa
water and sedimentation. When handling working with seed of six SoTni-m species linity, the sand used inseed bed prepara
large qu titles of fruits, mechanical foLnd that storage temperatures ranging tion should be well washed with water.
 
crushing in a food blender can be done from -20'C to 20°C had negligible effect Seed bed watering should also be thorough
 
provided that the b~ender is operated at on seed viability after 4 years as long as to avoid soil salinity which can Jrasti
low speed to avoid seed damage (Simmonds, the seed moisture content was low. cally affect germination and, especially
 

seedling growth (unpublished results).
1963a; Lauer et al., £5) 

Sadik and White (1982) proposed a simple 

Seed dormancy method for reducing potato seed moisture Transplanting "shock"
 
content before seed storage. According to
 

The length of seed dormancy is variable vheir method, the moisture content of 20 g Potato seedlings are sensitive to the
 
and depends on th,!cultivar and environ- seed can be reduced from 11% to the recom- trauma of transplanting. Ti.nsplanted
 
mental and cultura, conditions under which mended safe level of 4 to 5% inabout one bare-rooted seedlings have been slivwn to
 
fruit development and ripening take place, week of storage over 30 g of freshly require 19 days to recover their original
 
The latter far'Krs have not been fully toasted rice with a moisture content of growth rate before transplantin(. (Inter
investigated 11 potatoes, but they are less than 1%. national Potato Center, 1981). To reduce
 
known to '.eimportant in other crops the severity of transplanting shock it is
 
(Austin, .972). Srinivasacher and Dwived Seed tolerance to high temperature essential to raise vigorous seedlings in
 
1959) aid Simmonds (1963b) reported that the nursery bed. Furthermore, seeo'ings
 

seed of diploid cultivars have less dor- Potato seed when well dried can tolerate should be well hardened before transplan
t
macihan seed of tetraploid cultivars. long exposures to high temperatures. Dry ing by withholding the rate and frequeicy
mancy of watering and by exposure to full run-

Freshl harvested seed of most potatoes seed with moisture content below 4% can light a week before transplanting. Shad
are d)rmant although some unpublished be exposed for more than one hour to dry ing of seedlings inthe field by companion
report;indicate that some seed can germi- heat at IO°C without significant decrease crops, sedig inthe f bcomanion
 
nate after extraction from fruits provided in germination (Sadik and Salazar, un- found helpful in increasing seedling sur
that they hemain moist. According to Sim- publish:'). Seed infected with potato vival and growth (International Potato
 
monds (1963b) the intensity of dormancy spindle tuber viroid (PSTV) could not be Center, 1981). Soil mulching with straw
 
increases with fruit development and freed by a 1 hour exposure at 100°C. The or reflectants such as gypsum applied

reaches a peak after 6 weeks from pollna- effect of such temperature treatment on ou elns at aspgypsum topre

with results of seed-borne viruses, fungi, and bacteria around seedlings at trlad nting to retion, which is in line ' duce soil temperature and conserve soil 
Haynes (1954). has not been studied. moisture can improve seedling survival and 

Seed dormancy can be effectively ended by Seed germination and seedling development growth under field conditions (Interna
soaking seed for 24 hours in1500 ppm so- tional Potato Center, 1981).
 
lution of gibberellic acid (Fischnick and It is generally accepted that the optimum A soil mix block-maker has been used suc-

Grim, 1958; Spicer and Dionne, 1961; temperature for seed germination isabout cessfully to reduce transplanting shock
 
Shu-Lock and Erickson, 1966; International 20oC although seed of some progenies ger- (International Potato Center, 1981). In
 
Potato Center, 1980). minate better at 15'C. Temperatures above this system blocks of soil mix are formed
 

25°C and below 100C are ingeneral inhibi- and seed is sown in each block and the
 
Storage and seed longevity tory to germination (Stier and Cordner, seedlings are later thinned to 3 per
 

1937; Sadik, 1979; International Potato block. By this procedure, seedlings are
 
A number of studies on the conditions for Center, 1981; Steinbauer, 1957). provided with good medium for growth and
 
storage of true potato seed indicate the the transplanting shock can be signifi
ease by which they can be stored. Wollen- The effect of light on seed germination is cantly reduced. The practicability of
 
weber (1942) and Haig (1952) stored potato not clear. Simmeonds (1963a) working with this method for small farms is under in
seed at room temperature and obtained ade- diploids and tetraploids found that ger- vestigation.
 
quate germination after 13 years, while mination was delayed inthe dark and that
 
Simmond; (1968) reported that seed via- tetraploids were more inhibited than Population density
 
bility begins to decline in 7-8 years and diploids. Bedi et al. (1979), working
 
little viability remains after 11-12 with four breedinf TITnes of seed, found A potato seedling has one main stem which
 
years. In a long-term storage experiment, that germination in continuous light was later produces lateral branches at nodes
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too high for effective tuberizatlon. 

Since the number of main stems per plant

is an important component of yield, it is 

necessary then that an optimum number of 

stems per unit area of land should be 

achieved when potatoes are produced from 

true seed. Several approaches have been 

investigated. The most obvious approach 

was to increase the number of seedlings 

per unit area either by transplanting 

several seedlings per hill or by planting

seedlings at closer spacing. Maximum 

yields were obtained when 3 to 4 seedlings 

were planted per hill or when planted

individually within 30 cm of row space,

This approach obviously increases the cost 

of production because more seedlings have 

to be produced in the nursery and trans-

planted in the field. The possibility of 

stimulating lateral branching at low nodes 

by early clipping of the seedling growing

point was investigated in a preliminary 

trial and the results were encouraging. A
search for chemicals that can induce 

branching at an early stage of seedling

development is under investigation, 


Pests and diseases 


In general, insect pests and diseases that 

attack potatoes grown from true seed are 

the same as those generally found on pota-

toes from seed tubers. Because of their 

tenderness, plants from true seed are more 

likely to be injured by insects and dis-

eases. 


Cutworms are the most damaging to young

seedlings in the field. Carbamates ap-

plied as side dressing in soil are non-

phytotoxic and offer good protection in 

desert areas. In tropical areas with high 

rainfall, damage by pests such as leaf 

beetles, cutworms, 
aphids, leaf hoppers,

leaf miner flies, potato tuber moths, etc. 

could be controlled effectively by the use 
of foliar sprays, as soil insecticides are 
not effective under such conditions (In-
ternational Potato Center, 1981). 


Soil-borne pathogens can cause considera-

ble damage during seedling emergence in 

the seed bed and after transplanting in 

the field. The most serious pathogens are 

Rhizoctonia solari, Sclerotium rolfsii,

and Phythium spp. Fungicides, such as 

Benomylthat can b, absorbed by roots can 

give protection when applied to the soil. 

To prevent fungal damage to transplanted

seedlings in the field, 0.15% solution of 

pentachloronitrobenzene (PCNB) sprays in 

the furrow and 0.1% Benomyl applied to the 

seedling base immediately zfter trans-

planting have given good control to fungal

diseases. Fungicides applied as seed 

dressing at sowing have been found very

effective in controlling fungi. 


Potentialyield 


Yields reported in the literature show a 

progression with time as a result of the 

development of better plant management 

practices and the availability of better 

seed progenies. Potential yields from 

true seed can be very high when growing 

conditions are optimal for potato produc-

tion. In the Southwest Mountain Region

of China, where ideal temperatures and 

rainfall are present, yields of up to 

38 tons per hectare have been recorded 

(Li and Shen, 1979). Bedi et al. (1979)

obtained yields ranging fr-m-20.2 to 

47.2 tons per hectare from direct sown 

seed. In another experiment they compared

yields from transplants and direct sown 

seed, and found that the mean total yield 


of 10 seed progenies ranged from 15.6 to 

39.6 (mean 26.1) tons per hectare by

direct seeding and 9.1 to 35.8 tons per

hectare (mean 21.7) by transplanting. In 

another yea, when yield and climatic con-

ditions were nut conducive to direct field 

sowing, very low yields were obtained by

direct seeding. In an experiment conduc-

ted in San Ramon and Lima, Peru, Malagamba

(unpublished) compared the total and mar-

ketable yields of 75 hybrid seed and open-

pollinated progenies by transplanting In 

May 1981, which coincided with the cool 

part of the year in each place. Table 1 

shows the yield of the top 7 seed proge-

nies. It should be noted that a large

portion of the non-marketable tubers can 

be used for planting provided that ade-

quate insect control measures are adopted 

during plant growth to minimize virus in-

fection in the field.
 

Table 1. Total and marketable yields of 

the top seven seed progenies in two lo-

cations in Peru (ton/ha). 


Frogeny San Ramn Lima 

Mar- Total Mar- Total 
ketable ketable 

Atzimba X 
51.7 X +Y.1 40.0 44.8 16.9 24.4 

LTI X 

14X + Y.4LT2 X DTO-28 34.9
27.5 

38.3
29.2 

19.6 
-

24.2 
-

Atzimba X 
OTO-28 26.8 30.9 -

41.79 (o.p.) 
104.10 (o.p.) 

25.5 
23.2 

28.9 
29.1 

38:2 
34.8 

41.9 
38.7 

DTO-33 (o.p.) 16.6 21.2 9.2 12.6 
(control) 

Kidane-Mariam (unpublished) evaluated the 

yield of 40 seed progenies in September 

1981 (late winter) in Lima. In addition 
to an average yield of 36 ton/ha of mar-

ketable tubers, there was a high degree of 

tuber uniformity in respect to size and 

shape. 


These reported yiesds illustrate the high
yielding potential of potatoes grown under 
good soil and climatic conditions from 
seed. It is expected that such yield po-
tentials will increase with better plant 
management and breeding and selection of 
better seed progenies. The potential
yield of improved progenies may eo ' that 
of cultivars under similar growin Jndi-
tions. 


FUTURE RESEARCH 


Potato production from true seed is new 

and, therefore, there are many problems

and gaps in our knowledge. Below is an 

attempt to highlight important problems

that require urgent research to facilitate 

the use of TPS for potato production. 


Flowering and fruit set 


Most studies on flowering, fruit set and 

seed production dealt with cultivars of 

Solanum tuberosum which were bred and cul-

tiv-ated n temperate zones under cool con-

ditions and long days. On the other hand, 

little attention was given to flowering

studies on Solanum andigena. 


Techniques to induce or promote flower-

ing and seed set by such methods as the 


'brick' method, stolon pruning and
 
grafting are satisfactory for producing

small seed quantities such as those needed
 
by breeder., However, these methods are
 
not rellatle and ecoinonic for commercial
 
seed productir.
 

To improve the potential acceptance of
 
true seed ft- p.tato production, seed
 
should be readily available and at rea
sonable prices. Thus, simple and inexpen
sive methods for seed production should be
 
discovered. This will involve identifying

the environmental factors necessary for
 
flowering and the development of simple

and practical methods for its induction.
 
The environmental factors affecting pollen

quality, pollination, fertilization and
 
fruit sit under field conditions ..ould be
 
studied...
 

Seed quality
 

Seed germination, seedling establishment
 
and vigor of cultivated plants are direct
ly or indirectly affected by genetic
 
factors and the environmental influences
 
which have acted 
on the seed before and
 
after its narvest. These include factors
 
such as the nutrition of parent plant,
 
rainfall, soil moisture, ambient tempera
ture during fruit and seed development,

and seed storage conditions after harvest.
 
How these factors affect the performance

of potato seed at the nursery and field
 
levels is not known. In view of the
 
numerous problems that wt face with potato

seed germination and seedling vigor, it
 
seems necessary that thorough studies
 
should be conducted on the important en
vironmental factors under which seed pro
duction takes place and their effects on
 
seed quality.
 

Seed weight, volume, density, and moisture
 
content have been found to affect 
the
 
speed and uniformity of germination in
 
many crops. Preliminary studies in our
 
laboratory confirm such effects in pota
toes and, therefore, such studies should
be pursued. The effects of embryo types

shown by Upadhya, Chandra, and Sharma
 
(1981) should be studied to ascertain
 
their effects on seedling vigor and ulti
mate yield.
 

Seed germination
 

The environmental factors necessary for
 
optimal germination of seed of most potato

cultivars are well known. The speed and
 
uniformity of germination can be very low
 
at non-optimal temperatures which is fre
quently the case under field conditions,
 
especially in medium or low elevation
 
tropical countries. Therefore, research
 
should be directed to breed seed progenies
 
for good germinability at temperatures

between 25 to 300C. In spite of the fact
 

0
that soil temperatures above 35 C can be

experienced for some durations during seed
 
germination, the effect of such high tem
perature exposure can be offset by expj
sures to low temperatures, especially at
 
night. Concomitant with brueding and
 
selection for germination ic hih tn:Rpera
ture, other laboratory and field tech
niques should be evaluated for improving
 
seed germination at high temperature such
 
as pre-germinating seed before field sow
ing and simplified fluid drilling tech
niques.
 

Seedling emergence and development
 

Seedling vigor of potatoes is somewhat
 
weaker than that of other solanaceous
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plants. Their growth is sensitive to ad- Ing can be an indirect solution to chronic Research is necessary to find effective
 
verse temperatures and poor soil fertili- unemployment problems; however, these high and simple methods for hybrid seed produc
ty. To ensure better chances for seedling labor inputs would certainly increase the tion, which should include finding chemi
survival in the field, good seedlings price of potato and nake it harder to cal gameticides to alleviate the need for
 
should be used, which are characterized by realize the ultimate goal of providing the hand emasculation of anthers as well as
 
having good root systems, stocky upright potato as an inexpensive source of nutri- better techniques for pollen collection,
 
stems, healthy vigorous leaves and without tion. This goal, in our opinion, can only storage, and pollenation on large scale.
 
premature stolon or tuber formation. To be achieved by breeding progenies with
 
achieve such characteristics, formulations high yields and by lowering the cost of Apomictic seed production
 
of seed bed mixes of proper physical and production by substituting true seed for
 
chemical composition to ensure rapid and seed tubers and establishing the crop by Hermsen (1980) proposed to breed for
 
healthy growth before transplanting are direct sowing instead of transplanting. apomixes in potatoes to obtain genetically

needed. Furthermore, studies should be uniform seedlings. Irikura (1981) induced
 
conducted to determine the optimum envi- Seed pelleting apomictic seed formation in diploid and
 
ronmental conditions for seedling growth. tetraploid potato cultivars with 2, 4-D
 
Studies should be also conducted on the Pelleting of small seeded crops has been sprays on emasculated flowers. Iwanaga

possible beneficiary effects of growth used to facilitate easy seed handling for (1982) suggested a two step approach for
 
regulators such as B-9 and Cycocel on precision planting. Another p -Jse for obtaining apomictic seed: 1) induction of
 
seedling growth and transplant quality in pelleting is to incorporate des, ble ad- apospory and 2) chemical induction of
 
view of their beneficial effects on seed- ditives to the coating medium w, produce autonomous seed development.

ling growth of other solanaceous crops. 	 rapid and localized effects on the de

veloping seedling. The induction of aposporous apomictic seed
 
Direct field sowing vs. transplanting can be of great value to potato production
 

Because of the smallness and size varia- from true seed. Aposporous true seed is
 
Potato seeds are small and germinate bility of potato seed, research should genetically identical to the parent plait

slowly over a narrow ratg( of tempera- consider the feasibility of seed pelleting and, thus, the seed can be referred to as
 
tures. Seed sown directl) 'n the field as an aid to sowing, germination, and clonal true seed. Some of the dvantages

have little chance to germi,. te and de- seedling establishment, especially to fa- of such seed are:
 
velop into strong seedlings, except under cilitate direct field sowing. Of impor- Production of uniform plants which
 
optimal conditions of soil structure and tance is incorporation of beneficial com- should overcome one of the major drawbacks
 
moisture, and temperature conditions. pounds such as slow release fertilizers, of potato production from true seed.
 
Because of these precise requirements, the fungicides, nematicides, and systemic in- Virus-free plants can be obtained from
 
use of transplants and seed tubers derived secticides in the seed coating to help virus-infected plants by inducing apo
from true seed have been suggested as protect or invigorate emerging seedlings. sporus seed. This can alleviate the need
 
practical methods for growing potatoes for freeing infected plants by tissue cul
from true seed. Although considerable Seedling stem number ture and thermotherapy techniques.
 
success has been achieved at the experi- Aposporous seed can be used effimore 

mental level in growing potatoes by trans- A large number of seedlings (100,000 per ciently for the maintenance and distribu
planting, there is fear that in certain ha) have to be transplanted to increase tion of germ plasm maintained and dis
areas the high labor inputs necessary to stem number per unit area to achieve ade- tributed in vegetative form. The use of
 
produce, transplant, and care for about quate yields. Because of the high cost on aposporous seed for this purpose can also
 
100,000 seedlings per hectare, can under- seedling production and transplanting, reduce disease transmission from one gen
mine the basic reason for the use of true techniques should be developed to en- eration to another.
 
seed as substitute for the costly seed courage branching at lower nodes of seed
tubers traditionally used by potato lings. Killing the apical growing point The advantages of using apomictic seed for
 
growers. This suggests a need for re- of the seedling by pinching or by chemical research of potatoes are great. However,
 
search towards the development of prac- sprays has been successfully used in other from a practical point of view much re
tical and simple methods for direct field plants and deserves experimentation with search is needed to facilitate the induc
sowing. The difficulties of establishing potatoes. tion of apomictic seed by simple and effi
a potato crop by direct sowing are unlike- cient methods. A successful and practical
 method should facilitate the production of
 
ly to be any greater than those which PresL .ly, seedlings are planted singly large quantities of seed at reasonable
 
vegetable growers experience in establish- 10 cm apart or 3 - 4 seedlings at 30 cm costs for potato growers.

ing crops directly from seeds. A wealth spacing in rows 90 cm apart. Research is
 
of knowledge and experience is available needed on population density as well as on CONCLUDING REMARKS
 
on direct field sowing of simall-seeded the proper patterA of planting to maximize
 
crops, which can be used to develop ap- yields.

propriate direct sowing techniques for The ultimate goal of research on potato
 
potato orowers in developing countries, production from true seed is to develop
 
Fluid drilling sowing techniques have been Hybrid and open-pollinated progenies technologies for potato growers in de
commercially used in the UK for sowing veloping countries based on simplicity,
 
small-seeded crops such as lettuce, An extensive list of hybrid and open- low production cost and high yields of
carrot, celery, parsnip, and tomatoes, In 
 acceptable qualiky.
California and Florida, 
 tomatoes
have been pollinated seed progenies have been evalmany yarsin at the 

grown for many years using direct seeding. in Peru and by the lempleton Plan Breeders the next two decades should concentrate on
 

Clifora doect seeen uated International Potato Center To achieve such objectives research during
 
It is felt that such techniques, with ap- in New Zealand. In general, hybrid proge- finding solutions to priority problems to 
propriate modifications, can be used for nies are superior to open-pollinated ensure the formulation of appropriateWhen this becomes a reality, the benefits progenies in regard to seedling vigor, technologies. Among the important compon te see a fa ex , e o enits yield, size, shape and 'olor of tubers. nents of such technologies are:of true seed may far present
expectations because of exceedfurtherourreductions However many open-pollinated progenies are Development of agronomic systems com
in production costs. equally good. patible with growers, farming systems and
 

socio-economic factors.
 

In reality, neither transplanting nor Hybrid seed production requires skillfil Development of seed progenies with good
 

direct sowing will be used to the exclu- and costly management, while seed ,rom plant vigor, high yields, early maturity,
 

sion of the other. In Britain and North open-pollinated plants is easy to obtain tuber uniformity, acceptable quality, and
 
America, lettuce and o m r o w r s rac and,d thus, iss probablyp o b a ly o r e r relevantl v a n perhapsd i s s. og e n i to economicou l d b e f r and
 

tice both methods of planting depending on backyard home gardeners who grow potatoes
 

their circumstances. It is important to for family consumption. The use of hybrid parents that flower and set fruit profuse

tomatoA m e r t o ca , growersl e t u c e a n prac-d t a n t h s , more e tot o e a s e resistanceSu c h p r es s h pests o m
 

remember that tomato seedlings are trans- seed will probably be the choice for large ly to result in the availability of in

planted by hand into seed beds at densi- farming operations because of better plant expensive seed.
 

ties of up to 1,000,000 plants/ha in North vigor, yield, and tuber uniformity. References
 
America and North Europe. This illus
trates that transplanting can be used Because of the high technical knowledge Abdel-Wahab, A.E., and J.C. Miller. 1963.
 
economically even in areas where labor is and high cost necessary to produce hybrid Re-evaluation of some techniques and
 
expensive. In developing countries with seed, it is expected that it will be pro- their effects in stimulating flowering

high populations and high rates of unem- duced by private std companies or govern- in four Irish potato varieties in Loul
ployment, growing potatoes by transplant- mental agencies. siana. American Potato Journal 40; 53-57.
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Visual detection ishampered by the exist- multivalent antiserum would pomit ELISA 

eace of cultivars tolerant to PSTV in- testing for APLV in seed proJuction pro-

fection and by mild strains of PSTV (Pfan-

nenstiel and Slack, 1980). Although

thermotherapy plus meristem-tip culture 

have not been effecti, for the elimina-

tion of PSTV from stocks, Lizarrava, et 

al. (1980), demonstrated recently that lw 

temperature treatments plus meristem-tip

culture were effective, 


In 1975, Morris and Wright reported that 

PSTV could be detected by polyacrylamide

gel electrophoresis (Morris and Wright,

1975). Several modifications have been 

introduced to make the testing procedure

shorter, more sensitive, and appropriate

for mass indexing in seed production 

programs (Morris and Smith, 1977; Pfan-

nenstiel et al., 1980; Schumann et al., 

1978. 


Owens and Diener (1981) reported a nucleic 

acid spot hybridization test for PSTV de-

tection. The technique isbased upon the 

hybridization of DNA-complementary to PSTV 

(cDNA) with PSTV on a nitrocellulose mem-

brane. Although the technique requires

four days for completion, it isreported 

to be about ten times more sensitive than 

polyacrylamide gel electrophoresis and it 

issuitable for incorporation into testing

schemes inwhich large numbers of samples 

are being processed.
 

VIRUSES. Elimination of potato viruses 

rIom' by is re-
stocks meristem culture 


viewed indetail by Mellor and Stace-Smith 

(1977). Recently, Kaiser expanded the 

heat therapy work of Kassanis (1949) on 

PLRV and reported that alfalfa mosaic 

virus, potato leaf roll virus, and tomato 

black ring virus could be eliminated from 

potato tubers by incubation at 370C for 

3-6 weeks alone (Kaiser, 1980). This 

procedure isbeing used inKenya on stocks 

which will be distributed to seed improve-

ment programs inEast Africa. 


There are three sensitive serological

techniques that have been of interest re-

cently in evaluating seed potato stocks 

for freedom from specific viruses. They 

are: 


i) Enzyme-linked immunosorbent assay 

ELISA) or enzyme imunoassay (EIA) which 


Clark and Adams (1977) introduced for the 

detection of plant viruses. ELISA isable 

to detect 1-10 ng/ml of virus which is 

about 1000 times more senritive than es-

tablished agar-gel diffusion techniques.

The technique requires two days to com-

plete but quantitative information can be 

obtained and large scale sampling opera-

tions are feasible. Test sensitivity has 

made this technique extremely useful for 

detection of plant viruses which are 

present in low concentration inhost tis-

sues, e.g., to detect the phloem-limited

PLRV (Caspar, 1977; Clarke et al., 1980; 

Gugerli, 1978). Sample preparation for 

ELISA has been reduced as a time-consuming

step by the introductior f leaf-disk as-

says (Romaine et al., 1981) and equipment

for expressing-lYaf and tuber saps for 

assays (Gugerli, 1979). A potential prob-

lem for ELISA testing is that the tech-

nique may be too specific to detect all 

strains of a particular virus. In 1979, 

Koenig, at al., reported that Andean pota-

to l:tenif'vTrus (APLV) could be separated

into three strain groups and that ELISA 

was strain-specific by group while the 

latex agglutination test (LAT) detected 

strains in all three groups (Koenig et 

al., 1979). The authors suggested that a 


grams. Also, in 1981, Duffus indicated 

that beet western yellows virus (BWYV)

could induce leaf roll symptoms inpotato

and that several BWYV serotypes were found 

in potato that differed from each other 

and from PLRV in serological reactions 

(Duffus, 1981). Although the question of 

reliable detection of PLRV strains and 

PLRV:BWYV by serological techniques is 

raised, all 20 plants with leaf roll symp-

toms collected from the Florida Winter 

Test Plot inJanuary of 1982 indexed posi-

tive in ELISA assays with a single PLRV 

antiserum produced by Dr. Stace-Smith,

Canada Agriculture, Vancouver (Dr. E. breakdown is evident. Although Snieszko
 
Jones, Cornell, Personal Communication). and Bonde (1943) reported that incorpora-

The leaf roll samples were comprised of 14 tion of potassium dichromate into a medium
 
potato cultivars representing 7 geographic would selectively favor growth of C. sepe
areas. Also, Drs. P.Gugerli of Switzer- donicum over other bacteria, a widelyius-e
land and B. D. Harrison of Scotland have se-l-ective medium has not been develuped.

indicated that PLRV strain detection by Recently, Slack, et al., reported the

ELISA has not been a problem intheir ex- specific detection-fT. sepedonicum in
 
perience (personal communication). It is potatoes with the LAT, agar-geT diffusion,

interesting to note that at least four 

commercial enterprises for selling potato

virus antisera and/or ELISA kits have been 

initiated recently as a result of the en-

thusiasm generated by the emergence of the 

ELISA technique coupled with the import-

ance of virus detection as a quality de-

terminant inseed potato production. 


(ii) The LAT has been utilized by Khan 

and Slack (1978, 1980) to screen stocks 

for the potato viruses S and X (PVS, PVX)

ina seed production program. The advan-

tages of LAT are that assays are simple to 

perform and results can be obtained within 

15 minutes and that LAT isabout 100 times 

more sensitive than standard aqar-gel dif-

fusion techniques. Although LAT is an 

excellent technique for screening stocks 

for most potato viruses, the tenfold in- leaf bud cuttings until recontamination
 
crease in sensitivity obtained with ELISA 

is essential for PLRV detection and the 

technique is not applicable when quanti-

tative results are desired. CIP has uti-

lized LAT to detect PVS, PVX, PVY, APLV,

and Andean potato mottle virus (APMV) and 

has distributed sensitized latex to these 

viruses to 15 National Potato Programs

throughout the world. (CIP Annual Report, 

1980). 


(iii) The serologically specific electron 

microscopy (SSEM) technique was introduced 

by Derrick (1973). SSEM can be used to 

quantify results and has the same relative 

sensitivity as ELISA. SSEM isless suita-

ble than ELISA or LAT for mass indexing 

programs because initial and operational 

costs are high and well-trained technical 

support is essential. Roberts, et al. 

(1980) used SSEM to demonstrate tht-P1'V 

and BWYV are serologically related, 


BACTERIA. Tuber-borne phytopathogenic

bacteria have received considerable atten-

tion in seed production programs. Many 

programs have incorporated stem cutting or 

other related procedures inan effort to
 
eliminate these tuber-borne bacteria. The 

most important of these bacteria are Cory

nebacterium sepedonicum which causes the 

ring rot disea7se. rwinia carotovora 

subsp atroseptica (Eca) and carotovora 

(Ecc) and E. chrsanthemil (Echr) which 

cause the bTackleg-and soft rot disease, 

and Pseudomonas solanacearum which causes 

the bacterial wilt or brown rot disease, 

In general, the diagnostic techniques

which have received the most attention for 

the detection to these bacteria are selec-

tive media and serology. Since the ecolo-

gy of these bacteria influences perpetua-


tion it.stocks, these bacteria will be
 
discussed individually with the appropri
ate diagnostic techniques being included
 
for each bacterium.
 

(i) Corynebacterium sepedonicum istuber
 
bornebut no sol -borneI.The pathogen

persists incontaminated stocks or on con
taminated surfaces (equipment, burlap

sacks, etc.). Traditionally, ring rot
 
diagnosis has been based upon the demon
straticn of characteristic Gram positive

bacteria in symptomatic plant or tuber
 
tissue. Detection and diagnosis, however,
 
are difficult when ring rot islatent in
 
potato tissues or when excessive tissue
 

and indirect immunofluorescent antibody

stain (IFAS) serological tests (Slack et
 
al. 1979 a and b). De Boer and Copema-n

TT980), however, reported cross-reactions
 
with other bacteria in IFAS tests and
 
noted that although IFAS was useful as a
 
confirmatory test, IFAS should be ques
tioned as a diagnostic assay.
 

(ii) The soft rot erwinias are important

primary pathogens of growing plants as
 
well as destructive pathogens of stored
 
'ibers (Perombelon and Kelman, 1980).

Although considerable controversy exists
 
over whether or not the soil isan impor
tant inoculum source, there is little
 
doubt that Erwinia- contaminated stocks
 
have more field and storage quality prob
lems than stocks produced from stem or
 

becomes evident. In 1974, Cuppels and
 
Kelman reported crystal violet pectate

(CVP) medium as a useful selective medium
 
for the isolation of soft rot bacteria
 
from soil and plant tissue (Cuppels and
 
Kelman, 1974). Recently, Phillips and
 
Kelman incorporated 0.01% sodium dodecyl

sulfate into the CVP medium to enhance
 
selectivity inthe isolation of E.caroto
vora from insects and they deelo-ped-a

ft'eazolium chloride plate method based on
 
the utilization of alpha-methyl glucoside
 
to differentiate between Eca and Ecc
 
(Phillips and Kelman, 1982). Serological

relationships among Eca, Ecc, and Echr
 
have been explored and considerable anti
genic heterogeneity has been demonstrated
 
(Perombelon and Kelman, 1980). However,
 
only two sero groups have been demonstrat
ed for Eca and direct FAS has been used to
 
selectively screen for the presence of Eca
 
potato plants and tubers and insects
 
(Allan and Kelman, 1977). The combined
 
use of selective media and serological

techniques has been an effective approach

for monitoring the health status of potato
 
stocks.
 

(iii) Pseudomonas solanacearum is known
 
to persist for long periods in soil but
 
the reasons for the soil-borne nature of
 
this organism are still being examined
 
(Jackson and Gonzalez, 1981, Quimio and
 
Chan, 1979). Since the bacterium is ac
tive only under relatively warm condi
tions, seed crops in tropical regions of
 
the world are typically produced in the
 
cooler highland climates (French, 1979).

Under marginal climatic conditions, how
ever, latent infections may occur (Ciampi
 
et al., 1980; French, 1979). Although

Toc' free from P.solanacearum may show
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a high incidence of disease when planted

in infested soils under warm conditions, 

it is important that disease-free stocks 

be utilized to minimize disease incidence 

ininfested areas and to prevent introduc-

tion of the bacterium or new strains of 

the bacterium into other areas. In1977, 

Gonzalez estimated that a 1% infection 

rate in stocks could be determined with a 

206 tuber sample by storing the sample at 

28 C for 3 weeks (Gonzalez, 1977). After 

storage, tubers not showing external symp- 

toms were cut at the stem end and held in niques to obtain selected seed stocks
 
a humid atmosphere to observe fur vascular (nuclear stocks) which are pathogen-free 

ooze. In 1978, Fucikovsky reported that now exist (Mellor and Stace-Smith, 1977;
 
filter paper could be impregnated with 1% Slack, 1980). The goal of seed production 

N,N-dimethyl-p-phenylenediamine (or tetra-

methyl form) and that an oxidase test 

could be performed by pressing the cut 

stem-end of tubers against the filter 

paper for 10 seconds (Fucikovsky, 1978). 

The development of a red stain on contact 

with the vascular bundles of the tuber was 

diagnostic for P. solanacearum.2 Sensi-

tivity was reported as 9 x 10 cells/g 

tissue. More recently, Ciampi and Sequel-

ra (1980) reported an enrichment technique 

and Granada developed a selective medium 

to increase detection of P.solanacearum. 

The selective medium deveTope37y anada 

is based upon the addition of antimicro-

bial compounds to the tetrazolium chloride 

medlum of Kelman (Granada, 1981). These 

latter diagnostic techniques should be 

useful to detect latent tuber infections, 

Additionally, the selective medium should 

be useful for monitoring soil populations 

of P. solanacearum. Several serological 

studies have been made, but the conclu-

sions reached have been contradictory and 

current utility for diagnostic purposes is programs are now maintaining these valua-

limited at best (Coleno et al., 1976). 


FUNGI AND OTHERS. Although potato diseases 

incited by fungal pathogens are important 

limiting factors to crrp productivity, new 

techniques have not been introduced to 

specifically monitor or eliminate contami-

nated stocks inseed production programs. 

Certainly the introduction of metalaxyl 

(Ridumil), a systemic acylalanine fungi-

cide with curative properties, should be 

mentioned for the impact that it has on 

the control of both the foliar and tuber 
~~laebih
phases~~ asdb ht OP - importance. Stem and leaf bud cuttings 
thora infestans (Fry et al., 1979). Al- have been used in some programs for sev-
t- gh -racesof P. T-fitans resistant eral years (Bryan et al., 1981; Lauer, 
to Ridomil have bien documented and the 1977; Slack, 1980) 7d-newer methods for 
future of this particular fungicide as rapidly multiplying stocks have been re-
a control agent is unclear, the immense ported recently (Goodwin et al. 1980 a 
benefits which can be derived from the and b; Roca et al., 19-).--Bryan t 
careful use of systemic fungicides inseed al. (1981) suitiiaried many of the im-

phases of late blight caused by Ph to h- iprac. Se an a bd utng 

production programs isevident. Problems prtant concepts in the production and 

encountered by seed production programs in management of cuttings in rapid multipli-

the tropics may lead to increased disease 

elimination efforts, e.g. control of the 

soil-borne problems pink rot caused by

Phytophthora eyosptica Pethybr. and 

smut caused by Angiosorus solani (Barrus) 

Thirum. and O'Brien (syn. Thecaphora so-

lani Barrus) was obtained byEfuImiat'ii7g 

soil with either Dazomet or methyl bromide 

with a plastic cover for 10 days (LIP

Annual Report, 1980). Additionally, la-

tent infections with Fusarium spp. were 

observed to lead to a wlt-incidence of 

20-60% in 1980 in Sri Lanka when tubers 

were planted near sea level on Jaffna 

peninsula (M. Velupillal and E. French, 

unpublished). Soil temperatures at 10cm 

depth were 29gC day and 250C night at 

planting and increased to 360C day/300C 

night insubsequent weeks, 


Similar statements can be made for the 

control of nematodes and insects like the 

potato tuber moth. New approaches to con-


trol which my eventually supplement seed 

production programs are being evaluated, 

e.g., biological control studies on the 

root-knot nematode, Meloldogyne incanita, 

by the fungus, P ces lilacii1CIP 

Annual Report, 1980). 


MULTIPLICATION OF SEED STOCKS. Although

the field multiplication of seed stocks 

for several generations without encounter- 

ing contamination with one or more patho-

gens has not been demonstrated, the tech-


programs is to increase these nuclear 

stocks by clonal propagation as rapidly as 

possible to enable commercial potato pro-

ducers and consumers to benefit from their 

increased productivity and quality. 


The protocol for generation and mainte-

nance of nuclear stocks varies considera-

bly among seed production programs. The 

mere visual identification and selected 

increase of the most vigorous plants in a 

field may result in greatly increased 

yields in some refions of the world. As 

the level of sophistication of the potato 

industry increase! in a region, however, a 

concomitant rise inthe level of sophisti- 

cation of the seed industry also can be 

expected. Inthe most sophisticated pro-

grams, nuclear stocks are reselected and 

retested for freedom from specific patho-

gens annually (e.g., Slack, 1980). Since 

tissue culture systems for maintaining 

plantlets have been established (Henshaw 

et al., 1980; Westcott, 1981 a and b) some 


ble stocks in "itro as well as in the 

field. Sincthe prospects for contamina-

tion in tissue culture are diminished, 

tissue culture maintenance of stocks also 

is desirable for CIP and other programs 

interested in the international transfer 
of genii plasm (Roca et al., 1979). In 
Taiwan, the first generation stocks inthe 
seed increase program are produced by in 
vitro tuberization (Wang and Hu, 1982). -

Once nuclear stocks have been generated, 

rapid stock multiplication is of premium 


cation schemes. Rapid multiplication 

techniques are labor intensive and require 

special equipment and facilities, but they

enhance stock quality by eliminating mi-

croorganisms and they can reduce the 

number of seed production generations, 


Summary 


The sophistication of seed production pro-

grams has increased dramatically in the 

past 15 years. The development and sys-

tematic use of new technology for ob-

taining and tusting stocks for freedom 

from potato pathogens and for maintaining 

and multiplying these tested stocks has 

enabled this change to occur. It isex-

pected that additional techniques will 


Hay, 1980) and bacterial disease incidence 
might be minimized by inoculating plants 
or tubers with selected "growth-promoting" 
rhizobacteria (Kloepper et al., 1980).
Certainly all techniques are Fo-t applica
ble to all programs and each program must 
select the level of sophistication that 
best meets its needs. It is suggested,
however, that the continued emphasis on 
plant health techniques and programs is to 
the benefit of an increasingly larger seg
ment of the World's populace. 
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NEW APPROACHES TO BREEDING FOR THE POTATO their genotypes largely or even completely Inthe first three cases at least some
 
FOR THE YEAR 2000 intact to the autotetraploid progeny via gene recombination may occur; in the
 

4x-2x matings, when the diploids have the latter two cases there is no gene recom-

J.G. Th. Hermsen ability to produce 2n gametes through some bination at all.
 

Agricultural University, kind of first division restitution mecha-

Wageningen, The Netherlands. nism. The superior vigor of the progeny Further details will not be presented
 

may be ascribed to the high frequency 	 here. Suffice it to state that inpotato
 
of tetra-allelic loc and to favourable 	 three types of FOR have been found with
 

Introduction 	 epistatic effects. However we have to certainty:
 
keep inmind the following facts, a.Normal pairing in first division,
 

The ideas and facts that we consider most fused (or parallel) spindles in the
 
important and promising at present, will All large experiments for testing the fea- second.
 
greatly determine the situation in the sibility of the FOR approach are based on b. Desynapsis in the first division,
 
year 2000. This statetent implies that we a highly restricted number of diplandroid- fused (cr parallel) spindles in the
 
have to initiate to-day what we want to producing FOR clones. I am referring to second.
 
practice inthe year 2000. Along the same the experiments by Nendiburu, 9ok and c.Pseudo-homotypic division.
 
lines of thinking we can go back 20 years Peloquin, Wisconsin, U.S.A., by De Jong It is not yet known, whether different
 
in history when some important develop- and Tai inCanada, by Erjefalt inSweden, genes control the second division abnor
ments were initiated inpotato breeding, by McHale, Veilleux and Lauer in Minne- mality (a,b) and the first division ab

sota, USA and by Sanford and Hanneman in 	normality (c).
 
Twenty years ago: 	 Wisconsin, USA. These experiments have
 

nicely shown the tremendous potential of The importance of female 2n gametes for
 
Twenty years ago Hougas and Peloquin the approach. But at the same time the PS prductton

initiated their stimulating research on weak point has become apparent: the nar
dihaploid potatoes. At present haploids row genetic base of diploids used, tracing Special attention should be paid to the
 
are being used in breeding and research back to few ssp. tuberosum dihaploids and fornation of 2n gametes on the female
 
all over the world, a few clones from . phureja. side, particularly inview of the pro-duc

tion of TPS. Iwanaga (1980) when working
 
Twenty years ago Becker and his coworkers 	 it may be useful to formulate some re- at Wisconsin, did a good piece of work in
 
Skiebe, Jahr, and Stein demonstrated 	 quirements in relation to a more general this field. In the years ahead an im
the potential of 2n-gametes for breeding 	 practical application of this powerful provement may be expected of the methods
 
diploid and all polyploid horticultural 	 tool. for studying the development of mega
crops, including interspecific hybrids. 1.The tetraploid and diploid parents spores. Ramanna has already improved the
 
These workers were not aware of the cyto- 	 should be complementary for horticultural clearing technique of Herr (1971) for the
 
logical mechanisms involved, but empha-	 traits and resistances to diseases, pests, observation of megasporogenesis inpotato.
 
sized its regular occurrence in rature. 	 and abiotic stress conditions. Not all the details of meiotic stages can
 
Yet the most important mechanisms had been 2.The diploid parents should have the be seen, but 4t may become possible to
 
described already in the twenties and 	 best possible mechanism of intact transfer establish conclusively:

thirties, not only in apomictic species, 	 of their genotypes. I will return to this
 
but also ininterspecific and intergeneric 	 subject. 1.whether a megaspore is developing
 
hybrids, 	 from a tetrad or dyad.
 

Inthis connection I should like to advo- 2.whether a gametophyte is diplosporic

Peloquin and his associates focused the 	 cate more international cooperation in or aposporic in origin. It might even
 
attention on the widespread occurrence and 	 breeding a broader population of advanced become possible to estimate quantitatively
 
on the potential of 2n gamete formation in 	FOR clones that are adapted to different the frequency of 2n-megaspores in dif
potato and described two basically dif-	 climates and latitudes and have a rela- ferent clones. In this connection the
 
ferent cytological mechanisms, first divi-	 tively stable diplandroid or diplogynoid following recommendations may be relevant
 
sion restitution (FOR) and second division 	 production. Inaddition, research should to TPS.
 
restitution (SDR). 	 be extended to the potential of other a.Intensification of research on the
 

mechanisms than the (reduction + restitu-	 occurrence and the ge, etic or chemical
 
A third important development 20 years 	 tion)-mechanism of the Wisconsin clones of induction of aposporic embryosac develop
ago was the initiation by Simmond (1961, 	 the early seventies and also to the possi- ent, both at the diploid and the tetra
1966) of an adaptation programme using 	 bility of manipulating them in breeding ploid level.
 
tetraploid and diploid cultivated potatoes 	 programmes. b. Breeding of additional diploid clones
 
from the gene center. A few years later 	 with an excellent FOR mechanism in the
 
Plaisted (1972), Haynes (1972) and Maris 	 Mechanisms of (nearly) intact transfer of megasporocytes, preferably with 0% gene
 
(unpubl.) took over Simmonds' approach, 	 genotypes recombination. Through pollination with
 
that in the meantime has proved to be a 	 marked S. phurJa such genotypes can be 
sound one. 	 In the literature several cytological reproduced pseuogamcally, stored as true
 

mechanisms that lead to FOR in plants, 	 seeds and be used either directly in
 
When CIP was founded in 1972 these three 	 have been recorded. These are: 2x.4x-crosses or inbreeding programmes at
 
developments have put a mark upon the 1. Semi-heterotypic division with re- the diploid level.
 
breeding approach that CIP adopted at the 	 duced homologous pairing and the formation c.Increasing the emphasis on the poten
start, 	 of a restitution nucleus during first di- tial of excellent tetraplotd varieties
 

vision of meiosis (Rosenberg, 1927). with the ability to produce 2n eggs
 
What do we know at present, in1980? 2.Pseudo-homotypic division, a first through some efficient FDR-mechanism or
 

division abnormality with hardly any or no 	 rather through apospory. This enables
 
The production of dihaploids through 	 homologous pairing at first division and nearly or fully identical reproduction via
 
pseudogamy inautopolyploid potato has be-	 lack of second division (Gustafsson, 1935, true seeds. If these seeds could effi
come a routine method and isbeing applied Lamm, 1941, Hermsen and Ramanna, 191). ciently be produced, such varieties could
 
at most breeding research institutions. 3. Fused spindle mechanism, a second be grown from true seeds, possibly after
 
We know that breeding dihaploids within division abnormality (Karpechenko, 1927). one or two generations of vegetative
 
subspecies tuberosum may lead to beautiful It may occur in association with either propagation.
 
clones, but y--eld'sare too low. normal pairing or with desynapsis during
 

first division, as has been found inmany It might be too optimistic to expect
 
Including diploid S. phureja, S. steno- interspecific hybrids (many references: that inthe year 2000 we will have availa
tomum dihaploids from subspeies-Fan Tia see Harlan and De Wet, 1975), in mono- ble tetraploid varieties capable of pro
and from Neotuberosum, and even w ploids (Ramanna, personal communication), ducing apomictic seed without pollination
 
diploid species, like S. chacoense, have but also insynaptic mutants (Iwanaga and ("autonomous apomixis", Hermsen, 1980). A
 
not led and will probably nev-e-rTead to Peloquin, 1979, Ramanna unpubl. results), present, apomictic seeds can already be
 
superior diploid varieties, because dial- 4. Premetotic doubling followed by auto- produced through pseudogamy, i.e. through
 
lelism is the maximum degree of hetero- bivalent formation (Hakansson and Levan, pollinations by S.phurja. However, for
 
zygosity indiploids (Bingham, 1980). 	 1957). It has also been mentioned by the TPS technolgy ar -scale seed pro-


Iwanaga (1980) and by S.L. Lam (1974). duction is a must, so that streamlining of
 
The pioneering work of Peloquin and co- 5.Mitotized meiosis, inwhich first di- true seed production, should be thoroughly
 
workers at Madison, USA, has shown how vision iscompletely lacking (Gustafsson, investigated. In this connection some
 
excellent diploid clones can contribute 1935). aspects are worthwhile being considered:
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1. Breeding ina conventional way cyto-

plasmically male sterile varietibs or pa-

rental lines, or transferring through
genetic manipulation the nucleus of esta-

blished varieties into a male-sterilizing

cytoplasm. Because bumble bees avoid male
sterile flowers, a type of sterility like 
Ieclipse sterility" (Ramanna and hermsen,
1974) originating from several S. verru-

cosum accessions, a. o. from PT 27 , 

ay---useful because inspite of sterili-
e 


ty a sufficient amount of seemingly normal 

pollen grains is prcduced. So emascula-

tion is not needed and the insects may 

carry out the pollinations. 

2.The ablity of S. hura to Induce 


pseudogamic seed developme-- ght be im-

proved to a level at which, besides hybrid

seeds, a reasonable number of pseudogamic

seeds per berry isobtained. 

3. The separation of hybrid and pseudo-


gamic seeds may be possible electronical-
ly, when the new dominant marker "coloured 

cotyledons" from S. brevidens and S.

fernandezianum (Heriisen, unpu-b1.) wiTl 
-ave been introduced into S. phureja.
(Figure 1). 

A 

g 


e 
Figure 1. True seeds of S. fernandezianum 


showing the marker coloured cotyledons. 


Selection for adapted genotypes inwild
species 


In CIP's breeding programme wild species 

are becoming increasingly important as 

sources of resistance. Itmay be expe-.,ed

that in the years ahead advanced clones 

become available which as a result of

long-term breeding research are enriched 

with valuable genes from hardly accessible 

species. Examples are late blight resist-

ance from S. bulbocastanum and S. inni-

sectum, brown rot resistance fio .
 
Jmsi and last but not least leafroTl 

ano virus immunity from the non-tuber 

bearing Chilean species S. etuberosum and 

S. brevidens. 


During the first CIP-planning conference 

on the utilization of genetic resources 

(1974) Hermsen stressed the importance

of prebreeding in wild potato species

previous to hybridization tith cultivated 

potato. Mendiburu et al. (1974) put for-

ward a similar view According to Han-

neman (cited in Leue and Peloquin, 1980)

little progress could be made inrecurrent 

selection for field tuberization ina bulk 

population of S. chacoense, but considera-

ble progress was ma-de i-bulk populations

of ssp. tuberosum-haploids x S. chacoense 

(Leue, unpubT.) These obse~ation may

hold true also when using other important

wild species like S. vernei, S. sucrense. 

There isstill little experience In ths 

field. 


blight. According to the authors these
variant protoclones have retained their

phenotype through a number of vegetative 

generations. After eliminating grossly 

aberrant individuals 65 relatively normal

clones were systematically investigated

for variability under normal field condi
tions with Russet Burbank as a control 

(Secor and Shepard, 1981). Statistically

significant variation was found in 22 of 

the 35 characters studied. The number of 

characters which differed significantly

from those inthe control varied from one
 
to 17 per protoclone. Some of these 

characters were an improvement over the 

normal traits inthe cultivar. 


Thomas et al. (1982) obtained plants from 

protoplasts-of shoot cultures of the cul-

tivar Mars Bard (released in 1974). A 

large variation was found for all ten 

characters assessed. 
 The authors obtained
different plants from the same callus 

(=one protoplast) which indicated that the
variation arose during callus growth and

could not be explained on the basis of 

differences between cells of 
the leaf,
from -qhich the protoplast originated. 


Bright et al. (1982) stress the importance

of ecohinT'l and efficient methods for 

obtaining somaclonal variation such that 

they can be applied in conjunction with 

conventional breeding programmes with a 

minimal need for skilled manpower or expensive equipment. They suggest the use 

of explant-derived plants instead of pro-

toplast-derived plants, because this could 

reduce the time needed from four months to 

seven weeks. However, in preliminary ex-

periments the plants regenerated fron 

explant callus were found to display less 


Genetic manipulation at the cellular and 

mocular level 


a. Introduction 


New developments in the field of genetic
manipulation at the cellular and at the 
molecular level 
deserve the attention of
plant breeders, because they may have an 

impact on future breeding. Some of these 

developments are going so rapidly and are
 so fascinating, that breeders have to keep

themselves informed and be prepdred and 

willing to adopt these new possibilities,

On the other hand breeders should not 

forget that conventional breeding will 


Discussing briefly the aforementioned de-

velopments islike sowing seed that proba-

bly are not ready to qerminate now, but
certainly will be before the year 2000. 


b.Generating somaclonal variation 


Conventional breeding methods and also

mutagenic treatments have failed to suc-
cessfully improve some old, unique and
widely grown varieties like Russet Bur-

bank, Bintje, and King Edward. Selective 

improvement is now being tried using some
unconventional approaches. One such un-
conventional method isthe production of a 

large population of so-called protoclones

or somaclones via culturing protoplasts
and regenerating plants from them via 

callus, shoot and root formation succes-
sively. Shepard et al. (1980) studied 
more than 10,000 -prorclones of Russet 
Burbank and found a tremendous amount of 
variation in horticultural traits like 
growth habit, maturity date, tuber charac-
teristics, and photoperiodic requirements,
but also some clones that seemed to have 
an improved resistance to early and late 

variation than was observed inprotoplast
derived plants.
 

Recently a group of researches at ITAL,

Wageningen, working with the variety

Bintje regenerated a large number of
 
protoplast-derived plants which displayed
 
a variability comparable to that found in
Russet Burbank (Roest, personal communi
cation).
 

Itis highly relevant to investigate the

origin of somaclonal variation and the
 
possible role of the processes involved,

such that variation can be enhanced or
 
suppressed as circumstances may require.

Larkin and Scowcroft (1981) in their re
cent review of somaclonal variation in
 
more than ten crops, consider it improba
ble that some mutagen component of themedia used may cause the broad spectrum of
 
variants that occur at very high frequencies in many plant species. They mention 
the following hypotheses that are specula
tive and inadequate, but need to be inves
tigated: gross changes in the number of 
chromosomes, cryptic changes associated 
with chromosomal re-arrangements in so
matic cells, transposable elements that
 
can directly affect neighbouring struc
tural genes, somatic crossing over and
sister chromatid exchange, and finally

cryptic virus elimination influencing the
 
reaction to fungal diseases. Larkin and

Scowcroft (1981) expect that molecular
genetic techniques together with sophis
ticated manipulation' of plant cells in
 
culture will identify and characterize

specific genetic mechanisms underlying

somaclonal variation.
 

The possible future role of sonclonal
 
variation as an adjunct to conventional
 

potato breeding may be welcomed, but tem
perance about expectations seems wise. In
the year 2000 we may know whether the
 
processes involved can be put on the track
 
of our needs.
 

c.Genetic transformation
 

It isof interest to speculate about the
 
possibility of introducing single genes

into highly valuable genotypes with single

defects, using methods of genetic manipu
lation at the molecular level.
 

Plant molecular biologists have paid con
stoerable attention to the cloning of
 
genes that control protein synthesis in
 
the storage organs (the seeds) of plants.

Examples are endosperm proteins of cereals
 
and proteins of leguminous seeds. The
 
main reason for this is,that itisrela
tively easy to isolate and purify the
 
tissue specific messenger- RNA's from the
developing seeds. Once a species of m-RNA
 
isisolated, itiseasy to make a complementary DNA and clone the gene ina suita
ble system, e.g. plasmids of bacteria.
 

The potato tuber is also a storage organ

and it might be possible to isolate
 
m-RNA's for the genes that code for tuber
 
proteins. If this is true, one should
 
expect thit the genes for tuber proteins

might be isolated and cloned in the fu
ture, and used ingenetic transformation.
 

Unlike cereals, there appear to be attrac
tive possibilities for genetic transforma
tion in potato through the use of Ti
plasmids from Agrobacterium tumefaciens.
 
Preliminary results from Cologne point to
 
its feasibility in potato. Certain
 
strains of Ti-plasmids of Agrobacterium
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tumefaciens have been developed, which this case preferential pairing may greatly 

after inoculating the plant, directly restrict gene exchange between the paren
transform its tissues. These tissues can tal species. 

be excised and regenerated into plants. .. 


Itmight be expected that in the decades 

ahead genes for immunity from potato virus 

diseases can be identified, isolated, 

cloned, and transferred into varieties 

like BintJe, King Edward, and Russet Bur-

bank or intoparental lines, 


d. Protoplast fusion or somatic 

hybridization 


The methods of genetic manipulation are 

developing rapidly both at the cellular 

and thn molecular level. Genetic manipu-

lation at the cellular level will be a 

routine method indue time. Isolation of 

protoplasts is not a problem any more. 

Regeneration of plants from protoplasts 

has been successful in several genera.

The ability of protoplasts to regenerate 

appears to be a heritable character, so it monoploids as possible from the selected 

can be selected for. Itmay be expected

that by the year 2000 also regeneration is 

a routine method inthe potato ingeneral, 


For protoplast fusion good methods are 

available at present. Most troublesome 

still is the selection of heterologous

fusion products out of a mixture of heter-

ologous and homologous ones. The comple- 

mentation technique, the use of albino 

plants and of roots of one of the parents 

has been applied successfully, but there 

isno method that isgenerally applicable. 


So for each combination of parents the 

right procedure has to be developed. How-

ever, experience isgrowing fast and the 

selection problem will also be solved. 


How important will somatic hybridization

be by the year 2000? I expect that for 
practical breeding purposes there will be 

no need of using the fision technique for 

combining genomes of Solanum species with 

genomes of other solanaceous genera, like 

Lycopersicon, Datura, Capsicum, Nicotiana, 

Phyals 


This isfor the following reasons: 

1.If species or genera cannot be 


hybridized in a natural way, a successful 

somatic hybridization may well be followed 

by elimination of chromosomes, by loss of 

cytoplasmic organelles, by aneuploidy and 

sterility, 

2. If these abnormalities do not occur 


then preferential pairing of homologous 

chromosomes will take place and prevent 

gene exchange between the species or 

genera. 

3. Two parental genotypes yield only one 


hybrid genotype; so there is hardly any

opportunity fo- selection, 

4.When somatic hybridization is the 


only way to produce a hybrid between two 

species, then also the first backcross can 

be expected to be possible only through 

protoplast fusion. This means that the 

number of chromosomes bpcomes too high for 

normal functioning of the "backcross" 

plants. 


Within the genus Solanum and certainly 

within the tuber-bearing group the situa-

tion may be different. Quite a few So-

lanum species cannot be crossed with Tge

cultivated potato or its dihaploids. Some 

species can, but only through certain 

bridging species. Examples are the series 

Bulbocastana and Etuberosa. Somatic hy-


Somatic hybridization within a species may

be useful inthe following situations: 

a.We want to fuse two various excel-


lent, highly heterozygous diploids, which 

might directly produce tetraploids at the 

level of a variety. In this situation 

somatic hybridization is a must ifeither 

one or both diploid parents are completely

sterile or when the parents are not able 

to produce 2n gametes through FOR. 

b. We want to set up a breeding pro-


gramme on the basis of monoploids (i.e.

plants with 12 chromosomes in their so-

matic cells). 


Such a breeding programme could be carried 
out according to the following scheme: 

Breed a variable population of 
diploid genotypes and select the best. 

- Produce "as large a population of 

bridization might provde-a short cut in hybridization and that for TPS-technology 


diploid clones. 
- Test monoploids for presence/absence 

of desirable features and group them in 
such a way that monoploids from different 
groups have complementary characters. 


- Fuse protoplasts of monoploids from 
different groups. This leads to hetero-

zygous single cross hybrids. 

- Repeat the third step with the 


diploid single cross hybrids.
 
- Fuse protoplasts of singles from dif-


ferent groups to obtain highly heterozy-

gous double-cross hybrids, 

- Test double-cross hybrids in the 


usual way. 


The advantage of this approach isth2 fea-

sibility of completely controlled fusion 

of tested genomes. 


Prerequisites for practical application 

are a routine production of monoploids and 

practicability of somatic hybridization of
 
monoploids and singles.
 

Then successful varieties may be obtained 

aid vegetatively propagated. 


e. Can homozygous potato lines be suc-

cessfuIX used for breeding a uniform 

true seed crop? 


Ifuniformity would be the only breeding 

aim, then the answer could be yes: homo-

zygous diploids and tetraploids produce

uniform single cross seed. If a good 

tuber yield is desirable in addition to 

uniformity, the answer is no, because 

multi-allelism is a must for optimum per-

formance for polygenic traits in potato.

Therefore the performance •of single 

crosses, whether diploid or tetraploid, 

will be unsatisfactory owing to diallelism 

at all heterozygous loci. Double crosses 

will lack uniformity and have at best only 

44% of the heterozygous loci in tetra-

allelic condition. Altogether the conclu
sicn must be that the use of homozygous
 
lines in breeding true seed potatoes is 
highly restricted. The fact that varie
ties obtained via monoploids are free from 

deleterious genes may have some meaning, 

because no seedlings will get lost owing
 
to such genes. 


Itmay be concluded that homozygous potato 

lines have great significance for basis 

research, that they may be useful for 

breeding only inconjunction with somatic 


f.Invitro selection for resistance
 

Invitro selection for resistance could be
 
most"efFicient at the cellular level, e.g.
 
in protoplast culture. However, it is

required that the resistance genes are
 
expressed in the resistant protoplasts or
 
calli, that the effect of such genes can
 
be detected by exposing the protoplast

culture to the pathogen or a pathogen
specific toxin, and finally that resist
ance in vitro iscorrelated with resist
ance Tnth-eplants regenerated. Behnke
 
(1980) obtained an increase of the level
 
of "general" resistance to late blight in
 
potato callus lines by treatment with cul
ture filtrates of the fungus. Carlson
 
(1973) treated tobacco leaf protoplasts

with methionine-sulfoximine, which is re
lated to the toxin from Pseudomonas ta

and found increased esistance in
 
badts regenerated from ut vng proto
plasts. The number of such successful
 
pastscases is Thlow, nuw e ou manyh experimentssucces
although 

have been carried out. This implies that
 
the aforementioned requirements as a rule
 
are not fulfilled. Only when the toxins
 
are well characterized. differential toxin
 
responses may be found. Furthermore, it

has appeared that gene expression invitro 
is dependent on the compostton-f-I
 
medium, on the callus type, and the stage
 
ofdimronthal t , h a
 
of differentiation.
 

Experiments have been carried out with
 
applying the pathogen itself to the cell
 
culture. Itappeared that the cells were
 
often killed unspecifically. Selection
 
experiments with viruses, though success
ful in cultures of bacterial and animal
 
cells, appeared hardly suitable as selec
tive agents invitro because they usually
 
displayed tooltt-le pathogenecity to
 
cause visible adverse effects on growth
and development of susceptible cells or 
calli. 

It is clear that generalizations on the
 
potential of in vitro selection for re
sistance can 5t aall be made. There
are too many basically different pathogens
 
and mechanisms of resistance in plants.
 
Protoplasts can exhibit only certain kinds
 
of resistance and certainly not those that
 
are based on histomorphological traits of
 
plants. Lack of correlation between the
 
reaction in n-
vitro and the reaction of re
generated lants isstill the rule.
 

Obviously it would be too optimistic to
 
state that, by the year 2000, breeding of
 
plants for resistances to pathogens would
 
be replaced by in vitro selection for
 
resistance to spe-clfictoxins. Although

itwill probably be feasible for an in
creasing number of diseases, itwill never
 
become a general procedure for resistance
 
breeding. In spite of this, research
 
should be continued in all aspects that
 
are relevant to this new approach.
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NEW APPROACHES TO BREEDING FOR THE POTATO 

OF THE YEAR 2000 


S.J. Peloquin 
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Wisconsin 


It is difficult to predict precisely the 

characteristics, besides yield, of a suc-

cessful cultivar in the year 2,000, par-

ticularly considering the diverse environ-

ments in which the potato will be grown, 

Thus, it is important to construct and use 

breeding methods that have the flexibili-

ty, efficiency, and adaptability to meet 

both current challenges and unexpected 

future problems. Further, and of utmost
 
importance, these methods must possess the 

characteristics of being useable 
on a 

worldwide basis. 


It appears imperative to rely most heavily 

on the greatest asset available to potato
breeders - the germplasm in the many cul-
tivated and wild relatives of the commer-
cially grown potato. This germplasm not 
only possesses all the genetic variability 
for specific desirable traits that we 
need, but equally important it provides 
abundant genetic diversity for the breeder 

to use in obtaining high yields by devel-

oping cultivars with maximum heterozygosi-

ty to capitalize on the importance of 

intra and interlocus interactions.
 

We are lucky to have this immense store-

house of genetic diversity and even 

luckier that it can be incorporated into
 
cultivars with ease. It is usually pos-

sible to obtain hybrids through sexual 

crosses, the hybrids are vigorous, the 

chromosomes pair normally (due to lack of 

extensive chromosome differentiation in 

the taxons), crossing-over occurs normal-

ly, and fertility is good. Thus, we can 

either incorporate small segments of the 

chromosomes of related species into culti-

vars to obtain specific characters or many 

segments to either contribute to quantita-

tive characters or to Increase genetic

diversity. 

Itis important to point out that no other 

economic plant approaches potato in the 

genetic diversity available ir related 

species and the facility with which this 

germplasm can be incorporated into cul-

tivars. 


are given in order of their chance of suc
cess in time based on current research
 
results and leads. All schemes are ap
plicable to both breeding for tubers and
 
true potato seed (TPS). The five schemes
 
have distinctive features and thus Justify

being considered separately. However, it
 
should be recognized that some have common
 
ingredients, and further that the specif
ics in regard to the materials, selection
 
factors, and reproductive processes are
 
somewhat arbitrary, since it would have
 
been impossible to include all possible

alternatives. The basic ingredients of
 
each scheme will be discussed in relation
 

to current research results, and indicate
 
direction of future research to either
 
improve or initiate d particular scheme.
 

Breeding Scheme 1 is the Unilateral Sexual
 
Polyploidization method (Mendiburu, Pelo
quin, and Mok, 1974). It involves
 
obtaining 4x progeny from 4x x 2x FDR
 
(First Division Restitution), by a
 
mechanism such as parallel spindles, (Mok

and Peloquin, 1975a), which transmits
 
about 80% of the heterozygosity of the 2x
 
parent to the offspring). Haploids
 

(2n=x=24)
of cultivars or advanced selec
tions 2n=4x=48) are obtained and selected
 
for fertility and 2n gametes. Introduc
tions of cultivated or wild 24 chromosome
are selected for 2n gamete forma
tion, and desired traits, such as disease
 
resistance. Hybrids (2n=2x=24) between
 
haploids and species are obtained and
 
selected for the desired traits, type

(good vines, flowering, and tubers) and 2n
 
gametes. These selected 2x hybrids are
 

Breeding methods can be conveniently di
vided into three types:
 

1) Conventional - which makes use of the
 
normal sexual cycle involving n gametes
 
and 2n sporophytes;
 
2) Modified conventional - characterized
 

by employing alterations of the normal
 
sexual cycle, particularly n sporophytes
 
(haploids) and 2n gametes; and
 
3) Non-conventional - these include ap

proaches based on cell culture and molecu
lar methods, and they usually do not in
volve the sexual cycle.
 

This purtion of the paper will consider
 
modified conventional approaches. How
ever, before discussing these, a few com
ments should be made in relation to con
ventional breeding. One, the advances in 
the past have been made with this method, 
and it is most likely that it will con
tinue to be very important in the future. 
Second, new advances in cell culture, mo
lecular biology, and cytogenetics, which 
are related to breeding, will not by them
selves increase the food supply unless 
there are strong cultivar breeding pro
grams. The latter must exist to make use 
of new findings in other disciplines to 
develop better cultivars (Peloquin, 1981). 

The discussion of modified conventional
 
breeding schemes will emphasize the use of
 
species, haploids, and 2n gametes. The
 
overall breeding strategy involves three
 
main components; the species provide the
 
source of genetic diversity, haploids of
 
Tuii-Iisum and Andigena provide a method to
 
capture the genetic diversity, and 2n
 
gametes are an effective and efficient way
 
to transmit genetic diversity. Genetic
 
diversity is used here to include both
 
valuable qualitative and quantitative

traits, and the allelic variation neces
sary for maximum heterozygosity.
 

Five breeding schemes are presented. They
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crossed to cultivars which possess good buliforr (Leue and Peloquin, 1982). This essentially the reciprocal of Scheme 1,

adaptation and are unrelated to the mutant is pleiotropic in that it affects and it has all the advantages of the lat
haploids involved in the 2x hybrid. The branching, stolon length, time of tuber ter scheme. But it has one additional
 
4x hybrids from the 4x-2x crosses obtain initiation, and second growth on tubers, asset in relation to TPS production In
 
their adaptation and horticultural type The majority of the wild species do not that it provides an economical method to
 
from the cultivar, and the desired traits tuberize in the field in temperate cli- produce hybrid TPS. It is more economi
and allelic variation from the haploid- mates, so it is not possible to estimate cal, since hybrid TPS could be produced

species hybrid. This scheme has wide ap- variation within genotypes from a species without either emasculation or pollina
plication, since one can use the best for yield, which must certainly exist. By tion. Instead the bumble bees would do
 
locally adapted cultivars from any area in crossing t mutants with other species and the pollinating, and the self-incompati
crosses with the most heterotic 2x hy- observing tuberization of the topiary bility system of the 2x hybrid would
 
brids. types in the F2 , one can make selections prevent self-seed production.
 

for tuber yield. These selections can
 
then be crossed to haploids to obtain the
 

Breeding Scheme 1 most productive hybrids. Breeding Scheme 3
 

.HAPLOID (2N-24) x SPECIES (2N=24) Breeding Scheme 2 involves the synthesis HAPLOID (2N=24) x SPECIES

Fertility ed trait of 4x hybrids from 2x-2x crosses, Bi- (2N-24)

2n gametes 2n gametes lateral Sexual Polyploidization (Mendiburu
and Peloquin, 1977). It provides a longer
 

range breeding method with great poten

tial. One needs to develop superior, un- HAPLOID SPECIES x CULTIVAR

CULTIVAR (2N=48 x HAPLOID SPECIES related 2x hybrids selected for type, HYBRID x
 
Adaptation HYBRID 2N-24) adaptation, 2n gametes by FDR, and other Desired ap ation
 
Unrelated to besired trait desired characteristics. This type of High 2n eggs Unrelated
 
haploid Type hybrid involving Tuberosum haploids and by FDR to haploid
 

2n gametes Phureja is available. More recently, hy- Male fertile !I .P Male 
brids, with adaptation and 2n gametes, Self incompati- fertile
 
have been obtained from crosses between ble 
haploids and the wild 24-chromosome spe-
TETRAPLOID HYBRID cies S. chacoense (Leue and Peloquin,


Adaptation and horticultural type from 19B1. -Th-s--is -an important step, since
 
cultivar this species from Argentina isa source of TETRAPLOID HYBRID SPECIES
 
Desired trait and allelic variation from genetic diversity, vegetative vigor, pro- Without emasculation
 
haploid-species hybrid, fuse flowering, high fertility, long tuber Without pollination
 

dormancy, and both disease and insect re
sistance. A further advantage is that S.


This scheme has and Is being used to ob- chacoense, unlike Phureja, does not pos- Observations indicate that bumble bees
 
tain high yielding 4x hybrids (DeJong et ses dominant genes which interact with rarely visit male sterile flowers. Thus,

al., 1981; Hanneman and Peloquin, 196F, Tuberosum cytoplasm to give male sterili- one cannot use the simple scheme of having

Wndiburu and Peloquin, 1971; and Mok and ty. Thus, it can be used to cross onto the bees take pollen from a male fertile
 
Peloquin, 1975). It is also a good method male sterile, female fertile haploids to clone and transfer it to a male sterile
 
for poduction of TPS due to the excellent obtain male fertile hybrids. Consequent- clone to obtain hybrid TPS. Scheme 3
 
seedling vigor, and the yield and unifor- ly, the majority of haploids which are overcomes this problem by having the seed
 
mity of 4x hybrids. These hybrids have male sterile can be used to develop 2x parent be male fertile, but self-incompat
about twice the tuber yields of progeny hybrids. ible.
 
from open-pollinated seed and are signi
ficantly more uniform in vegetative vigor

and tuber yield. Breeding Scheme 2 The requirements of this scheme are to
 

have haploid-species hybrids with the fol-

This method can be improved significantly HAPLOID x WILD CULTIVATED x HAPLOID iowingcharacteristics; 1) the desired
 
by inrproving the tuber type of the 2x hy- A SPECIES SPECIES traits, 2) very high frequencies of ?n
 
brids. The best 2x hybrids used in the X eggs formed by FDR, 3) male fertility, and 
past have deep eyes and raised internodes. 4j self incompatibility. The 4x clone, 
Recently, 2x hybrids with FOR ano good which should be unrelated to the haploid 
tuber type have been obtained by intermat- of the 2x clones must be highly adapted to 
Ing relatively unrelated 2x hybrids that 2X HYBRID 2X HYBRID the area the hybrid TPS would be used and 
produce 2n pollen by FDR (Okwuagwu, 1981). Type Type have good male fertility. The 2x and 4x 
It would also be possible to obtain simi- Adaptation Adaptation clones would be alternatively spaced in an 
lar 2x hybrids by intermating between new FOR 2n eggs FDR 2n pollen isolated crossing block. The bees would 
haploids and Phureja clones selected for be attracted to both 2x and 4x clones, 
good tuber type and FOR or to select with- since they are both male fertile, and the 
in Phureja. 4x hybrid seed would be produced on 2x 

c16ne.
 
Recently, a new meiotic variant was dis-
 4X HYBRIDS
 
covered which adds to the effectiveness Na maximum Two problems need to be solved to make
 
of the 4x-2x and 2x-2x breeding schemes. Near maximum heterozygosity extensive use of this method. One, 2x
 
It is characterized by lack of crossing- modest variation for selection hybrids must be identified that produce
 
over at meiosis, thus only univalents are hiCh frequencies of 2n eggs by FOR.
 
present at metaphase I. Ordinarily, this S. chacoense does not tuberize under long- Currently, clones are available with
 
behaviour would lead to complete male -ay c-ndTions, has very long stolons, and either low frequencies of 2n eggs by FOR
 
sterility. However, when the synaptic selection for tuberization has not proved or high frequencies of 2n eggs (resulting

variant is combined with the parallel affective, However, some hybrids b- in 50-100 seeds/fruit in 2x x 4x crosses),

spindles, mutant, fertile 2n pollen is tween S. chacoense and particular haploids but the mode of 2n egg formation has not
 
produced. The genetic significance of have slor t , and ticuarhaelds been identified (Leue, 1982). Four ap
this combination of meiotic variants is canve twort our their tuber yields
 atof 


can be two to four times that of the hap- proaches are being used to determine the
that it makes possible the incorporation boids. The best F, hybrids have yields mode of 2n egg formation; direct cytology, 
of the intact genotype of the parent into that are similar to cultivars. Another genetic analysis by half-tetrad analyses
all the gametes. Thus, an exceptional surprising and important result with the with electrophoretic markers, pollen
opportunity is possible- transmitting 100% haploid S. chacoense F hbid stainability distributions of 4x progeny
of the heterozygosity and epistasis of the large variatf turity. Some clones from 2x x 4x crosses, and the yield and 
parent to the offspring (Okwuagwu and luniformity of 4x progeny from 2x x 4x
 
Peoquin, 1981). were as early as the earliest cultivar crosses, (Iwanaga and Peloquin, 1980).


while others were later than any 
of t:3 The second problem involves the type of
 
Another recent finding can also contribute cultivars (Leue, 1982). planting plan of the 2x and 4x clones that
 
to the efficiency of the 4x-2x and 2x-2x will result in the bees making the maximum
 
breeding schemes. This is the discovery Breeding Scheme 3 is a method of obtaining number of pollinations of the 2x clones
 
of the topiary (t1)mutant in S. infundi- 4x progeny from (2x x 4x) crosses. It is with pollen from the 4x clone.
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The efficiency of Scheme 3 in relation to 

hybrid TPS production behooves us to spend

significant effort in solving these prob-

lems. The economic benefits of positive

results would dwarf 
the modest research 

investments needed to solve the problems. 


Breeding Scheme 4 is a longer range ar 
preach in which identical 4x hybrids wit:. 
maximum heterozygosity iireproduced from 
2x - 2x crosses. It Is essentially an 
idealized version of Scheme 2 with compo-
nents of Hermsen's Utopian Scheme (Herm-
sen, 1980). Two types of 2x hybrids are 
needed to derive maximum benefits from 
this scheme. One 2x hybrid must produce 
highly heterozygovs male gametes which are 
all of the same genotype. A meiotic sys-
tem involving no crossing-over followed by
FOR accomplishes this goal. The other 2x 
hybrid must produce a high frequency of 2n 
eggs, all of the same genotype and highjy 
heterozygous. This would occur either
through apospory, the development of the 
female gametophyte from a somatic cell, or 
via a meiotic sequence, with no crossing-
over followed by FOR (Iwanaga and Pelo-
quin, 1979). In both types of 2x hybrids 
all the 2n pollen and all the 2n eggs
would have the same genotypes as their 
respective sporophytes. 

Breeding Scheme 4 

HAPLOID-SPECIES x SPECIES-HAPLOID 
HYBRID HYBRID 
Apospory No crossing-
or iver + FDR 
No crossing over 
+ FDR 

All 2n eggs All 2n pollen

Same genotype Same genotype 


4X HYBRIDS 

Maximum heterozygosity 

All hybrids identical 

Nuclear equivalent of 

somatic cell hybridi-

zation. 


The male side of tne scheme is solved, 

The combination of the meiotic variants 

S m(all univalents at the first division 

ofmeiosis) and ps (parallel spindles) at 

the second meiotic division results in 
100% of the genotype of the parents being
transmitted to all the male gametes. The 
female remains a problem for further re
search. Currently, a systematic method of 

forming 2n eggs by either no crossing-over

followed by FOR or apospory has not been 

identified. But one should be reasonably 

optimistic that even modest research ef-

forts would be very fruitful. It is im-

portant to point out that Scheme 4 is the 

nuclear equivalent of somatic cell hy-

bridization. Further, that this scheme 

probably could be accompl'-hed in less 

time and for a fraction or the research 

investment needed to obtain similar re-

sults with cell culture, 


Breeding Scheme 5 is in soffaspects less 

a breeding scheme than it is an attempt to 

exploit the potentia' of apomixis. The 

concept is to develop an asexual system in 

which all the 4x seeds obtained frvm a 

highly desirable clone, an identical ind 

have the same genotype as the 4x hybrid

clone. In order for this to occur substi-


tutes for both meiosis and fertilization 

are needed. The substitute for meiosis 

can be either apospory or no crossing-over 

plus FOR to give 4x eggs, and in place of 

fertilization either parthenogenesis or 

pseudogamy, depending on whether pollina-

tion alone or pollination and fertiliza-

tion of the central cell are necessary for 

endosperm development. 


-
Breeding Scheme 5 


4X HYBRID CLONE 

adapted, high yielding, 

desired characteristics 


| 


apospory or no crossing-

over + FOR 

o 


I 
2N(4X) EGGS 


Parthenogenesis or pseudogamy 


4X SEEDS 

All see-sientical 


same genotypes as 4X clone 


The induction of aposporous apomictic seed 

development has unusual potential for both 

potato research and production. For exam-

ple, complete genetic uniformity in seed-

ling families could be obtained for 

growing the crop from TPS. Two recent 

preliminary results suggest this scheme is 

worthy of research effort. One, a clone 

was identified in which more than 5% of 

ovules had enlarged nucellar cells in 

which the nucleus divided without cytoki-

nesis (Iwanaga and Peloquin, 1982). These 

resembled multinucleated cells found to 

give rise to female gametophytes in other 

apomictic species (Gustafsson, 1947). 

Second, Irikura (1981) reported induction 

of apomictic seed formation by spraying

emasculated flowers with variou. concen-

trations of 2,4-D. Two 4x cultivars and 

three 2x clones gave rise to apomictic 

offspring with the sporophytic chroiisome
number following treatment. Interesting-

ly, the seedlings were phenotypically 

similar to their parents. These two clues 

plus the great potential of aposporous

apomixis justify intensive research to 

explore Scheme 5. 
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INTEGRATED PEST CONTROL: NEW APPROACHES
 
TO THE PRIORiTY COMPONENTS
 

F.H. Cisneros
 
Departamento de Sanidad Vegetal,
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Introduction
 

Since the end of World War II, chemical
 
pesticides have been the dominant weapon

against pests in most parts of the world.
 
However, due to the limitations of this
 
method, in the last two decades an in
creasing attention has been given to
 
Integrated Pest Management (IPM) (also

known as Integrated. Pest Control or
 
Integrated Crop Protection).
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IPM started inentomology but now it is an More important is the fact that follow- There is an additional component equally

interdisciplinary system that c;-siders ing pesticide treatments other non-target important, that isthe socioeconomic char
all the pests of a crop production system; insects may increase to damaging levels acteristic of the agro-ecosystem, which
 
namely insects, pathogens, nematodes, and (secondary pest outbreaks or "new pests") will determine what and what
can be do,.-

weeds and the various factors that affect and these new pests may become now more can not be done inthe system.

their incidence. The great interest and important than the primary ones. Inthe
 
general acceptance of IPM isthe result of coastal area of Peru potato leaf miners The concept of equilibrium position of
 
the inadequacies and ever increasing costs hecame severe pests as result of heavy pests. The average population density

of conventional crop protection programs, insecticide applications against Scrobi- ITeiT isthe equilibrium position of the
 
the toxicological hazards of pesticides to palpula absoluta and now nost insecticide pest, and it differs in such a way that
 
people and animals, the persistence and sprays a5 Hrected against the new in- some species become more abundant than
 
intensification of pest damage to agricul- duced pest. others for the iliven rc.-ition of a par
tural production systems in spite of the ticular ecosyste, 1r.this way, without
 
improvements incrop protection technolo- Environmental contamination. Because of man's intervention, just as a result of
 
gy, the increasing pressure on crop pro- the problems farmers are foiEed to use in- the natural force; in a given agro
tection problems due to the adoption of creasing quantities of toxic chemiclas re- ecosystem, some species, generally very

the "green revolution" technology, and the sulting inhigher costs and new problems: few, are going to be prevalent. They may

general concern for the quality of the The pesticide may remain inor on the crop be serious persistent pests known as "key

environment, products creating residue problems. The pests." Other species may become pests


pesticide may remain inthe soil, drift to occasionally (they are "occasional pests")

IPM isaccomplished by the use of multiple other nearby areas, flow into streams and and finally some organisms will normally

tactics inan er, igically compatible man- drainages and thereby create hazard to be at low, non-injurious population
 
ner to maintain peot damage at profitable man, domestic animals, wildlife, pollina- levels; they are only "potential pests."

levels, avoiding or minimizing undesirable tors, and other beneficial forms, causing

effects on humans, animals, plants and the what is known as environmental contamina- Among all the factors present in the
 
environment. Itisimportant to emphasize tion and disiiption of the ecosystem, ecosystem a few may be key factors; they

that IPM isnot considered a goal per se; Just as imporlint isthe increasing insec- are responsible for the population level
 
itmust be viewed as the crop protectlin ticidal poisoning of agricultural workers of the pest species; may be agronomic

component inthe crop production process, indeveloping countries, practices, presence or absence of natural
 

enemies, and high or low resistance or
 
Limitations of chemical control In conclusion, for most of the farmers, tolerance level of the plant crop. Cor

particularly those small farmers from de- respondingly, any changes in these key

In the last 3 decades use of pesticides veloping countries, itwill be very dif- factors may also change the pest status of
 
for control of insects, and nematodes and ficult to rely heavily on pesticides to the organism although this may not be an
 
other pests has greatly contributed to the solve their insect, disease, and weed immediate effect.
 
increasing production of food and fibers. proilems inthe near future.
 
Despite the gains obtained from using The concept of economic threshold. The
 
chemical pesticides, plant protection spe- Basic concepts and characteristics of IPM concepts of key and occasional pests as

cialists (particularly entomologists) have well as non-injurious organisms already
 
come to realize that the overdependence Agro-ecosystems. A basic concept of the mentioned is related to the idea of eco.
 
(in some cases complete dependence) on ecological understanding of field crops, nomic threshold and this marks a clear
 
chemical control is loaded with serious cropping systems and the development of difference inthe old and new concepts of
 
handicaps. pests, isthat of the ecosystem, or more a pest. Inthe past, more attention was
 

properly the agro-ecosystem. An artifi- given to the presence of a reputedly

Prices of synthetic organic pesticides, cial ecosystem is characterized by the injurious organism than to the real effect
 
which are dependent upon petroleum in dominance of a plant species (the crop of the organism inreducing yields.

their production, have increased sig- plant) as a result of man's action. Man
 
nificantly in recent years. There are plants the crop and tries to keep itas a The presence f sub-economic levels of
 
many examples where heavy use of pesti- dominant species by protecting itagainst injurious organisms, particularly insects,

cides raises production costs to the point other plant species (weeds) and organisms not only does not affect yields but allows
 
where the crop can no longer be grown such as insects, nematodes and other the occurrence and maintenance of benefi
profitably. pathogens. Inmost cases, as a result of cial organisms, parasitolds and predators.


man's selecting activity, crops acquire The actions of these organisms usually

Resistance. One of the most important new qualities quite distinct from the wild avoid the occurrence of pests outbreaks.
 

probem3sha-s been development of resist- forms. These include changes in mor- So, eradication can not be considered any

ince by pests to chemical pesticides. phology, chemical content, phenology, and more the general goal of crop protection

bi,,0ficant groups of pests no longer can physiology. Inbecoming more valuable to except for special circumstances.
 
be LOntrolled economically with chemicals man, crop plants may also become equally

becaue they have developed certain levels and sometimes even more acceptable to Limitations of unilateral forms of con
of genetAc resistance. The rate of dis- phytophagous organisms. trol. Except for afew cases of suc
covery of i;ct to cessful biological control on
insecticides counteract s,.,lfic

the problem of resistance is not keeping On the other hand, a- agro-ecosystem re- insect pests, complete reliance on a
 
pace with the emergence of new strains of presents the destruction of the histori- single component control practice for crop

resistant insect pests. The Colorado cally formed natural ecosystem which had protection has seldom succeeded over a
 
po*ato beetle, for example, has developed its own interspecific relations and mecha- long term. This is largely due to the
 
resistance to organochlorine, organo- nisms for the regul, 'on of the numbers of tact that any modification of the agro
phosphorus and carbamate insecticides in their components. The agro-ecosystem ecosystem may affect the balance of the
 
many parts of the United States (Harris creates new conditions such as the reduced other components. Ifwe make the environ
and Svec, 1981). The green peach aphid, a genetic variability of the crop plant ment unfavorable to a particular pest, we
 
very important vector of potato viruses, population, the uniformity of development may make it favorable for some other
 
is now resistant to most insecticides stages of the plint over large areas, organisms.

registered for potatoes (Radcliffe et al., irrigation, fertilization, and other
 
1979). practices. Pest species can adaptively Natural control agents as a base of IPM.
 

vary and become increasingly harmonized Numerical growth of any pest population is

Destruction of beneficial orqanisms, with the new conditions and this includes regulated by limited resources such as
 

Pesticides drastically affect beneficial development of resistance to pesticides. food, space and shelter; by periodic in
insect populations (parasitoids and preda- clement weather such as heat, cold, wind,

tors). As a result, 2 kinds of phenomena Agricultural ecosystems are less complex drought and rain; by competition within
 
occur: than natual ecosystems, a condition that the species or with other species utiliz-


The population of the target species may makes them less stable. Inspite of being ing similar resources; and by natural
 
quickly recover from the pesticide action less complex, the agro-ecosystem shows all enemies.
 
.nd rise to a new and higher level. This kinds of interactions both injurious and
 
isknown as "pest resurgence." Shelton et beneficial among the organisms present in Natural enemies (parasitoids, predators

al. (1981) has recently reported the rapTJ the field and the physical and chemical and pest-pathogens) are particularly sig
resurgence of the potato tuberworm after factors of the environment. So that any nificant for the control of many species

insecticide destruction of its natural change in one factor usually impacts on of insects and mites. In tropical and
 
enemies, other factors, subtropical areas it is considered that
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the biotic elements which developed as 

population regulation mechanisms are 

dominant factors. 


The task of an IPM specialist is to con-

serve and protect the natural biological 

control agents and complement their effect 

with other forms of control including the 

selective use of chemicals. 


Guidelines for developing IPM programs 


Bottrell (1979) in a general review of IPM 

refers to the guidelines that are common 
for any IPM program. Some of his ideas 
have been taken as a base for the follow-

ing discussion. 


Analyze the "pest" status of each of the 

reputey n urious organisms. We already

defined a key pest, it is the focal point 

of analysis and management and dominates 

control practices because in the absence 

of deliberate control efforts by man, the 

pest persists and causes severe economic 

injury, 


In the case of potatoes, 7 bacterial, 44 

fungal, 24 viral, 2 micoplasmic diseases 

and 38 species of nematodes that attack 

potatoes are described (Hooker, 181). A 

few are key diseases or pests over very 

large areas such as the late blight, the 

bacterial wilt, the cyst and root-knot 

nematodes. Others may be key pests in 

more restricted areas, 


As far as insects are concerned, there are 

dozens of species that attack potatoes, 

Aphids and the potato tuber worm are 

worldwide in distribution. Other species, 

such as the Andean potato weevil or the 

Colorado potato beetle are key pests in 

their respective areas of distribution, 

Insects such as Chrysomelids may become 

key pests in the humid tropics. 


In addition to the determination of the 
key pests it is required to identif the 
species that hold the status of ". :ca-
sional pests" and "potential pests" be-
cause these species are usually under aae-
quat. biological or environmental control 
and this condition should be preserved. 

Establish economic thresholds for the 

real pests. Establishing economic thresh-

oldTs isa very difficult task. Ideally it 

should be based on accurate assessment of 

potential damage and economic costs of 

control. In practice, economic injury

thresholds can be determined initially, in 

a tentative way, based on empirical evi-

dence by deduction from experiences in the 

past. These levels should be reviewed and 

re-adjusted with new observations and 

specially designed experiments. 


Attempts to establish economic thresholds 

for potato insect pests such as green 

peach aphid and potato leafhoppers are 

very recent (Radcliffe et al., 1979) and 

refers to the conditiorTs-oTmid-northern 

United States. A great deal of work re-

mains to be done in developing countries. 


I 
Develop reliable monitoring techniques. 


Measurement of pest pop,'lations within the 

fields is essential to any IPM program. 

Pest populations are dynamic due to the 

constant changes of the environmental 

factors that affect their growth and de-

cline (i.e., weather, crop growth, natural 

enemies, etc.). In order to initiate any 

rational control program it is required to 

determine first the presence and abundance 

of both pest and beneficial species, 

Methods of assessing pest and beneficial 

population densities must be rapid, prac-

tical and accurate. The information ob-

tained is used for pest management deci-

sions, including the timing of pesticide 

applications. In the case of potatoes, 

most of the efforts are restricted to 

establish prediction mechanisms of epi-

demic development of late blight for tem-

perate regions (Fry and Bruck, 1979).

This information would permit a better 

timing of fungicide sprays against this 

disease.
 

Devise schemes for lowering equilibrium 

positionof ke pests. Reducing the key 
pest's equilibrium position, in a per-
manent way, to a level lower than the 

economic threshold is a primary objective 
of IPM. This may be accomplished through

the manipulation of the environment using 

the following techniques, singly or in 

combination, 

Utilization of pest-resistant or pest-


tolerant cultivars. A resistant cultivar 

is a major component of any IPM system. 

It is very difficult, if not impossible, 

to implement IPM programs based on sus-

ceptible cultivars. In general, resist-

ance can be used in two ways (Maxwell and 

Adkisson, 1981). 

- As principal control method using 


ultivars with high level of resistance, 

A few insect pests and many plant diseases 

have been controlled with resistant varie-

ties as the principal control method. The 

most attractive feature of this method is 

that virtually no skill in pest control or 

cash investment is required of the grower, 


- As a major component in integrated 
pest management programs. Resistant va-

rieties are highly compatible with other 

tactics such as binlogical, cultural and 

chemical control. The major advantage of 

using a resistant variety is to slow pest 

population growth. Varieties with only

moderate levels of resistance or tolerance 

allow a few pests to remain on the crop 

at subeconomic levels and serve as a food 

for the natural enemies, including those 

species that prey upon pests to which the 

variety is not resistant, 


Resistant varieties require less pesticide 

protection not only in terms of frequency

of treatments, but also in lower dosages. 

They lessen the expense of producing the 

crop, conserve insect natural enemies, 

preserve environmental quality, and slow 

the rate of development of insecticide 

resistant pest strains (Maxwell and 

Adkinsson, 1981). 


In the case of potatoes, I must say it is 

fortunate that a major portion of CIP's 

research is to utilize the genetic varia-

bility present in the World Potato Collec-

tion to incorporate resistance to pests 

into potato varieties. Reviews of the 

successful findings and perspectives are 

found in the reports of the planning con-

ferences on the cor,trol of bacterial, 

fungal, a',dviral diseases and nematodes. 


Intrcduction and protection of natural 

enemies (parasitoids, predators and 

pathgens). The introduction of a crop 

may be followed by the introduction of 

pest!;. When this occurs the pest usually 

develops rapidly in absence of its natural 

enemies. In such cases, it becomes neces-

sary to re-establish the regulating mecha-

nisms by introducing the natural enemies 

from their native areas.
 

The potential value of naLural enemies of 
potato pests is largely unkntGwn. A com-

plete and careful analysis of mortality
 
factors existing in the potato agro
ecusystem of the Andean region is needed.
 
This should be more than a mere cataloging

of parasitoids, predators and pest patho
gens. It should be an analysis of how,
 
when and where they are effective and
 
ineffective in regulating pest species.
 
This can be followed by the study of ways
 
thet these natural mortality factors can
 
be z'qmented and supplemented, or intro
duced to other areas.
 

In the particular case of potato nema
todes, an impirtant step forward has been 
given with the discovery at CIP of an ef
ficient form of the' fungus Paecilonces 
lilacinus parasitic on root-knot and cyst 
nematodes. 

Modification of the pest environment.
 
This is carried out in such a way as to
 
make it unfavorable for breeding, feeding
 
and sheltering of the pest, to increase
 
the effectiveness of its biological con
trol agents, or otherwise, to render it
 
harmless. This is related to the agro
nomic practices, planting dates, crop

rotation, soil tillage, destruction of
 
crop harvest residues, sanitation, clean
 
seed, cropping systems, etc.
 

Certified seed. The availability of
 
disease-free seed is very important for
 
any crop production, but when the crop is
 
vegetatively propagated, as is the case of
 
potatoes, the use of certified seed is
 
considered basic. Potato seed certifica
tion in developing countries, however,
 
faces many difficulties and with a few
 
exceptions it has not been successful. A
 
partial alternative to this problem is
 
development of a practical technology to
 
use true seed in propagation of potatoes
 
taking advantage of the rule of true seed
 
as a natural filter for most pests (Page
 
and Bryan, 1979).
 

Cropping systems. Biological stability,
 
including regulation of pest populations,
 
is affected by diversity of cropping sys
tems. It is a fact that severe infesta
tions seldom occur in highly diversified,
 
mixed farming areas. In the case of po
tatoes, the tuber has been cultivated as a
 
major food for a thousand years in the
 
Andes where the small farmer grows a mix
ture of clones and intercrops potatoes
 
with other plant species. Recent research
 
has demonstrated, particularly in tropical
 
areas, the efficacy of mixed cropping and
 
intercropping in reducing pest and disease
 
damage.
 
It is time to study in detail the
 

various effects of mixtures of potato
 
clones, mixed cropping and intercropping
 
as forms of integrated potato production
 
systems in developing countries.
 

Cultural practices. Agronomic practices
 
offer many possibilities to reduce the
 
incidence of pests and deserve more de
tailed studies. Some cultural methods
 
hardly accepted in temperate regions may
 
play an important role in developing coun
tries. In the Andean region, long rota
tions have been used successfully against
 
cyst nematodes and fungi since ancient
 
times. Adequate "hilling" giving good
 
coverage of tubers with soil provides
 
tuber protection against late blight,
 
tuberworm and, to certain extent, to the
 
Andean weevil. Many other examples can be
 
given of agronomic practices and sanita
tion procedures of importance in con
trolling potato pests.
 

The introduction of new agricultural
practices, however, must be cautious, be
cause an inadequate change in the agro
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ecosystem may have disastrous results. 

Thurston (1981) refers to a case inColom-

bia, inthe late 50's, when the use ol cut 

seed pieces was introduced, a common prac- 

tice intemperate regions, as an alterna-

tive to the native custom of planting 

whole tubers. When cut seed was used the 

first time itall rotted inthe soil due 

to fungi. When this problem was solved by 

using fungicide seed treatments the bac-

terial wilt became a serious problem. 

Only when they went back to using whole 

seed tubers did this problem disappear, 


Reviev of direct and side effects of 

unilateral forms of control. Study of 

unilateral forms of control should be done 

in the context of the associated environ-

ment and the population dynamics of the 

pest species. In the case of chemical 

control, for example, this includes not 

only the measurement of the effects on the 

target species but also the effects of 

pesticides on natural enemies and other 

beneficial organisms. The additional in-

formation permits the IPM specialist to 

incorporate the various tactics of control 

into integrated systems. 


During emergency situations, seek reme-

dial measures that cause miimum ecologi-

cal isrution. When, despite the efforts 

to avo t,the key pest flares up or the 

secondary pests are out of control, reme-

dial measures must be taken; pesticides 

may be the only resource and their u.: 

should be as selective as possible. Se-

lection of the pesticide, dosage, timing, 

formulation and degree of coverage must be 

carefully coordinated to avoid undesirable 

effects. 


In summary, in order to implement IPM 

programs in potatoes, particularly under 

tropical and subtropical conditions there 

is need of further research in several 

components. This work requires the con-

tribution of all scientists inpotato re-

search, because plant protection problems 

are not independent from the other factors 

of the potato production system. 


High levels of resistance are not neces-
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Should the potato be introduced into non-

traditional climates? 


It is a fact that at the present time the 

potato has the potential to produce,

within convenient climatic and soil condi-

tions, high yields inenergy and protein 

per unit soil surface per day of growing 

season. From the nutritional point of 


view, the potato is a balanced food. Ap-

sary for a potato variety to have value in proximately one half hectare is in many 

an integrated control program. Regulation 

factors of potato pest populations need to 

be assessed. Reliance on chemical protec-

tion should not be overemphasized and the 

potato should be studied as part of crop-

ping systems for small farmers, 
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cases sufficient to satisfy the food needs
of an average family; furthermore, the 

potato could be an ideal a!dition to food 

crops already grown in a region, "Non-

1"aditional" means that the potato for 

',"ious reasons has not become a well 

known crop in such a region. This how- 


ever, does not mean that the potato isnot 

known as a food; inmany countries belong-

ing to the non-traditional climates, i.e.,

the non-potato growing regions, the crop 
isknown as a luxury food -- a vegetable 
-- but not as a common food. Why should 
the potato be brought into these non
traditional climates? Certainly there is 
an increasing demand. However, there are 
factors infavor of such an extension, but 
also some which need a cautious evalua-
tion. Favorable factors include: 
- the yield potential for energy, pro-

tein, and nutritious food quality; 

- the potential of the potato to con-

tribute to an increase infood produc-
tion within a short time, an essential 
aspect in regions with a rapidly grow-
ing population; 

- the potential to grow the potato for 
self-subsistence in a relatively short 
growing period; 

_ the chance to make the potato a rela-

tively cheap food. 


It is our goal to identify factors which 

may limit the extension of the potato 


either as a seasonal main crop or in an
 
intercropping system. Factors which must
 
be evaluated very carefully are socio
economic as well as physical-technologi
cal. We will also recommend courses of
 
action to deal with some of the limiting
 
factors to the introduction of potatoes
 
into non-traditional climates.
 

Definition of the term "non-traditional
 
climate"
 

As we already mentioned the term "non
traditional climate" does not necessarily 
imply that the potato as a food is not 
accepted in such a region; itonly means 
that the potato isnot grown to any great 
extent. Looking at the growing condi
tions, the term "non-traditional climate" 
characterizes mainly the hot climates of 
the tropical region in altitudes up to 
1000 m, i.e., regions with a day length of 
approximately 12 h,minimum night tempera
tur , of 19-20*C, and maximum day tempera
tures as high as 400C (Accatino, 1981). 
Seasons of heavy rainfall may alternate 
with dry ones. Non-traditional regions 
could have a continuous or discontinuous 
pattern of rainfall (1500-5000 mm); they
also could be semi-arid with 400 min of 
precipitation or less. Other factors 
characterizing non-traditional climates 
may be soils with a pH ranging from 4.3
 
to 5 and aluminum toxicity in hot humid
 
tropics; salinity could be limiting in
 
arid regions. Such conditions refer to
 
non-traditional regions or parts of them
 
e.g., inthe Philippines, Indonesia, Thai
land, Sri Lanka, India, Pakistan, the
 
Middle East, Northern Africa, hot and dry
 
regions in Africa, Central America, Co
lombia, Venezuela, Ecuador, Brazil, and
 
Peru. FAO published a series of reports
 
on the agroecological zones. It be
comes evident that inmost of the above
mentioned regions, the traditional potato
 
growing areas, also referred to as "poten
tial potato growing areas", are very

small. According to the mentioned FAO
studies, a traditional climate in the
 
tropics or sub-tropics for potato produc
tion isdescribed as:
 

cool tropics with 10-150C daily mean
temperature during the growing season;

amodrtcolsbrpis(52'


- warm/moderate cool sub-tropics (15-200C
daily mean temperature) with summer
 
rainfall; 

- moderate cool sub-tropics (15-200C dai
ly mean temperature) with summer rain
fall; 

- cool sub-tropics with summer rainfall 
and 10-15 0C daily mean temperature;
 
cool sub-tropics with winter rainfall
 
and 10-200C daily mean temperature.
 

Socio-economic questions
 

The knowledge of the potato is certainly
 
widespread in the world. Decades ago
 
European nations inparticular contributed
 
to this fact. More recently CIP with its
 
worldwide network and incooperation with
 
National Programs took the opportunity to
 
play an acti",, Looking at the sucrole. 

cess of these common efforts, however, one
 
must conclude that even in traditional
 
climates of developing countries it is
 
extremely difficult to extend the potato 
crop and to raise and stabilize the yields 
-- this although potato scientists are 
convinced that there is a tremendous gap 
between the theoretical yield potential 
and the average as well as the experimen
tal yields. When we are analyzing the 
factors for low potato yields indevelop
ing countries belonging to traditional 
climates, we always comnare the stand of 
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the potato crop with the stand of other 

adapted crops, such as corn, wheat, faba 

beans, and rice. From this comparison we 

often have to draw the conclusion that the 

potato is a very demanding crop with many 

more risks than other ones; farmers have 

many more difficulties in managing potato 

cultivation, even if they are experienced, 

Why is this so? Not only are there en-

vironmental or genetic factors which are 

of much importance. Also of importance 

are socio-economic factors, and they may 

become crucial. The following socio-

economic questions should be given careful 
consideration before a decision is made to 
extend the potato into a new region: 
- is it necessary and wise to change the 

daily diet of the population? 

- has the diet in the past been so un-

healthy, or is it only a problem of 
raising the quantity of food? Is hun-
ger and malnutrition only the problem 
for the poor, landless population which 

has no basis for a subsistence produc-

tion? In many cases this and not the 

need for a change '- the diet is the 

true reason for mal' itlan. 


- does the potato ha. a chance to be 
accepted as new food in the non-
traditional area, this without pressure
of food shortage and starvation? What 
could be done to catalyze the first 

promising indications? 


- is the potato the crop which could im-

prove the food situation in the region 

much better than another crop, already 

known and grown? 


- would it be of advantage not just to 
look at the puLato alone, but also at 
the improvement of complementary local 
crops, such as peas, beans, soybeans, 
faba beans, etc.? 

- would it be possible to improve, for 
example, the yielding potential or cul-
tivation techniques for such tradition-
al crops much more easily and rapidly 

than to overcome the barriers to the 

introduction of the potato? 


- who will need the potato? Does the 

potato have a chance to become a cheap

food available also for the poor popu-

lation, since not everyone in large 

town-agglomerations can grow potatoes

for self-subsistence? This always 

should be considered as , factor of 

high priority in regard to the exten-

sion into non-traditional climates, 


- docs the small holder have a fair 

clance to sell his surplus potatoes for 

in acceptable price on the market? 


- what can be done on the consumer and/or

market level so that newly developed, 
higher yielding, resistant varieties 

with good shape and taste will be ac-
cepted? Many of us could tell stories 

in this respect from the northern hemi-
sphere. 


Reconmendations on approaches to socio-

economic limits 


We recognize it is not easy for all of us 

who are associated with the potato crop to 

appreciate that limits of a socio-economic 

character may be very important with re-

gard to an extension of this crop into 

non-traditional climates. Food price

policy should be designed to provide sig-

nificant stimulation of production by 

smaller holders. At the same time, how-

ever, any exorbitant increase of prices to 

the poor purchaser should be avoided, 

Therefore, "the urgency to move forward in 

potato research and to avoid the mundane 

which often characterized research of the 

last several decades" (Page, 1981) like-

wise necessitates the initiation or ac-

celeration of the evaluation of the above 


mentioned socio-economc factors. The aim 

should be: a) to prepare a smooth intro-

duction of the potato as soon as it is 

ready from the technological point of view 

as a real help for those who need help in 

order to overcome hunger, or alternative-

ly, b) to state -*early that the potato in 

the given sitiatlinn is not providing the 

optimal solution. This is not to criti-

cize the potato. Probably we all know 

that introduction of a new food or a new 

crop to grow requires about one genera-

tion's time unless there isa situation of 

;'c.d shortage. Even in times of food 

shortage it might be more efficient to 

concentrate all efforts on the increase of 

food production with well known, adapted, 

and accepted crops in non-traditional po-

tato climates, 


The International Potato Center has the
 
obligation at all times to examlne and to 

adapt the priority of each thrust. It
 
is necessary to concentrate efforts on 

short-, middle- and long-term goals. The 

extension of the potato to non-traditional 

climates belongs to the middle- and long-

term goals, since the chance to be suc-

cessful depends not only on potato re-
search but to a considerable extent on 
factors which are beyond the influence 

of potato scientists. This, however,

does mean that common and increasing ef-

forts have to be undertaken in order to 

take the opportunity to introduce the po-

tato crop into new regions as soon as a 

favorable situation is present. All 

partners in this challenging endeavor 

--the CIP breeders, pathologists, ento-

mologists, seed production specialists, 

and agronomists, and especially the socio-

economists together with their colleagues 

of the Regions and the National Programs--

have to be ready at the same and at the 

correct time. This is in our opinion an 

essential aspect in the whole strategy. 

It is our assumption that all people in-

volved in this process will be well pre-

pa-ed and will possess adequate technique, 

i.e. that they will be experienced to con-

duct on-farm research and research on the 

consumer, as well as at the market-level. 

CIP scientists are able to catalyze many

actions; we dppreciate very much that they 

took the opportunity to become active and 

successful. The real break-through, how-

ever, has to come from a special engage-

ment of national experts. 


This type of research work aims for early 

identification of important economic and 

social constraints. It must be carried 

out early and requires the work of inter-

disciplinary teams. The socio-economic 

constraints, in whatever form they may 
exist in a given area, should be analyzed
before major efforts on the productionlevel are started in that area. We know, 


of course, that political constraints too 
may have influences which cannot be con-
trolled. It is clear, however, that 
socio-economic research has a key function 
and that it has a tremendous chance in 
the different non-traditional climates to 
improve the efficiency of scientific re-
search in relation to breeding for yield, 
resistances, and other agronomic charac-
teristics. This is a real challenge! (We 
say this as scientists involved in re-
search aimed at overcoming limiting fac-
tors on the production level.) We would 
not limit the composition of such teams to 
scientists (anthropologists, economists, 
agronomists, seed production specialists,
plant protection specialists, etc.) af-
filiated in one or the other way with CIP 
or National Potato Programs. The potato 
in non-traditional climates has to be in-

tegrated into established patterns of crop
 
production (for instance, as one of sev
eral crops grown per year). Therefore, to
 
create an integrated production system it
 
will be of special importance to cooperate

with experts having experience with other
 
crops, or even with animal husbandry, e.g.
 
with national experts or experts from
 
other international CGIAR-centers. This
 
may open possibilitiles for intercropping
 
and for the establishment of a crop rota
tion, thus diminishing the danger of
 
disease spread while at the same time im
proving acceptance of the potato. We em
phasize that such a comprehensive or inte
grated approach, similar to that described
 
by Rhoades and Booth (1982), is necessary
 
to overcome limiting factors of a socio
economic as well as of a physical-techno
logical nature.
 

Limiting physical-technological factors
 

Many times in its history, the potato has
 
proven its capability to be adapted to
 
different environmental conditions. It
 
moved from the gene-center to the Northern
 
hemisphere, and from the Northern hemi
sphere to such other parts of the world as 
southwest and southeast Asia, Africa, and
 
Oceania. This shows that the genetic
 
variability available in the past was suf
ficient to overcome considerable dif
ferences in day-length, temperature, and
 
soil conditions. Of course the potato
 
moved first into the zones with the most
 
convenient conditions for the development
 
of the crop--they are therefore called
 
traditional zones. Why should it not move
 
to the non-traditional zones? In fact,
 
the potato is already on its way. Without
 
going into details (which will partly be
 
given in short contributions), - may say
 
that especially CIP specialists and those
 
cooperating in research contracts with CIP
 
in the past years were quite successful
 
in creating new potato varieties which
 
will be better adapted to non-traditional
 
climates than those available at the
 
present time. However, itis too early to
 
state that the following important limit
ing factors have been overcome:
 

high temperatures, both day and night
that reduce net assimilation rates and 
also reduce the amount of dry matter 
which is partitioned to the tubers; 
lack of earliness to fit into existing 
cropping systems; 

- susceptibility to late blight, bacte
rial wilt, bacterial storage diseases,
 
and various insects such as the tuber
 
moth and cutworms;
 

- uncertainty as to what extent diseases
 
and pests spread out in regions where
 
potatoes never have been grown before;


- potential problems with new insect,disease, or weed pests that are not
 

present in traditional climates;
 
- limitations due to inadequate soil con

ditions, such as salinity or aluminum 
toxicity; 

- limit-tions in yield due to moisture 
stress as well as to excessive precipi
tation; 

- difficulties in providing vigorous, 
healthy seed; 

- problems in storing and marketing tu
bers under 'warm' temperatures; 

- meeting the preferences of different 
consumer populations and marketing
 
people for quality of the potato in
 
regard to shape and taste.
 

Some of the factors on the above list re
quire comment. For example, the need for
 
early maturing cultivars and the need for


4
ref stanre to lat3 blight are often re



39 

garded as almost mutually exclusive goals,

Itwas therefore encouraging to find tndi. 

cations of good field resistance to late 

blight ina number of early maturing neo-

tuberosum clones of the Cornell breading 

program for heat tolerance. 


Other goals that mght prove to be at odds 

in cultivar development are dormancy re-

quirements for marketing and for seed. 

Long dormancy would aid in storing ware 

tubers Inorder to spread out the market-

ing snason, but one can readily imagine 

situations where long dormancy could com-

plicate the already difficult problems of 

growers inwarm climates as far as finding 

quality seed tubers that would be ready 

for planting.

Infact, however, the major physical prob-

lems in storage and marketing tubers in 

warm climates can be expected to be from 

insects and diseases rather than sprout-

ing. Resistance to late blight and bacte-

rial wilt should help to reduce such prob-

lems; but as long as tubers are handled, 

stored, and marketed at high temperatures, 

one can anticipate that various bacteria 

and fungi frequently will cause serious 

losses, as will the tuber moth. 


Although there are many important factors 

of a physical nature that pose serious 

limitations on potato production in non-

traditional climates, the essential ques-

tion isthe effect of heat stress on plant

growth and development. This topic was 

recently reviewed at some length OBurton, 

1981; Ewing, 1981) and will not be con-

sidered here in detail. The main point

is that heat stress lowers potato tuber 

yields both through reduction in the as-

similate available for total plant growth 

and through reduced partitioning of as-

similate to tubers, 


With regard to assimilate production, the 

optimal temperature for net photosynthesis

is estimated to be less than 25'C. Dark 

respiration isapproximately deubied with 

each 10-degree C increase in temperature. 

There is some evidence of an association 

between heat tolerance and lower rates of 

dark respiration, but this ,ieeds further 

investigation. 


Apparently more serious than the reduction 

inassimilate that occurs under hot grow-

ing conditions isthe reduced partitioning 

of assimilate to the tubers. In this 

respect, high temperature has a very simi-

lar effect to that brought about by long 

photoperiods. Either high temperature or 

long days will lead to smaller leaves, 

more acute leaf angles, longer internodes, 

more axillary branching, and a smaller 

percentage of dry matter partitioned to 

tubers. Long days and high temperatures 

reinforce each other inthese effects, so 

that high temperatures are more harmful 

under long days than under short days. 

(This is fortunate in terms of the 

prospects for growing potatoes in the 

tropics.) Light intensity, soil nitrogen
supply, and genetic factors also play

major roles indetermining how photoperiod 


and temperature will affect partitioning 

to tubers, and there are doubtless many 

other factors as well. 


Overcoming physical-technological limits 


It is understandable that we generally

think first of how we can increase yield-

ing capacity and actual yields. We should 

be careful not to lose sight of the fact 

that production might be increased just as 

effectively by reducing losses, whether 


before or after harvest. Inthis respect 

it is essential to think in terms of an 

integrated production system, including

the concept of maintaining soil fertility, 

as well as integrated pest manatement. 


The use of true potato seed may be of 

special importance in the lower humid 

tropics, where itisprobably difficult to 

produce seel potato tubers according to 

conventional methods. True potato seed 

either inthe form of transplants, direct 

seeding, or seed tubers could fit into 

an existing cropping system and proba-

bly lower the production costs per unit 

weight. It is expected that iiidu Lime 


methods will be available to produce real 

hybrid seed. 


Both soil temperatures and air tempera-

tures are important in influencing the 

growth of the potato, and there isevery 

reason to try to carry out experiments

that will ameliorate either in hot cli-

mates. Experiments like those already

started by CIP scientists on use of com-

panion crops and soil mulches, reflective 

substances, or other amendments to reduce 

air and/or soil temperatures should be 

continued. Water and fertility relations 

will doubtless be important inthis con-

nection, again emphasizing the need for 

integrated approaches. 


Another strategy that may help modify the 

adverse effects of high temperature on 

plant morphology is the use of growth

substances. High temperatures produce ef-

fects similar to the effects of gibberel-

lins, and there issome evidence that com-

pounds working inthe opposite direction 

to that produced by gibberellin might

increase partitioning of dry matter to 

tubers during heat stress (Menzel, 1980).
We recognize that hormone applications are 

likely to be too expensive and sophisti-

cate4 for needs of developing countries; 

but the question seems worth pursuing, if 

oily to aid our understanding of the 

physiological effects of high tempera-

tures. 


As mentioned, efforts to breed for heat 


tolerance have been encouraging. The use 

of the cutting technique (Ewing, 1981) to 

screen for both early maturity and heat 

tolerance has brought good results, but 

other techniques for rapid screening need 

to be explored. In order to take full 

advantage of the potential offered by such 

breeding programs, we need to understand 

the physiological basis for heat toler-

ance. Especially needed ismore knowledge 

about the factors controlling production 

and partitioning of assimilate to tubers, 

and the interactions of these factors with 

environment and genotype. Not only do we 

need more data about such factors, but we 

need to be able to integrate the informa-

tion in such a manner as to make intelli-

gent decisions about the varietal characteristics best suited for particular

environments and growing regimes. We know 


that highest tuber yields are not neces-

sarily associated with the strongest
 
tendency to partition dry matter to tu-

bers. Excessive partitioning to tubers 

early in the growth of the plant will so 

restrict root and haulm growth that tuber 

yields, though early, will be negligible.

Highest yields are realized when early

growth occurs under low levels of tuber 

induction so that when strong induction 

finally occtirs there is a large leaf 

canopy to provide assimilate to the de-

veloping tubers, 


The complex nature of these relationships

has been well described by Moorby and Mil
thorpe (1975), who point out tv'at the ap
plication of simplified growth analysis is
 
therefore meaningless. They also note
 
that once tubers have been initiated, the
 
conscluent "sink" effect increases the net 
assimilation rate, further complicating 
the picture. Though the " ...large degree 
Of plasticity shown by the potato makes
 
this a more formidable challenge than for
 
many other crop species", Moorby and Nil
thorpe (1975) urge the construction of a
 
quantitative szijlation model for potato
 
gr th and develrpmnt to explain these
 
interactions.
 

An explanatory model for assimilate pro
duction and partitioning should prove
beneficial in a number of ways: 
- It would help identify the cultivar 

traits that would be best adapted for
 
particular environments and growing
 
seasons. For example, it could help

the potato breeder identify ina breed
ing population those clones that would
 
be best adapted to an 80-day growing
 
season with a 12-hour photoperiod and
 
day-night temperatures ranging from 22
 
to 37°C, as opposed to clones that
 
would be better suited to conditions
 
with longer days, cooler temperatures,

and a longer growing season.
 
Conversely, given a particular cultivar
 
with certain morphological and physio
logical characteristics, the model
 
would help to predict the ideal envi
ronment for its growth, the maximum
 
potential yield of the cultivar under
 
ideal conditions, and when it should
 
be planted and harvested. Ability to
 
answer thL'- questions would aid a
 
breeder inaeciding whether a breeding

line was worthwhile with respect to
 
potential yield, and in which regions
or seasons of the year itwas likely to
 
be best adapted.
 

- An explanatory model should help in 
the prediction of maximum potential 
yields. Given the ideal combination of 
traits known to be present in potato

breeding populations, what isthe maxi
mum yield attainable? Which varietal
 
traits should be chosen, and what are
 

the optimal environmental conditions?
 
Answers to questions such as these
 
could be useful incomparing the maxi
mum potential yields possible among
 
different areas, but also inassessing
 
the most desirable planting and har
vesting times for a given area.
 

- The model can be expected to yield in
sights into the types of experiments 
needed to further improve our under
standing of carbon assimilation and 
partitioning in the potato. Loomis et 
al. (1979) make a persuasive case th-t 
one of the most significant benefits of 
simulation modeling isto help pinpoint 
the major areas of ignorance that re
quire further attention. 

Developing an explanatory model for as
similate production and partitioning in
 

the potato
 

Loomis et al. (1979) point out the dif
ficulties" -n employing "...all details
 
available on ecosystem behavior in crop

growth models which explore the parti
tioning of photosynthesis during growth

and development." Certainly in the po
tato the task would be formidable. How
ever, CIP and the organizations present

at this Congress offer the kind of frame
work for cooperation that should make it
 
feasible.
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Several attempts at constructing explana-

tory models for potatoes have already 

been made (Fukai, personal communication; 

Ingram, 1980; Ng and Loomis, 1979). How-

ever, to accomplish the goals that we have 

outlined, many more data are needed than 

were available to those designing the 

existing models, 


The first step should be to study the ef-

fects of only one or two environmental 

factors on assimilate production and par-

titioning in a group of genotypes. For 

example, clones known to be tolerant to 
heat could be compared to heat sensitive 
clones, with both types grown in warm and 
cool environments. Necessarily, the ini-
tial assumption would be that experiments 
were carried out under fairly optimal con-
ditions for other environmental factors, 
such as fertilization, water supply, and 
pest control. Growth analyses data would 
be collected from the same clones grown 
at each location in order to construct a 

model for the effects of temperature and 

possibly photoperiod on assimilate produc-

tion and partitioning in various genotypes

under "good" growing conditions. After 

validation of the model, further studies 

should be carried out to model the ef-

fects of N fertilization, water relations, 

physiological age of seed tubers, or even 

effect of growing from botanical seed 

rather than from seed tubers. Plant popu-

lation, row spacing, and pest damage would 

be other important variables to be added 

eventually. 


Clearly, what we propose would require an 

enormous amount of effort. How could it 

be accomplished? Before answering this 

question, it is well to point out that the 

development of an explanatory model of the 

type described would be beneficial to pro-

ducers in traditional as well as in non-

traditional climates; the model should 

prove most useful if broadly based upon 

data derived from a great range of envi-

ronments. Therefore it is hoped that re-

searchZrb iimany parts of the world would 

be willing to participate in gathering the 

data base required. 


Growth analyses studies have already been 

carried out, or are underway, in many

locations. We a e aware of such studies 

in several parts of Europe, the United
States, and Australia as well as in such 

warm locations as lowland Peru and Israel. 

What is needed is a coordination and ex-

pansion of these efforts. One important 

aim should be to grow the same cultivars 

or breeding lines at each location. These 

should include clones known to be tolerant 

to high temperatures, clones adapted only 

to cool temperatures, and clones of rather 

broad adaption such as Desiree and Red 

Pontiac. In the past such a scheme would 

have been ruled out of consideration owing 

to quarantine restrictions. The availa-

bility of modern techniques for multiply-

ing and transporting clones in vitro,

coupled with ELISA and other sop-Tstted
te for disase dteioprs 

tests for disease detection, promise to 

ease the problems of exchanging genetic
materials. 


Another matter requiring coordination 

would be the standardization of procedures 

followed in the collection of growth

analyses data. It would not be essential 

that methodology be identlczl in all 

cases, but it would be helpful to agree on 

the kinds of variables to be monitored and 

the types of measurements to be taken so 

that data from the different experiments 

could be combined. 


Locations would need to be chosen to re-

present a broad cross-section of environ- 

ments, including those typical of the non-

traditional climates for potatoes. It 

would be essential that personnel and fa-

cilities be available at each location to 

obtain reliable information. (On the 

other hand, familiarity with computers 

would not be required--the model building

could all be done at a central lo,.ation
 
from the information supplied.) Also,
 
because of the assumptions in the initial
 
experiments it would be desirable to have
 
conditions such that the principal faLtor 

limiting yield would be temperature rather 

than water relations, pests, aluminum
 
toxicity, or other factors likely to be 

serious in tropical environments. Bearing

these restrictions in mind, a reasonable 

goal might be to carry out the experiments

in three hot locations, in three warm lo-

cations, and in three or more locations
 
typical of more traditional growing condi
tions for potatoes. Further broadening of 

the data base could be achieved by growing

the crops at more than one time of the 

year or at more than one elevation in each 

country. Once the model was constructed 

it would be helpful to test it in new lo-

cations for validation purposes. 


Perhaps this is a challenge that CIP 

should consider--to organize the network 

of locations that would begin to collect 

the necessary growth analyses data in a 

unified and useful fashion, 


By no means would a successful computer

simulation model for assimilation and par-

titioning in the potato overcome all the 

factors limiting the extension of the 

potato into non-traditional climates. 

However, such a model--modular in design 

and explanatory in nature--might well pro-

vide a useful framework of information 

from which many of the socio-economic and 

physical limits could be approached more 

intelligently, 
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Summary
 

The reduction of post-harvest food losses,
 
which are particularly high in perishable
 
crops in developing countries, is impor
tant not only from an obligation to avoid
 
waste, but also because the cost of pre
venting food losses in general is con
sidered to be less than producing a simi
lar additional amount of food of the same
 
quality. In perishable vegetatively
 
propagated crops like the potato, appro
priate post-harvest technology is not only

required to reduce food losses, but also
 
to maintain the perishable planting material from one growing season to the next.
 

In the case of potatncs extensive knowl
edge on basic posL-harvest technrlogies
 
and principlFs exists. Tie authors con
sider that the future emphasis in the use
 
of these technologies in developing coun
try tropical climates should be in their
 
low-cost application to location specific
 
problems. In attempting to use known
 
technologies to solve these problems,

lessons should be learnt from many past
 
failures where attempts concentrated on
 
the direct transfer of technologies which
 
were successfully used in one location to
 a similar problem in another location.
 
Basic technologies and principles are uni
versal but their application is location
 
specific and requires a good understanding

of the socioeconomic as well as technical
 

nesds of each location. The authors sug
gest that best use of limited resources
 
technologies could be achieved through the

tecofoiescl eearch te
 
which involve their final client - fanrer, 
merchant or consumer - in their efforts at 

an r surer tan ei o n 
an early rather relying onstage, than 

traditional disciplinary research and ex-


As an alternative to trying simply to
 
followaterneve to other co
 
follow the development path of other coun
tries through the use of high input technologies, the authors suggest that de
veloping countries, in an effort to reduce
 
post-harvest potato losses and to make
 potatoes available to an increasing number
 
of .heir peoples in the year 2000, should
 
investigate alternative low-cost applica
tion of basic principles.
 

Introduction
 

By the year 2000, itis suggested that the
 
world population will increase to between
 
6 and 7 thousand million. Estimates indi
cate that between 450 and 1000 million of
 
the present world population do not have
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enough to eat, and this number is likely 

to increase with increased population 

(NRC, 1977). 


To cope with this current and future food 

demand, governments have emphasized two 

lines of action: reducing food demand by 

slowing population growth, and augmenting 

food supplies by expanding production. 

There is a third vital measure which until 

recently has received insufficient atten-

tion, and that is to reduce the loss 

of food after harve,. and prior to con-

sumption. Indications are that by the 

year 2000, F0% more food will have to be 

available to meet present intake levels 

aridstill more if malnutrition and famine 

are to be conquered (FAO, 1981). Due to 

the limited availability of land it has 

been estimated that between 1980 and the 

year 2000 only about a quarter of the 

required additional food will be obtained 

from area expansion (FAO, 1981). To de-

rive the remaining three quarters from 

more intensive cropping and yield in-

creases will put heavy demands on water, 

fertilizers, pesticides, energy and mana-

gerial skills. Allowing for the increased 

area, we are talking of overall worldwide 

yield increases of the order of 30%. Is 

this realistic? If not, then the case for 

reducing post-harvest losses or preserving 

what has already been produced with in-

creasing effort and costs, becomes over-

whelming. 


In developing countries enormous losses 

result from spillage, contamination, at-

tack by microorganisms, insects, birds and 

rodents, and deterioration in storage. To 

quantify these losses is scarcely possi-

ble. Conservative estimates (NAS, 1978) 

suggest that a minimum of 107 million 

tonnes of food were lost in the post-

harvest system in these countries in 1976, 

but in our opinion this is probably an 

underestimate. Although substantial post-

harvest losses also occur in developed 

countries these result in part from some-

what different causes. For instance, many 

stem from overstrict quality regulations 

and consumer preferences. Large amounts 

of food are thus thrown away due to slight 

changes in quality or appearance. The 

developed world in general has yet to 

realize that there is such a thing as 

shortage of food or, rather, it has for-

gotten the fact. 


This loss of food in the post-harvest 

system is not new, it has always been a 

problem for mankind. Yet while billions 

of dollars have been invested to help 

developing countries produce more food, 

this has not generally been matched by 

investment in, or even by an awareness of 

the magnitude and importance of the post-

harvest loss problem in either developed 

or developing countries. For example, in 

1977 it was estimated that the Agricul-

tural Research Service in the USA invested 

less than 4% of its budget in food loss 

programmes (GAO, 1977). 


Increased food production alone obviously 

places strains on existing methods of 

handling, storing and processing crops, 

Greater food losses will inevitably result
 
unless countries and donors of economic 

and technical assistance can establish and 

maintain adequate harvesting, handling, 

storage and processing practices; and 

create efficient policy and administrative 

infrastructures, 


Although some far sighted individuals and 

organizations have been drawing attention 

to this problem for many years, interna
tional attention has only recently focused 

on post-harvest loss problems. Attention 

was drawn to the concept of reducing post
harvest food loss, as a significant means
 
to increase food availability, by the 

World Food Conference held in Rome in 

1974. The VIIth Special Session of the 

United Nations General Assembly passed a 

Resolution in September 1975 which focused
 
attention on the problem of post-harvest 

food losses and which called for concerted 

action to reduce these losses in the fol-

lowing words: 


"The further reduction of post-harvest 

food losses in developing countries should
 
be undertaken as a matter of priority, 

with a view to reaching at least 50% re-

duction by 1985. All countries and com-

petent international organizations should 

cooperate financially and technically in
 
the effort to achieve this objective. 


Those are just words of course. There 

was not, and is not, the vaguest chance of 

halving food losses over the ten year 

period 1975-1985. Nevertheless, as a
 
result of this resolution and an increas-

ing awareness of the magnitude of the
 
problem, a number of national and inter
national donor agencies expanded existing 

programmes, and initiated new ones, which 

were directed to the problem of reduzing 

post-harvest losses. Most of these ac-

tivities have been directed towards reduc-

ing losses in cereal grains, oil seeds, 

and grain legumes; the so call durable 

crops. Following an initiative by the 

United States Agency for International De-

velopment (USAID) the United States Acale-

my for Science prepared in 1978 a report 

on the problem of post-harvest food losses 

in developing countries (NAS, 1978). This 

report pointed out the need for giving 

consideration to losses in food products 

other than the durable crops; particularly 

roots and tubers, fruits and vegetables;
 
the so called perishable crops. 


This report helped stimulate additional 

activity and increasing numbers of donor 

organizations and international and na-

tional agencies are beginning to consider 

intervention programmes that can reduce 

losses in perishable horticultural crops. 

An example of this increased awareness 

was the study and expert consultation on
 
food loss prevention in perishable crops
 
jointly organized by the Food and Agricul
ture Organization (FAO) and the United 

Nations Environment Programme (UNEP) in 

1980, which involved a total of more than 

30 specialists. The first of 14 recommen
dations prepared by this consultation was 

that: 


"An international action programme of 

post-harvest food loss prevention In per-

ishables of plant origin should be tni-

tiated" (FAO, 1981). 


This was published in 1981, six years on 

in that 10-year period in vhich food 

losses were to be halved. Four years to 

go - and by now, three years to go. 


The case of potatoes in devel'Jpinq 

countries
 

The reported total world )roduction of
 
perishable horticultural crops is over 

two-thirds that of the staple cereal 

grains (Table 1). In developing countries 

the proportion is greater. The total 

annual production of hnticultural crops 


in these countries has been reported as 

620 million tons, equivalent to 85% of the 

reported cereal production. 


Table 1. Production of major food crops.
 
(FAO Production Year Book, 1978).
 

1978 production
 
(million tons)
 

Commodity 
World D.C. 

Cereals 1,580.8 730.6 
Roots and tubers 522.8 290.1 
Vegetables 
Fruits 

327.2 
261.9 

189.2 
141.6 

Total production 1,112.0 620.9 

% of cereal
 
production
 

Commodity
 
World D.C.
 

Cereals 100 390
 
Roots and tubers 33.1 39.7
 
Vegetables 20.7 25.9
 
Fruits 16.6 19.4
 
Total production 70.4 85.0
 

DC - Developing countries.
 

These high production figures indicate the
 
important role that horticultural crops
 
play in the economy and nutrition of de
veloping countries, although it must be
 
remembered that these crops are far higher
 
in water content than are the cereals. On
 
a.dry matter basis we are thinking more in
 
terms of horticultural crops representing
 
the equivalent of about 20% of the cereal
 
crops in developing countries. This smal
ler proportion must not be allowed to
 
obscure the fact that the horticultural
 
crops are an essential component of the
 
diet. For example, they provide almost
 
100% of the vitamin C intake and most of
 
the vitamin A.
 

On a worldwide basis roots and tubers
 
represent nearly half the horticultural
 
crops, and not far short of half in de
veloping countries. We are not thinking
 
primarily of the potato in this context.
 
It represents only about 10% of the roots
 
and tubers in developing countries. The
 
ten leading horticultural crops in these
 
countries in 1978 are listed in Table 2.
 

Table 2. Leading horticultural crops in
 
the developing world. (FAO Production
 
Year Book, 1978).
 

Commodity 1978 production
 
(miloditton
 
(million tons)
 

110.5
 
Cassava 35.
 
Potato 29.5
 
Citrus 23.9
 
Plantain 20.4
 
Pan 20.4
 
weet potato 16.9
 
Tomato 14.5
 

Mango 13.5
 
Grape 11.5
 

We must, of course, realize that pro
duction figures are not accurate. The
 
FAD figure for the production of roots
 
and tubers in developing countries in
 
1978, for example, was 290.1 million tons
 

(Table 1)- not 290, but 290.1, suggesting
 
an accuracy of 0.3% for a figure which is
 
not a measured amount but an estimate. 
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Perhaps we should say guesstimate. If we 

take the estimates at their face value 

they rank potato as the third most impor-

tant horticultural crop in developing 

countries. Of the root and tuber crops

produced in developing countries, cassava 

is the most important in terms of total 

production, accounting for approximately 

40%. Next in volume of production are 

potatoes, accounting for 10% of total root 

and tuber crop production. During recent 

years, incidentally, the production of 

potatoes in developing countries has in-

creased proportionately more than any

other horticultural crop (Horton, 1981). 

During the period 1965 to 1979 the esti-

mated production of potatoes in developing 

market economies increased by 107% com-

pared with 47%, 4% and 60% for cassava, 

sweet potato, and banana, respectively, 


Magnitude of pon.tharvest losses 


However, and as we have discLssed, not 

all horticultural production reeches the 

consumer. Reliable statistics on post-

harvest losses in perishable crvps are 

few and for most commodities, i,'cluding

the potato, it is possible to find well 

recorded individual cases with losses 

ranging from negligible to 100%. The 

extent of loss is highly variable depend-

ing on a large number of conditions and 

factors. The National Academy of Science 

report (NAS, 1978) resisted generaliza-

tions of loss estimates, but for planning 

purposes cited minimum overall post-

harvest losses of 10% for durable cropsand 20% for perishables. Similarly, for 

potatoes alone loss estimates vary con-

siderably and few accurate figures of 

losses measured by a described methodology 

are available. Nevertheless, the opinion

of individuals or groups of professionals

with experience of this crop in devel-

oping countries give sound indications 

of normal ranges of loss experienced

under usual conditions. Three such post-

harvest loss estimates for potatoes

include: 


i) 5-40% for all developing countries 

(FAO, 1977). 

1) 25-30% for Chile, Peru and Venezuela 


(NRC, 1978). 

111)25% on a global basis (Coursey and 


Booth, 1972). 


The figures are not exaggerated. Esti-

mates of loss 
in Great Britain, where the 

climate is not extreme, where problems

such as tuber moth are unknown, and where 

modern technology is available, indicate 

that some 25% of the crop may be lost in 

storage. Similar estimates have been made 

for other developed countries. 


While Bourne (1977) correctly points out 

the possible misleading nature of some 

arithmetic calculations using these fig-

ures, it is nevertheless perhaps worth-

while estimating what they mean in terms 

of food loss in developing countries. 

Accepting an average overall post-harvest 

loss of 25% and personally we would regard

this a minimal figure, this means that in 

1978 7.4 million tons of potatoes were 

lost. If these losses through research 

and development could be reduced by 50% 

this would make available an additional 

3.7 million tons of potatoes equivalent 

to a 12.5% increase in yield, thus repre-

senting 40% of the potato's contribution 

to the increased supply of food which has 

been suggested as necessary by the year 

2000. 


Nature of post-harvest losses 


Now does the loss occur and what forms 

does it take? First of all, and most im-

portant, rots and destructions caused by

diseases and pests can literally cause the 

total loss of an individual crop. We do 

not mean blemishes which in the developed 

world could lead to the tubers being dis-

carded, but which could be trimmed out and 

the residue eaten. We mean complete de-

struction by, for example, Erwinia rots,

which in extreme cases we have known to 

cause the loss of several thousand tons 

of potatoes in a .ingle store. Pests as 

diverse as rodents and tuber moth can also 

completely destroy individual tubers, 


Secondly, water loss. As a rough rule of 

thumb guide, you can say that if a tuber 

is very slightly soft if squeezed between 

the finger and thumb, then it has lost 

about 5% of its harvested weight. If it 

is definitely soft and slightly spongy,
then the loss could be 10%. You may say,

of course, that this is loss of water and 

not of food and is not a true loss at all, 

except to the farmer or merchant who sells 

potatoes by weight. As a crude approxima-

tion, however, you will find that respira-

tory loss of dry matter roughly parallels 

loss by evaporation. In other words, if
 
you start with a potato tuber with 20% dry 

matter and store it until it has 
lost 10% 

of its weight by evaporation, you will 

probably find that its dry matter is still 

20%. In such a case, 10% evaporative loss 

represents also a 10% loss of nutritive 

material.
 

The third form of loss results from phys-

iological and biochemical change. In the
 
present context we may disregard changes

which adversely affect the finer shades of 

quality, but we cannot disregard changes

which lead to sprout growth. Five or 

ten percent of sprouts - and you can get 

as much as this - represent a 5% or 10% 

storage loss quite apart from the enhanced 

rate of evaporation caused. And in case 

any of you are tempted to say, that in 

the developing world nothing is wasted,
and the sprouts could be eaten, we should 

point out that one of the very few re-

corded deaths from solanine poisoning was 

that of a man who had eaten potato sprouts

fried in oil. 


What research is needed to reduce
 

post-harvest losses?
 

First of all, research in phytopathology, 

entomology and breeding is required. The 

breeding of a variety which was really 

field resistant to late blight for exam-

ple, could not only have important effects 

on increasing yields in the highland 

tropics - it could also reduce storage

losses ultimately attributable to blight.

Reduction of tuber moth infestation would 

also r,,uce losses attributable to it. 

Not, we hasten to say, by chemical con-

trol. Many of us no doubt have seen hair-

raising amounts of toxic chemicals applied 

to tubers in countries where there are no 

strict controls on food additives, 


We are neither pathologists, entomologists 

nor breeders, so we should not ddre to 

predict the influence of these disciplines 

on storage losses by the year 2000. We 

think considerable progress will have been 

made in the necessary research. We do not 

know if it will have been applied but we 

will have more to say about application 

later. 


As far as water loss is concerned, the
 
principles are known. One might conceiva
bly suggest a breeding input in increasing
 
the thickness of periderm if this 
were
 
acceptable on other grounds, although we
 
should say that the relationship between
 
periderm thickness and water loss is hypo
thetical rather than established. We
 
would not look to a breeding input to have
 
much effect upon water loss by the year
 
2000.
 

Sprout growth in the developed world is
 
often suppressed chemically, a method
 
which, like the chemical control of pests,
 
can lead to residue problems if it is un
controlled. As opposed to sprout suppres
sion, sprout stimulation may be desirable
 
in seed tubers, particularly if two crops
 
are grown in a year. This too is done
 
chemically. The search for better methods
 
of sprout suppression and stimulation will
 
doubtless continue. Both are needed, but
 
we doubt whether any positive research
findings will have a practical application
 
in developing country tropical climates
 
by the year 2000. Nor, we suspect, will
 
there be by then any practical spin-off

from the much-needed establishment of the
 
detailed biochemistry of dormancy and
 
growth, even if this has been achieved.
 

What we are saying is that reduction of
 
post-harvest losses by the year 2000 will
 
not depend to any great extent upon re
search initiated now or which is in
 
progress now. It will depend upon the
 
application of results already obtained.
 

Application of existing knowledge:
 
c os-ng the transfer gap
 

Post-harvest technologies for reducing

loss can generally be considered under
 
three headings: handling, storage and
 
processing. In our present context, pro
cessing should only consider primary pro
cessing whereby the potatoes are converted
 
by a series of steps into a basic edible
 
commodity. These steps commonly involve
 
weight loss and may or may not involve
 
food loss, depending upon whether the loss
iswater or nutritive matter. Also in the
 
case of vegetatively propagated crops like
 
the potato, storage and handling of the
 
perishable planting material deserves
 
specific attention, not only as a means of
 
reducing losses but also as a means cf
 
improving production.
 

In attempting to develop or apply post
harvest technologies to reducing food loss
 
in developing countries it must always be
 
remembered that cultural, economic and
 
social, and political factors strongly

loss and the attitudes of farm families
 
and governments to food conservation.
 
Even the perception of what constitutes
 

fte rie s great aongtut
food loss often varies greatly among cul
the s en fame the mer who 
the subsistence farmer, the farmer who
produces food for sale, merchants, and 
consumers. Although any losses will ul
timately be felt by society as a whole,
 
the economic and social consequence to
 
different degrees. Many kinds of costs
 
may be associated with post-harvest los
ses, and it is important to assess these
 
costs as thoroughly as possible for an
 
accurate picture of possible economic and
 
social consequences. Further, strategies
 
to prevent or reduce food losses have eco
nomic and social effects not only on con
sumers and producers, but also on other
 
groups involved in the food chain. Expe
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rience has thus demonstrated that any food reduction activities unless they foresee a the view recently expressed simply by
 
loss programme must be sensitive to the good return whether in income, security CIMYT: "Tell me, I'll forget; show me, I
 
cultural, socioeconomic and political or status. This lack of incentive is fre- may remember; but involve me and I'll un
characteristics of a society and be aware quently linked with aspects of government derstand" (CIMMYT, 1981). Too often re
that the technical and scientific compo- politics and policies. For example, cer- search and development scientists believe
 
nents of change cannot be divorced from tamn types of price fixing, credit laws, they know what is best for their clients,
 
these considerations, and laws against storage of foods for but how often do they spend time to go out
 

speculative reasons provide little incen- and find out what the client thinks about
 
Accepting this broad view of the utili- tive for crop storage, and commonly sub- his problem and solicit his assistance in
 
zation of technologies in food loss pro- sidised imports of cereal grains provide developing improvements?
 
grammes the question arises as to whether little incentive for simple primary pro
the post-harvest losses in potatoes in cessing of potatoes into flour or starch. This approach has been the basis of the 
developing countries are the result of small post-harvest interdisciplinary team
 
unavailable or inadequate technologies or Thirdly, the decisions in the less well at the International Potato Center (CIP),
 
due to the failure to apply existing and developed countries to store and/or where to-date emphasis has been placed on
 
available technologies correctly Judging process a crop to minimize losses, stabi- low-cost seed stores and village level
 
from the amount written on the subject in lize prices, or to make food available at processing. Using this approach simple
 
the scientific literature one must con- a later time are typically made by ad- low-cost natural diffused light seed
 
clude that considerable information and ministrators who connonly do not have, and stores have been developed and transferred
 
technologies are available. Considerable do not refer to, adequate technical and to farmers in many developing countries.
 
attention is given to storage and proces- socioeconomic understanding and knowledge. Similarly, a simple pilot processing plant
 
sing technologies in several major books Well-intentioned policies thus frequently to upgrade the traditional means of pro
on potatoes (Burton, 1966; Smith, 1977) fail. Actual loss reduction efforts must ducing dried potato and starch is being
 
and several books nave been published on begin with political committment by indi- accepted in Peruvian communities and test
these topics alone (Talburt and Smith, vidual countries to understand and to ed in other countries.
 
1975, Cargill, 1976; Rastovski et al., carry through the necessary actions re
1981; Booth and Shaw, 1981). Als-duirTng quired at the national level. Resulting from an asialysis of their ef
the five year period 1976 to 1980 the forts the team developed a "Farmer-Back
average annual number of citations under Post-harvest research scientists commonly to-Farmer" model to describe the interdis
the heading of Harvesting, Storage and place the blame for the transfer of tech- ciplinary team approach for generating ac-

Quality and Food Technology in the Com- nology gap either singularly or jointly ceptable agricultural technology (Rhoades
 
monwealth Agricultural Bureaux Potato on poor extension services and backward et al., 1981; Rhoades and Booth, 1982).
 
Abstracts were 84 and 155, respectively, farmers. They look for solutions by talk- T eunderlying thesis is that applied
 
as compared with 137, 123 and 356, re- ing about the need for improvements in agricultural research purposing to gen
spectively, under the heading of Breeding conventional country extension and commu- erate acceptable agricultural technology
 
& Selection, Agronomy and Diseases and nication programmes. The farmers, of must both begin and end with the farmer or
 
Physiological Disorders. This exten- course, will respond about the inappro- other client.
 
sive literature confirms the authors' priateness of the technologies to their
 
opinion that adequate basic technologies specific needs. The authors believe that Post-harvest technologies for the year
and scientific information are current- research scientists themselves must accept 2000 
ly available to solve many of the post- greater responsibility for this problem 

harvest potato problems in developing and re-orientate their efforts to solving In considering what specific types of 
countries if these were or could be ap- specific problems in addition to adding to post-harvest technologies will be needed 
propriately applied, the scientific literature. To achieve and which will be relevant and potentially

this it is considered appropriate that the acceptable to potato production systems in
 
If the application of known post-harvest investigation of the application of post- tropical climates in developing countries
 
technologies is an appropriate means of harvest technologies be organized in small in the year 2000 two somewhat opposing
 
conserving potatoes, why does a gap exist intp-disciplinary teams with specific approaches could be considered.
 
between the establishment and use of tech- pr..Iem solving objectives and accepting
 
nologies in developing countries? The that success will be measured by the On the one hand we might assume that
 
authors consider that there are three degree of acceptance and utilization of standards of living in developing coun
major reasons for this. introduced changes. The fact that the tries will continue to rise and create
 

farmer, merchant, or consumer will be the a demand for the types of technologies

Firstly, proposed technical solutions final evaluators of the team effort will that are presently in place in more de
are frequently simply copied or borrowed hopefully influence its members to view veloped countries. These would include 
from developed country literature or expe- the research and transfer of technology increased sophistication throughout the 
riences rather than creatively adapted to processes, at least in part, from the marketing chain and particularly in pro
the realities and needs of the specific viewpoint of the final client. To help duct harvesting and handling and an in
situation. Unfortunately, too many scien- make this a greater possibility it is creased use of specifically designed and 
tists working in agricultural development, further suggested that such teams comprise constructed sophisticated storage units. 
commonly of developed country origin, not only post-harvest biologists, engi- There would also be an increased demand 
training and experience, still hold the neers, and food scientists, but also so- for convenience foods and the generally 
view that if technology is successful in cial scientists and marketing economists, high cost technologies required to produce 
one location, usually in a developed coun- The inclusion of the social sciences in such products. Such processing systems 
try, then it will automatically be suc- the team should broaden the understanding require a high capital input, high energy 
cessful in any technically similar devel- of the factors, other than strictly tech- inputs, high management inputs, expensive 
oping country situation. They fail to nical considerations, which will influence packaging and frequently create high 
realize that while the principles of a the acceptance or rejection of proposed waste. The consequences of this type of 
basic technology may be universally trans- technological changes and thus enable a post-harvest technological expansion in 
ferable, the application of the~e princi- better understanding and diagnosis of the developing countries would almost certain
ples is location specific and must care- problem to be achieved. By continuous ly be increased unit costs of both fresh 
fully consider the prevailing environment interaction throughout the research and and processed potatoes. In any case, the 
and system to which they are being ap- technology transfer activities it is con- authors regard this approach as unrealis
plied. In other words a post-harvest sys- sidered that hetter use can be made of tic, although no doubt it will be followed 
tem was already in existence and any pro- limited resources - an important consid- in many cases. A large unused refrigerat
posed changes must accommodate to that and eration for the year 2000. ed sture is a more obvious status symbol, 
other systems which it influences. Many both for the recipient country and for the 
examples of this type of misplacement of An additional factor which needs to be donor agency, than a number of small 
technologies can be found; for example, in incorporated into such interdisciplinary simple on-farm stores. The approach is 
the large number of technically sound, but .am approaches is that of maximum in- unrealistic because supplies of many of

continuously empty, potatoes 
stores that volvement of the final client - farmer, the components of the sophisticated sysare to u. found in the developing world, merchant, consumer, or government. This tems are becoming scarcer and more expen

involvement should be sought at an early sive, for example energy.
 
Secondly, there is frequently not adequate stage if adequate problem diagnosis is to
 
incentive for individuals to invest in be achieved and can beneficially continue An alternative approach, generally fa
post-harvest technologies. Producers are throughout the entire problem solving voured by the authors, is that to assist
 
unlikely to invest money or effort in loss processes. The authors strongly support in making potatoes, a valuable world food,
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more available, alternative low-cost tech-

nologies must be sought. The dangers of 

attempting to follow and copy the high

input, high cost technologies of more 

developed countries should be avoided, 

Thus, research is required to apply the 

known basic principles to the development

and application of low-cost technologies, 


The low-cost storage needs can be classi-

fled as those appropriate for seed t;ubers 

oo"consu.rdr potatoes, and which are appli-

cable in the three general storage cli-

mates that are encountered in tropical

developing countries. These are the tra-

ditional cool potato climates found in the 

highland tropics, and the hot and dry, and 

hot and humid climates found at lower al-

titudes. By and large, low-cost storage

technologies for the cool regions are 

readily available for both seed and 
con-

sumer potatoes although these are general-

ly not optimally applied. The problem of 

technology transfer has been discussed and 

it is considered that in the case of con-

sumer potatoes it is government policies

and lack of understanding of the post-

harvest needs of the total production/ 

supply/demand system which creates a lack 

of any kind of incentive for post-harvest

actions. This is possibly the major con-

stroint to be overcome if significant 

progress is to be made by the year 2000. 

In the case of improved low-cost seed 

storage for cool regions the situation is 

somewhat simpler as the incentive to im-

prove his seed exists at the individual 

farmer level. The recent advances made by

the International Potato Center in re-

searching, adapting and transferring the 

diffused light seed storage technology is 

an example of what can be achieved through 

a balanced interdisciplinary approach, 


For the hot-dry and hot-humid areas low-

cost storage technologies are less readily

available, and increased research is re-

quired to develop low-cost alternatives, 

particularly the application to potato 

storage of lower cost cooling systems such 

as evaporative cooling in hot-dry areas. 

Also lower cost means of applying pres-

ently available refrigeration systems,

possibly through the use of lower cost 

constructions using locally available tra-

ditional building materials. At the tech-

nical level the problem of seed tuber 

storage may be more readily overcome as it 

has been shown at CIP (CIP, 1979) that 

seed tubers stored in diffused light can 

be kept in acceptable physiological condi-

tion for 4 to 6 months at average storage 

temprratures of 20' to 25°C, provided that 

impr tant pests and diseases, particularly 

pot~co tuber moth, are controlled. In 

undertaking this technological research on 

storage technologies for hot regions em-

phasis should sinltaneously be placed on 

discovering the clients' needs as a means 


reduce the transfer gap.

to 

Dehydration or sun drying is the simplest

and lowest cost method of processing and 

preservation. Wherever dried or simply 

cooked and dried products are acceptable

either directly for food or for secondary

processing into needed products this 

simple type of processin should be en-

couraged. This tjpe or processing can 

ideally be used to upgrade the value of 

otherwise low grade tubers, eg. small and 

damaged tubers. By these simple methods 

tubers can be converted into stable items 

with long storage life and which can 

readily be transported, 


In addition to the encouragement of this 

simple type of primary processing at the 


farm or community level, the development

of alternative and possibly somewhat 
more 

sophisticated systems may be required for 

regions where solar drying is not feasible 

in the available processing season and 

where large quantities of potatoes are 

produced ina short period which cannot be 

absorbed by the fresh market, stored, or 

processed by the above simple means. This
commonly occurs, for example, when imma-

ture tubers are harvested out of paddy

fields prior to rice planting. Such pro-

cessing methods should if possible also be 

relatively low in capital and energy re-

quirements to enable them to be used eco-

nomically for short periods of the year.

Alternatively the methods used should be 

applicable to other crops to enable the 

plants to be used for a greater proportion

of the year. 


Also, the known basic technologies for the 

secondary processing of primary potato

products into food items need to 
be made 

available in appropriate forms for use in 

developing countries. 
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Summary
 

In the tropics and subtropics potato pro
duction is increasing rapidly, while in
 
temperate-zone industrial countries pro
duction is declining gradually. Itis not
 
expected that in countries with market
 
economies potatoes will be grown for
 
ethanol production (as a source of energy)

in the near future. An increase in potato

production for starch or stock feed is
 
also unlikely, unless grain prices in
crease sharply. Since per capita potato

consumption is rather stable 
in the tem
perate zone, the area under potatoes may

be expected to decline slowly as yields
 
increase.
 

Potato consumption is increasing rapidly

in many parts of the tropics and sub
tropics, where average consumption is
 
still low. This is especially the case in
 
Africa and the Far East. One important
 
reason 
for the low level of per capita

potato consumption in developing countries
 
is the high retail, or consumer, price of
 
potatoes.
 

The high price is, in turn, due largely to
 
high production costs. On the average,
 
energy and protein derived from potatoes
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cost the developing country consumer about 

three times or more than energy and pro-
tein from wheat and rice. As a conse-

quence, potatoes are consumed as a vege-

table rather than a staple food in most 

developing areas. 


Continued rapid expansion of potato pro-
duction and consumption will require a 
substantial reduction of unit production 
costs and retail prices. Better applica-
tion by farmers of existing and newly de-
veloped technologies - including better 
cdapted varieties, healthy seed tubers, 
botanical seed, and low-cost storage and 
processing - would allow potato production 
costs to be reduced substantially. This, 
in turn, woulo allow the potato to become 
a major vegetable in many tropical and 
sub-tropical areas where it is presently 
of minor importance, and a staple food in 
some areas where it is now a vegetable. 
To achieve this by the year 2000, potato 
yields must be doubled in all tropical andsub-tropical countries and area under po-


tatoes in Africa and the Far East must 

also be doubled... 


Introduction 


This paper: outlines the present situa-

tion of world potato production and use; 

looks to possible future developments; 

and analyzes potential for expansion of 

potato production and use in the tropics
 
and sub-tropics. 


While it is impossible to predict accu-

rately future events, we attempt to draw 

conclusions about likely developments. 

Some are bound to be controversial. We 

present them in order to stimulate dis-

cussion and further research and develop- 

ment programmes which will lead to greater 

use of the potato as a world food crop. 


Present situation 


Production
 

Area, yield, and total production: FAD 

statistics, Figures 1 and 2, illustrate 

trends in world potato production, area, 

and yield in different regions and types
 
of economy from 1966 to 1980. Over this
 
period the area under potatoes in North
 
America and Western Europe decreased 

annually by more than 2% and yield In-

creased by almost 1%. Consequently, over 

the period total production decreased by 

about 20%. In Eastern European and Asian 

countries with centrally planned economies 

area cropped to potatoes decreased annual-

ly by 1% and yield increased slightly less 

than 1%, so that total production remained
 
about constant. 


Quite different is the situation in de-

veloping market economies. Since 1966
 
both area under potatoes and yield per ha 

increased annually by over 2%. Conse-

quently, total production nearly doubled. 

The area under potatoes in Africa and Asia 

increased by almost 7% and 4% per year

respectively, while that in Latin America 

did not. change substantially. Potato 

yields increased annually by more than 2% 

in Latin America and in Asia, while in
 
Africa yields remained constant. In the 

developing countries of all three regions 

total production increased considerably. 

During this period, production doubled in 

Asia and Africa, and increased by 40% in
 
Latin America (See World Potato Facts,
CIP, 1982).
 

Production comparisons: Changes in yield 

and production of wheat, rice, and maize 


in developing market economies are shown 
for the same period (1966-80) in Figure 3. 
The area under wheat has increased annual-
ly by about 2%, while the area under rice 
and maize has increased by less than 1%. 
The yield of wheat increased annually by 
more than 3% and that of rice by almost 

3%. The yield increase of maize has teen 

no more than about 1%. Due to these 

changes in seeded area and yield, it fol-

lows that from 1966-80 production for 

wheat, rice and maize has increased by
 
about 100%, 60%, and 30%, respectively. 


From 1966 to 1980 annual percentage in-

creases in total rice and potato ,ields 

have been about equal, while the per-

centage increase in wheat yield has been 
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higher. But in the same period the in
crease in edible energy and protein yield 
per ha was slightly higher for potatoes 
than for wheat and rice (Figure 4). This 
is despite the widespread adoption of the 
"miracle, high yielding" wheat and rice 
varieties. If we extrapolate the 1966-80 
trend to the year 1990, the increase of 
edible energy produced by potatoes per ha
 
would be almost double that of wheat and
 
rice.
 

Per capita potato production: National
 
estimates of per capita potato production
 
indicate importance of the crop in various
 
parts of the world (Table 1). While in
 
Eastern Europe (the main potato producing
 
countries) a large part of the crops is
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Figure 1. Development of the area cropped, yield and total production in: (1) de
veloping countries with market economies; (2) North America and Western Europe; and
 
(3)countries in Eastern Europe and Asia with centrally planned economies (Data from
 
FAD Production Yearbooks). 
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Figure 2. Development of the area cropped, yield and tota1"production in (1)develop
ing countries in Latin America; (2) developing countries in Africa; (3) developing
 
countries with market economies in Asia (Data from FAD Production Yearbooks).
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% o Table 2. Average per capita potato pro
-/* duction 1978-1980 in developing coun

tries with more than 5000 ha potatoes 

S""1961-65 
and percentage

Yj 
change in relation to 

110• - 'm *Countries produc-Total capitaPer or de-Increase 

NZ 

AA 

iq. 

o o 
" 
.......4t 

=7• 
11-1 0. 

tion 
(103

tonnes) 

pro- crease (-) 
ductlon (%)

(kg) 

m " Central America 
1) ̂  = 49.52 + 1.985x 1) 9 = 0.934 + 0.0414x 1)y = 45.89 + 4 2206x Cuba 211 21 177 

- 0.054x2 - 0.0005x 2 - 0.0546xZ Guatemala 50 7 6
(100 = 50.5 x 106 ha) (100 - 0.95 t/ha) (100 - 48.2 x 106 t) Mexico 82 12 128
 
r = 0.96 	 r = 0.96 r = 0.96 South America
 

Argentina 1618 61 -8
2) y 87.70 + 0.59 2)y = 1.590 + 0 0401x 2)9 = 139.45 + 4.48; Bolivia 719 136 33
(100 = 86.2 x 10 ha) -0.0002x (100 133.7 x 100 t) Brazil 2039 17 64 
r = 0.89 (100 = 1.55 t/ha) r - 0.92 Chile 885 81 1 

r - 0.93 Colombia 2010 77 177 
Ecuador 286 37 -343) = 49.24 + 0.52 3)y = 1.20 + 	.Olx 3) • 59.13.+ 1.39g Peru 1636 95 -7o
(100 - 50.6 x 100 ha) (100 = 1.19 t/ha) (100 60.4 x10 t) Uruguay 337 35 61 

r - 0.94 r = 0.88 r - 0.95 Venezuela 214 15 172 

Africa
 
Figure 3. Development of the area cropped, yield and total production of: (1)wheat; Algeria 491 27 123

(2)rice; and (3)maize in developing countries with market economies. 	 Angola 38 6 108
Burundi 
 22 5 -75
 

In developing countries per capita produc- Cameroon 100 12 498
 
tion is much lower than in the industri- Egypt 983 24 269
 

//, alized countries, although higher in Latin Ethiopia 233 7 78
20 o ,, America and the Near East. In most Liya 360 23 725 
Is , African and Far Eastern countries the crop Libya 94 32 725 

.,. 11 .," is still quite small, relative to major Madagascar 212 25 218
staples (Table 2). Over the last 15 years Malawi 110 19 134 

... So - Mozambique 56to. 	 increase in per capita production has been Morocco 175 304327 143
 
&o..... 
 striking in many developing countries. In
 
30 . . fact, the average growth rate of potato Rwanda 228 50 304

production exceeds that of most other food
2 10 Tanzania 85 5 345 
crops in the developing countries. Tunisia 117 19 175 vs 
 Uganda 330 26
AparByew_ 	 Energy requirements and efficiency of Zaire 31 1 

165
69
 

energy conversion: Potatoes can produce Asia
 
Figure 4. Accumulated calculated increase more edible energy and protein per ha than Vghanistan 252 12 50
 
in yield (after 1980 extrapolated) ex- practically any other food crop. In terms Bangladesh 907 11 196

pressed in terms of energy (A)and pro- of energy and protein production per day Bhutan 42 32 175
 
tein (B) for (1) potatoes, (2) wheat, the potato also ranks high (Van der Zaag, Cyprus 205 34W2- 117
 
and (3) rice (70% edible) in developing 1976). High potato yields require a large India 8855 13 182
 
countries with market economies and input 
of energy per hectare. Data from Indonesia 222 2 227
 
based on the regression curves given in 	Pimentel (1975) and Heichel (1975) indi- Iran 
 695 19 105

Fig. 1 and 3 (For energy and protein 	 cate that under US conditions, the potato Iraq 105 8 841
 
value see Table 7). 	 crop requires more energy input per ha Lebanon 109 23 143
 

than most cereal crops. The energy input Nepal 292 21 24
 
for potatoes is exceeded only by that of Pakistan 38 5 320
 
irrigated rice and high value vegetable Syria 224 27 569
Table Per capita potato production crops such as broccoli and cauliflower. Turkey 2973 67 120


1978 . The potato crop is a heavy user of Energy Vietnam 717 12 >1200
 
derived both from fossil fuels and human Yemen Arab. Rep. 113 19 201
 

Regions kg labor (Table 3).
 
_/From FAO Production Yearbook 1981.
 

WORLD 66 Among crops, potatoes occupy an interme- Y m exPort 

Developed cuntriesan diate position between the cereals and ? Mainly export. ori most vegetables in efficiency of energy 
-ort Amia 79 conversion. Heichel's US data (1975) in-
Western Europe 
 143 dicate that potatoes are more efficient in the US budget presented by Pimentel (1974)

Eastern Europe (including USSR) 415 energy conversion than most other vege- and the Netherlands budget by Van der Zaag
 

Developing countries with market tables and fruits but less efficient than (1978). These budgets illustrate a wide
most cereals and soybeans. Pimentel range of possible production technologies,
 

n(1975) 	 has shown that, again under US con- energy use and yields (Table 4). WhereLi rca 32 	 ditions, the potato crops is more effi- yields are highest, energy inputs in theAfrica 	 9 
 cient than bean, rice, and wheat In con- form of chemical fertilizers and pesti-

Near East 26 verting energy derived from fossil fuel cides account for a large proportion of
 
Far East 9 into food energy, but less than oats, the total energy input. In general, the
 

1
From International 
Potato Center, 1982. maize and soybean (Table 3). ewr conversion ratio is higher for tra
ditIa systems, based on hand labor
 

Energy budgets are not available for many (highland Peru and Rwanda) than for modern
 
crops grown in develo, ing countries (see systems based on fossil fuels (coastal
still used for stock feed, and in a few Pimentel 1974, 1975, Leach, 1976, and Cox 
 Peru, the Philippines, the USA, and the
 

countries (e.g., the Ne-tierlands) a share and Atkins, 1979). We have developed Netherlands). On the other hand, the net
 are grown for starch production, in most energy budgets for the potato crop for energyoutput (output-input) is generaT3

of the world potatoes are primarily for different locations in Peru, the Philip- hgher for modern systems than for tradi
human consumption, pines and Rwanda, and compared these with tional ones.
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Table 3. Analysis of protein and energy production for various crops inthe United 	 Table 5. Production cost (US$/ha) fo-

Statesi!. 	 potatoes, wheat, rice, and sweet potato
 

in Africa, Latin America and the Far
 
East 1977/ based on the assumption that
Energy inputs/ha Output per unit 


Crop Crop yield/ha for production fossil energy input production cost is0.9 farm-level price.
 

Total Protein Food Fossil Labor Protein Energy Area and Potato Wheat Rice Sweet
 
(t) 	 (kg) energy energy (manhours) (g/NJ) (GJ/GJ) (number of potato


SGJ...... countries)
 

Soybeans 1.9 640 31.8 22.2 15 28.7 1.4 Africa (10) 1,018 131 293 597
 
Brussel sprouts 12.3 604 23.0 35.6 60 16.7 0.6 Latin America
 
Potatoes 26.2 524 84.5 37.2 60 14.3 2.3 (7) 1,274 227 315 702
 
Corn 5.1 457 74.9 27.6 22 16.7 2.7 Far East (9) 1,830 192 312 652
 
Rice 5.8 380 87.9 64.9 30 4.8 1.4
 
Dry beans 1.4 325 20.9 18.8 15 16.7 1.1 / From unpublished estimates of FAO Basic
 
Oats 1.9 276 31.0 12.6 6 21.5 2.5 Data Unit.
 
Wheat 2.3 274 31.4 15.9 7 16.7 2.0
 

Y From Pimentel 1975.
 
Table 6. Production cost per kg dry
 
matter (US$) for potato, wheat, rice and
 sweet potato insome regions 1977 Al.i
 

Table 4. Energy budqet ingigajoules (GJ) for 
the potato crop inselected countries-U.
 

Developing Potato Wheat Rice Sweet 
Perul/ Philip- Rwanda U.S.A. Nether- market Potato 

pines 3/ 4/ lands economies 
Highland Coastal Africa 0.78 0.22 0.25 0.34 

High Tradi- Latin America 0.67 0.21 0.20 0.33
 
input tional Far East 0.86 0.16 0.17 0.30
 

Labor 1.02 0.95 0.43 1.24 1.35 0.14 U.08 Y Data from Table 5. 
Oxen 0.35 - 1.44 - - -
Seed 9.33 5.30 9.75 4.82 3.97 1.13 6.20 

(1)Sub-total 10.71 6.25 11.62 16.05 5.32 1.26 6.28 	 10-12. 'hese estimates indicate that, in
 
generpl, seed potatoes are the single most 

Tractor and Equip. 0.82 - - - 0.11 12.43 21.86 costfy production input. InSouth America 
Fertilizers: N 24.30 2.58 12.30 6.70 - 10.88 ane tropical Africa seed accounts for 

P 1.88 0.61 2.08 6.70 - 3.42 35.79 2r-40% of the direct production cost; in 
K 1.18 0.23 0.62 1.39 - 2.29 Asia 30-35%; and inCentral America around 

Pesticides 1.29 0.34 0.31 0.10 - 1.70 2.28 10%. Indevelc, ng countries, labor tends 
-- to be the second most important input in 

(2)Sub-total 29.48 3.76 15.31 14.89 0.11 30.73 59.93 	 the cost structure, accounting for 15-35%
 
of total production cost inmost cases; in
(3)Total input 40.19 10.01 26.93 30.95 ;.43 31.99 66.21 	 Kenya and Rwanda labor constitutes over
 

(4)Gross energy output 69.32 23.21 53.74 63.60 19.08 82.48 149.70 	 half the total production cost. Inputs of

industrial origin - equipment and fuel,

(5)Net energy output (4)-(3) 29.13 13.20 26.81 32.65 13.65 50.48 83.49 chemical fertilizers, and pesticides 
account for a very small proportion of the
Gross energv output per unit total production cost inthe African coun

non-renewablh energy (4)/(2) 2.35 6.17 3.51 4.27 173.45 2.68 2.50 tries studied (practically 0% in Rwanda
 
Gross energy ouvut per unit and 17% in Kenya) and between 20% and 40%
 

total energy iiout (4)/(3) 1.72 2.32 2.00 2.05 3.51 2.58 2.25 inthe Asian an Latin American countries.'
 
Yield (t/ha) 21.8 7.3 16.9 20.0 6.0 25.6 41.0
 

Inthe US and the Netherlands the struct1/From unpublished Insrnational Potato Center estimates; -/PCARR, 1979; /Durr, 1980; 	 ure of potato production costs differs
 

/Pimentel, 1974; ./Vai, der Zaag, 1978. 	 considerably from that of developing coun
tries. In these 2 cases, seed and labor
 
account for only 20 and 8% of the produc
tion cost, respectively, and inputs of
The capacity of the potato crop to yield a costs for sweet potatoes, rice, and wheat, industrial origin account for nearly 75%. 

large volume of energy per ha and per day expressed in kg dry matter or interms of 
isan asset where cropland isscarce. On energy, are considerably lower than pro- From the above, itcan be seen that power
the other hand, the dependence of high duction costs for potatoes. In the (labor and/or machinery), seed potatoes,
 
potato yields inmodern systems on energy Netherlands, in sharp contrast, average and fertilization form an important part
 
inputs derived from fossil fuels is a production costs of energy or protein from of the cost of potato production in all
 
liability of the crop. potatoes do not differ greatly from those world regions. Later inthis paper, when
 

costs: Comparable data frm for wheat. The production cost for wheat possibilities to reduce production costs

Production issimilar inthe Netherlands and inde- are discussed, we will concentrate on
 
many countries on production costs and veloping countries, while the production these three items.
 
returns for a range of crops have not been cost for potatoes istwice as high inde
published to date. We have estimated pro- veloping countries than in the Nether- While the structure of production cost
 
duction costs for potatoes, wheat, rice, lands.
 
and sweet potatoes, based on FAD estimates varies considerably between countries, the
 
of farm-level prices and ields (Tables 5 Indeveloping areas production costs often total cost for most countries is between
 
and 6). Table 7 summarizes production vary with altitude. In Kenya, for exam- USi,000 and UIS$2,000iha. This cost level
 
costs estimated by leaders of National ple, at high altitudes the cash expenses isconsiderably higher than that for other
 
Potato Programmes inmany developing coun- for maize and potatoes are about equal major foodcreos, such as rice, wheat, and
 
tries. Table 8 presents similar estimates while at mid-elevation maize is consi- sweet potatoes (Table 5). lhus, the po
from the Netherlands. derably cheaper than potatoes (Table 9). tato crop is jenerally a high-input and
 

high-output foodcrop inall world regions.

From all these data it can be concluded Estimated potato production costs for Both potato yields and production costs/ha

that in developing countries production several countries are presented inTables 	 are higher indeveloped countries than in
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Table 7. Production cost and consumer price of potatoes, wheat, and rice per ha and 

per unit energy and protein in developing countries!l. 


Crop Average Production cost in US$ per Ccrsumer price in US$ per
yield 6 6 
 kg

1978-80 ha 10 kJ

/ 1 kg 10 kW
6 

2 1k


(t/ha) energy protein energy protein
 

Potatoes 10.5 1524 7
47 97 15 

Wheat-bread 1.4 252 14 2 47 
 5 

Rice 2.1/-1 382 18 4 37 
 7 


1/ From Horton, 1983. 

2/ Potatoes US$ 0.30/kg 100 g - 310 kJ; protein 2% 


Bread US$ 0.43/kg 100 g = 907 kJ; protein 7.9% 

Wheat 100 g = 1297 kJ; protein 10% 

Rice US$ 0.52/kg 100 g = 1415 kJ; protein 7%. 


70% edible. 


Table 8. Production cost and consumer price of potatoes, wheat and sugar-beets per ha 

and per unit energy and protein in the Netherlands!-/. 


Average Farm cost in US$ per Consumer price?/ 

yield in US$ per

(t/ha) --


ha 10 kJ 1 kg 106 kJ 1 kg 

energy protein-/ energy protein 


Potatoes 45 2500 18 
 3 81 13 


Wheat-bread 
 6.5 
/ 

1400 17 2 116 13

Sugar-beets-sugar 50D 1900 14 51 
 -

1/ From Anonymous, 1981. 


Pre-packed potatooe US$ 0.25 per kg (strong fluctuations) 

brown bread US$ 1.05 per kg 


sugar US$ 0.85 per kg; 100 g = 1673 kJ.
 
4/
3/ Energy and protein for potatoes, wheat and bread see Table 7. 


N Sugar 8 t/ha. 


Table 9. Comparison of cash expenses and " s.'gyand protein production for maize and 
potatoes at two altitudes in Kenyal!. 

Crop Yield Vegetative Cash E!..,'gy-I Proteir / Cash expenses in 

(kg/ha) period expenses production production Kenyan shillings per


(days) (Ksh/ha) lay-i ha-i day-I ha-1 

(103 kJ) (kg) 106 kJ 1 kg 


energy protein 

- 2300 m 

700 

Maize 1350 150 1200 135 0.9 59 9 

Potatoes 7200 120 2800 158 1.0 148 23 


>2300 m 

Maize 900 300 1300 45 0.3 
 96 15 

Potatoes 11000 150 2900 193 1.2 16
100 


/ From unpublished data provided by J.K. Sirror; Van der Zaag, 1982a. 

2/ Potatoes 100 g = 310 kJ; 2% protein (85% edible), 


Maize 100 g = 1498 kJ; 9.5% protein. 


developing .ountries. But since the yield world regions, based on FAO data, is pre-
gap between these 2 groups of countries is sented in Table 13. A substantial part of 
greater than the percentige difference in the world crop - nearly one third - is 
production costs/ha, poito production used for fodder. Some Western European

costs per kg output are higher in develop- countries previously grew fodder potatoes

ing countries thdn in developed countries, on a large scale, but this crop is now 


dissapearing; at present, only Eastern 

Utilization European countries grow potatoes for stock


feed in large quantities. In Poland and 

Russia - the world's two largest potato

Utilization in general: Accurate esti-
 producing countries - nearly two-thirds 
mates of world potato utilization are not and one-half of the total crops is used 

available. A very rough estimation for for fodder, respectively. 


Potato production for starch aid alcohol
 
is of limited importance in the world.
 
Only in the Netherlands, where more than
one-third of the total crop 
is grown for
 
starch, are potatoes for starch production

really important. Other countries where
production for starch is of some import
ance are Poland, USSR, and Japan.
 

Human consumption: As is the case for
 
potato utilization in general, reliable
 
data on human consumption are not availa
ble. The only comparable international
 
estimates are published by the FAO. How
ever, research conducted by Poats in a

number of countries indicates that FAO 
statistics may significantly underestimate 
actual levels of potato consumption in de
veloping countries (Poats. 1982). There
fore, the reader is cautioned that our
consumption estimates, 
based on FAO fig
ures, should be considered as rough orders
 
of magnitude, and not precise statistics.
 
Eastern Europe has the highest per capita
 
potato consumption level of any world
 
region (Figure 5). With per capita con
luvtl of 166 ko lan haste highe
level of any country. In Western Europe
 
it appears that per capita potato consump
tion has stabilized at about 90 kg per
 
capita. In the LSA, where per capita

consumption is still considerably lower
 
than in Wustern Europe, it is increasing
 
gradually over time.
 

Annual potato consumption per capita ap
pears to be more or l.ss stable in Latin
 
America, while in other developing re
gions, especially Asia, per capita con
sumption is increasing (Figure 6). Per
 
capita potnto consumption in Latin America
and the Near East is about 20-25 kg; 
in
Africa and the Far East it is only about
 
6 kg.
 

farm-level
Farm-level and retail prices for potatoes,
and retail prices: Data on
 

wheat, and rice on a regional basis are
 
suwarized. This analysis indicates that
 
at both the farm and retail levels the
 
absolute price of potatoes is higher in
 
developing countries than in Western
 
Europe, while the prices of t aad and rice
 
are lower (Table 14). Tables 15 and 16
 
present estimates of consumer-level costs

of food nutrients provided by these foods,
 
based on retail prices published by the
 
ILO (1978) and food composition tables
 
published by the USDA (1975). Table 17
 
presents data from another source on rela
tive retail costs of energy and protein

derived from potatoes, wheat flour, and
 
rice in several countries. Assuming that
 
100% of each foodstuff is consumed, it is
 
concluded that on average in developing

countries energy and protein derived from
 
bread and rice coil considerably less than
 
energy and protein derived from potatoes.

(Inclusion of sLch factors 
as inedible
 
portion in our calculations would not
 
change the general conclusion).
 
Although in cnuntries with market econo

mies the consumer price of ware potatoes

at any given time is determined by momen
tary supply and demand conditions, the
 
average consumer price level over longer

periods is deterined by costs of or
duction, storage, and distribution. It
 
is often argued that retail potato prices
 
are high in developing countries because
 
of high marketing costs and profits.

Available data do not support this view.
 
Farmers receive a considerably higher pro
portion of the retail price in developing
 
countries than in developed countries
 
(Table 18). Moreover, data presented in
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/
Table 10. Cost structure for the potato crop in selected countries of South America! . Table 13. Utilization of the world potato
 
crop _/.
 

3 4/  
Peru!/ Ecuador-'I Colombial Chile Use Quantity (10 t) %
 
highlands highlands
 

Coast Highlands South Central Human
 
consumption 126 45
 

Stock feed 88 31
 
Stucr'.,e (%) Starch 6 2
 
-- u'- 17 16 37 34 15 24 Seed 39 14
 
Equipment 11 10 7 6 21 25
 
Seed 38 29 27 24 33 37 From International Potato Center, 1982.
 
Fertilizers
 

Chemical 12 14 19 22 31 12
 
Organic 8 14 - - - -


Pesticides 14 17 10 14 2
 
- - - - - - kg/head 

100 100 100 100 100 IO
Total 100 

170 	 Poland 

1,240 2,357 1,444 160-	 RomaniaTotal in 1980 US$ 1,653 1,591 1,496 	
150
 

18-25 24 15 140-Yield (t/ha) 18 10 -	 USSR 
130-	 D0 

1/Frm Iteratinal120-	 Hungary
 

From International Potato Center estimates; 2/Sols, 1978; !/Flores et al., 1979; 	 10o
 

10001979. *. UK
 

.. "... . .
 

_______ 0-*.~.* 	 Noth. 

70-

Table 11. Cost structure for the potato crop in selected countries of Asia. &,,A USA
 

! /  	 3/  

Bangladesh India? Korea Pakistani / PhilippinesJ/ o
 

30-	 Bulgary 

Stru t'!re ( ) 20 o 

Labor 20 18 38 18 16 10 
Equipment 15 6 3 6 2 67 ,69 t '2 73 -4 75 67. '7.... 

Seed 36 45 32 53 55 
Fertilizers 

Chemical 26 18 26 7 8 Figure 5. Annual consumption per head 
O-ganic - 9 - 13 9 in USA, Netherlands, Federal Republic 

Pesticides 1 4 1 3 10 of Germany and U.K. (Sources: USA 
- - - - - Thornton and Sieczka, 1980; Western 

Total 100 100 100 100 100 Europe - Produktschap voor Aardappelen; 
Eastern Europn - Dr. Kapsa). 

Total !J1980 US$ 2,589 - - 1,352 1,893 Table 19 indicate that while the marketing 
Yield it/ha) - - - 20 mars is lower, the production cost per 

unit eaIble energy is higher for potatoes 
in developing countries than in an indus

11
From Elias, 1980; 2/Menegay, 1975; NAnonymous, 1977; 4/Wustman and Mahforz, 1980; triali zed country (the Netherlands).
 
./PCARR, 1979. Hence, the high consumer price of potatoes


in the developing countries is due not to
 
high distribution costs, but to high pro
duction costs.
 

Table 12. Cost struciure for the potato crop in selected co,,tr!3s of Africa Central Price and income elasticities: It is 
America, USA and the Netherlands. often assumed that potato consumption is 

insensitive to changes in prices and in-
Keny1a Rwan2/ 3/ e]:4/ 5' 6/ come levels. To study the relationship 

Knyanda- %temala- Mexio-/ USA- Netherlands- btween potato prices, income and con
sumption, regression analysis was _pplied 

Structure (%) to estimates of potato consumption (FAO, 
Labor 54 52 10 18 8 16 1S0), incomes (L, 1978) and potato 
Equipment 6 - 5 14 39 24 prices (110, 1978) for 51 countries. 
Seed 21 38 53 47 19 21 Based )n previous work, (FAO, 1972; Quin-
Fertilizers tanilla, 1978; Amat y Leon and Curonisy, 

tht following functional form was
Chemical 4 - 17 16 23 11 1981) 

Organic 8 -- - - - postulated: C - alb pc (1)
 

Pesticides 7 - 15 5 11 8 where: C = per capita consumption (kg), 
Fixed costs - - - - 20 I hourly wage rate of bricklayer (US$), 

. ... ..- P - retail potato price (US$), a = con-
Total 100 100 100 100 100 100 	 stant term, b = income elasticity of 

demand, c - price elasticity of demand. 
Formula (1) can be rewritten in loga-

Total in 1980 US$ 637 306 1,453 1,079 1,777 2,500 rithmic form, allowing coefficients a, b, 
and c to be estimated using ordinary least 

Yield (t/ha) - 6 - - 38 40 squares (t values are given in paren
theses). 

-/From Durr and Lorenyl, 1980; -/Durr, 1980; -/Anonyious, 1975; YFerroni, 1981; log C - -0.205.+ 0.965 log I - 2.209 log P 
5-Grieg, 1975; §/Anonymous., 1981. 	 (8.62) (8.25)_____________________________________________________________(2) 
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27 	 Table 15. Averag cost (US$) O 
6k U Table 18. Farm price as percent of retail 

. -- - food _ergy from potato, breau and rice price in selected regions and countries
 
25 	 19771 

24 0 

22. 0 o23 a 	 Area and Pot.to Bread Rice Area and Far price22 (number of (number of as % of 
21 - countries) countries retail price 
20
 
19 

lB A"""	 

Developed economies Africa (10) 52 

17 	 USA 129 90 56 Latin America (6) 69
 
Western Europe (14) 87 103 79 Near East (2) 54
 

15 -	 Eastern Europe (4) 126 83 85 Far East (7) 61 
14 	 A 
13 	 Developing economies 2213 	 US,Netherlands 	 33 
12 	 Africa (20) 171 61 50 
11 
 Latin America (13) 129 77 40

10 From ILO, 1978; FAO, unpublished.
Near East (4) 142 34 61 Y_/ 

.
 Far East (9) 90 61 24
 

7 	 1/.	 6 ............. 2 Table 14.Tal 	 mr
6 	 . / For energy values see Te~le 7, and also 19 Podcin os, onTable 19. Production cost consumer
Tal 1 
 price, and marketing margin for 100 kJ
 ,_ _ __.._ _4 	 _ ediblT energy from potatoes, wheat and rrice 1/
 
3 

2 - Table 16. Average cost (US$) of 1 kg Locations Potatoes Wheat/ Sugar
proteDy from potato, bread and-J--,........... , 1977 	 rice anddcscost
. x_. 	 bread
ra 

'66'6769 '71172737776 yor70 '77 76 'o allocation
 

1) ^ - 25.7 - 0.13x Area 	and Potato Bread Rice Netherlandsr = 0.39 	 (number of
countries) 	 1. Consumer price(US$) 81 116 51 
2) ^ = 2.91 + 0.3084x - 0.0106x2 2. Farm cost (US$) 18 17 14
 

r = 0.88 
 Developed economies 	 3. Marketing margin
(1-2) 63 
 99 37 
3) y = 13.2 + 0.62x USA 20 10 11 3 as of 1 78
r 	0.94 85 72
Western (14) 14 12 16
Eastern EuropeEurope (i' 20 9 17
 
4) 9 = 3.68 + 0.0407x + 0.0105x2 Developing countries
 

r = 0.91 Developing economies 
 1. Consumer price 
Africa (20) 27 7 10 (US$) 97 47 37
 

Figure 6. Development of the annual con- Latin America (13) 20 
 9 8 2. Farm cost (US$) 47 14 18sumption per head in developing coin- Near East (4) 22 4 12 3. Marketing margin
tries with market economies in (1)Latin Far East (9) 
 24 7 5 (1-2) 50 33 19
America, (2) Africa, (3) Near East, Lnd 
 3 as % of 1 52 70 51(4) Far East (assumed that rate of con- 1 For protein values see Table 7 and also y From Tables 7 and 8.
 
sumption is production per head - 10% - Table 14.
 
1.5 tonnes for seed) (Based on the
 
nroduct*'on and population in 1978-1980,

FAD .'"duction Yearbook).
 

Table 17. 
 Relative Ietail prices of ware potatoes, wheat flour and rice in terms of
 
energy and protein-'.


Table 14. Average retail prices for po
tato, bread, and rice in different parts

of the world 1977 (US$/100 kg).!/. Coluntries Date Potatoes Wheat flour Rice
(city)
 

-
/

Production area Potato Bread Rice 	 Energy Pr Energy Protein 
and (number of 	 Congo 1977-79 100 32 26 
 15 20
countries) 
 India 1973-77 100 21 
 17 24 31
 

(8ombay-

Developed countries Calcutta)
 
USA 40 •82 79 Irak(Bagdad) 1973-76 100 15 12 41 54
 
Western Europe (14) 27 
 93 112 Israel 1975-78 100 21 17 40 52 
Eastern Europe (4) 39 75 120 Jamaica 1973-77 100 16 14 20 25
 

(Kingston)

Developing market economies 
 Jemen 1974-75 100 15 	 20
15 	 25

(Aden)

Africa (20) 
 53 55 71 	 Jordan 1974-77 100 13 13 36 46
 

Kenya 1976-78 100
Latin Amnertci (13) 	 40 70 56 
46 38 31 40
(Nairobi)


Near East (4) 	 44 31 87 Pakistan 1974-80 100 17 30
15 39
 
Far East (9) 28 55 34 (Lahore)
 

1
V 	 From ILO, 1978; United Nations, 1980; -/Data provided by Central Bureau voor Statistiek, the Netherlands. 
IMF, 1980. !/For energy and protein values see Table 7.
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Equation (2), which explained 75% of the tries, and potato has been mentioned as a these few examples we conclude that the
 
variation inper capita potato consumption potential energy crop. Is the potato a potato is not likely to be used for
 
among countries, indicates that potato promising crop for this use? To answer ethanol production as a source of energy
 
consunption is highly responsive to this question the following aspects are inthe foreseeable future.
 
changes in income and price. The esti- relevant: (1) cost of production and
 
mated income elasticity of 0.965 means processing of the biomass, (2)the energy Starch
 
that as incomes increase by 1% potato con- output/input ratio, and (3) energy or
 
sumption can be expected to increase by ethanol production per ha. At the Triennal Conference of the European 
about the same proportion; the estimated Association for Potato Research in 1975, 
price elasticity of -2.208 means that for At present in Western Europe fodder and Van der Zaag (1976) discussed the future 
each 1% decrease in potato prices, con- sugar beets can produce more ethanol per possibilities of potato production for 
sumption can be expected to increase by ha than potatoes (Dambroth and Bramm, starch. Comparing potatoes with maize, he 
about 2%. !(. should be noted that the 1980; Brand, 1979). Also the cost of pro- concluded that production of potatoes for 
absolute v"lues of L;,:se Elasticities are ducing the biomass insugar beets iscon- starch would be competitive with maize 
much grepter than those published for most siderably cheaper than inpotatoes (Table production only ifmaize prices were above 
developed countries, and those assumed to 20). In terms of both energy yield and D.fl. 30-35 per 100 kg. 
prevail inmost developing countries (FAO, production cost per unit energy, wood is 
1972; IFPRI, 1977). 	 much more promising than field crops. The calculation has been updated. Itis
 

Despite this, ethanol produced from wood now assumed that to produce 1 kg starch
 
expesiv other in (dry matter content 88%) about 5.5 kg po-
Future development and its limin 	 ispmore expensive thanthan sources tatoe aboute 1.5gmaz912~t othe 


factors the Netherlands. Only where wood ispro- tatoes (22d .M.) or about 1,55 kg maize
 

duced inland with no alternative crop use 	 presng ct o kg tat th
Ethanol as energy 	 the price of raw material
isthis source of energy production feasi- (disregarding 

and possible returns from by-products) is
 

Studies on biomass production as a source 	 ble at present, 

of energy have been made in many coun-anposbertnsfmbyrdus)i

in the USA have been D.fl. 0.25 higher than the processing cost
Extensive studies 

made comparing the energy output/input 	 of 1 kg maize starch. The total produc

tion cost of 1 kg starch isthen:
 
Cost of biomass production for ratio nr various crops. 	 Table 21, show-
Table 20. 	

ing the overall energy balance for produc- 5.50 y + (p+ 0.25) for potato starch
 energy for Dutch conditionsY. 

tion of ethanol from various biomass, is 	1.55 x + p for maize starch
 
the result of such a study (Krochta, where: y = price of potatoes per kg, x
 

Crop Energy Energy Net Cost per 1980). Inmost crops the overall energy price of maize per kg, p = processing cost
 
pro- used energy unit balance is negative or near break-even, per kg.
 
duc- for pro- biomass Only processes using crop residues have a Hence, for production of 1 kg starch of
 
tion pro- duc- energy clear positive balance. equal rnet from potatoes and maize:
 
(GJ/ha) duc- tion (guilders+ 0.25) 1.55x + p (3)
 

tion crop per GJ) A small positive balance can be obtti,ied y 0.28x (- 0.045
 
(GJ/ha) (GJ/ha) with potatoes if the output/input nerg0
 

ratio for crop production is 19.104 Based on the price relationship of equa-

Sugar- Btu/gal ethanol ((84 x 1,054 kJ) t (19 x tion (3), average yields for maize and 
beets 180 25 155 29.3 1,054 kJ)) that isa ratio of about 4.4. potato~s in the Netherlands (Table 22), 

Potatoes 141 55 86 52.0 That isan extremely high ratio. A quite gross margin calculations for
and revi.:z 

more normal ratio is 2.5 (Pimnytel, 1975; 	 these two crops (Appendices I and 3), the
 

Wheat 94 28 66 49.0 Van der Zaag, 1978; Brand, 1979). Waelti gross margins per ha at 5,7, and 8.5 t/ha
 

Wood for (1981) calculated a total output/input yield for maize and 30, 40 and 50 t/ha
 
energy energy ratio of 1.35 ifby-product of the yield for potatoes have been calculated
 
produc- ethanol production isnot dried. However, for a range of prices (Figure 7). From
 
tion 288 if 270 9.3 his calculation is based on a yield of Figure 7 it can be concluded that in 

124 tonnes per ha. Ifyield were reduced 	 starch production, even at a maize price

From Brand, 1979. 	 from 124 to 99 tonnes per ha the energy of D.fl. 0.70 per kg, a potato crop yield

_ balance would be near break-even. From 	 ing 40 t/ha can not compete with a maize 

crop yielding 7 t/ha. 

Table 21. Overall energy balance for production of fuel-grade anhydrous ethanol from In the Common Market, where the maize
 
various biomass -/. price isabout D.fl. 0.55 per kg, produc

tion of starch from potatoes is competi
tive with maize only if the potato price
 

Energy isbelow about D.fl. 0.11 per kg. But at
 
this low price potatoes are less profita-


Corn Sorghum Wheat Potatoes Sugar- Sugar- Molasses Resi- ble for farmers than maize. Hence, we
 
beets cane dues concluded that there is no reason to 

Inputs 1.000 Btu/gal. ethanol expect an increase in potato production 
for starch incountries where maize can be 

Crop production 33-65 38-76 29-64 19-69 21-41 11-31 33-65 0 imported at a world market price of below 
Feedstock D.fl. 0.70 (US$0.26) per kg. 

preparation 9 9 9 9 9 9 0 18-36 
Fermentation 0 0 0 0 0 0 0 02) 
Distillation 30 30 30 30 30 30 30 60 Table 22. Average and relative yield qf 
By-product potatoes, barley and maize 1978-1980 _, 

recovery
Miscelihneous 
Electricity 

30 
15 
10 

30 
15 
10 

37 
15 
10 

12 
15 
10 

39 
15 
10 

0 
15 
10 

0 
15 
10 

15 
30 
20 Potatoes Barley Maize 

Total 127-159 132-170 130-165 95-145 124-144 75-95 88-120 143-161 Average yield 

Outputs ort America 25.4 2.48 6.27 

Ethanol 
By-products 

84 
50 

84 
50 

84 
62 

84 
20 

84 
65 

84 
0 

84 
0 

84 
!931 

Vastern Europe 
Netherlands 

22.5 
37.6 

3.53 
4.80 

4.87 
6.80 

Total 134 134 146 104 149 84 84 252 Relative leld 

Outputs/inputs 0.8-1.1 0.8-1.0 0.9-1.1 0.7-1.1 1.0-1.2 0.9-1.1 0.7-0.9 1.6-1.8 potato=1001 
North America 100 10 25 

Y/ From Krchta, 1980. 
I/ Distillation of ethanol and pentose-conversion product. 

Western Europe 100 
Production Ya o 

16 
198 1 

22 

N Includes pentose-conversion and lig-'n products. FAO. Production Yearbook 1981. 
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gross margin 	 that 4 kg fresh potatoes are required to have been calculated based on the situa
guilders/ho 	 produce 1 kg dehydrated product. It is tion in the Netherlands (Appendices 1, 2
 
4000 
 also assumed that the relative food values and 3). Figures 8 and 9 show gross mar

-- potatoes .0e50 potatoes ofaremaize,0.80, barley,0.70 and 0.75,dehydrated toes for a range of prices, respecting themaize 85 per kg 	 and respec- gins per ha for maize, barley, and pota
3000 tively. Then for 1 kg of stock feed of price relationship of equation (4). With
 

7 equal cost and food value, the following yields of 40 t/ha for potatoes, 5 t/ha for
 
relationship must be hold: 
 barley, and 7 t/ha for maize, potatoes for2000 -- 4 4 x z (4) stock feed are competitive 'ith these 
"9" re T crops only at prices above D, 1. 0.60 per 

-- - - where: x = price of maize per kg, y = kg.
100 - - ...- price of fresh potatoes per kg, z = price

1ooo -. of barley. 

30 For a farm with good soil, where all three
 
0 crops grow well, the gross margins per ha )o
 

0

1000 	 Appendix 2 ,. 

Example of gross margin estimation for
 
barley (main operations on the crop done 0-340 4s 50 55 60 65 70maize 	 by contractor, based on Anonymous 1981).

67 8.1 95 10.9 12.3 137 15.1potatoes
guilders/100 kg _ .,___ 

Yield: 5000 kg at
Figure 7. Estimated relationship between D.fl. 0.30/kg D.fl. 1500.- .0000 
prices of maize and potatoes for starch straw 400.
production and the gross margins per ha 
 'V 4 .7 0 
at 5,7 and 8.5 tonnes yield of maize and D.fl. 1900.-",.
 
30, 40 and 50 tonnes yield for potatoes Figure 8. Estimated relationship between

(For price relation maize - potatoes see Material: Fi e 8. maed re to b n
 
text and for gross margin calculations seed D.fl. 125.- the gross margins per ha at 5,7 and
 
Appendices 1 and 3). 
 NPK 500.-	 8.5 tonnes yield for maize and 30, 40
 

pesticides 
 50.- and 50 tonnes yield for potatoes (For

Stock feed herbicides 50.- price relation maize-potatoes see text
 

D.fl. 725.- and for gross margin calculations
Van der Zaag (1976) also discussed pos-	 Insurance Appendices 1 and 3).

sible future use of potatoes for stock and interest 50.
feed. Comparing potatoes with maize and 
barley, he came to the conclusion that Contractor: . 
production of potatoes for stock feed had spraying D.fl. 100.-DO W 
a future only if the barley and maize harvest 350.
prices rise above D.fl. 45.- and 60.- per baling straw 150.-
100 kgs, respectively. Despite a recent drying 100.- - ' 
price increase in barley price to D.fl. 
50.- potato production for stock feed has D.fl. 700.-- 
almost disappeared in Western Europe. GrosI D.fl. 
Nevertheless, it persists in Eastern Gross 
European countries with centrally planned margin/ha D.fl. 425.- 0
 

economies. This may reflect a relative
 
production advantage for potatoes in this 
 -__
 
part of the world. 	 Appendix 3 
 -

Based on the situation in 1982 a revised 

comparison has been made. It is assumed 	 Example of gross margin estimation for 

000 

potatoes for stock feed and for starch ,O 1,0, a 1., .. wo 

Appendix 1 	 production (main operations on the cropdone by contractor, based on Anonymous, Figure 9. Estimated relationship bett:-.-a 
Example of gross margin estimation for 1981). prices of barley and feed potatoes and
maize (main operations on the crop done by the gross margins per ha at 4,5 and 	6
 
contractor, based on Anonymous, 1981). Yield: 40000 kg at tonnes yield for barley and 30, 40 and
 

D.fl. 0.0804/kg D.fl. 3216.- 50 tonnes yield for potatoes (For price
 
relationship barley-potatoes see text
 

Yield: 7000 kg at D.fl. 2100.- Material: and for gross margin calculations Ap
D.fl. 0.30/kg 	 seed D.fl. 700.- pendices 2 and 3).


NPK 850.-
Material: 	 fungicides 100.seed D.fl. 150.-
 herbicides 100.-

80.-	

*In the Common Market, where barley and
NPK 

maize prices are now about D.fl.
pesticides 50.-	 0.50 and
 

D.fl. 1750.- 0.55 per kg, respectively, potato producherbicides 50.-
 Insurance and interest 

herbicides 	 150.- tion for stock feed is not profitable. In
50.-countries 
 where barley, maize, and other
 

D.fl. 1050.- Contractor: stock feeds are cheaper than in the Common
 
Insurance and interest 50.- planting D.fl. 150.-
 Market (generlally the case on the world
 

spraying 200.- market), potato production for fodder is
 
Contractors: 	 harvest and transport even nor
900.-	 less profitable, is it expected


sowing D.fl. 150.- dehydration at to become so in the foreseeable future.
 
spraying 100.- D.fl. 4/100 kg- 1600.-
 No prediction can be made for countries 
harvest 400.-
 with centrlly planned economies. There

chopping straws 100.-
 D.fl. 2850.- are no indications that potato production

drying 
 400.- Dl.4/5. for stock feed will disappear in Eastern
 

0.fl. 1150.- Gross
margin/ha 	 Europe.
 
- D.fl. 1534.

D.fl. 2250.- Human consumption
Gross margin/ha - DTf7 1 0 1_/only for stock feed, Anon. 1980. Temperate zone: As already noted, it ap

pears that in industrialized countries
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with market economies per capita potato 

consumption has more or less stabilized, 

The gradual decline in consumption of 

fresh potatoes is offset by increased con-

sumption of processed potatoes. Assuming 

constant consumption per head, constant 

population, and about 1% annual yield in-

crease, the area under ware potatoes may 

be expected to decrease by about 1% per 

year in the coming years. That would mean 

that by the year 2,000, the area under 

ware potatoes may fall by about 20% in 

North America and Western Europe. 


For countries with centrally planned 

economies it is difficult to predict 

future production of ware potatoes, al-

though there seems to be no reason for 

expecting a drastic change, 


Tropical and sub-tropical zone: The po-

tential for increasing pc.tato consumption 

in the tropics has been olscussed at this 

conference by Poats (1982). In the pres-

ent paper only a few remarks will be made, 

relating to findings of Poats (1981; 

1982). 


In many developing countries a key reason 
for low potato consumption is the high 
price of ware potatoes relative to the 
prices of other available foodstuffs. 
According to Poats' typology the potato 
can be considered a sple food where per 
capita consumption -"T~ range
t-T of 

60-200 kg per year, a complementary vege-

table where consumption is 15-50 kg per 

year, and a luxury veetble where con-

sumption i, less than 10 g per year. 


We believe that the future of the potato 

crop in developing countries depends very 

much on the degree to which potato prices 

are reduced relative to other food prices, 

Given our findings on retail prices and 

consumption levels it seems reasonable to 

expect that as long as the potato price, 

expressed in food nutrients, remains 3 or 

more times the price of alternative food 

sources the potato will remain a luxury 

vegetable. This is presently the case in 

most lowlard tropical areas. Where the 

price ratio is around 2 the potato may 

become a complementary vegetable, as it is 

shortly after harvest in several lowland 

sites growing potatoes in short, cool 

winter seasons or being supplied with po-

tatoes grown in distant highland zones, 

And at price ratios below this level the 

potato may become a basic staple food. 

This is presently the case in the tem-

perate zone and in tropical highland 

zones, in the Andes, Central and Eastern 

Africa, and scattered throughout Asia. 


Discussion and preliminary conclusions 


Potato prices are lower in Europe than In 

other regions of the world. Yet the 

analysis of this section indicates that 


the potato is not the most economical crop 

for ethanol production in Europe. Fodder 

beets and wood are superior alternatives 

with present technology and prices. How-

ever, not even these crops are competitive 

with conventional sources of energy at the 

present time. It is therefore, not ex-

pected that a demand for potatoes will 

arise from this ethanol production, except 

for processing waste tubers not suitable 

for consumption or seed or perhaps in tropics and sub-tropics depends in large
 
years of large surplus. part on reduction of the retail potato 


price. Inthe present section we analyze 

Potatoes are not competitive with maize the possibilities of reducing the major 

for starch production at present world cost factors previously identified: seed, 

market prices. Additionally, starch pro- fertilization, and labor input. At the 

duction from potatoes may be more sensi- end we discuss briefly the possibilities 


tive to energy costs and costs required to 

prevent pollution than starch production 

from maize. It is, therefore, not likely
 
that use of potatoes for starch production 

will increase. On the contrary, this use 

will probably decrease unless maize prices 

increase substantially, 


The same applies for use of potatoes for
 
stock feed. Only at high world market 

prices for barley and maize would potato 

production for stock feed be profitable in
 
Western Europe. In most other parts of 

the world potatoes are an even more expen-

sive source of livestock feed. It seems 

likely that in the near future potato pro-

duction for stock feed will be restricted
 
to temperate zone countries with centrally 

planned economies. 


In Western Europe and North America annual 

per capita potato consumption has more or 

less stabilized. A small increase may be 

expected, if consumers are better informed 

about the nutritive value of potatoes and
 
if consumer requirements regarding quality 

and processed forms are met. Despite a 

small projected increase in consumption, 

the area cropped with ware potatoes will 

probably decrease as yields increase, 


In tropical and sub-tropical countries of 

Africa and Asia, per capita potato con
sumption is increasing rapidly. Is this 

trend likely to continue? Are there pos-

sibilities of accelerating this increase 

in consumption? And will it be possible 

to produce enough potatoes to fulfill 

the demand? As discussed by Poats and 

Castillo (1982) the rate of potato con-

sumpticn depends on several factors. One 

key factor is the retail price of the po-

tatoes relative to prices of other food-

stuffs. In low income countries we feel 

that the scope for increased potato con-

sumption is great, if potato prices can be 

reduced, 


The potato's high energy and protein pro
duction per day and per ha make this crop 

attractive to poor farmers with little 

cropland. Due to its short vegetative 

cycle, the potato crop can fit into inten-

sive rotations allowing small farmers to 

produce a large volume of highly nutri-

tious food for home consumption and for 

market in a short time on a small land
 
area. More potatoes could easily be pro-

duced in most developing countries with 

present technology and production 

capacity. But at what price? Needed is 

low-cost technology which allows farmers 

to produce more potatoes at a lower unit 

cost. We believe that the future of the 

potato crop in the tropics and sub-tropics 

will depend very much on the extent to 


which the price of ware potatoes can be 

reduced in relation to prices of other 

foodstuffs. If prices are reduced, con-

sumption of ware potatoes will be greatly 


stimulated. This is important both for 

improving human nutrition and the welfare 

of small farmers. 


Potential contribution of research to po-

tato production and consumption in the 

tropics and sub-tropics 


Inthe foregoing section we conclude that 

the future of the potato crop in the 


of reducing production costs of other food
 
crops, and draw some conclusions.
 

In principle, the cost per unit tuber
 
weight can be reduced in two ways: by
 
reducing production cost per ha while
 
maintaining yield, and by increasing yield
 
while maintaining production cost per ha.
 

Possibilities to Reduce Production Cost
 
per Ha
 

From data presented in the foregoing sec
tion it can be concluded that in most de
veloping countries the major cost factors
 
are seed, fertilization, and labour.
 

Tuber seed: Three means of reducing seed
 
costs per ha are (a) breeding varieties
 
resistant to tuber-borne diseases, (b)
 
setting up seed tuber multiplication pro
grams which are adapted to local condi
tions, and (c) making use of true potato
 
seed.
 

Breeding resistance to PLRV, PVY, and
 
Pseudomonas solanacearum is important.
 
Results obtained with breeding for re
sistance to tuber-borne diseases and
 
viruses are promising, and by the year
 
2,000 resistant varieties may be available
 
on a large scale.
 

Not many developing countries have good
 
seed multiplication programmes. It seems
 
to be much easier to produce a small quan
tity of high quality seed than to dis
tribute to farmers a large quantity of
 
seed of reasonable quality. We feel that
 
too much emphasis has been placed on pro
duction of basic seed and not enough on
 
simple multiplication of this basic seed
 
and delivery of reasonably good seed to
 
ware growers. Also, too many seed pro
gramms are a copy of the programmes of
 
industrialized countries, which are not
 
adapted to developing country conditions
 
(Monares, 1981a).
 

A general study of both technical and
 
socioeconomic aspects of seed programmes
 
in developing countries is needed. Such a
 
study should start from the needs to ware
 
growers and the d'Iand for improved seed
 
rather than from tne technical aspects of
 
producing basic seed, as in usually done.
 

Even if a good programme is established
 
and ware growers can purchase good seed at
 
a reasonable price, seed will remain an
 
important cost factor. The following
 
exLmple illustrates this point: if the
 
yield is 20 t/ha and the ware price is
 
represented by the symbol p, total re
venue/ha can be represented as 20 p. If
 
net revenue is 10% of total revenue, then
 
total cost is 0.9 x 20 p. If the cost of
 
seed, including storage costs and losses,
 
is twice the price of ware potatoes and
 
the seed rate is 1.5 t/ha, seed cost can
 
be expressed as 1s5 x 2 p. From this it
 
follows that the share of seed cost in the
 
total production cost is:
 

1.5 x 2p 3P= 17%
 
0.9 x 7 18 p 
Given realistic technical coefficients and 
price relationships, it can be concluded 
that it will be difficult to reduce the 
proportion of tuber seed intotal produc
tion cost below this level.
 

True potato seed: Use of true potato seed
 
(TPS) offers perhaps the qreatest poten
tial for reducing potato production costs
 
per ha, where healthy seed is extremely
 
costly. As discussed by Sadik (1982) and
 
Monares et al. (1982), TPS can be used to
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produce either ware potatoes or seed po-

tatoes. 


Use of iPS for ware production offers sev-

eral potential advantages over vse of con-

ventional tuber seed, as indiscussed by

Sadik (1982). In this sectien we will 

restrict ourselves to a discussion of the 

possibility that use of TPS will reduce 

production cost per ha while maintaining

yield, or will reduce production cost by 

more than enough to compensate for the 

reduction inyield. 


To evaluate possible use of TPS for pro-

duction of ware potatoes, we compare 

transplanted seedlings with available seed 

tubers. Where seed tubers are healthy and 

in good physiological conditions and the 

crop from these seed tubers makes full use 

of the available growing season, trans-

planted seedlings from TPS are likely to 

yield less than a crop from healthy seed 

tuber (usually about 3 weeks less tuber 

growth). Assuming that the tuber seed 

rate is1.5 t/ha and that TPS results ina 

yield reduction of 4 t/ha, use of TPS will 

be profitable for farmers ifhealthy tuber 

seed costs about 3 or more times the price 

of ware potatoes. (This assumes that TPS 

is cheap and that other production costs 

are the same for both systems), 


This example shows that ifseed tubers are 

very costly, use of TPS for ware potato 

production can result in a reduction in 

production cost per ha which ismore than 

proportional t the reduction in yield.

Incases where available seed tubers are 

infected with viruses or are in poor

physiological condition, use of TPS might 

even reduce production cost without re-

ducing yield. 


TPS can also be used in a seed production 

programme. Inregions where healthy seed 

isvery expensive, or unavailable, produc-

tion of seed tubers from TPS may be a 

promising means of reducing production 

cost both per ha and per kg ware potatoes

produced. While such seed may be expected 

to be less expensive than conventional

seed, inmarket economies its price should 

not be expected to fall below the price of 

small ware potatoes at harvest time. The 

Peoples' Republic of China now uses TPS 

for producing seed tubers for several 

thousand ha of potatoes. CIP isnow de-

veloping a prototype seed production 

system in which a large number of small 

seed tubers can be produced from TPS on 

small, protected plots in the off-season 

(Wiersema, 1982). More information on the 

Chinese experience and on the economics of 

alternative seed systems would be useful 

for guiding future research and devel-

opment of TPS technology for developing 

country conditions, 


Fertilization: Production of high, sus-

tained potato yields require a high rate 

of nutrient supply. Furthermore, the po-

tato crop is sensitive to the balance of 

N, P, and K supply. Holm (1981) found 

considerable differences between potato 

clones in nutrient-use efficiency; they

differed inyield under low soil nitrogen

levels, yield response to applied nitro-

gen, and nitrogen recovery by tubers. He 

believes that it is possible to develop

varieties which utilize available mineral 

nutrients more efficiently. He did not 

mention which selection method should be 

applied. Itmay be more difficult to de- 

velop efficient and reliable selection 

methods than to develop such varieties. 

However, we feel that research which makes 


it possible to breed for nutrient-use ef-

ficient would be useful inthe long run 


Some varieties are very sensitive to op-

timal rates of N, P, or K, responding

strongly if the rates are slightly below 

or about optimal levels. Other varieties 

are not so sensitive, having a much wider
 
-ange of optimal rate. Developing country
 
growers who do not have a means of pre
cisely determining optimal rates of NPK 

could greatly benefit from varieties with 

a wide range of optimal fertilizers rate. 

Use of such varieties could help reduce
 
the cost of fertilizer per ha while in- Coun- Growing Actual Poten- %tual:

creasing yield. 


Labour and mechanization: At present, 

temperate-zone mechanized farms use only 

one-sixth to one-tenth the labour they

needed for potato production a few decades 

ago. One ha ware potatoes can now be pro-

duced and stored with only about 20-30 

manhours inthe Netherlands. Inmost de-

veloping countries the potato is still a 

labour intensive crop; one ha potatoes 

often requires over 200 manhours. This 

intensive use of labour need not be a dis-

advantage. On the contrary, in labour 

surplus areas it can be viewed as an 

advantage (Swaminathan, 1978). Yields can 

sometimes be increased through partial 

mechanization of such operations as 

ploughing, seed bed preparation, and 

planting. Inmost cases, however, mechan-

ization has little or no production ad
vantage over careful handwork (Hayami and
 
Ruttan, 1971). Hence, before advocating

mechanization of potato cultivation in a 

region or country, all aspects should be 

considered carefully. Only incases where 

there is a shortage or high cost of la-

bour, will mechanization reduce production 

costs, 


Possibilities to reduce the cost of 

production per kg output 


Actual and potential yields: Average 


Ratio of actual ield: Technlocal 
- en eve 

> 0.4 
0.3-0.4 
0.2-0.3 

high 
good
low 

<0.2 very low 

Table 23. Actual and potential yield of
 
potatoes inselected countries and grow
ing seasons.
 

yield does not always give a reliable in- issomewhat higher than the average yield

dication of the technological level of 

potato production ina particular region,

The ratio of actual to attainable yields 

reflect this much better. Actual ,ield is 

here defined as the average yeld of all 

potato crops in the region taking advan-

tage of the whole growing period,

Attainable yield iswhat the actual yield 

in a region would be if all growers ap-

plied the best available growing tech-

niques which were economically justifiable

under their farming conditions. Since it 

is difficult to estimate this for large 

areas, we introduce the concept potential 

ield, which isthe yield from a crop tfat 


makeS full use of the whole vegetative

period and where daily tuber production 

has been optimal toptimal water and mi-

neral supply, optimal size of foliage, and 

no diseases or pests). The determinants 

of potential yield are temperature, solar 

radiation, and length of vegetative pe-

riod. Discussion of these concepts and 

estimates of potential yield for potato 

crops are found in Van der Zaag (1977) 

Van der Zaag and Burton (1978), and Van 

der Zaag and Wustman (1980). 


Table 23 presents actual and potential

yields in a number of countries. The 

reader is cautioned to realize that both 

the calculated potential yield and the 

estimated actual yield (done by special-

ists in the countries concerned) are no 

more than crude approximations of reality.

The technological level of potato produc-

tion can be classified as follows: 


try saon ylt al pten
try season yield tial poten

(t/ha) yield tial
 
(t/ha) yield
 

Washing
ton
 
(USA) 21/3 - 15/10 65 135 0.48
 

Nether
lands 1/4 - 1/10 45 100 0.45 

Egypt 1/1 - 1/5 20 55 0.36 
1/9 - 1/1 15 50 0.30 

Alge
ria 1/12 - 1/4 15 45 0.33 

15/3 - 1/7 12 65 0.18 
1/8 - 1/12 8 55 0.15 

Tunisia 15/2 - 1/6 15 65 0.23 
Morocco 15/1 - 1/5 15 

60 0.25
 
Pakistan 15/1 - 1/5 15 45 0.33
 

According to this rather arbitrary clas
sification, the technological level of
 
potato production is good in countries
 
such as Egypt and Pakistan an also inthe
 
Algerian early potato crop (primeurs) de
spite the fact that their actual yields
 
are low in relation to those obtained in
 
Washington State (SUA), and inthe Nether
lands. Inmany tropical and sub-tropical
 
countries the actual yield is often 10
 
t/ha or less. Although the actual yield
 

in a region or country, itmay be supposed
 
that inmost of these countries the ratio
 
actual: potential yield isusually below
 
0.3 and often even below 0.2. In this
 
respect it is as well to realize that in
 
several parts of Europe this ratio isalso
 
about 0.3 and sometimes even lower. From
 
this point of view the technological level
 
inseveral tropical and sub-tropical coun
tries isnot as poor as often assumed.
 

Nevertheless, inmany developing areas it
 
may be possible to double yields through
 
correct application of good production
 
techniques and existing varieties. A
 
doubling of yields inall developing coun
tries would result inan average yield of
 
about 20 t/ha. Based on the data inTable
 
23, and considering the short growing pe
riod in many tropical and sub-tropical
 
areas, it may be assumed that the average

potential yield for developing countries

is 50-60 t/ha. Hence, if actual yield

reach 20 t/ha the ratio of actual to po
tential yield would be about 0.3 - similar
 
to the ratio now existing in Western
 
Europe.
 
The rapid increase in potato yields in
 
Latin America and Asia over the last 15
 
years indicates that progress can be made,
 
through application of technology. The
 
question is how this process can be ac
celerated. CIP could follow 2 complemen
tary strategies:
 

Working ina few countries inclose col
laboration with local authorities, to
 
identify and resolve yield constraints
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using existing production principles. In of TPS for ware production or to produce 
addition to improving productivity in a Table 24. Economically justifiable healthy seed potatoes may reduce the ex
short time such activity gives valuable break-even point between the price of tremely high production cost per kg potato
information about yield constraints and seed virtually free of virus compared produced. On the other hand, use of TPS 
factors limiting use of new technologies with farmers' own seed saved from the may no increase yields or be profitable in 
by farmers, ware crop 1/2/. areas where good seed isalready available 

Breeding varieties which are less sensi- at reasonable price.
 
tive to unfavourable growing conditions
 
and make new knowledge available so that % virus Yield reduction when all plants Tolerances to drought, heat, frost, and
 
growers are less affected by unfavourable infection are infected with leafroll salt:
growing condition~s and by incorrectly ap- of farmers' virus or virus Y 
plied techniques. own save 50% 75% Drought. Compared to other crops the po

seed one two one two tato is very sensitive to water stress.
 

As seed quality isan important yield de- genera- genera- genera- genera- For optimal production, potatoes should be
 
termtntng factor, it will be discussed tion tions tion tions irrigated more frequently than other crops
 
before the other research priorities. such as wheat, cotton, and tomatoes (Van
 

Loon, 1981). It is generally accepted

Tuber seed: Possibilities of reducing 0-5 1x 1 X 1 x 1 x that in most potato producing countries 
seed cost per ha have been discussed. 25 2 x 4 x 3 x 6x water supply to the crop is one of the 
Reduction of seed cost is,of course, fa- 50 4 x 8 x 5 x 11 x major factors limiting yield. In regions 
vorable as long as itdoes not reduce seed 75 6 x 10 x 8 x 14 x where irrigation isneeded, the frequency, 
quality and yield below a critical level. 100 8 x 12 x 11 x 18 x quantity and intensity or irrigation re-
The relationship between seed price and 1/From Van der Zaag, 1982b. quires great care. Only inareas with a 
quality should always be kept inmind, To - high production level can these require
demonstrate the importance of this rela- I/ A seed price expressed as a multiple of ments be met. 
tionship an example is presented. Virus the ware price. Inall other respects 
disease isused as the "quality" variable, the purchased healthy seed is assumed In areas where the crop can not be ir
because more information is available on equivalent to the farmers' own saved rigated, the distribution patterns of 
yield reduction from virus diseases than seed. A yield of 25 t/ha and a seed rainfall is seldom optimal for crop pro
from changes inphysiological age or other rate of 1.8 t/ha are also assumed. If diiction. In such situations the import
quality aspects (except size grading). In the yield level from healthy seed is ance of a large amount of soil moisture is 
many cases physiological condition of the 15 t/ha the seed prices mentioned more important then where water can be 
seed is a more important quality factor of should be reduced by about 1/3. Ifthe regularly supplied by irrigation. 
tuber seed than level of virus infection, seed rate is 1.2 t/ha the seed prices 

mentioned should be increased by about Three aspects of breeding for tolerance to
 
Yield reduction caused by leafroll virus 1/3. drought should be considered: (a) the
 
and virus Y can be calculated by means of 3/ One generation - the health standard of transpiration coefficient, (b)effect of
 
a formula (Reestman, 1970). Using another the progeny of the seed has not been short stress period on yield and quality,
 
formula the price relationship between incorporated. and (c) survival of plants after long
 
seed with different levels of infection 4/ stress periods.
 
can be calculated. Using these two for- - Two generations - the health standard 
mulae we estimate the level of price above of the progeny of the seed has been Incountries where water isscarce, varie
which itismore profitable for the farmer incorporated for the following genera- ties which produce more tuber dry matter
 
to purchase healthy seed nan to plant his tion. with the same amount of water are needed.
 
own degenerated seed, 100% infected with Indifferent experiments Bodlaender (1982)
 
PLRV, PVY, and showing strong reduction of found a considerable difference in water
 
foliage growth. This is called the (from 20% to 40%) but decrease the cost of use per unit dry matter produced between
 
break-even point (Table 24). For details producing potatoes (from 0.9 p/t to 0.5 the drought sensitive variety Saturna and
 
of the method of calculation the reader is p/t). Inthis example, the producer using the less sensitive variety Bintje. This
 
referred to Van der Zaag (1982b). healthy seed could sell his ware crop at a finding indicates that differences in
 

price 40% lower than the original price of transpiration coefficient between varie-

Inmany regions seed isheavily infected the grower using degenerated seed and ties exists. Dwell et al. (1981) con
with viruses. Where almost all plants are still have 2.5 times more profit per ha. cluded that plants oTai-varety Russet
 
infected with PLRV or PVY the break-even Burbank may have excessive stomatal water
 
point of healthy seed isabout 10 x price True seed: The potential contribution of loss, and that stomatal conductance could
 
of ware potatoes. To obtain a good view TPS to reducing production cost per ha has perhaps be reduced under field conditions
 
of the effect of healthy seed of reason- been discussed. The present section ex- without reducing photosynthesis.
 
able price on yield and production cost plores the potential to reduce production
 
per unit the following example isgiven, costs per kg output, by means of a yield Most important for developing countries 
Inthis example the following assumptions increase. Such a yield i,,crease may be are varieties which can easily stand short 
are made about the oriinal situation: expected where the heal'.h standard of period of water stress. In areas with 
yield 10 t/ha, seed rate = 1.8 ta,net available seed tubers ispoor or the seed sophisticated irrigation systems, varie
return = 10% gross return, and the price tubers are not in the correct physiolog- ties are preferred which do not reduce the 
of both ware potatoes and common seed = ical stage, rate of photosynthesis immediately when 
p/t. Given these assumptions, the pro- some stress occurs. The variety Dsire 
portional cost of common seed inthe orig- Inregions where seed tubers are severely is such an "optimistic" variety (Levi, 
inal production cost/ha is (1.8 x p) / infected with PLRV, PVY, fungi or bacteria 1982). However, in most areas with 
(0.9 x 10 p) = 20%. The original cost er and the crop from TPS ca,, be kept free rainfed potatoes, more "pessimistic" va
ton of ware potatoes produces Is(9 p / from early infections, the yield of a crop rieties are preferred - varieties which 
(10 t)= 0.9 p/t. from TPS may be considerably higher than close their stomata soon after some stress 

the yield of a crop grown from heavily occurs (e.g., variety Up-to-Date). Al-
Inthe new situation as a result of using infected seed tubers. Insuch cases, use though production is reduced during such 
healthy seed, it is assumed that yield = of TPS directly for ware potato production stress periods, production isoptimal when 
25 t/ha, and the price of healthy seed = 3 might considerably reduce the high produc- water is again available. For most de
p/t. All other factors are assumed to tion cost per kg tubers produced. veloping country conditions "pessimistic" 
remain the same. Hence, the proportion of varieties have advatitages over "optimis
healthy seed inthe new production cost/ha In areas where seed tubers produced from tic" ones. In areas with very uneven 
ismuch higher than inthe original situa- TPS can be kept reasonably healthy, use of rainfall distributions very "pessimistic" 
tion is (1.8 x 3 p) / (0.9 x 10 p + 1.8 x these seed tubers may be more economical plants are needed, as they can survive 
2 p) = 43%. And the new cost of ware than using TPS directly for ware potato long stress periods. Van der Wal (1982) 
potatoes produced is (12.6 p) / (25 t) = production. In such cases, TPS can play found considerable varietal differences in 
0.5 p/t. an important role in a seed potato pro- potential of recovery after severe stress
 

gramme reducing production cost per kg periods under glasshouse concitions.
 
This example illustrates how use of tubers produced.
 
healthy seed costing 3 times as much as Heat. High temperature can have a
 
degenerated seed can increase the propor- We conclude that inareas with extremely strong effect on production via (1)change
 
tion of seed cost intotal production cost low yields caused by very poor seed, use in the distribution pattern of the
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assimilates over the various parts of the 

plants and (2) reduced photosynthesis and 

increased respiration. In many tropical 

or sub-tropical countries potatoes are 

grown in cool seasons (spring or autumn). 

In such cases, temperature is high at the 

beg'nning or end of the vegetative period. 

Heal. tolerance varieties may show a more 

rapid start at the beginning or a less 

rediction in tuber growth at the end. 

This, in combination with a longer vegeta-

tive period, could mean a considerable 


in yield. 


Frost. In several sub-tropical

(ountries, or at high altitudes in the

tropics, frost may shorten the vegetative 

Feriod. Frost tolerance would incrase 

3ield potential in such countries. Work 

cone at CIP in this respect is promising 

and should be continued, 


Salt. In most countries irrigation 

whter and soils are not salty. There are, 

howiver, countries where salt is a prob-

lem, and as the potato plant is very sen-

sitive to salt, potato production cannot 

develop very well under such conditions, 

Little !nformation is available on va-

rietal reaction to salt. Although this 

problem is of only regional importance, 

research on tolerance to salt should be 

stimulated, 


Resistance to diseases and pests: Breed-

ing for resistance to important diseases 

and pests has received so much attention 

from the beginning at CIP that possibili- 

ties of breeding varieties will not be 

discussed here. Therefore, we will con-

fine ourselves to the remark that by the 

year 2,000 varieties with reasonable re-

sistance to the most important virus 

diseases, late blight, and Pseudomonas 

solanacearum can be available.7This 1s 

extremely important for reducing produc-

tion cost, both per ha and per kg output, 


Regulation of crop growth: The effect of 

growth regulators on haulm growth and tu-

ber production is a difficult topic, but 

needs to be mentioned in our discussion of 

research for the potato in the year 2,000. 


Day length and day and night temperature 

can strongly affect the balance of haulm
 
and tuber yield, especially in tropical
 
and sub-tropical countries, where length 

of the vegetative period is often restric
ted by these factors. Breeding varieties 

that are neutral or tolerant to these
 
factors is important. 


What are the possibilities of manipulating
 
the crop with growth regulators?. After
 
the optimistic views some decades ago 

about use of growth regulators in the po
tato crop, several physiologists are now 

pessimistic. The effect of growth re
gulators on plant development at different
 
day and night temperatures is shown in 

Figure 10. It is suggested that both
 
haulm growth and tuber initiation are in
fluenced by a common hormonal control, and 

that temperature exerts its influence by 
altering the balance between the levels of
 
endogenous gibberlins and inhibitors 

(Menzel, 1980). It is still not possible
 
to successfully apply growth regulators in
 
the potato crop on a large scale. At this 

moment farmers have only the tools of ni-
trogen application and irrigation to re-
gulate, to some extent, the balance of 
haulm and tuber growth. Better tools 
would be of a great help for them to 
bridge the gap between the actual and po-
tential yield. In the future, physiolog-


ists need to develop better methods for should be stimulated. In many areas tu
potato growers, especially in the tropics bers must be stored in periods when 
and sub-tropics, to regulate crop growth, maximum and minimum temperatures are above 

300 and 200C, respectively. With existing 
.varieties, refrigerated stores are needed 

0 for such conditions. More work should be 
i done to develop cheaper stores for these 

. areas, using local material and simple 
- - I_, .. cooling units. 

I
 
It is also important to breed var;ts


I A i A ) A . A 8 which can be stored well at high tcmrtra
-icrease tures. More information is needed o,'the 

Figure 
0. Effect of growth regulators on 
mean dry weight of leaves, stems and 

tubers (Menzel, 1980).
 

Possibilities of reducing storage costs 

for ware potatoes 


In many developing countries facilities 

for storing ware potatoes for a reasonable 

long time are inadequate. Prices fall 

sharply at harvest time and rise again in 

perioas of scarcity. Figure 11 shows this 

typical seasonal pattern for the wholesale 

market in Nairobi. In other areas, e.g., 

parts of China and Bangladesh, potato pri-

ces rise steeply and then, when supplies 

are exhausted, they are unavailable on the
 
market for several months each year. For 

this reason, increases in potato consump
tion in developing countries depends both 

on reduction of prices to consumers and on 

making potatoes available to consumers 

year around. If production costs are re-

duced and potato production expands, lim-

ited storage capacity, losses and high 

storage costs may still limit potato 

availability and consumption. Therefore, 

it is essential that techniques be de
 
veloped and introduced to store ware 

potatoes as effectively and cheaply as 

possible. Simple scores in which ware 

potatoes could be kept well for 20 weeks 

could help dampen price fluctuations con-

siderably. 


Promising work has been done by CIP and 

others to develop simple potato stores, 

especially for higher altitudes. Local 

testing, adaptation, and introduction of 

these systems into the various countries 
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various aspects of keeping quality and its
 
improvement through breeding. 
 Finally,

development of simple techniques to transform tubers into more easily stored
 
products may be important for future ex
 
pansion of the crop. Possibilities of
 
developing such techniques are discussed
 
by Burton and Booth (1982).
 

Given the important effect of seed quality
 
on yields and the difficult conditions for
 
tuber seed storage in many developing
 
countries, particular attention needs to
 
be given to improving seed storage tech
nology. CIP work in this area shows how
 
known principles can be effectively used
 
to improve seed storage (Rhoades and
 
Booth, 1982).
 

Discussion and conclusions
 

Future expansion of the potato crop in the
 
tropics and sub-tropics depends in large
 
part on reducing the price of ware pota
toes, which, in turn depends largely on
 
reducing production cost per kg output.
 
Before drawing the conclusion from this
 
discussion two additional aspects will be
 
mentioned.
 

As many authorities have noted, many de
veloping countries have little additional
 
land to bring under cultivation. Hence,
 
as population expands and man/land ratios
 
increase, productivity of land now under
 
cultivation must be increased. Crops that
 
produce much energy and protein per unit
 
time and area, such as the potato, will
 
become increasingly attractive. Although
 
we emphasize in this paper the importance
 
of reducing production costs we should not
 
forget that this should not be at the ex

,Harvest 2m 3m 4m 5m. LHorvest 2m 3m 4m 5m, 

60
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Figure 11. Average constant weekly wholesale prices for red potatoes in Wakulina
 
market, Nairobi 1973-77 (two-week-moving-average) (Source: Ministry of Agriculture
 
in Kenya, published by Durr and Lorenzl, 1980).
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GROWING POTATOES FROM TPS. Emergenre normally occurs between 8 and 10 (Origin of parental material: Atzinta-
CURRENT AGRONOMIC KNOWLEDGE AND days after sowing. Th'is is influenced Mexico; DTO-28 and DTO-33 - University of 
FUTURE PROSPECTS. mainly by the progeny itielf and the soil Wisconsin; LT-I, LT-2 and R-128.6 - Inter

temperature. A week or 10 days after national Potato Center). All meet satis-
P.Accatino and P.Nalagamba emergence seedlings are thinned to approx- factory uniformity standards in terms of 

The International Potato Center, imately one every 3 centiteters. A seed- growth, earliness, maturity and tuber 
Apartado 5969, Lima, Peru. ling area of 3 x 5 centime~ers is suffi- characteristics, and adequate to high

cient to provide a good root olock for the 	 yielding ability. However, these proge
seedlings at the time of transplanting. 	 nies do not have resistance to niaJor dis-


Commercial potato production traditionally 	 eases and pests that effect the potato.

has been based on using tubers for propa-	 Best results hove been "btained when seed- Seed of these 5 progenies is being

gatten. This practice, especially in de-	 ligs grown under shi.de were hardened by produced under disease-free conditions and
 
veloping countries, is a major limiting to i liht fo 7 to 10 sall amounts
factor in potato production beasesuay ere tdrnetng	 will be available for
 

n routinbecause ,udng 	 fromfato oat 	 of exjosucre trec r distribution. Scientists national
high cost and unavailability of good qual-	 .rograms needing any of these progenies

ity seed tubers for planting. Perishable 	 Transplanting is done when seedlings are for further work, should request the
seed tubers, as well as high cost plus about 10 centimeters high (4th to 5th leaf parental clones from CIP.
 

to storage and trans- stage). This stage isreached inabout 4

logistics related 

portation, are constraints of major impor-	 weeks after sowin n warm climates and u CIP scientists are evaluating TPS proge
tance in tropical potato production char- inggnweeksc i men nies under different environments in Peru
 
acterized by high temperature and rain-	 to 6 weeks incooler environments, and it is expected that superior material 
fall. 	 Best yield results inwarner climates are in terms of yield, resistance, earliness 

obtained from seedlings transplanted with 	 and uniformity will be available for
 
Center (CIP) has focused on the feasbil-
Research at the International Potato 	 a seed bed substrate block covering the distri'Lution inthe near future. 

use taton 

ity of usingo rue potato seed (TPS) as an tuber initiation at transplanting yielded ery to the field has several advantages
 
te (P si d he feasban- roots. Seedlings transplanted before Transplanting TPS seedlings from the nurs

alternative to the traditional seed tuber 	 significantly higher than those bearing over direct sowing of TPS: (1)Develop
utilized for the production of potatoes, 	 small tubers. ment innurseries permits careful manage-


Use of true seed to produce potatoes 	 n ment to produce vigorous seedlings for
 
offers see dvtage including:s 	Fertilizer is incorporated during la transplating; (2)Growing time in the
 
(1)Its cost islow. Itcan reduce total preparation with half of the nitrogen field isapproximately 30 to 40 days less
 
potato crop production cost by 50% to 70% being applied at the time and the second when seedlings are raised in a nursery;
 
Thus,ptus subsistn prevously As inthe and (3)Seedling transplanting isalready
subsistence farmestwho half during the last hilling.
farmers who previously nursery, phosphois Is critical 
in the used by small farmers in the tropics for
lacked a source of low-cost, high quality 	 early stages of establishing potato seed-
tuber seed, can use true seed to grow pota-ligintefld Ntrenashsa rice production "nd for many vegetable 
toes in their backyard gardens. (2)It 	 lings inthe field. Nitrogen also has a crops, thus facilitating adoption of TPS
can be stored and distributed easily and 
 very important role in enhancing vege- transplanting technology into their
 
more economically. (3)It carries fewer tative growth for higher production existing farming practices.

pathogens, especially viruses, from season potential.Research needs
 
to season. (4)It would make possible Under tropRcal conditions, it isOngreat
 
expansion of potato cultivation into importance to assure adequate plant densi-
 Research on potato production from true
farming areas previously unable to produce 	 ty for obtaining a fast and sufficient seed at CIP and elsewhere has been underpotatoes, due to lack of good quality seed 	 ground cover and a high production of tu- way for a short time. To improve our
 
tubers or into warm humid tropical areas bers. This is critical under conditions present technical knowledge, research in
 
where seed tubers could not be produced or of high temperature, moisture stress and several areas should be emphasized:

stored, attack by insects such as cutworm. The (1)Breeding, selection and evaluation of
 

minimum number of seedlings that should be 	 true seed progenies for high yield,
Agronomic research to develop technologies 	 considered to obtain the best yield is 3 resistance to important diseases and pest,

to produce potatoes form TPS has followed 	 to 4 seedlings either per hill or in 30 earliness, and tuber uniformity, and de
two approaches: (1)Transplanting TPS 	 centimeters of row space. No reduction in velop methods for hybrid seed production;

seedlings from the nursery to the field, 	 tuber size was observed with up to 5 seed- (2)Study those factors related to
 
(2)Direct sowing TPS to the field. Pota-	 lings per hill when compared with lower flowering, pollinatior, fertilization,

toes produced by either approach can be 	 densities, fruit set, and seed set, aiming at the
 
used for consumption or as seed tuber, or 	 production of high quality seed. This

both, depending on the specific needs and Current information indicates that hand knowledge will permit definition of
 
conditions of the farmers, weeding during the hilling process isthe suitable methods for seed production;
 

most satisfactory method of weed control. (3)Physiological and agronomic work to
TPS seedling production, tranrilantingand 	 Potato seedlings are extremely sensitive improve seedling vigor at the nursery and
 
management 	 to herbicides during the period following field level; (4)Agronomic practices to
 

transplanting. improve and reduce the cost of production
 
Agronomic research at CIP has concentrated 	 components, particularly identifying
from the beginning on development of nurs-	 proper soil mixes for nurseries, pre
ery and transplanting technology that uses 	 At the nursery stage, when seedlings are per solmx for nurser ,
 
low-cost, locally available materials and 	 grown inseed beds containing compost of venting stolon formation in the nursery,
 
as little laor as possible. TPS can be plant residues, soilborne pathogens may be identifying selective herbicides and iden
sowriintrays or .!rectly into seed beds present. Rhizoctonia, Fusarium and tifying methods for diseases and pest 
made in the ground in a shaded nursery Pythium arethe most serfous--pahogens control; and (5)On-farm research to 
where 75-80% of the sunlight is trans- causTing damage to seedlings. Application evaluate the anologer teptanc o 
mitted. Seedling emergence is faster and of chemicals that are absorbed by the economic value and farmr acceptance. 
more uniform and growth is more vigorous 	 roots, such as benomyl (Benlate), at the References
 
in shaded nurseries than when seedlings recommended rate has given good
 
are exposed directly to sunlight inwarm protection. Pests affecting seedlings in Accatino P., and P. Malagamba. 1982.
 
climates. The effect of shading ismost tie nursery are of certain importance in Potato ptiduction from true seed. In
pronounced when soil and air temperatures tropical climates. Distributing a contact ternational Prtato Center, Lima, Peru.
 
are higher than 25°C. The superior behav- insecticide in a powder form on the soil 20 pp.

ior of seedlings in a shaded nursery can around the nursery seed bed provides an International Potato Center. 1979. Pro
be attributed to the effect of reducing effective barrier for cutworms and ants. ducticii of potatoes from true seed.
 
soil and air temperatures. Report of a Planning Co;aference held at
 

TPS hybrids and open-pollinated progenies Manila, Philippines, September 13-15,

Excellent results were obtained when the 1979. International Potato Center,

seed bed mixture was I part shredded peat Hybrids are superior to open-pollindted Lima, Peru. 172 pp.
 
moss and 1 part sand plus inorganic ferti- progenies in yielding ability. Four Monares A. 1981. Socio-economic analysis

lizers. Several other formulations have hybrids and one open-pollinated progeny inthe generation of a new technology:

been investigated with good results, are the best, so far identified: Atzitmba True potato seed. Second Social Science
 
including a compost of bean plant residue x 0TO-28, LT-1 x DTO-33, LT-2 x DTO-33, Planning Conference, International Pota
and leaf litter from tropical forests. Atzimba x R-128.6, and DTO-33 op. to Center, Lim, Peru. 14 pp.
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THE POTATO, AS A SMALL FARMER'S CROP 


K.U. Ahmad 

Potato Research Centre, Bangladesh

Agricultural Research Institute, 

Joydebpur, Dacca. 


Summary 


Small farmer's problems 


Elias, et al., (1981) found the small 

farmers 1av-the least per ha yield of 

potato, ano the lowest benefit-cost ratio, 

Among the small farmer's constraints were
 
payment of high interest rates due to the 

inability to obtain i:istitutional credits,

inadequate inputs likr fertilizer, irriga-


farr business. We shall do yeomen ser
vice to the cause of the potato if con
straints experienced by small farmers are
 
taken care of adequately. These can be in
 
the following ways:
 

a.Making available all the credits that
 
are needed by the farer, through institu
tional means, so that he does not have to
 

tion and seed.
Recent advancement of potato production in

the developing parts of the world forms Seed cost, the lion share of the total

the basis of the potato for being treated cost 

as a small farmer's crop there. The small 
farmer's problems are, among others, in- Cost of quality potato seed used in the
adequate inputs like seed, fertilizer and 

irrigation, inability to receive insti-

tutional credits, not enough access to 

storage facilities, besides lack of or 

inadequate literacy. Governmental and 

institutional supports when arranged for 
them would make the small-farmer potato
production much more viable, leading to 
ultimate acceptance of the potato as a 
major crop inthe tropics. 


Introdurcion 


Even though the potato originated inthat 

part of the world which is yet to be 

termed as developed, it isknown, by and 

large, as a crop of the developed world 

where farmer's holdings are large. The 

potato has, therefore, been treated as 
rather a big farmer's crop. 


Recent trends of potato production 


However, during the last 30 years the tem-

perate or the developed regions of the 

world had only small increase in total 

production of potato, there being even a 

decrease inarea grown to this crop. Con-

trary to this, inthe developing regions,

the total potato production rose to 249 

percent, with rise inboth acreage and per

hectare yield by 55 and 60 percent respec-

tively. This is a clear indication that 

this crop has received inthe recent past 

a wide acceptance inthe developing world, 


Tropical potato vis-a-vis small farmer 


This signifies that the potato is now an 

important crop in the tropics where the 

greater part of the developing regions

belong. But these are the areas where the 

growth of population is genera ily very

high, the density of population isoften 

very thick, and the size of the holding is 

small. 


In Bangladesh, nearly any farmer is a 

small farmer. According to a Master 

Survey of Agriculturr in 1967-68 in 

Bangladesh, 52.65% farms of the country

had the size of less than 2.5 acres 

(1 hectare). The proportion of small 

farms has since increased because of the 

existing law of inheritance. 


At least two-thirds of the potato farmers 

havw less than one hectare, and hundv'eds 

of thiousands of them do not grow potatees 

even on one acre of land. 


Ther' are hundreJs of thousands of fami-

lies 0ho raise potatoes in their back-

yards or kitchen gardens, and they are 

even smaller than the small farmers. The 

production of potato in the tropics has 

been thriving rather through small farmers 

than the big ones. The Indonesians, the 

Philippinos, the Sri Lankans, many Indians
 
and almost all of the African potato grow-

ers are small farmers. InLatin American
 
Countries, also most potato farmers are 

presumably small ones. 


Meerut Govt. Farm, India constituted as 

much as 51.2 percent of the total cost of 

production (Sushil, et al., 
1977), and in credit, se d, irrigations fertilizers,
Bangladesh cost of 4taf-ity seed was 42.6 pesticides, and supervision.

percent (Ahmad and Kanal, 1980). c.The proportion of seed cost being so
 

high, techniques that reduce the cost of

Total cost of production of a hectare of seed would be of immense benefit to thepotato in the government farm of CPRI, small farmer. The recent technology to

Simla, was $ 768 with net profit of $ 838, use 'rue seed production of tubers when an output input ratio of 2.! for crop of adapted incommercial scales will fulfill
17.25 tons (Sushil, et al., 1977). In the need of the small farmer more thancontrast a farmer of -3mT- produced 9.94 
tons with the output-input ratio of 1.5. 
Low qual:ty seed inthe case of the latter 
was found to be the main reason of low 
yield and profit. Ahmad and Kamal (1980),
drawing a comparison among rice, wheat and 
potato, placed the production-costs of 
these crops at US$ 365, 255 and 822 re-
spectively per ha. The profits as esti-

mated by them were much higher inthe case 

of the potato, this being as much as 

US$ 485, against rice and wheat's $ 265
and 170 respectively. One can attain such 

profits only when one can spend so much. 


Reasons for small farmer's interest in
 
potato 


Potato being a labour-intensive crop, en-

ables farmers to engage themselves and 

members of their families in its produc-

tion. Often this self-employment is not 

included inthe cost of production figures

and their estimates based on other inputs 

only, make the .rop rather profitable,
Opportunities to raise early crops which 

pay high price per un't quantity of tuber,
ability to harvest the crop even long be-

fore its maturity, availability of so-

called indigenous varieties of potato

whose seed rates range between 1/3 and 1/2

of that used for exotic varieties, and
 
'Indigenous seed's good keeping quality'

have always been tempting enough for 

Bangladesh farmers to produce potatoes. 


Usefulness as an inter-cropping commodity 


InPatna, India, the net mean return from 

trials over 3 years, increased from Rupees

4210 to 6611 per hectare by inter-cropping

of wheat inpotato, the latter having been 

planted 30-40 days after potato (Singh et 

al., 1978). By conducting experiments at 


seven locations inBangladesh, Rahman and 

Razzaque (1978) obtained net incomes rang-

ing from Taka 4,998-10,089 per acre from 

sugarcane alone and Taka 5,758-13,q37 from 

the combination of sugarcane and potato,

planting sugarcane and potato on the same 

date around middle of November. The cane 

yield did not reduce; it rather increased 

because of potato, the Lane crop having,

presumably, been benefited from spill-over

effect of clean management attending the
 
potato crop.
 

Suggested supports to small farmers
 

It is probable that potatoes inthe trop
ics of the year 2000 A.D. will be a small
 

pay as interest more than what the big

farmer pays.

b.Since potatoes of the tropics are
 

grown more during the winter season which
 
is often dry, irrigation facilities should
 
be available institutionally, as far as
 
possible. In Kashimpur of Bangladesh,

performance has been excellent, because of
 

anything else.
 
d.In view of small farmers being com

pelled to sell their produce right after
 
harvest, sometimes even from the field,

because of non-availability of storage

facilities of even temporary nature, ar
rangements for co-operative ware houses in
the potato-growing areas will be of im
mense value.
 
e.The growth of cold storages and the
 

growth of potato production in India and
 
Bangladesh have increased in a parallel
manner inrecent past. The growth of cold
 
storage industries should be adequate dur
4-, the Eighties and Nineties.
 

Conclusion
 

Despite all kinds of constraints expe
rienced for the growing of potato inthe
 
tropics, it is mainly small farmers who
 
have brought potato production there where
 
it stands now. Itis they who will push

itfarther through the Eighties and Nine
ties. The more this fact isrealized and
accepted and the more the small farmers
 
are supported by governments and institutions, the better is the future of the
 
potato inthe developing world.
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TRANSFER OF POTATO TECHNOLOGY IN THE 

TROPICS 


K.U. Ahmad 

Potato Research Centre, Bangladesh 

Agricultural Research Institute, 

Joydebpur, Dacca. 


Summary 


The potato, he most important vegetable 
of the world, with great potentials for 

serving as a food in partial substitution 

of rice and wheat in the tropics, has yet 

to make a major break-through there for 
several reasons among which technology 

transfer is prominent. The patato has so 

many technologies for production, storage, 

utilization and marketing already availa-

ble, and await transfer to appropriate


There 


son may confront all the odds that are 
faced by an exotic new crop when intro-
duced to a new area. The potato may be 
only a vegetable like so many others and 
not a staple food crop like rice and 
4heat, thus not receiving the attention 
that is drawn by a staple food crop, a 
commodity of an Immediate and absolute 
need. 

Storage 


It is difficult to f4d facilities for 

storage of the tubers which happen to be 

harvested at a time when summer sets in,
 
and as the time passes the ambient ten-
perature goes on rising. The tropical
 
tubers can be given a cool environment 

only by the installation of refrigeration 

which undoubtedly is very expensive. 


people like farmers and consumers. Post-harvest technology
beproduction
exiss maycatansfr-mdi~iwhihexists many transfer-medi3 which can be 

used as a bridge between 'research' and 
farmers and consumers, but these are yet 
to be exploited to the fullest extent, and 

in some cases even to the barest extent. 
Attention in extension has been mainly for
 
promotion of food grains production, and 
potato happens to remain neglected. There 

is the question of changing the attitude 

and out-look in favour of potato. If 

various organizations concerned directly 

or indirectly with production, preserva-

tion and utilization, divert a part of 

their attention towards potato, transfer-

ring potato technology will be greatly im-

proved, 


Introduction 


It is well-known fact that potato, the 

most important vegetable of the world, 

which has the great potential for serving 
as a staple food or also in partial sub-
stitution of rice or wheat in the tropics 
has recently gained greater importance. 
This has been so despite not much activity 
f ,.the transfer of potato technology to 
those for whom technologies are meant, 
such as farmers and consumers. Unlike 
many other commodities, potato culture has 
many aspects including production, stor-
age, utilization and marketin- ghich are 
intricate and at times complicated. Tech-
nologies in each of these areas are al-

In some aieas of the tropics also these 
have been developed to a fi.r extent and 

these are waiting for transfer to the 

appropriate people, 


Basic inadequacies 


A tropical farmer is usually a small farm-
er. He isoften either illiterate or with 
a low literacy level. His knowledge about 
modern agriculture may be quite limited, 
Mechanization is either completely absent 
or is in a rudimentary ferm. 


For extending a crop, a technology or a 
knowledge of a crop area of possibly 200 
acres, an extension worker may need to 
come in contact with as many as 200 farm-
ers. Farmers of the tropics may be even 
inaccessible because of absence, inadequa-
cy. or inferiority of communication be-
cause of non-availability of transporta-
tion facilities. An extension worker may

find it difficult or impossible to reach 
them through literature such as books, 
booklets, pamphlets and leaflets, 


Status of potato 


The potato might be an absolutely new crop

in a region or country, and for that rea-

Potatoes in various processed forms ready 
for instant reconstitution or cooking into 

various types of food are a luxury for a 
tropical consumer. 

In order to understand the question of 
transfer of potato technology in the trop
ics, all these matters must be taken into 

account. It is heartening to find that, 

inspite of all these difficulties, the 

potato has made quite a bit of advance
ment. The main credit fur this must go to 

the potato itself, which produces maximum
 
amount of quality food in the form of 
calories, minerals, and vitamins per unit 

land area, time and water resource. 


Responsibilities of various organizations 


For the transfer of potato technology ade
quately in a country, itwill be needed to 
make concerted efforts involving various 
organizations that are directly or indi-
rectly concerned with potato production 
and preservation. The responsibilities of 

such organizations are outlined below: 


REsearch otlanization 


a. Find appropriate technology through 
resedrch. 


b. Train extension officers of leading 
potato areas. 
c.Prepare and publish potato litera-

re e apotato 

d. Develop linkage with other potato-

oriented agencies. 
e. Hold workshops and seminars on var-

ious aspects of potato, 

Extension organization
 

a. Groom extension officers to be able 
to deal with potato matters, 

b. Multiply and distribute potato liter-


ature. 

c.En:ourage consumption of potato 


through extension workers. 


Organization responsible for seed produc-
ton supply and service 

a. In addition to seed production in 
large scale, develop a realization among
seed farmers and their neighbours about 
the ultimate objective of seed production 
of table potatoes.

b. Arrange demonstration of the quality
of produced seed of different varieties, 
as promotional activity, 

Banks 


a.Make credit availability easy. 

b. Make concerned bank managers aware of 


the ir-'rtance of potato, 


Private associations, like cold storage
 
associations 

a. Develop a realization among their 
num4ers that potato starts long before 
they are brnught to the doorsteps of a 
cold storage, and they have a role to play
 
there too. No production means no stor
age.

b. Avoid some of the difficulties that
 

discourage the farmers.
 
c. Associate with research and extension
 

in the progransnes of transfer of technolo
gy.
 

The agriculture information service
 

a. Develop a special potato cell capable
 
of furnishing all information with regard
 
to the promotion of potato.
 

b. Multiply appropriate literature on

and utilization aspects of po

tato and distribute tkem to concerned per
sons throughout the country. 

BACTERIAL WILT OF POTATO IN BURUNDI
 

A. Autrique
 
Insitut des Sciences Agronomiques
 
du Burundi B.P. 795 Bujumbura.
 

Summary 

Most potatoes (10,000 hectares) are grown 
in Burundi at an altitude between 1800 and 
2300 m. The climate of this area is 
characterized by average temperatures of 
140 - 180C, a total annual rainfall of 
1600 mm and a dry season of 3 -'4 months. 

A programme for the improvenent of potato
 
cultivation was started two years ago in
 
Burundi. The first goal of this programme
 
was to provide farmers wih clean seed of 
potato cultivars with high yields and re
sistance to late blight. Research is also
 
taking place on an integrated programme
 
for the control of bacterial wilt caused
 
by Pseudomonas solanacearum, biotype 2 or 
race ,-w-c-isalso an important disease 
of potatoes inBurundi. 

The research of culttvars resistant to
 
P. solanacearum local strains, in local 

cultural conditions will be a first
 
approach to bacterial wilt control. Eval
uation criteria will include not only the
 
time to wilting and the rate of wilt, but
 
also the incidence of latent infection of
 
tubers after harvest.
 

Latent infection of tubers plays a majcr 
role in the spread and development of the 
disease. Infected plants remain symptom
less particularly at low ambient tempera
ture during the dry season culture in
 
humid valleys.
 
A propagation and diffusion programme from 

a nucleus of imported or locally reconsti
tuted seeds free of bacteria isthus being
 
progressively realized. Success of this 
programme will depend on maintaining good 
crop rotation, the roguing of plants show
ing wilt symptoms as well as those adjoin
ing the infected plants, inthe field and
 
at harvest time.
 

For control of the soil borne infection, a
 
rotation with a fallow of 1 1/2 to 2 years
 
appears to be sufficiently effective in 
reduclng the wilt potential of a cantami
nated land. The experiment has also
 
demonstrated cleansing effect of the long
dry season which subjects the soil to an 
intense desiccation and thereby reduces 
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soil inoculum. In an attempt to enhance 

the effect of rotation on soil borne 

inocul:,a, new experiments have been under-

tpa~n to compare a weed fallow with other 

srops (maize, wheat, beans or peas) whic! 

can be rotated with potatoes. Initial 

results suggest that soil disturbance dur-

ing cultivation which accelerates the 

destruction of the pathogen's habitat has 

a greater effect than the nature of the 

rotation, 


Other trials will also attempt to evaluate
the effect of maize, beans, or peas sown 

between potatoes planted at larger spacing

(80 x 90 cm) to limit the spread of the 

disease in the field and thus the increase 

of soil inocuum,plants anddestinedto se-
lection of improve the
for farmers 

seed store, 


Introduction 


Most potatoes (10,000 hectaes) are grown
in Buwundi at an altitude between 1800 and 
2300 m at average temperatures of 14 
18*C, a total annual rainfall of 1600 mm, 
and a dry season of 3 - 4 months. 

There are three potato crops per year:

two in the hills during the wet seasons 
(October - January and March - June) and 
one in the humid valleys during the dry 
season (June - September). At present, 
growers cultivate potatoes principally
during the dry season to escape de:.ge 

caused by potato late blight (Phtophthora

infestans). Potatoes often
are grown in

association with beans 
or maize. Farmers 

produce their own seed without any selec-

tion, Or buy them at the market, or "',en potential of cont.,,nated land.

leavr small tubers in the soil at harvest 

time. Average potato yields are lou, 

between 3 and 6 tons per hectare. 


twpotato improvement programme w-s started 

two years ago in Burundi to provide farm-
ers with clean seed of potato cultivars 

with high yields and resistance to laLe 

blight. Research is also taking place 
on 

an integrated programme for 
control of 

bacterial wilt caused by Pseudomonas sola-

nacearum, biotype 2 or rale3 (Budden aen
ndBacterialwiltis ra an
and Kelman, 1964). Bacterial wilt is an 

important disease of potatoes in Burundi, 

with yield losses between 30 and 90%. 


Epidemiology 


The two main sources of primary innr-ilum 

causing bacterial wilt are infected tubers 

and infested soil. 


Seed borne wilt plays a major role in tie 

spread and development of the disease, as 

shown at the Munanira station. A highly

infected crop of Sangema voriety 
was 


0
sorted during 3 months storage (28C and 

60-90% R.H.) and 75% rotting tubers eli-i-

nated. The apparently outward';y healthy

tubers were planted in non-infected soil 

which produced 47% of wilting plants.

Disease spread from one plant to the next 

via the root system (Kelman and Sequeira, 

1965) was avoided by a plant spacing of 

one meter, and with separate hilling for 

each plant. Under these conditions, se-

lection of healthy plants in the field and 

at harvest time allowed the reconstit:.,ion 

of-a-nucleus of almost bacteria 
free tu-

bers. rncidence of wilting plants was 

reduced fropi 47% to 1,9% 
ai.dto 0,5% in 

the next propagation under the same .ondi-

tions (Autriqus 1980). In this experi-

ment, 30,7% (,1tubers coming from wilting

plants have nevertheless given healthy

plants in subsequent planting. They prob-

ably came from plants wilting late in 

their growth cycle. It has also been not-


ed that the bigger the tuber, the higher 

was the rate of bacterial wilt.
 

Low ambient temperatures can also favour 

latent infection of plants (Ciampi and 

Sequeira, 1980). Sangema potato tuber. 

from a different source with dif2".'ent 

qualities planted in a humid valley at 

Kisozi (2100 m) during the dry season 


0
(average temperatures below 15 C with

0
minimum of less than I0 C) resulted in 


less than 1% wilt infected plants. How-

ever the tubers coming from this field,
planted in different stations 5 months 

later on 
hills during the wet season re-

sulted in 10 to 30% wilted plants. It 

appears therefore that production of seed 

during the dry seaon irthe humid valleys
tedysao ' ui
h aly

is not advisable. 


In order to assess importance of soil 
borne infection and its possible control 
through crop rotation, a field experiment
with Arka potato variety was carried out 
at Kisozi (2100 m) on contaminated land 
(21% wilt). Replanting potatoes in this 

field after only one month of fallow,

promoted an explosive development of bac-

terial wilt (96%) during the first month 

following crop emergence, with a nearly 
total loss. A third culture of potatoes 
on the same plots, after four months of 
fallow, (June to October) demonstrated the 

cleansing effect of the long dry 
season
 
which subjects the soil to an intense 

desiccation. Wilt was reduced to 51%. 
 In
 
this experiment, a rotation with a fallow
of 1 1/2 to 2 years appears to be suffi-

ciently effective ii reducing the wilt 


Prospects Tor control of bacterial wilt 


Te selection of cultivars 
resistant to

local strains of P. solanacearum will be a
first approach to-bacterial wilt control,
Evaluation criteria will include not only

the time to wilting and the rate of wilt,

but also the incidence of latent infection 

of tubers after harvest.
 

A propagation and diffusion programmne from
a nucleus of imported or locally 
recon-

stitued (Autrioue, 1980) seed tubers free 

of bacteria, is also being proqressively 


realized. Success of this programme de-
pends on maintaining good cultural prac
ticee at the potato stations: a minimum 

tv; years crop rotation; roguing of plants

snoh.ng wilt symptoms as well as those 

apparently healthy plants adjoining in-
fected plants; and further roguing at 

harvest. 


New experiments have been undertaken 
to 

compare a weed fallow with other crops

(maize, wheat, beans, peas) which be
can 

rotated with potatoes. Initial results 

suggest that soil disturbance during cul-

tivation which accelerates destruction of 

the pathogen's habitat has a qreater ef-

fect than the rature of the rotation. Ic 

would therefore seem advisable to recul
tivate infected land after a potato crop

rather than leave it fallow, 


However, potato growers don't often prac-

tice crop rotation and also refuse to 

rogue out wilting plants. Experiments 

will therefore attempt to evaluate the
 
effect of maize, beans or peas sown be-

twepn potatoes planted at larger spacing

(80 x 90 cm) to limit the spread in the 

field and thus limit the increase of soil 

inoculum, and to improve the selection of 

plants destined for the farmer's seed 

store. 
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Introduction
 

Potato is a very important crop for Brazil, nevertheless the consumption is still
 
very low (11 kg/capita/year) and average

national yield is only 10 t/ha. Usually
 
two crops are made per year totaling
 
200,000 ha. Production technology varies
 
with yields from 3 to 45 t/ha. Recently
 
improved technology in some areas has in
creased total production even though total
acreage has reduced.
 

Numerous and important insect pests fre
quently are causing lowered yields and
 

increasing ,roduction costs. Directly
 
through feedi ig on leaves, stems, and tubers or indirc'tly through virus transmission, insect pvsts of potatoes are very

important and a limiting factor in devel
oping efficient potato production tech-,
 

nology for Brazil.
 

Up to now control of insect pests of pota
toes in Brazil has been a fixed pattern

scheme without paying attention to insect
 
presence and numbers. This situation became catastrophic in seed potato proouc
tion where almost 50 kg of insecticide
 
(active ingredient)/ha are used during one
 
single season. Because of this high in
secticide selective pressure, pest resist
ance, destruction of beneficial insects
 
and pest ressurgence, higher residue
 
levels, higher production costs, and envi
ronmental pollution have arisen, demanding

development of rational integrated pest
 
management strategies.
 

This paper describes briefly the potato
 
pest situation in Brazil, the past and
 
future for overcoming the above zentloned
 
problems, and those described by Barbosa
 
and Franco (1981), Gallo (1970) and in
 
Empresa Brasileira.
 

Important potato pestsin Brazil
 

The green peach aphid (Myzus persicae,

Sulzer, Homoptera: Aphididae-istheFmost
 
important potato pest in Brazil for seed
 
potato production. Its importance is due
 
to its efficiency in transmitting both
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PLRV and PVY. Mainly because of the com- carbaryl, diazinon, endosulfan and, late- Boock, O.J., S. Barbosa, and I. Hamahiga.
plex GPA - Potato Viruses, Brazil is still ly, the synthetic pyrethroids. 1981. Susceptibilidade de cultivares de
dependent on seed potato imports, from sev-
 batata (Solanum tuberosum L.) ao ataque
 
eral foreign markets. Growing potatoes With present prices of chemicals, labor, de juiri2-!n-yz (See citaFud-or-ensis? 

and other solanaceous plants year around, and fuel and with the side effects of un- tion oe3. p. 

very high populations of viruliferous restricted use of insecticides, the situa- Emprese Brasileira de Pesquisa Agropecua
aphids develop in constant migration from tion became catastrophic requiring intel- rta. Unidade de Execucao de Pesquisa.de

infested to clean fields. Other potato ligent and rational strategy. Insect pest Ambtto Estadual de Brasilia-DF. Bata
infesting aphids do occur in Brazil but control experiments were installed in the tinha. 1978 (EMBRAPA. UEPAE de Bra
their importance is much lower. Predators seed production area of the State of Santa 
 silia, Batatinha. Resumes Informativos,
 
and parasites of the green peach aphid in Catarina and some grow-; are already 7).

Brazil exist but are not well known, utilizing reslts (Barb,..i and Ogawa, Gallo, D. 1970. Manual de Entomologla;
 

1981). Application of 2 kg/ha of aldicarb pragas das plantas e seu controle. Sao
The potato "pinworm" (Diabroticaospecsa,. at planting time, plus an application of Paulo, Agronomica Ceres. 858 p.
Coleoptera: Chrysomeidae) and the fea 500 g/ha of pirimicarb whenever a popula- illust. (Biblioteca Agronomica Ceres,
 
beetle' (Epirix spp., Coleoutera: tion of 10 apterae/100 leaves develops, 30.).

Chrysomeli daJ-mplex constitute very plus 5 g/ha of deltametrine spread at
 
important potato insect pests in Brazil every 15 days gave a better control of
 
both for seed and table potato production, aphids and chewing insects than the usual-

During their larval stage they feed on ly used standard treatments. Fortunately USE OF NATURAL DIFFUSED LIGHT FOR THE
 
developing 'oubers making supe,'1Icial holes there is a general move in Brazil towards STORAGE OF SEED TUBERS
 
which lower the product quotation in the the safer and more efficient use of pesti
market. The adults feed on the leaves at cides in general which will make any new R.H. Booth, R.L. Shaw, and A.T. Yupanqui
 
very hith numbers causing the tops to die findings on integrated pest management International Potato Center.
 
earlier, reducing yields up to 40%. quickly accepted by the extension service
 
Predators and parasites of this pest and growers.

complex in Brazil are not well known. Introduction
 

The vegetableResearch items to be emphazised in the The effect of both natural and artificial
 
brensis Diptera: Agromy-f]daefuture.- light on reducing sprout elongation has
 
coming a very important pest of potatoes Until recently research on potato insect long been known (Burton, 1966). Its use

in Brazil and in some growing areas it was pests 
was marginal with great necessity has been widely practiced, particularly in
 
responsible for up to 30% yield reduction for improvement. Presently potato re- Europe (Rastovskiand van Es 1981). Al
in the last two years. During the dry search in Brazil is well organized into a though use of natural diffused light dur
season crop they develop in large numbers National Program and entomological re- ing storage of seed tubers has been prac
and the larvae cause the total destruction search will be a priority. ticed, it was not until 
 recen
of foliage. This insect has a very wide tie,) a o ni eetly we'ldescribed (Booth and Shaw, 1981) 
and the
 
geographical distribution in South America A great potential exists for long term technique is not widely known or used in
 
and a very wide host range (Boock et al., recearch for development of new cultivars
 
1981). It was in Brazil several years ago resistant to both insects and pathogens. developing countries.
 
but only recently it became a key pest of Breeding programs must work closely with This paper reporu results of three years

potatoes. There are several predators and entomologists and plant pathologists for trials to evaluate the potential of the
 
parasites of leafminers in Brazil but maximum efficiency, technique in a traditional potato growing

their taxonomy and efficiency are not well 
 area of a developing "tropical" country.

known. Studies of insect pest population dynamics
 

and populations threshold levels are need- To fully evaluate a seed storage tech-
Several other insect pests damage potato ed as this is basic to any future inte- nique, its effect on both the storage

in Brazil but their importance is second- grated pest management program, 
 behavior and subsequent field performance
 
ary. In this category we would have the 
 of stored tbers needs to be examined.
 
tuber moth (Phthorimaea operculella, Diversity of predators and parasites of Similared the need st be eamined
 
Lepidoptera: Gelechiidae), several spe- potato pests in Brazil is almost unknown ed under farmer as well as experiment sta
cies of wireworms (Coleoptera: Elateri- and their identity, number, importance and tion conditions.
 
dae), the black cutworm (Agrotis ipsilon, behaviour is not understood.
 
Lepidoptera: Noctuidae), potato dMtesa 
 mto
 
(Macrosiphum euphorbiae), Homoptera: For chemical control it is necessary to Materials and methods
 
AphldldaeT, the southen green stink bug evaluate minimum dosages, insecticide im- Experiment station trials: Storage and
 
(Nezara viridula, Hemiptera: Pentatomi- pact on beneficial insects, residue levels 
 field trials were conducted at the Inter
dae1,theTTst-er beetles (ica ua spp. on table potatoes, and insect resistance national Potato 
Center (CIP) Experiment

Coleoptera: Meloidae), severai ees of to insecticides. Insecticides are ex- Station, La Victoria, Huancayo, Peru
 
white grubs (Coleoptera: Scaraboeidae) t-emely important in production and we (3200 m above sea level).

and several insects and mites of minor have to learn benefits from them and avoid
 
importance. Because of heavy use of in- their side effects. It will be very 
 Storage trials: In 1978, 4 replicates

secticides the tuber moth is not an impor- difficult to produce great quantities of 
 of 66 well selected 100 g seed tubers of
 
tant field pest. Since we oo not store potaloes without any insecticide but we eight varieties were used. In 1979 and
 
table potatoes in Brazil it only becomes have to find alternatives to the present 1980, single lots of 100 seed tubers of 17
 
problem for seed potatoes under storage. abusing situation, and 24 varieties, respectively, were used
 

per treatment. All tubers were stored in

The control of potato insect pests in P~erences
Brazil seed trays for 180 days. Dark stored tu

bers were placed ina naturally ventilated
 
adobe potato store and the light stored
In South Central and Southern Brazil pota- Barbosa, S., and F.H. Franca. 1981. tubers were kept in a natural diffused
 

to production technology is mere developed 
 Pragas da batata e seu controle, Inf. light store (International Potato Center,

and where most of the 
insecticides are Agropec., Belo Horizonte, 6 ("f, 1977). The average store temperature dur
used. Basically every grower ues 2-5 kg. 5561. ing the storage periods varied between 110
0
a.i. of a granular systemic insecticide at Barbosa, S., and S. Ogawa. 1981. Compa- and 13C. At the end of the storage per
planting time, and from emergence to har- ragao entre m todos de controle de od, the mean length of the longest sprout
vest 2 or 3 insecticides and 1 or 2 fun- pragas para producao de batata semente, per tuber and the mean number of sprouts
gicides are applied twice a week. Gran- In: Cungresso Anual da Sociedade Ame- per tuber were measured on 10, 33 and 25 
ular systemic insecticides commonly used ricana de Ciencias Horticolas - Regiao tuber samples in 1978, 1979, and 1980,
 
are phorate, disulfoton, aldicarb and Tropical, 29., Campinas, 1981. Programa respectively. Total storage losses were
 
carbofuran. Systemic foliage sprays uti- e resumes do XXIX Congreso Anual de calculated Irom initial and final weight

lize mevinphos, phosphamidon, vamidothion, Sociedade Americana 
de Ciencias Hortl- of all tubers. Final weight of dark stor
metamidosphos, oxydemeton, acephate, colas - Regiao Tropical, XXI Congresso ed tubers was measured after the necessary

dimetoate, carbofuran, and some others. da Sociedade Brasileira de Olericultura desprouting which was done immediately

Foliage contact and ingestion insecticides e II Congresso da Sociedade de Floricul- prior to planting.

used to control chewing insects are mala- tura e Plantas Ornamentais. Campinas. Field trials: Only in 1978 were detail
thion, methyl parathion, ethyl parathion, p. 29. ' ed field records made. Percentage emer

http:Pesquisa.de
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gence was determined from the average emer 

gence of four replicate plots planted with 

all the tubers remaining from the storage

phase of the trial. Final yield was cal-

culated from the average yield and area of 

these plots, 


On-farm trials were conducted with farm-


this storage method. Weight losses of the
 
magnitude recorded in light stored tubers 

are considered acceptable for farmers 

planting their own stored tubers into well 

prepared field. Where seed tubers are to
 
be sold any loss of weight will normally
result in loss of revenue. 

result in l o v .arm
 

Table 2. Effect of natural diffused light
 
storage on the field performance of seed
 
tubers.
 

1978-79 1980-81
 

er cooperators in the Mantaro Valley,
where the CIP, Huancayo Experiment Station 
is located. In 1978 trials were conducted 
on 4 farms. This was extended to 6 farms 
in 1979 and 1980. 

Storage trials: In all cases farmers'
seed tubers of varieties that they made 
available were used. For each farm and 
variety two 100 kg lots of seed tubers 

were used. One lot was stored accrding 

to the farmers' normal practice and the
second was stored in natural diffused 

light. The farmers' storage practices 

varied but always consisted of piling tu-

bers up to 1.0 m deep in dark, poorly 

ventilated rooms, in the house roof space, 

or on a covered patio in which case some 

tubers were exposed to diffused light. In 

1978 the light stored tubers were kept in
10 seed trays placed outside on a covered 

patio. In 1979 and 1980 the seed trays 

were replaced by shelves constructed of 

locally available rough timber. At the 

end of the farmers' normal storage period,

which ranged from 2.5 to 6 months, sprout 

lenght and nuiaber were measured on 100 

tuber s;.mples and total storage lossesdetermined from the weight of all tubers. 


Field trials: The tubers remaining from 

the storage treatments were planted by the 

farmer in two plots within his other 

plantings. The farmer's stored seed was

desprouted immediately prior to planting

according to their normal practices. 

Light stored seed was not desprouted.

Within both plots an area planted with 100 

tubers was marked and used for emergence

calculations. Throughout the growing
period, the crop was looked after by the 
farmer according to his normal practices. 
In 1979/1980 and 1980/81 final yields were 

calculated from the yield and area of the 

whole plots. 


Results and discussion 


Both experiment station and on-farm re-
sults of the storage trials (Table 1)

clearly demonstrate effectiveness of nat.. 
ural diffused light in reducing sprout

elongation, increasing sprout number, and 
reducing total storage losses. In general

there was greater variability in the re-

sults of the on-farm trials, reflecting 

the variability in storage duration, meth-

od and conditions, 


In all cases, inhibition of sprout elonga-

tion during light storage was sufficient 
to eliminate the need for desprouting due 

to excessive sprout growth. In all trials 

and with all varieties light increased the 

number of sprouts pruduced. However, the
degree to which this happened varied 

greatly between varieties; some varieties 

produced an adequate number of sprouts 
while others remained essentially apically

dominant at the end of the storage period.

Storage losses due to decay were very low 
in all cases, including the on-farm 

trials, 


In the dark and farmer stored tubers,
losses were due to a combination of mois-

ture loss and sprouting. In the light

stored tubers losses were almost entirely 

due to moisture loss. Although the weight 

loss atributable to excessive sprouting is 

controlled by diffused light, additional 

moisture loss from the tubers probably 

occurs d e to their greater exposure in 


Station trial V triala

Table 1. Effect of natural diffused light trial Y 
onte s to f natur of fsedt sght 1g Light

the storage behavior of seed tubers. 


1978 1979 1980 

Dark Dark Dark 

stored stored stored
 
Light Light Light 

stored stored stored 


Experimentation station trials Y 


Sprout 3/ 18.8 25.0 21.4 

length- 1.4 2.3 1.8
 

Sprouts/4 / 1.6 1.2 1.5 
tuber - 4.0 2.4 3.8 

Storage 5/ - 25.2 
losses - 8.3 - 11.5 

On-farm trials .Y_/ 


Sprout 3/ 9.8 16.2 13.2 
length - 0.8 1.1 1.2 

Sprouts/4/ 1.6 1.3 1.8 

tuber " 3.2 3.1 
 3.8 


Storage 5/ 32.0 18.1 16.4
 
losses - 13.5 10.7 7.5

I/ 

- Mean results of 8, 17 and 24 varieties 

2/in 1978, 1979 and 1980, respectively, 

- Mean results of 4 farmers and 4 varie-

ties in 1978, 6 farmers and 9 varieties 
in 1979 and 5 farmers and 9 varieties 

3 /in 1980. 
/ Mean sprout length in cm.
s/Mean number of sprouts per tuber, 
- Mean total storage loss (%). 

The rate of field emergence varied consid-

erably between seasons, farms, and varie
ties, but in all cases light stored tubers 
emerged earlier and more uniformly (Table 
2). dse of natural diffused light storage
resulted in increased yields in both ex-
periment station and on-farm trials. Ac-
tual yields and percentage increase in 
farm yields due to the use of light varied 
considerably, but on all farms and with 
all varieties the response was positive. 
During the three year period of the on
farm trials, it was observed that the 

farmers' appreciation of the potential

benefits of the use of natural diffused 
light grew. Those f rmers who trad 

tionally stored in plies on a patio had
previously observed the effects but were 
uncertain of how to apply them. All 
farmer cooperators appreciated the value 
of sound seed tubers with short sturdy 
sprouts and were enthusiastic about being
able to avoid the costs of time and labour 
of desprouting. Because of this, they 

showed interest in the technique even 

before they saw the earlier emergence and 

increased yields. During the period of 

the trails some of the farmers modified 

and improved their traditional storage 
practices accordingly. Additional advan-
tages reported by farmers were that the 
light stored tubers were in acceptable
planting conditions for a longer period
of time than traditionally stored seed 

Light 
stored 

Light 
stored 

Light 
stored 

Dark Dark Dark 
stored stored stored 

Field 49.5 51.2 22.1 
emergenceA/ 91.6 79.7 44.3 

Final 24.6 13.6 16.8 
yield 28.8 16.4 19.9 
(t/ha) 

Yield 
increase 17.1 20.6 18.5 

21 Man of 8 varieties
 
Mean uf 5 farmers and 7 varieties
 
Field emergence (%) 25 days after
 

- planty
 
plants

Yield increase of light stored tubers 
over dark stored tubers (%). 

which would allow greater flexibilitj over
 
planting and hence harvesting dates and
 
that the cropping period could be reduced.
 

Simultaneously, with these trials adapta
tion of this basic technology to seed tu
ber storage needs in other countries was
 
being examined jointly with national re
search and extension scientists. This has
 
resulted in a range of store designs and
 
structures based on this basic technology,

but using local materials. These are
 
being investigated and transferred to
 
farmers field in numerous potato growing

countries (International Potato Center,
 
1980).
 

Conclusion
 

Results clearly indicate the technical
 
potential for using natural diffused light
 
seed stores as simple low-cost alterna
tives to more sophisticated temperature
 
controlled stores. However, the final
 
value of this technique must be judged by

the nue ers of farmers who accept and use
 
the te,.hnology.
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POTATO BREEDING THROUGH MUTAGENESIS and tolerances to biotic and abiotic ippines isan example of a tolerant, non-

INAPOSPOROUSLY GENERATED TRUE SEED CLONES stresses and maintain production without degenerating variety. Introduced around
 
OF ESTABLISHED VARIETIES sophisticated seed programs. They exhibit 1960, ithas never been renewed by import

"tolerance* (Buddenhagen, 1981), i.e. any ed seed. Itoccupies about 40% of the wet
 
C.R.Brown combination of tolerances or resistances season crop (April to November) with yield
 

International Potato Center, Apartado which consistently prevent pathogens from as good or better than other varieties and
 
5969, Lima, PerO. reducing the economic yield. Specifically it is resistant to late blight and toler

.... a genotype is m're, or it is less ant to high winds, and heavy rains. It 
tolerant as measured by degree of con- is totally virus-infected, possessing a 

Summary tinued growth and eventual yield when vigorous though chlorotic foliage. As 
sick..." (Buddenhagen, 1981), or when sub- Judged by its excellent production it is
 

Potato varieties which have maintained jected to major 9hysical environmental tolerant to these viruses.
 
production during long-term cultivation stress. Toler, involves many genes; a
 
without renewal from clean seed sources difficult con.ex to recover intact in The major undesirable features of Conchita
 
are valuable genetic resources. They pos- progenies of a sexual breeding program. are long tuber dormancy and a long vegeta
sess stable performance in many locales tive period ef 110 to 130 days (Potts,
 
under farmer cultivation practices and Maintaining intact the essential genotype 1981). Both of these characters are
 
seed distribution systems. Genetic im- while moolfivng certain characters is pos- amenable to modification through muta
provement of such varieties can best be sible by utl~izing mutagenesis. Obtaining genesis (Central Potato Research Insti
accomplished by using methods that do not offspring whose somatic constitution is tute, 1974; Gomez and Estrada, 1972;
 
disrupt the basic integrity of the geno- solidly mutated is difficult. Instead, Nybom, 1961, Porfir'ev, 1974; Roer, 1967;
 
type since its complexly inherited over- chimeras of various sorts frequently occur Solonenko, et al., 1971; Surkova, 1973;
 
all adaptation and tolerance are worthy and mutant genotypes are thought to be Umaerus, 1§R;-Upadhya et al., 1974;
 
of preservation as a unit. Direct early lost due to diplontic selection.' However, Veselovskii and Zaretskii,--197"). A new
 
screening on mutagenized progenies could ifmutagenesis isinduced at a stage where variety basically Conchita, but uith a
 
identify mutants that while retaining future progenies exist only as single ini- shorter tuber dormancy and an earlier
 
nearly all the desirable traits of the tial cells, chimeras should not occur. maturity would be a significant improve
original, are altered in important key Inpotatoes, mutagenizing invitro vegeta- ment for use inthe Philippines.
 
characters. Shortening of the vegetative tive explants later gives7-Is-t-o adven
period and tuber dormancy are two such titious shoots nonchimeric in compositior,

mutable characters. Mutagenesis is a and apparently derived from single cells References
 
currently available breeding technology. (Miedema, 1973; van Harten, et al., 1981). Bashaw, E.C. 1980. Aiomixis and its ap-

Mutagenizing single initial cells through,
 
use of the adventitious shoot mathod As Judged by end-products, mutagenesis has plication in crop improvement. p.
(van Harten et al., 1981) or horone- been relatively unsuccessful in producing 45-63. In W.R. Fehr and H.H. Hadley, 
induced apospory 'as suggested here, coud new varieties, although one mutant cul- eds. Hybridization of crop plants.
 
be useful. tivar is now reported (Broertjes and van American Society Agronomy and Crop

Harten, 1978, p. 65). Identification of Science Society, Madison, Wisconsin.
 
Introduction day length neutral mutants (Upadhya et Broertjes, C., and Harten, A.M. van.
 

al., 1974) and isolation of wart resistant 1978. Application of mutation breeding 
The acceptance of Mendelian genetics at mutants from the susceptible variety Lorkh inthe improvement of vegetatively pro
the turn of the Twentieth Century led to (Tarasenc and Kharitonova, 1976) are good pagated crops: An interpretive litera
systematic investigations of sexual breed- examples o-1success when investigation was ture review. Elsevier Scientific 
ing methods for breeding potatoes. How- conducted wih specific objectives. Publishing Co., Amsterdam. 316 pp. 
ever, not until 1920 was a~breeding pro-r-Mtgnssi~ ~~i ant aposporously considerations when breedingever,~ ~~ ~ ~ not L90wsabednaaled to Buddgenhagen,practical I.W. 1981. Conceptual and 
gram publicly funded inthe United States, generated true seed clones. Obtaining for tolerance or resistancen p. 221
for example (Krantz, 1950). Selection of true seed through chemically induced apos- for t n R resiae. P. 221
new varieties from seedlings has permitted pory was proposed by Iwanaga and Peloquin 234. R.C. Staples, ed. Plant Dis
the rapid incorporation of resistances to (1982) and Iwanaga (1982). Apospory oc- Inc., New York.
 
pests and diseases from wild species and curs naturally insome angiosperms (Grant, Central Potato Research Institute. 1974.
 
native Andean cultivars and has promoted 1971) and apomictic production of true Scientific Report, 1971-73. S1mla,
 
inmo-i recent times an expansion of the seed by 2,4,0 (Irikurd, 1981) suggested India. 235 pp.

genc'ic base, Sexual breeding methods application of this process inpotato.
 
will undoubtedly continue to be the major Gomez, C., P.L., and N. Estrada R. 1972.
 
source of new varieties in the future. Przewozny et al. (1980) applied mutagens Induccin artificial de mutntes en pa a
 
Earlier a few varieties were selected to premeiotTc-uds of dihaploid potatoes criolla (Solanum a Juz. et BU.
 
from somatic variants and in 1977 five and subsequently isolated mutant plants p. 457-46F. 'n d mutations in
 
of these comprised 45% of the North Ameri- through anther culture. This procedure plant improvement. Proceeding of Study
 
can seed acreage kThornton and Sieczka, may have produced mutagenized pollen Group Meeting. Buenos Aires. 16-20
 
1980). Selection of somatic mutants per- mother cells which later gave rise to November. FAO/IAEA.
 
mits slight modifications within a complex solidly mutant diploid homozygous geno- Grant, V. 1971. Plant speciation.
 
of preferred characters, types. Variation in regenerated plants Columbia University Press, New York.
 

would, therefore, have resulted from 435 pp.
 
Potato production in developing countries mutagenesis and from meiosis. Mutagenesis Harten, A.M. van, H. Bouter, and C.
 
is lim.ted, at least inpart, by lack of where apospory isthe mode of embryo for- Broertjes. 1981. Invitro adventitious
 
availability of healthy seed. This has mtion (not involving sporogenesis and bud techniques for vegetative propaga
necessitated expensive imoortation of seed meiosis) would provide one advantage where tion and mutation breeding of potato
 
of "adapted" varieties from the developed specific improvement of a cultivar is in- (Solanum tuberosum L.). II. Signific'r~t~~nbreeding. Euphytica
anc _m 


or
 
usually on an annual basis, because the clones of the mother plant (Bashaw, 1980). 30; 1-8.
 
varieties are not resistant or tolerant to If mutagens were applied when the future Iritura, Y. 1981. Annual report of pota
tuber-transmitted pathogens which lead to embryo exists as a single cell derived to breeding laboratory. Hokkaido Na

countries. Importation mist be repeated, tended, i.e. true seed progeny would be ance 


rapid decline in the productivity after from nucellar tissue, the progeny should tional Agricultural Experiment Station.
 
several multiplications. Consequently, a be solidly mutated and similar, but not Eniwa, Hokkaido, Japan (inJapanese).
 
major component of the International Pota- necessarily identical to the parent. Ap- Iwanaga, M., and S.J. Peloquin. 1982.
 
to Center's breeding strategy is the dis- propriate selection could begin at the Apospory - implications for potato re
tribution of new clones combining resist- seedling stage. The ability to store search. Euphyttca (submitted). 
ance to pests and pathogens with high progenies as true seed would greatly Iwanaga, N. 1982. Chemical induction of 
yielding capacity. The main obstacle to alleviate the practical problems of timing aposporous apomictic seed production.
 
success lies in the low probability of the evaluation of numerous progenies. Manuscript inpreparation.
 
combining resistance, high yield, adapta- Transfer of progenies to different loca- Krantz, F.A. 1950. Potato breeding in
 
tion to local cropping systems and su- tions inthe world for evaluation could be the United States. Zeitschrift fUr
 
perior culinary qualities, conveniently and economically done inthe PflanzenzUchtung 29; 387-393.
 

form of true seeds or tuber families with Miedema, P. 1973. The use of adventi-

Tolerant established varieties. Some es- a minimum of quarantine restrictions. tious buds to prevent chimerism inmuta
tablished varieties in the developing A specific case. The cultivar Conchita tion breeding of potato. Euphytica 22;
 
countries show a complex of resistances grown inthe Benguet Province of the Phil- 209-218.
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Abstract 


Post harvest/prestorage mechanical hand-

ling and chemical treatments influence 

market quality of potatoes out of extended 

storage. This paper dwells on the engi-

neering aspects of handling and treatments 

which drastically alter market quality, 


fective method of controlling root-knot 
nematodes (Meloidogyne spp.) isthe use of

resistant cultT ars. Research on root-
knot resistance inpotatoes has primarily

involved screening. Some resistant clones 

were obtained intests with one population

of Meloidoqyne spp. but variability of the 

nematode requires determining the response

of resistant clones to other populations

and races. Such information is important

for the identification of areas where 

resistant clones can be used. 


This research was concerned with five dif-

ferent facets related to resistance of 

potato to Neloidogyne spp. 1) The relia-

bility of morphological characters and 

host differential plants in taxonomic 

identification and relation between mor-

phology and parasitism of two root-knot 

nematode populations (population A origi-

nally from North Carolina and population

B, from Georgia). Results indicate that 

perineal patterns, male head shape, and 

Sasser's differentials can be used, with
limitations, to identify species of Meloi-


pronunciation, male stylet length, and 

Golden's differentials are not suitable to
distinguish subspecies. Therefore, the 

synonymy of M. incognita acrita with M. 
icgnita is suppo-rt-e- Ra-ceidentifici-

n wit different crops as differentials 
is rejected and a race scheme for M. in- allowed the 
roots to grow hori7-.-tally
cognita on potatoes isproposed, 


2)Host efficiency of five clones of Sola-

num tuberosum ssp. andiqena (TA) and seven 

cnleso-- 9s 2hu
7.spars iumx(S. x 
. tuberosum ssp. tuberosum- Pl taTor 

root-knot nematodes was determined. Host 
efficiency was based on nematode Pf/Pi

ratio and number of eggs/g of roit. If 

Pf/Pi was more than 1, the clones were 

considered efficient hosts. Inoculum con-
sisted of N. inognita populations A a.;dB 
which were-id-e as "race 1" and four 
"races" from the I.M.P. collection. Host 
efficiency for M. incognita, N. Javanica,
M. arenaria and-M.aa, based on gal

Tndx was 1lso ecord-ed. All TA clones 

and one SPT clone (D6) were efficient 

hosts for populations A and B. Four SPT

clones (C6, Nil,N4 and E2) were 
non-

efficient hosts for both populations. Two

SPT clones (H2 and F2) were non-efficient 

hosts for population B but efficient hosts 

for population A. This response indicated 

differences in parasitism on potato be-


nica and M.hapla except clone 1159 which
 
was a non-e fTc ent host for M. hapla.

All SPT clones were non-efficlent _hots

for N. arenaria and M. avanica except
clone-H2 thaF as an eff cient host for
 
M. Javanica. All SPT clones were effi
cient hosts for N. hala. In a second 
experiment conducted mainly inthe summer,
 
most of the clones were efficient hosts 
for the four species.
 

3) Relation of nematode density to plant

damage was studied in rooted cuttings

inoculated with M. incognita population B
(0, 0.1, 0.5, 1, and 5 eggs/g of soil).
At 60 days after inoculation, nematode 
Pf/Pi ratios were determined. Plant
height and root and tuber weights were 
recorded 60 d. after planting and at har
vest. Based on tuber weight at harvest 
and nematode reproduction at 60 d., TA 
clones 1B32 and 1037 were tolerant and 
clones 66 and 1159 were susceptible.
Clone 66 had very poor growth and no tuber 
production. The nematode damage threshold 
denisity in clone 1159 was 5 eggs/g of 
soil. Four SPT clones were inoculated 
with 0,1.5, and 10 eggs/g of soil. Plant 
height 30 d. after inoculation and root,
tuber, and foliage weight 60 d. after 
inoculation were not related to nematode 
density. Based on tuber weight at harvest 
and nematode reproduction at 60 d: clones 
H2, E2, and N4 were resistant and clone D6 
was susceptible. Nematode damage thresh
old density inclone D6 was 10 eggs/g of
 
soil.
 

4) The nature of potato response to M. 
incrogrita race 1 and correlation of rrot 
and-Tuf- response were studied inthe SPT 
resistant cldnes E2 and N4 and the susceptille clone D6. Fo7 penetration, histopa
tnology, and nematode development studies,
cuttiras with root primodia were trans
planted to a special tray. This tray
 

tween populations of "race 1". This 
is died. The cells became necrotic and the
 

over a sheet of miracloth ',1ere .:root 
tips were inoculated. T .t-rnine the 
optimum nematode density, - 20 and 30
larvae per root tip were used. Roots 
examined 12 h.after inoculation indicated 
30 larvae/root tip to be the best density.
The studies were continued with roots 
examined at various inter-ils beginning at 
24 h. until 30 d. a - inoculation. 
Clone D6 had a compatible response and was 
penetrated soo - and by more larvae than 
were clones EL and N4 which were incom
patible. Insome root tips of clones D6 
nematode development stopped root growth
and th1 'oot tip curved. In clone D6,
nenatode sex was distinguished at d. 12 
and the life cycle was completed in 25 d. 
Some larvae were observed coming out to 
the roots of incompatible clones. Necro
sis appeared at d. 2 in clone N4 and at
 
d. 7 in clone E2. The final response,

however, was the same in the two clones.
 
The incompatible response of these two
 
clones was hypersensitive. Both the
 
vermiform L2 and cells around the nematode
 

one of the reasons why a race scheme of N.

jincoita on potatoes was proposed. AT1 

TA clones and one SPT clone (06)were ef-

ficient hosts for the four "races". Six 

SPT clones were non-efficient hosts for 
the four "races". No nematode reproduc-
tion was obtained except with "race 2". 
Ina second experiment conducted partly in 

the summer, four clones (H2, E2, N4 and 

F2) were efficient hosts for "race 2"

and clone H2 was an efficient host for 

"race 1", suggesting that temperature

affects resistance. All TA clones were 

efficient hosts for M. arenaria, M. Java-


nematode disintegrated and disappeared.

Although root response of compatible and
 
incompatible clones differed, there were
 
no differences in tuber response. Very

few L2 penetrated the tubers and none of
 
them developed, even in tubers stored

after harvest. Apparently tubers are ef
ficient hosts and show symptoms only in
 
warm climates.
 

5) Effect of temperature, plant age at
 
inoculation, and origin of plant on host
 
efficiency of potato to M. incognita 
race
 
1 was determined in su!eptTi-eand re

http:and-M.aa
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sistant clones. This information is im- Brazil is importing around 12,000 to control are done as needed in different
 
portant for detecting resistance in a 15,000 tons of potato seed per year, from locations. Data for vigor, disease and
 
more precise, faster and easier way, plan- Holland, Germany, and Sweden mainly. This insect damage, life cycle and production

ning integrated control strategies, potato potato seed is multiplied with differ- are recorded.
 
adaptation to tropical areas, and for the ent levels of technology to produce the
 
commercial use of botanical and vegetative 240,000 tons needed for planting at Results and discussion
 
seed inpotato propagation. For tempera- present time. More productive varieties
 
ture studies the resistant clones E2, are needed to decrease production costs The results obtained in the last 4 years

N4 and H2 and the susceptible clone D6 and permit a larger use of the potato by show that yield can be increased with
 
were used. Transplanted stem cuttings of the less wealthier part of the population, varieties that are better adapted to the
 
these clones were grown in controlled different planting regions (Table 1).

growth chambers at 14, 23, 31 and 350C, Materials and methods More productive varieties were generally

but only inoculated treatments were con- more resistant to foliage diseases and
 
sidered. Low temperatures favored root Potato varieties are submitted to two more efficient in nutrient uptake under
 
growth and tuber production. Plant growth types of tests: The First Evaluation lower fertilizer apnlication conditions.
 
was limited at 350C. Yield parameters did Test, for all new varieties and the Ad- The most popular varieties Bintje, Achat,

not show nematode effects, but the root vanced Tests for the ones selected inthe Delta S, and J. P.,tje, produced average

systems of inoculated plants were severely previous test. yields of 14.6, Ji.0, 15.6 and 16.7 t/ha,

damaged at 350C. At this temperature, respectively. Imported varieties that are
 
some plants were almost dead at harvest The First Evaluation Tests are carried out becoming more popular are Recent, Baraka,

and some plants inoculated with "race 2" infive locations under different climatic Radosa, and Marijke, which yielded Aver
died. All clones became efficient hosts conditions of the South, Southeast, West ages of 22.4, 18.5, 17.7 and 17.5 t/ha,

at 310C except clones F2 and N4 that be- and Northeast of Brazil. The Advanced respectively.
 
came efficient hosts at 350C. The equi- Tests are conducted in 14 locations in
 
librium density of the nematode differed areas of commercial production, represent- New Brazilian varieties - Mantiqueira, 
among clones; being highest with clone E2. ing 12 states in four of the five geo- Mineira and Chiquita and older ones -
Quantitative differences among nematode graphic regions of Brazil. The plants Aracy, Baronesa and Santo Amor - were 
populations also existed. "Race 2" was receive 2 t/ha of a 4-14-8 fertilizer mix- among the highest yielders, with general 
more aggressive and reproduced under a ture plus 300 kg/ha of an ammonium sulfate average yields varying from 18.3 to 
wider temperature range than did other at the ridging time. Insect and disease 23.1 t/ha.

populations.
 

For plant age studies, rooted cuttings Table 1.Summary of the potato national trials of Brazil, February 1977 to
 
(15, 10 Vd 5 days old) of clones E2, August 1980.
 
N4 and D6 were inoculated and grown in a
 
greenhouse (23-350C). Plant age at inocu
lation did not affect plant growth or host South Southeast Northeast West Total 
efficiency of the resistant clones. How- Cultivar Origin Region Region Region Region Average
ever, root weights were significantly Yield _/ Yield Yield Yield Yield 
reduced (5%) inyounger plants of the sus
ceptible clone. Nematode Pf was higher in 
plants inoculated when 15 and 10 days old MANTEQUEIRA BRAZIL - 22.8/2 18.8/4 29.1/3 23.1/9
and number of eggs/g of root was higher in RECENT HOLLAND 12.4/2 25.3/7 19.0/3 25.0/4 22.4/16
plants inoculated when 10 days old. MINEIRA BRAZIL - 20.1/2 16.9/4 24.4/3 20.1/9

SPUNTA HOLLAND 16.8/10 18.3/14 13.4/5 33.4/6 19.8/35
To study effects of origin of plant on ARACY BRAZIL 5.5/1 21.8/8 15.1/6 25.2/4 19.5/19
host response, the same clones as for 
plant age studies and seed from families BARONESA BRAZIL 14.2/1 19.3/7 19.7/4 20.2/5 19.4/17
E802 and C251 were used. Growth differ- CHIQUITA BRAZIL - 20.3/2 11.7/4 27.5/3 18.9/9 
ences between plants of different origins BARAKA HOLLAND 15.5/10 17.3/14 14.6/6 26.3/9 18.5/39
(tubers, stem cuttings and true seed) were SANTO AMOR BRAZIL 8.2/2 15.9/6 16.8/3 26.1/5 18.3/16

significant. Tubers wore produced only in NICOLA HOLLAND 14.5/3 20.0/7 13.2/4 20.8/8 18.3/22

plants originating from cuttings. Lowest
 
yield parameters were obtained with plants DESIRf SCOTLAND 14.7/3 16.9/5 9.9/1 26.5/3 18.2/12

from seed. The nematode did not signifi- ESTIMA HOLLAND 15.5/10 18.0/14 12.1/6 23.9/10 18.0/40

cantly affect plant growth regardless of RADOSA HOLLAND 16.7/10 18.1/16 12.2/6 21.3/10 17.7/42

origin. However, nematode reproduction MARIJKE HOLLAND 16.1/10 16.7/14 11.0/6 24.1/10 17.5/40

was greatly affected in the susceptible BELLADONNA GERMANY 16.5/6 17.9/14 12.0/3 19.4/8 17.4/31

plants. Nematode PF was significantly

higher on plants from cuttings and the ATICA GERMANY 16.6/3 18.4/4 - 15.6/1 17.3/8
number of eggs/g of root was higher in NORDSTERN GERMANY 16.3/6 17.9/13 14.8/3 17.3/8 17.2/30
plants from seed. UNIVITA GERMANY 18.0/6 18.9/13 11.2/3 16.0/8 17.2/30

EDZINA HOLLAND 12.1/2 18.3/7 13.9/3 18.3/4 16.7/16

J.BINTJE SWEDEN 20.1/9 14.2/17 12.4/6 21.0/9 16.7/41
 

VITORINNI HOLLAND 9.3/2 22.1/6 10.8/4 17.5/8 16.7/20

THE POTATO NATIONAL TRIALS AND THEIR GRANOLA GERMANY 16.6/5 17.5/8 15.3/4 16.7/17

INFLUENCE ON SEED IMPORTATION INBRAZIL PALMA GERMANY 15.8/14 16.6/20 8.3/4 21.4/10 16.7/48
 

PATRONES HOLLAND 15.1/10 15.9/14 12.8/6 21.6/8 16.4/38
 
F.A. A. Couto, C. A. Lopes and ULLA GERMANY 18.5/9 13.9/8 7.3/3 21.3/4 16.0/24

0. Furmto
Centr0 Nacional de Pesqutsas de GELDA GERMANY 15.6/7 15.4/8 7.7/3 26.4/3 15.9/21

Hortalas de E qBRAPA DELTA S SWEDEN 10.7/2 15.8/7 16.9/3 16.3/7 15.6/19 

National Research Center for Vegetable GRANDIFOLIA GERMANY K 0/16 15.9/26 7.2/6 19.9/12 15.6/60

Crops OMEGA GERMANY 15.2/12 15.5/16 5.1/4 20.2/8 15.3/40

Caixa Postal (11) 1316 - 70.000 - ELVIRA HOLLAND 12.0/2 18.7/7 8.3/3 15.0/3 15.0/15

Brasilia, D.F. - Brazil BINTJE HOLLAND 13.9/12 14.2/22 10.2/9 18.8/14 14.6/57
 

LINDA GERMANY 12.8/6 16.8/11 6.7/6 19.8/6 14.5/29 
Potato isa crop which had a 51% increase ACHAT GERMANY 12.3/16 13.7/27 5.3/5 16.0/10 13.0/58
in Brazil during the last 10 years. The HYDRA GERMANY 7.3/3 16.5/5 - 7.9/1 12.5/9
national yield average of 10.6 t/ha is PORTA GERMANY - - 9.9/3 9.9/3
still very low incomparison to the aver- VOKAL HOLLAND - 27.5/2 - 
age yields of many other countries. Among
the inputs that affected productivity, Weighed average 14.2 17.1 11.9 20.9 
better varieties and better seed quality 
were the principal ones. j/ Average yield intons per ha/number of tests.
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The average yields obtained in new plant-

ing areas of the western region show their 

greater potential due to temperatures and 

dry weather that prevails during the 

winter months. This is true if proper
soil corrections and irrigation levels are 

given to the potato plants in this region. 


CONTROLLING A PREMATURE DEATH OF RUSSET 

BURBANK POTATOES WITH FOLIAR APPLICATIONS 

OF PROCHLORAZ 


J. R. Davis, G. D. Kleinschmidt and 

L.A. Nadolny 

University of Idaho, Research and 

Extension Center, Aberdeen, Idaho 83210 

and 1330 Filer Ave. East, Twin Falls, 

Idaho 83301 


If worldwide potato yields are to be in-

creased by the year 2000, a greater under-

standing of diseases of senescence and 

stress will be required. Recent investi-

gations with prochloraz (a broad spectrum

fungicide) indicate the potential of this 

material for the investigation of an un-
identified form of 'premature' death of 
potato. To date, Colletotrichum atra
mentarium (Syn C. coccodes) is the-iiTy 
recognized pathogen t-obF consistently 
associated with this disease. For 3 con-
secutive years foliage sprays with proch-
loraz have suppressed the death of po-

tatoes and for 2 out of 3 years these 

treatments have significantly increased 

yields by 20 to 25%. Results demonstrate 

the capacity of foliar treatments with 

prochloraz to suppress the colonization in 

potato stem tissue by a soilborne pathogen
(C atramentarum--causal organism of the
(ck 

. 

otdtiuease of potato)n 


Introduction 


During the growing season of 1979 a vare-

ty of foliage fungicides were applicd to 

Russet Burbank plots for screening pesti-

cides against tie early blight disease 

(Alternaria solL:ii) of potato (Solanum

tuberosum). iiFg these treatmen s 

-pri-i raz was included. The effect of 

prochloraz treatments on potato senescence 

and necrosis was definitive. Plants in 

treated plots remained green through the 

last week of September while those inun-

treated plots and plots treated with sev-

eral other fungicides were dead. With 

this suppression of 'premature' death, 

potato yield, specific gravity, and tuber

size were significantly (.05 P)increased.
 
The only known pathogen that could be con-

sistently associated with this problem 

was Colletotrichum atramentarium). Stem
tissue from plotsntreated with prochloraz 

was colonized significantly (.05 P) less
by this fungus thAn from those not 

treated. 
 The blacl t'otdisease (causedby C. atramentarium is common in many 
areas of the world, but the relative 

importance of this problem has not been 

well documented (Davis, 1981). 


Prochloraz is a complex imidazole that has 

a high level of activity against a wide
 
range of plant pathogens. It is par-
ticularly active against Ascomycetes and 

Fungi Imperfecti, while control of the 

Basidiomycetes and many of the Phyco-

mycetes appears to be of a lower order. 

This compound possesses no recognized ef-

fect against bacteria. Further studies

with prochloraz were continued in1980 and 

1981 to determine ifthe effects on pre-
mature death were consistent, to investi

gate the causal nature of the problem,

and to relate results to potato yield and 

quality. 


Materials and Methods 


Field studies using prochloraz and cv. 

Russet Burbank were conducted and included 

rate studies with foliar sprays (0.30 to 

1.12 kg/ha a.i.), different numbers of fo-

liage sprays throughout growing season (1 

to 5), and a comparison of soil treatment 

(5.6 kg/ha a.i. incorporated in uppermost

12.5 cm of soil) with foliar treatments. 

Comparisons were made between prochloraz 

and a range of fungicides that were foil-

age applied at recoimmended rates (e.g. 
maneb, vinclozolin, and chlorothalonil).

An additional study also included A68113-4 

-- a potato clone known to be highly re
sistant to Verticillium dahliae. Isola
tions were mace on a variety of rtificial 

media from roots and stems collected from 

field plots. Replicated assays were made
 
from plots each year for Verticillium 

dahliae and C. atramentarium using a pre-

viously desciribed method (Davis et al., 

1977). Isolates of C. atramentrui Wre
 
routinely cultured onto a selectivemedium 

(Farley, 1972) for further identification. 


Results 

Field studies of 1980 and 1981 corrLborat
ed td o 1
 

ed the initial observations of 1979. 

Foliar spray treatments with prochloraz at 

1.12 kg/ha a.i./spray (5 sprays during the 

season) were found to consistently 

suppress the 'premature death' of potato.

Similar disease suppression and yield ben-

efits occurred when prochloraz was applied

5 times at 0.3 kg/ha a.i./spray. Table I

demonstrates the effect of different num-
bers of spray treatments upon disease
suppression. Results show significant
 
(.05 P) reduction of disease when treat-

ments included both early and late sprays.

No indication of a benefit was evident 

when prochloraz was applied as a preplant 

treatment to soil. Stem assays for V. 

dahliae from treated and untreated plots 

s relationship between this pathogen

and the unknown condition. This observa-

tion isfurther supported by the fact that 

prochloraz (at 1.12 kg/ha a.i./spray-5 

sprays during growing season) was also 

effective for suppressing the 'premature'

death of A68113-4-- a potato clone provid-

ing a high level of resistance to V. Farley, J.D. 1972. A selective medium
dahliae. 
 In contrast, prochloraz treat- for assay of Collectrotichum coccodes in

ments(5 sprays at 1.12 kg/ha a.i./spray) soil. Phytopathology 62; 128-1237.
 

Table 1. Influence of Prochloraz treatments on the premature death of Russet Bur
bank potato.
 

Treatment 
 Indices-I/ of premature death incidence on given dates
 

9-11-81 9-18-81 9-23-81 9-28-81
 

No treatment 2/ 2.8 All 5.0 Al/ 8.4 ,N3 9.0 41
I spray (No. 4)- 1.2 CD 2.8 BCD 
 5.0 C 5.0 CD

I spray No. 5) 2.0 B 
 3.2 B 7.0 AB 7.2 B
2 sprays (No. 4 & 5) 1.8 BC 3.0 BC 4.4 CO 
 4.4 CDE
2 sprays (No,.3 & 4) 1.00D 2.8 OCD 5.6 BC 5.6 C
5 sprays (No. 1-5) 1.4 BCD 180 3.00 3.0 E
 

1/

Higher values indicate increased incidence of death 
(0- no disease expression;

9 - 95-100% plant death inplots).
Z/All treated plots sprayed with Prochloraz. Each spray applied at 1.12 kg/ha a.i.

Times of application for given sprays: No. 1-20 July; No. 2-29 July; No. 3-7
 
Aug.; No. 4-17 Aug.; No. 5-27 Aug.
 

VDifferent letters denote significant differences by Duncan's multiple range test
 
(.05 P).
 

have consistently suppressed the coloniza
tion of C. atramentarium in potato stem
 
tissue. Tigure 1 demonstrates this effect
 
on the Russet Burbank cultivar. This same
 
relationship has also been observed for 
A68113-4. Isolation data and efficacy

studies with other fungicides have provid
ed no evidence for the consistent rela
tionship of another known pathogen. Among
 
plots treated with 5 foliar sprays of
 
prochloraz with rates ranging from 0.30 to
 
1.12 kg/ha a.i./spray, studies have either
 
consistently suggested trends towards
 
yield increase or demonstrated significant
 
yield benefits over untreated plots that
 
have ranged from 20 to 25%.
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Figure 1. Influence of prochloraz on
 
colonization of Collectotrichum atramentarium inpotato.
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DEVELOPMENT OF NEW POTATO CULTIVARS WITH 

HIGH VERTICILLIUM RESISTANCE AND INCREASED 

YIELD POTENTIAL BY THE YEAR 2000 
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D. L. Corsini 


University of Idaho and U.S. Opt. of 

Agriculture-ARS, Research & Extension 

Center Aberdeen, Idaho 83210, U.S.A. 


If new yield levels are to be reached for 

worldwide potato production by the year 

2000, resistance to Verticillium wilt will 

benecessary. Greenhouse and field inves-

tigations indicate recently developed po-

tato clones A66107(-51) and A68113(-4) 

to have a high level of resistance for 

Verticillium dahliae. These resistent 

clones have maiRn ed resistance to V. 

dahliae for a four year period of cropping 

wffe-imultaneously maintaining accepta-

ble quality and higher yields than more 

susceptible potatoes (Russet Burbank and 

Butte). 


Introduction 


Verticillium wilt (Verticillium dahliae 
Kleb.) of potato (Solanum tuberosum L.) is 
recognized as a ao miting factor to 

production in several areas of the world 

including the U.S.A. Because of this, a 

considerable portion of our efforts has 

been directed towards the development of 


potato cultivars with high degrees of re-

sistance to Verticillium wilt. Although

several workers (Akeley et al., 1971, 

Isaac and Harrison, 1968, Su-snocTi et al., 

1976, Krinkuh and Orion, 1979) hivere-

ported field resistance, no reports can be 

found that document levels of Verticillium 

colonization accompanying resistance. 

Since symptoms of Verticillium wilt of 

potato may not always be reliable for ac-

curate diagnosis (Isaac and Harrison, 

1968) the degree of Verticillium coloniza-

tion in potato tissue must be taken into 

account if either tolerance or resistance 

to Verticillium spp. is t% be truly eval-

uated. Also lacking in tie literature are 

data describing stability of V'rticillium 

resistance with continuous cropping of po-

tato. With the clones included in our 

study, we have attempted to answer these 

questions while relating results to yield 

Materials and methods 

Five potato clones were evaluated in 
the greenhouse for V. dahliae resistance 

by replicated root -dip-Inoculations of 

107 prop/ml of two V. dahliae isolates.
 
Resistant potato clones were compared with 

coomunly grown susceptible cultivars by
continuously cropping for four consecutive 


years in replicated, naturally-infested, 

field plots. Throughout this study V. 

dahliae colonization in potato stems and 

survival in soil were determined using 

previously described methods (Davis et 

al., 1977; Butterfield and De Vay, 1977F 

Results we:e related to potato yield. 


Results 


Greenhouse studies indicated that clones 

with high field resistance to V. dahliae 

(A66107-51 and A68113-4) were also resst-

ant to colonization by the pathogen. 

Syiptpm expression and V. dahliae coloni-

zation in potato petit'Ies were signifi-

cantly lower in the resistant clones than 

in either Russet Burbank (RB) or Butte 

(B). Verticil;mm dahliae propagules/gm 

of petiole tissue correlated highly (.001 


P) with symptom expression and with ratios 

of total yield for inoculated/non-lnocu-

lated plants for each clone. With in-

creased resistance, yields were higher. 

Similarly, when these same clones were 

grown continuously for four consecutive 

years in the same respective field plots, 

they have consistently displayed signifi-

cantly less wilt symptoms (Figure 1) and 

significantly less colonization (Figure 2) 

by V. dahliae in apical stem tissue than 

the susceptTble cultivars (RB and B).
 
Each year, the wilt severity for either 

-51 or -4 has remained negligible ( 1.0%).
 
In contrast, relative wilt severities for 

either RB or B have coisistently exceeded 

39% by late August. These data are fur-

ther corroborated by symptoms of vascular 

discoloration and V. dahliae colonization 

at base of stems.- TougF6ut these four 

years of cropping, -foliage wilt symptoms, 
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potato cultivars with continuous crop-
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vascular discoloration, and V. dahliae 

colonization for Targhee (T)have gen-er-al--

ly been between the susceptible and re-

sistant extremes. With continuous crop-

ping, clones with highest field resistance 

(-51 and -4) have maintained the highest 

yields along with acceptable quality

Yields with -51 have ranged from 28 to 

110% higher than RB while yield increases 

with -4 have ranged from 38 to 142% higher 

(.05 P significance). The percent of root 

infection by V. dahliae was significantly 

(.05 P) less witI F-than with either RB 

or B. Although the same trend for less 

root infection existed for T and -4,dif-

ferences were not significant, 


Results further suggest decreases in V. 

dahliae soil populations that are related 


Aamong potato cultivans. Proceedings of
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Figure 1. Relative Verticillium wilt se-

verity among potato cultivars-with cdn-

tinuous cropping. 
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to clonal resistance. After two and three
 
respective years of continuous cropping,
 
V. dahliae populations in soil (sampled
 
innua-ly-prior to planting) consistent
ly correlated (.01 P) with wilt symptoms 
among all clones (R2 - 0.37 for each con
secutive year). After two years of crop
ping, V. dahliae soil populations were 
lower D.0F1-P'FTn plots where either T, 
-51, or -4 were grown than in plots where 
RB was grown. 
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Introduction
 

Several plant diseases that are now known
 
to be viroid-incited are of considerole
 
economic importance (reviewed by Di,.er,
 
1979). Although at least one viroid, the
 
potato spindle tuber viroid (PSTV), can be
 
eliminated frcm infected plants by cold
 
treatment and meristem culture (Lizlrraga
 
et al., 1980), most control measures are
 
Bse on prevention rather than cure, thus
 
necessitating reliable and sensitive meth
ods for their detection in plant stock.
 
Viroids lack the antigenic protein coat
 
characteristic of viruses; they therefore
 
pose a problem in diagnosis. Not sur
prisingly, assays based on immunological
 
principles, such as the sensitive and
 
widely used ELISA (enzyme-linked immuno
sorbent assay) technique have not been
 
reported. Two types of diagnostic test
 
have bep- used to detect PSTV: bioassay
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on suitable tomato cultivars (Raymer ar 

1962; Fernow, 1967) (Brien.
and poly-


acrylamide gel electrophoresis (PAGE) of 

extracted nucleic acids (for example

Morris and Wright, 1975). Although Fernow 

et 	al. (1969) have demonstrated that a 

toubTe-inoculation technique can be used 

to detect both mild and severe strains of 

PSTV from potato seed stocks, bioassays on 

tomato are slow and unreliable under 

certain environmental conditions. Detection by PAGE, on the other hand, is 

laborious and expensive. Neither method 

is suitable for the rapid screening of 

thousands of seed potato tubers. 


of highly radioactive DNA complementary to 

PSTV (PSTV cDNA) with PSTV bound to adylate,

solid support, and autoradiographic de-

tection of the resulting DNA-RNA hybrids.

Hybridization in solution has already been 

used to detect the presence of viroids in 

purified RNA preparation (Owens et al., 

1978; Palukaitis et al., 1979). Two con-
ditions had to beullled before hybrid-
izatons whtoPSTuld beo hybrid-
e
ization with PSTV cDMA could be developed

into a practical diagnostic test for the 

detection of PSTV in numerous samples: 

(1) PSTV cDNA had to be available in un-

limited quantities and at high specific
radioactivity,~/clnngo tereulnradioactivity,r equring cloning of the 

cDNA by recombinant DNA technology and 

nick-translation of the DNA; and (2) to 

expedite and simplify sample preparation,

clarified sap rather than purified nucleic 

acid had to be suitable as the viroid 
source. Both conditions have been ful-
filled and a practical diagnostic test for 
the detection of PSTV based on nucleic 
acid hybridization has been developed 
(Owens and Diener, 1981). 


In this paper, we first describe the new 
nucleic acid spot hybridization method,
then present evidence of its sensitivity,
spelvirlty, and reliability, and finally
examine N.epotential impact of the novel 
diagnostic method on practical agriculture 
- on commercial potato production and in 
its application to viroid-Incited diseases 
of other crops. Finally, we consider pos-
sible uses of similar spot hybridization 
procedures for purposes other than viroid 
detection. 

Molecular cloning of PSTV cDNA 


Determination of the 359 nucleotide se-
quence of PS1V est~ibiished viroids as the 
first naturally onouring examples of 
covalently closed circular RNA (Gross etal., 1978). The molecular cloning and 

caracterization of double-stranded (ds) 
PSTV cDNA (Owens and Cress, 1980) has been 

facilitated by knowledge of the RNA se-
quence. In the latter work, ds PSTV cDNA 

was synthesized from a polyadenylated 
linear PSTV template and inserted in the 
PstI endonuclease site of plasmid pBR322 
us-ng the oligo (dC) • oligo(dG) tailingrocedure. Although one recombinant clone 
(pDC-29) contained a larger than expected
460 base-pair (bp) insert, restriction 
460oucbaseair (p)ins . se-rnestrtd
endonuclease mapping and nucleotide 

quence determinations showed that all re-
combinants contained less than a complete 

copy of PSTV. Fgure Ishows the strategy
used to construct clones containing full-
length dsPSTV cDNA. 


Restriction analysis of the PSTV-specific
inserts from two of these clones, pDC-22,
suggested that these clones were partially

overlapping and could be used to construct 

a full-length clone. The 285 bp Avall-
HaelII fragment from pDC-22 was ligated at 

pDC-29 
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Figure 1. Construction and molecular 
cloning of full-length dsPSTV cDNA. 

the AvaIl site to the contiguous 74 bp 

AvalrTfaeIll fragment from pDC-22. 
. lIdlIT-oligodeoxynucleotide linkers were

a--d to the HaeIII blunt ends of this
 
linear ligati-n--product and, following

digestion with HindlI, this fragment was 

cloned in the-T{'ndIII site of pBR322.

HindI I digestion--oT the resulting clones 

released the expected 365 bp PSTV-specific

fragment. 


Because use of this particular Hindll 
decanucleotide linker reconstrct-E-the 
terminal Haelll sites of the PSTV insert,
digestion-f the recombinant DNA with 
Haelll relases a 359 bp fragment. This
fragment is full-length dsPSTV cDNA. De-
termination of the complete nucleotideI nwmbrar
 
sequence of this DNA by a combination of 
the axam-Gilbert cheical degradation and
 
M13 dideoxy chain termination method-
ologies has shown the cloned DNA sequenceto be identical with that predicted by the 

published RNA sequence. 


PSTV diagnosis by nucleic acid 

hVybridzation'ane 

Figure 2 summarizes the sample preparation

and test procedure used. 


A relative high ionic strength and di-
ethyldthocarbamate concentration of the
etydhicra te onnrton fte 
extraction buffer serve to release PSTVfrom nuclei and inhibit enzymatic polyphenol oxidation, respectively. Each
 
sprout or seed sample (0.1 to 0.2 9) is 
homogenized at room temperature ina small 

conical groundglass homogenizer in the
extraction buffer shown (1.5 ml per gram 

of tissue or 0.2 ml per 16 true seeds).
Tissue debris is removed by brief low
speed centrifugation, and the sap is used 
immediately. Three-to five- ul portions
of the sap samples to be tested are then 
pipetted onto a treated nitrocellulose 

membrane (Thomas, 1980) which was baked as 


indicated in Figure 2. Although RNA cova
lently binds to diazobenzyloxymethyl (DBM)
 
paper (AIwine et al., 1979), this support

is 	expensive -nd'requires a number of
 
carefully controlled steps to prepare and
 
use. Because RNA also stably binds to 
a
 
nitrocellulose membrane (Thomas, 1980),

and because this method is simple, inex
pensive, and reproducible, nitrocellulose
 
rather than DBM paper is used.
 

Hybridization reactions are performed es
sentially as described (Wahl et al.,
 
1979), but we have found that Me "Fe
hybridization reaction can be omitted.
 

The same buffer [49 percent (v/v)
 
formamide, O.18MNaCl, 01p sodium caco-


Inl ETA, 0. percent sodium
 
dodecyl sulfate, and yeast transfer RNA
(400 1jg/ml) at pH 7.0) is used for both
hybridization and briefly wetting the
 
membrane (5-10 min at 20-250C) before
 
hybridization. The hybridization reaction
 
is performed for 24 hr at 550C in the
 

of022 	 n
10pren46trnslft

esence of 10 percent dextran sulfate and
 

32M1p-labeled nick-translated recombinant
PSTV cDNA (1 to 2.5 x 106 cpm/ml). The 
ratio of buffer volume 

2
to membrane area is 

at least I ml per 35 cm . Nick-translated 
DNA is denatured by heating for 2 mi at 
DNA in presen
IOOC in thethe presence off 550 prntpercent

tormamide before addition to the hybrid

reaction. Nitrocellulose mem
branes are washed at 550C with five
 

changes of .36M NaCn,oim tris-HCl (pH
7.5) and 0.1 percent sodium dodecyl sul
fate and then with two changes of the same 
buffer diluted tenfold. Autoradiography
is carried out for 24 to 48 hr at -700C 
with Kodak X-01nat film* and Dupont Cronex 
Lightning-Plus Intensifying Screens. 

Tissue sample
 

Homogenlzen200mMK HPO4
2
 

10lmMDIECA 
5mM IT 
m 

0.1% Triton
X.100 
Clnicalicontrifutltion
 

Carified sap 

Tramfer3-5jaliquottonitrocelluloe 

Bake2hrs@800CInvcuo
 

PSTV bound to nitrocellulose membrane 

Hyxridizationwith( 32 p) ricatinantDNA 
Wash @550C
 

I
 
P) DNA-PSTV hybrids bound to nitrocellulose 

mem 
membrane
 

I 	 X-rayfin
 
Intmifyingwcrmn
 

Detection of hybrids by autoradiogaphy 

Figure 2. Outline of nucleic acid hy
brzation procedure. DIECA, diethyl

dithiocarbamate; DTT, dithiothreitol.
 

* Mention of a commercial company or spe
cific equipment does not constitute its 
endorsement by the U.S. Department of 
Agriculture or CIP over similar equip
ment or companies not named. 
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Evaluation of nucleic acid spot prepared from sprouts of individual PSTV- extracts from tuber sprouts and/or foliage
 
hybridization test infected tubers of a given variety contain had disclosed PSTV in 10 clones. One
 

similar concentrations of PSTV (Figure 4, clone had not been tested at CIP, and the
 
Tuber sprouts from commercial varieties rows C and D). Finally, the three por- remaining clones had given negative re

tions of tuber tested -- sprouts, axillary sults. In contrast to PAGE analysis,
 
The feasibility and reliability of this buds ("eyes"), and the epidermis between nucleic acid hybridization with tuber
 
method for the rapid and sensitive de- the axillary buds -- all contain detecta- sprout extracts gave positive results with
 
tection of PSTV by nucleic acid hybrid- ble concentrations of PSTV ( O.08 Ug of 17 clones, a weakly positive result with 1
 
ization was demonstrated with tubers PSTV per gram of tissue) (Figure 4, rows E clone, and negative results with only 2 
harvested from commercial important U.S. and F). clones. 
potato varieties that had been intentionally infected with PSTV (Owens and 
Dtiener, 1981). Tuber sprouts from CIP clones 	 As expected, all clones that had tested
 

positive by PAGE, also tested positive by
 
nucleic acid hybridization. Surprisingly,
 

Figure 3 shows that PSTV stably binds to Tubers from 20 potato clones currently however, 8 additional clones tested posi
either DBMpaper o nitrocellulose mem- under investigation at CIP were selected tive in the spot hybridization test. The 
brane (rows A to D). Comparison of re- for testing by nucleic acid hybridization question thus arose, whether these ad
lative autoradiographic intensities shows at Beltsville. Most of the selections had ditional positive results were due to 
that the presence of sap from uninfected been tested at CIP by PAGE, but the re- false positive reactions or to increased 
tuber sprouts reduces the binding ap- sults of these analyses were not revealed sensitivity of the spot hybridization test 
proximately tenfold, but 83 to 250 pg of to us at the Beltsville Agricultural Re- as compared with PAGE. 
PSTV are still easily detected after search Center (BARC) until the spot 
hybridization with radioactive recombinant hybridization tests had been completed. 
DNA. This amount is equivalent to a con- To reevaluate these initial results, tu
centration of 0.04 to 0.125 Ug of PSTV per bers from clones that had given negative 
gram of tuber sprouts. Actively growing Table 1 shows that of the 20 CIP clones or contradictory results were btoassayed 
potato tissue contains 0.5 Ug of PSTV per selected, PAGE analysis of nucleic acid on tomato plants. As shown in Table 2, 
gram of tissue (Morris and Wright, 1975). tomato plants that were inoculated with 
Our hybridization method is therefore extracts from the 7 clones that had tested 
adequate to detect PSTV In potato tissue, definitely positive developed symptoms. 
The relatively high or c strengthano PSTV (pg) Symptoms were either mild or severe (Fig
diethyldithiocarbaate oncentration of Wure 5), presumably indicating infection by 
the extraction buffer reqjired to release mild or severe PSTV strains, respectively. 
PSTV from nuclei and iniibit enzymatic 2250 750 250 03 27 9 In all cases, the presence of PSTV in 
polyphenol oxidation do not interfere with plants with symptoms was confirmed by nu-
PSTV binding to nitrocellulose (Figure 3, cleic acid spot hybridization tests (Table

cli aci
2).diainspo et(al

rows E to G). 	 A 

No reaction was detected with sap prepared
 
from healthy tubers of six commercial I 2 3 4 5 6 Reevaluation of the two clones that had
 
varieties (Figure 4, row B). Sap samples tested negative both by PAGE and by spot


B hybridization (BR 63.15 II and PSP 5.6) 
'1h was complicated by loss of the tested tu-

C i -iiber (T-1) of the latter clone. Bioassay 
with tissue from sprouts of a second tuberPSTV (pg) 
T-2) from the same clone, however, rem
750250 3 27 * : ~	 sulted insevere symptoms intomato (Table 
2, Figure 5); presence of PSTV in the

;DE i! !assay 	 plants could be confirmed both by 

. PAGE analysis and spot hybridization.
-9 Furthermire, hybridization analysis of a 

B M F 0 .0 sprout extract from tuber T-2 showed that 
the tuber wag infected.
 

C_ _ _ _ _ _We concluded ;at, in some cases at least,
 
TPSTV is une ly distributed in plants,
 

D * R Figure 4. Reliability of PSTV detection being present in some but not all tubers
 

9't ':::' 	 by hybridization and autoradiography of the same clone. To test this hypo
after binding to nitrocellulose mem- thesis, sprouts 
 from the originally 

450 150 50 mr e E brane. (Row A) Successive threefold tested, as well as from a second tuber of 
SL dilutions of low molecular weight RNA the other clone that had tested negative 

L containing PSTV that was diluted with (BR 63.15 II)were assayed. In confirma-
L 	 sap prepared, from healthy Katahdin tion of the earlier results, the original
 

F 	 o sprouts; the sample inthe first column tuber (T-1) tested negative by btoissay; 
. did not contain sap. (Row B, left to and both PAGE and hybridization analyses 

, 4 Composite sap sample: prepared with extracts from the assay plants showed4.11right)

G 	 from sprouts taken from several healthy that they were not infected (Table 2).
 

Chieftain, Irish Cobbler, Green Moun- Bioassay of sprouts from the second tuber
 

tain, Katahdin, Kennebec, and Saro tu- (T-2), however, resulted in the devel
bers. (Rows C and D) Sap samples opment of mild symptoms; analysis by both
 
prepared from sprouts taken from in- PAGE and spot hybridization of the assay
Figure 3. 	 ensitivity of PSTV detection 


of PSTV.
by hybridization and autoradiography dividual PSTV-infected tubers: row C. plants confirmed the presence 


binding to DBM paper and nitro- columns 1 to 3 from Katahdin, columns 4 	 Also, spot hybridization with a sprout
after 

extract 	 demonstrated the
cellulose membranes. Low molecular to 6 from Kennebec; row D, columns 1 to from tuber T-2 


weight RNA containing 0.4 to 0.5 percent 3 from Saco, columns 4 to 6 from presence of PSTV in the tuber itself
 

PSTV was isolated from PSTV-infected Katahdin line 235. (Rows E and F) Com- (Table 2).
 
tomato seedlings and liluted with a posite sap samples, each prepared from
 
mixture of 0.15M sodium acetate and tissue taken from three individual Reevaluation of the tuber from the clone
 
0.85M acetic acid (rows A and C), sap PSTV-infected tubers: columns I and 4, (MB 15.2511) that had given a weakly
 
prepared from healthy Katahdin sprouts epidermis from between eyes; columns 2 positive reaction in the original hybridi
(rows B, D, and G), water (row E), or and 5, barely sprouted eyes (2 mm); zation test (Table 1) failed to demon
homogenization buffer (row F). Portions columns 3 and 6, sprouts (4 mm). Row strate that the tuber was infected. No
 
of luccessive threefold dilutions were E, columns 1 to 3 from Katahdin, columns symptoms developed in the assay plants
 
then transferred to DBM paper (rows A 4 to 6 from Kennebec; row F, columns 1 and spot hybridization with extracts from
 
and B) or nitrocellulose membranes (rows to 3 from Saco, columns 4 to 6 from the assay plants gave negative results
 
C to G). Katahdin line 235. (Table 2).
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True potato seed
Table 1. Detection of PSTV in CIP potato clones by PAGE and nucleic acid hybridization. 
 Major efforts are underway to propagate
 
potatoes by true seed (Upadhya, 1979).
Clone 
 PAGEa
Clone_ b Because PSTV
_PAGE_ is both seed and pollen
cDA transmitted (Fernow et al., 1970), it is 

Foliage Tuber sprouts important to ascertain liat seed is free 
of PSTV. Ideally, a test to be used forBR 62.3 c + this purpnie should be sensitive enough to
 

BR 70.126 + 
+ detect PSTV ina composite seed sample, if+ only one or a few percent of the seeds in 

BR 69.92 11 + + + the sample are infected. Tn test whether
 
BR 63.15 I the nucleic acid spot hybridization
- + is suitable for this purpose, true 

test
seeds
 

BR 63.15 II 
 were collected from potato plants known to 
MB 6.11 + + - be free of PSTV and from other known to be+ infected. Seeds from healthy and infected 
MB 34.47 I + plants were allowed to intbe water, were
 
MB 40.11 mixed in various proportions, and were
+ + then homogenized inextraction buffer (see 
MB 6.42 . + above). 
MB 6.1 -
 + As shown in Table 3, conventiondl diag-
MB 30.2 
 " + nosis by bioassay on tomato failed todetect PSTV in any of the composite sam-
MB 34.97 I 
 -
 + ples, even in the one that consisted ofMB 34.47 II + seeds from infected plants only. Although
+ none of the inoculated tomato plantsHB 5.39 II + + + showed symptoms, PAGE analysis of ex-

MB 15.25 II 
 tracted nucleic acid demonstrated thit
 

M 7PSTV was present in those tomato plants
MS 117.36
PSY 89.43 ++ that had been inoculated with seed extracts of samples containing at least 25
 
+ percent seeds from PSTV-infected potatoPSY 104.33 
 + + + plants (Table 3).

PSW 98.85 I + + + Other portions of the composite seed sam-
PSP 5.6 
 - ples were analyzed by the nucleic acid 

spot hybridization test. Table 3 showsa 
falysts by polyacrylamide gel electrophoresis performed at CIP. thaL positive results were obtained with
all but one of the samples containing seed
 
b - ; from infected potato plants, the sample in
b Analysis'by nucleic acid hybridization performed at BARC. which the ratio of seed from infected to
see from healthy plants was 2/14. Itis
 

negative, + x positive, ± weakly positive result, possible that the two seeds chosen did notcontain PSTV, because seed transmission of
PSTV from open pollinated female parents
 
may vary from zero to 100 percent in individual 
 collections 
 (Fernow 
et al.,
 

1970).
 
A more precise estimate of the sensitivity

of PSTV detection in seed extracts was

obtained by serially diluting an extract
 
cf seeds from infected plants with an ex
tract of seed from healthy plants. Figure

6 shows ti nucleic acid hybridization

can detect PSTV ina extract equivalent to
 
a sample containing one seed from an in
fected plant plus 80 seeds from healthy

plants. Comparison of the spots inrow 2
with those inrow 4 inoicates that sample
 
deproteinization increases the sensitivity

approximately three-fold.
 

Conclusions
 

Our data demonstrate that the nucleic acid
spot hybridization test reliably detects

both severe and mild strains of PSTV in
 
crude extracts from tuber sprouts. The

test is specific and rarely, if ever, re
sults infalse positive indications.
 

The spot hybridization test isalso suit
able to detect PSTV intrue potato seed.
In composite samples consisting of seeds

from both PSTV-infected and healthy potato
 
plants, PSTV could be detected when as few
 as one of 81 seeds had originated from an
 
infected plant. In view of our limited
 
efforts with true seed testing itappears

likely that further work may result in
Figure 5. Symptoms ot PSTV in Rutgers tomato plants inoculated with tuber sprout ex- detection of still lower levels of PSTV.
tracts from 12 CIP potato clones (pots 1-3 and 3-8 from left, upper and lower rows)
or inoculated with purified PSTV (severe strain) (pots 5 of either row). 
 Fourth pot The nucleic acid spot hybridization test
ineither row isan uninoculated control. 
 ic about 10 times as sensitive as PAGE.
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Table 3. Detection of PSTV in composite
 
true seed samples from healthy and
 

- PSTV-infected potato plants.
 

1 	 Seed ratio Symptoms PAGE cDNAV 	 1nfected:Healthy on of of 
tomatoes toma- potato


toes seed 

2 	 a0 16 --

1 15 - + 


___" 2 14 
-4 12 -+ + 

8 8 - + +
3.16 	 :0 -+ + 

One note of caution is indicated. Our
 
results demonstrate that it may not be 
sufficient to test sprouts from only one 
tuber of a clone. With two clones (BR
63.15 II and PSP 5.6), one tuber tested
 
negative in the hybridization test (in
 
seeming confirmation of earlier results
 
obtained by PAGE), but when sprouts from
 
a second tuber of each clone were ana-


Figure 6. Detection of PSTV intrue potato seed by nucleic acid spot hybridization. lyzed, positive reactions were obtained.
 
First and third rows, extract from PSTV-infected tomato leaves, undiluted and diluted We conclude that PSTV may be unevenly di
1:5, 1:25, 1:125, and 1:625 with extract from uninfected tomato leaves (left to stributed in plants, givi;V. rise to both
 
right). Second and fourth rows, extracts of seed from PSTV-infected potato plants, PSTV-free and PSTV-infectea tubers or
 
undiluted and diluted 1:3, 1:9, 1:27, and 1:81 with extract of seeds from uninfected tuber portions. Conceivably, such plants
 
plants (left to right). The right most sample ineach row isundiluted extract from have become infected recently, and the
 
uninfected tissue. Samples inthe third and fourth rows were extracted with phenol viroid has neither accumulated to any
 
and chlorfom before application to the nitrocellulose membrane. large extent nor spread evenly through-out


the plant. At this stage, PAGE analysis

might not detect PSTV, but, because of its
 

Results furthermore indicate that, at PSTV inall but one of the very same com- higher sensitivity, spot hybridization
 
least under certain conditions, the test posite seed samples. might.

is also more sensitive than bioassay on
 
tomato. This fact ismost clearly evident Although the spot hybridization test takes
 
inthe case of the composite seed samples. The one ambiguous result obtained with g hy
e sprouts can be explained if PSTV 4 days for completion, no manipulations
tuber

Apparently, PSTV concentration in these tue pot a eepandi SV are required during much of this time.
samples, although sufficient to infect concentration in the tuber in question 	 Thus, many durpng m be tis te 
some of the assay plants (as shown by sub- (clone MB 15.25 I) was suff'i.ent to re- , many samples r be applied to one 

in a weak positive react;on in the membrane and be processed simultaneously
sequent. PAGE analysis), was not high sult 

enough to lead to recognizable symptoms in hybridization test, but too low to assure and multiple membranes may be run se
the test plants. The spot hybridization consistent transmission to the assay quentially at brief intervals. Also,
 
test, on the other hand, readily detected plants. autonaation of sample preparation (Gugerli,


1979) may further red ce the amount of 
labor required. The nucleic acid spot

hybridization test thus is suitable for 

Table 2. Reevaluation of negative and contradictory results shown inTable 1. 	 the reliable assay of large numbers of
 
samples for the presence of PSTV.
 

Clone Original results New results Impact on agriculture
 
PAGE cDNA Bioassaya cDNAb PAGEc
 

Practical consequences of PSTV infection
 

BR 63.15 I1- + Mild + The potato spindle tuber disease poses a 

BR 63.15 II - T-1: - potentially serious threat in seed potato 

T-2: Mild +d + production, gem plasm collections, and 
potato breeding programs (reviewed by


MB 6.11 + + Severe + Diener, 1979). PSTV is transmitted
 

MB 6.42 + Severe + through vegetative propagation, foliar
 
contact, and true seed and pollen.
MB 6.1 -+ 	 Mild +
 

MB 30.2 + Mild + + 	 A number of independently isolated PSTV
 
strains have been described and can be 

MB 34.97 I - + Mild + + classified as either severe or mild 
strains on the basis of the symptoms pro-MB 15.25 II 	 + 
 duced inRutgers tomato. Tomato has been 

MS 117.36 + Severe + used as a diagnostic host for PSTV because 

PSP 5.6 - - T-1: Not done, tuber lost symptoms insome potato cultivars are in
T-2: Severe +d distinct. Severe strains cause extreme

shortening of the internodes, severe
 
epinasty, shortening of ?.tioles and
 

a On Rutgers tomato seedlings. midribs, and necrosis of stews, petioles 
and midribs intomatoes. Symptoms of mild 

b Nucleic acid hybridization with extracts from inoculated tomato assay plants. strain, on the othar hand, are slow to 
develop and often so mild that they are 

c With nucleic acid preparations from inoculated tomato assay plants, easily overlooked (Fernow, 1967). 

d Positive reaction also with extract from tuber. 	 Depending on the potato cultivar, the
 
strain of PSTV present, and environmental
 

T = tuber. 	 conditions, symptoms of PSTV infection in
 
potato may vary considerably. Foliage
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symptoms are often obscure, ano severity 
 Development of specific spot hybridization

of the chavacteristic tuber symptoms de-
 tests for these viroid diseases is ad-

pends upon temperature and length of in- vantageous, because such 
tests would re-
fection. 
While the disease causes neither place presently used, but far less
total crop destruction nor storage losses, satisfactory diagnostic procedures 
 -ted

it can cause a serious reduction in total on 
bioassay in suitable indicator plants

production. As long as control is ef-
 or analysis by PAGE. As with PSTV, bioas-
fective in keeping the 
incidence of dis- say often is exceedingly slow and requires

ease low, yield losses are of little extensive greenhouse space, whereas PAGE
consequence in temperate areas
growing analysis is prohibitively expensive for 

(1-2%). Inadequate control, however, can 
 most applications,

lead to catastrophic losses (-20% for mild 


60% 
 4
"trairs or -. for severe strains) in a Nucleic ar d spot hybridization tests may
relatively short time (reviewed by Diener, 
 also become useful for the early detection

1979). 
 of viroid infection in young seedlings.

One case in point is the coconut cadang-In plants grown at high temperatures, PSTV cadang disease. Because 
of the great
may cause severe damage and total 
 crop sensitivity of the hybridization test, it
loss may ensue. Major efforts are under- is possible that routine testing of seed-
way to supplement the world's food supply 
 lings in new plantations could identify
by adapting the potato to growth in sub- infected palm trees 
long before symptoms

tropical and tropical climates, and a low-
 appear or before the cadang-cadang viroid
land tropical potato cultivar has already 
 would become detectable by PAGE analysis.
been developed (Sawyer, 1978). Urder 
 Early roguing of infected plam trees might
these environmental conditions, PSTV pises 
 materially diminish tree-to-tree spread of
a potentially serious threat and 
the im- the viroid in these plantations. Similar 

portance of a sensitive, rapid, and rli- considerations may apply to avocado plan-
able method for PSTV diagnosis is rei ily tations 
and their protection from the
apparent. This is true regardles! of avocado sunblotch viroid. 

whether potatoes are propagated vejeta-

tively or by true seed. 
 Other potential applications 


Because, at present, potatoes are vegeta- Nucleic acid spot hybridization tests may

tively propagated, virus diseases are .1 prove useful for the diagnosis of Infec-
major problem 
in potato production, and tion by certain conventional viruses.
practical means for the exclusion of vi-
 Thus, immunological assays may not be 
ruses from "seed" potatoes are a neces- practical with viruses that produce labile
sity. A sensitive automated method virions
for or whose coat proteins are only
the simultaneous 
detection in potato tu- weakly antigenic. In such cases, tests
bers of several important viruses has been based on hybridization of the viral genome

developed (Gugerli, 1979). 
 This method is with specific cloned recombinant DNA may
based on an enzyme-linked immunosorbent 
 be more advantageous th-n conventional
assay; it permits sampling of 300 tubers tests, although preparation of the tissue
 per hour. With the availability of the 
 extracts probably would be more cumbersoire
nucleic acid spot hybridization than with viroids.
test, Presumably, the viral"seed" potato tubers can now be tested genome, to be reactive in the test, wouldsimultaneously for the presence of ir- have to be liberated from virions whichportant viruses and for PSTV. Thus, the would require some sort of nucleic acidd~nujer of introducing PSTV into commercial 
 isolation procedure. Conceivably,

potato fields should become drasticallly 	

how-

ever, nonencapsidated viral nucleic acid,


reduced, 
 such as RF or RI, might be present in suf-

ficient quantity to react with the cDNA


Application to other viroid diseases 
 probe.
 

Diagnostic tests paralleling the 
one de- Nucleic acid spot hybridization tests are
veloped for the detection of PSTV evi-
 excellently suited for the identification

dently may be initiated for the diagnosis of cryptic virus infections and of
of economically important diseases caused 
 integrated viral genomes. Indeed, a con-

by other uiroids. Because of the consid- ceptually similar nucleic acid spot hyerable sfluence homologies of certain vi- bridization procedure has already been
roids with PSTV (Visvader et al., 
1982), described to screen eukaryotic cell lines
it may be possible to 
use te-TSTV probe for their Epstein-Barr virus DNA content 

also for their detection. This particu- (Brandsma and Miller, 1980).

larly applies to detection of chrysanthe-

mum stunt and citrus exocortis viroids, Another possible application for nucleic
but the development of specific probes 
 acid spot hybridization tests involves the
would be expected to result in reli-
more rapid screening of cell lines for the
able results. 
 presence of genes to be inserted into the 


cells' genome by recombinant DNA proce-
Diagnostic tests are most urgently needed 
 dures. Undoubtedly, nucleic acid spot
with vegetatively propagated crops that hybridization tests have many applications
are susceptible to viroid-induced dis- in addition to those listed here. 

eases, such as chrysanthemum (stunt and 

chlorotic mottle viroids), 
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BREEDING OF POTATOES FOR LdEATER
 
PHOTOSYNTHETIC EFFICIENCY AND GREATER
 
NITROGEN EFFICIENCY
 

R. B. Dwelle, G. E. Kleinkopf,

J.J. Pavek, and P. J. Hurley

University of Idaho, Research and
 
Extension Center, Aberdeen
 
Idaho 83210, U.S.A.
 

Many agricultural analysts lament the fact
 
that we have rcached apparent yield pla
teaus with many crops, including potatoes.

To break these plateaus, we need greater

involvement by physiologists within the
 
breeding programs. At present, most
 
breeders select for high yield empirically
 
by viewing the end product of plant pro
duction. However, final marketable yields
 
are obviously the result of many physio
logical processes interacting with envi
ronmental conditions. If we can identify
 
potato clones that are particularly effi
cient in given physiological processes, we
 
can cross these cloles in an effort to
 
rombine these characteristics. We have
 
begun this approach in Idaho.
 

We have identigied several potato clones
 
that have higher rdtes of photosynthesis

(Dwelle et al., 1978, 1979, 1980, 1981a,
b, c). n -aadition, the upper (adaxial)
leaf surface of sone potato clones
 
provides a surprising contribution to
 
total carbon assimilation (welle et al.,

1981c). For example, the Lemhi Tariety
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has an unusually high rate of CO2 assimi- Dwelle, R.B., G.E. Klelnkopf, R.K. Under favorable conditions, field losses
 
lation through the upper leaf surface, Steinhorst, J.J. Pavek, and P.J. Hurley. approach 40% within 15 days after trans
and clone A6948-4 an unusually high rate 1981a. The influence of physiological planting. Rhizoctonia-infected trans
through the lower leaf surface. This processes on tuber yield of potato geno- plants show characteristic stem lesions.

raises the intriguing question: through types (Solanum tuberosum L.): stomatal Epidermis and cortex damage results from
 
breeding can we combine the high carbon diffusive---esstance, stomatai conduc- mild infection while insevere infections
assimilation rates of Lemhi' ,er lz.f tance, gross photosynthetic rate, leaf the vascular system is destroyed causing

surface and A6948-4's lower leaf surface? canopy, tissue nutrient levels, and tu- the transplant to wilt and fall over at
 
Preliminary measutrements using 182 progeny ber enzyme activities. Potato Research the soil line. Effective control measures

from this cross suggest it may be pos- 24; 33-47. must take into consideration many environ
sible. DweTle, R.B., G.E. KleinKopf, and J.J. mental and management factors (Table 2).


Pavek. 1981b. Stomatal conductance and This paper examines some variables that

We have also identified a potato clone gross photosynthesis of potato (Solanum could be easily manipulated to reduce

that isvery efficient in the uptake and tubercsum L.) as influenced by iradi- damping-off losses in the lowland

utilization of soil nitrogen (Kleinko'f et ance, temperature, and growth stage, tropics-characterized by high air and soil

al., 1981). .r example, at low soT Potato Research 24; 49-59. temperatures and infertile soils.
 
nitrogen levels (170 kg/ha available N) Dwelle, R.B., G.E.kleinkopf, J.J. Pavek,

clone A66107-51 utilized 99% of available and P.J. Hurley. 1981c. Photosynthesis

nitrogen compared with 68% for Russet and stomatal conductance in potato Table 2. Variables important indevelon-

Burbank, 75% for Lemhi Russet, 79% for clones - comparative differences. Pro- ing strategy for controlling post emer-
Norgoid Russet, and 71% for Pioneer. ceedings of the 8th Triennial Confereorc, gei.e damping-off of true potato seed-
Clone A66107-51 also out-yielded the of the European Association for Potato lings caused by Rhizoctonia solani. 
others (43.3 t/ha vs. 25.8 t/ha for Russet Research (Abstract); 13-14.
 
Burbank). At high soil nitrogen levels Kleinkopf, G.E., D.T. Westermann, and R.B.

(570 kg/ha available N) clone A66107-51 Dwelle. 1981. Dry matter production Variables
 
continued to be more efficient utilizing and nitrogen utilization by six potato

71% of available soil N compared with 40 cultivars. Agronomy Journal 73; Environmental Seedling Management
 
to 52% for the other varieties. Yield by 799-802. charac- practices
 
A66107-51 was again higher (62.5 t/ha vs. teris*z
 
43.1 t/ha for Russet Burbank). Clone

A66107-51 is also more efficient than Soil and air Genetic Transplanting
 
Russet Burbank in carbon assimilation STRATEGY FOR CONTROLLING POTATO TRUE temperature influence Method:
size jiffy

(Dwrlle et al., 1981a). SEEDLING DAMPING-OFF CAUSED BY RHIZOCTONIA Location: vigor ball of
 

We have crossed this nitrogen-efficient SOLANI INTHE PERUVIAN LOWLAND TR Huancayo resistance earth
 
clone (A66107-51) with the carbon-effi- Lima and/or Number of
 
cient clone (A6948-4). Eighty-fo-ir Fritz Elango San Ramon tolerance trarsplants

progeny from this cross were examined in International Potato Center. Yurimaguas Age per hill
 
'81 inthe 12-hill stage, and 64 of these Irrigation,

will be examined ingreater detail in'82 Introduction Transplanting Mulching,

under both normal and low nitrogen levels, date & Shading,

Naturally we are looking for progeny that Post-emergence seedling damping-off is a season Intercropping

will maintain high rates of photosynthesis disease complex caused by a combination of Previous crop

under low nitrogen levels, biological and environmental factors Soil inocu- history
 

including Rhizoctonia solani and high soil lum level Insecticides,
As discussed previously (Dwplle et al., temperatures respectiv-ey-.It is a major Fungicides,

1981b), critics of photosynthesis rsearch limiting factor to potato production from Fertilzers,

have pointed to the low correlations be- true seed (Table 1). (type,
 
tween short-term measurements of photosyn- rate,

thesis and economic crop yield5. Such 
 timing and

lack of correlation is not surprising Table 1. Disease problems of potato 
 sequence of

since many physiological functions con- production from potato true seed. application)

tribute to and often limit yields. Never
theless, higher rates of photosynthesis Disease and Main symptoms Control
 
are an essential step toward develop- causal agent and (loss %) Tran3planting method
 
ing substantially higher yields. Plant
 
breeders must accumulate parental lines Pre-emergence Germination Fungicidal Previous agronomic trials (Accatino, 1979)

with high photosynthetic rates as well as damping-off failure seed or have demonstrated that 3-5 seedlings per

with efficient nutrent uptake, increased (seed bed) (0- 80%) soil stand enhanced transplant survival. Field
 
disease resistance, etc., ard then breed Rhizoctonia treatment trials have also demonstrated that higher
to combine these attributes. Ifwe do not -pp Steam transplant losses occur with the ball of

have high photosynthetic potential, it Pythium spp. sterilized earth method than with the 
jiffy method

is doubtful we can develop substantially soil + 0.2% because inthe former, roots are disturbed
 
higher yields regardless of the other vir- fungicidal or damaged, as well as coming in early

tues present. drenching contact with soil inoculum. However,

References 
 Use of because jiffies are expensive and not
 

subsoils locally a,,ailable, the ball of carth
 
Dwelle, R.B., G.E. Kleinkopf, and J.J. transplanting method or an adaptation of


Pavek. 1978. Comparative measurements Post emergence Wilting and Plant it offers the most attraction to growers

of stomatal conductance and gross pho- damping-off death of vigorous inthe tropics. Alrecdy, zn adaptation of
 
tosynthesis among varied clones of po- complex transplants seedlings 
 the latter involving sowfig seed directly

tato (Solanum tuberosum L.). 1978 (field) within 20 Timed in square blocks of soil mix and later
 
Agronomy-amtractus .7 Rhizoctonia days fungicidal/ transplanting is in use at CIP (Malagamba


Dwelle, R.B., G.E. Kleinkopf, R.K. sPP. (0- 35%) insecti- 1981; unpublished data). This method ob-

Steinhorst, and J.J. Pavek. 1979. Pythium spp. cidal viously encourages early plant establish-

Measurements ot gross photosynthetic Cutworms application ment and, by extension, possibly reduces
 
rate and leaf area as a potential tool High soil within plant stress which predisposes transplants

frr screening selection from potato (temperatures first 20 to pest and disease problems. The ise of

breeding programs. American Potato 30-C) days small tubers from nursery bed seedlings

Journal (Abstract) 56; 459. Mulching, (Wiersema-Unpublished data) may also offer


Dwelle, R B., G.E. "X'elnkopf, and J.J. shading, a potential for damping-off control in

P4vek. 1980. Stomatal conductance and inter- that unlike transplants, new tuber sprouts
gross photosynthesis of potato (Solanum cropping are formod once one is destroyed. Ulti
tuberosum L.) as influenced by-TTT- Nitrogen mately, the choice of a transplanting

intensity, temperature, and growth epplica- method depends on the cost/benefit analy
stage. American Potato Journal (Ab- tion. 
 sis of each technique and the prevailing

stract) 57; 476-477. circumstances of the grower.
 

http:respectiv-ey-.It
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Air and soil temperature 


Plant stress or damage due to environ-

mental factors such as temperature often 

predisposes seedlings to disease such as 

Rhizoctonia solani induced damping-off.

Exposure of potato seedlings to high air 

temperatures of up to 400C (CIP, 1979)

indicated that some transplants can adapt 

and tolerate these temperatures. However, 

transplants subjected to average soil 

temperatures of over 300C at the 0-10 cm 

depth appeared to be injured. Plant 

wilting and significant weight losses 

resulted, compared with seedlings growing
0
at 25 C temperatures. Soil temperatures 

of 30C easily predispose seedlings to 

Rhizoctonia solani in the greenhouse to 
tFi extent that-Tgher damping-off losses 
result, and symptoms appear about 16-15 
days earlier than for seedlings growing at 
250 C. Differences were also observed in 
the susceptibility of seedling clones and 
varieties to Rhizoctonia solani over a 
21-day period at 20°C, w-hlereas most 
clones, including tropically adapted ones, 
were completely susceptible to heat-
preferring Rhizoctonia isolates within a 

week at 35°C soil temperatures. The 

mechanism of plant tissue injury or death 

by high temperatures includes inactivation 

or acceleration of certain enzyme systems, 

protein denaturation, cytoplasmic membrane 

disruption and possibly, release of toxic 

products into cells. However, the end 

effect of such injurious temperatures on 

plant cells depends on its duration, 


Consequently, our management practices 

must aim at lowering soil temperatures to 

below 3 "C, especially during mid-day

hours. Any such measures would reduce 

wilting losses and seedling predisposition 

to damping-off. Moreover at lower soil 

temperatures many fungicides are apparent-

ly more effective, stable, and persistent. 


Mulching, shcding, and intercropping 


The objective of mulching and shading is 

to reduce plant stress due to soil and air 

temperatures and to improve the micro-

climate of the transplant. Grass mulch 

reduces soil temperatures during the day

by about 5C (Midmore: personal communi-

cation) and this reduction could make a 

difference between heavy or faster 

damping-off losses and low or slower 

loss~s. Currently, the use of temporary

transplant shades such as corn in popular.

Some fast growing tropical shade trees 

could be useful in the future. Inter-

cropping transplant with peanuts, swet 

potatoes or soybeans (Raymundo 1981: un-

published data) indicated that damping-off

could be significantly reduced. The mech-

anism of this phenomenon possibly involves 

the releacc of inhibitors by plant root 

exudaLcs which in turn may support micro-

flora antagonistic to Rhizoctonia solani. 

Chemical control 


The use of insecticides and fungicides is 

necessary in control if damping-off. Hnw-

ever, types of fungicides, doses and their 

timing have to be determined in order to 

avoid unnecessary applications as well as 

losses due to phytotoxicity. Studies to 

determine the effectivity, persistence and 

stability of insecticides aid fungicides 

in hot tropical soils would improve 

damping-off control. Pathogen tolerance
 
to fOiiggcides is common knowledge; there-

fore, trials of fungicidal combinations 

and sequences of applications are being

conducted. 


Mycorrhization and bacterization 


In soil deficient in nutrients, especial-

ly phosphorus, mycorrhization with 

vesicuiar-arbuscular-ycorrhiza may offer
 
a potential for the slow growing and poor

root system of potato transplants. Sig-

nificant growth responses could be stimu-

lated in infected seedlings, thereby 

providing a possible escape mechanism 

against damping-off organisms. Other 

attributes of mycorrhizae include enhanced 

water transport in plants, decreased 

transplant injury, helping transplants 

withstand high temperatures and reducing

the effect of root-infecting fungi. One 

possible mode of action of endomycorrhizae
 
on root pathogens and disease includes 

increased cortical cell wall thickenings

of mycorrhizal roots which deter penetra-

tion by the pathogen (Schenck, 1981). 

Methods for pre-inoculation of seeolings

in trays or beds before field transplant-

ing offers intriguing prospects. By the 

same toke,, pelleted true seed infected 

with nycorrhiza for direct field seedling 

may offer possibilities. 

Similarly, the use of any potential plant 

growth-promoting rhizosphere bacteria
 
isolated from tropical potatoes could also 

help seedling establishment and disease
 
control. These bacteria, when present, 

generally stimulate growth by displacing

harmful microorganisms that rc:mmonly 

colonize roots. If successful, both 

mycorrhization and bacterization could 

reduce costly fertilizer appliLation in 

tropical potato farming, 


Conclusion and future trends 


By the year 2,000 the production of po-

tato from true seed would likely be in-

creasingly commercialized and mechanized. 

The control strategy for post-emergence 

damping-off would invariably be integrated

involving the use of vigorous-growing

tropically adapted seedlings, appropriate 

insecticides and fungicides with stability

and persistance under high soil tempera-

ture regimes as well as the use of manage-

ment practices such as mulching, shadinq 

and nitrogen application. Under certain 

farming systems, intercropping, ciop rota-

tion and programming of transplanting

dates within a growing season to avoid 

heavy pest and pathogen populations could 

be applicable. The beneficial inter&;tion 

effect of field scale mycorrhizatiorn and 

bacterization of transplants on Rhizoc
tonia control could become a u-re The 
combination of these environmental

phenomenon. 


Finally, control strategy will vary with 

location, farming systems 2nd the grower's

circumstances. 
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Summary
 

Some of the climatic and other factors are 
described that make the ICA-station et 
Rionegro, Colombia, an excellent site for 
late blight evaluation and breeding of
 
potatoes destined for mid elevation trop
ics. Two seasons a year provide opportu
nity to advance ra-idly with an evalua
tion and selection proqramme. Results of
 
2 years of evaluation of CIP, ICA and
 
Mexican clones obtained in late blight

breeding programmes are summarized.
 

Introduction
 

Late blight is probably the must severe
 
potato disease, and a prime production

constraint all over the world. Chemical
 
control is expensive requiring frequent

spraying of fungicides. Breeding for
 
resistance to this disease is and has been
 
of primary importance to CIP's program. A
 
site to evaluate late blight resistance is
 
however not available at any of CIP's ex
periment stations in Peru. There are only

few places in developing countries where a
 
combination of laboratory facilities, in
stitutional personnel organization as well
 
as a constant presence of late blight can
 
be found.
 

The ICA (Instituto Colombiano Agropecua
rio) station

0 "La Selva" in Rionegro near
0
Medellin (6 20'N, 75 20'W at 2,200 m above
 
sea level) fulfills such basic require
ments. In addition it allows to plant and
 
evaluate during 2 seasons in each year,

due to the occurrence of 2 rainy seasons.
 
Temperatures vary little throughout the
 
year and from year to year: daily minima
 
are from 10 to 12%, daily maxima are from
 
22 to 250C, with daily averages of 16 to
 
180C.
 

conditions make the location very favor
able for epidemics of late blight and
 
consequently very desirable as a site for
 
testing genetic material. !n addition
 
t;iese climatic factors, togethe- with t,v

well drained volcanic soil are almost
 
ideal for the growing of d'.;erent potato
 

such as Solanum tuberosum, S.
 
andigena, S. ,ri
auret--- ridT.
 
Tiesee-spicies are of prime importance in
 
potato breeding for blight resistance.
 

The Rionegro station is also ideally sit
uated to test for general adaptability of
 
germplasm, as the most important potato

diseases of the tropical highlands are
 
rather serious: PVX, PVY, PLRV, bacte
rial wilt (Pseudomonas solanacearum, early

blight (Alternaria solani) and Phoma leaf
spot (Phoma sp.) alcause serious losses
 
in susceptible varieties.
 

The concept of general resistance to late
 
blight was introduced by 1956. This re
sistance is supposed to have a high degree

of stability over time and possibly space.
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However, with few exceptions this type of hybrids with the mentioned species which 
resistance has not been incorporated into were highly resistant in Mexico and Table 4. Average yield and late blight 
potato cultivars. High levels of this crossed to andigena clones from Andean readings of diverse clonal groups tested 
resistance are found in accessions of S. countries specially selected for their at La Selva Station with no fungicide.
andigena and S. phureja and insome wiTd yield, quality and some degree of 
spec es. Itfs expecte that use of these Phytophthora field resistance. 
species ina breeding program will rapidly Material Origin Folage Yield
 
lead to the obtaining of desirable culti- Results and discussion damage (kg/plant)
 
vars with general resistance to blight and A total of 79 tuber families, which in- (scale
 
suitable for the needs of the mid eleva- cluded 5,149 potential clones were tested
 
tion tropics. in 1980 and 1981, from which 336 were ICA selected tuberosum,
 

selected for future tests. The average clones and andigena 7.0 0.4
 
Materials and methods yield of six local check-varieties was 	 Colombian
 

0.4 kg/plant as compared to 1.5 kg/plant varieties
 
Tests were performed since 1979 using of 102 selected clones.
 
tuber families and clonal materials sent At the same time clones obtained inMexico CIP selected tuberosum,
 
in from CIP Lima and ICA, BogotA. They and selected by CIP for late blight re- clones from demissum
 
included selected clones and materials an ce as CIP as lone bleted Mexico, phureja,

from tuber families produced specifically sistance, as well as clones selcted PerO, USA, stolonl- 4.5 0.7
fo ltberbalitesisuce, sceiblle 
 through ICA's 
program gave yield averages Germany, ferum
for late blight resistance. Susceptible and late blight infection scores as 
shown eeran,

checks, local varieties and R-gene differ- (Table 2). Twenty clones from the CIP Netherlands,
 
entials (obtained through courtesy of L breeding program selected and retested in Scotland,
 
Turkensteen, IPO, Wageningen) were also Rionegro in replicated trials, yielded India
 
included. Clones to be tested were between 1 and 1.8 kg per plant and showed
 
planted inCRD with 1 to 4 replicates in a final infection level of 2 to 5 (results ICA-CIP combna-

March-April and in August-September of not shown). All R-gene differentials ap- testing and tion of 3.5 1.2
 
1979, 1980 and 1981. Herbicides and selection 1)and 2)
ereaplid bt peared very
insctcids rotctve susceptible (Table 3), inidi- rjc

insecticides were applied but protective cating that racial variability was for 	 project
 
fungicides were excluded :xcept during the practical purposes as wide as inM1xico or from tuber
 
first 45 days after t)e planting. As soon rosta Rica, in tests in former years. A families
 
as symptoms appeared in susceptible summary of the results for the three types
 
clones, sometimes as early as one month of clonal material tested is given in
 
after 'emergence, notes were taken at Table 4). It is concluded from the results obtained
 
intervals of 7 to 10 days on Phytophthora
infection. The scale used was _the 1 to 9 	 so far, that: 

The ICA Station at Rionegro isexcellent
 
scale developed at CIP (Table 1) inwhich Table 2. Tuber family trials at La Selva for the evaluation of materials with gen
grade 1 represents no visible disease and in1980 and 1981. eral resistance to late blight.
 
9 no healthy foliage left. Normally, 4-6 	 eral CIPiseeto from mexican
 
readings were made. Notes on other di,--	 Several CIP selections from mexican 
eases were also tken. 1980-a 1980-b 1981-a Total 	 material show also in this location a
 

satisfactory degree of late blight
 

Tuber families 	 resistance and a relatively high yield.

Harvest data Included tuber size, shape, tested 27 27 25 19 Selected clones from CIP's breeding
eyes, skin, flesh color, and yield. The Clones tested 2,142 1,168 1,839 5,149 program and with quite diverse origin, 
most resistant, highest yielding and Families including S. tuberosum, S. demissum, S. 
agronomically most attractive clones were selected 26 20 21 67 andigena, . khureja, ancf-soiwTTTspe
selected. The clones selected were Clones selected 124 94 118 336 cles were outstanding intheir performance 
retested insucceeding seasons. Clones yield- for hi"h yield, quality and general late 

ing ovLr blight resistance.
 
The genetic background of the clones 1.0 kg/plant 86 75 77 238
 

The best clones are increased and rogued
tested included: S. andigena from Peru, Clones yield-

at an ICA Station at 3,0O0 m of altitude,
Colombia, Ecuador and Bolivia, S. tube- ing over 


rosum selected in cooperative tests 1.5 kg/plant 37 35 40 102 to produce seed for growers trials inthe
 
witFINIA at Toluca in Mexico. Many of Average yield of coming years.
 
these latter selections originated inThe local checks
 
Netherlands, Scotland, Germany, India, (kg/plant) 0.6 0.3 0.4 0.4 References
 
USA, Sweden and Mexico. These contained Rainfall during
 
in addition to S. tuberosum and S. andi- growing season GuzmAn, J., H.D. Thurston, and L. Heid
ena, also S. phueaS demiuiTum,. ,(ram) 560 780 950 rick. 1960. Nature of partial resist

stiooniferum anc-other wiTd spec-es-amo7ng ance of three species of potatoes to
 
progenitors. The tuber families from CIP a = March-April planting. Phytophthora infestans. Phytopathology


.
were derived from S. tuberosum and its b = August-September planting. (astract T 

Niederhauser,-J.S., and J. Cervantes.
 

1956. Maintenance of field resistance
 
to Phytophcnora infestans in potato


Table 1. Scale used for estimating late Table 3. Late blight readings made two select ons. Phytopatolog-y (abstract)

blight field resistance, months after planting, on late blight 46; 22.
 

differentials at La Selva Station, 1980.
 

Grade Foliage Description of damage
 
affected % Differential Blioht reading
 

1 0 very few or no lesions r 9
 
2 3 over 0% but less than 10% R1 5
 

damage R2 7
 
3 10 R3 8
 
4 25 R4 6
 
5 50 half of the foliage R5 6
 

damaged R7 	 5 
6 75 RIO 4
 
7 90 R2 R3 6
 
8 97 very few disease free R2 R4 6
 

portions; less than 10% R1 R2 R3 9
 
of total area
 

9 100 complete foliage destruc- R6, R8 and R9 differentials were not
 
tion available inthe test..
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IN VITRO STORAGE OF POTATO GERM4PLASM 
 In the presence of mannitol the number of
 
Table 1. Culture media for propagation nodes per cm increases
R. Estrada, L. Schilde-Reqtschler and and conservation of germplasm in vitro, the 

and the length of

internodes is reduced. Whether the
N. Espinoza 
 effect of mannitol on growth rate and
International Potato Center, 
 Additions Media for II morphology is due only to its capacity to
Apartado b969, Lima, Peru. 
 AdditionsMediafo_-
 induce osmotic stress (Thorpe, 1978;
 

1 M4 9 Laisne and Codaccioni, 1978) is not known.
 
Abstract 


To determine that osmotic stress induced 
Established cultivars from different coun- by rannitol in the culture medium has noSucrose (g/l) 30 5 20 influence on the genetic stability of the
tries, as well as advanced potato germ- Mannitol (g/l) 
 - 40 - clones, tuber extracts from plants derivedplasm developed by the breeding program at 
 Ca Pa (mg/l) 
 2 - 2 from in vi"'o stored materialthe International were
Potato Center are freed GA (mg/1l) 0.25 
 - 0.4 compareT in-polyacrylamide gel electroof pathogens by meristem tip culture, BAP (mg/l - phoresis- 0.5 to conventionally propagatedpropagated for distribution to developing 
 RAA (mg/l -- 0.01 plants (Stegemann and Loeschke, 1976).countries and maintained in vitro for fu- Agar (g/Il) No
 
ture research, -

8 10 - differences in the band pattern have beenobserved.
~~~I.
ture Ieerhnormal growth, M4 - long-term obevd
 

Investigations are carried out to find 
incrasigstorage,strage rapid propagation; using
th 99 The mannitol containing medium reduces the
raid popaatio; uing need for transfer at 25°C to a
conditions which allow increasing the basic maximum of
medium 
of Murashige and Skoog once a year. At lower temperatures, the
periods between transfers of in vitro (1962). 
 nee r er m
trans r ules he

plants to fresh medium without in~erfieF6ii need for transfer may be less (Schilde,
with vitality or genetic stability. Re- GA - gibberellic acid 1979; Westcott, 1981a). More progress in
sults obtained with a wide range of geno- CA Pa - D-p'nthothenic acid hemicalcium long-term in vitro storage will 
 be postypes are presented, 
 salt sible if fi6hniques for cryopreservation


BAP - 6-Benzyl-amino-purine are efficient enough to obtain high
Introduction 
 NAA - a-naphthalene acetic acid 
 survival rates of whole meristems not only

for a few (Grout and Henshaw, 1978;
The collection of pathogen tested potato 
 Withers, 1980), but for a wide range of
clones at CIP contains about 170 clones of 
 genotypes.


different origins and ploidy levels. It Table 2. 
Shoot lenght (mm) of plantlets

includes cultivars and advanced breeding 
 grown on media for 4 months.
 
lines, and each year more clones are ad
ded. This collection is utilized for Medium-I/ Clone
 
evaluation and breeding in many regions of
 
the world because of its excellent health S M DTO-2
LT-1 MS-1C-2 M.Trop.

status which permits easy distribution to
 
other countries (Roca et al., 1978). 
 A 0-40 8.17 6.67 11.83 11.18
 

B 5-0 44.33 25.50 20.50 15.67
Under normal growth conditions (Roca et C 5-40 27.50 7.83 
 18.33 11.50
al., 1978) in vitro storage is labor i--
 D 30- 0 79.17 90.67 81.33 56.18

rensive, since noTes of plants have to be 
 E 30-40 38.33 15.00 23.33 14.33
 
transferred to fresh medium and regener
ated 
into plants every 2 to 3 months. j/Basic medium of Murashige and Skoog
Different conditions have been described '1962 c ontaini
 
which reduce the frequency of transfer and 
 of cose ng % agar with additionregeneration (Westcott et al., 1977' of 
sucrose (S) and/or mannitol (M) in

Schilde, 1979; Westcott, 1M1b--adatz an g/l.

Standke, 1978; Mix, 1981). Storage espe
cially at cycling low temperature, gives Results and discussion
 
high survival rates only for some geno
types (Westcott, 1981a). Therefore, these Growth responses on the media A to E 
meas
storage conditions are not suitable for ured as 
 total length of the plantlets

germplasm banks that have a large range of 
 after 1.5 and 4 months are shown (Table 2,
genotypes. In addition, necessary
the Figure 1). Survival rate at evaluation Figure I. Comparison of four clones grown
facilities may not be available in devel-
 time was almost 100% for all 4 clones, on medium A, B, C,D and E (Table 2) for
oping countries, 0
except for losses by contamination, seven months at 25
C.
 

At CIP the collection of pathogen-tested 
 Comparison of different concentrations of References
clones has been stored 
in vitro without sugar (sucrose and/or mannitol) (media A,
transfer for one year at-MT5---a medium B and 
D or A, C and E, Figure 1) shows Grout, B.W.W., and G.G. Henshaw. 1978.
containing 4% m~nnitol 
and 0.5% sucrose that 3% sucrose is adequate for normal Freeze preservation of potato shoot-tip
(Table 1, M4). 
 In this study, the effect growth (Media D and E). Low concentration cultures. Annals of Botany 42;
of sucrose concentrations and mannitol 
in of sucrose (8)caused strong reduction in 1227-1229.
the culture medium on reduction of growth growth 
rate, and parts of shoots died. Laisne, G., and M. Codaccioni. 1978.
without interfering with plant vigor was The plantlets with mannitol 
but without Influence de la temperature et de la
evaluated to further improve in vitro sucroh (A) were more 
vigorous 
than the presence de mannitol sur la pression
storage. 
 former. Whether mannitol is metabolized osmotique des cellules 6pidermiques.
Materials andmethods 
 by plants is not known. 
 Comptes Rendus de l'Acad~mie Francaise
 
de Sciences, Paris. t. 286; 
S6rie 0.


In media containing mannitol
The culture media used for propagation and (AC,E) the 1191-1194.
growth was reduced, but the reduction was Mix, G. 1IQ81.In 8th Triennial 
Confermaintenance of potato clone 
are presented less pronounced when the 
sucrose concen- ence of the European Association for
in Table 1. The pH of all media was ad- tration was high (E). At high 
sucrose Potato Research. Abstracts of Conferjusted to 5.6 before autoclaving. In concentrations plantlets were more vigor- ence Papers, 176-177.
vitro plantlets of four potato clones weii 

used 

ous (D and E). Incubation for longer Murashige, T., an.iF. Skoog. 1962. A
LT-1 (tbr), Maria Tropical (a'dg), periods will be necessary to be able to revised medium for rapid growth
DTO-2 and MS-1C-2 (phu 
x tbr). These ascertain if medium F (4% mannitol, 
and
 

3% bioassays wlth tobacco tissue cultures.
clones were derived from meristem culture, sucrose) is as good or better than medium 
 Physiologid Plantarum 15; 473-497.
maintained on medium I and propagated in 
C (4% mannitol, 0.5% sucrose) which is Radatz, and
W., K.C.--Standke. 1978.
shake culture (60 rpm, 250C, 100 fc 16 
 routinely used presently (M4-Table 1). Untersuchungen zum Minimalwachstum von
h/day) in medium 9 to obtain sufficient 
 Kartoffeln in vitro. Landbauforschung,
homogenous 
 materic. (Table 1). Shoot A relationship exists between 
root forma- Vdlkenrode,";-[67 8.
apices from these plantlets were incubated tion and sucrose concentration. At higher
° Roca, W.M., N.T. Espinoza, M.R. Roca, and
at 22-25 at 300 fc for 16 h/day on agar concentrations, the number and length of J.E.
media A - E (Table 2) in tubes, 
Bryan. 1978. A tissue culture
roots are higher, 
 method for the rapid propagation of po
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tatoes. American Potato Journal 55; tolerant clones and heat sensitive clones maturity than the unselected clones or the 
691-701. - isfully as great under long photoperiods standards. 

Schilde, L. 1979. InReport of the Plan- as under short ones (Ewing, 1981, Figure
ning Conference on the Exploration 5). At the long photoperiods itiseasier Observations at San Ramon suggested that
 
Taxonomy and Maintenance of Potato Germ to separate the responses visually, be- although the screening method based on
 
Plasm III. International Potato Center cause tuberization of the sensitive cut- cuttings was helpful, itmight be improved
 
182-193. tings is virtually eliminated, giving a by adding other selection criteria. For
 

Stegemann, H., and V. Loeschcke. 1976. "plus or minus" response. example, 10% of the selected clones were
 
In Mitteilungen aus der Biologischen rated as having large leaves, large
 
Bundesanstalt fUr Land-und Forstwirts- Testing ingreenhouses and growth chambers haulms, and thick stems at San Ramon.
 
chaft. Heft 168. indicated that clones selected by the cut- These had more than 50% higher yields than
 

Thorpe, T.A. 1978. Regulation of organo- ting technique possessed heat tolerance the overall average for selected clones.
 
genesis in vitro. In K.W. Hugues, R. under artificial conditions. Field test- The ratings for stem, leaf, and haulm size
 
Henke, anM._Constantin, eds. Propaga- ing was therefore carried out for heat were significantly correlated statistical
tion of Higher Plants through Tissue tolerance at CIP plots inSan Ramon, Peru. ly with yielJs. We therefore tried to
 
Culture. U.S. Depjrtment of Energy. Experiments carried out during the summers improve the selection process by growing
 
Conference Report 7804111. of 1977-78 and 1978-79 showed that some of the clones again and looking for charac-


Westcott, R.J., G.G. Henshaw, B.W.W. the selected clones gave reasonable yields teristics that might be correlated with 
Grout, and W.M. Roca. 1977. Tissue in 11 weeks and that earlier maturing performance at San Ramon. Seed tubers 
Culture methods and germplasm storage in clones resulted from the screening tech- were available for 58 selected clones and 
potato. Acta Horticulturae 78; 45-49. nique. Larger experiments were needed to 11 unselected clones that had been grown 

Westcott, R.J. 1981a. Tss'ue culture determine whether the technique led to at San Ramon. These were planted in
 
storage of potato germplasm. 1.Minimal higher tuber yields. Part of the diffi- the Cornell hot greenhouse (described pre
growth storage. Potato Research 24; culty in evaluating the screening tech- viously) and in a cool greenhouse that
 
331-342. nique at San Ramon is the high incidence had ambient temperatures and 18 hr photo-


Westcott, R.J. 1981b. Tissue culture of a soft rot disease. This disease, be- periods. Also planted inboth greenhouses
 
storage of potdto germplasm. 2. Use of lieved to be caused by Ervinia chrysan- were nine tuberosum cultivars.
 
growth retardhants. Potato Research 24; themi, leads to poor emergence, weakened
 
343-352. 	 - and rotting tubers. The cutting There were significant correlations be-Rplants, 


Withers, L.A. 1980. Tissue culture star- technique used inthe greenhouse screening tween yield at San Ramon and yield inthe 
age for genetic conservation. Interna- does not include conscious selection hot greenhouse. Vigor ratings, leaf size, 
tional Board for Plant Genetic against susceptibility to this disease. and tuberization on cuttings in the hot 
Resources. Rome. greenhouse were also significantly cor-

During the 1980-81 season, field testing related with yield at San Ramon. None of 
was carried out on 72 clones selected as the variables examined in the cool green
heat tolerant by the cutting technique, house were significantly correlated with 
The clones were selected inthe hot green- yields at San Ramon. Of the variables in 

SELECTING FOR HEAT TOLERANCE WITHIN house during the summer of 1979, multi- the hot greenhouse, vigor ratings and tu-

POPULATIONS DERIVED FROM THE CORNELL 	 plied inthe greenhouse during the winter berization on cuttings were most effective
 
ANDIGENA COLLECTION of 1979.80, and shipped to CIP headquar- in accounting for the variation in San
 

1/ ters for planting in5-hill plots at San Ramon yields. According to regression

E.E. Ewing-/, B.A. Kahr-, M.8. Lazir/, 	 Ramon and Yurimaguas. An additional 18 analysis, these two factors were associat-

M. Benkhedher-I, H.A. Mendoza, and 	 clones from the same crosses, unselected ed with 24% of the variation. Tabulation
 
R.L. 	Plaisted3/ with respect to heat tolerance, were of yields from San Ramon by their vigor
 

planted at random among the 72 selected ratings in the hot greenhouse as well as
 
I/Vegetable Crops Department, clones at each location. Four 5-hill by their percent tuberization on cuttings
 

Cornell University, plots of the heat tolerant clones DTO-28 demonstrated the improvement inyield pre-

Ithaca, N.Y. 14853, and LT-1 were randomized among the 90 diction by considering both factors. The
 

V.U.S.A. 	 plots at each location to serve as stan- ten clones that had tuberizatlon on at 
I/lnternational Potato Center, dards for comparison. Plantings at San least 25% of cuttings taken from the hot 
Lima, Peru. Ramon were made on December 17, 1980, and greenhouse and i:hatwere rated highly
Plant Breeding Department, plots were harvested 77 days later. The vigorous in thi? hot greenhouse had 
Cornell Unive'sity. Yurimaguas plots were planted January 5 produced an averige yield of 0.50 kg per 

and harvested after only 64 days. plant at San Ranon, compared to 0.45 kg
 
The goal of our heat tolerance program is for LT-1. Thp ten clones that had less
 
to develop a population, derived from the Many of the plants at Yurimaguas were than 25% of cut~inas tuberized and that
 
Cornell andigena collection, that will badly infected with bacterial wilt, and were not rated highly vigorous in the hot
 
combine heat tolerance and early maturity the severity seemed to va4y greatly from greenhouse had produced only 0.30 kg per
 
with resistance to PVY, late blight, bac- one part of the experiment to another, plant at San Ramon.
 
terial wilt, and root-knot nematodes. To Yields of the two standard cultivars
 
accomplish this we must have an effective showed extreme variation from one replica- It was interesting that several of the
 
screening technique to select for heat tion to the next. Thus the results were unselected clones produced better yields
 
tolerance and early maturity, of limited value, in the hot greenhouse than did most of
 
The approach that we have adopted isto the tuberosum cul ivars. This may be ex

grow populations in a plastic greenhouse There may have been a small amount of plained inpart by the fact that the ma
that is allowed to reach ; maximum day bacterial wilt at San Ramon also, but the ternal parents employed in the crosses 
temperature of 40*C and a minimum night principal problem there again appeared to were previously identified as possessing 
temperature of 300C. Timers and artifi- be the bacterial soft rot disease. Before heat tolerance. (We have found that the 
cial lights maintain an 18 hr photoperiod. harvest seriously weakened plants ineach maternal parent contributes more to heat 
Plants, either from true potato seed or plot were identified, and only tubers from tolerance and early maturity than does the 
from tubers, are allowed tc grow at least the strong plants were harvested. Yields pollen parent.) In the cool greenhouse 
2-3 weeks under these conditions. When were computed as tuber weight per strong the unselected clones and the tuberosum 
the plants have developed eight or more plant, but only if there were at least cultivars averaged higher yieldi than did 
leaves lonjer than 3.5 cm, one apical cut- four strong plants per plot. Sixty of the selected clones. This shows that the 
ting and twj leaf-bud cuttings are taken the 72 selected clones, 14 of the 18 un- heat tolerance isnot simply a function of 
from each plant and placed in a mist bench selected clones, three of the four LT-1 overall yielding ability. 
under continuous light. Ability to form a plots, and all four DTO-28 plots met this Twenty-six of the selected clones were 
tuber on one or more of the cuttings is criterion. DTO-28 and LT-1 produced 0.58 also grown in the field at the Cornell 
considered to be an indication of early and 0.45 kg per plant, respectively. Se- University vegetable research farm. 
maturity and possible heat tolerance lected clones gave 0.39 kg compared to Growth measurements were again compared to
 
(Ewing, 1981). 0.35 kg per plant for the unselected. yields of these clones previously recorded
 

Eleven of the selected clones surpassed 	 at San Ramon. Several characters, pe-

Itmay seem odd that we choose to maintain both standard cultivars in total tuber cially leaf size and stem diameter, imed
 
18 hr photoperiods in a heat screening yields, and 15 surpassed both inyield of to be correlated with tuber yields ac San
 
test for the tropics. We have found that well-shaped tubers. None of the unsel, ct- Ramon, but this requires confirmation with
 
at high temperatures the difference be- ed clones were better than the standards, a larger and more diverse population of
 
tween tuberization of cuttings from heat Selected clones tended to be earlier in clones.
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We conclude from these experiments that: 

1) The value of selection for heat toler-

ance based upon tuberization of cuttings

from the hot greenhouse was confirmed. 

?) The selection may be improved by also 

taking into account the vigor of plant 

growth or leaf size in the hot greenhouse. 

3) It is possible that further selection 

based upon plant type in the field under 
cool tempcrature conditions may prove use-
ful, but this requires further investiga-
tion. 4) Field testing for heat tolerance 
at Yurimaguas should become more meaning-
ful when resistance to bacterial wilt has 
been incorporated into the breeding po-
pulaticl. 
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PROSPECTS FOR STABILITY OF RESISTANCE 

TO POTATO VIRUS Y 


E. N. Fernandez-Northcote 

Universidad Nacional Agraria, 

La Molina, and 

International Potato Center. 


Potato virus Y (PVY) is one of the two 

most important viruses affecting the pota-

to crop on a world-wide basis, 


In developing countries where seed certi-

fication programs are not well developed,

there is a very strong need for cultivars 

with resistance to this virus. At CIP 

breeding for resistance to PVY has been 

assigned a high priority and improved ma-

terial with resistance to this virus alone
or in combination with resistance to PVX
and other pathogens is being developed. 


In different crops including potato high 

levels of resistance to viruses are con-

ferred by genes for hypersensitivity. 


In few cases such as in the bean common

mosaic virus - bean, and specially in
 
the tobacco mosaic virus - tobacco patho-

systems, genes for a high level of hyper-

sensitivity, have conferred stable resist-

ance to a wide range of strains. 

However inmany cases as inpotato patho-


systems it is strain -specific, leading to 

unstable resistance. 


This unstable resistance is shown in the 

case of the PVX-potato pathosystem, for 

the genes Nx or Nb for hypersensitivity,

compatible strains arise that overcome 

this resistance. 


The PVY- potato pathosystem is one of the 

two cases, among virus diseases, (the 

other one being the PVX- potato patho-

system) in which gene for 'immunity' has 

been identified and transferred to 

commercial cultivars. 'limmunity' to PVY 

was first stated by Stelzner (1943) but 

confirmed by Ross in 1951 in S. 

stoloniferum (Ross, 1952). The gene Ry

for 'irmmunity' to PVY from S.stoloniferum 

was incorporated by Ross t6 S. tuberosum-

varieties (Ross, 1958). At the prescent 

time German and other european potato

breeding programs hive released commercial 

cultivprs with the Ry gene. Muftoz et al.,

(1975) and CIP research have ideWETed 

'immunity' in S. andigena. 'Immunity' is 

the highest 1iveF' i-sistance to PVY 


available and the development of clones 

with the 'immune' level of resistance is 

the objective at CIP. An important con
sideration is the future stability of this 

level of resistance. 


The Andean region which is the center of 

origin of the potato, offers the
 
possibility for providing great natural 
variability in PVY. Selected potato
clones, with 'immunity' to potato virus Y 
(PVY) derived from Solanum andtiena and 
Solanum stoloniferum, u-sed-a -ren s in 
the brieaing program for resistance to PVY 
at CIP, viere challenged with strains 
prevalent in potato fields from the Andean 
region: Chile, Argentina, Per ang
Ecuador, They belonged to the PVYu, PVY 


1981cts Heat
After grafting the clones as stocks with 

PVY infected N. occidentalis scions, 

hypersensitive c-ontrols showed systemic 

necrosis, but all the selected
remained 'immune', they did not clones
show
remaned how
immne',theydidnot 


symptoms and were not infected as deter-

mined by two generation evaluations by
 
ELISA serology tests and backtesting to 

tobacco White Burley.
 

The parents and the number of isolates 

used in challenge tests are shown (Table

1). The 'immune' reaction of the selected 

clones to the diversity of strains tested 

indicates the potential stability of re-

sistance to PVY in the resistant material 

being bred at CIP. This is our hope into 

the next century. 


Table 1. 'Immune' clones most tested a-

gainst ayide range of PVY isolates from 

PVY0 , PVy" and PVYC groups of strains. 


Source of immunity Isolates Origin

and clone tested
tressive 


S. andi ena International 

Y 14.7 9 Potato Center 


S. stoloniferum 
 International
78C r1. 7 Potato Center 


S. stoloniferum Mlochlow,1

PG 'S5 20 Poland -


S. stoloniferum Wageningen, 

L .74.167T 16 Netherlands 


/ Derived from MPI 55.957/24 
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POTATO PLANT HEALTH - SOME PROBLEMS
 
AND PROSPECTS
 

R.A. Fox
 
Scottish Crop Research Institute,
 
Invergowrie, Dundee DD2 5DA,
 
Scotland.
 

Introduction
 
I
 
Fox (1981; 102 references) cited papers,
 
Fox ( n;102 refrences cid ar
 
cess to mostnportant literature on pota
to pathology to ca. 1900. He commented
 
that it is easyto justify research on
 
major diseases, but there are problem
 
areas pertaining to plant health often

ignored by potato pathologists and allied
 
workers; the rhizosphere, rhizoplane (plus
 

parallel tuber effects) and phylloplane,

their interactions with d iseases
and nema
todes, the effects of broad spectrum pes
todes th efctof broad t e
ticides on microbial balances, and the
mediating action of herbicides on suscep
tibilty and symptom expression.
 

Subterranean Problems
 

Potato roots, stolons and underground
 
stems are commonly infected by many patho
gens most studied as tuber rots. Apart

from the wilt pathogens, and despite the
 
iact that the potato is acknowledged to
 
have a barely adequate root system, very
 
little is known about the etfects on
 
growth and yield of such infections al
though their increasing levels through the
 
growing season have been related to con
comitant increases of tuber infections.
 
Thus Fox and Dashwood (1979) resolved con
flicts between decreasing tuber suscepti
bility but increasing incidence of gan
grene (Phoma var.
storage exigua 
(after Spencer and Fox 1979) shows a pro

relationship -etween black scurf 

w t lte---arvestingfoveata).-'-nrleIin
 

(Rhizoctonia solani) on tubers, and root
 

anidstolon infection, and introduceseffect analysed by n relating antii-o tuber 
erie t and hizohre sens 
perderm maturity and rhzosphere (sensu 
tubersphere) effects. In simplest terms,sclerotia are initiated at high but are
induced to mature by certain lowered nu

tritioial levels; these are affected in
 
time (through the season) and space (tuber

surface) by periderm maturity. The poten
tial effects of tuber exudates on the
 
distribution and severity of black scurf
 
(Table 2) were explained by comparing dif
ferential skin maturity from the rose to
 
the heel end with maturity along a root
 
from its tip backwards as they affect
 
rhizosphere activity (Spencer and Fox,
 
1975, 1978).
 

Table 1. Incidence of R. solani on sto
lons and roots; periden matur-ty rating

IPMR), and mean black scurf severity
 
score (BSSS) on cv. Majestic at 2-weekly
 
intervals from 5 August.!/
 

Week
 

1 3 5 7 9 11 

roots 48 67 77 75 90 96 
stolons 52 65 74 76 95 98 

PMR 100 95 85 85 35 5 
BSSS 0.6 0.6 0.9 1.0 1.5 2.1 

11 Data derived from and experimental de
tails inSpencer and Fox (1979).
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and Kloepper, Harrison and Brewer, 1981). 	 Conference in an experiment with (conpost
 
Table 2. Percent incidence and infection The surface of the plant thus offers ac- x sand) x (various ± NPK), was a most
 

severity rating of R. solani on four cess for chemical control in a life cycle powerful illustrative argument for sup
zones of tubers of iRela grown cv. Ma- now known to be very complex and in which porting VAM research in relation to CIP's
 
jestic (n-430)WI the bacteria are mostly inaccessible, true potato seed programme.


Table 4 gives the results of a preliminary
 
small-scale experiment with a copper spray This brief contribution should be read in 

Zone applied to field grown plants. Tiese were conjunction with the more extensive review 
raised initially under glass from surface (Fox 1981). Most work on potato pathology

l(rose) 2 3 4(heel) sterilized true seed, and sprayed at a has concentrated on individual important 
rate suggested by the manufacturer for diseases. Of those affecting the tuber, 

Incidence 83 70 61 47 controlling late blight but twice weekly, research for obvious reasons has concen-
At each sampling date four techniques were trated on it as the harvested part. Work 

Severity 48 22 13 6 	 used in attempts to detect the bacteria on on broader aspects of the biology of these
 
leaves, but they were foLnd only once (8 diseases should be undertaken. Approaches


Y As table 1 	 September) with but one technique on a designed to promote general plant health
 
single sample from one of four replicate and to investigate microbial associations
 
plots. Although the results raise doubts of the plant may prove more rewarding than


Black dot (Colletotrichum coccodes, syn. 	 about the sensitivity of the techniques the magnifying glass approach focussing
 
C. atramentarium) can cause a severe wilt used, the finding of contamination of attention on one disease at a time. The
 
under hot arid conditions. Davis (1981) progeny tubers in the control plots must potentidl for such rewards is exemplified

commented that it is "illusive and lack of also raise doubts about the validity of by the work of Schroth and his colleagues

recognition is frequent". In Scotland, in claims made for high grade planting stocks (see Kloepper and Schroth, 1981); they

the UK generally, and often elsewhere it and their freedom from bacteria. However, have pointed the way for exploiting the
 
is regarded as of little or no conse- these preliminary results are of great rhizosphere by demonstrating that growth
 
quence, but we have recorded it as common importance in showing how initially bac- promoting 'antagonists' that increase
 
colonizer of roots, stolons and stem bases teria-free stocks may be protected against yield can be established within the rhizo
that occurs with 'icreasing frequency as air-borne contamination. sphere/rhizoplane community.
 
the season progresses (Table 3). It is
 
difficult to accept that such levels of 	 Acknowledgements
 
root infection do not affect growth and Table 4. Effects of copper oxychloride
 
yield; it may be that its commonness sprays on Erwinia carotovora infection I am indebted to E. Patricia Dashwood for
 
and uniformity has stifled enquiry and of tubers (20/sample) harvested on three her skilled help. The tuber and leaf
 
obscured its effect, dates from plants grown from true seed sampling in the Erwinia experiment was
 

(ex cv. Mars Piper) and the overall done by Pirrko Harjua visiting worker
 
numbers of isolates identified as ssp. from Finland.


Table 3. Numbers of Petri dishes contain- atroseptica (atr) or ssp. carotovora
 
ing C. coccodes growing from pieces of (car). References
 
surface sterilized below ground stem,
 
stolons and roots from cv. Pentland
 
Crown. E. carot- Unlisted references - see list in Fox 

Harvest date ovora ssp. (1981) cited below. 
Davis, J.R. 1981. Black Dot, p. 55-56. 

Date C8 Sep 23 Sep 08 Oct atr car In W.J. Hooker, ed. Compendium of Pota
to Diseases. American Phytopathological
 

07 Sep 24 Sep 24 Oct SoLiety, St. PLul, Minnesota.
 
Control 19 3 7 4 47 	 Fox, R.A. 1981. 
 Future contributions of
 

stems 21 (28) 28 (28) 23 (28) Copper plant pathology to potato quality- the
 
roots 24 (28) a65 (70) b47 (65) Spray 0 0 1 0 2 healthy plant, p. 95-110. In Survey


roots__24_(28)_'65_(70)_47_(65)_ Papers of the 8th Triennial Conference
 
stolons 24 (28) a37 (70) b50 (70)c of the European Association for Potato
 

Leach (1966) analysed soils from plots R a EAPR, Wageningen.

Numbers of root pi ces yielding C. where potatoes had been sprayed against epper, J.W., J.W. Brewer, and M.D. Har

noccodes late blight with copper fungicides. The rin. crtva vararotoogas a139 and 697, and of stolons 

potential 140 at the amount of "water extractable" copper was Erwinia carotovora var. caroto to 

second and third harvests respectively. ca. 7 ppm and that of "replaceable" copper potato plants in the fito 
(xy)c = total number of Petri dishes, tFom ca. 20 to 90 ppm and these ranges Potato Journal 58; eId.A can 

variou'sly affected growth and germination otato JW., 5d 165-175.
 
of Phytophthora infestans. Inpreliminary Kloepper, J.W., .nd M.N. Schroth. 1981.
 

For some tuber diseases, root, stolon and tests as part of-the-experiment cited Development of a powder formulation of
 

stem base infection doubtless increases above,
icreses aboe, he ssp.sp.atrseplca rhizobacteriapieces. for inoculation of potato
ste bae ifeciondoutles the motilityotiityofof atroseptica seed Phytopathology 71; 590
inoculum as the plant becomes senescent was stopped at concentrations of 10 ppm 592. pu 
(Fox, 1981), an increase accelerated by and of ssp. carotovora at 5 ppm. At rates Leach, S.A. 1966. Effects of copper and 

E e s o nhaulm destruction, but the question posed up to 100 ppm, Zn and Mn halted neither Lecopper fnidfungicide1966 soil residues on Phy
by Fox remains: "Does senescence of the sub-species but, instead, Mn enhanced tohthora infestans. American Potato 
root system precede or follow that of the their motility especially that of the ssp. our5-T-r3; 3 
haulm? Is there a consistent sequel of carotovora. 
precedence or does it vary with season 
site and soil type and with the extent of 

'tuber' and other pathogens on Mycorrhiza
attack by 


these may be tuber-, soil-borne or both?"
the roots and the varying extent to which The vesicular-arbuscular mycorrhiza (VAM) 
t sof potato have recently been almost ig-

Phylloplane 	 nored (Fox, 1981). The most important
 
work, relating to the aims of CIP, is by
 
Swaminathan (1979) and Swaminathan and


Fox (1981) reviewed the limited knowledge Verma (1979). The first paper briefly
 
of the potato phylloplane. Perombelon reviews the role of VAM and phosphate up
(19BI) did so in relation to air-brne take and demonstrated the benefit to pota
dispersal of Erwinia carotovora ssp. caro- toes of VAN in three latosols that strong
tovora and ssp.atroseptica. He has dem- ly fix phosphorus and it was especially
 
onstrated their potential for multipli- marked in a ferruginous soil that had the
 
cation on the leaf surface and how they greatest affinity for phosphate. The
 
may be washed thence by rain into the soil second paper showed that potato VAN also
 
to contaminate progeny tubers. (Important enhances the uptake of zinc, an element
 
additions to the literature on air-borne widely deficient in Indian soils. The
 
dispersal cited by Fox, have been provided extreme sensitivity of true potato seed to
 
by Kboepper, Brewer and Harrison, 1981; P deficiency, demonstrated during this
 



84 

DISTRIBUTION OF POTATO CYST NEMATODE 

PATHOTYPES (GLOBODERA spp., STONE)

IN THE ANDES 


J. Franco 

The International Potato Center, 

Apartado 5969, Lima, Peru. 


Summr, 


Potato cyst nematode populations from 

various Andean countries were identified. 
Species were determined by color changes

during female development and morphomet-

rics of second stage juveniles. Patho-

types were determined by nematode multi-
plication rate on standard differential
clones. 


Results indicated the presence of a new 

pathotype (P2B) and 
the predominance of 

P5A and P4A pathotypes of Globodera 


Presence of G. rostochiensis in Venezuela 

could be contidered as introduction from 

Europe until more information is obtained, 

On the other hand, although the presence

of G. rostochiensis in Chile fits well 

withF expected distribution, its origin

would need to be more carefully investi-

gated. 

zthe
Although G. rostechien-is only represents
 

17.8% of 'he total number of populations 
examined, the most predominant or frequent
pathotypes were R1A and R3A (Table 2). On 

the other hand G. palida populations re-

presented 82.2%and athotypes P4A and 

P5A were the most predominant (Table 3). 


Table 2. Pathotype identification of
 
potato cyst nematode populations
 
Globodera rostochiensis
 

, respectively. This knowledg- e oGLOBODERA 
a lity and distribution of potato


cyst nematode populations Is very impor-

tant for supporting and providing guide-
lines for breeding for resistance to the 
most common pathotypes present in the
 
area. 
Introduction 


The potato cyst nematodes, Globodera spp.,

have co-evolved with their hosts (Salanum
spp.) in South America and are W-T Y 
distributed in the Andean region (Evans 

et al., 1975). The nematodes found in 

!urop, probably originated from just a 

small fraction of the genetical variabili-

ty existing in the Andean populations.

This would explain the presence in this 

area of certain pathotypes which have not 

been found in Europe (CIP, 1980). There-

fare, identification of species and patho-

types is important to elaborate a control 

and management program in order to reduce 

or avoid their detrimental effects. Sev-

enty three potato cyst nematode popula-

tions from several Andean countries were 

identified at species and pathotype level. 


Results and discussion 


Results confirmed early reports on species

distribution and the existance of a de-

marcation line between the species G. 
ros-

tochiensis and G. pallida at a latiudif
 
SM3 Table-1 _.Joith of this lati-

tude only G. alida was found, while
south of this lne most populations ex-

amined were basically G. rostochiensis. 


Table 1. Potato cyst nematode species of 

the Andean region. 


Source Globodera species

and 

(number of G. rosto-

samples)o Ghirnsis 


Chile (2 2 2.7 
Bolivia 10 6 8.2 
Eua or 5 3 
Ecuador - O.J 

G. pallida 

- 0.O 
4 5:.14 Moreover, these results support the use of 


64.
 
6 


Colombia 2-70 0.0 45 5 

2 2.7 


Total 

number (73) 

% 100 13 (17.8) 60 (82.2) 

1/Indicates the percentage of G. rosto-


chiensis or G. palltda in The 76-15

numTerof populatonsexamined. 


Source 
and 
(number of 

R1A 
1 

Pathotypes 
R1B R2A 

1 

R3A 
3 

samples) 

Bolivia 
Chle 

()1 
3 2 

1 4 

Venezuela 2 

Total 
number (13) 5 3 1 4 
% 17.81-/ 6.8 4.2 1.4 5.5 

1/ 	Percentage of total number of popula-

tion studied.
 

Table 3. Pathotype identification of po-

tato cyst nematode populations Globodera 

ratcsa 

pallmda. 


Source 

and 

(number 

of samples) 


Bolivia (4) 

Peru (47 

Ecuador 5 

Colombia ( 


Total (60) 

number
 

t 


Pathotypes 

P1A P2A pB P3A P4A P5A 

1 2 2 3 4 

2 1 1 
1 2 2 18 24 

1 1 3 
1 2 

1 4 2 5 24 24 


% 82.21/ 1.4 5.5 2.7 6.8 32.9 


1/ 	 Percentage of total number of popula-
tions studied, 

These results (four pathotypes of G. 

rostochiensis and six of G. paliida) aid 

the presence of a new pathoF of G. 

pallida (P2B) indicate the existance ofra 

wider genetical variability in populations 

of the Andean region than in other regions

of the world, 


the P4A and P5A pathotypes of G. pallida 
as 	tester populations inthe screenng and 

breeding program for resistance to the 

potato cyst nematodes because of their 

predominance inthe region, 

Results indicate that our P4A tester pop-

ulation from Peru isgood nematode popula-

tion to identify sources of resistance.
When different P4A populations from Peru 

and Ecuador were tested on the same previ
ously selected sources, they also were 

resistant to the other populations and 


therefore the resistance could be more
 
widely used as parental material in those
 
area where pathotype P4A predominates.
 

This represents a comparative advantage
 
because it allow us to test, in advance,

selected sources of resistance against the
 
most predominant pathotypes occurring in
 

andean region.
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NEW SOURCES OF RESISTANCE TO
 
PALLIDA IN WILD SPECIES
 

J. Franco and A. Matos
 
International Potato Center
 

Suar
 
Breeders need a rather wide genetic base.
 
tor solving the problem of resistance to
 
pest and disease. Thus, it is important
 
to 	 search for and select new sources of 
resistance to different pathotypes of the 
potato cyst nematodes-for broadening the 
genetic base of resistance and avoiding
unexpected pathotype changes.
 

After seedling and tuber screening of 215
 
accessions of 61 wild potato species for
 
resistance to P4A and P5A, the most common
pathotypes of Globodera pallda,
paotes 	 some
ofN' osGn a some
 
clones with single or doufi resistance 
were selected. These clones showed a
 
multiplication rate ranging from 0.16
 
times to 1.05 x and belong to the follow
ing species: S. bulbocastanum (2x), S.
 
capsicibaccatum- (2x), S. cardiophyillm
 

(4x S. ntcaule
 
12x), S. iTstacrolobum (2x S
 
p (6x), S. papta (4x), I. 
sp r Tum (2x), S. stenoph-ylidium (2xT,
and S nei (2x . The breeding poten
tial-oftis-promising wild germplasm is
 
being investigated.
 

Introduction
 

The potato cyst nenatode Globodera spp. is
 
one of the most importat pes-ts in the
 
temperate areas of the world where pota
toes are regularly cultivated. In absence
 
of effective and economic ways of control
ling them, reliance has been placed on the
discovery of sources of resistance and the
development of cultivars with resistance
 
to pathotypes of both species, G. rosto
chiensis and G. p3ja . Howeverthe 
discovery of potato clones resistant to 
potato cyst nematodes (Ellenby, 1954) was 
soon followed by the fining of nematode
populations able to overcome this resist
ance (Quevedo, et al., 1956; Dunnett,

1961; Howard et al., 1970; Ross, 1972).
Ihus, breederse a rather wide genetic

base for solving the problem uf resist
ance. Therefore, importance of searching

for and selecting new sources of resistance requires broadening the genetic base
 
of resistance and avoiding unexpected

pathotype changes.
 

Results and discussion
 

1498 genotypes of 215 accessions belonging
 
to 61 wild potato species were tested a
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gainst P4A and P5A pathotypes of Globodera Research is being conducted to determine CULTIVARS RESISTANT TO BACTERIAL WILT
 
pallida. These are two of the most pre- the breeding potential of selected AND LATE BLIGHT FOR THE HIGH AND
 
om nant ones in the Andean region of genotypes of some of these species (e.i. MID-ELEVATIONS OF THE TROPICS
 

Latin America. 	 S. bulbocastanum S. cardiophyllum and S.
stenophyllidium) and the cuTUvated ones 	 E. R. French, C. Martin, and H. Mendoza

The first evaluation to determine the re- (Table 2). However, some wild Solanum International Potato Center. 
sistance degree of the plant material species which are successfully beingu
under study was made by using the seedling in breeding for resistance possess com
pot test. Resistance of selected ones was bined resistance to both pathotypes of G. Summary

confirmed twice by tuber pot tests. pallida. A low nematode multiplication
 

Of the 987 genotypes tested 65.9 were el- rate ranging from 0.16 times to 1.05x Solanum phureJa resistance has been ef
iminated because of susceptibility to the which indicates a good degree of resist- uely to develop cultivars 
P4A pathotype of G. pallida; 315 genotypes ance to the tested pathotypes of G. resistant to bacterial wilt caused by 
(21.0%) were discarded because of poor I.1da was found In some species (TabTe Pseudomonas solanacearum, by crossing with 
growth or no tuber production; 196 (13.1%) S resistant lateS. tuberosum cultivars to 

were selected for further evaluation. Further research is under way to determine lligir hthora infestans), thus hay-

Results of first tuber test confirmed the the actual potential of these sources of Ing dual resistance. Further crossing
 
resistance of 42 genotypes to P4 A and P5A resistance and their possible incorpora- with cultivars having adaptation to heat
 
pathotypes respectively. tion in breeding program for broadening has resulted in resistance not only for
 

the genetic base of resistance to the po- the uplands but also for the mid-eleva-

After the second tuber test, single or tato cyst nematodes. tions in the tropics.
 
double resistance to G. pallida pathotypes
 
was confirmed in twety nineigenotypes of Introduction
 
fifteen accessions belonging to eleven Table 3. Nematode multiplication rate on
 
wild potato species (Table 1). selected tuber-bearing Solanum species High levels of resistance to bacterial
 

presently being used-T breeding wilt (Pseudomonas solanAcearum) of the
 
Some of these potato species have been resistance to P4A aid P5A pathotypes of potato found inclones of Solanum phureja

previously used inplant breeding. Addi- Globodera pallida. of the Central Colombian Collection (CCC)

tional species were found resistant to P4A were utilized at the University of
 
(Table 2)or both P4A or P5A pathotypes of Wisconsin to initiate a resistance breed-


NMR1/  
G. pallida, representing new sources of Species Clone ing program in 1967. Crossing was done
 
resstne, and number 5 initially with S.tuberosum ssp. tuberosum
 

accession (Tbr), but because la-teblight resistance
 

Table 1. Sequential screening of 1498 number appeared necessary later, Mexican varie
genotypes of 62 	tuber-bearing Solanum S.capsicibaccatum (2x) 1 0.45 0.40 ties were used which are essentially Tbr
 
speciesfrwith 	 S. demissum genes for resistance.
nematode, Gobodera pallida. 	 2 0.32 0.41 The progeny were screened ingrowth rooms
3 0.57 0 50 or greenhouses at Wisconsin and then dis

4 0.71 0:31 tributed for 	field testing to tropical

Screening Species Accessions Genotypes 5 0.62 0.41 countries. Late blight resistance data
 
sequence tested tested tested 7 0.69 0.25 was received from tests conducted at
 

Toluca, Mexico. Progress was hampered

R:S 	 R:S R:S S. lignicaule (2x) 6 0.63 0.21 by few reports of field performance


HHC 5T13 being received (Rowe and Sequeira, 1972;

1)	Seedling Sequeira, 1979).


Test 51:11 144:71 511:987 S.megistacrolobum (2x) 4 0.58 0.68
 
Materials and methods
2)	Tuber OKA !//! 


Test 1 6 . (2x) 4 0.65 0.40 Three hundred and sixty nine clones of 10
 
(1st.) 15:16 20:31 42:154 HiCL4476 families bred for resistance to bacterial
 

3) Tuber S.vernel (2x) 6 0.62 0.39 wilt and late blight were received inJune 
test O-0 6 1970 from Wisconsin by the senior author 
(2nd.) 11:0 15:0 29:0 1/ eaowho in collaboration with I. Herrera, a 

Nematode multiplication rate - Final graduate student of the Universidad Naclo
1/R = resistant; S = susceptible. population/Initial population in eggs nal Agraria La 4olina, conducted a screen

per pot. ing program fur both diseases at Huambos, 
Cajamarca Department of northern Peru at
 

References 2,450 m elevation. Herrera later contin-

References ued to collaborate as a research officer
 

Table 2. Resistance to P4A pathotype of of the Ministry of Agriculture of Peru
 
Globodera pallida in some tuber bearing Dunnett, J.M. 1961. Inheritance of (Herrera, 1972).
 
o'Ii pecies 	 resistance to potato root eelworm in a
 

breeding line stemming from Solanum The small greenhouse grown tubers were
 
Species and 	 Genotypes Origin multidissectum Hawkes. Report -ofie planted in family rows in the Huambos
 

accession (no.) Scottish Plant Breeding Station for field that had a severely wilt infected
 
number 1961: 39-46. potato crop. Survivors were planted in a
 

Ellenby, C. 1954. Tuber forming 	species completely randomized block design with
 
S.bulbocastanum (2x) and varieties of the genus Solanum six repetitions of one plant each. Selec-


PI 2434- 1 Mexico tested for resistance to the potato root tions in this and subsequent tests were
 
P1 243511 1 Mexico eelworm, Heterodera rostochiensis based on absence of foliar symptoms during
 

Wollenweber. Euphytica 3; 195-202. three evaluations followed by observation
 
S.cardiophyllum (2x) Howard, H.W., C.S. Cole, and J.M. Fuller. of tuber symptoms at harvest and after
 

PI 55I Mexico 1970. Further sources of resistance storing for 20 days. Inaddition, tuber
 

S.g urlayi (4x) 
to Heterodera rostochiensis Woll in type and yield were recorded. Selected
 
the andigena potatoes. Euphytica 19; clones were planted ina randomized block
 

2 	 Argentina 210-216. - design with 5 replications of 5 plants.
Quevedo, A., J.E. Simon, and H.J. Toxo- Late blight was rated on a 1-5 scale in

S.oplocense (6x) 	 peus. 1956. Estudios de resistencia a this last test (plots were sprayed for
 
OKA 	 4498 2 Argentina la "anguilula dorada" de la papa. In- blight control during the first six weeks 

forme Mensual. Estaci6n Experimental only).
S. 	papita (4x) Agricola "La Molina" 30: 10-15. 
PI8I02 	 1 Mexico Ross, H. 1972. Mejoramiento de la papa Because bacterial wilt resistance is
 

en Alemania para resistencia a las dos needed for potato production inlocations
 
S.senophllidium (2x) especies del nematodo del quiste. In with high temperatures (French, 1979)


PI 255530 2 Mexico E.R. French, ed. Prospects for the po- crosses were made at CIP between the best
 
PI 	255529 1 Mexico tato inthe developing world. 181-190. selections from the Peruvian program and
 

Lima, Peru, C.I.P. Tbr clones showing adaptation to heat.
 



86
 

Seedlings were grown in flats under care-
fully controlled quarantine conditions and
screened for late blight resistance. Cut-
tings made from the blight resistance 
clones were tested by soil infestation 
with isolate 013 (Huambos, Peru) in a 
heated greenhouse 25 - 31 ± IC range). 
Mother plants (not Pseudomonas inoculated)
of resistant clones were retained and 

multiplied. A set 
of 33 clones in 11 

families (5 tubers each) was sent to Sri 

Lanka, where the senior author was spend-

ing a year on sabbatic leave. A field 

test was conducted there with 
Mrs. M. 

Velupillai at the Rahangala Research 

Station, Boralanda, Badulla District 

(1350 m). Potatoes are grown in this 

district both on slopes and 
in paddy

fields and bacterial wilt is a serious 

problem. Potatoes 
were first planted to 

test the inoculum potential. Because wilt 

was sporadic the randomized block design

with 5 replications of one plant each in-

cluded the alternate planting of a test 

plant and a susceptible check, Diamant 

variety. Observations were conducted ina 

similar manner to that described above, 


Experimental results 


Many of the clones in the families were 

lost due to 
factors other than bacterial 

wilt, such as excessive age of seed, pink

rot, insect damage, etc. The 6 tuber 

replanting permitted the elimination of 

clones with low yield, "poor" tuber shape,

high susceptibility to late blight and 

symptoms of wilt in the foliage or oozing 

at the eyes of tubers. A small proportion 

developed oozing from the eyes after 

storing, or 
had oozing frum the vascular
system when cut. 
 From the third planting
the 20 most promising bacterial resistant 

lines (BR-lines) were selected (Herrera, 

1972). Unfortunately, Herrera was trans-

ferred to a different post and these 

clones changed hands three times until 

Aoril 1974 when only seven remaining 

clones were handed to the Cajamarca Ex-

periment Station Potato Program. During

1975 two sets of regional trials were 

carried out and on the basis of the as-

sembled data the variety Caxamarca was 

named in January 1976 (Herrera et. al.,

1977) and the following year Mol1nera'-De 

la Puente et. al., 1977). These corre-

spond to cT-nes-BR 63.74 and BR 63.65,

resrectively. Their pedigree being: At-

zimba x A-I ((316.3 (Phu 1386 x Phu 1339) 

x Katahdin)). 


A survey of the areas of wilt infestation 

in the Departments of Huanuco and 

Cajamarca revaled that 13.5% of the area 

is planted to Molinera in the former and 

an estimated 20% in the latter. 
Caxamarca 

was grown by very few farmers, the reason 

being that under sub-optimal conditions it 

produces many small tubers and also 
that 

its immunity to late blight was overcome 

in 1978 and its field resistance is only

moderate. Molinera lost its major gene
resistance in 1979, but its field 

resistance is high, requiring only 2 or 3 

fungicide 
 sprays during the rainiest 

season. 
These results were predictable on 

the basis of late blight ratings from 


matures later, and is susceptible to late 

blight. It is preferred for its culinary

quality. 


The clone designated as Amapola is of un-

known pedigree and it must have been elim-

inated because of tuber type (deep eyes,

elongated, occasionaly ramified). It 
was

selected by Miguel Culpe, neighbour to 

our farmer collaborator, Mrs. Margarita

Marreros Vda. 
de Alvarez. His selection 

criterion was blight resistance and high

yield. 


Of the 33 clones in the Rahangala test,

nine in 6 families showed promise with up

to 1 in 5 plants having wilt in the field 

and no tuber symptoms after harvest, 

versus heavy wilt incidence in some other 

clones and the check. These families had 

Molinera or Caxamarca as one of the 

parents. 


Discus.sion 


The results presented here are only a 

small part of the overall effort of CIP 

and about 20 N tional Programs to produce
wilt and bligft resistance for the trop-

ics, both upland and lowland. The Peru-
vian example is the most developed, the 

Sri Lankan a relatively new one brought

about by a strong commitment by its 

Department of Agriculture, and a strong

collaboration initiated by CIP's 
Regional

Program followed up by team work enhanced 

during working visits of Sri Lankan scien-

tists to CIP-Lima and by that of CIP-Lima 

staff to Sri Lanka, and by formal train
ing.
 

Many more tuber families involving other 

parents have been distr!iuted, as wiellas 

clones developed earlier by CIP and
Wisconsin. Some already show promise and 

varieties are in the process of beingj

released in several countries (CIP Annual 

Reports). 


The examples given lead us to conclude 

that the germ plasm CIP is distributing 

can result in the development of varieties 

in tropical countries in a few years. It 

took BR 63.65 ten growing seasons in 5 

years to become Molinera. However, apart

from the race or pathotype that determines 

the specificity of resistance, resistance 

adequate for a highland cool climate may

be inadequate for the warmer, lower lands 

(French, 1979). The resistance which 

appears useful in the first trial reported 

here for a mid-elevation site in Sri 

Lanka, suggests that the same genes that 

give resistance for the highlands of Peru, 

when incorporated into 
a hybrid of which 

one 
of the parents is heat adapted, may

provide resistance at warmer temperatures

in this new gene combination. For re-

sistance in even warmer lands new 
sources 

of resistance are being exploited (See

Schmiediche et. al. in these proceedings). 


Late blight resistance is important and 

the testing of crosses 
in the field at 

sites with 
a wide spectrum of "demissum" 

races as is the case of Toluca provided an 
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A PVY STRAIN THAT DOES NOT INDUCE LOCAL
 
LESIONS IN CLONE A6
 

C. E. Fribourg and J. Nakashima
 
Universidad Nacional Agraria,
 
Apartado 456, Lima, Peru;
 
International Potato Center,
 
respectively.
 

A virus code named UF was isolated from a
 
clone of S. tuberosum ssp. a grow-

Ing in a screeno-use at the Interntional
 
Potato Center (CIP) facilities at the
 
highland locality of Huancayo. Although

observations under the electron microscope

showed c 750 nm flexuous filamentous par
tides like those of potato virus V (PVY)

and potato virus A (PVA), UF did not
 
induce local lesions in clone A6 which is
 
a diagnostic indicator plant for PVY and
 
PVA (Khler, 1953; de Bokx, 1972). Also,
 
it failed to react seriiogically with di
luted antiserum to PVYu. Three groups of
 
PVY strains are recognised: PVYC, PVyO

and PVYN all of which have the same
 
antigenic properties (Bokx et al., 1975).

Rozendaal et al., (1971) anWBox et al.,

(195) re__ethat a deviating st inof
 
PVYC (PVY CG1) isolated from the cultivar
 
Gladblaadje in The Netherlands had a neg
ligible relationship with other strains of
lgberltosi ihohrsriso
PVY and Calvert et al., 
(1980) showed that
PVYC-GI was very-simTlar to train PVYC-AB
 
from Northern Ireland. 
When UF was tested
 
against antiserum to PVYC-G it gave a
 
strong reaction. Therefore, a detailed
 
study was started to determine the rela
tionship of UF to PVY strains.
 

The most typical symptoms induced by UF in
 
indicator hosts and wild 
potatoes were
 
veinbanding in Nicotiana _inosa and N.
 
occidentalls, mosaiand leafdeformation
 
in Solanum chancayense, local necrotic
 
spots andsystem c necrosis in S. demissum
 
Y and partial vein necrosis ofleaT-uner6
 

Toluca (Herrera, 1972). 


A surprise in Cajamarca was to find two
farmer selections extensively grown. BR 

69.84, one 
of the seven final selections 

was being grown alone or most often as a 

mixture with Molinera, and is being called 

Molinera-2. Tubers of both 
are indistin-

guishable and plant type differs only in 

that BR 69.84 is about 10 cm taller, it 


adequate forecast of performance. How-

ever, the subsistence farmer may trade 

blight resistance for quality. The interplanting of Molinera and "Molinera-2" may

be providing the advantage of a reduction 

in the rate of epidemic development as 

well as a maturity difference that allows 

the farmer a longer period during which to 

remove tubers from beneath the plants for 

his daily family needs. 
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sides in potato clone A6. Primary symp- Bokx, J.A. de. 1974. Some remarks on the cidal aphid repellents/antifeedants (Gib
toms in potato cultivars Atzimba, Atlan- use of TE 1 (Solanum chacoense) as a son et al., 1982b). Field strains of M.
 
tic, Kennebec, Norland, Radosa, Wauseon, test plant forPo-tato Vir-us7. Potato pers-'ieresistant to organophosphates and
 
Clavela, Maria Tropical and Tomasa Research 17; 323-326. wihl so resist pyrethroids (Sawicki and
 
Condemayta were mainly mosaics or systemic Bokx, J.A.7e, B. Kratchanova, and D.Z. Rice, 1978) are being examined to assess
 
clorotic blotches. 
 Maat. 1975. Some properties of a devi- more generally the merits of the two
 

ating strain of potato virus Y. Potato approaches.

Secondary symptoms also included premature Research 18; 38-51.
 
senescence of lower leaves with formation Calvert, E.-T, P. Cooper, and J. McLure. Materials and methods
 
of green spots or rings plus partial vein 1980. An aphid transmitted strain of
 
necrosis of the laf undersides. When UF, PVYC recorded in potatoes In Northern Aphids. Three clones of M. persicae were
 
PVYC-Gl and PVYL-R were inoculated by Ireland. Record of Agricultural Re- used; S was organophosphite-iiictTcide
grafting to cultivars King Edward, Mars search 28; 63-74. susceptible, R1 was moderately and R2 was
 
Peer, Pentland Dell and Pentland Crown, CockerhamF7"G. 1943. The reaction of po- very resistant (Sawicki and Rice, 1978).

PVyC-R induced a typical hypersensitive tato varieties to viruses X, A, B and C. Young adults reared on Chinese cabbage

reaction consisting of necrotic spots and Annals of Applied Biology 30; 338-344. (Brassica pekinensis) were used in all
 
systemic apical iecrosis in cv. King Kdhler, E. 1953. Der Solanum demissum tests.
 
Edward which carries the hypersensitive bastard "A6" als testpflanze ver
gene Nc (Cockerham, 1943; de Bokx, 1972). schiedener Mosaikviren. ZUchter 23; Insecticides/aphid repellents. The pyrethroid deltamethrin (>95% pure) (Elliot et
In contrast PVYC-Gl and UF both induced 
systemic chlorotic spots but no necrosis Ro3-176
 
in this cultivar. Cvs. Mars Peer and Rozendaal, A., J. van Binsbergen, B. al., 1974) in ethanol was applied witha

Pentland Dell both reated hypersensitive- Anema, D.H.M. van Slogteren, and M.H. brush; its commercial
small formulation

ly to U and pvyC-G but only rns Peer Bunt. 1971. aerology of a deviating Decis (2.5% e.c.: Procida, France) was
 

potato dispersed in water and applied by a small
 
Pentland Dell reacted with chlorotic spots variety Gladbalaadje. Summaries, Euro- hand-sprayer.
 

and mosaic. In comparative tests by me- pean Association Potato Research, Vi

gave a similar response to PVYC-R. Cv. potato virus V strain in the 


chanical inoculation to three Solarum rology section meeting Wageningen, 7-11. Polygodial, an insect antifeedant/repel
spp., PVYO, PVYC-R, PVYC-AB and P June 1971. lent (Nakaniski and Kubo, 1977), was pun
all produced local necrotic spots in S. Webb, R.E., and D.R. Wilson. 1978. fied from foliage of the marsh pepper
 

Solanum demissum P.I. 230579 a true seed (Pg m hydropiper) (Gibson et al.,
chacoense and S. demissum P.I. 230579 diagnostic host for potato virus Y. 1982b) and applied,
-- ha -e t o A e i a l 5 ; 1 -3 .b u in ethanol, itaF o s t s c h v _ b n r e p o r t e d r ea c t o a o J u n h 
with local lesions to PVY (Bokx, 1974; American Potato Journal 55; 15-23. brush.
 
Webb and Wilson, 1978). In clone A6 only Virus inoculation test. Boxes of 24 N10c-

PVYO induced typical local lesions tiana tabacum seedlings were either-un.
 
reported for this virus (Kbhler, 1953- de Teated_Tcontrol) or sprayed with 'An
 
Bokx, 1972). PVYC-R, PVYC-Gl and PVYLAB PYRETHROID INSECTICIDES AND APHID aqueous emulsion of deltamethrin. Staried
 
all infected clone A6 without causing REPELLENTS AS MEANS OF CONTROLLING POTATO apterae made viruliferous by 2 1/2 min
 
symptoms in inoculated leaves but the VIRUS Y access to untreated infected 
N. tabacum
 
latter two isolates produced the same leaves were confined in pairs on each
 
systemic vein necrosis of leaf undersides R. W. Gibson, J. A. Pickett, G. W. Dawson, plant.
 
as did UF. A. D. Rice, and C. Venables
 

Rothamsted Experimental Station, Virus acquisition test. The test compound

Observations under the electron microscope Harpenden, Herts., ALB 2JQ, England. was applied to one half of a PVY°-infected
 
of sap preparations revealed the presence 
 leaf (King Edward potato for deltamethrin,

of flexuous elongated rods similar to N. tabacum for polygodial) and allowed to
 
those of PVY with a normal lenght of Summary Ury: apterae previously starved for 3 hr
 
760 nm. Infectivity in N. occidentalis were then allowed access either to the
 
sap was lost by diluting To 10-6 but not In laboratory tests with apterous Myzus treated or to the untreated half for 2 1/2

1O-5 in distilled water, by heating at persicae, deltamethrin (0.001% a.i.) on min and subsequently were confined in
 
60 C but not at 55 C, and by storage at ifiEd leaves decreased transmission of pairs on individual N. tabacum seedlings

about 20 C for 3 weeks, potato virus Y (PVY) by S (insecticide- to test whether they were-7vruliferous.
 

susceptible) and RI (moderately-resistant)
In serological comparisons in micro- aphids by 50-60%, but less by R2 (strong- In both acquisition and inoculation tests,

precipitin tests using purified antigens ly-resistant) aphids. In addition, del- plants were sprayed with pirimicarb 24 hr
 
and 4 different antisera it was found that tamethrin-(O.01% a.i.)- sprayed plants after the aphids had been confined on
 
UF, PVYC-AB and PVYC-Gl were closely re- were less infectedi than unsprayed plants them and afterwards kept in an aphid-free

lated. Similarly PVYO, PVyC-R and PVYN (40-50% reduction) by viruliferous ap- glasshouse for c. 15 days by which time
 
were closely related, however the rela- terae. The repellent polygodial (0.1%) all infected plants had developed symp
tionship of the first group of three diminished acquisition of PVY by about toms.
 
viruses and the second group was distant. 80%, irrespective of the insecticide-

These results agree very closely to those resistance status of the aphids. Results and discussion
 
reported by Calvert et al. (1980) when
 
they tested isolates PVVC-A and PVYC-Gl. Introduction In the inoculation test (Figure 1) del

tamethrin at 0.001% a.i. significantly
On the basis of the data presented, UF, Non-persistent aphid-borne viruses such as diminished infection of healthy sprayed

should be considered as a new potyvirus potato virus Y (PVY) are among the most plants only by S aphids; at 0.01% a.i. it
 
from potato, because unlike PVA it is very difficult pathogens to control because affected infection by all strains, even R2
stable, it does not infect S. demissum A vectors need only brief probes to acquire the most resistant. Comparable results
 
and its serological relations-hp-tFpvis virus or to inoculate healthy plants. were obtained in the acquisition test
 
distant. Similarly, unlike PVY, the type Systemic aphicides consequently afford (Figure 2) where again only the larger

of symptoms it causes in pot:to cultivars little protection. Although several aphid dose (0.1% a.i.) greatly reduced acquisi
are quite different to those caused by PVY species can transmit PVY, the cosmopolitan tion by R, aphids. Most aphids on treated
 
and the serological relationship to this species, Myzus persicae, is perhaps the infected leaves showed signs of paralysis

virus is distant. Because of the similar- most efficient and important vector, during the short exposure period, but they

ity of PVYC-Gl and PVYC-AB to UF they recovered on the untreated seedlings to
 
should be considered as closely related Up to the present time chemical control of which they were transferred and 24 hr
 
isolates of the same potyvirus. PVY has been achieved only by mineral oil later had similar survival to unexposed
 

sprays which appear to interfere with the aphids. Ina similar experiment R, aphids

transmission process itself (Simons and allowed access fo- 5 min to leaves of po-


References Zitter, 1980). As alternatives we are, tato plants growing outdoors and treated
 
investigating the ability of pyrethroids 3 wk previously with deltamethrin (0.001%)
 

Bokx, J.A. de. 1972. Viruses of potatoes to act sufficiently quickly by repellency still infected 50% fewer plants than
 
and seed-potato production. Centre for (Ruscoe, 1977), knockdown (Briggs et al., aphids from untreated leaves (P , 0.001).

Agricultural Publishing and Documenta- 1974) or otherwise, to interfer-e- With
 
tion (PUDOC), Wageningen, The Nether- transmission (Gibson et al., 1982a) as In the acquisition test (Figure 2), po
lands. 233 p. well as the effects of-some non-insecti- lygodial at 0.1% was the most effective
 

http:tamethrin-(O.01
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so 	 irrespective of the insecticide-resistance Thurston and Lozano (1968),' reported Solastatus of the aphid. 
 num phuja as 	the first source of res-Th
<0.05ance These results are sufficiently promising to seudomonas solanacearum that
gives adequate protection in the field,
to justify the use of such compounds in (Thurston, 1968). In 1973, a program was


establishing the principles of controlling 
 initiated 	at Cornell University in order
virus transmission with behaviour control-
 to incorporate the resistance of Solanum

ling chemicals 	in the field, 
 phureja to bacterial wilt into the To-rneT
tandigena breeding material. 
 Crosses were
We thank Elizabeth Lennon, Rosemary Gu-
 made between Cornell andigena clones re50 
 teridge and M.C. Snith for technical 
as- sistant to Phtolhthora infestans and
 

P<O.05 sistance and R.M. Sawicki 
 for valuable 	 tetraplold clones res stant to P. solana
cearm into bothattemptdiseases combirTin the Me-re.. <01 01 advice. 	 s--i'i-ice an to andigena 

References 
 population. The seedlings of those cros
ses were screened in the greenhouse for
Briggs, G.G., M. Elliott, A.W. Farnham and 
 general resistance 	to P.infestans. CutrOr. I N.F. Janes. 1974. Structural aspects tings from the resistaFt lines were rootedS Ri 1 1 of the knockdown of pyrethroids. Pesti- in vermiculite in a moist chamber. The
cide Science 5; 643-649. 
 rooted cuttings were inoculated with race
Elliott, M., AW. Farnham, N.F. 1 of
Untreated Treated 	 Janes, P. solanacearum. Tubers of theP.H. Needham, and D.A. Pulman. 1974. clones -resistant to both diseases wereSynthetic 	insecticide with 
a new order sent to Colombia, Costa Rica, and Peru for
Figure 1. Percentages of infected 
N. of 	 activity. Nature, London 
 248; field tests. Four cycles of selection
tabacum plants sprayed with deltamethrTn 710-711. 
 have beer. 	completed with this material,
e-Fore exposure to viruliferous S,R or 
 Gibson, R.W., A.D. Rice, and R.M. Sawicki. 
 not cnly trying to combine resistance to
R . persicae. 
 1 1982a. Effects of the pyrethroid delta-
2 	 both diseases, but also to incorporate
methrin on the acquisition and inocul- resistance to viruses (mainly PLRV, PVY,
ation of viruses 
 by Myzus 	persicae, and PVX), heat tolerance, tuber quality


50Annals 
 Applied Biology,'100; 49-54. and adaptability to the lowland tropicsGibson, R.W., 	 A.D. Rice7J.A. Pickett, (Plaisted et al., 1979).

M.C. Smith, and R.M. Sawicki. 1982b.
 

P(O01 
 The effects of the repellents dodecanoic 
 ,he objectives of this investigation were:
O0l 	 acid and polygodial on the acquisition to determine the inheritance of the reof non-; semi- and persistent plant vi-
 sistance to M. incognita, M. Javanica,ruses by 	 the aphid us persicae. and M. arenaFia 
 oiT and t 16 	 Annals Applied Biology O155-5g. ploi leveTs
Ruscoe, C.N.E. 1977. TkeTnew NRDC pyre- to combine 
and increase frequency of re55 	 throids as agricultural insecticides. sistance to the three species of root-

Pesticide Science 8; 236-242. 
 knot in tetraploid progenies;
Untreated Sawicki, R.M., and AD. Rice. 1978. Re- to combine the resistance to the three
P<O.O01 sponse of susceptible and resistant
A epeach-potato aphids 	

species of roc'-knot with resistance to
Myzus pejc bacterial wilt.
 
Treated 
 (Sulz.) to 	insecticides inleaf-dfpbT
 

assays. Pesticide Science 9; 513-516. Materials and methods
 
Simons, J.N., and T.A. ZitterT 1980. Use
 

g of oil to control aphid-borne viruses. The source of resistance used for root70 Plant Disease 64; 542-546. knot and bacterial wilt was Solanum spar
sipilum. Solanumphureja was also-useas 
a source of resistance to bacterial wilt
 
(neo-tuberosum clones). The pedigrees of


P<0001 the clones used are the following:
P<O.OO1 	 INHERITANCE OF THE RESISTANCE TO ROOT-KNOT
 
IN POTATOES AND ITS COMBINATION WITH Family Parentage 
 of Ploidy
3 	 BACTERIAL WILT 
 clones level
 

A442 Sps (phu x H. tub. 7 24
k 	 P. L. Gomez and R. L. Plaisted A443 Sps (phu x H. tub. 2 24
Dept. of Plant Breeding Cornell Neo-tuberosum 12 48
L University,S R, R, Ithaca, N.Y., USA. 
 Reciprocal crosses 	were
sistant 	 made between reand susceptible 
clones at
Figure 2. Percentages of N. tabacum 	 the 

diploid level and from 90 to 200 seedlings
plants infected by S, R1 or R--aphis Root-knot of the potato, a disease caused 
 of each family or cross were tested for
from treated or untreated *nfected by Meloidogyne spp., is known to occur not 
 each species of root-knot. At the tetraleaves, 
 only in a number of tropical countries but 
 ploid level one clone resistant to the
 
treatment 

also in some temperate ones. Bacterial three species of root-knot was selfed and
examined. Significantly, it wilt (Pseudomonas solanacearum) is another 
 pollinated 	with a bulk of pollen collected
affected S, R, and 	R strains about equal-
 disease that affects the potato when it is 
from pollen of the neo-tuberosum popula
ly. Even at 0.02F, acquisition by R, grown in warm temperatures. Damage
aphids was 	diminished by about 50%. Race- increased when both diseases are 

is tion. Five hundred seedlings of these two
 
present, 	 families were tested 
for each of the 3
mic polygodial 	has now been synthesized at Research 
in these two 	diseases has in- species of root-knot. The tests were con-
Rothamsted and 	preliminary results indi- creased recently due 
to the interest in ducted in the greenhouse at a temperature
cate that 	it has activity similar to the extending the growing area of this crop to 
 of 28°C, 	 using seedlings or cuttings
natural product. 
 the lowland tropics. 	 transplanted in 5 cm plastic pots filled
 

These results 	demonstrate two novel ap- in root-knot the main effort has been in 
with a 1:1, soil:sand mixture. One week
after transplanting, the pots were inocuproaches to the control of potato virus Y. 
the search for sources of resistance to M.
Response to exposure to deltamethrin is inglita, M. Javanica, M. arenaria, F. 
lated with 5000 eggs of the desired spe
cies of Meloidogyne. The readings 
were
sufficiently rapid to hinder transmission, a an recen-t y--to M."ch-if-wood. AF- made 55 -60 days after theby viruliferous aphids, 	 inoculationat both the pick- cessions belonging to-35 -tuer-bearing using the following scale:
 up and inoculation stages of transmission, 
 species have been reported as resistant
However, insecticide resistant (R2 ) aphids to one 
or more of the 4 more common spe- 0 = 0 
 galls or egg masses
are less readily affected which could be a cies of Melodogyne attacking potatoes, 
 I = 1-2disadvantage if R2 	aphids become dominant galls or egg masses
(Madamba, 	1978). Some of the accessions 2 3-10
= galls or egg masses
through toe use of organophosphates. In of Solanum sparsipilum have been reported 3 11-25
= 
contrast, 	the non-insecticidal compound to have iT eve s o 

galls or egg masses

resistance 	to root- 4 26-100 galls or egg masses
polygodial hindered acquisition 	of PVY 
 knot and bacterial wilt (Anonymous, 1979). 5 = over 100 galls or egg masses
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For the bacterial wilt test, three cut- The number of genes found at the diploid Clones resistant to M. Javanica or M, are
tings of each genotype were rooted in level for the three species of root-knot, naria also possess-the ge-ne A. -Cl"nes 
vermiculite in a 170C greenhouse. When were confirmed for the results of the self re-sistant to M. icgnit or M. arenaria 
the cuttings were rooted, one-third to and testcross analysis at tetraploid possess the genes C! or c2. iliepresence
one-half of the terminal leaflets of three level, of both CI and C2 increases the level of
successive leaves per plant were sheared 	 resistance to the latter two species. The 
off with a pair of scissors. Between each Resistance in tetraploids to root-knot: five genes that control resistance to M. 
cut, the scissors were dipped in a cell arenaria include three genes responsibTe

suspension of race 1 of Pseudomonas sola- Crosses between the diploid clones resist- for-resistance to M. jaY Pca and four for
 
nacearum. After the inoculation, tFecut- ant to the three species of root-knot and resistance to M. incognita.

ti-ngs were transferred to a 200C growth the neo-tuberosum clones produced 268
 
chamber. Five days later, evaluations tetraploid clones, 75 of them were resist- Combination of resistances to bacterial
 
were made using the following rating ant to M. incognita, 46 resistant to M. wilt and root-knot:
system: javanica and 60 rsstant to N. arenaria.-


Three clones of the families A442 and A443
 

0 - no wilt The clones most resistant to the three resistant to both diseases were crossed 
I = one leaf wilted species of root-knot were intercrossed in with the 12 nci-tuberosum clones resistant 
2 = two or three leaves wilted order to combine the resistance to the to bacterial wilt. The seedlings which 
3 - one third to two thirds of three species. Of these crosses 460 seed- resulted from these crosses were tested 

the leaves wilted lings were tested for resistance to the for bacterial wilt and root-knot. Of the 
4 three of the top five 	 three species. Of the total number of total number of seedlings, 35% had a ratteaves wilted seedlings tested (Table 2). 	 ing of two or less for bacterial wilt.
 

= all leaves wilted 	 Sixty percent of those seedlings were re
sistant to the three species of root-knot.
 
Intercrosses between the clones resistant
 

For both diseases, plants with a rating of Table 2. Percent of resistant seedlings to both diseases were made and their
 
two or less were considered resistant, to the three species of root-knot, in progenies were screened for bacterial wilt
 

progenies of crosses between resistant and root-knot. In this second cycle of
 
parents, selection, 51% of the seedlings tested
 

Results 	 _were resistant to bacterial wilt in com-


Nematode species Percent of seedlings parison with 35% in the previous cycle.
 
Resitanediedspeicienoclumresta ngt In total, 78 clones resistant to bacterinl
resistant to 
 wilt and the three 
species of root-Nnut
 

M. incognita: Fourteen families were 	 !.1. 61. !.A. were produced.
 
Teste-d wtW a total of more than 1400 Av. 12 families 73 95 71 References 
seedlings. The results of the chi-square M. 9 87 100 
test indicate that there is no maternal 1. a . 91 - 100 Anonymous, 1976. Interaction of Meloido
effect in the inheritance of the resist- H. arenar a __._ 83 - a 
ance to M. incognita. The hypothesis that - t_____(1_aTandPseudomonas. InAnnuar t 
best fiL t-5--5s-rved ratios (Table 1) iaP1976. International Potato Center. 
requires that 3 or 4 dominant genes be 
present to obtain a rating of two or less. 	 73% were resistant to M. Jvanica, 95% to Madamba, C.P. 1978. Breeding for resist-


M. inognita, and 71% To . arenaria. Of ance to the root-knot nematode and their
 
The' F stant to M. jrvan~ca, were practical implications. In Report of
M. jaY ica: A total of 1147 seedlings 	 resistant to M. 4cq. an-- this 91%, the second nematode planning conference
 

were tested from 12 families. As in M. 83% were also resstant to M. arenaria. 1978. Internationa' Potato Center. 
incognita no significant maternal effect Of the 95% resistant to M. iFcornita, 87% Lima-Peru. 117-126. 
was found in the inheritance of the re-	 were resistant to M. avan -- % of Plaisted, R.L., H.D. W.M. Tinac 	 Thurston,
sistance to M. Javanica, present to obtain these were resistant to . arenaria. All gey, E.E. Ewing, 8.B. Brodie, and P.
 
a rating of two or less. The hypothesis of the clones resistanf-to.HFi enaria Gregory. 1979. The utilization of
 
that best fit the observed proportions thus were also resistant to tfi-othertwo Solanum tuberosum ssp. andigena germ

require that 3 dominant genes be present species of root-knot. In total, 165 plasmn -pot-at mprove an-adapta
to obtain a rating of two or less. clones resistant to the three species were tion. Annual report to the Interna

selected. tional Potato Center 1979. Cornell Uni-

M. arenaria: Twelve families with a total versity. Ithaca, N.Y.
 
&f 162T4-seedlings were tested with M. are- The inheritance studies and the results of Thurston, H.D., and J.C. Lozano. 1968.
 
naria. There were indications of mitel:iil testing more than 800 clones, showed the Resistance to bacterial wilt of potatoes
 
-ite'tsin the inheritance of the resist- following genic relations between the in Colombian clones of Solanum phureja
 

ance to this species of root-knot. The three species of root-knot: American Potato Journal 5.7
hypothesis that best fit the observed pro
portions require that four or five domi- A BIB2 M. Jyv4ca
 
nant genes be present to obtain rating of BIB2 C1C2 I. tncognita

two or less. Four genes are necessary A 81B2 C1C2 H. a DISCREPANCY BETWEEN TESTING SEEDLINGS
 
when the resistant clone is used as female 
 AND TUBERS IN PROGENY SCREENING FOR
 
and five genes when the resistant clone is Clones resistant to any species of root- RESISTANCE TO POTATO CYST NEMATODE
 
used as male. knot must have the genes BI and B2. GLOBODERA PALLIDA
 

A. GonzAlez and M. de Scurrah
 
Table 1. Observed and expected reaction of diploid hybrid progenies to M. incognita International Potato Center
 

and proposed genotypes of parental clones.
 

Abstract

Cross and proposed genotypes Resistance:Susceptible ratio
 

Five thousand seeds of 26 different proge-

Observed Expected X 	 nies involving clones 702535 and 702698
 

resistant to race P4A of Gloodera pal]iida
A442-17 
 X C181-2 aaBbccdd 109:65 109:65 0.00 	 were divided into 3 lots-toa sted for
 
resistance as follows: seedlings Inocu-


AABbCcDd X C181-4,W5337.3 AaBbccdd 144:101 153:92 1.41 lated with an egg suspension; seedlings

" X USW 973 aabbccdd 43:40 42:41 0.01 inoculated with cysts; and tubers exposed


A442-4 X C183-4 aaBbccdd 108:68 110:66 0.09 30 cysts each. The methods of seedling
 
inoculation employed gave similar propor-


AABbCcDd X C184-15 aaBbccdd 126:90 135:81 1.60 tion of resistant plants. Plants first
II X W5337.3 AaBbccdd 125:74 124:75 0.02 grown 
to tubers and then tested gave half
 
A443-2 A443-2 X C181-4 AaBbccdd 144:63 142:65 0.09 as many resistant selections as the seed
aaBbCcDD 	 lings, and when tubers obtained from re

sistant seedlinqs were retested, 75% were
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reclassified as susceptible. 
 Nongenetic

factors related to root physiology and 

morphology may be responsiole for the 

higher rate of resistant segregates in 

seedlings, 


Introduction 


Inoculating plants with cyst nematodes in 

the seedling stage is undoubtedly the 

fastest method obtain
to resistant seg-

regants and gives excellent results with 

progeny of plants which are segregating

for major Gene H1 and race RIA of 

Globodera rostochiensis (HuliJsmar, 1955).

suts- g. palida on the other hand 


are variable, War and Fuller, 1975;

Forrest and Holliday, 1979). The inten-

tion of this study was, to see if proge-

nies segregate consistently when different 

inoculation methods are utilized and, to 

compare tests on seedlings with those 
on

tubers. 
 The progenies utilized for this were different crosses of two 
new sources
of resistance to Globodera pallida race 
P4A, identified inU sgrmpasiicllec-
tion: 702535 (Sipacanchi) and 702698 
(Atacama) both native varieties from
Southern Bolivia. The multiplication
rates of nematodes in these parental

clones given in final population/initial

population ratios (Pf/pi) averaged 0.5 for 

clone 702535 and 1.4 for clone 702698 over 

2 experiments where the Pf/pi ratio 
of 

"Renacimiento" (the control) was 
14. 


Progenies were grouped as follows: Group

A, clone 702535 crossed to 14 different 

P5A resistant clones; Group B, the 
same 

clone 702535 
crossed with 12 different 

susceptible clones; Group C, clone 702698

crossed to 7 different resistant P5A 
selection; Group D, the same clone 702698 

crossed to 9 different susceptible selections; and finally, Group E, only
progeny of clone 702535 crossed with clone1 


large variation within families, overall 

results showed no effect on segregation of 

parents carrying genes for resistance to 

race P5A. Resistance in clone 702535 

seems to be controlled by fewer genes than 

in 702698. However, the sets of genes

complement each 
other since the highest 

numbers of resistant plants were obtained

when both resistant clones were inter-

crossed (Group E). 


Seedlings of the same families were plant-

ed in the field and tested for resistance 

as tubers after harvest. These tests 

(Table 3) showed a much lower segregation

rate for resistance. The percentages were 

about half those of seedlings. However,

the higher resistant segregates of clone 

702535 were maintained. Also, the propor-

tion of resistance resulting from the 

intercross of both clones Group E remained
 
high. 


When tubers obtained from resistant seed-

lings were inoculated a second time with 

the same nematode population, a very high 


Table 1. Comparison of two inoculation 

methods for seedling screening. 


Egg suspension Cysts 
N !No.- -- No.--. % 

Plants 

tested 2,675 2,9751

ts-374.Applied
 

Resistant
 
resat
 

segregates at
 
80 days 609 22 668 22.5 


100 days 565 21 
 - 2
 

progee702 55 ce wh cDepartment
702698 (Table 2). 
 Table 2. Segregation for resistance in 

Seeds of each progeny were divided into 3 

lots to be tested with different methods, 

as follows: 

A. Inoculation with 30 
cysts per seed-


ling at the seedling stage, 15 days after 

transplanting, 

B. Inoculation with 4000 eggs per seed-


ling at the seedling stage, 15 dys after 

transplanting. 

C. Inoculation of tubers with 30 cysts


each. 
 Tubers were obtained by harvesting

seedlings which had been transplanted nto 

the field. All plants rates as resistant 

in the first test were retested in a 

standard pot 
test. Plants with less 
than
5 females per root ball were considered 

resistant. 


Results and discussion 


Results of the two seedling inoculation 

methods are given (Table 1). Females be-

came visible on those seedlings inoculated 

with the egg suspension 20 days later than
those inoculated with cysts. Final eval-

uation of seedlings inoculated with an egg
suspension was 
carried out 100 days after
ino~ulation. In contrast, seedling inoc

ulated with cysts were evaluated for the 

first time at 60 days and 
Lhe final eval-

uation was carried out at 80 days. Seg-

regation for resistance was 21.0% for

seedlings inoculated with the egg suspen-

sion and 22.5% for seedlings inoculated 

with cysts. There were no significant

differences within families. 


Data from both seedling tests were com-

bined (Table 2). Although there was a 


seedling test and a tuber retest. 


Seedling Tuber 
 Incor-
Group test retest rectly

(No. of Resistant Resistant clas-

seedlings) plants plants 
 sified 


No. No. % 

(%) 


A 78 
 96 74.6 

(1380) (27.4) (6.95) 


B 312 
 49 84.2 

(1480) (21.6) (3.3) 


C 169 
 12 92.8 


(913) (18.5) (1.3) 

D 186 
 0 100.00 


(1174) (15.8) (0) 

E 62 
 33 46.7 


(81) (76.5) (40.74) 


Table 3. Segregation for resistance in 

tuber tests,
firsttimeat__0_days__nd__hefina__eval-_ 


Progeny 

groups 


A 

8 

C 

D 
E 


No. Resistant 

tested NO. 
 % 


106 15 
 14.0 

50 9 
 19.0 

82 7 8.5 


219 
 12 5.5 

30 13 43.0 


be produced per cutting in 4 months.
 

proportion (Table 2) showed susceptibil
ity. In this retest only 190 plants rated
 
resistant. 
 It became evident that seed
lings showing even 
as few as one female
 
must be discarded and only those with no
 
visible females should be rated resistant.

This more rigorous selection criterion
 
lowered the percentage resistance from 22%
to 13% bringing it closer to the results
 
of the tuber test.
 
Seedling tests 
are useful in discarding

large proportion of susceptible plants and
 
also are good indicator of resistant gene

frequencies. But, care must be 
taken to
 
confirm the resistance for each clone in
 
roots obtained from tubers. 
 It appears

that thin seedling roots prevent normal
 
female formation early in the seedling

stage; resulting in a higher proportion of
 
resistant ratings.
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Ina normal flush out system of seed tuber
 
production there are two basic operations.

Firstly nuclear stock is maintained in a
 
"disease-free" condition, 
 with regular

testing for known pathogens. Secondly,

each year a fresh lot of pathogen-tested

tubers are 
taken from the nuclear stocks
 
and propagated until numbers are great

enough 
to supply farmers with certified
 
seed for just one year (Slack and French,

proceedings of this Congress).
 

Rapid propagation 
 may fit into such
 

schemes as follows: rapid
either in tissue culture or inpropagation
a properly
organized screenhouse or glasshouse is
 
there
protected propagation.
should be little That is to say,
chance 
of reinfection during propagation. Thus the
 
pathogen-tested material 
is maintained in
 
its original state of health during rapid
propagation.
 

The main restriction to the use of rapid

propagation is cost. Figures presented in
Goodwin (1980) would suggest that 
up to
and including the planting of cuttings,

the total labor input for most methods of
 
rapid propagation is about one manhour per

40 to 50 cuttings. The most labor effi
cient use of cuttings is in the production

of tubers in pots ina protected screen or
 
greenhouse, where under optimal conditions
 
(temperatures close to 210C, long days,

good nutrition), up to 1 kg of tubers can
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Short days and lower temperatures lead to material will be propagated, initially in - In the second case, the identifica
the much faster production of low tuber a bulk tissue culture step, such as the tion of the known viruses, a more steady
yields. Tubers can be produced from shaken flask technique, followed by fur- improvement of methods has been recorded 
leaf-bud cuttings (Quevedo et al., pro- ther steps in a screen or glasshouse, over the last 50 years. Specific bio
ceedings of this Congress) wfiin--4 weeks, using a rapid, simple technique such as logical end especially a wide range of
 
but are small and frequently show extended single node cuttings (Goodwin, 1981). serological techniques (Van Regenmortel,
 
dormancy. All considered, it would be Once enough cuttings are available these 1981) have been developed. New important

difficult to produce more than 20 kg of will be planted in pots in the protected improvements include the 'nzyme-linked
tubers/manhour of total labor. At Aus- environment, and let to grow to maturity. imunosorbent assay (ELlS,; imnmunoelec
tralian rates this would give a labor cost The resulting tubers will then pass to tron microscopy (IEM) and very recently

of at least $ 0.50 kg of tubers. Glass- the field, being propagated there onsy molecular l>ybridization techniques (Owens 
house space costs approximately $ 100 mi, one to three years before being sold to and Diencr, 1981). ELISA will undoubted-. 
say $ 5 kg of tubers for construction, the farmer as certified seed. In such a ly play a major role in future virus iden
plus running costs. All in all seed pro- scheme nuclear stock maintenance and Foun- tification. The gcneral techniques de
duced under protected propagation will dation seed production will both occur scribed for the detection of plant viruses 
cost at least ten times (on a per kg under maximum protection from pathogens, by Voller et al., (1976) and Clark and 
basis) that produced in the field, under and at a cost which in many non-temperate Adams (1977T)-we extremely rapidly ap-
Australian conditions. In tropical coun- countries may be comparable to or even plied in all kind of diagnostic sitti
tries, at mid elevations, costs may well less than that of current seed tuber tions. Due to its high sensitivity, ELISA 
be lower. schemes. allows unequivocal identification of poi

tato viruses, including potato leafroll
 
What advantages of protected propagation References virus (PLRV) and potato virus A (PVA), in
 
might offset its high cost? The primary extracts from potrto leaves (Caspar, 1977;
 
advantages are faster introduction of new Goodwin, P.B. 1980. Methods for the Maat and de Bokx, 1978a, b; Gugerli, 1978,
 
cultivars, but more important, reduced rapid propagation of potato. In L.J. 1979). Similar results with extracts from
 
field exposure during propagation in the Harmsworth, ed. Potato production in tubers are obtained when enough attention
 
early stages of a flush out system. In the humid tropics. Proceedings 3rd is paid to the virus localization (Guger
traditional schemes the tubers ire in the South East Asian and Pacific Potato li, 1980) and to the quasi-latency of some
 
field for five years between the pathogen- Symposium, Bandung, Indonesia. virus infections, especially infections by
 
tested nuclear stock stage and being sold Goodwin, P.B. 19B1. Rapid propagation of potato viruses Y (PVY) and PVA, in dormant
 
to the farmer as a certified seed. The potato by %ingle node cuttings. Field tubers. The virus can be reactivated 
first three years of this propagation are Crops Research 4; 165-173. by artificial rupture of tuber dormancy 
usually at specially selected foundation (Gugerli and Gehriger, 1980). ELISA is 
seed farms, where there is least proba- applied without any special equipment but 
bility of reinfection of seed. Seed is also by using a wide range of technical 
propagated roughly 5O3 fold over this aids (Gugerli, 1979) which then allow to 
period. The final massive propagations IMPROVEMENTS OF ROUTINE TESTS FOR POTATO carry out large-scale testing. ELISA is 
occur at the seed potato farms. The main VIRUS IDENTIFICATION therefore more versatile than any other 
opening for the use of protected propaga- serological or physico-serological tech
tion' is to reduce the number of years P. Gugerli nique. 
plants are exposed at foundation farms Swiss Federal Agricultural Research Research should now be strengthed on 
from three to one or even no years. Station of Changins, CH-1260 improvements of high quality test re-

Switzerland. agents and on the elimination of possible
 
Two criteria will be relevant in deciding causes of non-specific reactions in order
 
whether or not to use protected propaga- to use the full resolution capacity of
 
tion. Firstly does extended field expo- LLISA under varying test conditions. Re
sure at the foundation stage lead to re- Development of virus-resistant potato and cent studies made in the author's labora
infection, and a fall in seed quality? appropriate cultural practices will reduce tory indicate possible ways to reach this
 
Where there is doubt it would be useful to the relative importance of virus diseases goal.
 
examine xhis experimentally--to compare in some parts of the world. The substitu
seed tubers which have spent 0, 1, 2, or 3 tion, of well adapted, virus sensitive First, it was possible to investigate the
 
years at the foundation farm, all spending cultivars by new virus resistant ones is use of monoclonal antibodies for diagnos
2 years at the certified seed farms. If however a very slow process. This is es- tic work, (Gugerli and Fries, 1981).

all give similar yields of good quality pecially true wherever potatoes are grown Monoclonal antibodies were produced by
 
ware potatoes, then there is no justifica- with the help of elaborated seed certifi- Inotech Ltd., CH-5610 Wohlen, using cell
 
tion for routine use of protected propaga- cation programmes. The introduction of fusion techniques (Kdhler and Milstein,
 
tion in the seed schzme. This may well be the potato in hot humid tropical zones may 1975; Fazekas de St. Groth and Scheideg
the situation in many temperate countries, bring ne, problems. Unknown viruses af- ger, 1980). Spleen cells from immunized
 
However, I would suggest that such exper.- fecting the cultivated potato may also mice were taken as a source of antibody
ments would demonstrate real seed quality orig'nate from genetically interesting secreting cells of known specificity.
 
declines in many tropical and subtropical wild species of Solanum, which are in- These were fused with cells to produce
 
countries. creasingly used in breeding programmes, hybrid cells, some of which stcreted PVY-


It seems therefore reasonable to think specific immunoglobulins. Unfused cells
 
Secondly, Just how expensive is it to es- that methods are still needed for the year were eliminated under selective culture
 
tablish and maintain the foundation farm? 2000, which facilitate the diagnosis of conditions and final antibody-secreting
 
In a number of tropical countries, for unknown diseases, the screening for virus hybrid cells cloned by repeated sub
example the Philippines and Sri Lanka, the resistance in breeding programmes and the culture and dilution. Several clones of
 
foundation farm is very inaccessible, and study of viruses and virus diseases on cells were found which secreted immuno
a true estimate of maintenance costs, if potato. The methodical approach depends globulins reacting with nine different PVY
 
added to the costs of foundation seed pro- on whethe- one looks for unknown or known isolates belonging to the strains N, 0,
 
duction, would probably show this is very viruses:
 
expensive seed. In temperate climates the and C. Some of the PVY isolates used in
 
occurrence of soil-borne diseases such as this work were kindly obtained from Dr.
 
powdery scab can prejudice the value of - In the first case, relatively few but J.A. de Bokx, IPO, Wageningen, and from 
the foundation farm. In these situations important changes have marked methodology Dr. L.F. Salazar, CIP, Lima. Immuno
it could well be far cheaper to maintain since nearly 100 years ago, when Adolf globulins produced by one particular clone 
the nuclear stocks, and to propagate Mayer (1883) transmitted for the first with high and similar avidity towards all 
through the foundation stages at a more time a plant virus from mosaic diseased nine PVY isolates were purified and la
accessible location, close to the seed tobacco plants by mechanical sap inocula- belled for use in standard "double anti
production areas. tion to healthy plants. Analytical ultra- body sandwich" type ELISA (direct ELISA). 

centrifugation techniques, light and The reactions with these PVY isolates were
 
Within the next twenty years I suggest especially electron microscopy and more little disciiminatino and extremely fast
 
that many countries will come to employ a recently analytical 2lectrophoresis com- (Fig. 1). No serological binding of con
scheme as follows. Nuclear stocks will bined with biological tests using large jugated antibodies was observed with sam
be maintained as long term cult res, in a ranges of viru3 indicator plants have been ples from healthy plants. In addition to
 
pathogen-tested state, using tt 'iniques extensively used. Immediate important the complete virus specificity monoclonal
 
such as that described by Estrada et al. refinements f these methods are difficult antibodies seem to improve the simple form
 
(proceedings of this Congress). EacFie-r to predict, of direct ELISA for field diagnosis pur
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Figure 1. ELISA on PVY using monoclonal 

and traditional immune serum antibodies, 

Data: Mean extinction values are ex-

pressed in percentages of the highest 

value recorded in the experiment. Upp :w' ity reagents, an extremely reliable tech-
solid lire: monoclonal antibodies, dut-

ted and lower solid line: two sources 

of "normal" iimune serum antibodies, 

Anti..ens: IC PVY isolates belonging to 

s N, 0'afn0, and C, 9 of which are sero-

logically related. Tested as crude ex-

tracts from infected tobacco (Xanthi). 

Dilution 1/20 in PBS-Tween-PVP. Incuba-

tion 16 hours at 61C. H: healthy tobac-

co, B: buffer. Other test conditions: 

Coating 1 ug/ml, 4 hours at 30'C. Anti-

body-enzyme conjugate diluted 1/2000, 5 

hours at 300C. Substrate I mg/ml, 8 mn 

at 20*C. Measured with Titertek Multi-

scan at 405 nm. Antibody purification, 

conjugation and buffers according to 

Clark and Adams (1977). 


poses. The discrimination between sero-

logically differing isolates observed in 

direct ELISA, probably Cue to the label-

ling of one part of the irnmunoglobulins

with enzyme molecules, does not take place

with carefully selected monnclonal anti-

bodies. Cloned hybrid cells secreting

imunoglobulins reacting specifically with 

various combinations of PVY isolates were 

also selected during this work. The out-

coming results demonstrate for the first 

time unequivocal well define6 serological

differences between PVY strains 
and iso-

lates of a particular strain. 


Secondly, it was poss.,ie to analyse

non-specific reactions occuring in ELISA 

with samples from various potato plant

tissues. A fraction with an apparenrt

molacular weight slightly below that of 
cytochron.e C marker protein (MW 13000) was 
isolated by gel chromatography from potato
tuber extracts. Thi, fraction shows ,, 
extremely high ilfinity towards lmcauno-
globulin-enzyme conjugates oineether 

with alkaline phosphatase or horse-radish 

peroxidase. It binds also unlabelled im- Gugerli, 
P. 1978. The--etection of
munoglobulins or enzyme molecules and in-

two 

potato viruses by enzyme-linked immunoteracts strongly with the polystyrene-


moiety of which ELISA plates are made. 
The undesired reaction with the conjug-.e 
or the Immunoglobulin was shown . be 
inhibited specifically by olg, '. of 
N-acetyl-D-glucosamln. Further -tails 

will be published elsewhere. When purl-

fled Solanum tuberosum agglutin (STA), a 

phytolectTn-isolat-edfrom tubers, isused 

in ELISA, instead of plant extracts,

important retention of immunoglobulin-

enzyme conjugates occurs. The binding of

the conjugate can also be inhibited by

oligomers of N-acetyl-D-qlucosamin, which 

is the specific sug.,r Involved in the 

chemical interaction 'eteen STA and some 

glycoproteins. The reaction is the same 


if the conjugated antibodies originate 
animal species which were lrmnunlzed 

with a certain virus or not. Monoclonal 

antibodies from mouse behave identically.

Other lectins, such as wheat germ ag-

glutinin or Ricinus coimiunis agglutinin,

interact even more strongly and the bind-

ing is also prevented by specific sugars. 

It seems therefore that a lectin-like sub-


would be responsible for the main 

non-specific reactions observed in ELISA 

with samples from potato tissue. Remarka-

ble differences in activity or concentra-

tion of this lectin-like substance are

observed between various cultivars or be-

tween tubers of a given cultivar but grown
under distinct conditions or of different
physiological age. The lectin-lik sub-

stance is also found in sprouts nd to 

some extent in leaves, especially in very 

young ones. Other informations were ob-

tained during this study. They will help

to make of ELISA, together with high qual-


nique for potato virus identification. 

Commercially available reagents facilitate 

and standardize its application and its 

worldwide distribution. 


Development of appropriate technical aids 

for the small and large-scale use of ELISA 

can be predicted. Microprocessor control-

led apparatus will allow nearly fully

automatic processing of samples, execution 

of the test, and data analysis. Such 

equipment, already partially available, 

will be extremely useful to virologists

inyolved in potato breeding. The presence

of a particular virus in a potato plant

tissue can then be monitored as easily as 

for example changing temperature in a 

glass-house. Much attention should fur-

ther be paid to the development of very

simple but efficient tools for the small 

and medium-scale application of ELISA un 

der difficult field conditions. 


The summarized data and ideas presented

aboye describe some possible ways for the 

improvement of potato virus identification 

methods for the year 2000. 
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POTATO PRODUCTION IN THE YEAR 2000 IN
 
HUNGARY
 

M. Hajdu
 
Institute for Postgraduate Education
 
of Agricultural Engineers and Leaders
 
1442 Budapest XIV, Ida u. 2
 
Hungary
 

The climate of Hungary is less favorable
 
for potato than the countries of West
 
Europe.
 

Thirty years ago the ner capita potato

consumption was 100-120 kg. Nowadays it
 
is 60-65 kg.
 

In the last decade special farms have been
 
developed for production of potato, in
 
which the potato land area is between
 
150-500 ha, and new production methods are
 
used.
 

During the ten years 1970-1980, yields

increased from 15 t/ha, to 30 t/ha in
 
state owned and cooperative farms. We
 
should like to increase the yields grad
ually to 50-60 t/ha in the year 2000'.
 
Factors for increasing yield are the
 
following:
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New varieties. Ten years ago the yields USE OF COMPLEMENTARY DNA TO DETECT Infectivity assay. Inocula were rubbed on 
of our varieties were 15-20 t/ha. The TOBACCO RATTLE VIRUS IN POTATO FOLIAGE corundum-dusted leaves of Chenopodium ama
most importent varieties are Desiree, ranticolor. Nucleic acid inocula con-
Rosili, and Hungarian Rosa. These will be B.D.Harrison and D.J. Robinson tained bentonite (0.6 mg/ml), 0.025 M 
the main varieties inthe next five years. Scottish Crop Research Institute, sodium chloride and 0.005 M tris-HCl buf-
We need more new varieties from t *ebreed- Invergowrie, Dundee, U.K. fer, pH 8.0; plastic gloves were worn for 
ing prcqram. inoculation. 

Fertilization. We need to use concen- Summary Preparation and use of cDNA to RNA-.
 
trated, compound chemical fertilizers, N, Nucleic acid from the foliage of field N was extracted with the aid of phenol

P,K,plus microelements and growth stimu- from the long nuc~eoprotein particles of
 
lating and regulating agents, etc. The grown potato plants with stem-mottle symp- TRV strain PRN. H-cDNA copies of PNA-1
 
time and systen of fertilization is very toms produced many local lesions resembl- prepared as described by Robinson et
 
important. Ing those of tobacco rattle virus (TRV) we (1980). Hybridization mixtures con

in inoculated leaves of Chenopodium ama- Eining 0.1 ng cDNA ana the nucleic acid
 
ranticolor. However, sap -rom t ese extracted from 30 to 65 mg leaf in a final
 

requires deep s cultivation deeper leoaves was non-infective after two cycles volume of 12 fiwere incubated at 60*C in
 
ploughing, and sub-soil cultivation. At of freezing and thawing and did not con- sealed capillaries. The percentage of
 
the same time soil cultivation has to be tain TRV nucleoprotein particles, sug- cDNA rendered resistant to SI nuclease by

coordinated with new methods of fertiliza- gesting that the symptoms were induced by hybridization was assayed and was correct
tion requiring new machinery. NM isolates of TRV. TRV was identified ed for the S1 nuclease resistance of the
unequivocally and was detected consistent- cDNA alone (Robinson et al., 1980)


ly by hybridization of nucleic acid from
 
the potato leaves with DNA complementary Immunosorbent electron microscopy. The
 

Table 1. Potato yields are influenced by to RNA-I of the PRN strain of the virus, procedure of Roberts and Harrison (1979)

depth of ploughing. was followed, using antiserum to strain
 

Introduction PRN of TRV.
 
Ploughing depth Yield
 

cm t/ha Although the association between potato Results

stem-mottle disease and infection with
 

20 - 25 23.2 tobacco rattle virus (TRV) was established Infectivity assays

26 - 30 25:5 by Rozendaal and Van Der Want (1948), a
 
31 - 35 24.8 reliable diagnostic test for this virus in Foliage of stem-mottle affected plants was
 
35 28.2 potato is still not available. Sap around in0.07 M phosphate buffer at pH 7
inocula from affected potato plants mostly (1mi/0.1
 exinduced only a few lesions, or none at tracts subj leaf tissue), and the 


all, in indicator pants such as Cheno- subjected to two cycles of freezing
(-20-C) and thawing. None of the re-

P . Inview of the new varieties podium amaranticolor, and attempt--To sulting inoctla was infective, although
 

we ave to determine their planting depth, culture readily multiplying virus isolates freezing and thawing has little or no ef
row distance, number of plants/ha, height r these lesions were not successful fect on the infectivity of sap containing

of the primary and secondary ridge, the (Cadman, 1959). TRV nucleoprotein particles. Also, no TRV
 
time of the ridge making, etc. Molecular biological studies of TRV have particles were detected inbuffer extracts
 

the potato leaves by immunosorbent

Plant rotection. (Table 2). Nowadays 	 shown that its RNA genome is intwo parts of 

inPemcaplant protection) iys (reviewed by Harrison and Robinson, 1978). electron microscopy. However, all nucleic
 

in Hungary chemical plant protection is The larger of these (RNA-1) can infect acid extracts from leaves of the same
 
applied 10-11 times during the vegetation plants and induce symptoms on its own plants (1 ml/0.2 to 0.5 g tissue extract
period. It is too ve dan- ed) were
expenionand However, no virus nucleoprotein particles infective, whereas extracts from
 
gerous. Accumulation of chemical com- are produced in such plants because the symptomless plants were not (Table 1).

pounds from plant protection has to be gene for TRV coat protein is in the These results suggest that the symptom
prevented in the soils. We need to use smaller part of the genome, RNA-2; virus bearing leaves were infected with NM iso
new chemical materials, new machines, and particles are produced only inplants in- lates of TRV.
 
more effective biological, agronomical fected with both RNA-1 and RNA-2. Sap

methods. from plants infected with RNA-1 alone is Tests for hybridization with cDNA
 

Irrigation belongs to technology of 	 only weakly infective whereas nucleic acid
 
in Hungary preparations from such plants can be very A hybridization period of 3 h gave satis

intensivepotato production i Hngry infective (Sgnger and Brandenburg, 1961; discrimination between nucleicpottoprdutio factory 

with yields of 30-60 t/ha. We need fur- c andrandenburgs1961;, acid samples from symptom-bearing leaves
 

1962). of
ther knowledge on the water demand of po- Cadean, isolatesthis type, and those from symptomless plants of all
 
tato, as well as its water uptake mecha- haron, 19 oc inatura in- three cultivars tested (Table 1). When
nsmfectednismetc.Harrison, 	 plants1959),of occurmany species,in naturally inand the the period of hybridization 	with cDNA
 

failure of Cadman (1959) to obtain readily was increased from 3 h to 24 h, the per
sap-transmissible virus isolates from centage hybridization also increased. For
 

Table 2. Rotation of potato yields to stem-mottle affected foliage suggests that example, after 24 h hybridization, the
 
numbers of plant protectant applica- they also uccur in potato. This paper figures for King Edward plants I and 22
 
tions. provides further evidence on this point increased from 11 and 17% to 41 and 44%
 

and describes a diagnostic test based on respectively; inco')arison the figure for
 
the use of DNA that iscomplementary in a sample from symptomless leaves increased
 

Number of Yield ft/ha) nucleotide sequence (cDNA) to TRY RNA-1. from 1 to 2%. This suggests that border
plant pro- Chemical Control of line detections of TRV can be confirmed by

tectani weeding late blight Colorado Methods increasing the hybridization period, and
 
applica- of potato potato indicates that the lower hybridization

tions beetle 	 Virus isolates. The PRN strain of TRV, figures obtained wit samples from cv.
 

obtained originally from potato in Scot_ King Edward probably reflect a lower con
1 21.1 18.7 24.5 land (Cadman and Harrison, 1959), was tent of TRV-specific RNA and not a major

2 25.7 23.9 27.1 propagated in Nicotiana clevelandii and difference innucleotide sequence between
 
3 38.5 21.4 24.6 virus particles were purified and frac- the virus isolates in King Edward and 
4 - 23.1 25.1 tiorated by a standard method (Kurppa et strain PRN. 
5 - 27.3 22.5 al., 1981). Potato foliage with stem
6 - 28.8 - iittle symptoms was collected in field Discussion 
7 - 29.9 37.0 crops ineastern Scotland. 

Because NM isolates do not produce virus
 
Nucleic acid extraction from leaf tissue, particles, neither serological methods nor
 
Nucleic acid was extracted essentially as electron microscopy can be used for their
 
described by Robinson (1973) and sample; ident :'cation, whereas the cDNA test
 
for hybridization experiments were further proved sufficient ly sensitive and reliable
 
purified by precipitation from 2 M lithium to detect infection in all field-grown

chloride, 	 plants tested. The test also enabled in
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Table 1. Infectivity of extracts of stem 

mottle-affected potato foliage and de-

tection of tobacco rattle virus RNA-1 by

hybridization to complementary DNA. 


Variety Leaf Infec- Infec-

and symp- tivity

plant tom of sap

sampled after 


freez-

ing 


King Edward 
plant I + 0 
plant 21 + 0 
plant 22 + 0 

Mans Piper
plant 1 4 0 
plant 4 + 0 
plant 6 + 0 

Pentland Crown 
plant 3 + 0 
plant 6 + 0 
plant 7 + 0 

King Edward 

plant 23 0 0 


Marts Piper 


Hybridi-

tivity zation 

of leaf of leaf 

nucleic nucleic 

acid acid 


with cDNA 


I/ 1 

167 11 

6 15 


175 17 


48 24 

71 31 

165 35 


186 21 

770 27 


1,650 48 


0 3 


plant 10 0 0by 

Pentland Crown 
plant 17 0 0 0 1 

Y Total lesions in4 Chenopodium amaran-

ticolor leaves. 


2/ Percentage 3H-labelled cDNA resistant 

to SI nuclease. 


fection with TRV to be distinguished from 

infection with potato mop-top virus, which 

can cause similar symptoms.


M e h olsi hela u eh vDe3N
s e m t

Methods that use cDNA seem likely to have 

numerous applications, and they have al-

ready been employed for detecting viroids 

(Allen and Dale, 1981; Owens and Diener, 

1981). They should be suitable for other 


viue wihhaeRAgeoe
btethr
viruses which have RNA genomes but either
do not produce nucleoprotein particles or 

possess particles that are unstable in

tissue extracts. Moreover, ifthe sample

preparation and hybridization assay can 

be simplified, cONA methods may find ap-
plications in screening large numbers of 

samples for infection with any specified

virus that has a RNA genome, 
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EVALUATION OF POTATO LINES FOR
 
RESISTANCE TO THE M JOR SPECIES
AND RACES OF ROOT-KNOT NEMATODES
(MELOIDOGYNE SPECIES) 


K.Hartman, J.N. Sasser and P.Jatala 

Department of Plant Pathnlogy,
North Carolina State University, 

Raleigh, and the International 

Potato Center. 


Summary
 

Progenies of potato families, developed at 
the International Potato Center, that had 
segregated 70% or more resistant to a Pe-
ruvian population of Meloido ne inco nita 
were evaluated for resistane a or 
wr eaute o rssace to ma o_species anI races of this genus: the ma-
jority of potato seedlings had resistance 
to one or more populations. Only 15% of
the total population tested were stiscepti-
ble to all Meloidogyne populations. 69% 
of the total progenies tested were resist-
ant to 5 or more Melosdogyne populations, 
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while only 5 plants hao a high level of
resistance to all populations. 

Introduction 


Susceptibility of potato to root-knot nem
atodes has been documented by serious 

losses inyield and inreduction of qual-

ity, especially inwarm climates. Though

some control can be achieved with nema-

ticides and cultural practices, including 

rp rotation, utilization of resistant 

cultivars ismore effective and practical, 


Resistance to a Peruvian population of M. 

incognita was found inSolanum sparsipiljm

and S. chacoense (Jata-aand Mendoza,

1978). A"bFeedTng program was initiated 

to transfer the resistance to cultivated 

tetraploid Solanum spp. (Mendoza and 

Jatala, 1978T.-


Since the potatoes developed inthe breed-

ing program at the International Potato 

Center are tested in different countries 

for their adaptability and resistance, it 


was necessary to test selected 
families
 
for resistance to several important races
 
and species of Meloidogyne that are cosmo
politan indistribution.
 

Results and discussion
 

Progenies of selected families of the

fourth cycle of recurrent selection that
 
had segregated 70% or more resistance to a

Peruvian population of Meloioogyne incog
nita were evaluated at t International
 
Tloidogyne Project Research Center at
 
Releigh, North Carolina for resistance to
the major species and races of the root
knot nematode. M. in(4 races)4

M. arenaria (2 Faces, H. avanica, and
 
R. hflaere the eightpo at ns se-

Tectedor evaluation of 397 individual
seedlings cf eight CIP families. All 
seedlings Lhat exhibited an acceptable
degree of resistance (less than 10 galls

per plant) for all root-knot populations
 
were retested (Table 1). Seedlings with
less than 10 galls per plant yielded fewer
 
nematcde eggs than comprised the original

inoculum. Additionally, M.inogita race
 
1,M. arenaria race 2, and M.-hak 
were
 
studied to-see if a relati5nsE(Tp exists
between reproduction and the degree of
 
galling. The reproductive ability or
 

index or reproduction (IR)was determined
 
on acomparing the number of eggs produced
test plant to that number produced on
 
a susceptible control.
 

Table 1. Resistance (10 or less galls per
plant) to several species and races of
 
Meloidoyne in selected CIP breeding

Tnes.
 

Percent of plants resistant to'
 
Families M.i. M.a. M.1. M.h. C.r.
 
tested R'ces Rac7es 

2 34 1 2
 

7 8 8 5 7 86 97 9 4 95 9 4 9 0 7 0 

378875 78 77 74 84 83 74 72 

378908 76 75 68 71 
 82 58 81 

378911 69 R2 88 95 
94 54 86 

378916 55 57 50 74 69 67 62 


382 80 86 81 100 81 86 90
378930 72 73 69 71 74 76 78
378950 81 68 60 82 70 72 72 
I/ 
- M.i. = Meloidogyne incognita

R.a. = M.arenaria

19 = nc
 
__ = _
 

_ C.r. = Combined resistance
 

51 26
 
30 22
 
71 32
 
38 18
 
56 12
 

70 43

47 25
63 30
 

Percent resistant to all species and
 
races.
 

The majority of the potato seedlings had
 
resistance to one or several populations

since only 15% of the seedlings tested had
 
gall production by all Meloidogyne popu
lations. Of the plants 
 had no gall

production in response to five or more
 
root-knot populations and only 5 plants

had a high level of resistance (no galls)

to all populations (Table 2).
 

Comparison of frequencies of the egg mass
 
index (El) of all seedlings shows that M.

hapla differs from the other root-knit
 
popuTations by exhibiting a lower response
 
of resistance. The plants segregated only

52% resistant (less than 10 galls per
plant) to M.hapla compared to 69-82% re
sistance t other root-knot populations.

Inresponse to the other root-knot popu
lations, the potato seedlings had the
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nematode. InDevelopments inControl of grafting remain normal but the recently
 
Table 2. High resistance (no galls per Nematode Pests of Potato. Report of the expanded leaves under certain conditions,
 

plant) to several species and races of 2nd nematode planning conference. In- may have yellowing or clearing of the
 
Meloidogyne in selected CIP breeding ternational Potato Center, Lima, Peru. 

li-nes, p. 11-115.
 

Percent of plants resistant tinfection 


Families M.t. 

tested 


378857 


378875 

378908 

378911 

37891G 

378924 

378930 

378950 


M.i. 

H.W. 

1:4: 

Races 


1 2 3 4 


61 83 86 89 


56 64 70 78 

63 62 57 60 

54 57 77 87 

31 44 36 58 

60 52 71 76 

45 60 47 55 

52 50 33 56 


M.a. M.J. M.h. C.r. 

Racs - / 
1 2 


83 42 41 

74 56 65 

76 34 80 

89 22 57 

49 36 56 

57 48 81 

45 62 71 

40 49 60 


- Meloidone incognita 

-9. arenaria


" v
 ..B ja ca 

30 0 
11 2 

41 3 

20 2 

32 0 

40 5 

18 2 

29 0 


. C.r. = Combined resistance 
(Percent resistant to all species and 

races), 


highest segregation of resistance (82-)plasma disorders such as stolL-r or t,i
to 

M.incont race 4. Segregation of re-

tistance to the other root-knot popula-


Frequency of segregation of resistance 

ranked the CIP families as: 378224, 42%; 

378950, 28%; 378908, 28%; 373557, 26%; 

378930, 24%; 378875, 21%; 378911, 13%; and 

378916, 12% of seedlings resistant (less

than 10 galls/plant) to all populations, 

The former families appear to be more 

desirable prospects for selection and 

breeding. 


After extraction of eggs from plants 

infected with M. arenaria race 2, M. shortened, nodes enlarged, and aerial tu infcgn itrac .Faenararce2-.shreedfoe elred-n era u 

racean
1-, hpla, a strong

Zorrelatiaaton Rae(R value = -.91wshont9oj was shown to 

exist between the El and the IR. This 
relation validates the use of El for rat-
ing the reproductive ability of root-knot 
nematode populations on the test plants. 
However, plants which had no galling were 
not immune since an average of 73 eggs 

were recovered from each plant. Highly

resistant and immune plants cannot be dis-

tinguished on the basis of the El. 


Sixty-nine tomato cultivars evaluated by 

Hadisoeganda and Sasser (1982) appeared to 

have little resistance to M. hapla. The 

CIP families appeared to have no relation-

ship between resistance to M. hapla and 
the other Meloidogyne species tested, 
suggesting an independent mechanism for 
resistance to M. hapla. 
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A VIRUS ASSOCIATED WITH SYMPTOMS
 
RESEMBLING PURPLE TOP WILT INPOTATO 


W.J. Hooker, L.F. Salazar, and C.R. Brown
International Potato Center
 

A virus disease new to potato and other 

plants was identified inthe testing pro-

gram of breeding for resistance to the 

,ctato leafroll virus (PLRV) on the east-

ern slope of the Andes at an elevation of 

800 m. above sea level at San Ramon, 

Peru. The field was on the flood plain of 

a 3wift flowing river in the region of 

steep hills in the Chanchamayo valley in 
which tropical crops are normally grown. 


The virus ispresently called the Solanum 

Apical Leaf Curling Virus (SALCV). 


Symptoms of SALCV on potato resemble those 

of unusually severe current season infer.. 

tion by PLRV or early syrpto r:sof tryco

purple top wilt disease associated with 

the asters yellows mycoplasma.


of varied season infectin re 

Symptoms of curren, season infection re-

semble PLRV in the early stages. Later 

apical rolling becomes i,uch rore pro-

nounced and often strorg anthocyanin

pigmentation develops inthe apical leaves 

beginning at the leaflet bases. Tuber 

borne infection may not be .evident upon 

emergence. Often normal appearing leaves
 
are produced at the lower part of the 

plant and later the apical portion begins 

to roll producing a plant with strong

apical bunching. Internodes are often 


bers or enlargzd axillary leaf buds are 

formed.
frmd 


First symptoms of graft inoculated potato 

plants are apical upright growth, cupping 

of leaflets, inward rolling at the leaflet 

bases with pink, red, to purple pigmenta-

tion at the bases and undersides (Figure 

1). Frequently rolling isso severe that 

a I".obby appearing terminal is formed. 

Leaves previously formed at the time of 


IN 

.
 
, 


Figure 1. Symptoms of SALCV on Huagalina 

stock grafted 41 days previously, 


smaller veins.
 

Tuber size is markedly reduced and when
 
has been severe through one or
 

more tuber generations, tubers may failto
 
geminate or may produce hair sprouts.
 

Symptoms of both tuberosum and andigen.
 

types of potatoes are essentially similar.
 
Rutgers tomato when graft inoculated may
 
lack symptoms but when cut back new growth
 
isdeformed, stunted, and chlorotic. Vein
 
yellowing is not common. Datura tatula
 
responds to graft inoculation--y srong
 
systemic vein yellowing of newly fvri..d
 
leaves, severe deformation of leave3
 
formed after grafting, and stunting.
 
Nicandra physalodes responds by apical
 
choross, vein yellowing, and deforma
tion following graft inoculation or when 
natur-lly infected inth field. Solanum 
nigru and S. basenuL}cion naturallyin
fRR intfe Tf.i-i'FTack symptoms or 
symptoms are very mild. Such plants
brought to the greenhouse may produce
slightly deformed leaves with some vein 
yellowing.
 

SALCV was first encountered inthe broed
ing program for PLRV resistance in the
 
high jungle site at San Ramon. Plants
7from resistant progenies had been grown
from true potato seed. Such seedlings
 
were truespoato seed Sc sc arly

st transplanted to the field at an early
 
permitted to develop normally in absence
 
of insecticides and PLRV caeyng potatoes
 
were spaced at internals to provide inoc
ulum for natural field infection.
 

In1981, tubers from representative lines,
 
each tuber from an individual plant, were
 

or
 
grn for observation. Of several hundred
 
plants from such tubers, 20 were selected
in the second tuber generation because of
 
int scond reerain becaue of


distinct symptoms resembling severe pri
mary PLRV infection or mnycoplasma dis
eases. Scions of these plants were 
grafted onto tomato stocks and there were 
no symptoms until formation of new growth 
after stocks had been severely cut back. 
New growth in3 of the grafted stocks was 
severely distorted, chlorotic, and stun
ted. Grafts using these infected tomatoes 
as scions were made to Datura tatula 
which responded by marked yeTwd isco1
oration of veins in recent new growth
followed by distortion and stunting. 
These symptoms were distinct from those of 
potato viruses previously reported on D. 
tatula or D. straoniniu, and an unusual 
-TrtuFor viFus strain was suspected. 

To determine the extent of infection of
 
this new virus and to determine as well,

natural infection of other viruses, single
 
tubers each from an individual seedling

plant in a simiiar resistance trial a year
 
later 1982) were greenhouse indexed.
 
Each plant was tested by enzyme-linked

immunosorbent assay (ELISA serology) for
 
PLRV and for potato virus Y (PVY). Plants
 
with symptoms aberrant to either of these
 
viruses were grafted to D. tatula or to
 
tomato cv. Rutgers.
 

Of 250 plants so tested, 19 produced

foliage sufficient for visual examination,
 
classification as to virus symptom, and
 
for ELISA serology. Only 50% lacked
 
SALCV, PVY or PLRV and were considered
 
healthy. PVY alone was present in 10% of
 
the plants, PLRV alone in 30%, and
 



PLRV-PVY double infections 4.4%. SALCV 

had infected 11 (5.50) of the plants with 

foliage. 


SALC was ultimately identified in 29 

plants (12%) by characteristic symptoms

from potato scions grafted onto stocks of 

either or both D. tatula or Rutgers toma-

to. Symptoms ofpl-anTs-in which the virus 

was demonstrated are shown (Table 1). 


Highest incidence of SALCV was in weak

plants and 
those 
from hair sprouts, infecting plants with these symptoms to 36 

and 59% respectively. SALCV occurred in4
leafrolling plants as a single virus, 
in 

combination with PLRV in 4, and PLRV-PVY
in 1 plant. SALCV-PLRV-PVY caused mosaic 

in 2 plants and SALCV alone caused mosaic 

and leafrolling in I plant. In these me-

saic plants the presence of other mosaic 

producing virus was not determined. 


Attempts to graft eyes of dormant tubers 

as scion grafts into nodes of tester 

plant: failed. Although dormant tubers 

were not included in the number of posi-


ttve SALCV isolations t is probable that 

at least some of these tubers were SALCV
infected because in infected tubers with 

hair sprouts many eyes failed to sprout. 


The virus has not been transmitted by the 

pers or wh te fly are suspected as being 


natural vectors. Graft transmission is 
the only method so fay" Lucwn to be
successful. This is not completely suc-
cessful as frequently second or third at-temptus o grftrenmt secsf
orthirdeach
tempts to graft transmit de successful, 

even though earlier attempts had failed. 

Apparently the vius is phloem limited,

existing in the entire plant in low 

concentration. 


Table 1. Occurrence!I/ of SALCV in plants

with several symptoms and in combination 

with PLRV or PVY. 


Numberwith 


Symptom 
 SALCV SALCV SALCV SALCV Plants 

only +PVY +PLRV +PLRV with 


+PVY symptom 

indicated 


(No) 


Healthy 0 0 100
0 0 

appearing 


Leafroll- 3 0 4 1 5 

Leafrll- 0
ing 4 1 59this 


Mosaic 0 0 0 2 39 
Leafroll-
ing and 

1 2/ - 8 

mosaic 

Weak 8 - - - 22 
plants 

Hair 10 - - - 17 
sprouts 

Dormant - - - - 5 
seed 
tuber 

Toti 2 

/ Number of plants in sample from field 
grown tubers, 

Presence of P!.RV or PVY not 

determined, 


Purification has been successful following

homogenization with O.1M citrate 
buffer 

(pH 6.0) containing mercaptoethanol and 

Driselase, chloroform-butanol emulsifica
tion, polyethylene glycol precipitation,

differerntial centrifugation, and sucrose 

density gradient centrifugation. 


Virus particles 
are 19 x 52 nm in size 

consisting of 3 isometric units in a
straight chain. Similar 
particles are 

present in purified preparations and in
leaf dip extracts (Figure 2). 


. 
,
 

Figure 2. Purified preparation of SALCV
virus. Particles consist of 3 isometric
units ina straight chain 19 x 52 m. 


THE BREEDING POTENTIAL OF NATIVE ANDEAN 


POTATO CULTIVARS 


Z. Huam n 

International Potato Center 


Sumary 

The potato germ plasm bank of CIP present-
ly copritses about 6,000 accessions of
clonally propagated primitive cultivars. 
This collection is considered to be the 
largest, most complete and most diverse
 
sample of Andean cultivars. 

The systematic evaluation of this collec-

tion to determine genotypic reaction to 

pests, diseases and adverse environmental
factors has made available new sources of 
resistance to golden nematode, tuber moth,soft rot, PLRV, etc. Some cultivars with 
high dry matter and high total protein
content have been identified in evalua-
tions for nutritive attributes. Thus, a 
great breeding potential which is yet to 
be fully exploited exist in the native 

cultivars. 


Introduction 

MKrny native potato cultivars have been
 
grown in the highlands of South American
Andean countries 
for a long time under 

traditional 
agriculture conditions. Sys-

tematic classifications of samples of 

these cultivars have shown several 
taxo-

nomic species involving a polyploid series 

as well as a large degree of intra-

specific variability, 

Most cultivated potato species have 

evolved as a result of natural intra- and 

interploidy hybridization involving not 

only cultivated species, but also some

closely related wild species. Itis hig4-
ly likely that introgression also played 
an important role in part of their intra-
specific diversification. This could have 
taken place when some cultivars were in-troduced into new areas of cultivation and
they became sympatric with other new wild 

species. Gene flow was certainly favored 

by out-crossing, 
the growth of different 


and numerous cultivars in the same field,
 
and the presp of wild species in and
 
around potatu fields.
 

As a result of the long evolutionary his
tory, these cultivars are highly hotero..
 
geneous; have developed resistances and/or

tolerances to a wide range of pathogens;

and due to man-made selection they possess

genetic components for adaptation and productivity under conditions of environ
mental stress. Therefore, this genetic
iversty constitutes valuable material
 

for the plant breeder.
 

CIP's cultivated germ plasm collection
 

Since 1972 the Tnternation;l Potato Center
 
(CIP) has organized and managed a sys
tematic collection of genetic diversity in
 
the tuber-bearing Solanum species.

Until 1976 first piority was assigned to
 

collection of cultivars
native because
 
they were in an alarming process of Nge
netic erosion." More than 13,000 clonal
 
samples
donationswere assembled at CIP through
from some 
national potato gene

banks and from numerous collecting expeditions made throughout the traditicnal cultivation areas in Latin Americ. Identi
i ation of i c ac c ssio n ti

fication of du(plicate accessions has
 
gradually reduced the collection to about
6,000 accessions. These are clonally

propagated each year for further evalua

tions.
 

Taxonomic studies in this collection have 
shown a greater genetic diversity within

cultivated species than reported inother gene banks around the world (Ochoa,

1975; Jackson et al., 1977; Schmiediche, 
1977; 'ray, 197 -TuamAn et al., 1980).

For that reason CIP's colTietThn is con
sidered to be the largest, most complete
and most diverse of Andean primitive cul
tivars in existence.
 

Evaluations of CIP's collection for
 
desirable attributes
 

It is well established that valuable
 
characters have already been identified in
 
the cultivated potato species of South
 

fw rica (see revision by Howard, 1974).

flowever, the availability of a large col
lection of native cultivars, the strategic

location of CIP in the center of diversity

of the potato, and the existence of more 
aggressive isolates 
or races of pathogens

than those found outside South America,
 
provides a unique opportunity to more
 
fully evaluate the breeding potential of
 

valuable genetic reservoir.
 

A systematic evaluation of the Andean cultivars has been underway since CIP began,

following a multidisciplinary approach

involving scientists from the genetics,

phytopathology, nematology, entomology,
 
and physiology units. As much 
as possi
ble, accessions possessing desirable at
tributes are re-tested.
 
Accordingly, more than 29,000 evaluations
 
have been made and more than 3,500 of them
 
have reacted with various degrees of re
sistance to the most important fungi, bac
teria, viruses, nematodes, insects, and
some environmental stresses affecting the
 
potato crop (Table 1). The frequencies of
 
resistant genotypes ranges from about 2%
 
to 17%. Frequencies below I% are obtained
mainly in those traits where most of the
data were taken on susceptible genotypes
 
showing symptoms on naturally infested
 
fields (e.g. smut and pink rot). On the
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other extreme, frequencies higher than 20% 	 four, 71 accessions to three and 14 acces- Data clearly shows that a number of
 
are found when the screening was made sions resistant to two traits, desirable g;enotypes have already been
 
using selected genotypes where preliminary identified. Thus, a great breeding poten
field observations indicated some resist- Cytogenetical evaluations in some Andean tial yet to be fully exploited for the
 
ance (e.g. bacterial wilt, late blight). cultivars havw identified new 2n-pollen benefit of mankind, exists in the native
 
The actual frequencies will be modified producers. Out of 806 diploid cultivars cultivars.
 
once the process of duplicate identifica- studied, 55 produced 2n pollen (Chujoy and
 
tion is finished. In general, the fre- Iwanaga, 1982). References
 
queacy of partially resistant genotypes is
 
much higher than those with high levels of Nutritive quality studies of 840 native ChuLJyr E.J., and N. Iwanaga. 1982.
 
resistance. 	 cultivars involving samples of all culti- 2p~i -n production in diploid primi

vated species have shown a significant but 1if- cultivars. (Inpreparation).

Further 
CIP studies on Andean cultivars I w negative correlation (r - -0.248 and LEtrada, N., and L. Turkensteen. 1977.
 
carrying desirable attributes have shown r - 0.061) between dry matter and protein Breeding potatoes for late blight re
remarkable results. For rxnple, crosses content (Huaman, 1978). Dry matter con- sistance. In Report Planning Confer
between cultivar mioeor.teiy resistant to tent ranged from 25% to 38% in 414 acces- ence. Utilization of the Genetic Re
the nematode Globdera pe;Iida (Interna- sions and the total protein content (dry sources of the Potato II. October.
 
tional Potato feiitor, Y)i7 to late weight) between 10% and 15% in 168 acces- The International Potato Center, Lima.
 
blight (Estrdc nd Turkcnt n, 1977) sions. A total of 92 accessions have high pp. 67-71.
 
produced offspring with hihb is of re- dry matter above 25% and high protein Huam~n, Z. 1978. Recursos gendticos de
 
sistance to those traits. ii- cultivars content above 10%. Moreover, 35 andigena, las papas andinas y sus perspectivas en
 
highly resistant to race P4A of G. pallid3 21 diploid and 16 triploid and pentaploid el mejoramiento para cclidad nutritiva.
 
were also resistant to many -different cultivars were identified with contents of I Congreso Nacional en Clencia y Tec
populations from four Andean countries 2.7% to 4.0% protein on a fresh weight rologla de Alimentos. Satitaore, Lima.
 
(International Potato Center, 1979). 	 basis. Huamhn, 
Z. 1980. UtilizAtion of CIP's
 
Eleven cultivars have seen identified as primitive potato germ plasm to develop

highly resistant to three black war. popu- It is expected that within native culti- improved back-up populations. In Report

lations which break the resistance of vars great variations in many other fac- Planning Conference. Utilization of
 
European race differentials (Soto, 1978). tors of importance in breeding have yet to Genetic Resources of the Potato III.
 
Numerous Andean cultivars have multiple be found. Among other potentially favora- November. The International Potato
 
resistance to pests and/er cIiseases. As ble traits are yield, length of tuber Center, Lima.
 
of now, one accession is !sistant to five dormancy, storage qualities, flavor and HuamAn, Z., J.G. Hav.&Ps, and P.R. Rowe.
 
different traits. sevc,' accessions to cooking qualities. 1980. Solanum a arhuiri: an important
 

diploid potato FuMt ted in the Andean
 
Table 1. Data on evaluations conducted at Development of improved native population Altiplano. Economic Botany 34 (4);
 

CIP using native Andean cultivars. 335-343.

Native Andean cultivars possess some un-	 Howard, H.W. 1974. The utilization of
 
desirable characters that discoo'rge their genetic resources. In Report Planning


Traits Accessions Accessions with use in breeding because a seric- of back- Conference. Utilization Genetic Re
evaluated evaluated some resistance crosses and cycles of selection are re- sources of the Potato. April. Inter-


N. 	 quired for their elimination, national Potato Center. Lima. pp.

NO 	 % 38-83.
 

In order to promote more intensive ex- International Potato Center. 1977. An-
Fungus ploitation by breeders of the rich genetic nual Report. Lima. p. 67.
diseases reservoir in these native cultivars, CIP International Potato Center. 1979. An-


Late blight 964 224 23.24 is developing improved populations using nual Report. Lima. p. 37.
 
Pink rot 2,968 3 0.10 Andcan cultivars with known desirable Jackson, M.T., J.G. Hawkes, and P.R. Rowe.
 
Common scab 927 64 6.90 attributes. The four main goals are: 1977. The nature of Solanum x chaucha
 
Wart 1,622 66 4.07 (1) to produce highly heterozygous and Juz. et Buk., a tr-pl'o7dcultivated

Smut 329 2 0.61 	 heterogeneous populations; (2)to reduce potato of the South American Andes.
 
Charcoal rot 2,383 46 1.93 the tremendous genetic distance between Euphytica 26; 775-783. 

primitive and advanced populations; (3)to Ochoa, C. -D75. Las papas cultivadas 
Bacterial concentrate and up-grade gene frequencies triploides de Solanum x chaucha y su 
diseases for desirable attributes; and (4)to com- distribucifn geogrfica i-iV* Pero.bine desirable traits which are widespread Anales Cientlficos 12 (1-2); 31-44.
Soft rot 226 48 21.24 	 over different accessions in the native Soto, N. 1978. Summary of research on

PseudomonaSt 28 15 	 cultivated gene pool (Huamhn, 1980). potato black ryt endowart 


So far, 213 seed families have been ob- bioticum (Schilb.) I In Repot
Virus 	 tae anlk cres of- Planning Conference. Control of Imises 	 taned using single and bulk crosses of portant Fungal Diseases of Potatoes.
diseases cultivars with resistance to the same June. International Potato Center.
 
PVX 627 181 25.97 pathogen; 175 of them comprise resistant Lima. pp. 32-43.
 
PVY 601 41 6.82 material to eight single pathogens, one Schmiediche, P.E. 1977. Biosystemic

PLRV 1,112 27 2.43 group of 28 and other of 10 seed families studies on the cultivated frost

involve a combination of two and three resistant potato species Solanum x

Nematodes different pathogens, respectively. Fur- Juzpzii Buk. and Solanum curtilobum
University
ther screening of these hybrid seeds isto juzeBuk. Ph.D. 

Gobder 311identify genotypes with higher gene fre-
pallida 5,264 311 5.91 	 quencies for of Birmingham.
resistance to the pathogens Tay, C.S. 1979. Evolutionary studies on
 
G. rosto- involved. the cultivated diploid potatoes Solanum 
P95-Tdo-gyne Conclusion stenotomum Juz. et Buk.. I - .urea 

uz., 

S a Ph.D. Uni

ph S. ocalx Juz. e 
et Buk. 	 aests. 


acrlti 3,938 643 16.33 	 Although several potato collections of ver-sy o. UTniingham.
 
native Andean cultivars exist in the
 

Insects 
 world, most of them have been relatively
 
Phthorimaea deficient in intensive evaluations of
 
tuber moth 2,871 404 14.07 their stock-. The focus of CIP systematic


evaluation of native cultivars is on the
 
Environmental need to make available new sources of
 
stress valuable genes which could be readily in

corporated into breeding stocks to solve
Frost 341 76 24.63 present and future problems of the potato
Hail 3,932 1,319 33.55 crop. The large number of evaluations 

- made in a relatively short time has been
Total 29,455 3,683 12.50 largely possible because of the clonal 

maintenance of these cultivars at CIP.
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VINE TYPE AND TUBER TYPE SELECTION INA 

POPULATION OF NEOTUBEROSUM 


M. A. Nuarte and R.L. Plaisted 

Department of Plant Breeding, 

Cornell University,

Ithaca, N.Y. 14853, 

U.S.A. 


During the process of adzptation of Sola-

num tuberosum ssp. andicaia. to the cond-
Mons of northeastern JCS.A., selection 

emphasis was placed on tuber characters,
yield, and disease resistance. The evalu-
ation of the progress of this selection 
(Rasco, 1979; Mufloz, 1980) and the impor-

tance of this tetraploid source of germ-

plasm in the context of potato breeding

(Plaisted, 1972), point out its relevance 

for immediate utilization. 


Vine characters have not been a subject
for selection in Neotuberosum, although 

some descriptive studies reveal 
their im-
portance when compared to the commercial 

potato, and may serve to provide a better 

understanding of the origin of ssp. tu-

berosum. Simmonds (1964) related laige

1-sTze to long day "tolerance" and, in 

fact, some improvement in vine type has 

been observed during selection for tuber 

characters under long day conditions of 
Ithaca, New York. 


The relationship of the tuberosum vine 

type to several characteristTE's--o--impor-
tance during a process of recurrent se-
lection of the Neotuberosum material is
discussed below. The first cycle of se-

lection and parents for the second cycle 

are described. Correlations among charac-

ters, heritabilities and selection re-sponse estimates are also given. 

Materials and methods 


The seventh cycle of selection for tuberi-

zation was the base population from which
recurrent selection procedure was ap-

plied. Four groups of selected parents 

were sntercrossed wth bulk pollen fro 

the same subpopulation: 
 a vine type group
(V)was selected only on the basis of vine 

characters, a tuber type group (T) re-

ceived selection only for tuber characters 

as it was done in the previous cycles; a 

joint selection for vine and tuber type

formed the (VT) group, and finally, a ran-

dom sample from the base population with 

no further selection formed the (R)group.

The number of clones participating in each 

intercrossing varied from 20 
to 50 per

subpopulation, and a selection 
pressure 

of 5% was applied to the 3200 seedlings

transplanted 
to the field in 1980. Part 

of the seedlings were transplanted in com-

pletely randomized designs to estimate 

correlations among charactrs, variability

of the material under seiLction and esti-

mates of heritability. In 1981, selected 

clones from the two cycles of selection 

were planted in a completely randomized 

blocks design to compare between cycles

and complete t," observational studies,

Four leaflet measurements, dissection and 

a general vine score were used to 
assess 

the vine type. Skin colour and type,

distribution and number of eyes, flesh 

colour, shape, size, uniformity, yield and 

number of tubers were described using CIP
descriptors of the potato. Abnormality 
such as unusual tuber shapes, secondary
growth, stolons, cracks, hollow heart, 

internal necrosis and lenticels were also 

recorded, 


The regression of mother-offspring 
was
used to estimate heritability (b -h2) Table 1. Correlations among vine and
 
Part of the statistical analysis was done 
 tuber characters in the V) group with the aid of the statistical packages (n - 265).

SAS and MINITAB, available in the comput
ing facilities of Cornell University. 
 Vine Tuber ch,-racters
 

char-
Results and discussion 
 act- Terminal Total
Dist! Seneral
 
ers leaflet lateral dissec- ippear-

The vine type selection showed a signifi- leaflet tion aisce
 
cant effect (Figure 1). The length of thp Lenght - ii j/terminal leaflet is considered a reliable (n) Length dqr-ey
 
measure of the vine type (vine score- Width (cm) 3rd
terminal leaflet lcnjt correlation: (cr) Width degree
0.76). If the respcnse t selection is 
 (cm)measured as a differ;,ncc. of the progeny of 	 Yield 0.450.5 0.25 0.52the selected parents and the base popula-
 (g) 0.45 0.47 0.25tion, the results in0ctiate a 28% of in-
 0.2
 
crease in the (V) group, 10 
 in the (VT) Number 0.17 0.17 NS NS
 group and 3% in the (T) group for the of NS NS NS
length of the terminal leaflet, after one NS
tubews 

12 Appea- 0.40 0.15
0.34 0.50 

ance 0.45 0.42 0.14
 -n 	 0.11 
STze 0.35 0.28 0.12 0.36
 

0.0.38 0.32 0.15
 
Uni- 0.19 0.16 NS 0.24
to-
 formi- 0.19 0.15 S
 
ty - 9 
 NS
 
D-'t 0.27 0.23 
 0.16 0.17


9. 	 C,f 0.20 0.22 0.16
 
Eyes 0.15
 
Se 
 0.1 7e- Sdary 	 /-019 _0.20 Nr
econ- -0.18 43.21 NS -0.17
 

7 	 growth? NSUnusual -0.14 NS
-0.12 -0.21
 
shape -0.16 -0.13 NS 
Y./ NS 

6 1'
 
1_YThese characters were measured using


n 
 T vT v KIarMldi scores from 1 to 5.
 
Fid,,m,. I Presence or bsence.

mn(n Fiefdmr(parentsFeldC

I d 	 (tsonoseostiats Lwtyenae aso ivn.itmCyclek NS Correlation not significantly different 
from zero. 

Figure 1. Effect of recurrent selection 
for vine and/or tuber characteristics on
 
the length of the terminal leaflet. Table 2. Correlations amzng vine and
tuber characters in
cycle of selection. The difference of the (n -260). thhe T) group
 

(V) and (VT) groups with the (T) nd (R)
 
groups is significant (p- 0.05) consider-
 Vine 
 Tuber characters
ing both sets of parents (first and second
cycle). The differcnce between the 	 charse- act- Terminal Distal Total General
lected parents of hth cycles within each 
 ers leaflet lateral dissec- appeargroup is not signficnt under field con-
 - leaflet tion ance
ditions. Greenhous' easurements showed a Length 2n 1/
similar trend but 
a lesser leaf develop- (cm) Length degree
ment v;,sobserved. Katahdin is not sig-
 Width (cm) 3rd
nificanly different from the means of the 
 (cm) Width degree
(V)and (VT) groups, but it is significant 	 (cm)
with respect to groups, a
the other two Yield 0.48 0.41 NS 0.54
fact that provides a practical measure of (g) 0.45 0.40 0.18
the selection response. 	 0.18
 

0.18
 
Correlations among vine and tuber charac-
 of 0.11 0.10 NS
teristics are shown (Tables 1, 2 and 3) tubers 

for each subpopulation. The characters Aper-

NS
 
S
above described that are not 
shown in Appear- 0.31 0.25 0.16
these tables yielded correlation coeffi- ance 0.30 0.24 0.14 

0.32
 

cents not significantly different from S/ 
 0.10
 zero for these comparisons. The relative- e 0.40 0.37 0.21 0.47

ly high correlations with characters 
of J-] 0.38 0.36 0.22
economic importance, such as yield, tuber 
 0.16
size, general tuber appearance, give spe-	 Uni- 0.13 0.16
0.15 0.17
cial interest to the selection for tubero- fom-
 0.17 0.14 0.12
sum-like vines. 
 tY-
 0.10
 

Gen- NS 0.12 NS NS
 
Heritabilities for the (VT) and (T)grops 
 eral 1 NS 
 NS 0.12
 
are 
given for the vine characters. The shap ' NS
estimates show a promissory future for the /
recurrent selection method in the improve-
 These characters were measured using
ment of vine type (Table 4). The data scores from 1 to 5.
presented here provides the basis for a 
 MS Correlation not significantly different
study of the correlated response for both. 
 frnA zero.
 
groups of characters.
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LOW COST WARE POTATO STORAGE INKENYA To enhance tuber absorption of the chem-

Table 3. Correlations among vine and ical all stores were sealed with plastic
 

tubertube characterscharacters in the (VT) group G.L.T. Hunt/ E J Lultjens-J and sheets for seven days after filling.
G. trea/
 
(n 260). S.GStorage 	 periods ranged from 4-5 months. 

originating from thethe sane field, was used.
I/Ministry of Agriculture, P.O. Box 30028, Inall treataents variety Roslin Eburu
 

Tuber Vine characters Nairobi, Kenya.
 
char- Z/c/o Potato Seed Multiplication Project, Results and discussion
 
act- Terminal Distal Total Gen- Via Koeriers dienst, Dacca, Bangladesh.
 
ers leaflet lateralY'dissec- eral Table I shows storage weight losses Inthe
 

leaflet tion ap- NInternational Potato Center. various types of stores. Total weight

Length 2nd pear- losses varied from 7.8 to 11.6% and were
 
Width Length degree ance In Kenya potatoes worth US$ 9.8 million mainly due to dehydration. Losses due to
 

Width 3rd I_/ are cornyercially marketed yearly and 70% sprouting were generally higher in the
 
degree of tht amount is retained for household heaps in the African Houses. This may
 

consumption. Even the small farmers need reflect the difficulty in keeping these
 
0.43 to avoid low prices at harvest time heaps sealed after application of the
General 0.31 0.28 0.16 


0.23 through storage. With estimated storage sprout suppressant.appe r- 0.33 0.31 
ance!/ 0.16 losses of up to 20% (Durr et al., 1980) a 

Size 0.30 0.26 0.13 0.37 demand low sped. warefor cost, lcale Table 1. Effect of type of store on stor
1/ 0.33 0.31 0.26 stores has developed, age weight lossesi/ after 5 month stor

0.20 Storage research in 1977/79 resulted in age.
 
General 0.19 0.17 0.15 0.16 the development of a ware potato store,
shae 0.17 0.20 0.18 specifically designed for small scale Type loss % Total
 

.13 farmers and based on tural ventilation Reject ydr- weight
1/ 0.13 (Homann et al., 1979). lased on histor-	 tion loss
 
ical price movements, use of these stores (%) 

Y These characters were measured using was reported profitable for periods of African house 1 
scores from 1 t3 5. over three months. For shorter periods, box 0.8 1 

storage in traditional houses seemed more box 0.8 1.0 7.6 9.4 
attractive. Storage in farm houses was heap 3.0 0.7 4.6 8.3 
common and generclly accepted. Sirole ventilated 
improvements of house storage were likely heap 0.8 0.6 7.4 8.8 

Table 4. Heritability of vine characters, to be adopted easily by farmers. Inad- Mean 1.5 0.8 6.5 8.8 
dition, the question arose as to whether
 
the naturally ventilated store could be African house 2
 
simplified since the chances of successful box 0.8 1.3 7.4 9.5
 

Selec- Terminal Distal General introduction and acceptance of any store heap 1.6 0.4 7.7 9.7
 
tion leaflet lateral vine- type seemed likely to Improve with in- ventilated 
group leaflet score creased simplicity of store design, as- heap 1.8 0.6 9.2 11.6 

Length sociated pith lower costs of construction Mean 1.4 0.8 8.1 10.3 
Width Length and mana'.ent. 

Width Natural ventilated store
 
With these objectives, a new series of Original 

VT 0.460.16 0.34±0.16 0.44±0.14 storage experiments were undertaken joint- design 0.5 0.6 6.8 7.9 
0.38±0.14 0.51±0.14 ly by the Kenya Ministry of Agriculture Simplified

and CIP during 1979/81. 	 design 0.7 0.4 6.7 7.8
adMean 0.6 0,.5 6.8 7.9 

T 0.38t0.32 0.66±0.40 0.87±0.48 Materials and methods 

0.76±0.40 0.92±0.28 Y Each figure is the average from two 
Storage experiments were carried out at storage seasons. 
Molo, 2600 m. altitude in Kenya. Weekly 
mean minimum temperatures ranged from 8 to
 
14'C and weekly mean maximum temperatures Inbox storage, which is easily sealed,


References 	 from 16 to 27°C. Weekly mean relative the use of sprout suppressant reduced 
humidity varied from 70-95%. storage losses considerably (Table 2).
 

Muftnz, F.J. 1980. Evolution of the The following store types were compared: Additionally, non-treated tubers shrivel
yielding and combining abilities in I.Original design of naturally venti- led resulting in loss of market quality.

Andigena potatoes after six cycles of lated store (Homann et al., 1979), with Infurther trials, I.P.C. (0.4% sprouting)
 
recurrent phenotypic selection. Ph.D. flap controlled ventfTatTon during cool was more effective as a sprout inhibitor
 
thesis. Cornell University. night hours. Store capacity was ap- than T.C.N.B. (4.2% sprouting) under these
 

Plaisted, R.L. 1972. Utilization of proximately 2700 kg. conditions.
 
germplasm inbreeding programs. Use of 2.Simplified version of previous store
 
cultivated tetraploids. Prospects for of similar capacity with continuous un
the Potato in the Developing World. regulated ventilation. Tubers in this Table 2. Effect of sprout suppreLsant

E.R. French, ed. Centro Internacional store were covered with 30 cm of straw. (I.P.C.) on storage weight losses-I
 
de la Papa, pp. 90-99. 3. African House 1 with a roof of cor- after 4 month storage (cv Roslin Eburul
 

Rasco, 	E.T. 1979. Photoperiod adapta- rugated iron and a ceiling of papyrus mat inAfrican house.
 
tion, earliness and heat tolerance of and walls of mud and gumpoles.

Solanum tuberosum ssp. anigena after 4.African House 2 with a thatched roof Type of With sprout Without sprout
 
six cycle-s 'f recurrent selection. and no ceiling.

Ph.D. thesis. Cornell University. 	 weight supprsant s
 

Simmonds, N.W. 1964. Studies of the In African House 1 and 2 the following loss house 1 house 2 7 
tetraploid potatoes. I. Variability of types of storage were compared: (%) % % % % 
the Andigena group. Journal Linnean - A 1.0 m3 slatted box containing about Sprouts 0.6 0.4 5.8 6.5 
Society (Bot). 58; 461-474. 650 kg of potatoes. 

- A heap of potatoes ventilated by Reject 0.8 1.8 0.7 0.4 
means of a duct. Capacity approximately Dehydr 
1200 kg. tion 7.3 5.8 8.4 8.5 

- A heap without a ventilation duct. Total 9.3 8.0 14.9 15.5 
Mean totalThe sprout suppressant "Birgin" (I.P.C.) weight loss (%)8.7 15.3
 

was applied as a dust (200 g/100 kg tu
bers) approximately 15 days after harvest 1 Wtight loss (%).
 
as the tubers were placed in the stores.
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http:0.38�0.14
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There was little relation between store 
design and level of storage losses 
(Table 1). Under Mo'o conditions, manage-
ment practices suc as pre-storage selec-
tion of tubers ano application of sprout
inhibitor is likely to have a larger ef-
fect on storage results than specifics of 

store design. This is clearly demonstrated 

by the performance of the natural venti-

lated stores. The simplified design with-

out control of ventilation performed

equally well to the more sophisticated 

design ventilated with cool night air 

only. Also the difference between storage 

types within the African houses was small. 


Under Molo conditions tubers can be stored 

effectively up to 5 months with limited 

weight losses when the sprout suppressant 

I.P.C. is used. The African house, with 

either thatched or corrugated iron roof, 

seems attractive for storing limited quan-

tities of potatoes because of low cost and 

simplicity of design. Storage in boxes in 

these houses is possibly the most reliable 

way since tubers can be better protected 

from rodents, which sometimes created 

problems in unprotected heaps. Storage

losses in slightly larger quantities may

be kept low in the simplified naturally

ventilated stores, 


Use of the sprout suppressant Birgin
(I.P.C.) was in these trials the single

most important factor in reducing weight

losses for storage periods of over 3 

months. Efforts to limit ware stora e 


tre sibl c a on dine
e in
the future possibly concentrate on this 

aspect rather than researching additional 

store designs. 
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PROSPECTS OF LARGE SCALE PRODUCTION 

OF POTATO IN NIGERIA 
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Irish Potato Programme, National 

Root Crops Research Institute, P.M.B.4 
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Introduction 

Since the introduction of potatoes into
Sinerthe introduction ofpot s itto 

Nigeria in the early 1940's (Staton,

1960), production has steadily risen from 
a mere 180 tonnes in 1940 to well over 
50,000 tennes in 1973 - 74 season with 

present estimates at 100,000 tonnes from 

an area of about 10,000 hectares (Ifenkwe, 

1980). 


The present demand for ware potato is 

estimated at about 1 million tonnes an-

nually. The shortfall between demand and 

production accounts for the high prices of 

potato in Nigeria. Potatoes supplement 

other sources of carbohydrate such as 

yams, cassava, cocoyam, sweet potato and a 

host of other cereal crops such as millet,

sorghum and maize. The latter are 
not 


sufficient to sustain the growing popula-
tions. Van der Zaag, (1976) reported that 
in most tropical and sub-tropical coun-
tries, the potato price expressed in terms 
of energy is 2 - 4 times higher than that 
to wheat or rice in the period of main 
supply of potatoes and 4 - 6 times in the 
period that potatoes have to be cold 
stored. It may therefore be worthwhile to 
question the rationale in a country like 
Nigeria with a host of other sources of 

carbohydrate embarking on large scale pro-

duction of potatoes. 


Potato could be incorporated into our 

farming system in those parts of the coun-

try where its growth can be sustained. 

The potato is by far superior to almost 

every other crop except the sweet potato 

in food production per hectare per day,

(Horton, 1980). In Nigeria, up to two 

crops are possible ina year. In compari
son to other tropical root crops such as 

yam and cassava which mature in 6 - 9 and 

9 - 12 months respectively the potato ma-

tures in about 3 months and produces 

yields comparable to those of yams and 

cassava under good management (Table 1). 


Because of its short growing cycle, the 

potato can be more easily incorporated 


into some cropping systems than other long

cycle crops (Horton, 1980). Its ability
to generate large amount of calories per

unit of land and time promises well for 

intensifying agriculture in the tropics 


(Horton, 1980, Van der Zaag, 1976). 


Table 1. Performance of some European 

potato varieties under Nigerian condi-
tions. 


]
Variety Total yield t/haA.


1979 1980 1981 


Ajax 18.1 13.2 22.6 

Mirka 15.9 15.6 22.4 

Spunta 14.3 11.5 19.0 

Nicola 18.3 17.5 17.9
Desiree H 13.0 15.6 22.2 
Desiree -- 21.0 


*Maikarifi 8.7 9.8 .. 

Draga 9.3 12.9 __ 

Alpha 11.8 11.8 10.2 

Estima 13.1 15.3 15.9 


*BR63-5 11.6 12.4 --

Arka 16.0 15.4 17.8 

Cardinal 13.7 13.9 20.1 
Baraka 16.8 14.1 13.5 
Jaerla 14.7 13.4 18.8 
RC767-2 -- 11.7 -_ 

Roslin Ruaka -- 9.7 ._Rodosa 
 .. .. 16.1 

Mars Piper .. .. 18.4 

Pentland Crown .. .. 16.3
Pentland Dell .. 
 .. 15.7 

Up-to-Date .. .. 24.2
 

*B9488-5 .. .. 16.4 

*809435-10 .. 
 .. 18.9 

*B9449-17 
 .. .. 18.0 

S.E. of Mean ± 1.9 1.24 0.97 


Seed potato problem
 

Nigeria produces potatoes without impor
tation of certified seed. Therefore, 
farmers are short of improved and healthy
seed and have no alternative but to use 
remnants from the ware crop. 

Prior to 1961, small quantities of fresh
 
seed were imported from the U.K. for
 
direct distribution. As demand increased,
 
an unsuccessful attempt for local seed
 
multiplication collapsed because due to
 
insufficient seed storage facilities and
 
continuous cropping in the same area and
 
bacterial wilt increase. The National
 
Seed Service is still unable to include
 
the potato in its scheme possibly because
 
potato is difficult to preserve.
 

Disease problems
 

In Nigeria the bacterial wilt and the late
 
blight are the most serious disease prob
lems. Together they zan result in total
 
crop failure. The lati! blight disease can
 
be controlled by fungicides. Bacterial
 
wilt is wide spread in the potato growing
 
areas and is increased by cultivation of
 
crops (Erinle, 1976) such as tomato and
 
egg plant in the same area. Information
 

on control is scanty. Harris (1976a)
 
reports that bacterial wilt is confined to
tropics, sub-tropics and warm temperate

regions. It is more serious in the lower
 
altitudes and above 2,100 meters (Harris,
 

1972, 1976b). In Nigeria potato is pres
ently grown 1,200 - 1,500 meters above sea

level. Soil temperature at the wilt
 
"ceiling" is around 15'C (Harris, 1972)

corresponding with the lower temperature
 
limit for gre.th in culture. Using this
parameter and the elevation effect, they
 
were able to demarcate areas in Kenya for
potato production. Similarly areas
 
in Nigeria such as the Mabilla Plateau
 
which exceeds 1500 meters elevation might

be used for seed potato production. Be
cause of our limited facilit-"!, most of
 
t h e o f o r i t ac e o erst f
 
the breeding for resistance t bacterial
 
wilt disease has been done outside the
 
country notably at the University of Wis
consin-Madison and true seed segregating
for various characters is sent to the Na
tional Root 
 Crops Research Institute's
 
Potato Programme in Jos for observation
 
and selection. Seed tubers have been re
ceived through CIP regional headquarters

in Nairobi for screening against bacterial
 
wilt resistance. Significant progress has
 
not yet resulted in the identification of
 
wilt resistant lines with late blight re
sistance, high yield and desirable tuber
 
quality. Although it has not been pos
sible to identify any single line with
 
total immunity some lines received from
USDA Beltsville in 1977 (Table 2) have
 
maintained reasonable tolerance to the
 
disease such as clones, B9488-8, B9488-5,

89494-3, B9466-5 and B9449-17.
 

Also some lines from CIP such as
 
Y-66-20-40 CIP 573275, CIP 720088 and CIP
 
720084 have shown promise of wilt resist
ance and high yield. Varieties with high
 
levels of resistance at a given location
 

rmay not survive in another geographic area
 
SLocal variety of local selections from 

crosses made outside the country or 

within the country 

Desiree (H) = Dutch origin, 

Desiree (S) = Scottish origin, 


I/Total yields are those obtained during

the rainy season period May-August. 


because of specific strains of the patho
gen or because resistance is not expressed

under certain environmental conditions.
 
It is not therefore surprising that we are
 
achieving very little result from some of
 
the material bred outside the country.
 

Results of 1979 and 1980 (Table 3) indi
cate that disease incidence increased with
 
increasing planting depth and was reduced
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by planting on flats though not 	signifi- Mechanization problems 

cantly. Two to three ploughings during 

the dry season considerably reduced inci- Further increases in potato hectrages will 

dence of bacterial wilt on both flat and probably increase through oechanization. 

ridges, 


Machines for pre-harvest operations proba-

Preliminary results (Anonymus, 1980) sug- bly will be useful because rainfall is 

gest incidence and severity of bacterial minimal. However problems may be encoun-

wilt is reduced by grass mulch and that tered in harvest operations because often 

earthing up the soil in the absence of the peak of rainfall coincides with the 

mulch increases the bacterial wilt inci- peak of harvest (mid July to mid August). 

dence. In some years harvest must be delayed for 


more than two weeks during which many 

Table 2. Assessment of advanced clones tubers rot in the soil (Table 4). 


for bacterial wilt resistance. A possible solution may be to commence 

planting at least one month before the 


Acq. NO % Wilted stand Potential total onset of rains and to use irrigation to 

yield (t/ha) provide water to the potato crop at the 


early stages of growth. 

1979 1981 1979 1981 


B9450-7 5.0 9.2 22.2 12.6 Table 4. Average total monthly rainfall 
B9449-10 0.0 23.4 21.5 14.1 at Jos (1981) and Vom (1978 - 1981) 
B9477-2 7.5 2.6 21.3 10.6 Nigeria in mm. 
B9488-8* 5.0 4.3 21.2 29.7 
B9488-5* 0.0 4.2 20.6 15.4 Monthly Days with 
B9435-10 0.0 7.5 20.3 14.9 rainfall 5 mm or 
B9462-1 7.5 11.7 20.3 11.3 more rain 
B9466-3 5.0 10.9 20.3 20.0 Jos Vom Vom 
B9494-3* 0.0 0.9 20.2 26.0 mm m 
B9466-5* 0.0 1.7 18.3 17.1 
B9449-17* 0.0 3.4 16.8 11.6 January 2.0 0 0 
B9494-2 20.0 10.9 16.0 18.8 February 2.3 0 0 

0 3
B9466-7 2.5 4.3 15.7 12.6 	 March 24.1 16.8 

3.4 105 April 94.7 66.8 30
B9435-2 8.0 15.3 


B9449-16 25.0 9.2 13.9 15.7 May 190.5 147.3 10.0 

9.2 14.1 June 	 228.1 165.3 9.3


9449-20 0.0 17.8 13.8 12.1 	 July 291.0
37.5 	 -- I9450-1 323.9 14.5 
August 281.4 304.3 16.5 

* 	% of wilted stands were taken out of 120 September 208.5 185.0 10.3 
October 42.7 55.8 2.8 

stands 	in each year. November 3.1 4.4 0.2 

December 1.5 0 0 

December_1.5_ 0 _ 	 0 


Table 3. Effect of planting depth and 	 Harvesting and Storage Problems 

cultivation method on the incidence of 
bacterial wilt (mean number of wilted The major constraint affecting increased 
stands), production in Nigeria, is absence of suit-

able 	storage houses for seed and ware 

a. One ploughing at time of planting: 	 potatoes. In most of the traditional po-


tato growing areas, the minimum tempera-

Depth of planting!' Mean ture very rarely goes below 10°C. Worse 


still is the large fluctuation between day 

6 cm 10 cm 14 cm and night temperatures. It is difficult 


to control sprouting and consequently to 

Ridge-Y 13.2 16.3 16.5 15.3 extend the storage period. Under room 


temperature most varieties will hold for 

FlatV 12.0 14.5 13.3 13.3 up to 1 - 2 months but when stored in 

Mean 12.6 15.4 14.9 3/ thatched houses with good ventilation the 
period could be extended for a month or 

./Standard error of depth of planting (D) two more depending on variety. Cold rooms 
- ± 1.8 would have to be considered for large 

Sscale production of seed. The use of cool 
!/Standard error of method of planting (M) outside air which is now gaining popular-

= t 1.5 ty in some high altitude tropical coun-

NStandard error of interaction D x M tries as in Kenya and the use of diffused 
x t 2.5 light as in the Philippines are being 

tried. However, night temperatures are 

b. Three ploughings before planting: 	 not sufficiently low for most of the stor
age period. Preliminary results indicate 

-/ that these methods though not very effec-
Depth of plantn Mean tive at the moment could enable storage up 

to 3 - 4 months.6 cm 10 cm 14 

It is pertinent to mention, that cold 
Ridge-h/ 1.2 2.5 1.7 1.80 storage will not eliminate losses due to 

-9/Flat 3.3 2.7 2.2 2.7 	 diseases which are carried over from the 
field. Crop hygiene must be emphasized


Mean 2.3 2.6 2.0 N 	 and only those tubers which are free from 
disease defects should be stored. 

Y 	 - 1.0 Conclusions 
± 0.52 Although Nigeria's weather conditions 

t± 0.63 	 place it on the marginal potato producing
 
part of the world and yields might not be
 

expected to be as high as the traditional
 
potato producing areas, the potato can
 
play a significant part in boosting the
 
agricultural production of the country in
 
the year 2000.
 

Although also many production problems
 
have been highlighted, these are not in
surmountable in view of the very important
 
role Nigeria attaches to food sufficiency.
 
Traditional peasant farmers have in spite
 
of the many problems continued to grow
 
potatoes for the past fifty years or more
 
without the use of improved seed or ade
quate 	husbandry practices. It is there
fore hoped that the effort of CIP and the
 
other National Research Organizations will
 
in the near future provide answers to help
 
these small scale farmers who form the
 
bulk of our farming population. Develop
ment of the many irrigation schemes in
 
the traditional potato producing areas of 
Nigeria will no doubt lead to a rapid 
transformation of our capacity to produce 
potato to supplement other root crops.
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MANIPULATION AND CONTROL OF SEED TUBER 

BEHAVIOR 


W. M. Iritani 

Washington State University 

Pullman, Washington 99164 


The major emphasis of potato seed certifi-

cation programs and improvement of produc-

tion in developing countries has been on 

elimination of debilitating diseases such 

as viruses. The emphasis has been proper-

ly placed, because diseases are a major

hinderance to economic yields in many 

areas. However, in the more technologi-

cally advanced countries where diseases 

are controlled and as production gets more 

sophisticated in the developing countries, 

we should also be looking at the physio-

logical condition of seed in relation to 

productivity. This 
 means control of 

physiological age of seed which influences 

plant vigor, numbers of stems arising from 

a seed piece, number and time of tuber 

set, relative maturity of the 
plant and,

finally, size, and yield harvest.
at In 

this day of advanced technology, we should 

be able to grow economic yields of pota-

toes in normally alien environments such 

as hot climates. By the year 2000, we 

will have control of these processes and 

be able to manipulate growtn behavior of 

the plant and tubers to economic advan-

tage. 


As we gain greater knowledge of the mecha-

nism or mechanisms involved in controlling 

tuberization and enlargement, then 
steps 

can be taken to alter the balance in favor
of tuberization if this is desired. 
 This 

can be done in a number of possible ways,

which generally will have to be worked out 

for a particular location and cultivar. 

It is important to know the physiological

status or condition of seed, whether it is 

locally grown or imported, so that neces-

sary steps can be taken to obtain a de-

sired behavior. At the present time, we 

do not have any criteria, physiological or 

otherwise, to identify physiological sta-
tus or age. By the year 2000, growers

will be able to identify physiological age

of seed by simple means and take appro-

priate steps to manipulate the behavior of 

desired goals. Manipulation of seed be-

havior can be obtained through: treatment 

of seed with growth regulators (Burton,

1966; Holmes et al., 1977; Madec 
and 

Perennec, 1969F;_thiough altering time of 

planting for a more 
favorable environment 

(Harris, 1978; "rit ni,
a 1981; Ivins and
Milthorpe, 1963); through cutting or other 

physical alteration of the seed (Burton,

1966; Ivins and Milthorpe, 1963); through

presprouting, desprouting, warming of 

seed, exposure to light and high tempera-

tures (Allen et al., 1980; Burton, 1966;

Cutter, 1978;'FarrTs, 1978; Iritani, 1981;

Ivins and Milthorpe, 1963; Van Der Zaag,

1973); and through alteration of the ex-

ternal environment in terms of fertilizer 

and moisture level (Burton, 1966; Harris,

1978; Ivins and Milthorpe, 1963). 


Equally as important as controlling the 

overall behavior of seed potatoes is to be 

able to control variability in behavior 

withing a particular lot of seed (Iritani,

1981). 


From a genetic point of view, the potato

is inherently quite variable hetero-
or 

zygous. Physiologically, one tuber can 

also be quite different from another due 

to differences 
in time of tuber initia-

tion, amount of starch incorporated and 


rate of tuber enlargement. Greater uni-

formity in behavior will be achieved 
in 

the future with use of growth regulators

which would induce more uniformity of set 

and enlargement. 


Ina paper presented at the NATO Advanced 

Study Institute on Plant Regulation and 

Work Agriculture, J.C. Hugill (1978) of 

the World Sugar Research Organization 

stated that "The development and applica-

tion of growth regulators may be the most 

important strategy for the future of world

agriculture and sustaining of the human 

race." There are many possibilities for 

the use of growth regulators for con-

trolling the growth and physiological be-

havior of potatoes (El-AntalLy et al.,

1967; Gifford and Moorby, 1367; Uoodw, 

1967; Hardy, 1978; Hartmans and van Es,

1979; Holmes et al., 1970; Humphries,

1958; Krug, 1963; Madec and 
Perennec,

1969; Sachs and Thimann, 1964; Scott,

1978; Takashima et al., 162). Seed tu-

bers could be trite 
to break dormancy,

regulate apical dominance, and promote

plant vigor. Follar applications of 

growth regulators could be made to prcmote 

or limit vegetative growth, promote carbo-

hydrate movement into tubers, delay senes-

cence, increase LAD (leaf area duration),

and regulate tuberization. 
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Detailed and numerous studies on the
 
aerial parts of potato plants have been
 
made to clarify their productivity, but
 
the role of the root system in growth has
 
remained far from clear. 
 In 1975 we
 
started systematic investigation of root
 
growth and morphology under field condi
tions. The following paragraphs summarize
 
the 
results of some of these studies.
 
(Iwama, 1981, Iwama et al., 1981).
 

Hartmans, K.J., and A. Van Es. 
 1979. The 

influence of growth regulators Ga,,

ABA, Kinetin and IAA on sprout and ro.t 

growth and plant development using ex-

cised potato buds. Potato Research 22;

319-322. 


Holmes, J.C., 
R.W. Lang, and A.K. Singh.

1970. 
The effect of five growth regula-

tors on apical dr,inance in potato seed 

tubers and on sLisequent tuber produc-

tion. Potato Research 13; 342-352. 


Hugill, J.C. 1978. 
 In Plant Regulation 

and World Agriculture, NATO Scientific 

series. 
 Plenum Press, N.Y., London. 


Humphries, E.C. 1958. The effect of gib-

berellic acid and kinetin on the growth

of Majestic potato. Annals Applied

Biology 46; 346. 


Iritani, T.M. 1981. Relationship of 

physiological age, stem number, tuber 

set and yield of Russet Burank pota-

toes. Abstract paper presented at 8th 

Triennial Conference of European Asso-

ciation of Potato Research, Munich,

Germany. 


The root system showed large differences
 
among varieties and between locations.
Figure 1 presents etwee four raog varets anan example lctiowith 

varieties at two locations. Root dry

weight (DW) was the largest in Norin No. I
 
of late maturity, followed by Shiretoko of
 
late maturity and Danshakuimo of early

maturity, and the smallest in Priekulshii
rannii of very early maturity. In each
 
variety it was larger at Sapporo in al
luvial clay than at
loam soil Shimamatsu
 
in volcanic ash sandy loam soil. 
 Although
 
leaf area index (LAI) also showed varietal

and locational differences and there was a
 
highly significant correlation between
 
maximum root UW and maximum LAI during the
 
growing season (r=0.95**), these differ
ences in root DW appeared at an earlier
 
stage of plant growth than for those with
 
leaf area. In addition, as shown in Fig
ure 
2, the tuber yield increased propor
tionally to the increase of root 
dry

weight duration (RD) during the period

from the initial flowering stage to the
 
leaf yellowing stage, where RD calwas 
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as well as leaf DW isessential to achieve 

Priekulakii- Danshakulmo Shiretoko Norin No.I a higher tuber yield among clones of ear
rni 	 lHer maturity. On the other hand, inthe

15
F5 ranni0 	 later maturity group the differences of 

Athe tuber yield among clones seemed to be 
,o- rather independent from those of root .N 

J / 7 and leaf OW, and thus might be dependent
0 on those of dry matter production per unit 

0 root OW and also per unit leaf DW. 

0 30 60 0 30 60 90 0 30 	 60 90 0 30 60 90 Ii00 

'0 

0t	 

LIoI,-
I~_" 1	 ";""" 

S 60.0 30 60 90.0 30 60 90 30 60 90 2.... 

Days after sprouting 	 ..:L: " O .• r=O.q8***
 

Location; 0 : at Shimamntsu, A at Sapporo. 

Figure 1. Changes inroot dry weight and ed into six maturity groups to consider 0 2 4 6 
LAI (leaf area index) during the growing the relations of root DW with other char- Root dry weight (glpl.) 
season. acters in two aspects: i.e. between the 

clones of different maturity and within Maturity group (Da s from sprouting 
culated from the quadratic regression the clones of same maturity, to leaf yellowinq
equation of root growth (Figure 1), be- A: 68 80, 0 81- 90, 
cause larger root DW delayed leaf senes- Inthe comparison of the characters among O 91 - 100, 0 101 - 110, 
cence and thus prolonged the tuber bulking different maturity groups, mean root DW 
period. These results suggest that proce- among the same maturity clones increased : 111 - 120, A 121 - 145.
 
dures for increasing root DW, whether by proportionally with the increase of mean Figure 3. Relationship between root dry
 
means of breeding or cultivation, will growing period (r=0.99***). Since the weight and dry tuber yield inthe hybrid

result ina higher tuber yield accompany- differences of mean leaf DW among maturity population.

ing a longer growing period, groups were smaller than those of root DW,
 

the mean ratio of root DW to leaf DW was Inaddition, we analyzed the transmittance 
also higher inthe later group. Inaddi- of the parental characteristics to the 

6 tion, since mean tuber yield increased hybrid clones based on the data of 268 
with the increase of mean growing period, hybrid clones (Table I and Table 2). Of
 

- a highly positive correlation of root DW the male parents, A and B were the early
9- with the tuber yield inthe hybrid popula- maturity breeding materials and C was the 

tion (Figure 3) ispartly due to the rela- late one. Root DW and tuber yield were 
1 0 tions of these characters with the growing largest inC, folloaed by 8 and smallest 

_& period. in A. On the other hand, tuber DW at the 
Regarding the relations between the char- top max. stage was smallest in C, and leaf
4 	 acters with the clones of the same maturi- DW did not show significant differences
 
ty, the differences of tuber yield among between male parents. The female parents,
 
clones in the earlier maturity group Danshakuimo (0)and Toyoshiro (T), were
 
strictly related to those of root DW and early maturity varieties. D tended to
 

1. 	 r=0.945' leaf DW. It indicates that larger root DW have larger root DW and leaf DW than T, 
VT
 

0cIIIi!,,t II IpI I I
400 800 1200 Table 1.Comparisons of the characters among the hybrid populations with different male 

RD (30days-Leaf yellowingday.g/ml) parents. 

Location; Open symbols: at Shimamatsu
 
1
Closed symbols: at Sapporo. Variable Population. Significance?/
 

Variety; V : Priekulskii-rannii,
 
A : Danshakuimo, 	 AM BM CM AM:BM AM:CM BM:CM
 
0 : Shiretoko,
 
0 : Norin No. 1. 	 Mean SD Mean SD Mean SD
 

Figure 2. Relationship between root dry The top max. stage 
weight duration (RD) and fresh tuber Root DW 1.65 0.80 1.76 0.73 2.05 0.98 NS ** * 
yield. Leaf OW 20.85 8.21 21.60 7.73 21.33 7.69 NS NS NS 

Roof/Leaf (xlOO) 8.1 3.0 8.3 2.8 10.3 6.8 NS ** * 
Tuber DW 106.74 38.76 97.85 37.59 85.80 32.64 NS *** *A U.rge variation in root DW was also The harvesting stage


found when 268 unselected clones derived Growing period

from six crosses were observed. Root DW (days) 90.3 12.5 89.2 9.7 111.3 17.1 NS *
 
ranged from 0.09 g/pl to 5.68 g/pl at the Tuber OW yield 216.3 49.5 218.5 39.1 249.1 59.9 NS *
 
maximum stage of top DW (the top max.
 
stage), which related significantly with
 
stem DW (r=0.80***), leaf DW (r-0.68***), Y AM: OxA and TxA, BM: DxB and TxB, CH: OxC and TxC.
 
and the tuber yield (Figure 3). Since a 2/ , ** and ***show significant differences at 5,1 and 0.1%, level respectively.

significant correlation was also found
 
between root DW and growing period N DW = dry weight (g/plant).
 
(r=0.48***), the hybrid clones were divid
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Li et Al., 1945). Moreover, restitution
Table 2. Cqmparisons of the characters 	among hybrid populations with different nucTl may leave one or more chromosomes
 
female parents. 
 outside the nucleus and, thus, create
undesirable aneuploids. 
 Third, apospory
 

in potatoes was recently dennstrated
Variable Population11  Significance by Iwanaga and Peloquin (1982). They
 
DF Tr cytologically studied early stages of
 

aposporous development which were found to
 
Mean S Mean SDbe very similar to those reported as the
Hieracium pilosella type 
 of stable
 

The top maN. stage apospory reported Fy Gustafsson (1939).
 
Root DW _ 1.99 0.81 1.64 0.89 Thus, the expectation of using apospory
 
Leaf DW 23.21 7.99 18.98 7.09 proposed here has a good base.
 
Tuber DW 
 87.14 31.52 107.8 
 40.35 
 taa
 

The harvesting stage It seems that at least some potato clones,
 
Growing period (days) 97.9 17.3 97.5 17.2 NS but possibly not all, have the genetic
tubwingeryied 22a17.3 4 2.1 
 59.8 NS potential of apospory (Iwanaga, 1980).
Dry tuber yield 227.3 46.8 231.1 
 59.8 NS Thus, it may be necessary to externally
 
Tuber DW yield/Root DW 131.5 63.5 184.2 144.5 enhance aposporous development. A sys-

Tuber DW yield/Leaf OW 11.2 5.3 14.2 9.4 tematic study to chemically induce
 

apospory is necessary.
 
1_DF: DxA, DxB and DxC; TF: TxA, TxB 	and TxC. 
 Symbols are the same as those There are some reports on chemical modifi

shown in Table 1. 
 cation of normal embryogenesis. Yasuda
 
DW = dry weight (g/plant). (1940) injected aqueous solutions of
 

Belvitan into the ovaries of Petunia
 
violacea. In some cases the nucelus
 
cells were enlarged as the result of such
although tuber yield did not show a sig- form seedlings from TPS, easy erradication stimulation; in others, the egg had dinificant difference between the female of viruses from infected clones, mutation 
 vided once or twice, fenaing a small proparents, 
 breeding, and clonal maintenance, and dis- embryo; and in others, the antipodal cells
 

tribution of potato germ plasm in the form had increased in volume. Van Overbeek et

Table I shows that the population from the of true seed. 
 al. (1941) injected several chemical sucrosses with C male parents had the wider 
 stances into the ovary of Datura stramorange of variations and significantly Introduction 
 nium in an unsuccessful atteimpE-o s-tmuT
larger values in root DW, growing period, 
 ate-parthenogenetic development of the.egg
and tuber yield than those with A and B 
Hermsen (1980) proposed a "breeding ap- cell, but instead several multicellular

male parents. It indicates that larger proach" for achieving apomixis 
in potato warty outgrowths filled the embryo sacs.
root DW resulting in a higher tuber yield varieties to obtain genetically uniform The shape and contents of the cells close
would be obtained more effectively from seedlings 
for successful utilization of ly resembled those of the integumentary

the populations derived from the crosses true seed for potato production. 
 Ob- tapetum and they also showed the diploid

with the late maturity parent than from taining ap.melotic diplospory was proposed 
 number of chromosomes. Fagerlind (1946)
those with the early ones. On the other by combining complete asynapsis and treated some of the pistils of Hosta with

hand, Table 2 showed that the population restitution nucleus formation. It was 
 I percent heteroauxin in lanolfn -adthe
from the crosses with T female parent had also proposed to mutagenically induce controls with pure lanolin; the latter

smaller root DW and leaf OW than the popu- genes for autonomous development of the dried up within four or five days. Auxinlation from D as female parent. The grow- apomeiotically produced gametophyte into treated pistils, on 
the other hand, coning period and tuber yield did not show seed. 
 Then, the two steps can be in- tinued to remain attached to the plant and
 
any differences among these populations, tegrated into potato varieties 
through three weeks later contained young advenso that the ratios of tuber yield to root breeding. tive embryos. These experiments clearly

DW and leaf DW were significantly higher 
 indicated the possibility of chemical

in the population from the crosses with T 
 Proposal - chemical induction of modification of embryogenesis.
 
as female parent. It indicates that a aposporous seeds
 
higher ratio of tuber yield to root DW
 
might also be effected, using Toyoshiro The present proposal, which may revolu- Chemical induction of autonomous seed
 
derived from the backcrosses population of tionize potato production and research if development

S. tuberosum to wild race. successful, is in line with Hermsen's use
 

of apomixis. It includes, however, two Normal development of endosperm which is

References 	 different components for obtaining apomic-
 initiated by triple fusion is regarded as
 

tic seeds in comparison to Hermsen's essential for viable seed production. The

Iwama, K. 1981. Studies on the root sys- scheme. 
 It proposes aposeor instead of question is how to stimulate the central
 
tem in potato plants. Ph.D. Thesis, 	 apomelotic diplospory an cemical in-
 cell to develop into endosperm without

Hokkaido University. duction of autonomous seed-pdeveTopnt fertilization. Thus, Hermsen (1980) prolwama, K., K. Nakaseko, A. Isoda, K. instead of 
 the "breeding approach." posed mutagenetically inducing genes that
Gotoh, and Y. Nishibe. 1981. Compari-	 Clonal true seeds produced by the present 
 stimulate autonomous endosperm development

son of root system among hybrid popula-
 method can be utilized not only for ob- from an unfertilized central nucleus.

tions derived from different crosses in taining genetically uniform seedlings for Alternatively, chemical application on
 potatoes (Solanum tuberosum). Japan 	 use of true seed for potato production, flowers 
for the development is proposed
Journal Crop--cenceL_ - 72. 
 but also for three other purposes as will here. Chemical induction of apomixis


be discussed later, 	 could be a more promising approach than
 
the breeding approach since it would not


Production ofgenetically unreduced eggs 	 be as dependent on genotype. Once an ef-
CHEMICAL INDUCTION OF APOSPOROUS APOMICTIC by apospory 	 fective method to induce apomictic seed

development is found, it can be utilized
 

The first step to get clonal true seeds is for other existing clones. One of the
M. Iwanaga 	 to produce genetically unreduced eggs. most difficult problems of the breeding
The International Potato Center, 	 Apospory has several advantages over 
 approach isto combine all necessary genes

Apartado 5969, Lima, PerO. 	 apomeiotic diplospory for obtaining ge- in a good genotype.
 

netically unreduced eggs. First, cyto-
Summary 
 logical studies to confirm apospory are Apomictic seed formation was induced in
 
much simpler than those of apomeiotic potatoes by spraying emasculated flowers
This paper proposes forming clonal true diplospory. Second, apospory results in with several coicentrations of 2, 4-D
seed through apospory and chemical in- production of unreduced gametophytes more (Irikura, 1981a); Two of four 4x cultiduction of autonomous seed development, stably than apomelotic diplospory. Ex-
 vars and three of six 2x clones produced
This is in contrast to the apomelotic 
 pression and degree of asynapsis are not apomictic seeds with 2n chromosomef.
diplospory breeding approach. The clonal stable and may very between melocytes, Seedlings were apparently similar to their
true seeds have great potentials for uni- plants and environments (Beadle, 1933; parents, although phenotypic identity
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could not be established with certainty Hermsen, J.G.T. 1980. Breeding for apo- ResulL& and discussion
 
(Irikura, 1981b). Application at flower- mix's in p;tato: pursuing a utopian

ing time did not directly induce 2n egg scheme? Euphytica 29; 595-607. Feasloility of using small 4-oz plastic
 
formation (apospory or diplospory), but Irikura, Y. 1981a.- Annual report of cups to grow small seddlings for testing
 
may hae induced parthenogenetic egg potato breed'ng laboratory. Hokkaido was investigated. Initially a large num
developrent. National Agricultural Experiment Sta- ber of seedlinys were transferred to these
 

tion. Eniwa, Hokkaido, Japan (in cups containing normal potting soil. How-

Induction of autonomous seed development Japanese). p. 206-207. ever, the majority of the seedlings did 
is possible in some species. In some va- Irikura, Y. 1981b. Personal communica- not grow well and died prematurely. To 
rieties of fig, the formation and develop- tion. determine the effect of soiltype on the 
ment of apomictic embryos and viable seeds Iwanaga, M. 1980. Diplogynoid formation growth of seedling in these cups, a vari
without fertilization were obtained by in diploid potatoes. Ph.D Thesis. Uni- ety of soil mixtures were used in an 
treating the flov:-c of the fig with a versity of Wisconsin. pp. 113. experiment. Young seedlings were trans
mixture of vitamins and amides of NAA Iwanaga, M., and S.J. Peloquin. 1982. planted in plastic cups containing dif
(Arendt, 1970). While studying the large Apospory - implications for potato re- ferent soil mixtuves. A 3:2 Pomacocha 
ovaries in the maize line KZR-136-1-R (a search. Submitted Euphytica. soil from Huancayo, Peru: sand mixture (a 
total of 668 embryos sacs were examined Laikova, 1.1. 1970 Cytoembryological potting soil previously used in nematologyfrom 72 8 45 embryo sacs were finiga bout au tom rmonof program) was used as check soiltype. Two
fr plants), 45 edos ere findings about auto.omus formation of weeks after transplanting, seedlings were
 
observed in which endosperm developed endosperm in maize. In S.S. Khoklov, inoculated with 5000 Meloidogyne incognita

without fertilization 'Laikova, 1970). ed. Apomixis and breeding. Translated eggs. Two months liter plants were re-

Possibly thE polar nuclei in the embryo from Russian by B.R. Sharma. pp. 109- moved from soil, roots were examined for
 
sacs of the large ovaries fused without 112. nematode infection and plant height, fresh
 
fertilization and iniLiated apomictic en- Li, H.W., W.K. Pao, and C.H. Li. 1945. top

losperm. Elevateiploidy levels enhanced Desynapsis in the common wheat. Ameri- were no differences In the intensity of
 
develop'.nt of the unfertilized egg cell can Journal Botany 32-92-101. nematode infection among treatments.
 
of Poa nalastris into the embryo without Van Overbeek, j., M.E. Coklin, and A.F. However there e significant differ
fertiTitz7ton TZhirov, 1970). In this Blakeslee. 1941. Chemical stimu;ation ences of the ig ificat dffer
 
way, chemicals, genotypes, or ploidy of ovule development and its possible w plant height, fresh top and root
 
levels may induce autonomous seed de- relation to parthenogenesis. American weight among treatments. Plant growth in

velopmentA some soil mixtutes was significantly


Journal Botany 28; 647-656. better than that grown in the check soil
 
Potentials of aposporous apomixis Yasuda, S. 1940. A preliminary note on (Figure 1). The soil mixture of 2:2:1


the artificial parthenogenesis induced jiffy mix: sand: Pomacocha soil was the
 
Chemical induction of aposporous apomictic by application of growth promoting sub- best medium for seedling test. This me
seed has great potential for potato stance. Bot. Mag. (Tokyo) 54; 306-510. thod provides an efficient and rapid
 
research and production. This assurcs Zhirov, E.G. 1970. Effect oT chromosome
 
genetic uniformity in seedling fami lles. numbe,'s on apomixis in Poa pa stris. o
Second, breeders and foundation seed pro- In 5.5. Khoklov, ed. --Aom--1 Ts d J Top. CkI3:2PomgoiSol:Smnd 

grams may be able to use aposporous seed breeding. Translated from Russian 'y d 9RootWt. RatioJONMix Send Pomncoct, 
to eradicate virus from infected clones B.R. Sharma. pp. 154-159. b soil 
without going through time-consuming stem- S 7
tip culture procedures. Thus, the use of 
apospory will be especially useful for 
developing countries without established 5 

foundation tuber-seed programs to produce AN EFFICIENT METHOD FOR SCREENING LARGE 4 
NUMBERS OF POTATO SEEDLINGS FOR RESISTANCE 4,
use
genetically uniform seedlings for tie 


of true potato seeds. Third, cl.na, true TO MELOIDOGYNE SPECIES 3- . 
seeds produced by apospory can be used for p,2a
 

mutation breeding just as are other self- International Potato Center
 
pollinated, seed-propagated crops, thus
 
avoiding inherent problems of applying : :
 
mutagens on vegetative tissues (Brown, Soiltp :
 
1982). Finally, maii.tenance and distribu- Summary
 
tion of potato clones can be done by true Due to limited availability of space and Figure 1. Growth of potato seedlings in
 
seeds. Clonal maintenance of potatoes is need for testing a large number of geno- different soiltypes.
 
by planting tubers every year, which is types developed ii a breeding program, a scdling screening procedure for a large

laborious and expensive. Further, loss of method for a rapid and efficient seedling number ofgenotypes tested for resistance
 
germ plasm can occur due to human mis- screening was developed. Use of 50 cc of of genot and or cystane

takes, killing frost, hail storm, storage sreigwsdvlp. Ueof5 c of both root-knot and potato cyst neprobes, andgeertont bi us infae- plastic cups and a proper soil mixture was
problems, and degeneration by virus infec- tested. matodes (Figure 2). Evaluation of sus-
Seedlings were inoculated with ceptible seedlings
tion. Distribution of germ plasm in the 4,000 Melnidogyne incgita eggs 2 weeks 

is further facilitated
 
by pulling out the soil and roots from the
form of tubers has been restricted due to after transplanting them in plastic cups. recording the ruot galling dibulkiness, perishability and quarantine Fourty-five days later plants were removed cupsretyFiue3.Snemsofheotand 


problems. The use of aposporous seeds fr i a ter e emed rectly (Figure 3). Since most of the root

.fromsoil and ros were examined for system is found in the outer part of the
could solve the problems. nematode infection. This method provides soil and in 
contact with the inner portion


References an efficient and rapid seedling screening of the plastic cup, the need for washing

procedure for testing a ldrge number of 
 the root system for evaluation is reduced.
 

Arendt, N.K. 1970. Variation in the apo- genotypes ina limited available space. Finally, since early maturity and adapt
mictic seedlings of certain species of
 
Ficus. In S.S. Khoklov, od. Apomixis Introduction
 
and breeding. Translated from Russian
 
by B.R. Sharma. pp. 52-63. Space is a major limiting factor in
 

Beadle, G.W. 1933. Further studies of screening a large population of clones or
 
asynaptic maize. Cytologia 4; 269-237. breeding lines for resistince to Meloido-


Brown, C.R. 1982. Potato 'reeding by gyne species. In a breeding prognram whireP
 
mutagenesis in aposporously generated several sources of resistance are used 
true seed clones (manuscript in prepara- usually a large number of families and 
tion,. genotypes is developed. In a proper

Fagerlind, F. 1946. Hormonale substanzen screening program an average of 50 to 100 
als ursache der Frucht - und Embryo- genotypes per family need to be tested. 
bildung bei pseudogamen Hosta - It is important to test those genotypes 
biotypen. Svensk Bot. Tids--T. 40; during the same period of time when the 
230-234. temperature and environmental conditions 

Gustafsson, P. 1939. The interrelation favor parasitic activities of Meloidoyne 
of meiosis ind mitosis. I. The mecha- species. An effective screening method
 
nism of aga'ospermy. Hereditas 25; was needed to test a large population of Figure 2. Mass screening of potato seed
289-321. genotypes using limited available space. lings for resistance to nematodes.
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ant to 	M. incognita had also a high per.,
*_V. cent resistn 
 strains of P. solana- Table 1. Correlation of resistance in
cearum. Results indicate thit -Tt-Ts 
 some diploid clones of the first and
s--m-pler
to screen for resistance 
to M. third cycle of recurrent selections to
incognita and then the selected 
material 
 incognita and Pseudomonas
 
es ed for resistance to P. solana- soaari um.
 

cearum.
 

Introduction 
 Clone 	 Plants resistant Plants resistant
 
to M. incognita to P. solanacearum*
 

Interrelationships of igodogyne incog- -o.
 
nita and Pseudononas so earum on pota
toes has been established by Jatala et MBN 1 5 	 1
al. (see References). Jatala et alT MBN 2 15 6
T975) described a synergetic relatTnsip MBN 3 24 3
between these two organisms. Wilting of MBN 4 
 27 	 31
potatoes due to P. solanacearum increased MBN 5 22
inthe 	presence of M. incognita both under MBN 6 0 

9
 
2
 

greenhouse and field-condtions. Since MBN 7 3 

these two pathogens have similar ecolog- MBN 8 27 

0
6
ical distribution and often occur togeth- MBN 9 
 13 13
 er, effort has been concentrated in com- MBN 10 61 	 7
bining 	the resistance of these organisms. 
 MBN 11 1


Results 
indicate that plants initially	 
5
 

Figure 	3. Direct examination of the root selected for resistance 
to M. incognita * Resistant to 4 5 strains of P.
ball for nematode infection. also had resistance to certafri stTain-s o solanacparum.

P. solanacearum. Present study was init


ability to warm temperature is incorpo- ated to determine the relationships of 
_
 

rated with resistance to Meloido yne and dual resistance inseveral families of the
Pseudomonas solanacearum, a large segment crosses consisting of M.incognita resist-
Jatala, P.,and C. Martin. 1977. Inter
actions of Meloidogne incognita acrita
of the 	population tested will produce tu- t parents


bers. 	 Therefore, additional and Pseudomnas solanacearum on Socd-Tm
data can be dspiarsp 	 chacoense and S. lum. Po-gica
obtained on the resistance or suscep- Results and discussion 	 Ings of 
the r Fytopathologlcal
n-can
tibility of tubers to Meloido 
 ne infec-
 Society 4; 178.
tion (Figure 4). 
 Seedlings of eleven families of the first
and second cycle 	 Jatala, P.,and C. Martin. 1977. Interof recurrent selection actions of Melidogyne Incognita acrita
searegating up 
to 60% for resistance to and Pseudomonas ilnacearum on fie
the peruvian Meloidogyne incognita pop- grown 
potatoes. Proceedings American

ulation race 3 
were teste for resistance Phytopathological Society 4; 177-178.
 
to 4 strains of Pseudomonas solanacearum.

Seed were germinated in a mixture of sand
 
and peat moss in flats. After 35 days

plants were inoculated with 500 ml (2x 10

cells/ml H20) bacterial suspension of P. PR(iS!NG CONTROL MEASURES FOR ELIMINATION
 
solanacearum strain 013 race 3. Plants O.PROTECTION OF DEVELOPMENT TUBERS FROM
 
were allowed to grow in greenhouse at a ROOT-KNOT NEMATODES
 
temperature range of 260 - 310C. Wilting
was recorded and the susceptible plants H.J.Jensen and P.Jatala 
were discarded. Stem cuttings of resist- Oregon 	State University, Corvallis,
ant plants were rooted insand and trans- and the International Potato Center.
 
plante0 into 15 x 15 cm clay pots. After
 
20~lateddays plants were individually Sumr
Y' with P. solanacearum strain 048inocu-race 


3, 003 race l,and 052race 1.
 
All the resistant plants were retested for 
 Oxamyl, phenamiphos and thionazin were
confirmation of resistance to strain 013 most effective 
among 	several nematicide
 
race 3 of P. solanacearum. A large seg-
* menit of th~s popiu-T 	 dips used to eliminate Meloidogyne
maet of P.s i -iasresistant toto tral. Similar treatments also were most
 
at least 1 population or race of P.
 

sola~aearum Argestant chitwoodi from seed pieces in greenhouse
 

solanacearum. However, number of resist-
 effective in protecting de',.loping tubers
 
ant plants to the 4
anacernt toatied 

strains of P. from M. hapla invasion. Seventeen otherfrom 0toa31spl s materfals reported to be nematicidal werePer faruflTvaried(Table This ofp erir-- 1).1). Ts percpercent ofanless effective or extremely phytotoxic.
Figure 4. Tuber and root infection 
of resistance was directly correlated with
seedlings tested for 
 resistance to the percent segregation for resistance to Introduction
Meloid~o yn incognita. 	 M. icgnita. 
 Families with the highest

perc-nt ofsegregating progenies resistant 
 Root-knot nematodes are widely distributed
to M. incognita h'.dalso a higher percent in localized land areas used to produce
resTstac to 4 strains of P. solana- the world's potato crop. Yet there still
RELATIONSHIPS OF RESISTANCE TO MELOIDOGYNE 
 cearum. Results confirm the previous remains vast areas that are not contami-
INCOGNITA AND PSEUDOMONAS SOLAW7WU"N fin-dings that itissimpler to 
screen 	for nated, treated areas that have been deresistance to M. incognita and then the 
 contaminated and areas with minor populaselected material be testefor resistance tions below threshold levels that should
 

P.Jatala, C.Martin, and H.Mendoza to P.solanacearum. 
 be protected from further dissemination.
The International Potato Center 	
Control of root-knot nematodes where high
References 
 populations now exist also improve quality
 
and quantity. Elimination of these pests
Summary 	 Gutarra, L., P. Jatala, and E.R. French.
1975. 	Interaction de Meloidogyne incoq- inseed pieces and protection of developing tubers with chemical seed piece treat-


A large segment of a breeding population 
nita acrita y Pseudomonas solanacearum ments are viable control alternatives (see
r 3e:npapa. Fitopatologia 10;75. 5 references cited) until other
with a 	 measures
high percentage of Meloidogyne re- Jatala, P., 
 E.R. French, and L.-Gutarra. e.g. biological control agents or resistsistant segregatina progenies isresistant 1975. 
 Interrelationships of Meloidogyne ant 
varieties are available. A study was
to at least onc population or race of 
 incognita acrita and Pseudomonas solana-
Pseudomonas solanacearum. Families 	 initiated to investigate effectiveness of
with cearum on potatoes. Journal Nematol-ogy seed piece treatments as a control alterhigh percentsegregating progenies resist- 7 
 .
 native.
 



Results and discuss D'
 

Trials established in 1981 consisted of 

emersing potato seed pieces (Solanum 

tuberosum cv. Russet) in 10 minute soaFs 

in solutions containing various concentra-

tions of chemicals. Sswc seed pieces were
 
naturally infected with Meloidogyne 

ciiitwo(,i and others were nematode-free. 
WetoiTwas used frequently as a carrier 
at 50% by volume of the soak solution. 
After treatment seed pieces wer. surface-
dried, dusted with five percent captan and 
planted (one seed piece per gallon can) in 
sandy loam. During the first week after 
planting, containcv' with nematode-free 
seed pieces were inoculated with a suspen-
sion containing 500 M. h'pla larvae. 
Treatments in experiment on wre repli-
cated ten times. Root-samples were 
examined for galls at post harvest. Tu-
bers were harvested approximately 120 days 
after shoot emergence, stored 30-45 days 
at C and then peeled to detect nema.50


todes. In another experiment, b'. 

icgita infected tubers were soaked ror 

different time periods in various concen-

trations of oxamyl and phenamphos. 

Parallel to chemical dips, infected tubers 

were soaked in hot water (45' and 60*C) 
for different time periods to determine 

the efficiency of these methods for 

controlling nematodes. Tubers were 

planted in clay pots after 15 days and 

plants were allowed to grow in a screen-

house. After 50 days roots were carefully 

removed from soil by washing and rated for 

nematode infection. 


Oxamyl, phenamiphos and thionazin werp the 

most effective materials used in thest 

trials. Oxamyl, a carbamate with short- 

term protection, was effective in prevent-

ing post-planting infection of M. hapla at 

all rates tested (Table 1). Similar 

treatments also eliminated the source of 


chitwoodi from infected tubers except 

the- hgest rate where contamination 

A other treatments may have occurred. 

M. incgnita was controlled effectively in 

concentration of oxamyl (Tables 2 and 


3).

Phenamiphos usually eliminated the three 

nematode species (Tables 1, 2 and 3). 

However, some infection was found in one 

of the highest rates for M. haka and M.. 

chitwoodi. Some problems Ith phyto-

toxicity had occurred at higher rates in 

preliminary trials not included in this 
report. Apparently phytotoxicity varies 
with stage of dormancy, variety and per-
haps post planting conditions. This ma-
terial offers long term protection of at 

least seven months (according to the la-

bel) and may be an ideal control materiai. 

Of the remaining materials included in the 

first experiment (Table 1) only thionazin 

treatment resulted in excellent control. 

Unfortunately the instabile formulation 
of this organo-phosphate has resulted In 
the withdrawal of this material from the 
U.S.A. market. 


Screening of 16 additional materials 
against M. chitwoodi in contaminated tu-
bers has not identified other effective 
treatments except carbofuran. 
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Table 1. Efficiency11 of .arious nemati- 

cides on root-knot nemat(les for protec-

tion of the subsequent tL-t. generation 

or as erradicant for Meloldr yne in in- 

fected seed pieces.
 

2/ 	 c5htwood
 

Infection Plants Infcction Plants 

3/ missing _2/ missing 


Oxamyl 

24% 0/8 2 5/5 0 


Oxamyl
 
12% 0/9 1 0/10 0 


Oxanyl

6% 0/9 1 0/0 0 

Oxamyl

3% 0/10 0 0/3 1 


Phenamiphos
 
4.5% 2/3 7 0/5 5 

Phenamiphos
 
3.5% 0/9 1 0/10 0 


Phenamiphos 

2.5% 0/10 0 0/9 0 

Phenamiphos 

1.5% 0/10 0 0/10 0 


Phenamiphos
 
0.5% 0/7 3 0/10 0 


Oxamyl 12%
 
+ acetone 0/9 1 0/10 0 

Phenamiphos 

3.5% +
 
acetone 2/7 3 0/5 5
 
Phenamiphos 

2.5% +
 
acetone 0/10 0 0/9 1
 

Phenamiphos
 
1.5% + 

acetone 0/10 0 0/7 3 


Sodium
 
Olinate 

10-2 + 

acetone 0/7 3 6/9 1
 

Butyric 8 

" 
acid 10
 

+ acetone 0/5 0 6/9 1
 
Phenol 5% 

+ acetone 8/8 2 1/9 0 


Thionazin
 
11% + 

acetone 1/8 2 0/8 2 

Control
 
H20 + 

acetone 3/8 2 4/9 1 


Control 
H 0 4/10 0 6/10 0 

2 
I/ 

-Chi square comparisons
 

SiGnificance P 0.05. 

2/10 min soak, acetone 50% by volume, 10 


replications, 

3/ 

- Plants with infected tubers/total num-

ber of plants observed. 

root eelworm, Heterodera rostochiensis 
(Woll.). J. Sci. Fd. Agric. 15; 531-532. 

Proudfoot, K.G., and R.G. 1972.Mor-'rls. 

Chemical control of the golden nematode, 

Heterodera rostochiensis greenhouse 

observations on the use of DPX 1410 as a 
potato seed piece treatment. Canadian
 
Plant Disease Survey 52; 105-106.
 

Rodriguez-Kabana, R., and E. Ingram.
 
1976. Potato seed-piece treatment with
 
the systemic nematicide phenamiphos for
 
control of plant parasitic nematodes.
 
Nematropica 6; 81-85.
 

Rodriguez-Kabana, R. 1977. Treatment of
 
potato seed pieces with oxamyl for
 
control of plant parasitic nematodes.
 
Plant Disease Reporter 6; 29-31.
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Table 2. Effect of phenamiphos, oxamyl

and hot ,jater soak in controlling
 
Melodogye incognita in infected potato
 
tubers.
 

Treatment Exeisurentime (seconds
 

Phenamiphos
 
2.37
 
a.i./ 1 1 1 1 1 1
 

Oxal 	 1.8 1.5 1.5 1.2 1.0
 
5 g a.i. 1.
 

Hot water
 
soaIl
0
45 C 2.5 3.6 2.3 2.3' .
 

600C 1.2 - 1.6 1.5 - -

Control 3.7 3.7 3.7 3.7 3.7 3.7
 

1 Root galling index derived by rating I 
to 5 as 1 n no root galling and/or 
nematode reproduction to, 5 - very 
severe root galling and/or a very high 
nematode reproduction. 

2 Exposure time Inminutes unless i

cated otherwise.
 
3/ Exposure time 40 mn.
 

Exposure time 50 min.
 

Table 3. Effect of Phenamiphos, Oxamyl
 
and hot water soak in controlling
 

Meloidogyne incognita in infected potato
 
tubers.
 

/
Treatment Exposure time (seconds)
0 0 0 IN
 

Phenamiphos
 
4.75 g al/i I 1 1 1 1
 

Oxantyl
 
10 g a.i./l 1 1 1 1 1
 

Hot woer
 
soak.1
 
450 C 2.5 3.6 2.3 2 .A1 .BY

0
60C 1.2 1.6 1.5 - -

Control 3.7 3.7 3.7 3.7 3.7
 

I/
 
- Root galling index derived by rating 1 

to 5 as 1 = no root galling and /or 
nematode reproduction to, 5 - very 
severe root galling and/or a very high 
nematode reproduction. 

Exposure time in minutes unless idi
cated otherwise.
 

1/ Exposure time 40 min.
 
4/
 
- Exposure time 50 min.
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TESTS FOR TRANSMISSION OF FOUR POTATO 

VIRUSES THROUGH POTATO TRUE SEED 


R.A. C. Jones 

MAFF, Harpenden Laboratory, 

Hatching Green, Harpenden, 

Hertfordshire AL5 2BD, England. 


APLV-Hu caused exceptionally severe symp-

toms in the cv. Cara plants used for seed 

production, but the Bolivian strain of PVT 

induced only mild symptoms rather than the 

severe systemic necrosis previously re-

ported for the type strain of PVT in this 

cultivar. No symptoms developed in potato

seedlings infected with TRSV-Ca, AVB-O or
PVT through the seed.
 

through pollen to seed produced on healthy

plants of S. tuberosum is a?;o important.
 
To ensure- compTe- t-reedom from these
 
viruses in seed for distribution, it will
 
be necessary to test both parents (all

male parents where bulk pollinations are
 
used) for them rather than just the mother

plants on which seed is set,
 

Potato breeders often exchange their 

breeding materials internationally in the 
form of true seed and potato gene banks 
are normally maintained in this form. 


Presence of non-indigenous viruses in po-

tato true seed therefore poses a quaran-

tine problem, particularly for countries 

distant from the parts of American conti-

nent where tuber-forming Solanum species

and those potato viruses wiFch depend

primarily on them for survival originated

(Jones, 1981a). Fernow et al. (1970) and 

Singh (1970) deroonstraled-that potato

spindle tuber viroid (PSTV) is readily

transmitted through pctato true seed, but 

the only viruses that have so far been 

shown to be true seed-transmitted are 

Andean potato latent virus (APLV) and po-

tato virus T (PVT). APLV (Fribourg et al. 

1977; Jones and Fribourg, 1978) was trans-

mitted at a low level through seed of a 

clone of S. tuberosum sub. sp. jdpn

(Jones an-Fribou., F977) and PVTreadily

in both seed and pollen of the wild potato

species, S. demissum (Salazar and Harri-

son, 1978). -Thi-s-paper suirmarises and 

discusses the results of (1)further tests 

for passage of APLV rid PVT through potato

true seed and pollen; (2) investigations 

into the seed and pollen transmissibility

of the Andean potato calico strain of to-

bacco ringspot virus (TRSV-Ca) (Fribourg, 

1977) and of the oca strain of arracacha 

virus B (AVB-0) (Jones, 1981b; Jones and 

Kenten, 1981); and (3) a study of the po-

tential of enzyme linked inriunosorbent 

assay (ELISA) as a routine test for use 

by quarantine authorities to intercept

batches of infected true seed. APLV, PVT, 

TRSV-Ca and AVB-O affect potato in the 

centre of origin of the crop in the Andean 

region of South America but seem not yet

to have become established elsewhere 

(Fribourg, 1980; Jones, 1981a; Jones,

Fribourg and Slack, 1981). 


TRSV-Ca was detected in2 to 9%of potato

seedlings grown from batches of true seed 

from plants of cv. Cara and clone G5998(6)

infected with TRSV-Ca. Similarly, a po-

tato isolate of AVB-O was detected in4 

to 12% of progeny seedlings of cv. Cara 

and clone D42/8 infected with AVB-O. PVT 

passed through 33 to 59% of seed from PVT-

infected cv. Cara, but only 0 to 2%infec-

tion was detected inseedlings from seed 

of PVT-infected clone D42/8. By contrast, 

no infection was detected in seedlings 

grown from seed from plants of G5998(6),

D42/8 and cv. Cara infected with APLV

strains Hu (APLV-Hu) or Caj (APLV-CaJ),

although both strains passed through seed 

of Nicotiana clevelandii. 


AVB-O, PVT and TRSV-Ca were detected in 


In the work summarised above, virus pres-
ence was determined by infectivity tests 

supplemented where npe-ary by gel diffu-

sion serology; whei. vulk sampling of 

seedlings was used, percentage seed trans-

mission was estimated using the formula of 

Gibbs and Gower (1960). The possibility

of using ELISA as a routine test to inter-

cept batches of infected true seed instead 

of relying solely on labour-intnsiv'. in-

fectivity tests on seedlings was Investi-

gated using seed from TRSV-Ca infected 

Mother plants as a model system. When 

infected seed batches were grown on and 

duplicate samples of seedlings tested for 

TRSV-Ca either by ELISA or by inoculation 

of sap to N. clevelandii, both methods 

gave the saie results. However, when ex-

tracts f om single ungerminated seed .E-recause 
of the differences in transmission
 

all tests on 
pollen from flowers of in- samples of seed and testing the seedlings
fected potato plants; APLV-Caj and APLV-Hu by inoculation to appropriate indicator 
were detected less frequently. AVB-O and hosts and/or by ELISA. Alternatively, at
PVT were transmitted 
through 2% and 8% least with TRSV-Ca, a considerable saving
respectively, of seed from healthy potato 
 in time and labour can be obtained by
plants pollinated with pollen 
from in- direct testing of ungerminated seed by
fected plants. However, no transmission ELISA. Serious consideration should be
through seed was detected when pollen from iven to making 
 such checks mandatory
TRSV-Ca infected plants was used. 
None of 1) before individual seed lines are dis-
the four viruses were transmitted to trituted from potato gene banks and (2)
on
healthy potato plants pollinated with all new imports of potato seed. 
 The find-
pollen )rom infected plants. 
 ing that AVB-O and PVT are transmitted 


ground up and tested by ELISA the virus 

was found in a far greater proportion of 

them (up to 80%) than actually gave rise 

to infected seedlings (2-9%). This is 

presumably because in many seeds produced 

on infected plants the virus is only

present in the testa or endosperm, while 

only seed that contains virus in the 

embryo will produce infected seedlings.

The proportion of ungerminated seeds car-

rying virus detectable by ELISA varied 

considerably 
with batch and seed line. 

Most affected seeds contained a small 

amount of virus, their extracts giving 

optical density values close to the ELISA

'detection threshold'. Whether the small 

proportion of seeds whose extracts give

high optical density values are the ones 

which give rise to infected seedlings

remains to be determined, 


Apart from PSTV (Fernow et al., 1970;

Singh, 1970), none 
of t~e" _T'ruses or

virus-like diseases affecting the potato

crop intemperate regions of the Northern 

Hemisphere has yet been shown to be trans
mitted through potato true seed. Therefore, seed has long been considered by

potato breeders to be relatively safe to 

use both when exchanging breeding mate-

rials internationally and for storing

germplasm of tuber-forming Solanum species

ingene banks. However, the--esults sum
marised here and reported in detail by

Jones (1982) clearly demonstrate that

three viruses (AVB-O, TRSV-Ca and PVT)

that affect potato inthe centre of origin

and diversity of the crop in the Andean 

region of South America readily pass

through seed ol S.tuberosum. Quarantine

authorities and Freeders should therefore 

be aware that these viruses may be present

when breeding lines and germplasm are ob-

tained from South America either directly 

or indirectly via gene banks. Infected 

seed batches caiFie intercepted by growing 


Depending on seed batch aid the clone
on 

of S. tuberosum used for seed production, 
consider'-ae--fferences were found in the
 
efficiency of virus transmission through 
true seed. This was particularly marked
 
with PVT. This, at one extreme a batch of
 
seedlings grown from selfed cv. Cara seed
 
was 59% infected with this virus, whereas
 
at the other extreme no virus was detected
 
with one of two batches of seed produced

by selfing PVT-infected plants of D42/8.

Hanada and Harrison (1977) suggested that
 
the temperature at which infected piants
 
are kept during the setting of seed is im
portant in determining the level of seed
transmission. The temperature in the
 
glasshouse varied widely during the period

when the potato seed I used was produced,
 
so temperature variation is a probable
 

obtained between different seed batches
 
produced on the same clone. Jones 
and
 
Fribourg (1977) found 
that APLV passed

through about 1% of seed collected from
 
infected potato plants growing in the
 
field at high altitude in the Andes where
 
conditions are cool, particularly at night

(Jones, 1981a). APLV is adapted to mul
tiply best in plants under cool condit
tions. he failure here to obtain any

seed.transmission of APLV-Caj or APLV-Hu
 
may therefore have been because of 
too
 
high a temperature in the glasshouse
 
during production of seed.
 

Passage of viruses through true seed would
 
not be expected to be an important method
 
of spread in the field in a vegetatively
 
propagated crop like potato. It may, how
ever, play an important role in the spread
ofspeciesAVB-O, PVT anddependTRSV-Ca truein wild potatowhich on seed for 
dispersal (Jones, 1981a).
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Hanada, K., and B.D. Harrison. 1977. 	 to avoid hot and humid summer (Figure 1). are presented (Table 2). 
 In spring, no
Effects of virus genotype and tempera- In spring, farmers plant tubers as early TPS population exceeded Irish Cobbler for
 
ture on seed transmission of nepo- as possible and harvest between the last marketable yield. However-, many crosses

viruses. Annals of Applied Biology 95; 
 week of June and the first week of July to 	 out-yielded Irish Cobbler when total yield

79-92. 
 protect products against heavy rainfall. was compared, indicating the potentiality
Jones, R.A.C. 1981a. The ecology of 
 of TPS population and possible improvement
-viruses infecting wild and cultivated 	 4 through a slight modification of agronomic
potatoes in the Andean region of South E * - practice and intensive selections for high 
America. In J.M. Thresh, ed. Pests, . • * . yielding crosses. In fall, C047 (4x x 4x)
Pathogens and Vegetation, 89-107.
pp. • • and FO08 (4x x 2x) gave a marketable
London: Pitman. 'A ipia,-,, A yield of 34.7 t/ha while Dejima yielded

Jones, R.A.C. 1981b. Oca strain of 28.7 t/ha. Uniformity of TPS populations
arracacha virus B from potato in Peru. 	 W W were, in many crosses, high eno .41 to be
Plant Disease 65; 753-754. 	 Tubr 
 released as horticultural varieties.
 

Jones, R.A.C. M 2. Tests for transmis- TIs
 
sion of four potato viruses through 	 L The relationship between yield and yield

potato true seed. Annals 
of Applied El SedingUm Trosplantino E Harvting component characters for TPS performances
Biology 100; 315-320. 
 was cl1rified. In spring, the total num-
Jones, R.AT, and C.E. Fribourg. 1977. 	 Fiber of tubers was more widely distributed

Beetle, contact and potato true seed Figure 1. Mean temperature, precipitation and the mean of 23 populations was higher
transmission of Andean potato latent and day length in Suweon, Korea and the than in fall cropping. However, the num
virus. Annals of Applied Biology 86; 
 cropping system for tuber planting and ber of marketable tubers was much higher

123-128. 	 true potato seed. 
 in fall than in spring. It is probable
Jones, R.A.C., and C.E. Fribourg. 1978. 
 that the increase of marketable yield in

Symptoms induced by Andean potato latent The temperature rises and day length in- fall compared with spring is largely due
virus in wild and cultivated potatoes. creases toward the end of the cropping 
 to the inLi-ease in the number of marketa-

Potato Research 21; 121-127. season, thus, hastening senescence of po- ble tubers. Additional evidence comes
Jones, R.A.C., CT. Fribourg, and S.A. tato vines. The situation is completely from the fact that much closer linear re-
Slack. 1981. Potato virus and virus-
 reversed in fall. Sprouted tubers are 	 lationship (the coefficient of determina
like diseases. In O.W. Barnett and S.A. planted on August and harvested after the tion was 0.92 and 0.87 in spring and fall,

Tollin, eds. Plant Virus Slide Series, first frost 
which ends the cropping sea- respectively) was obtained between mar
set N' 2. Clemson University, South 
 son. If tubers are planted in July, they 	 ketable yield and the number of marketable

Carolina, USA. 5 p. will rot due to high temperature and high tubers per plant, rather than the average
 

Jonas, R.A.C., and R.H. Kenten. 1981. A soil moisture. An additional problem is
infecingi the supply of seed tuber, since 	the seed
strain of arracacha virus Biac in tubers for the fall season are produced in
 
oca (Oxalis tuberosa: oxalidaceagc)h spring. With TPS, extension of the fall 
 Table 2. Evaluation of high yielding
 
Ztherift100;-5-d-.Pcropping season seems possible. TPS 
can populations.

Zeitschrift 00; 88-95. 
 be stored easily for long 
time and seed-
HStlazar rang ,purific aisond prope lings stand well under high temperature of
Host range, purification and properties 25'C. High mG&sture content in soil would 

Popula- Stand Uni- Yield/ A/B
tionsformof potato virus T. Annals of Applied be helpful to establish the transplants. tions form-

Biology 89; 223-235. ity A B
 

Singh, R.F5T 1970. Seed asngafall crop97hasSbeentintensivelyof
transmission of Therefore, feasibility of TPS cultivation 	 i2/% A 

potato spindle tuber virus in tomato and as a fall crop has been intensively	 B
 

potato. American Potato Journal 47; studied. Spring

3
225-227. 	 1. Yield potentiality of TPS populations crop /
 

derived from various crosses. Cv. x Cv.
*e 
 99 
 H 21.6 
 43.5 
 50
 
Most of the available material at the C067 100 H 22.3 35.6 63
POTATO PRODUCTION BY TPS IN Horticultural Experiment Station has been C035 100 M 23.9 37.5 64


A TEMPERATE REGION used to produce TPS populations, and their Cv. x
 
performances in terms of yield, and uni- FTFclone


K. K. Kim, H. Y. Kim, and C. H. Song 	 formity, have been determined (Table 1). TF00 100 M 15.4 37.8 41

Horticultural Experiment Station TPS populations produced higher yields in
 
ORD Suweon, Korea fall than in spring. O.P.
 

mg 100 M 14.7 32.8 45
 
Introduction The performance of several high yielding S025 97 M 17.0 37.3 46
 

crosses from both spring and fall trials Tuber
 
The advantage of potato production by TPS _Trish
 

is that countries lacking certified seed Cobbler 100 
 H 29.6 36.4 81
 
programs can produce potatoes without im- Table 1. Mean and range of variables in
 
porting seed tubers. Many tropical and 23 TPS populations. Fall 4/

sub-tropical countries do not have land 
 crop 
where aphid populations are low enough to Cv. x Cv. 
maintain a certified seed program. In 	Cross Tubers Marketable Yield . 78 H 32.6 37.2 88Korea, potato growers mainly depend on the (total tubers
 
seed tubers produced at highland area, but no.) Total Market- C047 93 H 34.7 46.1 75
 
only 10% of total production area can be No. Av. (g/ able C058 85 H 25.6 36.3 71
 
provided with the certified seed, since 1/ Wt. plant) (g/ Cv. x
 
the acreage of highland is limited. Thus, g. plant) FlWclone
 
the use of TPS for potato production and Iffg- 85 M 34,7 45.4 76
 
for seed potato production is invaluable Spring O.P.
 
to compensate for the certified seed pro- Mean 20.8 3.2 73 
 567 241 - 5 74 L 16.7 24.0 70
 
gram. 	 Maximum 31.1 5.5 97 925 469
 

Minimum 8.8 0.6 59 217 43 Tuber
 
TPS cultivation up to now, almost exclu- Range 22.3 4.9 38 708 426 De-ima 95 H 28.7 31.3 92
 
sively depends on the practices of growing 
 11 A = marketable yield (tonnes per hec
seedlings and transplanting. Many vege- Fall 
table crops, i.e., tomato, cucumber, and  tare; B = total yield (tonnes per

Chinese cabbage are transplanted from 	 Mean 16.0 5.2 93 918 487 hectare)

nursery to 
field. There is no doubt that Maximum 20.8 8.5 126 1,123 878 2/ H - high; M = moderate; L = low.
farmers can 
handle TPS as easily as they Minimum 10.0 2.1 70 332 182 TPS seeding, March 5; transplanting,

did vegetable seeds. 
 Range 10.8 6.4 56 791 696 4/ April 8; harvesting, July 30.
 

/ 6 4TPS seeding, June 3; transplanting,

The potato cropping 
system in Korea is Y Over 50 g. 	 July 7; harvesting, October 23. 
divided into two seasons, spring and fall,
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vestigating male sterile clones at least 
An 

Io, 

S" rop B 
"i'm. 

ic 

to eliminate the tedious emasculationprocedure for F1 hybrid seed production. 
In addition, various attempts will ba
given to induce natural hybridization both 
in field and in net-house. 

5 400 1 IL Y=4-4y-W'O40 
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POTATO FOR HOT DRY TROPICS 
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International Potato Center 
Region VI, New Delhi 
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X 
SWith 

busy 
the cent,,ry 2100 ahead scientists areplanning to augment new resources to 

Sshrinking feed enlarging populations and therebyland equivalents. Such planning 

40C ; Y=..x 400 
-agroforestry, 

alms to fit with crop planning in relation 
tc eco-system maximum land use planning, 

and diversification to focus 

2 

014o 

goo.. l (a)==m213attention 
2o 

6 o .bolo-o cbM i a 

R't.:oa20 

-

to increasing requirements of 
energy to enhance productivity. This exer
cise is necessary to find new areas butalso to adjust crop production sequences 
and develop new varieties for production 

Aveage wl of morktabletuber 

9/ t/uber 
NO of marketobletuberspe plat 

increase to meet the challenge. Thisleads to inter-disciplinary coordir,ated 
approach between scientists, input sup
pliers, and policy makers. 

Figure 2. (A) Distribution of TPS populations plotted accordih1 to the average weight
of marketable tubers and marketable yield per plant. (B)Dist-ibution of TPS popula-
 Our past experience with introduced hybrid
tions plotted according to the number of marketable tuber and marketable yield per maize, dwarf wheat, and paddy rice vareplant, 

ties has shown that such new genotypes
 

weight of marketable tubers (Figure 2). The cross, K6-32 trigger changes which gives best increase
x A4PI30B-1 produced 
 of yield in different environments by Zjdi-
Both number of marketable tubers and the 300 
seeds per berry (Table 3). Certain cious selection of the developed high
average weight of marketable tubers pro- open-pollinated clones produced more than 
 yielding hybrids. The farming community
vided highly significant correlation coef-
 360 seeds per berry. The weight of 1,000 loses no 
time to take up such varieties
ficients with mark.)table yield 
in both seeds is 0.51'g. Thus only 36 g. of seed and technology, for example prompt
the spring 	 use of
and the fall crop. Also, (or 240 berries) are necessary to grow new varieties of the above crops and potahighly significant correlation coeffi-
 plants for one hectare. We believe 10 or 
 to and "Seed plot techniques" in India, to
cients were obtained between the two sea- 15 plants are quite enough to 
produce 240 increase yields. In India various agrisons except for the average weight of mar-
 berries. To increase the efficiency of cultural programmes such as IADP and
ketable tubers. 
 hybrid seed production, the utilization of 
 others have accepted a challenge to get

male sterility is now under investigation, more food per unit. area/time as well as
The comparison of groups divided by their 
 plant breeders and scientists dealing with
parental niaterials and crossing methods is Concluding Remarks 
 ecology, energy, economics, and employpresented in Figure 3. In general, TPS 


populations derived by artificial hybridi-
ment. The same now should be adopted in
The results obtained at HES for two years Bangladesh and Ceylon and South Mediterzation gave much higher tuber yield than 
 indicated that the potentiality of potato ranean countries 
where conditions are
those by open-pollination or selfing in production by TPS was indeed 
remarkable, similar to India.
both spring and fall trials. One impor- Many TPS populations out-yielded leading
tant result is that genetic diversity is cultivars in the fall. Agronomic prac-
 One of the priority strategies of the Invery important for increasing yield, as- tices were relatively easy. This year, it 
ternational Potato Center along with true
suming that open-pollination results most-
 is planned to provide small amounts of TPS
ly 	 seed is to produce potato varieties for
in selfed seeds. Also, the result to farmers, and the problems related to hot humid tropics. 
 But so far no efforts
indicated 
that both total and marketable TPS cultivation on the farmers' 
own land have been made to develop varieties for
yield were higher in fall than in spring, are to be investigated. 
 the vast areas of the hot dry tropics
 

2. Seed setting ability. 	 which are dependent on irrigation and to
Selection if relatively high yielding spredd 
the results of this to marginal 
For the TPS program, seed production is populations produced by open-pollination
is the first step in establishing a TPS farmers. The objective
as important as the tuber yield per se. production system. Meantime, we are in-	

in both cases
 
being to select varieties which give opti

wi.fm 	 mum yields in shortime periods having a
temperature conductive to tuberization and
 
Nov YW .. ,, Table 3. Seed setting ability selection of rapii bulking early maturing
in some varieties. The present study focuses atcrosses. 
 tention on hot dry tropics so as to liber

_ _ _ _ _ _ _ _ 	 ate new low rainfall areas for potato cul
tivation and to provide multiple croppingYear No. of 

and 	
No. of No. of where potato fits well as an intercrop.flowers fruit seed per 
 Such areas of India are arcund Rajasthan

crosses polli- har- fruit 
 desert, Punjab, Haryana, and estern U.P.

nated vested and 
in many other countries. Such other
 

no 1 programmes show that potato has a flexi-
Y x981 
 bility and versatility to fit itself inYork x Cherokee 14 9 183 any sequence where the correct variety, 
go 1, 4 3 7 , a a , , it o B8284-1 x W5337.3 10 5 59 land, temperature, and irrigation are
 
4-494. F,,,RoCV. 1981 	 available.liminary studyKeeping this in view a prewas conducted
Wa,4.eM 49 K6-32 x A4PI30B-1 	 to identify16 3 300 correct genotypes which are not affected 

Figure 3. Comparison of total and mar- T39-4 x T39-8 30 6 172 by high temperature and fit in withketable yield among crossing groups in KI-22 x T39-22 18 17 	
the
 

144 high intensity cropping pattern of the
spring and fall. 
 areas of India indicated above.
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Materials and methods 
 mukhi using different methods of prevent-

Table 1. Percent gemination and percent- ing heat and to determine if the effect on


The area selected for this study was age plants affected by high temperature the foliage could be reduced. For this
 
Punjab where in September the temperature in early and normal plantings, the Kufri Chandramukhi crop was planted in
 
is around 90°F and there is little rain as a replicated trial using four treatments.
 
compared to normal potato planting time in 
 While tri-ethe plants of each treatment 
the first week of October when it is below September pla;: October plants did get the above symptoms, the hightest
80°F. The object was to bring the date of Hybrid Gemina- Heat Gemi- Heat incidance of heat damage was in the
 
planting of potato as close to variety tion damaged nation damaged uncovered treatment (Table 2). 
 It is con
mid-September as possible to use potato as % No. % No. cluded 
that suitable high yielding geno
an early crop without disturbing the types can be selected to fit the market 
established normal sequence of intensive C 3816 95.00 0.00 95.00 Nil demand of fresh potato at an economically
cropping. It is customary to start E 1100 72.50 0.00 87.50 - beneficial period.
planting early potatoes by mid-September E 4451 77.50 0.00 92.50 
and the normal crop by the second week of F 1277 91.25 0.00 7.50 -
October, when temperatures are still high F 1341 77.50 0.00 97.50 - Table 2. Percentage of gemination and 
and humidity very low due to absence of F 2426 73.75 0.00 92.50 
rain (Figure 1). F 6370 76.25 0.00 92.50 - percentage of plants affected by heat in 

JC 900 86.25 0.00 95.00 - variety - Kufri Chandramukhi, planted on 
Twenty hybrids of potato from advanced EM/B 859 97.50 0.00 98.75 20-9-1970 at Jullundur. 
selection. ready for final assessment for Craigs
release were planted on northern slopes in Defiance 75.00 0.00 87.50 - Treatment % Gemination % Plants 
two rows (if10 tubers each on 	two dates, A 7416 81.25 17.00 87.50  affected 
20th September and 10th October. Weekly C 990 92.50 31.08 97.50 
observations were made on gemination, C 2703 87.50 10.00 100.00 - Maize stock 
growth, and any plant abnormality. In a C 3721 80.00 15.60 97.50 - cover across 
second experiment shade was created by F 5134 31.25 44.00 65.00 - ridges 95.00 43.27
 
growing maize and Bajra in between the JC 7241 87.50 37.68 85.00 - Shade of bajra
 
rows on the south side 'f the ridge and EM/C U21 85.00 20.60 97.50 - (P. tphoideum) 96.10 28.32

bending the plants over potato 	for shade. K. Alankar 65.00 50.00 83.75 - Shad& of baira 

K. Jyoti 80.00 53.10 92.50 - bean over 97.78 25.00
 
hr,.of UTD 88.75 59.68 90.00 - Tubers kept in
 

Temp. C sumhine shade and planted
 
40 
 -10 	 on 26-9-70, whenwell sprouted 96.67 31.03


showed tip burn and the other 	characters Uncovered 94.34 30.00
 
36 9 	 listed above. Gemination in each geno

type was higher in the October planting
 
compared to the September planting.
 

.Y" Symptoms of heat injury were: References 
25 - few to many. Tips usually de- Subramanyan, K., and H. Kishore. Effect2 	 Tormeshowinfg tip burn; of high temperature indry area cultiva

stems - elongated, growth rapid with weak tion of potato varieties (under publica
2plants; tion). 

Leaves and leat, ts - Leaflets dropping Walker, J.C. 1948. Diseases of vegetable
and yellowing FEie margins. In about crops. McGraw Hill pp. 320-392. 
3-5 days, yellowing is replaced by brown
ing and eventually death in affected
 

10parts. The dead area starts from the tips
 
or margins extending inwards, until in
 
extreme cases the whole leaflet is killed. OBTAINING AND RAPID MULTIPLICATION OF
 

-3 	 Older and horizontal leaves suffer more DISEASE-FREE POTATO SEED TUBERS IN
 
the the younger and upright ones. ETHIOPIA
 

0 I 
:2 Plants showed recovery from these effects V. A. KnyazevF Mh Aunder favorable conditions. Recovery how- Scientific Phytopathological Laboratory 

Monsever, was seldom complete. of the Ministry of Agriculture ofthe USSR in Ethiopia,
 
Figure 1. Average 1979 monthly tempera- To determine if these symptoms were due to Anbo, Ethiopia.
 
ture and sunshine hours in the Punjab po- viral infection, the top leaves from
 
tato producing area. Source: Weekly affected plants were wedge grafted to Potato is a valuable food crop and can
 
Weather leports and Meteorological 
Mon -	 plants of Kufri Chandramukhi raised from 
 grow in different climatic conditions.
 
Ovrph-I ,imanMeeeoo gical Depart- virus-free tubers. No evidence of graft Conditions of Ethiopian high lands fully
Over India, Indian Metereological Depart- trinsmission was obtained after two months 
 respond 	to the demand of the potato plant
ment, Government of India. 
 and these symptoms were not sap transmis- where around 30 thousand hectares are


sible. Further more tubers obtained from grown. The most common varieties were
Seed tubers when kept in shade and well affected plants were planted during introduced from abroad during 1940, and
 
sprouted were planted on both the above January and produced normal plants, lost their quality due to low yield and
 
dates. The data on the % germination and
 
% plants having tip burn and yellowspots Mean temperatures for September and Octo- high susceptibility to potato late blight.
 
on the leaves and lanky growth due to hot ber (Figure 1) show that there is a con- Nowadays potato production is hindered due
 
soil and high temperature were recorded. siderable fall in the minimum temperature to absence of seed of varieties which give

The rows were irrigated to one-half height during the first half of October when a high yield and are resistant to late
 
of ridges in nights only when required, germination is high and the growing plants blight. It is true that trials of hybrids

(Table 1). do not show any of the above morphological in the International Potato Center are
 

variations. Therefore, it can be con- conducted over a number of years with the

Observations cluded that the effects on foliage are due objective of evaluating yield and resist

entirely to the prevailing high tempera- ance to late blight. Dr. Halle Michael
 
From the hot soils (Table 1) the first 10 tures on both soil and atmosphere. From from Alemaya college is carrying out the
 
genotypes did not show any tip burn in the practical point of view these observa- trial 
in different agro-climatical condi-

September. In contrast the latter 10 had tions are of definite value to a breeder tions of Ethiopia. Many clones with dif
between 10 and 59% tip burn. The same in that many hybrids can be screened out ferent qualities were identified by them.
 
genotypes planted in Octe',er showed no for growing during September under high However the potato amples were infected
 
such symptoms. Germination fluctuated temperature conditions, by virus and bacterial diseases during the
 
between 72-97% in the September planted trial. For initial seed production work
 
crop and 65-100% in the October crop. Of An experiment was designed to enhance the of new varieties firstly it is very essen
all varieties planted October 10, no plant gemination of the variety Kufri Chandra- tial to eradicate virus infection.
 



112 

The Ynost prevalent viruses are X, S. M 

virus. Starting from 1980 eradication of 

virus infection from promising varieties 

using methods of meristem culture and

rapid 	multiplication of disease-free po-

tato is carried out in the Scientific 

Phytopathological Laboratory Aubo. 


Materials and methods 


Three varieties were taken for eradication 

of virus infection: AL-204; AL-253; 

AL-563 which have X, S,M virus and bacte-

rial wilt. Germinated tubers were sub-
jected to a temperature 35-37°C for 47 
weeks. 
 After this from each sample, 24 
to 33 meristem tips with a size of 

0.15-0.30 mm will be excised in 
a sterile 
box. The nutrient media is composed of 
basal salts, major and minor elements and 
organic supplements by Murashige and 
Skoog, plant growth regulators; 0.2 mg/l
JAA, 0.5 mg/l GA. 0.04 mg/l kinetin. 

Growing of the 
isolated meristem will be 

carried out in artificial light 8000 lux,

length of photoperiod 13-14 hrs and tem-
perature at 20-220C.
night daytime
peraTu e at night w-ll dte2426Cni The grOWn planat
theWillmbendexed 


transferreJ from the culture 
medium to 

soil. A single leaflet will be removed 

from the plantlet and tested by mechanical 
sap inoculation onto indicator plants, by 

serological tests, and by electron micro-

scopic examination. 


Plants free from virus infection will be 

multiplied by stem cuttings in test tubes,

rooted cuttings transplanted to pots and 

these 	in turn will 
produce more cuttings. 

Using chemicals (rindit) for dormance pe-

riod breaking of tubers, 


Further during the rainy (June to
season 

September) disease-free plants will be 

multiplied in field conditions as tubers, 

as plantlets from tubers, or as stem cut
tings. In order to indicate absence of

virus infection, during the vegetative

period, visible and serological testing

will be carried out. 


Results and discussions 


Nutrient media 
 with 	 the addition of 

0.5 mg/l GA, 0.2 mg/I JAA, 0.04 mg/l

kinetin, pH 5.7, and 0.7% agar Difco 
is 

the most favorable for growing isolated 

meristems for further potato plant multi-

plication. Within 4-5 months after the 

isolation of meristems 
potato plantlets

were obtained. Production of plants free 

from virus infection by heat treatment 

increased by 27.4%, following heat treat-

ment. however at the same time vitality of 

meristem on the media decreased. Average 

percent of vitality with heat treatment 

was 69.1%, without heat treatment- 87.5% 

and this depended on variety (Table 1).

Size of isolated meristems free from virus 

infection increased to 0.3 mm due to the 

heat treatment. 


Virus-free plantlets wer. rapidly multi-

plied by using the stem '.utting method in 

tubes. Cuttings were plinted in solid and 

fluid media. In fluid nedia the quantity

of major and minor elefrents, Fe-helat was 

reduced ten-fold in conparison with that 

of agar media, and that of plant growth

regulators of 3 mg/l JAA, pH 5,7. All 

organic components of medi6 were expelled

in order to ,void contamination of media. 

The cuttin, planted on a filter-paper

bridge forn,. root systems and shoots 
within 5-7 days. After 	20 days plantlets
 

Table 1. Influence of heat treatment on 

meristem vitality and quantity of gener
ated plants free from diseases. 


Sample Isolated Disease

and 2 1  meristems free
plants 


No. 	 Vital- No. % 
ity 

AL-204 

HT (38) 33 26 
 22 85 

NHT 24 20 8 40 


AL-563 

HT (40) 
 24 10 10 100 

NHT 24 21 16 76 


AL-253 

HT (55) 24 20 18 
 90 

NHT 24 22 15 
 68 


Total 

HT 81 56 50 89 

NHT 72 63 39 62 


_1 Index of general vigor. 

2l HT = heat treatment, days of treatment 
in parenthesis. 
NHT = no heat treatment. 

were 	already higher than the height of
test tubes, then they were cut and were 

planted in the fluid media again, 


During the first cutting planting, 15% of 

media was infected, but for later planting

infection of media was not 
evident. The 

using of this multiplication technology

significantly simplifies the nutrient 
me-

dium preparation work, transplantation of 

plantlets into the soil, etc.
 

The direct growing in the field conditions 

during the rainy season is possible

through multiplication of disease-free 

potato by stem cuttings. Yields of tubers 

were 746.4 g per plant. June is the most
favorable season in Ambo 
for planting of 

rooting cuttings. One mother plant pro-

duces an average of 50 cuttings in 40 

days. 


3
Rindit (0.5 cm
 /kg of tubers with exposure

of 30 hrs) is the most favorable prepara-

tion for the interruption of dormancy pe-

riod of harvested tubers. 
The period from
tuber harvesting until its planting after

using of rindit required 24-30 days. Re-

infection under field conditions during

the rainy season was practically absent. 

Winged aphids on the potato plants were
 
absent, but wingless aphids were discover-

ed on the lower leaf story to the end of 

rainy season (September) and averaged from 

0.5 to 1 per plant. 


Conclusion 


The investigation demonstrates effec-
tiver ; of the above-named methods for 
obt ,g and multiplication of disease-
fr ed material under Ethiopian condi-
t' and makes possible initiation of 
t- oroduction of disease-free potato
stoc.s. 


RESEARCH ON POTATO CULTURE IN THE MIDDLE
 
AND LOW ELEVATION IN INDONESIA
 

S. Kt~sjmo
 
Central Research Institute for Food
 
Crops (CRIFC), Bogor, Indonesia.
 

Potatoes are currently grown mainly in the
highland. Continuous potato growing in
 
limited areas of highlands causes accumu
lation of pests and diseases that induce
 
higher costs of crop protection. Labor is
 
increasingly expensive and stable manure
 
is another costly input in the highlands.

High price and increases in production of
 
potatoes indicate a strong demand espe
cially in the urban areas. One of the
 
efforts to increase the production which
 
should result in a more moderate price is
to develop heat tolerant varieties and research on agronomic management techniques
used in the middle and low elevations. 
There are about 300,000 hectares of ir

rigated or rainfed, bunded rice production
 
areas at elevations ranging from 500 to
 
750 meters in Indonesia. Experiments in
 progress showed a promising result in the
middle elevation of 700 meters. This research isa part of the "Tropical Agronor,
for Potatoes", 
 a special 
 project 
 of
SAPPRAD (Southeast Asian Program for Pota
to Research and Development) in Indonesia.
 

Research activities that will be con
ducted:
 
1. Variety screening and introduction of
 

heat tolerant varieties.
 
2. Research on agronomic management


techniques to alter the temperature and
 
moisture content of the soil.
 
3. Integrated pest control especially to
 

bacterial wilt.
 
4. Multilocational trials with recom

mended varieties.
 
5. Transfer of technology to farmers.
 

Effects ofshadeon ield
 

At Muara 260 m, the vegetative growth was
 
vigorous but later on plants progressively
 
wilted. Wilted plunts were rogued until
 
they reached 30% in variety Rapan 106 and
71% in Cosima. Potatoes were grown in the
 
rice field with poor drainage that induced
disease infection. Yields were low (Table
 
1), nevertheless plants formed tubers in
 
the lowland. There were no consistent
 
differences in yield among open and shaded
 
plots. In the next experiment the plots

should be elevated with the application

of soil pesticides to prevent pests and
 
diseases.
 

Table 	1. Wilt incidence and potato yields
 
at two locations with and without shade,
 
West Java, Indonesia, November, 1981.
 

Location Wilted Produc- Wt. of 
and 
Treatment 

plants 
% 

tive 
(No) 

tubers per 
plant 

Muara (20 m) 
(g) 

Maa (26
Open 26 103 50.49 
Shaded 33 73 59.68 

Cosima 
Open 73 27 179.70 
Shaded 70 28 154.96 

Cimangkok (700 m) 
Rapan 106 

Open 6 225 118.80 
Shaded 9 205 69.92 

Cosima 
Open 15 486 87.73 
Shaded 13 463 99.02 

http:0.15-0.30
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At Cirnngkok, 700 m, the percentage of Preliminary evidence of this matter has Results and discussion
 
wilted plants was lower than at Muara, been reported by Mendiburu et al., (1974),

7.5% in Rapan 106 and 14% in Cosima. and for the first time invo Rng culti- Yield performance of diplandrotetraploids

Cosima was more susceptible than Rapan 106 vated Solanum groups in the present paper. (4x x 2x), and diplogynotetraploids (2x x
 
in both locations. Weights of tubers per 4x). are compared to adapted clones to
 
plant were still low. Materials and methods lowland tropics (Table 1). The average
 

Cosima in the Chimangkok experiment was Four Solanum groups - tuberosum haploid, tuber weight per plant for both 4x x 2x 
also planted with treatments of subplots andigena-ah-a-ploid, phureja and stenotomum - and 2x x 4x hybrids was higher in all 
with furrows and hilled versus flat, both were used. Hybrids among these diploid cases than the controls; however, the 
were mulched or unmulched, and shaded with groups were made earlier and samples average tuber weight was lower thanadapted clones. In the highlands (Table 
corn plants versus open as main plots within hybrids were taken as females and 2), the total tuber yield per plant and
 
(Table 2). This preliminary experiment bulk pollen of equal number of plants per average tuber weight for both 4x x 2x and
 
showed that without shade, flat plots pro- hybrid, as males. These hybrids were used 2x x 4x hybrids was higher significantly

duced higher yield than hilled plots. On in crosses with a sample uf tuberosum as compared to San Rain. sontrols were
 
the other hand hilled plots produced high- cultivars (unilateral sexual polyploidiza- not included in Huancayo. However, the
 
er yield than flat plots in the shade.
 
There was no significant difference either tion; 4x x 2x, 2x x 4x). Selected indi- average tuber weight per plant of most
 
aheg wsbplosubplotnornor betweeint c 	 within hybrids,among 	 din utr viduals
between mainplots, but eg that produce 2n hybrids was as good as the best advanced 
there was interaction among the treat- eggs and 2n pollen, were also intercrossed clones selected for the highlands. 
ments. to produce tetraploids (bilateral sexual 
ments. polyploidization, 2x x 2x). The total tuber yield of both diplandro

tetraploids and diplogynotetraploids based

of the resulting
Cosima with Preliminary evaluation
Table 2. Potato yields of 


flat versus ridged culture, with and progenies from unilateral sexual-polyploi
without shade, Cimangkok, West Java, dization were carried out in two different
 
Indonesia, November 1981. environments (San Ram6n and Huancayo, Table 2. Yield performnce of selected
 

1981). Individuals per family were tuber diplandrotetraploid and diplogyno
increased and planted in 10-hill plots at tetraploid clones at Huancayo 1981
 

Treatment Kg/plot g/plant 0.90 m between rows and 0.30 m between (10-hill/plot).
 
plants. Total tuber yield in gr/plant was
 

Open Shadel Open Shaded recorded. Regular cultural practices w'.e I/
 
Ridge 2.23 3.18 66.81 96.33 followed along the growing season in both Cross 2 a Range of Plant Tuber
 
Flat 3.52 2.24 118.32 99.65 locations. Genoe and plant weight weight
 

(No. of weight av. av.

Ridge 	 clones) (g.) (g.) (g.)

+ Mulch 1.92 4.50 67.28 128.28
 

Flat Table 1. Yield performance of selected 4x x 2x
 
+ Mulch 2.88 1.88 98.51 71.84 diplandrotetraploid and diplogyno- Kenn x AH x STN)
 

tetraploid clones at San Ram6n 1981 TTAS 
1) 1250 1250 94
Interaction 
 (10-hill/plot). 
 Kenn x STN x AN)
HSD 5% 	Ridge vs Flat : 2.06 52.84TTSA ) 1550 1550 160
 
Open vs Shade: 2.02 48.07 Crs1/ TA1150 50 16
 

Oen Range of Tuber Kenn x AH x AH)
Cross12 Plant 

Genome- and plant wt. weight weight TTAA 20) 1000-2680 1450 93
 

(No. of (g.) av. av. Kenn x (PHU x AH)
 
clones) (g.) (g.) TTPA (4) 1167-1956 1651 99
 

Red P.x (STN x AH)
4x x 2x 

INCREASING HETEROZYGOSITY AND TUBER YIELD enlxe AH x STN) TTSA (2) 1460-1711 1586 104
 
THROUGH THE 2n GAMETE BREEDING APPROACH IN TTAS 1) 787 787 53 Red P.x (AH x AH)
 
POTATOES Kenn x STN x AH) TTAA (3) 1000-2000 1563 79
 

TTSA 1) 1170 1170 78 Red P.x (AH x PHU)
 
J. Landeo Kenn x AH x AH) TTAP 1) 1375 1375 98
 

International Potato Center TTAA 8) 703-923 
 808 43 Onta x At:x STN)
 
Kenn x PHU x AH) Onta x 1) 1380 1380 73
TTAS STN x AN)
 

Introduction TPA 4) 977-1433 1145 64 TTSA 1) 2257 2257 113
 
Red P. x (STN x AH) Onta x A2 x A1)


Synthesis of tetraploid potatoes from TTSA (2) 883-1200 1042 56 A x)

diploid-diploid matings provides a unique '4ed P. x (AH x AH) TTAA 1) 1056 1056 85
 
breeding method with great potential to TTAA (4) 770-1285 989 55 Onta x PHU x AH)
 
improve tuber yield in potatoes, provided Onta x(AH x AH) TTPA 1) 1538 1538 77
 
the occurrence of 2n gametes with'the spo- TTAA 1) 750 750 43 Onta x AH x PHU)

rophytic number of chromosomes. Among all Onta x (AH x PHU) TTAP (3) 1640-2356 1917 110
 
meiotic mutants which produce 2n gametes; TTAP (1) 893 893 55 Katah x (AH x AH)

the most required is a recessive mutant Katah x (AH x AH) TTAA (6) 1111-2111 1462 77
 
named parallel spindles (ps/ps). The ge- TTAA (4) 731-1238 880 48 Katah x (PHU x AN)

netic significance of parallel spindles is Katah x (AN x PHU) TTPA (1) 1625 1625 81
 
essentially a first division restitution TTAP (1) 1190 1190 44 Katah x (A x PHU)

mechanism (FDR). Diploid spores of this 2x x 4x TTAP (1) 1940 1940 76
 
type (FDR), preserve 75 to 80% of hetero- TWIThH) x Tub bk. 2x x 4x
 
zygosity of the parent, and heterozygosity AATT (1) 790 790 45 TTXT)HU x Tub bk.
 
is transmissible to the offspring intact. (AH x ST) x Tub bk. (AT x A() x Tub bk.
 
It is obvious that larger fractions of the ASTT (3) 736-833 798 56
 
intralocus interactions, associated with Ada pted Clones (controls) AATT (2) 1911-2600 225
(STN x AH) x Tub bk.	 75
 
dominance variation, and interloci in- LT S I
 
teractions associated with epistatic TTTT 
 692 92 (AT 1 x Tub bk.14N5 

variation are maintained. The assembling DTO-28 ASTT (8 1422-2900 1955 132 
of the two FOR 2n spores by sexual means TTTP 578 92 
(syngany), would increase heterozygosity, j/ Kenn = Kennebec 
provided the diploid hybtids come from Kenn = KennebecRe n c 
unrelated parental diploids. Furthermore, Red P.= Red Pontiac Red P. Red Pontiac 
both types of allelic interactions will be Onta = Ontario Onta - Ontario 
increased in the arising tetraploid. How- Katah = Katahdin Katah = Katahdin 
ever, the most important interactions will 2/ 
be the intralocus type, where four alleles - T = tuberosum genome Y T tuberosum genome 
per locus will create different orders of P = phureja genome P - phureja genome 
interactions (diallelic, triallelic, te- A = andigena genome A - andigena genome
trallelic), which highly correlates with S = stenotomum genome S = stenotomum genome 
heterosis. 
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the number of different genomes is shown 

(Table 3). The total tuber yields in-

crease as number of different genomes also 

increase, with the exception of the 2x x 

4x hybrids in Huancayo. However, this 

could have been due to 
the low number of
hybrids taken into account. 


In general, these preliminary data sug-

gesting that maximum heterozygosity can 

also be achieved by the use of cultivated 

Solanum groups. Increasing heterozygosity

also-enhances higher intralocus interac-

tions which highly correlates with hetero-

sis. A possible explanation of the good

performance of these hybrids in both the 

lowland and highland tropics may be the
buffering effect of the enhanced intra-

and interlocus interactions against the 

effect of the environment. However, more 

study is needed to support this hypo-

thesis, 


To optimize the use of this 2n gamete ap-

proach in potato breeding, it seems im-

portant to start 
 by using upgraded

agronomic character sources besides the

production of FOR 2n pollen. In the pres-

ent experiment the 2n pollen producers 

were not selected for their agronomic

type. Therefore, most derived tetraploid 

clones lacked good marketability, though

they had high yielding ability, 


Table 3. Average yield performance of the 

total tetraploid population in relation 

to 	their genomic constitution, 1981. 


11
Genome

4x x 2x 


TTAA 

TTAS 

TTAP 


2x x 4x 


TTTP 

AATT 

SATT 


No. of2/ Average weight/plant g

clon- Huancayo/San Ram6n 


42/42 1259/668 

7/7 1373/807 


15/10 1452/863 


1/1 2120/619 

2/2 2256/716 

10/4 1787/756 


/ T = tuberosum
P = phureja 

S = stenotomun 

A = andigena 


2/ Huancayo/San Ram6n, respectively, 
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INCREASING THE ADAPTABILITY OF HIGHLAND 

TROPIC POTATOES TO SUBTROPICAL LATITUDES 


J. Landeo 

International Potato Center 


A new breeding population has been devel-

oped at the International Potato Center 

for the traditional potato growing area in 

the highland tropics. This population is 

basically comprised of advanced selections 

originated from a wide source of germ 


plasm with resistances to several dis-

eases, pests or environmental stresses, 

Among the most important factors, selec-

tion priorities were given to field re
sistance to late blight, tolerance to 

frost, resistance to cyst nematode and
resistance to virus Y. The 
germ plasm 

sources used comprised primitive cultivars
from Solanum tuberosum: group andigena

(4x)I--roup phu-re-Ja-Mx, group stenotonum 

(2x), group ajanhuiri (2x), group Juzepc
zukit (3x), group curtilobum (5x), modern

varieties from group tuberosum, and wide 

group of wild species introduced as clonal 

selections from the IR-1 Project at 

Sturgeon Bay, Wiscosin, and foreign breed
ing programs.
 

A long term phenotypic recurrent selection 

is currently established to maintain ge-

netic diversity within the population and 

upgrade the frequency of desirable genes. 

Sub-populations were drawn out to meet 

specific and common 
problems of potential

country users, particularly earliness for 

non-Andean tropical highlandcs and adapta
tion to subtropical daylengths. 


The current population was built under
 
short daylengths that correspond to trop-

ical latitudes. Its performance under 

increasing daylengths suffers gradually

due to the effect of photoperiod in the
process of 
tuber initiation 
and devel-


opment. The effects start
may from de
laying maturity of the crop to complete

tuberization failure. 

To meet adaptability of this population to
 
subtropical highlands, where daylength 
is 

longer than in the tropical highlands, a 

technique to screen for critical daylength 

at the seedling stage is being evaluated 
on a sample of different maturing germ 

plasm. The following results will be
presented as preliminary data on the use 

of the screening method, 


Materials and methods
 

Two families derived from crosses between 

late maturing clones from the highland

tropic population and clones from the low-

land tropic population as source of ear-

liness (374068.4 x bulk LT-XY and 374080.2 

x bulk LT-XY); one family derived from an
intermediate maturing and
clone a clone 

developed for the lowland tropics (Atzimba 

x DTO-33). The last two families de, I 

from early materials, one of which is a
 
cross between a group tuberosum vdriety

and a tropical clone (Atlantic x DTO-33) 

and the other, a cross between two clones
adapted to the lowland tropics (LT-2 x 

Maria Tropical). 


Seed of these progenies were sown in flats 

and transplanted at the seedling stage to 

7" pots under continuous light. Eight

weeks later half of the families were ex-

posed daily to 16 hours of daylength and 

half left to continuous light (natural day

supplemented with low intensity incandes-

cent bulbs). Leaf node and terminal cut
tings (Ewing, 1978) were taken at two 

weeks and four weeks on different geno-
types within the same family. Three cut-

tings (one terminal and two leaf nodes),

from each individual were placed in a
modified rooting bench under continuous 

light. Two weeks later readings on tu-

berization were taken, 


The following scale was used: 1 = shoot 
development from axillary bud; 2 = stolon 
with terminal tuber developed from axil-
lary bud; and 3 = sessile tuber developed 

from axillary bud. The latter 2 and 3,
 
were considered as response to tuber in
duction and 1 as lack of response.
 

Results and discussion
 

Tuber induction (Table 1) for two weeks at
 
16 hr daylength varies from approximately
15% for late x early, 28% for medium x
 
early, &nd 70 to 85% for early x early.
 

Table 1. Tuberization under 16 hr day
length by single-leaf node cuttings from
 
seedlings.
 

Exposure time tQ 16 hr 
Family and1, 
(maturity)! -

daylightL 
Tuberization 

2 weeks 4 weeks 
No.3/ % No. % 
o N 

374068.4 x bk 
LTXY (Lx E) 4/28 14.2 5/28 17.9 

374080.2 x bk 
LTXY (Lx E) 4/26 15.4 8/26 30.8 

Atzimba x DTO-33 
(Mx E) 12/42 28.6 

Atlantic x DTO-33 
(Ex E) 24/34 70.6 

LT-2 x M. Tropical
(Ex E) 30/35 85.7 

/ E = early, M = medium, L = 
ty of parents. 

20/41 48.8
 

30/33 9g.9
 

32/34 94.1
 

late maturi-


Z/	Cuttings grown 8 weeks before exposure
 
to 16 hr daylength for 2 weeks or 4
weeks, respectively. 

-/ Numerator indicates number of cuttings
which tuberized/number of cuttings un
der test. 

With four weeks of 
tuber induction of 

16 hr 
some 

daylength, 
families 

the 
went 

slightly higher for all groups. 
 On the
 
other hand, under continuous light (Table

2), the percent of tuberization was re
duced considerably with the exception of
the first family. The differences between
 
the two dates of cuttings would have been
 
due to seedling age differences.
 

The preliminary data in the present 
ex
periment indicate the potential of this
 
technique in the process of screening for
longer daylengths. The minimum length of
 
exposure (two weeks) to 
16 	hr of critical
daylength seems to be adequate to identify
 
genotypes responding to tuber induction.
 
Tuber induction under continuous light may

indicate potential for segregation of ge
notypes capable of tuberizing regardless

of the photoperiod effect; although, it
 
may also suggest the effect of other
 
inducing f-ctors such as low temperatures.
 

The performance of the same families under
 
natural long-day conditions, is currently
being evaluated to establish the correla
tion between the artificial method and
 
natural response prior to its use in our
breeding strategy to adapt potatoes to
 
longer latitudes. The widening of the
 
adaptability of the present highland

tropic population to longer latitudes will
 
increase its usefulness as demand for this
 
material, particularly with resistance to
 
late blight and frost, increases in sub
tropical countries.
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were placed on CPG medium where the bacte- gan), quintozene (Terraclor), thiabenda-

Table 2. Tuberization under continuous rium was grown. After 5 days the inhibi- zole (Mertect), triadimefon (Bayleton),


light (24 hr), by single-leaf node cut- tion zone was measured. (Table 1). triadimenol (Baytan), triforine (Saprol),

tings from seedlings. Evaluation by incubation in water with zineb (Parzate) and Agritmycin 100.
 

the pesticide: To a bacterial suspension All the products evaluated inhibited the
 
Exposure time to 16 hr of 1 x 108 cells/ml in water were added growth of the pathogen when incubated in
Family andI dayliaht/ fungicides at concentrations of 100 and water at 1,000 ppm. (Table 2). With the
-
(maturity)L Tuberizatton 1,000 ppm. After 1, 3, 5 and 10 days the exception of captan other products were
 
2 weeks 4 weeks 
 bacteria were plated on selective Kelman's not effective or were bacteriostatic at
 

% No 3/ 100 ppriwhich agrees with previous in. .. 
 formation where maneb and mancozeb were
 

374068 4 x bk 
Electron microscope observations: Bactc- only bacteriostatic (El Haley et. al.
ra were incubated for 24 hrs 
in a liquid 1969). Differences in activfesof
LTXY (Lx E) 6/25 
 24.0 8/26 30.8 CPG medium into which fungicide was placed thiram, captan, maneb, and mancozeb could
 

374080.2 	x bk at concentrations of 100 and 1,000 ppm. be due to water solubility.
 
LTXY (L x E) 1/22 4.5 2/21 9.5 Bacteria were then treated with 1% of
 

phosphotungstic acid and the mixture was
 
Atzimba x DTO-33 than prepared for microscope observations. Table 2. Effect of various pesticides at
(mx DTO)33 11 . 9 2. G1,000 
 ppm on survival of P. solanacearum
(Mx E) 1/41 2.4 9/42 
 21.4 Green house tests: Captan, maneb, man- incubated in water.
 
Atlantic x DTO-33 cozeb, and thiram were dissolved at 0.5, 5
 
(Ex E) 13/32 40.6 23/33 69.7 and 10 g of active ingredient in 50 ml of Treatment Survival of bacteria
 

water and applied over the tuber at the 
LT-2 x M. Tropical moment of planting. A severity index was Time in days
(E x E) 17/28 60.7 26/28 92.9 calculated as follows. 

no. of diseased plants ina week 
Y_ E = early, M - medium, L = late maturi- (S.I. = x asigned value for the week Agrimicln 4 2 1 0 

ty of parents. total no. of plants Captan 2 1 0 0

2/ 	Cuttings grown 8 weeks before exposure The yield, number of tubers per plant and Maneb 4 3 0 0 

to 16 hr daylength for 2 weeks or 4 number of infected tubers were also eval- Mancozeb 4 3 3 1 
weeks, respectively. 	 50 in 10 was Thiram 0 0
uated.with Soilml of bacterialpots inoculated 	 3 0
suspension of Control 4 4 4 
 4
 

9
Numerator indicates number of cuttings 
 1x10 cells/ml one day previous to plant
which tuberized/number of cuttings un- ing. I/Number of repetitions where the bacteria
 
der test. 


__________________________________ Field tests: Fungicides were applied at had survived from a total of 4 trials. 

5 gr of active ingredient in 50 ml of
 
References water to soil previously drenched with a In all treatments except the control, the
 

bacterial suspension of P. solanacearum. bacteria had an atypical form when ob-

Severity index was constr'ucted apart from
Ewing, E.E. 1978. 	 served by the electron microscope such as
Critical photoperiods evaluation of percent germination, infec- cellular wall
for tuberization: A screening technique 	 rupture with larger grantion, final percentage of plants with ulations than in normal cells. It is pos

with potato cuttings. American Potato symptoms, percentage of infected tubers, sible that P. solanacearum was affected in

Journal 55; 43-53. and tuber production per plant, the same way as fungi where the principal
 

points of action were SH groups of pro-
Results and discusion 	 teins (Lyr, 1977; Menzie, 1969).
 

EFFECT OF SOME PESTICIDES ON rZEUDOMONAS Laboratory trials Greenhouse tests
 
SOLANACEARUM IN POTATOES From all of the 19 fungicides evaluated by
 

the paper disc technique, only captan In general, as dosages were raised, plant
G. Leandro M. and L. Fucikovsky Z. (Orthocide), maneb (Maurate), mancozeb height was reduced as compared to the con-

Colegio de Postgraduados, (Manzate 200), and thiram presented 
in- trol (Table 3). Maneb produced the great-

Centro de Fitopatologia, 	 hibition zones at dosages of 1,000 and 
 est inhibition, Captan the least. Disease

Apartado Postal 85, 10000 ppm (Table 1). These results agree severity of all the treatments was signi-

Chapingo, Estado de Mdxico, with the work of El Goorani et al. ficantly less than that of the control (5%

Mexico. (1978). 
 The best treatments werimaiib probability). In some of the treatments,
 

and mancozeb at 10,000 ppm. Fungicides the plants were not diseased (maneb, at I
 
The without evident effect were: carboxin and 10 g/plant; captan, 10 g/plant; and
bacterium Pseudomonas solanacearum (Vitavax), benomyl (Benlate), carbenadazim mancozeb, 5 
to 10 g/plant). Diseased
 
causes bacterial wilt of potatoes and many (Bavistin), fosfito etilico de alumi-io plants in the control first became evi
other crops with worldwide distribution. 
 (Aliete), metalaxil (Ridomil), dimethiri- dent during the second week. In the least
 
In some regions in M6xico this disease has ml (Milcurb), oxycarboxin (Plantvax), effective chemical treatments, diseased
 
been a limiting factor in potatoes. Since pyricarbolid (Sicarol), pyrazophos (Afu- plants developed in the fourth week.
quarantine measures and better culturala 
 long repractices have been implemented in Mexico, 
 sidual effect protecting the plants during

this disease has become sporadic. Table 1. Efect of various fungicides on their growth by eliminating or greatly
 

Fumigants have little effect on this bac- Pseudomonas solanacearum in vitro in reducing bacterial populations. The numterium (Enfinger and Carter, 1976; En- paper discs impregnated witY the pesti- ber of tubers and yield in g/plant were
finger et al., 1979; Jones et al., 1966.), cide. greatest with mancozeb 5 and 1, maneb, 1,fosiger'etaI 199 Jon s a 1966.) 
 and captan 10 g/plant. In the case of

possiblTbause the pathogen Ts in depths 
 maneb and mancozeb at 5 and 10 g/plant the
 
where these products do not reach. Inci- Treatment Diameter of inhibition-' phytotoxicity was evident in reduced

dence of disease decreases when solutions 
 numbers and weights of the tubers. The

of maneb, mancozeb, clorotion and ceresan 1,000 ppm 10,000 ppm disease severity index was highest and
 
are applied to the soil. However, sub-
 cm cm plant yields were low with captan at 1

stantial losses still occur. Effects of 
 and 5 gm/plant, and thiram at all three
fungicides on P. solanacearum "in vitro", Maneb 0.24 ci/ 1.01 a levels. 
under greenhoue and field conditions are Captan 0.0 0.22 c 
described in this paper. Mancozeb 0.31 c 0.57 b Field tests 
Materials and methods 
 Thiram 0.32 c 0.31 c Germination was approximately equal in
 

1/ all treatments, indicating absence of phy-
Evaluation of pesticides with a paper Y Treatments with the same letter are not totoxic effects (Table 4). Disease sedisc technique: Paper discs impregnated statistically different at the 1% level verity indices of only maneb and mancozeb
 

with fungicide solutions at the concentra- probability, were statistically similar to the non
tions of 10, 100, 1,000 and 10,000 ppm inoculated control and statistically dif
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possibility is that some antagonistic or- suggesting 	that the 
soil borne inoculum
Table 3. Effect 
of four fungicides on ganisms to P. solaneacerum were stimu- obscurred treatment effects. Only the
growth of potato plants inoculated with lated. 
 non-inoculated control produced stastical-
Pseudomonas solanacearum under green-
 ly more tubers per plant and higher yields
house conditions._ Maneb was the only treatment (r=0.02) with than did the inoculated control, Agramicin
the rates of infection 2tatistically smal- 100, 
 captan, and mancozeb. Maneb and
ler than the inoculated control
Chemical Tuber yield 	 (r-O.07) thiram were lowest in yield. Possibly due
Plant Disease (Figure 1). The treatments that had 	the to phytotoxicity, the coefficient of
and dosage g/plant 	 corheight index highest rates of infection were Agrimycin relation between disease severity 
index
(g/plant) 
 (no./ (cm) 100 (r=0.33) and the inoculated control and yield was - 0.44 suggesting that displant) 	 (r=0.55). Between these two rat's 
there ease had considerable effect on yield.

Captan (1) 36.4-/ b 22.0 a 46.7 c was no significant difference (Figure 1).
 

(1.2 gh) 	 The percentage of infected tubers was References
Captan (5) 61.8 b 12.4 bc 41.7 e 
 statistically similar treatments
in all ElGoorani, M.A., M.K. Abo-El Dahab, and
(1.4 fg) and the non-inoculated control (Table 4) E.E. Wagih. 1978. Tests in vitro and
Captan (10) 138.0 a 11.2 bc 0.0 1
(4.2 bc) 	 in p ts with certain chemiEali-r? inhibition of 
Pseudomonas solanacearum.
Maneb (1) 139.2 a 17.4 ab 0.0 1
(4.6 a) 	 Znrllt ikeilge Prstn
2 ... Maneb(r.O.02) Zentralblatt -at ie Paraslten-
Maneb (5) 39.0 b 2.2 ef 
16.7 g 	 Mancozeb (r0.12) kunde Infection 133; 235-239.

(2.2 ef) 
 El Helay, A.F., M.TAbo-El Dhab, and M.K.
Maneb (10) 55.0 b 2.8 de 0.0 d 
 .- Captan(r.024) EI-Ezzas. 1969., Effect of some fungi(3.0 de) 
 -I  Thiram(r.O.24) cides oilcertain phytopathogenetic bacMancozeb(1) 114.8 a 15.6 ab 16.7 h ... Agrl.mycin 100 (rO.33) teria. Journal Phytopathology U.A.R: 1;
(5.0 ab) 	 Inoculated control 81-92.Mancozeb 96.0 ab 5.6 cd 0.0 1 	 Nonlnoculatedcontrol Enfinger, J.M., and S.M. Mc Carter. 1976.
Mancozeb(IO) 58.6 b
(5.6 a) 4.6 cd 0.0 .Efficacy 	 of selected chemicals for controling bacterial wilt of tomato.
5.(3cze(04.6ccd0. 1 	 Proo ---- -r 

c19 
 1 ceedings American Phytopathological
Thiram (1) 58.0 b 
 - after
16.8 ab 48.4 b Weeks sow>ige, . Society. 1976.(1.6 fg) 
 Jaworski. 1979. Evaluation of chem-

Thiram (5) 7.24c 11.6 bc 45.0 d 
 icals and aplication methods for control
Thiram (10) (.hb 9.2 bc 30.0 f 


(2.2 f) 	 of bacterial wilt of toato transplants.
9 
 Phytopathology 69; 637-640.
Control 20.4 b 21.8 a 73.4 a C 
 "20 b . 74Geraldson.Jones, J.P., AT-. Overman, and C.M.
1966. Effect of fumigants
(1.2 gh) 
 "a and plastic film on the control of sev
eral soil borne pathogens of tomato.
t-After 30 days growth. 
 Phytopathology 56; 929-932.
 

/Treatments with the same lette Lyr, H. 1977. Rechanism of action of
fungicides. In J.G. Horsfall and
statistically similar at 5% probability. 	 E.
 
Cowling, eds. Plant Disease: An ad

-3I, /vanced treatise. Vol. I. Academic
 
Press. N.Y. 465 p.
ferent from the inoculated control. 
 Dis-	 Menzie, C.M. 1969. Metabolism of pestiease severity indices of captan and thiram 


were 	 cides. Special Scientific Report.
not statistically different from the 
 Wildlife No. 127. U.S. Department of the
inoculated control. contrasts
This with 
 Interior. 487 p.
greenhouse results where th'iy were
tically lower. 

statis-	 Munnecke, D.E., and K.Y. Mickail. 1967.These differences may be 
 Thiram persistence in soil and control

due to field conditions where residual 
 .5of 	 damping-off
effects are reduced over those of the L ;by
 
greenhouse. The low severity indexes of
 
these two products could be due to the
 
bactericidal effect, or to by products

with bactericidal effects which had mere
persistance in the soil. Residual effects 
 METHODS FOR EXPLOITATION OF GENOTYPES
of some pesticides were directly propor-	 AETO OR 
 CLIMATE
tional to their initial concentrotion 
 Figure- 1. Rates of infecti.,n of Pseu- ADAPTED TO HOT-DRY CLIMATES
(Munnecke and Mickail, 1967). In these 
 domonas solanacearum in plots witfEi-
 D. Levy
instances the dosages were high. 
 Another -pTca-Tonof five diffevent pesticides. 	 Division of Vegetable Crops,
 

Agricultural Research Organization
 
The Volcani Center, Bet Dagan, Israel.
Table 4. Effect of fungicides on potato plants inocuiated with Pseudomonas solanacearum. 


A method was developed for the exploita
tion of heat tolerant potato genotypes.
Fungicide Germination 


(%) 
Disease Plants Infected Tubers/ 	 Yield Botanical seed were planted and grownindex with tubers plant 
 (g/pldnt) ina glass chamber under temperatures


symptoms (%) 	 of 
30 ± 3°C (day) and 20 ± 2*C (night). Daylength was 13 hours and supplementary

lighting was provided by fluorescent


Acrimicin 100 87.3 a/ 29.2 a 56.4 a 90.0 a 4.9 bc 
 197.4 bc lamps. After about 100 days, 9.1% of the
Captan 84.0 a 17.5 ab 
 35.2 b 72.5 a 5.1 bc 143.2 bc seedlings 	had small tubers. Similar re-
Maneb 86.3 a 7.7 bc 15.0 cd 
 70.0 a 3.4 85.6
c c sults with seedlings iire obtained under
Mancozeb 82.3 a c
6.0 13.5 cd 

Thiram 90.8 a 	

75.0 a 6.5 b 244.4 b natural daylength and temperatures only
18.0 ab 32.6 bc 80.0 a 2.9 c 87.1 c 
when they were grown during the summer.
Inoculated 86.5 a 28.4 a 56.1 78.8 a
a 4.6 bc 188.3 bc
 
Some of the clones which proved to be heat
 

control 

Noninoculated 92.8 a 3.4 c 7.2 d 40.0 a 
 13.8 a 570.6 a tolerant inrepeated tests, were 	grown in
control 


the field with two control cultivars. The

clones had higher tuber yields per plant


Treatments within each column with the same letter are than those of the heat-sensitive cv. 'Upstatistically similar at 5 to-Date', 
and some clones outyielded the
probability, 
 heat-tolerant cv. 'Desiree'. This method
 
for assessment of heat tolerance is sug

http:Thiram(r.O.24
http:Maneb(r.O.02
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gested as a helpful tool for breeding cul- BREEDING FOR EXTRA-EARLY POTATO HEAT ADAPTABILITY OF THE POTATO
 
tivars better adapted to hot climates. CULTIVAR NEA 303 BY MEANS OF SELECTING
 
Its advantages, as compared with screening CLONES WITH EARLY TUBERIZATION P. H. Li
 
in the field, are: a) results of a test Laboratory of Plant Hardiness,
 
under controlled conditions are more re- J. H. Li Department of Horticultural Science,
 
liable; b) it can be conducted throughout Northeast Agricultural University, University of Minnesota, St. Paul,
 
the year; c) clones can be protected from Harbin, Heilongjiang Province, Minnesota, U.S.A.
 
infection by disease and viruses especial- The People's Republic of China.
 
ly in hot climates, where high aphid popu
lations are common during most of the Summary 
year. Although the relationship between physi-

Methods for the assessment of drought 
tolerance under controlled conditions are 
investigated, 

ological earliness of potato and early
profitable tuber yield is rather close, 
inheritance of these characters is not 
controlled by the same genetic system. It 

The capability of the potato to adjust to 
physiological responses due to the change 
in environmental temperature is genetical
ly controlled. The difference in physio

is important to note that neither physi- logical adjustments among cultivars is 
ologically early or late varieties differ believed to be primarily in the adapta
significantly in ability to produce a bility to high temperature rather than in 
profitable yield early in the growing sea- the genetically fixed heat tolerance. 

HEAT AND DROUGHT TOLERANCE OF POTATO 
GROWN IN HOT-DRY CLIMATES 

son. In other words, not all physiolo-
gically early varieties produce an early
profitable tuber yield. An objective to 

This adaptive character which protects 
plants from heat stress for a better per
formance works only if the heat adapta

0. Levy 
Division of Vegetable Crops, 
Agricultural Research Organization, 
The Volcani Center, 
Bet Dagan, Israel. 

The response of six potato cultivars to 

release extra-early varieties which are 
provided with both physiological earliness 
and early profitable tuber yield is pro-
posed, 

Results suggest that ability to produce a 
profitable yield early, is dependent on 
a number of factors, such as date of ini-

bility can occur quickly so that heat 
damage does not occur. Cultivars are not 
so easily differentially separable in heat 
adaptability unless the plants have been 
subjected to a temperatural regime above 
30*C for about 12-24 hours. 

Introduction 
water stress under high ambient tempera-
tures was investigated. Osmotic adjust-
ment was observed in leaves of all six 
cultivars, being the highest in 'Spunta' 
and the lowest in 'Troubadour'. Concomi-
tantly, 'Spunta' maintained the highest 
turgor potential under water stress con-
ditions, while 'Troubadour' had the lowest 
values, indicating the relationship be-
tween the degrees of osmotic adjustment 
and turgor maintenance. The lowest dif-
fusive leaf resistance under water stress 
conditions was exhibited by 'Desiree', 
while 'Up-to-Date' had the highest values 
both in stressed and non-stressed plants, 
In addition, 'Up-to-Date' had a larger 
root system than 'Desiree'. 

tial tuber formation, number of tubers per 
plant, rate of tuberization (tuber growth 
per week) and rate at which potato plants 
make early top growth. According to the 
above factors of yield mentioned, the fol-
lowing breeding scheme was used: 

The superior clones with physiological 
earliness were selected in first and se-
cond clonal generations, 
From the 3rd clonal generations, the 
superior clones with early profitable tu-
ber yield among a large number of physi-
ologically early clones were selected by 
means of sampling the hills at intervals 
of one week from the middle of bud stage, 
counting the number of tubers per plant, 

Heat stress is one of the major environ
mental factors influencing the adaptation 
and productivity of crops such as the po
tato, especially when temperature extremes 
coincide with critical stages of plant 
development. Most crop plants will not 
tolerate long term exposure to temperature 
above 350 C. This is primarily because the 
maximum rate of photosynthesis in crop 
plants is about 20 to 300 C, while the rate 
of respiration tends to increase with 
rising temperature up to the point at 
which injury to the cells begins to occur. 
As a result, plants suffer from excessive 
usage of the photosynthate in respiration. 
This tape of chronic heat stress which can 

The effect of repeated short periods of 
water stress during a hot season on six 
potato cultivars was investigated. The 

and the rate of tuber growth week. 

Finally, a new extra-early potato cultivar 
NEA 303 which is provided with the fol-

occur in the lowland tropics usually re
sults in decreased yield, but rarely in 
death. Where heat stress occurs, it is 
important that cultivars possess a high 

number of tubers per plant tended to de- lcwing characteristics has been released degree of heat adaptability to survive the 
crease in response to water stress in the 
cultivars 'Desiree', 'Alpha', 'Elvira', 
while in the cultivars 'Up-to-Date', 
'Spunta' and 'Troubadour' which had less 
tubers per unstressed plant, no consistent 
effect of water stress on tuber number per 
plant was observed. However, tuber yield 
per plant was reduced due to water stress 
in all cultivars tested, 

in 1980: 

Extra-earliness and production of early 
profitable yield is caused by the combined 
effects of early tuber formation, larger 
numbers of tubers per plant and, greatly 
increased rate at which potato plants make 
early top growth. Consequently, the out
put of cultivar NEA 303 reached a new 

stress period. 

There is evidence that high night-tempera
tures enhanced markedly more reduction in 
yield than high day-temperature (Ofir, et 
al., 1980). 

Results and Discussion 

No consistent effect of water stress on 
the percent of misshapen and sprouting 
tubers was observed, indicating the marked 
effect of the high temperatures on these 
traits. 'Up-to-Date' and 'Troubadour' had 
the highest percentage of sprouting tubers 
while 'Alpha' had the lowest. 

level, 20 tons/ha., significantly higher
than the standard cultivar Ke-xin N04, 
when both were harvested on July 20th in 
Harbin, Heilongjiang province of China. 
The growing season from emergence to 
harvest covered about 45-50 days. 

In the southern region of China, seed po-

DTO-33 from CIP and Red Pontiac, a local 
cultivar, were selected for this study 
because DTO-33 cultivar differing in heat 
sensitivity from the tuberosum potatoes 
has been reported based- onyield under 
high temperature conditions (Mendoza and 
Estrada, 1979). 

Differences in accumulation of dry matter tatoes of 'common cultivars degenerate 
in tuber tissue were observed, and the rapidly because of virus diseases. Heat tolerance in leaf tissues of the po
lowest decrease in dry matter content 
responseresistance" 

in The early development 
in NEA 303 

of "mature-plant 
to virus infection 

tato isa function of acclimating tempera
tures. At temperatures below 300C, no 

'Alpha'. It is interesting to point out 
that the greatest decrease in the osmotic 

combined with early harvesting of the crop 
are useful in producing tubers for seed 

significant difference in heat tolerance 
exists between cultivars tested. The tem

potential of the tuber (the more negative 
values) were also found in 'Alpha' tubers. 

In view of these results 'osmotic adjust-

NEA 303 is highly resistant to PVA, PVX 
PVY, and is slightly infected with PLRV. ' 

perature at which cultivars showed the 
greatest heat tolerant difference is about 
35°C. After 24 hours exposure to 350 C, 
DTO-33 could survive a 50C treatment for 

ment' of the tuber tissue (possibly asso-
ciated with the capacity to accumulate dry 

240 minutes from a non-stress level of 70 
minutes, while Red Pontiac for about 150 

matter in the tubers under water stress 
conditions), as well as tolerance to tuber 

minutes 
creased 

from 
heat 

50 minutes 
tolerance 

(Table 1). In
can be detected 

sprouting in response 
tures, are suggested as 

to high tempera-
possible criteria 

immediately after exposure, and reaches a 
plateau at about 24 hours. Continuous 

for evaluation of cultivars for adaptation 
to water stress and high temperatures. 

high temperature is needed for plants 
retain high level of induced tolerance. 

to 
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Table 1. The heat adaptability in leaf
tissues of the potato as related to the 

yield performance under high temperature

conditions. 


0
Heat killing time (mmn) at 50C 

Cul tivars Heatkillingtime_(min)_at_500C 


Control Accle- Pt
Yield 


e erform-

ance 


Red Pontiac 50 150 Low 


DTO-33 70 240 High / 


Y 20/15C, day/night, 14 hr li.!t. 


35/35°C, 14 hr light, 24 hr exposure 

3/ See reference (Mendoza and Estrada, 


1979). 


Alexandrov (1964) has suggested that plant

cells begin to respond by increasing heat 

tolerance when the temperature reaches the 

injurious zone 
and that heat acclimation 

isa specific reaction of the cells toward 

the injurious action of the heat. 
appears applicable to the potato 

This 

which 


does not significantly change heat toler-

ance in temperature range from 20 to 30
0
C. 

Heat tolerance, however, increased dramat
ically once above 300C and the differences 

in heat adaptability between cultivars 

became clear. However, when temperature

increasedlow 

37.5 0C for DTO-33, the acclimating effect
declined. Plant age does 
not influence 

the pre-acclimation 
level of heat toler-

ance 
but it does affect the heat adapta-

bility (Chen et al., 1982). 


Results indicate that differences in per-


perature condition are more closely relat-

ed to heat adaptability than the pre-

acclimation level of heat tolerance (Table

1). This is also true in the tomato, s
1).eThisas
anlmon tean he etoat, so2
bean and comon bean (Chen etdang18, 

It is suggested thatbetter performance when-b~eding forin high temperature 

environments, perhaps, one should select 

those progenies which possess high heat 

adaptability. This character, 
 however, 

cannot be distinguished among progenies

unless plants are subjected to a tempera-

ture regime above 300C for about 12-24 

hours. 
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EFFECT OF MERISTEM SIZE ON ERADICATION OF
POTATO SPINDLE TUBER VIROID
 

R. E. LizArraga, L. F. Salazar and 

L. Schilde-Rentschler 


International Potato Center 


Summary 


Previous experiments have shown that itis

possible to eradicate PSTV from infected 

plants by incubation at low temperature
followed by excision of the apical dome of 

the meristem. 


An experiment was carried out to determine
 
effect 
of meristem size on eradication

from an infected clone. Tubers kept at 

5-6*C for 3 months were planted and grown 

at IO°C for 6 months and 3 types of meri-
stems were excised: shoot tips, meristem 

tips, and apical domes. The effect of 

meristem size was that 2/24, 8/49 and
12/22 of the plantlets derived from shoot 

tips, meristem tips, and apical domes 
re-

spectively were PSTV-free. Similar meri-

stem types excised from plants grown at 

22-25°C in the greenhouse uniformly devel-

oped PSTV infected plants.
 

Introduction 


Eradication of viroids from infected 

plants by heat treatment and meristem cul-

ture has been unsuccessful or only with 


efficiency (Stace-Smith and Mellor, 


The dependence of potato spindle tuber

viroid (PSTV) on high temperatures for its 

replication (SUnger and Ramm, 1975;

LizArraga et al., 
1980) allowed LizArraga
et al., (1"9O'-to eradicate PSTV from in-
?ected potato plants by growing th.,n from 


tubers or plantlets in vitro at low tem-

perature (6-80C). Wit-sprocedure 53% 

of plantlets derived from apical domes of 

PSTV-infected in vitro plantlets were free
of PSTV whereis-5--WO% PSTV-free plants
were obtained from those grown from tubers 

at 8 C.
. 

To 
induce growth of small meristematic 

tissue, enriched medium has to be used 

which leads to callus formatior From 

this, plants can be regenerated. However,

this procedure may lead to genetic varia-

tion (D'Amato, 1975). To avoid genetic

variability in plantlets derived from 

callus, eradication of PSTV was studied by

excising 2 meristem types: meristem tip 

(MT) consisting of apical dome plus 2 leaf 

primordia, and shoot 
tips (ST) which in-

cludes the meristem tip plus two leaflets,

These were compared to apical dome (AD) of 

meristems (Figure 1). 


me "I' 
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Figure 1. Effect of explant size and 

source on eradication of PSTV. Drawings 

at top indicate relative size and shape

of explants. 


Material and methods
 

CIP's clone 378704 (Solanum tuberosum)

infected with a severe str-a t oFaos
 
used throughout the studies. Twenty tubers kept at 40
C for 3 months were planted
 
in pots and grown in a growth chamber at
 
100C, 16 hours daylength and 1500 lux.
 
Twenty PSTV-infected tubers from the same
lot were grown to plants under greenhouse
 
conditions at 22-250C for 4 months as con
trols.
 

One hundred 
AD and 50 of each MT and ST
 were excised from low temperature-treated

plants and controls.
 

AD were cultivated and grown to calli in
medium N06 of Kao and Michayluk (1975)
 
containing 0.8% agar. Calli were trans
ferred to medium MS 13 of Behnke (1975) to
produLe plantlets. MT and ST were culti
vated on Murashige and Skoog's basal
 
medium (1965) containing 3% sucrose and
0.25 mg/l gibberellic acid (GA3) solidified with 0.6% agar. Plantlets developed

from all treatments were propagated in
 
vitro, using a liquid medium (Roca et a1.,
 
I-7T.
 

Testing for PSTV was done directly on
 
plantlets by a modified procedure of
 
Pfannenstiel et al., (1980). Samples
 

giving negative-re mlts
in electrophoresis
 
was assessed by development of albinism
 
(Yang and Hooker, 1977) and by electro
phoresis of inoculated tomatoes.
 

Results and discussion
 

Two of 24 plantlets developed from ST, 8
 
of 49 from MT and 12 of 22 AD were free of
 
PSTV. Therefore, efficiency of eradication was 8.3%, 16.3% and 54.5% for ST, MT
and AD, respectively (Figure 1). Regen

eration of plantlets from the 3 meristem
 
types was 48% (24/50), 98% (49/50) and 22%
 
(22/100) for ST, MT and AD, respectively.

The low percentage of regeneration of ST
 was due to contamination of cultures with
bacteria.
 

All plantlets developed from ST, MT or AD
 
from greenhouse grown plants at 22-250
C
 
were infected. These results clearly in
dicate that the smaller the meristem, the
 
higher the frequency of eradication of
 
PSTV is obtained. These possibilities
 
were suggested by LizArraga et al., (1980)

and Stace-Smith and Me1ToT (1970).
 
Stace-Smith and Mellor (1970) found that
 
plants fron which a severe strain of PSTV
 
was eliminated were, however, infected by
 
a mild-strair. In our studies 
 the
 
bioassay on tomato followed by electro
phoresis indicated that mild strains are
 
not carried in PSTV-freed plantlets.
 
Although the efficiency of using meristem
 
tips (MT) for PSTV eradication is lower
 
than that of AD, it is the best choice to
 
free valuable germplasm to avoid possible

genetic changes in the genotypes. Fur
thermore, plantlets can be easily regen
erated from meristem tips.
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Kao., K.N., and H.R. Mirhayluk. 1975. Procedures to, and 24 hrs. after irrigation. Irriga-
Iutrltional requiremrts of growth of tions were scheduled using a pan evapora-
Vicia hajastana cell and protoplasts at A randomized-block replicated experiment tion method developed by McMaster during 
a vey low population density in liquid was designed to test the effect ;2"mild the early 70's. Moisture levels were 
media. Planta (Berlin) 126; 105-110. and severe moisture stress on the yield maintained between 60 an 10O% of the 

LizArraga, R.E., L.F. Sala-i-ar, W.H. Roca and quality of several potato varieties, available soil moisture (16.5 to 21% on a
 
and L. Schilde-Rentschler. 1980. including Russet Burbank. Lemhi Russet, dry weight basis).
 
Elimination of potato spindle tuber Butte, and Nooksack. Russet Burbank,

viroid by low temperature and meristem Lemhi Russet, and Butte were tested during The soil on which the plots were grown is
 
culture. Phytopathology 70; 754-755. the first year (1980) and Russet Burbank, a Declo silt loam with a bulk density of
 

Murashige, T., and F. Skoog. 1962. A Lemhi Russet and Nooksack w; tested 1.35 and a water holding capacity of ap
revised medium for rapid growth and during the second year (1981). Two mois- proximately 2 inches/ft. Frost was al
bioassay with tobacco tissue cultures. ture stress treatments were imposed on lowed to kill the vines in early September
 
Physiologia Plantarum 15; 473-497. plots grown at Aberdeen, Idaho, a location during L10h years and harvest took place


Pfannenstiel, M.A., S.A.-Slack, and L.C. with a 105 day frost free growing season, near the 1st of October. Tubers from each
 
Lane. 1980. Detection of potato The mild moisture stress involved with- plot were graded to determine: (1) total
 
spindle tuber viroid in field-grown po- holding moisture until 10 days beyond the yield, (2)yield of U.S. N* l's, (3)mal
tatoes by an improved electrophoretic theoretical wilting point at the ;i'rwth formed and knobby tubers and (4) specific
 
assay. Phytopathology 70; 1015-1018. stages of tuber Initiation, tuber bulking gravity. A french-fry evaluation for
 

Roca, W.M., N.O. Espinoza, M.R. Roca and and maturity. These occur in late June, sugar buildup during storage and subse-

J.E. Bryan. 1978. A tissue culture late July, and mid-August at Aberdeen. quent fry color was undertaken during

method for the rapio propagation of po- 1980. The results were an Fyzed with the
 
tatoes. American Potato Journal 55; The pvere moisture-stress treatment in- Statistical Analysis System .
 
691-705. volved withholding the moisture for
 

S~nger, H.L., and K. Ramm. 1975. Radio- 15 days past the theoretical wilting point Results
 
active labelling of viroid RNA. In R. at the same three stages of growth listed
 
Markham et al., eds. Modification of above. During both years the potatoes Because of the space limitation, only the
 
the InfoFiitTn Content of Plant Cells. were planted during the first week in May. 1981 results are presented in this report

Proc. 2nd John Innes Symposium, July Six replicates of each treatment were (Table 1). The data shows how each varia
1974. pp. 230-253. Norwich, England. planted.


Stace-Smith, R., and F.C. Mellor. 1970. ble was affected for a given variety by
 
Eradication of potato spindle tuber the various stress treatments.
 
virus by thermotherapy and axillary bud The potatoes were supplied water through
 
culture. Phytopathology 60; 1857-1858. a trickle irrigation system during both Severe moisture stress had a much more
 

Yang, 	 T.C., and W.J. fT6-oker.1977. years of the experiment. During the significant effect on the total yield and
 
Albinism of potato spindle tuber viroid first year ChapinlM twin wall tubing was yield No l's than did , mild stress.
 
- infected Rutgers tomato in continuous placed approximately 4 inches below the Yield and quality were adversely affected
 
light. American Potato Journal 54; seedpiece in each plot row. During the by the severe early and middle seasoi,

519-530. 	 - second year the tubing was placed above- stress, but for the Lemhi and Nooksackground between the rows. Moisture levels varieties, the effect on quality was less
 

were monitored gravietrically just prior severe in the early part of the season
 

MILD AND SEVERE MOISTURE STRESS ON Table 1. Potato varietal response to moisture stress treatments.
 
POTATOES
 

T. S. Longley 	 Total yield Mild!/- Mild- Mild- Severe- Severe- Severe- Check
 
Research and Extension Center, early middle late early middle late
 
University of Idaho,
 
Box AAA Aberdeen, Idaho 83210, Lemhi AB ABC 	 BC A33 6 AB 2 9 6 BC 2 4 5 C330 305 b
U.S.A. 	 Lmi a 36c 26e 24g 280h 32
 

Water conservation is of primary impor- R. Burbank 2880 264DE 298D 244E 23 1E 2590E 293D
 
tance in production of potatoes. Drought a d f h k
 

H
in 1976 and 1977 and the ensuing uncer-	 296FG 308 322F 325F 249H 268 317F
 
tainty of the water supply in the western Nooksack 9 h
 
United States has shown that irrigators
 
need to budget their moisture application Yield # l's
 
for effective crop production. Potatoes
 
are very sensitive to moisture stress Lemhi 190AB 195AB 
 217A 159BC 135C 164BC 221A
 during certain growth stages, and iL is a C f h m p g 
desired to better define these moisture 
stress relationships in order to optimize R. Burbank 12 1E 129DE 66F 157158D 100E 124E 
irrigation management with reduced water b d k n 
supply. Nooksack 196HK 212H

K 256G 184K 174K 209HK 229 H 

Knowledge on the effect of moisture stress
 

during various stages of growth is neces- Specific gravity
 
sary for effective use of limited water
 
supplies. The effect of moisture stress 1.090A l.O A . 1 8 


093A 091A 1 093A 1 0A
 
on tuber quality was alsn documented Lemhi b d f k n p 1 s 
because of the obvious importance and 
quality to commercial potato processors. R. Burbank 1 .079DE 1.084 CDE 1.095 D . 1.0 80 CD 1.08 3 CDE1 0 78E 1.087 C 

Finally, several varieties have been 	 d 9 1 n q t


1 0 9 5 K G GH  	 GH released recently that exhibit superior 1 0 9 7GHK 	 m o 
quality when subjected to drought con- Nooksack 	 HK . . 1. .
1 100e 1 099 h 094K 1 101F 1 099F
 ditions. Moisture-stress tolerance of
 

1
these new varieties allows irrigatori in /Mild 
drought-prone areas the option of select- - and severe treatments are 10 and 15 days beyond theoretical wilting point 
ing a cultivar that exhibits high drought respectively. Early, middle and late treatments correspond to the growth stages 
resistance, of tuber initiation, bulking, and maturity. 

The overall objective of the project re- -'Effects of moisture stress treatments are compared vertically for each given
 
ported herein was to investigate the ef- variety indicated by capital letters. Varietal responses to given moisture treat
fects of mild and severe moisture stress ments are compared horizontally with lower case letters. Treatments with the same
 
at different growth stages on the yield letter are not significantly different at the 5% level.
 
and quality of various potato cultivars.
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than in the middle part of the season,

This was not true however, with the Russet 

Burbank, which exhibited a severe quali-

ty reduction due to severe early 
mois-

ture stress. The previous year's results 

also sustain the fact that the yield of 

US N' 1's is reduced on Russet Burbank 

with both the mild and severe early stress 

treatment, more so 
than the middle stress 

treatment, which was 
r':orr
damaging to the 

total yield. This data suggests that the 

mild late season stress improved the yield

of N* l's of the Russet Burbank and Nook-

sack, but not of Lemhi. There was also a 

trend for higher specific gravities when 

water was withheld during the latter part
of the season, 


Table I also compares varietal performance

under given moisture treatments, (the sig-

nificance is read vertically in lower case 

lettr-:). This data shows 
that both the 

Lemhi and the Nooksack performed better 

than the Russet Bu-baik undc' most of the 

stress 
treatments snown. Specifically,

the Nooksack significantly out- l fon .....solubility in water. Wettable powder (WP)
both the Lemhi 
Russet and Russet Burbank 

in quality (measured by the yield of 

N0 
I's and specific gravity). In other 

trials carried out 
by the USDA, Nooksack 

did not have higher yield than Russet Bur-

bank and Lemhi. The reason for this dif-

ference is the 
lateness of emergence of 

the Nooksack, and the fact that in 1981 
a 

severe frost occurred on June 14 which set 

back the Russet Burbank and Lemhi con-

siderably more than 
the Nooksack, which 

had just cmerged. 


In conclusion, the data presented herein 

indicate clearly that both yield and 

quality are adversely affected by drought

occurring in the early and middle parts 

of the season, corresponding to the stages

of growth of tuber initiation and bulk-

ing. Also, varieties otrer than Russet 

Burbank have been shown to produ, a high-
er quality crop 
unde' stress conditions 

(both in terms of fro;t damage and mois-
ture stress). 


USING PRESSURIZED '.RIGATION 
SYSTEMS 

TO APPLY POTATO ',ISECTICIDES 


T. S. Longley and L. E. Sandvol 

Research ad Extension Center 

Universit; of Idaho 

Box AA Ab'.rdeen, Idaho 83210 

U.S.A. 


Fertilizers have been applied to crops

through sprinkler systems for a number of 
years, but only recently have herbicides, 

fungicides and insecticides been tested 

for injection through irrigation systems.

Injecting agricultural chemicals can be 

economically advantageous In many cases, 


Equipment 


In general, an injection system consists 

of a chemical tank, a single or dual
 
injector pump, a metering device and 

various couplings, hoses, and an elec-
trical hookup. 


The heart of the injection system is gen-

erally a positive displacement piston pump

that will discharge at the same volume

flow rate regardless of the pressure in 

the sprinkler system. 
 These are simple 

pumps that 
take very little maintenance 

and should function well for long periods

of time. There are, however, some cheLk 


valves in the end of the pump that must be

maintained 
clean and free of debris for 

the pump o operate properly. To do this, 

a strainer can be installed up-stream of 

the pump in the intake line. 


In addition to the injection pump system, 

a check valve is required in the irriga-

tion mainline upstream from the injection

point so that if the water is shut off 

when the injector is operating, any mate-

rial in the line will not flow back doan 

into the well. The injection pump should 

also be wired so that if the irrigation 

pump shuts off during the injection, the 

injector pump will also shut off. 
This is
 necessary to prevent a high concentration 

of chemical from accumulating in the main-
line, which could severely damage the crop

when the pump is restarted, 


Chemicals 


When considering injection of a material,

the chemical used should be checked for 


formulations can be somewhat difficult to 

dissolve in the agitation tank; Straight

liquids (L) and emulsifiable concentrates 

(EC) are more desirable. Agitation is 

generally desirable in the supply tank 
if 

emulsifiable concentrates 
 or wettable 

powders are used. Another thing to check 

is the pH of the makeup water in the agi-

tation tank. If the pH is greater than 8, 

an acid should be added. In some 
cases 

high pH water can reduce the effectiveness 

of the ch2mical. 


In general herbicides and insecticides 

are avdilable in various formulation and 

chemical types but the time of injection 

is governed more by the method of chemi-

cal activity than the class of material, 

uoes the material need to be 
-.ft on the
 
leaves and insects when the injection is

finished? 
 If that is the case, the injec-

tion should be done as close to the end of
the .t as possible. In the case of the
center pivot, the pivot should be sped up
 
to make a revolution as quickly as pos
sible, so that the material is carried by
a small amount of water and remains mostly

on the leaves. If, on the other hand, a 

material that acts within the soil 
is de
sired (in other words, systemic insecti-
cides or soil active herbicides), it maybe necessiry to wash the material down 

into the soil profile for adequate effica-

cy. To accomplish this, the material 

should be followed by an application of 

more water to wash it into the 
soil. It
 
may be desirable to make the application

2-3 hours r :or to 
the end of the set to
 
ensure that the materials are washed down
only a short distance. In the case of a 

center pivot, two possibilities exist. 

Either 
the pivot can be slowed down to

give a higher water application or the 

material can be applied 
in a rapid appli-

cation and then the pivot can be run
around another time at a slower speed to 

wash the material down (if the chemical is
not too volatile). 


nFigures 


When the injection is taking place, it is 

necessary for the chemical 
 to mix ade-
quately with the irrigation water from the 

point of injection in the mainline before 

it reaches any branches so that uniformity

throughout the field 
is maintained. What 

this means is that the injection point

should be located more than 10 pipe diame-

ters upstream af any branches. Even 

though the flow in sprinkler systems is
 

generally turbulent because of thc high

velocity of water in the pipes, it still
 
takp'. about 10 pipe diimeters for adequate

mixing 
to occur so that the irrigation

water and chemical mixture is ready for
 
branching. Mixing 
can be an especially

serious problem in wheel-lIne systems be
cause the distance between the pump and
 
the T where the system branches to the two
 
legs of the mainline is generally quite

short, and adequate mixing cannot be ac
complished in this short section. 
 In this
 
case, it may be better to inject down
stream 
of the T in each branch of the
 
mainline.
 

It is important to make sure that adequate
 
coverage 
is achieved with the material.
Several things can enhance.the chances of
 
a good effective control using sprinkler

systems ;oapply chemicals. The first is
 
to inject when the wind speeds 
are rela
tively low. In general, injections should
 
not take place with any non-moving system

(such as wheel line, hand line or solid
set) if the wind speed is in excess of 6-8
 
mph. Because pivots are moving, the 
al
lowable wind speed can be approximately

doubled to 
12-15 mph and still have ade
quate uniform application. Another good

practice is the use 
of dye to mark the
 
presence of the ch.':al 
in the system.

It is very importanc Lo be certain that
 
the chemical is clear from 
the lines to
 
make sure that adequate coverage is accom
plished. Mixing a pint of fluorescent dye

into the agitation tank at the time of in
jection will effectively mark the progress
 
of the chemical through the irrigation
 
system and indicate when it is time to
 
shut off. This becomes slightly more com
plicated with center pivots because the
 
chemical will start out the line and trace
 
out a spiral sweep. The easiest way to
 

Table 1. Efficiency of solid set sprin
kler system for control of the Colorado
potato beetle.
 

Formulation,
 
-
rate l/ and Date of pre-treatment

year of test
 

1980 July 11 July 12 July 1.
 
4/
Imidan 50W 32 a3/ 0 a 0 a 

Sevin SL 4/ 83 a 1 a 1 a 
Lorsban 0/- 71 a 65 b 42 b 
Check 83 a 95 b 64 b
 

1981 July 14 July 19 July 23
 

Vydate 2L
 
4/ 
I lb 109.5 A 0.0 A 1.5 A
 

Guthion 186.0 A 0.0 A 
 0.0 A
 
Lorsban 4E 
1 lb 185.5 A 161.8 C 147.8 B 

Lorsban 4E 
1 lb + oil 

Check 
74.5 A 
107.5 A 

24.5 
54.3 

B 
B 

61.0 
72.5 

B 
B 

I/Rate of application 1 lb/a.
 

indicate number of beetles per
 
40 ft. of row.
 

!/Treatment means with the same lower case
 
letter are not significantly different

from each other using Duncan's MRT at
 
the .05 level.
 

4/
 
-/Treatment means flanked by the same cap

ital letter are not significantly dif
ferent from 
each other using Duncan's
 
MRT at the .01 level.
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ensure that the entire circle 
is covered 	 campo-blo, darkening is not restricted to
is to mark the point when the injection Table 1. Distribution of Pseudomonas so- the vessels, and there is not the charac
was started at the outer tower, and then lanacearum biovars, isolated from po - teristic exudation of bacterial wilt.
 
mark the point when the dye reaches the toes, per state of Brazil. Campo-bio symptoms on tubers are also of
 
outer tower. This will be several minutes 
 dry rot, never slimy as for bacterial

from the time the injection was started, 
 wilt Tubers frequently do not show any

and consequently quite a few feet 	around State Biovar (s) external 
discoloration; the inside, how
the circle from the starting point. When ever. may be brown or black to a great
the pivot has made the full revolution to Distrito Federal I and 11 extent. Wae b frequently observed tu
tha point where the injection was first Espirito Santo II 
 bers with compartmentalizatlon in terms of

begun, the injector pump should be shut Goias I and II sympto:,s; this rarely happens with bacte
off. The pivot and the water 	should Minas Gerais II rial wilt, where often 
the whole vessel
 
remain on, though, until the outer tower Parana II ring is infected.
 
advances to the point where the dye first Rio Grande do Sul I and I
 
showed at the outer tower at which time Sa.ita Catarina I and II Our data, although limited to one year of
 
the system should clear of dye and the 
 Sao Paulo I and II field work, have confirmed farmer's ob
entire circle should have been covered Tot servations. Our results strongly suggest

with no overlap at the beginning or end. al 70 isolates that bean (Phaseolus vuigaris) maintains


Bovar 20 isolates e dsease -tuatn ass fit were in

EfficcBovar 
 I 50 solate 	 recently-opened land. Of three cultivars
 

we tested (Bintje, Delta, ... Radosa),
Several chemicals were applied through a 	 'Bintje' 
J 


was the most susceptible. Land
 
solid-set sprinkler system for control of (CNPH). Although the level of infestation cultivated to different crops, including

Colorado Potato Beetles during 1980 and was not quantitatively evaluated, we have potato, has shown a great decrease and
 
1981 (Table 1). Imidan, Sevin, Vydate and consistently isolated only biovar I in stability in the disease level. Another

Guthion all provided excellent efficacy this field. Results of our last trial interesting and important aspect of campo
when applied by this method. with some of CIP's material are shown in bio is that it is limited to certain
 

Table 2. 
 fields. This has been clearly demonstrat
ed in the Cerrado region of Central
As it can be seen, the German Cultivar Brazil.
 

Achat was the most resistant among the
BACTERIAL DISEASES OF POTATOES IN BRAZIL: 	 materials 
tested. In fact, we included In a experiment designed to test the ef-
PRESENT AND FUTURE TRENDS IN RESEARCH 	 'Achat' because of our previous field fect of cold 
(4C)and ambient (20-26°C)

observations, which indicate it as re-	 storage temperature on seed tubers (cul-


C. A. Lopes and F.J. B. Reifschneider sistant to bacterial wilt. However, this tivars BintJe, Delta, and Radosa) origi-

Centro Nacional de Pesquisas de cultivar can be infected symptomlessly, nated from campo-bio symptomatic or asymp-

Hortaliqas 	 what makes dispersal through latent in- tomatic plants, 
we found a great differ-

Empresa Brasileira de Pesquisa fection very important. 	 in terms
ence of storage temperature and 
Agropecuaria e r in T abl e 
Caixa Postal, 11.1316 Campo-bio, caused by Pseudomonas solana- tuber origin (Table .).
70,000- Brasilia, D. F., 
Brazil cearum, is an interesting disease that has Biochemical, cultural and color charac

een observed by farmers for a long time, teristics indicated that this pathogen is
 
Bacterial wilt, 
 caused by Pseudomonas but has never received, until now, atten- similar to P. solanacearum biovars I and
 
solanacearum, is the main disease of seed 	 tion from researchers. According to some II.
 
potato in Brazil. Because of its zero farmers, this is a disease of recently
tolerance in the Brazilian certification opened land; in the first planting, losses Pathogenicity tests have confirmed the
 
law, approximately 10% (more than all the 
 are very severe, sometimes total, but the 	 virulence of our isolates, as well as
 
other causes together) of the fields are land can be replanted with potato without campo-bio's symptoms.
rejected every year. It shows the impor- subsequent problems. This contrasts 
tance of this disease on our need of im- sharply with bacterial wilt, in which case Erwinla rots - Soft rots are important in 
portation of about 9,000 t of seed pota- the area cannot be reused with Solanum bot storage and field. So far, there has 
toes per year, especially from Europe. 	 species for long time. Aerial symptOms been no comprehensive survey to determine
 

are similar, although progress of campo- damage or species involved. The problem

Pseudomonas solanacearum is native to most 	 bio, in the field, is usually faster than of soft rot 
is increased because of tuber

of the Brazilian soils, and many areas bacterial wilt. Tuber symptoms, however, washing for consumption purpose, especial
that should be free of the disease are al- do not share similarities at all. In ly during the wet season. Characteristic

ready contaminated 
through infected seed 	 blackleg symptoms are more frequently

lots. Certified seed producers grow po-
 found on plants from imported seed, 	which
 
tatoes only ore in the same area, what 	 Table 2. Percentage of dead plants and indicates the seed origin of the inoculum.
 
contributes to make cost of production average 25, 32, and 40 days after
 
very high. Disease control through crop planting of 8 clones and 3 potato cul
rotation is very difficult because of tivars tested under field conditions at Table 3. Effect of storage temperature on

the large number of weeds or cultivated the Centro Nacional de Pesquisa de rot of seed tubers from plants with and

species that can harbor the bacterium. Hortaligas, EMBRAPA, Brasilia, D.F., without symptoms of campo-bio.
 

Brasil.
 
According to our survey during the 1979-81
 
period, races 1 and 3 (represented by Cultivar Rotted tubers (%)

biovars I and II,respectively) occur in Clone or Days after planting b

the main potato producing areas, biovar II cultivar 
 Incold At ambient

being prevalent inthe southern and biovar 25 32 40 Average 
 storage storage

I in the northern half (Table 1). The
 
main cultivar grown in Brazil, 'Bint~ie', 80224 22.8511 32.4 94.7 49.6 Without
 
is extremely susceptible to the disease 800223 7.5 22.5 81.1 37.0 symptoms

making losses even bigger, although pre- 800222 50.0 90.0 100.0 80.0 BintJe 3 
 14

venting, to some extent, dispersal of the 800927 12.3 42.0 86.0 46.8 Delta 11 )1

disease through latent infections in the 800226 12.5 33.9 87.2 44.5 Radosa 2 18
seed. Besides the lack of good source of 	 720088 16.2 63.4 59.9
resistance on wild and cultivated species, 	 800435 7.5 49.1 100.0100.0 52.2 Average 5.3 14.3
 

and a high population of root knot nema- A03009 18.6 45.7 97.2 538.
 
todes inthe soil, which may break resist- Bintje 52.2 90.8 100.0 80.7 symptoms
 
ance, the high variability of the pathogen Ara 4.5. .9 100.0 8.8
 
also makes breeding for disease resistance cy 47.5 88.9 100.0 78.8 Bintje 18 60
 a very hard task. Inthis regard, potato Delta 54 60 
genotypes from our breeding program and -/Each reading is the average of the Radosa 25 67
clones from CIP are periodically tested in percentages of 4 replications with 10 
a uniform, naturally infested field at the plants each. Average 32.3 62.3

National Center for Vegetable Research
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Future needs
 

Considring he import e pTable 1. Effect of fungicides on mycelial
Considering the importance ofof potatoes and 
 $ growth!' of C. clavatum "invitro"their bacterial diseases 
to Brazil, we____"__....
 
believe that research in the two most im-
portant potato producing states, Parana 
and Rio Grande do Sul, is imperative. Theproblem of land reutilization for seed 

potato production must be studied with 

emphasis.
 
We believe that integrated control through 


the use of resistance, cultural practices, 

and choice of land will be the only

possibility, at the present time, for 

bacterial wilt control of both seed and
 
consumption potatoes. 

Finally, we strongly need researchers 


working in the area of Erwinia rots in

order to their
survey occurrence and 

damage and to indicate their control. 


BROWN-EYE: A LATE SEASON AND STORAGE
 
DISEASE OF POTATO TUBERS IN BRAZIL 


C. A. Lopes, F. J. B. Reifschneider, and 

A. M. de Andrade 


Centro Nacional de Pesquisa de
Hortaliqas 


Empresa Brasileira de Pesquisa
AgropecuAria - EMBRAPA 

Caixa Postal, 11-1316

70.000 - Brasilia, D.F., Brazil. 


Cylindrocladium clavatum Hodges and 
May

(1972) was first described associated with 

roots of pine, araucaria, and eucalyptus 

in Brazil. In 1979 (Lopez and Mendon;a,
 
1980) it was found infecting potato tubers
 
in three Brazilian states. Symptoms con-

sisted of rounded, superficial, dark brown 

lesions with well defined margins, up to 

1.0 cm in diameter. At that time, lenti-

cels were shown to be the natural site of 

entry of the fungus. One of our isolates 

was deposited at the American Type Culture

Collection, Maryland, U.S.A., as number 
ATCC 44649. 


The disease caused by C. clavatum on pota..
to was named brown-eye-due-tot-6he charac-
teristic appearance of the lesions (Figure
1), being prevalent in the wet (Sep-&ar) 
season. It was noted that Fusarium and 
Erwinia could cause, under certafn condi-
-ThTi,similar symptoms on potato tubers, 

In fact, C. clavatum could be isolated 
together wTthFu-sarium sp., in many instances, from thvery same lesion. 

Artificial inoculations in our laboratory
Artifcal noclatisosin boraory-
have shown that symptoms can be repro-duced in as early as three days, in warm 

(24
-28C) humid chambers, 


So far, brown-eye has been detected in

five states - Distrito Federal, Goias, 

Mato Grosso do Sul, Minas Gerais, and So
 
Paulo. Although these are not the main 
potato producing states, they share in 
common the type of soil/vegetation -
Cerrado. C. clavatum was considered to be 
the most c Tmo-'--Fdrocladium species in 

Cerrado soils, where it could-be isolated 

from roots of wild and cultivated plants

in either disturbed or undisturbed soil 
(Almeida and Bolkan, 1981). We have re-

cently found C. clavatum infecting peas, 

under field ondiTFo"i7,in the Distrito 

F-deral, where generalized necrosis of the 

pea root system was observed. Isolates 

from peas were virulent on potato tubers 

and vice-versa, 


*Fungicide 


- Sbenomyl 

.thabendazole 

_ 

.7 

T *, 


,/Readings 


Figure 1. Brown-eye symptoms: noninoculat-

ed (top), naturally infected (center), 
and artificially inoculated (bottom) po
tato tubers.
 

Initial attempts in our laboratory to con-
trol brown-eye consisted of in vitro and 
in vivo chemical control, as-weT s an 

aiu'ation of seven cultivars - Aracy,Belladonna, Bintje, Edzina, Nicola, Re-
cent, and Santo Amor - in relation to tu
ber resistance to the disease. 


Of the five fungicides tested in vitro, 
benomyl at 0.5 ppm was considere-the-e-t 
for total inhibition of radial growth;thiabendazole was also effective, but only 


at 5.0 ppm (Table 1). Captafol at 0.5 ppm

inhibitedbenomylconidial in vitro,
but germination
and zineb treatments, at 


25.0 ppm, yielded 52 and 11% of germinated

conidia, respectively (Table 2). 


The in vivo tests indicated benowyl, cap-

tafo'a-n--thiabendazole 
as good post-

harvest treatments with efficiency dc-

creasing as time between
the inoculation 

and fungicide spray increased (Table 3).

Most of the potatoes produced for consump-

tion in Brazil are washed after harvest.
 
Although we lack experimental data, our 

observations indicate that washing in
creases 
brown-eye incidence; technically, 

we do not recoffend washing, but since
 
growers refuse to abandon this technique

in order to get bevter prices, addition of 

chemicals to washiog water could be 
a 

simple procedure to cuntrol this disease.
 

Concentration (ppm)
 

0.5 1.0 5.0 25.0
 
bo 0- Oh Oh Oh
hY O Oh h 

13ef 7g Oh Oh 

zineb 22ab 22ab 24a 24a
 
PCNB 21abc 22ab 19bcd 19bcd
 
check 19bcd
 

1-/Mycelial growth expressed in mm; 
readings taken four days after inoculation 

of PDA plates, at 22-24C. 
N-/Means followed by the same letter do 

not differ statistically accord 4no to 
Duncan's New Multiple Range Test, at
P . 01. 

Table 2. Effect of fungicides on conidial
 
ge,'mination of C. clavatum in water
agar.
 

Fungicide Concentration (ppm)
 

0.5 1.0 5.0 25.0 

1
benomyl 99 /a2/ 86abcd 77cd 52e
 
captafol Of Of Of Of
 
thiabendazole 100a 79bcd 
 75cd 93abc
 
zineb 99a 97ab 98a if
 
PCNB 98a 99a 
 74cd 69d
 
check 99a
 

taken 10 hr after inoculation,
 
expressed in% germination, at 22-240C.
 

21Means followed by the same letter do
 
not differ statistically according to 
Duncan's New Multiple Range Test, at 
P = .01. 

Table 3. Effect of fungicides on the control of C. clavatum on potato tubers of
cv. Achar.
 

Fungicide- Treatment- /
 

0 24 48 Average? / 

benoyl 0/ 14 33 16c5
 
captafol 2 I. 36 17c
 
thiabendazole 1 18 41 20bc
zineb 26 32 
 50 36a
 
CB3
PCNB 33 3737 4 39
46 39a
 

water check 26 27 39 31ab
average'/ 15 24 41
 

I/Number of hours between chemical appli

cation after inoculation.
 
2/
 
- Fuigicides were sprayed at 1000 ppm in 
water. 

*-Fungicideaverages, in all treatments.
 

A/Average number of lesions.
 

-/Means followed by the same letter do
 

not differ statistically according to
 
Duncan's New Multiple Range Test, at
 
P - .05.
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In evaluating resistance of the seven 	 from Colombia, Ecuador, Peru and Bolivia the healthiness and yield potential of
 
artificially-inoculated cultivars to the with little success. Basically, andigena commercial potatoes grown in the high
disease, using lesion size and number as x andigena hybrids were made as the foun- lands, above 3,000 m above sea level, in
 
parameters, no statistically significant dation genetic material, from which the comparison with improved official seed.
 
difference ;as found (P 5%). variety Parda Pastusa (44-17: Quincha x Results showed that official seed, al-


Tocana Colorada) was selected, 	 though apparently more healthy, did not

We are presently interested in studying yield significantly more than common seed.
 
pathogen variability and distribution, and During 1948-1950, Colombian potatn re- The average yield experiments in the high
chemical and cultural control under field search was thoroughly reorganized and di- land was 35 tons per hectare. Actually,

conditions. 	 rected by J.G. Hawkes, a British botanist. Colombian potato growers neglect the
 

It was continued by the Colombian Agricul- health of seed and spend more money on

Mention of a product does not imply ap-	 tural Program of the Rockefeller Founda- fertilization, (about 30% of the total
 
proval or recommendation of the product by tion, under the guidance of two United cost), to secure a relatively profitable

the authors or their institution, to the States plant pathologists, Lee E. Heidrick crop, (Table 1). In another season and
 
exclusion of other products that may be and H.D. Thurston. The most valuable con- location, at 3,200 m above sea level,

suitable. 
 tribution of the Program to the country using basic seed and compound fertilizer
 

was training of outstanding graduates in (10-30-10), the following results were
 
References agricultural sciences at the M.S. and obtained (Table 2).
 

Ph.D. levels. At the same time, the Co-

Almeida, O.C. de, and H.A. Bolkan. 1981. lombian Potato Team was integrated and These foregoing figures are a brief indi

Ocorr@ncia e distribuiqao do gnero headed by Nelson Estrada, a Wisconsin cation of the yield potential of the po-

Cxlindrocladium no Distrito Federal. graduate. The breeding method changed to 
 tato crop, under short day and normal en-

Ftopatologia Brasileira. 6; 223-228. tuberosum x andigena hybridization. To vironmental conditions.
 

Hodges, C.S., and L.C. May. 1972. A root ate ColomMangricultural Research
 
disease of pine, araucaria, and eucalyp- Institute (ICA) has delivered to growers
 
tus in Brazil caused by a new species of 25 new potato varieties belonging to S. Table 1. Effect of fertilization on yield
 
Cyllndrocladium. Phytopathology 62; tuberosum ssp. andigena. These varietiis and visual symptoms of virus infection
 
898-901. now cover about 90o the potato acreage, of two commercial varieties.
 

Lopes, C.A., and M.M. Mendonqa. 1980.
 
Olho pardo da batata causado por C llin- II. BUILDING THE SEED SUPP1Y
 
drocladium clavatum. Pesquisa Agro-	 Fertilizer Parda Pastusa ICA Purace
 
pecu~ria Bras1TieiTra15; 123-125. 	 In this Andean country, production and (10-30-10) 

supply of certified potato tuber-seed is (T/H) Virosis Yield Virosis Yield 
&ccomplished in isolated highlanl zones, (%) (T/H) (%) (T/H)
above 3,000 m above sea level, at !0°C of 0.5 41 11.1 27 7.0 
medium annual temperature, where scarce 1.0 19 13.2 16 11.4PRODUCTION OF CERTIFIED POTATO SEED IN 	 aphid populations exist. 1.5 1 22.5 9 19.5
COLOMBIA
 

L. Luj n-Claure 	 Since the beginning of potato research,
Semillas de Papa Ltda. 
 recommendations were given toward the use
 
Calle 105, No. 47A-31,of good quality seed. These included the Table 2. Yield of two commercial varie-

Bogota, Colombia. recomendations of Juan de Dios Carras- ties planted with basic seed in the Coquilla in 1891 to select seed from vigor- lombian highlands.
 

ous and healthy I its, and that of Rafael 
The potato is a basic food for the Colom- Ospina in 1916 in .,ntioquia, to avoid seed 
bian people. Therefore, its production cutting and the exposition of seed-tubers Distance ICA Purace Parda Pastusa 
and distribution have economic, social and to the air and light, between yield
political importance. According to the plants (T/H) Fertilizer Yield 
National Planning Department and 1979 The first serious commitment to potato (cms) (T/H) (T/H)
data, the potato crop represents 10% of seed production was initiated in 1947 in 30 54.1 1.5 53.6 
the gross value of total agricultural pro- Antioquia, by Carlos Garc~s a Colombian 
duction, ranking thf, after coffee and plant pathologist graduated of Cornell, 40 52.0 2.0 60.0 
rice. This crop uses 30% of the chemical with the assistance of H.K. Fernow, Cor
fertilizers and 60% of the fungicides used nell Professor. During 1949 a nation wide
 
in Colombian agriculture. It is estimated seed project was set up. During the Note: The variety ICA Purace was planted

that 90,000 farmers and about a million 	 Rockefeller Foundation period (1951-1966), with 1.5 tons of fertilizer per hectare,
 
persons depend economically on this ac- the potato program and the seed project and Parda Pastusa was planted at 40 cms.
 
tivity. Finally, the potato is a staple were advised by John S. Niederhauser, between plants on the row.
 
focd for low-income consumers, 90% of Co- plant pathologist, in charge of the Inter
lombian families eat potatoes, and 6% of american Potato Improvement Project. Planting potatoes with a double row system

the food budget is spent on potatoes, was successfully tested and re-evaluated
 
second after meat. Recently, from 1978 to 1980, seed pro- at two Agricultural Colleges. It is well
 

duction was reactivated by a cooperative known that the period over which foliage

At present, 160,000 ha are planted to po- project on potato seed improvement, under remains productive is much influenced by

tatoes each year, with 2.2 million tons of the responsibility of ICA-CIP, financed by environment, temperature, light, water
 
production, at the cost of US$2,400 per the Ford Foundation and coordinated by the supply, and nutrition. Besides full
ha. The commercial colombian potato va- author, also a Cornell graduate. The main filling these physiological requirements

rieties belong to Solanum tuberosum ssp. objectives of the project were: (1)pro- of the plant, it is necessary to find a
 
and4gena (tetraplofdT 7TnT ureJ a duction of basic seed, (2) development of cropping system which will allow efficient
 
(diploid). On average, It/ha o tu er use of land, field equipment, moisappropriate technology, and (3) organiza-	 soil 

seed is planted. 
 tion of private seed enterprises. 	 ture and labor. In 1976 in TibaitatA the
 

double row system yielded 40 t/ha compared
I. THE GENESIS: CROP BREEDING RESEARCH Production of basic seed. Basic seed is with 30 t/ha for the conventional single
 
produ-cei under the responsibility of ICA. row method. At present, the double row
 

Colombian research for potato improvement Initially the material was derived from system is being advantageously applied in
 
was started in 1881, under the guidance of meristem culture supplied by CIP. This seed production, under dry conditions as
 
Eugene Hambursin, a British agronomist, was propagated by three cycles before it well as in soils with deficient drainage,
 

was sold to registered seed growers. Ac-	 because the potato root is sensitive to

Research aimed to solve agronomic problems cording to the present regulations (Reso- the lack of moisture and very sensitive to
 
such as the control of Phytophthora in- luci6n No. 040 de 1981), basic seed should the excess of moisture. In both planting

festans, manuring, and seed production.- be free from PVX, PVY and PLRV. Disease systems much research remains to be done
 

testing and use of rapid propagation tech- on size of tuber-seed, planting distances,

Early potato breeding was developed be- niques are routinely followed fertilizer dosages and their interactions 
tween 1939-1947 by Manuel Jastidas, an for each variety and locality.
Ecuadorian agronomist, and Manuel A. Na- Profitable ' ,to1ogy - Nearly all seed 
varrete, Colombian geneticist, graduate of planted co.... from sprouted consumption Encouraging the organization of private

Cornell. Both workers used germ plasm potatoes. The first step was to evaluate seed enterprises. Active cooperation with
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Table 3. Private 	 Erwinia and incubated anaerobically.
potato seed enterprises, date of registration, and personnel in contrast, no decay lesions were 
In
 

Colombia. 	 elicited
 
under aerobic conditions when similar
 
injections of either purified enzymes
Potato Seed Enterprise Date of 	 or
 

Technical Assistant bacterial cells were made. 
 The failure of
 
Registration 	 pectic enzyme preparatlans to macerate
 

tissue in whole tubers under aerobic con-
Caja de Cr~dito Agrario 	 6-12-68 GermAn Torres 
 ditions indicates either that pectolytic
Bernardo Herrera Valenzuela 18-09-80 Agr6nomos Asociados 
 enzymes are inactivated under aerobic con-
AGRO CEBEG LTDA. 
 27-11-80 
 Bernardo Correa 
 ditions in vivo, or that pectic substrates
Enrique Trivilo Galeano 
 27-11-80 
 Enrique Triviflo are not accesible (Maher and Kelman,
Semillas de Papa Ltda. SEPAL 13- 1-81 Lauro LujAn 
 1982).
 

Inhibition of wound-healing responses
 
Colombian Potato Growers Federation (FEDE- under anaerobic conditions has been Lon-
Introduction 
 sidered responsible for the increased sus-
PAPA, founded in October 18 of 1974), and 
 ceptibility of potato tubers to
training 	 bacterial
courses have facilitated orga- Considerable losses during storage and in
nization of 	 soft rot under low oxygen (Wigginton,
four small private potato transit caused 	by bacterial soft rot of 1974). Among processes that oxygen
seed enterprises, besides the Agrarian 	 are
potato tubers occur on a worldwide basis, dependent
Bank. All of them are registered by ICA, The resistance of potato tubers to 	

are: 1) suberin formation,
 
(Table 3). 	 infec- 2) production of rishitin and other
tion rot in the
by soft bacteria post- phytoalexins, and 3) accumulation of oxiharvest period is greatly influenced by a dixed phenolics.
The above listed enterprises produced and number of internal 
 factors (Table 1).
distributed 2,000 tons of good quality 
 These include levels of oxygen, reducing A 	number of investigators have concluded
seed in 1981. Early demonstration trials 
 sugars, calcium, and phenolics; status of that suberin serves as a barrier to
with certified potato seed at 2,600 	 the
m membranes; and water potential (Lund, 
 spread of bacterial growth and the action
above sea level, doubled yields in Cundi- 1979; Perombelon and Kelman, 1980).
namarca and tripled yields in BoyacA, 

of the pectolytic enzymes (Fox et al.,
 
comparison with a common seed. 

in 1972). However, the resistant response in
Oxygen level in the 
tuber has been shown 
 tubers under aerobic conditions following

to have a major effect on development of inoculation with suspensions of E.
The future and evolution of the Colombian 	 carotobacterial soft rot by Erwinia carotovora
Potato Seed Project, developed over 30 (De Boer and 	

vora is observed well in advaneo- e
 
years, 	 Kelman, TIMTTT Tests for d-position of suberin which occurs 5-6
will depend largely on the tech-
 bacterial soft rot potential 
are now com- days 
 following wounding (Kolattukudy,
nical and economic capacity and honesty of 
 pleted under conditions in which availa- 1981).
the active seed Enterprises, as well as bility of oxygen to 
the tuber is limited
the interaction of environmental factors (Lund 
and Kelman, 1977). The apparent Resistance in potato to Erwinia carotovora
and virus vectors in the seed production increase in resistance as the concentra-
 has been considered
areas. 	 to reflect Tinhiiton
tion of ambient oxygen increases may 
re- of the bacterium by phytoalexins (Lyon,
 
References 	 flect either a change in the physiological 1978). However, duplication of the disconditions in the tuber tissue or al-
an ease process with sterile culture 	filteration in the ability of the 
bacterium trates injected tubers
LujAn, L. 1970. Evoluci6n del cultivo de 	 in whole under
to grow ani spread in the host tissue, anaerobic conditions but not under aerobic
la papa en Colombia. Agricultura Tropi-
 conditions indicates that the primary recal 24 (4); 457-464. 
 Results and discussion

LujAn,--. In':entos de 	 sistance mechanism must be directed to1980. producci6n 
 wards the macerating enzyme rather
de semilla de papa en Colombia. Nueva 	 than
 

the bacterium per se. In addition,
Agricultura Tropical 32 (5); 5-18. 	 the
In recent studies in our laboratory,
LujAn, L. 1980. Tecnologia de la produc-	
time frame for veopment of inhibitory
cell-free culture supernatants containing concentrations of rishitin and other
ci6n de semilla de papa. Semillas, pectolytic enzymes of E. carovotora 
were phytoalexins indicates significant
"Acosemillas" 5 (2); 15-29. 	 levels
injected in whole tubers 
that were 
then would not be present at the time localizaincubated undei low oxigen levels. 
At the tion of infection under aerobic conditions


injection sites soft 
 rot lesions were has occurred.
 
induced
INTERNAL FACTORS INFLUENCING BACTERIAL similar to those observed in
tubers inoculated with 
viable cells of Presence of high levels of phenolic com-
INTERNAL__FACTORSINFLUENCINGBACTERIAL_
SOFT ROT IN POTATO TUBERS 	 pounds and high phenoloxidase activity has


been related to resistance in tubers to
 
Table 1. Internal factors that may soft 
rot bacteria (Tripathi and Verma,
E. A. Maher and A. Kelman 	 increase bacterial soft rot in potato 
 1975). Since lnjz-tion of sterile culture
Department of Plant Pathology, 
 tubers,
University__of___sconsn-Madison,_Wi._ filtrates in whole tubers induces patterns


University of Wisconsin-Madison, Wi. 	 of soft rot development visually identical
to those caused by viable cells of soft
 
Factor Proposed mechanism rot bacteria, 
resistance cannot be attri-


Summary 	 buted to a direct effect of the bacteriumL:w oxygen Inhibition of wound-healing by toxic quinones. 
 However, oxidized
 
and defense reactions
The development of bacterial soft rot 	

phenolics are capable of polymerizing pro
teins (Leatham et
caused by Erwinia carovotora may be en- High levels 	 al., 1980) and may in-
Enhanced bacterial growth activate pectoly-tic enzymes produced
hanced in potato tubers by decreasing 	 of reducing 

by
 
Erwinia.
concentrations of oxygen and calcium, and 
 sugars
maintaining high water potentials and 


membrane integrity. 	 Reducing sugar accumulation in aging tu-
The influence of Increase in 
 Enhanced bjcterial growth bers been
has correlated
levels of reducing sugars, phenolics and 	 membrane with soft rot
due to leafkage of susceptibility;
oxidative enzymes on bacterial 	 high reducing sugar congrowth in permeability nutrierts 
 ct.trations would presumably enhance multuber tissue has not been clearly defined 

as yet. When 	 tiplication of the soft-rotting Erwinia
either Erwinia suspensions High water Injury to cells by pec~ic (rtazu and Secor, 1981). 
 However,-T'n-or sterile pectolytic enzyme preparations 	 potential enzymes inct ased by
are injected 	 studies on soft rot susceptibility, tubers
into whole tubers prior to 
 high turgor

aerobic incubation, lesion restriction 	

from storage with different concentrations
 
of sucrose and reducing sugars but with
occurs well in advance of the synthesis of Low calcium 
 Enhanced maceration of cell
stress-metabolites, such as phytoalexins, 	 minimal differences in water potential did
walls by pectic enzymes not differ significantly in bacterial soft
suberin deposition, and wound cork forma-
 rot potential.
tion. These observations and 
other re- Low levels of Reduced toxicity to
search findings indicate that resistance 	 phenolics bacteria due to
under ambient 	 Recent field studies in cooperation with
oxygen levels mainly.,re-
 decreased levels of
flects interference with the action' of 	
Dr. Paul Fixen (U.W. -Madison, Department


oxidized phenolics
cell-wall degrading enzymes. 	 of Soil Science) have confirmed laboratory

infiltration experiments that indicated a
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direct correlation between levels of cal-
cium in tuber periderm tissue and resist- 
ance to bacterial soft rot (McGuire et 
al., 1982). The increase in calcium Th 
considered to interfere with the action of 

pectolytic en:ymes on cell wall conpo-

nents. 


Increased membrane permeability in potato 

tubers storea at 00C rather than 5°C has 

been correlated with increased suscepti-

bility to bacterial soft rot (Workman et 

al., 1976). When tuber disks are removie 

"Fom tubers that have been incubated 

anaerobically, the rate of electrolyte 

leakage is higher than that observed in 

suspensions prepared from tubers that have 

been incubated aerobically (Maher and 

Kelman, unpublished data). In addition, 

wheo. tbers are injected with Erwinia 

carotovora subsp. atroseptica at 4-'TZt? 

Tnc g-intobud end and the stolon end 

prior to incubation under low oxygen con-

ditions, the bud end consistently had less 

tissue maceration than other sites on the 

tuber. Electrolyte leakage was also lower 

at the bud end of the tuber than at other 

sites. These observations support prior 

evidence that increased membrane 

permeability enhances bacteriil soft rot 

development. 


Although early studies have indicated that 

high water status favors soft rot develop-

ment, quantitative measurements of water 

potential in relation to pathogenesis by

soft rot bacteria have been lacking. 

Freshly harvested tubers may have water 

potentials of -1.0 to -4.0 bars. Follow-

ing storage, water potentials decrease to 

-5.0 to -7.0 bars; after prolonged storage

these values may decline to -9.0 to -10 
bars. When other factors are held con-
stant, tubers with low water potentials 
are more resistant to bacterial soft rot 
than those with high water potentials 
(Kelman et al., 1978). Under conditic:is 
of low water potential, potato cells may
be less susceptible to the injury associ-
ated with tissue maceration by the 
pectolytic enzymes (Alberghina et al., 
1973). In addition, high turgor 1W pota-
toes with high water potentials may con-
tribute to increased incidence of shatter 
bruises during handling. 

Additional research is needed to determine 
how the various internal factors interact 
to influence resistance to bacterial soft 
rot. This information will aid in the 
development of staoidardized methods for 
evaluation of resistance not only to bac-
terial soft rot but to other storage 
pathogens and also contribute to the im-
provement of storage management practices, 
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ESTABLISHMENT AND GROWTH OF POTATOES FROM
 
TRUE SEED INHOT CLIMATES 


P.Malagamba 

International Potato Center 


Summary
 

The combined effect of high temperatures 

and heavy rainfall during the establish-

ment period of potato seedlings in the 

field has a marked influence on the later 

performance of the crop. 


Several practices, including shading by

associated crops, different mulches, and 


others, for diminishing the effects of the
 
stress during the transplanting operation

have markedly improved vigour, plant sur
vival, and yield in the hot summer season
 
of Lima and San Ramon (Peru).
 

Results of a series of experiments are
 
reported.
 

Introduction
 

Intercroppihg is by far the predominant
 
system in which most food crops are pro
duced in the tropical zone. In such a
 
system an intensive and efficient utiliza
tion of the land area is achieved by grow
ing a wide assortment of crops in variable
 
spatial arrangement and time (Black and
 
Black, 1977; Ruthenberg, 1971; Trenbath,
 
1971). The most simple version of inter
cropping is found in the tropical farm
yard, where diversity of products for
 
family consumption and intensive labor are
 
the two major characteristics. More
 
evolved and intensive vegetable production
 
in the tropics normally consists of a
 
sequence of relay crops in which the ef
ficiency in utilizing land, radiation,
 
water, and nutrients is maximized (Andrews
 
and Kassam, 1975). In any intercropping
 
system, stress due to high soil tempera
tures is diminished by the continuous
 
ground cover resulting in a faster crop
 
establishment.
 

Introducing potatoes to many hot areas of
 
the tropics may represent a source of
 
extra income to the farmer and would
 

output of the existing farming systems.
 

Potato production from true seed (TPS)
 
seems to have a higher applicability
 
within tropical farming conditions than
 
the traditional potato grown from seed
 
tubers. Many of the limitation of the
 
latter in warm climates, such as seed
 
tuber availability and cost, bulkiness and
 
storage, are obviated by producing pota
toes from seedlings. Also, potato seed
lings can be grown and transplanted to the
 
field whenever conditions are appropriate.
 

Survival of transplanted potato seedlings
 
is normally affected by high soil tempera
tures and lack of moisture. Therefore,

shading provided by associated crops may
 
improve potato seedling establishment
 
under stress conditions and increase TPS
 
crop suitability to tropical farming.
 

Materials and methods
 

A series of experimeits were carried out
 
in CIP's Experimental Stations at San
 
Ramon, a hot-humid mid-elevation tropical

location, and in Lima, a coastal desert
 
area, to assess the benefit of shading by
 
other crops in improving potato seedling

establishment.
 

Inall experiments, seedlings of the open
pollinated progeny DTO-33 were produced in 
trays with a seed-bed mix of peat moss and 
sand (1:1 volume) adejuately fertilized, 
and transplanted to the field 35 or 40 
days after sowing. 

During the hot summer inLima and the hot
 
rainy season inSan Ramon, one or two rows
 
of potato seedlirgs were transplanted
 
between rows of 7b day old maize (Zea
 
mys L.) and soybean (Glycine max L.)1i

Lima, or maize and sunn hemp Crotalaria
 
juncea L.) inSan Ramon. Distance between
 
rows was 0.9 m and were oriented in a
 
North/South direction.
 



126 

Records of seedling survival were made and 

new seedlings were replanted as days did not affect yields. For a larger
necessary Table 2. Transmitted radiation, soil tem-
starting 10 days after initial transplant- perature and potato seed'ing 

radiation reduction, the relay period must
 
ing. The associated crops survival be considerably smaller. Thus, for the
were kept in when transplanted in single or in two 60%
the field until potato maturity, except

for some additional treatments inthe Lima 

experiment in which the maize plants were
removed 30 days after transplanting. 


at 2 or 5 cm and total radiation received 

at the seedlings level, were measured in 
ach durinlev,seedlingsthe wbeen
each plotplot during the seedling

establishment period three times every day
(8, 12 and 16 hours .
 

Complementary information was obtained
from an experiment inSan Ramon where 

po
tato seedlings were transplanted in be-


tween 
rows of mature maize plants thinned 

to two levels of light interception, ap-
proximatedly 30% or 60%. 
Those two light

interception levels were combined to three 

relay periods of 10, 25 and 50 days after
transplanting, 


Results and discussion 

Survival of potato seedlings after trans-


planting was effectively improved by those 

crops associations whose level 
of shading 

caused a considerable reduction in soil
temperature (Table I and 2). 
 A tall crop

such as maize close to maturity and trans-

planted potato seedlings seem a suitable
combination to improve seedling establish-

ment under stress conditions. In both,

Lima and San Ramon, a marked reduction of

soil temperature was observed 
when maize 

was used as the comparison crop to one or 

two rows of intercropped potatoes. 


Table 1. Soil temperature and potato

seedling survival when transplanted in Potato-Maize 
 2 B 32.0 d
single or in two rows between maize or 

sunn hemp (San Ramon, hot-rainy season). 


Crops 
 Number Soil Survival 

of potato temp.-/ (%) 


rows (0C) 

Potato-Maize 
 1 26.0 77.5 a4/

Potato-Maize 
 2 27.3 73.0 a 

Potato-Sunn hemp 1 28.2 64.5 a

Potato-Sunn hemp 2 29,7 62.0 a 

Potato (Control) 31.2 34.0 b 


I/Average soil temperature at noon at 5 cm 

for 15 days after transplanting. 


I/Values followed by the same letter do
not differ significantly (p=0.05). 


The duration of the different crop asso-

ciations had a marked effect on yield 

(Table 3). Lima
In the experiment, a
relay period of 30 days for the two rows

of potatoes in maize improved seedling

survival without significantly affecting

yields. Higher light interception by

maize (one row of potatoes between maize)

for the same 30 days relay period caused a 

marked yield reduction. When two rows of 

potatoes were transplanted between rows

of soybean, the level of shading wag not

enough to affect either seedling survival 

or yield. 


intercepted radiation level of this
rows between 
maize or soybean (Lima, experiment, only the relay period of 10
summer). 
 days had yields similar to the control.
 
Crops Number Trans-.SoilI Sur- Since the associated crops had completed
 

of po- mittedJtemp. vival their growth cycle when potatoes were
tato radia- 2/ (%) transplanted no major competition for
 rows tion (C) 
 water or nutrients isassumed. 
 As ithas
 
M demonstrated in many crops associations (Enyi, 1973; Trenbath,
Potato-Maze3 1971)


PoaoM i 1 44.2 25.5 and monocrops
Potato-Maize 93.0 3/a nd mnco s (Beuereineele n andad Pendleton,P nl t n
2 67.0 26.0 85.2 b 


Potato-Soybean 1 75.5 28.5 77.7 
 c
Potato-Soybean 2 29.0 c
85.3 72.5
Potato (Control) 100.0 29.5 76.5 c 


I/Average of 3 readings during 
the day,
for 10 days after transplanting, 


I/Average soil temperature at noon at 2 
cm
for 10 days after transplanting. 


-/Values followed by the same letter do 

not differ significantly (p=0.05). 


Table 3. Yield of potatoes from TPS when 

transplanted in single 
or in two rows

betweer maize rows 
cut 30 days after
transplanting or 
 kept until potato

maturity, and soybean (Lima, summer). 


Crops Treatment Relative yield 

(%) 


Potato-Maize I Al/ 53.6 cl/
Potato-Maize 
 1 6 13.4 ePotato-Maize 2 A 
 77.3 ab 


Potato-Soybean 1 B b
69.1 

Potato-Soybean 2 B 89.7 a
Potato (Control) iOo.O a 

Potat Nunber 
 a 1oi0.0 aur 

1/I or 2 indicates the number of rows of 


potato between maize or soybeans. 


A = corn removed 30 days after trans-. 

planting potatoes,


B = corn throughout the potato growth

period. 


IValues followed by the same letter do 

not differ significantly (p-0.05). 


Table 4. Seedling survival and yield of 

potatoes as a relay crop of maize in
rows intercepting 30% and 60% radiation
for periods of 10, 25 and 50 days after

transplanting (San Ramon, dry season). 


Intercepted Relay Survival1/ Yield

radiation period (%) (t/ha)

(%) (days) 


-2/ 30 10 78.7 a 15.5 a /

30 25 82.7 a 13.4 ab
 
30 50 88.2 a 13.3 ab

60 10 81.7 a 15.5 a
 
60 25 82.5 a 11.8 b
 
60 50 85.7 a 12.5 b
 

1971; Johnston et al., 
 1969; Schmidt and
 
Colville, 1967)-mos---probabiy the reduced

photosynthesis rate at lower canopy levels
due to shading was responsible for the
yield reductions obtained. The reduced

radiation inshaded plots 
led to earlier
 
senescence of leaves, overextension of
stems and lodging, particularly in plots

with longer relay periods.
 

Therefore, potatoes from true seed could
 
benefit from the shade provided by an
associated crop ina hot tropical environ
ment. However,
both, level a proper combination of
of radiation 
reduction, and
 
the duration of such association, must be
 
considered.
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SEED-BED SUBSTRATES AND NUTRIENT achieved transplant size earlier were ob- Composts are commonly used for seedling

REQUIREMENTS FOR THE PRODUCTION OF taned (Table 1). As larger proportions prw-utction (Kratky and Mishim, 1981;
 
POTATO SEEDLINGS of peat moss were used more compaction of Lesaint and Brunet, 1977). A well pro

the seed-bed was noticed and inadequate pared compost must have enough nutrients

P.Malagamba water distribution and aeration at the to support adequate seedling growth prior


International Potato Center rooting zone my have occurred. Lower to transplanting. When miAed with soil.
 
proportions of peat moss resulted in sand or other materials, fertilizer ap
smaller seedlings, possibly as a conse- plication may be required (Sawhney, 1976).Sumary quence of faster drying of the sed-bed In this experiment, vigorous seedling
and leaching of the applied fertilizer, growth was obtained when the compost was

Among the factors influencing successful Best structure for the formation of a utilized alole. When the compost was
establishment of a potato crop from TPS, 'root-block" was observed in the mix for mixed with sand, the addition of rock 
the production of vigorous seedlings ina equal parts of both components, phosphate did not have signifi:ant effects 
short period of time needs special con- on the response and therefore, only main 
sideration. treatment effects are shown in Table 2. 

This paper reports results of several ex- Table 1. Fresh weight of 100 seedlings, Most probably deficiencies of nutrients 
when the compost ismixed could be covered
periments using different seed-bed sub- 35 days after sowing in different pro-

nutrients on portions of peat moss and sand. by fast release fertilizers.strates and effect of major 
the production of potato seedlings. Frwh wsi" (4 

Introduction Percent of Weight (g) 10- DIRECT SUNLIGHT 2t oPet moss Sand 2A377- = - .012 N+ .0105P+ .96(x1041 PWhen growing potatoes from true seed 100 0 140.3 b/ " + N1O0 
(TPS), transplanting potato seedlings to 75 25 196.8 a 6 P" = .86 No 
the field is a convenient technique for 50 50 204.5 a 
many farming situations. Conditions in 25 75 162.8 b 
which seedlings are produced, such as the 0 100 35.5 c 2
 
structure and fertility of the seed-bed
 
substrate have a large influence at later YValues followed by the same letter do 0 i2 
stages of the crop development. While not differ significantly (p-0.05). 6O i00 Irk 20 
adequate nutrient content of the seed-bed _M P20S 
results inthe production of more vigorous

seedlings, a proper substrate structure 10"
 
provides for the development of a 'root- Table 2. Fresh weight of 100 seedlings, UNDERSHADE
 
block" which facilitates field establish- 40 days after sowing in different pro- 8- = 0.6689+ .0284X
 
ment (Accatino and Malagamba, 1982). Dif- portions of compost and sand.
 
ferent materials for possible use as 6- R2=.4
 
seed-bed substrates and the fertilizer Percent of Weight (g)

needs of potato seedlings were investi- 4
 
gated. Compost-/ Sand
 

Materials and methods 100 0 249.6 aY/ 2
50 50 159.7 b
 

To identify suitable seed-bed substrates 25 75 95.5 b 00 

open-pollinated seed of the potato clone 0 100 6.7 c 50 100 150 200 
DTO-33 were sown in plastic trays con- 1/ Compost analysis: N:1.3%; P205 avail.: PPM P205taining different volume proportions of 30 ppm; K20 0.05%; CEC:12 meq/100 g.

sand and either shredded peat moss or a Figure 1. Effect of increasing rates of
 
well decomposed compost made of bean re- Values in the same column followed by P20 5 on the foliage fresh weight of 10
 sidues, manure and leaf litter. In the the same letter do not differ signifi- seedlings 30 days after sowing when
 
sand-peat moss mixes a common rate of cantly (p-0.05). grown under shade or exposed to full
 
fertilizer was utilized Inall treatments sunlight.

while in the sand-compost mixes the pos
sible benefit of an additional amount
 
of 0.3% of P using a slow release source Fah WuIMW4) 
of P, rock phosphata was investigated. 1 
The seed was sown in furrows 1.0 cm deep

and at 5.0 x 2.0 cm spacing, inthe trays

within a screenhouse and evaluated 35 and
 
40 days after sowing. Using a mix of peat
 
moss and sand (1:1 by volume) as a common X
 
substrate, the effect of increasing rates
 
from 0 to 200 ppm of N, P205 and K 0, 2
4=6A? + 15.14X - 1.019X Z R= .0 
respectively, on seedling growth under
 
shade (approximately 50% reduction of full ----....... "
 

direct sunlight, evalu- + 
ated. The sources of N, P and K were 5o_ 
ammonium nitrate, superphosphate and po
tassium chloride, respectively.' Foliage 

sunlight) or was - - ,-- - ----- =----13A23X-J-X - R=-7 x 

and root weight of random samples of 100 
seedlings when the best treatment achieved 
transplant size, i.e. when the 5th leaf 
was developed, were used for comparison. 

For a better definition of the response of
 
potato seedlings to P, complementary ex
periment with a wide range of P rates was
 
carried out. Inthis a common rate of 100
 
ppm of N and K20 was applied to all o 
treatments, other conditions remaining 30O 600 e0 12O 1500 
similar to the previous experiments. R@t of P20S Isx m'3 

Results and discussion
 

When 50% or 75% peat moss were used inthe Figure 2. Effect of increasing rates of P205 on fresh weight of seedlings at 25 days
 
peat moss-sand mix, bigger seedlings that (Y25) and 40 days (Y40) after sowing.
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Phosphorus seems to be by far the most 

important nutrient for early production of 

vigorous potato seedlings. With the 1:1 

peat moss-sand mix, a large response to 

increasing rates of P was obtained inboth 

shade and direct nunlight. When seedlings 

were grown exposed to sunlight, increase 

inrates of both, P and N to a lower ex-

tent, promoted seedlinq growth (Figure 1).

Also, at P rates that produced faster

seedling growth, N deficiency symptoms

particularly at the low N rates were 

noticeable at the time seedlings reached
transplanting size. No significant effect 

of K was observed. 


The optimum level of P205saccording to the
fresh weight of seedl ng (Figure 2) and

frshervatigof ongs (Fir2aitymaded 


was between 300 and 400 grams per cubic 

meter of substrate, 


Potato seedlings mustussedinsbbe ready forfr trans-
Poat rad ras-

planting before a considerable number of 

tubers start to develop. Tuber formation
in growing seedlings seems to be stimu-

lated by sub-optimal conditions. When 

large numbers of tubers are initiated 

before transplanting, yield reductions 

usually occur (Accatino and Malagamba,

1982). Therefore, balanced rates of nu-
trients in the substrate for producing

transplantable seedlings prior tuber
to 

initiation and the use of materials thatfacilitate formation of a "root block 
 at 

transplanting ishighly desirable. 
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Microshum phorbae (Thomas), and 

the potato lea-hopper Empoasca fabae 

(Harris). This resistance-is-'du" to-the 

glandular trichomes on the leaves and 

stems of this species. (Gibson and Tur-

ner, 1977; Tingey and Gibscn, 1978; Tingey 

et al., 1982). This resistance has been

successfully transferred to the tetraploid

level by direct hybridization with Tu-

berosum and Neotuberosur. Clones with

high levels of resistance to aphids and 

leafhoppers have been recovered inthe F
2

and F3 generations.
 

As part of the International Potato Cen-

ter's contract with Cornell University,
a breeding program has been initiated 

to transfer the insect resistance of S. 


berthaultii to useful tetraploid breeding

lines. At this stage of the breeding pro-
gram, genetic information 
was needed 
to
 
strategy.
determine theA heritabilityeffectivestudy was ini-a2 
tated at the tetraploid level. The three 

most breeding 


traits of interest were density of both 

four-lobed (type A) and simple (type B)

trichomes, and droplet size on type B

trichomes. Field trials were 
also cin-

ducted to determine the relationship of
these trichome characteristics with re-
sistance to aphids. 
 This paper presents
the results of our work to date. 


Materials and Methods 


1) Gemplasm 


The Tuberosum cultivar 'Hudson' was 

crossed as a female to three clones of S. 

berthaultil (see Figure 1). Ten fertiTe 


In- tercrossed inbulk to produce ten F2 fami-
ternational 


Science Scienc1; 34-35.
11;_34-35._1/_counted 


HERITABILITY OF GLANnULAR iRICHOME
CHARACTERISTICS INA SOLANUM TUBEROSUM X 

SOLANUM BERTHAULTII HYBRID POPULATION 


S.A. Mehlenbacher and R.L. Plaisted 

Department of Plant Breeding and 

Biometry, Cornell University, Ithaca 

New York 14853 

tetraplold F1s were obtained and were in- from the center abaxial surface approxi
lies. Six hundred F2 seedlings were grown

in 3 1/2 inch square pots, examined for

the three trichome characteristics, and 40 


40 F 

families 


F
2
 

canergo p1976.
La Hompotforticutura
Sawh ner.grown. Leaf Hompst
1976.p for MH1-

MH2 


MH3 

MH4 intercrossed 


in
bulk 

MH5nbk 


MH6s 


MH7 


MH8 


MH9. 


MHO• 

40 F2 

clones 


selected, 

intercrossed
 

F
1 


B264-7-/ 


B264.9j/ 

B265.7 


B .3' 

B268-/ 


B268-4-/ 


B268-73-


B268-9?/ 


3/
B268-16


B2681721 


The wild Bolivian potato species Solanum 
 11 Parents were Hudson x P1310927-12
berthaultii (Hawkes) is resist tt 3/

several major insect pests of the potato, 
 - Parents were Hudson x HHC4531c-8
including the green peach aphid, _yzj

persicae (Sulzer), the potato apn 
F, Figure 1. Pedigrees 


._/
Parents were Hudson x P1310927-6 


seedlings were selected at random. The F
2
generation showed a large amount of varia
tion for all three traits. The forty

seedlings were intercrossed in bulk to
 
produce 40 families of F3 seed. The pa
rental F2s were propagated from stem cut
tings and were placed in the field for

reexamination of trichome characteristics
 
and evaluation of aphid resistance. Thir
ty-two seedlings of each F family were
 
grown instyrofoam trays inthe greenhouse

and their trichomes were examined.
 

2) Heritability estimation
 

Regression of F family means on F2
(parental) values was used to estimate
heritability. According to Kempthorne

(1957), the estimates obtained are equiva

lent to the following ratio of variance
 
components:
 

((A + . Cr. 

Itisassumed that the random-mating pop
ulation is at Hardy-Weinberg equilibrium,

and that epistasis and linkage are absent.
 
The estimates aro! most likely inflated to
 
the extent that these assumptions are not
met.
 

3) Trthome densit_and droplet size
 
ments 

Fully expanded terminal leaflets were
 
excised from seedlings approximately 8
inches tall. The leaflets were then as
sessed for trichome characteristics by
microscopic examination at 64x. The mi
croscope was equipped with grid and micro
meter oculars. Trichome data were taken
 

264summer,the total number of aphids, Myzus
B264-5!- p and Microsiphum euphorbiae, were 

mately 2 mm from either side of the main
 
vein and between secondary veins. On
 
field-grown plants, the same procedure was

applied to fully expanded terminal leaf
lets. 
 Two counts on each of 25 leaflets
 
were taken on field-grown plants; two
 
counts on one leaflet were used for seed
linas.
 

4) Aphid counts
 
In_1980,_cloeswerepropgatedbyste
In 1980, clones were propagated by stem
 
cuttings and were placed in the field in
 
late spring in a randomized complete block

design. Four hills per plot and five rep
lications were used. On two dates inlate
 

on ten lower leaves per plot. The
season totals per plot were transformed to
 

a log scale to equalize the variances.
 
In1981, the same procedure was used ex
cept that four replications were planted

and aphids were counted on three dates
 
during the growing season.
 

Results
 

Estimates obtained from the heritability

study and their standard errors are list
ed in Table 1. Figures 2-5 display the
regression 
lines of F3 family means on 
F2 parental values. Droplet size on 
type B trichomes was found to be highly
heritable (63.8 + 7.90% heritability
estimate ± standard error). Experience 
has confirmed that this trait responds
very well to selection. Density of type B
trichomes had 
a lower estimated herita
bility (22.2 ± 4.66%). Another experiment

inwhich heritability was estimated from
 
the response to one cycle of selection for

high density of type B trichomes confirmed
 
that heritability of this trait is in the 
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Table 1. Heritability estimates and 

standard errors. 


Trait Estimate Standard 
error 

Type B 63.8% 7.90% 
Droplet Size
TopleBType 8 22.222.2% 4.66%.4.66% 

Density 
Type A Density 17.8% 3.14% 

(seedling parents) 

rype A Density 
(field-grown parents) 

31.8% 7.46% 

neighborhood of 25%. This trait responds

reasonably well to selection when selec-

tion isbased on counts taken on a single 

leaf at the seedling stage. Heritability

estimates 	given above were obtained by

using the parental values obtained at the 
seedling stage. Estimates obtained when 
field counts were used as thL parental 
values were slightly lower. 

Density of type A trichomes had a low her-

itability (17.8 + 3.14%) when seedling 

counts were used as the parental values,
butbutsawherhigherusedste (31.8(31.8 7.%aesa estimate + 7.46%) was 
obtained when field counts were used. 

This is believed to be due to the varia-

bility of type A density bnth within and
abing leaves of the same clone. Type A 


density is much more variable than the 

other two traits, and multiple observa-

tions are apparently necessary to obtain a 

reliable estimate of their density. Thus 

for type A density, larger plants would 

have to be grown before reliable selection 

could be practiced. Itwas found, how-

ever, that substantial progress could be 

made inincreasing droplet size and type B 
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Figure 2. Type B droplet size regression. 
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Figure 4. Type A trichome density regres-
sion. (Parent values from seedlings). 
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Figure 5. Type A trichome density. (Pa-

rent values from field-grown plants). 


density if selection were based on the 

counts obtained on a single fully-expanded

terminal leaflet taken when the seedlings 

were about eight inches tall. This would 

allow the breeder who isscreening for all

three traits to first screen seedlings for 

type B density and droplet size, and then
to grow out a greatly reduced number of 

plants which could then be screened for 

type A density. 


ome 

Correlation coefficients of tricho 

traits with aphid populations are present-

ed (Table 	2). All three traits were cor-

related with aphid numbers inthe expected


Higher trichome dnsity and larger 


droplet size was related to aphid resist-

ance, but the correlations were quite
weak. 

Field trials are necessary as an integral 

part of a 	 breeding program for aphid re-
sistance. In spite of these low correla
tions, the clones which have demonstrated

the highest levels of resistance to aphids

inour field trials have had long, dense, 

type B trichomes with large droplets and 

chemically active type A trichoes. Pos-

sible explanations for the low correla-

tions include simultaneous segregation for 

many traits, including presence of repel-

lents, feeding deterrents, phenolic sub-

strates, and enzymes (Ryan et al., 1982). 

Itnight be possible to avo -Tfleld
trials 


the early segregating generations if tion. Itishoped that this material and 
trichome density, droplet size, and chemi- that of other researchers will contribute 

TAble 2. Correlation of aphid ppulations
 
with trichome characteristics.A-/
 

Trait F2 
(MH) 

F3 
(0914) 

F3 
(D932 )2Y 

TpB
Tp 

size -0.223 +0.004 -0.368 

Type B Density1 / -0.014 -0.471 -0.266 

Type A Density -0.182 -0.142 -0.337 
n-20 n-13 n-15 

1-!Season 	 totals of aphid counts were 
transformed to a logarithmic scale prior

to running correlations. 
t runisg o f yids t 
n(H)isa group of F hybrids - the par

ents used in the heritability studies.
 
D914 and 	 D932 are two F3 families pro
duced by open-pollination of clones
 
NH5-11 and 10H8-62 respectively.


B density was transformed to a 
sqa e 	 nt scalet 
square root scale.
 

accessions with only type A trichomes.
 
Tingey and Lauuengayer (1982) emphasized
 

importance of the interaction of type

I hi tdtricae
A and B hairs inresistant clones and ac

cessions. In their study, tarsi. coated
 
with type B exudate were highly adhesive
 
and extremely effective in discharging

type A trichomes, thus increasing the rate
 
of insect immoblization. Selection for
 
larger droplets and higher densities of 
both types of trichones should lead to 
increased levels of resistance ina hybrid 
population. But, as noted earlier, field 
trials to assess the level of aphid re
sistance are indispensible. 
Development of insect-resistant potato
De wl i reant pot
cultivars will require a long-term effort.
 
intermediate heritabilities of trichome
 
density indicate that these traits will
not be extremely difficult to work with.
 
One or preferably two generations of intercrossing with selection for aphid re
sistance will be required between each
 
backcross to adapted material. An alter
native strategy would be to use recurrent
 
selection to jointly improve aphid re
sistance and tuber appearance once a rea
sonable level of performance has been
 
achieved. At this time, itappears that
 
good tuber type and good levels of aphid
 

resistance could be combined ina popula
tion, 25% of whose gernplasm is derived 
from S.berthaultii. Selection for abili
ty to tuberize in the F2, F3, and back
crosscouraginggenerationsresults. has produced very en-


Inthe past few years, the genetic base of
 our insect-resistant population has been
 
greatly broadened. Genes for resistance
 
to potato viruses X and Y, as well as to
 
the golden nematode, Globodera rostochien
sis race A,have already-Feen incorporated
 
T'io this population. Heat tolerance,

resistance to potato leafroll virus, late 
blight (Ph tophthora infestans), and root
kr'ntnen to es ( 0t I spp.) are 
presently 	being bveuht n the popula

* 	 cal activity are jointly considered. to the development of insect-resistant
 
1.1m 	 37 U 4. , m.m *: Discussion potato cultivars by the year 2000. 

F p.,v.ntS value Acknowledgements2 	 Tingey and Sinden (1982) reported that ac-


Figure 3. Type B trichome density regres- cessions of S. berthaultij with both types The authors wish to thank the Potato In
sion. (Square root transformation), of trichomei were more resistant than troduction Station, Sturgeon Bay, Wisc.,
 



130 

for supplying 
the seed of S. berthaultit.
The entonological expertise-of Dr. Ward M. 

Tingey and Jean E. Laubengayer is also 

greatly appreciated, 


References 


Gibson, 	R.W. 
 1971. Glandular hairs pro-

viding resistance to aphids in certain

wild potato species. Annals Applied

Biology 68; 113-119. 


Gibson, 	R.V. 1979. The geographical dis-

tribution, inheritance, and pest-resist-

ing properties of sticky-tipped foliar

hairs on potato species. Potato Re-

search 22; 223-236. 


Gibson, 	]FW., 
 and R.H. Turner. 1977. 

Insect-trapping hairs 
on potato plants.

PANS 22; 272-277. 


Kempthodiie, 0. 1957. 
 An Introduction to
Genetic 	Statistics.
Tntitewatosrti. o 5-'rwey & Sons-,
 

Ryan, J.D., P. Gregory, and W.M. Tingey.

1982. Phenolic oxidase activities in

glandular trichomes of Solanum berthaul-

tii. Phytochemistry 21_ 
I.6'1F
7-


Tingey, 	W.M., and R.V 
 Gibson. 1978. 

Feeding and mobility of the polato leaf-

hopper impaired by glandular trichomes 

of Solanum berthaultii and S. ooladenium.-Journal Economic Entomo or ;

MV858. 


Tingey, W.K., and J.E. Laubengayer. 1981. 

Defense against the green peach aphid

and potato leafhopper by glandular

trichomes of Solanum berthaultii. Jour-

nal Economic Entomo_1"ogy 74721-775. 


Tingey, 	W.M., and S.L. "inden. 
 1982. 

Glandular pubescence, glycoalkaloid com-

position, and resistance to the green

peach aphid, potato leafhopper, and po-
tato fleabeetle in Solanum berthaultii.

American Potato Journal - -.


Tingey, W.M., R.L. PlaisteT J.E. Lauben-

gayer, and S.A. Mehlenbacher. 1982. 

Green peach aphid resistance by glan-

dular trichomes 
in Solanum tuberosum x
S. berthaultii hybris-iercan

'Journal 59; 241-251. 


BREEDING FOR RESISTANCE TO ROOT-KNOT 

NEMATODE 


H. A. Mendoza and P. Jatala 

The International Potato Center 


Five cycles of phenotypic recurrent 


to 


se-
lections for resistance to root-knot 

nematode eodogy incognita were per-

formed in a 
 p o d-potato population
formed by both cultivated and wild species

of the genus Solanum. The progress made 

for the first- t te fourth cycle was 

highly significant and increased 
resist-

ance from 4.5 to 35.5%. Highly resistant 

clones selected from the fourth cycle have
been used in 4x-2x crosses and resistant
tetraploids are under testing for yield

and other attributes before being utilized 

by national programs of developing coun-

tries. During the development of this 

work, reciprocal differences were de-

tected, suggesting that the S. sparsipilum

cytoplasm has a definite effect in reit T 


ance. 


Introduction 


Root-knot nematodes, Melidgyne spp., 
are 

widespread mainly i hiats when
a the
soil temperature is 200C or more. 
 Yield 


losses caused through the damage to the
root system along with loss on crop 
 Table 3. Evolution of the frequency of
quality due to direct damage to the tubers 
 resistance to Meloidogyne inconia
are the 	princ!pal effects of these nema-
 through four cycles of phenotypTicrecur
todes. 	 A severe attack can reduce yield 
 rent selection.
 up to 25%, but ifdirect damages of tubers

is considered, loss 
in crop return could Year Selection
be higher. 	 No.


cycle tested Resistance
 

Since the establishment of CIP in 1972, an
effort has been made to increase potato

productivity in countries 
of the tropical

and subtropical zone. 
 One of the poten-

tial limiting factors is the root-knot 

nematodes by their direct damage to the 

crop, along with their interaction with
bacteria such as Pseudomonas solanacearum. 

This justified the interaction of a breed-

ing program to incorporate resistance to 

this nematode.

Results and discussion 


The first step was a search of genetic

variability for resistance to the root-

knot nematodes in the existing Solanum 

germ plasm. The first group testfor 

resistance was a sample of 7800 cultivated 

clones (Table 1). 


Table 1. Cultivated germ plasm tested for

resistance to M. incognita. 


Materials 
 Resistance 

Germ plasm 

and (no. 	of 
 % level 

clones)
 
Primitive germ plasm


(5,865) 
 1.8 low
 

Other 

(750) 	 1.9 
 low 


Cultivated diploids 

(1,020) 
 2.7 low 


The frequency of resistant clones and the
 
level of resistance present in the cul-

tivated population was low. Therefore, it 

was necessary to test the wild 
tuber 

bearing 	species from the 
genus Solanum
(Table 2). 

_that 


Table 2. Wild Solanum germ plasm tested 

for resistance to .incognita.
 

Germ plasm
and Resistance 

(no. tested)
Species 

% level 

(65) 40.8 low to very high 

Accessions 
(482) 

Genotypes 
18.6 low to very high 

(8,060) 3.5 low to very high 
_______100_23.05
 

From this group three diploid species (S.
sparsipilum, S. chacoense, and 
S. micro-

dontum) 	were 
particuTa-rly intere'sting7for

their level of resistance and ability to 

cross with cultivated diploids. These 

three wild species and the few resistant 

cultivated diploids 
were intercrossed to 

start a recurrent phenotypic selection 

scheme which after five cycles produced a 

significant increase in the percentage of
resistant genotypes within the population

(Table 3). 


Immune and highly resistant genotypes from

the fourth 
cycle of recurrent selection 


before Existing ge
1976 	 netic re

sources both
 
cultivated
 
and wild) 15,695 3.5
 

1977 	 1 2,688 4.5
 
1978 	 2 and 3 
 6,482 27.2
 
1979 	 3 and 4 
 11,085 35.5
 

were screened for 2n pollen p.)du tion and
 

crossed via 4x-2x to highly sL)s.'ted heat
 
tolerant early maturing tetraploid cul
tivars. The resistant tetraploid cul
tivars obtained are in process of testing

for yield and other characterics prior to
 
be distributed to the national potato pro
gram with which CIP collaborates.
 

Crosses of resistant x susceptible pro
duced 38% reslstant individuals while the
reciprocals only gave 
14.5% resistance,
 
suggesting 
an effect of S. sparsipilum

cytoplasm. A study is under way to 
ieas
ure the reciprocal effects and determine
 
the hereditary pattern of 
the resistance
 
to root-knot nematode.
 

FACTORS INFLUENCING THE DEVELOPMENT OF
 
THE POTATO AND ITS YIELD UNDER HOT
 
CONDITIONS
 
D.J. Midmore
 

International Potato Center
 

The range of maturity for genotypes that
 
initiate tubers under hot tropical condi
tions (International Potato Center, 1980)

varies between 60 and 
110 days. Experimental results to date seem 
to indicate
 

the earlier the clone the lower the
 
yield (Table 1).
 

Table 1. Yield and maturity of early and
 
late maturing clones in two experiments,

Yurimaguas (180 m, 5OS).
 

Cultivar Maturity 
 Yield
 
(days) (t/ha)
 

LT4 
 68 7.86
 
Desiree 
 75 16.46
 
LT2 
 78 13.38
 
MarLva 
 100 23.05
 

At a mid-elevation hot tropical 
 site
 
in San Ramon, Peru, the differences be
tween the harvest dates of early and late
 
clones is not so manifest, although the
 
early cultivars probably mature 
slightly

earlier. Nevertheless the time 
to tuber
 
initiation is definitely shorter in early

clones and yields are markedly reduced
 
(Table 2).
 

Why should earliness be accompanied by
lower yields? Assuming planting date 
in
 
common for both early and later clones and
 a similar ability to intercept radiation
 

http:100_23.05
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that although at early harvest yields of acceptable, especially if tubers may be
 
Table 2. Tuber initiation, harvest date early initiating clones were greatest, harvested from 40 days onward. The lower
 

and yield of various clones in field late tuberization was advantageous in yielding, early clones may also be pre
experiments. San Ramon (800 m. 110S). terms of final yield. The bulking rate ferred if a short growing season is re

averaged 13.1 g/m2/day dry matter compared quired to allow potatoes to fit into the
 
Cultivar Harvest Tuber Yield to 2.5 g/m /day for early tuberization. local cropping system. It is possible to


sacrifice duration of 
the growing sf.son
(days) initiation (t/ha) In another experiment where initiation of 
 of other crops in order to acconmodate a
 
tubers was delayed by a photoperiod night longer season, higher yielding potato (eg.
DTO 2 81 early 18.34 light-break (NLB), the bulking rates of the search for a shorter season rice in


6947-2 81 intermediate 31.38 clones in which initiation was delayed by the Badulla District of Sri Lanka, to
 
NLB were considerably greater than those permit a longer season potato (French,
LT1 95 early 11.95 of the control (0.80 vs. 0.36 g/plant/ Personal communication)).


Revoluci6n 95 late 26.17 day). Although all the data are not at
 
present available, tfiare are ind;cations In summary, based on physiological princi-
DTO 2 97 early 10.49 that the faster bulking rates associated ples, provided that clones can initiate


Desiree 97 intermediate 27.16 with later initiation were due to the 
 tubers under high temperatures, and that
 
greater leaf area at tuber initiation, and they do not vary greatly in their effi

at any point in time, a shorter growing therefore probably more interception of ciency of energy conversion, maximum yield
incident radiation, will be achieved by those initiating

season would obviously restrict the total tubers liter. The plants afford a greater

radiant energy available for conversion to Whereas long days can delay tuber initia- leaf 
area at that time and permit faster
 
tuber dry matter. Since total and tuber tion, clones adapted to longer than and often longer bulking rates than those
 
dry matter production are linearly related tropical days, when stored in diffuse of smaller plants that initiate tubers and
 
to intercepted radiation (Allen and Scott, light under tropical short days, tend to mature very early. Closer spacing in
 
1980; Bean and Allen, 1981) yields of be predisposed to initiate tubers very early potato clones can compensate for
early clones would tend to be less than early under hot conditions. This would be their lower bulking rates.
 
those of late clones. Improvement Of a definite disadvantage for the achieve
harvest index and/or efficiency of conver- ment potential and therefore A desirable
of yields breeding objective would be
sion of intercepted radiation could to further experiments are in progress to to combine the quick emergence of early

some extent compensate for the shorter clones with
measure such an effect, the later tuber initiation,
 
season of early clones but this has not maturity and bigger plant size of late
 
been our experience. Of the agronomic treatments available for clones in order to intercept more incident
 

manipulation of potato development most radiation during the crop Also a
season.
Early maturity in our experiments at published studies have been made on the further advantage of lateness in a clone
 
Yurimaguas, besides often being related to 
 influence of nitrogen supply to the plant. is the better compensation than that of

early emergence and tuber initiation, was High nitrogen supply at planting delays early clones for loss of leaf area due
 
also related to smaller plants with fewer 
 tuber initiation whereas low nitrogen to insects or disease (Cranshaw and Rad
above ground internodes and less leaf area has an opposite effect (Sattelmacher and cliffe, 1980). Shorter season clones
 
duration, the latter leading to poor light Marschner, 1979). In our experience, when may, however, escape insect or disease
 
interception. The same was also noted for all nitrogen fertilizer was applied at attack and require less chemical control
 
those clones in Table 2 that initiated planting or hilling up, no significant measures.
 
tubers early. These characteristics could effect was noted upon tuber initiation,

be typical of either earlier genotypes nor upon the duration of bulking. Simi- The practical manipulation of 
genotype x
 
and/or physiologically old seed (Bean and larly shading of plots (Midmore, et al., environment interactions (especially seed
 
Allen, 1980). The negative 
 effect of 1982) did not alter significanty the tuber production and storage environments)

genetic earliness on yield obtained in our maturity of the crop. and the search for improved efficiency of
experiments may have bpen overestimated conversion of interceFted radiation to dry
since seed source of genotypes could have Although under field conditions closer matter under high temperatures both de
influenced the response; the early-matur- spacing hastened tuber initiation, yields serve further study.

ing clones were multiplied under hotter were always greater than at wider spac
conditions and therefore were physiologi- ings. This was particularly notable for References
 
cally older than the late clones produced the smaller statured early clones, which
 
in the cool highlands. achieved complete crop cover much sooner Allen, 
A.J., and R.K. Scott. 1980. An
 

To estimate the effect of seed origin at higher densities, and intercepted more analysis of growth of the potato crop.
 
upon the subsequent productivity of seed radiation during the season than wider Journal Agricultural Science, Cambridge,
 
tubers, a comparison was made in the spaced plants. Closer spacing can there- 94; 583-606.
 
hot summer of Lima (CIP, 1980), between fore compensate for earliness and mean Bean, J.N., and E.J. Allen. 1980. Effect
 
seed tubers of a late cultivar (Mariva) tuber growth rates of close spaced early of physiological-age and variety on
 
produced under the hot conditions of clones may even exceed those of late growth and light-interception in the
 
Yurimaguas (CIP, 1980) and seed of the clones (Table 3). potato. Potato Research (abstract) 23;
 

256-257.
same cultivar originating from cool high- Most of the results and discussion have Bean, J.N., and E.J. Allen. 1981. Eflands. Seed tubers from both environments indicated the yield advantage of late cul- fects of physiological age on develop
were stored in the highlands for the same tivars. However, there are certain cir-
 ment of the leaf canopy and light in
duration prior to planting. Light inter- cumstances when early clones are to be terception. Proceedings 8th EAPR Trien
ception was considerably less for the crop preferred. For example, if the producer nial Conference (abstract) Munich pp.

from the Yurimaguas-produced seed tubers 
 requires a quick food supply for himself, 142-144.
 
eg. at 37 days after planting 18% vs. 58% then lower yields of early clones 
may be Cranshaw, W.S., and E.B. Radcliffe. 1980.
 
for highland seed tuber, as too was the
 
yield (13.4 vs. 19.9 t/ha). Crop duration Effect of defoliation on yield of po
of the former was also 10 days less. Cool tato. Journal Economic Entomology 73;
 
storage conditions can to some extent Table 3. Effects of between plant spac- 131-134.
 
offset the negative physiological effects ings on tuber growth rate. International Potato Center. 1980. Con
of producing seed tuber under hot climates centrated variety of climates for potato
 
(Wiersema and Booth, 1981). Variable LT4 Desiree research. CIP Circular VII, (9) 3 pp.
 

Midmore, D.J., P. Accatino, and D.
 
In addition to 
the effect of seed tuber Season length (days) 68 75 Berrios. 1982. Potato production under
 
source of early clones on their yield in 
Wide spacing shade in hot climates. (These Pro3
hot climates our experimental results seem (approx. 53 x 10 ceedings).
 
to indicate that the bulking rate of plants ha-i) 0.157.1/ 0.174,1/ 
 Sattelmacher, B. 1981. Final Report.

clones that initiate tubers early is much Close spacing CIP, Lima.
 
lower than later initiating clones. Se- (approx. 157 x 103 1 attelmacher, B., and H. Marschner. 1979.
 
lections were made in various seedlings plants ha-I) 0.335./ 0.267-1/ Tuberization in potato plants as af
families for early, late or no tuber ini-
 fected by applications of nitrogen to
 
tiation under controlled hot conditions 
 the roots and leaves. Potato Research
 
and multiplied once in cool conditions Tons per hectare per growing season day. 49-57.
 
(Sattelmacher, 1981). Results indicate
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POTATO PRODUCTION UNDER SHADE IN HOT 

CLIMATES 


D. J. Midmore, P. Accatino, and D. Berrios 
International Potato Center 

Introduction 


High air and soil temperatures can severe-

ly limit potato production since potato is 

generally a temperate crop. Often, tem-

perate cultivars growing under such condi-

tions are chlorotic, with a reduced leaf 

erca and poor tuber production. In order 

to extrend potato cultivation to such areas 

breeding efforts to select clones tolerant 

to high temperature were started (Mendoza 


modify the aerial and edaphic environment1978). A complementary approach is 
to 
o 

to favour growth of potato, and in this 
respect we herein discuss the use nf 
shade. Artificial shade, e.g. by n .s, 
enables precise regulation of the quality 
of shade, although its cost may confine it 

to areas where potato is a high cost food 
 .In contrast shade provided naturally e.g.

by companion crops would be less easily 

regulated but more readily available es-

pecially in the tropics and subtropics

where intercropping is already a wide-

spread practice, 


Previous studies on shade in potato have 

not considered the benefit in reduction of 

high temperature for lowland tropical 
con-

ditions. Continuous dense shade through-

out the potato crop cycle reduced tuber 

yields, whether provided by artificial 

shades e.g. 34% reduction of full sunlight

(Sale, 1976) or intercropping with maize, 

the potato being planted approximately

3 weeks after maize (Fisher, 1977). Short 

periods of dense shade applied at the time 

of tuber initiation or during bulking also 

reduced yield, but less so than in con-

tinuous shade (Sale, 1976). 


Either sparse shade spread over the whole 

potato crop cycle, or a denser shade ap-

plied from planting for a short period of 

time (3-4 weeks) may be effective in re-

ducing soil and air temperatures and con-

serving soil moisture especially during 

the emergence period. Various experi
 
ments, using both artificial and natural 

(intercropping with maize and coconuts)

shade were therefore conducted during 1980 

and 1981 in two tropical sites with en-

vironmental conditions as described in 

Table 1. The experimental results could 

assist in defining the appropriate timing

of shade and the levels of shade to be 

applied both throughout the day and during

the crop cycle, 


Table 1. Temperature and rainfall during 

crop seasons at two sites in Peru. 


San RamoV / Yurimaguas-2/  


Drier Wetter Drier 
May-Aug. Nov.-Mar. May-Aug. 

Mean max. 
air t' 'C 29.7 29.0 31.4 

Mean min. 
air t 'C 17.3 18.7 19.9 

Mean monthly 
rainfall 
mm 71.6 235.4 126.4 

-/Altitude 800 and /180 m respectively, 


Results and discussion 
 In the earlier mentioned treatments shade
 
was dense and either applied only during


Almost all shade treatments, when applied the first month of the potato crop cycle,
from planting hastened crop emergence or throughout the crop cycle but at aexcept when the companion crop actively particular time each day. In contrast a
competed for limited soil moisture. This continuous sparse shade (85% light trans
effect was equally notable in rainy or dry mission) was achieved by planting in season plantings and therefore, 	the reduc-
 coconut groves, and although comparisons

tion in day soil temperature can be with conventional control: were not possiassumed as responsible for hastening of ble, yields during the drv 
season of the
 
emergence. Nevertheless during the dry non-irrigated shade plots (14.8 t/ha) were
 season an added advantage of shade treat- similar to those of 
a close-by irrigated
ments was the better conservation of soil 
 site (14.9 t/ha) and superior to two other

moisture (Table 2). non-irrigated sites (6.6 and 10.3 t/ha).


The conservation of soil moisture must

Various intensities of shade 
during have been an important factor in yield
Vous itensitis oshad d themonth after planting potato (total daily mprovement, indeed during the cloudy
 
light transmission varying from 66% to 86% rainy season there was no notable yield
bye
I nces 	 tecnrrincoming radiant energy) were effected by gncater proportionhd.O of tubers, 20% by 
varying density and planting geometry of a 
maize crop, planted 30 days before the weight, were rotten at harvest compared to
 
potato. Although the lowest level of 5%in an adjacent non-shaded field.
 
shade reduced the mean daytime soil tem- The results indicate that shading can
 
perature by an average of 3.20C and was as The e nicae to hading can
 
effective as that of dnser shade in en- modify the environment to the extent that
hancing emergence of the potato crop, potatoes can be grown in hotmaizengerane were fantl 	 climatesres where excess of soil 	 water is not a
maize grain yields were significantly less problem. Also, ntercropped potatoes are
 
than those of the dense crop. expected to have less insect and pest
 

damage, and therefore costly inputs could
The hastening of emergence under shade was 
 be reduced compared to a monoculture.
 
most notable with poorly sprouted seed Vast 
area of natural forest, cultivated
 
tubers. Similar material planted in un- areas with coconuts, tall fruits crop
shaded plots in Yurimaguas rotted hence and intercrop systems 
with e.g. maize,

the initial advantage of shade on emer- sorghum, pigeon 
pea, could be exploited
gence was largely responsible for the to expand potato cultivation 
to the hot
 
greater yields of the shaded plots. Since 
 tropics.

maize rows could have differential cool
ing effects, depending on their orienta- References
 
tion, on soil and the emerging potato

plants, the effect of a north-south (N/S) Fisher, N.M. Studies
1977. in mixed
 or east-west (E/W) planting was studied, 
 cropping. I. Seasonal differences in
 

relative productivity of crop mixtures

During the wet season in San Ramon shad-
 and pure ntands in the Kenya highlands.

ing for 30 days after planting reduced Experimental Agriculture 13; 177-184.
 
potato yields from 27.6 t/ha 
in the non- Mendoza, H.A. 1978. Progre'ss in breeding

shaded control to 17.7 t/ha in the N/S and 
 for earliness in adaptation in the low
21.1 t/ha in the E/W maize plots. Al- land 
tropics, in European Association
though emergence was faster in shaded than 
 for Potato Research 7th Triennial Conf.

control plots the extra radiation probably Abstracts p. 201.
 
received in the E/W than the N/S plots to 
 Sale, P.J.M. 1976. Effect of shading at
 
some extent helped offset the already low different times on the growth and yield
radiation receipts characteristic of the 
 of the potato. Australian Journal of

rainy season. 
 Agricultural Research 27; 557-566.
 

Shading at specific periods throughout the
 
day was effected by inclining permanent

shades (25% light transmission) in order
 
to shade plots either during the morning SCREENING POTATO FOR ALUMINIUM TOLERANCE
 
midday or afternoon. Shading for a short 
 IN NUTRIENT SOLUTIONS
 
period every morning or afternoon through
out the rainy season increased plant yield 
 D. J. Midmore and N. Espinola de Fong

relative to the control 
 at San Ramon, International Potato Center
 
whereas a longer midday shade increased
 
yield during the dry season at Yurimaguas. Introduction
 

Although potato is classified as being

Table 2. Accumulated soil temperature relatively tolerant to acid soil 
and alu
(5 cm depth) above 200C, and soil mois- minium toxicity (Hewitt, 1947) its yieldture in maize plots of varied spacings, potential is nevertheless markedly reduced 
Yurimaguas, 1981. onacteristic the soils (Lee, 1971) charseverely acid
of many tropical environ

ment to which potato cultivation is being

Maize Soil temp.)/ % Soil moisture extended. In order to reduce costly re
spacing 
 13 days after medial soil application of lime necessary
Day Night rain 	 to facilitate cultivation there, various
 

seedling screening technicues to identify
No maize 100 	 12.59
]00 	 more tolerant genotypes are being tested.

0.7 x 0.7 m 68 97 	 13.30 These 
techniques have been successfully
1.5 x 0.3 m 79 87 	 14.47 employed with other crops (Polle, et al.,

1.5 x 0.7 m 77 95 13.33 1978; Hanson and Kamprath, 1979; Kdnsa et
 

al., 1976).

Y Expressed as % of accumulated hour Materials and methods
 

degrees above 200C 
in no maize plots;
 
day - 1530h, night - 108.4'h. Botanical seed of open-pollinated clone
 

DTO-33 was germinated in an incubator at
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200C on moist filter paper and after 10 damaged roots. None of the control roots HAPLOID EXTRACTION IN SOLANUM TUBEROSUM
 
days uniform seedlings were chosen for took up the stain whereas those treated
 
further treatment. The base nutrient ranged from no staining (4%), to very G. Mix
 
solution was that suggested by Konsak et hepiy staining (scale 2+3-78%). In en- Institute of Crop Science and Plant
 
al. (1976) upon which various concentra- suing experiments the aluminium concentra- Breeding of the Federal Research Center
 
'Eons of AlCl3 were superimposed in order tion was reduced in order to pick a of Agriculture, Braunschweig-Vblkenrode
 
to determine the most appropriate for a greater number of tolerant genotypes. (FAL)

differential response of the seedlings to However, -',n it the lowest concentration
 
Al. For the first two experiments seed- (O.11 w!)4K were heavily stained.
 
ling roots were bathed in Al solutions for Introduction
 
five days; root lenoth being measured be- In not"er experiment no heavy staining
 
fore and after the treatment period. For was noted at the 0.05 and 0.10 mM concen- Interspecific crosses hlve been used as a
 
the latter (three) experiments the period trations hence it is suggested that a 0.13 tool for the production of haploids in
 
of bathing in Al solution was one day and mM solution be optimal for the staining different species.

staining with hematoxylin (1/2 minute in technique. Various botanical seed fami
0.2% hematoxylin 0.02% Na1O 3 solution - lies are being screened at present to Jorgensen, working with Solanum nigrum,

scored on scale 0-no stain to 3-black confirm this result, reported in 1928 the fir-s successI
 
stain) was made after washing the roots in the use of interspecific hybridization for
 
water for fouv hours. Plantlets from all Subsequent to transplanting a number of haploid detection.
 
series of experiments were potted and tu- the seedlings died, especially those de
ber selections of the surviving plants rived from the higher Al concentrations. Since 1939 several reports have been
 
multiplied once for planting in a rep- Those dying may have been extremely sus- written about the results of a systematic
 
licated experiment using two kilogram pots ceptible to Al toxicity and their elimi- search for haploids of the common potato.

with an acid soil (pH 4.2, 60% Al satura- nation could cc .er a natural selection Hougas and Peloquin (1958) dircussed in
 
t'on of the CEC). pressure. With yield data estimated in detail the potential of haploids of the
 

the pot experiment the population mean common potato but they pointed out that
 
Results and discussion of Al treatments will be compared to those the first step has been to accumulate a
 

of controls to test for any significant large number of haploids.
 
The increase in root length over the snift in Al toleranc- . However, to select
 
treatmei.t period was markedly influenced tolerant individuals by the root length The aim of the Braunschweig study is to
 
by the solution concentration of Al (Fig- method time consuming plant-by-plant meas- extract a large number of dihaploids out
 
ure 1). In both experiments higher Al ures have still to be made. On the other of the breeding selections of some breed
concentrations reduced root elongation, hand the staining technique is more rapid, ers. These dihaploids can indicate the
 
either in absolute terms or expressed re- although at the low Al concentrations nec- breeders which characteristics a'. ;idden
 
lative to the original root length (data essary to descriminate between clones, in their tetraploid genotypes. These
 
not presented). The mean reduction in natural elimination of highly susceptible dihaploids can also be crossed with wild
 
root length was 5.4 mm per ImM increment genotypes will not occur. In our studies Solanum species to increase the diversity

of aluminium. 	 plantlets were as uniform as possible, of potate germ plasm, for instance with
however it has been reported that the he- respect to resistance to diseases and
 

matoxylin stain test is independent of pests which is of great interest tor con-
Solutions of 0,5 and 1.0 mM Al would ap- root length (Polle et al., 1978) and would ventional breeding.
 
pear the most appropriate in which to therefore obviate t-Fe-need to select in
select for tolerant genotypes, since at dividuals to uniform root length. The following report is intended to be a
 
higher concentrations all genotypes per- t+'vlus for discussion. In consequence,

formed equally poorly. Either of these techniques should prove there is only a summary of the work in
 

useful in screening for tolerance of bo- progress, and there is no detailed report
Data from the first experiment with tanical seed populations to Al toxicity, of the results in this field which has
 
hematoxylin, in which roots were bathed in In order that potato production from true already been published.
 
water or a 2 mM Al solution, indicated the seed in acid soils be feasible without
 
usefulness of this method in identifying lime applications. Material and methods
 

1XPERIMENT FXMAIENT2 References 	 Breeding selections of Solanum tuberosum 
50 	 0.M 0M (2n = 48) were used a. see-parentsinth-eF] Furlani, P.R., and R.B. Carke. 1981. 4x - 2x crusses. Tubers of the seed

r- 'Screening sorghum for aluminium toler- parents were planted in the field. De-
A ance in nutrient solutions. Agronomy capitants were collected from the field 

0 Journal 73; 587-594. at the time when the first flowers began
Hanson, W.., and E.J. Kamprach. 1979. to open. They were placed in bottles
 

Selection for aluminium tolerance in filled with tap-water in the greenhouse.

soybean based on seedling root growth. Every day fresh tap-water was poured into
 

50 0.5 M 2.OmM 	 Agronomy Journal 71; 581-586. the bottles. The greenhouse was air-

Hewitt, E.J. 1974. Resolution of factors conditioned. The temperature was about
 
in soil acidity: Relative effects of 150C at night and 20 - 220 during the day.
 
aluminium and manganese toxicitles on
 

o 	 farm and market garden crops. Annual Solanum phureja (IvP 35 and 48) was used

Report Agricultural and Horticultural as- pollinatr The:e pollinators were
 
Research Station. Long Ashton, Bris 1. grown in the greenhouse. Pollen was col

somM 	 2.-M 
 Konsak, C.F., E. Polle, and J.A. Kittrick. lected and was either used immediately or
 
1976. Screening several crops for alu- was stored after drying over night in
 
minium tolerance. pp. 311-227. InM.J. capsules placed in a moisture-free vessel
 
Wright and A.S. Ferrari, eds. Pro- and kept at 100C. The fruits were removed
0 ceedings of workshop on plant adaptation from the decapitants about one month after
 
to mineral stress in problem soils, the last pollination, and were kept at
 
(Beltville M.D.). Cornell Univ. Press, room temperature to mature. The seeds 
Ithaca, N.Y. were carefully screened for embryo spot or 

50 	 1.5 M 3.0 Lee, C.R. 1971. Influence of aluminium not. Spotted seeds, spotless seeds, and 
on plant growth and tuber yield of po- doubtful cases were counted and kept 
tatoes. Agronomy Journal 63; 363-364. apart. In the following spring, all spot-


Polle, E., D.F. Konsak, and TA. Kittrick. less seeds and doubtful cases were sown
 
o 	 .... 1978. Visual detection of aluminium into soil. The seedlings at least gave 

515 l 52 5 5 15 25-35 tolerance levels in wheat by hematoxylin the data wich showed if a plant entered 
<5 s -25 15.26 > 5 staining of seedling roots. Crop the dihaploid group or not.
 

Increat, In Root Length (m) Science 18; 823-827. Results
 

Figure 1. Increase of root ;ength in
 
various concentraticns of alumivium over Potato dihaploids can be extracted from
 
five day growth period. almost any seed-parent but the results of
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the crosses do vary according to the 0f-

ferences of the seed-parents and in the 

respective years. The observations showed 

that there have been considerable varia-
tions in berry-set between seed-parents 


and in different years. The data have 

been summarized in Table 1; although

Table 1 gives only a representative selec-

tion of the 127 breeding lines used. 


Table 1. Comparison of berry-set of dif-
ferent clones in three years. 


Clone Berry-set 


1979 1980 
 1981 


E 18 
 1 14 -
E 33  15 49 

E 43 
 1 10 -
B 10  3 45

B 35 2 
 14 -
B 56 3 24 38 

S 17 10 
 6 -
S 38  38 33
S 47 2 
 5 17 


Table 2 represents the amount of clones 

without berries and clones without spot-

less seeds in three years. Only one 

seed-parent did not 
bear a berry at all 

during three years. It seems as if in 

1979 there were better conditions for 

berry-set 
than in 1981. This variation 

was also found by comparing the data of 

the seeds lacking an embryo spot. But the 

parents which had seeds without a spot

were different during each of the three 


Table 2. hiount of clones without berries 

and clones without potless seeds in 

three years. 


Clone No berries No spotless seeds 
groups 

1979 1980 1981 1979 1980 1981 

B 2 4 9 4 6 
E 4 3 16 6 7 
S 3 4 11 3 4 
Total 9 11 36 13 17 

years. L ,pared with the parents without 
berries ti. variation of the parents
without spotless seeds during the dif-
ferent years ws not so strongly marked 
(Table 2). Perhaps there is not such a great difference between 
the clones in 

respect of the ability of 
the parents to 

manifest extreme haploid frequency. 

The germination rate of the spotless seeds 


in general was high, in average about 75 
-

8 t fe rate
of -

Table 3. Summary of haploid frequency, 


Solanum 1979 
 1980 1981 

tn iproportion 

a 
v 48 

seed-parent 52 126 127 
pollination 
fruit 
seed 
spotless seedHapiods 

83 
24 
149 
836 

11,799 
1,502 
2,794
1,815946 (482) 

18,937 
3,851 
13,739
5,838 

Haploids/ 
100 fruits 25 62.9 (32.0) 

plants was very high. 
 So, after removing

all these plants out of the group of di-
haploids, 482 were left t: grow up to 

plants. 70% of these flowered but the 

number of flowers on the plants varied 

considerably. 


The frequency of haploids relative to 
the 

482 dihaploids was 32 per 100 fruits. 
The
haploid frequency of the two years was 32 

per 100 fruits. Th average of the seed 

number per fruit was 1.8. The 
highest

number was 13.3. 


In Braunschweig, the dihaploid numbers of 

the breeding selections are cuv'rently

being expanded and will be extended during

the next years. The next important step

included it,the programme will be to reach 

a reasona.,Ie degree of fertility in the 

"raw" haplaids, so that the potential 
of 

haploids can 
be fully explored according 

to the interests of potato improvement.
 
Surmnarv 


Dihaploids were extracted from 127 dif-

ferent Solanum tuberosum breeding lines 

using SoFan-um pflra IvP 35
pollinators. and 48 as
Uptit new 488 dihaploids 

have been detected. The total frequency
of haploids was 32 per 100 fruits, and an 

average of 1.8 seeds per fruit obwas
tained. Considerable variations have been
fouidvestment 

found between seed-parets and in the dif-
ferent years and obvious differences exist 

between the seed-parents within the re-

spective years.
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only
80%, , tofe s o es18 sed20%hagerminationbut few of the spotless per PROSPECTIVE SYSTEMS AND USERS FORseeds had aSte-agd 
parent. The low rate was independent of 

the parents because every year otherdifferent clones showed the low rate. and 

Table 3 summarizes the results of the 

years 1979 - 1981. The number of spotless 

seeds in every y~ar seemed to be high but 

the counted seeds included seeds where the
spot marker was not clearly expressed, and 

also seeds with a stunted embryo. So, in 

1979 only 6 plants turned out to be di-

haploid. That means that the frequency of 

haploids was 25 per 100 fruits. 
 In 1980 

the spotless seeds resulted 
in 946 di-

haploids. The number of dihaploids which 

died as seedlings or did not grow up 
to 


TRUE POTATO SEED IN DEVELOPING COUNTRIES 


A. Manares, P. Malagamba and D. Horton
A. ertona P ta andD.Hortoenprograms n 
International Potato Center 

Introduction 


Lack of high quality seed tubers is 
a ma-

jor factor limiting potato yields and 

production in developing countries. De-

veloped countries produce and distribute 

quality seed tubers through elaborate seed 

certification systems. 
 But in most devel-

oping countries these systems either do 

not exist or do not work efficiently (Mo-


nares, 1981). As a result, many farmers
 
must use either costly imported seed or
 
degenerated local seed. 
 Under these conditions seed tubers constitute a high
diin, se ues'osiue a hg
 

of total production costs, and
both farmer profits and opportunities to
 
introduce better technologies are limited.
 
In addition, use 
of poor seed tubers re
sults in low yield, high production costs
 
per unit of output, and high potato prices

at the consumer level. High farm costs

and consumer prices 
restrict production
and consumption of potatoes in developing
countries (Van der Zaal tnd Hnitnn, 1982).
 

In this context we e am nd prospective
 
systems and users for 
trJe potato seed
(TPS) technology. Prese. t knowledge of
 
TPS technolojly is derived almost 
exclu
sively from research under carefully

controlled experimental conditions.
 
Socioeconomic study of production and use
 
of TPS in developing countries has only

recently begun. Hence, the reader is
 
cautioned that our analysis is preliminary
 
in nature.
 

The costs of producing, storing, end dis
tributing TPS are expected 
to be lower
 
than those for seed tubers. Also, use of
 
TPS helps avoid most tuber borne diseases.
Hence, this technology would seem to be
 
particularly prumising 
 in areas where
 
quality seed 
tubers and their adequate

storage and transport are costly. Since
 
growing a potato crop from TPS 
is more
 
management and labor intensive than grow
ing a crop from seed tubers, availability

of skilled labor may also influence future
 
use of TPS technology.
 

TPSSystems
P ~ t m 

Systems for production
 

True potato seed for commercial use can be
 
either open-pollinated or hybrid (Fig
ure 1).
 
Production of open-p.linated seeds does
 

investment in land or facilities. It
inelandrortfacilities.eIt isis

therefore, a practical alternative open to
individual farmers, cooperatives, or na
tional potato programs.
 

Type of seed Type of producer
 

Farmers (private,
 
-'coopertivs)
 

Open-pollinated
 
' National potato 

programs 

TPS 
production 

Private seed 

companies 
Hyr ds / Sate agedsiuin 

seed institutions 

National potato 

Figure 1. Institutional organization for
 
TPS production.
 

Production of hybrid TPS is 
more expensive

and technically demanding than production

of open-pollinated seed. 
 It does not seem
 
likely that hybrid production of TPS will
 
be economically viable for most developing

country farmers, in the near future. 
 In
stead, it is likely that hybrid TPS will
 
be produced by seed companies, state
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managed agencies or national potato pro- production. Where consumer requirements seed tubers with higher disease level. In
 
grams with suitable facilities, skilled are strict, special attention will need to such cases we can expect use of TPS to be
 
personnel and an efficient marketing net- be given to insuring a high degree of tu- highly profitable.

works. Research is still needed to im- ber uniformity. Where potatoes are pro
prove productivity and lowering production duced for livestock feed and or industrial Where potatoes are not presently grown
 
cost of hybrid TPS. Nevertheless, several use, insuring uniformity of tubers may be because of the high cost or unavailability

private companies have already shown in- less important, of quality seed tubers, TPS may be a prom
terest in commercial production of hybrid 
 ising mechanism for potato introduction
 
TPS. Production ef seed tubers. In this into the farming system.
 

systems TPS is used in the first genera-

Systems for producing tubers and seed- tion to produce seed tubers. 
 Thereafter, Example. This section illustrates one
 
lings tubers can be used directly for ware pro- use of the criteria outlined above for
 

duction or subjected to further multipli- identifying high potential areas for TPS
Direct seed sowing. Several studies, as cations. adaption. This example is based on pub
reviewed by Sadik (1982), indicate that 
 lished estimates of potato production

germination, seedling emergence and es-
 Plants from seed tubers are generally more costs in a number of localities. These
 
tablishment from directly sown seed may be vigorous than these from TPS. Hence, this 
 are ran.;,d in terms of their estimated
 
satisfactory and result in good yield method could be most suitable where direct potential for adopting TPS (Table I). The
 
under certain management and growing con- seedling transplant systems are hampered assumpt'on underlying this ranking is that
 
ditions. With the present state of by severe stress from, e.g., diseases, the likelihood of adoption of TPS technol
knowledge, direct sowing may be advan- insects, weed and environment. A high ogy is greater where the percent net
 
tageous in areas where temperatures are rate of seed tuber multiplication can be saving in proeuction cost Is largest. For

moderate, rainfall is well distributed or achieved through production of tubers in simplicity, we assume that TPS has no di
irrigation is available, and scils are of direct-seeded beds (Wiersema, 1982). In rect cost and that its use requires 50%
 
adequate physical structure. However, the 
 addition, land and time can be economized more labor than use of conventional seed
 
crop may require up to one month more in by producing tubers from seed in protected tubers. All other costs and the yields

the field than a crop from seed tuber or areas in the off-season. Preparation and are assumed to be equal for the two tech
transplanted seedlings. As more vigorous storage of seed tubers requires careful ares.
 
early growth is obtained by improved management. For these reasons this system nologies.

progenies a larger applicability of this looks more promising in areas where land
 
systems will be realized, is scarce, off-season production of first Given these assumptions TPS is more likely
 

generation seed tubers is possible, and to be adopted in localities such as A, B
 
Transplanting. Use of transplants has skilled labor is available, and C than F, G or H. This is because in
 

been suggested as a practical method for the first group, seed tubers account for a
 
growing potatoes from TPS especially in In China a version of this system is used relatively high proportion of total cost
 
areas where labor is abundant and farmers to substitute for the basic or foundation and labor for relatively small proportion.
 
are skillful in vegetable production. Its seed tubers generation in a conventional Under these conditions percent net savings

distinctive advantage is that seedlings tuber seeds program, from use of TPS is significantly higher in
 
are established under protected conditions the first group of localities than in the
 
before transplanting to the field (Acca- Specialized production of seedlings. In second.
 
tino and Malagamba, 1982). Additional many vegetable growing areas of the world
 
labor is needed to produce, transplant, some farmers become specialized in produc
and care for seedlings. Under stressing tion of seedlings, which they sell to Table 1. Localities ranked in potential

environments the additional cost of labor neighboring farmers via a series of market 
 for adoption of TPS.
 
and pesticides necessary for proper care arrangements. It is possible that in the
 
of seedlings may partly offset the reduc- future, potato transplants will be pro- Locali- Yield Produc- % of pro- Net
 
tion in seed cost. It is expected that as duced and traded in a similar fashion. ties (t/ha) tion duction savings

farmers learn how to manage the crop and cot cos
 
appropriate technologies are developed for 
 cost cost S/hl

these environments, labor, and pesticides Potential areas and users for TPS (lbr (over
 
requirements will be reduced. (labor) (over
 

Given our present knowledge of TPS tech- cost %)
 
The transplanting system may be most at- nology, we believe 
that three basic fac
tractive to backyard gardeners a.L vege- tors will influence farmer adoption of A 7.9 1453 53 613
 
table growers in areas where horticultural TPS: environmental conditions, quality (10) (48)
 
skills are found and potato is a high and cost of available seed tubers, and
 
value crop. cost of labor. Inour view TPS technology B 20.0 1893 55 877
 

is most likely to be used by farmers where (16) (46)
 
Potential uses 
 the following conditions are met:
 

Environment and growing conditions are C 12.3 53(352 596
 
Many national potato programs are current- suitable for potato production. (19) (44)

ly using TPS in limited scale in their Quality seed tubers are unavailable or
 
breeding programs. It is expected that very expensive. D 18.0 1653 3( 485
 
the use of PTS can he expanded in two ad- Skilled labor is relatively cheap. (17) (29)
 
ditional directions: (a) in the produc
tion of basic or foundation seed tubers, Where potatoes are presently grown, 9.5 2589 36 600
 
(b) to provide hybrid seed to commercial farmers are likely to adopt TPS technology (22) (23)

farmers. if they find it more profitable than pro- F 20.0 1496 27 123
 

ducing potatoes from seed tubers. Use of (37) (8)

Farmers, the main target group of the new TPS may allow a subrtantial reduction in
 
technology, can use TPS for three main the cost of planting material, its stor- G 18.0 1240 24 89
 
purposes: (1) production of tubers for age, and transportation. On the other (34) (7)

consumption, feed or industrial use, (2) hand, labor end pesticides costs may be
 
production of seed tubers, and (3) produc- expected to in;rease. Where good seed H 7.0 306 38 22
 
tion of seedlings for their own use or tubprs are avwilable yields from TPS may (62) (7)

sale. be lower than those obtained from seed 

tber. In this case, farmers are likely / 
Production of tubers for consumption, to accept TPS only if the reduction in - Net saving is obtained by deducting

feed or industrial use. TPS could be used total cost is greater than the reduction additional labor cost from saving in
 
in production of ters for various pur- in total return, seed (tuber) cost when true potato seed
 
poses, including human consumption, live- is used instead of seed The
tuber. 

stock feed, starch and alcohol. Where In areas where available seed tubers are following assumptions were made: (a)

tubers are produced for human consumption, of poor quality, use if TPS may result in true potato seed used as planting ma
consumer requirements need to be taken increased yields. If the output is used terial is costless and (b)TPS technol
into account, since, in many cases, tuber As planting material, revenue may be ad- ogy employs 50% more labor than conven
color, size, form, and composition affect ditionally increased because the output tional seed tuber technology.

market prices and profitability of potato price will be higher than that of common
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The reader is cautioned to be aware that 

potential adoption of TPS by farmers will 

be based not only on the economic rela-

tions estimated in this highly simplified

example, but also a series of non-quanti-

fiahle aspects of local agro-economic

conditions, 


Conclusion 


We expect adoption of TPS technology to 

occur 
first in areas where environmental 

conditions are suitable for potato pro-

duction, good seed tubers are expensive or 

not available, and labor is cheap. 
 Adop-

tion is likely to be greatest where the 

cost of seed tubers represents a high

proportion of total cost, seed tuber stor-

age and transportation are problematic,

skilled labor is available, and consumers 

do not have strong preferences for spe-

cific tuber characteristics. In areas 

with extrerr'y low yields caused by very 

poor seed tuber quality, introduction of 

TPS may result in marked increases in 

yields and farm returns, encouraging rapid
adoption. 
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FACTORS AFFECTING THE NUTRITIONAL QUALITY

OF POTATOES 


N. I. Mondy
Cornell University 

Ithaca, N.Y. 


The Global 2000 Report forcasts that "if 

present trends continue the world in 2000

will be more crowded, more polluted, less 

stable ecologically, and more vulnerable 

to disruption than the world we live in 

now." As one wit put it, experts have 

made two projections for life 50 years 

from now; one optimistic, one pessimistic.

The optimistic view is that in E0 ynars we 

all will be forced to subsist on crab-

grass. 
 The pessimistic projection? There 

may not be enough crabgrass to go around, 


I should like to project that in the year

2000, we 
shall feed the world a nutritious 

diet - a diet consisting of many varieties 

of delicious potatoes. The potato is cer-

tainly an important vegetable with regard

to nutritive value and extent of cultiva-

tion, but the chemical composition can be 


aItered by cultural practices, post-

harvest handling, and processing, 


Potatoes are 
grown in many areas of the
 
world and yield a much higher food value 

per acre than grain. They can be stored 

easily and are palatable with a high sati-

ety value, that is, gives a feeling of
fullness and satisfaction. Even the most 

inexperienced cook prepare
can potatoes
easily and quickly, and there are hundreds 

of recipes for cook who
the desires to 

dress them up. While ambassador to

France, Benjamin Franklin attended a ban-

quet where the fare was nothing but pota
toes, prepared 20 different ways - no 
doubt a very nutritious meal. 

A study was carried out by McCay at the 

Animal Nutrition Laboratory at Cornell in 

which rats were 
fed for their whole life 

on a diet cornparable to that eaten 
by

one-third the population of U.S. Three-

fourths of the calories were provided by 

either breads or potatoes. The rats fed 

the diet rich in potatoes had the best
survival in old page nd the greatest mean 

span of life. 


I. Chemical composition: Nutritive value 


It is difficult to obtain a clear picture 

as to the chemical composition for compo-

sition varies with variety, storage, grow-

ing season, soil composition and type of 

fertilizer as well 
as with the methods of 

analysis used by different investigators, 


An average percentage composition is as
follows: water - 80; carbohydrate - 18;
protein - 2.0; lipid - 0.1; mineral, vita-
mins, etc. < 0.1. 
 The high water content 

should be noted when comparing food val-

ues, for when potatoes are compared to dry

foods such as rice the impression given is 

unfair. 


Carbohydrate 

The onstituent of nighest concentration 

other than water is carbohydrate which is 

comprised largely of starch. Its chief 

role in nutrition is furnishing calories 

for energy. One sized
medium potato

yields approximately 100 calories. 
 Pota-

toes may have 0.2 - 6 percent sugar, but a
 
high sugar content gives off-flavor. 


Protein and nitro en 

28-51 percent of the nitrogen occurs in
the form of protein and the "emainder is 

in nit-ogenous substances that enhance the
 
prot i..efficiency. The 
limiting amino 

acids are methionine and cystine but milk
furnishes these abundantly, so potatoes

and milk make a good protein combination, 


Lipid 

lthough the amount of lipid 
is small,

approximately 
0.1% on the fresh weight

basis, its importance cannot be judged

solely by its quantity, for its role in 

membrane structure makes it a vital part

of each cell. 


Vitamins 

7F'T e vitamins included in the recom-

mended daily dietary allowances of the 

National Research Council, potatoes offer

substantial amounts four,
of namely 

ascorbic acid (Vitamine C), niacin,
thiamin, and riboflavin. Government fig-

ures 
reveal that potatoes contribute more 

vitamin C to our food supply than any

other major food. Potatoes are a nutri
tionally important source of ascorbic

acid. Yet the content of the vitamin var-

ies with variety, maturity, storage condi-


tions, as 
well as the mineral nutrition
 
applied to 
the soil in which the tubers
 
are grown.
 

Minerals
 
The-po-ato is a good source of iron and
 
magnesium as well as contributing some
 
trace minerals lacking in milk. 
 It is
rich in potassium and low in sodium. For
tunately tor those attempting to reduce
their blood pressure by limiting salt In
take, the potato is an ideal food.
 

II. Quality factors
 

However, nutritive value is only one of
 
the quality factors of food to be consid
ered. A food may have high nutritive val
ue but unless it is acceptable and eaten,

its nutritive value is of no importance.

Other quality factors include color,

flavor, texture, freedom
and from t-o-xic
 
s 
 nce'Tnce there is insufficient
 
time to discuss all of these, we shall
 
consider only the first two.
 

The color of food is important, for food
 
is often rejected because of "off" color.
Black potatoes 
 are unacceptable. 
 The

three main 
types of potato discoloration
 
are nonenzymatic (Maillard), after-cooking

blackening and enzymatic darkening. Let
 
us consider 
the latter in some detail.
 
Enzymatic darkening results from the reac
tion of phenols with oxygen in the pres
ence of polyphenol oxidase to form qui
nones which then polymerize to form the
 
black pigment, melanin. For several years
 
we have studied the factors involved with

this type of blackening. Darkening is
 
highly correlated with the phenolic con
tent, and several factors such as variety,
 
types of fertilizer, storage conditions,
 
etc. have been shown to influence phenolic

content. Potato lipids, although small in
 
quantity are important in cell structure
 
and are correlated with tuber discolora
tion. The flavor of potatoes is also im
portant. Studies have shown 
that bitter
ness and astringency are associated with
 
the phenolic and glycoalkalid content of
 
tubers.
 

Il1. Factors affecting tuber quality
 

A. Effect of fertilization
 
Fertilization of potaoes is commonly done
 to maximize yield and economic return, yet

inappropriate levels of applications may
result in undesirable effects.
 

Boron:
 
6-ron-foliar spray on potato plants applied at the time of tuberization reduced
 

significantly the phenolic content and
 
enzymatic darkening and increased the
 
ascorbic acid content of tubers.
 

Ma nesium:
 
a wo years study, magnesium sulfate
 

was applied at rates of 0, 20, 40, and 100
 
lb/acre. Tubers receiving 40 lbs/acre Mg

SO discolored significantly less, were
 
sinificantly lower in total phenolic con
tent, and were significantly higher in
 
crude lipid and phospholipid content than
 
the controls.
 

en:
 
Immon um nitrate was applied at rates of
 
100, 150, 200 and 250 lb/acre. Enzymatic
darkening and phenolic and ascorbic acid
 
contents increased significantly as the
 
level of nitrogen increased.
 

Phosphorus:

Ph-ospTorus in the form of 
mono ammonium
 
phosphate was applied at rate of 0, 50,
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100 and 150 lb/acre. Ascorbic acid, total A METHOD FOR SCRZFNING POTATOES FOR
 
nitrogen, protein, and non-protein content RESISTANCE TO GLOBIDERA SPP. UNDER Table. .. Influence of inoculum density
 
were significantly increased and the phos- LABORATORY CONDITIUNS on the observed resistance to G. ros
pholipid content significantly reduced by 	 tochiensis RO.
 
phosphorus application. D. Mugniery
 

Poasu:Lima, 
 InternationalPeru. Potato Center, Potato Total Females Ratio
 

Potassium: 	 cultivar larvae developed (%) 
wo kinds of potash fertilizer, potassium inoculated (no.)

chloride and potassium sulfate, were ap- Introduct'on
 
plied at different levels to the soil in 9-203-1
 
which potatoes were grown. Phenolic con- A method for rearing cyst-nematodes on ' larvae/root 95 55 58
 
tent and enzymatic darkening were de- plants grown in a medium of water-agar in 10 larvae/root 220 96 44
 
creased significantly by both 
forms of petri dishes was used to screen potatoespotassium, but the chloride was more ef- for resistance to potato cyst nematodes 9-212-1 
fective in reducing darkening and pheno6i,. under laboratory conditions. This method 5 larvae/root 105 61 58 
content. nas previously been used to study the bi- 10 larvae/root 130 49 38 

ology of nematodes, sex determination and
 
Zinc: species hybridization (Mugniery, 1978, Prosna 

5 larvae/root 100 52 52Zinc sulfate was banded in the soil at the 	 1979). 
10 larvae/root 200 75 38


time of planting at rates of 0, 20, 40 and 

100 lb/acre. Zinc fertilization signifi- Material and methods Astarte
 
cantly reduced phenolic content and dis

were 5 larvae/root 115 20 17coloration of tubers. Nonprotein nitrogen 	 Small pieces of tubers with sprout 
and free amino acid contents were reduced cut and placed in Petri dish containing 2% 10 larvae/root 180 10 6 
at all levels of zinc application, and water-agar. Plates were kept illthe dark 

Ukama
total nitrogen waf significantly reduced 	 and at room temperature Ica. 200C). Root 


at the 100 lb/acrr "'el. 	 growth was initiated -r four days. 5 larvae/root 150 0 0
 
Individual roots were !n. ted by plac- 10 larvae/root 170 0 0
 

ing three or five freshly ,atched larvae 
B. Mechanical inury 	 directly on the root near the root tip. -y Ratio: (Number of female developed/
Postharvest change in potatoes is a wijor Penetration occurs immediately. total larvae inoculated) x 100. 
problem that results in considerable loss 
of edible produce each year. Losses occur Twelve days after inoculation it is possi
in both quantity and quality. Physical ble to observe young L4 females. Adult ply field population more than the latter
 
factors such as rough handling during har- females protruding from roots can be (flugniery 1976). Reason is that the early

vesting, grading and packaging which re-	 counted 30 days after i'oculation. The potato Sirtema has a smaller quantity of
 
sult in mechanical bruising or cut inju- susceptibility or resistance of the potato roots than the mid-late potato Roseval and
 
ries are responsible for a large share of tested is determined by the ratio of total the number of loci of penetration is re
these losse: Frequently bruised tissue number of developed females upon the total duced.
 
is not visible until the tuber is peeled. number of inoculated larvae.
 
ResJts from our laboratory showed that These restrictions mean that the Petri
 
both the crude lipid and phospholipid con- However, as sex is environmentally de- dish method might be well adepted to
 
tent of both bruised and wuunded tissue termined, any detrimental factor will af- screen genetic resistance nf P tatoes in a
 
was significantly lower than the controls fect the nematode development (Mugniery breeding program. Meanwhile, it is neces
and that the lipid content of potatoes is 	and Fayet, 1981). Thus, the number of sary to check the field resistance with
 
one of the determining factors in the sus- larvae inoculated per root must be more advanced clones.
 
ceptibility of tubers to darkening, carefully evaluated, because resistance of
 

plants can be cver estimated if too many
 

C. Viral infections larvae are inoculated (Table 1). On the Table 2. Resistance and susceptibility of
 
Tubers from each of the four varieties other hand, if root diameter is 500 limor selected CIP clones to a french popula
that were infected with PVX were compared more, the number of larvae per root must tion of Globodera pallida (Pa3).


fthV be not more
tothsethat were frected ee ifciond than five. On the contrary,

to those that were free of the infection with tin roots, competition is very high
Enzymatic darkening and phenolic content (Ross .-id Trudgill, 1969; Mugniery and Clones Number of Number of Ratio
 
were significantly hlghir and lipid con- Fayet, 1981), the number of inoculated 
 larvae female (%)tent lower in virus-iifected than in larvae must be reduced to three, inoculated developed
 
virus-free tissue. The increased sus
ceptibility to enzymatic darkening is 276. 034.1 15C, 19 13
 
rrobably due to alteration of lipid and Results and discussion 275. 196.12 226 30 13
 
phenolic metabolism following infection. 275. 131.22 189 26 14
 
Infection with PVX resulted in a decrease Results of resistance tests with C.I.P.
 

23 17
in Ca, Fe, and Cu and an increase in P and 	 clones inoculated with a french population 278. 107.3 139 


Zn as compared with the controls. 	 of G. pallida Pa 3 from Kermat (France) 278. 103.7 253 46 18
 
are sho-wn nable 2. Some clones showed 275. 186.1 153 34 22
 
a good partial resistance with a ratio of 275. 129.75 208 49 24
 

D. Effect of maturity and storage 17% or less. None showed total resistance 276. 008.16 169 65 39
 
Ascorbic acid content of tubers varied as it was found with G. rostochiensis 275. 131.28 161 72 45
 
with variety, maturity, and storage time (Table 1). 275. 175.22 123 69 56
 

and temperature.
 
However, these results obtained may not be
 
related with field results because the References
 

Summary 	 hatching factor of the plant is not meas
ured. Previous tests have shown that Mugniery, D. 1976. Etablissement d' un
 

The potato is an ideal food for the year Solanum melongena is very susceptible in modele de dynamique de population
 
2000. Tuber quality is very important, et-r--d exactly as S. tuberosum or d' Heterodera pallida Stone: Applica
and since quality can be controlled some- Lycopersicum spp., but not -undergreen- tions a un cas pratique de lutte in
what by cultural practices, postharvest hcuse conditions. Reason is that S. tegree. Ann. Zool.- Ecol. anim. 8(3);
 
handling and processing, much research is melonena does not induce hatch of tFe 315-323.
 
needed in these areas. larvae. In Petri dish conditions, this Mugniery, D., and F. Person. 1976. Meth

factor is omitted because freshly hatched ode d' elevage de quelques n~matodes
 
larvae are used. Furthermore, in Petri d' kyste du genre Heterodera. Sci.
 
dish, two cultivars of potatoes may ex- Agron. Rennes: 1976; 217-220.
 
press the same susceptibility but in field Mugniery, D. 1978. Vitesse de develop
conditions rate of multiplication may be ment, en fonction de la temperature, de
 
different. This is the case with the cul- Globodera rostochiensis et. G. palli
 
tivars Roseval and Sirtema which have the Nematoa: Heteroderidae).- Revue.
 
same susceptibility but the former multi- N~matol. 1; 3-12.
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Mugniery, D. 1979. Hybridation entre 

Globodera rostochiensis (Wollenweber) et 


T Tda (Stone). Revue. N6matol. 

7(2)--I"Ts9.


Mugniery, D., and G. Fayet. 1981. D6-

termination du chez
sexe Globodera 

Rallida Stone. Revue. Nematol. 44 5
Ross, .J.S., and D.C. Trudgilf. 196g.

The effect of population density on the 

sex - ratio of Heterodera rostochiensis; 

a two dimensionaloTl. Nematol. 
15;

605-607. 


SCREENING FOR VERTICILLIUM TOLERANCE BY 

THE USE OF TOXIC METABOLITES PRODUCED BY
THE PATHOGEN 


A. Nachmias, M. Tal, and J. Krikun 

Gilat Experimental Station, A.R.O., 

M.P. Negev, Israel. 

Ben Gurion University, Beersheba, 

Israel. 


Verticillium wilt of potato is a vascular 

disease caused by Verticillium dahliae,

Due to its soil borne nature and its 

difficulty to eradicate by rotation or 

chemical means, the use of tolerant 
or 

resistant cultivars is the ideal way to 

control the disease, 


During the last five years we have carried 

our extensive field trials by planting

candidate cultivars and breeding lines 
in 

heavily infested soils, under conditions 

of high evaporation, an environment, which 

leads to excellent symptom development. 

We differentiate between tolerant, resist-

ant, and susceptible lines by estimating

the visual symptoms, isolating the pathogen, and measuring the yield. On the 

basis of this work, several new cultivars 

have been introduced into our agricultural 

sys im to replace some of the previously 

grown cultivars which were very suscepti-

ble to Verticillium wilt. 


All the cultivar. 
tested were bred P.Fid region, acciunts for only 10 per cent area
selected for characteristics other chan 

Verticillium tolerance, such 
as yield,

tuber quality, etc. Although the work
mentioned above 
has been successfuln in 

determining tolerance in a number of cul-

tivars it is expensive, time consuming and 

dependent on 
vagaries of climatic condi-

tions. This system cannot be used as a 

method for screening breeding material 
on 

a large scale basis, 


In a program conducted to elucidate some 

of the factors involved in symptom expres-

sion we 
determined that an extracellular 

toxic entity produced by V. dahliae is 

involved in pathogenicity.- Our- results 

confirm observation of others that at 

least two phytotoxic, heat stable, high 

molecular weight protein lipopoly suc-
charide (PLP) complexes can cause damage 

t pottof leat ofessusneptile l 


but not of tolerant ones. One of the two 

toxic fraction, 


to potato leaf tissue of susceptible lines 


0)esnot exist in extra-

cellular prodLctS of a non pathogenic, 

spontaneous mutant of V. dahliae. 


The bioassay is performed by injecting the 

toxic entity into the parenchyma tissues 

of detached leaflets and observing chloro-

sis and necrosis in the susceptible mate-

rial. Since potato leaf tissue may per se 

be da. aged by injection of high moleculFr 

weight compounds we use as a negative con-

trol the similar, but non toxic fraction
produced by a non pathogenic mutant of V. 

dahliae. 


The possibility was considered to r 
 this 

method for large scale screening f. culti-

vars, seedlings and breedinag lines for a 

tolerant characteristic against Verticil
lium wilt. Such testing could be done 

under highly standardized conditions which 

could be repeated several times a year if 
necessary, due to the fact that the 
tost 

can be carried out on 
very young green-

house grown plants. 


A cooperative program to examine this pos-

sibility was instituted with the Founda-

tion for Agricultural Plant Breeding 
at 

Wageningen, with the active participation

of Ir.H.T. Wiersema and with support from 

the Dutch government, 


As of now we have had about 80% success in
 
finding positive correlations between our

laboratory and field tests, mainly 
in 

dihaploid lines. 


Parallel to 
our work with detached leaflets we attempted to study the effect of 

the toxic fraction on protoplasts and 

callus tissue derived from leaf tissue of
 
susceptible and tolerant cultivars. Our 

results indicate differential reaction of 

the toxin upon isolated protoplasts under 

specific conditions, whereas no differen-

tial activity was seen on callus tissue 

derived from the same cultivars. 


POTATO IN SUBTROPICS FOR THE YEAR 2000 


B. B. Nagaich and K. P. Sharma 

Central Potato Research Institute19.48
 
Simla,1999-2000-


In India, nearly 90 per cent of the acre-

age under potato isin sub-tropical plains

and tropical humid plateau region of the 

Southern peninsula, and potato is grown 

during the short photoperiod of winter
 
months. The North Indian hill, temperate 


tfdr the crop, in the sub-tropical and 

trrpical belts.
 

Production problems and priorities are 

different from those in Europe and Ameri-

ca. The long-day adapted varieties of 

Europe and America do not suit Indian con-

ditions (Pushkarnath, 1964). At the Cen-

tral Potato Research Institute organized

in 1949, a genetic pool was created *ith 

collections from outside and within 
the
country to 
serve as the base for breeding

efforts. Indigenous established cultivars 

of unknown origin were more 
like Andigena

than Tuberosum, presumably because of the 

ecological selection3 in the evolutionary 

process (Pal and Pushkarnath, 1951). 


They had the inherent advantages of good
adaptability, slow degeneration, and good 

storage characteristics.
ostrminimum 


The initial efforts for potato improvement

in India were to increase gross production

because of food requisites. Therefore, 

yield and other commercial attributes were 

decisive for selection of new hybrids,

Quality improvement and breeding for 

disease resistance received 'second-place' 

attention but disease-free seed, balanced 

fertilizer application, crop protection 

measures and optimum productivity-cultural

technology were given due attention. 


Total production increased from 1,543,000

metric tonnes 
in 1949-50 to 10,125,000 


metric tonnes in 1978-79 with yield in
creasing from 7.5 tonnes to 12.8 tonnes
 
(Table 1).
 

In view of the nation-wide occurrencE of
 
viruses and late blight, the necessity to
 
incorporate resistance or to control these
diseases in every commercial variety was
 
realized. Droduction of disease-free
 
stocks was streamlined. Problems of re
gional importance such as brown rot in
 
Kumaon h1lls of U.P. and plateau regions,

wart in the West Bengal hills, cyst nema
todes in the Nilgiris, charcoal rot in
 
the Northern Plains and 
frost in Punjab,

Haryana and foot-hill ,Tarai) areas also
 
attracted attention.
 

Table I. Area, production and average

yield per hectare of the potato in India
 
- 1949-80 to and estimated figures per 
1984-2000.
 

Year Area Production Yield
 
(OO0'ha) (O00'm tonnes) (t/ha)
 

1949-50 234 1543 
 6.59
 
1954-55 266 
 1764 6.63
 
1959-60 362 
 2733 7.55
 
1964-65 429 
 3605 8.40
 
1969-70 496 
 3913 7.89
 
1974-75 587 
 6225 10.60
1975-76 
 622 7306 
 11.74
1976-77 620 
 7171 11.57
 
1977-78 664 
 8153 12.27
 
1978-79 790 10125 12.81
 
1979-80 693.1 
 8306.1 11.98
 
1984-805) 890 150.000 16.66
 
1989-90850 
 120.000 14.12
 

1,000 220.000 22.00
 

Source: Estimates of rea and production

of principal crop in India - 1977-78. 
Directorate of Economics and Statistics, 
Ministry of Agriculture and Irrigation,
Govt. of India, Sixth Seventh Issue, 

January, 1979.
 

Socio-fiscal influenceoncropraising
 

Potato is a highly input and labour inten
sive crop and the capital investment need
 
often exceeds monetary capacity of the
 
farmers. The gap between calculated maxi
mum production and the actual yields 
is
 
wide such as highest yield of nearly 70
 
tonnes per hectare in the national compe
tition plots and average productivity of
about 13 tonnes per hectare. The present
day varieties require heavy nutrition, and
 
good cultural conditions. In some areas
 
in developing countries the yields may be
 
as low as 6 tonnes/ha due to financial
 
inability to invest for high production.

For such growers, who form a major farming
 
community, varieties that can produce reasonably well on poor fertility, reduced
 
cultural care, low moisture regimes and
plant protection obligations need
 
to be developed to ensure a good profit in
 
return for basal input investment. Some
 
of the old indigenous Indian varieties
 
like Phulwa, Satha, O.N. 1645 exhibited
 
such features and they are still being

cultivated by the marginal peasantry 
in
 
spite of introduction of high yielding

varieties. New 
hybrids capable of res
ponding with high yields to moderate tend
ing are required to fill the varietal gap.
 

Re-defining of quality values
 

Potato production shows a surplus in the
 
last five years. However, much production
 

http:Institute19.48
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is lost due to insufficient per capita InCanada and West Germany, attempts were 
 layer indicate the extent of tolerance

consumption, transport facilities, inade-
 made by Graham (1963) and Ross (1966) to in a line; more layers imparting higher
quate storage, and processing. breed varieties with 'exclusive field degree of tolerance (Tiwari and Sukumaran,
 

resistance' from S. demissum and S. sto- 1978).
High dry matter, starch and protein con- loniferum respectve---' the "entral 
tents would improve quality of chips, Potato Research Institute, a programme of Pcst-harvest technology and energy re
cubes and wafers. Potato isrecognized as exclusive field resistance utilizing a source exploration 
a good source of energy for adults and diploid species S.verrucosum has been in 
infants providing energy and high-ratio progress. Tripli hybrids have been syn- India produces around 10 million tonnes 
assimilable protein (Table 2) and some thesized involving S. verrucosum x S. of potato per year with approximately

essential vitamins and minerals. At the phureja x S. tuberosim (dihaploids) which 11 kg/capita consumption leaving a sub-
Central Potato Research Institute, ut- hibita oo~ev of field rsistance. start'al amount for other uses at home or
 
lizing the efficient donor sources of Hybrids are being evolved by back-crossing exported raw for seed or table use. Al
tuberosum and andigena gem-pool, hybrids with S. tuberosum to improve their cam- ternative uses as cattle feed or starch
combining high dry matter content with mercia- va-l.-- ome of the hyb-ids in must be explored. CPRI has designed a 
yield factors have been developed. (BC stage) approximate the commercial solar dehydrator for quick drying of
stadards and carry a practical level of chips, wafers, cubes, shreds and nodules,
 

field resistance (Sharma et al., 1978). etc., without involving energy consumption
 Table 2. Energy and protein production of in the present scarcity situation (Singh

tropical food crops and potatoes in A total of 75 races of Phytophthora in- and Singh, 1979). Days are not far off

countries between 20* N Lat and 30*S festans, 2 biotypes o-" Srci -- when more and moreenr'- dehydrated products
Lat.i b e 2ac3u m and 2 races of Pseudomornas soTi- will be available commercially.nacearum have been recorded. In addTflin

Crop Availabie 2/ distinct strains have been identified in Post-harvest technology involves preser3 Energy / Protein- case of Rhizoctonia solani (8 strains) vatioi of the crop without deterioration 
(103 kilos joule) (kg) Alternaria solani (2 strans) and Phoma in quality or quantity. The varieties 

species. The--ituation with probability 
 differ intuber density, storage efficien-
Potatoes 166 1.1 of appearance of more new races, empha- cy, dormancy and capacity to withstand
Sweet Potatoes 167 0.5 sises the desirability of breeding for handling in transport. CPRI has fabri-
Cassava 154 0.2 
 'Horizuntal resistance' as a future strat- cated several non-refrigerated experi-

Maize 133 0.8 
 mental oo stores et
Yamsa egy. Inview of a variety of diseases and cool to e (Sukumaran at.,
Yams 121 0.6 pests simultaneously active against the 1980) in which stocks can be sti'Bed-in

Rice 120 0.6 
 crop during its growth phase, itwould be good condition for 4 to 5 months in sum-

Chick Peas 67 0.9 necessary to breed "columns of Integrated mer.
 
Dry Beans 40 0.6 Resistance" encompassing the major patho

genic and insect-pest situations. The New technological approaches for adoption

Source: D.E. Van der Zaag. "Potato Pro- fact that the expression of infectivity is and investigative pursuits are:
duction and Utilization in the World". a result of multifacet interaction between
"Potato Research" 19 (1976) Table 7. 
 the micro-flora and fauna, external condi- Dihaloid s nthesis and feasibility of
 
'!Production kg (kilo joules /ha/day tions of environment, soil strata and host commercial exploitation

/ Production kg /ha /day plant further underlines the imperative

ness of the approach for integrated con- Establishment of "Parental Lines" was ini
trol inthe coming years. tiated by Rejrian et al., in 19F6. Hougas
 

and Pelaouin (19') ientified lines of
Usually, there isa natural inclination to Breeding for stress situation Solanum Ihureja efficient in inducing
improve the dietary quality of crops by 
 UTia ids--cultivated species S. tube
breeding for higher protein content. Po- India represents seven varied ecological rosum. These were used for sta5ilTz_1g

tato protein, inthis respect isimportant situations. The sensitivity of potato to e'6sTFable attributes at 2n chromosome
due to its assimilability efficiency, different photo-periods, temperature, and 
 level for breeding at dihaploid level.

Methionine content of potato isinversely humidity does not 
allow a single or a CPRI is running a prograrma, to this end,

assec!ated with its dry matter percentage group of varieties becoming equally suc- as also to study the genetics of complex

(Fitzpatrick et al., 1964). Emphasis cessful inall locations. 
 Intensive cul- characters, developing monoploids and trishould be laid-on-5reeding for high dry tivation in certain areas and marginal somics for detailed cytological studies on
 
matter and breaking the correlation for cropping inothers causes disbalanced dis- chromosomal behaviour and utilizing them

enhancing the protein constituent. tribution and great price disparity. Va- for hybridization.
 

rieties should be developed with 1) high
Farmers' resurces are limited and atten- efficiency for utilizing limited available True seed commercial crop

tion should ue paid to produce varieties water 2)low respiratory and transpiration

tolerant to high temperatures in impro- rates having a compact plant canopy, and Growing a morphologically 'homogenous'

vised country stores, with prolonged dor- 3) deep root system technology of water crop of potato from true seed isnow conmancy, but with quick response to dormancy conservation. sidered possible. Ramanujan (1954) began
breaking chemicals. 
 inbreeding commercial varieties to sta-


Under equinox conditions of plateau areas bilize major characters by repeated self-
Quality of a crop isdescribed interms of and other warmer regions, tolerant varie-
 ing. Krantz (1946) considered the inits nutritive value. However, storage ties are required. The breeding efforts breeding technique of great promise in
behaviour, transportability and suitabili- of the Central Potato Research Institute stabilizing characters 
without loss of
 
ty for specific usage are equally im- have produced hybrids of Tuberosum-Andi- vigour and fertility. The International
 
portant. gena origin (hybrid HC 294) with capacity 
 Potato Center, Lima (Peru) started an am

to withstand temperatures up to 300C with. bitiousprogramme on the basis of reported
Breeding for resistance to diseases and out appreciable depressive effect on yield results of its practicability from China
 pests (Khanna, 1966). Solanum chacoense isalso and New Zealand etc. Peloquin (1979) pro
being evaluated for produc-g hybrids tol- posed a workable scheme for developing
The emphasis on breeding for resistance erating high temperatures (Sharma, 1977). appropriate lines with high combining


factors has been on immunity or near immu- ability for homogeneity. CPRI is also
nity. The most widely used source for Frost isa problem in the western plains continuing a programme inthis respect.

resistance to late blight has been Sola- of Punjab, Haryana and Tarai areas in
 
num demissum which possesses both Wids Uttar Pradesh. Already varieties like Incountries such as 
India where multiple

o-fre--sance, field inmunity, race spe- Kufri Sheetman and Kufri [kwa having a and relay-cropping are practiced, early

cific (Black, 1957; Mastenbroek, 1966; fair level of frost tolerance have been 
 maturity of varieties isa necessity. A
Toxopeous, 1956) and field resistant, race released. Solanum curtilobum, S. acaule true seed crop, takes about 6 to 7 months

nonspecific), and S. speg-e'il are other source-sofoF incomparison with 3 months required by a
 

toleFance to frost and selected clones are seed tuber crop, reduction of time for a

A similar situation exist in S. stolo- being used as parents. An efficient and TPS crop may be possible inthe year 2000
niferum (Black 1950; Malcomson aiTd method for frost resistance is with continued research. Phenotypic sim-
BTcak, critical 
T99TJ It is difficult to separate out needed. The studies at CPRI have shown ilarity in plant type, tuber characters

the two resistance systems inthe derived that for quick estimation, thickness of and maturity may be realized, but incor
progeny. pallisade tissue and numbers of pallisade 
 poration of resistance to diseases, pests,
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and physiological conditions will require 

more time for incorporation in true seed 

hybrid populations. 


After TPS cultivation becomes common, pest

and pathogen spectra are bound to change.

More emphasis is, therefore, to be given 

for incorporating resistances against TPS 

transmitted organisms. 


Gene engineering 


The first attempt at raising a plant from 

protoplast was successfully made by Tabeke 

et al., (1971) in tobbcco. Melchers 

U976T regenerated j potato plant from a 

single mesophyll protoplast cell. The ad-

vancement has opened up great possibility

of cell-level genetic engineering through 

somatic hybridization by physical trans-

plantation of nucleus from one cell into 

the cytoplasm of the other. The barriers 

of incompatibility, self-and-cross ste-

rility, genomic compartmentalization and 

pre-and post-fertilization blockages en-

countered in the traditional breeding

method can thus be overcome. Induction 

and isolation of desirable mutations at 

single cell level achieved in Nicotiana by

Carlson (1970) is yet another--fTed- of 

promise. 


Cropping systems 


Programmes of intensive land use per unit 

time have to be launched, specially in 

developing countries. Multiple and relay 

cropping, mixed and companion crop growing 

and 'tier' cultivation are to be intro-

duced. Varieties which may thrive well 

and yield normally under partial shade 

have to be evolved. Resistance to dis-

eases in the variable plant microclimate 

of the new cropping systems would be 

preferable, 
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Abstract 


Importance of the potato both a. food and 

cash crop, is pointed out. Main growing 

areas and methods of cultivation are out-


lined. Some of the factors are discussed
 
which account for the big differential
 
between national average yields and poten
tial yield, (notably lack of enough cer
tified seed, diseases, particularly late
 
blight (Phytophthora infestans) and vi
ruses, poor storage and lack-o efficient
 
marketing systems. This paper also high
lights some of the solutions being at
tempted by the Ministry of Agriculture in

cooperation with the private sector and
 
parastatal farming concerns.
 

Importance of the potato in Kenya
 

The potato, which was introduced in Kenya

about eighty years ago, has over time be
come a very important food and cash crop

which has expanded in cultivated areas, in
 
total production, and in usage as an im
portant item of dlet for a large cross
section of the Krnn)a population. It is
 
grown in the highlands, mainly in the
 
Central Province on the Eastern ridges oi
 
the Aberdare ".untains: Kiambu, Murang'a
 
and Nyeri Districts; Eastern Province in
 
the northern slopes of Mt. Kenya; and
 
notably in Mru District, Rift Valley

Province in Nakuru District (Mlo, Mau
 
Narok, 01 Kalau). Considerable potential

exists for production in Western Province,
 
rotably Kakamega District.
 

Popularity of the potato as a iood is due
 
to its palatability, ease of cooking, and
 
convenience. Between one-third and one
half of Kenyas population is estimated to
 
consume potatoes. Annual total hectarage
 
(two crops per year) is estimated at
 
75,000-100,000 grown by 450,000 farmers,
 
?-ith probable production between 400,000
 
and 500,000 tonnes annually. Approximate
ly two-thirds of production is consumed on
 
the farm, and only about 100,000 tonnes
 
enter the regional or interregional mar
ket. In a few special areas, notably

Meru, a greater proportion is marketed in 
the urban centres such as Nairobi. As 
many as 150,000 people (about 3 per cent 
of the labour force active in agriculture) 
are employed in the potato industry. 

Potato production techniques and systems
 

Ecological requirements
 

The potato, a cool temperate crop, is
 
grown at 1500 to 3000 m above sea level
 
oinf r Kenya.ai For most of o w i n g seaso n
 wee k d u rin g the gr 


in peek ding the ro s
 
is adequate. Virtually all the crop is
 
rainfed, hence the seasonality in produc
tion. Out of season irrigated crops are
 
only a small fraction of the total na
tional crop. No potatoes are grown at the
 
coast due to high temperatures and heavy
 
rainfall of 750 mm.
 

n pe r East Africa 25 mm
 

Production technology and potential
 

The crop is grown by small holders owning
 
0.2 to 2.0 ha in widely spread areas.
 
Since mid-1960s the number of large scale
 
growers has declined considerably.
 

Land is prepared mainly using hand tools 
such as hoes and fork jembes. Some farm
ers may hire a tractor and a plough. Due 
to the smallness of the plots, mechaniza
tion is not easy. In most areas farmers 
are recommended to plant early, at the 
beginning of the rain season although some 
are late in preparing their land. Areas 
with better rainfall distribution, e.g.
Kissi and Kericho can plant in each month. 
Most farmers use their own seed usually of 
small size tubers planted at 2.0 - 2.5 
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tonnes per hectare. If there is a crop 
failure a seed shortage crisis results. 
Very few farmers plant certified seed be-
cause of high cost and some certified 
varieties may not be popular, and cer-
tified seed is often unavailable in 
adequate amounts. 


Kenya potato industry is based on about 

ten varieties, namely, Anett Kenya Baraka, 

Kerr's Pink, Roslin Eburu (B53), Roslin 

Gucha, Roslin Tana, Roslin Ruaka, R. 

Karura, Roslin Athi, many of which were 

introduced from Scotland (U.K.), The 

Netherlands, and West Germeny. The potato 

industry is based on ten or so varieties, 

Varietial purity is not much insisted upon 

and often several varieties are grown mix- 

ed on one farm. 


Importance ui or need to use fertilizers 
is recognized by most farmers. Manures 

and fertilizers althoughi recognized as 

needed by most farmers an? used only by a 

few. Durr (1977) reported that only about 

25% of the farmers surveyed used compound 

fertilizers of which only % met the rec- 

ommended standards. Fertilizer rates ap-

plied were sub-standard due to lack of
 
cash. The main nutrients applied are 

nitrogen or phosphorus in diammonium 

phosphate at rates from 100 - 500 kg/ha. 


Weed control is a prerequisite to high 

yields in Kenya being a labor intensive 

exercise and expensive requiring up to 2-3 

weedings by hand using hoes and fork 

Jembes. There
eeSource: are prospects for chemical 

weed control using sencor. 


A good number of growers, particularly in 

Central Province practice crop rotation.
 
A four-year cycle is recommended. Ap-

proximately 15-25% of potato stands are
 
intercropped often with maize and beans. 

Maize lowers yield due to shading to which 

the potato is very sensitive. 


The most devastating disease is late 

blight (Ph tophthora infestans) controlled 

usually by spraying Dithane M-45, 3-4 

sprays per season, 

Otherwise, the whole crop may be lost. 

Rates and frequency of fungicide applica-

tion are below recommended levels due to 

lack of capital and losses are consider-

able. Although most recommended varieties 

possess some resistance, none are com-

pletely resistant, Kerr's Pink, the most 

popular is extremely susceptible yet farm-

ers persist in growing it. 


Bacterial wilt (Pseudomonas solanacearum) 

can be severe at altitudes below 2000 me-

ters. It is controlled by planting certi-

fied seed and by crop rotation. Virus 

diseases, particularly virus leafroll 

which causes considerable yield losses are 

best controlled by planting clean seed 

preferably certified seed. Rarely do farm-

ers plant certified seed. 


The potato tuber moth (Phthormaeaopercu-

lella), by far the most serious n field 

and-stores, is best controlled by insecti-

cidal sprays and earthing up of the plants 

in the field and dusting the tubers with 

insecticidal dusts durinr storage. Aphids

which spread virus diseases, particularly 
at the lower altitudes should be con-
trolled by spraying the seed crops in the 
field. Control of aphids during storage 

of the seed is advisable since some spread 

of the viruses occurs in seed stores, 


Most varieties are mature and ready for 

harvesting within 3 to 3.5 months. Har-


vesting takes place 4 months after plant-
ing and is done manually using sticks, for
 
hoes, and pangas. The tubers are then 
roughly graded ready for the market or 
storage. 


Yield varies considerably between areas. 

Average yields are very low compared 

with potential yields due to poor produc-

tion techniques and poor quality seed. 

National average yield is estimated at 

5-7 tonnes/ha. 


In Meru where standards of management of 

potatoes is above average, yields are 

twice as high as the national average, 

With good husbandry in the high potential
 
areas, yields of 30-40 tonnes/ha are ob-

tainable (Table 1). 


Table 1. Potato11yields at Kibirichia 

' 
(Meru) and Nyeri
 

Variety Yield-


Kibirichia Nyeri 


Anett 45.0 39.8 

B53 41.4 23.4 

Atzimba 37.8 20.9 


Kenya Baraka 34.7 26.2 

Kenya Arika 26.7 26.2 

Pimpernel 13.0 34.8 


1/ rizing

Holler, H.J. 1972/73


Z/ tonnes/ha 


Factors limiting production 


Lack of good quality seed 


Farmers use their own seed or may buy from 

neighbors. Although Kenya's potato seed
 
certification programme has been in opera-

tion for several years, there is no ade-

quate supply of certified seed at planting 

time. Reasons for this shortage are: 


Ware and seed grade prices are not ration-

alized and move freely depending on market 

forces. Ware potatoes have almost always 

been higher priced than seed and seed is 

consequently sold as ware. 


Certified seed production zones (above 

2400 m) are far from potato growing areas. 

For example, Molo, a good potato seed area 

is 500 km away from important potato 

growing areas in Central province, 


Some of the certified varieties are not 

popular because of late maturity or poor 

consumer preference. Thus, many farmers 

continue to depend on Kerr's Pink, for 

which there is no certified seed supply 

because it is highly preferred by the con-

amers. 


Lack of reliable certified seed storage
 
between harvesting and planting causes 

many small seed growers to sell soon after 

harvest rather than risk storing without 

any certainty of future price, 


As a solution, plans are under way to have 

a large proportion of certified seed crop 
grown on large-scale parastatal farms and 

for distribution to be by large seed 

companies. Thus, the seed may be less ex- 

pensive to the farmers since it is cheaper 

to certify large-scale production than 

small widely scattered plots, 


Storage and marketing
 

Seasonality in production results in glut 
in the market during harvest and scarcity
 
during the offseason. It is aggravated by
 
weather factors and disease outbreaks es
pecially lte blight. Consequently,
 
prices fluctuate considerably, making po
tato growing and marketing a highly risky
 
business. In most of the production areas
 
suitable storage does not exist and post
harvest losses are high. To avoid further
 
crop loss the farmers off-load their crop
 
on the market immediately after harvest.
 
Thus, they are not able to take advantage
 
of high prices later.
 

Individual traders operating almost as a
 
monopoly in potato buying and selling, buy
 
the surpluses directly from the farms or
 
local trading centers offering very low
 
prices. Consequently the farmer's profit
 
margin is not enough for him to buy ferti
lizers and fungicides to increase produc
tion. The high marketing risks also 
discourage the trader to invest in storage 
which would certainly improve marketing 
efficiency. 

Slight modification in traditional stor
ages coupled with use of sprout sup
pressants (for ware potatoes) would make
 
it possible to store potatoes for 3 to 4
 
months with minimum loss in quality. How
ever, even if storage problems were solved
 
transportation and availability of market
 
information must also be improved. Organ

widely scattered growers owning 0.2
 
to 2.0 ha for marketing purposes is diffi
cult. The farmers also grow other crops 
complicating matters further.
 

Pest and diseases
 

There is urgent need to intensify the al
ready ongoing research work on breeding
 
more late blight-resistant varieties.
 

Potato viruses X, S, Y, A and leafroll,
 
found throughout the potato growing areas
 
in Kenya, are transmitted and spread by
 
aphids. us perscae is the most
 
efficient vector In Kenya, Macroshum
 
euphorbiae transmits FVY and PV whTeT
 
Aulorithuim solanl is the vector of PLRV.
 
Leafroll can cause yield reductions to 70%
 
depending on the potato variety (Table 2),
 
with Kenya Baraka-highly susceptible and
 
Anett, less so. Leafroll is more common
 
in the lower, warmer areas, than at alti
tudes of over 2400 m. It is generally
 
accepted that seed production is best con
fined to areas above 2400 m. Leafroll is
 
high in degenerated seed stocks. Effects
 
of other viruses are less clearly defined.
 
To ensure production of virus free seed,
 
virus research work in the national re
search programme should be strengthened to
 
study degeneration of improved stocks in
 
different potato producing areas as well
 
as the relationship between virus infec
tion and other factors contributing to low
 
yields.
 

Bacterial wilt probably introduced in the
 
country around 1940, was previously
 
thought in the mid-1960s to be a Serious
 
obstacle to the potato industry. It is no
 
longer a major threat provided that seed
producing farms are restricted to alti
tudes above 2400 m. -At these altitudes, 
bacterial wilt non-existent,
is alri.zst 

apparently because of the comparatively
 
lower soil temperatures which are sub
optiml for survival and the spread of the
 
organism. Even at the lower altitudes
 
where still most of the crop is grown, a
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Robinson, R.A., and A.H. Ramos. 1964. 	 The Russian expeditions were followed by
Table 2. Mean yields of six different Bacterial wilt 
of potatoes in Kenya. others, and living potato collections were
seed stocks of Kerr's Pink and the 	 East African Agriculture Journal 30; established in the Soviet Union, the
percentage infection with virus leaf-	 59-54. 
 United States, Germany, and . England.
roll, PVX and PVS. 
 Robertson, D.G. 1973. Virus diseases of
 

potatoes in Kenya. Third International Plant breeders soon started to use wild
 
Seed Infection with Mean Symposium on Tropical Root Crops, Ibadan, and primitive cultivated materials because
 
stack Leaf- yield Nigeria, December 2-9. of valuable specific resistances that had
 

roll PVX PVS 1 Waithaka, J.H.G. 1976. Potato cultiva- been identified in this germ plasm. 
% % % y tion in Kenya. Paper presented at the 

First Regional Workshop on Potato Seed The 1976 issue of the "Index of European

Elite Production and Marketing, CIP, Nairobi, Potato Varieties (Stegemann and Loeschke,
 
seed October 24-31. 1976) lists 595 potato cultivars. Of
 
(PRS) these, 381 are pure S. tuberosum and
 
control 0.5 1 6 53.250 191 have S. demissum, IT S vernel,6 S.
 
Meru 1 15 100 63 33.750 acaule, 3-S.-stolonferum7-23"iz qa-azzT

(63.4) SYSTEMATIC EXPLOITATION AND UTILIZATION nI*and 1 I salamanil n theTr pedigree.
Meru 2 15 100 71 31.375 OF WILD POTATO GERM PLASM 	 This rather small 
group of wild species


(58.9) 
 has contributed only minimally to the
Meru 3 48 100 90 30.000 C. Ochoa and P.Schmiediche 	 widening of the genetic basis of modern
 
(56.3) International Potato Center cultivated potatoes
Meru 4 	 due to the need of
36 100 76 28.875 
 many generations of backcrosses to the

(54.2) 
 cultivated parent. Post of this material
Meru 5 
 27 100 81 25.250 Summary had been 	introduced into Europe through
(47.4) 
 some of the collecting expeditions of the


Authors propose systematic ways of utiliz-	 1920's and 30's. The period that began
Standard error of the mean = 3.546 ing hitherto unused sources of wild and with these expeditions and which continues
 
Source: Potato research inKenya 1970- cultivated potato germ plasm to produce to the present has been called the third
1976: Technical report on the breeding populations with a wide spectrum phase of the utilization of wild potatoes
Potato Research Scheme for the of resistances. 	 (Hawkes, 1958).


Ministry of Overseas Develop- The importance of concurrent research into 
 Apart from using these wild species in
ment, London. taxonomic and evolutionary relationships modern potato breeding, increasing use has
 
Kg/plot; of various species to each other, as well also been made of primitive Andean culti2/% of control inparenthesis, 	 as the utilization of these species is 
vated potatoes which has resulted in vahighlighted. 
 rieties and breeding lines with specific
 

resistances. Pertaining to breeding

Breeding and selection within wild species 	

for
 
4-year rotation cycle coupled with plant- before 	 resistance to Phytophthora infestans,
they are crossed to cultivated Simmonds wrote in 19767 "The tetraplod
ing of clean seed will contain the isease breeding lines is emphasized inorder to 	 cultivars seem to have the genetic capacito sub-economic levels. Maize in the 	 minimize the negative effects of a 
wild x ty needed and wild species are probably
rotation was better than beans, in con- cultivated cross. The long term nature of 	 not necessary."
trolling wilt but grass was even better, 	 this work and 
the comparative advantage
Research work in Kenya showed that seed-
 CIP has incarryig itout are stressed. Since then more has been learned about the
borne inoculum ismore important than the

soil-borne inoculum in ensuring survival 
 use of wild species, and potato breeding
and recurrence of bacterial wilt. Introduction 	 may well be entering a fourth phase inthe
 

use of wild germ plasm.

Although breeding for bacterial wilt re- The idf of using wild potato species to
sistance is no longer a priority in the improve the gene pool of cultivated po- The present state at CIP
national programme, more research work on 
 tatoes is not new. Hybrids of Solanum
factors controlling survival of the bac-	 demissum and the cultivated potat 
 were With the establishment of the Internaterium isrequired inorder to place con-	 repo-rte as early as 1849 
 (Klotzsch, tional Potato Center (CIP) in 1972, coltrol measures on a stronger footing. 	 1849), before tha advent of modern ge- lecting wild germ plasm was greatly inten

netics and taxonomy.
Inconclusion, provided the four problems Some of the early 	 sified, and a great part of the natural
hybridizations were almost certainly at-
 distribution range of the tuber-bearing
of seed supply, disease, storage and mar- tempted with triploid forms of S.commer- Solanums has been covered by about 25 colketing can be solved, the 
potato has a sonii and S.maglia (Hawkes, 	190). Fese lecting expeditions. More expeditions are
very strong future inKenya. 1-11id beEau-se-t concept of triploid 	 planned for the future inorder to obtain
 
sterility had not yet been understood, 	 a broader genetic base for those species
References 

These attempts were the in 	of which only a few living collections are
first stage known or which are only known as herbarium
Acland, J.D. 1971. East African crops the utilization of wild potato species 	 specimens. The wild germ plasm collected
Longmans/FAO, London. 	 (Hawkes, 1958). 
 The second stage began by CIP was systematically screened for a
Durr, G. 1977. Studies on the potato when Salaman (1910) demonstrated that the 	 variety of resistances during the past
sector 
in Kenya. Interim Reports No. Mexican species S. demissum and its years. This testing concentrated mainly
1-6. International Potato Centre (CPI), hybrids with S. tuberosum were resistant on four areas:
Nairobi, Kenya. to PhytophthoFa est'ns. However, most
Holler, H.J. 
(undated). Report of potato of the early research ? handicapped by a 1. Resistance to bacterial wilt
agronomy in Kenya 1972/73. Republic of lack of taxonomic knowledge in spite of 
 2.Resistance to the potato cyst nematode
Kenya, National Horticultural Research Dunal's work in1852. 
 The German taxono- 3. Resistance to the root-knot nematode
Station, Thiks. 
 mist G. Bitter (1912 - 1914) reviewed the 	 4.Resistance to virus diseasesHomann, J., S. Wiersema, and W.J. whole genus and created a sound taxonomic


Zettelmeyer. 1979. 
Ware potato storage basis for further work at about the time This search resulted intwo diploid breedtial at the small scale farm level: of Salaman's first publications. ing populations with single 
or combined
Final report to the Government of Kenya, 
 resistances. The first is a population
P Ministry of Agriculture, Republic of 
 From 1925 to 1933 the Russian geneticists with resistance to bacterial wilt and
Kenya. and plant breeders Vavilov, Bukasov and root-knot nematode (MBN population) (the
Mbogo, S.G. 1976. Production and 	 Juzepczuk 
collected genetic material in spanish acronym of "Marchitez Bacteriana
marketing of potatoes in the Meru the New World and revealed 
an amazing Nematodos") consisting of three wild and
District. M.Sc. Thesis, University of variability inboth the cultivated and the one primitive cultivated species (Mendoza
Nairobl. 	 wild potato gene pool. 
 They discovered and Jatala, 1978; Jatala and Mendoza,
Republic of K.nya. Potato research in the polyploid series of cultivated pota- 1978):

Kenya 1970-1976: Technical Report on toes, described a large number of new wild 
 S. s pilum
the Potato Research Scheme of the species and demonstrated unknown resist- 0.chacoense
Ministry of Overseas Development, ances against frost and fungal diseases in . ro-ontumLondon. Ministry of Agriculture. this material. 
 S.phureja (cultivated)
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The second population has resistance to some portions of the EP hybrids the PLRV the evolution, crossability, cytogenetics
 
one or more pathotypes of the potato cyst resistance of the S. etuberosum parent was and resistances of a given accession.
 
nematode (PCN population). Accessions of retained. The eventual transter of this
 
the following species are resistant resistance to the cultivated gene pool is So far, approximately 180 wild species
 
against one or two pathotypes of Globodera no doubt a long process, but the results have been recognized and about 10 uf this
 
spp., not all of these were, how -7Tn obtained so far illustrate that it is gene pool has been utilized in breeding.

cluded in the breeding population: possible to obtain resistances from even New wild species have continued to be
 
S. bulbocastanum S. 1 distantly related species. Most tuber- described, some as late as 1981. 
3. megistacrolobum . bearing wild potatoes are, however, suf
3. capslcibaccatum 3. [ ficiently close to the cultivated germ The task of classifying, evaluating, and
 

stenophyllidum 3. sparspilum plasi that as a rule straight hybridiza- utiliz!ing this germ plasm must be calcu
. diI oplocense lated in terms of decades rather than only3.um tion is possible. 


a few years. Which is the best strategy
 
Systematic breeding efforts were started High resistance against PLRV and the po- for CIP to employ in order to use some of
 
with the MBN population. Through the tato spindle tuber viroid (PSTV) has been the better-known germ plasm quickly and
 
functioning of 2n gametes in tetraploid x found in S. acaule and hypersensitive re- effectively?
 
diploid (TD) crosses the resistance traits sistance To PVT-a'nd immunity to all pre
of the diploid population were transferred viously known strains of PVX as well as a Further breeding efforts should probably

to 4x andigena and tuberosum germ plasm, high degree of resistance to PVXHB have concentrate on the series most closely
 

been detected in S. sparsipilum. Both related to the cultivated potato, and the
 
This type of 4x/2x hybrid combines two species can easily e crsewith cult- most obvious series is Tuberosa, because
 
genomes from a wild species and two from vated potatoes. most of its members cross fairly easily
a tetraploid cultivated potato. Such w .h cultivated potatoes. The series
 
combinations result normally in a set- The use of wild species in breeding Acaulia, Megistacroloba, Commersonia and
 
back in agronomic characters, yield, and Conicibaccata from the South American gene
tuber quality. However, work with Traditionally, desired resistances found pool and series Demissa and Polyadenia
 
triploid natural and re-synthetized S. in wild species were transferred to culti- from the Mexican gene pool have all been
 
juzepczukii has demonstrated that even vated germ plasm through direct crosses crossed with cultivated potatoes and their
comibiatins of one cultivated and two with a series of backcrosses eliminating use should be explored further. Both,
 
wild genomes may result in high yielding undesirable wild characters in the fol- evolutionary and taxonomic research as
 
rlones with excellent agronomic charac- lowing generatiols. well as screening for resistances and
teristics (Schmiediche et al., 1980). utilization in breeding can go on concur-


This was also shown in 4372x-rosses, as A second approach under current use at rently.

well as in backcrosses to the tetraploid CIP is the population breeding approa..
parent of some 4x/2x hybrids. The best (Mendoza and Rowe, 1977). It consists of In some cases it is essential to know
 
families in the first group of TD crosses the following steps: A base population the exact phylogeny of a taxon to re
yielded an average of 1.34 kg/plant and .ith the desired resistances is assembled, synthetize it, if necessary. This is parone single clone had 1.45 kg. A backcross intercrossed and the raised. The ticularly important if a certain species,
F1 F1 

of these TD clones to 4x clones adapted seedlings are screened against the patho- such as S. juepzkii for instance,
 
to the lowland tropics produced average types in question, the susceptible indi- exists only-as a tr ploid which is sterile
family yields of 1.59 kg/plant; the best viduals eliminated and the survivors or if the genetic base of a taxon Is tobe
 
clone yielded 3.0 kg. These results were intercrossed for a next cycle of selec- widened for better adaptation or disease
 
obtained with less than 20,000 seedlings. tion. With this type of recurrent selec- resistance. This was shown to be advantation it has been possible to increase the geous with the cultivated diploid species 
The MBN population contained also resist- frequency of the desired genes rapidly and S. u which is diffizult tl breed 
ance to the potato tuber moth (PTM) and thus the needed resistances. p i use of its reduced male fer
charcoal rot which is important in India. tTifL- and its narrow genetic baseBoth resistances were incidental and had tlt n t arw gntc bs
 
not been sought originally. Resistance to Simultaneously, selection for improved (HuamAn, 1980).
PTM was especially marked in clones that agronomir. ;haracters 
- still within thehad a particular accession of S. sparsi-
 wild popAation is carried
- out.d aefficienLI'of The Conclusionthis is increased if some
pilum in their pedigree. diploil ultivated or selected dihaploids CIP is ideally situated in the center of
 

The PCN population contained species from of cultivated tetraploid potatoes are in- variability of a large number of useful
 
the Mexican as well as the South American tegrated in the same population. When wild potato species and appears to be the
tenexicanastwellooas t can this material is finally crossed to culti- and place simultaneous
onlybehy- best logical for gene pool, two pools can only be hy- vated material, the setbacks with regard work on biosystematic studies in wild
 
bridized with great difficulty, and often to agronomic characters and yield are con
bridge species must be used (Hermsen an siderably reduced as has been shown in
 
Ramannapreliminary results obtained from TD
 
baccatum and S. lignicaule eh1iffiteda re n New methods to overcome crossability

remarkable degree of resistance to two crosses, barriers are attempted with the help of
 
pathotypes (P4A and P5A of G. pallida, and Research for a Ph.D. thesis at the Univer- modern tissue culture methods, some
 
tOe two species were succesTully hy- sity of Birmingham is at present carried pioneered at CIP. As these projects de
ridized. For S. capsicibaccatum it was out at CIP, and the research student is velop, they may result in parental lines
 

the first time that it was crossed with a attempting to transfer to cultivated po- with desired characteristics and resist
species from outside its series. These tatoes the resistance against the potato ances needed by breeders in other parts in
 
hybrids will now oe crossed with culti- tuber moth, the potato. cyst nematode and the world.
 
vated diploid or haploid material, potato leafroll virus, all found in dif

ferent groups of wild species. References
Even wild species only distantly related
 

to the tuber-bearing Solanums might be Future strategy for the use of wild

used to obtain specific resistances. The species Bitter, G. 1912-1914. Solana Nova vel
 
potato leafroll virus (PLRV) resistant minus cognita. Repert. Spec. Novarum
 
South American, non-tuber bearing species, Some of the results described above and Regni Veg. Berlin.
 
S. etuberosum is possibly more distantly others to be published indicate how the Dunal, M.F. 1852.. In De Candolle
 
7elated to the potato than is the genus vast pool of wild germ plasm could be used Prodromus (Solanaceae) 13(1); 27-387.
 
Lycopersicon to which the tomato belongs in the future. Pa-s.
 
(Ramn and Herms!,, 1979). Huaman, Z., J.G. Hawkes, and P.R. Rowe.
 

Although actual collecting of most wild 1980. Solanum aanhuirI: An important

However, it has been possible to cross S. potato germ plasm may now be considered diploid potato cuTt ed in the Andean
 
etuberosum with the Mexican tuber-bearing almost complete, classification of the altipluno. Economic Botany 335-343.
 
species S. pinnatiseum (Hermsen and collection still continues. Taxonomic Hawkes, J.G. 1958. Significance of wild
 
Taylor, 1979. Ater doubling the classification can by no means restrict species and primitive forms for potato
 
chromosome number, the completely sterile itself to morphological descriptions and breeding. Euphytica 7; 257-270.
 
S. etuberosum x S. pinnatisectum (EP) the classification of a given specimen Hermsen, J.G.Th., and 1.S. Ramanna. 1973.
 
'ybriecame a fertile amphldiploid into one of the existing taxa or the Double-bridge hybrids of S. bulbocas
(Hermsen et al., 1981) which was further possible creation of a new taxon. Modern tanum and cultivars of ST tuberosum.
 
crossed wth tuber-bearing species. In experimental taxonomy includes studies on piitlca 22; 557-566.
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FLUID DRILLING OF SOMATIC POTATO EMBRYOS 

AS A MEANS OF CROP ESTABLISHMENT 


S. K. O'Hair, M. P. Asokan, R. E. Litz 

and 	H. H. Bryan 


University of Florida 

Homestead.. 


One of the greatest limiting factors for 

potato production in the warmer regions of

world is the lack of virus-free seed stock 

for planting of the crop. Current produc-

tion of certified virus-free seed is 

limited to the
either cooler temperate

regions or to tropical mountainous areas, 

causing transportation costs to be a major

hindrance to expanded consumer 
crop pro-

duction. Reducing these costs has re-

ceived a high priority for research pro-

grams in both developing and developed

countries. Such projects included evalua-

tion of growing potato from true seed 


(Accatino, 1979), stem and 
leaf cuttings

(Lauer, 1977; Stallknecht, 1972), certi-

fled tubers that 
can be grown and multi-

plied in local plantings for one to two
successive plantings (CIP, 1979) and 

tissue culture (Goodwin et al., 1980 a and 

b; Marani and Pisi, 1 ;7'Pennazio and 

Vecchiati, 1976). 


In the Uiited States, most of these 

methods are not of practical use in their 

present state of the art. 
Variability and 

questionable product acceptability is a
major problem with 
true seed, since mar-

keting is often based on clonally propa-

gated cultivars. Stem cuttings and sub-

sequent tuber formation would be labor 

intensive and unacceptable. In the United 

States seed tuber production is restricted 

to the northern regions. Due to climate 

restrictions and virus 
vectors it is not 

possible to multiply certified seed in 

warmer regions. This results in 
a doubl-

ing of the farmer's seed cost in southern 

U.S.A. because of the transportation 

costs. 


Potato tissue culture propagation was

evaluated by several 
peoplt (Lam, 1977b;

Roest and Bokelmann, 1976; Roca et al.,

1978). PrGbably, one of the more sTgnTTi-

cant results cf tissue culture studies was 

the identificat, of variability among

plants that were 
derived from individual 

cells of a single plant (Gunn and Shepard,

1981; Shepard and Totten, 1977; Shepard et
al., 1980). Some variability observed Ti 

tTssue cultured plants may be a result of 

environmental factors 
and may not be ge-

netic in nature (Denton et al., 1977).

Other forms of variabilitT-mry be short 

lived genetic variants resulting from the 

presence of mutable loci 
 (McClintock,

1950a, 1950b, 1951). 


Other benefits that were realized from 

potato tissue culture include disease

indexing and maintenance of disease-free 

clones (Gregorini and Lorenzi, 1974; 


Smith, 1977; -ennazio and Redolfi, 1974;

Qua:,, 1977; Quazi and Martin, 1978;

Schmidt and Grahsl, 1977; Shepard, 1978;

Skirvin et al., 1975; Wang, 1976; Wang and 

Huang, 175Fand general storage of large

germplasm collections (Westcott et al.,

1977). 
 Probably one of the more import-ar,t 

developments yet to come from 
potato is 

reliable somatic embryo production, 


Somatic embryogenesis was dncumented in 

several crops including: hieetpotato

(Hwang et al., 
 1980; Tsay and Tseng,

1979), weaF-(Schaeffer 
et al., 1979), 

papaya (Litz and Conover, -8f1-,1982) and 

hybrid potato callus (Jackobsen and
Sopory, 1978; Jarret et al., 1980; Kohlen-

bach and Geler, 1972;a nna and Hermsen,

1974; Sopory and Tan, 1979; Sopory et al., 

1978; Sopory, 1977; Sopory and Ron,

1976; Weatherhead and Henshaw, 1979).
This technique may be the most efficient 

method for large scale production of

clonal planting material. Potato anther 

successes indicate 
 that other tissues,

with the appropriate media, may lend them-

selves to the desired embryo production. 

Litz and 
Conover (1981, 1982) observed 

that papaya ovule integument was a good

source tissue for polyembryony. Somatic 

embryo production in this instance would 

have been adequate for scaling up to a 

commercial type operation. It also was 

documented that explant origin and the 

physiological state of the parent tissue 

affect callus formation and organogenesis

(Quraishi et al., 
1979). The addition of 


activated charcoal to the culture media
 
was associated with improved somatic
 
embryo formation (Litz ind Conover, 1980;
 
Sopory et al., 1978). Specific amino acid
addition, -reflecting the amino acids 
from
 
the parent tissue, was also suggested as
 
being helpful for the induction of somatic
 
embryos (Weatherhead and Henshaw, 1979).

Thus, several variables remain to be test
ed, which may provide the appropriate com
bination for reliable somatic embryo pro
duction.
 

Although generally not desirable in clon
ally propagated material, limited amounts
 
of genetic variability, in some instances,

would be desirable. The screening of po
tato callus cultures for resistance to
 
late blight (Behnke, 1980), early blight

(Matern et al., 1978) and amino acid ana
logs (CarTs5i and Widholm, 1978; Widholm,

1976) was accomplished, although plants

regenerated from resultant callus do
 
not always 
possess the same character.
 
Screening for tolerance to other diseases
 
or environmental stress, eg., high salt or
 
aluminum concentrations and other maladies
 
may well be possible. Somatic embryo

screening should be possible. Large popu
lations of immature somatic embryos could
 
be subjected to various selection pres
sures. Since are difembryos already

ferentiated, it would be possible to over
come the difficulty of regenerating plants
 
from callus cells.
 

Once a reliable and efficient system for
 
somatic embryo production is realized,

,conditions for precocious germinition 'if
 
natural embryos must be established. The
 
transfer of sterile embryos tv a ron
sterile medium requires special considea
tion. Current procedures for establish
ment in the soil of tissue cultire-derived
 
plantlets are labor intensfie 
and too
 
costly for large scale production.
 

A major difference between pregermtinated

seed and mature somatic embryos is the
 
lack of an endosperm associated with so
matic embryos. Thus there must be a tran
sitional period between somatic embryo

production and transfer of the plants 
to
 
soil that would enable the embryos t
 
overcome their deficiencies. This might

involve retention of somatic embryos in
 
culture to permit limited 
germinatjn,

followed by a period of exposure to light

for optional chloroplast development. This
 
could he accomplished in a mulit-stage

continuous flow culture system, where the
 
appropriate growth regulators and external
 
factors could be applied at 
the appro
priate stage. Production of planting
 
material by means of somatic embryogenesis

could also be a means of maintaining

disease-free clonal planting material.
 
Virus indexing would be necessary only at
 
the initiation of the culture procedure.
 

Efforts in the handling and drilling of
pregerminated vegetable 
seed may provide

the appropriate 
 means for embryo

establishment. These 
 efforts include
 
plug-mix planting (Bryan et al., 1973) and

fluid drilling (Currah et al., 1974).

Plug-mix provides a meai"s -F planting

imbibed seeds a
with pre-moistened

stabilizing agent 
such as an artificial
 
soil mix. Fluid drilling allows for the
 
planting of seeds that have germinated to
 
the point of radical emergence. In this
 
case germinated seeds are suspended in a
 
water-based gel 
 prior to planting.

Potential large scale 
 use of fluid
 
drilling resulted in various degrees of
 
mechanization ranging from 
a push planter
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concept (Lickorish and 
Darby, 1976) to ing. Proceedings Florida 
State Horti- Somatic embryogenesis in cell cultures
tractor drawn seeders (Bryan et al., 1978; cultural Society 91; 88-90. of 
Carica stipulata. HortScience 15;
Currah et al., 1974). Recenf-aVances in Carlson, J.E., ancF-J.M. Widholm. 
 1978. 733-M4.
mechaniatTh'n have lead to the development 
 Separation of two forms of anthranilate Lltz, R.E., and R.A. Conover. 1981. In
of inexpensive planting devices that 
 synthetase from 5-methyl tryptophan- vitro polyembryony in Carica papaa L.
combine the merits of fluid drilling aod susceptible and -resistant cultured 
 ov-ues. Zeitschrift Pfanzenphysiologie
plug-mix planting (Shaw et al.,1980). 
 Solanum tuberosum cells. Physiologia 104; 285-288.
 
"Pa'tarum-4F- 'T-255. 
 LitT,R.E., and R.A. Conover. 1982. In
Due to uniformity requirements, vegetables CIP. 1979.-Potato seed 
production in vitro somatic embryogenesis and plaWt
were a good crop group for fluid drilling Kenya. CIP Circular 12, No. 
11, Lima, iegeneration from Carica papaya L.ovuexperimentation (Bryan et al., 1978). Peru. 
 lar callus. Plant Science Letters (in
These developments have dfircftapplication Currah, I.E., 0. Gray, 
and T.H. Thomas. press).
to vegetable production in the tropics 1974. Development of a new fluid drill Lizarraga, R.E., L.F. Salazar, W.M. Roca,
(Bryan et al., 1980). Fluid drilling of 
 for sowing germinating vegetable seeds, and L.Schilde-Rentschler. 1980. Elimsomatic potato embryos directly into the HortScience (Abstract) 9; 280. 
 ination of potato spindle tuber viroid
field would be the most efficient method Currah, I.E., 
D. Gray, and T.H. Thomas. by low temperature and meristem culture.
of utilizing tissue cultured plants for 1974. 
 The sowing of germinating vegeta- Phytopdthology 70; 754-755.
crop establishment. The fluid drilling ble seeds using 
a fluid drill. Annals McClintock, B. 17HOa.
system is flexible enough The origin and beto allow for Applied Biology 76; 311-318. havior of mutable loci in maize. Promodifications that can include the addi-
 Denton, I.R., R.T. Westcott, and B.V. ceedings National Academy Science 36;
tion of growth regulators and plant pro- Ford-Lloyd. 1977. Phenotypic variation 
 344-355.
tectants to either the gel or 
the soil of Solanum tuberosum L. cv Dr. McIntosh McClintock, B. 1950b. Mutable loci in
mix. regenerated direEMy from shoot tip cul- maize. 
 Carnegie Institute Washington

ture. Potato Research 20;
Experiences with plantlets derived from Goodwin, P.B., 

131-136. Yearbook 49; 157-167.
Y.C. Kim,-and T. Adisar- McClintock,7. 1951. Chromosome organitrue seed, indicate that special fertili- wanto. 
 1980a. Propagation of potato zation and gene expression. Cold Spring
zation and soil conditioning may be neces-
 shoot tip culture 1. Shoot multiplica- Harbor Symposium Quarterly Biology 16;
sary for optimal growth. Plant genotype tion. Potato Research 23; 9-18. 13-47.
effects might also be a major factor. The Goodwin, P.B., Y.C. Kim, and T. Adisar-
 Marani, F., and A. Pisi. 1977. Meristem
ability to efficiently produce somatic wanto. 1980b. Propagation of potato 
 culture and vegetative propagation in
embryos and plantlet vigor must be taken shoot tip culture 2. Rooting of pro-
 potato. Acta Horticultural 78; 415-424.
into consideration inselecting clones for liferated shoots. Potato Research 23; Matern, U., 
 G. Strobel, and'T. Shepard.
somatic embryogenesis. 19-24. 
 1978. Reaction to phytotoxins in a
 
Itmay be necessary to develop systems for 

Gregorini, G., and R. Lorenzi. 1974. potato population derived
Meristem tip culture of potato plants as from mesophyll protoplasts. Proceedings National
the fluid drilling of somatic embryos in a method 

a sterile 

of improving productivity. Academy Science U.S.A. 75; 4935-4939.
or pasteurized seedbed where Potato Research 17; 24-33. 
 Mellor, F.C., and R. Stace-Smith. 1977.
more special attention could be provided. Gunn, R.E., and J.F. Shepard. 1981. Re- Virus free potatoes by tissue culture.
Plants could be transplanted to the field generation of plants from 
mesophyll- In J. Reinert, Y.P.S. eds.
and Bajaj,
following a 
method similar to the planting derived protoplasts of British potato Applied and fundamental aspects of plant
of soil blocks. Alternatively, the plants (Solanum tuberosum L.). Plant Science 
 cell, tissue, and organ culture.

22;7-10T1
could be left in the seedbed until tuber Lett-ters Springer-Verlarg. New York. 803 p.
development was accomplished. In this 
 Hwang, L.S-, R.M. Skirvin, J.Casayo, and Pennazio, S., and P.Redolfi. 1974. Pocase tubers would be taken to 
the field J. Bouwkamp. 1980. Embroid formation tato virus X eradication in cultured
for crop establishment. 
 from sweet potato pomea batatas root potato meristem tips. Potato Research
 

Applications for developing countries discs in vitro. Hor-r-S--ence-(Abstract) 7; 333-335.
15; 41. - Pennazio, S., and M. Vecchiati. 1976.
could include the establishment of somatic JaZc-bsen, E., 
and S.K. Sopory. 1978. The Effects of napthaleneacetic-acid
embryo production packages, where all on poinfluence and possible recombination of tato meristem tip development. Potato
 
media ispre-measured and starter somatic 
 genotypes on the production of micro- Research 19; 257-261.
embryo cultures could be supplied. Cul- spore embryoids in anther culture of 
 Quak, F. 1"77. Establishing of pathogentures could be multiplied on a loca 
 Solanum tuberosum and dihaploid hybrids, free stock.
basis. InVitro 13; 194.
A facility where equipment and Theoretical
media could be sterilized and a trained 124. Applied Genetics 52; 119- Quazi, M.H., and S.DTMartin. 1978.
Pathogen-free potato plants regenerated
technician to maintain the cultures would 
 Jarret, R.L., P.M. Hasegawa, and H.T. from meristem tip cultures. New Zealand
be necessary; however such a facility Erickson. 1980. Effects of medium com-
 Journal Experimental Agriculture 6; 305would be considerably less in cost than 
 ponents on shoot formation from cultured 308.
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 tuber discs of potato Solanum tuberosum Quraishi, A., L. Rossignol-Bancilhon and
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MEASUREMENT AND RESPONSE OF POTATO
 
CULTIVARS AND SPECIES TO HEAT AND 

DROUGHT STRESS 


R. B. O'Keefe and A. Elfigih

University of Nebraska 

Panhandle Station 

Scottsbluff, Nebraska, U.S.A. 


Introduction 


The adaptation of plants to many environ-

mental stresses are due to natural or 

artificial selection pressures acting on 

variable populations to cause a change in 

gene frequency for more adaptive plant

properties and processes. In recent years 

interest has focused not only on the re
sponse of plants to water and high tem
perature stress, but also on the impor
tance of morphological and physiological
 
mechanisms of adaptation to water and high 

temperature stress. Field observation and 

experimental studies have shown that pota-

to varieties differ greatly in physiologi
cal and morphological response to heat and 

drought stress. 


A greater knowledge of the specific ef-

fects of high temperatures .nd/or limited 

soil moisture supply on potato varieties 

or clones and the establishn-nt of relia
ble methods of s,i cting neat and diuught 

resistant clones would increase the effec-

tivcness of potato breeding programs. 

Ultimately the climatic range of corer-

cial potato p. duction would be extended. 

Consequently, the objectives of these 

studies were: 

To determine potato varietal charac-


teristics inwater usage.
 
To determine the immediate and pro-


tracted effects of high temperatures on 

potato plants. 


To ascertain the morphological and phys-

iological factors associated with potato

plants in response to heat and drought. 


To compare and evaluate various methods 

for measuring heat and drought resistance 

in Solanum species and families. 

To evaluate these species and families 


for heat and drought resistance. 


Water usage 


Under field conditions with a high level 

of soil moisture, high yielding potato 

varieties extracted large amounts of soil 

moisture from the top 5 feet of soil in 

comparison with low yielding varieties, 

Production efficiencies (bu./acre/in. of 

water) of varieties did not differ sig-

nificantly but were greater for high than 

low yielding varieties (Table 1). Water 

loss from plants severed from root systems 

was less per unit of leaf area for varie-

ties with large leaf areas than those with 

small leaf area (Table 2). Water loss 

from excised leaves was from 1.5 to 1.8 

times the corresponding water losses from
 
intact plants severed from their root sys-

tem (Table 2).
 

Heat machine (high temperature chamber) 

and electrical conductivitytests 


These two methods were used to measure 

heat resistance of potatoes. With the 

heat machine method potted plants (7weeks 

post-emergence) were placed in a heat 

chamber and maintained at a constant tem-

perature (55.5°C for 1959 data, and 500C 

for 1980 data) for a standard length of
 
time (4 hours) and at known relative hu-

midity (60%). The degree of wilting 

(slight to total) based on a scale of 1 to 


Table 1. Yield, water used and production
 
efficiency of potato varieties.
 

Yield Water 2 Production
 
Variety (bu./a.) (in./ft. ) efficiency
 

(bu./inef
used)
 
(bu./in. used)
 

Katahdin 188 8.40 22.7
 
White
 

Cloud 166 7.50 22.0
 
Triumph 158 7.80 20.6
 
Progress 155 7.55 20.5
 
Red
 

Warba 149 7.81 19.1
 
Cobbler 145 7.40 19.5
 

Pawnee 135 6.27 21.6
 

Table 2. Coefficient of leaf area, water
 
loss and volume of water lost for potato
 
varieties.
 

Variety Water loss
 

(32 hrs)
 

Coef. Leaf Plant / Water
 
Leaf. L t
Volumeat 

Aref / % % Leaf Unit /
 

Kennebec 400 43.7 31.9 0.11
 
Katahdin 264 46.1 26.3 0.16
 
Dazoc 264 49.5 30.4 0.19
 
Triumph 240 47.2 19.4 0.18
 
Red
 

Pontiac .60 51.9 32.4 0.24
 
Irish
 

Cobble- 120 46.2 35.6 0.32
 

l/
 
- Nurier of leaves x number of leaflets x 

s'ze of leaflets (rating 1 to 5; 1 
tpprox. 2 sq. in ; 5 = approx. 10 sq. 
in.)
 

2,Intact above ground portion of plant
 
severed from root system.
 

3
 
- Grams or cu.cm./unit of coefficient of 

leaf area. 
_ 

10 for 1959 data and 1 to 9 for 1979-80
 
data was estimated. They were then trans
ferred to the greenhouse for a period of 3
 
weeks following which the percent of per
manent damage or resistance classes were
 
estimated. The other method which is
 
based on electrolyte leakage from leaf
 
discs bathed in deionized water and meas
ured by an electrical conductivity bridge
 
was used to estimate the percent heat in
ju to eposure t peren hour.
 
jury after exposure to 50°C for 1 hour.
 
Wilting degree was directly correlated
 
with percent permanent damage or resist
ance classes and percent heat injury (Ta
ble 3).
 

Heat injury and temperatire treatment
 

The heat susceptible variety, Triumph,

averaged 67.5% heat injury over the range
 
of temperatures (450C to 60°C), while
 
Irish Cobbler, a heat tolerant variety,

averaged 57.5%. Heat injury as measured
 
by the electrical conductivity method in
 
crease,, as temperature increased. The
 
relationship between treatment tempera
tures and heat injury was sigmoidal for
 
both varieties. (Figure 1).
 

In heat chamber tests using a series of
 
temperatures ranging from 1100 to 135°F a
 
test temperature of 120°F (48.8°C) was
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Table 3. Degree of plant wilting, plant damage and heat injury. 


Variety Wilting % Permanent Resistnce % Heat 
degree 1/ damage _/ :lasscs 3/ injury 4_ 

1959 1979-80 1959 1519-80 197S-80 

Dazoc 6 5.3 25 2.8 42.8 
Irish Cobbler 7 2.9 50 1.8 29.1 
Katahdin 5.7 3.5 60 2 33.9 
Kennebec 6.5 3.5 70 1.8 22.4 
Red Pontiac 4.7 5.8 52 3.2 42.1 
Triumph 10 6.,? 90 1.3 54.8 

-Estimates the degree of wilting at the end of each heat machine test run with a 

scale of I to 10 (1959, data) and a scale of 1 to 9 (1980, data). 

!/Indicates percent of tissue destroyed. 


3Indicates the degree of permanent damage to plants after exposure in the heat 
machine; classes 1 and 2 (resistant) = 0 to 50% leaf demage; classes 3 and 4 - 5 
to 100% leaf damage plus stem damage. 

4-/Indicates percent heat injury determined by the electrical conductivity method 
after exposure to 500C for 1 hour. 
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Figure 1. Heat Injury of two potato va-

rieties at different temperatures, 


the critical temperature for potatoes. At 

this temperature the widest range of plant 

damage occurred among varieties. As in-

dicated 5O'C produced comparable results
with the electrical conductivity method. 


Heat injury and physiological age 


Percent heat injury of old leaves (lower- 

most leaves) and young leaves (upper-most) 

were determined (Table 4). The heat in-

jury averaged from 18.7% in the lower 

leaves of the plant (physiologically old) 

to 26.5% in the upper-mwst leaves (phy-

siologically young). The greatest differ-

ence between old and young leaves was ob-

served for the highly susceptib; variety 

Triumph. The youngest leaf tissues from 

upper-most leaves sustained considerably 

more injury upon temperatore treatment 

than did older leaf ti"-es from lower-

most lei-.'es.In other genotypes (e.g. 

Atlantic, only minor differences weie ob-

served among samples collected from upper 

and lower leaves. T:,,s sampling proce-

dures for genotypic cumparisons should 

consider physiological age of leaves. 


Generally positive relationships exist 

between heat resistance classes ranging 

from susceptible to resistant and charac-

teristics such as leaf area, tuber yield 

and regrowth index. Indications are that 


Table 4. Hit injury for old leaves and
 
young leaves of five potato genotypes,1979.
 

____IRISHCOWER_1979._ 


Genotypes % Heat injury 


Old Young

leaves leaves 


Irish Cobbler 21.6 b1 / 17.1 a-/ 


Atlantic 20.2 b 21.8 b 

54.58-H33 17.8 ab 22.6 b 

Norchip 15.4 a 27.4 c 

Triumph 18.6 ab 43.4 d 


Mean 18.7 26.5 


./Mean values with the same letter are not 

significantly different o the 5% P. 


based on Duncan's multiple rancle 


as resistance of plants to heat injury in-

creases leaf area of plants increases. 

Strong negative correlations were found
 
between heat resistance, plant height and 

wilting degree. Resistance to heat injury
 
decreased as plant height and wilting de-

gree increased. 

Significant diffeeences in heat resistance 


and other characters observed or measured 

were found not only between po6ato spe-

cies, but also among potato genotypes 

within the species (Tables 5, 6). The 

wide range of variability is useful to
 
potato breeders to select desirable geno
types in a breeding program to develop
 
hybrids with desirable yield characteris
tlcz in heat and drought stressed envi
ronments. Because potato varieties are 

reproduced vegetatively total genetic ef-

fects can be rep-oduced vegetatively.
 

Estimates of heritability (broad sense) 

based on individual plant basis and family 

mean basis indicated that resistance to 

heat injury, plant height, leaf index, and
 
wilting degree, are highly heritable
 
characters in potatoes. Consequently se-

lection for heat resistance should be ef
fective. The greatest genetic gains in 

resistance to heat injury in potatoes may

be accomplished by selecting the most re-

sistant families (family mean basis) or by 

selecting the most resistant genotypes 

(upper most 10%) on an Individual plant 

basis. 


Table 5. Heat injury of potato cultivars.
 

1/
 Genotypes % Heat injurA
 

Triumph 	 43.38 bc?2-


Dazoc 42.82 bc
 
Red Pontiac 39.66 bcdef
 
Norgold 37.68 bcdefg
 
Haig 33.34 cdefgh
 
Katahdin 33.87 cdefgh
 
Norchip 27.42 ghijkl
 
Denali 23.83 hijkl
 
Superior 23.41 hijkl

Kennebec 	 22.42 hijkl
 

Shurchip 21.17 jkl
 
Irish Cohbler 17.07 1
 

I/
 
- Indicates percent heat injury determined
 

by the electrical conductivity method
 
after exposure to 500C for 1 hour.
 

-/Indicates means with the same letter are
not significantly different at the 5% P.
 
level based on Duncan's multiple ranpe
 
test.
 

Table 6. Family means for heat injury in
 
Solanum species grown from true seed.
 

Species and Collection % Heaty
 
genotype number injury-'
 
S. sucrefw.e HHC 4596 72.17 ab
 

g. p!l
- diim PI25553n 67.68 abc
 
S.cla-oense OKA 6117 60.60 bcde
 

-
T. venFur l nKA 5645 57.25 cdef
 
3. sucrense HHC 4594 56.63 cdef
5. 	commersoni OKA 6180 52.34 defg 
9. commersonil OKA 5138 50.32 defgh
 
I. venturil OKA 4908 49.99 defgh
 
T. pe azinii OKA 5690 48.50 defgh 
_ 	 .se OKA 5478 46.89 efgh
 

testum P1255529 46.34 efgh
 

S. commersonti OKA 5071 40.49 gh

T. 	 RpJ9Ie!s OKA 5477 40.22 gh 

. cacoense OKA 6116 37.66 h 

Mean 	 54.29
 

]Indicates percent heat injury determined
 
by ihe electrical conductivity method
y t e e e t i a o d ci i y m t o
 
after exposure to 500C for I hour.
 

-/Indicates means with the same letter are
 
not signifi:antly different at the 5% P.
 
level based on Duncan's multiple range
 
test.
 

IMPROVEMENT OF THE POTATO AS AN ENERGY
 
RESOURCE
 

A. R. B. O'Keefe, E. D. Kerr, and
 
A. F. Hagen
 

University of Nebraska Panhandle
 
Scottsbluff
 

Intiroduction
 

In the Nebras'a potato improvement pro
gram, one of the main objectives is to
 
evaluate potatoes as an energy resource
 
ethanol in addition to a food resource.
 
The potato, a starchy raw product, re
quires some extra preparation for ethanol
 
production when compared with grain. In
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World War II,ore of the major sources of 

fuel or energy was ilcohol made from pota-

toes. Very high starch or carbohydrate

varieties were developed and grown spe-

cifically fcr that purpose. About 70% 
of 

the total potato production in Germany

during World War II was for alcohol as a 

fuel sourcp. 


In the later years of World War II it was 

determined that three times more butyl

alcohol than ethanol 
 could be obtained 

from 100 puund, of potatoes. Production 

of butyl altohol as an energy source 

from all agricultural products should 

be considered. The supply of alcohol be-

came short in the United States in World 

War II. In Idaho a program was developed

for use of cull potatoes for manufacture 

of alcohol. 
 Under the War Food Adminis-

tration Program in 1944 inactive sugarbeet

factories or plants were used to dehydrate 

potatoes. In other words potatoes were 

shipped to and put through the equipment

in inactive sugarbeet factories for de-

hydration. The dehydrated product 
was 

then shipped to alcohol plants to produce 

alcohol from the dehydrated product. This 

was an inefficient system.
 

The dehydrated product was equal to corn
in ethanol yield. The government devel-
oped i, program for orr'ducing industrial 
and beverage alcohol after World War II 

from surplus potatoes. Uuring that period

13.3% of the alcohol made was made from 

potatoes and 16.5% from grain so 
 the 

amount of alcohol being produced from 

grains and potatoes was about the same. 

Seventy percent was produced from molasses 

from sugaubee4 'r sugarcane factories or 

from petroleum products. In 1947 much of 

that production went into the production 

of commercial butyl alcohol. Eighteen 

percent of the 35 million bushels of sur-

plus potatoes in 1947 were converted to 

butyl alcohol rather than ethanol; 34% of 

133 million bushels in 1948 were converted 

to butyl alcohnl. In the last 35 years

economics and government policies have 

limited the u of potatoes for the pro-

duction of ricohil. 


With that brief history of alcohol produc-

tion from potatoes consider the potato
itself as the raw product for ethanol pro-

duction. From 100 lbs. 
 of tubers are 

obtained 11 to 19 lbs. of starch and 1 to 

3 lbs. of sugar and 7 to 10 lbs. or 1.2 to 

1.6 gallons of ethanol. A yield of 1000 

cwt./A. produces 1200 to 1600 galons of 

ethanol per acre. As specific gravity 

increases carbohydrate conten increases 

from 13.7 to 19.7%. In term of gallons of 

alcohol per ton of raw product the 

carbohydrate converts to from 21 to 30 

gallons per ton. lhe standard conversion 

factor for sugarbeets is 22 gallons per

ton and 105 gallons for grain. The varie-

ties of potatoes that are produced in 

Nebraska presently range from 1.070 to 

1.090 specific gravity. With todays va-

rieties 23 to 28 gallons of alcohol per 

ton should be obtained. As yield per acre 

and gallons/ton increases the cost per

gallon on the basis of the cost of the raw 

product ranges 0.62 to $1.85. 


The Nebraska Program 


The Nebraska project, as revised two years 

ago has three basic objectives: (1) to 

identify varieties for maximum carbohy-

drate and alcohol production on an acre 

basis; (2) to identify and develop spe-

cific cultuiral and storage practices to 

minimize production costs and energy re-


quirements; (3) to establisn good cost-

returns and energy-return deta for alcohol 

production from potatoes. 


For the best 13 of 52 different varieties 

and selections tested, (Table 1) yields

ranged from 313 cwt. up to 700 cwt. per 

acre in 1980. The gallons per cwt. of 

potatoes as actually determined by rer-

mentation and distillation ranged from 

1.13 g9ls/cwt. up to 1.39 gals/cwt. which 

converts on an acre basis to 386 to 811 

gallons of alcohol which equals approxi-

mately 82% of theoretical production. In 

addition, stillage (the residue after dis-

tillation) ranged from 4900 to 9300 lbs. 

per acre. It's value per 100 lbs. in 

terms of animal feed is 28 cents. Crystal

and Boungt in the trials had ide-n-tcTaT 

carboyT e content per 100 lbs., but 3% 

mo'e alcohol was proc'iced from a 100 lbs. 

of Bounty than from Crystal. The effi-

ciency of recovery of alcohol can be high-

ly dependent on the variety, 


Table 1. Ethanol and stillage from pota-

toes, Nebraska. 1980. 


Variety Yield Ethanol Stillage

cwt./A. lbs./A.


gal./cwt. gal./A. 


*Neb 40S. 

72-2 624 1.30 811 9391 


*Neb 40. 

57-i 700 1.15 805 9100 

Red Pon-

tiac 564 1.14 646 6796 

Onaway 560 1.13 
 638 6944 

Kennebec 544 1.20 655 
 .7425 


*Progress 520 1.23 640 
 7228 

*Platte 520 614
1.18 7072 

*Bounty 491 1.22 597 
 6874 

Katahdin 486 588
1.21 6634 

Triumph 486 559
1.15 6294 

Larouge 454 1.16 527 5970 

Denali 378 1.31 495 5746 

Crystal 355 1.19 422 4863 

Sebagu 342 1.13 
 386 4463 

Lemhi 313 1.39 434 4914 


* Nebraska developed varieties, 
** varies depending upon carbohydrate con-

tent and effireiency of conversion by
fermentatiun. 


Cultural and storage practices and modifi-

cation of them need to be considered if 

potatoes are grown for alcohol prodtiction.

Some et:inol plants are built to use cull 

potatoes rather than specitically produc-

ing an efficient variety to make alcohol.

With this concept, cull potatoes can be
 
used to utilize every pound of potato that 

is p-odiced per acre. If potatoes are 

grow~l for the potato chipper or processo,

absut 75 to 85% of the yield per acre 
is 

marketed; the rest are cull potatoes.

Abot 60 to 75% of what is produced per 

acre can be marketed on the fresh market;

the rest are culls. However production of 

alcohol at the lowest cost per gallor, re-

quires growving maximum tonnage of carohy-

dratL t the lowest cost and energy use 

per acre regardless of tk ize, shape, or 


condition of the potato. For example,
Fusarium rot is a tr.mendous problem for 

the seed market, the fresh market, or the
 processor. It's no problem in alcohol 

production. Internal net necrosis is a 
market defect caused by the virus leaf-

roll that is transmitted by the aphid.

One of the high costs in potato production 

is to control the aphid. Probably 95% of 

what is spent on insect, cr':;trol
in pota-


toes is because of the effect of insects
 
on the market quality. If potatoes are
 
specifically produced fcr alcohol 
produc
tion the costs for insect and disease con
trol can be reduced. However, some in
sects such as the psyllid and diseases
 
such as spindle tuber reduce yields and
 
must be controlled. Lfficient use of fer
tilizer must also be considered. In 1970,

fertilizer was costing $38.00 and in 1980
 
was $89.00 an acre. Storage, must also be
 
evaluated. Storage for fresh market or
 
processing potatoes is costing $1.75 to
 
$2.25/cwt. of capacity to construct. To
 
make alcohol out of potatoes, tubers can
 
be handled like sugarbeets. The BTU ener
gy transfer in a pile of potatoes is about
 
the same as in a pile of sugarbeets. The
 
Nebraska program intends to put potatoes

in sugarbeet piles and monitor temperature

and heat exchange and make alcohol out of
 
those potatoes when they are removed from
 
the sugarbeet pile. Also four years of
 
data developed at the Mitchell Station and
 
at the Alliance Station, indicate that we
 
can again go back to pit storage or trench
 
type storage of potatoes for alcohol pro
duction.
 

The National Program
 

The Nebraska program is also contributing
 
to a national program evaluating potatoes
 
as an energy source; also involved are:
 
Washington (Dr. Mark Martin); Idaho (Dr.

Joe Pavek); Maine (Dr. Raymon Webb); and
 
North Dakota (Dr. Bob Johansen). Washing
ton (Table 2) had two types of trials
 
called "maximum culture" and 
"standard
 
culture". In the "maximum culture" trial
 
they maximized every input which maximized
 
total cost but produced 669 to 1406 cwt.
 
per acre. In "standard culture" trials,
 
yields with the same varieties ranged from
 
468 to 701 cwt. per acre. In Idaho trials
 
with basically the same varieties, yields
 
were 358 to 507 cit/A.; in Maine, 265 to
 
501 cwt/A.; in Nebraska 106 to 700 cwt.
 
per acre. In Washington with maximum cul
ture, theoretical ethanol production fron
 
tubers was 730 to 153S gals. per 
acre
 
(also 22 to 244 gals. of alcohol per acre
 
were produced from the vines) and with

standard cultt ethanol yield was 512 to
 
767 gals, per acre: InIdaho, 448 to 729
gals. per acre were produced from tubers;

Maine, 311 tj 672 gals. from tubers and
 
32 to 133 gals. per acre of alcohol from
 
vines. in Nebraska actual ethanol yield
 
as determined by fermentation and distil
lation was 119 to 811 gals. per acre.
 
Using the theoretical conversion factor
 
of 1.3 gal/cwt. the estimated yield was
 

Table 2. Value and costs of ethanol from
 
potatoes (1980).
 

Per acre Cost/acre 

Washngton 
ulture 
Maximum $1241 to $2616 $1339 
Standard $ 940 $1399 $ 937 

Idaho $ 762 $1239 $ 800 
Maine $ 528 $1142 $ 600 
Nebr. $ 252 $1379 $ 610 

Net value per acre
 

Washingt
 
Max mum $ 98 to $1277
 
Standard 3 462
 

Idaho 
 - 38 439
 
Maine 
 - 72 542
 
Nebr. -358 769
 

-
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148 to 980 gals. per acre. The value of The potato is a major food crop both in 
ethanol ranged from $252 to $2616 per terms of calorie; and protein. The nutri- Table 1. Energy output input ratios for 
acre. Net value of ethanol pe! acre tional or biolrgical value of protein in selected crops in terms of liquid ener
ranged from minus $358 to plus $1277 r'r potato is rat'ar high. As . werld aver- gy. 
acre. age, 230 kg/he tare of potato protein is 

greater than %n wheat, rice or grains
 
Crops Input Fuel Poten- Out-
However accordii,q 	to CIP Potato Atlas, in 


nf world potato produc- (Mcal/t) Poten- tial Input
1972-74 some 39% 

tion was used for fee4 or was wasted. I/ tial Output Ratio
 

BIO-ENERGY AND FOOD POTENTIAL OF THE 2/ 3/ 4/
 
POTATO AND ITS LIiITATIONS IN THE 	 According to a recently published report,
 
YEAR 2000 	 a medium potato (about 5 ounces) has about Sugarcane 50.95 56.25 360.00 7.07
 

110 calories, 4-5 percent of the daily Cassava 122.76 162.00 1,036.00 8.07
 
-V. Palma and L. Yeganiantz 	 caloric total needed by the average adult. Tomato 366.99 - -

Planning and Methodology Department-DDM At the same time, the potato supplies Corn 696.74 315.0 2,016.00 2.89
 
Brazilian Agricultural Research nearly 5 percent of the protein, 5 percent Wheat 1,148.61 318.75 2,040.00 1.77
 
Corporation - EMBRAPA of the iron, 8 percent of the phosphorous, Potato 704.61 86.25 552.00 0.78
 
Inter-American Institute for 10 percent of the thiamin, 11 percent of 1/ 
Agricultural Cooperation - IICA the niacin, and 50 percent of the vitamin - Energy in Mcal/t. See Moreira et al. 

C, as well as large percentages of vitamin 2/ 1980. Table 111-3. 
B-6, copper, magnesium, iodine, and niacin - in liter, p. 26. SeePotential alcohol/t.
Jacobs ana Newton, 1938. 


Brazil is poorly endowed with organic needed daily by the average adult. (Brody, o_Outb an alwono 13 p. 26.
 
fuels, either coal or petroleum; conse- 1981). put in alcohol as Mcal/t. (liters
 
quently, it imports more than 80 percent alcohol times 6.4)
 
of its petroleum needs. The rapid growth Up until now, the main criteria of agri- Third column divided by first column.
 
of its automobile and truck fleets as well cultural productivity were calculated in
 
as the rapid economic growth of the coun- terms of yields per hectare, yield per
 
try and the rise inworld petroleum prices man, return per unit of capital invested
 
have caused petroleum to become a major or even yield per cubic meter of water Table 2. Food (Mcal/t and kg of protein)
 
component of its total import bill, in- used in irrigation (Israel) depending on output in relation to input in the agri
creasing from 10% in 1972 to more than 50% the scarce production factor; land, labor, cultural phase of selected crops.
 
of its export earnings in 1980. This has capital, or water.
 
also resulted in growing foreign debt that
 
in 1981 added up to 60% of foreign ex- Under the stimulus of the new price of Supplyl Energy Input-/

charge earnings in terms of repayment and energy, the next few years are likely to
 
service charges. see the emergence of more rational ways of Crops
 

Brazilian agculture has been called upon using fuel in farming. (kg/t) Mcal Prote
to make a major contribution through the As a result, it is suggested that the re- In/Mcal 
expansion of crops with energy-producing turns also be considered in terms of ener- Sugarcane 370 - 7.26 
biomass capacity to reduce Brazil's heavy gy output in relation to input used to Cassava 1,490 8 12.14 65.17 
dependence on imported petroleum, produce a given crop. Tomato 210 8 0.57 21.80 

Corn 3,610 120 5.18 172.23

At the present time in Brazil, there are 	 An evaluation of all the energy require- Wheat 3,320 127 2.89 110.60
 
many processes and concepts which are ments fur sugarcane, cassava, cotton, Potato 750 18 1.06 25.55 
being developed and studied for producing corn, soybeans, wheat, eucalyptus, pinus, 1/ 
alcohol fuel from several types of biomass tomato and put~to crops was performed in - Calory and Protein Content estimated on 
feedstocks. Massive investments aimed at the state of Sao Paulo. Process analysis, data of the "Estudo Nacional da Despesa
reducing dependence on imported oil have input-output matrix technique and/or a Familiar", ENDEF, Rio de Janeiro, Fun
been made, notably through the conversion combination of both were used in energy dacao Institut Brasileiro de Geografia
 
of sugarcane to alcohol. computations by Moreira et al. ~19801.75),e Estatistica1979, various volumes.
(1980). (Household Budget Survey
 

All data were collected on-actlve farms of )Moreira
et al.table IIm-3. 
Approximately one quarter of the fod pro- the state; these computations can be used 
duced in Brazil and throughout tI's world as an upper limit for Brazil, since Sao 
never reaches the consumer becai. e the Paulo is the most developed state of the 
food is damaged before consumption. Typi- country.
cal examples include cull potatoes, that Table 3. Potential food production per ha 
increase the percentage of seed potato Energy input for potato production (Mo- per year using two crops or fraction of 
ased in developing countries and consti- reira et al. 1980) was 17,263 Mcal/ha in yielddepending on growth cycle.
 
ti e the major portion of potato used as Sao Pauo-Table 1 shows that in terms of
 
feed in developed countries, liquid fuel production (inthis case alco- Crops Yearly pro- Food Ener- Pro-


Brazil does not at present consider the 	 hol) potato uses more energy input in the
 
potato among the major feedstocks being 	 agricultural phase than energy output in duction gy (Mcal/ tein
 

(t/ha/Year) ha/year (kg/hal
evaluated for alcohol production. Still, potential alcohol without even considering 
as a part of agricultural waste utiliza- energy requirements in the processing that I/ 2 2 
tion, cull potatoes which constituted includes the distillery stage, last Sugarcane 63.20 23,384 
about twenty percent of total production is also higher than in other crops :cord- Cassava 13.50 20,115 108.00 
in 1980, 400,000 tons, represent a poten- ing to "Gasohol" (Development, Planning, Tomato - - 
tial source of alcohol production, and Research Associates, 1?78). Corn 5.60 20,216 672.00 

Potato 49.00 36,750 882.00
The use of white or Irish potatoes to make Table 2 indicates that in terms of food Wheat 2.40 7,968 304.80
 
fermentation alcohol is well established output per energy input, potato is also
 
even though their high food value usually the most energy intensive crop with the 1 Based on the growth cycle of- sugar
makes them at best marginally profitable, possible exception of tomato, cane, 15 month; cassava, 18 months;
 
Still, where culls are available in quan- tomato, 5 months; corn, 4 months; pota
tity, they are usually low enough in cost Table 3 considers total potential fold to, 4 months and wheat, 5 months.
 
to make alcohol production profitable, 	 production per year per hectare, including 11 Same as tables 1 and 2.
 
There is also e. byproduct from fermenta- two crops when the growth cycle is less 
tion of pnt:toes having significant feed than 6 months. This approach shows that 
value. The quantity is much less than if land is the limiting factor, potato alternatives suitable to farm needs. It 
distillrs' grains and the protein content production may be the best alternative is suggested that lower energy input and 
is lower, so the value as an animal feed when locally produced food is needed and higher output characteristics be consid
supplement is not as great as for distil- fuel is abundant. ered in breeding and selection of the new 
lers' grains when using corn or other varieties. Research orientation formul..
grains. Still, it could substitute up to The energy crisis is an opportunity for ed during the next lew years will Lffect
 
60 percent of the original potato feed' farmers and agricultural research workers what people throughout the world will eat
 
value. to turn their creativity to shaping energy and use as energy in the year 2,000.
 

http:19801.75
http:2,040.00
http:1,148.61
http:2,016.00
http:1,036.00


150 

References 


Brody, J.E. 1981. Carbohydrates, Boletin 

Interno IICA, Aho XXXVI, 16 de Novembro, 

p. 17.
 

Development. Planning, and Research Asso-

ciates, Inc. 1978. Gasohol: Economic 

Feasibility Study. Prepared for the 

Eiergy Research and Development Center,

University of Nebraska, Lincoln. 


Jacobs, P.B., and H.P. Newton. 1938. 

Motor fuels from farm products, No 327,

U.S. Department of Agriculture, Washing-

ton, DC, p. 26. 


Moreira, 	R., J. ridenberg, and G.E.

Serra. 1980. Evaluation -.r enrgy ex-

penditures in che agricultural phase of 
some crops. ?roceeding of the IV Inter-
national S.mposium on alcohol fuels 

technology, Guaruja, Sao Paulo, Brazil. 


APPROPRIATE 
PLOT SIZES AND SPACINGS FOR 

FIELD EXPERIMENTS WITH POTATO LATE BLIGHT 


R.E. Paysour and W.E.Fry
Department of Plant Pathology, Cornell

University, Ithaca, N.Y. 14853
 

Results from small 
field plot experiments

with Phytophthora infestans and other 

aerial ly dTssiiniateU-plant-pathogens 
are 

often confounded by both inoculum loss 

from individual plots and inoculum ex-

change between neighboring plots (James et 

al. 1973; 1976). This problem, "interplot

Titerference", causes differences between 

treatments to be smaller in experimental

plots than they would be in large fields 

(Van der Plank, 1963). One practically

important consequence is that the effec-

tiveness of disease 
 control measures 

(e.g., fungicide applications or resistant 

cultivars) can be severely underestimated, 

To help de3l with this problem, we con-

structed a simple model that can be used 

during experiment planning to select plot

sizes and spacings that liit interplot

interference to negligible levels. 


Materials and methods 


Our model is based on the equation pro-

posed by Kiyosawa and Shiyomi (1972) to 

describe disease gradients resulting from 

point sources of inoculum. 


-bx 

x 
y=a (Equation 1) 


where x = distance from the inoculum 

soul'ce 


y = infections per unit area of 

foliage 


a = a constant describing infec-

tions per unit area of foli-

age at the source 


and b = a constant describing steep-

ness of the disease gradient. 

Small values of this parame-

ter indicate flat gradients. 

Large values indicate steep 

gradients. 


By modifying this equation to include two 

dimensions and multiple sources of inocu-

lum, we were able to estimate the propor-

tion of inoculum lost from and exchanged

between small experimental plots. The

impact of this inoculum loss and exchange 

on epidemic progression was then predicted

by using a second model that described 

disease development. We examined the pre-
dictions of two different models - one a 
discrete version of commonthe logistic

equation (Pielou, 1977), and the other a 


complex simulation of potato late blight

that appears to accurately characterize 

epidemics In our experimeital system

(Bruhn and Fry, 1981), 


Equation 1 contains an unknown parameter,

'b', which must be estimated (the other 

parameter in Eqn. 1, 'a', is 
not practi
cally important for reasons discussed
 
elsewhere (Paysour and Fry, 1983). We 

determined the value of b for our experi-

ments with potato late blight by quantify
ing the distribution of lesions around a 

point inoculum source of P. infestans in
 
both irrigated and non-iFrigaFed potato
plots. 


The models can be used to predict a relationship between plot size and epidemic

severity. Model validation was initiated 

by comparing this prediction with actual 

potato late blight development in irrigat
ed field plots of various sizes. Experi
ments were conducted in 1980 with four

plot sizes and the cultivars Hudson and 

Sebago, and in 1981 with five plot sizes
 
and the cultivar Katahdin. 


Results and discussion
 
In non-irrigated potato lplots, we estimat-


ed b to equal 0.82 m in one case and
1
1.29 m- in another (Figure

The 	

1A and 18).
value of b was somewhat larger when
1
irrigation was used, with b - 2.10 m- in 

one plot (Figure IC). These estimates of 

b allowed us to predict a specific rela-

tionship .etween plot size and severity of
 
potato late blight epidemics. Figure 2

shows our predictions for irrigated potato 

plots. Epidemic severity should 
increase
 
asymptotically with increasing plot 
siza 

and approach 2 a maximum when plots ar.a
 
about 25-50 m . Actual potato late blight

development in irrigated field 
plots of 

various sizes agreed qualitatively with
 
this prediction (Figure 3A and 3B). In
 
both the 1980 and 1981 experiments, epi
demic severity increased with increasing

plot size until plots were about 13-30 m2.
 
Absolute differences between treatments
 
were not as large as expected; however, we
believe the predicted and observed out-

comes were similar enough to indicate the 

models are substantially realistic. 

The two models of disease development were 

used to simulate ield experiments in or-

der to determine the proportion of inocu-

lum loss and exchange that can be tolerat-

ed without significantly altering relative 

differences between treatments. Experi-

ments with treatments that differed widely

in disease severity were more affected by 

a given proportion of inoculum loss or 

exchange than were experiments involving 

treatments with similar disease severi
ties. As a result, the maximum "tol-

erable" proportion of inoculum loss or 

exchange decreases with increasing dif-

ference in disease severity between treat-

ments. 


Plot size and plot spacing can be manipu-
lated by the researcher to limit inoculum 

loss and exchange to a "tolerable" amount. 

Our models can be used to identify the 

specific sizes and spacings required, 

Generally, to reduce 
interplot interfer'-

ence to negligible levels, experiments

involving pathogens that 'oduce flat dis-

ease gradients r,4uire larger plots and 

wider spacings than do experiments with 

pathogens that produce relatively steep

gradients. This point is illustrated by

Table 1, which gives required plot spac-

ings for a range of experimental condi-
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Figure 1. Disease gradients produced by P.
 
infestans in potato plots. A and B were
 
measure-in non-irrigated potatoes, with
 
each point representing the average of
 
50-100 leaves. C was measured in ir
rigated potatoes, with each point repre
senting the average of 100-200 leaves.
 
The parameter 'b'was estimated jo equal
1
1.29 m- ,0.82 m-, and 2.10 m-i for A,

B, and C, respectively.
 

tions. For experiments vith potato late
 
2
blight in non-irrigated plots of 25 m ,


plot spacings of about 2.4-6.0 m are
 
needed, depending on the expected maximum
 
difference in disease severity between
 
treatments. For similar experiments 
in
 
irrigated plots, where 
disease gradients
are steeper, plot spacings should be about
 
0.6-2.6 m. Notice that plot spacing can
 
be reduced somewhat by increasing plot

size, althop:gh the trade-off required may
 
not hc jistified.
 

We believe our models can b- uceful in
 
desig;ilng a wide range of fie,d experi
ments. It seems probable that many re
searchers will not feel our suggestee plot

sizes and spacings are practically teasi
ble, particularly when dealing with patho
gens that produce flat disease gradients.
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Figure 2. Predicted effect of plot size 

on potato late blight epidemic severity 
in irrigated plots, using two different 
models of disease development - Bruhn's 
simulation model (0), and a discrete 
logistic model (o). AUDPC area under 
the disease progress curve, 
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Figure 3. Observed relationship between 

plot size and potato late blight epi-

demic severity in 1980 (A)and 1981 (B) 

field experiments. 


I/ 

Table 1. Plot spacing required to limit 


positive interplot interference to a 

negligible level in experiments with 

potato late blight. 


Maximum Plot Required plot spacing(m) 

difference si e 

in disease (mz) non-irrigated irrigated 

severity potatoes potatoes 


(b.1.O m-) (bu2.0m-) 


9 3.0 1.1 

2-fold 	 25 2.4 0.6 


100 1.4 0.2 


9 5.3 2.3 

10-fold 	 25 4.7 1.9 


100 4.0 1.3 


9 6.6 2 9 

50-fold 	 25 6.0 2:6 


100 5.5 2.0 


I-Plots are assumed to be square in shape. 

However, we cannot hope to obtain experi
mental results that accurately reflect 
processes in commercial agriculture unless 

interplot interference is limited to low
 
levels. 
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POTATO CROP IN PORTUGAL 

PROSPECTIVF SITUATION AND UTILIZATION; 

AND THE CHALLENGE OF AGRICULTURAL SYSTEMS
 
OF NORTHERN COASTAL AREAS 


C.M. Po 

Department of Crop Science
 

University of Evora,
 
7001 Evora Codex, 

Portugal. 


Utilization 


Potatoes were introduced by Spanish 

soldiers at the end of the eighteenth 

century. Potatoes are now the most 

important single annual crop in Portugal 

with about 6% of gross agricultural
 
product. 


Portuguese human consumption of potatoes 

is very high by Western European stand-


ards. Per capita consumption varies with
 
internal production averaging around 

95 kg. This compares with an average of
 
77 kg in the European Economic Community 

and 37 kg in Italy. Only Ireland and 

Spain have similar levels of consumption 

(Table 1) (Comission des Communaut~s
 
Europ~ennes. 1980: Concalves Ferreira, 


1978; Concalves Ferreira et al., 1977). 


Human consumption represents about 90% of 

pntato use; and the remaining 10% are 
mainly culled small potatoes used for 
feeding on small family farms. 

Potatoes make several important contribu-

tions to the Portuguese diet; in addition 

to their energy contribution, they are an 

essential source of proteins and vitamin C
 
for peasants 	 who consume little milk and 
citrus. Portuguese nutritionists advocate 


Table 1. Portugal: Per capita consump
tion of selected foodsi/.
 

Food Per capita consumption
 
(kg/year) 

1977 1980 1977-80 

Whole Whole Rate of 
country count-, r 
Lisbon E xpected 

Rec( Recom
mended mended 

Milk and 62.7 66.3 1.9 
cheese 170.8 113.8 21.6 

Meat 47.3 52.6 3.6
 
44.0 -2.4
 

Fish 32.1 35.4 2.8
 
37.3 8.3
 

Eggs 4.8 5.2 2.7
 
6.0 7.7
 

Total 1 
115.7
 

Fatty 25.9 31.0 6.46 
foods 35.4 19.5 -7.2
 

Cereals 125.6 1Z6.8 0.3
 
1/ 126.8 0.3
 
Legumes 6.0 5.7 -1.7
 
(dry) 5.7 -1.7
 

Sugar 28.8 30.8 2.3
 
20.4 -10.9
 

Total 14r
 
128.1
 

Vegeta- 147.5 156.0 1.9
 

bles 251.5 145.5 -0.5
 
Fruits 78.0 83.7
 

98.8
 
Potatoes 100.0 93.3 -2.3
 

72.3 102.4 0.8
 

From Concalves - Ferreira, 1977 and
1978.
 

2/ Edible portion of the plant
 

an increase in per capita consumption of 
potatoes of around 10% over the next 
decade. 

Potatoes should represent the following
 
contribution in the portuguese diet: cal
ories 7.5%; proteins 14.7%; carbohydrates
 
10.8%; calcium 1.4%; iron 0.18% vitamine
 
B1 6.8; vitamine B2 6.5%; vitamine PP
 
14.9%; vitamine C 8.7%.
 

Production for processing is very recent
 
and accounts for less than 1% of total
 
production (This compared with about 10%
 
in EEC).
 

Geography
 

The Northern areas of Portugal produce
 
about two-thirds of the country's potatoes
 
(Figure 1).
 

Potatoes are traditionally produced in
 

this area for three reasons: summer is
 
not so warm 	 as in central and southern 
Portugal and nights are always cool; there

is a favorable Atlantic influence in the 
rainfall pattern without drought in
 
mid-summer (which is typical of the
 
Mediterranean climate); the wetter climate
 
enables forage production for dairy
 
cattle, which, in turn provides farmyard
 
manure and for the potato crop.
 

About half the Northern production is 
produced on deep coastal soils with high 
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organic-content. Good soils and mild 

climate produce high yields.
 

Climatic conditions in the Northern
coastal areas are favorable inrelation to 

some significant temperature values for 

potato growth and development (Sands and

Hackett, 1979). The year has eight to ten

months with very suitable conditions for 

high potato yields: long frost-free 

period, moderate summer temperatures and

good thermoperiodic balance, 


Agricultural systems 


The dominant agricultural system of the 

Northern coastal areas is represented

(Figure 2). It is commercially oriented 

with a small amount of home consumption. 


DAIRYCOWS 

....
" 

..
 

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


The production system ischaracterized by
low capital intensity and use of family
labour. the agrarian system is based on 
private ownership of small farms generally

with less than 1ha composed of an average 

of several plots (Viana and Barrocas, 

1977). The average is 2 cows on these
erSalt arms Te nacicoonl ade
197. oEstatistica, 1979). Tenancyis common and 

most of the farmers are illiterate. Man-

ual labor inseed bed preparation, plant-

ing, and harvest requires 2,265 man hr/ha. 


This can be reduced to 837 hr/ha by me-

chanical plowing and digging by animal 

power and to 584 hr by mechanical digging.

Complete mechanization requires only 345 

hrs hr/ha. (Lourenco and Alvez, 1968;
Peinheiro and Portas, 1980). Dairy cows 

are still the main a source of traction. 


Potatoes and maize are the cash crops and 

with milk, the main source of income. 

Potatoes go as a fresh market crop. This 

is in sharp contrast with milk of the 

Northern coast which isthe main source of
the country's dehydrated milk. 


The potato cropping system is based on 

maintenance of a high level of soil 

fertility with farmyard manure before
potatoes and maize. 


Potatoes have long been recommended as a 
rotation crop because of the additions of
large amounts of farmyard manure ond thephysical benefits to the soil from hand 

cultivation and digging. But 
 the 

rotations apply to only a part of the

farms, the remaining being mainly 
 in Silva J.F., and A.C. Souto. 1981. Novas
forage crops (Figure 3). 


,,,, 


,.
,,.... 


....... 


Social changes and their consequences for 

potato production.
 

The system is rapidly changing as 

emigration, hard working conditions, and

low labour productivity cause young people

to leave the farms. Only the strong

ancient tradition, the special situation 

of potatoes in the cropping system which 

can not easily be substituted (only peas 

have a similar cropping cycle); and lack
of adequate social security for aged 

farmers maintains the agricultural systems
as well as potato production indegradated

conditions. Evolution iscertain to take 

place resulting inmodernization. 


In fact, lowering population pressure

would allow expansion of average farm size 

thus enabling mechanization and an

increasing the number of diary cows 
per 


The northern coastal areas are ina better
position for this challenge as yields at 

least double those of the interior
mountains (Silva and Souto, 1981). But 

they 
 lack storage infrastructure. 
 In

addition cooperatives, which dominate the 

marketing of milk are not present in the
potato marketing, leaving small farmers 
completely dependent upon private

marketing agents,
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The fungus causing potato wart disease,
 
Synchytrtum endobloticum, first described
 
Tn 19T6, is one of two major soil-borne
 
potato pathogens which has achieved world
wide distribution in the last 100 years.

Excluding late blight, 
no other potato

disease has evoked as much concern amongst
 
growers. Because of wart, restrictive
 
legislation has been introduced which is
 
only matched by that for controlling contagious human and animal diseases.
 

Strict quarantine regulatinns to control
 
wart govern import of potatoes into many

countries (as yet) free of disease and

regulate sale, movement, and planting of
 
potatoes within infested countries. Thus,

international and local trade have been
 
affected.
 
This paper describes measures that have
 

been successful in controlling wart dis
ease insome countries but not inothers,

and conclusions to be drawn.
 

OrinandSpread
 

Potato wart brought from South America to
 
Europe during the second half of the 19th
 
century was possibly associated with great

interest inpotato breeding following the
 
famine of the 1840's.
Wart has since spread to North America,
 

northern, eastern and central Europe,
 
South Africa, India, Nepal, New Zealand,
Falkland Islands, and probably back to
South America, - Uruguay, and Chile. 
Worldwide spread occurred as trade inseed
 
and table potatoes intensified during late
 
19th and early 20th Century. A number of
 
high yielding varieties, all of which were
susceptible to European race I (Dahlem)

became extremely popular, e.g. Up-to-date

Epicure, King Edward, Bintje, President,

Magnum Bonum, Eersteling.
 

Wart disea;e inNorth America
 

Following discovery of wart in Newfoundland in 1909, legislation was introduced
 
inboth Canada and the United States con
trolling the import of potatoes from areas
 
where the disease occurred.
 

Wart has never become established inmain
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land Canad&, hence quarantine successfully curred, but in the Federal Republic of of new cultivars with resistance to one or 
prevented its spread from the island of Germany between 1945 and In 1979 race 1 morm races of the pathogen. 
Newfoundland. occurred in less than 1% of all reported 

outbreaks. References
 
Wart eported in 1918 in the United States
 
(Pennsylvania, West Virp,.ia, and Mary- In Newfoundland, European race 1 occurs in Bojnansky, V. 1960. Ecolog' and progno
land) was possibly introduced from Europe only a few locations whereas races similar sis of potato wart disease. Vydav. SAV
 
around 1911. Internal quarantine measures to 2 and 6 are widespread. Little infor- Brateslava, Czechoslovakia. 227 pp.

prevented spread from this largely non- mation is available on whether several Commonwealth Mycological Institute. 1931.
 
faming area. A clean-up program utiliz- races may exist in the one field, or on Map No. I Synchytrium endobioticum
 
ing resistant varieties and the :hemical the length of time which elapses between (Schilb.) Percival - potato. Dstribu
sterilizetion of infested soils steadily the occurrence of a new race and its com- tion maps of ptant diseases.
 
reduced incidence until the area is now plete replacement of the existing race. European and Mediterranean Plant Protec
regarded as free of infection. tion Organization. 1974. Plant Health
 

Breeding for resistance Newsletter. EPPO publications, series B
 
The disease in Europe No. 77.
 

While the genetic basis for resistance to European and Mediterranean Plant Protec-

Gough in England (1909-10) was the first race 1 is not completely clear, it is ap- tion Organization. 1977. First report

to recognise varietal differences in sus- parent that only a few genes are involved, of the working party on potato wart
 
ceptibility. 
 Spread of the disease was disease. EPPO Publication series C.
 
largely halted in the British Isles Breeding material having resistance to No. 50.
 
through use of resistant varieties, and a other races is more limited than that for Hampson, M.C., and K.G. Proudfoot. 1974.
 
prohibition on susceptible varieties so race 1. The Dutch red varieties derived Potato wart disease, its Introduction to
 
that today the disease is only reported from Rode Star, and varieties derived from North America, distribution and control
 
from gardens and small plots. The seed the German selection BRA 9089 show resist- problems in Newfoundland. FAO Plant
 
potato industry and certified seed assured ance as well as Saphir (whose resistance Protection Bulletin 22; 53-64.
 
seed guaranteed as true to name of re- may be from S. acaule) and varieties de- Hartman, R.E. 1955. Potato wart eradica
sistant varieties. Similar legislation rived from Ertaina6ndigena lines, e.g. tion program in Pennsylvania. American
 
was introduced in other European coun- Imandra and Fortuna. Most of those selec- Potato Journal 32; 317-326.
 
tries. Here again the threat has been tions are also resistant to race 1. Ora Langerfeld, E. 1f81. Potato wart (Syn
diminished but outbreaks of the disease is resistant to all known 16 European chytrium endobioticum (Shilb.) Perc. in
 
occur in non-commercial farming areas, races but is susceptible to some Peruvian the Federal Repub of Germany, Gesunde
 

isolates. Four wart resistant cultivars Pflanzen 33 pp. 163-164.
 
Wart and Newfoundland introduced to Newfoundland have diverse Potocek, J., and M. Kriz. 1978. Races of 

genetic background: Pink Pearl - resist- Synchytrium endobioticum (Schilb.) Perc. 
Legislation to prevent growing susceptible ance derived from Ultimus; Anson, Mirton in CzechosTovakia. Ochrana Rostlin 14;
varieties and to impose internal quaran- Pearl - r'sistance derived from Ora; Blue 249-258. 
tine was introduced in 1916, but necessary Mac - resistance derived from andigena CPC Pratt, M.A. 1979. Potato wart disease 
enforcement did not occur, because of 1673. and its legislative control in England
small scale subsistance type farming in and Wales. In D.L. Ebbels and J.E.
 
hundreds of communities scattered along Climatic conditions and disease develop- King, eds. Plant Health. Blackwell
 
thousands of miles of coast. Most all ment Scientific Publications, Oxford pp.

soils in the island became heavily infest- 199-122.
 
ed. Due to shortage of cultivatable land, The occurrence of wart in some countries Rothacker et al. 1974. Possibilities of
 
hence a lack of crop rotation, and the ex- or in restricted localities suggests that breeding potatoes resistant to wart
 
change of "seed" between neighbours, al- specific conditions are necessary for dis- biotypes on the basis of S. andigena x
 
most all soils in the island became heavi- ease. Growing seasons with temperatures S. tuberosum hybrids. -Arc'Tv~eWs--or


0
ly infested. Until Newfoundland became above 22 C (72°F) favor potato infection. Flant9BreedTng Research 4 pp. 45-55.
 
part of Canada in 1949 seed potato produc- Free soil moisture is essential for infec- Soto, M. 1978. Summary of research on
 
tion was never initiated and the only new tion and most severe infections occur when potato black wart. Report of Planning

seed was obtained from the British Isles. soil moisture is abundant throughout the Conference International Potato Center 

growing season. Hence, wart in many trop- Control of important fungal diseases of
 
Races of potato wart ical or sub-tropical areas appears unlike- potato. pp. 32-43.
 

ly. Where suitable climatic conditions Stachewicz, H. 1980. Identifying races

Following the discovery of the "new" Ger- exist, preventing introduction of wart of the potato wart pathogen by means of
 
man races in 1942, more than one race of through quarantine regulations must remain test varieties. Archives of Phytopa
the pathogen has been reported from a high priority. Today, introduction of thology and Plant Protection 16; 1 pp.

several other countries, Czechoslovakia, wart disease via commercial movement of 1-11.
 
Russia (Carpathian zone), the Indian sub- potatoes or plants seems to be much less Yakovleva, V.I. 1973. Racial composi
continent) - (India, Nepal), Newfoundland, likely than accidental introduction by tion of the agent causing potato wart
 
and Peru. tourists, farmer exchange grups, or even disease in the U.S.S.R. Trudy V. N. I.
 

botanical collecting expeditio s. I. Zaschity Rastenii 36 pp. 78-86.
Occurrence of several races seems to be
 
associated with small scale subsistence, Conclusion
 
or part-time potato production. Condi
tions under which race differentiation may Providing that the quality of seed and
 
occur are as follows: table potatoes being produced by exporting ACTION OF MINERAL OILS IN PROTECTION
 
1. High levels of inoculum present in countries remains at the present high FRO POTATO VIRUS Y
 

the soil as a result of growing race 1 level of phyto-3nitary health, there is J. Rajnchapel-Messat and D. Spire

susceptible varieties, and suitable cli- little danger of potato wart disease being

matic conditions for maximum disease de- introduced, through commercial channels n
Station de Pathoge Vegctale
 
velopment. into other countries. Insttut National de la Recherche
 
2. Frequent use of growers' own seed. Route de Saint-Cyr
 
3. Lack of crop rotation. In those countries where wart disease does 7800 Versailles
 
4. Common practice of growing mixtures occur, past experience indicates that a FRANCE
 

of varieties, combination of (1) vigorously enforced
 
5. Wide fluctuation between day and internal quarantine regulations, (2) use
 

night temperatures, of resistant cultivars, (3) grower educa- The inhibiting action of mineral oils on
 
tion and (4) soil sterilization (where transmission of non-persistent viruses has
 

Some workers believe that weakly resist- practical) will effectively reduce the been known for a long time, but its mecha
ant varieties (i.e. those varieties whose significance of this disease. nism is not yet understood. These mineral
 
sprouts react with late necrosis following oils have been used for a few years in
 
artificial inoculation) may act as bridges Largely untapped sources of resistance to France for potato seed production in order
 
in racial development, the potato wart disease pathogen exist in to reduce potato virus Y (PVY) levels.
 

the andigena collection of germ plasm at Positive results were obtained, however,
 
In some countries in Europe, e.g. Ireland, the International Potato Center and this there are some doubts as to the value of
 
England, no race differentiation has oc- could be readily used in the development this method. We tried to get a better un

http:Virp,.ia
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derstanding of the phenomenon by studying

in the laboratory, the inhibition effect 

of paraffinic oil on transmission of PVY 

(strain Yo) by Myzus persicde Sulz. 


Action of mineral oil during stages of PVY 

transmission by Flyzus perslcae 


Oil emulsion (3% in water) was applied to

leaves of one stem shoots of potato (var.

Bintje) during stages of transmission by

aphids. Virus detection using ELISA tests

in inoculated plants gave the following

results (Table 1): 

Oil has a considerable effect throughout


the transmission cycle (up to 96% inhi-

bition of transmission) in spite of the 

low quantity of applied active substance 

(110 to 138 Pl mineral oil per plant),

Oil application after virus inoculation 


in the test plant has no effect. The oil-

aphid contact must occur prior to arrival 

of the infections aphid on the healthy 

plant. 


By contrast, oil-aphid contact, prior to
virus acquisition by the insect, produces 

inhibition of transmission. 

It seems that oil acts on virus trans-


mission (virus-vector relationship) rather 

than directly on the virus or the plant, 

The inhibiting effect occurs mainly


during virus acquisition. 

If the vector is placed for one minute 


on a healthy intermediate plant. The ef-

fect is maintained although to a lesser 

extent, upon inoculation of test plant

with oil. 


Table 1. Effect of mineral oil on stages 

of the transmission cycle. 


Time of oil 
 Virus Inhibition 

treatment 
 infec- *'nrelation 

tion 1/ o control 
% 


Before acquisition 

control 50 

treatment 9,4** 
 81 


During acquisition
control 
 75 

treatment 3.1*** 96 


On intermediate plant 

control 66 

treated 6.2** 91 


During inoculation
control 
 69 

treated 69" 55_ 


d31* 55 


After inoculation 

control 81 

treated 
 78 


During acquisition

and inoculation 


control 69 

treated 6.2*** 90 


1/
Y 	 Percent virus infected plants in rela-
tion to control. Data from 4 experi-
ments of 8 plants each. 


* 	 very highly significant of by Student-

Fischer t test,


tghly
** h sTgnificant 
significant 


Acquisition of virus through membranein 

presenceofol, 


Weadapted for our study a method of virus
Y acquisition by E. persicae through a 
parafilm membrane and transmission was
 

then tested on 
plants. It was confirmed - The oil penetrated and migrated in thethat the oil solution added to the plant plant and was 
present up to 21% 24 hours
extract in 
a medium including sucrose 15%, after application, and 13% after 5 days.
cethionine 0.08% at pH 6.5 had an inhibit-
 This percentage decreased in time and
 
ing effect on acquisition which was highly eventually seemed to stabilize. 
 The 	oil
significant with 4 replicate experiments, was demonstrated in all plant organs, in(61.3% acquisition and eventual transmis- cluding flowers and tubers. Toxicity

sion without oil as compared to 16.1% which may have resulted must be emphatransmission with 2% oil). 
 sized.
 

- The stem seems to act as a place for
However these 
trials did differentiate accumulation 
and 	distribution of oil in
between the two hypothesis presently pro- the plant.
posed, i.e. action on virus 
vector rela- - Migration is mainly ascending. Newly
tionship, or change in aphid behaviour formed young leaves seem to exert a strong
(fertility, nutrition). 
 A method for attraction on oil rising to the apex.
studying individual fertility of aphids - The oil passed from the plant tohas been developed. Reproduction of these 
the 

earth. It is suspected that oil eradicainsects placed on oiled leaves decreased tion by roots might occur from 
a given
by 	 approximately 401 as 
 compared to level of oil accumulation in these roots.
control. 
 As mineral oils are located exclusively

outside of the cells, we could think that
In6 trials an average of 20.5 nymphs de-
 oil 	diffusion is related to capillarity
veloped on the untreated leaves and only 
 strength and adhesion in the intercellular


12.3 on the oil treated leaves. These system.

differences were highly significant

tistically. 	 sta-


Action of migrated oil on PVY transmission
 
by M. perstcae


As 	oils have no aphicide effect, this

decrease in reproduction does not account Transmission experiments confirmed that:
for the inhibiting effect, but it could be 
 Oil deposited on the surface of a
due to a change in nutritional behaviour treated 
leaf protected for approximately
of aphids. Measurements of feeding be- 10 days.

haviour of aphids in the presence of oils Oil that migrated and 
localized in the
 are 	being performed. The first results 
 plant inhibited vector transmission of PVY
obtained suggest 
a change in nutritional for 5 to 6 days.
behaviour as influenced by oil. 
 Inhibition of PVY transmission by M. 
Oil diffusion in the plant. g e is apparently due to the contactbetwee, aphids 
and the oil film on the
 

leaf surface
Field experiments confirmed that the pro-
as well as with oil located


in the intercellular spaces.

tective effect of treatment with small
 
amount of mineral oils can last for 
over Conclusion
 
a week. During this period, plants con
tinue to grow and develop new non treated Two major hypotheses have been considered
leaves, on which aphids can 
feed. It was to account for oil action mechanism. Oil
then suggested that oil diffusion 
in the could act, by modifying the feeding beplant may produce a systemic effect. haviour of aphids and hence their ability
 
Experiments were 	 to transmit PVY or by modifying vectorconducted with a small virus relationships, in particular, by
amount (100 ul) 
of basic oil, not in emul- occupying sites of virus fixation on the

sion. Hexadecane C11, a component 
of insect.
 
paraffinic oils, was mixed with mineral
oil. Preliminary chromatographic study
showed a similar migration of this per-

The above results seem to indicate that
 
fectly homogenous mixture. Hexadecane, a 

the two hypotheses are not necessarily
contradictory. It is assumed that oils
 
satured paraffinic oil, 
 is known not to have a multifactor effect.

be degraded by plants. Labelled oil was
 
applied to the surface of one potato leaf. 
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APPROACHES TO INTEGRATED CONTROL OF described by Raman and Palacios (1982) heritance studies indicated that resist-

PHTHORINAEA OPERCULELLA with first instar larvae reared in the ance was mostly dominant and controlled by
 

laboratory. Larval densities used in a few major genes. In one reciprocal
 
K.V.Raman and M. Palacios 	 screening trials are similar to those of cross, clear cytoplasmic effects on the
 

International Potato Center. 	 infestations found instorage. Dependence resistance were observed. Although the
 
on an adequate supply of insects made this three resistant diploids did not produce
 
kind of a test feasible only to test small 2n pollen, one of them produced 2n eggs.
 

Summary 	 numbers of accessions which were selected Thus, the resistance of the diploid was
 
in storage or field screening trials, transferred into the 4x level through 2x 

A-long-term goal of this study isto de- This test also made feasible the determi- 4x crosses. About one thirei (:the tetra
velop methods that can serve as components nation of the mechanism of resistance. ploid progeny from the crosses zhowc ro
of an integrated control program minimiz- sistance. The inheritance pALtcyn and the 
ing or even excluding the use of insecti- Sex pheromones: The discovery of potent relative high transmission tafe oY resist
cides for control of potato tuber moth, sex pheromones produced by P. operculella ance to the 4x level from the tx level, in 
Phthorimaea operculella under field and females as an attractant for males addition to the discovery of new exvrces 
storage conditions. Host plant resist- (Roelofs et al., 1975) have opened the way of resistance in diploid and cultivated 
ance, sex pheromones, and vegetable oils for thei use-in selective control of this germ plasm, suggests that breed~ng for 
are emphasized. A general outline of ob- pest. The performance of two different resistance should not be difficult. 
servations and results presented for each formulations of P. operculella were 
of these methods indicates that develop- studied Linder fieli cordtionsand sea- The formulation trans-4, cis-7- tride
ment of an integrated control program with sonal moth population trends were related cadien-1-ol acetate (PTM 1) + trans-4, 
minimum use of insecticides ispossible, to tuber infestations at harvest (Raman, cis-7, cis-10, tridecatrlen-l-ol acetate 

1982). Studies on direct control with sex (PTM 2) was more attractive than PTM I 
Introduction 	 pheromones have been conducted using the only. These formulations remained effec

:ass-trapplng approach wherein males are tive for one year in the field. Apart
Several approaches are available for the lured into simple, easy to construct from studies in monitoring, potential
development of an integrated pest manage- funnel traps into which small quantity of of these pheromones in mass-trapping for 
ment system for P. operculella. In in- carbaryl dust was placed. Males attracted direct control has been established. Com
tegrated approach combining cultural, to lures suspended in such traps are pirisons were made of water traps baited
 
physical, chemical and biological methods eliminated from the reproduction process, with virgin female tuber moths not sur
appears the most promising means of Trapping studies were conducted during rounded by synthetic pheromone and of
 
contriflling this pest (Haines, 1977). 1980 and 1981 at CIP's experimental field female baited water traps that were sur-

Cultural and physical control measures station near Lima. In initial studies a rounded by 8 traps (one trap per 100
 
include proppr hilling up, adequate irri- water trap described by (Bacon et al., square meters) using the synthetic phero
gation, pre-storage tuber selection, moth- 1976) was used, later a -Tap mone PTM I + 2 as a lure. The presence of
simple funn--el 

proofing of stores, and good storage sani- was found to be as effective as the water synthetic pheromones reduced the catch in
 
tation. Several insecticides have been trap. This trap has great potential in the surrounded water pan traps baited with
 
successfully used inboth pre- and post- mass trapping and needs no servicing, females by 97 percent. Tuber damage of
 
harvest treatments but high levels of re- clone DTO 33 at this trap density could be
 
sistance to many of them have been encoun- e ble oils: Work conducted elsewhere reduced 34 percent with the aid of phero
tered in several developing countries. A as n caTe that oils can be used to mones. Instorage, utilizing small stor
long-term goal, therefore, is to develop control bruchid pests occurring on stored age units, 90 percent of all males could
 
methods that can serve as elements in a legumes and grains. No work has bepn done be captured within 4 days after emergence.

total integrated control program that to study if a similar phenomenon occurs Damage to tubers was reduced by more than
 
would minimize or even exclude the use of for potato tuber moth control. Several 50 percent using pheromone traps. The
 
insecticides. Therefore it is of import- vegetable oils: peanut oil, corn oil, funnel trap described earlier iscurrently
 
ance to develop methods of control to vegetable oil were tested in storage to being utilized in mass trapping trials
 
lower the general level of infestation, study their potential in terms of degree both under field and storage conditions.
 
Consequently the main objectives to attain and duration of control of the pest and
 
this goal were; to use host plant resist- satisfactory quality and viability of Effect of various vegetable oils on the
 
ance, sex pheromones, and to discover treated tubers. By determining how the eggs of potato tuber moth was studied ini
whether vegetable oils which are locally oil works it is hoped that it might be tially in the laboratory. When oil was
 
available can be used instorage to con- possible to indicate its most efficient applied to eggs laid on filter paper, the
 
trol this pest. use, and also other situations inwhich it development of the eggs was usually ar-

Material and methods could be used most beneficially, rested. T;e:
oil either caused abortion of
 

the embryo, or else produced no visible
 
Resistance: The main objectives include, Results and discussion change but prevented embryogenesis. The
 
development of simple, efficient and re- oil may either block the micropyle or
 
liable screening methods to identify sour- Resistance to tuber moth has not been pre- enter the air-filled space beneath the
 
ces of resistance, which can be used for viously a major potato research objective. chorion ana dertroy the "plastron". Such
 
breeding resistance into high-yielding, To date 24 primitive and 21 wild potato effects have been demonstrated by others
 
lowland, tropic-adapted cultivars. Be- accessions were identified as highly re- working with bruchid insect pests attack
tween 1979 and 1982, some 6,000 accessions sistant. These accessions were resistant ing stored legume seeds. Instorage un
of primitivw cultivars and 452 accessions to both tuber damage and successful pupa- diluted oils were highly phytotoxic to
 
of wild potato species were screened. tion and are now being used in breeding tubers leading to rotting and death of
 
Screening methods were developed at three resistance into potentially high-yielding sprouts. Our experiments have identified
 
levels: in the laboratory using con- potato varieties adapted to lowland trop- that 1% vegetable oil is non-phytotoxic
 
trolled infestation, and in the field or ics. Resistance is attributed to anti- and provides adequate protection if ap
during storage using natural moth pjpula- biosis. No resistance was found in the plied once every two weeks in storage.
 
tions. Detailed description of these primitive cultivars of S.Juzepzukii Buk. Our results suggest that the development
 
methods are presented (Raman and Palacios, and S. curtilobum Juz.-et . that are of an integrated control program with
 
1982; Raman, 1982). Utilizing natural generally regarded as -containing high minimum or no use of insecticides for con
infestation in storages is the simplest amounts of solanine. The total glyco- trolling this pest is possible. While
 
way of testing. This method is used to alkaloid (TGA) levels for S. juzepczukii some components of an integrated control
 
screen large nuirbers of accessions for and S. curtilobum have been reported as approach against potato tuber moth have
 
major differences intuber damage. Tubers 24.86 and 38.66 mg/IO0 g (fresh weight), been conclusively identified, work on
 
of accessions are placed in paper bags, respectively (Schmiediche, 1977). There- other components isstill inprogress.
 
kept open for tuber moth entry in a ran- fore, TGA might not be inVolved in the
 
domized complete block design and assessed resistance found in the primitive cul- References
 
for tuber damage at regular intervals. tivars of S.andigena Juz. et Buk. and S.
 
Due to an irregular distribution of moths stenotomun"Jui, etuk. whose TGA leveTs Bacon, O.G., J.N. Seiber, and G.G. Ken
a relative large number of replicates is are at least 5 t11es lesser than the bit- nedy. 1976. Evaluation of survey trap
necessary to detect significant differ- ter andean potatoes. Experiments on ping techniques for potato tuberworm 
ences. Susceptible cultivars Atzimba and oviposition indicated that pure extracts moths with chemical baited traps. Jour-
DTO 33 were included in all tests as of 35% solanine and 64% chaconine at 5, nal Economic Entomology 69; 569-572. 
checks. In the laboratory, tubers were 10, 50 and 250 mg/lO0 mls of water had no Haines, C.P. 1977. The potato tuter 
infested artificially inplastic cages as effect on oviposition. Results of in- moth. Phthorimaea operculella (Zeller) 
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POTENTIAL OF PHYSICAL RESISTANCE 

MECHANISMS FOR THE CONTROL OF MAJOR

INSECT VIRUS VECTORS OF POTATO 


K.V.Raman, and M.Palacios 

International Potato Center 


Summary 

Glandular pubescence, a unique mechanism 

of defense against insects, is currently

being utilized inpotato breeding for the 
control of Myzus pericae (Sulzer) the
major aphid vector ao~f-p To leafroll vi-
rus (PLRV). Results on rapid screening
techniques and the degree of aphid sup-
pression incrosses made between glandular
haired species vs. cultivated tetraploids 
are presented. Future research on utili-
zation of this resistance mechanism 
involves stabilizing genes for this mecha-nism in CIP breeding populations and 
studying the effect of glandular hairs on
virus spread. 


Introduction 


The potato, Solanum tuberosum L., the 

fourth most importan f7oodplant of man,

is subject to major losses by virus dis-
eases. 
 Most viruses are transmitted by

insects, therefore, they remain one of Lhe 

major obstacles to the successful cultiva-

tion of the potato crop. Genetic resist-

ance 
to insects has in the past received 

little attention inpotato breeding. Ex-

periments at CIP, and elsewhere
conclusively have
demonstrated that glandular

hairs on the foliage of S. be'rthaultii, S.

plan and S. tariense protect the

plant maganst
folagtefeedng insects and

spider mite infestation by physically

trapping and immobilizing them. The ob-

jective of this project isto breed potato

populations with high densities of glan-

dular hairs. 


Materials and methods 


For screening purposes densities of 4 Lobe
 
(Type A) and simple sticky hairs (Type B)
are determined by excising the fully-

expanded terminal leaflet at the pre-bloom 

stage. A small (I cm) strip iscut from 

the center of each leaflet at 900 angle to 

the mid-vein. 
 Numbers of glandular hairs
 on lower leaflet2 surface are counted at 
time consuming and up to a maximum of 200
leaf samples can be evaluated in one day. 
Therefore, it was essential to develop asimple rapid screening method which could 
be used inthe field. 


Such a method based on the enzymes inglandular trichcmes which oxidize simple
phenols, namely polyphenol oxidase (PPO)
and peroxidase (PO), has been developed to 

aid breeders in selecting (Anon, 1980).

Using a cotton swab dampened in4.8% cate-
chol and wiping the epidermis on the lower 

leaf surface of the terminal leaflet of 

the third leaf from the top, a color re-

action 
was obtained when glandular hairs
(Type A and B)were present. A 1-4 color 

code was used to determine the relation
ship between color on the cotton swab vs
densities of glandular hairs (A and B)in References
 
F2 prog,)ny of a cross between S.berthaultii x S. phureJa. The Pantone-matching

system (Sun Cm. Corp. USA) was used to 

index the color.
 

Results and discussion
 
Mean number of glandular hairs, type A and
2
B per mm were positively correlated with 

color intensity (r=0.72, y=1.83 + 3.10X).
This method would, therefore, enable rapid 


T lixrossEs to transfer the glandular

hairs of S. berthaultii to S. tuberosum 

c.v. 

2n 
PentTnd crown were successful due 


to pollen produced by S. berthaultii. 

F2 progeny of this 4x --2x cross were

evaluated and selected for high densities 

of glandular hairs (Table 1). All crosses
using S.berthaultii as the female parent

have Eee- unsuccessful. To facilitate 

making interspecific and interploidy cros-

ses, several plants from the sibmated
family of S. berthaultii (P1 265858) and 

hybrids between these sibs ind S. hureia
have been selected for h'jh frequ c7 

2n 
pollen production and aphid resistance,

F2 progeny of S. berthraltii x S. hure a
selected for highdens-1ties of-glajdjar
hairs, supported very few aphids (1-6/-
plant). In comparison, cultivar Renaci-
miento which has very few glandular hairs 
of Type A supported higher populations of 
M. p (32 aphids/plant) at 12 days
ft inestation. The retarded pop-
ulation development of important insect 


vectors eg. M.persicae, using this mech
anism would -llow ess frequent applica-

tion of insecticides, 
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Table 1. Twelve interspecific crosses of

S. berthaultii x S. tuberosum (Pentland

CrownT evaluated and selecte inthe F2
generation.
 

60X ina 8.37 mm area. This procedure is Parents Glandular trichome
 
density (Number isimle lbed 

Pentland 2.00 30.50 
S. berthaultii
S. 18.50 

28.33 6.60 
26.66 

2.66 
42.66 

17.66 
17.66 

46.80 9.40 
56.00 10.00 
60.00 12.00 

69.50 36.5034.00
6.0 

90.30 6.60 
99.00 24.00 

.
1/Number of hairs in irea 8.37 mm
 

screening for glandular hairs without in- E.C.Quisumbing

itial microscopic examination of excised 
 National Food and Agricultural Council,

leaves. Selections made through this test Diliman, Quezon City,

should be finally evaluated using a ml- Philippines.
 
croscope at 60x magnification. Our results and those of Cornell University

indicate that 4 lobed hairs (Type A) alone 
 Historical background
 
are not effective in reducing aphid populavions, it is therefore essential that
selection ismade on both types of hairs. 
 Variety development on white potato
Stabilizing simple sticky hairs 
(Type B) through varietal and clonal selection was
will be difficult as a strong dominant recorded 
in the Philippines as early as
suppressor gene has been found 
in S. 1916 at the University of the Philippines,
tuberosum and S.phure a. The interploiy 


International Potato Center. 1980. 
 An
nual Report, Lima Peru. pp. 45-50.
 

VARIETY DEVELOPMENT PROGRAM ON POTATO
 
INTHE PHILIPPINES
 

E.T.Rasco, Jr., C.A. Baniqued and
 

College of Agriculture. These selections
 
however, were limited to varieties and
 
clones imported from foreign countries.
 
The result of these trials was adopted by

some farmers in the highlands of Benguet

which became the traditional potato grow
ing area of the country.
 

Preliminary work on variety trials was
 
later revived in the 1950's through the

efforts of Dr. Teodoro G. Cadiz and some
 
thesis students. Results obtained indicate that production of white potato out
side the cool climates of Benguet provided
a very slim margin between profit and
 
loss.
 

Inthe mid 1950's, Balaoing of the Bureau

of Plant Industry also worked intensively
 
on variety trials and degeneration rate of

imported seeds in Baguio and stated among

other things that "no amount of improved
 
cultural practices could increase produc
tion if the planting materials are highly
degenerated or virus infected".
 

Results of these initial works plus the

contribution of the International Potato

Center (CIP) and the German Agency for
 
Technica Assistance (GTZ) were used as
 
benchmark information in the formulation
 
of the breeding component of the present

Philippine Potato Program.
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Present situation NATIONAL PLANT GENETIC
 
RESOURCES LABORATORY Table 1. Performance of white potato v -


The Philippines isfaced with the problem rieties under different conditionsJ
 
of rapid population growth and malnutri- (After Rasco, 1980).
 
tion. Itisestimated that ifthe present- - -CONTROLLED CROSSES-----( s
 
growth rate ismaintained, the population (UPLB, MSAC) - I 
of the country will be doubled by the year R I I Variety and Remarks 
2000. On the other hand, total arable GERNPLASM I i number of 
land can increase only by no more than 15% $ I trials e 
in the same time frame (Rasco, 1978). POTTED I MarketableiI 

Increasing production per unit area would '-'- SEEDLINGS I yield Ct/ha) 
then be the main solution.i (UPLB) I High elevation, dry season clean seed
 

White potato with its known potentials I BACTERIAL WILT Jaerla (6) Good storage quality;
 
can help solve this problem. It is the I (UPLB) 29.4 medium size tubers
 
world's major crop in terms of calorie PRELIMINARY Sro (4) Late blight resistant;
 
production per unit area per day. It I OBSERVATIONS 29.4 medium storage quality 
ranks second to soybean in terms of pro- (Mt. Banahaw) Baraka (3) Tends to oversize; poor 
tein production per unit area (FEDS, I 27.9 storage quality 
1970). Inthe Philippines, potato isalso Red Pontiac (5)Red skin preferred by con
considered a high ranking money-making ADVANCED ADVANCED 27.1 sumers; medium storage 
crop per unit area and per unit man-hour I BSERVATION OBSERVATION quality; late blight sus
of labor. A recent survey made by the (MSAC)\\ (M. Banahaw) ceptible 
National Economic Development Authority " Cosma (7) Excellent storage quality;
 
(NEDA) indicates that table potato/ 26.1 late blightmoderately
 
farmers' net income ranges from P6,000 to SEED PLOTS resistant
 
P15,000 per hectare per crop season. (Mt. Banahaw) High elevation, dry season "farmers seed"
 
Since the crop can potentially be grown // G 
three times a year, potato production can I / Greta (3) Late blight mderately 
substantially improve the living standard REPLICATED REPLICATED 20.2 resistant; medium storage 
of the Filipino farmers and improve the - TRIALS TRIALS .... quality 
malnutrition problem of the country. (MSAC) (Mt. Banahpw) Conchita (4) Late blight resistant; 

17.5 medium storage quality 
If the total potential areas for potato / Cosima (2) 
production in the high and mid-elevation REGIONAL TRIALS 16.9 
areas (per NFAC survey, about 45,000 hec- TA-37 (2) Late blight moderately 
tares) will be utilized, then production 16.3 susceptible; small tubers; 
can increase considerably. The cultiva- PHILIPPINE SEEDBOARD early tuberization. 
tion of the potential areas will not in I High elevation, wet season "clean seed" 
any way reduce the area used for other 
crops since these areas are not presently SEED PRODUCTION ^-A 5797-9 (1) Susceptible good tuber -- ER 

utilized. (Buguias) -- 22.6 appearance; late blight
 

BPI susceptible
 
Unfortunately, the limited adaptability of Kennebec (1) Late blight resistant;
 
the presently available varieties makes Existing 20.3 poor storage quality;
 
this expansion impossible. Present varie--------- Planned tends to crack
 
ties do not tuberize satisfactorily inthe 5805-14 (1) Round tubers, deep eyes;
 
warm areas and they easily succumb to Figure 1. Flow of materials inthe potato 19.8 poor storage quality;

pests and diseases against which they do program. (After Rasco, 1980). late blight moderately

not have resistance. To make expansion susceptible

possible, potato varieties suited to the The breeding program, is embodied in TA-4 (1) Late blight moderately

mid-elevation conditions (ultimately, to five projects, namely: 19.5 resistant; small tubers
 
the low elevations) would have to be de- a)Germplasm introduction, preliminary and
 
veloped. advanced evaluation at high elevation; Medium elevation, dry season "farmers
 

b)Supportive research on the techniques seed"
 
Objectives of the Philippine Potato Breed- for controlled pollination with reference 5805-14 (3)

ing Program to temperature and day length; 15.0
 

c)Refinements on the use of true seed Up-to-date(5) Round tubers; poor storage

Short Term: with reference to transplanting proce- 13.0 quality


Identify organizations involved invar- dures; Cosima (7)
 
ety evaluation and develop a system of co- d) Development of varieties for mid- 12.0
 
ordinating them; elevation (subsequently for low-elevation) A.Banner (4) Late blight susceptible;


Establish a working relationship with areas; 11.5 growth cracks
 
CIP, GTZ and other international agencies e)Breeding or selection for resistance to Coliban (4) Good appearance; medium
 
involved inpotato breeding. various pest and diseases. 11.5 storage; late blight

Organize expended varietal development susceptible
 

program. Highlights of accomplishments susetie
 
Genetic materials totalling 477 packets Medium elevation, wet season "farmers
 

Long Term: of true potato seeds (TPS), 66 tuber fami- seed"
 
To develop v~rieties that are high lies, 273 clones and 72 commercial varie- Red Pontiac (3)


yielding, pest resistant and truly adapted ties were received from the United States, 11.6
 
under Philippine conditions. Canada, Australia and the CIP (thru the A.Banner (2)


To develop varieties for high and mid- Regional Representative, Region 7); from 10.8
 
elevation and eventually for low-elevation AVRDC inTaiwan; The Netherlands; Germany; Roslyn Gucha(4) Medium size tubers; poor
 
areas. Kenya; England; India; Peoples Republic of 10.2 keeping quality
 

China; New Zealand; Papau, New Guinea; In- Kennebec (4)

Strategy of implementing the Philippine donesia; and Belgium. 9.9
 
Potato BreedinL Pro ram Results obtained from trials at high and
 

The flow of materials and testing scheme medium elevations are shown (Table 1). 1/

in the Philippine Potato Peogram through The project conducted preliminary tests Based on data from UPLB, BPI, MSAC and
 
the Institute of Plant Breeding variety of 26,000 potted seedlings, 11,000 CIP.
 
development program is shown (Figure 1). seedling hills, 600 first 4's, 154 first
 
At this time, however, no controlled cros- 10's and observational trial entries since
 
ses will be made. Varietal evaluation 1978. From this effort, there are now Self assessment of the Program

will be concentrated on germplasm availa- 1943 surviving clones at different stages At the moment, we are stretching the
 
ble from CIP, US, Europe, and other coun- of development. Promising selections have genetic variability of potato when we in
tries, been included inthe regional test. tend to take itdown to lower elevations.
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In other places where po'ato is commer-

cially grown, temperatures tay even be 

higher than in the Philippines during mid-

season but it is always mild or cold at 

the beginning and at the end of the sea-

son. Temperature and daylength adaptation

have always been a problem with introduced 

materials. 


There are various biological constraints 

in the Philippines that the potato has 

never been exposed to before, such as bac-

terial wilt and thrips. The frequency of 

genes for resistance to these constraints 

is generally low in the existing world 

germplasm. Bacterial wilt resistance is 

not known to exist in the commercial pota-

to (Solanum tuberosum) and genes for re-

sistance arefo-und only to S. phureja and 

S. sparsipilum which do not-readilZycross 

to tubersum even under the most favorable 

environments. In the case of thrips, no 

other country in the world seems to have a 

serious problem with the pest and there-

fore we may have to breed for resistance 

on our own. 


Since we have started the breeding program 

3 years ago, we have not made a single 

controlled pollination. Somehow, even 

clones that flower and set fruit naturally
 
in the field, fail to do so under green
house conditions. It is therefore neces-

sary to develop appropriate technology for
 
our own situation. In the meantime, we 

will have to rely on imported hybrid seeds 

for our testing program and t is v 

evident that the fate of our breeding 

program will to a significant extent be 

decided in Peru, United States, Mexico, 

Australia, The Netherlands and other coun-

tries that supply us with germplasm. We 

are still fortunate, however, because 

these countries are also interested in 

many of the problems that we are working 

on. 


Other constraints that beset our breeding
program are inadequate financial support
p rog a amnci l s n ad efi r e p p o t 
and lack of trained manpower. At the mo-

ment, each of the agencies involved in the 

national programs pursue a certain aspect

of the work at their own expense but a 

more efficient coordinated effort is still

wanting. We are working on this and see 

bright prospects in 1982 and later, 


Projected plans 


The breeding program will definitely con-

tinue at the present level, with some 

modifications to avoid past failures. 

However, we will expand the scope of our 

advanced and regional trials. 


Development of TPS (true potato seed) will 

gradually get a large share of our re-

sources in the event that our hybridiza-

tion activities become possible. 


On the other hand, we also hope to receive 

CIP's continued support by way of a steady 

supply of CIP's advanced lines/clones for 

inclusion in our testing and evaluation 

program, 
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SOME COMPONENTS OF BACTERIAL WILT 

(PSEUDOMONAS SOLANACEARUM) MANAGEMENT 

AMONG TROPICAL POTAORERS IN 

SOUTHERN PHILIPPINES 


S.A. Raymundo and R..F. Acasio 


The International Potato Center
 
Apartado 5969, Lima, Peru
 

Summary
 

The paper highlights some interesting man
agement practices to reduce incidence and
 
damage by bacterial wilt, which at present
 
isthe most serious disease of potato in
 
the region. The management practices are
 
described along with some background in
formation on how they were evolved. Pos
sible reasons on how and why these prac
tices effect reduction of losses from the
 
disease are discussed. Implications of
 
these practices in evolving viable methods 

to minimize bacterial wilt in the region

are presented. 


Introduction 

u at -to 

Approximately 65% of the land area planted 

to potatoes in the Philippines is in 

Benguet and Mountain Provinces in the 

Northern island of Luzon. Here the cli-

mate is temperate and cool in contrast to
the strictly tropical environment of the 

adjacent lowlands. The remaining 35% is 

found elsewhere in the country al'hough

the bulk (25%) is found in the southern 

island of Mindanao, specifically in the 

provinces of Bukidnon and Misamis Orien-

tal. The climate in this area is basical-

ly tropical with annual precipitation 

averaging 750 mm. Temperature ranges from 

200C to 300C and humidity varies from 80% 

to 95%. Rainfall distribution is more
 
evenly distributed compared with the 

distinct dry and wet seasons of Luzon. 

Pest management practices; discussion and 

implications 


After visiting with and having dialogues 

with some potato farmers in Intavas, 

Bukidnon Province in September 1981, it 

became clear that they have evolved some 

practical and meaningful management prac-

tices, which, after years of experif.ice

and keen observations, assured them of 

constant, though not necessarily high

yields. It was apparent that in one way 

or the other, these practices contributed 

much in reducing risks from bacterial 

wilt, the disease they dread most. 


These practices consist of the following:

Fallow rotation. The vast land still 


available permits the farmers to move from 


one site to another periodically. Ordi
narily, no more than two plantings in
 
sucession in the same site are practiced

due to increased incidence of the disease.
 

Crop rotation. Many farmers routinely
 
rotate potato with non-host crops likc
 
upland rice and corn. Following the non
host crops, weed vegetations are allowed
 
to regenerate; alternatively another crop
 
of potato is planted.
 

Planting in areas with good natural
 
dr3inage. Most farmers avoid flat areas
 
because wilt incidence is high. Instead
 
they select sites with natural slope and
 
excellent drainage resulting in minimal
 
loss from bacterial wilt (Figure 1).


Use of resistant/tolerant varieties.
 
The farmers plant varieties they claim to
 
be "less affected" by wilt year after
 
year. One ;uch variety is called "Alpha".


Use of good seed. For the most part the
 
farmers rely upon seed tubers produced
 
elsewhere. Those are produced in tho iso
lated upper slopes (approximately 1200 m),

which have conditions less favorable for
 
the proliferation of various insect pests,
 

pathogens, and disease vectors.
 

Figure 1. Field with natural slope is
 
preferred because damage is less severe
 
than in poorly drained fields.
 

The foregoing substantiate the need to
 
appreciate the various factors which lead
su c c e s s f ul de velo pme nt a nd s ubse q u e nt 
dissemination of the wilt bacterium. 
To a
 
great extent cultural/management practices
 
great t cl naemen rc
ent u 

ing losses from the disease rn;e to
 
pathogen survival. Clearly the ,ajow period averaging two years is quite adequate
 
to reduce inoculum to non-destructive lev
els. It is known that the bacterium can
 
survive for much longer periods without
 
adverse effects on its infectivity. Vari
ous factors including strain, soil texture
 
and structure, soil moisture, solar radia
tion intensity, weeds and other flora as
 
well as soil fauna, may help explain such
 
discrepancies.
 

The use of corn and rice as rotation crops
 
are not only logical but also practical.
 
Although the bacterium has a number of
 
primary hosts
banana), (tomato, eggplant, pepper,
corn and rice 
are 
not. 
 Neither
 
do cereals in general and potato have many

other diseases as well as insect pests in
 
common.
 
Planting in sites with natural slope cer
tainly reduces predisposition to infection
 
by the wilt pathogen. It is known that
 
water is one of the nbst effective agents
 
of bacterial dissemination. By planting

in well-drained sites, unnecessarily long
 
contacts of bacterium-laden water with
 
susceptible tissues are minimized. Soaked
 
tissues also become more succulent making

them very prone to abrasion or other me
chanical injuries; such injuries facili
tate easy access of the organism to the
 
susceptible tissues.
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Normally after years of keen observation, more than a dozen. Often, a crop species attacked by these pests, which may explain

a crop grower would know what crop or and/or variety predomiates; others are why the intercropped potatoes subsequently

which variety of a given crop perform bet- planted insmaller patches. Various kinds incurred severe pest damages. From the
 
ter under his farming practices. The case of mix cropping are practiced. These dif- standpoint of overall vigor the potato
of "Alpha" variety which the growers in fer in relation to the intimacy or conti- rice and potato-carn plots, stood out
 
the region seem to prefer because of ap- guity of individual stanCs, relative times which may have helped inmak'ig them less

parently better resistance to wilt is an of planting, the duratiot, of mixing and vulnerable to pest attacks.
 
example. It seems only logical that the the spatial arrar3ements of the components

potential of this variety should be ex- of the mixture. (Iitsinger and Moody, La Molina. A very interesting result was
 
plored to the maximum by using it in a 	197F; Brader, 1978; Soria, 1975). _bserved in that where wheat was used as

planned breeding program, aimed at iden- intercrop, huge swarms of D93Ap!h4 spp.

tifying "improved varieties" intended for Th'!pest-stabilizing properties of crop (Hymenoptera, Eulophidae) which are
 
cultivation under these farmers condi-	 species inmixtures Iswell known. These parasites of the major insect 
 pest,

tions. properties have been attributed to various leafminer fly, Liriomyza huidobrensis


c&bi.:::
including barrier, trapping, color (Diptera, Agromyzia-,wvere -ondound.7 

The use of planting materials produced in and olfactory effects, microclimate modi- sequently, the percentage parasitism on
 
isolated sites can not be over emphasized. fication, etc. (Buranday and Raros, 1975; this pest inthe potato-wheat plot was the
That good, pest and disease-free planting 	 Perrin, 1980; Nickel, 1972; Van Emden and highest followed by potato -sweet potato
materials should be used by any crop 	 Williams, 1974; Brader, 1979). and potato-tomato. In the same experi
grower is fundamental to productive 	 Tment, it was observed that tuberworm dam
agriculture, The subject of this paper is about the age was remarkably less in the potato

effects of polyculture (mix cropping) on tomato intercrop compared with the others.

References pest and disease incidence and severity.
 

More specifically, itdeals with pest and 
 Discusion
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bacterial wilt of potatoes. InProceed- potato growers in Huancayo and Huanuco potato-tomato association isnot ad
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t to 

Potato Production - Southeast Asia and 	 cropping is practiced, the replies were visable since both crops are hosts to late
the Pacific. Los Banos, Laguna, Philip- almost invariably "our plants look better blight. Unless they have resistance to
 
pines, 7 pp. when grown as mixtures than when grown as thed
 

Bacterial wilt of sole crops". Subsequent conversations able.
Hayward, A.C. 1978. 

the potato inthe tropics. InProceed- with colleagues working in the regions Itiscontended that the highly favorable 
ings of the 2nd Regional Symposium on revealed that mix cropping involving pota- microclimate in the potato-sweet potato
Potato Production - Southeast Asia and to and local crops is also practiced in intercrop greatly contributed to severe 
the Pacific. Los Bafnos, Laguna, Philip-	 Kenya, Rwanda, and Indonesia. blight. In many instances sweet potato

pines, 10 pp. 
 plants crept over the potatoes, sometimes

Schuster, M.L., and D.P. Coyne. 1974. Material and methods covering their foliage. Since air move-

Survival mecharisms of phytopathogenic ment was restricted relative humidity

bacteria. Annual Review Phytopathology Mix cropping (row intercropping) experi- within the plot was high. Additionally,

12; 199-121. ments were conducted under three distinct films of free water were retained longer


Zeli,E. 1970. Cultural, physiological 	 agro-ecological conditions of San Ramon on the leaf surfaces. All these greatly

and biochemical properties of isolates (800 m,mid-elevation tropics), Vurimaguas favored growth of the fungis hence the
 
of Philippines Pseudomonas solanacearum. 180 m, lowland tropics), and La Molina resultant severe damage by the disease.
 
Philippine Phytopathology 9-43. 	 (4 m, coastal desert), Peru in 1980-81. Conversely, the least affected potato-
The San Ramon and Yurimaguas experiments sorgum plot was open, disfavoring a
 

were planted at the end ot the rainy microclimate conducive to the development
 
season whereas the La Molina experiment and spread of late blight.
 
was planted during the winter season. The
 
plants were grown as row inter.rops and InYurimaguas intercrop ing with rice gave
EFFECTS OF POLYCULTURE (MIX CROPPING) ON 
 raised following recommended cLitural and 
 the least damage by Diabrotica spp. to the
AND DISEASES 	 agronomic practices. To insure population associated potato plants. 
Apart from the
build up and/or development and spread of 	 fact that rice and corn 
are not primary


S.A.Raymundo and J.Alcazar 	 naturally occurring diseases and
International Potato Center 	 pests, hosts of the pest species, the interthe plots were left unsprayed with insec-	 cropped potatoes were vigorous
ticide or fungicide. 	 and wellInfestation/infec- developed; which condition may have helped
tion spread were monitored periodically in reducing their vulnerability to pests.

Sumeary and so was the occurrence of, and build-up Itwill be noted that peanut, sweet potato


of predators and parasites. 	 and soybean are all hosts of Diabrotica
 
Ravages by insect pests and diseases could Results spp. As such the intercropped potato

become formidable challenges when potato plants became more easily vulnerable to
 
(or any crc;) is extended to non-tradi- San Ramon. No serious insect damage was the damages they inflicted.
 
tional climates. At first it is impera- observed. Late blight (Phthophthora In L
 
tive that immense resources should be di- infestans) was the most destructive dis- In La Molina it was observed that
 
rected in identifying cultivars that are ease. Differences in infection severity Dliih spp. parasites were particularly

climatologically adapted in the areas of varied remarkably among some crop associa- aueant when the associated wheat plants

intended introduction. Once this is ac- tions. Potato plants in the potato- were in flower. It is speculated that
 
complished, a thorough knowledge and ap- sorghum intercrop were clearly the least some stimuli, possibly scent, yellow color
 
preciat 4on of the existing cropping sys- iffected. Potato plants in the sweet the wheat flower, and/or others, may

tems in these areas will reduce risks of Iotato-potato, tomato-potato and sole po- have cont-ibuted to this occurrence. No
 
damage by petential pests and pathogens. 	 tato plots were the most severely affected attempt was made to determine the reasons
 

by dghediseaseb for the differential attraction of the
 
Results of work on polyculture under three various assoclated crops to the mentione
 
distinct agroecological conditions, and yurimaguas. The predominant insect pests parasites.

its pest-disease stabilizing properties -are various species of Diabrotica Insu,nmary, it is clear that mix croppinv

are presented and discussed. (Coleoptera, Chrysomelidac) which caused (polyculture) aids in reducing or stabi

considerable reduction of the leaf area. 	 lizing pest and pathogen populations and
Introduction 	 The average number of damaged leaves was subseqlently lessens the damages they 
significantly reduced when potato was inflict. With the threat of potentially

Polyculture or mix cropping isa very con- row-intercropped with rice and corn com- destructive insect pests and pathogens in
 
spicuous feature of traditional farming or pared with damage on sole potato plot. the tropics, where potato growing isbeing

peasant agriculture. The number of crop T;.eother associated crops, e.g., peanut, introduced, or where potato growing is

species in a field may vary from two to soybean and sweet potato were also heavily being expanded, itisfelt that much would
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be gained with a through appreciation of RESEARCH:
polyculture, a very conspicuous feature of 
 LAop eR
 many farming systems 
in the region. The Laborator or Experiment Station
pest stabilizing properties of polyculture

should be capitalized upon, since it has 

.
 

4
built-in pest management components which
 
are attractive to the small farmer. EXTENSION:
 

On-Farm Trials, drmonstration and teaching Tstin~madAdapting Identificationof
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ACCEPTANCE OF DIFFUSED LIGHT POTATO SEED 

STORAGE TECHNOLOGY IN DEVELOPING COUNTRIES 


R. E. Rhoades and R.H. Booth 

International Potato Center 


An applied agricultural scientist's job is 

rarely finished once a promising technol-

ogy for solving farm-level problems has 

been identified and tested on the ex-

periment station. Indeed, a major

challenge in agricultural development to-

day -- and perhaps ev., more so by the 
year 2000 -- is how can scientific results 
be applied so that they answer effectively
and efficiently problems in farmer's 

fields and stores. In short, how can we 

close the gap between scientific research 

and acceptance of results by people? 


At least three general approaches hae 

evolied to address 
the task of formal 

"tecranology transfer", the term used to 

desig,:ete the mcwement of scientific re-

search tc, fa~rs. 


Vertical linear approach 


This traditional and widespread model in-

volves a one-way transfer method that can 

be diagramed simply: 


This approach has been widely criticized 
since it reflects a top-down bias wherein 

scientists decide the relevant problems,

seek solutions on their own accord, and 

convey results to the extension service
 
which in turn passes technology down to

farmers (Whyte, 1981). Research, exten-

sion, and farmers are conceived as sepa-

rate, hierarchial entities with each
 

ticular are passive recipients of tech-

nology and knowledge. 


Horizontal feedback approach 


The neeo to give extension services and
farmers a voice in the research process 

began to gain momentum in the 1960s and 

70s. Unlike the traditional vertical 

agricultural research and development ap-

preach, emphasis shifted toward the belief 

that information should 
flow both directions. Feedback from farmers to extension 

to research was seen as crucial to suc-

cess. 


RESEARCH:_ EXTENSION FARMERS 


Despite improvement in communication flow, 

this model is still linear and fragmented

with farmers remaining recipients, not 

creative participants, in the research. 

The identification and design of technol-

ogy in this strategy begin with scientists 

or policy-makers and end with farmers, 

The strength of infomation flow between 

entities depends rin he viability of link-

ages which, due to social and economic 

reasons, are frequently weak in developing

countries, 


Farmer-back-to-farmer approach 


A third alternative has recently been
utilized by the CIP post-harvest inter-

disciplinary team in the identification 

generation, and development of simple dif-

fused light seed stores for developing 

countries. This model, developed through

experience with small farmers, rests on

the premise that research is a continuous 

process involving simultaneous input of 

failners, scientists, and extensionists. 

Each should be fully participating members 

in the research and development of a tech-

nology. Applied agricultural research 

must begin -i T 
on the farm through_pr careful 


problem ientification and end on the farm 

by farmer evaluation. 


This circular, farmer-oriented model can 

be simply diagrammed: 


Instead of a linear a. fragmented ap-

proach, research and devlopment activi-

ties go hand-and-hand with farmers 

continuously involved in the actual 
iden-
tification, design, testing and -- obvi-
ously -- evaluation and extension of the 
technology. Research come
must full
circle back to the farm where success of 

efforts is judged by farmer acceptance. 


Intencliciplinary
 
Team Rewarch
 

tomdewttfyPotential
 
Soluion
 

Diffused light storage: testing and
 
adaptation
 

The crucial first step n the farmer
 
back-to-farmer model is careful identi
fication of farmers' problems. Thus, the
 
CIP post-harvest team of social and bio
logical scientists began by studying stor
age practices in the Peruvian highlands.

Three basic questions were asked:
1. How do farmers presently store?
 
2.RFI do they store this way?
 
3. What are technological problems per

ceivea-' farmers and scientists in the
 
present system?
 

Through selective elimination, the team
 
identified seed potato storage as a major
 
concern to potato growers. In particular,
farmers recognized problems of excessive
 
sru lnaindrn trg n 
ao
sprout elongation during storage and labor
 
costs associated with desprouting before
 
p" iting,cspecially with improved varie
t.5s introduced into the valley over the
 
past two decades.
 

The team conducted parallel on-farm and
 
experiment station trials wherein the
 
known scientific principle of utilizing

diffused light to reduce sprout elongation
 
and improve seed quality was tested as a
 
potential solution. On-farm research ad
ditionally addressed acceptable adaptation

of the principle to traditional farm com
pounds and storps. It was quickly learned
 
that agricultural development is not mere
ly a technical matter but a socioeconomic
 
one as well. Adaptation of the technology

involved considerations of availability
 
and cost of materials, architecture, security, and cultural perceptions. This
 
testing and modification led to confidence
 
in the technology as a low-cost solutiun
 
to seed storage problems in developing
 
countries.
 

Extrapolation from the Andes
 
A crucial qustion in international agi
cultural reset h is whether a technology
 
can be extrapolated from the test region
 
to other world areas. To answer this, the
 
tooth ar etst To ooer atie 
se training a m vresearch-ar h eandan trai n i n programsporveg r throughhou ghi 


CIP's regional network with national po
tato scientists from 21 countries. A
 
follow-up study of the storage activities
 
of national scientists and farmer response
 
illustrated the importance to national
 
scientists of trailoring research and use
 
of the technology to the conditions faced
 
by farmers in their countries. Thus,
 
while general principles can be extrapo
1i-ed, "packaged technology" can rarely be
 
transferred.
 

Much emphasis has been placed on the resistance to change by small farmers 
as a
 
reason for the slow rates of agricultural
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technology adoption in developing coun-

tries (Millikan and Hapgood, 1967). Our 

study of various countries where the dif-

fused light storage has been introduced is 

that farmer traditionalism may be less a 

barrier to acceptance than the research 

and extension systems which are set up to 

"transfer" technology to farmers.
 

Approximately 800 adopters of the tech-

nology have been reported; most of these 

occuring in a few ountries. These coin-

tries (e.g., Philippines, Peru, Colombia) 

share the following :iaracteristics com-

pared to cases where the technology has 

not moved at all: 


Strong commitment on the part of na-

tional scientists to improving seed stor-

age as an integral part of an overall seed 

program; 


National scientists did not unquestion-
ably accept the technology from CIP but 

tested it under their cinditions; 


Research, extension, and farmers cooper
ated closely in the research testing 

stage;
'Iechnology was adapted with farmer ad-


vice so that it was economically and cul-

turally acceptable in local contexts; 


Local promoters were knowledgeable of 

village conditions, had excellent rapport 

with farmers and used effective demcistra-

tions that showed a wide range of possible 

ways of adapting technology; 


Follow-up by scientists and exten-

sionists especially in the early adoption
stage to refine and improve the technology. 


If these conditions were not present ina 
country, the technology never reached 
farmers ina form they understood or could 
use. Analysis of positive farmer response 
to the technology the Philippines, Colom-
bia, and Peru further points to the 
eagerness of small farmers for new tech-
nology if it solves their problems, is 

within their means, and adaptable to their 

situatls.i. In fact, in all three coun-

tries many farmers living near demonstra-

tion or experimental stores started 

adopting the technology on a partial trial 

basis before seeing if the technology 

increased production in the field. inter-

estingly, adopting farmers rare' copied 

exactly the demonstrations stores. They 

took great pride in altering the technol-

ogy to fit their own circumstance. In 

fa:t, CIP and national scientists learned
from farmers the potential Ji'.ersity In 

frms faadaptinghandoImprovingthetech-
in 
forms of adapting and improving the tech-
nology to fit their conditions. In the 
Philippines, small farmers simply replaced 

corrugated galvanized sheets on tradi-

tional multipurpose stores with onas 

corrugated plastic sheets costing only 

US$ 2.00 each. In another Philippines 

case, however, 42 small farmers decided to 

jointly construct a 100 ton stores instead 

of building individual ones. In Peru and 

Colombia adoption ranged from simply 

spreading tubers under e veranda where 

indirect light enters to construction of 

stores with designs similar to demonstra-

tion models. However, even when new 

structures were built farmers improved the 

design in terms of loading, ventilation, 

and many other aspects. The technology 

has mwed most rapidly in small communi-

ties or among cooperatives and farmer as-

sociatlons. Farmers learning from farmers 

seemed to be the most common means of 

spreading the technology. 


In conclusion, the storage case as studied 

to date points to a common sense but often 

forgotten point. Effective and useable 


technology is generated by adaptive re
search systems grounded in the reality 

faced by farmers. The best partners that 

scientists could have in the research
 
system are farmers themselves. By begin
ning and ending with farmers, the chance 

of acceptance is greatly enhanced. 
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Presently, there are four Brazilian states 

- Esplritu Santo, Minas Gerais, Goigs, and
 

Sao Paulo - participating in the Agri-
culture Research Cooperative System, as 

it relates to fungous diseases of pota

toes. In 1980, however, three other 

states - Paraiba, Pernambuco, and Rio de 
Janeiro - in addition to the four above 
mentioned, presented research projects in 
this area.
 

The number of research projects in rela
tion to the diseases and areas of study 

for 1980, 81, and 82 are shown in Table 1. 

Some of the research projects may involve 

more than one disease and/or area of 

study. Table 2 shows the number of re
study. Trbe 2eshow th nu ofr
serch otes dealnmith f dis 

eases of potatoes, total number of plant 
pathology - potato projects, total nuber 
search), and total number of research 
sgec), a to nmber of r eprojects for all crops contemplated In the
 
National Research Program for Vegetable

Crops (PNPO) in 19L1 and 1982. The posi-
to ftersac rjcso ugu 

tion of the research projects on fungous 

total number of research projects in the 


well as total budget, is reported 

in Talel 

in Table 3. 

The most common and important fungous dis- 

eases of potatoes are considered to be: 

I- Late blight, caused by Ph toghthora 


infestans. This disease is more comon n 

the so-utlern part of Brazil, although it 

also occurs in dryer areas of the central 

part of the country. Most of the efforts 

to control this disease involve fungi-

cides. The cultivar planted to the most 

extent ('Bintje') is highly susceptible to 

this disease, which makes frequent fungi-

cide sprays necessary (as many as 30 ap-

plications per cycle). The breeding 

programs also take into consideration re-

sistance to this as well as other dis-

eases, but rely solely on natural infec-

tion for disease resistdnce evaluation, 


On chemical control, new systemic fungi-

cides are being tested, as well as dosage 


Table 1. Research projects per pathogen
 
and area of study.
 

Study 1980 1981 1982
 
Area No. No. No.
 

Al teraria 
solani
 
Fun-gcide 4 2 2
 
Resistance 1 1 1
 
Survey 3 - 1
 

Fusarnum spp.
 
Fungicide - 1 1
 
Survey - - 1
 

Phytophthora
 
TnTesta;s
-FungTce 5 3 3 
Resistance 1 1 1
 
Survey 3 - I
 

Rhzoctona
 
solani
 
-Fungcide 1 1 
Survey - 1 

Table 2. Number of research projects in
 
the National Research Program for Vege
table Crops (PNPO) compared with prtato
 
projects.
 

Potato
 

PNPO Plant Fungous
 
Year total Total pathology diseases
 

1981 314 44 12 5
 

1982 356 56 11 5
 

Tats 3o Position of the research proj
etoln fungous diseases in relation to
 
the total nueaer and total budget of the
 
National Research Program for Vegetable
Crops.
 

1980 2.3 
1981 1.6 0.8
 
1982 1.4 0.8
 

-
n ieo Special 

tion is being paid to the problem of
 
fungus resistance o the fungicides.
 
2- Early blight, caused by Alternaria
 

solani. The Brazilian breedingprograns
 
h-avebeen successful in releasing culti
vars with high levels of resistance. In a
 
test we conducted comparing the degree of
 
resistance (measured by lesion size and
 
number) of seven cultivars, 'A-acy' was
 
found to be most resistant, and 'Edzina'
 
the most susceptible. New fungicides are
 
being evaluated, and frequency of applica
tion and dosage are of extreme importance.
 
3- Silver scurf, caused by Helmin

thosporium solani. This disease, at-Fi-iih
 
infrequently observed during harvest, is
 
becoming increasingly common during seed
potato storage. Several shipments of
 
seed-potato imported from different coun
tries have shown high levels of infection.
 
In order to evaluate the importance of
 
silver scurf on yield, we have tested
 
three cui tivars with different infection
 
levels in te seed potato. We have found
 
no statistically significant differences
 

and time of application.plcto.Seilatn atten
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on yield or disease level in the first Introduction 

generation, 
4- Brown - eye, caused by Windro- Solanum etuberosum Lindl., a non-tuberous

cladium cl' vatum. This disease-- d- _sIe ?,was reported to have a high level 
cusse. deUail, inanother paper (Lopes of PLRV resistance (Jones, 1977). Hermsen
et al.) inthese "Proceedings". idTaylor (1979) successfully hybridized

*- Black scurf, caused by Rhizoctonia etuberosuln with tuber bearina S.


solani. Black scurf is widespreid ir. ptnniTTsetum Dun. and latir Hermsnr et
r-Fzi-T.
In the wet season (September- aJ. TI9IT9Toubled the chromosome nuncr

April), Itisoften associated with Erwi- of sterile F1 hybrids of S. etuberosum x
nia rots of the stem. The disease-aTo S. pinnasectum and pr5"d
u5---ferti le
presents a special problem on fields for illotetraploid (code 4X-EP). True potato

certification, since aerial symptoms, seed of this EP material was made avail-
under certain conditions, 
are similar to able to CTP by Dr. Hermsen of Institute of

those caused by potato leafroll virus. It Plant Breeoiog (IVP), Agricultural Uni-
can be considered one of the most impnr-

tant soil-borne diseases in the Cerrado 

region; this is aggravated by rotation 

with other suscentible crops. Inour ex-

periment station, itwas shown to be the
 
most important disease on seedlings from 

true seed transplanted to field,

6- Dry rot, caused by Fusarium spp.


This isconsidered to be 0hemost-impor-

tant disease of seed-potato in Brazil. 

However, there has been no comprehensive 

survey determining the species involved or 

losses. Chemical control has been used to 

a very small extent. Potato production is

also affected by dry rot especially be-

cause of the traditional washing tech-

niques of tubers for consumption. The 

lack of mechanical harvesters also con-

tributes to increase the dry rot problem

because of excessive handling of tubers. 


Future needs 


We believe that the main areas that should
be studied are: 

determination of fungicide efficiency,


dosage, and frequency of application

contrA1 of storage decays, specially


Fusarium dry rot. 

plant disease surveys in the main po-


tato-producing areas. 

careful evaluation of new systemic fun-


gicides, especially against late blight . sponse, susceptible, resistant , and ex-
evaluation of Brazilian and foreign cul-
 tremely resistant seedlings were identi-
tivars and bredng material in relation fied (Table 1). This isthe first report


to disease resistance.
 
if true seed is to expand inacreage,
 

*hizoctonia solani 
 control has to be Table 1. PLRV resistance in4X-EP hybrid
~ in dtailseedlings. 
__________________seedlings._ 

Parents Extremely Resistant Suscep-

EXTREME RESISTANCE TO POTATO LEAFIJLL 
 resistant tible
VIRUS (PLRV) INSEEDLINGS OF SOLANU. 1_/ 2A/
ETUBEROSUM X S. PINNATISECTUHP 

WITHXROROSOMES 
 EP27 . P11 1 1 
 1
EP5, X 'P11 
 - - 2 

EP28 X EP29 1 2 -
S.A.H.Rizvi EP28 (X) - 1 2

Pathology Department, EP36 (X) 3 1 1International Potato Center (CIP), 
 EPSO Sp, 1 2 
 2

P.O. Box 5969,

Lima, Peru. 
 EP3S X EP31 - 3
EP29 -X) 1 2
2 


EP36 X EP27 2 1 2 


EP27 JX 1 -EP hybrid (4X) seedlings were inoculated 1

withPrLRV (vrulferous iaphodsuted 11 1 4
o
persicae Sulzer) and as scions graft EP31 2 

onto PLRV infected Datura stramoniun 

stocks to determine seedlngs response to 
 (X) - selfing; Sp. = spontaneous fruitPLRV. PLRV resistant seedlings were fur- set. 

ther tested by ELISA serology and bdck 1/

grafting on healthy Datura plants. Sus- - Number of plants resisting infection by
ceptible, resistant (-reslstavt to aphid aphids and by grafting,
inoculation, susceptible to graFt inocula-
 2V' Number of plants resisting aphid infec-
tion), and extremely resistant tun- tion but susceptible to grafting,

infectec. by eithir aphid or graft inocula- 3/ 


versity, Wageningen, The Netherlands, to 

evaluate its resistance to PLRV. 


Materials and methods 


Each of 4X-EP seedlings were inoculated
 
with 30 PLRV viruliferous aphids. Aphids 

were killed by artinsecticide after one

week of exposure. Seedlings were observed 

for visual PLRV symptoms and tested by

ELISA and scion grafting onto healthy

Datura stramonioum for the presence of

TOWVT EP seedlings with resistance to 

PLRV were scion grafted onto PLRV infected

Datura and 2 months later these scions 

were-back tested by grafting onto healthy

Datura to determine the level of PLRV 

resistance ineach seedling, 


Results and discussion 


None of the seedlings showed any visual 

PLRV symptoms either by aphid inoculations
or scion grafting onto PLRV infectzd
Datura. ELISA values were also extremely

To-w-aTmost giving negative results. How-

ever, from some cedlings PLRV was recov-

ered by scion rafting onto healthy Datura 

either fter aphid or only after at-a 

inocild.tions. Few seedlings did not-e-

come infected either by aphid or graft

inoculations. On the basis of this re-


nf discovery of such extreme PLRV resist
ant in 4X-EP hybrid seedlings. None of
 
the cultivated materials have ever shown
 
real PLRV resistance so far.
 

To eventually incorporate this valuable
 
PLRV resistance into the cultivated
 
material, crosses within above EP are in
 
progress at CIP study the inheritance of
 
PLRV resistance. Furthermore, Hermsen
 
et al. (1981) repurted successful crosses
 
5T X-EP hybrids as females with S.
 
stoloniferum and S. polytrchon and as
 
--es-T -. verrucosum and fee'i
_it this as
 

the last stejpo .rossabilit) ,.ith S.
'wrda 

tuberosum which may make possible geie

transfer from S. etuberosum to develop

potato cultiv with extreme PLRV re
sistance by the year 2000 or earlier.
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EFFECT OF GLANDUL0, TRICHOMES ON THE
 
SPREAD OF POTATO VINUS Y (PVY) AND POTATO
LEAFROLL VIRUS (PLRV) INTHE FIELD
 

S. A. H. Rizvi and K. V. Raman
 
International Potato Center
 

Summary
 

Glandular hairs in Solanum berthaultii
 
Hawkes defend plants againT several insect and mite pests by physically trapping

and immobilizing foliage-feeding pests.
 

Spread of potato virus Y (PVY) and potato
leafroll virus (PLRV) by Mzus ersicae
 
(Sulzer) in field trials wasevaTuated
using two accessions of S. berthaultii,

PI 310971 with type A hai s anFdPl 2 B6
 
with type A and B hairs. Both accessions
 
were susceptible to PVY and PLRV. At
 
harvest both accessions were equally in
fected with PVY, indicating that type A
 
and B hairs had no effect on PVY spread.

Howey2r, the spread of PLRV iiasreduced
 
significantly by type B hairs (PLRV spread
 
was 84% in PI 310971 and only 22% in
tions) seedlingr were identified. Crosses - Susceptible to both aphid and graft in- PI 265858). Efforts 
are being made, at
within the above EP (4X) are inprogress fection. 
 CIP, to breed clones with type B hairs to
to study inheritance of PLRV resistance. 
 reduce PLRV spread under field conditions.
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Introduction 
 URGE FOR A BETTER KNOWLEDGE OF APHIDS
 
Table 1. Effect of glandular hairs in AS A MEANS TO IMPROVE LOCALLY ADAPTED
 

"ihe wild Bolivian potato species Solanum Solanum berthaultii on multipllcation of CHOICES OF STRATEGIES FOR AN INTEGRATED
 
berthaultii Hawkes, is defenided ag-aist yzus perslcae. CONTROL

infestation by small, soft-bodied arthro
pod pests by its dense vestiture of glan- Y. Robert 
dular pubescence (Gibson and Turner, Accession Hair Aphids/plant fter Institute National de la Recherche
secretions these e
1977). The of hairs type 10 dayIt Agronomique
 
physically trap and immobilize several Laboratoire de Zoologie

insect pests including aphid tyz4s per- Plant number Aver- B. P. 29
 
scae Sulzer. 
 Domaine de la Motte-au-Vicomte
 

1 2 3 4 5 35650 Le Rheu
 
Direct feeding damage by aphids to potato France
 
crops is only occasionally importatt, the PI 265858 A & B 20 b t2 2 5 8 
costs incurred as a result of aphid-borne PI 310971 A 55 32 28 15 25 31 
viruses are mch greater (Strickland, Until recently, both selection and multi
1965). 1M. ersicae is a main vector of YInitially 5 aphids were placed on each plication of potato seed was done in temmost com and estructive viruses, po- perate countries situated mainly in the 
tato leafroll virus (PLRV) and potato plant. northern hemisphere. For some fifteen
virus Y (PVY) (Broadbent, 1953). Yield years, many countries located in climates 
losses by these viruses can be as high as of the Mediterranean and/or tropical types
90% depending on cultivar, 'rfestation and virus. However, under field conditions have been trying to free themselves more
 
environmeital conditions. Nr studies have very interesting results were observed, and more from financial constraints due to

been reported on the effect of glandular Both accessions were 100% PVY infected the necessary importing of foreign seed
 
trichones on virus spread by M. parsicae. indicating natural presence and spread of potatoes. They wish to improve their seed
 
We report here for the first Time fics PVY and no control by glandular hairs of production to supply their own needs. To

of these trichomes on PLRV and PVY spread either type. However, in case of PLRV a large extent, they must face a great

in the field, spread, very useful results were obtained, many problems of zoological and phyto-


PI 26585B showed 22% PLRV infection and pathological origin, among which the rapid

Materials and methods PI 310971 up to 84% indicating that the dissemination of aphid borne virus dis

presence of type B hairs significantly eases into and within crops is one of the
 
True seed of 2 accessions of S. berthaul- reduced the spread of PLRV infection under most frequent and worrying.

tii PI 265H58 and PI 310971 wireobtained field.conditions (Table 2).

"from the Potato Introduction Station, Contrary to what usually occurs in regions

Sturgeon Bay, Wisc. and were sown in peat- As in the greenhouse study the populations and countries with a long tradition of
 
ve,'miculite soil mix. PI 265858 has 2 of M. persicae were significantly lower on seed potato production, any knowledge

types of glandular hairs, a short type PI- 6S998due to rapid entrapment and about vector species, virus strains and
 
with a tetralobulate gland at the tip immobilization by glandular trichomes. environmental conditions is very scarc^ or

(Type A) and a longer multicellular hair These could have caused decreased plant to lacking: Hence, there is a great teltpta
with an ovoid gland at its apex (Type B). plant movement of viruliferous apterae or tion to take the more hasty and imme6late
 
PI 310971 lacks the prescence of Type B alatae and as a result this may have led measures to try and overcome any peculiar

hairs and, therefore, is more susceptible to reduced spread of PLRV. These results problem which may arise. Often, the crop

to aphid infestation 'Gibson, 1979). In suggest that increased emphasis should be protection techr.2ogy and technical 
rules
 
the greenhouse M. peicae reared on PLRV placed in the future to breed potato cul- from developed countries are used without
 
infected Peruvian cuTtTvar Ticahuasi were tivars with glandular hairs derived from checking whether they fit or not the spe
transferred to seedlings, 5 aphids/plant, S. berthaultii as a means of restricting cial situations.
 
later the population development was as- the spread of PLRV in potato crops.

sessed after 10 days. Plant reaction to The use of pesticides is one of those
 
PLRV was later determined on these infest-
 choices although it often reprisents a
 
ed seedlings. 
 Table 2. Effect of glandular hairs in S. great erm of currency. Moreover, at a
berhat__oPRVndPV infectiin short term 'evel, consequences may be very

In the field plants of both accessions berthaulti 
 on PLRV and PVY important. Many people unfortunately
were interplanted with PLRV infected still believe that just killing the aphids
 
plants of Ticahuasi as a source of inoc- with insecticides will result in prevent
ulum in the field for the natural spread Accession Hdir % Infectior, ing virus disease transmission and dis
of PLRV. A total of 8 rows for each ac- type semination. We know that this is quite

cession, with distance between rows of PLRV PVY wrong as regards non-persistent virus
 
0.90 m with 0.3 m interval within the row transmission and partly true in some cases
 
were planted. No insecticides were used, Pl 265858 1
A + B 22 a- 100 a for persistent viruses. The screening for
 
depuatein by v s on o 0 A 84 b 100 a 
efficiency of different aphicides or min
determineds Ofby -e were
apteroUsl a PI 310971 eral oils to prevent virus dissemination,

adaxial surfaces of fully-expanded leaves 1/ if ever effectively done, applies mainly
from the lower 1/3 of randomly-selected - Means followed by different letters to temperate situations, so it is with 
plants. Virus evaluation was conducted by are significantly different at P>0.01 formulations, time of application, etc. 
selecting 3 tubers at randc" for each of level. For instance, application of granular
the harvested plant, tuber replanting in systemic persistent aphicides in the fur
the greenhouse for secondary PLRV symptoms row at planting may result in a good ef
and testing by ELISA serology. Back References fect if the aphid contamination, flight,
inoculations to Physalis floridana and R 
 and building up of apterous populations of
 
grafting to Datura stramonium were also aphids occur as soon as the plants emerge.

performed as evaluation tools. "adbent, L. 1953. Aphids and virus This cannot yet be of any use if aphids
diseases in potato crops. Biological arrive too late or if irrigation in the
Review 28; 350-380. furrow has 
been chosen, with the active
Results and discussion Gibson, RN. 1979. The geographical dis- ingredient flowing away.


tribution, inheritance and pest-resist-
Results are summarized inTables 1 and 2. ing properties of sticky-tipped foliar The side effects of pesticide application

The mean aphid population on PI 310971 was hairs on potato species. Potato Re- have not been sufficiently well defined,

31/plant 10 days after confinement. In search *22; 233-236. and non target insects (pollinating ones,

comparison PI 265853 had 8 aphids/plant, Gibson, rW., and R.H. Turner. 1977. aphid enemies...) are often destroyed as a
 
with majority being stuck to glandular Insect trapping hairs on potato plants, consequence of insecticide use against

hairs (Table 1). These results indicate Pest Article and News Sumiaries 23; aphids or other damaging insects. Car
that Type B hairs in combination with 272-277. baryl against the Colorado potato beetle
 
Type A hairs are essential in suppressing Strickland, A.H. 1965. Pest control and or noctuid moth larvae and probably inthe

aphid population. Under greenhouse coadi- productivity in British agriculture, near futur2, pyrethroids with a broad

tions both accessions were equally sus- Royal Society Arts, London 83; 62-81. spectrum efficiency against many insectr
 
ceptible as 4 of 5 plants were infected in
 
each case. When aphids were given no At a long term scale, two sources of aphid

choice, they were able to transmit the population outbreaks may arise:
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(1) Aphids may becxme insecticide r;- EFFECT OF QUANTITY OF LIME AND ITS DEPTH ykild (Um)sistant, owing to chromosomal mutatthn OF INCORPORATION ON GROWTH AND YIELD OF 15
 
and/or insecticide pressure as is l POTAY3 INAN ACID SOIL 
 0 ci 
known to occur very commonly within M. 0o.15cm
 
perstcae Sulz. in cross resistance against J. Roca and D. J. Midmorem o-3m
 
oganopIosphorous, carbamates and pyre- International Potato Center
 
throids. This is particularly dangerous 10
 
when continuous parthenogenesis has become
 
the rule as it is for aphids in mild and Introduction
 
tropical countries.
 
(2) Killing aphid enemies may result in In tropical climates, to where the expandisrupting the fragile biological equi-	 sion of potato production 
is being di-
 -librium with unforeseeable consequences. 	 rected, many soils are acid with a high
 

aluminium saturation of the cation ex-
An alternative solution lies in the search 
 change capacity (CEC). Therefore, root

for virus resistant cultivars which indeed 
 systems of potato and other acid sensitive
 
proves very seductive provided one keeps 	 plants are injured by the soluble alumin-
 o
in mind that viruses are mainly aphid 	 ium, hence mineral nutrient and water up- 0 1 2borne and transmitted. We know then is 	take are restricted and 
yield potential unt nttonowtniz akumnniumeffot
 
no necessary relationship between virus reduced.
 
resistance and aphid resistance and a so-
 Figure 1. Potato yield (mean of two
called virus resistant cultivar may be Lime application is necessary to neutral- clones) after incorpo'ation of various
very susceptible to aphid attack and/or 	 ize exchangeable aluminium and to permit a 
 amounts of lime and rotovation at dif"produce" a considerable number of aphids 	 more extensive root 
system, particularly ferent soil depths. (Yurimaguas 1981).
which must be considered as potentially important for nonirrigated crops in a
"polluting" vectors for other 
cultivars tropical dry season. The beneficial ef- defic'aney of phosphorus or micronutrients
in other crops. The problem of virus 
 fect of deep liming under drought stress 	 (Kampr 'h, 1971). Increasing depths of
strains and aphid species and strains must 
 conditions has been demonstrated for maize 	 incorloration resulted in yield increases
be carefully studied and taken into ac-
 (Gorizalez, et al., 
1979) as has been that even when no lime was applied. The latter
count as 
we di not usually know precisely of deep cuftv-tion for a number of tem- suggests that aluminium toxicity was not
whether thc same occur
ones will in the 
 perate crops (Rowse and Stone, 1980). In 	severe and that a loosening of the deeper
various countries involved with potato 	 the hot 
tropics potato performs best in soil permitted better penetration
seed production 
as compared to what is the dry season (Midmore, unpublished), due 	

of
 
roots, as suggested by Rowse and Stone
observed under temperate conditions. The 	 to the cooler nights, high radiation 
 (1980). Deeper rotovation increased plant
recent discovery of a potato leafroll in-	 receipts, 
and less disease. To further height, number of internodes, branches,
ducing agent being a Beet Hestern Yellows improve yield during that season, stimula- and leaves (Figure 2), and the size of the
Virus (BWYV) isolate is one among other 	 tion of a deeper root system by deep lime root system. The 2X rate of lime had noexamples showing the limits of our knowl-
 incorporation was attempted. The residual beneficial effect on those measured charedge even under apparently so well known effect of the treatments on successive acters, probably due to the earlier menconditions such as those occurring in 
crops is being monitored. tioned overliming effect.


California and Oregon (USA). The equivo
cal belief that M. persicae being the more Materials and method 
 Although emergence of the crop was unafefficient virus vector under laboratory 
 fected by the treatments, the combinaticn
conditions must not be considered de facto The experiment was carried out at Yurima- of more internodes, branches, 
and there0
the more efficient also, under natu-raT guas, Peru (5045'S, 76 05'E, 179m). An- fore, leaves in the medium and deep inconditions. Some dissemination can occur nual rainfall averages 2150 mm, maximum corporation treatments tended to hasten
both in its 
almost complete absence and temperature 31.2' and minimum consistently the achievement of complete ground cover.
the abundance of other so called 
poor around 200C. The soil is a Typic Paledult This in turn would concommitantly improve
vectors species (PLRV and PVY and respec-
 with pH 4.5 and 66% aluminium saturation 	 interception of solar radiation and theretively with Aulacorthum solani, Rho ala-	 of CEC. 
 fore soil cooling through self-shading,
hum padi and other species).This A 	split-split plot design with 
 three with a resulting yield improvement.

emphasizes still more the necessity of a blocks was used, in which the main plots

better 
knowledge of the different epide- were three depths of lime incorporation: 1miological factors whenever a choice is superficial, 0-5 cm; medium, 6-15 cm; "
 
going to be made. 
 deep, 0-30 cm. 
 Medium and deep incorpo-
ration was made with a rotovator whereas 30
 

Using the integrated control concept to superficial incorporation was made by

avoid long term damage to the ehivironment, hand. The subplots were three rates of

it seems very desirable to begin with ex- lime: 
 OX, IX and 2Xmeq Ca/100ml soil,
ploiting all the "natural" possibilities 	 based on the soil volumes of the respec
offered locally in so far as a complement tive main plots, where X=meq Al/l00 ml "1
to such other alternatives as chemical soil. The sub-subplots were two potato

control or search for resistance. As for clones LT-2 and Mariva, presprouted and

aphids, for instance, one of the first planted on 25 May 1981 each in plots of = 
concerns should be the questions "where, five 5m rows spaced at 0.3m within and
when and how" do we get aphids and what O.7m between rows. Fertilizer was applied
about aphid enemies? The second one would at the rate of 160-160-200-50 kg/ha of N, 
be "where, when and how" can we escape P, K and Mg. Serial samples for growth ml
 
aphid infestation and population building analysis were taken throughout the season i]up. Seasonal activity of aphids under the until maturity was reached 71 and 96 days I1tropics shows that the answers are not 	 after planting by LT-2 ar.JMariva, respec- 1beyond the scope. This 
would at least tively. 
 ,,
permit one to choose more appropriate 
 ,,, _ _
planting dates possibly enabling 
 the Results and discussion
 
plants to get more resistant physiologi
cally before aphid 
 arrival and would A similar response of both clones to the 
render useless many of the systematic different treatments was obtained, theretreatments with the irretrievable conse- fore, only mean values are presented. 

quences they imply. 	 Yield was improved by both lime applica
tion and deeper incorporation (Figure 1).

The lX lime rate increased yield over the - U i ,
control by 73, 21 and 38% respectively for DAUAMRII*
 
the shallow, medium, and deep incorpora- Figure 2. Effects of three depths of
 
tion depths. 
 soil movement (6), 0 - 5 cm;_A, 0 

15 cm; EI1,0 - 30 cm) and two lime ratesThe 2X rate appeared super optimal, per- (0 , - OX; N , - 2X; see text) on growth
haps due to an overliming effect causing attributes of LT2.
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Less water logging was noted in the medium A - nomnecrtictypeofrelsancecontrolledbypolynes Systemic and localized hypersensitivity 
and deep incorporation plots due to better are not always clearly separated (Figure 
infiltration. This may also have improved 1). depending on the genetic background. 
yield since problems related to high Localization of lesions may not be strong 
ethylene concentrations and low oxygen enough in all environments. Breeding 
eevels could be alleviated l oxyg enlines with the a-genes from S. demissum, 
Moreau, 1979; Sojka and Stolzy, 1981). S. microdontum and S. a exposed to 

Tnfections in the field, occasonlly show
 
Further studies on successive crops are in systemic necrosis. Extreme resistance
 
progress, always prevents systemic infection.
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Campbell, R.B., and R.A. Moreau. 1979. 	 - . locus and the centromare. When crossing 

Ethylene in a compacted field soil and - . duplex resistant (RRrr, NNnn) and a sus
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yield of potatoes. American Pot6to resistant progenies are expected. In 
Journal 56; 199-210. A. Non-necrotic types of resistance in practice, deficiencies of resistant proge-

Gonzalez, "., E.J. Kamprath, G.C. Nader- which every individual can be in- nies have been noted in certain crosses
 
man, and W.V. Soares. 1979. Effect of fected in the field when infection is suggesting influence of the genetic back
depth of lime incoporation on the growth strong; controlled by polygenes in- ground. 
of corn on an oxisol of central Brazil. fluencing quantitative or infection 
American Journal Soil Science 43; resistance. Many N- and R- genes are already incorpo
1155-1158. a. occurring with PVA, PVM, PVS, PVX, rated- into cultivars. The gene &stn, 

Kamprath, E.J., 1971. Potential detri- PVY, PLRV, in certain cultivars. derived from S. stoloniferum, is pre3lMit 
meatal effects from liming highly weath- b. occurring inS. goutrlay to PVM. in 13 European varieties. Another R-gene 
ered soils to neutrality. Proceedings c. occurring in . tubrosuim to PLRV. is found in S. tuberosum ssp. an-digena 
Soil Crop Science Society Florida 31; (&_adq). But -gn es or hypeiinT
200-203. tivity of S. microdontum, S. chacoense and 

Rowse, H.R., and D.A. Stone. 1980. D(iep B. Necrotic types of resistance con- S. phureia are not inc-:poraTedinto va
cultivation of a sandy clay loam. Ef- trolled by major genes influencing riettes to date.
 
fects on growth, yield and nutrient *"^n- hypersensitivity, or extreme resist- Extreme resistance to PVX coming from dif
tent of potatoes, broad beans, summer ance (immunity). ferent sources is widely spread among va
cabbage, and red beet in 1977. Soil d. systemic hypersensitivity (intol- rieties all over the world. It is well
 
Tillage Research 1; 57-68. erance) with field plants dwarfed known tkat the major gene resistance (ver-


SoJka, R.E., and Lit. Stolzy. 1981. Sto- tr dying off; occurring with PVM tical resistance) breaks down rather regu.
matal response to soil oxygen. Call- genR Nm in S. megistacrolobum; larly in rust and mildew pathosystems.

fornia Agriculture 35(5/5); 18-19. PLRV maor gel in some cultivars Concerning the above mentioned R-genes,


and oild species; PVY &_ gene in the situation is different. Only 50% of
 
S. dem'ssum, S. microdontum, and the investigated R- and N.-genes (based
 
-. .r ea.I _ -	 mostly on Cockerkim's sfidies) for lo

e. localized hyperseiisitivity with calized hypersensitivity or extreme re-
MAJOR AND MINOR GENES IN BREEDING VIRUS virtually no virus multiplication sistance to potato viruses are strain
 
in field plants; occurring as Na specific (Table 1). For example, plants
Hans Ross 	 gene to PVA in many cultivars; as- with xda and c are susctible
 
Ns gene to PVS inS. andigena cul- to some-PVX strain-from Bolivia and
Max Planck Institut fur Zuchtungs- tTvars; and as Nx-and/or Nb genes Peru as Dr. L. Salazar and thereafter
 

forschung 	 to PVX in many cultivars.' Moreira, Jones and Fribourg found. But no 
Oompf fenweg 3 	 f. extreme resistance or immunity breakdown of RY, Ra and Ns has been ob-

D-50UO Koln 30 	 with virtually no virus multipli- served until now. This is not an excep-

West Germany 	 cation in field plants: occurring tion. Major resistance genes in other
 

as Rx cl in cultivars from S. virus pathosystems like TMV in tobacco are
 
Genetic information initidtes interde-	 acaufef-'Rxad in cultivars from not strain-specific. The reason is per
pendent physiological reactions whicn 	 S. a sto in cultivars haps that the RNA of viruses is composed
to- ,ienu-e 

gether determiie phenutype. Nevertheless, 1rom S. stolonifeIm or Radq in of relatively few genes. Nondeleterious
 
we can distinguish between genes of low culti ars from S. andiqenum. mutations in genes controlling virulence
 
and high expressivity. The former called should occur, theoretically at far lower
 
minor genes or polygenes, cause a visible Figure 1. Types of resistance to viruses rates in viruses than in fungi. Of
 
or perceptible effect only as a group of in the potato, course, we cannot be sure that the resist
genes, situated partly in different chro- ance remains stable forever. Raoul Robin
mosomes. The gene action can be parti- son proposed an interesting term for cases 
tioned into additive and non-additive com- a lower infection rate, a major gene pro- of stable vertical resistance, calling

ponents. Certain type of virus resistance vides a, stronger defense. With minor them "frozen" vertical resistance, which
 
are controlled by such minor genes. Minor genes systemic symptoms appear and yield characterizes this situation very well.
 
genes are responsible for differences in may be reduced. Major genes control, how
what we call quantitative or infection ever, necrotic reactions. Two groups of Unfortunately, genes causing strong ne
resistance to PLRV, PVA, PVX or PVY and major genes can be distinguished: N-genes crotic localized defense reactions to PI.RV
 
others. This type of resistance is non- and R-genes. N-genes cause a hypersensi- have not been detected among hundreds of
 
necrotic, an outstanding example being tive-reaction -nd the R-genes a reaction wild species, primitive, or modern culti
infection resistance to PLRV in S. etube- called extreme resistEnce or immunity, vars. But, a milder form of hypersensi
rosum (Figure 1-A). which is an enhanced hypersensitivity tivity exists, i.e. systemic hypersensi-.


(Figure 1-B.) The two types can be dis- tivity or intolerance. Some cultivars
 
But in some cases one gene among the group tinguished by a graft test. The hyper- such as 'Apta' after infection with PLRV
 
has a stronger influence and can be de- sensitive reaction is characterized by a become necrotic, heavily stunted and pro
tected segregating in a Mendelian fashion, top necrosis, i.e. necrosis of the top of duce tubers in which most eyes do not
 
Such major genes have been found in wild the scion and sometimes of the whole sprout. These tubers may give rise to
 
species as well as in cultivars and breed- plant. Backtests to indicator plants are small plants that perish. This is a kind
 
ing clones against all important viruses, positive. Extreme resistance causes a of seIf-cleaning mechanism. Since intol-

Breeding is easier as high percentages of cessation of growth of the main axis, some erance to PLRV is reported to be con
equally resistant progenies result from localized necrotic lesions on the leaves trolled by a single major gene, this in
 
crosses with susceptible parents. While and sometimes necrosis on the margin of combination with Ry and Rx would be an
 
minor genes control resistance leading to lower leaves, 	 effective defense against the three most
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 Strain- Non-strain- Sistance in plants. Academic Press N.Y.
and London.
 
specific specific Robirnson, R.A. 1976. Plant pathosystems.

genes genes 
 Springer-Verlag. erlin. 
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Ross, H. 1954. Die Vererbung der "Inmu-


Nm nitat" 
 gegen das X-Virus in Solanum 

acaule. Prcceedings 9th Interi:ational
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PVX Nx 
 1132.

Ross H. 1958. Inheritance ot extreme 


resistance to 
virus Y in S. stolonife-
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hybrids with . tuberosum. 
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 Confe nce-Poa-fo
Rxacl X_ 
 Virus Diseases, Lisse-Wageningen, 1957;
204-211. 


RA'dj N ch
c Ross H. 1959. Resistenzzuchtung gegen
die Mosaik- und andere Viren der Kartof
fel. In Kappert und Rudorf. 
 Handbuch

der Pflanzenzuchtung 3; 106-125.
VAAto Ross H. 1960. 
 Uber -die Vererbung von 

Eigenschaften fur Resistenz gegen das A-
Ncsto 
 und das Y-Virus in S. stoloniferum und 
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str ka
Nchc WAs, M., M. Dziewonska, K. Ostrowska and 

stonl_ A. Kowalska. 1980. Reaction of S.
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Wiersema, ".T. 1961. Methods and means 
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 ance to viruses X and Y. Proceedings
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a perfect solution of Fourth Conference Potato Virus Diseases
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com- Braunschweig; 30-36.
parable regions where the aphid infesta- Zadina, J. 1977. (Inheritance of necro-
tion is not too high. With such varieties genic resistance to potato virus 
S and
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 its breeding application, Czech with
sity for a regular supply of healthy tuber 
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The development of the TBZ treatment of
 
seed tubers provides the additional con
trol that is needed to prevent tuber con
tamination in storage. Cayley et al.
 
(1979) thought timing of treatmenf-couid
be important in relation 
to crop senes
cence and harvesting.
 
Data are presented on the rapid develop
ment of silver scurf after crop maturity
 
and the failure of TBZ treatment at har
vest to prevent this.
 

Method
 

TBZ treatment of seed
 

The seed crop, cv. Kennebec, was 3 multi
plication stage removed 
from VTSC stock
and had grown for 86 days before the
haulms were desiccated with paraquat to
 
limit tuber size.
 

Tubers were harvested 77 days after haulm
destruction, and TBZ was applied on the
same day for the control of gangrene and
 
silver scurf. Forty five g (active ingre
dient) were applied as a mist in 2 1 of
 
water as tubers were passed over a grading

machine at 6.7 t/hour (Treatment A). Com
parable tubers were passed over the same
 
grader without the TBZ application

(Treatment B). A third batch of tubers
 
was passed ever the grader at 1.5 t/lhour,
 
the normal grading speed, and these were
also left untreated (Treatment C).
 

A sample 
was rated for per cent surface
 
area affected by silver scurf; for the
 
purposes of jnalysis and discussion tubers
 
with more than 25% coverage had signifi
cant disease.
 

Tuber wuight loss over the storage period

of 18C days was measured for trays con
taining an average of 13.6 kg, arranged in
 
a randomized block design (ambient 
tem
peratures).
 

Silver scurf incidence
 

Treated and untreated seed was planted in
 
4 row plots, 25 plants per row, in a ran
domized block with 4 replicates. One row
 
from each was harvested 20 days prior to
haulm destruction by rotary slshing 130
 
days after planting.
were harvested 24, The rem :,Ing rows
48 and 76 udys after
haulm destruction; I')ers from the last
 
harvest were held in corage for a further

has wered in.
 
42 days and rated again.

Tubers were wi 
ed and rated, and analysis
 

of varianco prfoned on the percentage 
with more than 25% cover.
 

Results
 

TBZ reduced weight loss inistorage from
 
untreated controls with losses 
of 11.82
 
and 11.24% to 9.50% with thiabendazole
 
treated at grader speed of 6.7 t/hr. 
Dif
ferences between untreated controls and
fungicide treatment were signficant at
 
the I percent levels
 

No significant effect of treatment on in
cidence in progeny tubers was found.
were Data
combined 
to 
show Incidence 
at the
various harvest dates. Chi square tests
 
using the numbers of tubers with less
 
than, and more than, 25% surface area af
fected showed a highly significant in
crease between the second 
and third har
vests (24-48 days after naulm destruc
tion). There was no change in the rating

of the 4th harvest after storage.
 



167
 

affected by early dying in Tasmanian
 
Table 1. Incidence of silver scurf on Kennebec crops, and also from apparently Table 1. Characteristics of tubers of
 

tubers. healthy plants (Sampson, 1980). Early different sizes from healthy and wilted
 
dying disease was reproduced under plants.
 
glasshouse conditions after inoculation
Time of Silver scurf incidence Nj with V.albo-atrum. Tuber- and soil-borne
 

tuber <5 5-10 10-25 25-50 >5 r,oculum was demonstrated, and may explain Character Tuber size (g)

observation 	 the failure to control early dying by a <80 80- 250- 350

combination of pathogen tested stock 250 g 350 700
 
plants produced from stem cuttings, a 5
seed at 	 year rotation with pasture between potato Yield
planting 7.2 14.3 16.8 22.9 38.8 	 crops, and the removal of affected plants Healthy
 

before haulm 	 from seed crops. kg 31.7 475.0 420.8 377.3

% 2.4 36.4 32.3 28.9
 

destruction 100 0 0 0 0 	 The effect of early dying on tuber Wilted
 
production was measured, and the possible kg 47.0 579.4 208.4 125.4
after haulm 	 relationship of early dying to differing % 4.9 E0.3 21.7 13.1
destruction 	 physiological ages of seed tubers is
 

24 days 31.0 18.5 21.3 14.8 14.5 	 discussed. Chi square-1 3.3/ 2.3 11.1* 15.5**
 
48 days 2.8 10.8 16.6 23.4 46.4
 
76 days 2.9 12.1 21.1 30.6 33.3 Methods Percentage of plants producing

76 days tubers of sizes shown
 
+ 42 days Round seed tubers of less than 80 g were Healthy 38 98 74 58
 
storage 2.2 8.0 22.8 32.6 34.4 stored at ambient temperatures at Elliot Wilted 56 94 52 16
0
Research Station, latitude 41 S and
 

elevation 100 m, and planted in October Tubers per
 
There was no significant difference be- (Southern hemisphere). They were spaced plant (%)

tween the incidence of silver scurf on 300 mm inrows that received 1780 kg/ha of Healthy 0.52 2.96 1.40 0.86
 
seed tubers and on their progeny tubers at a 5:6:9 NPK fertilizer mixture applied Wilted 0.84 3.50 0.72 0.28
 
the 3rd harvest, respectively 77 and 76 along the open furrow at planting time,

days after haulm destruction, and the crop was irrigated to maintain 1 Chi square significance between yields


continuous growth. A water stress acci- of healthy and wilted plants at
Discussion 	 dentally occurred soon after flowering. *p= 0.05, and **p - 0.01 probability.
 

Variable control of silver scurf has been Fifty healthy plants and 50 plants showing

reported by a number of workers. A possi- premature senescence as chlorosis and from nearly half of the affected plants

ble reason for this variability isdisease necrosis of upper leaflets, usually leads to the conclusion that it was not
 
development prior to harvest. There has preceded by flaccidity, were marked when the immediate cause of the syndrome. In
been no recognition of this effect in the symptoms were first recognized inmid complete infection of potato stems and
 
disease control recommendations, the em- January. Thetubers by V. albo-atrum has also been
 
phasis being on the prompt treatment after similar symptoms as itapproached maturity shown by isac and Harrison (1968).

harvest for effective control of gangrene, inlate February.
 

Bandy and Leach (1981) have shown that TBZ A main shoot showing symptoms was Differences between buds on the one seed
 
isactive in inhibiting the growth of H. collected from equivalent plants, and tuber which led to plants with different
 
solani, and treatment did reduce tubir tissue from the lower stem was cultured on vigour and growth characteristics have
 

loss instorage by 18% inthe study potato dextrose agar to determine if V. been recognized (Korovkin, 1979). Sepa
reported here. At a sale price of $310/t albo-atrum was present. After hauTm rate seed pieces cut from tubers with a
 
for seed this is a saving of $55.80/t and collapse at full maturity (April) the range of physiological ages would be

well above the cost of treatment, tubers form each marked plant were lifted expected to develop into plants with a
 

and then graded into size categories, and wide range of times of maturation. The
 
References the weight ineach category determined. A early maturing plants would be seen as


comparison was made between affected and showing wilt/early dying/premature

Bandy, B., and S.S. Leach. 1981. Effect healthy plants for the percentage of senescence.
 

of thiabendazole and pentachloronitro- tubers ineach si7E category and for total
 
benzene on four fungi pathogenic to yield. A single tube: was retained from
 
potato. Phytopathology (abstract) 71; each plant to crF.ermine whether V Infection by V. albo-atrum may therefore
 
557. 	 m albo-atrum was present jr the stolon end. be only one of several possible causes of 

Cayley, G.R., G.A. Hide, K.A. Lord, D.J. the early dying syndrome.
 
Austin, and A.R. Davies. 1979. Control Results
 
of potato storage diseases with formula- References
 
tions of thiabendazole. Potato Research There was no difference between healthy

22; 177-90. and affected plants for mean tuber number
 

Hir, G.A., and F. Bell. 1980. Effects per plant, but healthy plants outyielded Isaac, I., and J.A.C. Harrison. 1968.
 
of treating seed potatoes from commer- affected plants by 26.5%. The affected The symptoms and causal agents of early
 
cial and stem cutting stocks with plants had a greater production of small dying disease (Verticillium wilt) of
 
benomyl, thiabendazole and 2 aminobutane tubers (less than 80 g size), and lower potatoes. Annals Applied Biology 61;
 
on yield and disease. Annals Applied production of large tubers (250-350g, 231-44.
 
Biology 94; 205-14. 350-700 9) (Table 1). Total yield of Korovkin, O.A. 1979. Effect of the
 

healthy plants was 1305 g and that of location of buds on tubers of Solanum
 
wilted plants was 960.2. The chi square tuberosum on the developmental rhythm,
 
test was significant at the 0.05 level, structure and vigour of the plants


developed from them. Potato Abstracts
 
EARLY DYING SYNDROME OF KENNEBEC POTATO V. albo-atrum was obtained from 7 of 13 6; 722.
 

items and 14 of 52 tubers from affect.,I Sampson, P.J. 1980. Infection of
P.J. Sampson 	 plants, and from 1 of 52 tubers from Keniebec potato with Verticillium
 
Tasmanian Department of Agriculture, healthy plants. albo-atrum. Australian Journal
 
Australia. Agricultural Research 31; 525-32.
 

Discussion
 
An early dying disease due to Verticillium
 
albo-atrum and V. dahliae ihasben When culls are excluded from the summation
 
described by Isaac-and Harr-son (1968) and of yield, affected plants produced 28.2%
 
Verticillium wilt has been recognised from less by weight than healthy plants. The
 
Australia, New Zealand, Canada, and U.S.A. syndrome is therefore of economic
 

importance. Although V. albo-atrum was
 
V. albo-atrum has been isolated from the obtained from affected-plants, -morefre
'items of some (but not all) plants quently than from healthy, its absence
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BEET WESTERN YELLOWS VIRUS EPIDEMIOLOGY Many species of weeds and crops plants are
AND LEAFROLL OF POTATO INTASMANIA reported, or are likely to be, hosts of 

BWYV (Duffus, 1960, 1964). C
P.J. Sampson 
 bursapstoris (Shepherds's purse) iscom-
Tasmanian Department of Agriculture, mnyInfece 
inareas of arable farming,
Australia. 
 This species overwinters and is a bien-

nial. Other 
known weed hosts include
Brassica spp., Malva slvestris, Seneciorecent report for Tasmania confirms that u , Trifo U-ubterraneum, r

beet western yellow virus (BWYV) is corn- PUS 
 endrnlacaules,

monly present in potatoes affected by

leafroll (Duffus and Johnstone, 1981). 


The available information on leafroll and

BWYV inTasmania is reviewed to consider 

by what mechanisms the certified 
seed

scheme achieves control of leafroll. 


Certification scheme 


Four multiplications of the major cul-

tivar, Kennebec, are undertaken at 

Tewkesbury Potato Station, located in an
exposed area of native eucalypt forest at 

an altitude of 500 m above sea level, 

Isolation from other cropped areas isexcellent. Control of self sown 
potato

plants isachieved by a pasture phase in 

the rotation. Multiplication isbased on 
a nucleus of selected plant units. 


Two further multiplications are undertaken 

by potato growers at altitudes above 

250 m; certification officers regularly

inspect the crops and visually diseased 

plants 
are removed to conform to a high

standard, 

Inoculum potential 


low but variable incidence of secondary
leafroll 
in seed crops has been observed 

over the period 1930-1970. The plant

units at Tewkesbury were replaced in 1970
by the annual production of pathogen

tested stem cuttings (VTSC) from stock 

plants maintained under glasshouse condi-

tions. Granular insecticide was applied

at planting of the first, second and third 

multiplications. The incidence of leaf-

roll as assessed in 100 tuber samples

subsequently dropped to 
a very low level 

(Table 1), and tht use of insecticide was

discontinued after 1978. 


Leafroll is common in commercial potato

crops inareas of arable farming, and may

affect a significant proportion of plants

if certified sced is not used to produce
seed tubers. Ithas been concluded that

spreadif leafroll under such conditions 

is mainly from within the crop (Howell,

1975). 


Table 1. Number of crops a~ndpercentage
of plants. showing secondary leafroll 

after 4, 5 and 6 years of seed multi-
plication inthe years indicated. 


of ;tiplication

Year 


Year 4th 5th 
 6th 


No. LR No. LR No. LR 

Crops % Crops % Crops % 


1969-70 4 0.5 2 0 34 3

1970-71 1 0.3 21 0.5 23 1
1971-72 1
1972-73 1 
1973-74 1 
1980-81 1 

0 9 3 42 00 7 0.3 34 5 
0 7 0.5 37 4
0 80 0 90 0.1 

Lactuc sirrTola,and Sonchus oleracea 


Aphid vectors and their distribution 


For leafroll spread in S.E. Scotland, 

Howell (1975) concluded Myzus persicae to
be the most important vector; l r phum

euphorbiae activity had a comparable cur-
relion and Aulacorthum solani and Aphis

fabae may also have had an efect insome 

seasons. 
 Brassica crops and glasshouses,

and perhaps wild weed species, were viewed 

as potential overwintering sites. 


Of these aphid species, . perstcae and M.

euphorbiae are vectors of BWYWTDuffus,

1960.7They have been recorded 
from relatively few weed hosts 
 in Tasmania 

(Martyn and Miller, 1963). The ability of
A. solani to transmit BWYV has been con-

Tinm-e-TJohnstone, 
personal, communica-

tion). All three species occur in

Tasmania throughout the potato growing

period (Tables 2, 3). 


Aphid vector activity 


Yellow trap data on the numbers of alates

of the three aphid species at Tewkesbury

during the months November to March are 

summarised for several seasons (Table 2).
Low numbers of 
 M. persicae and M. These limitations also.apply to the later
euphorbiae were typfcal, 
wleA. solani multiplicatins undertaken by seed growreached high numbers, mainly iniacWlie ers, 
with the important difference that
spring. 
 aphids do succeed inintroducing BWYV from
 
Similar data for Forthside Vegetable Re-

search Station, altitude 70 m, inan area 

of arable cropping and commercial potato

production are given (Table 3). Rela-

tively high populations of the vector 

species were registered. 


Table 2. Yellow tray aphid catches of 3 

vector species inthe years indicated at
the Twekesbury Potato Station, during

the potato growing period of November-

March. 


Year Ahdpeces 


TNP AS M 


1963-64 17 67 34 

1964-65 3 
 84 20
1965-66 
 51 227 31 It isconcluded that the immediate reason
1966-67 47* 1* 
 3* for the low incidence of leafroll inseed
1967-68 
 2 653 11
1968-69 
 2 69 7 

1969-70 4 725 81970-71 8 
 154 20 

1971-72 3 182 8
1972-73 
 5 1546 13 

1973-74 
 4 200 7 
1974-75 3 67 6
Mean 12 333 14 

Mean (full year) 6 359 15
 
(,incomplete 


-'Mp = 
 e sa, As = Aulacorthum 
solan, an = crosiphumeuphor-1908 


bbeet 


Table 3. Yellow tray aphid catches of 3
 
vector species at the Forthside Vegetable Research Station in the years

indicated, during the potato growing

period of November-March.
 

S i

Year Aphid Specie


MP AS
 
I 
1966-67 939 
 323 236
 
1967-68 777 240 229
 
19ES-69 21 150 6

1969-70 59 
 2114 14
 
1970-71 
 34 117 11

1971-72 
 3 753 9
 
1972-73 11 213 7
1973-74 
 2 62 4 
1974-75 - 463 6
Mean 231 493 58
 
Mean (full year) 335 634 62
 
I/
 
- Mp - Myzus persicae, As - Aulacorthum 

solanIT-a Marosiphum euphorblae.
 

Discussion
 

The low incidence of leafroll at Tewkes
bury shows BWYV to be endemic there. The
introduction 
of VTSC stock reduced leaf
roll incidence, indicating the virus 
res
ervoir of BWYV is potato and that weed

species are not important as sources of

the virus. 
 The lower leafroll incidence
 
was maintained despite suspension of in
secticide use, which indicates aphid
tivity is not the ac

limiting factor for
leafroll spread. 
 A very low 
inoculum
 
potential could explain the situation seen
 
at Tewkesbury. Low aphid activity could
 
contribute to the low inoculum potential.
 

a source outside the crop. Aphid numbers
 
are presumably comparable to those re
corded for Tewkesbury. It is therefore
 
inferred that a greater proportion are
 
infective because BYDV sources occur more
 
frequently within aphid flight range.

These could be as infected potato plants,
 
or crop or weed species, as far away as

the commercial cropping areas (usually in
 
excess of 5 km).
 

At Forthside and incommercial crops, the

high numbers of aphids indicate their much
 
greater activity and so the possibility of
 
leafroll spread. Potato and weed hosts
 
are commonly infected with BHYV 
in this
 area and there appears to be no limitation
for spread of leafroll other than climatological and biological control factors on
 
aphid reproduction.
 

potatoes isthe low inoculum potential of
BWYV in potato at Tewkesbury Potato Sta
tion. The recugnition that BWYV is amajor cause of leafroll and has a wide
 
host range including weed and crop species
 
does not alter theinterpretation of the
 
principles of seed certification.
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Duffus, J.E., and G.R. Johnstone. 1981. was therefore concluded that approximately

A probable long time association of beet Table 1. Powdery scab incidence in low equal opportunities occurred for the in
western yellows virus with the leafroll inoculum sites (%of scab greater than fection of the three cultivars in the 
syndrome in Tasmanian potatoes. Aus- 1%). trials. 
tralian Journal of Experimental Agricul
ture and Animal Hubandry (inpress). The earliest plantings on areas of low 

Howell, P.J. 1975. Field studies of po-	 Site Time % Tubers showing scab Inoculum and the trial at the high inocu
tato leafroll virus spread in south- and of lum site experienced several occasions
 
eastern Scotland, 1962-9, inrelation to date sam- Kennebec Leven R.Burbank when soil conditions were favourable for
 
aphid populations and other factors. of pling infection at the time of tuber initiation
 
Annals of Applied Biology 76; 187-97. plant- I/ and early growth. Such occasions appear


Martyn, E.J., and L.W. Miler. 1963. A ing on the water budget for the high inoculum
 
check list of the aphids of Tasmania and 	 site as the times of high soil moisture
 
their recorded host plants. The Papers Mcken- I (+) 0(+) 0 following irrigation and rainfall, when
 
and Proceedings of the Royal Society of na I 2 16.53 * 3.20 0 soil temperatures were relatively cool
Tasmania 97; 53-62. 	 17/10 3 22.39*** C(+) 0 (13-15 0C) during early December.
 

Morris 1 0 0 0 These considerations permit the conclusion
 
18/10 2 3.15 0.75 0 that Kennebec always developed more scab
 

3 20.43*** 0 0 that Russet Burbank (and to a lesser ex-

RESISTANCE INPOTATO TO POWDERY SCAB, teit more scab than Leven) because of
 
DUE TO SPONGOSPORA SUBTERRANEA French 1 9.34 3.45varietal differences in susceptibility.
1 2 12.15"** 0 0 	 vaitldfeecs nsuepbity
P.J. Sampson 	 13/10 3 33.33(*** **) 0(+) It is postulated that resistance may be
 

Tasmanman Department of Agriculture, 	 related to thickness of the epidermis 
at
 
Asmaia DepartncntofAgrTI/TG. Kennebec Ismore prone to skin
 
Australia. French 1 0 0 0 wounds during harvesting than are the
 

II 2 0 0 0 other cultivars. The russeted skin of
 

Summary 	 14/11 3 6.42 OW 0 Russet Burbank that commonly isdeveloped 
McKen- 1 Mc~e-0 1 0 00 atan anadditional thickening to the normalis0 advanced stage of tuber growth 

Powdery scab occurs under cool, temperate na II 2 0 0.93 0 epidermis, but it isnot a necessary fea
growing conditions, and is the greatest 	 1/12 3 - epie r s is n ssary a- ce 

single cause of loss from disease incrops ture for resistance because Leven is a
 
of cvs Kennebec, Sebago and Sequoia in French 1 0 0 0 smooth skinned cultivar.
 
Australia. Its control by cultural and Ill 2 0 0 0 References
 
chemical means is unreliable and ireffi- 8/12 3 1.44 O(+) 0
 
cient. Useful resistance isdemonstrated I/ Hackett, C., J.P. Sands, and H.A. Nix.
 
inRusset Burbank, and is required innew 1,2 = immature tuber-harvests; 1979. A model of the development and
 
cultivars for this region. 3 - mature harvest. bulking of potatoes (Solanum tuberosum).


(+)= powdery scab present, but less Field Crops Research 2*W3.
 
Introduction than 1%surface area infected. Hughes, I.K. 1980. Iowdery scab (Spon-


All coercial cultivars may develop scab, 	
2/- = no data collected. Sospora subterranea) of potatoes in= significantly greater than Queensland; occurence, cultivar suscep

and differences in susceptibility have other varieties at P = 0.01, tibility, time of infection, effect of 
only recently been recognized (Hughes, P = 0.001. soil pH, chemical control and tempera
1980). 	 (*), (**), (***) = significantly greater ture relations. Australian Journal 

than Russet Burbank at P = 0.05, Experimental Agriculture and Animal
 
Cultivars Kennebec, Russet Burbank (Cana- 0.01 and 0.001. Husbandry L; 265-32.
 
dian strain) and Leven (pedigree Katahdin Radley, R.W. 1963. 
 The effect of season
U.S.A., 1936 x Orion Scotland, 1947) were on growth and development of the potato.

grown within commercial crops at 6 sites In J.D. Ivins and F.L. Milthorpe, eds.
 
of low inoculum potential And one site of
 
high potential. Soils Neie :lay loams, of 	 Table 2. Powdery scab incidence inhigh The Growth of the Potato. Proceedings
 
pH 5-6. At low inoculum site;, seed of inoculun site (%scab-greater than 5%). of the 10th Easter School, University of 
the 3 cultivars were mixed and grown, with Nottingham, London, Butterworth, 217 
two harvests before maturity and one at Site and Time % Tubers showing scab pages. 
full maturity. The cultivars were planted date of of 
separately at the high inoculum site in planting sam- Kennebec Leven R.Burbank 
randomized plots of 4 rows x 10m, rep- pling
licated 7 times; harvests were at the m- I/ USE OF TISSUE CULTURE TECHNIQUE 
turity of the latest maturing (cv. Leven) 2 

-
and 9 weeks later after in-ground storage. 	 Badcock 1 89.8** 59.3(**) 16.7 L. Schilde-Rentschler, M.Upadhya, N.
 
A water budget and soil temperature rec- 25/10 2 94.9** 65.7 (*) 37.5 Espinoza, R.Estrada and R.Chandrl/
ords were maintained at the high inoculum International Potato Center,
site. 1/ Time of sampling: I - harvest at ma Lima, Peru. 

Tubers were harvested by variety, washed rity; 2 = harvest after in-ground stor- YCentral Potato Research Institute, 
and sorted for disease severity; cultivars age. 	 Simla, India.
 
were compared as percentage weight with 	 11 See footnote V Table I for signifi
more than 1% surface area affected (low cance levels.
 
inoculum sites) and more than 5% (high 	 Abstract
 
inoculum site). 	 Utilization of present and future pos-

At low inoculum sites, light infection 	 Discussion sibilities of tissue culture techniques

developed on Kennebec and Leven from the 
 for potato improvement now difficult to
 
earlier pl&ntings; Kennebec was affected Infection by Spongospora subterranea oc- achieve by conventional means are dis
more than Leven at sites with low scab curs l.rgely during the 3-4 weEk period cussed.
 
incidence but not more so at the site of that follows tuber initiation (Hughes,

moderate incidence; Russet Burbank was 1980). Ware tubers are produced by the Introduction
 
minimally infected at all sites (Table 1). 	primary tuber initials soon after plant


emergence, over a period of 3-4 weeks, and During the last 50 years, tissue culture
 
At the high inoculum site, a low propor- only 2 tubers/stem ever exceed 1 cm diam- has become an important tool for vegeta
tion of Russet Burbank had more than 5% eter (Grice, unpublished). The times of tive propagation and freeing plants from
 
scab coverage and Kennebec had a high pro- tuber initiation (TI) and the start of pathogens. In recent years, new tech
portion with more than 5% scab; Leven took 	 tuber growth (TG) are dependant on day niques have been developed that made it
 
an intermediate position. Severity in- lenght, insolation and temperature (Sands possible to obtain combinations of nuclear
 
crease during in-ground storage (LSD - 4.9 et al., 1979), and varietal differences and/or cytoplasmic genes whose combina
at p = 0.01) (Table 2). are relatively small (Radley, 1963). It tions by conventional methods is either
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difficult or time consuming (Melchers

1977). Following are some techniques ar 

their application: 


Overcoming of crossability barriers 


a)Sexual combination 


In the search of resistance to diseases

and adaptation to specific environments, 

distant wild relatives of crop plants are
giniimotnein breeding. However,

gaining importance

crossability ;nd compatibility barriers 

present a serloi.s, often time consuming,

obstacle for the utilization of these 

species, 


The breakdown of the fertilization process
- incompatibility in the case of closely
related material and incongruity in the 
case of wide crosses (Hogenboom, 1973) 
may occur at distinct stages of this proc-
ess (Heslop-Harrison, 1978). When early
processes, such as germination of pollen
grains on the stigma or penetration of 
pollen tubes into the style, are inhib-
ited,' in vitro fertilization followed by
bud or ovu1T culture, may overcome this 
barrier. In this technique, the whole 
bud, the ovaries or isolated ovules are 
exposed to the pollen in culture. Meagerwork has been done inthis field (Rangas-
wamy, 1977; Zenkteler, 1980). The con-ditions, under which development of potato
ovules fertilized either in vivo or in
vitro may be achieved, are-eng-tudieT
Whe-n incompatibility or incongruity are 
responsible for unbalanced development or 
disturbed function of the endosperm,
embryo culture may be a way to avoid this 
problem and the combination of new 
genotypes and the development of viable 
plants may become possible, 


Successful embryo culture has been re-

ported for several crop plants (Raghavan,

1977). Haynes (1954) reported successful
embr.- ':uiture in potatoes using seeds 
obtained 20 days after fertilization.However, these seeds germinated also under 

conventional conditions; plants were also 

obtained through embryo cuiture from seeds 

which did not germinate (Upadhya and 

Chandra, 1977a). 


b)Somatic combination 


The union of two somatic cells by proto-

plast fusions leads to the combination of 

the whole set of both nuclear as well as 

cytoplasmic genes. 


The protoplasts that fuse may have had
their origin indifferent genotypes (het-

erofusion) or, they may have come from the
same genotype (homofusion). Only hetero-

fusion is obviously of interest to the

plant breeder. The difficulty isto dis-

tinguish heterofusion from homofusion pro-

ducts and to recognize such colonies that 

developed from single protoplasts. Sever-

al methods to detect heterofusion products

have been developed mainly by making use 


has been shown that two different chloro-
phyll deficient mutants can be combined to

give perfectly green colonies because the 

mutation locus isnot the same inboth ge-

notypes (Melchers and Labib, 1974). 


Consequently, the homofusion products 
as 

well as colonies developing from single

protoplasts would always show the de-

ficiency. Another case isthe combination

of protoplasts with resistance to two dif-

ferent toxins, only the heterofusion pro-

ducts grew in a medium containing both 


toxins (Dudits et al., 1979). Itwas also
shown th' n;dly-Teterofusion products grew
in a specit,' ,!dium who. two mutants with
different bloc.- ;a the biosynthetic
pathway of an essential metabolite were 
utilized (Glimellus et al., 1978). Another possibility fs ES' use starting
material whose protoplasts are morpholog-
ically sufficiently different so that het-
erofusion products can be isolated under 

'he microscope (Gleba, 1978).
 

Intergeneric combinations have been pro-

duced through these techniques. For ex-
ample, potato has been combined with 

tomato (Melchers et al., 1978), and 

Brassica with Ara-do 'is (Gleba and
Hoflmnn, 1979). potato breeding pro-
a 

toplast 
fusion is being used to combine

different resistances (Wenzel et al.,

1982). 


With regard to response to tissue culture,

there are significant differences between 

genotypes inpotato. In
some clones, in Whereas plants have been regenerated from
 

of genetically complementing partners. It somatic same
tissue (Larkin and Scowcroft, 


vitro embryo development from anthers as 

well-as successful protoplast culture and

subsequent regeneration of plants from

colonies and callus have been reported-

Other genotypes .ompletely resistad the 

same treatment, even ifculture and media
condi'ions were altered (Irikura, 1975;

Simon and Peloquin, 1977; Sopory et al.,
1978). 


Shepard and Totten (1977) developed a 

system which was useful for some potato

varieties and, with small modification,

for other species as well. They empha-

sized the importance of preculture of the 

material for successful protoplast cul-

ture. Using CIP breeding material, the

method of Binding et al., 1978, 
 was

modified to obtain via-Te protoplasts 

(International Potato Center Annual Re-
port, 1981).

Ina successful fusion experiment, protoplast fusion isfollowed by fusion of the 

nucleus, and orderly cell division willdepend on the cytological and genetic re-

lationship of the fusion partners. During

the period from protoplast fusion to plant

regeneration, genome rearrangements such 

as endopolyploidization, chromosome elimi-


nation and chromosome restitution may take
place and lead 
to genetic variation.
unrelated species are combined, the elimi-
If 


nation of the chromosomes of one partner

often occurs. Nevertheless, it has been 

shown by DNA-hybridi-ation studies that 

incorporation of small pieces of the 

eliminated chromosomes into the partner

chromosomes takes place (Dudits et al.,
1979). 


Selection of variants 
and mutants at the 

cellular level 


Inseveral plant species, which have been

used in tissue culture experiments, ge-

netic variations were observed in plants

regenerated from ca'lus and colonies 

originated from single cells of the 


1981). 


Thus, characters expressed at the cellular 
level, occurring naturally or induced, may
be selected for invitro. Until now, most 
of this work hi-s5e-n carried out with 
either suspension culture or with mechan-

ically isolated cells from 
leaf tissue

(Kohlenbach, 1966; Schwenk, 1981), and 

this may well be an easy method to screen

large populations for specific characters.

It has been reported that genetically

variable potato plants were isolated from 


protoplast derived colonies (Matern et al,

1978). The advantage of in vitro TeIec
tion isto identify varian--genoypes ina

large population by adding the selection
 
factor to the medium.
 

Ithas been possible to regenerate plants

that showed higher resistance to a given

stress factor than the control when they

have been selected in vitro in the pres
ence of the growth limiting factor. The
 
stresses that have been 
used were salt

(Nabors et al., 1980). herbicides (Chaleff

and Pariis71978) and toxins from patho
gens (Carlson, 1973). Berlyn (1980) se
lected colonies whdh grew inthe presence

of isonicotinic acid, ai. inhibitor of the
glycolate pathway, to find plants with
 
reduced photorespiration. Inpotato, co
lonies resistant to Phytophthora toxins
 
(Behnke, 1979), methlorine analogues

(Chandra et al., 1981) and to toxic level

salt concent7rations (International Potato
 
Center, Annual Report 1980) were isolated.
 

the toxin resistant colonies, plants have
 
not yet been obtained intwo latter cases.

Plants regenerated from the toxin resi-t
ant colonies showed also some resistan~e
 
to the pathogen.
 

Ploidy level manipulation
 

Ploidy level manipulations are an impor
tant breeding tool. Haploid or homozygous

diploid plants permit rapid screening as
 
recessive characters become exposed. The
 
doubling of chromosome numbers becomes
 
important in potato breeding when inter
ploidy crosses lead to the abortion of the
 
embryo through genetic imbalance in the
 
endosperm (Johnston et al., 1980). Also,

fertility may be resHore inthe caso 
of

amphidiploid chromosome combinations,
 
which is important in wide intergeneric

crosses.
 

Microspore culture, either inside the 
anther or with isolated microspores isawell established method which may lead
 
directly to embryos or to callus from
 
which plants can be regenerated. The pro
ducts are haploids, humozygous diploids

(when endopolyploidization has taken place
 
at an early stage), or heterozygous diploids when the embryo or callus have been
derived from somatic tissue which ispossible if anthers are cultured. in the
 
case of potato, many anther derived homo
zygous diploids and a few haploid plants

have been obtained (Sopory et al., 1978).
 
As in the case of protoplast culture,

strong genotype dependence with regard to
"cultureability" was reported.
 

Induction of adventitious buos in potato

May lead to changes of the ploidy level
 
(Roest and Boekelmann, 1968; Upadhya and
 
Chandra, 1977b; Hermsen et al., 1981).

Some genotypes produced consicIi-rable num
bers of plants with doubled chromosome
 
number.
 

buds originated from one or only a few
 
cells oiiavodte fromaon rfochimaes

cells to avoid the formation of chimaeras.
 
This was demonstrated by treating the tis
sue with mutagens before adventituous buds
 
were induced. Inthe resulting plantlets
 
a low percentage of chimaeras was obtained
 
(Van Harten etal.. 1981).
 

Transfer of genetic information
 

-a)Cytoplasms-nucleus

Protoplast fusion allows the combination
 
of genotypes whose combination isnot pos
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sible by conventional methods. Apart from the plasmid genes, and these plants were Chilton, M.D., H.D. Drummond, D.J. Merle,

the combination of nuclear genes, those of LpDH positive. One of them was selfed, D. Sciaky, A.L. Montoya, M.P. Gordon,
 
the cytoplasms are also combined which and the seedlings were tested for LpDH, and E.W. Nester. 1977. Stable ircor
does not usually happen in sexual combina- 70% turned out to be positive. Anthers of poration of plasmid DNA into higher
 
tions. The use of miniprotoplasts, which the same plant were cultured and embryos plant cells: the molectilar basis of
 
are nuclei or organells surrounded by develuped, 40% of the plants that were crown gall tumori-genesis. Cell 11;
 
plasmalemna and of cytoplasts, which are regenerated from these embryos were LpDH 263-271.
 
enucleated protoplasts (Wallin et al., positive. Then protoplasts were isolated Davey, M.R., E. Frearson, and J.B. Power.
 
1978), may be a useful method -ror-The from the same plant and cultured, and all 1976. Polyethylenglycol-induced trans
study of interactions of nuclear genes of the regenerated plants were LpDH posi- plantation of chloroplasts into proto
with different cytoplasmic environmerts. tive. Further crossing experiments showed plasts: An ultra-structural assessment.
 

that these genes act as single dominant Plant Science Letters 7; 7.-16.

b) Organells Mendelean genes (Otten et al., 1981). Dudits, D., G.Y. Hadlaczky, G. Bajszar, C.
 

This proves that parts of the A.t. Koncz, G. Lazar, and G. Horvarth. 1979.
Nuclei, plastids, mitochondria, cyto- plasmid were incorporated into the plant Plant regeneration from intergeneric

plasmic factors, cilromosomes and algae genome and that these plasmid genes are cell hybrids. Plant Science Letters 15; 
have been used for comtinations with pro- transmitted to sexual as well as asexual 101-112.
 
toplasts of different c.igin. In most daughter generations. It shows further Dudits, D., G.Y. Hadlaczky, G. Lazar, and
 
cases the uptake was induced by treating that genes of one organism may replace G. Haydu. 1980. Increase in genetic

protoplasts with polyethylenglycol (PEG), those of another organism and that the variability through somatic cell hybrid
and processes similar to pinocytoses take newly incorporated gene is expressed in ization of distantly related plant

apparently place (Davey et al., 1976; Ueda its new organism, species. In F. Sala, ed. Plant Cell
 
et al., 1978). Howeverihe organells Cultures: Results and Perspectives. B.
 
-suaTy deteriorate. The use of minipro- Thus, the A.t. plasmid serves as a reli- Parisi, R. Cella and 0. Ciferri, 207
toplasts and nucleated or enucleat.,d pro- able vehicle for isolated genes. The dif- 214, Elsevier/North-Holland Biomed
 
toplasts (Wallin et al., 1979) may be more ficulty which remains at the moment-is the Press, New York.
 
useful for such purposes. The other isolation of plant genes of agronomic im- Gerlach, W.L. 1981. Isolation of plant

method under investigation is the incor- portance. Itmay be easy, for example, to structural genes. In Plant Cell Cul
poration of organells into lipid vesicles isolate the nitrogen fixation-nodulation ture, Bose Institute, Calcutta, India.
 
which are taken up by protoplasts in the genes of Rhizobium sp., which are also rileba, Y.Y. 1978. Extranuclear inherit
presence of PEG (Matthews .t al., 1979; situated on a plasmid. Simi.larly, the ance investigated by somatic hybridi-

Nagata, 1981). "ihe incorporitio-'of chro- genes coding for active hydrogen uptake zation. InA. Thorpe, ed. Frontiers in
 
mosomal segments, as report.d inthe case (HUP-genes), which may be important for Plant Tissue Culture. 95-102, Interna
of plants regenerated from fused proto- efficient nitrzigen fixation (Heilnecke et tional Association of Plant Tissue Cul
plasts of different specie, (Dudits et al., 1981), may also be isolated. Othe-r ture, Calgary.

al., 1979), could be useful if the trans pTant genes such as the alcohol dehydro- Gleba, Y.Y., and F. Hoffman. 1979. 
?er of only a few specific genes is re- gendse gene in maize (Gerlach, 1981) and Arabidobrassica: Plant genome engineer
quired. The use of protoplasts, which the hordein genes of barley have been ing by protoplast fusion. Naturwissen
have been irradiated with high doses of isolated. schaften 66; 547-548.
 
X-rays to "pulverize" their DNA, may also Glimelius, R, T. Eriksson, R.Grafe, and
 
achieve this aim (Dudits et al., 1980). Itwill be important to designate agronom- A.Muller. 1978. Somatic hybridization
 

ically important genes which can be of nitrate reductase-deficient mutants
 
c) Isolated genome pieces and genes isolated easily and to prepare the cor- of Nicotiana tabacum by protoplast


responding receiving cell for the trans- fusion. Physiofogia Plantarum 44; 273-

The new technology, made possible through formation. Strong cooperation between 277.
 
the availability of an assortment of re- breeders, molecular biologists and tissue Haynes, F.L. 1954. Potato embryo cul
striction enzymes and through the cloning culture biologisf isnecessary to achieve tue. American Potato Journal 31;

of DNA inE. coli, facilitates the trans- this aim. 282-288.
 
fer of g~netTc-information (Sowokinos, Hennecke, H., S.T. Lim, D.B. Scott, J.R.
 
these proceedings). The most developed Acknowledgement Mielenz, R.Tait, K.Andersen, and R.C.
 
system for plants is probably that which The authors are grateful to Dr. P Valentine. 1981. Genetic engineering 
uses the Agrobacterium tunefaciens (A.t.) Schmiediche, CIP, for critically reading in agriculture: Rhizobium aonicm.
plasMld as a vector oF genes. Virulent t ih ,Anasiofthe New -ork o
 
strains of A.t. produce tumors in plant e English manuscript. 369Science *5-22.
 
wounds. The genes for tumor induction are References Hermsen, JT.. , M.S. Ramanna, S.Roest,

situated on the same plasmid as the and G.S. BOe.lmann. 1981. Chromosome
"opin"-gene which codes for an enzyme com- Behnke, M. 1979. 
 Selection of potato doubling th- ugh adventituous shoot

plex (lysopin-dehydrogenase, LpDH) that callus for resistance to culture fil- formation on in vitro cultivated leaf
 
takes part inthe synthesis of amino acids trates of Ph tophthora infestans and explants from -pT--interspecific
powhich are usually not produced in the regeneration o eisat
 witsaelf Theumoatsesual to- ThoetclensApidan plants. tato hybrids. Euphytica 30; 239-246.
plant itself. Three important steps to- Theoretical and Applied Genetics 54; Hernalsteens, J.P., F. Van Vliet, M. De
 
wards a practical utilization of this fact 153-155. Beukeleer, A. Depicker, G. Engler, M.
 
have been taken: Berlyn, M.B. 1980. Isolation and charac- Lemmers, M. Holsters, M. Van Montagu,
 

terization of isonicotinic acid and J. Schell. 1980. The Agrobacterium
 1. Incorporation of the plasmid DNA into hydrazide-resistant mutants of Nicotiana tumefaciens Ti-plasmid as a host vector

the plant genome was shown by DNA hybrid- tabacum. Theoretical and AppTiedi: system for introducing foreign DNA in
 
ization techniques. A specific region is net--cs 56; 349-356. plant cells. Nature 287; 654-656.
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(Chilton et al., 1977). Sopory, and G. Wenzel. 1978. Re- physiology of angiosperm incompatibility
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untreated controls al., and M.F. 1978. Y. 1975.
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WIDENING OF THE GENETIC BASE OF THE POTATO 

FOR RESIS7ANCE TO BACTERIAL WILT 

(PSEUDOMONAS SOLANACEARUM) 


P. Schmiediche and C. Martin 

International Potato Center
 

Summary 


Solanum phureia has been used exte'nsively 

as the on and so 
fa, best sourLe of 

resistance to bacterial wilt in potatoes. 

However, its resistance is pathogen

strain-specific and temperature sensitive.

Good levels of resistance have been found 

in a few wild Solanum species. The pos-

sibilities of Tnter-specific breeding 
to 

Improve the resistance already available 

from S. phurea are discussed, 


S 

Introduction 


It is generally recognized that bacterial 

con-


straints of potato production in tropical

and subtropical regions. 


A large body of literature about the com-

plexities of this pathogen and how 
to

control itexists, and present knowledge,

which is the result of many years of re-

search, permits summarizing the problems

inone short paragraph. 


Like most other pathogens, Pseudomonas 

solanacearum exists ina vai'ety of races
and specific strains with varying degrees

of pathogenicity within each The
race. 

classification system itself isan expres-

sion of the complex nature of this patho-

gen. The virulence of each strain depends

upon specific onvironmental conditions,

chiefi., temperature and soil humidity or

the degree of salinitv of a given soil, to 

mention kut a few. " ther hosts, espe-


cally Solanaceae, play an important role
 
for the survival of the pathogen in the,

soil which in turn may depend on cultural
 
and agronomic practices. Interaction with
 
other pathogens, such as root-knot nema
todes, is well documented (Jatala and
 
Martin, 1977a, 1977b).
 

In the g~nepool of cultivated potatoes,

resistance to Pseudomonas of any conse
quence has only beenfound in the primi
tive diploid species Solanum phuea.

Almost all known res -anti ne 
or
 
released varieties have bred
been from 
clones of S. phurja. Although the re
sistance derive rom this species covers
 
the whole spectrum of races and strains of
 
the pathogen, there exists a highly spe
cific pathogen-environment-host-interac
tion, and the resistance is only expressed

under relatively cool temperature condi
tions. It has not been possible to breed
 
clones for all places where the ptoblem
 
exists, particularly the hotter and 
more
 
humid areas in the world where potato cul
tivation has started in 
recent years. As
 
long as resistant varieties remain the
 
only effective 
way to control bacterial
 
wilt, it appears that the genetic base of
 
the populations that carry the resistance
 
genes has to be widened. Apart from the
 
genes coming from S. 
uea other sources
 
of resistance should e cluded in the
 
populations which constitute until 
now the
 
main pool of resistance to bacterial wilt.
 

Breeding strategy
 

It is a generally accepted principle in
 
genetics that resistance to a particular

pathoty,je 
 which evolved in different
 
species has a different genetic base in
 
each species, or, in other words, the 
re
sistance genes in one species are dif
ferent from those in another species al
though both provide resistance to the same
 
pathogen.
 

Following this basic principle, the Inter
national Potato Center (CIP) has developed

three different breeding populations with
 
resistance to bacterial wilt. 
Only one of
 
them, the oldest and most highly devel
oped, is available for export at this
 
time.
 

The first groijp has the internal code A1
and consists t, . fairly large population

of well-performing families with 
a broad
 
spvctrum of resistance which is based on
 
the resistance of the Colombian S. phureja

clones which were first identifi~d to have
 
resistance to bacterial wilt. 
 This
 
population has also some resistance to
 
Phtophthora infestans PVY most
and and 

ones are early maturing and well-adapted
 

to hot tropical conditions.
 
In order to broaden the resistance of this
 
group to bacterial wilt, new sources,

derived from S. r'aphanifolium and S. cha
coense, have-een incorporated iito1t.
 
At present about 2000 seedlings of the

latest cycle of selection are being tested
 
in La Molina, and this material will be
 
ready for export once the well-performing

and resistant families have been iden
tified.
 

The second group has the code TO and was
 
derived from tetraploid x diploid crosses.
 
The diploid parents were part of a popula
tion consisting of the two wild species S.
 
chacoense and S.sparsipilum and the cuT
tivated species S ureJa. All three of
 
these species have T with proven high

levels of resistance to bacterial wilt.
 
The tetraploid parents came from a popula
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tion with adaptation to the lowland when the wild material has been selected tion habits was a combination of custom,
 
tropics which has also been selected for for agronomic characters such as stolon ritual, and price, and not simply a func
earliness. In total, 343 clones from 75 length and tuber shape. Some experiments tion of the laws of supply and demand.
 
families were grown under hot conditions with haploids, which have been derived Although both these typologies continue to
 
in a field in La Molina and then evaluated from highly developed tetraploid material, demonstrate their usefulness in answering
 
for yield and agronomic characters. Int- are under way, and these haploids wili )e certain types of questions, they were pri
tially, 52 clones were selected and re- included into the resistant wild diplodi marly, though not exclusively, concerned
 
planted later. In the second round of population. wqith intra-national agro-ecological re
evaluation and selection, only 19 clones glons. They were restricted to developing
 
from 14 families were retained. In spite The ready access to a vast and highly countries and mapped existing potato pro
of the fact that in some cases two genomes variable genepool of largely untested wild duction and consumption patterns. In
 
were contributed from a wild parent, ex- germ plasm gives CIP a comparative advan- light of CIP's mindate to strengthen na
cellent tuber shape and yields of up to tage for car-ylng out this type of re- tional programs, its growing responsibili
1.45 kg/plant were recorded. The average search, ties as an information center for the
 
yield of the population finally selected developed and developing world and its
 
for further breeding was 1.338 kg/plant. References continued concern with changes in world-

The best performers of the TD group have wide potato production and consumption, a
 
been inter-crossed with group AI, and we Jatala, P., and ". Martin. 1977a. Inter- truly global typology was necessary to
 
have now a population growing which should actions of Malodoyn incognitA acrita complement this earlier work. This global
 

different Pseudo___ 	 on employ statiscombine resistance from four and na_s anacearum leU typology should national 

sources, 	 grown potatoes. Proceedings of the tics. It should include developed and
 

American Phytopathological Society 1; developing countries. It should also
 
It should be pointed out when considering 177-178. 	 incorporate measures of the rate of change

the good yields and excellent performance 	 Jatala, P., and C. Martin. 1977b. Inter- in potato variables. An additional,
 
of the TD hybrids that this is a result of actions of Meloidogyne onita acrita operational goal behind developing a
 
breeding wort in the diploid wild popula- and Pseudomon so anacearuai on Solanum global potato typology was the desire to
 
tion before itwas used for crosses to the chacoense an--olanum sparsipilum-.Pro- identify representative countries for sub
desired tetraploid parents, these results ceedings of the 7Amrican Phytopathologi- sequent case studies of potato demand.
 
indicate which route further breeding work cal Society 4; 178.
 
with wild species should take. 	 Results and discussion
 

Bearing thepositive experience with the 	 In generating this typology, we went back
 
TD hybrids in mind, the original popula-	 A GenAdata thathpove so usfu
 

A GLOBAL TYPOLOGY OF POTATO DEMAND to the FAydata that had proved so useful
tion of bacterial wilt resistant diploids 

was also maintained and developed further 
 in identifying the potato's spectacular
 

Here is a brief history of this popula- G. Scott performance relative to other food crops
 

tion: Resistant accessions of S. sparsi- International Potato Center during the previous two decades (Horton,
 
1980). We then added time-series statispilum, S. rhacoense, and S. phureja were 


Summary 	 tics for trade, utilization, and consumpmerged -IntB one panmictic popu- n at opu~ton attion 	 with the period 1964/66 to 1975/77 
CIP and 11,500 seedlings belonging to 11
 for estimating global
families were tested against 4 and some-	 While much has been written about project- being the years 

times 5 strains (of races 1 and 3) of 	 ed trends in food grain consumption in changes in potato consumption on a coun-

Pseudomonas solanacearum. Only 40 clones 	 developing countries (IFPRI, 1977), re- try-by-country basis.
 
belonging to eight families survived the 	 search on the demand for potatoes is ex
rigors of this testing which took almost 	 tremely limited (Scott, 1981). Yet, the After eliminating countric. with little,
 
two years. These 40 clones were inter-	 need for such information appears increas- e.g. Antigua or no, e.g. Bahrain recorded
 
crossed in rore than 200 different com- Ingly important because the potato's po- potato production and/or consumption, we
 
binati ns, and of the 100,000 seeds ob- tential as a food crop for the Third World used cldster-mean analysis to identify
 
tained, 10,000 seedlings were raised and has been seriously underestimated (Horton, groups or clusters of countries according
 
tested against the particularly severe 1980). This conference paper proposes a to the means of twenty-two uncorrelated
 
strain 013 of race 3. Some families global potato typology as a basis for indicators. After breaking up the coun
showed survival rates of up to 67% which future demand research. Itfocuses exclu- tries into various configurations, we
 
is a significant increase over the 30% sively on the data, methods and results eventually settled on four clusters.
 
recorded in the base population when it generated by the global potato typology. (Table 1).
 
was originally assembled and tested Introduction We then added a set of general socio
against the same pathotype. economic variables, based on World Bank
 

During the last 450 years the potato has 	 Statistics, to the potato indicators. By

For the time being, these three genetic traveled from its ancestral home -Peru- to using discriminant analysis--first with
 
groups with various sources of resistance become a valuable source of nutrition all the potato variables, then with the
 
to bacterial wilt will be kept separate over the globe (Rhoades, 1982). Only combined data set--we identified a total
 
and developed further individually. This recently, however, have CIP social scien- of seven significant variables to
 
is particularly necessary for the group tists begun the enormous task of charting distinguish the four groups of countries.
 
consisting of pathogen tested clones which these travels (International Potato These variables and their group means are
 
may be exported from Peru. However, sub- Center, 1978) and eVitually trying to listed (Table 2).

samples of each group will be merged into explain and to predict them. Rhoades
 
one breeding population which will even- (1981) was the first to propose a potato Several observations could be made con
tually have four or more sources of re- typology to encompass different parts of cerning these results, but only two will
 
sistance to the pathogen. the world. His typology identified four be emphasized here. Firstly, the four
 

types of potato production regions based groups of countries, instead of four agro-

The wild group in particular will not on altitude, climate, and the nature of ecological zones, fall on a continuum of 
only be tested for its resistance to the prevailing farming systems. Given the higher to lower levels of production and 
pathogen in each cycle of recurrent se- shortages of corresponding secondary data slower to faster rates or urbanization. 
lection, but attention will also be paid for Rhoades' production regions, however, Most importantly, the composition of the 
to agronomic characters, such as stolon his typology was essentially descriptive, groups that make up points on the con
length, tuber shape and size and yield. Furthermore, it was, by intLntion, only tinuum indicates that some developing
At a later stage of the program the concerned with potato production Gnd only countries - specifically the Andean group
glycoalkaloid content of the wild popula- with developing countries. Poeats (1981) - may have far less in comron with the 
tion will be considered, later put forward a potato consumption rest of the developing world ),anstudies 

typology. She used Rhoade's four regions, related to ecology, custom, or relative
 
Experience with tetraploid x diploid but then embellished this typology by income levels alone might otherwise
 
hybrids, which contain two genomes from field work in several developing coun- sugges..

wild species, indicate that it might be tries. While agro-ecology also was a
 
advantageous to start selecting for agro- critical explanatory variable in Poeats' Secondly, this typology serves as one
 
nomic characters early on inthe program framework, the role of the potato in the basis for beginning to assess the future
 
still within the wild population. The diet provided a novel dimension. Poeats course" of worldwide potato production and
 
setback which normally results from a wild argued that the link between potato consumption. These developments certainly
 
x cultivated cross appears to be less production patterns and existing consump- will strongly determine the location and
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strength of 
the demand for new potato Anniversary, 	"Research
Table 1. Global typology of potato de- technology. For example, the results the Year 2000", we 
for the Potato in
 

mand. include considerationlisted in Table I suggest that Group 3 of some potential means for control ofcountries are'more likely to 
increase per bacterial wilt that may become a reality
Group 1. 
 capita 	potato consumption of potatoes in in the foreseeable future.
Super high production countries Future work on the individual 2groupsco. ..-them-ies. this session is to stimulate 
The 
discussion 

intent of 
on
 

the years ahead than Group
German Democratic Ireland 	 new methodology for control; thus, my reselves and countries within those groups 	 marks are not based on a great
Republic Poland 	 deal of
 
Holland 	

will begin the task estimating the magni- actual experimentati ,o and are presented
U.S.S.R. 
 tude of these increases, here mainly as ideas that may be used as a
 
Group 2. 

High production countries 	 basis for possible recommendations to the
References 
 Internittirnal Potato Center for future
Argentina taly 
 action.
 

Albnila 
 Korea, Democratic Horton, 1. 1980. The potential of theAustrtlia People's potato
Austria 	 as a world food crop. Interna- Conventional breeding procedures have been
Republic of 
 tional Potato Center (CIP), Lima, Peru. 
 used to provide us with a number uf useful
Belgium-Luxemburg 
 New Zealand International 

Bolivia Norway 	

Food Policy Research Insti- cultivars derived from crosses of Solanum
tute (IFPRI). 1977. 
 Food needs of de- -Rhureja x Solanum tuberosum, or S.
Canada 
 Peru 	 veloping countries. Research Report No. 
 - equer-a, 979). AItho

Chile Portugal 3. Washington, D.C.
Colombia Rumania 	 it-is c ear at we have vt utilized all
International Potato Center (CIP). 1978.
Czechoslovakia Rwanda 	 of the dominant genes thdt confer resist-
Pocket Potato Atlas. Lima, Peru. 
 ance to P. solanacearum in certain S.

Deu ark 
 Spain Poats, S. 1981. Potato consumption in a
Ecuador 	 now that even the molt
Sweden developing
Finland 	 countries. Paper presented re-sistnt clones (e.g. CC 1386.15) do not
Switzerland 

France Turkey 

at 2nd Five-year Planning Conference of withstand stem inoculation when maintained
CIP Social Science Department, Lima,
Germany, Federal United 	 at constant, high temperatures (e.g.
Peru. 

Republic of Kingdom Rhoades, R. 1981. Peruvian potato 

32°C). Unusually vigorous hybrid clones
 
Greece with S. andigenum in their pedigrees (e.g.
U.S.A. agriculture in comparative perspective.
Hungary Yugoslavia Paper 	

MS 35.22) appear to do well at relatively
presented at 2nd Five-year low elevations in the tropics (Jackson and
Iran 	 Planning Conference of CIP Social GonzAlez, 1981)
Group 3. 	 but only when race 1 is
Science Department, Lima, Peru. 
 the primay component of the population of
Lo rduction countries 

Afghan stan 	 Rhoades, R. 1982. The incredible potato. the patho2en. My
Kenya 	 overall impression
National Geographic. 161; 668-694. 	 is
 
Albania 	 that we must search for addilional sources
Korea, Republi. of Scott, 1981. Estimating-The d....ind of resistance and,
Algeria Libya 	

for furtunate y, resistance
 
Angola 	

potatoes in developing countries. Paper to P. solanacearum is widespead among the
Madascar presented at 2nd Five Year Planning Con-
Brazil 	 tubtr-bear1ng species of Solanum. The
Malawi ference of CIP Social Science Depart-
Bulgaria Malaysia 	 extensive attempts presently-5Thmade to
ment, Lima, Peru. 
 utilize 	resistance from S. s
Burma 	 and
Mexico 
 other wild sources may ult mately provide

Cameroon 
 Moza 

Central 	African Mozambiqu us with appropriate sources of resistance
 

African for the lowland
Central NepalthcotiuinbyD.Mrn 	 tropics, as indicated inRepublic Nicaragua NEW APPROACHES FOR CONTROL OF BACTERIAL 
 the contributions by Dr. Martin anddD.Or.Chad Panama 	 WILT OF POTATO 
 French at this session.
China, People's Paraguay 
 One potential problem with the hreeding
Republic of Philippines L. Sequeira

Costa Rica 	 approach is the extreme variabil',y with
Saudi Arabia Department of Plant Pathology,
Cuba Senegal 	 P. solanacearum. Most resistancc factors
University of Wisconsin,

Dominican Republic Sri Lanka 	

whether in potato, tobacco, or tomato,
Madison, Wisconsin, USA
Egypt 	 appear to be controlled by relati,,ely few
Sudan 
 dominant genes. Even in crops such as
El Salvador Syria 
 tobacco, where a single
Ethiopia 	 source of resist-
Tanzania Bacterial wilt of potato, caused by Pseu-
 ance has been effective for decades, there
Haiti 
 Thailand domonas solanacearum E.F. Smith, contlnues 
 are indications
Honduras Trinidad and 	 that new strains of the
to be

India 	

a major factor limiting potato pro- bacterium are now able to overcome re-
Tobago duction in many areas of 	the world. 
 This sistance in most commercial cultivars.
Indonesia 
 Tunisia is exemplified by the relatively recent, Whether
Iraq 	 sources of horizontal resistance
Uganda serious outbreaks of bacterial wilt in that are
Israel 	 stable at relatively high tem-
Venezuela 
 Mexico, 	Uruguay, Argentina, etc. The use peratures will be found in wild species of
Jamaica 
 Zaire of resistant varieties, developed within
Japan Zimbabwe 	 Solanum is still an open question. We
 
Jordan 	

the last 10 years, has given a measure of must prepare, therefore, for the possicontrol in the highland areas 
where cool bility that conventional breeding methods
Group 4. 
 mean temperatures prevail. As
Low production potato 	
the range will not provide a complete answer to the
of the potato is extended to the warmer 
 problem 	of resistance in potato to bacte17radincote 
 areas, however, it is evident that bacte-
Guatemala 	 rial wilt. It is for this reason that, at
Mauritania 
 rial wilt will have to be controlled by 	 Wisconsin, we are beginning to explore
Hong Kong Morocco 
 means other than those presently availa-	 some alternative approaches to control.
Ivory Coast 
 ble. It is most appropriate that, in
 

concert 	with the theme 
 This
of this Decennial Our emphasis now is on biological control.
type of control 
offers 
many advan
tages, not the least of them being the low
Table 2. Mean values of variables which distinguish groups of potato countries, 
 cost, persistence, ease of application,
 

Group N 1/Consump- Compound and the biodegradability and safety of the
Compound Exports Produc- Potato 
 Growth biological agents. The disadvantages of
tion/ growth growth as % of tion/capita area as 
 urban biological control are obvious; there are
capita production imports supplies2 1975/772/ % crop 
 popula- relatively few examples oF
1975/77 1961/65- 1961/65- 1975/77-' (kilos) 	 success in the
 
(kilos) 2/ 1975/77 2/ 1975/77 2/ 

- area tion literature, possibly due to the highly1975-77 V 1960/70 variable nature of the effects that arp1 122 	
obtained and the extreme influence of en0 -0.5 
 96.3 5.2 508.9 19.8 	 1.9 vi,'onmental factors, such as temperature
2 30 63 
 0.6 12.2 2.3 106.4
3 55 9 4.6 	

5.2 2.9 and humidity, on the control agents. The
-12.0 1.1 11.6 0.8 
 4.6 recent successful application of biologi4 5 4 89.7 -14.5 	 18.4 6.3 1.1 
 8.1 cal control for the crown gall disease
 
/ Number of countries. (Six countries were not classified into a particular group
5y cluster analysis). however, suggests that in specific in

stances the disadvantages of biological
2/ Refers to potatoes. 

control can be overcone
1974).	 (Kerr and Htay,
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Two types of biological control offer some Although these preliminary results appear cin production. Physiological Plant
 
promise for the control of P. solanacearum promising, we are as yet unable to predict Pathology 4; 37-44.
 
in potato. One is the use of antagonistic when a particular strain will give a use- Kloepper, J.1., and M.N. Schroth. 1981.
 
or attenuated strains of bacteria to ful level of control. The use of a varie- Development of a powder formulation of
 
induce systemic resistance in the host. ty with an inherent, low level of resist- rhizobacteria for inoculation of potato
 
The second is bacterization of tuber ance, such as Ontario, seems important. seed pieces. Phytopathology 71; 590
pieces with antagonistic or competitive In addition, best results were obtained 592.
 
rhizobacteria. These two methods are with strains that are able to multiply in Kloepper. J.W., M.N. Schroth, and T.D.
 
discussed briefly in the sections that the host to some extent. Miller. 1980. Effects of rhizosphere
 
follow. colonization by plant growth-promoting
 

Rhizobacteria rhizobacteria on potato plant develop-

Induced resistance ment and yield. Phytopathology 70;
 

A relatively new procedure for biological 107e-1082.
 
Plant pathologists have recognized fot control, not yet tested against P. sola- Kuc, J., W.W. Currier, and M.J. Shih.
 
several decades that the potato plant nacearum, is the use of seed treatments 1976. Terpenold phytoalexins. pp
 
responds to infection by physiological with bacteria (generally belonging to P. 253-268. In J. Friend and D.R. Threl
changes that may arrest the development of fluorescens or P. putida) tiiatare par- fall, eds. Biochemical aspects of
 
the potential pathogen. In particular, ticularly aggre'ssive colonizers of the plant-parasite relationships. Academic
 
terpenoids that are either antifungal or rhizosphere of the crop plant (thus the Press., M!.Y.354 p.
 
antibacteriol accumulate at the infection term "rhizobacteria"). The method was Schroth, M.N. and ).G. ;ancock. 1981.
 
court when vtatc tubers are inoculated originally developed by Dr. M.N. Schroth Selected topics ii biological control.
 
with incompatible forms of plant pathogens and associates for the control of soft rot Annual Review MicrLbiology 35; 453-476
 
(Kuc et al., 1976). Of greater interest, bacteria on potato (Burr et al., 1978, Sequeira, L. 1979. Development of re
perha s,-as been the demonstretion that Kloepper and Srhroth, 1g8f-KToepper et sistance to buc'erial welt derived from
 
there are systemic as well as localized al., 1980; Schroth and Hancock, 1981), bt Solanum oh r In Developments in
 
physiological changes tnat provide a sur- Fas been applied to other crops such as control of trial diseases of potato,
 
prising degree of non-specific resistance radish, sugar beet, lettuce, etc. which pp. 55-62. International Potato Center,
 
against a wide variety of pathogens respond, in many instances, by remarkable Lima, Peru.
 
(Sequeira, 1979). increases in yield as compared with un- Sequeira, L. 1979. The acquisition of
 

treated controls. The yield increases systemic res;.Lat:z by prior inocula
appear to result from control of roLt tion. pp. 231-251. it.J.M. Daly and I.
In our laboratories, Ms. J. Kempe has at-


eds. Recognit;on and spec'tempted to induce resistance in potato to pathogens as well as from the production Uritani. 

ficity in plant host-par&site intera:-
P. solanacearum by prior inoculation of of growth regulators and other substances 


Tuber seed pieces with avirulent strains that are favorable to plant growth tions. Japan Scien,e Scciety Press.
 

P82, from strain 82, (Schroth and Hancock, 1981). The emphasis rokyo 355 p.
of this bacterium: 

isolated from potato; B248, from strait on yield has tended to obscure the role
 

28, isolated from tobacco, and with a that rhizobacteria may have in the control
 
virulent strain, 80, isolated from banana. of other root-inhabiting bacteria, such as
 
These strains presumably are incompatible P. solanacearum. Although it is evident
 
in potato, although only two (881 and 70) that P. solanacearum does not survive in THE ROLE OF THE rOSTHARVEST INSTITUTE FOR
 

4

give a hypersens tive response on potato the rEizosphere for long periods (Granada PERISHABLES (PIP) IN POTATO MARKETING
 

leaves. In addition, strains B82 and 70 and Sequeira, 1981), it must be present SYSTEMS IN(DEVELOPING COUNTRIES
 

produce bacteriocins in culture which are there before it can infect the roots of
 

highly inhibitory to many other strains of either hosts or non-hosts. Because P. R. L. Skiles
 
P. solanacearum, including strain 276 solanacearum is not a strong competitor Tn Postharvest Institute for Perishables
 
;hich was used in the challenge inocula- the soil ano apparently survives in the 216 Morrill Hall, University of Idaho,
 
tion. F comparison, we included two internal root tissues, where it is pro- Moscow, Idaho 83843 (U.S.A.)
 
strains of Pseudomonas fluorescens (Pf and tected from competition, it should not be
 

W163) which are saprophytes that do not difficult to isolate bacteria that aggres
sively colonize the rhizosphere and thus The Postharvest Institute for Perishables
induce systemic resistance but are highly displace P. solanacearum and other plant (PIP) was founded at the UnivFesity of
 

competitive with or antagonistic to P. pethogeniF bacteria. 
 Idaho a little more than a year ago for
the purpose of identifying the causes of
 
The use of rhizobacteria appears to be postharvest losses and developing methods
 

Seed pieces of the cultivar Ontario were particularly promising because of their for their reduction in vegetables, fruits, 
immersed in suspensions of these bacteria highly persistent nature. Once they are roots, tubers, oil seeds. nuts, and spices 
(105 to 108 CFU/ml) and then planted. applied to potato seed pieces, perhaps in in developing countries. The potato, as a 
Approximately 1 month later, the plants dry powder form, and the seed is planted tuber crop, receives much attention in PIP 
were inoculated with straii 276 by the in moist soil, rhizobacteria should col1- because its area of cultivation is in
stem puncture technique. In one experi- n~ze the root surface of the developing creasing in the deuelopinc countries, aiid 
ment, plants from tubers treated with W63, plants and remain there until harvest, it clearly appears that this trend will
 
B82 and 70 developed symptoms less fre- Such long-lasting colonization with the continue in the years to come.
 
quently and more slowly than un'.reated proper bacterial strains should result in
 
plants or those treated with other bac- effective control of P. solanacearum. There are numerous postharvest loss prob
teria. In plants treated with W163, no Research shoula be initlated as soon as lems associated with potato production and
 
symptoms were evident even by 44 days possible to select the most efficient marketing, and it is reasonable to expect
 
after infection, but only when the plants strains of rhizobacteria from tropical that these problems wil'iincrease in
 
were kept at relatively cool temperatures, soils. proportion to expanding areas of cultiva-

When the experiment was repeated but the tion. In addition, new postharvest prob
plants were kept at a constant 28°C after References lems may appear as a result of the de
inoculation, only strain 70 gave a signif- velopment of new potato cultivars adapted
 
icant level of control. When similar ex- Burr, T.J., M.N. Schroth, and T. Suslow. to environments that were previously mini
periments were carried out with cultivar 1978. ircreased potato yields by mal or subminimal for potato production.
 
Russet Burbank, rather than Ontario, no treatment of seedpieces with specific These problems may involve diseases, in
resistance was evident with any of the strains of Pseudomonas fluorescens and sects, short term or long term storage
 
treatmenzs. In fact, plants inoculated P. putida. Phytopathology 68; 1377- ability, chemical changes during storage,
 
with strain 70 died before they reached 138. or various other factors.
 
the height necessary for challenge Granada, G.A., and L. Sequeira. 1981.
 
inoculation. Survival of Pseudomonas solanacearum in There are many highly qualified special

the soil, rhizosphere, and plant roots. ists around the world who are directing
 
Several modifications leorthe original Phytopathology 71; 887. their research to the solution of specific

procedure have been attempted with Ontario Jackson, M.T., a n L.C. Gonzalez. 1981. postharvest problems in potatoes. The
 
tubers. In one, prior inoculation was Persistence of Pseudomonas solanacearum success of their efforts over the years
 
attempted by injecting the bds rather (Race 1) in a naturally inTested soil in can easily be measured by comparing, for
 
than by dipping the entire seed piece. In Costa Rica. Phytopathology 71; 690-693. example, the cooking, baking, storage, or
 
this instance, bot; strains W163 and B82 Kerr, A., and K.Htay. 1974.IBiological nutritional characteristics of today's
 
gave a substantial level of control. control of crown gall through bacterio- :-ltivars with those grown a few years
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ago. Nevertheless, these specialists con-	 nologies to 
a specific postharvest prob- In addition to these immediate benefits
tinue to set 
higher standards for the lem, such as proper long-term storage con- derived from marketing studies, there may
characteristics of potentially new.culti-
 ditions for potatoes, may have minimal 	 be long-term 
benefits with scientific,
vars, and new avenues of research, such as 	 effect on improving the quality of the social or 
economic importance. The need
genetic engineering, encourage those in 	product that reaches 
the consumer. This for new long-term research may be revealed
research to 
focus greater efforts on spe- is because 	all phases of the marketing that could have far-reaching effects. Alcific postharvest problems, 
 chain are very closely related, and no one 
 so, the effective reduction of postharvest
 
In developing countries many of the post-

phase can be treated as an isolated event, losses in a crop such as potatoes creates
Superficially it might appear that the an atmosphere conducive to exporting in
harvest 
problems in potatoes are related scientific studies done in other places the natural or a processed form. This, of
to the transition from the traditional 	 and times to develop the proper storage 
 course, can have very positive effects in
subsistence farming to production for a 	conditions 
were faulty, but that usually many sectors of a national economy.
market. This, in many cases, is directly is not the case. Nevertheless, the latter
related to the transition from an agri- must be taken into consideration. Not so Participants may obtain literature which
cultural to an industrial economy inthose 	 much because the scientific work was faul- describes in greater detail the operations
countries. This transition has been un-
 ty, but because the parameters may vary 	 and facilities at the Postharvest 
Instifolding for many yeirs and will likely 
 because of differing environments, growing 	 tute for Perishables, as
as well a reprecontinue for many mo e years to come. The 	 conditions, cultivars or other factors. 
 sentative sample of a literature search,
farmer who previously produced primarily 
 and the means for obtaining more informafor his own needs and sold or bartered a 	 It isa consequence of the close relation-
 tion by writing to the above address.
small surplus amount now has the incentive ship that exists between all phases of the
 
to produce primarily for a growing, urban, 	 marketing chain that 
PIP has emphasized

industrial population, 	 the development of a capability to analyze
 

the entire marketing system when the In- RECOMBINANT-DNA TECHNOLOGY AND IMPROVEMENT
As a consequence of this incentive, farm-
 stitute initiates a study of a postharvest OF POTATO QUALITY
 
ers are attempting to satisfy the market problem. Not infrequently, unidentified
 
demand, but in many instances they are not 	 or unrecognized predisposing factors have 
 J R Sowokinosintroducing high quality produce into the 
 a greater effect on later crop deteriora- Uirs oMin n.
marketing channels that will terminate 	 tion than an-
at identifiable factors 
at the University of Minnesota, St. Paul, Miothe consumer level. There are undoubtedly 	 point where loss is seen or measured. nesota 55108. Red River Valley Potato

various complex reasons for this situa- Research Laboratory, 311 5th Avenue,

tion, but they probably originate vrimari- Furthermore, it is quite likely that broad N.E. Box 113, 
East Grand Forks, Minly from a lack of knowledge of what the analyses of market systems will be in nesota 56721.

market demands, i.e. quality, quantity and greater need in the years ahead as devel
timing of consumer desires, and the char- oping countries progress fror subsistence

acteristics or techniques of production, farming to farming in order to supply an Abstract

handling or processing that will allow urban market some distance away, and then
potatoes to progress through the market to production for an export market where Recent developments in molecular biology
with the least amount of deterioration, 	 the efficacy of a good postharvest hand-
 and recombirant-DNA technology in proka

ling system receives its maximum test. ryotic bacteria have led to a surge of
In most countries commodity price does not 
 interest in plant-cell research. At prenecessarily signal needed changes. There- When PIP completes a detailed analysis of sent, however, direct "genetic engineerfore, the farmers or producers are not the entire marketing system where 
post- ing" of plants themselves is still 	primaware of problems beyond 
the farm gate harvest losses occur, several valuable itive when compared to achievements with
that could be reduced if the Farmers were 
 purposes are served: 	 microorganisms. Of more immediate apto change their practices for the purpose Isolation of the various points 
in the plication is the molecular cloning
of controlling postharvest losses. An- market channel where losses occur 	
of
 

plant-DNA in bacteria. The associated
other significant factor is that the Development of a concept of the import- techniques of molecular biology have alfarmer probably lacks the finances 
and ance of various causal factors of los- ready contributed new information on the
facilities to implement the necessary im-
 ses in relation to the whole, structure of plant genes and on the
provements. 	 mo-

Application of a methodology 
for loss lecular nature of genetic variation. This
 

assessment provides the basis for de- article is concerned with identifying re-
It is axiomatic 
that a high quality prod- termining priorities in a loss reduc- search areas that need exploration before
uct must leave the farm if a high quality tion program. recombinant-DNA technology can be effiproduct is to reach the consumer. Simi- Providing information relative to the ciently utilized to improve potato quality
larly, any quantitative or qualitative 
 impact that could be realized from the in the 21st century.
damages done to 
the crops are cumulative application of appropriate technology

through the various phases of the market-
 to specific loss points in the market Introduction
 
ing chain, and are also irreversible, channel.
 

Defining areas where long-term research Techniques of fn vitro DNA recombination
Usually the first steps in the postharvest is indicated, 	 transfer
and FE7sTst of four stages as
life of 1 crop are simple packaging and Obtaining data or other information to follows: a. seiection of genes and vectorsstorage on the farm in preparation for be used in 
tuture training of indivi- of interest, b. preparation for splicing
shipment to ,arket. All too often it is
also 	 duals or organizations involved in the the gene of interest into the vector, c.
at the yarm level whLre the first entire marketing system. 
 insertion and maintenance of the recombifactors occur, such as 
rough handling and 	 nant-vector in a suitable host
factorsecoccnrfsuch 

bruising, poor and tem- With this 


assiroughlhandlingland	 and d.
 
packaging, poor 	 information a well-designed selection of the desired clone (Dally
porary storage conditions, that contribute 	 postharvest loss reduction 

et
 
program that al., 1981). Just how soon "genetic engito the early deterioration of the product. 	 concentrates systematically on the indi- neering" techniques can be used to improve


cated points in the marketing channel can quality of complex eukaryotes, such as the
After the crops leave tne farm thpy may be 	 be initiated. An analysis of the infor- tetriploid potato ,lant, will depend not
rehandled, repackaged, shipp-d and stored 	 4
mation ran be made by various organ '-- only upon technologiL;l advancements du
several times before they reach the con- tions or entities, such as regional or ring tne next 18 to 20 years but also upon
sumer. And at each stage further deterio-
 national governments, multilateral donor 	 economic considerations. The growing deration may occur as a result of improper 	 organizations, or private sector interests 
 mand for food and other agricultural
handling, packaging or storage. Through- in order to determine thei,- points of en- products should be arple practical justiout this chain, therefore, damaging events try into a program that would 
 include fication for undertaking the enormous remay occur that have a serious effect on 	 postharvest loss reduction as one of its 
 search effort that will be needed to apply
the final quality or quantity of the prod- objectives. the techniques of DNA transfer to create
uct, and all too often the individuals 
 improved variety types.

responsible for those events are unaware 	 Concerning training, 
the information can
of their magnitude or ultimate effect, 	 provide a strong and vital basis for dem-
 State of Art - Year 1982 to 2000

This, again, frequently relates to a lack onstrating to the people involved in the
of knowledge or an inability to effect any channel - whether production, handling The latest strategy in applying 
microchange. 
 shippiog, packaging, storage, distribution 	 biological techniques to traditional agrior retailing - the importance and value of 	 cultural practices has been the introduc-
Unfortunately, it is often seen that the 	 their individual contributions toward re-
 tion of foreign DNA into plant cells
application of known and established tech-	 ducing rnstharvest losses. (Brill, 1981). 
 This practice could open
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the way for direct genetic engineering of thesis in potato cells (Sowokinos and lytic properties of ADPglucose pyrophos
the plants themselves. Although efficient Priess. 1982). The gene for this enzyme phorylase Inpotatoes. Plant Physiology

procedures for the transformation of plant inE.coll has been isolated and elucida- (inpress).

cells have not yet developed, some success tion oT-Tts complete nucleotide sequence

has been achieved by using cauliflower isnear completion (Baecker et al., 1981).

mosaic virus (CaMV) DNA and T1 plasmid DNA Initial studies with the potato gene would
 
from Agrobacterium tumefaclens (Postgate involve its amplification in E.coli fol
and Cannon1981). Both of these nucleic lowed by its reisolation. Large amounts NEW POTATO STORAGE TECHNOLOGY
 
acid strand,. are potertially useful for of this specific DNA segment would permit
 
vector construction. Scientific knowledge nucleotide sequencing and other investi- W.C. Sparks
 
needs to greatly expand in four major gations given under research area B listed University of Idaho, Aberdeen
 
areas of research before the sanctity of above,
 
the potato cell nucleus will be The potato, Solanum tuberosum L. together
 
beneficially altered by genetic en- Recombtnant-DNA Technology and the Potato with other cutivated species of Solanum,
 
gineering. These individual research - The 21st Century isprobably the most important and nutri
areas are as follows: tious vegetable inthe world today and Its
 

Many of the systems the plant molecular use and distribution is being expanded
 
a.Identification of potato genes of biologist explores that have some signifi- each year. In the past the potato was
 

agricultural importance. 	 cance for yield, quality or resistance to grown mostly inthe temperate regions and
 
b. Isolation and characterization of the disease and other stresses, are inmodern at high elevations inthe Andean regions,
 

structure 	and regulatory properties of terms almost unexplored genetically and whereas, now potatoes are grown inregions 
(Day, Exceptions otherdiverse in climate, photoperiod,thosethese genes and their gene products, biochemically 1981). as growing cunditions as foundand 

c. Identification of vectors (naturally include the modification and Improvement north of the Artc Circle, in arid equa
occurring or chemically constructed) that of certain grain storage proteins. Many torial regions, and those of the tropical
 
are compatable with potato cells that can diseases caused by viruses, bacteria, and
 
be spliced with the desired genomic seg- fungi could be controlled by single major low lands.
 
ment. genes found inwild species. However, so 'he production and storage technologies

d.Development of methods to effectively little isknown about the biochemistry of T
 

introduce the recombinant-vector into po- plant disease resistance that we can still employed in these diverse conditions, of
 
tato cells (i.e., cultured or protopldsts) only guess what the products of such genes necessity, must be aifferent. However,
 
and to identify regenerated plants that are or what mechanisms are responsible for storage anywhere has as one main objective
 
express the desired trait, distinguishing between a resistant vs. a - the maintaining of high quality, nutri

susceptible response. (Day, 1981) Future tious food material inan edible and use-

Major advancements during the remainder of production of superior varieti'-types uti- able condition over as long a period as is
 
the 20th century may result from insertion lizing genetic enginecring techniques, necessary.
 
of various plant genes into bacteria, depends greatly upon the scientific con- The subject of "New Storage Technologies"
 
Subsequent growth of the recipient bacte- tributions made inthe four research areas
 
rium to form a clonal population of cells, listed previously. A few of the possible should be persued from two distinctly dif..
 
from which plant-DNA can be reisolated, benefits that may ultimately evolve from ferent avenues:
 
can provide large quantities of the pu~e such research inpotatoes and other crops 1) new potato storage technology as re
plant-DNA sequence. With large quantities are: (a)introduction of resistant genes
 
of pure DNA sequence, extensive studies, to prevent attack by pathogenic fungi and lated to the developed countries where
 
including nucleotide sequencing, can be bacteria, (b)increases in key plant pro- power, chemical inhibitors, refrigeration,

carried out (Floveli, 1981). Important ducts, (c)increases inthe resistance of and capital outlay monies are available to
 
biological investigations have been initi- plants to saline, high acid, heat, and proressing and fresh market, and
 
ated tflat may lead to an increase inpho- cold stress environments, (d) insertion 2) storage technology needed for the
 
tosynthetic efficiency. The large subunit and expression of nitrogen fixation genes developing countrie which may not neces
of ribulose bisphosphate carboxylase from and (e)increases inphotosynthesis effi- eve opn e ne wichpmaynot nec 
chloroplast genes of wheat and maize has ciency, carbon assimilation and yield, sarily involve new principles, but which
 
been cloned in E.coli making the protein Would require the practical, inexpensive
 
available for ituTis of Its regulatory References application of already known principles
 
properties (Flavell, 1981). Other studies and technology to the conditions presently
 
using microbiological techniques involve Baecker, F.A.. C.E. Furlong, and J. existing in the various developing coun
the insertion of nitrogen-fixing genes Preiss. 1981. Nucleotide sequence of tries.
 
nif genes) into yeast and cereal plants the GLG gene cod'ng for ADPglucose syn- Practical and proper transfer of this
 
Brill, 1981; Postqate and Cannon, 1981). thetase from E.coli. Pacific Slope Bio-


Segments of chloroplast DNA have been map- chemical ConTeriiiS, University Cali- technology to the various and different 
ped in a number of species including fornia, Davis, June 28 - July i t situations existing in the developing
maize, pea, spinach, and wheat. Every stract, p.22. countries today isone of the most impor
segment has been cloned in bacteria and Brill, W.J. 1981. Agricultural micro- tant tasks facing us in the next few
 
consequently large quantities are avail- biology. Scientific American 245; years

able to map and sequence (Flavell, 1981). 198-215. Maintenance of proper environmental con-
Analysis of the structure of plant genes Dally, E.L., D.E. Eveleigh, B.S. Montene- ditions within a potato storage by sophis
could aid in the eventual unraveling of court, H.W. Stokes, ar.dR.L. Williams. ticated air ventilation systems and proper
the complex biological control mechanism 1981. Recombinant DNA tecnology - food management of fans, humidifiers, sprout
regu1iting their expression at the mo- for thought. Food Technology 35; 26-33. inhibitors, and electronics using com
lecular level. Day, P. R. 1981. Plant biochemTstry - a puterization and remote sensors are being 

cinderella too long. Trends inBiochem- utilized today to maintain the raw product
 
Recent utilization of recombinant-DNA ical Sciences 6, (NO 3), :-II. inits highest state of quality over long

methodology has led to the development of Flavell. R.B. 1991. The analysis of plant periods of time. New advances are being
 
a new method for screening large numbers genes and chromosomes by using DNA made on types of insulating materials,
 
of potatoes for spindle tuber viroid cloned in bacteria. Philosophical where and how they should be applied to
 
(PSTV) (Owens and Diener, 1981). Transactions Royal Society, London. B reduce refrigeration requirements, fire
 

292; 579-588. hazard, an' how to protect these materials 
The development of new potato varieties Owens, R.A., and T.O. Diener. 1 81. Sen- from climatic and mechanical destruction. 
which are higher in solids content would sitive and rapid diagnosis of potato Work at the University of Idaho Research 
increase their value for processing mar- spindle tuher viroid disease by nucleic and Extension Center at Aberdeen, Idaho 
kets as well as increase the caloric value acid hybridization. Science 213; show that application of polyurethane in
of this innately wEll-balance food. Re- 670-671. sulating material on the exterior of the 
combinant-DNA techniques Yiiebeing con- Postgate, J.R., and F.C. Cannon. 1981. building has reduced the heat transmission 
sidered for the gene which directs the The molecular and genetic manipulation from.the outside to the inside during the 
formation of ADPglucose pyrophosphorylse of nitrogen fixation. Philosophical summer months (thus reducing the refriger
inpotato cells. The ADPglucose pyrophos- Transactions Royal Society, London. B ation requirement); has reduced the fire 
phorylase gene has recently been identi- 292; 589-599. hazard; has reduced insurance rates; has 
fled as being of agricultural importance. So-w-oTinos, J.R., and J. Preiss. 1982. reduced the amount of labor to apply the 
Its gene product has been suggested to Pyrophosphorylases in Solanum tuberosum material in addition to reducing the 
regulate solids formation or starch syn- Il. Purification, physTcal andcata- amount of insulating material needed (no 
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purlins or beams to cover); and has THE NATURE OF RESISTANCE TO POTATO Cysts of three G. oallida pathotypes
reduced condensation because there are no CYST-NEMATODES (Table 1) were multplied on two S. vernei
metal to metal contacts with the outside 
 hybrids, 62.33.3 and 65.346/19, whiEFi
climatic conditions. 
 A.R.Stone and S.J.Turner-1/ resistant to some pathotypes and are par-

Rothamsted Experimental Station, tially resistant to others, supporting
Other new technologies being 	considered 
 Hanpenden, Herts., AL 5 2 JQ multiplication at a low rate but with
included solar cooling and refrigeration, 
 Pf/Pi > 1 (Kort et al., 1978). At the
new types of inhibitors and new methods astart 
 of each season an inoculum of 30
and environments to reduce sugar buildup -Present address: Nemtology Laboratory, crushed cysts 
was added to single potato
inpotatoes destined for processing. DANI, Felden Mill Road, Newtownabbey, plants in pots. The new generation of
Co-Antrim, N. Ireland. 
 cysts produced was extracted from the soil
These new technologies will require a con-
siderable outlay of funds, cons~quently 	 and dried after senescence of the potaare 	 toes, stored until the followin6 season,not readily adaptable to the develop- Cyst nematodes are specialised parasites, te sto edntil the se
 

ing countries today; however, many prin- presumably products of co-evolution with clones on which thy had been raised and
ciples already available can be utilized their hosts, a process which has tended to 
 onto Arran Banner, a fully susceptible S.
by the developing countries with a minimum produce complexes of similar species and
outay.
ofcpita
of capital outlay. Onene of thesethee princi-prnci- pathotypesPathotypes wi.hinare species (Stone, 1979). tuberosum cultivar.
o 	 defined as variants ofaffd 
 h

pies now being put to use irseveral coun-
 Treatments were replicated five-fold where
tries isthe use of natural diffused light cyst nematode species which differ from possible. The process was carried out
fthers intheir ability to multiply (viru-
for the storage of seed potatoes. Another lance) on particular plant genotypes known 

five times, giving counts of the F] to F5
 
is making 	 generations of cysts. Some
use of diurnal fluctuations in as differential 	 populations
temperature and evaporative cooling to 	 hosts, after the general
definition of Robinson (1969). Virulence did not reproduce sufficiently well to
minimize the temperature buildup due to isdefined as inVanderplank (1978). The maintain selection throughout the experirespiration. Using the principle of cold evolution of such relationships seems ment and were abandoned. Counts of cysts
air being heavier than 
warm air. Dig a likely to depend upon the selection of of each population recovered from each
pit under a slatbottomed storage (Figure major genes for resistance in the hosts hybrid were expressed as a percentage of
1) and, partially fill the pit with water, 
 and major genes for virulence inthe nema- the grand mean for all populations on
 
ring the night the cold air would settle tode, acting according to Flor's gene-for- Arran Banner, and are shown (Figure 1)


into the pit cooling the water and air gene hypothesis. Parlevliet and Zadoks together with a fitted common slope. Sigunder the storage. Then during the day (1977) 	 in the case of
have argued that even nificance the linear regressions of
unroll a wick material into the water and of polygenically based horizontal resist- these percentages on successive genera
by evaporative cooling, cool the air which ance a gene-for-gene action may operate. tions are listed (Table 1).

will be drawn up through the potatoes by
convective currents. 	 The increases observed suggest that selec-
Also an evaporative Resistance to potato cyst-nematodes has tion fur an unknown number of major virucooling pool can be built inthe roof of a 
been shown to be mediated by major genes lence genes occurred inthe nematodes and
storage. Ventilation can be accomplished in Solanum multidissectum (Dunnett in that the S. vernei hybrids must have corby a man-powered fan (pedalled 	like a bi- GregoFI-3), S. kurtzianum 
(Huijsman, responding m-a-jrgenes for resistance.
cycle) which can force or draw cooler air 1960), S. spegaz-zinii (Ross, 1962) and in The unselected populations we began withup through the storage. Itcan be oper- several-lines of S. tuberosum ssp. andi- will have contained only a small number ofated at night to take advantage of thethe (Toxopeus anJH 1953; Hwad wilhvgcnandonyasalaubrowithea 	 gsman, individuals genotypes including the
cool night air and can be coordinated with et al., 1970). Evidence that 
the gene- virulence genes necessary for development
evaporative cooling inthe daytime. ?ror-Tne relationship does indeed govern on the resistant host but this number has
 
These are only a few of the many ideas or interactions between potato cyst-nematodes been increased by selection. The rate of
and potatoes with major resistance derived increase will depend on the number of reprinciples that cn be adapted 	for use by from S. tuberosum ssp. 
 d and S. sistance genes 	present in the resistantthe people in th. developing countries to multidiss-ctum has been pro uce , (Jon's hosts and the frequency of virulence genes

maintain their potatoes in a. edible and e 1ta. Pan inthe nematode populations. The varying,
useable conditions for a period of time. emi-strated that incrosses between viru- partial resistance of some S. vernei
 

lent and non-virulent pathotypes of the hybrids to G. pallida (Simmonds, I97TTs
 
same nematode species, the numbers of explained btiiusiypothesis.

hybrids produced on resistant plants were
 
close to those expected if itwas assumed The formon slope gave a rate of increase
 
khenotypes able to produce females were of fenales ineach generation able to renomozygous fcr a single recessive gene. produce on the resistant clones of 0.1.
 

J.N. Perry (unpublished) has simulated a

Of the sources of resistance 	to potato population increasing at such a rate on a
~ l
i, ~~ ~ ' 	 cyst-nematodes utilised inthe last three polygenetic host using the model of Jones 
decades, all except S. vernei have been and Perry (1978), with an initial propor

',' U iLso identified as providig majo-rgenes, main- tion of females able to reproduce on the
ly conferring resistance against Globodera
rostochiensis. 
 InS. vernei resistance
 
believed to be mediatedby polygenes (Gof
fart and Ross, 1954; Rothacker, 1958) or


SOIL due to a complex of major and minor genes
 
. Ross, 1969; Huijsman, 1974). Simmonds
° 


__________ ' <IL M73, 1974, 1976) argued that this re- - . : -i 
sistance was of the horizontal or field --

J type and inherited polygenically. Much importance has been attached 
to the S. . 
vernei sources and their ;;ybrids because - - - 4 

Figure I. Simple storage for market the-yprovide resistance to G. pallida ass , L
Seating potatoes. well as G. rostochiensis, and because the j
Slatted floor for ronvective cooling, resistance was believed to be non-patho- . 
Reed sides (light proof to prevent type specific. However, the partially ? 
greening. Cool air settles down into pathotype specific nature of the rcilst- 6!'.
 

area under storage at night. During day anbc inhybrids of S. vernei (Kort at al., m ,

wicking material unrolled into water. 1978) suggests that-th-'1'MTnot so-nU-we

Evaporative cooling cools storage during investigated this relationship 
 further. Figure 1. Mean counts ineacl jeneration
day. 	 Ifthe resistance is mediated by several of Globodera pallida populations selEitmajor genes then tests of the type used by ed on Solanumerne_ hybrids, expressed


Jones and Parrott are not practical and we as percen--ageso-Tte mean of all popu
have used a different approach, observing lations ineach generation on susceptithe changes in numbers of cysts produced ble S.tuberosum. The broken line shows
 
on S.vernei hybrids when G.palida popu- the common slo--pe rate of increase)
(i.e.

latTons were maintained di them for sev- fitted to the linear regressions derived
eral generations, 	 from the data. See Table I for key.
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Table 1. Globodera pallida populations

selected oF-rfi-vegene-raons on resist-

ant Solanum vernei hybrids. 


Population Patho- Hybrid Regression

type signifi-
type
sg 


cant at 

P 


1 Glarryford Pal 65.346/19 5% 

2 Glarryford Pal 62.33.3 (10%) 

3 LOC Pa2 62.33.3 N.S. 

4 Wainfleet Pa2 65.346/19 %
5 Wainfleet Pa2 62.33.39 N1 


6 Crowl (CA) Pa265.346/1962.33.3
6Crow et) N:S:
Pa2 

7 Crowle Pa262.33.3 5%
8 Crowle (CH) Pa2 62.33.3 N.S.
9 FrnwegenH) Pa 65.3./1 .
 

9Frnswegen Pa365.346/19 i%
10 Frenswegen Pa3 62.33.3 5% 


resistant host of 0.1 and an initial Fopu-

lation density of about 5 eggs g . A 
single generation was assumed each year.

This was compared to a simulated popula-

tion, with identical initial values, in 

Hardy-Weinberg equilibrium on a host with 

single gene resistance, allowing only 

doubly recessive females to reproduce,

The latter population was initially se-

lected more rapidly but after eight years

there was little difference between the 

populations. After nine years the popula-

tion on the polygenetic host was assumed 

to be fully selected and the two popula-

tions were virtually indistinguishable, 

both in numbers and in ability to repro-

duce. Selection of virulence against

polygenetic resistance also occurred, but 

at a slower rate, when extended rotations 

of the resistant potato were modelled. 


The G. pallida pathotypes currently re-

cognfsedhaive been defined by their per-

formance on S. vernel hybrids including

62.33.3 and 69.34-71,and characteristics 

of pathotypes will depend on the particu-

lar major virulence gene composition of 

the nematode populations chosen when the 

pathotypes were defined. Considering the 

heterogeneity demonstrated in G.pplida

by our results itseems unlikely that a 

the field populations encountered will 

have the same combinations and frequencies 

of virulence genes as the populations used
 
when defining the pathotypes. Because of 

this some field populations will not be 

clearly identifiable as single pathotypes 

withlteacentaeascm e. pParrott,
within the current scheme. 

In conclusion, theoretical considerations 

and experimental evidence suggest that in 

all cases resistance inpotatoes to potato

cyst-nematodes is dependent upon major 

genes and ispathotype specific. As addi-

tional sources of resistance are exploited

further pathotypes will be recognised. 

The present pathotyping schemes (Kort et 

al., 1978; Canto and de Scurrah, 197 T 

wiich depend upon differentials endowed 

with multiple, unspecified resistance 

genes will fail to characterise some popu-

lations but until all resistance genes

involved have been identified, a more pre-

cise classification is unlikely. Fortu-

nately the biology and population dynamics

of potato cyst-nematodes coupled with ex-

tended host- _p rotation do not favour 

rapid selection and spread of virulent 

genotypes but where such heterogeneity

exists in field populations, resistance 

may have a finite life whether itisbased 

on single or multiple major genes. 


During the course of this work S.J. Turner 

was supported by a United Kingdom Science 


Research Council Award and by The Perry

Foundation. 
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Summary
 

Dilution-counting of juveniles of pota
to cyst nematodes (Globodera spp.) is

tedious, time-consuming-andsubject to
 
operator-error. Measurement of nematode
 
adenosine triphosphate (ATP) by biolumi
nescent photometry offers considerable
 
potential in resistance screening pro
grammes for the assessmert of true multi
plication rates of potato cyst nematodes
 
on the potato.
 

Introduction
 

The potential for exploiting the relation

ship between the number of potato cyst
 
nematodes (Globodera spp.) (PCN) and their
 
content of adenosine triphosphate (AN ) as
 
a method of counting nematodes has been
 
uggested by Atkinson and Ballantyne
 

(1977a, b) and examined in relation to
 
soil fumigation practice by Bunt and Van
 
Eck (1978), Storey and Atkinson (1979).

This paper reports on the potential of the
 
method for the rapid assessment of multi
plication rates of potato cyst nemafode
 
inscreening for resistance inthe potato,

by substituting ATP measurements for con
ventional visual dilution-counting of ju
veniles.
 

Results and discussion
 

An initial experiment, using an Aminco 
photometer and crude (firefly-tail) ex
tracts of Luciferin-Luciferase enzyme to 
measure the reaction: Nematode ATP + 
Luciferin-Luciferase - Biolomuniscence, 
measured PCN-multiplication on two sepa
rate occasions on three clones of dif
ferent susceptibilities to PCN grown in 
the laboratory (inclosed containers) and 
in the greenhouse. Multiplication rates 
're adjusted for unhatched juveniles

'standard volumes of cysts as a re-

Jverable inoculum (Marks and McKenna,
 

http:62.33.39
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1981) after 5- and 12-week host-contact 

periods. Although considerable variabili-

ty was apparent between individual repli-

cates within tests, the composite data for 

pathotypes Rol and Pa3 (Figure 1) were 

sufficiently encouraging to merit further 

work. 


Is 	 o 
.
 

* %• 
Labraor 	 ST . 

Caashm ° 
Lry LT 


W 0I.
Pf/e , ) 


Figure 1. Comparative estimates o
PCur pICmatirates f mean
est
PCN-multiplication rates (Pf/Pi) (n= 5)
 
assessed by ATP and visual dilution-

counting methods under different test 

conditions. Data points refer to both 

short (ST) and long (LT) host-contact 

periods of inoculum on test plants (5-

and 12-weeks, respectively). 

Pf/Pi estimates have been corrected 

for unhatched juveniles in retrievable 

standard volumes of cysts used as 

inocula. 


Work was subsequently initiated to de-

velop on alternative ATP assay using a 

Lumac Luminescence Celltester (Model 

1030). This instrument is capable of 

providing rapid sequential ATP measure-

ments using purified preparations of 

Luciferin-Luciferase, however, work with 

pure ATP standards resulted in the detec- 


Table 1. Mean hatch of G. rostochiensis 


tion of inconsistencies in measurement by

this instrument. Therefore, cysts ob-

tained for comparative work on visual 

dilution-counting and ATP assessments of 

resirtance for a large number of clonal 

accessions of potato have been retained 

until current problems with the Lumac 

Celltester can be satisfactorily resolved. 


The initial tests showed clearly that 

hatch of inoculum from cysts can be varia-

ble and considerably less than the 100% 

assumed in conventional resistance test-

i. (Table 1). 	 that
Ing. It is suggested 

residual estimates of unhatched inoculum 

are necessary to obtain estimates of 

'true' multiplication rates (Pf/Pi) and to 

reduce this (significant) component of the 

'environmental' influence on the repro-

ducability of partial resistance assess-

ments (Table 1) or, indeed, in tests of 
pathotypes on differentiating cultivars
 
(Kort, et al. 1977).
 

Unless suitably automated methods of 

counting nematodes are available this re-

quirement is unlikely to be a practical
 
proposition for large-scale testing of 

PCN-resistance in the potato. The ATP 

method may provide a satisfactory prac-


tical solution to this problem.
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No. host-contact time (weeks) 


Glasshouse 	 Laboratory
515 
 12 

2906 Rl 49.2 49.5 2. .1 5 
8 
2 

49.2 
50.6 

49.5 
35.3 

27.0 
38.3 

28.1 
37.9 

F49/52 Rol 1 32.7 48.8 40.5 42.6 
2 41.2 59.5 33.4 17.6 

F49/52 Pa3 1 18.0 33.7 42.2 62.7 
2 39.3 33.1 41.4 48.8 

Pentland Rol 1 13.6 44.4 28.7 50.6 
Crown 2 42.9 54.7 41.9 58.2 
Pentland 
Crown 

Pa3 1 
2 

22.4 
45.0 

42.7 
39.7 

37.8 
49.0 

55.4 
54.4 

Means Y Rol 37.6 52.7 34.1 41.8 

Pa3 
(2.66) 

33.1 
(1.90) 

37.1 
(2.93) 

41.5 
(2.39) 

51.3 

ALL 
(3.02) 

35.4 
(2.70) 

44.9 
(2.41) 

37.8 
(1.95) 

46.5 

./ In parenthesis: factors by which the assumption of I00% hatch of inoculum under 

estimates true Pf/Pi viz. increases apparent resistance, 
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Introduction
 

The success of TPS technology will depend
 
on the production of required amounts of
 
true seed carrying desired attributes to
 
produce high yields of commercially ac
ceptable tubers. For this, a complete
 
understanding of the reproductive biology
 
of potato is necessary to locate important
 
components which directly or indirectly
 
affect TPS production and performnce.
 

Secondly, well thought out short term and
 
long term strategies must be defined to
 
deal with each of the components for
 
yielding the required quality and quantity
 
of true potato seed capable of producing
 
high yields of tubers under specified
agro-ecological 
environments.
 

Components in reproductive biology:
 

Flowering
 

Long days (Patterson, 1953) and late
 
planting (Rothacker, 1957) are generally
 

to flowering. Most Andigena
clones flower profusely but many tuberosum
 
varieties produce only a few flowers and 
in several varietie. no flowers are nor
mally formed (Howard, 1978). 

Methods for obtaining flowers and prevent
ing bud abscission are grafting onto toma
toes (Carson and Howard, 1944), and grow
ing on a brick (Thijn, 1954) or with auxin
 

treatments (Wiersema, 1950).

No information is available on nutritional
 
Noqirmatio islvaiale on nuritional
 
requirements, or cultural, or Irrgational
 
needs for flowering.
 
Types of inflorescence
 

Flowers occur in cymose inflorescence but
 
may superficially resemble a simple umbel
 
(Whitehead et al., 1953). Although such
 
descriptive-iniTormation is available,
 
there is an absence of information on the
 
extent of variability among the genotypes
 
regarding size and types of inflorescences
 
as well as inheritance of these charac
ters. Variability of numbers of flowers
 
on individual inflorescences and the num
bers of inflorescences on a plant as well
 
as genetics of these traits have not been
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studied. Importance of such Information for seed/berry. Genetic advance (as per
to TPS yield is obviotu. Table 1. Efficiency of pollen parents in cent of mean) was 69.53 for average berry
 

producing seed/berry when crossed to a weight and 103.76 for seed/berry.
 
With a view to getting some information on common female parent (K-2500).
 
variability for the number of flowers per In production of first generation hybrid
 
inflorescence among genotypes and an esti- tomato seed, (Barrons and Lucas, 1942) a
 
mate of the heritability of this charac- Pollen Seed/erry maximum of 3 flowers per cluster minimized
 

/
ter, 38 genotypes were studied. The num- parent So. competition between fruits. In potato, 
ber of flowers/inflorescence varied from such information is not available. 
6 to 26. HeLitability differences and Jeevan Kufri 206 t 20.6 
genetic advance (as percent of mean) Full dormancy and full viability are 
among the genotypes, were 89.93 and 61.82 CP-1406 167 t 27.1 developed in potato seed borne In berries 
respectively (Upadhya and Sharma, unpub- PS-4904 124 t 39.3 six weeks old or more; immaturity di
lished). This indicated substantial addi- minishes viability and, to some extent, 
tive genetic effects and that selections N-1497 57 t 21.6 also diminishes dormancy (Simmonds, 1963). 
can be effective. SLB/Z-405 (a) 103 t 8.1 Solanum ochranthum, demands a much long

er perio"'-o'f-maturity (observation by
 
Flower: - 82 157 t 43.6 Beckett, quoted by Simmonds, 1963). The
 

JF-303 88 t 47.4 appiopriate age for harvesting berries for
 
The flower in potato has been extensively maximum viability and vigor of TPS should
 
studied taxonomically. Some information JF-7886 115 t 56.4 be determined.
 
is available on the variability present JF-5106 76 t 20.1
 
among cultivated potatoes in respect to Seed:
 
anther cone size and shape as well as the 0-1141 226 t 84.1
 
size and shape of style and stigma (Sala- - 81 241 t 47.2 Generally a positive correlation exists
 

N2 


N2 

man, 1926; Pushkarnath, 1969). Deta iled between seed weight and rate of shoot 
studies of inheritance of these chara:- Kufri Safed 147 t 18.9 and root growth, at least within species 
teristics, have not yet been made. Suc- (Baker, 1972). 
cessful TPS production will necessitate a / Standard deviation from the mean. 
thorough knowledge of the implications of Dayal (1981) studied 90 F and selfed seed 
style, stigma, and anther characteristics progenes to determine thJ correlation be
for pollination and berry setting, and tween 1000 seed weight and other morpho
stigma receptivity in relation to anther Table 2. Efficiency of female parents in logical characters of the seedlings as 
maturity and opening of the flower, as iency wle ellwelluc the Signifiarommo n as tuber yield/plant. 

both are influenced by genetic and envi- producing seeds/berry with a common male cant and positive phenotypic (+ 0.4131),
 
ronmental factors, parent (CP1406). genotypic (+ 0.4510) and non-signifi

cant environmental (+ 0.1240) correlation
 
In pepper and eggplant correct information Female parent Seed/berry values were obtained between tuber
 
about style and stigma morphology and yield/plant and 1000 TPS weight. Similar
physiology, is essential for successful ly positive and highly significant pheno
hybrid seed production (Quaglotti, 1979). Kufrf Chandramukhi 65 t 3.1 typic (+ 0.3068) and genotypic (0.3628)
 

with non-significant environmental values
 
Pollen: K-2500 167 t 27.1 of correlation were obtained between the
 

Up-o-Dte112 t 9.4 number of tubers/plant and 1000 TPS
 
Pollen sterility in S. tuberosum is well Up-to-Date weight. For average tuber weight and 1000
 
known. All the cultiVate-d-genotypes of S. H.C. -294 294 ± 42.8 TPS weight the phenotypic, genotypic and
 
andigena are highly pollen fertiTe Dhankri 318 t 45.1 environmental correlations were positive
 
(Howard, 1970). but values were low and non-significant.
Craig's Defiance 207 ± 37.9
 

In hybrid TPS production pollen sterility Kufri Jyoti 117 t 24.6 The 1000 TPS weight estimations of over
 
of femalL parents would be an advantage. 320 F1 and self seed samples of tuberosum
 
Maximum heterosis for total tuber yield MT-l0 43 t 18.3 and andigena genotypes, made by Upadhya
 
was obtained (Dayal, 1981), with S. tube- MT-270 245 ± 53.8 and Sharma (unpublished) showed a large
rosum female parents and selected . an- variation among genotypes varying from
 

oena male parents, in comparison to re- MT-429 148 ± 43.5 387 mg to 1420 mg. Heritability (broad 
coca or intra group matings. 275sense)and genetic advance (% of mean)

MT-442 275 t 43.2 estimations gave values of 87.7 and 156.0,
 

Information is available for successful- MT-77-8 79 ± 13.2 
 respectively.
 
ly storing pollen of male parental lines Since 1000 TPS weight has shown high
 
(Howard, 1978). Although the use of Y_ SD - Standard deviation from the mean. heritability and positive association with
 
stored pollen gave a fairly good fruit yield and other important characters, It
 
set, 28-34%, (Chalyuk, 1978) fruit size would be easier to select such hybrids for
 
and number of seed per fruit was reduced. did not study interaction of the physio- producing high tuber yields.
 Hybrid TPS production will depend on the dnostd ineato oftepyo- rdunghhtbryel.

pollination efficiency 
 and the physio- genetic aspects of fertilization as relat

ed to environment. Such information is In a comprehensive study of morpho
genetic makeup of the female parent necessary for effective fertilization and anatomical characteristics of true potato
 
to produce highest berry set and seed for evolving methods for hormone/chemical seed, Upadhya et al. (1981) have described
 
set/berry, treatments to improve fertilization, five types of si-d based on the embryo
 

structure. These five types (Figure 1)

Cv. Desiree was the most effective po1- Berry: are designated as A to E types. Type A 
linator among 82 pollinators in 228 cros- has true cercinnate embryo characteristic 
ses (Chalyuk, 1978) judged by percentage The ovary contains numerous ovules (Young, of the sub-family Solanoidae and E type 
fruit and seed set. Upadhya and Sharma 1922; Rees-Leonard, 1935). However Infor- shows embryos thatCabEorteprematurely. 
(unpublished) determined efficiency of mation is needed concerning numbers of Types B to D are fully developed embryos 
seed set/berry of 12 pollen parents with a ovules/ovary and the degree of variability ranging in shape from an inverted "U" in 
common female parent (Table 1). Seed set among different genotypes and inheritance type 8 to slightly Lnt embryos to 
is also dependent on the physiogenetic of such characters, straight in type D. 
make-up of the female parent. Upadhya and 
Sharma (unpublished) used a common pollen The potato fruit may contain over 300 seed Preliminary data on synchrony and percent
parent on 12 female parents, and found (Smith, 1977). Upadhya and Sharma, (un- age germination of type A and type B em
wide differences exist in the average published) studied 38 genotypes and the bryos from 10 genotypes indicate that type 
number of seed set/berry (Table 2). average number of seed/berry varied be- A embryos are better than B type. Fur

tween 18 and 402. The correlation coef- thermore, seedlings from type A embryos 
Fertilization occurs within 36 hrs ficient (r) between berry weight and are more vigorous (Table 3) and have 
(Clarke, 1940) or 40-45 hrs (Williams, seeds/berry was + 0.7323 (significant at higher fresh and dry weights than seed
1955) after pollination, depending on the 1%level). Heritability (broad sense) was lings from other embryo types (Upadhya and 
environmental conditions. They apparently 95.82 for average berry weight and 95.62 Sharma, unpublished). 
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Table 5. Variation for the embryo types

inS. tuberosum, Kufri Jyoti.
 

Embryo Sample (mean t SE percentage)
 
type


"''1 Jberries 
 Within yearsWithin cations in
Within lo-


SE1 - SE same year 
SE 

A 15.9 t 4.8 13.1 t 1.4 14.5 t 1.5 
B 63.0 t 5.4 68.1 t 2.7 62.3 ± 2.2 
C 9.4 t 1.7 10.9 t 2.1 11.9 t 2.2 
D 2.8±0.6 1.5t0.6 4.4± 1.4
 
E 8.9±t1.6 6.4±t1.8 7.0±t 1.1 

SE * Standard error of the mean. 

Table 6. Effect of fruit storage before 
seed extraction on frequency of differ
ent embryo type seeds.
 

Figure 1. Five embryo types of seed found intuber-bearing Solanum species: A, cir- Time of seY Embryo type %
cinnate wild embryo-type A; B, inverted "U" shaped embryo type B; C, embryo type extraction_/with curved cotyledons inopposit directions; 0, straight embryo; and E, aborted A B C others
embryo.
 
Soon after
 
harvest 12.7 71.3 7.4 8.6
 

Table 3. Average shoot and root length of Table 4. Percentages of seed indifferent After 10 days 16.2 72.5 5.1
seedlings raised from A, B and C type F1 embryo type distribution insome Solanum 
6.2
 

After 20 days 14.4 74.5 8.8 2.3

embryos. species.
 

Mature green fruit of progeny EB/A-188
Embryo Shoot Root Solanum A B C 0 E stored at room temperature.
type lenght length species/ % % %
 

cm cm accession
 

A type embryo 3.98 3.71 nirum"/ 99.8 0 0 0 0.2
B 3.25 2.71 
 /0 Table 7. Segregation for different embryo
 
'3.09
C " 2.06 xanthocarpum- 99.8 0 0.2 0 0 types.Standard error 
 pseudo- ..
of mean ±0.053 ±0.126 99.7 0
ncasicum 0 0 0.3 Parentage Embryo type
P = 0.01 0.195 0.467 pennii_/ 90.5 6.1 0 0 3.4 

Hybrid, K-2500 x CP-1406, seed 21 days stenotomun 
 A B C others
after sowing, averages of 40 seedlings 0CH-357 89.3 8.2 0 0 2.5
per type. 
 0CH-5316 57.8 41.6 0 0 0.6 Kufri Jyoti (self) 15.9 63.0 
9.4 11.7
 
goniocalyx 
 C.P. 1406 (self) 73.9 17.9 2.8 5.4
 

Embryo type seed CP700042 55.9 39.5 3.0 0 1.6 Kufri Safed (self) 75.9 22.6
were classified in some CIP-703117 57.6 40.0 0.15 0.15 1.0 0.5
2.1 Kufri Naveen (self) 65.3 30.0 4.2 0.5
non-tuber bearing and tuber bearing Sola-
 Jyoti x CP-1406 30.5 62.0 4.4 3.1
num species. (Table 4). The non-tuber chacoense 
 Jyoti x Safed 50.3 31.0 3.3 19.3
bearing species produced over 90% A type 7 =--75 92.2 6.9 0 0 0.9 Jyoti x Naveen 59.3 25.6 7.4 7.7
seed whereas various proportions of these Wild 92.9 3.2 1.0 0.2 2.7 
 Kufri Jeevan (self) 27.8 62.1 0.7 9.4
types were present in the tuber-bearing andigena 
 Jeevan x CP-1406 24.9 70.3 4.4 0.4
species. 
 par cipa- Jeevan x Safed 23.9 71.0 3.1 2.0
 
The proportion of different embryo types cion 61.9 37.3 0.1 0.1 0.6 Jeevan x Naveen 35.0 58.6 5.7 0.7
renacimien- JEX/B-687 (self) 49.4 45.5 4.1 1.0
for a genotype isgenetically controlled, 
 to 76.6 21.1 1.5 0.5 0.3 JEX/B-687 x CP-1406 66.3 30.0 2.7 1.0
True seed of cv. Kufri Jyoti (Upadhya et CUP-199 86.8 11.3 0.5 1.4
0 JEX/B-687 x Safed 79.0 16.4 0.6 4.0
al., 1981) collected from the same loca-0

tTon for four years, from three locations tuberosum JEX/B-687 x Naveen 70.0 29.0 0.4 0.6

between 5000-8000 ft, as well as from Ku-friyot1 12.0 69.5 9.4 
 1.5 7.6
individual berries from one plant, were Kufri Kundan 54.9 38.8 4.4 0.7 1.2 implies that the general size of the seed
examined for the frequency of embryo types 
 1/ for a genotype isindependently controlled
(Table 5). Variation was of the same mag-
 - Except for these Solanum spp. all are genetically from the embryo structure.nitude between berries from a plant, be- tuber bearing.tween the three locations, and between 
 The above observations suggest there may
years. 
 have been a progressive accumulation of
 

type B showed partial dominance of type A deleterious genes in potato which affect
Seed, extracted from mature-green berries incertain combinations and inothers com-
 embryo development specifically. Censoon after harvest; and after 10 days and plete dominance (Table 7). 
 tunes of vegetative propagation may have
20 days of storage at room temperature 
 allowed an accumulation of these delete
(Table 6) were consistent once the berry

was mature. Proportionality of different Seed size affected proportionality of dif- rious genes invarying proportions indifembryo seed types did 
not change during ferent embryo types within a genotype, ferent genotypes. As such, true potato
the ripening. from an F1 and open-pollinated seed lots seed may have partially lost the potential
(Table 8)1 There was no relationship be- to give rise to sturdy seedling popula-
Crosses made between genotypes showing the tween 1000 seed weight classes of dif- tions 
capable of survival under natural
presence of a high proportion of type A ferent genotypes and proportionality of conditions. Such an interpretation is
seeds and those with low type A and high different seed types, (Table 9). This supported by the fact that seed of non
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type of colour in potatoes. Journal wards increasing the production of food of
 
Table 8. Variation for embryo type in Genetics 46; 358-360. high quality. Approximately two billion 

large (> 1MM) medium (< 1 mm - 0.85 mm) Chakyuk, N.N. 1978. Dependence of berry people, constituting nearly a half of the 
Ma). sformation following potato hybridization world's population inhabit this region.
MM). oAll
on the pollinator and pollen in rforecastse ap d y agreen thatth nthisxt figure willqual ity . a f w ec es 

Tr. Dal'nevost. NII S.Kh. (1978) 24; increase rapidly in the next few decades.
 
Embryo CUP-199 x bulk pollen F1 24-27 (Ru). From Referatvnyl Zhurni- And, the production of the principal
 
type (1980) 2.65.333. source of food; wheat, rice, and corn,
 

large medium small Clark, A.E. 1940. Fertilization and has fallen far short of the requirements
 
early embryo development in the potato. to stave off hunger and malnutritio. 

A 74.6 54.4 29.1 American Potato Journal 17; 20-25. Ironically, this is despite the benefits 
B 23.6 43.8 59.2 Dayal, T.R. 1981. Study-o- Heterosis in that have accrued from the green revolu-
C 0.6 0.9 4.9 Potato (Solanum tuberosum L.) and the tion and other technological advances, to 
D 0 0 0 use of so-TnucedTeplFids for its maximize productivity.

E 1.2 0.9 6.8 Exploitation Ph.D. Thesis, Agra Univer

sity, Agra, 191 p. Production of a diversity of other food
 
Embryo CIP-702267 (OP) Howard, H.W. 1970. Genetics of the Pota- crops, primarily root and tuber crops,
 
type to, Solanum tuberosum London. Lagos estimated at 40% of the food grain supply,


large medium small PressiL-. has been able to supplement this short
 
Howard, H.W. 1978. The production of new fall in grain production. Yet, present


A 45.7 30.0 23.2 varieties. In P.M. Harris, ed. The statistics reveal that, in the tropics, 15
 
B 50.7 60.4 35.8 Potato Crop. Champman Hall, London pp. million children die annually of malnutri-

C 1.3 4.4 7.8 605-646. tion and other related diseases.
 
0 0.3 0 0 Patterson, C.F. 1953. A method of ob-

E 2.0 5.2 33.2 taining fruits in the potato variety These facts suggest, therefore, that the
 

Russet Burbank. American Potato Journal conventional sources of food in the tro
30; 89-91.
 

Pus-karnath. 1969. Potato in India: Va- pics have started to reach the limits of
 
rieties, New Delhi: Indian Council of their productivity. Consequently, it is


Table 9. Percentages of different embryo Agricultural Research. fundamental to search for other sources of
 
type. seeds among different genotypes Quagliotti, L. 1979. In the Biology and food and the potato ha now become the
 
varying in their 1000 seed weight. Taxonomy of the Solanaceae. In J. G. focus of attention in many tropical coun-


Hawkes, R.N. Lester,_andAD. Skeldng, tries. Two principal factors have con-

Genotype Embryo type eds. London; Academic Press Inc. Ltdg tributed to this predisposition towards
 

(selfed seeds) Rees-Leonard, O.L. 1935. Microsporo- the potato.
 
100 seed wt A B C Rest genesis and development of the macro
(mg t SD) gametophyte of Solanum tuberosum. B- 1. The potato is one of the most effi

tanical Gazette 9T673-7 cient crops; it is now accepted to be su-

Kufri Jyoti 15.9 63.0 9.4 11.7 Rothacker, 0. 19T Untersuchungen Uber perior to every other food crop in its
 
524 ± 3.6 den Einfluss von Kreuzungszeitpunkt und ability to produce food per unit area per


Pfropfung auf den Bostard - Samenertrag unit of time.
JEX/B687 49.4 45.5 4.1 1.0 bel Kreuzungun - Zuischen Knollent
542 t 6.9 ragenden Solanum Arten. Der Zuchter 2. It is one of the World's most nutri-
Kufri Jeevan 27.8 62.1 0.7 9.4 27; 232-238. tious sources of food; the ratio of pro
429 t 4.4 SaTaman, R.N. 1926. Potato Varieties. tein to carbohydrate is far greater in 
CP-1406 73.9 7 2.8 5.4 Cambridge. University Press, potatoes than in many of the cereals and387 ± 4.7 Simmonds, N.W. 1963. Experiments on the other root and tuber crops.germination on potato seeds. European 
Kufri Sindhuri 43.0 39.8 4.2 13.0 Potato Journal 6; 45-76. 
352 t 5.0 Smith, 0. 1977. Potatoes: Production, These qualities, ar excellence, in the 

Storing, Processing. 2nd Edn. Connec- potato, can, therefore, contribute to the 
tScut: The Av Publishing Co. Inc. challenges that confront many tropical 

tuber bearing species which propagate Thijn, G.A. 1954. Observations on flower countries to ward off hunger and malnu
through true seeds always show only type A induction with potatoes. Euphytica 3. trition. Traditional agricultural experts
embryos (Table 5). Therefore, it seems 28-34. - may thishave reservations, Butand, perhapsthinkingscoffat suggestion. right
obvious that selection for highest per- Upadhya, M.D., R. Chandra, and Y.K. atcthi sugetion Buturi ts ii
obvigou teA oa Sharma. Potato Embryo scientist agriculturistscentage of type A seseed inncliaecultivated pota- 1981. Charac- social and willagree that these old notions are not based 
toes has to be made for the seed to regain teristics and Variation. True Potato on facts. Take the classic example of 
their potentil vigor and ecological Seed Letter 2 (1):1. wheat - a traditional temperate crop but 
superiority. Wiersema, H.T. 1950. Studiekring voor 
 is now widely used as source of food in 

Planten - veredeling, 23rd Nov. 1950, most tropical countries where many
Conclusion Wageningen, pp. 338-341. millions of tons are traded, annually.

Whitehead, T., T.P. Mc Intosh, and W.M.Six important components exist in the re- Findlay. 1953. The potato in health
 
productive biology of potato, on which and disease. III Edn. Oliver and Boyd, What of the potato? Here is a crop that
 
only a limited amount of information is Edinburgh, pp. 744. had its origins in the tropical highlands

available for achieving the required sta- Williams, E.J. 1955. Seed future in the of Peru, but now considered as a temperate

tus of TPS and for the demands of the year Chippewa variety of Solanum tuberosum. crop merely because it was bred, developed

2000. Botanical Gazette 117,FTfI and improved in the environs of Europe and
 

Young, W.J. 1922. PToato ovules with two N. America and Oceania. Even so, the po-

References embryo sacs. American Journal Botany g; tato was introduced into several tropical
 

213-214. - countries by the Europeans subsequent to
 
Baker, H.G. 1972. Seed weight in rela- their domination. It is nevertheless a
 

tion to environmental conditions in sad commentary in the history of agricul-

California. Ecology 53; 997-1010. tural development that no attempt was made
 

Barrons, K.C., and H.E.7ucas. 
1942. The to develop this crop in the natural en
production of first-generation hybrid THE POTATO FOR THE HOT HUMID TROPICS vironment of these countries with the
 
tomato seed for commercial planting. prospect of broadbasing the areas of pro-

Proceedings American Society Horti- S.P. R. Weerasingheduction. Instead, the technology devel
culture Sciences 40; 395-404. Agriculturaloped in the temperate countries was
 

Brewbaker, J.L., an-iB.H. Kwack. 1963 Poonagala Roadtranslated into the cool highlands of the
 
The essential role of Calcium ion in Bandarawela - Sri Lanka tropics. This seemingly simple develo 
pollen germination and pollen tube ment of the potato in the tropical high
growth. American Journal Botany 50; Introduction lands engendered high cost of production.
859-864. Consequently, potatoes a.*eavailable only

Carson, G.P. and H.W. Howard. 1944. Note The primary focus in agricultural research to the elite few, and even today it is P 

on the inheritance of the King Edward and development, in the tropics, is to- minor vegetable crop in the tropics. 
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Of course, all this is a part of history.

What is the future of the potato in the 

tropics? 


Potentials for production 


Statistics obtained from several tropical

countries reveal that in spite of the many

socio-economic constraints potato pro-

duction has been increasing steadily.

Nonetheless, the fundamental objective in 

developing the potato, in the tropics, is 

directed towards exploiting the qualities 

of its excellence to combat hur;ger and 

malnutrition. The potentialities for at-

taining these objectives devolves, among

other things, on two basic factors, 


1. Increasirng productivity 

2. Reducing the cost of production, 


I. increasing producivity. At the pre-

sent time, potato production in the 

tropics is confined primarily to the high-

lands. Due to steep terrain and other 

ecological Lonsiderations, the potential-

ities for substantially increasing the 

land area for potato production are rela-

tivey small. Additionally, the expected 

contribution to total production by increasing the yield is marginal. 


How can we then increase potato production 

substantially in the tropics? The only 

prospect of increasing the land area sig-

nificantly is by exploiting the extensive 

land resources in the low-lands. This 

will in effect mean that the potato must

be taken "downhill". 


The first recorded evidence of taking the 

potato downhill was in Sri Lanka (Caesar, 

1967). The results of the research car-

ried out in the late 1960's have now been 

translated into farmers fields. At pre-

sent potatoes are produced in 600 ha, at 

sea level annually in the northern part of 

Sri Lanka. The on-farm yields ranging

between 16-25 ton/ha are obtained from 

potato cultivars developed in temperate

regions, 


The production of potatoes, at sea level, 

was 
achieved by judiciously synchronizing

the time of planting with the relatively 

"cool" night temperatures that prevail

during a specific period during the year 

(Panabokke, 1980). During the period of 

growth and development the maximum tem-

peratures ranged between 29 - 320C and the 

minimum temperatures between 19 - 220C. 

These minimum temperatures are 5 - 10"C 

higher than in the traditionflly potato

growing areas of the country. Even so, it 

was found that the same cultivars produced

the highest potential yields in cli-

matically diverse locations. This sug-

gests that some cultivars have a high

degree of genetic plasticity to tempera-

tures (Weerasinghe, 1980). Recent ad-

vances in potato research in Sri Lanka 

have identified several other locations at 

sea level where potatoes can be success-

fully grown, 


Scientists at CIP adopted a different 

strategy for taking the potato down-

hill. They cooled the mirco-environment 

by adapting varied agronomic practices.

A mulch or a soil reflectant was used to 

keep the soil temperatures from rising

rapidly while retaining the moisture 

at optimum levels while the plants were 

fully exposed to the sun. Alterna-

tively they utilized a temporary shade 

until the plant canopy developed fully,

Or, by intercropping with coconut, thus, 


providing a permanent shade during the 

growth and development of the potato. 


Thus, by closely monitoring the time 

course changes in the maximum and minimum 

temperatures and/or by the 
use of varied
 
agronomic practices, the potential for 

expanding potato production in the lowland
 
tropics has been demonstrated. Never-

theless, application of these principles 

in the production of potatoes at these 

lower elevations will be dependent on 
se-

veral interacting social and economic fac-

tors. 


These advances, in potato research, have 

no doubt opead new vistas in production

in the lowland tropics which are hot and 

humid. However, the greatest challenge to 

potato production in these areas will be 

contingent on the development of heat tol-

erant strains that wil" pe-odt potato pro-

duction throughout the year without having 

to depend on the finer points of agro-

meterology and agronomy. If this can be 

achieved by the year 2000 then 
the pro-

jected objectives of substarially 

increasing the land area for potato pro
duction can be a reality.
 

2. Reducing the cost of production. The 

primary objective in increasing produc-

tivity of potatoes is to make this highly 

nutritious source of food available to a 

greater majority of the people in the tro-

pics whose incomes are low. However, the 

high cost of production is the major con-

straint in achieving this goal. For, po-

tato production is Intimately dependent on 

conventioial methods, use of disease free,

clean 'seed' tubers, which are either im 
ported from commercial seed growers and/or 
supplemented by local production in the 
cool highlands of the tropics. Estimates 
reveal that, in the tropics, 50-60% of the 
cost of production is expended on seed 

tubers. Transportation costs from distant 

points to the centers nf production and 

the products to the consumers eventLIlv 

require premium prices for potatoes. 


The scientists in the People's Republic of 

China were the first to take a pragmatic

approach to reJuce the production cost of 

potatoes by adapting the use of botanical 

or true potato seed (TPS) for the 

commercial production of potatoes.
 

This being so, research in TPS technology

is now receiving the concerted attention 

of several scientists, the world over. 

The advances so far made are encouraging.

Nevertheless, the challenges are many and 

varied. Ideally, what is expected is the 

development of true potato seed which can 

produce robust seedlings with early vigor,

with resistance and/or tolerance to the 

wide array of pests and diseases and 

adapted to the hot humid tropical environ-

ment so that potatoes can be produced at 

any time of the year. If this can be 
achieved in the next two decades it will 
revolutionize agriculture in the tropics,
and will provide a highly nutritious 
source of food at low cost, thereby, sub-
scribing to the attempts made at elimina-
ting hunger and malnutrition in the 

tropics. 


This short article has attempted to focus 

attention on the prospects that exist for 

producing potatoes in the hot humid tro-

pics. The recent advances in research 

have openend new vistas for the develop-

ment of the potato in the centers of high

population pressure with the expectation

that this highly nutritious source of food 


will be available to a greater majority of
 
the people whose incomes are low. If
 
these aims can be achieved duriaig the next
 
few decades it could well represent a sig
nificant revolution in agriculture.
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Sumiary
 

We discuss management of nematodes and
 
soil-borne diseases ina complex subtropi
cal pathosystem. The system includes
 
several plant parasitic nematodes, bacte
i fal wilt, corky ringspot disease, early

dying and tuber scurf. Different control
 
strategies consistent with the potato pro
duction system are dictated by the patho
gens present, market destination of the
 
crop and soil moisture at the time of
 
planting.
 

Introduction
 

Approximately 8-9000 ha of potatoes are
 
grown in Northeastern Florida (NEF) in a
 
zone 8-16 km wide and 50 km long along the
 
St. Johns river. The sandy flatwoods
 
soils average <2% both in organic 
matter
 
and clay content. Fields are sublayered
 
at 35-150 cm by an impervious layer of
 
clay and have poor internal drainage. The
 
clay layer facilitates use of seepage ir
rigation through a series of water furrows
 
running at 18.3 m intervals lengthwise

through fields. Following heavy rains
 
fields are drained through the same fur
rows and aided by cuts made across rows in
 
low areas of fields. The crop is grown on
 
ridged rows having apices of ca 35 cm and
 
spaced on 102 cm centers. The crop is
 
planted in December-February and harvested
 
during April-June. Traditionally 80-90%
 
of the crop has been sold to potato chip
 
processors, largely through preseason con
tracts. However, due to more favorable
 
prices in the fresh market during the past

2-3 years, the proportion being sold as
 
table ware has increased to nearly 40% of
 
the total NEF production. A summer cover
 
crop of sorghum (Sorghum vulgare x Sudan
 
grass hybrid) or volunteer cockleburr
 



(Xanthium pennsylvanicum) is usually 

grown. Mos f have been annually 

cropped to potatoes and a summer cover 

crop for >70 years. 


The System 


In order to place the management system 

for soil-borne diseases in NEF into per-

spective, it is necessary to present some 

detail. A complex pathosystem Involving 

13 genera of plant parasitic nematodes and 

several bacterial, fungal, and viral 

pathogens must be dealt with. Belonolai-

mus longicaudatus (BL) and Me d e 


T tE -(R are the most important

nematodes affecting potato yields whereas 

trichodorids (TR) are important as vectors 

of corky ringspot (CRS spraing) disease. 

Diseases associated with nematodes in NFF 

include bacterial wilt, (BW) Pseudomor.as 

solanacearum); early dying, (ED) Verticil-

lium albo-atrum; Rhizoctonia tuber scurf 

and CRS. (Weingartner et al., 1982).

Resistance or effective c1emi-al control 

procedures have been identified for most 

of these problems. Unfortunately, not all
 
NEF potato fields have the same soil-borne 

pathogens and in many instances multiple

problems exist (eg. BL+TR+CRS, BL+MIBW, 

etc.). A second complication is that 

although resistance to CRS and tolerance 

to BW are known, only one cultivar (Green

Mountain) has been identified which has a 

level of resistance to both. Even the 

effective chemicals complicate our sce-

nario because the materials available to 

growers vary in their effectiveness both 

due to the pests and according to *soil 

moisture and temperature conditions at the 

time of application. For example, soil 

fumigants are most effective when soil 

moisture <12-15%, are phytotoxic and must 

be applied several weeks before planting, 

reduce incidence of BW, and fail to con-

trol CRS; whereas nonvolatile nematicides 

such as aldicarb are most effective when 

soil moisture >12-15%, can be applied at 

or after planting, control CRS, but fail 

to reduce incidence of BW. The last com-

plication iswhether the crop is destined 

for potato chip processing or the fresh 

market. Not all potato cultivars are 

suitable for potato chip processing be-

cause they possess insufficient solids or 

excessive reducing sugar content. Green 

Mountain, for example, although possessing 

a degree of resistance to both 8W and CR5 

produces dark undesirable potato chips.

Similarly, certain external tuber quality 

defects are acceptible for processing po-

tatoes, but not for those destined for the 

fresh market. 


A management concept for controlling 

these problems has been developed for NEF. 

All jivailable control options, chemicals, 

disease resistance and a combination of 

these, have been assembled into a two di
mensional matrix or grid. Depending upon

market destination of the crop, soil mois-

ture at L.me of treatment and diseases 

present, -,arious control options are list-

ed. The options include all of those 

which are known even though some are not 
practicable to growers due to unavaila-

bility of seed, prohibitive costs of 

chemicals, etc. The matrix, therefore, 

also provides a ready summary of available 

control procedures to help guide future 

research. 


Research into the next two decades should 

emphasize strengthening the weaker compo-

nents of the management system. Variety

improvement is needed. Cultivars with 

desirable horticultural characteristics
 

for NEF and which have iesistance to BW, 

CRS and MI are needed. Information is 

lacking on effects of different summer 

cover crops, multiple cropping sequences 

and crop rotations on niematode population 

dynamics and incidence of soil-borne dis
eases. More data are needed on inter-

actions and competition among nematode 

genera and other soil-borne pathogens as 

this information may have importance in 

biological control methods. Lastly, we 

know little concerning economic thresholds 

of the various pathogens and even less 

concerning adequate sampling procedures. 

This information is vital to any total 

management system involving soil-borne 

diseases. 
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Summary 


We present data leading to a series of
 
questions concerning populition dynamics 

and interactions among ectoparasitic nema-

todes. Some of our comments tend to be 

speculative. However, since our intent
 
isto suggest research for the next two 

decades which may contribute to our knowl-

edge of nematode population dynamics and 

could lead to new biological control
 
methods, some speculation iswarranted. 

Introduction 

Intressn 

intfum9geti


Soil fumigation reduces the incidence of
 
spraing (corky ringspot disease (CRS)) in 

most potato production areas of the world 

where the disease occurs. Soil fun'iga-

tion, however, not only fails to control
 
CRS in northeast Florida (NEF), but can 

result in significant increases in the 

disease (Table 1) (Weingartner, et al. 

1982). Although standard fumigati6W pro
cedures in NEF kill the trichodorid vec-

tors in the planting zone (10 cm deep)
 

Table 1. Percent tubers with spraing in
 
selected chemical control experiments at 

Hastings, Florida. 


_ _experiment 

Nematicide Season-3
 

1977 1978 1981 


1,3D 17.6c 57.6c 43.Oc
 
Aldicarb 6.4a 2.4a 3.8a 

Nontreated 10.8b 28.5b 20.8b
 
1/ 
- Values within a column followed by the 

same letter do not vary significantly. 
(P..05) 
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lethal concentrations of fumigants fail to
 
penetrate deeper than 30 cm. Trichodorids
 
(TR) rigrate from the deeper soil into the
 
fumigated zone within 35-45 days after the
 
crop is planted and transmit the virus.
 

The population dynamics of TR in Floridi
 
soils have been recognized to be unique.
 
since the 1950's. Christie and Perry
 
(1959) reported that in some Florida crops
 
population densities of TR increased to
 
levels several times those in nontreated
 
soil. Large increases in population den
sities of TR do not occur in potato be
cause the nematodes do not multiply effec
tively on this host (Harrison, 1976).

Data are presented which support the hypo
thesis that increases in spraing observed
 
in NEF potatoes and in population densi
ties of TR inother Florida crops are due
 
to reduced competition with Belonolaimus
 
Ion icaudatus (BL), another important
 
ectoparasitic nematode indigenous to sandy

soils of Florida.
 

Results and discussion
 

Competition of BL and TR for feeding sites
 
might be anticipated because both feed
 
near root tips and the response of suscep
ne rot t the responseio suscep
(Christie 1959). We observed in 1977 that
 
mid-late season population densities of TR
 

a CRS control experiment illustrated
 
a significant negative correlation with
 
those of BL (Table 2). A review of fumi

data (Christie and Perry 1959) re
valedasa relans ensities
 
vealed a similar relationship. Densities
 
of TR and BL tended to be inversely relat
ed (Table 3), with population densities of
 
one tending to be low when those of the 
other were high. Subsequent communication 
with other Florida researchers who ob
served resurgence of TR populations in 

their experiments following fumigation
 
indicated that in each case BL was also
 
'present inthe test area.
 

Although moderate increases in popula
tior densities of TR due to migration of
 
the nematodes are observed following fumi-


Table 2. Correlation coefficients of B.
 
lo adat x trichorid population
 

a 1977 experiment.
 
t
 

Trichords__/
 
Belonolaimus
 
longicaudatus April 7 May 2 May 5
 

Aprl 7 -.29xx -.38xxx -.25x
 
May 2 -.26x -.13x NS
 
May 5 -.23x NS NS
 

-!/xxxP4 .001; xxP - .002-01; xP = 02-.10 

Table 3. Population densities of B.lonq
icaudatus (BL) and trichodords-(TT-Tn
 
a"_'___ (Christie and Perry, 
1959). 

Days after Nematodes/lO0 cm 3 soil 
fumigation 

Nontreated Treated 

BL TR BL TR 

30 36 9 5 5 
60 94 29 1 64 
90 66 21 4 146 

180 46 24 1 110 

http:Pseudomor.as
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gation of potato crops in NEF, (Weingart-

ner, et al. 1982) the dramatic resurgence 

reporf-d-lsewhere does not occur (Table 

4). It seemed possible that the increase 

in CRS following fumigation might be an 

expression of increased feeding by the 

vectors and that resurgence might be ob-

served if a good host for both TR and BL 

were planted in a potato field. Cabbage

and potato were planted in fumigated and 

nonfumigated soil and population dynamics 

of TR and BL observed. Population densi-

ties of TR in the cabbage crop were three 

times greater in fumigated soil than in 

nonfumigated soil (Table 5). In addition, 

a striking inverse relationship between TR 

and BL was observed. Resurgence failed to 

occur In potato, however, the inverse re-

lationship between BL and TR was observed

in this crop as well.
 

It is apparent that TR failed to resurge 

in potato fields simply because potato is 

a poor host for the nematodes. Our obser-

vations lead to several interesting ques-

tions to be studied into the next decade: 

1) Do TR and BL compete for feeding sites
 

on roots? 

2) If competition between BL and TR is


demonstrated, can it be used through ma-

nipulation of differential hosts, and 

other means, to control CRS and ectopara-

sitic nematodes? 

3) Is the increase in CRS following fumi-


gation due to increased feeding by TR as a 

result of reductions in population densi-

ties of BL? 

4) Do other ectoparasitic nematodes which 

feed near root tips behave similarly? 

5) Will previous feeding by one ecto-


parasite inhibit feeding by another? 


Table 4. Typical population dynamicsof 

trichodorids following fumigation of NEF 

atMaterials 


Nematicide Trchodorids/100 cm soil- / 


11 Feb. 7 April 2 May 23 May 


1,3D Ic 15a 14a 27a 

Aldicarb 9a 5b 4b 6b 

Control 6a 6b 3b 6b 


tValues followed by the same letter do 

not vary significantly (P=.O5) 


Table 5. Belonolaimus (BL) and trichodorid 

(TR) population densities on a host 

(cabbage) and non host (potato) crop

following soil fumigation, 1979. 


3
Plant Nematodes/100 cm soil 

and 

treatment 15 April 30 May 


TR BL TR BL 


Potato 

1,3D 29 26 65 62 

Control 18 184 36 119 


Cabbage 

1,3D 220 8 152 33 

Control 72 620 18 105 
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POTATO SEED-TUBER PRODUCTION FROM 

TRUE SEED 


S. G. Wiersema 

International Potato Center,

Lima, Peru. 


Introduction
 

Use of true potato seed (TPS, can consid-

erably reduce the cost of healthy planting 

material. Until recently, potato produc-

tion from TPS was based on transplanting 

seedlings from nursery beds or direct seed 

sowing in the field. Plant establishment 

and early vigor with these methods can 

present problems, especially under field 

stress conditions. To overcome these 

problems, this study was initiated to ex-

plore the possibilities of producing seed 

tubers from TPS and using such tubers for 

planting according to the conventional 

way. 


This paper describes experiments in Peru 

during 1981. 


and methods 


TPS was sown in 1 m wide ground beds fill-

ed to a depth of 25 cm with a 1:1 mix of 

peat moss and sand. Seedlings were thinn-

ed several times during the first 20 days

after emergence. Plants were "hilled" by

adding a 5 cm layer of mix to the beds, 

NPK fertilizer was applied to the mix be-

fore sowing at a rate of 18-18-18 g/m2, 

while the top 3 cm of the mix received
another 0.1-0.3-0.1 g NPK/kg of mix at 

sowing. Additional fertilizer was applied 

in the irrigation water at a rate of 3-3-3 


NPK/m2. Number of these additional fer-
tilizer applications varied from 3-6 per
experiment, depending on foliage develop-

ment. Shade, resulting in a light reduc-

tion of 50% was applied to the ground beds 

for 2 weeks after emergence. 

Seedling populations used in density ex
periments were 50, 100 and 275 seedlings 

per m2 after thinning. Plants were dis-

tributed in a square pattern at plant
spacings of 14 x 14 cm, 10 x 10 cm and 6 x 

6 cm. 


Tubers were harvested 120 days after sow-

ing, stored for 4 months in natural dif-

fused light at ambient temperature and 

planted in the field for multiplication at 

CIP experimental station in Lima, Peru. 


Results ad discussion 


Increasing seedling populations had a pos-

itive effect on total number of tubers, 

mainly due to the increase of tubers 

smaller than 10 g (Table 1). Percentage 

of surviving plants decreased considerably 


Table 1. Effect of plant population on
 
seed tuber production in direct seeded
 
nursery beds. Progeny: OTO-33 op.
 

_ 

Plants/ Number of tubers per m2 Yield
2 
m I/

(Sdr- <Ig 1-10g 10-40g >40g >Ig
 
viving
 
plants
 
%)
 

50 74 219 119 16 354 4.5
 
(64)
 
(64)
 
100 133 261 134 17 412 4.8
 
(41)
 
275 375 467 153 10 630 5.9
 
(17)
 

LSD
 
0.01 80 64 ns ns 128 1.5
 

LSD
 
0.05 53 42 ns *ns 85 1.0
 

_ Total tuber yield (kg/i 2).
 

as the seedling population increased be
cause of competition between plants. Be
cause of this competition, less vigorous

seedlings, which may represent less desir
able genotypes, are likely to have been
 
eliminated. This process has possibly a
 
positive effect on uniformity and yielding
 
capacity of progeny tubers. For produc
tion of a high number of tubers per unit
 
area, seedling pbpulatigns should be at
 
least 100 plants per m4 after thinning.

Optimum plant population is likely to be
 
progeny specific since tuber number per

plant is genetically controlled.
 

Hilling increased total tuber number sig
nificantly but did not affect total y'Ild
 

(Figure 1). Hilling, consequently, re
sulted in smaller tubers. Elimination of
hilling can increase tuber size and has
the added advantage of eliminating one
 
field operation and hence lowering pro
duction costs.
 

During field multiplication of 3 tuber
 
grades smaller than 20 g (Figure 2)
 
planted at the same planting rate, seed
tuber size did not significantly influence
 
total tuber yield, despite observed lower
vigor of plants from the smaller tubers.
 
The number of main stems per unit area,
 
however increased as seed tuber weight
 
decreased. It, thus, seems that lower
plant vigor of the smaller tubers was
compensated by higher stem number per unit
 
area. The low planting rate resulted in 
a
 
high weight multiplication rate for seed
 
size tubers (20-55 mm) ranging from 25-32.
 

Thus, a large number of seed tubers from
 
TPS can be produced per unit nursery area.
 
These tubers can either be planted directly for ware potato production or further
 
multiplied in areas where environmental

conditions permit production of healthy
 
tubers. Seed tuber multiplication seems
 
attractive because of the high multiplica
tion rate from planting small tubers.
 
Furthermore, when tubers are multiplied in
 
the field, the nursery space can be sub

stantially reduced. Without field multi2
plication about 100 m nursery space is
 
required to produce seed tubers for 1 ha
 
of ware potatoes. One field multiplica
tion of seed 

2 
tubers can reduce nursery
 

space to 30 m for the same amount of seed
 
tubers, while 2 field multiplications can
 

2
reduce the space to 3 m .
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Table 1. Environmental data during grow
tuberS/m 2 yield (kg rn2 ) ing seasons. 

800 400 0 0 2 4 
L ~ i~ Location 

nohilling 	 Lima San Ramon Huancayo 

Altitude
 
m.a.s.l. 240 800 3,280
 

hilling Mean max. air
 
temp. (OC) 26.3 28.8 20.0
 

Mean min. air

>99%1o significance n.s. temp. (OC) 17.8 19.3 6.7 

Mean soil temp. 
at 10 cm (°C) 26.0 26.3 13.4 

RainfallFigure 1. Effect of hilling on seed tuber production in directly sown TPS nursery beds (mm/month) 0 239 184
 
(DTO 33 op.).
 

1980/81experiments. The same procedure 
was fo doweT as in 1979/80 experimentsmultate 	 seedtuber yild(he) with the varieties Ddsirde and Rosita. Inweight(g) 20-55mm >65mm this experiment the 120C dark store was 

15 10 5 0 	 0 10 
 20 replaced by storage in a natural 	 diffused 
10-20 light store in the highlands with an aver

age temperature of 120 C. At the end of
 
6-10 the storage period, sprouting and rooting
5-10 	 capacities were determined in a sprouting 

test using humid peat moss at an average0
1.5 	 temperature of about 20 C. In separate
 
series of experiments, seed tubers har
vested in Huancayo and Lima were stored at
 
4°C and at ambient temperature in diffused
 
light in Lima, San Ramon and Huancayo,


Figure 2. Field performance of three grades of seed tubers produced from TPS (OTO 33 respectively. Seed lots were replanted in
 
op., planting rate 0.5 t/ha). different locations.
 

Production of seed tubers from TPS in In all experiments, dark stored tubers
 
proximity of ware potato production areas were pre-sprouted at ambient temperature
 
can overcome problems related to transport at the location of planting in diffused
 
of seed tubers from distant areas. Pro- THE INFLUENCE OF PRODUCTION AND STORAGE light for two weeks.
 
longed seed tuber storage may be avoided CONDITIONS ON SEED TUBER PERFORMANCE
 
when seed tubers from TPS are produced INWARM CLIMATES 	 Results and discussion
 
during off-season periods. This should be
 
possible in many growing areas since grow- S.EG. Wiersema and R. H. Booth
 
ing conditions are relatively easy to con- International Potato Center Effects of seed tuber origin are summarized (Table 2). In 18 experiments over
 
trol in a small nursery area. the 2-year period involving 2 varieties,
 
Tuber size may be rather small when seed Introduction 2 storage conditions and 3 planting loca

tions, seed tubers produced in Huancayo
tubers produced in nursery beds are di-

rectly planted for ware production. Use Availability of varieties adapted to warm always emerged faster producing more
 

of small tubers by growers in tropical climates results in an increasing demand vigorous plants, thus giving earlier soil
 
environments has frequently been discour- for seed tubers in those areas. Tradi- coverage and in 11 of these trials giving
 
aged since small tubers are often associ- tionally, seed tubers for these climates significantly higher yields. Differences
 
ated with high disease incidence. On the are produced in cool highland areas and in in subsequent yield from Lima and San
 
certified seed tuber market, however, subsequent generations grown at lower Ramon grown seed tubers were not signifi
small tubers are valued higher than large altitudes. In order to reduce seed tuber cant, except in 1980/81 with D6sir6e after
 
tubers because of their high sprout number costs there is an increasing interest in storage at 12°C. The faster emergence
 
per unit weight, resulting in lower plant- production and storage of seed tubers at and more rapid initial foliage growth of
 
ing rate per unit field area (Van der lower altitudes at higher temperatures. Huancayo produced seed tubers is possibly
 
Zaag, 1973). Furthermore, growers in many Several researchers have reported on the related to the sup~rior sprouting and
 
tropical areas are used to field practices effect of seed tuber production site and rooting capacities observed in the sprout
related to the use of small tubers, storage conditions on subsequent growth ing test (Table 2). These results are in
 

and yield (Went, 1959; McCown and Kass, contradiction with theories of physio-

It may be concluded that the system of 1977; Carls and Caesar, 1979; Wurr, 1979). logical age, according to which cool grown
 
seed tuber production from TPS can provide seed should be expected to show slower
 
potato growers in developing countries Quantification of these effects under initial foliage growth than warm grown
 
with a simple, promising method of produc- tropical conditions would answer the ques- seed.
 
ing healthy seed tubers in their own envi- tion if seed tuber production at lower
 

0
ronment. altitudes would be viable as far as Tubers stored at 12 C produced more
 
physiological seed tuber quality is con- foliage weight in the sprouting test
 

Reference cerned. This paper summarizes results of (Table 2), but the effect of storage con
trials in Peru from 1979 to 1981. ditions on tuber yield (Tables 2 and 3)
 

Zaag, D.E. van der. 1973. Requirements of was generally small and no significant

the user of seed potatoes. Standards of Materials and methods differences were found in 19 out of 23
 
health, grading and physiological age; trials. In the 4 trials where cold stored
 
time and mode of delivery; price. In 1979480 expriments. Healthy seed tubers seed yielded significantly more, the
 
Proceedings of the Fifth Triennia" of the varietyDUsiree were grown simul- tubers originated from San Ramon. This
 
Conference, European Association for taneously at 3 locations (Table 1), har- suggests that San Ramon produced seed
 
Potato Research, 1972. pp. 38-46. vested at approximately the same0 time and tubers may be more sensitive to storage


stored for 6 months either at 12 C or in a conditions. The reasons for this may
0
commercial cold store set at 4 C. Tubers possibly be associated with field condi
from the 3 growing sites and the 2 storage tions immediately prior to and during
 
conditions were then planted in Lima, San harvesting and are under further inves-

Ramon, and Huancayo. tigation.
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Table 2. Effect ofieed tuber origin and 

storage condition- on rooting-sprouting

capacity and subsequent yield of two 

varieties, 


Charac- Seed tuber origin 

teristic 

variety, Lima San Huan- Aver-
year Ram6n cayo age 


Dry root weight
Drsire 79-80 

40C 62 96 176 111 

120C, DS 68 95 156 106 


D~sir~e 80-31 

40C 51 89 132 91 

120C, DL 63 78 101 81 


Rosita 80-81 

40C 91 7J 128 96 


12°C, DL 104 97 190 130 

Average 73 88 147 


Dry foliage weight (g/seed tuber) 

D~sir~e 80-81 

4C 0.74 0.64 2.30 1.23 


.12-C, DL 1.52 0.98 2.96 1.82 

Rosita 80-81
0
4 C 1.32 1.36 2.28 1.65 


12-C, DL 2.14 2.02 2.76 2.31 

Average 1.43 1.25 2.58 


Subsequent yield-/ (t/ha) 


D~sir~e 79-80
0
4 C 18.0 18.4 24 20.1 

12°C, DS 19.5 17.6 23.2 20.1 


D~sir~e 80-81 

4°C 26.5 28.0 34.5 29.7 

120C, DL 25.0 14.2 32.4 23.9 


Rosita 80-81 

40C 27.7 26.0 27.7 27.1 

120C, DL 23.2 21.4 30.2 24.9 


Average 23.3 20.9 28.7 


I/ 4oc: Commercial0 cold store; 12C, DS:
Dark store; 12C, DL: Diffused light 

store at ambient temperature. 


2/ Mean yield of 3 planting locations, 


Table 3. Effect of storage conditions on 

yield of seed tubers from two locations 

(cv. Revoluci6n). 


Seed Location of Storage

tuber replanting conditions-/ 

origin 


0
4 C D.L. 


Huancayo 	 Huancayo 15.7 20.2 

Lima 30.9 33.8 

San Ram6n 33.1 30.9 


influenred by storage conditions. This Therefore, the effect 
of fluctuating rewould make the use of seed tubers 
from gimes was evdluated for two cultivars. As

cool areas less risky than use of seed well as to 
determine how 	modification on
tubers from warmer areas. imbibition rate (water uptake) might ex-

Although seed tubers produced in cool 

plain some aspects of the germination

response under fluctuating conditions.
 

regions were physiologically superior to
those produced in warmer regions, this Results
 
does not necessarily rule out 
the use of
the latter under certain conditions. For Effec of fluctuating temperatures
example, highland seed may not be availa

ble at the required time for planting in The effect .f fluctuating temperatures on
warmer areas. 
 In those cases, higher 
 gemination was evaluated for non-dormant
economic yields due to early or late har-
 seed of DTO-33 open pollinated (op) and
vesting may be obtained by planting 	 0
warm "Renacimiento" op. at 
15C as a base tem
produced seed in the right physiological perature and daily treatments of 0, 1, 2,

condition before or after well sprouted 4, 8, 16 and 24 hours at 30°C, achieved by

cool grown seed becomes available, transferring materials between two incuba

tors.
 
Also in certain situations, for example

where warm growing areas are distant from All treatments four replicates of 100
 
cool growing areas, the high cost of seeds each were started 
at 300 C, except

transporting the cool produced seed may for the 0 and 16 hour treatments which
 
not economically justify its use. Simi- started at 15"C., sown in petri plates

larly, careful attention needs to be paid lined with water 
 soaked filter paper.

to the most appropriate and most effective Geminated seeds were counted and removed
 
seed storage system according to specific daily.

local needs and conditions. The results
 
of these trials indicate that low cost Gemination at the regimes used, was not

natural diffused light stores can 
in some improved by fluctuating temperatures. If

circumstances make available seed of simi-
 the different 	treatments are expressed as
 
lar physiological quality as that stored equivalent average temperatures (e.g. a
in commercial cold stores, 0
regime of 8 hours at 15 C and 16 hours 
at
 

30*C would be equivalent to an average of

References 
 25'C), both materials gave best germina

tion at a constant 150C, with gemination

Carls, J., and K. Caesar. 1979. In- declining as the 30*C treatment was pro
fluence of storage and growth tempera- longed (Figure 1).
 
ture on the physiological age and yield

of the progeny of seed potatoes under To test whether data from constant regimes

tropical conditions. Potato 
Research could be used to predict gemination under

22; 87-97. 
 fluctuating temperatures, data from pre-


McTown, B.H., 	and I. Kass. 1977. Effect 
 vious constant temperature trials were

of production 	temperature of seed pota-
 used to predict expected gemination astoes on subsequent yielding potential 
 suming that the fluctuating regimes would
 
American Potato Journal 54; 277-287. result in the same germination as from the
Went, F.W. 1959. Effecfthf environment corresponding average temp3ratures.

of parent and grandparent generations on Curves for gemination as predicted hy
tuber production by potatoes. American this simple model are included in Fig-

Journal Botany 46; 277-282. ure 1. The average 
errors, measured as


Wurr, D.C.E. 19n. The effect of the percLnt of absolute deviations from

site of seed potato production on sub- predicted gemination of Renacimiento op.,
sequent sprout growth and tuber yield, were 1 and 
5 percent at 	7 and 12 days,
Journal Agricultural Science, Cambridge respectively, and of DTO-33 op., were 5

92; 227-233. 
 and 1 percent. While these errors are
 

small enough to justify using constant
 
temperature data to make preliminary
 
predictions about performance under
 
fluctuating conditions, they are not so


THE EFFECT OF 	IEMPERATURE ON TRUE POTATO small 
as to eliminate the need for a more

SEED GERMINATION 
 complete understanding of the effects of
 

other fluctuating temperature regimes on

J. W. White and S. Sadik gemination.
 

International Fotato Center
 
100-

Average 26.6 28.3 

ima Lima 26.8 27.4 
San Ram6n 28.8 27.9 

~-
Average 27.8 27.7 

-I/40C: Commercial cold store. 

D.L.: Ambient temperatire diffused light 


store, at replanting location, 


Results to date suggest that seed tubers 

from highland areas had a relatively high

and stable production capacity, which is 

little influenced by storage conditions. 

Seed tubers from lower areas grown at 

higher temperatures on the other hand 

showed lower and more variable production 

capacities, which may occasionally also be 


Introduction 


Reports on potato production from true
~seed have cited high temperatures as a
factor causing severe reductions in seed 
gemination and seedling growth (Bedi,

Smale and Burrows, 1979; Kunkel, 1979;Accatino and Malagamba, 1982). Studies 

using constant temperature regimes have
 
demonstrated that maximum gemination 
oc
curs at 15 to 20°C, but drops off rapidlybetween 25 and 30 C (White and Sadik, in 
preparation). There are reports that 
fluctuiting regimes can improve germina-
tion (Clarke and Stevenson, 1943; Lam, 
1968) these raise the question of how 
comparable are data from constant tempera-
ture trials to situations more similar to
field conditions with strong diurnal 

fluctuations. 


\ TO .33 o.p. 

~ 
" 

expcted 
observed 

50 
C6 

% 

Renacimientoo.p. '., 

* 

o. 


is 20 25 30
 
temprature 1C) 

Figure 1. TPS germination under fluctuat
ing temperatures.
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Effects of temperature on seed 

inmbibition
 

A simple model to explain differences 

between germination under constant and 

fluctuating conditions is that germination 

consists of a series of process with dif-

fering temperatures responses. Thus, de-

pending on the stage of germination, a 

given temperature change might either ac-

celerate or delay overall germination. 

The effect of temperature on imbibition of 

water by seed was determined because it is 

one of the most i;nportant process in 

germination. 


Higher temperature was expected to hasten 

imbibition, but not to modify the plateau 

in water uptake which usually occurs after 

a phase of rapid imbibition. Early ef-

fects of fluctuating temperatures might be 

used to predict time required to reach the 

plac..u lvel. For example, if a 30oC 

treatment reached the plateau in 12 hours, 

and 15°C in 24, one would expect that seed 

at a regime of 12 hours of each tempera- 

ture would reach the plateau in 18 hours 

if started at 15°C, or 12 hours if rtarted 

at 30'C. 


Seed of the cu tivars used above two re-

plicates each of 100 g of non-dormant seed 

were imbibed with water kept at either 15 

or 30°C, and placed in incubators at the 

corresponding temperature. At various 

intervals, the samples were removed in-

dividually, dried slightly on filter paper 

in a Buchner funnel at a vacuum of 250 mm 

for 60 seconds, and weighed to determine 

the relative moisture uptake (imbibed 

weight divided by initial weight). 


Although seed at 30C imbibed water more 

rapidly than at 150C, plateaus reached 

were not as expected (Figure 2). DTO-33 

seed at 300C absorbed about 10% more vater 

than at 150C. With "Renacimiento" there 

was no clear plateau at 30%. Rather, 

seed reached a peak of water absorption, 

and then decreased in weight. Thus, it 

was impossible to apply a sinple model for 

effects of fluctuating temperatures, and 

suggest that the effect of temperatures on
 
imbibition involves considerable more than 

a simple rate effect. 


Conclusion 


The evaluation of germination under fluc-

tuating conditions indicated that data
 
from constant temperature trials can serve
 
to make qualitative prediction on germi
nation response under field conditions. 

Nonetheless, there was enought difference 

between observed and predicted germination 

using constant temperatures to justify 

further investigation, 


An attempt to interpret germination in 
terms of imbibition rates failed because 
the effect of temperature r.esmore complex 
than expected. The same data serve to 
provide a warning that seed treatments 
involving immersion in aqueous solutions 
should be performed under defined tempera-
ture conditions be juse the rate of uptake
 
is expected to be very temperature sensi-

tive. 
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PRELIMINARY STUDIES ON THE EFFECT OF TRUE 


POTATO SEED QUALITY ON SEED GERMINATION 

AND SEEDLING VIGOR 


Therefore care should be exercised inpc.-- J. W. White and S. S&dik 

forming treatments involving immersion of International Potato Center 

seed in aqueous solutions of chemicals 

such as gibberellic acid or calcium hypo-

chlorite since temperature apparently can Introduction 

have a marked effect on the amount of so-

lution imbibed. 
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Figure 2. Imbibition rate as affected by 

temperature. 


It is clear from a broad range of reports66
 

Results
 

Berry selection
 

Berries from 3 open-pollinated clones
 
grown in San Ramon, Peru, were harvested
 
on a single day, described individually
 
for characters such as surface browning,
 
cracking, and presence of funsal growth.
 
They were left to ripen at 20°C, and ex
tracted individually when fully ripe (3to
 
4 weeks for most berries). Aft: treat
ment with 1500 ppm GA for 24 hours to 
break dormancy, 70 mg of seed from each 
berry were germinated in petri plates 
lined with water soaked filter paper and 

0

maintained 15 C.
 

Germination of seed from most berries was
 
excellent (Table 1), even among those
 
showing defects. However, some berries
 
contained seed with germinations as low as
 
21 percent. In attempting to identify
 
factors which explained the poor germina
tion, the only difference noted was that
 
the berries which gave poor seed were
 
among those which were nearly ripe at the
 
time of the berry harvest (as indicated by
 
the short interva' between harvest date
 
and full ripeness). Since complete dura
tion of berry growth and maturatinn was
 
not measured, it is not possible to con
clude whether apparent early ripening
 
resulted from an acceleration of growth or
 
ripening, or simply reflected differences
 
in the date of fruit set. However,
 
appropriate selection of berries for seed
 
extraction should improve seed quality
 
significantly.
 

Table 1. Germination of seed from indi
vidual berries harvested 

date.
 

Clone and Days 

condition of berry from 

at harvest harvest 

to full 
ripeness 

Clone 33.5 

Green 31 
Green 30 
Green 31 
Nearly ripe, 

deep cracks 2 
Green, crack 
Gre sce 

browning 30 
brownig 3 

on potato production from true seed that 

o,,eof the most critical problems is
I obtaining vigorous and uniform seedlings. 

To improve possibilities of obtaining 

vigorous potato seedlings under farm con-

ditions, three areas of research are of 

major importance: breeding for seed 

vigor; development of technologies to 

guarantee production high quality seed; 

and identification of agronomic techniques 

needed to assure realization of the po
tential within the limits of farmer re-

sources. 


This paper describes studies of various 

aspects of seed production which indicate 


that it is possible to improve seed quali-

ty markedly through berry selection, berry 

ripening under controlled conditions, seed 

separation by weight, and seed treatment 

using c,..
'icals.
 

Clone 35.4
 
Green 29 

Green 18 

Green 30 

Nearly ripe 4 

Nearly ripe 4 

Nearly ripe,
 

deep cracks 
 2 

Green, moderate
 

surface damage 
 10 


Clone 40.7
 
Green 10 

Green 28 

Green 16 

Mold, very dry 2 

Nearly ripe, cracks
 

reaching seed 
 3 

Nearly ripe, hole
 
in pericarp 
 4 


on a single
 

Seed Germi
wt. nation 
(mg) at 

14 days
(%) 

0.60 87 
0.53 84 
0.56 85 

0.50 86 

0.61 93 
0.61 93 

0.61 97 
0.64 92 
0.68 96 
0.65 36 
0.60 21 

0.69 94 

0.57 100 

0.60 92 
0.50 96 
0.52 96 
0.53 81 

0.44 80 

0.48 96 
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Conditions during ripening 


Additional berries were ripened at 15,
0
20 or 25 C, extracted after 3 weeks, and 

seed were germinated with or without GA 

(4 replicates of 100 seeds each) to 
test 

if temperature during ripening affected 

seed dormancy. In all three clones, 15C
0


ripening caused greater dormancy than did 

the 20 and 25°C treatments (Figure 1) in 

absence of GA suggesting that conditions 

during ripening exerted an effect on the 

physiological state of potato seed. How-

ever, with GA temperature differences were 

not clearly evident. The experimental

design does not allow any conclusion as to 

whether temperature had a direct effect on 

dormancy or an indirect effect by causing

differences in berry maturity. 


Sorting seed by size 


To evaluate the importance of within seed 

lot variation in size, a sample of DTO-33 

op. seed was separated by sieving and 

visual inspection into two size categories

averaging 0.564 and 0.432 mg per seed,

respectively. No significant differences 

existed between size classes for either; 

germination measured in petri ilates (four

replicates of 100 seeds); or emergence

from flats filled with a sand-peat moss 

soil mix (four replicates of 54 seeds), 


With With 

GA out 


CLONE 

100- 80JA40.7 


7 atime, 

-The 

C00LONE5
CLONEThe 


100. 80JA35A 


50. 


0 
2(no.
*E 100. CLONE 


80JA 33.5 


.for 


0 

157 200 250 


Temperature 


Figure 1. Effect of temperature during 

fruit ripening on dormancy of true seed. 


H-wever, large seed sown in the flats 

eventually produced plants with a signifi-

cantly greater number of leaves (Table 2). 


Treatment of seed with calcium 

hypochlorite 


A series of experiments on germination of 

non-dormant seed of DTO-33 op. has led to 

the conclusion that immersing seeds in 

calcium hypochlorite solutions cah cause 

an increase in germination rate, but not 

in final gemination. To further test 

these observations, four replicates of 100 

seeds were soaked for 2 hours in the fol-

lowing solutions: 

Freshly prepared, filtered 2% calcium 

hypochlorite (pH = 12). 
The above solution, but using seed which 

was hydrated 16 hours in a chamber lined 
with moist paper. 
A 2% solution from which was aged

artificially by prolonged heating and
 
stirring.


Distilled water. 


After treatment, seed were washed through
ly with water, and then immediately placed

to geminate in petri plates at 150C. 


Both fresh solutions of calcium hypochlo-

rite caused marked increase in germination 

rate as compared to distilled water, while
 
the aged solution caused a severe 'reduc-

tion (Table 3). Since the fresh solutions
 
caused pronounced bleaching of the seed
coat, it is hypothesized that the effect 

on gemination rate is due either to oxi-
dation of an inhibitor, or softening of

the seed coat. The reduced germination

with the aged solution suggests that as a 

hypochlorite solution loses chlorine over 


compounds are formed which can 

severely inhibit germination, 


Conclusion 


In all of these studies, treatments pro-

duced significant effects on germination 

or seedling growth, and these variables 

are simple enough to be incorporated into 


Table 2. Effect of seed weight on seed 

quality. 


Characteristic Large Small L.S.D. 

seed seed 05% 


Seeo wt. (mg) 0.564 0.432 

Germination in 


petri dishes 

(% at 12 days) 99.0 97.5 30 


Emergence in trays

(% at 12 days) 99.1 98.4 3.0 


Leaves/plant 

at 33 days) 5.6 4.9 0.4
 _ 

Table 3. Seed germination as affected by

soaking in calcium hypochlorite solution 


two hours 

_ _ _ 

Treatment Germination (%) 

days days days days 

Fresh 2% Ca(ClO)2 17 67 99 100 
Fresh 2% solutionwith hydrated seed 31 72 99 100 
Aged 2% Ca(ClO)2 1 2 3 4 
Distilled water 2 28 93 99 

a seed production system. Since* these
 
treatments are only a few of a broad range

used to improve seed quality of other
 
crops, it seems reasonable to conclude
 
that considerable potential exists, for
 
improving potato seed quality. Precisely

which treatments will prove most important

remains to be demonstrated. However, one
 
can easily imagine the day when true po
tato seed will be grown in fields located
 
and managed to produce berries of out
standing quality. The seed will be ex
tracted, sorted, treated chemically, and
 
pelleted with nutrients and pesticides,

and the final product will be packaged and
 
stored under conditions which preserve the
 
potential vigor. The development of this
 
chain of production techniques represents
 
one of the major challenges for true po
tato seed research in the years to come.
 

SEASONALITY OF MAJOR LEPIDOPTEROUS
 
POTATO PESTS IN ISRAEL
 

S. Yathom
 
Division of Entomology, Agricultural
 
Research Organization,
 
The Volcani Center, Bet Dagan,
 
Israel
 

Abstract
 

The potato crop in Israel is attacked by
two major lepidopterous pests found in
 
warm climates. Spodoptera littoralis
(Boisd.) is highly polyphagous and favours
 
newly watered fields and succulent plants

for oviposition and larval development.
 
Phthorimaea operculella (Zell.), on the
 
other hand, isa specific solanaceous
 
pest, favouring dry substrates for ovi
position and avoiding high relative hu
midity.
 

It is believed that Israel can serve as 
a
 
model of the adaptation of lepidopterous

inseLt pests to the potato crop in non
traditional climates.
 

potato crop in Israel isnot of very
otandstanding.in TheThe tw majoro o ery
long two lepidop
terous pests attacking it,P. operculella,
S. littoralis, attained theTr present sta
tus gradually. Until the 1930s potatoes
were sown in November and grown as a 
winter crop, and thus d3mage by potential
 

lepiopteouspests was avoided.
lepidopterous
 
W':shall deal first with the potato tuber
 
moth, P. operculella, which is a specific

solana-eous pest. It was considered a
 
tobacco pest in this country (Bodenheimer,

1930), being active in summer when pota
toes were not present.
 

In the 1930s the iultivation of potatoes
 

was extended. Potato tuber moth damage 
was first observed in stored tubers, and 
later damage was encountered in exposed
tubers in the field. 
 Larval infestation

of leaves followed, but occurred only oc
casionally. 
 In the late 1930s and early
1940s two annual potato crops were 
introduced: spring and autumn, or spring and
 

winter. This double crop gave rise to a
mass of volunteer plants, which afforded
 
host plants for the potato tuber moth
throughout the year; 
as a result, popula
tions increased. The large populations
 
caused heavy damage to the spring crop;
in the autumn, the foliage was infested 
during the growing season and the tubers 
escaped damage (S. Zimmeman-Gries - un
published data). 
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P. operculella is a species that favours 

lightemperatures and has no diapause. If 

conditions are favourable, itwill develop 

continually without interruption The 

gravid females are attracted to dry sub-

strates for oviposition (Fenemore, 1978), 

and thus in dry climates populations are 

high. The phenology of P. operculella in 

a semi-arid irrigated aeain Is~raelis 

shown in Figure 1. The poulations are 

very low in winter, rising gr-idually in 

spring and building up to a peak in mid-

summer. This peak occurs when high night 

temperatures (25-30*C) coincide with an 

abundance or rich food for the larvae, in 

the form of exposed tubers in the field, 

before, during and following harvest, 


The development period, which is dependent 

on climatic conditions and availability of 

suitable hosts, is thus very short at the 

high temperatures prevailing in the sum-

mar. Mating and oviposition take place 

shortly after emergence, with a resultant 

overlapping of generations. 


The spring crop develops, as a rule, when 

the P. operculella population is low. The 

fields are well irrigated, the plants are 

succulent, and these microclimatic condi-

tions do not favour oviposition by the 

potato tuber moth (Fenemore, 1978; Fout. 

1974; Yathom, 1968). Toward harvest time, 

irrigation ceases, populations are high 

and potato fields dry, attractive and 

suitable to ovipositing P. operculella 

females. The crop is liable to be heavily 

infested if not protected.
 

The autumn crop is sown in September, 

when P. operculella populations are still 

high and may ifest the fresh foliage,

especially if the crop is not irrigated 


properly. Later, temperatures drop and 

moth populations dwindle. The crop is 

picked in January, when the population is 

very low and inactive, 


The winter crop, sown in October, develops 

and matures during a season of cool tem-

peratures (10-150C) and low moth popula- 

patus Vthe 

tions. Very rarely is the winter crop 


phthorl"A°, op,=,,,l, 
- Ivolves 


...Spodogl.. Ip.o..il,. dThe 

A -sping crop 


-Aut crop 


c -Winter crop 

]- Foiiage 

1- Folisgitube. 

-,Harvest 
i~iregression 
F 

*, 

* ,and 

0 


" ,jvery 

IE 
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F 
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Figure 1. Number of moths caught during 

1978 and 1980 in Gilat, Israel, in a 

semi-arid irrigated area. 


infested, and then only if picking occurs 

during a hot spell. 


S. littoralis is the other lepidopterous 

pest of potatoes in Israel. It is highly 

polyphagr.s and favours fairly high hu-

midity Its populations are high where 

Irr4,,tlon is practiced, as moths are at-

tracted to oviposit in newly watered 

fields (Bishara, 1934). In dry desert 

areas the pest population is los. (Wilt-

shire, 1957). 


In this country S. littoralis was not an 

important pest intheT0s,-when irrigat-

ed field crops were the exception rather 

than the rule. Even then, it was antici-

pated that it would become a major pest if 

irrigation were to be extended (Boden-

heimer, 1930). In the 1930s S. littoralis 

was already an important pesi of vegeta-

bles and forage crops, but did not yet 

attack potatoes. Potatoes became a host 

for it in this country with the introduc-

tion of an autumn-sown crop. 


In light trap catches carried out since
 
1959, S. littoralis populations were not
 
uniform throughout the years, but high
 
adult populations in traps coincided with
 
high larval infestations (Yathom, 1971). 


Individual moths may be on the wing almost
 
all year round, if temperatures allow, but 

populations start to build up with the 

onset of warm weather in May-June, reach-

ing a peak in September-October, after 

which they drop.
 

The phenology of S. littoralis at Gilat, 

Israel, in a semi-ard irrigated area 

where potatoes are grown during two sea- 

sons of the year, is shown in Figure 1. 

The spring potato crop develops when S. 


littoralis populations are absent or very 

low, and thus damage is avoided. Occa-

sionally, population build up starts 

early, and the spring crop may be attacked
 
and its foliage destroyed. The mature
 
larvae may then descend and attack the 

tubers before pupating, as happened in 

some fields in 1979. 


Build up of S. littGralis populations 


takes, place in- ll irrigated vegetables
 
and forage crops, as well as in cotton. 


autumn potato crop is sown when S. 

littoralis populations are at their peaK, 

and potato fields are irrigated frequent-

ly. In some areas potatoes are the only 


irrigated crop, and the plots are sur-
rounded by drying cotton fields. The new-

I ,atered potato fields, with their suc-

culent plants, attract heavy oviposition
and cunsequently become heavily infested. 

Larval migration from drying cotton fields 

may also take place. Later temperatures 

drop, populations dwindle, and infestation 


spfor 

The winter crop, sown in October, develops 


matures during the cool season, when
 
S. littorallis populations are absent or 


low and inactive, and thus is not 

damaged. 


Conclusions 


When introducing potatoes into non-tradi-

hot climates, attention must also 


be paid to the endemic, polyphagous pests 

active in the region during the season 

planned for potato growth and harvest, 
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PREDICTING YIELD PERFORMANCE
 

D.A. Young and G. C. C. Tai
 
Agriculture Canada Research Station,
 
P.O. Box 20280, Fredericton, N.B.,
 
Canada E38 477
 

The evaluation of large numbers of seed
lings under different environmental condi
tlionisud a formidable task for breeding
 
programs that attempt to serve broad geo
rgraphic It would be of consderaareas. 


ble value if a predictive system could be
 
developed that would identify inferior
 
clones prior to distribution for testing.
 

A paper on the subject of yield prediction
 
was presented to the "Planning Conference
 
on Utilization of the Genetic Resources of
Potato, 1979". The present paper up
dates this research.
 

The particular data under discussion in
8 cultivars tested at 9 sites (Table 1). Kennebec and Spunta were used as
 

'control cultivars' to estimate environ
mental effects at each site. The mean
 
yield of these two cultivars for a site is
 

taken as the measure of the environmental
index for that site. Using this mean
 
yield as the independent variable, the
 
individual 'test cultivars' were regressed
 
on the independent variable to develop a
equation. Data from 4 sites on e n. aa fo e s
 
(Brazil-79, Philippines-79, Turkey-79, and
 
Canada-80) were used as 'control sites'
 

developing regression equations for
 
each of the eight cultivars (Table 2).
 

Using these regression equations and using
 
the values of the 'control cultivars' for
 
the other five sites (Canada-79, Brazil
80, Pakistan-80, Tunisia-79, San Ramon-80)
 
it is possible to make a prediction of the
 
performance (yield) of each of the 'test
 
cultivars' in each of the five 'test
 
sites'. But, we have actually performed
 
the trial at each of the 5 sites, so that
 
we end up with an actual and a predicted
 
yield for each of the 'test cultivars' at
 
each 'test site'. One way of determining
 
the usefulness of these values for predic
ting performance is to measure the corre
lation between the observed ,nd predicted
 
yield values.
 

http:Ip.o..il
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1  

Table 1. Marketable yield in tons/kg for 	 impact of a site. Sites may differ in
Table 3. Intra-class 	(rl) correlations their ability to serve as control 'sites'.
eight cultivars tested over nine sites, 
 obtained from analysis of variance and
 
_ inter-class (r2) correlations between We feel that the approach and the model
 

Cultivar Brazil 
 Canada Paki- Philip- observed means and predicted vi,lues. are promising and that further theoretical
 
-79 -79 stan pines and experimental development are warrant

2
-80 -79 Site rl r ed. It is our intention to conduct a
 
trial involving 8 controls, 15 test line


Kennebec 7.19 12.90 23.78 
 16.91 Canada 1979 9474** 8001"* and 8 sites during 1982-83.

R. Burbank 7.44 5.41 15.82 7.69 Pakistan 1980 9526** 8550** The authors wish to thank CIP, Lima for
TA-37 6.24 10.16 20.00 
 10.61 Tunisia 1979 2138 NS 5794 NS the 
financial support of this research,
R. Pontiac 9.12 12.88 
31.02 10.62 San Ramon 1980 9287** 4276 NS CIP's Regional Research and Training Staff
Bintje 3.88 3.16 24.04 11.85 
 Brazil 1980 8913** 8159* Cor 
 reginl Research and tai na
DTO-28 16.90 23.24
1Z.63 12.16 
 for arranging the trials and the national
 
Wauseon 10.10 10.52 
 19.69 	 9.88 ** Significantly different from zero
Spunta 13.68 13.06 	 trials.
26.04 15.17 AT P - 01; * AT P - 05.

l.	 10.43 12.98 24.91 16.04 NS not significantly different from
 

zero.
Cultivar Turkey 
 Tunisia San Ramon
-79 -79 -80 
 PHYTOSANITATION IN SEED POTATOES
 
observed between cultivars in the trial.
Keonebec 22.10 18.04 7.39 The r value San
1 	 for Ramon-80 indicates S. Zimmerman-Gries and B. Raccah,
R. Burbank 
 18.53 15.81 7.83 that differences existed between cultivar 
 Virus Laboratory Are, The Volcani
TA-37 16.29 	 17.07 
 5.52 	 performance, but the non-significant r Center, Bet Dagan, Israel.
2
R. Pontiac 
 32.81 19.52 10.77 value indicates that our model failed to
Bintje 
 20.75 21.19 11.24 predict these differences. In 4 of the 5
DTO-28 23.88 19.11 
 15.34 situations the 	model predicted the actual 
 Studies 	on virus epidemics in potato
Wauseon 24.78 20.89 
 5.83 	 outcome, 
 fields are frequently involved with the
Spy ta 27.01 21.63 11.49 
 monitoring of vector and disease inciliE' 24.56 19.84 
 9.44 	 Figure 1 shows the association between dence. The majority of potato viruses are

predicted and observed values over
Cultivar Canada 	 the 5 carried by air-borne inserts. Thereform,
Brazil sites. Canada-79, Brazil-80 and Pakistan-
 flying and alighting aphids were recorded
-80 -80 	 80 show good correspondence. No conclu- where the incidence of vectors has to be
 
sive statement can be made
Kennebec 	 for Tunisia assessed. In most studies the incidence
17.95 12.65 because of non-significant trial results, of aphids are 
counted using yellow-water
R. Burbank 
 12.48 9.02 The results for San Ramon-80 show poor 'Moericke traps' (Moericke, 1951; ZimmerTA-37 
 11.47 8.81 correspondence. 	 mdn-Gries and Swirski, 1960), sticky traps
R. Pontiac 13.86 10.60 
 (Broadbent et al., 1948) 	and suction traps
Bintje 12.27 12.47 
 (Tamada and-ffi-arison, 1981).


DTO-28 13.24 
 16.90
 
Wauseon 14.73 11.25

Spunta 15.17 

2.11 	 Enzyme-linked irmunosorbent assay (ELISA)17.47 	 , 
 "' 	 for the detection of potato viruses is
IA/ 16.56 15.06 
 & widely used in a number of 1%boratories

(Casper, 
1977; Marco, 1981a; 
Clarke et
Ij = (Kennebec + Spunta)/2. 

_ _d_ W7r 	 al., 1980). Recently ELISA was also usedetection of potato leafroll virus
j X,*.* 	 (PLRV) (Tamada and Harrison, 1981) and for
 
potato virus Y (PVY) (Raccah et al.
1981), aphids (Robert, 1971), comp edf he
Table 2. Regression equations for eight 
 relation between 	vector peaks and virus
cultivars based on 
data of 	four sites* 
 1 U 23 disease,o 20 20 incidence in potatoes. Similarand the 	average yield of Kennebec and O. 
 Yd- W. studies were carried out in Israel by us,Spunta as environmental 	index (Ii). 
 Figure 	 (Zimmerrman-Gries and Harpaz, 1967). The
1. Relationship 	between observed knowledge collected served for planning


and predicted values for 8 cultivars in regions, period of sowing, and control
Cultivar 
 A ± BIJ 5 sites, of seed potatoes. The following control
 
measures 
were proposed
Kennebec 	 in order to sup16.04 t 1.01 IJ 	Discussion - It must be pointed c.atthat press 	virus epidemics in potatoes.
Russet Burbank 11.54 t 
.32 Ij this example used only two cultivars (KenTA-37 
 11.15 t 	.71 Ij nebec and Spunta) as :ontrols to represent Breeding for virus resistance
Red Pontiac 16.60 ± 1.76 Ij 
the impact of the environment. One would
Bintje 	 12.19 ± 1.18 IJ expect the efficiency of the model to in- To the best of our knowledge no commercial
DTO-28 
 16.55 t .58 Ij crease 	when using an expanded array of cultivars carrying high levels
Wauseon 	 of virus
Spunta 	 14.87 1.10 lJ controls.
17.77 ±± 	.99 Ij 
 resistance are 	 available. More 
 work
 
should be done to develop lines that will
 

• The four sites are Brazil-79; Philip-
 The use of the model requires that data of withstand aphid-borne viruses.
 
pines-79; Turkey-79; Canada-80. quality be available from all control and
 

test cultivars from all sites. This has Avoidance of infection
 
in the past and will continue to be dif-


Table 3 presents intra-class (r1 ) and ficult goal to achieve. 
 vor the production of seed potatoes it is
inter-class (r2) 	correlations for the 5 
 of vital importance to 	avoid areas with
sites not used in deriving the regression The reasons why the model 
failed to pre- obvious high aphid populations during the
equations. 
 The rI is derived from the dict the San 	Ramon-80 results are not un-
 growing season. Such conditions are often
analysis 	of variance for each of the sites 
 derstood. 
 San Ramon is a unique lowland found at high altitudes (Zimmerman-Gries
and a significant r1 value indicat- sig- tropic environment ;r c,4i1vars may 
re- and Harpaz, 1970) or isolated places
nificant 	differences between cultiva .
 r spond quite differently at this
2 	 site. (Marco, 1981c). Alternatively the deis the correlation between observed means 
 This may 	indicate that a linear regression struction of potato haulms in seed potato
and predicted values 
for each site. 	 A model is not to be the universal model, crops before maturity is practiced in the
significant r2 value indicates 
the eight Perhaps certain sites will require the 
 Netherlands and 	 Switzerland to reduce
values in the observed and the eight development of models specific for that 
 virus spread, especially 	when aphid popuvalues in the predicted correlate well, site. The evidence obtained to date, how- lations are high at the end of the season
 
Both r, and r	

ever, cannot be taken as conclusive since (Salzman, 1953). Aphid trapping in combi
2 are highly significant for an extremely small body of data is availa-
 nation with tests of aphid inoculativity
Canada-79, Pakistan-80, and Brazil-B0. ble. In addition, there is also the mat- are 
sometimes used to 	determine locations
Both ri and r, for Tunisia-79 are not sig-
 ter of choice of 'control cultivars' that and seasons where and when to grow seed
nificant, indlcating no differences were will 
accurately reflect the environmental potatoes.
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Testing for rates of the incoming virus 

infection ispresently done with indicator 

bait plants. 


Oil Sprays 


Oil sprays are used for non-persistent 

viruses when insecticides do not reduce 

infection. Itwas found that the use of 

mineral oil has an effect on the decrease 


aphid population pressure is relatively

high. 


Barrier plants 


Barrier plants have often been suggested 

for protecting plants from non-persistent 

viruses, and aphids will lose the virus 


when they probe on the barrier plants.

Sunflowers as barrier plants were used 


of non-persistent virus dissemination in to protect pepper from PVY in Florida 

potatoes (Allen, 1965; Bradley et al., 

1966; Wenzl and Foschum, 1973). 5n tlose 

studies the virus control ranged between 

30 to 88%. 


Sticky yellow sheets 


A marked reduction of virus infection in the present cultivation practices. 

potatoes was reported by Zirmerman-Gries 
(1979), the percentage of PLRV affected 

tubers from protected plots was between 

2 and 6%while inthe unprotected control 

itwas between 17 and 29%. There was also 

a reduction in the spread of both potato 

non-persistent viruses PVY and alfalfa 

mosaic virus (AMV). 


White nets 


A novel approach to decrease virus dis-

seinination in peppers was attempted by 

Cohen et al. (1978), using 2-8 mesh white 

nets tIFat-were placed at least 0.5 m abuve 

and around the plots. As the aphid's 

vision isapparently limited to less than 

50 cm, these nets seem to obscure the 

plants from the aphids. Representative 

results with nets of different colors were 

used. In the control pepper plots virus 

incidence reached 95% after 77 days, 

whereas in plots under white, yellow and 

gray nets virus incideice was 2%, 13% and 

45%, respectively. 

In potatoes, covers of white coarse net 

2.5 x 8.0 mesh per inch square (1x 3.3 

mesh per cm square) reduced alighting 

aphids to about 2% of those trapped in 

unprotected plots but increased by factors 

of about 5 to 6000 the number of apterae.
PLRV incidence was greatly reduced inpro-


tected plots provided that no secondary

infection occurred under the net. In 

plots planted with secondarily PLRV- in-

fected seed subsequent incidence under the 

net was even higher than in the unpro-

tected controls (Marco, 1981b). 


This approach could become most important 

for producing high-value propagation mate- 

rials, although it has to be evaluated 

under different climatic (e.g. wind) and 

light conditions, and especially when the 


(Simons, 1960). In Israel, sorghum as a 

barrier was used in experimental potato 

plots and some reduction in PVY was no-

ticed (Zimmerman-Gries and Harpaz, un-

published data). However, the use of 

barrier plants under commercial field con-

ditlons is generally not compatible with 


Conclusions 


As a result of the inefficiency of vector 

control b.v insecticides and the slow 

progress inbreeding for virus resistance, 

some of these unconventional methods, 

single ur in combination, may become of 

practical use for growers of high-value

seed potatoes as virus-tested propagation 


stock. 
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