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Preface 

All of the commonly grown tropical root and tuber crops 
are normally reproduced vegetatively. Although each crop is 

propagated in its own peculiar ways, there are many common 
problems and the same principies can be used to resol ve them. 
Whilst there are still many gaps in our knowledge of these 
crops, it is hoped that the comparisons between them will 
enable more rapid progress in the development of improved 
propagation systems. For this reason, the three international 
agricultura! research centres with major programs on root and 
tub~ crops, CIAT, liTA and CIP, organized this workshop 

1 

with financia! support from UNDP. 
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INTRODUCTION 



The lmportance of Planting Material 
in Root and Tuber Crop Production 

J. E. Bryan, Cl P, Lima, Peru 

Most crop specialists agree that the use of good quality seed is the 
quickest way to increase crop production and productivity. (The term 
'seed' is used to denote true botanical seed, tubers, roots, or other plant 
parts. Since root and tuber crops are almost exclusively multiplied by 
vegetative propagation, this is the meaning of seed commonly used in this 
publication.) Without good seed, the impact of other inputs on yield, such 
as fertilizer and soil preparation, will not be as significant or as 
economical. In addition, good seed can be adapted to small as well as large 
farms, and it is responsive even under less favorable climatic conditions. 

Many farmers, especially in developing countries, are not yet using good 
quality seed, des pite its obvious advantages. One of the major reasons for 
this is that farmers are slow to change from the ancient practice of setting 
aside part oftheir crop, more or less non-selectively, as seed for the next, to 
the more recent idea of saving planting material only from the more 
vigorous and healthy plants. However, in order to produce good quality 
planting material in small-scale and subsistence agriculture, it is very 
important that this latter idea becomes ingrained into farmers ' practices. 

The switch to improved seed means a drastic change for the individual 
farmer, with many new risks and new ways of thinking. The change is 
equally significant at the nationallevel. The adoption of improved seeds 
implies initiating and maintaining complex, sizable, and costly long-range 
activities, including infrastructures for financing and training both at the 
scientific and farmer level. Trained manpower at the farmer level is the 
most critical. 
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Breeding programs and varíe tal selection are of little value without the 
necessary infrastructure to maintain and multiply a new variety to the 
quantity and quality necessary to make a significant impact on pro
ductivity. Governments wishing to motiva te farmers to use improved seed, 
improved varieties, or modern techniques are fa ced with the need not only 
to provide educational and credit facilities but also to ensure that the 
required seed and related inputs are available to the farmers at the correct 
time. 

Good planting material naturally implies freedom from diseases, 
insects, and other pests, but it also implies physiological quality. This is 
extremely ímportant when working with vegetatively propagated crops 
such as potatoes, cassava, yams, and sweet potatoes. In the case of 
potatoes, there is a 65-year history of reducing diseases and insects in 
planting materials. However, the importance of physíological qualíty in 
planting materials is less well known. 

Root and tuber crops, being propagated vegetatively, are inherently 
more susceptible to the maintenance, increase, and dissemination of both 
systemic and nonsystemíc diseases than are the sexually reproduced crops 
using true seed as plantíng material. The systemic diseases-víruses, 
viroids, and mycoplasma pathogens, as well as severa! bacteria-are the 
most devastating in terms ofyield loss for the root and tuber crops. Recent 
progress using thermotherapy and meristem techniques have enabled 
scientists to remove many of these systemíc diseases from plantíng 
materials. Increased use of rapid multíplication techniques is enabling 
scíentists to produce large amounts of 'pathogen-free' material. Beca use 
most rapíd multiplication techniques in root and tuber crops involve the 
use of aerial portions of the plant, contact with soil and tuber/ root 
portions is broken and most nonsystemic pathogens and pests can be 
eliminated. However, when replanted in contaminated soils, the plants 
become reínfected, as ís also the case wíth systemíc diseases, but usually 
reinfection with these is at a slower rate if appropriate precautions are 
taken. 

Crop losses are diffícult to define in monetary terms. Individual diseases 
vary tremendously in their effect on yield reduction. With 100% ínfection, 
potato virus X (PVX) .normally reduces yield less than 10%. However, the 
yield of certaín susceptible cultivars has been reduced in excess of 25%. 
Mild straíns of potato virus Y (PVY) only reduce yield 25-30%, but severe 
PVY and potato leaf roll virus (PLRV) can reduce total yíeld in excess of 
60%. Thís loss varíes wíth plant densíty, seed tuber síze, fertílity, and other 
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agronomic practices, as well as with variety. The bacteria Pseudomonas 
so/anacearum can cause 100% crop Joss at harvest or prior to purchase by 
the consumer. Similar losses are reported in the root crops. 

Crop losses are caused in severa) ways. The first and most important is 
by yield reduction, in which fewer and smaller roots or tubers are 
produced. As these losses occur below the ground , they are not noticeable 
until harvest. This is particularly true for the virus diseases and nematodes. 

The second type of loss is through rotted, damaged , misshapen, or 
off-color roots or tubers. These types of losses are often ca u sed by bacteria) 
or fungal pathogens, as well as by insects, viroids, and mycoplasma . Again, 
these losses are most obvious at harvest. 

The third type of Joss occurs on the po rtion of the plant above the 
ground. The cumulative effect of mild insect infestations, Jack of 
chlorophyll caused by viruses, and mild leaf spots caused by certain fungi 
are often underrated because they are not serious by themselves. 

The Jast and most obvious type of loss is caused by pathogens killing the 
plan! or causing severe Jeaf or stem damage. Fungi , bacteria, insects, and 
certain viruses do the most damage . 

Most of the above types of Josses can be attributed to infected planting 
materials. But the effect of planting material quality is not limited to yield 
Josses. It also affects the storage properties of the product and its eating 
quality. 1t is therefore appropriate for agricultura) programs to devote a 
significan! share of their resources to this importan! aspect of crop 
production. 



CHAPTER l. 
CROP DESCRIPTIONS: 

IMPORTANCE, GROWTH, 
PRODUCTION SYSTEMS, 

AND USES 



Potato Production 

R. H. Booth and D. Horton, CJP, Lima. Peru 

lmportance 

On a worldwide basis, pa tato is the most important root crop with ¡¡n 
annual production of about 258 million tons compared with 146 million 
tons of sweet potato, 121 million tons of cassava, 22 mi Ilion tons ofyams, 
and around 6 million tons of cocoyams (Tabie 1 ). Similar! y, pota toes are 
grown in more countries of the world than any other root and tuber ero p . 
In fact, pota toes are grown in more countries than any other single crop, 
with the exception of maize. Also, patato is the only root crop being 
considered in this workshop which is produced in significant amounts in 
developed countries. In the developing countries, however, sweet pota toes 
and cassava are grown in an equal or Iarger number of countries. Cassa va, 
yams, and cocoyams are grown almost exclusively in the developing 
countries (Table 2). 

In countries with developing market economies, cassava stands out as 
the Ieading root crop with an annual production of 115 million tons 
(Table 3). Patato follows with 32 million tons, and production of yam, 
sweet patato, and cocoyam is 22, 15, and 5 million tons, respectively. 

Potatoes are grown in all developing regions but in much smaller 
amounts than cassava. The five most important pa tato producers in 
developing regions are India, Turkey, Argentina, Colombia, and Brazil. 
These five countries a~count foro ver 50% oftotal patato production in the 
developing market economies but only 7% of world production. The. 
smaller quantities produced in many other countries, however, are 
important contributions to the diets of many peoples. 
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Table l. Area, production, and yield of root and tuber crops in the world. 

Cassava Patato Ya m Sweet patato Coco ya m 

Area 14 19 2 12 
(million hectares) 

Productio n 121 258 22 146 6 
(million tons) 

Yield (t/ ha) 9 14 9 12 5 

Source: D. Horton: J. Lynam; H, Knipscheer, 1984 

Table 2. Number of countríes producíng root and tuber c rops. 

Countries Sweet 
(no.) Po tato pota ro Cassava Ya m Cocoyam 

World 182 130 106 95 43 29 

Developed market 28 28 6 o 2 
economies 

Developing market 14 1 91 96 92 4 1 27 
economies 

Ccn!rally planned 8 7 o o o o 
economies (European) 

Centrally p la nned 5 4 4 3 o 
economies (Asian) 

Source: D. Honon; J . Lynam; H. Kmpschccr, 1984 

Table 3. Area, produc lion, a nd yield of root and tuber crops in the countries with deve1oping 
market economies. 

Cassava Potato Ya m Sweet potato Cocoyam 

Are a 13 3 2 2 
(million hec tares) 

Production 115 32 22 15 5 
(million tons) 

Yield (t/ha) 9 11 9 7 4 

Source: D. Honon; J . Lynam; H. Kmpscheer, 1984 
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Within its origins in the tropics, the potato is generally grown in areas 
with relatively fertile and well..drained soils, cool temperatures (particu
larly at night), and adequate rainfall or irrigation. Such conditions are 
typically found in the tropical highlands such as the Andes, Central Africa, 
and the Himalayas; in areas with temperate or mediterranean climates 
such as Argentina, Chile, and Turkey; and in areas with relatively cool 
night temperatures during the spring, autumn, or winter seasons such as 
North Africa and the Indo-Gangetic plain. 

Production trends 

According to statistics of the Food and Agriculture Organization 
(FAO), world production of potatoes has fallen by approximately 10% 
over the last two decades while production of all other root crops has 
increased over this same period. However, these figures are greatly 
influenced by estima tes for China. China is the world's largest producer of 
sweet pota toes and one of the largest producers of pota toes. In recent years 
the International Food Policy Research Institute (IFPRI) has conducted 
extensive research on Chinese agricultura! statistics. This unpublished 
work indica tes that the F AO estima tes for China greatly overestimate 
sweet potato production and underestimate potato production. Using the 
IFPRI estima tes of Chinese root crop production would mean that global 
production of pota toes has remained roughly constant over the last two 
decades, rather than fallen, as previously believed. 

In developed market economies the area seeded to pota toes has fallen by 
approximately 40% since 1960, while yields ha ve increased by 30%, and 
total production has fallen by about 20%. On the other hand, in the 
developing marke~ economies the area under potatoes over the same 
period has increased by 38%, yields have increased by 45%, and total 
production has doubled (Table 4). In European and Asian countries with 
centrally planned economies, the area cropped with potatoes decreased 
annually by lo/o and yields increased by slightly less than lo/o , leaving the 
total production about constan t. Within the developing market economies 
over the last 20 years, the area under pota toes in Africa and Asia increased 
by almost 7% and 4% per year, respectively, while that in Latin America 
did not change substantially. Patato yields increased by more than 2% 
annually in Latin America and Asia, while in Africa yields remained 
constant. Thus, total potato production .increased roughly by 140% in 
Africa, 80% in Asia, and 40% in Latin America. 

The production trends show that over the past 20 years patato 
production has increased most rapidly in areas where per capita produc-
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Table 4. Percent change in are a , production, and yield of root and tuber crops in countries with 
developing market economies, 1961-1981. 

Ca ssava Po tato Ya m Sweet potato Coco y a m 

Area 32 38 12 o 92 

Prod uction 49 10 1 53 o 58 

Yicld 13 45 18 o -18 

Source: D. H orton; J . Lynam; H . Kmpscheer, 1984 

tion levels are low and least rapidly where the potato is already a staple 
food in the diet. Over this period the increase in per capita production of 
potatoes in many developing countries has been striking. In fact, the 
average growth rate of po tato production exceeds that of most other food 
crops in developing countries. 

Production costs 

In terms of prod uction efficiency, pota toes can produce more edible 
energy and protein per hectare than practically any other food crop. In 
terms of energy and protein production per day, the potato also ranks 
high . However, high potato yields require a large input of energy per 
hectare. In fact , the energy inputs for pota toes are exceeded only by those 
for irrigated rice a nd high-value vegetable crops such as broccoli and 
cauliflower. The potato is a heavy user of energy derived from bo th fossil 
fuels and human labor. Where yields are highest , energy inputs in the form 
of chemical fertilizers and pesticides account for a la rge proportion of the 
tota l energy input. O n a world basis, the po tato crop is now the second 
largest user of chemical pesticides, the first being cotton . 

For the present, the potato crop is a high-input, high-output food crop 
in all world regions. 8o th potato yields and production costs per hectare 
are higher in developed countries than in developing countries. But 
beca use the yield gap between these groups of countries is greater than the 
difference in production costs per hectare, potato production costs per 
kil ogram are higher in developing countries. 

While the structure of potato production costs varíes considerably 
between countries, the to tal cost in most countries líes between US $ 1000 
and $ 2000/ha. This cost Ievel is considerably higher than that for most 
other major food crops, including most of the root crops and rice and 
wheat. In developing countries, production costs for rice and wheat, when 
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calculated against either energy or dry matter produced, are considerably 
lower than for potatoes. On the other hand, in sorne specialized potato
producing countries in the developed world, average production costs of 
energy or protein from pota toes do not differ greatly from those ofwheat. 

In future years, it is not likely that the production cost of potatoes per 
hectare will be significantly reduced, but in many cases yields could be 
increased substantially with only slight increases in production cost per 
hectare. This would allow a significant reduction in production cost per 
kilogram. 

Not only is the production cost of pota toes higher than for most other 
root crops, but the cost structure is also different from that of other root 
and tuber crops (Table 5). Seed tubers are nearly always the single most 
costly production input. In available estimates for South America and 
tropical Africa , seed tubers account for 20-40% of the direct production 
costs (38% in the specific example given for Peru), in Asia 30-35%, and in 
Central America around 50%. These high costs for seed tubers clearly 
justify the many research and development programs emphasizing better 
production, storage, and distribution of healthy and inexpensive seed. To 
date, research has concentrated on: rapid propagation techniques, virus 
and disease detection, physiological quality, storage, and the development 
and evaluation of alternative seed production and certification schemes. 
Also, the potential use of true potato seed (botanical seed) is currently 
being widely explored as an alternative means of reducing production 
costs. 

Labor tends to be the second most important production cost in 
developing countries, accounting for 15-35% of the input costs in most 
cases. lnputs of industrial origin-equipment, fue!, and chemical fertilizers 

Table 5. Examples of the production cost structure for potato, cassava, and sweet potato. 

Labor (% ) 
Equipment (%) 

Seed (% ) 
Fertilizer (o/o) 
Pesticides (%) 

Total cost/ ha (US$) 
Yield (t/ ha) 

Cassava 
(Thailand, 1978) 

64 
34 

2 

100 
14 

Soureo: D. Honon; J . Lynam; H. Knipsche<r, 1984 

Potato 
(Peru , 1980) 

17 
JI 
38 
20 
14 

1700 
18 

Sweet potato 
(Peru, 1973) 

45 
42 
8 
3 
2 

200 
12 
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and pesticides-account for a variable proportion of total costs: between 
20% and 40% in Asia and Latín America but a very small proportion in 
Africa. In the U.S.A. and Western Europe, the structure of potato 
production costs varies considerably from that described for developing 
countries. Seed and labor only account for 20% and 8%, respectively, 
whereas inputs of industrial origin account for nearly 75%. 

The high potato production costs in developing countries result in high 
prices to users. In comparison with other root crops in developing 
countries, the average price ofpotatoes at US $140/ton is similar to that of 
yams (US $ 160/ ton) but considerably higher than that of cassava and 
sweet potato at about US $70-90/ton (Table 6).In addition to showing the 

Table 6. Yield, price, and value of various crops in developing countries. 

Yield Price Value 
Crop (t/ha) (US$/ ton) (US$/ ha) 

Po tato 10.9 142 1550 
Ya m 9.0 163 1469 
Sweet potato 7. 1 89 629 
Cassava 8.8 70 613 
Cocoyam 4.2 123 514 
Rice 2.2 170 366 
Wheat 1.5 148 217 
Maize 1.5 119 177 
Sorghum 1.0 123 117 

Soun:e: D. Horton; J . Lynam; H, Knipscheer, 1984 

Table 7. Production aod value of potatoes in developing countries, 1977 avenge farm gate 
prices. 

Production Yaiue 
Rank Country (miiiion tons) (miilion USS) 

1 India 9.9 1440 
2 Turkey 2.9 440 
3 Argentina 2.2 340 
4 Colombia 2.1 320 
5 Brazil 1.9 290 
6 Peru 1.6 240 
7 Egypt 1.1 170 
8 Chile 1.0 150 
9 Bangladesh LO 150 

JO Bolivia 1.0 150 

Source: D. Horto n, World Potato Facu, 1984. CIP, Lima, Peru. 
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high cost ofpotatoes, Table 6 also shows the high value ofthe crop. Table 7 
indicates the meaning of this, in economic terms, to leading potato
producing countries in the developing world. 

Uses 

According to the best available estimates, about 45% of the world 
potato crop is used for human consumption (fresh and processed), 30% is 
fed to animals, and 15% is kept for seed purposes. Only about 2% is used 
for starch production and the remainder, just under 10%, is the FAO 
estima te of waste. 

The production of pota toes specifically for animal feed has been Iimited 
almost exclusively to Europe, and today is only practiced extensively in 
Eastern Europe. In Poland and Russia , the world's two largest potato
producing countries, the portion ofthe total crop used for fodder is nearly 
two-thirds and one-half, respectively. Potato production for starch and 
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, is potato 
production for starch of major importance. Other countries producing 
significant quantities of potato starch include Poland, Russia, and Japan. 
In developing countries, practically no potatoes are grown specifically for 
Iivestock feed or industrial use, although waste tubers are sometimes used 
for these purposes. Thus, most potato production is used for human 
consumption. 

Few accurate studies of potato consumption trends are available . Those 
that are indicate broad fluctuations within countries and years which are 
not reflected in generalized statistics. Such statistics generally under
estimate consumption levels considerably. This is possibly due to the 
significant quantities of potatoes, and of course other root and tuber crops, 
which are produced for borne consumption and so fail to enter into 
national and international statistics. 

Wíth an estímated per capíta consumptíon of 166 kg per year, Poland 
has the highest consumption level of any country. In Western Europe ít 
appears that per capita potato consumption has stabilized at about 90 kg 
per year. In the U.S.A., where per capita consumption ís considerably 
lower than in Western Europe, it is stiii increasing gradually and is 
presently about 60 kg perca pita. Annual potato consumption appears to 
be more or less stable in Latín America at about 25 kg per capita. In other 
developing regions, and especially in Asia, per capita consumption is 
increasing rapidly, reaching about 25 kg in the Near East but only 6 kg in 
Africa and the Far East. 
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Since the Second World War, processing of potatoes for human 
consumption has been a growing industry, particular! y in the U.S.A. where 
now over half the pota toes are consumed in processed forms-primarily 
frozen French fries, dehydrated instant preparations, and snack foods 
such as potato chips. By contrast, few of the prerequisites for such potato 
processing are present in developing countries, where the potato processing 
industry remains in its infancy. However, ancient and traditional methods 
of processing potatoes into less perishable food items continue to be 
practiced in such areas as the Andes and Himalayas. Beca use of their low 
cost and simplicity, these methods can provide alternatives to the storage 
offresh tubers. There are no accurate estima tes of the amounts of pota toes 
processed by such means, but they are considered to be small relative to 
total production . 

In evaluating the prospects for potato processing in developing coun
tries , modern processing techniques do not appear attractive dueto their 
high cost in terms of capital, energy, and waste. It has been recommended 
that research and development emphasize processing principies which 
would produce alternative dehydrated potato-based foods acceptable to 
low-income consumers. If such processes are kept simple and low in capital 
and energy requirements, they could be alternatives to the difficult and 
costly task of storing fresh pota toes through hot periods in order to satisfy 
continua! consumer demand. 
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Cassava Production 

James H. Cock, CIAT. Cali, Colombia 

Importance 

Cassava is almost solely grown in the tropics, where it is planted on a 
total of 13.4 million hectares of land. This area produces close to 130 
million tons of the crop, with an average yield of approximately 9 t/ ha. 
Although about halfthe total area planted with cassava is in Africa , yields 
are Jower there than in Asia and the Americas, and so total production is 
approximately distributed as 40% in Africa, 40% in Asia, and 20% in the 
Americas. In terms of total calories produced and consumed by people in 
the tropics, cassava is the fourth most important crop after rice, sugarcane, 
and maize. 

Growth and development 

Cassava can either be grown from true seed or from stem cuttings. In 
commercial production it is exclusive! y grown from stem cuttings; sexual 
seed is only used in breeding programs or by farmers interested in selecti ng 
new clones. Stem cuttings planted in moist soil conditions germinate 
within 1-4 weeks depending on temperature conditions. Axillary buds in 
the Jeaf scars develop rapidly; however, after initial development of all 
axillary buds, apical dominance restricts the development of the lower 
buds, resulting in the development ofan average of one to three shoots per 
cutting. While the shoots a re developing, a callus forms on the lower end of 
the cutting and this then produces roots. Roots also develop from around 
the Ieaf scars and from the base of the newly developing shoots. Roots start 
to accumulate starch Jess than a month after planting, and by 6 weeks after 
planting severa) of them ha ve begun to swell and to accumulate starch in 
appreciable quantities. 
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Shoots consist of nodal units and internodes, ea eh nodal unit comprising 
a leaf lamina and pe ti ole, an axillary bud , and the stem. Apical dominance 
is strong in cassava and development of the axillary buds is normally 
suppressed, leading to the characteristic growth form of the plan t. Certain 
stimuli, not all ofwhich are known, cause the apex to become reproductive. 
When this occurs, between two and six (normally two to three) of the 
axillary buds develop into approximately equal-sized branches. This 
process continues throughout the plant's life cycle. 

The first lea ves produced tend to be small , e ven when fully expanded. As 
the plant ages, the size of the individual lea ves increases for the first 4-6 
months, after which it decreases. The rate of leaf formation per apex 
declines continuously as the plant ages. However, in heavily branching 
types, this effect is more than compensated by the increased number of 
active apexes resulting from increases in branching and leafformation rate 
per plan t. The net result ofthe changes in leafformation rate per plant, leaf 
size , and leaf fall is a rapid increase in leaf area index for the first 4-6 
months, followed by a slow decline up to harvest time. 

An interesting feature ofthe growth and development of cassava, which 
is common in most root crops, is the simultaneous development of the 
source (the leaves) and the economically useful part (the roots). This 
contrasts markedly with the grain crops, in which the so urce is produced 
first, followed by grain filling. 

Cassava also contrasts with the grain crops in that it has no fixed date of 
maturity. Cassava will continue to produce new leaf area, albeit at a 
declining rate, and will continue to increase its root yield until it is 
harvested. 

Cultivation systems 

Cassava is produced in a very wide range of growing conditions with 
innumerable different cultivation systems. Most of the world's cassava is 
grown on small farms; about 30-40% is grown as a mixed crop in 
association with maize, grain legumes, and a variety of other crops. A 
limited number of large cassava plantations exist to supply raw materials 
for starch factories. 

Although in general cassava production is not mechanized, in several 
countries machinery is often used to prepare the land for its planting. The 
total labor requirement is commonly between 70 and 120 man-days per 
year, the lower figures generally representing the areas where mechanized 
land preparation is carried out, and the higher figures where it is not. 
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Cassava production areas ha ve been broadly classified by CIA Tinto six 
different ecosystems (Table 1 ). The most important ofthese zones in terms 
of total production are the Jowland tropics, which ha ve a pronounced dry 
season. 

Although experimental yields of 70 t/ ha ha ve been achieved and under 
good conditions farmers have frequentl y obtained yields of 30-40 t/ha, 
average world yields are less than JO t/ha. These low yields are partially 
dueto the fact that cassava is normally grown under marginal agricultura! 
conditio·ns, where it exceeds the yield capacity of most other crops, and 
also partially due to poor agronomic practices. 

Table l. Cassava productioa ecosystems and their main characterislics. 

Dry Annual 
Eco- Mean sea son rainfall 
system General description temperaiUre duration (mm} 

l. Lowland tropics with long Above 22°C 3-4 mo. 800-1500 
dry season; low to moder- (uní modal 
ate annual rainfall; high distribution) 
year-round temperature 

2. Lowland tropics with Above 2:ZOC 3-6 mo. Above 1200 
moderate to high rainfall; 
savanna vegetation on 
infertile, acid soils, 
moderate to long dry 
season; lo w relative 
humidity during dry 
sea son 

3. Lowland tropics with Above 2:ZOC Absent Above 2000 
no pronounced dry seasons; or very 
high rainfall; constant high short 
relative humidity 

4. Medium-alti tude tropics; 21°-24°C 4 mo. 1000-2000 
moderate dry season and (bi modal dis-
temperature tribution} 

5. Cool highland areas; 17°-20"C Absent Above 2000 
moderate to high rainfa ll; 
little seasonal temperature 
change 

6. Subtropical areas; cool Average Absent Above 1000 
winters; tluctuating above 20"C; 
day-lenghts min . O"C 
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The cassava varieties used, except in a few isolated cases, are traditional 
land race varieties that ha ve been selected by farmers over many years. In 
many cases, farmers plant severa! different varieties in the same fiel d. With 
the massive increase in varietal improvement efforts in the 1970s, new 
varieties are now bei ng released in many countries. However, propagation 
and dissemination of planting material for these new varieties gene rally is 
not well organized. 

When the roots are harvested, the stems of the mature plants (a t least 
eight months old) are kept by the farmers for use as planting material for 
the succeeding crop. The material may be planted immediately or stored 
for up to six months if the harvest period does not coincide with the 
planting time. Planting material is taken from the woody part of the stems. 
If it is in tended for storage, it is cut into stakes at least 1 m long and laid in 
the shade or it is placed in bundles with the basal parts buried in the soil in 
the shade of a tree . The stored stakes produce shoots from their upper 
ends, which are trimmed off before planting. In southern Brazil, where 
cuttings ha ve to be stored through the cool winter, they are kept in 
underground shelters to protect them from frost damage. 

Farmers have difficulty in assessing the quality of planting material. 
They pay attention to its germination and the initial vigor of the new 
plants, but they usually do not know the nutritional and phytosanitary 
status of the original cuttings. Even though different planting materials 
may ha ve similar germination or sprouting percentages and all new plants 
may appear equally healthy, yields may differ greatly, depending on the 
nutrition and disease status of the plants from which the cuttings were 
taken . 

Just before planting, the planting material is cut into pieces 10-30 cm 
long, but occasionally longer. These cuttings are then planted horizontally, 
vertically, orinan inclined position. In horizontal planting, the pieces are 
buried 5- l O cm below the soil surface. In vertical or inclined planting, only 
one-half to two-thirds of the length of the pieces is covered with soil. If 
ridges or mounds ha ve been prepared, the stakes are planted on the upper 
par t. 

From 7000-20,000 stem pieces are planted per hectare. High planting 
populations are u sed if the soil fertility is low, if cassava is being grown in 
monoculture, or if erect, low branching varieties are being planted . The 
most common population is about 10,000 plants per hectare. 

Although cassava is relatively drought-tolerant once established, it 
requires adequate soil moisture for the first 2-3 months after planting. In 
areas with a dry period, cassava is normally planted at the beginning of the 
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wet season, but secondary plantings are often made 2-3 months before the 
onset of the dry season. 

Cassava is usually grown without fertilizer on soils that ha ve inherently 
low fertility and, in addition, it is frequently the last crop in a rotation 
before a fallow period. Farmers who use no fertil izer periodically lea ve the 
la nd fallow. The yield of a cassava crop in shifting culture, a system which 
occurs in much of Africa and parts of Asia and the Americas, or in fallow 
culture, is cl osely related to the number of years of fa llow and the number 
of crops that ha ve preceded the cassava crop since the last fallow period. In 
a few countries, farmers who are short of la nd and unable to maintain long 
fallow periods are beginning to apply fertilizer to the cassava crop. 

Weed control is one of the most labor-intensive activities of cassava 
cultivation. Although Jand preparation provides initial weed control, up to 
six or seve n weedings with a hoe or a machete may be necessary later. 
However, once the crop is well established, shade from the cassava Jeaf 
canopy prevents much competition from weeds. 

Most farmers do not use any chemical pest or disease control measures. 
Use of selected varieties that are tolerant to local disease and pest 
problems, a nd practices such as crop rotation a nd intercropping tend to 
reduce disease and pest incidence. 

Unlike crops such as rice and wheat, cassava can be harvested more or 
less whenever it is needed. The harvest may begin as early as 7 months after 
planting in warm areas, or it may be put off until 18 or more months after 
planting. Long growth periods are common in areas that ha ve cool winters 
and in highla nd areas where average temperatures are low. Since the starch 
content of the roots tends to be greatest when temperatures are low, 
cassava is commonly harvested in the cooler months. When the rains begin 
after a long dry season, the starch content drops markedly and· harvesting 
tapers off. 

Most farmers prepa re cassava for harvest by cutting the tops; this lea ves 
a stump about 30 cm long, which is grasped and used to uproot the plan t. If 
the soil is hard, farmers may tie a pole to the stump to use as a Jever. 
Mechanical harvesters and harvesting aids a re in Jimited use. 

Uses 

According to data of the Food and Agriculture Organization (FAO), 
about 65% of total world cassava production is used for human 
consumption and 21 % for animal feed, with lesser amounts for starch and 
industrial use (Cock, 1982). The cassava used for human consumption is 
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almost equally divided between fresh roots, normally boiled and ea ten in 
soups and gruels, and a variety of cassava flours. It is estimated that 
450-500 million people from 26 tropical countries consume an average of 
300 kilocalories of cassava per da y, in the form offresh roots or processed 
products. 

Cassava used for animal feed within the developing countries ( 11 .5% of 
the world production) is mainly fed directly as fresh cassava on the farm. 
Thailand, and to a lesser extent Indonesia, export about 7% of the total 
world production in the form of chips and pellets for incorporation in 
animal feed in the European Economic Community. 

In recent years, much has been made of the use of cassava as a so urce of 
fuel alcohol; however, at present only minimum amounts are used for this 
purpose. 

Reference 

Cock, J . H. 1982. Cassava as a basic energy source in the tropics . Science 218:755-762. 



Sweet Potato, Yam, and 
Cocoyam Production 

F. E. Caveness, S. K. Hahn, and M . N. A lvarez, /ITA , lbadan, Nigeria 

Sweet potato 

lmportance 

Sweet potato, lpomoea batatas (L.) La m., is a worldwide food crop, and 
it is also used for animal feed and in industry. It has a high yield potential in 
comparison with the other major tropical food crops, and therefore should 
be of considerable socioeconomic and political concern . This yield 
potential is illustrated by the 53 t/ha produced in 5 months from an 
improved sweet potato line grown under good management at liT A 
(Aivarez and Hahn, 1983). Another important feature of the sweet potato 
is its adapta bility. It has been shown to have a greater tolerance toan 
extended range of edaphic and climatic conditions than most other 
tropical root crops. Its optimal habitat fa lis halfway between cassa va at 
one extreme and taro at the other, but it readily extends into the real m of 
both. It is also tolerant to cold and can be grown at altitudes as high as 3000 
m in the tropic zones (Cobley, 1976; Coursey and Booth , 1977). 

The tuberous root is the primary product of the sweet potato, and it is 
eaten as a vegetable. It is used in the industrial food trade as a source of 
starch and flour and it also has a number of industrial conversion 
products, which are generally only fo und in the more developed countries. 
8 oth the tuber and vines are used on farms for animal feed, and in the 
Philippines, Indonesia, and parts of Africa, the more tender leaves a nd 
vine tips are used as a potherb (Coursey and Booth, 1977; Purseglove, 
1968). 

The economic importance of sweet potato has consequences for the 
farmer, the consumer, and the society (Khan, 1972). For the farmer, higher 
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yields generally mean a higher quality product as well. Both of these 
attributes are likely to affect the price and the farmer's total revenue since 
production costs per unit of resources should decrease as yield and quality 
increase. 

Two classes of consumer are affected: those who use the product for 
direct consumption and those who use it for producing other goods. The 
direct consumer could se e a stable or reduced cost for the crop, which may 
affect the amount consumed relative to other staple foods. Also, where 
there is a higher quality product, the consumer's total satisfaction will be 
increased. The consumer who uses the raw material for further processing 
would benefit from a stable so urce of supply anda higher quality processed 
product. This in turn could further expand his share ofthe market through 
final consumer satisfaction. 

Another economic factor of so me importance is that most of the world 
production of sweet potato is consumed locally with very little entering the 
export trade (Onwueme, 1978; Ka y, 1973). Rises in local food prices tend 
to restrain growth in developing countries and increase relative and 
absolute poverty. Therefore, it becomes feasible to place a greater 
emphasis on agricultural production than wasjustified previously. Success
ful agricultura! development will diffuse the benefits of growth more 
widely than alternative strategies and will even accelerate national growth 
where earlier agricultura! programs were inadequate for their time. If this 
is the case, then the economic pressures in the field of agriculture may well 
ha ve a salutary effect on the pace and pattern of development (Mellor, 
1982). 

Growtb and development 

The sweet potato is a dicotyledonous herbaceous perennial vine, but is 
cultivated asan annual crop on the farm, with a normal growing period of 
between 3-7 months depending on the environment and cultivar planted. 
Numerous cultivars exist and extreme variation is found in the form and 
growth ha bit. Vines can be twining and trailing, and stems can extend up to 
5 m in length. In the tropics, stem cuttings are usually used as planting 
material and are planted on mounds or ridges. The stems are thin and trail 
over the soil surface, producing adventitious roots at the nodes. Their 
color is mostly green but varíes from light green to purple. The vascular 
bundles are bi-collateral, showing phloem on the inside and outside of the 
bundle. The xylem is in the middle of the bundle with strips of cambium 
separating the outer and inner phloem from the xylem. The easy rooting of 
sweet potato stems is probably due to the presence in the stem of the 
pericycle and endodermal layers. 
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Leaves are spirally arranged on the stem and vary greatly in shape 
between cultivars. The petiole has the growth ability to aligo the leaf 
surface to the maximum amount of sunlight. The reddish-purple flowers 
are borne solitarily or on cymose inflorescences on peduncles that grow 
vertically upward from leaf axils and are usually longer than the leaf 
petioles. The mature flowers open in the early morning, remain open for 
only a few hours, then el ose and wilt before midday of the same morning. 
The sweet potato requires short-day inducement for flower initiation. 
Flowers and fruits are common in the tropics, with the amount varying 
with the cultivar, the environment, and the season. Pollination is through 
the activities of hymenopterous insects, the most important of which are 
bees. Polleo tube growth and cross-fertilization occur only between 
compatible cultivars. Most cultivars are self-incompatible. The seed testa 
is thick and very hard making it highly impermeable to water or oxygen. 
Seed germination, therefore, is difficult and irregular but can be induced 
and made more regular by scarifying the seed through mechanical 
abrasion or by the chemical action of concentrated sulfuric acid for about 
tbree-quarters of an hour. Fresbly harvested seed will readily germina te if 
scarified (Cobley, 1976; Kay, 1973; Onwueme, 1978; Purseglove, 1968). 

There is early adventitious root development from the nodes at and near 
the attachment ofthe first fully expanded leaf(Togari, 1950). The number 
of roots formed reaches a maximum 10-15 days after planting. Based on 
the primary cambia! activity and the amount of lignification of ce lis of the 
stele, the roots can be grouped as 1) young, 2) fibrous, 3) pencil-form, and 
4) storage roots. In all, 10 kinds of roots ha ve been described for the sweet 
potato (Wilson, 1982). 

During early growth, changes in environmental conditions influence the 
proportion of roots that are formed in each root class. The number of 
storage roots may be determined as early as 30 days after planting. Cool 
weather ofabout 23°C a long with an adequate supply of potassium lead to 
rapid cambia! activity and little lignification of the roots, a combination 
which favors the development of the tuber. Further development is 
dependent on an increase in the number and size of the cells and on the 
development of starch granules (Hahn and Hozyo, 1983). There is a slow 
increase in the number and size of the cells for the first 40 days after 
planting, followed by accelerated growth up to 60 days after planting. 
Most cells reach tbeir maximum size by the 60th day. The starch granules 
follow a similar pattern (Thomas et al. , 1971 ). 

Thus, the components of yield of the sweet potato are determined in 
sequence. The number of storage roots is determined first, then storage size 
is determined by cell division and expansion, and lastly, the synthesis of 
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starch granules determines the density of starch in the ce lis (Togari, 1950). 
lt follows, therefore, that changes in one component of the potential yield , 
as influenced by environment, willlead toan adjustment by the plant in the 
components that are subsequently developed (Hahn and Hozyo, 1980; 
Thomas et al., 1971 ). 

In sweet potato, dry weight accumulates in the economically important 
tuber while the stems and new lea ves continue to grow. Growth rates in the 
tuber are small initially but increase toa maximum and then decline with 
the onset of maturity (Hahn and Hozyo, 1983). 

The lea ves are the main source of assimilate for the total dry weight of 
the'crop. Yield, therefore, depends on the extent of the leaf area developed, 
the rate at which it works, and the length of time it persists. Since new 
lea ves are continuously produced until harvest, the leaf area maintained is 
due almost entirely to the activity of apical meristems and to the growth 
and longevity of the lea ves produced. After the growth of the tuber has 
begun, a portion of the current assimilate must be partitioned for the 
growth of new leaves in order to maintain the leaf area needed for 
continued production of dry matter (Hahn and Hozyo, 1983). 

Cultivation systems 

"The most important human-influenced adaptation of sweet potato has 
been its integration into agricultural systems, the diversity of which is only 
hinted at by the variations of environments. It is a comparatively easy crop 
to grow, and in the tropics it exhibits no strict seasonality, so that it can be 
combined in mixed fields with other tubers or roots , vegetable species and 
even grain .. . It is a constant provider of farinaceous staple, and is often 
integrated into indigenous cultivation cycles with a secondary role as a feed 
for livestock, often occupying inferior land." That quote from Yen (1982) 
clearly indicates the utility of the sweet potato in numerous diverse 
cultivation systems. 1t is wide1y grown in tropical, subtropical, and warm 
temperate areas under systems ranging from highly intensive mechanized 
cultivation to subsistence farming. A wide range of cultivars are used that 
differ greatly in their adaptability. However, optimum growth occurs at 
about 24°C or more, coupled with abundant sunshine and warm nights. 
The sweet potato is tolerant to periods of drought but needs 500 mm or 
more of rain thro ugho ut the season. Sandy loa m soils that are well-drained 
are best, with yields being reduced by varying degrees on less ideal soils 
(Kay, 1973). 

The three major methods of land prepa ration for sweet potatoes are 
ridges, mounds, or flat surface preparation. Of these, ridge planting is the 
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most generally accepted method. It has been well demonstrated that higher 
yields are obtained on higher ridges toa maximum ridge height of about 36 
cm. In each situation , the optimum ridge height depends on soil type and 
the sweet patato cultivar being grown (Onwueme, 1978). 

The sweet patato cropping systems around the world are determined by 
local conditions, and in more sophisticated farming operations, by the 
dictates of economics. In sorne tropical areas rainfall patterns allow for 
two crops of sweet patato a year whereas in the drier areas only a single 
planting is possible. 

Uses 

Sweet pota toes are primarily used for human consumption. Generally, 
they are consumed directly, the main types of preparation being boiling, 
baking, roasting, or frying. In cultures where leaves are consumed as a 
vegetable, they are usually eaten boiled oras a component of a soup or 
stew. The leaf is more nutritious than the tuber, being richer in protein, 
minerals, and vitamins. 

In the processed form, the tubers are prepared in numerous ways for 
human consumption. They are made into flour and starch, or they are 
canned, frozen, or dehydrated. For industrial uses, the tuber is a source of 
starch, glucose syrup, alcohol, acetone, lactic acid, vinegar, and pectin 
(Kay, 1973; Onwueme, 1978; Purseglove, 1968). 

The tuber and plant tops also are a source of animal feed . The tuber is 
fed directly or in sorne processed form, and leaves are fed to livestock as 
fresh fodder or in the form of silage. 

Yams 

lmportance 

Yams are one ofthe majar components ofthe starchy staple intake for a 
Iarge number of people living in the tropic zone and ha ve much regional 
importance in West Africa, Southeast Asia, the Pacific Islands, the 
Caribbean Basin, and tropical Latin America (Ka y, 1973; Onwueme, 1978; 
USAID, 1974). In times offood scarcity, wild types are sometimes used to 
alleviate hunger. Sorne yams contain organic compounds used to produce 
steroid chemicals in the manufacture of pharmaceuticals. The size of the 
global harvest, about 19 million tons annually, makes the crop of great 
importance to the world's food supply. Yams are of great ethno
agricultural significance in the West African region where a co nsiderable 
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amount of ritua lism has developed around their producti on and utilization 
(Onwueme, 1978). Most of the world produc tion of yams is con sumed 
within the country of o rigin with little entering in ternatio naltrade, and is 
therefore important to the domestic econo m ies of such countries (Kay, 
1973; Onwueme, 1978 ). 

Growth and development 

C ultivated yams are vines and are trained o n sorne type of suppo rt. The 
vines vary great ly in length , growing fro m 3- 10m under good management. 
The re is considerable va riatio n in the shape, s ize and colo r of the leaves. 
Ge nerall y, the lamina is si mple and lacking ma rginal serratio ns. Leaves 
may also be lobed o r made up of three leatlets. C ultiva ted ya ms seldom 
tlower and many cultiva rs do not tlower a t a ll. When there a re tlo wers, 
they a re very small and white to brown in color. Normally, the male a nd 
fe male tlowers occur on separate plants. The yam fruit is a dehiscent 
capsule, trilocular in shape, with the junctions of the locules extended out 
into tlattened wings. The tuber grows fro m a corm-like structure located at 
the base of the vine a s do the main feeder roots. The many cult ivars vary 
great ly in tuber characteris tics: size, number per plan t , shape, texture of 
the tlesh , and taste. 

Tuber growth begins with the o nset of meristematic acti vi ty at the 
junction o f the s tem and root. The resulting mass of cells develo ps a 
growing point and the tuber begins to elongate . The growing point, which 
is distalto the tuber point ofattachment , contains the primary meris tem . 
Th e prima ry meris tem co ntinues to divide and produce mo re cells, which 
enlarge and become fill ed with starch . During its growth o ut from the 
p oi nt of attachment, the p rimary meristem leaves a thin s trip o f 
me ris tematic cells beneath the cortex. Parenchymatous cells beneath the 
epide rmis become me ristematic, produce cork cells, and isolate the cells 
ex terna! to them . The process is repeated so that the mature pa rt of the 
tuber is covered by severa! layers of cork . Tuber maturity is generally 
reached 8- 11 months afte r planting ( Cobley, 1976; K a y, 1973; Onwueme , 
1978). 

C ultivation systems 

In primitive farming, ya ms a re usually the firs t c ro p on the land after 
clearing the bush for c ultiva tio n . In West Africa, a common ro tatio n 
consists of bush fallo w-yam-maize-cassava-bush fallow. There is frequent 
intercropping with me lo n s, chilies, maize, o kra , spinach, and other 
vegetables. The best planting materials a re small , whole tubers. The 
productio n o f seed yams is beco ming p o pular and profitable for farmers 
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specializing in their production. Yam production using minisetts and 
microsetts as a vegeta ti ve seed source is gaining in popularity. (See Chapter 
5.) The setts may be planted on tlat ground, in trenches or holes, on 
mounds o r ridges, or in raised beds. After planting, stakes are provided for 
vine support in o rder to maximize yields. However, selection and 
evaluation from the liT A ya m germplasm collection has recently identifíed 
lines that produce high yields when the vines are grown on the ground 
without staking (Alvarez et al., 1983). 

Uses 

The ya m tuber is a starchy staple food ea ten as a vegetable. Preparation 
is by boiling, baking, roasting, o r deep frying in oil. A popular West 
African preparation is pounded ya m, for which the cooked tuber is mashed 
in a morta r into a stiff glutinous dough termed "fufu" and eaten with a 
stew. In a processed form , yam tlour, ya m tlakes, and ya m chips are made. 
The pharmaceutical industry uses the yam as a source of steroids (Ka y, 
1973; Onwueme, 1978). 

Cocoyams 

Importance 

Colocasia spp. and Xanrhosoma spp. are commonly referred to as 
cocoyams among other na mes. (Colocasia spp. are often called taros, wi th 
two predominan! types: eddoe a nd dasheen. A common name for 
Xanthosoma spp. is tannia .)As with yams, the importance of cocoyam is 
that it is one of the starchy staples of people in the tropics. As a food crop it 
is g rown in much the same regions as yam, sweet potato, and cassava. The 
world harvest of cocoyam is about 4 million tons annually and most is 
consumed in the country of origin, with very little enter ing international 
trade. 

Growth and development 

Cocoyams are essentially warm weather Iowland crops. The best yields 
are ata mean temperature above 21 °C with an annual rainfall exceeding 
2000 mm. Among the eddoe and dasheen types, the eddoe types are more 
tolerant to drier conditions while the dasheen types do best under flooded 
conditions. Tannia does no t tolerate waterlogging well, and so it grows 
best on deep, well-drained soils. 

Eddoe types have a relatively small corm surrounded by large, well 
developed cormels. The dasheen types ha ve a large central corm and fewer, 



30 Global Workshop on Root and Tuber Crops Propagation. 

more compactly clustered cormels of a smaller size. Tannia has a corm at 
the base of the plant and this produces a number of lateral cormels. 

Propagation is by vegetative means using small corms, cormels, stem 
cuttings, or pieces of these. The rapid increase in shoot growth soon after 
pla nting slowly declines after ábout 6 months. Both taro and tannia follow 
this general pattern. With taro, this decline is observed as a reduction in 
leaf number and size. The shortening of the Jeaf petiole is seen as a general 
decrease in plant height in the field. Throughout the growing season there 
is a continua) turnover of lea ves, with the older Jeaves dying as new ones 
appear. 

Corm formation begins about 3 months after planting. Corm and 
cormel growth is slow initially but increases la ter in the season when shoot 
growth is slowing. The corms mature 6-18 months after planting. The 
cormels arise from the axillary buds on the corm. 8oth the corms and the 
cormels show considerable variation in size , shape, flesh color, acridity, 
and taste among the various cultivars (Cobley, 1976; Ka y, 1973; Onwueme, 
1978; Purseglove, 1968). 

Cultivation systems 

Taro is grown under flooded lowland conditions similar to that required 
for rice. Tannia and upland taro are gro wn as dryland crops. For flooded 
taro, levelland is required and preparations follow the same pattern as for 
rice , i.e., plowing, discing and harrowing, and puddling for mínimum 
percolati on of impounded water. The operations are either manual or 
mechanized depending on locality and technicallevel ofthe farm practices. 
For taro or tannia grown in an upland situation, land preparation involves 
cleari ng, plowi ng, harrowing, and sometimes the formation of furrows. 
Planting on the flat ground is the most common method , although ridges 
or beds are sometí mes used . In traditional farming, planting is done on low 
mounds often similar to those prepared fo r yam or cassava, or on flat , 
unprepared Jand. Growing cocoyams as an intercrop is also a common 
practice (Kay, 1973; Onwueme, 1978). 

Uses 

The edible corms and cormels of cocoyams are rich in starch and 
consumed in a way similar to yams, sweet po tatoes, or cassava. Prepara
tion is by boiling, ba king, o r deep frying in oil. In West Africa,fufu is made 
fro m boiled corms and cormels. In the Pacific lslands area, the manufac
ture of poi is an established industry. The fresh or cooked corms and 
cormels can be milled into flour after drying. The Jeaves and petioles, 
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especially when young, are used as a vegetable. Except for the roo ts, all 
parts of the cocoyam can be used as a feed for livestock. Industrial uses 
include mucilage for paper and pharmaceutical ma kers, a source of 
alcohol , anda fermented drink (Cobley, 1976; Ka y, 1973; Onwueme, 1978; 
Purseglove, 1968). 
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CHAPTER 2. 
STATUS QUO OF 

SEED PRODUCTION 



Introduction 

Current Practices in the 
Production of Seed Potato 

J. E. Bryan, CJP, Lima, Peru 

The potato-producing countries ofthe developing world, for a variety of 
reasons, ha ve not been able to adopt modero seed production technology; 
seed costs are still high, while quality is low. Most of these countries, with 
the exception of the Andean area, ha ve relied on imports from countries 
better able to produce high-qua-lity seed. Since the formation of OPEC and 
spiraling costs of petroleum in the 1970s, many governments trying to keep 
their budgets down have demanded that seed potato imports be reduced 
drastically or stopped altogether. Thus, scientists in developing countries 
are under pressure to catch up with seed potato production technology 
generated by Europe and North America. Most of these countries have 
little or no history of seed certification in patato or other crops, and they 
are lacking adequate infrastructure to adopt and support advanced 
technology. CIP and other institutions have made a tremendous effort in 
the past decade to train scientists in seed production techniques, certifica
tion, and the related fields of pathology, entomology, nematology, and 
physiology. This effort, accompanied by governmental inputs, is beginning 
to pay dividends. 

However, there are still many problems. The present technology of the 
countries in the northern hemisphere was not developed nor adopted in a 
few years. It has evolved over time. Also, the needs of temperate-zone 
agriculture are not necessarily the same as those of tropical or subtropical 
agriculture. The technology needed to meet these needs likewise may 
differ. 
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Seed production programs 

The technology exists to produce large quantities of planting material 
for potatoes that will realize 90% or more of the yield potential of most 
varieties. However, where it is needed the most , in developing countries, 
only 20-25% of the yield potential is being produced. Seed production 
programs are varied, but they can be put into general groups, as described 
below. 

l) No program; local varieties produced by farmers and distributed on 
an informal basis. No trained personnel a re utilized. 

2) All seed imported; mínimum infrastructure needed: someone to 
choose the variety, place the order, and attend to distribution to local 
ware growers. This is often done by the priva te sector. A low-quality 
seed is often imported. 

3) Seed imported and sorne multiplied once. The multiplication is 
usually informal with farmers saving sorne of the seed tubers in order 
to plant the succeeding crop. This works very well where two crops 
are grown in the same year . Sorne infrastructure may be needed to 
select fields with the best seed for wider distribution. 

This system gives best results if only a small a mount of medium
quality seed is impo rted and almost all of the harvest is used for 
planting the succeeding crop. A trained person is needed to help with 
selection ofthe best material and remove plants with the most severe 
diseases. This system can reduce imports by about 50% . 

4) High-quality seed imported and multiplied twice before sale to ware 
growers. More infrastructure is needed and, in addition, field 
inspections and more roguing are necessary. Selection of production 
areas with low vector activity is desirable. Virus identification 
abilities and small laboratories may be needed. 

5) High-quality seed imported and multiplied for three years. lnspec
tion services and marketing or distib ution systems are needed , as well 
as pathologists and laboratories. 

6) A full-fledged program. Ifthree multiplications ha ve been successful , 
a complete program should be considered. This can take one of two 
paths: 

- Small amounts of very high-quality seed may be imported a nd 
multiplied five to six generations prior to sale to ware growers. A 
full team of inspectors with certification regulations is needed . 
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Virologists and other pathologists with laboratory facilities, as 
well as a highly-developed marketing system, are indicated. 
Highly-trained farmers to grow seed are essential. 

- The import of a few tubers or use of local varieties may be 
maintained indefinitely. A clona! selection system for producing 
prebasic and basic seed by scientists or highly competent private 
growers is needed . A tissue culture section is optional, but a 
greenhouse and laboratories are essential. Competent scientists, 
inspectors, and seed growers álso are needed. 

Developing countries at presentare in various stages of these steps. Most 
areas ofNorth Africa are multiplying imported seed once and moving into 
two multiplications. South Sahara Africa and Asia vary between 100% 
import to a fui! program. In Latin America, there are al! types and 
combinations of these programs. The successful ones too k time to train the 
last link in the multiplication chain-the farmer producing the seeds. They 
have also been successful in making the potential users of the seed 
produced aware of the benefits of high-quality planting materials. 

Seed production techniques 

Severa! types of production techniques can be used to produce improved 
seed stocks in potatoes. The examples given below each have many 
variations depending on national needs. 

Farmer's seed plot tech"nique 

This method uses a positive selection process (saving tubers from the 
best plants as opposed to negative selection, which i& re m oval of diseased 
and undesirable plants and their tubers). The system works best for small 
farmers with less than 3 ha of potatoes. Its use enables the farmer to 
produce improved seed for his own use through a planned process of 
selection from his own seed stocks. The best plants in an existing field are 
marked by staking during the growing season. These plants are harvested 
and stored separately from the unmarked plants and used the following 
season to planta seed plot. The process is repeated each year by selecting 
the best plants in the current seed plot for the new seed plot. The remaining 
tubers of the current seed plot are used as seed for the farmer's normal 
potato crop. No roguing is required although its use would improve the 
method's efficiency. The major requirement is ability of the grower to 
recognize symptoms of yield-reducing diseases. 

This method will help to develop farmers as seed growers if the national 
program decides to utilize more sophisticated seed production techniques. 
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Negative selection or straigbt roguing 

This is a common seed production method widely used by seed growers. 
It is simple and effective. Diseased and other undesirable plants are 
removed from the seed potato field as soon as symptoms of diseases are 
expressed. The removal (roguing) requires that all plant parts, tubers, 
stolons, and vines are carefully removed from the field in air-tight bags and 
destroyed. The method, although simple and effective, is often impractical 
in developing countries beca use ofthe farmers' reluctance to elimina te any 
plant that may produce sorne food. The system is most effective with 
persistent virus diseases such as potato leaf roll virus (PLRV). 

Clona! selection 

This is done by initially selecting high-quality tubers within a variety 
(clones), and then multiplying each clone's progeny separa te! y for three or 
more generations. Any evidence of disease (especially nonpersistent, 
contact, or latent virus) results in the discarding of the entire clone. The 
method requires the use of antisera techniques for most efficient detection 
of latent viruses. Low-yielding clones should be eliminated even if no 
diseases are present. 

Rapid multiplication techniques and in-vitro plantlets 

The methodologies of these techniques are given in detail in Chapter 5. 
They fit ideally into the clona! selection system, but because this initially 
requires very large numbers of each clone, each being of a high health 
standard, clona! selection is usually based on plant type and yielding 
ability. 

Clona! selection and rapid multiplication, while adaptable to farmer 
seed growers, are often best carried out by governmental institutions, with 
la ter multiplications being carried out by the farmer producing the seeds. 

Use of true potato seed (TPS) 

The use of botanical seed or TPS has many advantages over tuber seed. 
Seed health is much higher, transport and storage are minimal, and no 
edible parts are planted. The use ofTPS is still in an experimental stage. At 
present three methods of using TPS are available: 1) direct seeding, 
2) transplanting, and 3) direct seeding or transplanting in beds at a high 
density ( 100 plants/m2) to produce small, healthy tubers for field planting. 

Open-pollinated or hybrid seed can be used to produce TPS. Hybrid 
seeds usually give higher yields than open-pollinated ones, but they are 
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much more costly to produce. Desirable parents often ha ve poor n owering 
and seed set when grown in areas with short days and high temperatures. 
TPS has a huge potential, but it will be sorne time before this potential is 
reached. 
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Current Practices in the Production of 
Cassava Planting Material 

o 
Dietrich E. Leihner, CIAT. Ca/i, Colombia* 

Introduction 

Cassava stakes for use in vegeta ti ve propagation ha ve been obtained in a 
very simple manner for thousands of years by taking stem cuttings from 
mature plants. This work is usually done by unskilled workers. Further
more, cassava planting material is not produced from what is normally a 
commercially utilizable part of the plant, but from waste material 
discarded in the field. It is probably for these reasons that, in general, stake 
production is sti ll practiced at a technologically very low Jevel. These 
practices, however, give rise to a number of problems leading to Jow 
productivity of the ero p. This paper reviews sorne of the current practices 
in stake production and points out sorne elements necessary for im
provement. 

Selection of stakes 

This section should probably more accurately be entitled 'non-selection 
of stakes' since a conscientious selection of mother plants according to 
nutritional and health status, followed by a careful selection of stakes from 
these plants,is hardly ever done in traditional production systems .. 

The more common practice is instead to first cut down aiJ tops at root 
harvest and then obtain stakes from stems scattered o ver the fiel d. There is 
no opportunity at this stage to discriminate between diseased and healthy 
plants or between well-developed, well-nourished plants and poorly
developed, nutrient-deficient plants. 

• C urrently at Hohenheim Universi ty, Federa l Republic of Germany. 
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Furthermore, in traditional systems, hardly any selection is made with 
regard to the maturity of the stake. This means that along with stakes of 
adequate maturity (recognized by a relation of total-to-pith diameter of 
between 2:1 and 3:1 ), a large number of either too young, i.e., succulent 
stakes, or too old, i.e., very lignified stakes, are selected. This leads to plant 
loss anda patchy, uneven sprouting of stakes. 

In many cases, stakes are obtained when stems ha ve been cut for a week 
or more and thus ha ve been exposed, in the field, to both dehydration and 
infestation by pathogens and insects, passing a serious risk on to the new 
plantation right from the start. Even worse, circumstances often oblige 
farmers to store cassava stems for severa! months before stakes are cut for 
planting. Although sorne attempts gene rally are made to protect the stems 
frarn full sunlight and thus from desiccation, no chemical protection 
against funga l pathogens or insects is normally provided, and the 
sprouting during storage depletes the stems of carbohydrate which the 
stakes then lack when the new crop starts to grow (Leihner, 1983). 

Cutting and preparation 

Cutting tools 

Axes, knives, machetes, and saws of all kinds are used to cut stakes. 
Overly heavy tools often damage the stakes, which are then readily infested 
with soil-borne pathogens and insects after planting. Medium-sized 
machetes are best suited for hand cutting stakes but they are seldom 
available to farmers. Motorized circular saws are mostly used for stake 
cutting in large-scale operations. While being efficient in cutting large 
numbers ofstakes in a short period oftime, this too! also carries the risk of 
disseminating systemic diseases present in sorne stakes to all the rest. 
Manual cutting, however, allows the too! to be disinfected after cutting the 
stem of each plant befo re starting on the next one. In mechanized planting, 
a plan ter machine is fed with pre-cut stakes, ora planter-cutter machine is 
fed with long stems which it cuts. The freshly cut stake is often sprayed with 
fungicide and then deposited into the ground by the planter. 

Cutting methods 

A great variety of cutting methods are presently practiced worldwide. In 
one of the common methods, the long stem is placed on a base made of 
wood or sorne other material and then cut with a heavy, short axe or knife, 
or with a machete . The cut in this case may be slanted or rectangular but in 
all cases, bark and bud damage is frequent around the cut end when the 
cassava stem rests on a base. Another frequent way of cutting consists of 
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holding the long stem in the air and separating the stake from it by one 
single cut. In this wa y, the cutting angle is slanted. While a voiding physical 
damage to the stake, the slanted cut induces an undesirable rooting pattern 
to the stake, concentrating root formation at the stake ti p. This occurs with 
either vertical or horizontal stake planting. While not being of great 
significance to total root yield per se (CIA T, 1980; Leihner and Castro; 
1979), an u neven distribution ofroots around the cut end ofthe stake may 
lead to less anchorage and more falling o ver of plants, as well asto a greater 
number of irregular, small roots. 

Stake lengtb 

As with cutting methods, farmers use a great variety of stake lengths in 
commercial plantings. Stakes as short as 1 O cm with only two to four buds 
may be used by sorne, whereas others cut and plant stakes of 40 cm or 
more. Short stakes do not appear to have a negative effect on root yield 
when growing conditions are optimum (Leihner, unpublished, 1983). 
However, under Iess than optimum field conditions, short stakes with their 
small carbohydrate reserves and low vigor are likely to produce weak 
plants which cope less well with rough soil conditions, drought, or weeds; 
their low bud number also poses a risk for establishment (CIA T, 1975; 
Toro and Atlee, 1981). Poor stake quality together with small stake size 
may therefore be a frequent cause for uneven stands in farmers' fields and 
result in low yields. Overly long stakes, on the other hand, may produce 
more top growth compared to root growth, with a low harvest index and 
root yield as a consequence. Also, long stakes mean the use and transport 
ofmore stake material than necessary, which increases the cost ofplanting. 
For these reasons, stake lengths between 20 and 40 cm are probably the 
most efficient. 

Mukibat system 

The traditional and rudimentary methods of selecting and preparing 
cassava planting material stand in contrast toa very careful and elabora te 
system known as the Mukibat system. A well-selected Manihot esculenta 
stake is used as a stock onto which a Manihot g!aziovii scion is grafted . One 
M. glaziovii scion generally has one cassava stake attached to it, but may 
ha ve three to four (Satrawi system). Planting material selected for grafting, 
the grafting process itself, and the planting are all carried out with great 
patience and care, and yields are said to be much higher than with normal 
cassava culture (Guritno and Soetono, 1979). However, it remains to be 
seen what yield might be obtained from a normal cassava culture which has 
been raised with the same investment in time and care as a Mukibat 
culture. 
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Handling before planting 

Transport 

The majority of cassava planting material is transponed in the form of 
long stems to facilitate handling and reduce moisture loss. Bundles are 
often tied up and carried by animals or trucks from the place of production 
to the si te ofutilization. Besides the fact that in this way diseases or insects 
and mites are often introduced into an arca where they had not been 
before, any method of transportation ca uses mechanical damage. Trans
porta tion is theref ore a voided as muchas possible by experienced farmers. 
At one time, transport of cassava planting material was prohibited in 
central Colombia and the farmers themselves strictly prevented planting 
material from being carried from one department to the other. In this way , 
they were able to eradicate cassava bacteria! blight (CBB) from the arca 
and prevent it from entering again. Farmers thus may restrict trans
portation of planting material to within the farm or at most, to an 
exchange of stakes from one farm to the other. 

Chemical treatment 

Although cassava is an important crop in many tropical councries, it is 
rarely managed in the intensive way other food or cash crops are. Thus, the 
use of agricultura! chemicals for cassava is very limited ore ven nonexistent. 
Chemical treatment of stakes for pest control and protection against 
soil-and air-borne fungi after pla nting is not a common practice among 
cassava producers. Many farmers simply do not know about this simple 
and inexpensive way of scake protection. ln other cases, names of 
appropriate products are unknown or the products themselves are 
unavailable. In this arca, therefore, great progress can be achieved by 
mak ing information and appropriate chemical inputs available to farmers 
(Lozano et al., 1977). 

Conclusions 

Cassava planting material is obtained in a very simple manner from 
low-value raw material and probably for this reason no refined stake 
production technology has developed among farmers. Hardly any selec
tion of stakes is practiced; healthy and diseased, weak and vigorous, 
mature, immature, a nd overmature stakes are al! used alike. Cutting is 
often done with inappropriate tools, either too light or too heavy, and 
damage is frequent. The cutting angle can also be important, as irregular, 



Current Practices in the Production of Cassava Planting Material. 45 

undesirable rooting patterns have often been observed in stakes cut on a 
slant. Most cassava growers use stake Jengths between 15 and 40 cm, which 
is adequate. Sometimes, however, stakes a re either too long or too short, 
both practices reducing crop productivity. In post-harvest handling of 
stakes, transportation is minimal and normally does not constitute a 
problem, but chemical protection of planting material is still \argely 
unknown and practiced by very few farmers. This review would suggest 
that in order to improve stake production technology, the primary 
considerations are selection of stakes for healthiness and adequate 
maturity, non-damaging cutting practices, the use of appropriate stake 
lengths, and chemical protection of the stakes. 
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SEED PRODUCTION 



Introduction 

Physiological Problems in the 
Production of Seed Potato 

R. H. Booth and S. G. Wiersema, CI P, Lima, Peru 

The physiological condition of seed potatoes is an important charac
teristic that influences the success of emergence and the growing pattern in 
a patato crop. Planting seed tubers which are not in the right stage of 
physiological development can result in reduced yields and even complete 
crop failures. By selecting tubers of the appropriate physiological age, a 
farmer can manipulate the time of crop maturity-early, medium, or late. 
The physiological condition of seed patato tubers is influenced by both 
growing conditions and storage practices. 

Physiological aging 

Starting with its initiation, a patato tuber continually develops both 
morphologically and physiologically. The physiological state of a tuber is 
referred toas its physiological age, which is expressed in biological rather 
than chronological terms. For example, on a certain planting date, the 
chronological age of different seed tubers may be the same but their 
physiological age may differ considerably due to the effects of different 
growing or storage conditions. 

The physiological development of seed pota toes, although influenced by 
the tuber itself, is primarily related to sprout dévelopment. After initiation, 
the patato tuber develops physiologically through the stages of 1) 
dormancy; 2) apical dominance, 3) multiple sprouting, and 4) senility. 
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Dormancy 

Following initiation of growth, a potato tuber is usually dormant for a 
certain period . That is, it does not sprout even under favorable envi
ronmental conditions. The true dormancy period is the time between tuber 
initiation and the initiation of sprouting, but in many potato production 
situations, dormancy refers only to the post-harvest period . It is extreme! y 
risky to plant seed tubers while they are still dorman t. This practice results 
in delayed and irregular crop emergence and, in extreme cases, the tuber 
will rot in the soil befare sprouting. The Jength of the dormant period is 
influenced by variety, previous growing conditions, storage temperature, 
tuber condition, and maturity. Tuber dormancy may vary from nearly zero 
to severa! months depending on variety. Length of the dormancy period is 
not related to the maturity class of a variety or to the subsequent rate of 
sprout growth. 

Dueto accelerated physiological processes, the dormancy period of seed 
tubers is reduced when stored at high temperatures. However, in sorne 
varieties a fluctuating storage temperature is even more effective than 
constant high temperature in shortening the dormancy period. 

Mechanically injured or diseased tubers commonly have a reduced 
dormancy period. Thus, cutting seed tubers may promote earlier sprouting. 
Where only the post-harvest dormancy period is being considered, it is 
clear that younger, immature tubers will usually have a longer residual 
post-harvest dormancy period than older, mature tubers. 

Apical dominance 

Sprouting commences following the break of dormancy. Frequently, the 
apical eye begins to sprout first and this may suppress sprout growth in the 
other eyes. This phenomenon is termed apical dominance. Planting seed 
tubers in this condition results in a crop with single stems. This may reduce 
yields unless a higher seed rate is used to reduce plant spacing and re
establish the required higher stem density. Expression of a pi cal dominance 
varies among varieties and it can be influenced by storage conditions and 
management, as discussed in Chapter 6. 

Multiple sprouting 

Following the initiation of growth by the apical sprout, other lateral 
buds begin to initiate growth and additional sprouts are formed to produce 
the multiple sprouting stage. The time lapse between apical dominance and 
multiple sprouting depends on variety and storage conditions. Similarly, 
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the final number of sprouts produced is characteristic of the variety. At the 
beginning of the multiple sprouting stage, a tuber is said to be physiolog
ically young, and at the end ofthis period it is relatively old. The multiple 
sprouting stage may last for many months provided the tubers are stored at 
modera te temperatures. Storage at high temperatures reduces this period. 
Storage in diffused light helps to maintain short and vigorous sprouts and 
so prolongs this period. The multiple sprouting stage is the optimum 
physiological stage for planting. 

Senility 

With increasing physiological age, sprouts begin to branch profusely 
and become long and weak. In general, such seed tubers should not be 
desprouted even when sprouts ha ve become excessively long, as the tubers 
may have lost their sprouting capacity. Often desprouting results in the 
formation of weak 'hair sprouts'. Sucl- physiologically old tubers are too 
weak to produce vigorous plants in tl.e field. With excessive physiological 
age, small tubers are sometimes formed on the sprouts either before 
planting or, commonly, after planting physiologically old seed in poor 
conditions. This latter phenomenon is known as 'little potato disease'. 
Senility is delayed when seed tubers are produced and stored under cool 
conditions. Although different varieties react differently, a given stage of 
physiological aging is generally arrived at sooner following production 
and storage under hot conditions. 

Effect of physiological age on crop production 

The physiological age of seed tubers not only influences sprouting 
behavior as described above but also crop stand and development (Table 
1). Plants from physiologically old seed tubers develop their stand and 
yield potential rapidly, however, such a crop matures early and total yield 

Table l . lnfluence of pbysioloek:al aee oa crop development. 

Emergence 
Tuber initiation 
Foliage production 
Tuber number 
Crop maturity 
Yield potential 

Physiologicaily young seed 

late 
la te 
high 
high 
late 
high 

Physiologically o ld seed 

early 
early 
low 
lo w 
early 
reduced 
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remains limited. Plants from physiologically young seed develop slower, 
but since the crop grows longer, the total yield potential is higher. 

Thus, when the available growing period is limited due to climate, 
cropping pattern , or socioeconomic reasons, it is advisable to plant 
physiologically older seed tubers, as a higher yield may be obtained from 
the early harvest. Conversely, when the available growing period is long, 
maximum yields may be obtained by planting physiologically younger 
seed tubers (Figure 1). 

Early Late 
harvest harvesl 

4 t.,....---2 
/''! 

/ 
3 ¿,--¡1 

1 
NE 2 
'Ce 
:.: 

2 

2 3 4 

Mo nths 

--- Foliage ------ Tubers 

Figure l . Difference in growth pallern on an early-maruring crop ( 1) anda late-maturing 
crop (2). At early harvesr the highest yield is obrained wirh growrh pallern ( 1) and 
at late harvest with growrh pallern (2). 

Manipulation of physiological age 

5 

Although the physiological development of seed tubers is greatly 
dependent on variety, it can also be influenced by growing conditions and 
storage practices. 
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Growing conditions 

Within traditional potato-growing climates, the physiological age may 
be influenced slightly by selection of growing si tes and management of soil 
conditions. It is believed that the physiological aging process is somewhat 
accelerated by a hot growing clima te, light soil structure, low soil moisture, 
and Jow soil nitrogen fertility. However, as observations of patato growth 
over a wider range of clima tes become more numerous, it has been found 
that physiological factors linked with environmental conditions at the 
location of tuber origin can override the normal expression of physiolog
ical age. For example, emergence and tuber initiation has been observed 
to be earlier, and foliage development and total yield to be greater, in seed 
tubers produced under cool growing conditions rather than those pro
duced under very hot conditions. The exact physiological nature of these 
origin-linked phenomena are not fully understood. 

Storage practices 

Physiological aging during storage depends mainly on the length of the 
storage period and the storage temperature. Both these factors can be 
combined in the mathematical product 'day degrees' . Thus, the longer a 
tuber ís stored and the higher the storage temperature, the higher is the 
accumulated number of day degrees, and the more physiologically 
advanced are the tubers. However, there is sorne disagreement among 
researchers about whether the calculation of accumulated day degrees 
should commence at tuber initiation or tuber sprouting. Also, the day 
degree model is not adequate for explaining the origin-linked differences in 
performance as described above. 

As the effect of physiological age on yield varíes with variety, origin of 
seed tubers, and growing conditions, it is not possible to design specific 
management practices for all situations as these will vary according to 
local conditions and needs. 

Size of seed tubers 

In addition to the physiological aging process, a further physiological 
consideration in the production of seed tubers is that of optimum tuber 
size. This is important dueto its effect on the quantity of seed and, thus, the 
cost required to produce a ware crop. A requirement for a certain seed 
tuber size can influence the storage and production practices used for 
producing a seed crop. 
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Optimum tuber size is a complex subject and will not be given detailed 
attention in this paper. Simply to illustrate sorne ofthe factors in volved, an 
example is given in Table 2 in which a crop is being produced from seed 
tubers of different sizes. T he goal is a stem population of24 main stems/ m2 

with a row spacing of75 cm. If the expected number of stems produced per 
seed tuber given in this example is correct (thereby producing approxi
mately the same yield per hectare from all tuber sizes), and if the price per 
ton of tubers of the different sizes is the same, then it would be more 
economical to use seed tubers of a medium size. 

Under existing field management practices, the anticipated number of 
stems developing from small seed tubers is generally low, as used in the 
example ofTable 2. This considerably increases both the risks offailures 
and the total weight ofseed tubers required. However, research has shown 
that with sorne additional care, higher stem numbers can be established 
from even very small tubers and this could, therefore, make their use highly 
economical. 

Recent findíngs ha ve in fact shown that under medíum soíl temperatures 
( 15-20°C), even very small seed tubers, down to only 5 g, can produce 
excellent crops with more than one main stem per plant at seed rates of 

Tab1e 2. Approxlmate seed requlrements for different seed tuber sizes for a popu1ation of 24 
main stems/m1• 

Seed tuber 
size (mm) 25-28 28-35 35-45 45-55 

Ave. seed tuber 
weight (g) 15 22 45 80 

Spacing between 
seed tubers (cm) 5.5 14 25 33 

Expected stem 
no. per seed tuber 2.5 4.5 6 

Seed tuber 
no. per m1 24 10 5.3 4 

Secd tuber 
no. per ha 240 100 53 40 

Seed tuber 
wcight per ha (t) 3.6 2.2 2.4 3.2 
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only 0.5-1.0 t/ba. This opens up the further possibility ofusing true potato 
seed (TPS) or other rapid propagation systems to produce large numbers 
of these small tubers and, thus, to reduce seed tuber costs even further. As 
the area required to produce large numbers of small tubers from TPS is 
small, health factors can be rigorously controlled. By such means a high 
health standard can be assured in small tubers produced from TPS, 
whereas the small tubers from commercial seed tuber crops frequently 
carry disease, which is another factor influencing their low productivity in 
traditional seed tuber production systems. 

Conclusion 

It can be seen that consideration of specific aspects of seed tubers, in 
terms of size and physiological age, can a id in reducing their cost. Reduced 
seed tuber cost would reduce the cost of consumer potatoes, and hence 
increase their consumption in many developing countries. 
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Physiological Problems in the 
Production of Cassava Planting Material 

o 
Dietrich E. Leihner, CIAT. Cali, Colombia* 

Introduction 

The production of cassava stakes for planting material has been a 
rudimentary process for thousands of years and only recently have 
scientists begun studying sorne of the problems related to it. Genotypic 
characteristics, plant age, tissue age within the plant , and plant nutrition 
are among the facrors playing a role in cassava stake prod uction. A 
comprehensive research program is necessa ry to find out how these and 
other factors influence stake production and to determine management 
practices for c~ssava in order to produce optimum stake yields . This paper 
provides preliní1nary information on sorne of the physiological aspects 
determining the performance of cassava stak:es. 

Genotypic influetlces 

The two varietaJ'' characteristics which potentially most affect stake 
production of a cassava genotype are its general vigor and its branching 
habit (Leihner, 1983). While overall vigor determines the a mount of top 
growth and consequently the number of stems available for stake cutting, 
the branching habit determines the availability of primary and secondary 
stems, which are the parts mostly used for planting material. 

An in-depth study was conducted to examine the growth habit, stake 
number, and stake production efficiency of four cassava genotypes. Total 
top growth at 12 manths after planting was low with the non-vigoróus, late 
branching cultivar M Col 22, intermedia te with two more or less erect, 
vigorous hybrids (CM 516-7 and CM 849-1 ), and high with the very 
vigorous, early branching cultivar M Mex 59 (Figure 1). There were also 

• Currently a t Hohetihelm University, Federal Republic of Germany. 
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J. Totaltop growth, stake production index, and number ofstakes produced per plan/ of 
four cassava genotypes 12 monrhs after planting (C!AT. 1983). 

large differences in the efficiency of the different genotypes to produce 
stakes, as measured by the stake production index (SPI = stake fresh 
weight over total top weight multiplied by 100). The two erect growing 
genotypes (CM 849-1 and M Col 22) showed greater efficiency than the 
non-erect genotype (M M ex 59). The hybrid CM 516-7, which grows more 
or less erect, has an enormous foliage retention capacity leading toa low 
SPI compared to CM 849-1 and M Col22. M Col22 produced only halfthe 
total top growth of M Mex 59 , yet still produced approximately the same 
amount of stakes per plan t. 

Plant age 

One of the unknowns about cassava planting material is the effect of 
plant age. For this reason, a study with four genotypes was initiated, taking 
harvests from 6 to 14 months after planting at 2-month intervals. Over the 
8-month observation period, top growth continued in all four genotypes, 
with the greatest amount of stem and foliage produced by M Mex 59 and 
the smallest amount by M Col 22 (Figure 2). 

The SPI, indicating the efficiency with which cassava tops can be used in 
stake production , increased up to 12 months of age and declined thereafter 
in M Col 22, CM 516-7, and CM 849- 1 (Figure 3). M Mex 59 reached 
maximum efficiency at 8 months of age, after which the SPI declined. The 
latter cultivar also showed the lowest SPI, on average, whereas the two 
erect growing genotypes, M Col 22 and CM 849- 1, had the highest stake 
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Figure 2. Total top growth of f our cassava genotypes f rom 6 to 14 months after plantíng 
(CIAT. 1983) 

production efficiency over most of the 8-month period. As a result of 
continuously increasing top growth, andan initial increase followed by a 
decrease in the S PI, the number of stakes per plant initially increased and 
then leveled off or declined (Figure 4). The hybrid CM 849-1, which 
demonstrated outstanding stake production efficiency, also produced the 
greatest amount of stakes in absolute terms, whereas the other three 
genotypes did not differ greatly in stake number produced per plant. 
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figure J. Stake produwon indev (SI'/) of four caHava genotypesfrom 6 to 14 months af ter 
planting ( CIA T. 1983;. 

Stake quality, as expressed by the amount of dry matter in the stakes . 
was influenced to sorne degree by plant age but also showed response to 
clima tic condit io ns , especially rainfall . Stake dry matter increased from its 
initial value to a maximum before the rainy season at 8 months in CM 
516-7 and 10 months in M Col 22 , M Mex 59, and CM 849-1 (Figure 5). 
There was a marked decrease in dry matter during the rainy season 
( 12-m onth sampling), followed by strong increases during the subsequent 
dry spell. These la tter cha nges probably reflect the plant water sta tus more 
than its age. 
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Figure 4. S 10ke numbu per plan! produced byfour cassava genOI)pe~from 6 10 /4 mon1hs afler 
planlln¡: (C/AT. 1983). 

Root sta rch concentratio n was h ighest a t 10 rno nths (Figure 6), while 
stake production efficiency was highest a t 12 rno nths (Fig ure 3 ). H owever, 
root production continued to increase beyond 1 O rno nths (Figure 7); stake 
prod ucti o n continued to increase wi th age in so rne va rieties but not in 
o thers (Figure 4 ). The hybrid CM 849-1 dernonst rated tha t a very early 
stake a nd root production is possible with sorne clones. At o nly 6 rno nths 
of age, this cultivar rcached a stake productio n o f alrnost fo ur stakes per 
pla nt a nda stake productio n efficiency of over 10%, together with a yield 
of 27.3 tlha of roots containing 37% starch. · 
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Figure 7. Frtsh root yitld of four cassava genotypes from 6 to 14 months after plannng 
(CIAT. 1983). 

Tissue age 

The stems resulting from the initial sprouts of the planting piece are 
called primary stems and represent the oldest tissue of the plant, whereas 
secondary and tertiary stems resulting from the branching process are 
formed later and represent younger tissue. An experiment was conducted 
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to evaluate the influence of tissue age (stakes from primary and secondary 
stems) on sprouting and yield of a subsequent cassava crop. There was a 
considerable difference in sprouting speed among the stakes of different 
ages: stakes from the middle and lower part of the primary stems, i.e., the 
older stakes, sprouted much faster and more vigorously than stakes from 
the upper portion of primary stems and from secondary stems, i.e., the 
younger stakes (Figure 8). While no differences existed between the groups 
of stakes with regard to percent of final sprouting, plant height, or total top 
fresh weight, there was a difference between commercial root weights: 
stakes from the youngest tissue gave a significantly greater commercial 
root yield than stakes from the oldest tissue (Table 1 ). The same tendency 
was observed with regard to total root yield, however, differences among 
treatments were not statistically significant. 

Tablc l. Effect of slake lissue age on sprouting, growth, and root yielda. 

Total fresh wcaght 
Final Plant height Commercial 

sprouting at harves t Tops Roots roots 
Stake age and o rigin (%) (cm) (t/ ha) (t/ ha) (t/ha) 

Very old: 
lower part 
pnma ry stcm lOO a 234 a 34.3 a 15.9 a 11.2 b 

O Id: 
middle part 
primary stcm 100 a 239 a 32.3 a 16.7 a 12.0 ab 

lntermediate: 
upper part 
pnmary stem 100 a 241 a 32.9 a 17.5 a 12.3 ab 

Young: 
lowcr pan 
sccondary s tcm 100 a 240 a 32.9 a 21.3 a 16.9 a 

a. Means followed by ahe same lelter are not sagmfacantly dtfferent by Duncan·s multtple range tesa 
(P = 0.05). 

Planting density 

During early growth, cassava plants tend not to interfere wi th each 
other, even at greater than normal pla nting densities. The number of 
sprouts per plant, which form the primary stems, is therefore almost 
unaffected by planti ng density. However, a t higher planting densities, the 
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greater number of primary stems per unit area leads to increased 
competit ion among these stems a t la ter growth stages. As a result, 
individual stems stay thinner and a lower production of stakes per plant 
with adequate size, maturity, and bud number is ob tained (Figure 9). On 
the other hand , higher planting densities increase the total number of 
plants per unit a rea sufficiently to more than compensate fo r the decrease 
in number of sta kes per plant. In the end, higher planting densities do 
increase the total amount of sta kes produced per unit a rea, mean stake 
fresh weight being somewhat adversely affected (Figure 10). Similar 
experiences with the use of increased planting densities to produce high
quality cassava planting materia l have been repo rted fro m India 
(Mohankumar , 1980). 
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Figure 9. l:.ffect ofplantinl( den su y on number ofprimary stems ami number of stakes per plant 
tn C l '. M Ven 77 (CIAT-Carimal(ua. 198:!). 
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Plant nutrition 

A detailed analysis of the effects of fertilization with nitrogen (N), 
potassium (K}, and phosphorus (P) was possible with experiments 
conducted both in Quilichao a nd Caribia, Colombia . lt was observed in a 
stake production trial at Caribia that N fertilization hada la rge influence 
on the total top fresh weight ofvariety M Col22. As expected, an increased 
N level promoted the formation of stems and foliage, which almost 
doubled in weight in pla nts grown with 300 kg/ha N fertilizer com pared to 
those with no added N (Table 2). However , stake number per pla nt was 
only sl ightly increased a t N levels up to 150 kg/ ha and showed a decline a t 
300 kg/ ha. Similarly, sta ke production efficiency as expressed by the SPJ 
decreased markedly at the highest N leve!. lt a ppears logical that at high N 
rates, stake production would decrease bo th in absolute numbers and 
relative to total top growth, since N mostly fa vors the growth offoliage and 
immature stems. The high stake production in both numbers and 
efficie ncy without N is explained by less elongation of stems, which caused 
an increase in the number ofstakes with five or more buds, a nd therefore a 
higher proportion of the entire top was available as planting material. 
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With more elongated stems, more stakes had to be discarded due to 
insufficient bud numbers. 

No such varia tion ofthe above parameters was observed as a response to 
K fertilization . Total top weight , stake number per plant, and the SPI were 
stable across all K levels, showing that K does not norma lly ha ve a strong 
influence on the vegeta ti ve growth of cassava, even in a soil deficient in that 
element (Table 3). 

Table 2. lnOuence of N fert ilization on quantity and efficiency of stake production and on other 
growth and yield parametersa . 

Sta ke 
production To ta l fresh wei¡¡ht Harvest 

N leve! index Tops Roots index 
(kglha) Stakes/ plant (o/o) (t/ ha) (t/ ha ) (o/o) 

o 3.9 ab 8.5 a 26.5 e 28.5 b 52 ab 

50 3. 1 b 5.6 a 30.1 be 33.0 ab 52 a b 

100 3.3 ab 7.5 a 28.9 be 39.0 ab 57 a 

!50 5.3 a 8.0 a 40.1 ab 40.6 a 50 a b 

300 2.7 b 4.0 a 46.9 a 41.3 a 47 b 

a. Means followed by 1hc same leuer are nol significanlly d iffercnl by Duncan·s muhiple range 1cs1 
(P = 0.05). 

T able 3. lnOuence of K fertilization on quantity and efficiency of stake production and on other 
growth and yield parametersa. 

Stake 
production Total fresh weight Ha rvest 

K leve! index Tops Roots index 
(kg/ ha) Stakcs/ plant (% ) (t/ ha) (t/ ha) (% ) 

o 3.8 a 7.6 a 29.3 a 38.8 a 57 a 

42 3.4 a 7.8 a 25.2 a 37.5 a 59 a 

83 3.6 a 7.6 a 29.4 a 37.4 a 57 a 

125 3.8 a 7.3 a 29.0 a 40.3 a 58 a 

250 4.0 a 7.5 a 27.2 a 40.9 a 60a 

a. Means followed by lhc sa me lcllcr are no l s•gno f•canlly d iffcrcnl by D uncan ·s muhiple range lcSI 
(P = 0.05). 
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At CIAT-Quilichao where the experiment with increments of P was 
conducted, P deficiency is known to be limiting to plant growth. 
Applications of this element had the expected positive influence on total 
top fresh weight of variety CM 523-7 up to the P leve! of 132 kglha (Table 
4). A slight decline in top fresh weight was observed at 264 kg P/ ha. Stake 
number per plant and the SPI were best ata P leve! of 44 kglha, however, 
neither parameter showed a great deal of variability in response to P. 

Data from these three experiments show that applications ofN and P up 
to intermedia te le veis pro mote a balance between stem and foliage growth 
favorable to the production of planting material, whereas K appears not to 
ha ve any influence on either quantity or efficiency of stake production. 

Table 4. lnfluence of P fertilization on quantity and efficiency ofslake produclion and on other 
erowth and yield parametersa. 

Stake 
production Total fresh weight Harvcst 

P leve! index Tops Roots index 
(kg/ha) Stakes/plant (%) (t/ha) (t/ha) (% ) 

o 8.2 a 28 ab 18.3 b 43 .4 b 70 a 

44 8.8 a 30 a 21.3 ab 49.5 a 70 a 

132 8.1 a 26 b 24.0 a 52.2 a 69 a 

264 8.5 a 26 b 23.7 a 5 1.9 a 69 a 

a. Means followed by lhe same leuer are nol sognificamly dofferenl by Duncan's muhople rango l<sl 
(P = 0.05). 

Conclusions 

There appears to be a large difference among cultivars in their ability to 
prod uce planting material. This ability is, within certain Iimits, rather 
independent of to tal top growth but is influenced greatly by the dist ribu
tion of top growth among parts not useful for stake production (foliage 
and young, herbaceous branches), and parts that are suitable for stake 
production. The ratio of suitable stem materia l to total top dry weight is 
particularly high in cultivars with a late branching, erect growth habit , 
since primary and secondary stems make up a Jarge proportion of total top 
growth in these cultivars, and these are the parts used most for stake 
production. Cock et al. ( 1979) ha ve found that such cultivars also ha ve a 
characteristically high root yield . 
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Stake production increases with plant age, reaching an optimum in sorne 
cases and continuing to increase in others. A limiting maximum plant age 
for stake production does not appear to exist. The efficiency of producing 
stakes also increases with plant age, showing an optimum at 12 months 
under CIA T conditions. The greatest increase in stake production 
efficiency occurred between 6 and 8 months of age, rising from very low 
levels at 6 months to rather high levels at 8 months . These high levels did 
not change much at later stages. Thus, a mínimum plant age for stake 
production under CIA T conditions usually is 8 months (Alguacil and 
Leihner, 1983). On the other hand, hybrid CM 849-1 demonstrated 
sufficient earliness to produce acceptable stake and root yields with even 
younger plants. 

Besides plant age per se, the age oftissue within the plant appears to ha ve 
an influence on the performance of the stakes in a subsequent ero p. Sta k es 
coming from the lower and middle portion of primary stems (older tissue) 
are normally thick and ha ve large carbohydrate reserves. This leads to fast 
sprouting and vigorous early growth . Stakes from younger tissue sprout 
more slowly, but they produce higher commercial and total root yields. 
While the reason for this is not well understood, it seems possible that 
plants from younger stakes achieve a more efficient dry matter distribution 
towards the roots, resulting in higher harvest índices and root yields. 

Data provided in this paper on the effect of planting density on stake 
production suggest that it is feasib1e to use higher than normal planting 
densities if an increased stake production in limited space is desired . Plant 
populations should probably not exceed 40,000/ ha in order to avoid 
drastic reduction in root size. 

Consideríng the information on the effect of soil fertility presented he re , 
it is evident that plant nutrition interacts with genotypic characteristics in 
modifying growth habit, and consequently stake production abílity. The 
proportion of stems useful for stake production was in a favorable balance 
with total top growth under natural soil fertility levels or with low to 
intermediate levels of applied fertilizer. The efficiency of the plants to 
provide propaga ti ve material diminished under high fertilizer levels dueto 
more foliage production, a hígher proportion of thinner branches, and 
longer internodes. Under limited soil fertility conditions, this shift to more 
top growth was mainly promoted by N and to a lesser degree by P; K had 
the least influence. Therefore, good natural soil fertility or a modest 
fertilization on poor soils should be adequate to optimize stake production. 



72 Global Workshop on Root and Tuber Crops Propagation. 

References 

~uacil , J. L. and Leihner, D. E. 1983. Efecto de la edad de la planta sobre calidad y cantidad 
/. de material de siembra producida en un período de 10 meses. Informe entrenamiento 

posgrado. Centro Internacional de Agricultura Tropical (CIAT). Cali, Colombia. 

Cock, J . H.; Franklin, D.; Sandoval , G.; Juri , P. 1979. The ideal cassava plant for maximum 
yield . Crop Science 19:271-279. 

Leihner, D. E. 1983. The production of planting material in cassava: sorne agronomic 
implications. In: Proc. 6th Symposium Int. Soc. Trop. Root Crops. Centro 
Internacional de la Papa (CIP). Lima, Peru. 

Mohankumar, C. R.; Nair, G. M.; Manda!, R. C.; Prabhakar M. 1980. Effect of plant 
population o n the production of quality planting material in cassava. In: Proc. Nat .. 
Seminar Tuber Crops Production Technology. Coimbatore, India. pp. 60-ól. 1 



Sanitary Problems in the Production of 
Cassava Planting Material 

J. C. Lozano, A. Be/lotti, andO. Vargas, CIAT, Cali, Colombia 

Introduction 

The production of cassava propagating material is associated with 
sanitary problems induced by pathogens (fungi, bacteria, mycoplasmas, 
viruses, and viroids) and pests (insects and mites) when appropriate 
control measures are not taken. These sanitary problems reduce the 
quality of the propagating material, which is reflected in low yields (Table 
1 ). They also representa quarantine risk in areas where the infected/ in
fested propagative material is introduced. 

Cassava is normally vegetatively propagated. Current vegeta ti ve systems 
for propagation are stake planting, shoot or Ieaf rooting, and meristem 
culture. The first js used by growers , and the second and third are 
commonly used in experimental stations. The sanitary problems in each 
system are many, and only by following careful and efficient control 
measures is it possible to avoid such problems in cassava production and 
improvement programs. This paper will discuss these problems and their 
control. 

Problems in stake production 

The sanitary problems of stake production are pathological and 
entomological, and can appear at different Ievels ofseverity. Stake quality 
and quantity are influenced by pathogens, insects, and mites, all of which 
attack the plants during the growth cycle. These sanitary problems can be 
quite complex, and may appear befo re the preparation of cuttings (befo re 
harvesting), during storage time, and after stake planting. 
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Table l. Yield, percent yield reduction, and number of cuttings per planl in !he na tire clone 
Secundina in relation to cutting source and type of selectiona. 

Yield Number and 
(t/ha) Yield guality of 

Treat- Fresh root reduction Cuuings/plant 
ment Cutting source weight Starch (%) Good Poor 

From meristem 34.0 a 7.9 a o 6.2 a 2.8 ab 
culture; selected 
cuttings 

2 From farms without 19.6 b 6.2 b 18.3 3.6 be 4.9 ab 
symptoms of mosaie; 
seleeted cuttings 

3 From farms without 18.2 b 5.8 b 24.2 3.8 b 4.4 ab 
regard 10 mosaic 
symptoms; selected 
cuttings 

4 From farms with 14.7 e 4.5 e 38.7 3.2 bcd 3.5 b 
mosaic; selected 
cuttings 

5 From farms without 7.3 d 2.4 d 69.5 3.4 bcd 5.5 a 
regard to mosaic 
symptoms and without 
selection of cuttings 

a. Means followed by the same letter are not significantly different by Duncan's multiple range test 
(P = 0.05). 

Pathology 

Pathological problems affecting cassava plants are able to induce total 
losses in susceptible clones, especially during the rainy seasons. Short of 
total losses, reduction in root and stake production can be considerable, 
with the consequent loss of stake quality. 

Before harvest 

The stem of cassava is attacked by various pathogens which induce 
interna! or externa! rots and cortical or epidermallesions (cankers, xylem 
discoloration, etc.); o thers invade the stem tissues systemically without 
leaving visible symptoms (viruses, mycoplasmas, bacteria). Based on their 
location and presence, the pathogens attacking cassava stems can be 
grouped as either systemic or localized. 
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Systemic pathogens are vascular and cortical or epidermal causal agents 
which invade the host systemically without leaving visible signs in the 
mature portion of the stem. Vascular pathogens may be viruses and 
mycoplasmas (Lozano et al., 1977; Jayasinghe et al., 1983a), bacteria 
(Lozano and Sequeira, 1974a), and fungi (CIAT, 1982 and 1983). Cortical 
or epidermal pathogens include bacteria (Lozano and Bellotti, 1978a and 
1978b) and fungi (Zeigler et al. , 1983). Beca use of the systemic nature of 
these pathogens, a high percentage of the plants coming from diseased 
cuttings are also diseased. These plants may constitute the source of 
primary inoculum in a new plantation , and it is by the introduction ofsuch 
plants that systemic pathogens are disseminated from different regions, 
countries, and continents (Lozano, 1977). 

Localized pathogens are nonsystemic agents (ca uses of bacteria! stem 
rot, anthracnose, concentric ring 1eaf spot, sorne basidiomycetes, etc.) that 
invade only a part of the stem. These pathogens gene rally lea ve cankers of 
light brown to black necrotic areas on the epidermis of the stem. Other 
pathogens (such as the causal agent of bacteria! stem rot) also invade the 
pith region, which turns reddish-yellow to dar k brown in color (Lozano et 
al. , 1977). These groups of pathogens enter the stem through wounds 
produced mechanically or by insects, or by invading the leaf petioles, 
penetrat ing them directly or through the stomata. Others enter directly 
into the stem, rapidly invading the green po rtion. The degree of invasion 
decreases as the stem becomes lignified (Lozano et al., 1977). 

During storage 

Stakes can be stored for quite a long time (more than 12 weeks) if 
clim~tic conditions (temperature, light, relative humidity) and biotic 
stres$es (pathogens, insects, mites) are controlled (CIAT, 1978; Leihner, 
1983). High relative humidities favor the spread of pathogens from small 
lesions and pathogen infection from propagules Iocated on the epidermis. 
G/omerella cingulata. Fusarium spp ., Diplodia manihotis, a nd species of 
various ascomycetes and basidiomycetes ha ve been found (Lozano et a l., 
1977 and 1981) infecting the stakes after a few days of storage at relative 
humiditíes above 80% (CIAT, 1978). 

After planting 

Soil-borne pathogens which commonly attack hosts such as forest trees 
and other crops often attack cassava as well. These include Rigidoporus 
lignosus, Rosellinia necatrix, and Amillariella me/lea in forest trees; 
Fusarium spp. and Rose/linio spp. in perennial crops such as coffee, 
bananas, and p1antains; and Rhizoctonia spp ., Sclerotium ro/fsii, 
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Whetzelinia sc/erotium, Phytophthora spp., and Pythium spp. in her
baceous crops with short growing cycles such as cotton and beans. Attack 
by these pathogens occurs once the stakes ha ve been planted, initiating at 
the cut ends, through entry into the epidermal wounds, at the base of the 
shoots, or in the rootlets. Losses from such pathogens can be up to 90% 
(Lozano and Booth , 1974; CIAT, 1978; Lozano et al., 1977). 

Entomology 

Before harvest 

Severa! insects and mi tes can affect both the production and quality of 
planting material during the pre-harvest cycle. These include mites of the 
Mononychellus complex, thrips, mealybugs, scales , shoot fl ies, fruit flies, 
and stemborers (Bellotti and Schoonhoven, 1978). 

Studies at CIAT-Palmira and other sites show that mite attacks can 
reduce stake production by 28% on resistant clones and 79% on 
susceptible clones. The Mononychel/us mi te attacks the apical part of the 
cassava plant causing a reduction in plant height and vigor (Byrne et al., 
1983). 

Thrips, especially the species Frankliniella wil/iamsi, also attack the 
growing point of the cassava plant; reduction in stake production has been 
measured at 57% (0. Vargas, personal communication). Thrip damage is 
distinguished by severe distortion of cassava lea ves; brown wound tissue 
appears on the stems and petioles, and internodes are shortened. Growing 
points may die, causing growth oflateral buds which may also be attacked , 
giving the planta witches '-broom appearance . Subsequently, the quality 
of planting material is also reduced. 

Shoot fly damage has been observed in most cassava growing areas of 
the Americas. Severa! species a re reported, with Neosi/ba perezi and 
Lonchaea chalybea being the most important. Adult flies oviposit severa) 
eggs between the unexpanded Jeaves in the growing points orina small 
cavity made in the tissue by the ovipositor. The young larvae tunnel in the 
soft tissue , eventually killing the growing point. This retards plant growth, 
breaks a pica) dominance , and causes germination of lateral buds, which 
may a lso be attacked. Younger plants are more susceptible, and repeated 
attacks may cause stunting. This can result in more prolific branching, and 
consequently a decreased number of desirable stakes. Studies at CIA T 
showed a reduction of more than 50% in desirable stakes when shoot fl y 
attack occurred during the first 2 months of plant growth. 
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Although fruit flies (Anastrepha manihoti and Anastrepha pickell) prefer 
to oviposit in the fruit, they ha ve been observed causing severe damage to 
the stems. Oviposition occurs about 10-20 cm below the apex, but in the 
young, tender stem tissue. After hatching, the white-yellow larvae bore up 
or downward in the stem pith regions. Larval tunneling in the stem results 
in brown galleries in the pith area. A bacteria! pathogen (Erwinia 
carátovora pv. carlltovora}, often found in association with fruit fly larva e, 
can cause severe rotting of stem tissue. As a result of severe attacks, 
growing points may collapse and die, retarding plant growth and 
encouraging growth of lateral buds (Lozano and Bello tti , 1978a). This 
secondary rotting can cause a 70% reduction in production of healthy 
planting material. A 16% decrease in stake germination was observed 
when severely damaged planting material was used . 

Mealybugs (Phenacoccus herreni, P. manihoti, a nd P. gossypii) and scales 
(Aonidomyti/us albus a nd Saissetia spp.) attack and damage the stems of 
growing plants. This damage reduces both the quality a nd quantity of 
stakes produced. Studies at CIAT with cuttings heavily infested with A. 
albus resulted in a 50-60% loss in germination. 

There are several stemborers that can ca use severe damage to cassava 
stems. The two most important species appear to be Chilomina c/arkei 
(Lepidoptera : Pyralidae) and Lagochirus spp. (Coleoptera: Cerambici
dae). Several species of the genus Coelosternus (Coleoptera: Curculioni
dae) are reported attacking cassava stems, primarily in Brazil. Larvae of C. 
clarkei appear to be ofmost importance since adults will oviposit all along 
the stem, resulting in numerous tunnels throughout the wood a nd pith 
regions. Studies in the Colo mbian Llanos showed a 53% loss in the 
production of clean planting material due to C. clarkei attack. Adults of 
the Lagochirus species appear to oviposit primarily around the basal 
portian of the stem, which results in fewer damaged stakes. A new species 
of Cerambicidae stemborer identified as Lepturges has been found 
attacking cassava stakes. At present , populations are low. The egg-to
adult period is approximately 60 days. This species has a lso been identifíed 
attacking cassava in the state of Pará in Brazil. 

During storage 

In many cassava growing are as, stems ofthe cassava plantare stored for 
varying lengths of time between harvest a nd planting. Stake storage 
usually occurs during the dry season while the farmer awaits the rainy 
season to initia te planting. The dry season is favorable fo r population 
increases of severa! cassava pests that can attack and severely damage 
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stored stakes. Major pests that can cause losses in planting material during 
storage are scales, stemborers, and termites. 

Cassava stems highly infected with the white scale Aonidomyti/us albus 
were stored at CIA T for a one-month period. Scale populations increased 
and germination was subsequently reduced by 43%. Unstored stakes with 
the same population of scales resulted in only a 4% reduction in 
germination (CIAT, 1978). 

Severa! stemborers can attack cassava stems during storage. These 
include Lagochirus spp., Coelosternus spp., Chilomina clarkei, Eulecriops 
manihoti, and a Lepturges sp. Cassava stem cuttings left untreated in the 
field for only 8 days resulted in a 65% infestation by Lagochirus 
araneiformis at CIA T. Treated stems were not infested. 

Termites are also responsible for storage losses. In studies at CIA T 
nearly 50% of stored propagating material was lost dueto termite feeding. 

After planting 

Severa! pests can attack and severely damage recently planted cassava 
cuttings. These include termites, cutworms, white grubs, and stemborers. 

Térmites attack mainly in the tropical lowlands. In Colombia termites 
ha ve been observed causing considerable losses in germination, as well as 
causing death of young plants in severa! cassava growing areas. Germina
tion losses of 15-30% have been recorded . 

Cutworms such as Agrotis ipsilon feed on roots and underground parts 
of the stem, causing loss of planting material. The bar k and buds may be 
completely stripped. Losses as high as 50% of the stakes have been 
observed in cassava fields in Colombia. Cutworm attacks are sporadic but 
occur more frequently when cassava follows maize or sorghum, or is 
planted adjacent to these crops. 

Damage to cassava stakes caused by grub feeding is reported from 
severa! parts of the world. Aithough severa! species are reported, a 
Phyl/ophaga sp. and Leucopholis rorida appear to be the most important. 
White grub damage is characterized by the destruction of the bark and 
buds ofrecen ti y planted stakes, and the presence of tunnels in the woody 
part. These infestations may result in rotting and death of the stake. 
Studies with Phyllophaga at CIA T. show that germination can be reduced 
by 95% in experimental plots. 

Stemborers such as Lagochirus spp. and C. clarkei can damage recen ti y 
planted stakes. Fe males can oviposit in the exposed portion of the stakes 
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abo ve ground. The resulting tunneling by the larval stages can cause a loss 
in germination or death of the young plants. 

Problems in shoot and leaf rooting 

The speed at which cassava has been traditionally propagated through 
the use of mature stem cuttings has been multiplied severa! thousand times 
by employing shoot and leafrooting techniques (Cock et al., 1976; Roca et 
al., !980), thereby solving one of the greatest disadvantages of cassava in 
relation to other crops. Sanitary problems, especially pathological , are 
common if appropriate control measures are not followed. These are 
summarized below. 

Viral and mycoplasmal diseases cannot be prevented by rooting shoots 
or lea ves. The spread of these diseases is feasible if cuttings are o btained 
from diseased mother plants, since severa! hundred plantlets can be 
obtained per cutting with these two techniques. Similarly , knives can also 
be easily infes ted after cutting infected shoots or Jea ves; infested knives can 
mechanically transmit vi ra l and mycoplasmal diseases to healthy shoots or 
leaves during their preparation for rooting. 

The rooting media (water, sand, vermiculite, etc.), when infested, can 
maintain fungal and bacteria! pathogens for a considerable period of time 
(Cock et al., 1976; Roca et al. , 1980). These usually penetrate the host 
through the cuttings of the shoots or leaves during the rooting period. 
Mycelia growth, tissue maceration, and discoloration of the stem base are 
common symptoms when shoots or leaves are diseased. 

During the transplanting operation, rootlets of the plantlets obtained by 
shoot or leaf cuttings can be damaged, leaving wounds where soil-borne 
pathogens (either bacteria or fungi) can penetra te and invade the plantlets. 
As a consequence, losses in establishment can be expected, especially when 
infected soils are used . CIA T has recorded losses higher than 60% in trials. 

Problems in meristem culture 

The meristem culture technique reduces the risk of pathogen dissemina
tion through vegeta ti ve propaga ti ve material. However, there is a certain 
probabili ty that pathogens (especially viral and vi roidal ) will be able to 
pass with the meristem explant to the generated plants. For this reason 
severa! virus indexing tests have been developed in cassava (Lozano and 
Jayasinghe, 1982), as in other crops , in order to minimize the risk of 
pa thogen dissemination. 
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During the development of the technique, fungal and bacteria! contam
inations can occur. This is commonly due to a deficiency in the 
sterilization of the material and reagents used, lack of appropriate 
equipment for obtaini ng sterile environments necessary for the manipu
lation of the material, and operational carelessness which faci litates 
contamination. Similarly, when plantlets are generated and transplanted 
to new media and to the field, infection due to bac teria! and fungal 
pathogens is also possible if appropriate ca re is not taken (Roca , 1979 and 
1982). 

Control measures 

The control measures described below could avoid sani tary problems in 
the production of cassava propagating material. 

Pre-harvest control 

The propagating material of cassava should be collected from planta
tions apparently free from systemic diseases. More than one inspection 
should be made prior to collection of such material in order to determine 
the apparent sanitary condition of the plantation. Such inspections should 
be made during the optimum climatic conditions for either disease or 
insect/ mite developments. For example, inspections should be made 
during the middle to the end of the wet seasons for di sea ses such as cassava 
bacteria! blight, superelongation, and Diplodia stem rot; and during the 
optimum conditions established for whitefly-transmitted diseases, such as 
low temperature periods for Caribbean mosaic disease. Before collection, 
the vigorously growing healthy plants should be identified (Lozano and 
Jayasinghe, 1982). 

lmporting o r exporting cassava stakes from any country or any 
geographic region is not recommended. Vegetative material should be 
introduced only as meristem cu ltures, but only after sufficient tests have 
been carried out to determine the sani ta ry conditions of the introduced 
material. Meristems should be taken from shoots arising from cuttings 
taken from healthy plants grown on plantations free from frog skin 
disease, mosaics, bud proliferations, and stunted plants. It is also 
suggested to avoid thermotherapeutical and chemical treatment which 
may incur the risk of inducing viral mutations or viral biotype selection 
(C IAT, 1982). Such treatments, however, could be done for cleaning 
within an experimental station. As far as possible, introduced material 
should be absolutely healthy. lf frog skin disease is present in a region, 
grafting with a susceptible variety is advisable, as well as performing a 
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partial electrophoretic test of introduced plants (Jayasinghe et al. , l983b ). 
If mosaic diseases are present in the region, grafting sensit ive varieties with 
imported material is advisable (CIAT, 1982). Any suspected material 
should be eliminated by au toclave ( I20°C and 20 atmospheres of pressure) 
or burnt. AIJ introduced material sho uld be observed carefully and 
periodically; at least three periodic bioassays should be carried out, in 
addition to any o ther available test which can help in the detection of 
systemic diseases of cassava. It should be considered that mosaic-carrier 
va rieties exist in cassava which do not show any visible symptoms, but 
which can easily be affected and be the focus of dissemination of diseases 
when introduced into clea n areas (CIAT, 1982). These diseases could be a 
threat to the regional varieties and even to other crop species. Since 
information available on systemic diseases of cassava in relation to their 
identification, detection, a nd epidemiology is very limited, the introduc
tion of cassava vegeta ti ve material should be limited a nd a clone sho uld be 
imported only when necessary. 

For the production of propaga t i ve material (either sexual or asexual), a 
portian ofthe cassava plantation should be protected from both pathogen 
or pest damage to insure the production of good quality seeds or cuttings. 
A 10-20% portian of the plantation (depending on the cultivar planted) 
can be protected with systemic and/or contact pesticides such as benomyl 
(systemic fungicide that controls anthracnose a nd superelongation), 
captan (contact fungic ide that controls a nthracnose and Diplodia stem 
rot), dimethoate , propargite (Omite), and other selective pesticides to 
guard against mites, thrips, mealybugs, whiteflies, and stemborers. 
Damage dueto shoot and fruit flies can be reduced significantly by two 
pesticide applications during the fi rst two months of plant growth. 

For the production of propaga ti ve material, the cultural practices of the 
plantation should be adapted to the specific characteristics of each 
ecological zone. Such cultural practices should include plot selection, soil 
preparation, healthy pla nting material, weed control, periodic inspections, 
elimination of plant debris, crop ro tation, planting during the appropriate 
sea son, well-pla nned spacing of plants, anda good supply of nutrients and 
water. The best biological control against the most common pests of 
cassava in the region should be developed, as well as a program to select 
and use the most resistant genotypes to abiotic and biotic problems 
exis ting in each edaphoclimatic zone (Lozano and Bellotti, 1980). 

In-storage control 

See Chapter 6 for a discussion of problems associated with storing 
cassava stakes. 
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Post-planting control 

To prevent soil-borne problems after planting the stakes, the following 
recommendations should be considered. 

a) Do not plant cassava after the removal offorest, perennial , or woody 
crops beca use severe root rot problems can appeardue to pathogens 
or pests tha t affect these plant species as well as cassa va (Lozano and 
Bellotti, 1980). 

b) Prepare soil as fo r any other crop. As cassava is susceptible to 
tlooding and to pathogens favored by this condition (i.e., Phytoph
thora and Pyrhium spp.), soil drainage must be adequate for the 
quantity and distribution of rainfall in each edapho-climatic zone 
(Loza no and Bellotti, 1980). 

e) Plant in accordance with the terrain; satisfactory root formation and 
distribution result from appropriate positioning of the stake in the 
ground. Good root development leads to vigoro us plants, which are 
more res istant to biotic problems (Lozano and Bellotti, 1980). 

d) Plant in the appropriate season. Considerable losses in establishment 
due to failure in rooting or bud sprouting can occur if planting is 
done during the hottest season ofthe year in areas with high average 
temperatures. This may be caused by the effect of soil temperature on 
horizontally planted stakes; when planted vertically or obliquely, a ir 
circula tion cools the extreme upper portion of the stake , reducing the 
effect of hot soils (Lozano and Bellotti, 1980). 

e) Take precautions against the most common entomological problems 
that affect stakes after planting in the Americas: 

Stemborers. Severa! insecticides were compared for effectiveness of 
stemborer control. Aldrex 2% at 0.02 cc/liter of water was far 
superior to the other insecticides in a S-minute stake di p. Insecticide 
stake treatments can be made at least 2 weeks after cutting and still 
effectively control stemborers. 

Termites. This pest is sometimes a problem in certain cassava 
growing areas where it attacks stored planting material and growing 
plants. Severa] combinations of stake treatments were tested to 
determine effectiveness in controlling termites. The best combina
tion was captan and carbendazim (2 g/liter of water each) in a 
JO-minute stake dip and later application of 0.025 g (a .i.) aldrin dust 
around each stake. A fungicide/ insecticide combination is necessary 
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because where only aldrin was dusted on the ground at planting, 
termite attack after 150 days was only 13% but stake death was 34%; 
when the combination fungicide/insecticide was applied, stake death 
and termite attack after 150 days was 5% for each. 

Cutworms. Attacks of cutworms are sporadic but occur more 
frequently when cassava follows maize or sorghum, or is planted 
adjacent to these crops. Cutworms attacking at ground level may be 
controlled effectivel y with poison baits ( 10 kg ofbran or sawdust, 80 
g (a.i.) trichlorfon 80%, and 500 g sugar or 1 liter molasses with 
enough water for adequate consistency of the mixture). Underground 
cutworms can be controlled by applications of aldrex dust 2.5% at 
1.250 g (a.i.)/ha. 

White grubs. White grubs can be controlled effectively with aldrin 
dust 2.5% at 1.250 g (a.i.)/ha applied to the soil in the lastdisking. 
Insecticida! dip treatments for cuttings are not effective. A muscar
dine fungus, Metarhizium anisopliae, is pathogenic to grubs. This 
microbial control agent must be incorporated during land prepara
tion . Diseased grubs ha ve been found under natural conditions, and 
several larval parasites of the grub have been identified, including 
severa) species of Dielis. Parasitism in one study reached 26%. 

Control in shoot and leaf rooting 

Asepsis is the key to the prevention of problems in shoot and leaf 
rooting. Asepsis includes: clean propagative material (disease-free shoots 
or lea ves); clean rooting media (sand , vermiculite, soil, gravel, etc.); clean 
tools used during the preparation and planting of propaga ti ve material; 
and clean water used as media, watering, or spraying. The propagative 
material should be taken from healthy plants. The media , tools, seedling 
beds, containers, and water sho uld be sterilized either by dry or wet hot 
treatments ( Cock et al. , 1976; Roca et al., 1980). Technicians should al so 
wash their hands with soap and water before initiating any operatíon. Any 
plant with disease symptoms should be eliminated as soon as the 
symptoms are observed. 

Control in meristem culture 

To avoid sanitary problems, a careful sterilization of tools a nd reagents 
is required. Technicians should wear sterile clothes and work in sterile 
environments while transferring meristems and culturing. Diseased 
cultures or plantlets should be eliminated and containers sterilized . 
Thermotherapeutical treatments to mother plants befare meristem cultures 
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(Roca, 1979), followed by specific diagnostic tests (CIA T, 1982) shou1d be 
used in order to reduce the risk of vira l or viroidal contami nations. 
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Virus Elimination in Potato and Cassava 

ó 
L. Schi/de-Rentschler, CIP, Lima, Peru 

W. M. Roca. CIAT. Cali, Colombia 

Introduction 

The control of bacterial and fungal diseases is to sorne ex tent possible 
through the application of chernicals which specifically affect the pa tho
gen's rnetabolisrn. However, this is irnpossible in the case of viruses and 
vi roids because these pathogens utilize the host's rnetabolisrn for rnulti
plication. Therefore, chernicals which rnay affect virus rnultiplication 
usually exert high toxicity on the host cell rnetabolisrn. 

Virus spread in the host plant 

The spread of virus particles in the plant rnainly occurs through the 
vascular systern, with sorne viruses being cornpletely restricted to the 
phloern. The rate of movement in the vascular systern is high a nd was 
deterrnined for potato vi rus X (PVX) and tobacco rnosaic virus (TMV) to 
be on the order of 1-8 cm per hour (Capoor, 1949). In addition to th is type 
of transport , a passive rnovernent of virus particles frorn cell to cell takes 
place through the channels which connect the ce lis to each o ther , the 
plasrnodesrnata. The driving force for this rnovement is protoplasrnic 
strearning, which has been calculated to rnove ata rate of 5-15 rnicrons per 
hour, rnuch slower than the rate in vascular tissues: 

The rnechanisrns of virus spreading cause the uneven distribution of 
virus particles in the plant (Lirnasset a nd Cornuet, 1949) and a re the 
underlying bases for the success of rneristern culture using in vitro 
techniques. 
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Meristem culture 

The apical dome of a shoot's apical meristem contains the truly 
meristematic cells and is surrounded by leaf primordia a nd primary lea ves. 
Since the more differentiated vascular tissues occur away from the 
meristem (towards the o lder tissues of the stem), the vascular elements of 
the leaf primordia are still very incipient , and they have not yet made 
contact with the m a in strand of the vascula r system in the stem. Therefore, 
virus particles which may be present in the vascular system can reach the 
meristematic region of the apex only through ce ll to cell movement. This is 
one of the main reasons that virus concentration decreases acropetally 
towards the meristem of the apical bud as well as the axillary buds in a 
virus-infected plant. Whether o ther facto rs, such as the production of 
vtrus-inhibitory substances by the meristematic cells or the effect of 
hormo nes in the cultu re medi um, play a ro le in the el imination of viruses 
by meristem culture has not conclusively been proved. 

lsolation of the a pical part, called the meristem tip, under aseptic 
conditions, and its culture on an adequate aseptic medium, leads to the 
development of plantlets; this development, in principie, follows a pattern 
si milar to tha t in the entire plant: the cells of the meristem continue to 
divide and the differe ntiat ion of tissues continues. The nutrition of the 
excised portian of the plant is supplied by the artificial medium. This 
technique, called meristem culture, was first applied sorne 30 years ago on 
dahlias, and it is used to produce pa thogen-free plants. 

Bacteria and fungi ca n easily be el iminated since they are not entering 
the meristem tip. Of course, if the surface steri lization of the bud was 
insufficient o r the tools were not well sterilized, bacteria· and fungi will 
grow in the meristem tissue since the culture medium for the meristems is 
also ideal fo r the growth of most of these micro-organisms. However, as 
long as sterilized conditions a re used and portions are excised in which the 
incipient vascular elements ha ve not yet reached the main vascular strands, 
bacterial and fungal pathogens wi ll present no problems . 

Thermotherapy 

Experiments carried out with different virus-host systems have shown 
tha t treatment of plants with elevated temperatures (thermotherapy) leads 
toa reduction in virus concentration in the plan t (Kassanis, 1950; Quak, 
1977). Different reasons ha ve been given to explain this phenomenon, but 
it is probably not one a tone, but a combination ofreasons that cause vi rus 
reduction. Competi tion for sites to synthesize nucleic acids and proteins 
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between the fast-dividing host cells and the virus particJes may lead to a 
change in the balance between synthesis and degradation ofvirus particles. 
In addition, the nucleic acid of the virus, the carrier of its genetic 
information, is usually protected from the attack of degrading enzymes by 
a coat consisting of many protein subunits. At elevated temperatures the 
linkage between these subunits becomes wea ker, and temporary holes may 
open and permit the attack of nucleases, so leading to the inactivation of 
vi ruses and a decrease in virus concentration. 

When thermotherapy has been applied to potato tubers, reduction of 
virus concentration has been observed (mainly of potato leaf roll virus, 
PLR V), but no virus eliminations were achieved except for PLR V. The 
same is the case with cassava stakes exposed to elevated temperatures 
(CIAT, 1983). But thermotherapy applied to the whole plantas well asto 
sprouted tubers, followed by meristem culture, has been successfully used 
for elimination of viruses in patato (Stace-Smith and Mellor, 1968; 
Pennazio, 197 1 ). While this method is in use for many vegetatively 
propagated crops, the detailed conditions have to be determined ex
perirnentally for each crop and each plant part to be treated. 

It should be stressed that the plant regenerated from meristem culture 
has to be tested for virus freedom in spite of the fact that the combined 
methods of thermotherapy and meristem culture increase the probability 
of virus eradication . 

Chemotherapy 

As an alternative to thermotherapy, chemotherapy has recently shown 
promising results in both patato and cassava. A nucleoside analogue, 
vi razole, known for its broad spectrum aga inst animal D NA and RNA 
viruses has shown good results when applied to the patato plantas a spray 
or in hydroponic culture, followed by meristem culture. Preliminary 
results of culturing meristern tips in the presence of lOO pprn virazole in the 
medium are very promising. 

In the case of cassava, promising results ha ve also been obtained , but 
lower virazole concentrations are used , 20-40 ppm being the highest 
concentrations that can be applied. 

Routine elimination schemes in potato and cassava 

Thermotherapy is routinely used at CIP to elimina te viruses in pota toes. 
Optimal eradication rates have been obtained when the plant was 
decapitated befare thermotherapy. A temperature regime of 36°C for 8 
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ho urs, under contin uous light of hig h intensity ( 10,000 lux) improves 
el iminati on ra tes ( Roca et a l. , 1978). lf possible, pla nts a re treated over 4 
weeks. Thro ug ho ut th is time, axilla ry buds grow rap id ly. Meristems a re 
isolated fro m a pical buds as well as axi lla ry buds, and cultiva ted in vitro. 
After a bo ut 6-8 weeks, pla nt le ts regenera te fro m the meristems. 

The routine procedure fo r cassa va a t C IAT is very simila r to tha t for 
po ta to a t C IP. Po tted sta kes wi th dormant buds a re exposed to a 
thermotherapy of 40°C in the day and 35°C a t night , with a 12-ho ur 
pho toperiod . These conditio ns prevail for 3-4 weeks during which time 
spro uting occurs vigorously; then meristem tips a re excised and cultured . 
Plantlets develo p afte r 6-8 wee ks. 

Fo r potato as well as cassava, develo ping plantle ts a re propagated in 
virro. In cassava the pro pagated pla nt le ts a re transferred to po ts and then 
samples a re ta ken for virus testing. 

It was fou nd that when in vitro plant le ts of both crops were transferred 
to the steri lized soil they needed a hig h phosphorus fertilizer. T hese 
p la ntlets are on ly ha ndled using disinfected tools o r hands, and pots and 
soil are ste rilized . 

Effectiveness of routine procedures 

As in other host-virus systems (Kassan is, 1957; Accatino, 1966) the 
success of virus e1imina tio n is cor rela ted to the size of the excised po rtion, 
both in cassava a nd pa tato. T he smaller the excised port ion, the higher th e 
probab ility for virus erad icatio n . T his seems reasonable in the light of the 
earlier d iscussion o n meristem cultu re. 

On the o ther ha nd , a t leas t in the case of pata to, ve ry sma ll po rtio ns are 
d ifficult to cul tiva te o r complex media a re necessary, leading to ca llus 
format ion befo re plantlet develo pment. For cassava at C IA T , as well as for 
pota to at C I P, a po rtian co nta ining the apical do me and one o r two leaf 
primord ia a re usually excised . 

T he effic iency of virus e liminati on by meristem culture in po ta to has 
been reponed to be dependent o n the virus. T he viruses which a re 
res tricted to the vascular bundle such as PLR V are usually easy to 
e radicate. T here is a g radual increase in the d ifficulty to eradicate viruses: 
PLR V > PV A > P VY > PM V > PV X > PVS ( Kassa nis, 1957; Accat ino, 
1966). Applying the a bove ro ut ine thermo thera py procedure, a n a lmost 
100% elimina tion ra te has been obtai ned, except for the po tato spind le 
tuber viroid (PSTV). 
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Using the thermotherapy system described for cassava, 100% health y 
plants have been obtained from start ing material infested simultaneously 
wi th frog skin and mosaic diseases (CIAT, 1983). 

Application of thermotherapy needs special fa cilities and equipment , 
such as incubato rs or sim ilar equipment which can be manufactured by a 
local workshop. When these facilities are no t available, meristem tip 
culture alone may lead to pathogen-free plants at a lo wer frequency. 

Elimination of PSTV 

Using the thermotherapy procedure described a bo ve fo r po tato, PSTV 
cannot be eliminated. This viroid consists of a one-stranded RNA, which is 
ring-shaped a nd twisted in the form of a supercoil. In this fo rm it is very 
resistant to attacks by nucleases. lt has been shown that elevated 
temperature favors the multiplicatio n o f the viro id {Sanger and Ramm, 
1975). Therefore, a first test for PSTV is carried out at the end of the 
thermotherapy period. 

To eradicate PSTV, a method has been develo ped based o n the 
obse rvation that in plants gro wn at lo w temperature, the concentratio n o f 
the viroid is low (Lizarraga et al. , 1980). Therefore, plants were grown at 
8°C fo r 4 months, after which apica l do mes were excised and cultured . 
Fro m the plantlets regenerated , 30% were free of PSTV. A clear 
relatio nship between explant size and eradication success was observed 
with improved eradicatio n at small apical dome size (Li zarraga e t a l., 
1982). 

The described method is not suita ble as a ro utine techniq ue, since it is 
very t ime-consuming and costl y. But it may be useful in specific cases in 
which a valuable clo ne is tho roughly infected a nd clean material cann o t be 
o btained . 

Testing plants regenerated from meristem culture 

As mentio ned before, testing plants from meristem culture is very 
impo rtan!. Fo r po tato, test ing is ca rried o ut in virro and aga in la ter when 
the pla nts have been mo ved to the greenho use. The methods a re a 
co mbination of serology. o bserva tio n of samples in an electro n micro
scope, inocula t ion o n indica to r hosts, and po lyacryla mide electropho resis 
for PSTV. 

Fo r cassava, p la nts are currently tes ted in the gree nhouse using sero logy 
fo r mosaic-type d iseases, electropho resis fo r f rog sk i n di sea se, a nd graft ing 
for latent d iseases. 
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Conservation of pathogen-free material 

Samples of clean material are maintained in vitro to allow new 
propagation of disease-free plants to be made at any time. The probability 
of recontamination with pathogens in vitro is extremely.low. For both 
cassava and patato, conditions have been developed which allow the 
storage of in vitro plantlets for 1.5-2 years without transfers (Roca et al., 
1982; Estrada et al. , 1982). 

Conclusions 

Methods are available for both patato and cassava· which provide high 
eradication rates of pathogens. Since CIA T and CIP are distribution 
centers for genetic material, their clones should ha ve the highest sanitary 
status possible . This may not be the case in a national seed program, and 
modifications with respect to thermotherapy and testing are reasonable. 
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Virus Elimination in Sweet Potato, Yam, 
and Cocoyam 

S. Y. Ng, liT A, Jbadan, Nigeria 

Sweet potato 

Sweet potato virus diseases such as mosaic virus, feathery mottle virus 
(Morí, 1971 ; Morí et al., 1969), interna) cork virus (Morí, 1971 ; Nielsen, 
1960), sweet potato virus disease (Frison and Ng, 1981), and sorne 
unidentified viruses (Over De Linden and Elliot, 1971; Alconero et al., 
1975) were eliminated from sweet potato plants by meristem culture alone 
or in combination with thermotherapy. The procedure for obtaining these 
virus-free sweet potato plants is described below. 

Culture method 

Sweet potato roots are harvested from the field, cleaned, planted in pots, 
and grown in the greenhouse. When the sprout is about 30 cm high, both 
apical and lateral buds are excised for culturing. After surface sterilization 
first with 70% (v/v) ethanol for 5 minutes, and then with a 5% filtered 
solution of calcium hypochlorite containing a few drops ofTween 20 for 20 
minutes, the buds are rinsed with three changes of sterile distilled water. 
Meristems with one to two leaf primordia, about 0.3-0.4 mm in Jength, are 
excised with the a id of a dissecting microscope under a microflow transfer 
cabinet. The meristems are then transferred to glass tubes containing 5 mi 
of the culture medium. The capped cultures are incubated in a culture 
room maintained at 26-29°C. A 12-hour photoperiod is provided by 
daylight fluorescent tubes with 5,000 lux Iight intensity at plant Ievel. 

The medium is modified from that of Murashige and Skoog ( 1962) by 
adding 3% sucrose, 80 ppm adenine sulfate dihydrate, 0.2 ppm indoleacetic 
a cid (IAA), 0.5 ppm benzylaminopurine (BAP), andO. 7% agar. The pH of 
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the medium is adjusted to 5.7 ± 0.1 by adding drops of 0.5 N sodium 
hydroxide or 0.5 N hydrochloric acid before steri1ization at l21 °C for 15 
minutes. 

Plantlets with three to four nodes are obtained 6 weeks after inoculation 
and transplanted from the tubes onto Jiffy peat pellets. They are kept in a 
high-humidity chamber in an isolation room. After 1-2 months, symp
tomless plants are grafted onto Ipomoea setosa seedlings, an indicator 
plant used for sweet potato viruses such as russet crack, internal cork, 
yellow dwarf (Hildebrand, 1966), and sweet potato virus disease (Frison 
and Ng, 1981), for observation of symptoms. Grafting is done three times 
at 2-month intervals. Electron microscope (EM) observation and serolo
gically specific electron microscopy (SSEM), if available, should be carried 
out on the leaf extract of the sweet potato and indicator plants. 

Yam (white and water yams) 

In vitro culture of yams for pharmaceutical purposes has made great 
progr.ess. However, far less work has been done on food yams. Meristem 
culture incorporated with hot air pretreatment of the mother plants has 
been used to elimina te several viruses (CARDI, 1981; Mantell and Haque, 
1979). The development ofthe yam meristems in vitro is very slow; it takes 
about five months before a p1ant1et can be transplanted to soil (Mantell 
and Haque, 1979; Ng, unpublished). This may be dueto the small size of 
the buds and consequently smaller meristems. B1ackening of the culture 
medium may also be one ofthe factors for slow growth. Heat treating the 
mother plants for a prolonged period may allow the use of a bigger piece of 
the meristem tip for culturing, thus shortening the time to obtain plantlets 
without decreasing the ratio ofvirus-free plants produced. Further studies 
need to be carried out on shortening the development ofyam cultures. A 
method to obtain virus-tested yams from meristem culture is given below. 

Culture method 

Yam roots are cut into planting size after the dormancy period and 
p1anted in pots in the greenhouse. After 1-2 months, they are moved toa 
growth chamber set at 35°C for both day and night temperatures and a 
12-hour light cycle. Two weeks after heat treatment (extension of this 
treatment is suggested), terminal buds are excised and disinfected following 
the method described for sweet pota toes. Meristems with two to three leaf 
primordia a re excised and transferred to glass tubes containing 5 mi ofthe 
culture medium, and then capped and incubated in the culture room as for 
sweet potatoes. 
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The Murashige and Skoog (MS) basal medium is used with the addition 
of 3% sucrose, 0.2 ppm napthaleneacetic acid (NAA), 0.15 ppm bencyl
aminopurine (BAP), 0.04 ppm gibberellic acid, 80 ppm adenine sulfate 
dihydrate, andO. 7% agar. The pH of the medium is adjusted to 5.1 ± 0.1 
before sterilization. 

Plantlets are obtained 5 months after incubation with two transfers to 
new culture media. They are then transplanted onto Jiffy peat pellets and 
grown in the humidity chamber. Later they are replanted into pots for 
observation of disease symptoms. 

Virus indexing can be done by enzyme-Iinked immunosorbent assay 
(ELISA) techniques and SSEM if antisera are available, or by means of 
inoculation of sap samples to Nicotiana benthamiana (Rossel and 
Thottappilly, 1982). 

Cocoyam (taro and tannia) 

Dasheen mosaic virus (DMV) was eliminated from cocoyams using the 
meristem culture technique (Hartman, 1974; Ng, unpublished). Two types 
ofbacilliform viruses in taro which cause diseases known as alomae (death 
of taro) and bobobe (curled or folded Ieaf) were also eradicated using 
meristem culture (Jackson et al. , 1977). Virus-tested plants can be obtained 
by the following method. 

Culture method 

Cocoyam shoot tips are obtained from the corms of field grown 
cocoyams after removal of the petioles, and trimmed to a shape of 2 cm 
long and 0.5-1 cm wide. They are then washed with a mild solution of 
'teepol' ( 1% v/v) in a container for 1 minute and rinsed well with tap water. 
Next they are treated with 70% ethanol for 4 minutes, followed by a 7% 
filtered solution of calcium hypochlorite with a few drops ofTween 20 for 
20 minutes. After rinsing with three changes of sterile distilled water, the 
shoot tips are removed aseptically and trimmed with the aid of a dissecting 
microscope under a microflow transfer cabinet. Meristems with two leaf 
primordia are excised and transferred to the culture medium. The cultures 
are incubated under the same incubation conditions described previously 
except that the liquid cultures for taro are placed on a gyrorotatory shaker 
set at 70 rotations per minute (rpm) for the whole incubation period . 

The medium for taro meristem culture consists of MS basal medium 
with the addition of 3% sucrose and 80 ppm adenine sulfate dihydrate in 
liquid form. For tannia meristem culture, the MS basal medium is used 
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with the addition of 3% sucrose, 200 ppm casein hydrolysate, 0.1 ppm 
NAA, 0.5 ppm BAP, and 0.7% agar. 

The pH of the media is adjusted to 5. 7 ± 0.1 befo re sterilization. The 
steri1e media are then poured into 60-ml screw-capped universal plastic 
containers (pre-sterilized). Containers with the soil medium for tannia are 
filled to 15 mi and containers with the liquid medium for taro are filled to 
10 mi. 

Taro and tannia plantlets are obtained 5 weeks and 8 weeks after 
inoculation, respectively. They are transplanted to pots in the isolation 
room for observation of dasheen mosaic virus (DMV) symptoms. Leafsap 
samples can be used for e1ectron microscope observation, and SSEM can 
also be carried out. Another method of detection is to inocula te a p1ant 
used for DMV testing, Pho/odendrom se/lum, or healthy cocoyam seedlings 
with the plant samples. 

Virus-tested plants can then be multiplied using vine cuttings (Akoroda 
and Okonmah, 1982), root pieces (Alvarez and Hahn , 1983; Okoli et al., 
1982), and in vitro culturing before beginning large-scale production of 
planting material. 

Conclusions 

The aims of freeing vegeta ti ve! y propagated plants from virus infections 
by thermotherapy and/or meristem culture are to produce virus-free 
plants for use in studies on the effects ofviruses, to provide the basis for the 
commercial growing of clones, and to allow safe national and international 
distribution of c1onal material. 

It should be kept in mind that the elimination of viruses does not bring 
about immunity; reinfection can be expected when the plants are exposed 
to disease and their vectors. Therefore, measures should be taken to 
prevent massive reinfection. The nuclear stock of plants can be maintained 
in insect-proof screenhouses with a very high degree of protection, or they 
can be maintained in vitro, in which case reinfection is complete! y avoided. 
However, if this involves a callus stage, the increased mutation rate should 
not be ignored. If the stock is maintained in a screenhouse, it should be 
frequently indexed individually, so that reinfection can be detected in time. 
The commercial planting materials should be randomly tested to qualify 
for certification. The development of sensitive virus indexing methods, 
such as E LISA and SSEM tests, will certamly give a very high assurance of 
freedom from the tested viruses. 
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CHAPTER 5. 
RAPID PROPAGATION 

TECHNIQUES 



Introduction 

Rapid Propagation 
Techniques for Potato 

J. J:;. Bryan. CIP. Lima, Peru 

Five methods of rapid multiplication techniques fo r po ta toes a re brieOy 
described belo w. The fi rst four are covered in detail in the C IP bulletin 
" Rapid Multiplication Techniques for Pota toes," 1981 , by Bryan, Me
Iéndez, and J ackson. Slide sets and illust rated guide books giving detai led 
methodo logy are also a vailable in English , Spanish, and French versio ns. 
The fifth method is no t ye t published. 

All rapid multiplication techniques are Iabor-intensive and costly. The 
extra cost is usua lly mo re than offset by improved health and increased 
seed productio n in less time. Genera lly, 7-10 times more seed is prod uced 
in the same time than by convent ional methods. Because most rapid 
multiplicatio n techniques use aerial portions of the pla nt, contact is 
bro ken between tubers, soil , and the cuttings. This elim ina tes most 
no nsystemic diseases ca rried in soil a nd tubers. However, if proper 
sanitation methods are not fo llowed, the techniques favor spread of 
contact-disseminated pa thogens . 

Three of the methods en tai l roo ting the cutt ings in sand or o ther media, 
for which the use of rooting ho rmones can be beneficia!. A well-d rained 
rooting medium is essent ial. Rooting is optimum at 20-23°C, and growth o f 
cuttings is best at 23-26°C. Therefore, the best ove rall production 
temperature is about 23°C. 

Stem cuttings 

T he best avai lable tubers, wel l-sprouted , are planted. When the stems 
are 20-30 cm high, the apical growing point of each stem is removed. Th is 
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removal stimulates development of axillary buds at each leaflstem axis. 
When these new growths are about 15 cm long (about 20 days) they are 
removed and placed in 5-cm squares in the rooting medium . The roo ted 
cuttings are ready to transplant to the field in 15 days. New cuttings will 
ha ve grown on the mother plant during th is time and the second harvest 
will also be ready then. Most variet ies produce three to four harvests of 
cuttings, depending on the number of stems per plan t. Each mother plant 
gives about 35 cuttings and each cutting yields ti ve to eight tubers in the 
field, giving an increase ratio of 1:175-280. 

Sprout cuttings 

Tubers a re a lternated in ligh t and dark to control sprout length and 
internoda l distance for the production of the size needed. They are held ata 
constant 90-95% relative humidity to promote primordial root devel
opment. Sprouts a re removed and cut into segments, each with a t least one 
nade. The tiny cuttings a re rooted in sand and a re usually ready fo r 
transplanting to the field in about 20 days. Two harvests can be made from 
each tuber with up to 60 cuttings per harvest , each cutting yie lding five to 
eight tubers in the field. This gives a n increase ratio of 1:600-950 per tuber. 

Single-node cuttings 

Mother pla nts for single-nade cuttings are usuall y derived from o ther 
rapid mult iplica tion techniques. When the plants ha ve five to seven lea ves, 
the stem is cut off, except fo r o ne strong lea f. The stem is cut into segments, 
each segmen t ha ving one lcaf wi th a node. Thcse are rooted in sand and are 
ready to tra nspla nt in about 15-20 days. The mothe~ plantlet that was left 
with one leafhas in the same 15 days produced another stem from the node 
at the leaf. T his stem is then removed, again leaving a second strong leaf 
and the process continues. Five o r more harvests can be made from each 
mother plantlet. The la ter harvests usua lly yie ld two o r three stems each, so 
that an a verage of nine stems is obtaincd from one mother plant over five 
harvests. Since each ste m yields an average of five segments, each mother 
plant can produce about 45 plantlets. Figuring an average offive tubers per 
plantle t gives 225 tubers from o ne mother plant (9 stems/mother pla nt x 5 
cuttings/stem = 45 plantlcts x 5 tubers/ plantlet = 225 tubers). 

The sprout cutting tech nique can be used first to obtain 120 cuttings 
from two harvests of a mother plant. These 120 cuttings then serve as 
mother plants for si ngle-na de cutt ings, each then giving the average 45 
plantlets descr ibed abo ve. In this case, 27,000 tubers are obtained from the 
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initia l tuber used fo r spro ut cutting ( 120 x 45 = 5400 plantle ts x 5 
tubers/ plantlet = 27,000 tubers). Another route could be follo wed by using 
the 5400 pla ntlets as mo thers fo r single-node cuttings, thereby yielding 
243,000 new plantlets (5400 x 45) which sho uld p roduce 1 ,2 15,000 tubers. 

Leaf bud cuttings 

Leaf bud cuttings a re similar to single-node cuttings but a re harvested 
fro m a lmost ma ture pla nts. The stems a re removed and cut into segments 
leaving a mature leaf and la tera l bud. These are placed in moist sa nd. A 
sma ll tuberlet forms a nd is read y to ha rves t in 30 days. Tuberlets kept 
should weigh at least 1 g . 

Tuberle ts a re stored a t 4°C and 95% rela tive humid ity fo r 3-5 months 
a nd planted when they spro ut. Using tuberle ts weighing 1-3 g pla nted o n 
an 80 x 15 cm spacing in the fie ld, a yield o f 15-20 t/ ha is expected . 

Spro ut cuttings, single-node cuttings, a nd stem cuttings give the highest 
increase ra tios when used in combination. Lea f bud cuttings canno t be 
taken from pla nts that have produced stem cuttings or single-node 
cuttings. These fou r rapid mult iplica tio n tec hniques offer a choice of 
methods tha t do not require sophistica ted facilities. 

In Vitro plantlets 

The multiplication ra te of in vitro pla ntlets goes to infinity a nd is o nly 
limited by space a nd manpower. (The method o f producing in vitro 
plantlets is no t treated in this paper.) These ti ny p la ntlets are d ifficult to 
t ra nsplant d irectly to the field. If they a re to go to the field , C IP wo uld , a t 
this time, recommend tra nspl ant ing in t ra ys a nd la te r t ra nsplan t ing from 
the trays to the fie l d . CI P has fo und that the best resu lts can be o bta ined by 
t ra nspla nting to beds at high density, abo ut 100 plantlets/m2, to maximize 
la rge numbers of 5-20 g tubers. These tubers a re then mult iplied in the 
fiel d . Use of large p lantings of in vitro plant lets is still in the research phase. 
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lntroduction 

Rapid Propagation 
Techniques for Cassava 

James H. Cock, CIAT. Ca/i, Colombia 

The inherently slow propaga tion rate of cassava delays the testing of 
new varieties and their subsequent release to farmers. Over the years a 
number of more rapid techniques for propagation have been developed 
(Chant and Marden, 1958; Wholey, 1974; Kloppenburg et al. , 1972; Cock 
et al., 1976; Sykes and Ha rney, 1972; Pateña et al. 1979). CIA T has refined 
these methods and developed two basic rapid propagation techniques. The 
first of these, mult iple shoot production from two-node cuttings, is 
moderately rapid and can be carried out with a mínimum of infrastructure. 
The second technique, using the axillary buds of green stems, is consider
ably faster but requires better infrastructure and more skillful handling of 
the plant material. Nevenheless, both systems are si mple and require no 
highly sophisticated equipment for their operation. The two systems are 
described in detail in the following sections. 

Multiple shoot system 

Woody cuttings of cassava sprout 1-3 weeks after being plamed in a 
moist medium. The shoots or sprouts consist of nodal units each of which 
comprises a node, an internode, an axillary bud , and a leaf. The basis of 
this ra pid propagation technique resides in the fact that the upper part of 
the shoot can be cut and rooted while the axillary buds in the basal pan of 
the young shoot sprout and produce new shoots (Wholey, 1974 ). The new 
shoots can in turn be cut and rooted and so on. The main limitations to the 
rapidity of this technique are 1) the process can only be started when 
woody Jignified tissue is avai lable,and 2) the new shoot production only 
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continues while nutrient and carbohydrate reserves exist in the o riginal 
woody cuttings. 

Installations 

Multiple shoot propagation does not requi re any sophisticated equip
ment; however, simple propagation chambers and rooting chambers are 
required. The ·propagation chambers (Figure 1) are designed to maintain 
the o riginal cuttings in a high-humidity environ ment. The canals in the 
base are filled with water a nd the plastic covers are placed over the center 
ofthe canals. The design of the propagation chambers and the construction 
materials can be varied according to the availability of local materials. 

The rooting chamber (Figure 2) consists of a work table with a plastic 
canopy with flaps that can be opened or shut to give access to the work 
table. The surface of the table should be white, and the roof height should 
be approximately 1.5 m above the work table (to reduce the temperature in 
the chamber). As in the case of the propagation chamber, locally available 
materials can be chosen and used for construction. 

Figure l . Propaga/ion chamber for mulliple shoo1 sysll'm. 
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Figure 2. Rooting chamber for mullí pie shootlystem. 

Method 

The soil should ha ve good drainage and be reasonably fertile. Steriliza
tion is done by spraying the soil surface of each chamber with 1 O liters of 
JO% Formol dispensed with a watering can. Alternatively, 1 pound (680 g) 
of methyl bromide per chamber can be used for adequate sterilization . 
After sterilization , the soil is covered for 5 days with a plastic sheet and 
then left uncovered for 5 more days before planting. 

A healthy, mature plant is required to produce the mother cuttings u sed 
in this propagation system. Woody parts of the stem are cut into two-node 
cuttings using a hacksaw held firml y in a vice. The stems are cut by rubbing 
them along the hacksaw blade, which should be cleaned a nd disi nfected 
with 1% hypochlorite after each 20 cuttings. The two-node cuttings are 
then immersed in a fungicidal and insecticida) mix (e.g., 0.3% Manza te + 
1% malathion for 5 minutes), and planted in lines in the propagation 
chamber where they are covered with soil toa depth of about 1 cm. When 
planting the cuttings , it is important that the shortest distance between two 
leaf scars is in the apex position (the phyllotaxy of cassa vais su eh that leaf 
scars are not opposite each other). 
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Once the cutting!> ha ve been planted, the soi l is wa te red to field capacity 
and the plastic cover is placed on the cha mber. Depending o n ambient 
temperature, shoots wi ll emerge from 1-3 weeks after planting. When the 
new shoot reach a height of 5-1 O cm, they are cut 1 cm above soillevel with 
a razor blade o r sharp k ni fe that has been disi nfected in 1% hypochlorite. 
The shoot is then cut again immed iate ly below the lowest axillary bud and 
a ll except the two or th ree uppermost leaves a re cut off. Immediately after 
this the shoo t is placed in a beaker containing cold boiled water. This step 
washes off th e latex that exudes from the cut surface and is extremely 
importan! fo r the success of the sys tem. 

The shoots are then transferred to 500-ml beakers or similar containers 
(up to 80 shoots per container) and placed in the rooting cha mbers. If 
temperatures are very high or sola r radiation is intense, the chambers 
sho uld be partially shaded (e.g., 50% reducti on in incoming radiation). 
After a pproximate ly 1 week callus tissue forms on the basal cut and roots 
begin to form. When these roots are st illless than 1 cm long (about 2 weeks 
after placing in the root ing chambers) the shoots are direct ly transplanted 
into the field (Figure 3). lf transpla nt ing is delayed until thc roots are 

1-'" igurc J. 1'/ant/et f rom multiple Ihoot system ready for transplanting in the field. 
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longer, they will be damaged and the success rate drops markedly. The 
rooted shoots are planted deep so that the soillevel is just below the lowest 
lea.ves. For the first 3 weeks after transplanting, it is essential to maintain 
the soil near field capacity. 

Axillary bud system 

In traditional cassava propagation systems, the cycles are of8 months o r 
more beca use the propagules ha veto become lignified, a nd this only occurs 
as plants mature. The axillary bud system, however, permits green, 
unlignified material to be used as propagules, thus greatly shortening the 
propagation cycle while al so allowing a lmost all of the axilla ry buds to be 
used, no t just those on the lignified part of the stem. 

lnstallations 

Axillary bud propagation requires a rooting chamber that is a little more 
sophisticated than that used for the multiple shoot system. The most 
important aspect of the cJ;lamber is the misting system. In a 2 x 1 m 
chamber, two misters with a capacity of 50 liters per hour (or somewha t 
less) are adequate. The design of the rest of the chamber can be seen in 
Figure 4. Wires are strung 20 cm abo ve the bench surface at 5-cm intervals 
to support the leaves and buds. 

Figure 4. Rooting chamb~r for axillary bud system. 
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Method 

Small trays a re filled with coarse sand o r gravel that has previously been 
ste rilized. Healthy mother pla nts 3-4 mo nths old a re selected in the fi eld . 
With a sharp, sterilized knife, each leaf with the accompanying axillary 
bud and a small heel of stem tissue is cu t from the p lant to form the 
propagules. The leaf lobes are then cut so that the leaf forms a rosette in 
o rder to reduce the transpira t ion losscs (Figure 5). The pro pag ules are 
immediate ly placed in wa ter to wash thc latex offth e cut surface ofthe heel , 
and then put into the roo ting chambers. Small furrows are made in the 
gravel o r sand and the heel is placed in these furrows. The axilla ry buds a re 
not covered. The mist is left running co ntinuously. After 1-2 weeks small 
roots are fo rmcd on the cut surface of the heel and the petiole abscises. 
When the shoots present an appearance simila r to that in Figure 6, they are 
ready for transplanting. They can be tra nsplanted directly into the field. 
howeve r, better results ha ve been o btained at C IAT by transplanting first 
into peat pots or plastic bags filled with a well-drained soil for about 1 week 
befo re field transplanting. Within 3-4 months after transplanting in the 
field, new mother plants are available to repeat the process. 

Peu o leand < 
ax1llary bud Nodal 

,._......-- tissue 

F1gure 5. Propagule frorn aúllary bud sysum readyfor rooting chamber. 
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Figure 6. Plantll't from axillary bud system ready for transplan11n11. 

Discussion 

The two methods described greatly increase propagation rates. Starting 
from a mature mother plant, it is possible to produce 12,000-24,000 
commercial stakes in one year with the multiple shoot method, as 
compared to 100-400 using traditional methods. The axillary bud method 
is e ven more rapid, producing 100,000-300,000 commercial cuttings from a 
3-4 month old mother plant. 

The systems described he re ha ve bcen u sed successfully under the 
conditions of CIA T-Palmira. Modifications may be necessary under 
different conditions. For exa mple, when average temperatures are less 
than 20°C, rooting will be much delayed, and when average temperatures 
are above about 25°C, it may be necessa ry to shade the propagation and 
rooting chambers. 
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Rapid Propagation Techniques for Sweet 
Potato, Yam, and Cocoyam 

S. Y. Ng. /ITA, /badan. Nigeria 

Introduction 

Among several meth ods for multiplication , o nly the in vitro rapid 
multiplicatio n method is described in this paper. Explant materials used 
for in vitro culturing are usually the shoot apex and nodal segment (nodal 
cutting). There also appears to be a possibility of using tuber discs ( 1 cm2) 

of the subepiderma l tissue for multiplication (Gunckel et al., 1972; Ng, 
unpublished). 

In vitro culture 

The shoot apex and node cuttings are surface-disi nfected with the sa me 
process used in disinfecting ma ter ials for meristem culture (se e Chapter 4 ) 
except that the calcium hypochlorite concentration is increased to 10% . 
The culture media are as fo llo ws: 

1) Sweet po ta to: Murashige and Skoog (MS) basal medium plus 3% 
sucrose, 0.1 ppm benzylamino purine ( BAP) and 0.8% agar; 10-ml 
portions of the sterile medium are poured into 30-ml plastic culture 
tu bes. 

2) Ya m: MS basal medium plus 2% sucrose, 50 ppm L-cysteine, 0.5 ppm 
kinet in, 0.5 ppm naphthaleneacetic acid (NAA), andO. 7% agar; 5-ml 
portions of the medium are dispensed into each of the glass test tu bes 
and sterilized at 12 1°C fo r 15 minutes. 

3) Cocoya m: It is advisable to fu rther multiply the cocoyam plantlets 
regenerated from the meristem in vitro before one or two of them a re 
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transpla nted for virus indexing. Then, if the plants are negativel y 
indexed , they can be rapidly multiplied using the plantlets that 
originated from the sa me meristem as well as the negatively indexed 
mother plants. MS basal medium plus 3% sucrose is used for bo th 
ta ro and ta nnia, the latter ha ving in addition 0.8% agar; 1 O mi of the 
sterile media are poured into a 60-ml plastic culture container. The 
pH of all media is adjusted to 5. 7 ± 0.1 befo re sterilizauon. 

The cultures a re incubated under the conditions described in Chapter 4, 
irrespective of liquid or sol id media. 

Plantlets with an average of 4.2 nodes can be obtained from sweet potato 
one month after culturing. Each node then can be dissected and transferred 
toa new culture medium fo r further multiplication. This means that sweet 
potato has a multiplication rate of 4.2 per month . In yams, the 
multiplication rate is about 4 per month. It was est imated by Mantel! et al. 
( 1978 and 1 979) that about 65,000 ya m plantlets can be obtained from a 
single node in 6 months. The multiplication rate for taro is 20 per 3 months, 
and about 10 per 3 months for tannia. 

Field cultivation 

Plantlets are usually obtained in 20-30 days after the second culturing. 
At this stage, they are transplanted from the tu bes to Jiffy peat pellets and 
kept in a high-humidity chamber. Two weeks after transplanting, the 
nylon nets of the Jiffy pelle ts are removed and the plants are transplanted 
to black plastic bags with sterile soil and kept in the shade for 3-4 weeks 
befo re being transplanted into the field. There is always the risk of 
reinfection when they are planted in the fíeld , but this can be reduced by 
suitable isolatio n and strict hygiene. However, the plants still have to be 
regularly checked by indexing. The ha rvested seed tubers can then be 
distributed to the farmers. 
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Introduction 

Rapid Propagation of Yam by the 
Minisett Technique 

O. O. Oko/i, NRCRI. Umuahia. Nigeria 

The technique described in this paper is covered in more detail in 
Bulletin No. 2 of the National Root Crops Research lnstitute, October, 
1982, by Okoli et al. 

Edible yams (Dioscorea spp.) are usually propagated vegetatively. 
Whole tubers (weighing between 100 and 1500 g), called seed yams, may be 
planted to establish a new crop. Sometí mes, two to six pieces, called setts, 
are cut from a tuber and used to establish new crops. As muchas 3 tons of 
seed yams may be required to establish 1 ha of yams. 

The yield expected is hardly more than four times the weight planted. 
This low multiplication ra te in yams is a handicap for breeding, because 
when tubers are selected from a hybridization program, it takes a lo ng time 
to multiply enough pla nting materia l fo r evaluat ion in unifo rm trials. 
Thus, there has been the need for developing methods to rapidly multiply 
selected ya m clones for evaluation and for distribution to farmers, and a l so 
to reduce the seed input in the production of yams. 

In o rder lO overcome these problems, the minisett technique of 
producing seed yams has been developed. A minisett is here defined as a 
sett less than one-quarter of the mínimum size ( 100 g) of ya m sett usually 
planted . 

Method 

The minisetts are prepared from fairly cylindrical tuber pieces from 
which discs 2 cm thick are cut. Four minisetts, each weighing 25 g, are 
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obtained from each o f these di scs by cutting a long two perpendicular 
diameters ofthe disc (Figure 1 ). The minisctts are then dusted with Aldrex 
T (a fungicide/insecticidc) atan applicat ion rate of 10 g Aldrex T per 150 
minisetts, and are planted the following day. 

The minisetts can eit her be planted directly into the field or presprouted 
in a germination chamber before transplanting into the field. The 
presprouting method rcquires a germination chamber made of concrete 
walls, filled toa depth o f 15 cm with river sand kept constantly moist, and 
covered with a polycthylcne sheet. 

Ground tl~>uc 

(e) 1 ramvcr' c ,cct¡on ol 2-c rn ói,c 

(a) Cylondncal p1ece "1th 2-cm markmg 

(b) Long11udmal secuon of 2-cm ó1'c 

(d) 1 our m11mctts c ut frorn d1;,c 

F1gU1C l . Prt'para/1011 uj 1111111\l'l l \.fOr plantlflg. 
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The minisetts are planted in the field ata density of 40,000/ ha . They takc 
between 4-8 weeks to es tablish themselves (Figure 2), depending o n thc 
species ofyam used . If presprouted , most transplantcd p ropagu les survive. 
T he only disadvantage of presprouting is that it is labor-intensive. 

The readiness with which a ya m tuber spro uts is dependen! on thc 
physiological age of the tuber (Onwueme , 1975). Therefore it is better to 
use mature, stored seed yams that have had their dormancy broken to 
establish seed yam plantations. 

To o btain unifo rm spro uting in a plantation, it may be ad visable to 
group minisetts from the head, middle, and tail portions of the parent 
tuber and plant them separately, as it is known that the tai l and middle setts 
spro ut less quickly than the setts derived from thc head in norma l-sized 
setts (Coursey, 1967). 

100 

l!O 

t: 60 g 
"' e 

§ 
" el) 

~· 40 

Wee h after planting 

e n. rorundara O D. u/ara 

F igure 2. Mean perce111 !(ermintffiOII oj dtrecfll' soH'II m m mini lt' ffl . 
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Discussion 

The 25-g minisetts used in this method would require 1 ton of planting 
material per hectare when planted ata density of 40,000/ha. The expected 
yie ld is 13.6 t/ ha of seed yams/ha (mean size of the seed yams produced ·is 
340 g). In no rmal practice, farmers use 4 t/ ha of planting material to 
produce the same yield. 1t is possible with this method to use much less 
than 1 ton of planting material ; with certain species and possibly varieties 
such as D. ala/a, minise tts weighing JO g o r less could be used for producing 
seed yams. One study showed that the smallest size sett that can be 
sprouted is less than 3 g (National Root Crops Research Institute, 1981 ). 

The number oftubers weighing more than the average (200 g) produced 
fro m minisetts is dependent on the species or variety. This aspect needs to 
be related to physiological parameters that influence yield such as leafarea 
index, Jeaf area duration, and net assimilatio n rates. 

The technique described he re fo r rapid multiplicatio n of ya m materials 
explo its the fact that ya m , unlike potato (Solanum spp.) has no bud initials 
and any part of the surface o fa healthy ya m tuber is capable ofproducing a 
spro ut when placed under favorable conditio ns (Onwueme. 1973). 

Yields of up to 1 kg/plant ha ve been o btained from true seed weighing 
about 0.002 g/seed. The minisett technique is based on the sa me principie, 
i.c .. that \\oi th mi nim um food rese rves, pro pagules could have a yield 
potential similar to that produced by true seed. Although more work needs 
to be done o n the cultural management that wi ll produce the optimum 
yields, the minisett tech nique o ffers a great promise for massive seed yam 
production in the future. 
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CHAPTER 6. 
SEED STORAGE 



Seed Potato Storage 

R. JI. Booth. C /1'. J.ima. l'eru 

Introduction 

This paper is restricted to the sto rage o f potat o seed tubers a nd does no t 
treat the storage needs o r pro blems of true potato seeds (TPS) or othcr 
propagating materia l. 

In many respects the sto rage requirements ot'all po tato tubers, whethcr 
des tined fo r use as seed , fo r direct consumptio n, or for processing, a re the 
sa me . Two obvious examples are the avo idance ofpest and disease damagc 
a nd excessive shrinkage and weight loss. Pests a nd d iseases such as potato 
tuber mo th, late blight, pink ro t , dry ro t, and bacteria! soft ro ts, which all 
ca use gross destructi o n of sto red tubers, a re clearly o f equa l importancc 
regardless of final use. However, the relative importa nce of certain pest~ 

a nd diseases changes accordi ng to the fina l use of the stored tubers . or 
part icular impo rtance to sto red seed tubers a re those pests and diseascs 
which cause eye blindness a nd which a ttac k young sprouts, s uch as potato 
kin spot a nd Rhizocronia . Of equa l importance to the sto ragc of secd 

tubers is the contro l of di seases which a re tuber-t ra nsmitted fro m o nc 
generati on to thc nex t and rcsult in e ither co nstant degeneration a nd lowc r 
yields o r the fo rma tio n of disease foci fo r infectio n o f thc subscq ucnt 
growing crop. 

Particular attention sho uld be pa id to thc dangers o f sevc rc virus 
buildup and spread during the sto rage o f seed tubers (potato lcaf ro ll viru ~ 

and po tato virus Y). Young potato sprouts a re particularly attrac ti ve and 
susceptible to a ttack by aphids. T his is especiall y true when seed tubers a re 
stored in bui ldings wi th no tempera ture contro l and during periods whcn 
littlc a lternativc vegeta tio n for insect atta e k is a vai lable. e.g., d uring wi ntcr 
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or dry periods. Where aphid infestation of sprouts occurs in stores, the 
buildup and spread of severe viruses, pa rticularly pa tato leaf roll, can be 
very extensive and so diminish the effectiveness of expensive propagation 
and field control measures . Thus, in all types of seed sto res management, 
attention must be focused on pest and disease control. Too often the 
storage phase of the to ta l production cyclc is rega rded as a 'dormant ' phase 
and little attention is given to the tubers until prepara tion for planting. 
This passive approach ca n freq uently result in expensive surprises in the 
subsequent crop. 

The importance of shriveling or water loss in stored seed tubers largely 
depends on whether they are for sale or fo r home planting. Since seed 
po ta toes are sold by weight, any loss of mois ture during thei r storage will 
decrease revenue at the t ime of sale. On the other hand, if seed tubers are 
for home plant ing, sorne moisture loss, even up to about 20%, is of little 
importance provided that the tubers are planted in a well-prepared and 
moist seed bed. 

Control of sprout development 

Special considerations for the storage of seed tubers are those which 
intluence sprout development. Many aspects of sprout development are 
characteristic for a given varie ly; lhus, while il is possible to discuss general 
requiremenls, specific slorage needs and management praclices should be 
delermined for each variely. 

Seed slo rage methods and management musl provide lhe desired 
developmenl of sprouls prior lo planting in terms of both number and size. 
The desired spro ul developmenl will vary according 10 variety, purpose for 
which the crop is being grown, soil conditions, expected growing 
conditions, a nd many olher facto rs which fall beyond the scope of lhis 
presentation. 

The number of sprouls per tuber, which determines the number of main 
stems per plant in lhe field, is influenced by variety, luber size, a nd degree 
of apical dominance or physio logical age of lhe seed . lf a pa tato tuber is 
slored ata temperature tha l promotes a sho rt dormant period, lhe young 
buds at lhe apex sla rt growing while growth of lhe o lder buds is 
suppressed . This is known as apical dominance. The degree of apical 
dominance in a given variety is intluenced by storage conditions, especially 
by temperature (Figure 1 ). Planting lubers with apical do minance results 
in the development of single-stemmed plants, and unless this was 
anticipated anda ve ry high seed rate is used , the result is low yields and the 
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development ofa small number oftubers which tend to grow very large. ln 
several areas of the world, the planting of such physiologically young seed 
is responsible for low yields as much or more than the health of the seed 
tubers used. 

If the storage conditions are controlled so as to suppress apical 
dominance, then the proper number of main stems, usually three to five , 
will normally develop. This pattern yields the maximum amount of tubers 
of suitable market size. 

Thus, the important question is what storage practices are available to 
manipulate the physiological aging of tubers. First, where control of 
sto rage temperature is available, the seed tubers may be held at about 4°C 
beyond the end of the natural dormancy of the particular variety until a 
few weeks befo re the required planting date. They are then sto red in light 
(natural or artificial) at abo ut 15°C which stimulates multiple green 
sprouting. 

Where manipulation of storage temperature is impossible, as is com
monl y the case in most developing countries , apical dominance may be 
partially controlled manually. After storage at uncontrolled and com
monly fairly high tempera tures, sprouts will begin to grow following the 
end of the varie ty's natural dormancy period. The degree of apical 
dominance o r number of spro uts produced will largely depend on the 
specific sprouting charac teristics of the variety. In varieties which show 
st rong apical dominance, the apical sprouts can be removed by hand. This 
promotes many other eyes to sprout but, unless undertaken carefully, can 
pro mote excessive moisture loss. Another ph ysical method of ' breaking' 
apical dominance is to cut the seed tuber into o ne o r more parts, each part 
producing seed pieces with reduced apical dominance. However, the 
practice ofseed cutting, unless skillfully practiced , is risky and can result in 
incrcased virus spread and rotting of seed pieces. 

Another way to reduce apical dominance is to store seed tubers in 
d iffused light; cither natural o r a rtificial. Exposure to diffused light always 
incrcases the number of sprouts per tuber, but in varieties with very strong 
apica l dominance, this ma y not be adequate to provide the required 
number of sprouts at planting time and may need to be linked to sorne 
desprouting. 

Storage of seed tubers a t uncontrolled and high storage temperatures 
no t onl y promotes a pica! dominance but also stimulates excessive sprout 
elonga tion when storage occurs in dark buildings. As with apicat' 
dominance, excessive sprout elongation ma y be controlled by low-
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temperature storage. Where such control is not a vai lable, sprout elonga
tion may be retarded by storage in diffused light. 

Thus, to sorne extent, the use of diffused light can replace the need for 
expensive low-temperature storage of seed tubers. The technique has long 
been used as a pre-planting treatment in Europe and in recent years it has 
beco me widely accepted in a number of developing countries as a low-cost 
alterna ti veto cold stores. The advantages of storing seed tubers in diffused 
light as opposed to in the dark at uncontrolled temperatures are, thus, a 
very considerable reduction in sprout elongation, anda reduction in apical 
dominance, resulting in an increased number of short, vigorous sprouts. 
Additionally, the tuber greening which results from exposure to light has 
been shown to increase tuber and sprout resistance to certain diseases, e.g., 
Rhizoctonia and bacteria! soft rots. This better condition of seed tubers 
results in a faster, more uniform emergence, which is commonly reflected 
in yield increases of up to 25%. 

Design of storage buildings 

The use of natural diffused light for the low-cost storage of seed tubers 
considerably influences the design and construction materials of a storage 
building. Entrance of diffused Jight through transparent walls is ideal 
because of improved light distribution. Also, beca use heat gain into 
buildings per unit area is greater through the roof than through the walls; 
optimum light penetration is obtained in long, narrow buildings that 
minimize roof space aod maximize wall space. Construction materials wil.l 
depend on local availability, costs, and clima te. A simple frame of round 
bamboo timber over a leveled earth floor is recommended. The roof 
should be well-insulated with Iarge overhangs to provide shading for the 
walts so as to prevent direct sunlight from falling on the stored tubers for 
prolonged periods. Thatch roofs are ideal for this purpose. Transparent 
walls can be either wire, nylon, or plastic open mesh screening in warm 
areas; in cooler regions, polyethylene, rigid corrugated plastic, or glass
fibre sheets can be used. S paced poles oftimber, cane, or bamboo are other 
alternatives. Where broad-span existing buildings are modified for tuber 
storage, sky lights a nd windows will need to be introduced if fu ll advantage 
of space is to be made. 

In small-scale stores (up to 5-6 tons) using natura l diffused light , seed 
tubers can be stored on simple slatted shelves toa ma xi mum depth of two 
or three tubers to permit light access to alt tubers. Spacing between shelves 
is Jargely determined by the width of the building: additional spacing is 
required to a llow good light penetration in wider buildings. ln sma\1 stores 
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with a width of 1.5 m, a spacing of 25-30 cm between shelves is suggested . 
Within larger stores, individual shelves should not exceed 1.5 m in width to 
avoid handling difficulties. Approximately 75-1 00 kg of seed tubers m ay be 
stored per squa re meter of shel ving. Seed tubers can also be sto red in seed 
trays, which increase costs, but have many adva ntages in reducing tuber 
handl ing and are particularly useful where many varieties a re being sto red. 

Generally, construction costs of sto res using diffused light are low, but 
the cost of shelving or seed trays can be a major factor in determining the 
economics of this simple storage method. It is ideally suited to small 
farmers in tradi tional potato growing areas. Further research is required to 
determine the extent to which the method can be used to store seed tubers 
through prolonged periods wi th temperatures continuously above 25°C. 
Where large quantities of seed tubers a re to be stored-in excess of 100 
tons-the costs of shelving or seed trays may equal or exceed the costs of 
more sophisticated low-temperature bulk storage methods. 

In stores where in terna( temperature can be partially con tro lled, but not 
enough to cont ro l sprout development, artificia l light may be used to 
advantage . Artificial light is best used by suspending o r supporting 
nuorescent light tubes vertically between shelves or stacked seed trays. 



Storage and Regeneration of Cassava 
Planting Material 
o 

Dietrich E. Leihner, CIAT, Cali, Colombia* 

Introduction 
Farmers try to avoid storing cassava planting material whenever 

possible. They know that cassava plants raised from stored stakes are 
weak , or the stakes may not sprout at all. This paper describes research 
conducted to identífy factors related to stake deteriorati on during storage 
and the control of such factors through appropriate stake management 
practices. 

Water loss and viability 

Cassava stakes dehydrate during storage, particularly when they are 
stored in open air, exposed to the sun . The rate of moisture loss is 
determined by plant-related factors such as the moisture content of the 
stakc and the degree of lignification at harvest, as well as by environmental 
factors such as radiation, temperature, and relative humidity. Moisture 
loss in storage is faster in short stakes than in long stakes. One storage 
study showed that when short stakes were stored for two weeks, the 
sproutíng percentage dropped drastically from 85% to 30%. This coincided 
with a drop in stake moisture content below 60% (Leihner, 1983). The 
same decline in sprouting percentage, although less drastic, was observed 
with long stakes only when storage lasted longer than two months. The 
drop in sprouting percentage again coincided with moisture in the stems 
falling below 60%. It was therefore concluded that moisture in cassava 
stakes under storage must stay abo ve 60% if viability is to be retained . This 

• Currently at Ho henheim University, Federal Republic of Germany. 
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finding is in accordance with data obtained by Wholey ( 1 977). Although 
moisture percentage can only be determined in the laboratory, there is a 
field method to check on stake freshness. Stakes are cut or scratched with 
the fingernail ; if latex emana tes from the lesion, it is a safe indication that 
the planting material is still viable. 

Pathological deterioration during storage 

When cassava stakes are stored, a variety of microorganisms and insects 
start to infest them, causing deterioration ofthe stem and bud tissues. This 
reduces both vigor a nd viability of the planting material. Earlier work at 
C IA T has shown tha t microbial deterioration can be reduced by a 
chemical treatment ofs tems prior to sto rage (CIAT, 1979; Lozano et al. , 
J 977). This practice was tested in a trial on the Colombian north coast 
under extremely favorable conditions for microbial sta ke deterioration. 
The interactio n of stem position and storage duration with this practice 
was a lso studied in the tria l. Long stems of the cassa va cultivar M Col 1684 
were stored with and without fungicide treatment (benomyl and captan, 
3000 ppm each) in bo th vertical and horizontal positions for 30, 60, and 90 
days. Prior to planting, stem samples were subjected toa pa thological and 
ento mological examination . Without the fungicide treatment prior to 
storage, there was a n increasing infestation of externa! a nd systemic 
saprophytic a nd pathogenic fungi , both in extent and number of species, as 
the storage duration increased (Table J ). Storage posit ion did not visibly 
inlluence infesta tion. On the other hand, sta kes that received a fungicide 
trea tment prior to storage sho wed very little infestation and that which 
occurred was restricted to the nonsystemic genera and localized at the 
cutting ends. 

With respect to insects, the pest on the majority ofthe sta kes was a scale 
which co uld not be identified since no live specimens were collected. Toa 
minor degree, cassava mea lybugs (Phenacoccus sp.) a nd a beatle (Col/os
ternus sp.) were observed . The degree of infesta tion was visibly reduced on 
the material which had undergone chemical treatment, although no 
insecticide was used . 

The four groups of planting materia ls, stored with a nd without fungicide 
in both vertical and horizonta l posi tions, showed clear distinctions with 
regard to sprouting percentage after different storage dura tions. While 
sprouting observed 60 days after planting was hardly below 100% when 
stakes had received the chemica l treatment, there was a significant 
reduction in sprouting percentage without treatment (Figure 1 ). The 
reduction in spro ut ing increased as sto rage duration increased . There was 
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Tablc l. Fungal infesta tion of cassa •·a planting material (e>. M Col 1684) during diffcrcnt 
period~ of storagc wilh and without chemica l trcatmcnt al Caribia. 

Durallon ol 
Storage sto rage Fung1 ob;crved 
posll ion (days) Systemic Externa! 

With treatmcnt Horitontal JO Curvu/arta 
(benomyl and 60 fusarium 
captan. JOOO ppm 90 Colletomchum 
each) (on sprouts ) 

Vertical 30 1 usarium 
Asper~ttllu:, 

60 1 usanum 
90 ( ·urvu/aria 

Without treatment Ho ritontal J O fusarium 
60 /Jtplodw 1 usarium 

Dtplodta 
90 /Jtplodia /·usarium 

Colletotrtchtlm 
Dtplodia 

Vert1cal JO 1 warium 
60 Dtplodia /·usarium 

Diplodia 
AlpNgi/lul 

90 Dtplodia 1 wanum 
/)Jp/odw 

no diffe rence between vert ical a nd horizontal storage position when stakes 
had been treated . However , with o ut the treatment, an initialtendency of 
the ho rizontally stored material to sprout better was o bscrved , but the 
trend was reversed as storage duration increased. 

Effect of long-term storage 

After identifying stake moisture retention a nd chemical protection from 
microbial infestation as decisive aspects in th c conse rva ti o n of cassava 
planting material, standard storage practices were defincd to prevent 
dehydration (placement of stems in a shady environment that is not too 
dry) a nd microbial infesta ti o n (trea tment with 3000 ppm each of beno myl 
and captan). Using these practices in a subsequen t study, it was possible Lo 
o btain fully viable planting material a nd complete crop establishment even 
afte r 170 days of sto rage. Nevertheless, observat io ns o f early development 
of plants grown from storcd stakes showed that initial growth and vigor 
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Figure l. 1 111al ;prouting percent ofcauava (C\'. M Co/1684) stored underdiffer('ll/ conditions 
jor O. 30. 611. and 90 da.1 ;. 

was reduced as sto rage dura tion increased. However, observations of 
parameters such as mean lea f size at la ter stages showed no response to 
storage length (Sales Andrade and Leih ner, 1980). 



S torage ond Regeneration of Cossol'a Plonting Material. 135 

Restoration of early vigor 

Despite optimum storage condi tio ns , long storage duration ca n be 
expected to bring about sorne losses in moisture, carbo hydrates, and 
nutrients, which would partially account for reduced early vigor . In o rder 
to resto re ea rly vigor to see if improved cro p producti vi ty wou ld result , a 
simple water soa king trea tment was given to stakes which had been sto red 
for 201 days. As the soaking time increased from 15 to 255 minutes, 
spro uting vigor was improved, reaching almost the leve! of fresh stakes 
with the longest soa king period (Figure 2). However, this recovery of early 
vigor did no t result in grea ter root yield (C IAT, 1982). When correlations 
were calculated between parameters quantifying earl y vigor against to tal 
and commercial fresh root yield, they were ra ther low and mostly no t 
sign ifican!, indicating that early vigor alone was no t effective in increasing 
thickened root producti on. 

In another soaking treatment, stakes stored for 20 1 days were soaked in 
a 1% solution of a commercially available protein deriva ti ve designed for 
early pla nt nutritio nal support (a bioactiva tor). These stakes were 

Table 2. Effect of soaking cassa•a stakes in wa ter or nutrient solut ion for diffcrc nt periods of 
ti me after a 20 1-day storagea. 

Duration of Plant heigh t Weight of tops Commcretal T otal 
treatmentb a t 60 da) S at harvest roots root }teld 

(min) (cm) (t/ha) (no./plant) (t/ ha) 

Soaking in 
water 

o 41 d 44.1 abe 7. 0 abed 41.5 ab 
60 52 be 39.4 e 6.6 cd 37.6 be 

240 49 e 40.4 be 6.!! bed 39.3 abe 
fresh 64a 49.7 a 7.6 ab 40.6 abe 

Soaking 10 

nut nents 

o 48 ed 45.2 abe 6.~ bcd 40.6 abe 
60 4 7 ed 47.0 ab 7.5 abe 43.4 a 

2.¡0 54 be 45.5 abe 7.9 a 44 .6 a 
fre!.h 58 ab 50.2 a 6.5 d 35.6 e 

a . Mean' l ullo~<cd b} thc " 'me teucr are no1 Stgntlicanll} dtfterem t P = O 05). 
b. Afler 1he ~<ater ur nuuoenl soa kong. all mal<roal> ~<<re >Ubj<cled 10 a 15-mm s1anda rd pesucode 

trcatmt"nt 
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compared with stakes given the water soaking treatment. When yield 
components were analyzed at harvest , the stakes soaked in the nutrient 
solution showed an improvement in sprouting vigor as well as an increase 
in thickened roo t number per plant (Table 2). This yield increase went even 
beyond the leve! obtained wit h fresh stakes (CIA T, 1982). 

Conclusions 

The information provided tn this paper leads to the following con
clusions: 

1) Both dehydration and pathogenic infestation are important causes of 
stake deterioration and loss of viability during storage. 

2) With these two processes contro lled by appropriate storage condi
tions in a shady environment that is no t too dry and chemical 
protection prior to sto rage, planting material can maintain full 
viability for severa! months . 

3) Small losses of moisture and carbohydrate reserves during sto rage 
may cause a reduction in sprouting vigor o f the pla nting material 
even if viability is maintained . 

4) Resto ration of sprouting vigo r and stimulation of thickened root 
formation is feasible with soaking treatments in a bioactivato r 
solution. 

5) Stakes treated with a bioact ivato r ca n produce a crop that yields as 
high o r higher tha n fresh planting material, even after more tha n 6 
months of storage. 
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Seed Potato Production in Brazil 

Elcio Hirano. EMBRAPA-SPS B, Plana/tina. Brazil 

Introduction 

Annual po tato production in Brazil is 1.8 mili ion tons, but the per ca pita 
consumption of 11 kg per year is among the lowest in Latín Ame rica. Thi s 
low consumption shows that po tatoes a re not of g reat economic im
portance in Brazi l. The a rea sown in 1978 was 18 1,268 ha, which is 
insignifica nt in comparison with o ther agricultura( products such as maize 
wi th 11 .3 million hectares, and beans with 4.2 million hectares. Another 
importa n! facto r is that there are a lternative sources of energy that a re 
cheaper a nd more traditi onal tha n po ta toes, such as cassava, ya ms, a nd 
sweet pota toes. 

Seed pota to production bega n in Brazi l in the 1960s with a certified cross 
resulting from the multipl ica tion of basic seed po tato imported from 
Europe. The states tha t produce seed po ta toes are Rio G ra nde do Sul , 
Santa Cata rina, Pa ra na, Sao Pa uto, Minas Gerais, a nd Espirito Santo. The 
production is concentrated in the centra l southern sta tes of the country in 
a reas wi th a cold winter, o r in higher altitude regions, ie., more tha n 800 m. 

Government action 

Th rough the Ministry of Agriculture a nd the government 's va rious 
agricultura( secretaries, three major fo rms of action were ta ken to produce 
basic seed pota toes: creat ion of potato classes , ass ista nce in pro moting the 
sale of nat ionally-produced basic seed, a nd initia tion of cultivar t rials. 
These are described below. 
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Seed Potato classes 

Up until 1980, ministerial la ws only existed for certified seed production. 
At this time, the Ministry of Agriculture created the Permanent Technical 
Commission for Patato Seed, and its first action was to revise the 
production legislation. This was completed in 1981 through a ministerial 
decree, which created three classes of patato seed: basic, registered, and 
certified. The certified class is now operating in the states of Rio Grande do 
Sul, Santa Catarina, Para na, Sao Pauto, Minas Gerais, and Espirito Santo, 
and accounts for approximately 20% of Bra zil's seed requirements. The 
basic class is operating in the states of Santa Catarina, Para na, and Minas 
Gerais; as yet, none of the Brazilian states ha ve used the registered class. 
The permissible disease le veis in each of the classes are shown in Tables 1 
and 2. 

Commercialization 

Brazilian basic seeds patato suffered commercialization problems from 
the sta rt for two reasons: 

1) According to the legislation, Brazilian basic seed is allowed to ha ve a 
higher leve( of virus diseases than is the case in Euro pe in order to fit 
the country's clima tic and technological conditions; in addition, the 
patato production costs are greater in Brazil than in Europe. 
Therefore, both the inferior quality and higher price ofthe basic seed 
tubers have made them very difficult to commercialize. 

2) The 25-year-old commercial tradition ofpotato seed importation has 
had a great influence on the market in Brazil. Thus, it has been 
necessary for the Ministry of Agriculture to intervene and create a 
guaranteed demand for national basic seed through a production 
policy. This policy has been implemented in the following manner: 
the producer receives authorization for basic seed importation only if 
he presents a receipt for a pre-established purchase of a quantity of 
nationally-produced basic seed. Table 3 shows the volume of 
domestic sales in rela tion to imports. 

Cult ivar tria ls 

At the beginning of 1979, national trials for potato cultivars were 
initiated, which were coordinated and executed by EMBRAPA and related 
institutes, in arder to select particular cultivars for importation throughout 
the year. The aim of the national trials was to help the producer choose the 
most suitable cultivars for his region, and to give exporters advice on the 
cultiva rs that could be sold to Brazil. 



Table l . Permissible di se ase and abnormallty le veis for plants during fleld inspections (% ). 

First ins~ction 

Abnormality 
. 

eertified 
or pathogen Basic Registered A B 

Light mosaic 2.5 5.0 7.0 10.0 
Severe mosaic 0.5 l. O 3.0 5.0 
Potato leaf roll vi rus 2.0 3.0 5.0 10.0 
Other virus l. O 2.0 3.0 4.0 
Virus limit 3.0 5.0 7.0 10.0 

Bacteria! wih 
(Psl'udomonas solanact'arum) 0.0 0.0 0.0 0.0 

Soft rot, b lack leg 
(Erwinia spp.) 2.0 2.0 6.0 8.0 

Va rietal mixture 0.5 l. O 2.0 5.0 

Othersa 

a. The number of plants wh1ch cannot be tcstcd for virus sympto ms duc lo thc 
occurrcnce of la te bhght (Phytophthora tnf~stons). black leaf spot (A/tnnarta 
>olam). wcak plants, o r o thcr abno rmahucs should not exceed 20% o( thc to tal 

Second ins~ction 

eertified 
e Basic Registered A B e 

12.0 1.5 4.0 5.0 8.0 10.0 
6.0 0 .3 0 .5 l. O 2.0 3.0 

13.0 l. O 2.0 2.5 8.0 10.0 
6.0 0.5 1.0 1.5 2.0 4.0 

14.0 2.0 3.0 4.0 8.0 11.0 

0.0 0.0 0 .0 0.0 0.0 0.0 

10.0 2.0 3.0 4.0 6.0 8.0 
5.0 0.5 1.0 1.0 1.0 2.0 

numbcr of plants in thc licld. This cvaluation is atthc d•scretion of thc Inspector, 
who can e1thcr ccrt1fy or re¡ect the lield. 
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Table 2. Permissible disease and abnormality levels during tuber examinations (%). 

Ce rufied 

Abno rmal11y or pathogen Basic Registe red A B e 

Transmissible 

Bactena l wllt 
( Pseudomonas lOianacearum) 0.0 0.0 0.0 0.0 0.0 

Soft rot (Enl"lnia spp.) 1.0 1.5 2.0 2.0 3.0 

Common scab (Streptomyces spp. 
and Helminthosporium solani) 10.0 10.0 10.0 20.0 25.0 

Fusanum dry root 
(fusarium spp.) 2.0 3.0 4.0 5.0 5.0 

Canker (Rhizoctonia solani) 10.0 10.0 10.0 20.0 20.0 

La te bhght 
( Ph_110phthora mjl'slans) 0.5 0.5 1.0 2.0 3.0 

Brown leaf 
( Cyltndrocladtum spp.) 2.0 3.0 3.0 5.0 5.0 

Root-knot nematode 
(Me/oidogyne spp.) 0.5 0.5 1.0 1.5 2.0 

Limit 10.0 10.0 15.0 30.0 40.0 

Nontra nsmissible 

Cracks 5.0 5.0 10.0 10.0 10.0 

Cu ts or mechamca l les10ns 2.0 2.0 5.0 5.0 5.0 

lnsect IOJUr) 5.0 5.0 10.0 10.0 10.0 

Hollow center or blackenmg 5.0 5.0 10.0 10.0 10.0 

Inte rna! spo ts 5.0 5.0 10.0 10.0 10.0 

Burns 2.0 2.0 5.0 5.0 5.0 

Varicta1 mixture 0.5 1.0 1.5 2.0 2.0 

Lim1t 5.0 5.0 10.0 25.0 35.0 
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Table 3. Domestic sales or basic seed potatoes in relation to imports. 

Quantit~ (tons) 
1983-846 1979-80 1980·81 1981·82 1982-833 

lmports 12.480 14.340 12.515 9,246 7.500 

EM BRAPA basic 
seed sa les 639 !!48 1.074 1,910 2.340 

% of tmports 12 5.910 8.580 20.65 31.20 

a. Actual quantittes unttl Septembcr JO. 1982 plus esttmate> from Octobtr-December. 1982 
b Quanttttes esttmated. 

Production system for basic seed 

Basic sced production began in Brazil in the I960s thro ugh the efforts of 
the Agronomic lnstitute of Campinhas in Sao Paulo. However , it was 
EMBRAPA , through the Basic Seed Production Service in Ca noi nhas, 
Santa Ca tarina , that developed and set up the technology on the bas is of 
previous experiences in both Brazil a nd Europe, no tably the experience of 
the syste m adopte~ in the Federal Republic of Germany. 

The production system is shown in Figure 1 a nd is based on three vita l 
points: 

Meristem culture to provide virus-free material. 

Clona) multiplication in four stages, denominating prebasic gener
ations acco rding to the descriptions in Figure l . 

Post-harvest quality control carried out on all basic seed lo ts using 
samples of 100 tubers from each hectare that has been approved by 
field inspectors. 

The supply of basic seed produced by EMBRA PA has steadily 
increased. The init ia l production in 1975 was 94.9 tons; in 1982 sales 
reached 19 1 O tons, which corresponds to 20% of the volume of pa tato seed 
imported. This increase shows the growing significance of na tionally
produced seed, which is a n importan! advance since it diminishes Brazi l's 
dependence on imponed material for planting in the production fields. 
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Seed Potato Production in Chile 

José Santos Rojas, IN/A, Osorno, Chile 

Introduction 

The lack of good quality seed is one of the most important factors 
limiting increased potato yields in the developing world. However, there 
are very few certified seed programs to supply good seed operating 
satisfactorily in the developing countries. 

The Chilean Certified Potato Seed Production Program is one ofthe few 
that has operated successfully in Latin America over the past two decades. 
From an institutional point of view, the distinctive characteristics of the 
Chilean program are: 

The excellent coordination and collaboration that exist between the 
di verse priva te and public institutes that participa te in the production 
process, certification, and distribution of seed to users. 

The participation and organization ofboth the priva te producer and 
the merchandiser of the certified seed. 

The vital role played by INIA (National Institute of Agriculture and 
Animal Research) in the development of appropriate technology for 
seed production and storage, generation of good quality basic seed 
stocks, and distribution of these inputs to commercial producers of 
certified seed potatoes 

Due to this collective effort, the Chilean program has produced 
approximately 5500 tons of certified seed annually over the last 5 years 
and, in addition, another 6500 tons of good quality seed is produced by 
other entities which do not form part of the Chilean national program. 
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This total of about 12,000 tons of good quality seed po tato produced 
annually represe nts approximately 50tn of the commercial potato pro
ducers' requirements in the country. 

Background 

Numerous research results and experience clearly show that the use of 
poor quality seed potatoes in the most important technical paramcter 
limiting yield increases in Chile. Therefore, any effort the country makes to 
increase potat o productivity mu st be based on a substantial increase in the 
use of certified seed or good quality seed. Major efforts leading up to the 
current seed productio n program are described below. 

The government established seed certification for pota toes in 1936, and 
in the foll owing year the Ministry uf Agnculture imponed certifíed seed 
pota toes from Nova Scotia , Canada. Among th e introduccd varieties were 
Presiden!, Green Mountain. Katahdin. lri h Co bbler, Bllss Triumph, and 
Golden. These were first grown in Los Angeles in the Bío- Bío region, but 
dueto the high aphid population and o ther insect vectors o fviru ses there it 
became necessary to change toa site with a cooler clima te. Thus, in 1939 
work began on multiplica tion o fthese imponed varieties on the Centinela 
fafm close to Lake Llarquihue. 

In the 1940s, the Ministry o f Agriculture's Depanment o fGenetics and 
Plant Health began to develo p a seed potato certification program that 
!asted until 1964. The first generation seed was clonall y multiplied to 
produce basic seed. and the seed from this seco nd generatio n multiplica
tion was given to prívate producers fo r ce rtifíed seed production. 

This first effort to produce certified seed pota toes did not ha ve the 
success that was expected. The program placed a great deal of emphas is on 
the reproduction ofvarieties with both white flesh and skin . without regard 
to the Chilean consumer's preference for po tatoes with colored skin and 
yellow flesh. In addition, problems with management, isolat ion, and 
rotation of the fields destined for basic seed production led loan increase 
in phytosanitary problems at the Centinela farm, especially common scab 
(Srreptomyces scabies) a nd the roo t-knot nematode (Meloidogyne spp.). 

In 1959, the company Segenta Ltda. began a seed po tato certification 
program using varieties from the Netherlands and Germany. Near the city 
of Puerto Vargas (in the provi nce of Llarquihue), Segenta produced basic 
seed through multiplication of both tuber units and basic clones. The 
production of the registcred and certified stages was brought about 
thro ugh contracts with prívate producers. 
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The Segenta program was relatively ~uccessful. panicu larly con~i<.lering 
that it resulted in the ~pread of varieties ~uch as Pim pc rnel. Gra ta . 
Urgenta, and Seva ra. At peak times , about 2500 tons per ycar o f cert ifi e<.l 
seed was produced. pan of wh ic h was exponed to Pe ru . Segenta's 
produc tion program finished in 197 1 partl ) dueto po lítica) an<.l econo mic 
proble ms and panly dueto o ther difficulties, such as basic ~eed produc tio n 
a t the company' s farm. Th e small a rca ofthe farm res ulted in the unwa nted 
establishment of mixtures fro m volunteer plants. 

During 196S-69, INIA began to devel op a potato produc tion program 
fo r prebasic and basic seed at the Re mehue experimen tal s tation in 
Osorn o. However, this was no t continued due to the accelerated d evel
o pme nt of the cert ified seed program, wh ic h motiva ted 1 lAto c rea te a 
special ized center for thc multiplica tion of these earl ier s tage . Thi~ ccnter 
at the La Pampa experimental substation had been until 19lW vinually the 
o nly so urce of prebasic a nd basic seed pota toes in the nati onal certifica tion 
program. Commencing in the 1977-7S season. ot her companie!. and 
ins titutio ns bega n the multiplicatio n of pre basic a nd basic seed. 

S tructure of certification program 

The basic s tructure a nd complementary elcments o f the C hilean seed 
potato certificatio n program are describcd be low. 

Sourcc of information a nd technology 

Thc function of the information a nd technology ~ourct: i~ to answer the 
ques tio ns of wha t, whcrc. how. a nd when to produce cenified seed. In 
Chile. this is the rcspomibility of 1 lA a nd a lso of the un i\crsities. 

Varict ies 

In a cenifi ed ~eed po ta to prod uc u o n program. it i~ o f vi ta l importance to 
define thc varie ties or c ultivars that a re mo~ t impo rtant. thc ir priorit ) . a nd 
the volume that has to be multiplt e<.l. 

Vanc tal ditlerences in )ield . time of maturity. rc!>istance to pe~t!> a n<.l 
d iseascl., appearance of thc tubcr~. cooking q ualit~. and mark et acceptance 
shoul<.l be comi<.lered . Location i~ abo a comiderauon , s ince a varict~ that 
perform~ well in o ne arca can give poo r rc~ ults in another. Thus, the rc is a 
need to collec t adequate inforrnat ion about the best var i e tie~ to be 
recornmcnded, cn her through trials carncd out on a small scalc or in 
experimental plo ts in the p o tato-produc ing arcas. 
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In this manner, INIA has introduced, maintained, and multiplied the 
most important commercial varieties that exist in Chile at the moment 
(Desi ree, Ultimus, Mirka, Bineje, Cardinal, Kennebec, Sebago, Spartaan, 
Arka). At present the breeding project is also releasing two new varieties: 
Yagana-INIA and Fueguina-IN IA. lt has been considered o f great 
importance to develop nati onal varie ties tha t are adapted to th e 
environment and are resistant or to leran! to the country's principal 
diseases and pests. 

Localities 

A certified seed program must be established in a zone o r region in which 
serio us diseases or pests are not limiting to the productio n of clean seed 
tubers. The area must also be o ne in which a high yield can be obtained. 
Usually these areas ha ve a cold, moderately humid clima te , with light soils 
that are also permeable and slightly acid. Such conditions are good fo r 
potato growth, but are no t conducive to the s urvival and reproduction of 
aphids, which are the principal vecto rs of the most serious potato virus 
diseases (potato leaf roll virus, PLR V; potato virus Y, PVY; po tato vi rus 
A , PVA). 

The dispersion of these importan! po tato viruses is posi tively correlated 
with the tlight activity of the a phid vector. This activity, defined as the 
number of insects tlying o ver a potato crop, ca n be estimated by means of a 
water tan k, the bo ttom ofwhich is painted yellow (known as the Moericke 
trap). T his is a selective trap, a ttracting almost exclusively insects which 
prefer the ye llo w color and/ o r wa ter. Amo ng these almos! all o f the potato 
virus vectors are found. 

Fo r more than two decades, 1 lA, in collabo ratio n wi th o ther insti tutes, 
has studied aphid activity in the pota to crop thro ugho ut the country and 
its re lation to the dispersion of PLR V and PVY. This research has m a de it 
possible to determine the most appropriate zones for seed potato 
production, and also th e most appropriate dates for planting and 
harvesting seed lots ( Figure 1). In addition, it has shown the best time for 
rogui ng and the application of insecticides, as well as the optimum time to 
burn off the lea ves. 

Recen! research indicates that aphid act ivity is greatest in the no rthern 
provinces and decreases towards the sou th . and the dispersion of PLRV 
and PVY occurs in a similar manner (Ta ble 1 a nd Figure 2). 

Production technology 

Importan! productio n techniques include the following: rotatio n, selec
tion of a suitable variety, soil prepara tion, fertilization, planting date , 
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No nh-centra l Lone Cen tral Lon~ 

Sout h-centra l 10ne Southcrn 1one 

- Sowing ~ Ha rvesting 

Figure l. So11 tllf( und htJI ''"'""~ 11111<'' 111 rlte priiiC 1pul polu/IJ-produc 111~ :ollc> o( t fui<'. 

Source: CE DI::RC:O-Ii'J IA-CIP. m t><.ltl tcd. 197'J. 
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1 able l. Annual incrcase in PLRV and PVY i nfection~ in • arious regions of Chile. 

Rcg1o n S. latitude 

Sanuago 33°37" 

Ca u un 38"45' 

Valdiv1a 39°40' 

o .. orno 40"35" 

Llanquihue 41"20' 

Magallane~ 53"20' 

Annual mcrease 
1n infection (% ) 

PLRV PVY 

11.7 11.4 

2.8 !!.7 

6.2 6.5 

2.2 2.2 

o o 

o o 

method and dcnsity ofplanting, wced control, ridging. irrigation, control 
o f pests and discases, time and method of harvcsting, sc lection, and 
storage. In C hile, a grcat pan of thc responsibilit) for generating 
technology to p roduce good qua lity sccd potatoes fall s o n IN IA's patato 
program . Thc yield lcvcl obtaincd by thc commercial producers of patat o 
sccd and the hcalth sta tus of the tubers produced with the rccommended 
mcthods shows that prod uction technol ogy is moderatcly wcll developed. 

Produclion of prebasic and bas ic seed 

The gcneration of plots or stock s of commercial varict ies of healthy 
tube rs (prebasic seed) by multiplication com.titutes another vital elemcnt 
of a certificd seed potato production scheme. 

Alt hough thc systems for producing prcbasic and basic seed are varicd. 
reproducuo n and clona! selection continues to be the method most 
cxtensivcl) uscd. This mcthod. s uitabl) impleme nted and applied, allows 
the varieties to maintain both their purity and genealogical identification, 
as well a s a llowing conservation of sced tubcrs in a good san itary sta te. 

M ult ipiH:a tion and clona! selecti on is a long process (lasting alleas t four 
~easom.) a~ well as a complex and costly one (requiring infrastructure, 
machincr~. equ ipment , and highly-qualified pcrson nel). For these reasons 
11 1s not normall) profi tablt: for produccrs in indi vidual organizations. 
·¡ herefo rc, this work is usuall y carried out by an inst itution (generally, pan 
o f thc govcrnmcn t ora un ivcrsity) that can be includcd wi thin the subsid y 
programs or the governmcnt. 
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In Chile, prebasic and basic seed production is carried out by INIA at 
the La Pampa substation in Purranque, Osorno. Figure 3 shows the 
rt:.lethod of reproduction and clona! selection that is followed. Area, 
production, and yield of prebasic and basic seed produced by INIA over 
the last 15 years is shown in Tables 2 and 3. Of the numerous problems that 
limit the production of good quality seed potato, health is the most 
importan t. particularly the avoidance of virus diseases. Their determina
tion and control is both difficult and complicated, requiring the application 
of sophisticated techniques. 

Determination of virus diseases in prebasic seed (tuber units, clones, 
clona! groups, and clona! familie~) and basic seed is carried out by INIA 
using the following virological techniques: 

Tuber indexing 

Plant indicators ( Gomphrena globosa, PVX; Solanum demissum, A-6, 
PVY, and PVA; Chenopodium quinoa, PVS; Datura metal PVM) 

Serology (PVX, PVY , PVM, and PVS) 

Callus dyeing with the Igel-Lange test (PLRV) 

Symptomatology 

Winter plots (post-harvest tests) 

The success of control efforts by INIA for PLRV, PVX , and PVY is 
shown in Figures 4 and 5. 

Production of registered and certified seed 

The certified seed potato multiplication process is often carried out by 
the priva te sector. The success of this process depends, toa great ex ten t. on 
how well trained these producers are, not only in production techniques 
but also in sto rage and commercialization. Farmers are a lso necessary to 
the success of the certification program, a ltho ugh they are traditionally 
slower to adopt new procedures. 

Sorne examples in Chile of companies and organizations that are 
devoting themselves to the commercial production of certified seed 
potatoes are the National Agriculturalist S .A. (ANASAC), the National 
Agricultura! Society and the Dutch firm ZPC (SEEDS S/Z), Segenta · 
Ltda ., PROSECOR Ltda. from Corte Alto, PROSEMONTT Ltda . from 
Puerto Mo ntt , and the Patato Producers Association from Osorno 
(A MPAX Ltda .). The recent productio n histo ry ofcertified seed potatoes 
is shown by th e numbers given in Table 4. 



1st year 2nd year 3rd yea r 4th year 5th year 6th ycar 
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Table 2. Area, production, and yield of prebasic seed produced by INIA. 

Are a Production Yield 
Sea son (ha) (t) (t/ha) 

1968-69 1.0 15.0 15.0 
1969-70 1.5 22.5 15.0 
1970-71 2.0 41.0 20.5 
1971-72 2.0 67.0 22.3 
1972-73 3.6 79.0 21.9 
1973-74 4 .1 69.0 16.8 
1974-75 2.3 50.0 21.7 
1975-76 2.4 57.0 23.8 
1976-77 2.3 59.0 25 .7 
1977-78 1.6 46.0 2~.8 
1978-79 1.8 34.0 18.9 
1979-80 1.7 51.0 30.0 
1980-81 2.3 74.0 32.2 
1981-82 2.0 65.0 32.2 
1982-83 2.0 69.0 34.5 

Mean 2.2 53.2 24.0 

Table 3. Area, production, and yie1d of basic seed produced by INIA. 

Area Production Yield 

Sea son (ha) (t) (t/ha} 

1968-69 7.5 129 17.2 
1969-70 17.3 195 11.3 
1970-7 1 15.1 249 16.5 
1971-72 26.2 260 9.9 
1972-73 30.1 406 13.5 
1973-74 38.3 599 15.6 

1974-75 35.5 343 9.7 
1975-76 23 .5 265 11.3 

1976-77 24.2 241 10.0 
1977-78 32.4 343 10.6 
1978-79 34.5 334 9.7 
1979-80 33.6 4 10 12.2 

1980-81 18.2 366 20.1 

198 1-82 22.0 560 25.5 

1982-83 22.5 520 23.1 

Mean 25.4 348 14.4 



Seed Patato Production in Chile. 157 

1974 76 78 80 82 

Year 

Figure 4. Occurrence of PLRV in prebasic and basic seed potatoes produced by IN/A. 

1977 78 79 80 81 82 

Yea r 

Figure 5. Occurrence of PVX and PVY in prebas1c and basic ued pota toes produced by IN/A. 
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Table 4 . Area, production, a nd yield of cerlified seed in Chile. 

Arca Prod uctio n Y1eld 

Sea son (ha) (1) (t/ha) 

1968-69 322.5 11!43.0 5.7 

1969-70 347. 1 3444.4 9 .9 

197ü-7 1 551!.3 616 1.9 11.0 
1971-72 81!7.2 7382.4 !U 
1972-73 572. 1 6477.0 11.3 
1973-74 899.0 8034.3 8.9 
1974-75 534.4 41 55.3 7.8 

1975-76 253. 1 3094.9 12.2 
1976-77 430.6 4392.4 10.2 

1977-78 521!.0 2406.7 4.6 
1978-79 494.9 3655.0 7.4 
1979-80 710.5 6891!.4 9.7 
1980-8 1 883.6 68 15.7 7.7 

1981-82 558.3 4697.7 8.4 

Mean 570.0 4961.4 8.7 

.\ourc~ · SAG. Agncullural Pro l<ellon Deparlmenl. 

One of the principal problems of seed potato certification in the Chilean 
program has been the 'escape'* of certified material from the nurseries, 
wh ich is then soldas 'normal potato seed' (Table 5). At present, a study 
entitled "Agroeconomic Study of the Production and Use of the Certified 
Potato Seed in Chile" is being developed with the aim of determining those 
marketing and commercialization problems that are impeding the expan
sion of certified seed u sed in the country. 

The documentation of the technical and institutional characteristics of 
the Chilean experience, as well as the iden ti fication of the reasons that 
explain its success in the last few years, will allow conclusions to be drawn, 
that can contribute to improving po ta to ce rtification systems in other 
developing countries. It has been found that these programs, after a rapid 
initial expansion of 3 or 4 years, face technical and socioeconomic 
problems that limit their growth and affect their viability. The nature and 
importance of these problems, especially those of a socioeconomic 
character, have not been adequately investigated yet. 

• Unau1honzed use of ccrllfoed malenal. 
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Table 5. Total, selected, certified, and 'escapcd' seed potato production in Chile. 

Produc tion (t) 
Season Total Selecteda Certified Escapeda % Escaped 

1978-79 6,596 5,063 3,655 1,381 27.3 
1979-80 11 ,902 8,225 6,893 1,332 16.2 
1980-81 19,740 15,545 6,815 8,730 56.2 
1981-82 18,962 11,947 4 ,698 7,249 60. 7 

Mean 14,300 10,195 5,515 4,673 45.8 

a. Estimated values. 

Souree: SAG. Agricultura! Protectoon Department. 

Official certification agency 

An official certification agency is necessary to standardize and check the 
production, storage, selection, and commercialization processes of the 
certified seed pota toes. In most countries, this ia the responsibility of the 
Ministry of Agriculture ora similar agency. The function ofsuch an agency 
is to ensure that the rules and standards guaranteeing the quality of the 
certified tubers are fulfilled. Normally it is independent of the o ther parts 
of the certification program, in spi te of its el ose interaction with each one 
of the program 's components. This independence facilita tes the ac tions of 
the agency and contributes to its efficiency. 

Certification specialists should have access to sufficient material 
support (vehicles, la boratories, equipment, implements, greenhouses, and 
field plots for post-control testing) and personnel (professionals and 
technicians , especially) to allow an accurate diagnosis of the quality of the 
seed potatoes in any of the production stages. The certification agency 
should keep its specialists informed of the la test advances being made in 
diagnostic and heal th control measures that apply to specific production 
problems or regions. 

In Chile, the Technical Seed Unit belonging to the Ministry of 
Agriculture's Agricultural and Stock Farmer Service (SAG) is the official 
agency in charge ofseed potato standardization, control, a nd certification. 

Complementary elements of certification program 

Commercial potato producers 

Although the certification program is not directly integrated with 
commercial potato producers or cert ified seed users, these both play a vital 
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part in such programs. In Chile, for example, the producers of early 
potatoes in the 4th region (Coquimbo and Valparaiso) have been the 
principal users of certified seed and ha ve introduced a dynamic element to 
the whole system. 

Market consumers 

Market consumers are the other fundamental complementary com
ponent in a seed certification program. Market consumption includes fresh 
potatoes for human consumption; potatoes for the agro-industry (puree, 
chips, French fries, starch, and derivatives), and potatoes for animal 
consumption (chopped, cooked, ensiled, and processed into wholemeal 
tlour). 

Conclusions 

The certified production program for seed potatoes in Chile has 
developed considerably over the last few years. The strong support given to 
the certification process through the multiplication and production of 
good quality prebasic and basic seed, and the generation and transfer of 
technology in commercial production and in registered and certified seed 
storage have begun to yield results. After two decades of seed potato 
certification, a rise in productivity at the nationallevel has been achieved, 
particularly in the certified region (Figure 6). The value ofthe seed tubers 
generated in the certification process corresponds toan annual income, for 
the certified region, exceeding US $2 million. 

The existing relations and interactions between the various elements of a 
certified seed production program are different in each country. Never
theless, the structure and basic elements are independent of a country's 
economic system and appear to respond well toan appropria te distribution 
of resources that considers specific concerns and conditions. 
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Seed Potato Production in Ecuador 

Diego Estrella. /N/AP, Quito. Ecuador 

Introduction 

Ecuador has an area of 270,670 km2 and a population of about 8.5 
million. The country extends from 1°24'1atitude north to 5' lat itude south 
and from 7509' to 80°50' longitude east. Although the country is situated 
in the torrid zone, it has many different climatic conditions due to the 
mountains and valleys that run along its length . 

In Ecuador potato is the fourth most importa nt crop in terms of 
production value, and the fifth most importa nt crop in terms of the volume 
produced. It is cultivated on approximately 40,000 ha, which indica tes its 
importance in the basic diet of the Ecuadorians. 

In its potato program at the Santa Cata lina experimenta l stat io n 
(altitude 3050 m), INIAP (Na tional Institute of Agriculture a nd Animal 
Research) has developed the necessary technology to increase both the 
production and the productivity of the pota to crop ata na tional level. This 
in crease comes through the development of improved varie ties, production 
of seed, improved agronom ic practices, a nd control of pests a nd diseases. 
However, the success of potato production depends, toa large extent , on 
the use of good quality seed that is free of conta mina tion, especial! y vi rus 
contamination, which is the major ca use of the crop's gradual decrease in 
production. This production decrease is an aspect of Ecuador's certified 
seed scheme that has been strongly criticized because it shows that the 
conventional technology used for basic seed production has been unable to 
guarantee the required seed quality. 
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Certified seed production by conventional techniques 

For severa! years the basis of certified seed production (Figure 1) has 
been the tuber o r row unit. Under this sys tem, INI A P conserves good 
quality, 'e lite' tubers fro m new varieties rcleased to farmers. These elite 
tubers a re cut into two or three parts to produce tuber units that are each 
sown individual! y. Roguing is carried out to elimina te all o f the units that 
show virus sympto ms or ot her diseases, o r produce at ypical pla nts. In this 
way both material for the following stage of productio n and more eli te 
materia l for th e re-initiation of the overall process are obtained at harves t. 

The tubers produced from each tuber unit a re planted in the next 
multiplicat ion cycle in row units, which in turn a re subjected to rigo ro us 
roguing, and are then used for the producti on of breeder's seed. These 
seeds are put through successive multiplications and pass from the 
category of breeder's seed to bas ic seed and on to registered seed, which is 
given to qualified seed producers fo r their certification. This cert ification is 
contro lled by the Na tional Seed Progra m, which has its own rules o n seed 
production. 

Tuber!. unlls 

Row umts 

rtj) @(!J€!1 t!J (]Jt9e9~ 

{), 
1:1 recde r \ !.ceo 

{), 
Basic >CCO 

{), 
Reg1s~ 'ccd ! 
Cert1fied ~ecd 

Seed producers 

figure 1. Ct•rfl(led seed produown ~chemr. 
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This seed production system has presented the following problems: 

The eva luation of phytosanita ry plant status in the different stages 
using visua l symptoms alone is no guarantee that a ll the contami
nated plants will be eli mina ted. 

The roguing requires knowledgeable technicians familiar with the 
symptoms of the various virus diseases. The process is both long and 
tedious, especially with those varieties tha t presenta high percentage 
of infected plants, o r when the area to be rogued is large. 

There is no guarantee tha t the scheme is initia ted with tubers of 
optimal quality. 

There are an excessive number of multiplication cycles, and certified 
seed is no t produced in either sufficient quantity o r with sufficient 
quality to significantly change potato production in the country. 

Tissue culture and rapid propagation techniques 

The problems described above have led IN IAP to apply a new seed 
production technology based on tissue culture and rapid propagation to 
produce seed free of viruses and other pathogens. 

The International Po tato Centre (CIP) cleaned three of the fi ve po tato 
varieties produced in the certified seed scheme using thermothera py a nd 
meristem culture, thus providing in vitro material tha t was free of the 
principa l viruses and viro ids that infect po tato. In vitro micropropaga tion 
and in vitro rapid propagation techniques were then used on this ma terial 
to produce the first genera tion of the seed production scheme. These two 
techniques have a llowed the restructuring of the whole seed cert ifi cation 
process. 

The phytosanita ry sta tus of in vitro material , the ma teria l used in ra pid 
propagation in the greenhouse, a nd the ma terial being reproduced in the 
field is determined through serological tests. In addi tion, roguing is used to 
eliminate pla nts with virus sympto ms. This process is continued in the 
following genera tions with the principal objecti ve of conserving the seed 
quality. 

When the plants in vitro a re ta ken to the g reenhouse a nd subjected to 
rapid propagation through successive shoot ha rvests, each motber plant 
produces 200-300 shoots. These shoots are ta ken to the field where they 
produce 2000-3000 tubers; that is, eách in vitro mother pla nt produces 
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2000-3000 high-quality seed tubers at the end of one season. This material 
is then multiplied twice so that it can la ter be given to the seed growers who 
produce the certified seed. 

Conclusions 

After two years of experience with this methodology, the following 
conclusions have been drawn: 

1) The material handled in vitro maintains optimal phytosanitary 
status, and when conserved in the laboratory, it can be used to 
generate a large number of plants. 

2) The rapid propagation techniques allow a very large number of seeds 
to be produced in a very short time in comparison with conventional 
methods. 

3) The value of the seed justifies serological testing complemented by 
roguing. 

4) The superior phytosanitary status of the material produced with the 
new system has been confirmed. 

5) In a very short time it has been possible to significantly increase the 
production of certified seed both in vol u me and quality. This should 
soon be reflected in increases in production per unit area. 

6) It is necessary to clean both the remaining improved varieties and the 
promising clones. 



Seed Potato Production in Mexico 

Manuel J. Vil/arrea/ González, Toluca, I N/A , Mexico 

Introduction 

Po tato cultivation in Mexico da tes back severa( decades. lts commercial 
exploitation is thought to have started in the mountain ranges, but later 
due to research work carried out on the crop, it was introduced to low 
a ltitude irrigated zones, where the grea test yields have been obtained. 
These changes have principally been brought about by the use of new 
technology, the topography of the land , a nd the size of the farms, all of 
which have allowed mechanization to take place . 

Potato production in Mexico has increased rapidly over the last 50 years, 
and has been extended to almost all the country's states. In accordance 
with the increasing urba ni zation and the rise in the demand for food, the 
potato has cha nged from being a subsistence food to a commercial one. 
Although it is nota staple in the diet of the population , it constitutes the 
principal source of income from agricultura( products in the mountain 
ranges, where irrigation is not practiced a nd production depends on 
weather conditions. 

The different sowing and harvesting times in Mexico's di verse regions 
have made it possible for potato cultivation to spread throughout the 
country, and for a supply of po ta toes to be a vailable during a large part of 
the year, both for seed and fo r co nsumption. This requires a n efficient 
dis tribution of the seed produced , and gives a constant supply of fresh 
potatoes to the markets. 

The national a rea devoted to po tato production is estimated a t 70,000 ha 
with a total production of more than 900,000 tons. Mexico has achieved 
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self-sufficiency in potato production both for consumption and for seed, 
and only beca use ofmarket preferences is a small amount introduced from 
the United Sta tes to the state of Baja California Norte. 

The most important factors that limit potato production are the 
shortage of good quality seed for the high valleys and the mountain ranges, 
the limited diversity of suitable varieties both in irrigated zones and 
mountain ranges, and pests and diseases in certain parts of the country. 
With regard to economic factors, strong price oscillations frequently put 
the producer at a disadvantage. There are also problems with labor 
shonages and lack of official credit. 

Certification program 

In 1948, new techniques were initiated in Mexican potato production, 
which in sorne cases generated technology and in others involved adapting 
that which already existed. One of the aims of the National Po tato 
Program was to produce healthy seed potatoes. In order to do this , 
different aspects of production were studied, such as fertilization, sowing 
and harvesting time, variety testing, and pest and disease control. These 
studies were carried out in different regions of the country, thereby 
identifying zones for seed production, zones for reproduction or multiplica
tion , and zones for commercial production. 

The Po tato Seed Certification Program was initia ted in 1957, and 
sowing was carried out with selected fa rmers in those zones that were 
considered the most appropriate for seed production. The aims of this 
program were: 

To produce acceptably healthy cenified seed, as free as possible from 
diseases caused by viruses, bacteria, and fungi, and with physical and 
genetic purity preserved. 

To produce seed ofvarieties that were most accepted in the markets, 
with good yielding ability and excellent cooking characteristics. 

To supply the country's need for certified seed potatoes. 

To prevent the importation of seed pota toes. 

In order to establish the Potato Seed Inspection and Certification 
Program, standards and recommendations had to be formulated to define 
requirements and tolerance levels for different seed categories. After 
studying the programs of other countries, particularly those used in 
Holland and the United S tates, it was found that exact duplication ofsuch 
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standards would make production of certified seed very difficult in 
Mexico. Therefore, a program was adopted that reflects the pa rt icular 
necessities and agricultural levels prese nt in Mexico, including reali tic 
levels of permissible diseases. 

Seed certification is run by the Na ti onal Service of lnspectio n and 
Certification of Seeds. This body is under the cont ro l of the Sccretary of 
Agriculture and Hydraulic Resources (SARH). The personnel in charge o f 
po tato certification received preliminary training in different sections of 
SARH, principally in the National Agricultural Research lnstitute (IN lA), 
where criteria for diagnosing crop pes ts and diseases a re studied a nd 
unified . 

The inspections for categorizing the seed a re mainly made visua ll y, and 
only small samples are checked by sero logica l tests (enzyme-linked 
immunosorbent assay,ELISA) in order to find out the degree of confidence 
of the visual inspection , and to confirm the presence or a bsence of the 
principal potato phytopathogenic vi ruses. The ca tegories u sed f o r certifica
tion are: basic, registered, and certified. 

Initially , the method u sed for seed production was the tuber unit , but 
this was la ter rejected dueto the risk of introducing contamination during 
management and cultivation. It was replaced by the clonal method , which 
consists of multiplying three generations in o rder to o btain basic seed . 

Potatoes are produced in two general areas of the count ry. About ha lf 
are produced in the irrigated valleys, a nd the o ther half are produced in 
non-irrigated ranges. Of the area under irriga tion (35,000 ha), abo ut 
23,000 ha (or 33% of the total area planted in the year) is sown wi th 
certified seed. The rest is sown with potatoes selected by the producers 
themselves. This situation makes the average nat ional production low 
(13.3 t/ ha). Additionally, the cro p is a ffected by adverse climatic 
conditions in the mountainous regions, a nd by low sowing densi ty dueto 
the topography of these regions. 

Under non-irrigated conditio ns where the va rieties cultivated are mostly 
indigenous o r improved Mex ican varicties, a nega tivc se lection system is 
used that consists of selecting those tubcrs for secd that a re deformed or so 
small that they are no t commercially acceptable. In 1978. a seed potato 
selection system was started in the mountain rangcs by selecting plants 
during the growth period of the crop, and it is airead y possib le to o bse rve 
the excellent results being o btained in the field . In oth er areas of the 
country, the National Potato Progra m, which is a part of INIA. has 
initiated a seed productio n program in coordination with the Regiona l 
Potato Cooperative Program (PRECODEPA). This sced productio n 
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Figure l . Production zones for cerrijied sud pota roes. 
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13. Los Mochis, Sin. 
14. Guasave, Sin. 
15. Valle del Mayo, Son. 
16. Valle del Yaquí, Son. 



Table l. National production of certified seed potatoes. 

Production (t) 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 

Sonora o o o o o 387 1,156 276 5,462 8,840 

Sinaloa o o o 500 5, 108 8,826 7.7 12 9,786 18,321 25,508 

Chihuahua o o o 825 3,081 5.227 7.995 6.347 10,564 8,474 

Coahuila o 1.800 1,760 1, 100 2,000 643 442 1,524 2,8 15 3,097 

Jalisco o o o o o o o 647 1,290 2,535 

Michoacán 1,455 1.385 2.797 2, 145 3, 121 377 1,193 460 879 1,492 

Estado de México 6,395 6.090 6.375 7,748 9,523 7,540 7,299 8,820 9,795 8,668 

Guanajuato 5.747 5.312 3.439 o o o o o o o 
Other~ o o o o o 440 992 386 650 229 

Total 13,597 14,587 14,37 1 12.3 18 22,833 23,440 26.789 28.246 49,686 58.843 41 .200 39.67 1 42.528 
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progra m is for those va riet ies that are beginning to be suppo rted by the 
agricultura! potato producers in no n-irrigated zones, and it uses seed 
p roduced in IN IA's ex perimental fields in the Toluca Valley. These 
producers ha ve a lso begun to grow seed for both the native and improved 
Mexican va rieties. 

Thl: distribu tion of the production zones for certified seed potatoes is 
sho'' n in Figure l , and thc vol u me of production is shown in Table l . 



Seed Potato Production in Vietnam 

Nguyen Van Uyen, Research Center for t:xperimenral Bio/ogy. 
Ho Chi Minh City, Vietnam 

Introduction 

The improvement ofseed po ta to produc tio n in Vietna m is based o n two 
tech niques: a ) the es tablish ment of hea lthy , high-yieldi ng cl o nes, no ta b ly 
by the me thods of mer istem c ulture and/or the rm o thera py, a nd b ) the 
multiplicatio n of these selected clo nes in cont rolled cond itio ns. The virus
free o r low-level virus mate r ia ls must atta in a certai n size before re lease to 
agric ult ura ! coopera ti ves fo r t he production of po ta toes for consumption . 

The introd uc tion o f new rice variet ies to Vie tna m cnab les t he substit u
t io n o f the rice mo nocultura l sys tem by a r icc-dry fa rmi ng- rice ro ta t ion 
system. As the Vietnam wea ther favors the g rowth a nd t uberiza tion of 
po tato, a nd as r ice a lo ne ca n no t meet the s ta ple food de mand of the 
gro wing po pula ti o n, p o ta to has been chosen asan idea l crop fo r th is ne w 
system o f ro ta ti on . The potent ial a rea for po ta to p ro duction in the Red 
River Delta has been estima ted to be a t leas t 200,000 ha. 

everthe less, des p ite conside ra ble cffo rt by thc Ministry of Agricul tu re, 
pota to a rea in the las t 10 yea rs has been lim itcd to below 100.000 ha. The 
major limit ing factor is p rod uction a nd conserva t ion of seed pota toes. 1 n 
the no rthcrn provi nces of Vie tna m , po ta to is grown in the win te r season 
from ovember to J a nua ry. Seed pota toes a re then stored over 9 ho t , 
humid sum mer mo nths. Losses duc to bacte ria ! dcteriorati on a nd 
eva po ra t io n a re considerab le d u ring this storagc period , norma ll y exceed
ing 40Yé . 

Another maj o r p roblcm has been the perma nent prescnce o f d isease 
vcc to rs. These ca use a ve ry ra p id virus rei nfec tion o f impo n ed hea lthy 
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clones, which lead s to yield decreases. In o rder to overcome this problem, a 
national progra m for improved seed potato production was established in 
1977. One of its ma in goals was to make use of modero tissue culture 
techniques in the mass propagation of selected po ta to clones, and to 
mainta in these clo nes in a hea lthy state over lo ng perio ds of time. 

Tissue culture and mass propagation 

It has been demo nstrated by Nozeran a nd coworkers at the Orsay 
University in France (pe rsonal communica tion) tha t by successive in vitro 
subculture of cuttings o f very young potato plantlets, an enormous 
number of individuals can be produced in a very sho rt time. Roca et al. 
( 1978) ha ve a lso used node cutt ings in combinatio n with a multiple
meristem technique in o rder to rapidly micropro pagate po tato in vitro. 
Our research data over the last two yea rs using the subculture ofcuttings 
shows that o n appro priate media , subcultures can be carried o ut succes
sively every 20 days, wi th each pla ntlet giving at least three cuttings each 
time . This means that a total number of 3 18 (387 m illion) individuals can 
be o btained , theoretica lly, in one yea r from a single cutting. Such a 
quantity of culture tu bes is economically impossible to handle, so a rapid 
pro pagation techniq ue has been develo ped using the six s teps described 
below. On ly the firs t of the six s teps requires ste rile conditio ns. The rest of 
the s teps can be carried o ut in semi-sterile o r field condit io ns. 

S tep l . Multiplication in vitro 

The following medi um is used : 
Macroelements: Kno p , half strength 
Microelcments: Berthelot 
Vitamins: Mo rel 
Sucrose: 20 g/liter 
Agar: 7 g/l ite r 
pH: 6.5 

No g rowth substances are added. Each cut ting is tra nsplanted toa test 
tube (25 x 200 mm) with 5 mi of medium. The tubes are illuminated by 
na turall ight under a p last ic cover a t ambient temperature, a nd subcul tured 
every 20 days. Healthy clones maintained in the in virro gene bank supply 
the d esi red nu mber o f in itial plantlets fo r this s tep . 

Step 1. M ultiplication on sand 

In this s tep, a 5-cm layer of stea m-ste rili zed fine sand, bo rdered by a 
wood en frame ( 1 x 1Om) is used as a multiplicatio n bed. C uttings from the 
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test tubes are inserted 0.5 cm deep into the sand at a density of 1250 
cuttings/m2• High humidity is ensured by spraying twice a da y with a very 
diluted solution of mineral fertilizer and by covering the surface ofthe bed 
with a plastic sheet. Rooting can be observed after 4 days and the new 
plants are ready to be subcultured once again on sand after 4 weeks. 

Step 3. Multiplication on enriched soil 

The same manipulation is repeated, but this time the multiplicatio n bed 
consists of a steam-sterilized mixture of soil and manure (2: 1 w/ w). 

Dueto the abundance of nutrients, the growth of cuttings is very fast; the 
lea ves become larger, and the juvenile appearance of the plants gradually 
disappears. After 20 days, the first harvest of a pica! buds can be obtained. 
The regrowth oflateral buds permits a second, third , and fourth harvest of 
actively growing buds. These buds are used for potting in the next step. 

Step 4. Potting 

Potting of buds is carried out by inserting the cut end of the buds in a 
mixture of soil and manure (2: 1 w/ w) contained in a cylindrical plastic pot 
made by rolling a PVC (polyvinyl chloride) sheet (5 x 12 cm). Banana 
lea ves can also be used successfully for pots. High humidity is necessary in 
the first week. Rooting begins after 3 to 4 days, a nd then the buds grow and 
give rise to patato plants with compound leaves anda highly developed 
root system. The plants are ready for planting in the field after 15 to 20 
days. 

Step 5. High-density planting 

Field planting of the potted plants is a simple procedure, and their yie ld 
is comparable to that of traditional tuber-derived plants. However , as 
farmers are only familiar with traditional tuber planting, this step aims at 
producing large quantities of small seed tubers. These are obtained by 
dense planting ( 150,000 plants/ ha) at a low fertility leve!. The growth of 
potato plants can also be controlled by limiting the water supply. 
Fungicide and insecticide application is necessary to prevent insect vectors 
and late blight. This step is often carried out in state farms or in advanced 
coopera ti ves. 

Step 6. Seed potato production 

One o r two cooperatives are chosen in each district to produce seed 
potato from the small tubers harvested in Step 5. Pota toes are grown by the 
traditional methods and then harvested for use as seed potatoes for o ther 
coopera ti ves. 
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Gene bank 

An in vi/ro gene bank with 70 patato varieties, most obtained from the 
International Patato Centre (CIP) , is maintained at Dala t. Subculture js 
carried out every two months by one technician. Each variety is 
maintained in 50 tubes. The maintenance cost is much lower than with 
traditional methods, and the danger of virus reinfection and weather 
hazards is completely eliminated . 

Conclusions 

Based on our experience, a station for seed patato multiplication 
handling 10,000 tu bes could produce 1500 tons of seed patato with low 
virus levels every year. Two technicians can subculture 1000 tu bes per da y, 
and no artificial light or climatization is needed . (The tubes are placed 
under a plastic cover at 50% naturallight.) The procedure is believed to be 
applicable on a large scale in Vietnam as well as in many o ther developing 
countries. A pilot station with 10,000 culture tubes is now operating at 
Dalat City in the Central Highlands of Vietnam. 

Reference 

Roca, W. M.; Espinoza, N. 0.; Roca, M. R. ; Bryan, J . E. 1978. A t issue culture method forthe 
rapid propagation of pota toes. American Potato Jo urna! 55:691-70 l . 



CHAPTER 8. 
CASE STUDIES: PRODUCTION 

PROGRAMS FOR CASSA V A 
PLANTING MATERIAL 



Introduction 

Production of Cassava 
Planting Material in Cuba 

.J 
Adolfo Rodríguez Nada/s, CEMSA. Villa Clara, Cuba 

The objectives of the production program for cassava planting material 
in Cuba are to: 

1) Pro mote the rapid adoption of superior clones, which a re fundamen
tal for obtaining increased yields. These clones are used for human 
consumption, and are resistant or tolerant to both Xanthomonas 
manihotis and Sphace/oma manihoticola . 

2) Propagate material that is acceptably free from stake-transmitted 
diseases and pests. 

3) Obtain vigorous stakes that guarantee high germination levels, so 
tha t the amount of replanting is kept to a minimum. 

4) Establish a base for subsequent yield increase through the use of 
clones with superior quality and high-yield potential. 

The production of original and basic seed is carried out in the 
experimental stations by the Ministry of Agriculture's Centre for lmprove
ment of Agamic Seeds (CEMSA). Registered seed is produced on farms 
belonging to the Ministry of Agriculture's Seed Producing Agency 
(EPSV). Certified seed production is done on the state farm s and in the 
production cooperatives. 

Although cassava seed certification was initiated in Cuba in 1969, it was 
not unt il 1980 tha t the whole scheme was completed . Certifica tion at all 
levels is carried out by the Ministry of Agriculture 's National Service for 
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Inspection and Certification of Seed (SNICS), which authorizes or rejects 
the utilization of propagating material as well as determines its category. 

This certification scheme has allowed the rapid diffusion of recom
mended clones. Its most direct impact can be appreciated by the yield 
increases that ha ve been obtained ata nationallevel over the last few years, 
and by the increased amount of land that has been cultivated on the state 
farms and cooperatives. 

Seed certification system 

The seed certification system consists of four phases or categories 
through which a variety must pass before stakes can be considered suitable 
for releasing as certified seed. 

Breeder's seed 

The stakes and plants belonging to this category come from mother 
plants, and are selected according to the methodology approved for each 
varie ty. For exa mple, in th e variety Señorita, the plants must be free from 
symptoms of blight, superelongation, and anthracnosis. They must also 
develop atleast 1 O com mercial roots, and ha ve a yie ld of no t less than 11 kg 
per plant after a year. Finally, the mother plants mus! satisfy both the 
morphological and botanical descriptions oftheir particular variety. These 
ha ve been established on the basis of 25 descriptors. 

Basie seed 

The mother plants from breeder's seed are used to provide planting 
material for the rapid propagation method using two-node cutt ings as 
described in the paper by J. Cock in Chapter 5. After the rapidly 
propagated plants are at least 10 months o ld, stakes from the primary 
branches are taken to form the basic seed category. These plants ha ve the 
following requirements: 

Varietal purity, 100% 
lnfestation with bacteria! blight , 0% 
Jnfestation with superelongation disease, 0% 
Plants with mo re than 10 commercial-sized roots, over 90% of the 

. population 

Registered seed 

In this ca tegory, two generations a re allowed, which are knowo as 
Registe red 1 and Registe red 1 l. The requirements are: 
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Varietal purity, 99.5% 
Infestation with bacteria) blight, maximum 0.5% 
Infestation with superelongation disease, maximum 0.5% 
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Plants with more than 1 O commercial-sized roo ts, at least 85% of the 
population 

Certified seed 

Two successive generations are allowed in this category, which are 
known as Certifíed 1 and Certifíed 11. The minimum requirements are: 

Varietal purity, 97% 
Infes tation with bacteria) blight , maximum 1.5% 
Infestation with superelongation disease, maximum 1.5% 
Pla nts with more than 1 O commercial-sized roots, at least 70% of the 
population 

Three inspections are made during the year. The fírst of these is at the 
time ofplanting in order to evaluate the quality of the stakes . The second, 
carried out between 5 and 6 months after planting, is to evaluate the vigor 
of the crop, the presence of pests and diseases, a nd the crop's varietal 
purity. The third, which is made JOto 15 days before the onset of harvest, is 
to determine the crop's varietal purity, phytosanitary status, and yield 
components. In the inspections, at Ieas t 100 plants per hectare are 
evalua ted at random by taking sa mples at regular intervals around the 
field . 

Commercial or pre-commercial clones 

Up until 1980, only two clones were certified: Señorita and Pinera. These 
were the first two clones with high-yield potential that were recommended 
by CEMSA's cassava program . 

At present, Señorita occupies a pproxima tely 70% of the to tal area 
cultivated in the country. This is a local Cuban clone, which has white
fleshed roots and rose-colored skin. It is an erect plant type, with 
symmetrical root fo rma tion , but it is susceptible to Xanthomonas 
manihotis. However, this disease can be avoided toan acceptable extent, at 
least from the prod uction point ofview, ifpla nting is carried out in the dry 
season (November to January) using lignified stakes obtained from the 
primary branches of the plant. 

The clone Pinera occupies about 5% of the total a re a. Other varieties are 
replacing it in areas which produce cassava for human consumption, but it 
is being mult iplied in areas where production is for animal feed . This clone 



184 Global Workshop on Roo/ and Tuber Crops Propagation. 

is very vigorous, highly productive, tolerant to Xanthomonas, and erect, 
but has very poor post-harvest shelf life. 

In I983 , the clone CMC-40 was released. This clone, introduced from 
CIAT in Colombia but of Brazi lian origin, has shown good adaptation to 
Cuban conditions. It is an early clone with a growth cycle of 6 to 8 months, 
which a llows planting in the optimum months (November to January) and 
harvesting in the months of June to August, a time of year when 
traditionally it has been difficult to obtain cassava. 

In 1984, two other clones will be released: CEMSA 'S-28, a hybrid 
obtained from polycrosses in which Señorita was the female parent, and 
CEMSA 74-725, which is a hybrid between Señorita and Pinera. Both these 
clones ha ve high-yield potential and are tolerant to Xanthomonas. They are 
good quality, erect types, and are easily harvested mechanically. 

The clone CEMSA 80-99 will be passed to the agricultura! extension 
agency for testing in 1984. This clone is highly resistan! to Xanthomonas 
and keeps well after it is harves ted. 

Basic seed production 

CEMSA propagates the original material through the rapid propaga
tion techniques described in this workshop, but adapted to Cuban 
conditions. These techniques have helped to clean the propagation 
material of Xanthomonas manihotis. Table 1 shows the quantities of basic 
seed produced and projections for 1984. 

Impact of research program 

With the use of high-yielding clones, good quality planting material , and 
the adoptio n of the so-called 'Colombian system', ma ny state farms and 
coopera ti ves ha ve increased their yields from between 5-10 t/ ha to between 
20-25 t/ ha. 

Table l. Quanlilies of basic cassava seed produced or projecled ín lhe perlod 1982-1984. 

Produclion 
!thousands of 25-cm stakes) 

Clone 1982 1983 1984 

Señorita 16.7 165.0 488.0 
CEMSA 5-28 15.0 36.0 36.0 
Pinera 10.0 
CMC-40 60.0 70.0 
CEMSA 80-99 50.0 



Production of Cassava Planting Material in Cuba. 185 

Although the national average yield is still low, it has entered into a 
phase of gradual increase, and cassava production has risen from 73,253 
tons in 1979 to 131,889 tons in 198 1. The national research program has 
played a fundamental role in this success. 
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Production of Cassava 
Planting Material in India 

G. M. Nair, M. Prabhakar, N. G. Nair, and S. P. Ghosh 
CTCRI. Trivandrum, India 

Cassava is propagated in India with cuttings from mature stems, 8- 12 
months old . About 10-15 cm of the basal portion and about 25-30 cm of the 
tender tops are discarded. In the southern states where cassava is cultivated 
commercially, like Kerala and Tamil Nadu, stakes are obtained from the 
stems of the previous crop. During the interval between harvesting and 
planting the next crop, the bundles of loosely tied stems usually are kept in 
semi-shady to shady places. In the tribal bel ts of the northeastern hills 
where cassava is grown as one of the many crops in shifting cultivation 
plots, numerous cases are seen where the entire plant is allowed to remain 
in the field after the removal of the tubers. 

In states like Kerala, which enjoys both southwest and northeast 
monsoons, planting is done twice ayear, i.e., April-May (main crop) and 
August-September. The main season crop is harvested in February-March 
and the stems thus obtained must be stored for about two months. The 
crop planted in August-September is usually harvested after about 11- 12 
months, and so the stems are used for planting witho ut any interval. In the 
northeastern hills of India, however, cassava is planted only in one season 
(April-May), depending on the onset of the rains. This region experiences 
heavy rainfall but enjoys a subt ropical climate, having cooler winters, 
which cause cassava defoliation by December-January. The harvested 
stems a re either allowed to stand in the field orare stored and utilized for 
planting after a period of 3-4 months. 
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Factors affecting stake quality 

The quality of the cassava planting material is dependent on various 
factors such as age ofthe stem, thickness ofthe cutting, length and viability 
of the stake, and the extent of mechanical injury caused during collection, 
storage, transpon, and planting. 

Stake age 

This depends on the availability of stems at the time of planting, and 
often planting material of any age is used. However, it has been observed 
that stems 8-12 months old are the most suitable for preparation of stakes. 

Stake thickness 

The stakes contain a fairly high amount of carbohydrate which serve as 
food reserves for the initial establishment of the plants. The vigor of the 
emerging plants depends on the availability ofthe food reserves, which are 
generally higher in the case of thicker stakes . Experience shows that stems 
with a diameter of2-3 cm are ideal for planting. The hard basal portion of 
the stems are not suitable for planting as they have more lignified tissues 
which may not support the emerging buds. T he top tender portian of the 
stems desiccate quickly under dry conditions, and so they are equally 
undesirable for planting. 

Stake length 

Stake length is very important as it is related to the depth of planting. 
Since planting deeper than 5 cm results in a swelling of the stake with a 
consequent reduction in tuber yield, a stake length of 20 cm is advanta
geous. However, trials showed no appreciable difTerence in tuber yield 
between stake lengths of 20 cm and 30 cm. 

S take viability 

Although varietal differences are observed in the sprouting of stakes, 
stake viability is also dependent on other factors like extent of storage, 
mecha nical damage, and infection by pests and pathogens. 

In a study conducted to examine the sprouting and establishment of 
stakes, the stems were subjected to different pre-harvest/pre-storage 
t reatments. Measurements of leaf area index were made at intervals of 20 
days starting from the first month after planting until the date of 
terminat ion (3 months after planting). Stakes from plants that had been 
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topped at harvest and stored with the mother stake had the highest leaf 
area index (mean 3. 15), followed by those from plants whose tops had been 
dipped in wax and stored with the mother stake (mean 2.85). Leaf area 
index was lowest in the case of topping, allowing to develop axilla ry 
sprouts, and storing with the mother stake. The dry matter distribution 
observed at 90 days after planting showed that dipping the tops in wax and 
storing with the mother stake gave the highest amount of dry matter ( 100 
g/plant). 

One cause of desiccation in stored stakes is severe infestation by scale 
insects. The scale insects can be effectively controlled by spraying 
parathion at fortnightly intervals (Rao and Pillai, 1972). It was a lso 
observed that there was no adverse effect on the sprouting of stakes 
obtained from the treated stems after a period of two months of sto rage. 

Mechanical damage 

The stems are prone to mechanical damage at any time, fro m sprouting 
until they are used as planting material in the ensuing season. Hence, 
maximum care sho uld be exercised in handling the material during 
intercultural operations, harvesting, storing, and transporting. 

Rapid propagation techniques 

Cassava is one of the vegetatively propagated crops with a low 
multiplication rate. One cassa va plant with two stems would no rmally give 
10- 12 planting stakes of 20-cm lengths after a year. In order to try to 
improve this slow rate of multiplication , a field trial was conducted with 
close spacing and planting single o r double stakes to each hill. It was 
observed that spaci ngs of 60 x 60 cm a nd 90 x 45 cm were significantly 
superio r in single-s take planting as compared to o ther spacings , while 
double-stake planting considerably reduced the number of good stems 
under different spacings (Mohankumar et a l. , 1980). It was therefore 
suggested that for the maximum production of good quality planting 
material without sacrificing root yield, a spacing o f 90 x 45 cm should be 
adopted for the non-bra nched type of cassava . Under this spacing it was 
possible to double the production of planting material. 

An attempt was made to use split stakes (Sasidhar e t al. , 1977) to increase 
planting material in the variety M-4 . The yield perfo rmance of split stakes 
(splitting the 20-cm long stakes into two equal halves longitudina lly) was 
compared with tha t of whole stakes planted vert ically, slan ting, and 
horizontally. The results showed that the vertica l planting of whole stakes 
yielded 32 t/ha as against 20 t/ ha when split stakes were used. 
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Another approach towards more rapid propagation of cassava was 
made by inducing sprouting in split, single-nade cuttings. With the help of 
a mist chamber, 647 plants and 3235 planting stakes of20-cm lengths can 
be produced from a single cassava plant in one year, as against ·10 plants 
and 100 planting stakes in the conventional method (Kamalam, 1978). 
Thus, the cassava propagation rate can be increased 323 times the normal 
rate. 

Disease elimination through tissue culture 

A program to produce disease-free plants using cassava meristem 
culture and clona! multiplication of elite varieties is under way at the 
Central Tuber Crops Research Institute (CTCRI) in Trivandrum. The 
technique for virus elimination developed by Kartha and Gamborg ( 1975) 
and later modified by Nair et al. (1979) is being utilized for this purpose . 
The essential feature of the technique is the aseptical transfer of about 0.5 
mm of meristematic dome tissue into Murashige & Skoog salid medium 
supplemented with 1.0 M naphthaleneacetic acid, 1.0 M benzyl adenine, 
and 0.1 M gibberellic a cid (G A3). Explants are incubated at about 25°C in a 
16-hour light ( 4000 lux) and 8-hour dar k cycle. After 3-4 weeks, the 
developing explants are transferred to a rooting medium (the same as 
above but without gibberellic acid). In another 3-4 weeks the explants 
regenera te into whole plants. They are then washed free of medium and 
planted into a sterile potting mixture (soil, sand, and powdered dry cattle 
manure in a 1:1: 1 proportion). 

More than 90% of the plants produced by this method are ~ymptom
free. These plants are presumed disease-free on the assumption that all 
diseased plants will show symptoms under the growth conditions men
tioned above. During 1982, 28 disease-free germplasm accessions were 
obtained. Meristem culture has also been used to raise and multiply five 
CTCRI hybrids and two prominent local cultivars. The resultant plants are 
now growing in the field. 

Critical problems 

Since the main planting season in the state of Kerala is April-May, the 
crop faces severe drought in the summer months of December-April. As 
this period is ideal for making cassava chips, and the soil conditions also 
become unfavorable to support the growth of plants, the farmers are 
forced to harvest the crop during this time. However, the stems then have 
to be stored unti l the following planting season, often resulting in the rapid 
deterioratio n ofthe planting material dueto dehydration ofthe stems and 
attack by pests and pathogens. 
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The absence of an organized institution for the mult iplication a nd 
distribution of planting material at the appropriate time is one of the 
limiting factors in alm ost all the cassava growing are as of the country This 
situation is so grave in the state of Tamil Nadu , where cassava mosaic 
disease is rife , that the root yield is reduced by an average of 30%. 

Other problems include lack of interest among growers to produce and 
maintain disease-free stocks on farms, since disease and pest problems are 
not as severely felt as with grain crops. 

Strategies for increasing planting material production 

Cassava is grown on 0.35 million ha ( 1980-81) in India, and the National 
Commission o n Agriculture has projected a target of one million ha of 
cassava production by 2000 AD. The additionalland to be brought under 
cultiva tion will mainly be in the nontraditional areas, where presently 
cassava is grown on a limited scale. The additional area of about 0.2 
million ha targeted for the traditional cassava growing states like Kerala 
and Tamil Nadu can be planted by collecting planti ng materials from the 
existing plantations. For the remaining area of about 0.45 mill ion hectares 
in other central and northern states, practically no local so urce exists from 
which planting materials can be obtained on a large sca le. Immediate steps 
are required to establish model nurseries fo r the production of superior 
quality, disease-free pla nting materials, particula r! y in these nontradi
tional areas. One such regional nursery for tuber and rhizome crops has 
already been established in the hilly state of Meghalaya, which will supply 
seven northeastern states . Such nurseries ca n also be used to demonstra te 
improved packages of practices to th e growers and to train them in 
methods of imp.roved cultivation . Similar progeny farms are required in 
different parts of the country to meet the need for healt hy planting 
materials. 

For rapid multiplication of cassava pla nt ing material, sorne of the tested 
techniques like single-node or two-node cuttings can be employed. Shoot 
tips obtained through pruning can a lso be used in multiplication programs. 
Regular marking and roguing of plants with tra nsmissible diseases will 
help in keeping the propagating materials free from such diseases. Befo re 
storage or tra nsporta tion of stems, protectant fungicida l/ insecticidal 
treatments are essential. Since longer stems store better under shady a nd 
humid (about 80% RH) conditions and modera te temperatures (20-23°C) , 
it is desirable to adopt such practices in the multiplication nurseries when 
the stems cannot be used for planting immediately after harvest. 
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Introduction 

Production of Cassava 
Planting Material in Mexico 

~ 
Vfcror W. González Lauck, INIA, Huimanguil/o, Mexico 

In 1982 there was insufficient production ofbasic grains in Mexico, and 
for the first time in the country's history the overall agricultura! balance 
was in deficit. Mexico is now importing grains ata cost of US $770 million 
per year. 

With the aim of solving this problem, the federal government has 
established various agricultura! programs with the following objectives: 

Increasing the area cultivated 
Increasing the production per unit area 
Avoiding erosion and reducing post-harvest losses 

One of the ways of achieving these goals is to cultiva te cassava , since it 
can be grown in marginal areas where there are acid soíls of low fertility, 
which, at present, are not agriculturally productive. In addition to this, 
cassava has high production indices per unit area and lends itself to 
intercropping. Cassava could efficiently substitute for part ofthe imported, 
subsidized grains used in animal feed diets. In addition to saving foreign 
exchange, this would create employment in different areas and assist in 
social and economic development. 

Backgroun_d 

Cassava has been cultivated in Mexico since pre-Hispanic times. This is 
confirmed by Bronson (1966), who observed that the distribution of 
cassava was associated with the area in southeastern Mexico and Central 
America which had been inhabited by the Mayan civilization. 
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At present , cassava occupies an important place in family gardens, 
where it is grown in cropping systems with a great many different species. 
Purchased inputs are generally nonexistent, and the production is mainly 
for home consumption. The total area planted in 1977 was 4000 ha, with an 
average yield of 10.5 t/ ha. 

The area planted with cassava is slowly increasing with the objective of 
supplying the demand in urban centers and by sorne pork producers. 
However, the time when cassava occupies the potential area of half a 
million hectares of marginal soils, which exist in southeastern Mexico, is 
still far off. 

An important part of the strategy for the development and expansion of 
. this crop has been the Cassava Research Program. This forms part of the 

National lnstitute of Agricultura) Research (INIA), which itself is part of 
the Secretariat of Agriculture and Hydraulic Resources (SARH). 

Researcb program 

Since 1967 cassava research in Mexico has been carried out in a rather 
isolated manner, treating the crop as a vegetable. lt was only in 1977, with 
the support of various different institutes in the agricultura) sector, that the 
Cassava Research Program was initiated. The program brought together 
an interdisciplinary group of professionals, most of whom had been 
trained at CIAT. 

This interdisciplinary group is stationed in Huimanguillo, Tabasco, in 
southeastern Mexico. Its objective is to generate technology for cassava 
production, processing, and utilization, in order that the crop becomes 
economically viable and well-adapted to the agricultura! conditions ofthe 
Mexican tropics. After 6 years, there is now a technological package with 
which yields of 20-25 t/ ha can be obtained ata commercial leve! in acid 
soils of medium to Jow fertility. 

An important aspect of the production technology is the use of selected 
varieties, which are propagated by means of the two-node cutting method. 
The multiplication phase was brought about with the support of a rapid 
propagation project. 

Propagation project 

In the mid-1970s, rapid propagation projects were implemented to 
support the production programs in the municipalities of Loma Bonita, 
Oaxaca, and Centla in Tabasco. The purpose ofthe projects was to provide 
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the producers with plantlets from disease-free varieties. However, dueto 
economic problems, these programs disappeared soon after they were 
started. 

In 1977, with the initiation of the Cassava Program in Tabasco, a rapid 
propagation project was established using the two-node cutting system. 
The objective was to produce sufficient vegetative material to use in the 
different research projects that were being established. The material 
produced was used to establish regional trials, which were located from the 
state of Baja California Norte, in Mexicali, to the state of Chiapas. The 
major concentrations were in the states of Veracruz and Tabasco. 

In 1980, the research program selected two clones, M Mex 59 and M Pan 
51 , both tolerant to pests and diseases and yielding over 25 t/ha in acid 
soils. These varieties were released under the names of Costeña and 
Sabanera, respectively. 

Emphasis was placed on rapidly propagating these varieties in order to 
support commercial-level production programs of 1000 ha in southeastern 
Mexico. Two hundred rapid propagation chambers were established in 
1982 in the experimental stations of Cotaxtla, Papalaopan, and Huiman
guillo. The two-node cutting ·techinque was used, similar to the one 
developed by CIA T. The varieties propagated were mainly Costeña and 
Sabanera, but also included smaller numbers of other varieties adapted to 
different environments such as ITU, CMC40, and the hybrid CM 309-165. 

The plantlets, dueto the special management they require, were planted 
under the supervision of INIA. The farmers were given vegeta ti ve material 
in the form of stakes. It is important to note that in Mexico, at present, no 
standards exist for the certification of cassava planting material, andas a 
result, phytosanitary control is only exercised when the stakes are handed 
over to the farmers. 

Results 

In the agricultura) year 1982-83, the goal of producing enough material 
to plant 1000 ha ofthe reco mmended varieties was achieved; however, due 
to the administrative problems at that time, the production program in 
Tabasco was unable to plant this area. As a result, the planting material 
was sent to other states such as Quintana-Roo, Campeche, Yucatan, 
Veracruz, and Chiapas, where 300 ha were established with the selected 
varieties. 

The leafpropagation method was tested, but was not implemented on a 
large scale because it required new infrastructure and personnel. This was 
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also the case with the genetic material obtained from meristems, which was 
introduced to the INIA laboratories in Zacatepec, in the state of Morelos. 

Conclusions 

The selection of new varieties for different agricultura) systems is an 
important part of the Cassava Research Program, and propagation 
techniques will continue to occupy an important place in the program in 
order to supply sufficient material for the release of these new varieties. 
For a successful program, rapid propagation techniques should be used in 
conjunction with varietal selection, using the existing methods in an 
integrated manner. 

Meristem propagation will serve as a method of introducing new 
materials and propagating them in the initial phase for testing. Propaga
tion by ~eans of leaves and two-node cuttings will be implemented to 
increase the number of promising varieties so that maximum use can be 
made of the small amount of material available in the first phase of 
evaluation. With the simultaneous evaluation and multiplication of 
planting material, the problems of massive propagation in the final stages 
of selection will be avoided, since the material already will have been 
propagated and used in demonstration plots. 
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Production of Cassava 
Planting Material in Nigeria 
(7 

J. E. Okeke andO. O. Okoli, NRCRI, Umudike, Nigeria 
N. O. Utoh, NSS, Southeastern Zone, Nigeria 

Introduction 

Demand for cassava planting material· has been rapidly increasing in 
Nigeria since the late 1970s. The major reason, apart from a national 
emphasis on increased cassava production, is the enormous yearly loss of 
planting material from cassava mealybug (Phenacoccus maniholl) and 
green spider mite (Mononychellus tanajoa). Production of cassava roots 
and stems has declined by 60% and 43%, respectively, in recent years. A 
nationwide program to produce cassava planting material was initiated 
against this background of declining supply and the inherently low 
propagation rate of the crop. 

Cassava has beco me the main carbohydrate staple for over 50% of the 
population ofNigeria. Production can increase by over 300% ifthe various 
constraints, notably, pests and scarcity of planting materials, are resolved. 
The national research agencies, the International Institute of Tropical 
Agriculture (liT A), and the National Seed Service (NSS) are improving the 
availability of cassava planting materials through research for better 
technologies and active multiplication and distribution of improved 
planting materials. 

Methods of increased stake production 

Pruning and spacing 

Studies were carried out at Umudike (05°29'N, 07°35'E, alt. 122m) in 
1979 and 1980 on the effect of pruning and spacing on the production of 
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stakes. Results showed that the multiplication ratio of 1 ha of mature 
cassava to 14 ha of new crop can be increased to 1:30 by pruning stems 
three times at 4-month intervals within the year (Table 1). Pruning four 
times in 12 months at 3-month intervals also increased the quantity of 
stakes significantly. The efficiency of the practice,however, depended on 
variety. Pruning twice at 6-month intervals did not produce a significan ti y 
greater number of stakes than the control (no pruning or cutting at 
harvest). Closer spacing within the row on !-meter ridges increased the 
number of stakes- significan ti y. The best arrangement from the study was 
planting at 75 x 100 cm and pruning once every 4 months for 12 months. 
The last pruning is, of course, the harvest of the crop. 

Node number and planting position 

Studies on the influence of node number and planting position on the 
production of stakes were conducted with three Nigerian cassava varieties 
(60506, TMS 30395, and TMS 30211). It was found that planting position 
-vertical, horizontal, or angular (40-45°}-had no effect on the number of 

Tab1e l. Mean number or 20-cm stakes produced by cassava varietles 60506 and Nwugo as 
affected by pruning frequency and spacing. 

Spacing Stakeslha (000)3 
(cm) Pruning frequency 60506 Nwugo 

lOO X 100 No pruning 135 140 
100 X 100 2 times at 6-month interva1s 195 175 
100 X 100 3 times at 4-month interva1s 210 213 
lOO X 100 4 times . at 3-month intervals 202 198 

75 X 100 No pruning 170 200 
75 X lOO 2 times at 6-month interva1s 216 232 
75 X 100 3 times at 4-month interva1s 315 294 
75 X 100 4 times at 3-month interva1s 240 2 16 

50 X 100 No pruning 225 202 
50 X 100 2 times at 6-month intervals 220 210 
50 X 100 3 times at 4-month interva1s 284 270 
50 X 100 4 times at 3-month interva1s 238 240 

25 X 100 No pruning 190 180 
25 X 100 2 times at 6-month interva1s 193 200 
25 X 100 3 times at 4-month intervals 238 241 
25 X 100 4 times at 3-month interva1s 205 198 

a. SE ± 5.8 
Source: NRCRI, Annual report, 1980. 
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20-c·m stakes produced (Table 2). However, stake number was significantly 
affected by node number and variety. Ten-node stakes produced sig
nificantly higher numbers of stakes than 2- or 4-node stakes, but no 
significant differences were found amo ng stakes of 10, 8, and 6 nodes. 
General! y, the amount of planting material increased with higher numbers 
of nodes on the stakes. Significant varietal differences were observed: TMS 
30211 and TMS 30395 produced more stakes than 60506 at al! treatment 
regimes. 

Table 2. Effect of node number a nd plantin¡: position on production of 20-cm stakes from three 
cassava varielies in a rainforest zone (U mudike). 

Planting Stakes/ha (000) 

positionb Node noc 

Variety3 2 4 6 8 10 

TMS 30395 Horizontal 140 240 241 326 3 15 
Vertical 220 260 410 404 467 
Angular 287 30 1 394 394 414 

TMS 302 11 Horizonta l 197 2 12 298 229 278 
Vertical 200 273 290 315 393 
Angular 157 229 253 327 377 

60506 Horizontal 123 138 179 136 226 
Vertical o 158 147 180 192 
Angular o 207 165 292 342 

a. SE± 2.9 
b. SE± 1.3 
c. SE± 2.9 
Source: NRCRI , Annual repon , 1981. 

Rapid multiplication techniques 

The rapid propagation technique of Wholey and Cock ( 1973) and Cock 
et al. ( 1976) was studied and adapted fo r Nigerian conditions. Ene ( !978a) 
studied so me factors affecting production of propagules and recommended 
the period between November and April as the best season fo r propagule 
production . A method for massive production of propagules was described 
in another study (Ene, 1978b ). It was shown that one mature plant could, 
wi thin 14 months, produce about 30,000-60,000 propagules which could 
perform as well as normal 20-cm stakes in terrns of root yield, dry matter, 
and starch production. Sterile conditions and humidity chambers were 
rnaintained in these studies, as they are essential for obtaining disease-free 
propagules. Okeke (1981) studied a rapid multiplication technique using 
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healthy cassa va plants in which type of rooting medium and sterilization of 
media were investigated. 1 t was found that unsterilized soil was as good as 
other media for rooting stakes. Propagules grew best and accumulated the 
greatest amount of dry matter within 47 days in unsterilized soil (Tables 3 
and 4 ). It was concluded that for rapid multiplication of improved, disease
free materials, a farmer would require a nursery bed of well-drained soil 
near a water source, shade , and polyethylene bags. This method has 
proved successful in the rapid multiplication of breeder's material. 

Table 3. Effed of growtb media on stake sprouting and linear growtb rate of propagules. 

Treatment 

Soil/compost ( 1:1) 
Soil/compost (2: 1) 
Soil/ compost ( 1 :2) 
Soil + N-P-K, Mg 
Soi1 

a . SE± 0.34 
b. SE± 0.06 

Mean no. propagules 
per stakea after 34 days 

Steri lized Unsterilized 

8.6 8.6 
8. 1 8.3 
9.1 9.4 
9.5 9.8 
9.3 9.7 

Mean linear growth rateb 
(cm/ day) after 47 days 

Sterilized Unsterilized 

0.33 1.05 
0.40 0.66 
1.03 1.32 
0.49 0.94 
0.48 1.06 

Table 4. Effect of growth media on top growth of propagu1es. 

Treatment 

Distilled water 
Steri1ized soil 
Unstcrilizcd soi1 
Steri1ized soil + N-P-K-Mg 
Unstcrilized soil + N-P-K-Mg 
Soil/compost ( 1: 1) sterilizcd 
Soil/compost ( 1:1) unsterilized 

Mean dry weight 
after 47 days 

(glp1ant) 

4 .30 
3.95 
5.80 
2.59 
5.06 
3.16 
3.72 

Multiplication and distribution of planting material 

The National Seed Service (NSS) of the Federal Department of 
Agriculture has responsibility country-wide for producing foundation 
seeds of rice, maize, cowpeas, sorghum, wheat, millet, and cassava 
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cuttings. Foundation seeds are supplied toS tate Seed Multiplicatio n Units 
for production of certified seed, which is then distributed to farmers. The 
NSS has three regional offices: at J os for the no rtheast zone, at Zaria fo r 
the northwest zone, and at Umudike for the southeast zone . 

The cassava/maize progra m of the National Accelerated Food Produc
tion Project took off successfull y, but then suffered from a scarcity of 
cassava cutt ings. Special problems associated with the production of 
cassava planting materials include a low multiplication ratio ( 1:1 0); poor 
sto rability of cuttings (usually no more tha n 14 days); bulky plant ing 
materials (a 7-ton lorry can only carry 400 bundles, enough to pla nt 10 ha); 
and poor sprouting of stems infested with cassava mealybug (Phenacoccus 
manihoti) . in o rder to achieve a 6% increase in cassava production, the 
supply of cassava cuttings to growers had to be undertaken by a n 
institutional a rrangement. 

Natio nal research centers (the Nationa l Root Crops Research Jnstitute 
and the Jnstitute of Agricultura( Research a nd Training of the University 
of Jfe) a nd the lnternat iona l Institute of Tropical Agriculture produce 
breeder's seed and stage 1 foundation seed. The National Seed Service 
produces the stage JI foundation seed for d istribution to sta te ministries of 
agriculture in the cassava growing a reas; these later produce cert ified seed 
which they distribute to their farmers. Although support fo r direct food 
production is largely a function of the sta tes, the federal government assists 
in the provision of essen tial inputs, such as seeds and fertil izers, at 
subsidi zed ra tes. The federal government-assisted Cassava Multiplication 
Programme consists of the following elemen ts: 

A grid of elite cassava multiplication plo ts in locations close to the 
states that will receive the stakes. Table 5 shows the areas established 
by the NSS in the d ifferent locations . 
A grant to each state in the cassava belt to establish a 15-ha cassava 
multiplication plo t. Payment is m a de after inspection of the plo ts by 
the NSS . Table 6 shows the sta tes involved and the location of the 
plots fo r 1983 . 
The use of rapid propagation techniques to build up desirable 
cassava clones and to produce planting ma terials free from bacteria! 
blight. The NSS, na tiona l resea rch centers, and li T A use these 
techniques in four rapid multiplication centers operating in the 
country (two in Ibadan, one in Umudike, and one in Samara). Their 
combined po tential production is 52,000 seedlings per month . 

Part icipating states provide necessary logis tic support by making trucks 
available to carry cassava cutti ngs, providing vehicles for mo nito r ing 
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Table 5. ational Seed Service cassava multiplication plots. 

A re a pla nteda 
Location (ha) Variet1es 

lbadan J 50495 
4(2)1425 
60142 

ljebu-lfe 62 30572 
30555 
3000 1 

lkenne 45 30572 
30158 

lkorodu 10 30572 
4488 

Ogere 5 30572 
30555 

Um udike JO 302 11 
30572 
60506 
30555 
U/41044 

Ubiaja 20 30555 
30572 
13791 

Ugwuoba 5 30572 
U/4 1044 
60142 

a. Each hecJa re should produce enough Slakes Jo plan1 10 hecJares. 
Source: Nauonal Seed SerVlce, Progress repon on cassava. 1983. 

visits, and ensuring prompt payment of staff claims. They also follow 
specific husbandry practices that include using clean planting material 
obtained from approved sources and labeling varieties to avoid mixing 
during distribution. Other guidelines followed are establishing the plots 
with the early rains to assure good canopy development before the onset of 
the dry season when mealybug and mite infestation begins, and using 
approved insecticides such as Furadan befo re the end of the rains so asto 
minimize the effect of mealybug attack. Participating states also agree to 
ratoon the crop at the 9th month in order to increase the supply of planting 
materials. 



Production of Cassal'a P!anllng Material tn Nigena. 203 

Table 6. Federal government-assis ted Cassava Multiplication Programme in 1983, 15 ha pcr 
state. 

Location of 
State cassava plot Vaneues 

Anambra Abakalik1 30572 
Ezillo U/4 1044 

30211 

lmo M bato 30572 
Bende U/41044 
lkagwa 30555 
lhiagwa 30211 

Cross Ri ver lkot Ekang 3021 1 
Awa 30572 
Akpap 30555 

Ri vers Choba 30572 
Agbeta 30211 
Rumuodomoya 30555 

Benue Ayangba 60506 
Yandev 30211 
Alaive 30572 

O yo llesha 50395 
llora 302 11 
lbaden 30558 

Gongo la Muhi 60506 
Yola 302 11 

30572 

Ogun llewo 50395 
Coker 30572 
Adod o 301 58 
lkenne 4488 

Ondo lle-Oiuj i 30211 
ljero 30555 
Owo 30572 

Lagos llogha 30572 
Egan 5660 
lkorod u 4488 

1379 

Kwa ra S are 30572 
Osare 302 11 
Ajase 50395 

Niger Mokwa 60506 
Bid a 302 11 

Bendel Asaba 30555 
Ogba 1379 
Agbarho 30572 

Platea u La fía 60506 
Shendam 30572 
Bukuru 302 11 
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lntroduction 

Production of Cassava 
Planting Material in Zaire 

o 
S. J. Pandey, PRONAM. Kinshasa, Zaire 

Zaire is the third largest country in Africa after Sudan and Algeria. It has 
an annual a ve rage temperature of between 24-28°C and most of the 
country has an annual rainfall of at least 1200 mm. Only 2. 7% of the total 
Jand area of 226.7 million hectares is classified as arable or tree crop land; 
JI % is pasture Jand and 50% is under natural forest. 

Zaire has the largest population base in Central Africa with 41 8 people 
per km 2 of cropland, anda rapid growth rate of 2.85% per year. l t has four 
semi-distinct climatic zones: 

- The humid, semi-ho t equatorial zone in central Zaire 
the humid, semi-hot tropical zone in Bas-Zaire and Bandundu 
the hot tropical northern tier 
the temperate zone in the south 

The river valley soils in the Zaire Basin are lnceptisols of varying 
suitability for agriculture. The upland soils are mainly Oxisols and 
Entisols, both of low agricultural value, with sorne Ultisols, which are 
agriculturally more useful. 

Only the southern part of the country is suitable for arable crops. This 
area is marginally suitable for maize, soya, beans, peanuts, and cotton, and 
somewhat better suited to cassava and sweet potato. Arable land in the 
remaining regions is even less fertile and is considered only marginally 
suitable for cassava and sweet potato. 

Cassava is the most important crop in Zaire, occupying 95% of the area 
under root crop production. Annual production is 11 mi Ilion tons with an 
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average yield of 6-7 t/ ha . It is grown throughout the country both for its 
lea ves and its roots. Investment in fertilizer, pesticides, and farm machinery 
is almost nonexistent; crop production is dependent u pon natural weather 
conditions a nd those crop management practices which can be ca rried out 
using manual labo r. Due to lack of better farm tools, poor or no 
transportat ion (there are no draft animals and only a fe w bicycles), and 
long distances to markets, family labor is extreme! y stretched to cope with 
cassava prod uction and competing activities. 

Research program 

The mai n ca use of low yields in cassa va is the susceptibili ty of almost all 
the local va rieties to pests and diseases. Cassava bacteria! blight (CBB) is 
the most serious of the pests, causing a 60-90% loss, fo llowed by the 
cassava mealybug. In 1974, due to the problems with CBB, the Inter
national Institute of Tropical Agriculture (liTA) and the Government of 
Zaire provided improved clones to the nat ional cassava program, Pro
gramme National de Manioc (PRO AM). Resea rch stations at M'vua zi, 
Ki yaka , and Gandajika received the improved clones, and sorne planting 
material was also distributed throughout the cou ntry in a rder fo r others to 
develop thei r own varieties. 

After seve ra! years, clones with multiple resista nce to CBB and mosaic 
and a nthrac nose di sea ses were developed at the research stations. At about 
the same time, these stations a lso identified other clones with resistance to 
mosaic disease and mi tes. In addition to this work, PRONAM is carrying 
out studies on stake type, age, length , a nd storage duration. Sorne results 
of the resea rch and testing are described in the following paragraphs. 

Stake age 

Cassa va stakes from plants 1, 2, 7, and 12 months o ld, and ratooned 
plant stock were compared for their sprouting, growth , and yield . The 
stakes from very young mother plants had a low sprouting percentage in 
comparison to the stakes from mature plants, (7 and 12 months and 
ratooned stock), which have a greater carbohydrate reserve. The cassava 
plants produced from the you ng mother pla nts a lso had less vigor, that is, 
they were sho rter and had fewer leaves, in comparison with those from 
o lde r plants (Tab le 1 ). With rega rd to yield , res ults over 2 previous years 
confirmed tha t the stakes from plants between 7 a nd 12 months o ld and the 
ratooned root stock gave a greater yield (Ta ble 2). 
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Table l . Effcct of mother plant age on plant \igor 120 da ys after pla nting, Mpclolongi clone. 

Mo ther plant age Pla nt hc1ght 
(months) (cm ) 

5.!! 

2 31.2 
7 116.3 

12 II !U 
Ratooned 134.5 

root s toc k 

Mean Xl.2 
so 52.2 

Table 2. Effcct of mother plant age on yicld. Mpelolongi clone. 

Mother plant age 

(month~) 

2 
7 

12 

Ratooned 
root ; tock 

Mea n 
so 

Stake length 

Yield (t / ha ) e¿ ) ICid ol 

19!!0 19!!1 Mea n 

5.0 4.0 4.5 

6. 1 6.9 6.5 

!!.9 14.4 11.6 

10.9 16.9 IH 
8.8 11 .8 10.3 

7.9 10.8 
2.0 4.7 

Leaf no . 

6 

15 
7-l 

97 

113 

61 
43. 1 

Y1cld of 

ra tooncd ~tock 
(e; ¡ 

44 

63 
11 2 

133 

100 

Due to the poor spro uting percen tage of stakes o n the sandy soils, 
farmers use longer sta kes than those of the recommended size (25 cm). 
They al so tend to use all the cassa va branches for stakes, except those parts 
which are still green and unripe. An experiment was ca rried o ut at M 'vuazi 
to compare plant performances produced from stakes of varying length 
( 15, 25, 35, 45, 55 , 65, 75, and 85 cm), and varying physio logical age 
(primary, secondary, and tertiary stems). 

The sprouting percentage was higher for stakes 35-85 cm long (96-100% ) 
produced from primary stems, although the sta kes from secondary and 
tertiary stems, which were 45 cm long or more, also showcd good sprouting 
(91-100% and 73-94% , respectively). 
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At 180 days after pla nting, plants from stakes which had been produced 
from primary stem s wcre in general taller than those from secondary and 
tc ruary stcms. The number of leaves after 180 days increased with stake 
lcngth and va ried with the s tem type (661cave~ per plant fo r the primary 
stcm plants, 62 fo r thc secondary stem plants, a nd 50 for the te rtiary s tem 
plan ts). 

Stake length did no t a tlect yield 12 mo nths after planting, but 
phyl. iological age did : the a verage ytc ld was 5. 1, 4 .0, and 2.2 t/ ha 
rcspective ly, for thc primary, secondary, and tertia ry stems (Table 3). 

1 .tbk 3 Effe<'l ohtal.e lcn¡:th and ~lcm t~pe on ~ield , .\lpelolongi clone. 

Sta~~ Y1cld (l/ha) 

lcngth Pnmar~ Secondar~ Tert1ar~ 

(cm) >te m ~te m >le m 

15 4. 1 ~.l u 
~5 .u JA 2.1 
.15 5.1> .1 .4 3.5 
-1 5 5.-1 3.4 1.0 
55 -lO -1.5 3.0 

65 5. -t -1 . .1 .u 
'5 5.5 5.0 1.6 
X5 5.3 5.4 U! 

M~an 5.1 -1.0 2.2 
S D 0.6 o.x 0.9 

S take storage 

The d ela) between root harves t and the new planting of stakes requires 
that the s takes be s to red fo r severa! days. o r sometí mes weeks. However, 
cassava pro pagating material is very susceptible to adverse climatic 
condit ions, pests, and diseases, and in additi on it can easi ly lose its vigo r 
and sprouting potential if exposed to drying afte r harvest. 

Farmers in Zaire s to rc the ir planting material in the field by covcring it 
wi th dead grass, b) transplan ting it into a moist soil , o r b y piling it up in the 
shade of a tree. 1 n o rder to de te rmine the e ffects of stake storagc, an 
cxperimcnt was ca rried o ut a t M'vuazi using three cassava variet ies: 02864, 
a sta ndard variety improved by the lnstitut Nat ional po ur l'Etude et la 
Reserche Agronomique (1 N ERA); Mpelo lo ngi, a local variety la rgely 
cult iva ted by the pcasant s; a nd A56, a new variety from PRONAM. 
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Cassava stems 1 m in length originating from these variet ies were sto red in 
vertical positions in a moist soil for 15, 30, 45, 60, 75, and 90 da ys. At 
planting time, these stems were cut into stakes 25 cm long. This experiment 
also included fresh material so that comparisons between stored and 
unstored stakes could be made. 

The sprouting percentage was no t generally affected by the first 30 
storage days (97.3-100% ), and the varieties 02864 and Mpelolongi 
maintained a high germination rate (approximately 98% ) right up to the 
45th day (Figure 1). However , from the 60th to the 90th sto rage day 
sprouting was considerably reduced for all three varieties. 

100 

90 

40 

--02864 

\ \ 
\ . 
\ \ 
1 • 

\ \ 
\ \ 
1 • 

\ \ 
1 • 

\ \ 
1 • 

\ \ ' . 
\ \ 

" ' ' ' " .... 

Srorage rime (days) 

------ A56 -·-· - Mpelolongi 

Figure 1. Effect of storage u me on sprouting percentage of stakes. 
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Plant height at 120 days after p la nting va ried from an average o f 103.2 
cm at O storage to an average of 88.1 cm at 45 storage days, whereas a 
stro ng height reduction was observed fro m the 60th to the 90th sto rage 
da y: an average of 79 .9 cm toan average o f 47.7 cm, respectivel y (Figure 2). 
The effect of storage lcngth o n the number of leaves at 120 days after 
planting varied from one variety to another. Storage over 15 days greatl y 
reduced leaf number o n va riety 02864, while A 56 and Mpelo lo ngi sho wed 
a fairl y steady decline in leaf number as storage length increased ( Figure 3). 

Fresh root yie ld also was affec ted by the length of stake sto rage (Table 
4). An app reciable yield reduction was observed after the 30th day of 
storage ( 13.8% reductio n) to the 90th da y (39.3% ). The root number per 
plant was similarly affected by sto rage length (Table 5) . 
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Figure 2. l:.ffect of storage lime on plant height 1!0 days after plantmg. 
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Figure 3. l:.ffecr of storoge rime on number of leoves 120 doys ofrer plonring. 

Table 4. Effcct of stake ~toragc period on yicld of three clones. 

Sto ragc penad Yield (t/ha) Average lossa 

(da~s) 021!64 Mpelolong1 A 56 Mea n (f ¡ ) 

o 16.1 12.!! 23.0 17.3 o 
15 16.0 12.3 2 1. ~ 16.7 3.4 
30 13.7 l l.!l 19.3 14.9 I.U! 
4 5 JJ.O 1 1.4 19.4 14.6 15.6 
60 12.4 7.6 1 1;.4 IH 26.0 
75 10.0 7.5 I !U 1 1.9 31.2 
90 10. 1 6.5 15.0 10.5 39.3 

Mean I J.O 9.9 19.3 
so 2.4 2.6 2.5 

a. Ü\<r 1hr« clones. 
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Tablc 5. Effect of s torage period on root number of three clones. 

Storage pcn od Root no./plant Average l o~sa 

( da~5 ) 02864 Mpclolongt A 56 Mean ( <:{ ) 

o 8.4 7.3 9.1 !!.3 o 
15 7.6 6.8 8.3 7.5 9.6 

30 H 6.8 !! .4 7.6 8.4 

45 6.4 4 .6 6.!! 5.9 28.9 

60 6.4 4 .6 5.8 5.6 32.5 

75 5.!! 5.3 5.0 5.3 36. 1 

90 52 H 5.0 4.6 44 .6 

Mean 6.1S 5.6 6.9 

SD 1. 1 1.3 1.6 

a . Ü\C'r three clones. 

Mosaic disease 

A study was carried o ut with cassava varie ty Coll45 (very susceptible to 
mosa ic) to establish the re la tionship o f the levels o f mosaic infectio n to 
germ ina tio n a nd growth . Stakes were o bta ined fro m plants in classes 1 ,·2, 
3, 4 . a nd 5 o f the disease infect io n ( 1 = no sympto m a nd 5 = severe 
dis to rt ion a nd reduccd leaf size ). P lant ing was d o ne a ta spacing o f 1 x 1 m 
in Mpa lakid i (sandy so il) in a co mple te rando mi zed b lock design 
replicated fo ur times; each expe ri mental plo t received 54 cutt ings . 

The ra te o f germina ti o n was recorded 15 da ys a fte r planting while the 
seve rity a nd incidence o f the disease, and the number of lea ves carrying the 
d isease, were recorded 3 and 6 mo nths after plant ing. 

Preliminary resu lts (Ta ble 6) showed tha t germina tion is not affected by 
the d isease. The incidence a nd seve rity o f the d isease 3 months and 6 
mo nths after planti ng was higher in s ta kes fro m highly infected pla nts than 
in sta kes from p lants sho wing no sympto ms. C lass 1 s takes a lso had less 
leaves showing diseasc as co mpa red to s ta kes fro m the highest classes of 
sever ity after bo th 3 and 6 mo nths (Figure 4 ). The he ight a nd d iameter o f 
plants were a lso ad verse ly affected by the severity o f infectio n in the 
mo ther p lant (Ta ble 7). 

Anthracnose disease 

A stud y was conduc ted to investigate the possibi lity o f e limina t ing 
an th racnose d isease simply by selecting clean , healthy plan ting ma te rial. 
T wo cassava va rie ties ( Mpelo lo ngi a nd 02864) were used . Sta kes were 
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Tablc 6. Effect of mosaic infection level in mother plants on germination of stakes, and 
incidence and sever ity of the disease. 

CMD severity of 

mother plant 

1 
2 
3 
4 

5 

lOO -

90 -
80 -

~ 

~ 
70 -~ 

" .>< 

~ 
60 --e: 

., 
" > 50 -"' .S! 
'O 

" ;:¡ 40 1-
·'-' 

< 
30 1-

20 ~ 

10 ~ 

Germination (% ) 

15 days 

94.0 
93.0 
89 .0 
95.0 
92.0 

'"1111 

:-1111.1. 

2 

Sevcrity at 

3 months 6 mo nths 

2.0 1.9 
2.7 2.8 
3. 1 3. 1 
3.5 3.8 
3.6 4 .0 

-
~ 

¡¡¡·¡¡_¡1 

3 4 

C MD seve rit y class of mother plants 

lncidence (%)al 

3 months 6 months 

80 68 
88 95 

100 100 
100 100 
l OO 100 

-

5 

CJ 3 mo nths after planting r:;:;:;:;:) 6 mo nths after planting 

Figure 4. Effect of mosoic infection leve/ in mother plonrs on mosaic-affected leo ves in stokes. 
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Table 7. Effect or mosaic infection level in mother plants on stake vigor 6 months after 
planling. 

CMD severity or Stake height Stake diameter (cm) 
mother plant (m) at 15 cm from soil 

1 2.2 3.0 
2 2.3 3.0 
3 1.6 2.8 
4 1.6 1.9 
5 1.5 1.8 

obtained from plants without anthracnose cankers (class 1 ), those with few 
cankers (classes 2 and 3), and those with many cankers (classes 4 to 4.5). 
Planting was done in a randomized complete block experiment containing 
four replications. At 3, 6, and 9 months after planting, scoring for 
anthracnose infection was made . The results showed that the disease 
increased from 3 months to 9 months after planting in all the treatments, 
including stakes from plants without anthracnose. However, there were no 
significant differences among the treatments. The findings suggest that 
using materials free of anthracnose for propagation cannot preclude new 
infection of the disease. This indica tes that insect feeding (Pseudotheraptus 
devastus) may be the most important factor in the evolution of anthracnose. 

Multiplication and distribution of clones 

In Zaire, the multiplication of improved clones for seed is carried out 
through cooperating agencies. These agencies are visited regularly by a 
team ofpathologists and entomologists from PRONAM, who check on the 
cleanliness of the plants being produced for seed . Once the seed has been 
multiplied, it is scored for diseases and then tested in demonstration plots 
against local varieties. The emphasis is on producing two or three top 
varieties. 

Multiplication procedures include fertilization and frequent weeding. 
Weeding is done both manually and chemically. Varietal mixtures of 
off-types are rogued out, as are plants with mosaic disease, and extremely 
vigorous examinations take place to screen for freedom from plant pests. 

Planting material is distributed in various ways (Table 8). It is 
encouraging to note the increase in the quantity distributed for exper
imental trials, demonstration on farmers' plots, and PRONAM's multipli
cation plots in 1982 compared to 1981. 
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Table 8. Distribution of planting material. 

Kind of distribution 

By sale 

For experimental tria ls, farmers' 
demonstra tion plots, a nd PRONAM's 
multiplication plots 

Free d istribution to sma ll farmers 
a nd interested agencies 

Total 

1981 

110,250 

24,200 

8,500 

142,950 

215 

Meters of stakes 

1982 Total 

39,500 149,750 

115,450 139,650 

8,000 16,500 

162,950 305,900 

Table 9. Cooperating agencies involved in multiplying improved clones. 

Demonstrations with PRONAM Multiplication of 
clones on fa rmers' plots improved clones (ha) 

Project 1981-82 1982-83 1983-84 1982-83 1983-84 

PNE-FAO 21 55 50 5 
Project Agricole 18 50 4 5 

(French-aided) 
Salvation Army 18 25 4 
1 ta lo-Za iro is 5 1oa 
O XFAM 4 5 
Church gro ups 2 JO 
Priva te fa rmers 3 3 6 12 

a. The goal is 1000 ha in 2-3 years. 

Area and agencies involved 

At the M'vuazi research stati on in Bas-Zaire in 198 1-82, 34.5 ha of 
improved clones were planted fo r seed and 14.5 ha of ra tooned crops were 
grown . In the following year, the a mount of improved clo nes increased to 
37.7 ha and the amount of ratooned crop decreased to 11.0 ha. This 
multipl ication was carried out through two cooperating agencies: Groupe 
Economique Rurale (GER) and the Romanian Aid Project (ZAI ROM). 
However, the projects of both agencies were disbanded in 1982. 

Work began in 1975 at Kiyaka, in Bandundu, and within a short time 
there were 16-1 7 ha under improved clones for seed . However, this stat ion 
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had difficulties in retaining trained manpower, and the project was 
stopped. In 1982-83 it was reactivated and at present there are four 
improved clones being produced for seed on 40 ha . The research station at 
Gandajika currently has 18 ha of improved clones. 

It can be seen from these examples that the problems with multiplication 
of improved clones in Zaire are being overcome and improvements are 
being made. Table 9 lists cooperating agencies that are active in 
multiplying improved clones and through which the number of hectares 
may be increased in the future. 
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Introduction 

Seed Production in Sweet Potato, 
Yam, and Cocoyam at l iTA 

M. N. Alvarez and S. K. Hahn, 
JITA , /hadan, Nigeria 

The Root and Tuber lmprovement Program at liT A has as its main 
objectives: ( 1) to improve yield and quality characteristics of cassava, 
yams, sweet potatoes, and cocoyams , including disease resistance and 
storage ability; and (2) to provide seeds from various regions to national 
programs for selection. This paper describes the process of seed production 
for sweet potato, yam, and cocoyam (cassava is excluded) as practiced at 
liT A in lbadan. In contrast with sweet potato, it is only recen ti y that ya m 
and cocoyam seed production has been intensified and problems are yet to 
be adequately researched. 

Sweet Potato 

At liT A, the peak flowering period of most sweet potato lines is during 
the periods ofshort days ( 11.7 hours) and the lowest minimum temperature 
( 1 0-15°C) in the months of December-February, which is also the peak dry 
season in this area (Figure 1). During this period , most ofthe seeds from 
hand crosses and cross-pollinations are produced. Similar trends have 
been observed in many other areas where sweet potato seeds are produced. 

Selected parent plants are either planted in isolation for seed production 
or in seed nurseries, where crosses are made. These nurseries are 
maintained by overhead irrigation. Desirable sweet potato lines which 
flower very sparsely or do not flower naturally in field conditions are 
grafted onto Ipomaea serosa or Brazilian morning glory and subjected to 
short days of 9 hours . The practice of grafting in combination with 
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Figure l. Phenology of sweet pota/O flowering at /lTA, lbadan. 

short-day treatment for fl ower induction in sweet potato is a regular 
practice in Japan (Shikta, 1982). Hand-crossing is done on all grafted 
plants, the best time for pollination being between 7:00 a. m. and 
mid-morning. 

Seed set varies among the lines. Under conditions ofno hand pollination 
and no irrigation during the flowering season, sorne lines gave· three times 
as much seed as others. This .variation in seed set can be attributed to many 
factors su eh as insect activi ty, flowers per plant, flowers successfully 
pollinated , ovule abortion, and attractiveness of the line to the pollinator. 

At 1 ITA, poli en transfer is primarily done by honey be es although other 
insects such as flies are frequent visitors to flowers. Bee activity is highest at 
mid-morning but they ha ve been observed as early as 7:00 a.m. and up to 
the time when fl owers ha ve faded. U p to 13 different insects ha ve been 
observed pollinating sweet potato flowers (Thibodeaux et al. , 1977). 

Sorne cultural practices to increase seed yield include planting healthy, 
virus-free material , reducing severe damage by sweet potato weevils during 
the long dry season, tra ining the vines on trellises or stakes, regular weed 
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control, and irrigation, particular) y at the permanent crossing plot where 
many hand-crosses are made. Super-optimal nitrogen levels and high 
moisture encourage excessive top growth and can depress seed yields. Care 
should be taken to ensure that developed dry capsules are harvested 
regularly before the capsules fall. 

When measures are taken against drought stress and attack on stems 
and lea ves by sweet potato weevils and other pests, thousands ofseeds can 
be produced each season . The seeds produced are enough for use at liT A 
and for distribution to many national programs. 

Yam 

Dioscorea rotundata (white yam), D. afata (cluster yam), and D. dume
torum (cluster yam), all flower and set seeds at liT A. Flowering in these 
yams starts in June, with most male lines flowering first. Female plants 
flower 2-4 weeks later in white and cluster yams. Peak flowering occurs in 
August-September for all except D. afata. The water yams begin to flower 
in August-September and show the same flowering pattern as the other 
yams, with males flowering first. 

The floral morphology of white yams has been described by Sadik and 
Okereke ( 1975) and A k o roda ( 1981 ). All the other yams discussed are 
generally dioecious with similar floral biology. The staminate florets are 
sessile and borne on spikes subtended by small bracts with a variable 
number offlorets per raceme. Simila rly, the pistillate flowers are borne on 
axillary spikes with the sepa ls and petals lobed above the ovary. 

When the florets on a raceme are mature, the raceme will usually 
maintain viable ovules for a period of 5-14 days, depending on the number 
offlorets on the raceme and to sorne extent, the temperature. There may be 
2-7 florets that open per day per raceme. The effective pollination period 
which results in fertilization is still being studied. 

The number of insect species visi ting the flowers is small. The 
predominant ones are the thrips (Larothrips dentipes). Their peak activity 
is usually during the hottest time of the da y when most flowers are open . 
The highest number of thrips per floret was observed in August. As a 
measure of the activity of these insects, the mean number of thrips 
observed per open flower for each species is shown in Table l . The 
effectiveness of the insect visit is reflected in percent fruit set per raceme, 
assuming that after an effective pollination, there is a negligible probability 
offactors inhibit ing fruit set. The thrips appeared to prefer D. dumetorum 
flowers , which are highly pubescent. These flowers received more insect 
visits, with a resulting higher percentage of frui t set. 
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Table l. O ccurrencc or thrips (Larothnps dentipes) and fruit set on yams (Dioscorea spp). 

Mean frull 
Thrips set/ raceme 

Spec1es Sex per floret (% ) 

D. dumetorum M ale 0 .24 
D. dumetorum Female 0.23 91.2 

D. rotunda/a M a le 0.20 
D. rotunda/a Female 0.15 44.2 

D. alota M ale 0 . 14 
D. alota Femalea 2 1.4 

a. Adequale samples were no1 obse/\ ed for D. aloto fema les. 

In 1982, the early onset of the dry sea son, the high temperature of 32°C, 
the dry winds during the fl oweri ng months of November and December, 
and the delayed flowering of females in D. afata may all ha ve been factors 
contributing to the very poor seed set relative to 1981 . Fe mal e flowers were 
sparse and synchronization was poor. Controlling the flowering time of D. 
afata lines is necessary to ensure that pollen is available throughout the 
flowering period of the females. Staggering of planting dates, mulching, 
and provision of moisture ha ve been the techniques used. 

Female plants bearing capsu1es are a llowed to dry and turn brown 
before ha rvesting. Harvested frui ts are placed in cloth bags and dried 
further in the sun before cleaning. After the seeds are released from the 
dehisced capsules , they are cleaned by rubbing off the leathery wings and 
then stored in seed envelopes. Although a capsule has the potential for 
producing six seeds, the average seed number produced is four. Most seeds 
produced are from open pollination with a range of2-38 g of clean seed per 
plan t. Clean seeds weigh about 0.07-0.09 g per 100 seeds and occupy about 
2 mi. 

The seeds ha ve a short dormancy period of 3 months and once this has 
been overcome, they will readily germinate (Sadik and Okereke, 1975). 

Coco y a m 

The process of seed production in cocoyams (Xanrhosoma sagittifolium 
and Colocasia esculenta) starts with the growing of mother p1ants from 
corms or cormels to the three or five leaf stage in the field and then 
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pro-gibbing them with 15,000 ppm gibberellic acid (GA) using the method 
described by previous workers (Aiamu and McDavid, 1978; Wilson, 1979 
a nd 1980). In a second method , plants are rapidly multiplied in a seed bed 
and pro-gibbed at the one or two leafstage wi th 1000 ppm GA befare being 
transplanted to the fie ld. In a third method, plants are left in the field 
during the dry season and the first leaves appearing at the beginning of 
each rainy season are pro-gibbed. 

The necessity of controlling the flowering time of individuallines entails 
the use of gibberellic acid for floral induction since flowering is infrequent. 
All field-grown plants that were pro-gibbed produced normal flowers 
65-120 days after treatment. Plants that were pro-gibbed in seed beds had 
two phases of flowering: an early phase with only a few flowers and a 
second phase with an increased number offlowers. The advantages of early 
gibberellic acid treatment will be studied further. 

The nature of the X. sagitli/ofium inflorescence, where the spathe is 
tightly wrapped around the spadix with a very viscous and sticky stigmatic 
exudate on the recepti ve pistillate portian, makes insect pollination very 
unlikely. In order to obtain seeds, manual pollination is necessary. Most 
crosses are made between mid-morning and early afternoon. E ven though 
the flowers are protogynous, flowers to be cross-pollinated are emasculated 
on the da y of pollination, which is usually l-2 days befo repollen shed. The 
techniques ha ve been described by Volin and Zettler( 1976}, Wilson ( 1979), 
and Jos et a l. ( 1980). 

Ripe fruits, which are soft and usually light green to yellow, are 
harvested 30-70 days after pollination. The seeds are extracted by crushing 
the heads, and are then washed out into a container of water to facilitate 
the separation of the seeds from the fruit pulp. Following this , they are 
air-dried on filter paper, and the remaining pulp or fragments and the 
poorest quality seeds are removed. Crosses among lines of Xanthosoma 
and fertile Colocasia at liT A and the Cameroon National Root Crop 
Research Institute have resulted in thousands of seeds for use in the 
breeding program and for distribution. 

The use of gibberellic acid for flower induction and seed production in 
cocoyams has greatly influenced the seed yield in this crop. However, it is 
possible that natural fl owering could occur in particular environments, as 
has been reported from Dominica (Pattanjalidial, personal communica
tion), and in particular varieties, as has been reported by Volin and Zettler 
(1976). Some seedling lines from crosses made in Cameroon have also 
flowered naturally. 
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ConcJusions 

It is clear that there has been progress in seed production ofthese crops 
due to the efforts ofthe many scientists and breeders who ha ve worked on 
them . However , there is cont inued need for superior cultivars with disease 
resistan ce. Beca use of the narrow germplasm base in sorne of these crops, 
new plant explorations to collect species are needed. 

1 ITA 's strategy in fulfi lling its responsibility for crop improvement is to 
generate improved genotypes and introduce them to national programs, 
predominantly as true seeds, but also in tissue culture form. The systems 
described and employed at liT A ha ve given satisfactory results for seed 
production in all these root crops except D. a lata . Ways of stabilizing seed 
production in yams will receive special attention in the future along with 
efforts that are, at present, underway to investigate methods of improving 
seed production and quality generally. 
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• The tropical root and tuber crops are normally propagated asex
ually. They are generally easy to propagate; however,rates of multiplica
tion are low and storage of propagules is difficult. In addition, the 
propagating material is often an effective carrier of diseases a nd pests. 

• In arder to set up a successful seed cert ification or rapid propagation 
program it is necessary to define the varieties or cultivars to be used. This 
does not mean that a new cult ivar must be released; many traditional 
cultivars show a yield decrease with t ime that can be renovated using a 
variety of techniques ranging fro m simple visual selection to highly 
sophisticated treatment. H owever, when new varieties are to be released , it 
is imporiant to involve fa rmers in the final stages of selection a nd 
evaluation to ensure that they do not reject the variety after considerable 
time, effort , a nd expense have been devoted to its propagation . The 
performance of the 'best ' variety in a multilocation uniform yield tria! is 
often used to select the variety to be rapidly propagated. A preferable 
practice is to select and multiply th e best var.iety for each locality, ra ther 
than a good average one. 

• Once a variety has been selected it must be propagated. Extremely 
si mple propagation techniques can be highly effective in many cases; more 
sophisticated techniques can further improve their effectiveness. Tech
niques such as in vit!O micropropagation are normally thought of as being 
highl y sophisticated , requiring well-equipped laboratories and trained 
staff. Although this m ay be true for certain aspects of micropropagation, it 
must be emphasized that these techniques can also be effectively used a t the 
vi llage leve!. Mai ntenance of varieta l purity is important in any propaga
tion scheme; however, it may be difficult to visual! y assess varietal purity 
with micropropagation techniques, and extra attention to its maintenance 
may be required. 

• At present , most research to evaluate the efficiency of various 
techniques for the production of pathogen-free material or the reduction 
of infection levels is directed towards highly sophisticated techniques. 
Little is known about the efficiency of Sl!Ch techniques as visual selection 
over a number of generations. Virologists a nd pathologists in general 
should pay more a ttention to evalua tion of these more mundane methods 
of reducing infection levels in propagation material. 

• In order to produce high-qua lity propagation ma terial, it is 
advisable to set up special production plots. In general these should be 
isola ted from commercial production zones o r fields, and should be 
located in a reas that a llow reasonable propagation rates and low 
degeneration rates of planting material. The isolation may be in geo-
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graphically disrinct regions, as often occurs in the case of seed potato 
production, or it may be in isolated fields on a farm where commercial 
production takes place . When the seed production zone is far from the 
commercial production area, it is possible that importan! disease symp
toms in the latter area may not appear in the former. Hence, visual 
selection for disease-free plants may be ineffective. Research is required to 
determine not only how to produce high-.quality planting material but also 
which sites are optimal for propagation. 

• The final phases of propagation may be done in farmers ' fields, with 
rapid propagation techniques being u sed for the earlier stages of multipli
cation. In crops with a very slow rate of propagation (e.g., yams) rapid 
propagation may be required right up to the stage when the material is 
planted by farmers; whereas in crops with a faster multiplication rate, 
rapid propagation is o nly required to produce basic seed stocks. When 
these are being built up, o r whenever field propagation is practiced, the use 
of positive selection of healthy, high-yielding plants (rather than negative 
selection or roguing) is strongly recommended . 

e Storage is an extremely importan! part of any pro pagation scheme. 
Both the methods and the length ofstorage can ha ve marked effects on the 
subsequent establishment and productivity of the crop. M uch attention is 
placed o n elimination o r reduction of disease and pest levels during 
propagation; however, little attention is paid to reducing their spread 
during storage, which m ay be very rapid. Many storage methods exist; one 
that is effective, inexpensive, and often overlooked is the use of live plants 
in the field. This method is pa rticularly appropriate when the propagating 
material (e.g., sweet po tato vines) is extremely perishable. Where the 
propagating material is d ifferent from tha t used for commercial produc
tion (e.g., cassava sta kes}, losses of quality are generally considered more 
important than losses of quantity in storage. However, if more care and 
attention is given to the production of high-quality certified planting 
material, it will acquire more commercial value, and losses in quantity will 
become relatively more important. 

• Little is known at present about the manner in which different 
environmental conditions during the growth of the mother plants affect 
the subsequent growth and development of the progeny. Furthermore, the 
impact of differing le veis of seed quality on production is poorly defined. 
This ma kes it difficult to define adequate seed regulations. Frequently 
these are copied from sorne other crop with completely different charac
teristics. Regula tions for seed certification must be designed for the specific 
crop in quest ion and must also fit in with local requirements and 
capabili t ies. 
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• In o rder to increase the use of good quality seed , it is first necessary 
to make farmers aware of its advantages, and then to st imulate th em to 
cooperate . For without their cooperation, programs aimed at reducing 
pathogen levels are likely to fail , and government support for the seed 
programs will not be promoted. 
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