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Introduction

In the mid-1980s, Lynam (1987) carried out a
series of socioeconomic studies of the cassava
sector in Latin America and Asia, analyzing
historic trends (up to 1985) in production,
processing, marketing, consumption, and trade.
On that basis the author assessed the crop’s
potential for utilization in the future. Those
studies reached the following conclusions:

1. The decline in consumption of fresh
cassava in Latin America has resulted
principally from urbanization. In urban
areas high marketing costs have increased
the price of cassava relative to that of grain
staples. Consumption of fresh cassava has a
positive income elasticity and is expected to
grow modestly. New technology for
conserving fresh cassava is likely to reduce
marketing costs and accelerate this growth.

2. Where human consumption of processed
cassava has declined, this has probably
resuited from government subsidies on
competing cereals. The trend is already
being reversed, however, as subsidies are
removed, 50 demand for processed cassava
is expected to grow. Such products will
continue 1o provide an important source of
inexpensive calories for the poor.

3. Increasing production of starch, much of it
used in varicus foods, is expected 1o raise
the demand for cassava, especially in Asia.

4. There is an increasing demand for dried |
cassava as animal feed, chiefly for domestic
use in Latin America and for both domestic
use and export in Asia.

5. Asia’s market for cassava has already
expanded to the point where production is
not keeping up with demand.

Based on these observations, Lynam
concluded that “cassava is indeed a crop whose
time has come.”

Since 1985 cassava supply, demand, and
utilization have changed considerably in many

countries and regions. So have patterns in the
trade of cassava-based products. Moreover,
much new information is available now, for
example, from the Collaborative Study on
Cassava in Africa (COSCA), which was
conducted in the early 1990s,

The objective of this study is to assess global
cassava trends over the last 10 years (1986-
1995} but in less detai! and less extensively than
did Lynam. To provide a basis for making
future projections, we identify the most
significant trends and offer explanations for
them. The study alse identifies and quantifies
global and regional constraints in the cassava
sector. This information should help the staff of
organizations involved in research and
development, including private companies, o
better understand both the dynamics of the
cassava sector and its major challenges. It also
provides them useful reference information on
the crop in general.

Annex 1 presents data on cassava production,
area, yields, and annual growth rates, by
continent and selected countries, for 1961-1995.

World Cassava Trends

Global aggregated data, though not altogether
reliable, indicate that world cassava production
continued to increase over the last decade. As
shown in Figure |, however, it grew at a slower
pace (1.9%) than in 1961-1986 (2.6%). During
this earlier period. the cassava growth rate
exceeded that for population in developing
countries, whereas during the last decade it was
fower. Since 1985 world production has
increased by more than 30 million tons,
reaching a record of 154 million tons in 1993,

The increase has differed from on¢ continent
to another. In the early 1980s, Africa accounted
for 40% of production, Latin America 24%, and
Asia 36%. But by 1994 these proportions had
changed to 48, 20, and 32%, respectively,
indicating significant growth in Africa’s
production (see the map showing global
distribution of cassava area in Annex 2).



The increase in world production over the last
decade was achieved mainly through expansion
of area at an annual rate of 1.8% (Figure 2).
Rates of growth in average yield have dropped,
partially because of adverse climatic conditions,
especially in Latin America and Africa (FAQ,
1994a). In 1994 Asia had the highest average
yield at 13 t/ha, followed by Latin America with
11.5 tand Africa 7.7 1.
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Figure 1. World cassava production and annuai growth
rates, 19611995,
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Figure 2. World cassava area, yield, and growth rites,
1961-1495.

Latin America

Trends in Latin America are heavily

influenced by Brazil, which contributes 77% of
the region’s cassava production. Qver the last
decade, production remained relatively constant,
with slight yearly flucuations (Figures 3 and 4).
There were stmilar fluctuations in area, while
yiekt was fairly stable. Yields recovered from
their ali-time low in 1983 but were reduced
significantly by a 3-year drought at the

beginning of the 1990s in northeastern Brazil
(Figure 5). Growing conditions are expected 10
improve beyond 1995. However, the country's
cassava area will expand slowly due to a lack of
planting material, especially in the Northeast
(FAO, 1994a).

Cassava utilization in Latin America has
begun to show important changes in the last
decade. The overall trend is toward processed
products and animal feed. In addition, the
absolute volume and relative share of cassava
going to starch production is increasing.

In Brazil yields vary significantly. In the
semiarid northeastern states, they fluctuate
between 4 and 10 t/ha, while in the South
average vields are 20-25 t/ha. Three major
factors account for the difference, First,
edafoclimatic conditions in the South are more
favorable than in the Northeast. Second, cassava’
farms are larger and the production system more
intensive in the South. And third, strengthening
demand for roots to produce industrial and
fermented cagsava starch (“sour” starch) induces
farmers 1o adopt improved production
technologies.

Changes in cassava utilization in Brazil are
evident from increases in the share used for
starch and anima! feed (Figure 6). This
phenomenon is most pronounced in the southern
and southeastern states;*i.e., Parani, Sio Paulo,
Minas Gerais, and Santa Catarina. In addition,
since the late 1980s, cassava chipping for animal
feed has been established through the

-t o G.30%
~ L I R .. L, o wta .
K ,“" * 5,4?;‘ ".A . ¥ <)
-
'i
2 20
10 10
B oo a4 e 42 = - Y
& &5 i) hi e -3 20 s
Yasar

Acurow: KO, FADETAT 1006

Figure 3. Cassava production and annual growth rates m
Latin America, 1961-1995.



development of small-farmer cooperatives in
the state of Ceari (Ospina et al.. 1994). In the
northeastern states, starch is a by-product of
farinha processing, so only minor quantities are
produced. In these states, farinha is still the
traditional cassava product, representing more
than 75% of cassava utilization.
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Figuré 4.. . Cassava area, yield, and annual growth rates in
Latin America, 1961-1995.
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Figure 5. Cassava area. vield, and growth rates in Brazil,
1961-1995.
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Figure 6.  Trends in domestic utilization of cassava in
Brazil, 1980 and 1994,

Colombia stands out as an exception to the
overall trends in Latin America. During the Jast
decade, yield has increased at an annual rate of
2.1% and area at 2.6%, generating an annual
growth raw of 4.7% in production (Figures 7
and 8). These increases have occurred mainly on
the seasonally dry north coast, the country’s
traditional cassava-growing area. Despiie a
2-year drought and widespread incidence of
cassava bacterial blight, improved production
technologies, including improved varieties, have
kept productivity on the rise. Similarly,
improved cassava utilization and
market improvements have reduced price
fluctuations and boosted the expansion of area
{Henry et al., 1994).

The consumption of fresh roots still represents
the major form of cassava utilization (70.5%) in
Colombia (Figure 9). However, the processing
of fermented and industrial starch and cassava
chipping and drying have significantly increased
during the last decade. To a large extent, the
processing of sour starch is expanding in the
departments of Cauca and Valle del Cauca,
while the production of industrial starch is
increasing chiefly in the north coast region. In
the traditional cassava areas of the Atlantic
coast, cassava chipping and drying have
expanded since the mid-1980s as a result of the
development of small cassava processing
organizations, which have penetrated new
markets and adopted new processing
technologies (Henry and Gotiret, 1993).
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Figure 7. Cassava production and annual growth rates in
Colombia, 1961-1995,
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Figure 8 Cassava area, yietd. and annual growth rates in
Colombia. 1961-1993.
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Figure 9. Trends in cassava milization in Colombia
during the 1980s and j990s.

Asia

This continent occupies second place

{50 million tons) in terms of global cassava
production and first place in yield (13 t/ha).
From the early 1960s to the mid-1980s, Asia
saw a strong expansion in cassava production
(4.8%), as indicated in Figure 10. This was
stimulated mainly by opportunities to export
cassava chips and pellets to the European Union
(EU). The main exporters have been Thailand
and, 1o a lesser extent, Indonesia. Currently,
these countries account for 75% of Asian
production and 90-95% of export volumes.
Nevertheless, the early high rate of growth has
not been sustained during the last decade, with
the expansion in production slowing to almest
0.27%. Previously, production growth was
based almost equally on vield and area
increases. But in the past 10 years, yield
improvement has been the main driving force,
though at a much slower rate than before
{Figure 11).

During 1961-1986, cassava area in Thailand
increased from a mere 100,000 ha to 1.1 million
hectares at an annual growth rate of 13%,
providing 40% of Asian production {Figure 12).
Although cassava area expanded at a similar
pace until the end of the 1980s, it gradually
decreased at the beginning of the 1990s, and the
annual growth rate over the last decade has been
negative. The earlier dramatic increase in
production was based almost entirely on area
expansion and very little on improved
productivity. Moreover, during the 1960s
average vields were higher than they are
currently,

There are three main reasons for this. First,
the Thai cassava boom was based on a single
cassava variety, Rayong 1. Introduction of
improved higher yielding varieties began at the
end of the 1980s (Henry et al., 1954b). Second,
cassava area expanded in the Northeast where
soils are less fertile. Third, repeated cassava
plantings on the same land has gradually
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Figure 16, Cassava producuon and annual growth rates in
Asia, 1961-1995,
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Figure 11, Cassava area. yield. and annual growth rales m
Asia, 1961-1995.
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Figure 12, Cassava area, yield, and annual growth rutes in
Thailand, 1961-1995.

reduced yields. Fertilizer use and subsequent
productivity response have mirrored the price
paid for roots by the processing industry.

During the 1980s and at the beginning of the
1990s, three additonal factors affected cassava
productivity and plantings. First, EU
export-quota restrictions led to
government-induced schemes for cassava
substitution,’ whereby more fertile cassava areas
were planted to rubber, maize, and other crops.
Second, strong industry-led economic growth
pushed cassava production onto more marginal
areas, with lower opportunity costs. Third,
eroding chip and pellet prices in the EU put
further pressure on root prices, reducing cassava
farm revenues and lowering fertilizer use
(Henry et al., 1994¢). However, it is expected
that with the increased adoption of improved
cassava varieties(such as Rayong 3, 60, 90, and
5, Kasetsart 50, and Sri RachalV
productivity will improve (Henry et al., 1994b).

! Under the Agriculroral Production Sysism Resmuctring
Programme (APSRP), farmers have received
encossragemen and financial assistance to reduce cassava
plantings by a projecied 1 million rai (152,000 hay and 0
switch 10 more remunerative praducts, such as rubber,
fruiss. maire, Sowers, vegerables, and livestock (FAD,
1994a).

2 As Klakhaeng et. al. {1995) indwcate, sovernment
expendinures on the multiplcauon and distribution of
tassava varietios has significantly increased. This and the
avaiabtlity of good varieties from Thai scienvsts (who have
maore in the pipeline) increass the potenual for raising
productivity i the future. Moreover, Thailand's cassava
processing industry is playing 3 significam role as an
altiernauve agent of technology wansfer dwough vaniery
multphication and diffusion (Heary et al., 1994b),

Cassava utilization in Thailand is changing on
two fronts: product and market diversification.
In 1982 cassava chips and pellets represented
88% of total cassava utilization. But by 1992
this share had decreased to 70% . Most of the
difference went to cassava starch, which
represented 12% in 1982 but had increased its
share t0 28% by 1992. In addition, the
proportion of native starch that is further
processed into modified starch has increased.

Thailand’s market mix has undergone
significant changes as well. During the 1970s
the EU was the principal market for exported
chips and pellets, and very little cassava was
consumed domestically. With the signing of the
Voluniary Cassava Export Agreement berween
Thailand and the EU in 1982, pressure was put
on Thai exporters to open new non-European
markets. They penetrated traditional feed grain
markets in a number of countries by selling
cassava pellets at up to 30% below the price
paid under the EU quota. It is estimated that the
share of cassava pellet exports to the EU has
decreased from 98% in 1982 to 67% in 1992
(TTTA, various issues). The domestic market,
principally for starch, now absorbs 14% of wtal
cassava supplies, up from 3.5% in 1982.

Thailand’s cassava sector depends almost
entirély on export opportunities, and only a
fraction of production is used domestically. The
cassava sector in Indonesia seems to have just
the opposite orientation. The country is a more
traditional cassava producer {Bottema and
Henry, 1992), where domestic utlization
accounts for most of the demand (Henry et al.,
1994¢). During the 1960s and 1970s, cassava
production increased slightly (Figure 13} based
on vield increases, with a contraction of the area
planted (Figure 14). Since the mid-1980s,
however, cassava area has expanded (1 %), and
productivity has increased slightly (0.4%),
giving an annual production growth rate of
1.4%. Increasing demand for cassava starch,
fueled by a strong economy and rising incomes,
and the adoption of improved cassava varieties
in areas supplying starch factories account
mainly for the growth in production (Dimyati,
1993).
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From 1978 to 1987, the share of products for
direct human consumption increased from 52%
1o 64%. Meanwhile, the exportation of chips
increased from 7.6% t0 9.2%. and the share of
starch and flour used for further processing
decreased from 34% to 26 % (Damardjati et al.,
1991, Lynam, 1987}, These shifts imply that
human consumption of traditional cassava
products increased during that period. More
recently, the use of starch and flour has
diversified, with increasing volumes of cassava
flour being produced for the food industry and
for further processing of native starch into
modified starches (Henry et al., 1994c).

Although Vietnam and China possess only
about 5% of Asia’s total cassava area, these
countries merit special attention because of their
dynamic cassava markets, Both countries began
to open up their economies in the {ate 1980s,
with major effects on the cassava sector. Elastic
domestic and international markets for starch
have attracted strong ingerest in cassava
processing, which in turn has boosted the
demand for roots at the farm level. As a
consequence, on-farm cassava utilization has
evolved toward the sale of fresh cassava or dried
chips to processing factories (Binh er al., 1992;
Henry et al., 1994¢). There has also beena
tendency toward larger scale processing and
more advanced technology, with strong evidence
of product diversification toward modified
starches (Ha et al,, 1994 Henry and Howeler,
1993). Reflecting these political and economic
changes, the cassava area in Vietnam has
reversed its strong downward trend and
currently shows signs of expansion (Figure 15).

India presents a somewhat different picture.
Since the mid-1970s cassava area has steadily
contracted. During the last decade, this occurred
at an annual rate of more than -2.4%. However,
the decline in area has been entirely offset by
continuing increases in productivity (at a rate of
3.4%). Thus, India can still boast of having the
world’s highest average yield at 22.5 vha
{1993). Area has decreased mainly as a result of
eroding market demand. The use of cassava for
direct human consumption has contracted,
mainly because of changing economic conditions

and eating habits and preferences, but the
demand for sago and starch has strengthened.
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Figure 13. Cassava production and annual growth rates in
indonesiz, 1961-1995.
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Figure 14, Cassava axia, yield, and annual growth rates in
Indonesia, 1961-1995.
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Figure 15. Cassava area. yield. and annual growth raes in
Vietnam, {961-1995.

Africa

The Food and Agriculture Organization (FAO}
is the main source of statistics on cassava
production in Africa. Dorosh (1989), Sarma and



Kunichai (1989), and Nweke (1994a) have all
noted that FAQ’s cassava data may in some
cases be too high or low by 30% (Dorosh,
1989). But despite their inaccuracy, these data
are useful, especially for analyzing trends over
time.

In Africa cassava supplies have grown at an
annual rate of 3.8% over the last decade
(Figures 16 and 17), compared to 2.5% during
1961-1986. In the latter period, area expansion
and yield improvement contributed almost
equally to growth in cassava production. But
gver the last decade, area expansion has
accounted for 84 % of the production increase.

According to FAQ statistics, cassava yield in
Africa during 1991-1993 fluctuated around
8.3 v/ha. However, Nweke (1994a) argues that
cassava yields in the COSCA countries averaged
12 vha in 1991-1992, based on surveys in 275
representative villages. The same surveys show
that cassava production is increasing in about
70% of the sample, replacing mainly fallow
{40%) and pastures and crops (58%) (Nweke,
1994). The principal reason for the production
increases are insufficient food supplies as a
result of drought (30%), demographic pressure
(25%), and improved markets (20%). The-
results also show that cassava production is
increasing more in areas with a subhumid
climate than in those with a dry climate and
more at low altitudes than at mid- or high
altimdes. This primary information is consistent
with FAQ data regarding the expansion of
cassava area in most regions, but it differs
considerably with respect 1o yields,

Nigeria and Zaire together account for 56% of
Africa’s total cassava production. During the
last decade, production has grown at an annuaj
rate of around 9.3% in Nigeria, up from 2%
during 1961-1984, However, this has been due
entirely to area expansion. Cassava yields
flucruated significantly over the last decade
between 9.5 and 12 t/ha. Trends in Zaire
present a somewhat different picture. There the
annual rate of growth in production over the last
decade has resulted from 0.07% in area
expansion and 1.4% in yield improvement.

Cassava yield appears to have improved only
marginally in Africa during the last 10 years.
Nweke (1994a) observes that in Nigeria farmers
grow improved varieties on 60% of the cassava
area in the humid zones and on 40% in the
nronhumid zones. He further reports that
improved varieties yield substantially more than
local varieties under a wide range of climatic
and other conditions. Polson and Spencer (1992)
have made similar observations. FAQ (1992)
reports yield increases in Nigeria as a result of
increased use of “high-yielding and
pesi-resisiant varieties.”

Lynam (1991}, on the other hand, states that
yields have increased, not 50 much through the
adoption of improved crop technologies, but
because of other shifts in crop management.
Similarly, Ky (personal communication, 1992)
argues that in Nigeria cassava yields have
improved largely because cassava is increasingly
grown on more fertile yam plots and as a result
of an influx of new traditional varieties brought
by migrating populations. Thus, there is
evidence suggesting that improved technologies
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Figure 16. Cassavz production and annual growth rates in
Africa, 1961-1995.
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Figure 17. Cassava area, yield, and annual growth rates in
Africa, 1961-1995.



are being adopted and that yields are increasing
in some regions of Africa. But, oddly, we see
littie indication of sustainable yield increases at
the country level.

This contradiction may be explained partly by
recurring adverse climatic conditions, i.e.,
prolonged droughts in many parts of Africa,
aggravated by major infestations of green mite
and outbreaks of mosaic virus {especially in
Malawi, Tanzania, Uganda, and Zaire), which
have reduced productivity significantly.
Moreover, civil strife has had a disastrous effect
on yields in Angola, Burundi, Liberia,
Mozambique, and Rwanda (FAQ, 1992; 1994a).
Thus, despite increased adoption of improved
technologies, other factors have created strong
pressures that depress productivity,

Based on FAO data for 1980-1984, Dorosh
{1989) estimated that ahout 50% of cassava
production in Africa was being processed, while
38% was destined for direct human consumption
without processing. Results of the COSCA
survey show that cassava processing currently
absorbs 70% of supplies (Nweke, 19943},
suggesting that the share going to processing has
increased by 30% over the last decade. This
increase may be exaggerated, however, because
of incompatibility between the two data series
compared. Even so, Lynarn (1991} also noted
the trend toward increased volumes of processed
product and argued that root crops, including
cassava, are gradually being transformed from a
subsistence to a market orientation.

Rapid urbanization and relative improvement
of market channels dre important factors in this
development (Lynam, 1991). Processing tends
to predominate more in isolated areas than in
those close to markets. The introduction of
improved processing technology, such as the
partial mechanization of garf making, has also
contributed to increased volumes of processed
cassava. COSCA data and overall production
trends suggest a strong demand for (raditional
cassava products. The production of fresh roots,
pastes, and granules shows a significant
increasing trend, while production of dried
pieces and flours is decreasing (Nweke, 1994b).

10

Government policies, both direct and indirect,
have had a significant impact on cassava area,
supplies, prices, and consumption during the last
decade. Several African countries have
emphasized domestic food self-sufficiency
through various policies. In Zaire and Nigeria,
restrictions on cereal imports have been in force
for several years. Other countries have at times
lified controls on domestic cereal prices, making
cassava more competitive. On the other hand, in
Cote d’Ivoire, real cereal prices fell in the early
1990s due to large imports, which made people
switch from cassava products to bread and rice.
Most of these policies affect the price of cassava
products relative to cereals and prompt changes
in demand, consumption, and area rather than
yield improvement.

The Dynamics of Cassava
Product Markets

As is evident from world trends, the dynamics
of the cassava sector vary considerably between
continents and even between different areas
within a single country. The major forces
behind the changes in this sector arise not so
much from supply as from the demand for
particular cassava products. Through a derailed
analysis of the most important products, we
provide a basis for discussion of furure trends.

Fresh Roots for Human Consumption

Human consumption of fresh roots accounts for
a major share of cassava utilization in Latin
America. Most tropical countries in the region,
except Brazil, have traditionally counted on
fresh cassava as a source of dictary energy.
There is a general belief that roots and bers
are “inferior goods” (Pakpahan, 1988; Oventon.
1690), meaning that when incomes increase
cassava consumption decreases.

This notion has been rigorously refuted by
Sanint (1987), Lynam (1987}, and Gourgt and
Henry (1995). Using time-series data, Sanint
(1987} and Lynam (1987) show that
urbanization, rather than rising incomes, has a



negative effect on cassava consumption. Gottret
and Henry (1995) further show that income
elasticities for cassava are positive and
significant for the low- and medium-income
_groups in urban populations and are not
significantly different from zero for high-income
groups. These authors explain that the lower
levels of cassava consumption in urban than in
rurai areas is due mainly to higher marketing
margins and subsequently higher rewail prices. In
addition, Gottret and Henry {1995) have
provided data showing that, when relative
cassava prices decrease as a result of market
diversification and improved production
technologies, per capita consumption of cassava
rises (Figure 18). This suggests that the
consumption of fresh cassava in Latin America
will further increase but at a lower rate than
population growth.

In Africa the consumption of fresh cassava is
likely to decline as urbanization continues and
the sale of processed cassava products increases.
This is in line with the historical trend, which
shows the consumption of fresh cassava
decreasing over the last decade (Dorosh, 1989;
Nweke, 1994a).

In Asia fresh cassava for human consumption
has never played a large role in cassava
utilization. In countries such as China and
Vietnam, strong economic development and a
clear preference for rice as a basic staple will
further erode the small share of cassava
production consumed fresh. Only in 1sofaed
{mountainous} areas will cassava still be eaten in
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Figare 18, Prices of cassava products in Colombia
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times of rice scarcity. Even then, cassava will
most likely be consumed in the form of flour
rather than fresh roots (Henry and Howeler,
19935}, and the consumers will be mostly rural
rather than urban people.

Flours

Cassava flours come in a large vanety of forms
and are used in different ways. Currentiy, flours
are most commonly toasted for human consump-
tion. In Africa traditional cassava products, such
as gari, have an elastic demand among medium-
to high-income groups, while other products are
consummned largely by

low-income people (Nweke, 1994b). Over the
last decade, urbanization increased by only
1.6% in Africa. However, average household
expenditures are still relatively low, so cassava
consumption will still rise as income increases.
As Nweke (1994b) argues, the potential for
market expansion depends on the degree to
which the quality of the various processed
products can be improved to make them more
attractive to consumers in higher income
groups.

The 1994 devaluation of the common currency
of countries belonging 1o the CFA-franc zone in
West and Central Africa is likely 1o have a
significant effect on cassava production and
consumption. The costs of imports, especially
wheat and rice, have increased considerably,
raising the demand for cheaper alternative
sources of dietary energy, such as cassava.
Benin, Cameroon, the Central African Republic,
Congo, and Cote d’Ivoire will be most strongly
affected (FAQ, 1994). Rising cassava prices in
these countries will provide an incentive for
increased planting. Another example of policy
effects on cassava is the Nigerian government’s
1994 decision to exempt cassava and its
products from the value-added tax. Reduced
consumer prices have strengthened demand and
led to increasing consumption, which in turn has
boosted cassava plantings.

In Brazil consumption of farinha de mandioca
is higher among pooter consumers and
decreases as their incomes rise. In the Northeast



58% of the urban farinha consumers surveyed
responded that consumption has increased over
the last years, while only 14% said it had
decreased (Betancourt, 1994). In low-and
medium-income groups, farinha shows a
positive income elasticity. This situation 18
similar 1o that of fresh roots in Colombia.
Furthermore, real farm-gate and farinha retail
prices have decreased in the last decade
{Figure 19}. This would suggest that farinha
demand will continue to expand, especially in
rural and poorer urban markets.

In several countries of Asia and Latin America,
a new trend has emerged toward utilization of
high-quality cassava flour as a partial substitute
for wheat in bakery and other food products.
Damardjati et al. (1990) reported a strong
commercial interest in the utilization of cassava
flour in Java, although Dimyati {1995) notes
several barriers to flour production. Bottema
(personal communication, 1993) remarks that
wholesalers and retailers regularly “cut” wheat
with cassava flour to be sold at a lower price.
Nghiem (personal communication, 1992) reports
that in Vietnam makers of French bread have
been experimenting with cassava flour, using an
inclusion rate of up to a 40%, with good results.
Similar progress has been reported at a pilot plant
on Colombia's north coast (CIAT, 1993).

Although the volumes of cassava flour used in
the food industry are still relatively small,
interest seems to be growing. Depending on
future developments in relative wheat and cassava
prices, this potential market may strengthen.
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Chips and Pellets

On-farm chipping and drying of cassava have
been important in many Astan countries for
some time, and more recently the practice has
spread in several Latip American countries as
well. In Indonesia, Vietnam, and China, dry
chips are sold mostly as raw rnaterial for starch
processing. Dry chips constitute an important
source of raw material during the off-season for
cassava, since they can be stored for a much
longer time than fresh roots. This demand for
chips is directly related to starch demand, which
is discussed in the following section.

In China and Vietnam, a sizable portion of
cassava chips is utilized on-farm 1o feed
animals, mainly pigs. Henry and Howeler
(1995) estimated that 30-40% of cassava in
China is currently used in this manner.
However, they also argue that this share will be
further reduced as a result of strong demand for
chips by the growing starch industry.

In Indonesia 2 major share of chips produced
on-farm {gaplek) is used for human consumption
in a large variety of traditional dishes. In times
of rice scarcity (i.e.. between rice harvests),
gaplek partially substitutes for rice in rural daily
diets. There is reason to assume that this
practice will continue. Exports of gaplek. chips,
and peliets for animal feed have traditionally
amounted 1o less than 10% of woal utilizaton.
Given strong internal demand, Indonesia has
often been unable to fulfill its EU export quota,
and in future cassava exports will likely decline
in favor of increased domestic utilization,

The largest share of chips and pellets produced
in Southeast Asia, however, is destined for
export. Following recent changes inn GATT
agricultural price policies in the EU, the peliet
export market will continue to decline.® The
total volume of pellet exports from Thailand has
decreased since 1982 (Figure 20). Current
policies will further erode pellet exports. Henry
et al. (1994c) show that Thai peliet exports are
projected to decrease 34% by the vear 2001.

3 For a more demiled trearmen of this topac. see THRI
(1992),



However, the initial shock of lower EU prices
for feed grains has worn off somewhat, and
current pellet prices in Thaitand are in line with
the EU’s domestic barley prices (Figure 21).
Reduced Thai pellet exports will be offset only
slightly by an insignificant increase in domestic
pellet wilization of 276,000 t by the year 2001
(Henry et al., 1994). In order for Thai peliets
remain competitive as grain substitutes in
international markets, the cost of cassava roots
in Thailand must be below US320/t
(TDR1,1992). As shown in Figure 22, domestic
root and pellet prices in Thailand have indeed
been decreasing in real terms, although during
the last 2 years they have sirengthened again.
The achievement of further reductions in the
cost of roots is being complicated by increasing
demand from the starch industry, which can
afford 1o pay as much as 40% more for cassava
roots than can the pellet industry, given strong
starch prices (Henry et al., 1594¢).
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Figure 20. Thailand's cassava pellet and chip exports,
1982-1965.
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Bangkok, 1980-1395.

If the overall GATT philosophy of reducing
government intervention is further implemented,
cassava could become more competitive in
world markets as a substitute for feed grains in
animal rations. Doering et al. (1983) estimate
that the true or total costs of US corn have been
15-48% higher than the costs actually incurred
by US corn farmers. This does not take into
account export subsidies and PL-480 programs.
If subsidized feed grains entered world markets
at prices reflecting total costs, cassava pellets or
meal could have a cost edge, depending on the
distance to market and transport costs. Hence,
the future potential for exporting cassava peliets
depends to a Jarge extent on further reduction of
government intervention in agricultural
commodity markets as well as on progress in
further reducing the cost of cassava roots
through improved technology.

Starches

In Latin America and Asia, cassava starch
industries are expanding. In the former this
trend is evident in Brazil, Colombia, Paraguay,
Ecuador, Venezuela, and even Argentina.
Vilpoux et al. {1994) and Chuzel et al. (1994)
provide evidence that the sour, native, and
modified starch industries are expanding in
Brazil, especially in the southern and
southeastern states. This growth is principally
the result of increased demand from a wide
variety of manufacturers of foods and industrial
products, especially those near large urban



centers, such as S3¢ Paulo and Rio de Janeiro.
Preliminary results from on-going market
studies indicate a growing and sustainable
demand for domestic cassava starch, based on
market and product diversification {Vilpoux,
personal communication, 1993). However, as
indicated in Figure 23, the price for cassava
starch in Brazil is high, compared to that in
Thailand. So, Brazilian starch seems limited to
the domestic market, at least for the time being,
This market may even be endangered by cheaper
starch imported from Thailand.

In Colombia both the industrial (native) and
sour starch industries are expanding. Data
gathered in 1995 by the CIAT Cassava Program
through a Rapid Rural Appraisal in Cauca
Valley indicate that both the number of small
sour starch industries and production have
increased. Production of industrial starch in
medium-scale, fully mechanized processing
plants has expanded on the country’s north
coast. Some starch industries are currently
diversifying imo maodified starch products
{Revyes, personal communication, 1954}, These
developments indicate a strong and ircreasing
domestic demand for various cassava starches
by the expanding paper, cardboard, plywood,
textile, fast- and snack-food, and petroleum
industries.

Future developments in Thailand’s cassava
sector will also be based on starch processing.
Henry et al. {1994¢) show that projections of
cassava utilization in Thailand indicate
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production increases of 132% for domestic and
100% for export starch by the year 2001.
Although most of this expansion will take place
in native starch, modified starch is expected to
contribute a growing share of otal production.
The volume of production s being increased
through expansion of capacity in existing
factories and through construction of new
large-scale plants in northeast Thailand
(Titapiwatanakun, personal communication,
1994). Whether starch exports expand beyond
current projections depends largely on furure
developments in the trade liberalization of
countries, such as Japan, whose demand for
starch is high.

Although Thailand is clearly Asia’s leader in
the starch market, other countries, including
China and Vietnam, are also experiencing rapid
expansion in cassava starch production. In these
countries the expansion is driven primarily by
strong domestic demand. Ha et al, (1994)
observe that cagsava starch production in
Vietnam is expected (o increase by 127%

{to 200,000 t) by the end of the century. A large
part of this expansion (45%) will be based on
expected demand from manufacturers of
monosodium glutamate (MSG). In recent years
at least five foreign (Japanese, Taiwanese, and
French) MSG companies have invested in
large-scale plants in Southern Vietnam. Two

.more factories are planned for construction in

Northern Vietnam in the immediate future.

Jin and Henry (1994) and Henry and Howeler
{1995) have observed similar developments in
southern China. In Guangxi province, for
example, significant foreign (Thai, Taiwanese,
Hong Kong, and Korean) investments have been
aimed at upgrading outdated processing factories
and constructing new large-scale plants. A
strong drive toward further diversification of
cassava products is evident.* As in Vietnam,
significant demand from the domestic market
for MSG is a major factor in future market
potential. A market like Taiwan, where
consumption of MSG is high, can absorb about

4 For a more detailed report on the different cassava products
being manufactered in Chima, soe Jin and Henry (1994;



1,000 g per capita per year (ORSAN, personal depend to a large extent on the price of raw

communication, 1995). The potential annual material and on processing costs.

demand for MSG in Vietnam is estimated at 500

gm per capita. If the same assumption were Table 1 gives the costs of cassava production

made for China, a conservative but rough and the prices of processed cassava products for

estimate would place MSG production at selected countries. From this information we

600.000 t per year. Currently, most of the MSG can draw several important conclusions.

manufactured in China is based on corn starch.

However, depending on the production zone, First, production costs in Colombia, for

MSG based on cassava starch seems to be the example, are significantly higher (71%) than in

cheaper option (Jin, personal communication, Thailand (or Brazil). This is related to

1954). differences in cassava yieids and production
technologies and to a lesser extent to differences

Comparison of Product Prices in factor prices. In Colombia the generally
higher price of roots for human consumption

So far, we have discussed general trends in the {the traditional market) puts furiher upward

cassava product markets of particular regions pressure on the price of roots for the drying and

and countries. The demand for these products is starch industries.

closely related to their prices, which in mum

Table 1.  Cassava production costs, farmgate prices, and product prices in three major producing countries,

1990-1995
Cassava Farmgate price of cassava Domestic Cassava starch
production costs cassava chip price
For industrial For fresh price
use consurnption
{Average for 1990-1994, US$/MT)
Thailand 20.34 28.67 - BS.70% 233.34°
Brazil 27.80° 31.63* 128.18¢ - 357.17
Colombia 34 8% 42.20 85.30 177,77 522,95+

SOURCES: a. Center for Agricultural Statistics, Office of Agricultural Economics (OAE), various issues, 1990-1994,
b. Production costs in Brazil are for the Esiado de 830 Paulo and were taken from Informacoes Economicas,
Secretaria de Agriculiura y Abastecimiento, Coordinacion Socio-Economica, various issues, 1990-1994.
¢. Production costs are for Columbia's Atlantic coast and were estimated by CIAT economists based on
Fundiagro reports and some interviews with farmers.
d. Cenger for Agriculural Siatistics, Office of Agriculmural Economics (OAE), up to 1992, and Tapioca
Products Market Review, various issues, for 1993 and 1994,
¢. Prices are for the Estado de 53¢ Paulo and were taken from Informacoes Economicas, various issues.
f. Tolombian producer prices are for the Atlantic coast and were taken from CIAT stalistics, based on data
from JCRDP and CECORA.
g. Depantment of Commercial Economics, for 1990-1992, and Tapiova Products Market Review, various
issues, for 1993-1954.
b. Prices paid in Medeliin, Cofombia, by Solia §.A., including transport costs, 1995,
i. FOB Bangkok Prices, Thai Tapioca Trade Association, Tapioca Products Market Review, various issues,
1990-1904,
Wholesale price, CERAT/UNESP, Bowcare, Brazil, 1995.
. Placed in Cali or Medellin. information from Colombian private industry, 1995,

F alal
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Second, the ratio of starch price divided by
root price is 8.1 for Thailand, 11.2 for Brazil,
and 12.4 for Colombia. These significant
differences reflect the size and scale of the
industry and the level of technology and
infrastructure in these countries. The same point
also applies 1w differences in chip prices.

Finally, Table 1 shows who has a relative
comparative advantage in cassava production
and processing. Thailand, despite eroding
markets for cassava pellets and chips {entitely as
a result of foreign policy interventions), clearly
has a edge in cassava starch processing. To a
lesser extent so do Indonesia and China.

The Constraints of Cassava
Development

Historic trends in cassava production,
utilization, and markets are governed principally
by economic, technical, biological, and
institutional or political factors, many of which
have quite direct implications for cassava yield
and area. In this section we identify problems
ardd opportunities in cassava development at the
regional and global levels, Such information is
essential as a basis for appropriate assessment of
needs, which in turn is fundamental for
establishing a research and development agenda.
This agenda must be oriented to clients,
reflecting the constraints faced by producers,
processors, inermediaries, and consumers or
users.

To identify constraints and opportunities,
CIAT’s Cassava Program conducted a Delphi
survey’ that included the following steps:

1. Sources of informatton (or target audiences)
were identified, and two sets of
questionnaires were developed for each

A ——— e e

5 Thus type of survey has bees used in similar studies, for
sxample, by Herdt (1981) for prioritizing the research of the
Rice Biotechnology Network (Rockefeller Foundation), by
Sarma and Kuncha: (1991 for esticmanng global cassasa
yield potental (JFPRD, and by Henry {1991} for prelminary
priorizabon of cassave Diowchnology research in the
Cassava Brotechnology Network (CBN).
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level of the cassava sector. Cassava
scientists and extensionists in national
programs and international networks and
institutes (such as HTA and CIAT) were
largeted as sources of information.

The first questicnnaire, aimed at producers,
solicited estimates of the possibie yield
gains from reducing production constraints.
The units of these estimates were percent
yield gain and percentage of target area
affected, which together give an estimate of
the 1otal production improvement from
alleviating a specific constraint. The
constraints were divided into seven groups:
soil, management, intrinsic varietal traits,
climate, diseases, pests, and market aspects.
The questionnaire also requested an
estimate of potential yield with no increase
in fertilization.

The second questionnaire addressed the
constraints faced by cassava processors.
The units of measurement were percent cost
reduction, percent price premium (received
in the market), and the percent share of the
total product group. Cassava utilization was
classified according 1o various product
groups, including fresh roots, dried chips.,
flour, starch, etc.

World cassava production was divided into
five principal agroecosystems (see Table 2)
occurring in Latin America, Asia, and
Africa.® Since Asia’s tropical highlands
have little cassava production, the resuliing
matrix of continents by agroecosystems
includes 14 cells [(3x5)-1]. Global cassava
production and processing zones were
stratified according to two levels of demand
for cassava products 10 facilitate the
estimation of benefits from cassava research
and development.” Market demand was
divided into 1) traditional markets with
relative “ipelastic” demand and 2)

In this classification the difference between the subbumd
and semiarid wopics remains debarable. These rones overlap
1o 2 large extent. Some have nghtly argued that the two
environments belong 1w the single category of “lowland
seasomally dry wopics.”
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Table 2. Global cassava area, by continent and agroecology, 1993,

Climate zone Latin America Asia Africa World
% 000 ha % 000 ha % 000 ha % 000 ha

1. Lowland humid

tropics' I5 417 18 690 34 3,033 27 4.14
2. Lowland

subbumid 33 918 4] 1,604 38 3,39 38 5,912

tropics®
3. Lowland

semiarid tropics® 8 222 26 1,029 8 714 13 1,965
4. Highland

tropics’ 15 417 0 0 10 892 8 1,309
5. Subtropics’ 26 807 15 508 10 892 14 2,297

Toal 100 2,781 1] 3,921 100 8.921 100 15,623

Rainfall 2 1,000 mm; altilude < 1,000 m; dry period < 3 months {c.g., West Java, Sumatra, snd Amazon basing.

Rainfall 700-1,000 mm; altiude < 1,000 m; dry peried 3-5 months {e.g., Celombian nonh coast, portheast Brazil, and northeast Thailand}.
Rainfall < 700 mumn; aititude < 1,000 m; dry period > 5 months (e.g., Guajira, interior northeast Brazil, and Tanzania).

Altitude > 1,000 m (eg. Andean zone, central Brazil, and eastern Africa).

Latitude > 20° Nonth and South {e.g., southern Brazil, China, and southern Africa).

WA e

SOURCE: Carter et al., 1992; Caner et al., 1986; and R. Howeler from country data in Asia (1989, 1991).



diversified markets with a relative “elastic”
demand (Table 3).

4. The information gathered through the
survey was discussed by scientists at a
workshop® held from 31 August to
4 September 1993, A preliminary paper was
presented at an inernal review of the CIAT
Cassava Program in December of 1993,
during which additional comments and data
were received. The data sets resulting from
this review, together with further comments
from external experts, provided the basis
for the analysis presented in this document.

The complete set of constraint estimations
resulting from the workshop is given in
Annex 3; the data are aggregated by continent
and on a global basis’. When interpreting this
information, specifically that on pests and
diseases, one should bear in mind the following
poirts. First, since pests may not strike every
season at the same site or cause the same degree
of damage, data on this constraint are highly
dynamic. Second, it may not be appropriate to
estimate losses from a single pest species but
rather from pest complexes; therefore, you
should not simply sum the damage levels caused
by individual pests. Third, even though certain
agroecozones of continents may currently be
free of particular pests or diseases, they may
have the necessary conditions for outbreaks in
the fumre. For exampie, certain whitefly species
that are known vectors of African cassava
maosaic virus (ACMV) have been idemified in
the southern USA and Central America. There
is thus a potential threat of ACMV introduction
into South America. Because of this and simiiar

P ——

T For z more detailed discussion on stratification of worldwide
cassava markess, see Henry and Best (19937, Note that
African markets were classified as traditional, but the
demand for cassava products on this comntinent s
significandy more elastic than for wadinonal products in
Lann Amerca, for example.

%  This inernal worishop was led by an extersal consultant to
merease the impartality of the exercise,

¢ Alhough the divisien and classification of constraing is
straghtforward {ser aiso Annex 3, nese that “intrinsic
varietal trais” means the potential primary productiviry of
Cas3AvE, .
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situations, the data given here probably
underestimate losses from pesis and diseases.

Another possible shortcoming of the analysis
is that the methodology did not allow for
increases in cassava area resulting from
alleviation of a particular constraint or
combination of constraints. For example, in
Affrica the area planted to cassava in the
semiarid zone is relatively small, mainly
because of severe ark prolonged drought. If this
constraint could be reduced (e.g., through the
introduction of well-adapted, drought tolerant
germplasm), relatively large areas of the -
serniarid zones would be potentially suitable for
growing cassava (El-Sharkawy, 1993). This
would significantly expand the potential area
and strengthen the importance of cassava for
that agroecosystem. Furthermore, regarding the
postharvest constraints, we have not taken into
account explicitly the future potential of new
products and markets.

As shown in Figure 24, which indicates the
absolute and relative importance of cassava
constraints across continents, Africa’s
significantly larger cassava area, compared to
that of Asia or Latin America, results in
absolutely larger constraints. The figure also
shows that Africa accounts for more of the
relative importance of soil and management
constraints. The importance of pests and
diseases differs greatly among continents as
well. While representing a large share of the
constraints in Africa (29%), they are almost
insignificant in Asia (5%). Postharvest
constraints, on the other hand, represent 11% of
the total constraints in Africa but as much as
18% in Asia.

More significant for the purposes of cassava
research and development is the relative
importance of constrainis by agroecosystem
across continents (Figure 25). Most constraints
are far more pronounced in the humid and
subhumid tropics than in other zones. As
mentioned earlier, the distinction between these
environments is not very pronounced, and it
might be useful to combine them under the
name “seasonally dry tropics.” This
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Table 3. Cassava production areas, by agroecosystem and type of market.

Ecosystem Latin America Asia Africa
Constrained Diversified Constrained Diversified Constrained Diversified
rmarket market market market market market
(%) (%) (%) (%) (%) (%)
I. Lowland
humid 100 ‘ 0 48 52 100 0
tropics
2. Lowland
subbumid 90 10 30 gii) 100 0
tropics
3. Lowland
semiarid 160 0 10 50 100 0
tropics
4. Highland 90 10 - . 100 0
tropics
5. Subtropics 15 25 37 63 100 0
Total (%) 83 12 30 70 100 0
Total (000 ha) 2,558 222 1,176 2,744 8,922 0

SOURCE: Henry and Best, 1993.
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agroecosystem would embrace large cassava
production areas in northeastern Brazil, northern
and northeastern Thailand, and southern India.
The aggregation of humid and subhumid tropics
- would make the relative importance of their
constraints seem even more pronounced. The
constraints of the highlands and subtropics
would seem almost insignificant. This ought to
have implications for the allocation of research
and development resources by agroecosystem.

Survey data on cassava constraints in Latin
American (Figure 26) also suggest that
constraints are relatively more important in the
lowland humid and subhumid systems. In
addition, the data underscore the considerable
constraints of cassava in the subtropics. Soil and
management problems predominate across
ecosystems, together representing 43% of the
region’s cassava constraints. Pests and diseases
show moere importance in the subhumid
ecosystem than in others. Postharvest constraints
seem equally important across the humid,
sublumid and subiropical ecosystems. These
constraints include problems with product
quality and with processing and marketing,

Cassava yield potential is an estimate of what
the crop would yield if all consiraints were
alleviated or removed. For Latin America this
was estimated at 23.8 t/ha, from a 1993 base of
11.2 t/ha.

From the data on cassava constraints in Asia
(Figure 27), it is clear that pests and diseases
are relatively unimportant. Soil, management,
and intrinsic varietal constraints are the main
problems across agroecosystems. Together, they
represent 68 % of the continent’s cassava
constraints, while postharvest constraints
constitute 18%. The latter are of roughiy the
same importance as management or intrinsic
varietal constraints. Also note the importance of
soil related constraints in the semiarid system.
Yield potential in Asia is estimated at 24.1 t/ha,
from a 1993 base of 12.3 t/ha.

In Africa the lowiand humid and subhumid
tropics encompass the major cassava areas and
thus have the largest share of constraints
{Figure 28). With the exceptions of pests and
climate, which are important only in the
subhumid agroecosystem, all other constraints
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Figure 26. Constraimts of cassava in Latin America, by agroecosystem, 1993,
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Foreword

Opportunities to bring about change in
“agricuiture through technological innovation
depend on economic, sociopelitical, and
institwtional factors within agriculture itself and
in the environment with which this sector
interacts. A detailed understanding of these
factors and of their evolution provides a basis on
which to formulate development strategies and
set priorities for research. In agriculture this
research aims to provide technological
innovations that, through more efficient use of
narural and human resources, contribute to the
overall economic development of a country or
region.

International agriculwural research institutions,
such as CIAT, are in a good position to compile
and analyze data, that may not be available to
national institutions. The information we
generate should help both us and, our partners
define appropriate research strategies according
to the different socioeconomic and institutional
conditions in particular regions or countries.

This document is the result of an on-going
effort to compile reliabie information on global
sociveconomic trends in cassava production,
processing, and markets and to provide
reasonable estimates of the crop’s constraints in
different environments. We are very grateful to
all who have assisted us in this task by providing
data and advice.

Information of the sort presented here needs to
be reviewed and updaied periodically, as
circumstances change or new knowledge is
generated. For that reason we have published
this docurment in a limited edition to be shared
with our principal research partners and
collaborators. In the first instance, we hope this
publication will be useful in preparing the
Global Cassava Development Strategy, an effort
spearheaded by the International Fund for
Agricultural Development ([FAD). We aiso
hope this information will help in the planning
and priority setting of cassava research projects
within and among countries.

CIAT is working with the Food and
Agriculture Organization of the United Nations
(FAO) on a joint publication that will extend the
information presented in this document. Any
observations you have on the data presented,
particularly that related to the quantification of
global cassava constrainis, will be very useful
for improving the accuracy of the information o
be published jointly with FAO. We will
appreciative any feedback you can provide.

Rupert Best
Leader, CIAT Cassava Program
14 May 1996
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seem equally severe in both the lowland humid
and subhumid zones. Pests and diseases together
account for almost 30% of the cassava
constraints in Africa, with management
constraints representing 20%. The future yield
polential of cassava was estimated at 22.6 t/ha,
from a 1993 observed vield base of 9 t/ha.

Interestingly, the vield gap, or difference
between the observed 1993 vield and the
potential yield, averages about 12 t/ha for each
continent. There is thus similar scope worldwide
for advances in cassava research and
development.

Many scientists, especially biological
scientists, are skeptical about methodologies of
the sort used in this study to quantify
constraints. To produce accurate estimates, they
rightly argue, requires robust data, which are
sometimes difficult to obtain. Nevertheless, the
results and aggregations do lead to lively and
extremely useful discussions. Two points to bear
in mind are that 1) since constraints {especially
biotic constraints) are dynamic, their analysis
must alse be dynamic, requiring periodic
feedback and updating, and 2) the true value of
this analysis lies not in its absolute results but in
the measure it provides of the relative
importance of constraints.

To gauge the validity of the results of the
current exercise, we compared them with
similar studies in the literature, The only sudy
of similar scope to ours is that published by
Sarma and Kunchai (1991), based on a Delphi
survey'’ conducted in 1985-1986. However,
those authors estimated only potential cassava
yields (for the year 2000) by continent, Their
estimates were stratified according to two
criteria; 1) with/without improved varieties and
2} with/without fertilizer and irrigation.

™ The survey was sent o 400 bivlogical and secial scientists,
considered knowledgeable about cassava. 1n ST countries. Of
these, 153 responded. and 123 of the responses were usable
{Sarma and Kunchai. 1991, pp. 61},

" Barma and Kunchai refer 10 “nferior” smis as somumproved
cassava soils, while "opumum” sails refer 10 those mmproved
through fersilization and wrigation.
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Sarma and Kunchai estimated the global
average yieid potential of cassava in farmers'
fields at 117.7% with improved varieties on
“inferior™" soils and 203.6% with improved
varieties, “optimal” soils, and irrigation. The
present study shows a potential yield ceiling of
126.5%. from a 1993 vield base (see Annex 3).
However, this result assumes only that
fertilization remains at its “current” levels and
that drought is alleviated through new culwral
practices and varietal improvement without
irrigation.

Arguably, the comparison of these two studies
is irrelevant. However, in the absence of a
better point of reference, one can conclude that,
first, the results of the current exercise are “in
the ball park™ and, second, that these results are
probably rather conservative. Again, the value
of the results lies not so much in the absolute
numbers as in what it teils us abous the relative
importance of groups of constraints on different
continents and in different agroecosystems.

Future Trends

In the foregoing sections, we have analyzed
historic patterns in cassava production and
utilization as well as major trends in cassava
product markets. This smudy has also identified
and quantified the main constraints of cassava
worldwide. In addition, it has touched on
current and future advances and impact in
cassava research and development. We now wum

it Sarma and Kunchai adaped a model developed by the
Internarional Food Policy Research Instture (IFPRIJ 10
project supply and demand separately for cach country,
assuming the conunuation of past trends in output and per
capita income. Annual FAQ daw for the period 1961-1983
were used to caloulae vields m subsregions. Sermlogarithrc
trend growth rates were then computed for area and yield in
each subregion. These remds were eyrapolated o the vear
2004,

B The FAD projecnions ware based on the period 1968-1089
and adjusted to take nto aceoun currem research and
development programs ankd other relavant factors. Demand
for food use was projected from expected income and
population growth and income elasticimies of demand. while
trends 1n feed demand were adjusted in line with current
policies. The demand for cassava as food i Afnica was also
adjusted 10 reflecs urbanizanon effects.
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Figure 31. Observed and projected cassava area, yield, and annual growth rages in Latin Africa, 1982-2000,

to a more detailed discussion of future cassava
trends. This discussion centers on two sets of
projections of cassava production, yield, and
area, one by Sarma and Kunchai®® (1989) and
the other by FAO" (1994b). The 1982-2000
projections of annual growth rates in cassava
yield and area are presented, by continent, in
Figures 29, 30, and 31. Each figure includes the
1982-1995 observed annual growth rates,
calculated through simple regression, and Sarma
and Kunchai and FAO's projected annual
growth rates.

FAOQ’s figure on yield growth for Latin
America {(Figure 29j appears to be significantly
overestimated at 2.7%. Sarma and Kunchai, on
the other hand, seem to slightly underestimate
yield growth. One must bear in mind that
cassava vields in Brazil have been low since
1991-1992 as a result of the most severe
prolonged drought in the history of the country’s
Northeast. However, at the same time,
increased plantings on more fertile lands in
southern and central Brazil will boost future
average yields. A more realistic estimate of
yield growth would be 0.6-0.8%. Estimaied
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projections of area seem to follow the same
pattern; both are overestimated by FAO and
underestimated by Sarma and Kunchai. Given
what we have said about estimates of fumre
yield and strengthening derived demand for
roots, especially in southern Brazil, Paraguay,
and Colombia, cassava area will at least remain
constant or even expand slightly. This would
translate into a projected growth rate for area of
0-0.2%.

For Asia (Figure 30), FAO's projected vield
increase again seems overly optimistic, while
that of Sarma and Kunchai is slightly above the
historic trend. The latter is much more in line
with current trends and future expectations. The
adoption of improved cassava varieties is
gaining momentum in India, Thailand,
Indonesia, and to a lesser extent in Vietnam and
China. Moreover, the demand for roots from the
starch industry is partially replacing that from
the pellet industry, especially in Thailand.
Historic aggregate yields in Asia appear 10 have
been suppressed. On this basis, we assume a
future growth rate in yield of 0.5-0.7% . Similar
arguments hold with respect to projections of
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cassava area in Asia. Cassava plantings in
Thailand will further decline. Other Asian

" countries, however, show sufficient potential for
demand growth to force further expansion of
cassava areda, Sarma and Kunchai and FAQ's
projections seem either too optimistic or oo
pessimistic. A more realistic scenario would
show growth in area stabilizing at a rate of 0%.

For Africa (Figure 31), the FAQO’s projected
rate of growth in yield seems high, while that of
Sarma and Kunchai is somewhat conservative.,
In the past several years, yields in many African
countries have been reduced significantly by
drought, green mite, and mosaic virus. On the
other hand, improved varieties are being
adopted to some extent. Future solutions to the
two main biotic constraints will hopefully lead
o {urther yield improvement. It therefore seems
realistic to project the rate of yield increase at
0.8-1.0% per annum. As mentioned earlier,
cassava area on this continent has expanded
recently because of expected threats to food
security (such as drought and war) and as a
result of changes in government policy, which,
of course, could change in the future. It may
therefore be overly optimistic to assume a
continuation of the historic trend. A realistic
projection of Africa’s rate of area expansion
might have an upper bound of 1.7%, with a
lower bound of 1.5%.

If we translate the foregoing projections into
rates of growth in cassava production, the
following picture emerges. For Latin America
this rate would be in the range of 0.6-1.0%, for
Asia it would be 0.5-0.7%, and for Africa
2.3-2.7%. Aggregating the figures for
individual continents, we project that (to the
year 2000) global cassava production will grow
at an annual rate of 1.6-2.0%. This is somewhat
below the observed trend of 2.0% for
1986-1995.

Conclusions

From the information presented here on historic
and funure trends in the cassava sector and on its
current constraints, we draw a
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number of general conclusions. It seems
interesting and useful to formulate these in light
of Lynam’s conclusions (1987}, which were
based on an assessment of the 1961-1984 period
and which are summarized in the introduction o
this document. Revisiting Lynam’s conclusions,
we find that:

1. The decline in consumption of fresh cassava
in Latin America has been reversed, and
there is now a modest increase, especially
in Colombia. This is expected to continue in
light of lower retail prices for cassava
relative to the major substitutes. Improved
production and market technologies have
been and will be an important prerequisite
for sustaining this trend. Positive income
elasticities of fresh roots for rural and poor
urban populations will form the basis for
further growth. This is much in line with
Lynam’s earlier assessment.

2. Processed cassava for human consumption
{e.g., farinha in Brazil or garni in Nigeria)
will continue contributing importantly 10 the
daily energy intake of rural and lower- to
medium-income urban populations. Cassava
continues to piay an important role in food
security, particularly in Africa. Again,
positive income elasticities for the
above-mentioned income groups will make
the demand for processed cagsava
sustainable following population and income
growth. The demand for processed products
will suffer less than that for fresh cassava as
urbanization increases. However, the
quality of processed products will have to
be improved to ensure accepiance,
especially by urban consumers. Moreaver,
in Africa improved marketing channels wili
have a positive impact on urban
consumption levels, as cassava products are
slowly transformed from a subsistence o a
market orientation. The policies of African
governments continue to have a significant
impact on the cassava sector. There seems
to be a rend in Africa toward the
substitution of expensive grain imports for
domestic cassava products, as Lynam
observed earlier in Brazil.



3.

Domestic utilization of dried cassava for
animal feed has slowly become more
important in Latin America. This trend is
reflected both in on-farm feeding and in
sales of dried cassava to feed industries.
Although feed demand is potentially large,
the actual level of growth in the utilizanon
of this product will depend on furure
developments related to imported feed
grains and on reductions in root prices made
possible by the adoption of improved
technology.

Lynam could not have anticipated the
significant impact of GATT policy changes
on Asian, and especially Thai, pellet
exports. Cassava product and market
diversification in Thailand may not fully
offset the reduction in export earnings
resulting from erosion of pellet market in
the EU. Both foreign and domestic policies
will remain key factors in the future of this
product.

Although Lynam foresaw growing demand
for cassava starch, especially in Asia, the
real strength of this trend in Asia and in
Latin America has become apparent only in

.the last couple of years. In addition 1o

Thailand, the newly opened economies of
China and Viewmnam, along with Brazil,
Colombia, and Venezuela have joined the
stampede into native and modified cassava
starch processing. To a large extent, this
development has taken pressure off the
eroding pellet markets, given that the profit
margins of cassava starch processing are
substantially higher than those of pellet
processing. The starch industry is
developing on a large scale, based on
advanced technology, at the expense of
small-scale processing, especially in Asia.
Highly elastic domestic and foreign markets
will sustain this devetopment, at least for
the intermediate future, assuming that
farmers increasingly adopt improved
technologies to maintain the cost advantage
of cassava roots over aliernative raw
materials for starch (e.g., grains and
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sugarcane). Less imerventionist government
policies in countries that import starch may
further boost the demand for this product.

5. Our analysis of constraints in the cassava
sector underscores the enormous challenges
at hand. Across three continents, the
average yield gap is roughly 12 vha. Most
of the limitations are concentrated in the
humid and subhumid agroecosystems.
Roughly 60% of the global cassava
constraints concern soil, water, and piant
management, while almost a fifth are
related to postharvest issues, such as
product quality, processing, and marketing.
The latter estimate does not take into
account the potential for product and market
diversification. A central conclusion of this
exercise is that w sustain yield
improvements and growth in supply,
postharvest issues, especially the
improvement of products and broadening of
cassava-based markets, must receive
increased global attention.

6. Future cassava production will be much in
line with historic levels over the last
de cade. The largest share of additional
cassava supplies will continue to be pro
duced in Africa, However, it is predicied
that cassava production in Latin America
will pick up slightly, while Asia’s cassava
supplies will grow at the same or a slightly
slower rate than in the last decade.
Improved yields, rather than area
expansion, will be the driving force of this
growth in Asia.

The picture of the global cassava sector
depicted in this publication confirms the ¢rop's
changing role in developing economies. In Asia
the crop has essentially completed its evolution
from a basic rural staple to a2 multiuse source of
carbohydrates. In Latin america the transition is
still under way, while in Africa this
development is still in its initial stages. The
evidence suggests that, with careful and targewed
support, cassava production can serve as a
vehicle for economic development in regions
where the crop is grown.
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Annex 1: Cassava Production, Area, Yield, Trade, and Annual Growth
Rates, by Continent and in Selected Countries

Trends in cassava production, area, and yield, by continent, 1973-1993

Continent . Production (000 MT) Area (00O ha) Yield (MT/ha)
73-715 83-85  93.93 73-75  83-85 9395 7315 83-85 9395
Africa 43,117 55,260 B1.B67 7177 7,873 9837 6.0 7.0 8.3
Asia 30,167 47,782 48,646 2,925 3,744 3712 10.3 128 13.1
Latin America 31,652 28,670 30,886 2,718 2,585 2,587 11.6 11.1 11.9
World 104,936 131,714 161,399 12,820 14,202 16,136 8.2 ¢3 100

Note; Columns may not add exactly due to rounding.

SOURCE: FAO, FAOSTAT 1996.

Annuat growth rates in cassava production, area, and yvield, by continent, 1976-1995

Continent Production Area Yield

76-85 86-95 76-85 86-95 76-85 86-95
Africa 2.6 4.1 1.3 22 1.3 1.9
Asia 3.0 0.3 1.4 0.9 1.7 1.2
Latin America 1.2 0.0 1.1 0.3 0.1 .2
World 1.8 2.0 0.8 1.0 1.0 1.0

SQURCE: Calculated from FAQ, FAOSTAT 1996.
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Annual growth rates for cassava in Africa, 1976-1995

Production (%)

Country Ares (%) Yield (%)
76-85 86-95 76-85 86-95 76-85 86-95
Nigeria 1.7 9.4 14 10.1 0.3 07
Zaire 32 1.5 25 0.1 0.7 1.4
Tanzania 43 0.8 4.5 -1.4 -0.2 2.2
Ghana 6.7 8.6 34 5.2 33 35
Mozambique 1.e 08 0.7 6.1 2.7 53
Uganda 1.0 0.0 -5.1 0.1 6.1 0.2
Madagascar 5.0 0.0 54 0.0 0.5 0.0
Angola 1.6 4.2 0.6 -16.6 1.0 12.4
Cote d'Ivore 24 2.5 2.0 4.1 0.4 -1.6
Cameroon 4.0 -4 0.7 -25.7 4.6 243
Benin 0.1 6.7 1.2 4.0 1.2 2.7
Guinea 3.1 1.1 -2.7 35 0.4 7.6
Kenya 4.0 5.8 -4.8 6.7 0.8 0.9
Congo 2.8 2.2 0.7 -1.4 2.2 L9
Central African Rep. 4.1 1.6 -1.5 1.6 33 0.0
Zambia 2.8 13.7 2.3 8.0 06 5.7
Burundi 1.2 -1.4 L7 2.5 -0.5 -3.9
Togo 1.9 1.3 8.0 4.2 -16.1 -2.9
Liberia -1.3 1.0 0.1 0.4 -1.2 0.6
Chad 6.9 -4.2 4.6 0.7 2.3 4.9
Rwanda 32 4.1 4.5 1.2 -1.3 -5.3
Niger -1.3 1.7 .3 1.6 -1.0 0.1
Gabon 1.9 -2.6 0.7 0.7 1.3 -1.8
Malawi -3.5 1.4 7.5 1.2 -11.0 0.2
Zimbabwe 5.7 5.8 2.0 6.3 37 0.5
Sierra Leone 2.5 6.0 1.6 0.3 3.1 5.7
Mali 5.4 3.7 4.4 -37.8 1.0 .1
Senegal -14.1 0.1 -13.8 56 .3 -5.7
Equatorial Guinea 1.0 1.2 2.2 -2.5 -1.2 1.2
Somalia 2.3 -1.3 28 -0.3 0.5 -1.2
Sudan 0.3 -28.8 0.1 -25.4 0.1 -3.5
Africa 2.6 4.1 1.3 2.2 1.3 1.9

SOURCE: Calculated from FAQ, FAOSTAT, 1996.



Trends in Africa’s cassava production, area, and yield, 1973-1995

Country Production (000 MT) Area (000 ha) Yield (Mt/ha)
73-75 8385 93-95 73-75 83-84  93.95 73-75 83-85 93.95
Nigeria 10,067 11,750 30,770 1,007 1,200 2,889 10.4 9.2 106
Zaire 11,345 15044 18,405 1648 2,093 2,225 6.8 7.2 8.0
Tanzania 4,477 6,854 6,670 783 673 645 48 103 104
Ghana 1,700 1,956 5,417 245 2 540 7.3 9.0 7.2
Mozambique 2,517 3183 3,661 517 540 912 5.2 58 3.7
Uganda 2,491 2,607 2,615 529 358 346 54 1.6 8.5
Madagascar 1,249 2,060 2,303 185 338 336 6.3 6.1 6.8
Angoia 1,673 1,950 1,482 480 300 260 34 39 3.6
Cote d'lvore 729 1,187 1,554 180 224 309 34 52 5.1
Cameroon 788 1,309 1,300 492 510 80 1.6 26 163
Benin 580 658 1,126 20 98 138 6.1 6.7 8.4
Guinea 604 487 918 81 10 113 7.0 7.0 7.6
Kenya 550 568 790 86 71 104 8.1 6.7 83
Congo 518 690 631 102 96 96 4.9 7.1 6.9
Central African Rep. 898 672 620 290 181 180 3.2 3.6 33
Zambia 166 210 577 53 62 115 3.1 34 5.0
Burundi 405 486 533 37 43 61 10.9 112 8.9
Togo 417 421 423 21 80 71 19.3 4.2 6.8
Liberia 251 257 383 45 45 50 5.7 59 7.5
Chad 145 273 243 46 66 73 31 39 40
Rwanda n 534 317 30 50 47 122 115 6.2
Niger 177 174 223 30 22 30 6.0 7.4 7.5
Gabon 173 252 200 34 42 40 3.0 6.0 5.0
Malawi 254 204 205 38 74 75 8.6 4.1 2.5
Zimbabwe 48 Ei 130 16 14 33 390 3.7 39
Sierra Leone 82 105 186 17 £ M 4.9 3.2 4.6
Mali 35 73 25 5 3 6.8 8.7 9.1
Senegal 120 22 66 13 7 26 40 31 25
Equatorial Guinea 47 4 47 19 25 18 2.6 2.2 2.6
Somalia 28 40 38 3 4 4 10.8 107 9.6
Sudan 121 105 8 38 41 5 34 2.7 1.7
Africa 43,117 35,262 81,867 7,177 1,873 9,837 6.0 7.0 83

Columns may not add exactly due to rounding.

SOURCE: FAOQ, FAOSTAT 1996,
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Trends in Asia’s cassava production, area and yield, 1973-1995

Country Production (000 MT) Arga (000 ha) Yield (MT/ha)
73-75 8385  93-95 73-75  B3-85 9395 73-75  B3-BS 9395
Thailand 6,334 19412 18,331 460 1,243 1,315 13.8 156 139
Indonesia 12,254 13,442 15,989 1,449 1,287 1,341 8.5 104 119
India 6,373 5,630 5,732 313 309 245 7.1 8.2 234
China 2,361 3,802 3470 194 245 230 12.2 155 15
Yietnam 1,130 2,713 2,370 153 333 214 T4 8.1 B7
Philippines 581 1,482 1,848 101 211 212 58 7.0 8.7
Malaysia 336 380 435 29 33 42 11.6 109 104
Sri Lanka C T 661 302 154 55 4 4.6 120 8.9
Cambodia 35 95 . 33 4 13 7 8.8 7.3 4.7
Laos 22 77 68 L 5 3 22.0 15.4 13.6
Myanmar 23 86 67 2 8 7 11.5 10.8 9.6
Brunei Darus 2 | l U 0 4] 8.8 89 125
Singapore 2 0 0 0 0 0 10.0 11.0 100
East Timor 12 0 0 5 0 0 2.4
Asia 30,167 47,782 48,646 2,925 3,144 3,712 10.3 128 131

Columns may not add exactly due to rounding.

SOURCE: FAQ, FAOSTAT 199%6.
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Annual growth rates for cassava in Asia, 1976-1993

Coumrg Production (%) Area (%) Yield (%)
76-85 86-95 76-85 B6-95 76-85 86-95

Thailand 7.0 0.6 6.4 0.7 0.6 0.2
Indonesia i.0 1.4 -0.8 0.9 1.8 2.3
India -1.6 2.1 -2.9 -1.3 1.3 33
China 533 0.3 24 0.1 2.8 0.4
Vietnam 1.2 2.1 0.7 -1.9 0.5 4.2
Philippines 1.8 0.5 35 .1 -1.8 0.6
Malaysia 1.0 1.6 0.2 1.8 08 -0.2
Sri Lanka 0.3 6.2 -8.6 -5.3 89 -1.9
Cambodia 2.2 -18.6 -1.8 -14.4 5.5 3.4
Laos 8.2 -3.0 9.2 2.6 -1.0 0.4
Myanmar 20.5 4.5 17.6 2.0 2.9 2.5
Brunei Darus 117 31 -12.6 0.4 0.9 4.5
Singapore -14.3 | -36.5 -14.2 -35.3 0.1 6.0
Asia 3.0 0.3 1.4 0.9 1.7 t.2

SOURCE: Calenlated from FAO, FAOSTAT 1996.
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Treads in Latin America’s cassava production, area, and vield, 1973-1985

Country Production (000 MT) Area (000 ha) Yield (MT/ha)
7375 8385 9395 73.75  83-85 93.95 73-75 83-85 9395
Brazil 25,814 22146 24,117 2,050 1,915 1,876 126 116 129
Paraguay 1,310 2,749 2,602 89 184 178 147 149 1456
Colombia 2,048 1,436 1,848 252 160 187 8.1 9.0 9.9
Bolivia 267 279 338 20 30 37 134 9.3 9.1
Peru 443 462 484 37 33 46 i20 140 105
Haiti 225 267 330 53 65 82 4.2 4.1 4.0
Venezuela 254 322 297 37 41 36 7.9 7.9 8.3
Cuba 238 337 yXN 57 77 68 4.2 4.4 4.1
Argentina 258 135 153 21 15 15 12.3 90 102
Dominican Rep. 193 111 105 38 19 18 5.1 5.8 5.8
Ecuador 377 221 77 40 22 19 %4 100 4.1
Costa Rica 11 19 68 2 5 4 5.5 38 170
Nicaragua 21 66 52 5 ] h] 42 110 104
El Saivador 16 27 45 i 2 2 160 135 225
Panama 40 34 31 5 5 & 840 6.8 5.2
Honduras 12 7 20 3 0 2 40 179 100
Jamaica 16 18 20 2 2 H 8.0 9.0 200
Guatemala 7 9 15 3 3 5 23 3.0 3.0
Suriname 2 3 4 0 0 0 6.2 65 144
Barbados 1 1 1 0 o 0 262 240 275
Mezxico 54 19 1 3 1 0 180 190 9.3
Trinidad & Tobago 5 2 I 0 0 0 123 114 1.1
Latin America 31,652 28,670 30,886 2718 2,585 2,387 1.6 111 119

Colummns may not add exactly due to rounding.

SQURCE: FAQ, FAOSTAT 199%.
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Annual growth rates for cassava in Latin America, 1976-1995

Country Production (%) Area (%) Yield (%)

76-85 86-95 76-85 86-95 76-85 86-95
Brazil -1.8 0.2 -1.5 0.3 4.3 0.5
Paraguay 6.9 4.0 7.0 2.8 0.2 -1.2
Colombia 4.3 4.7 -4.9 2.6 0.6 2.1
Bolivia 1.0 3.3 5.7 -1.6 4.6 -1.7
Peru 1.2 2.9 0.9 3.2 2.1 0.3
Haiti 1.0 1.9 1.7 2.2 0.8 0.3
Venezuela 0.8 -1.0 0.2 -1.4 0.9 0.4
Cuba 2.3 -1.1 2.3 0.4 6.0 0.6
Argentina -4 .8 0.2 -4.6 1.2 0.3 -1.1
Dominican Rep. -6.7 0.7 -9.7 -2.3 30 1.6
Ecuador -1.5 7.0 -3.8 -1.4 2.3 -5.6
Costa Rica 4.0 13.0 9.0 1.9 -5.0 20.9
Nicaragua 14.7 -3.6 1.8 -33 12.9 0.3
El Salvador 9.5 7.1 4.7 30 4.7 4.1
Panama 2.1 -1.6 0.9 2.2 3.1 -3.8
Honduras -3.2 8.2 -28.4 17.0 25.2 -8.8
Jamaica -5.1 3.2 1.4 0.1 24 3.1
Guatemala 2.6 1.1 0.8 6.9 1.8 0.2
Suriname 37 1.0 3.5 4.9 0.2 6.0
Barbados 0.7 9.4 L3 -11.2 0.6 1.7
Mexico -26.0 0.9 -22.1 -39 3.9 3.0
Trinidad & Tobago -17.5 7.9 -16.2 1.7 «1.3 0.3
Latin America -1.2 0.0 -1.1 4.3 0.1 0.2

SOURCE: Calculated from FAQ, FAOSTAT 1996.
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Trends in cassava trade, 1983-1995

Average for Average for Annual growth rate
1983-1985 1992-1994 (%)
{000 MT) (000 MT) 1985-1994
World exports 6,982 9.283 1.2
Developing Countries 6,982 9,283 1.2
Latin America 18 50 11.06
Africa 50
Asia 6,963 9.183 1.15
China 107 313 6.51
indonesia 423 1,077 8.17
Thailand 6,433 7,727 0.18
Victnam 30
World imports 7,000 9,257 0.6
Developing countries 733 2,133 11.66
Latin America {8 63 -24.85
Africa 43
Asia 663 2,030 12.06
China 303 763 11.89
South Korea 195 633 12.22
Developed countries 6,267 7,123 -1.39
North America 63 120 121
Europe 5,747 6,420 -1,31
CEE 5,530 6,397 0.67
URSS and Eastern Europe 217 20 -45.13
Other developed countries 383 563 0.23
Israel 90 70 6.89
Japan 323 477 0.17

SOURCE: FAG, Situacidn y Perspectiva de los Productos Basicos (various years).
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Annex 2: Map of World Cassava Distribution Miller Projection
each dot represents 1000 ha.




Annex 3: Cassava sector constraints results by agro-ecological region and continent

Cassava sector constraints for the Lowiland Hurnid Tropics, by continent

| AGRUECOLOGITAL ZONE LOWLAND HUMID TROFICS 1
3 GORTINENT LATIN AMERICA RSHA LAFRICA
+ SASSAVA AREA 437 HA (D60} 90 HA (GO0} 3033 MA (DUC)
AVERALE YIELD 118 THA 133 THA a7 TMA
ESTIMATED POTENTIAL VIELD 23.8 THA 2.0 THA 24 0 TiHA
CALOULATED POTENTIAL YIELD 24 7 TIHA 241 THA 215 THA
TOTAL POTEN YIELD GAINS (MT) 5398 MT {000) TASE MT (000) 38847 MT {D00)
YLD GAIN - % AREA TOTAL% TONS YLD [YLOGAIN W AREA TOTALW  TONS YLD YiDGAIN R aREA TOYAL% TONS YLD
CONSTRAINTS IAFF_AREA__AFFEC YLD GAIN GAIN (D00} [AFF AREA AFFEC YLD GAMN GAINDOG AFF AREA AFFEC YLD GAN  GAIN {000
TR 3 ki P17 w18 32 [
LEPW SO, BERTHITY 3 ] 13 1185 30 kG ] 2% i 73 33 - 1] 6 2965
B0IL EROSION 15 70 it 517 35 & 3 853 15 3% 3 .
SALINITY ] g o ] a =3
SURFALE TEMP o i+ ¥ i a3 2
MANAZEMENT 4 185t 18 1883 41 2
BUB-QPT LAND PRES 5 40 H F] 4 & 3 5 % 1058
BOOR PLANTING MATERIAL CUALITY e T2 114 838 15 3 5 458 2r ¢ 18 #5387
NARDEQUATE GPALING 16 50 3 248 I8 & & 455 & 5 3 480 |
WEEDS 6 80 0 L - F o] L] ] 734 b 80 ] Lrrd
INTRERGIE VARIETAL TRATS 20 P 27 478 21 g ;
LOW VIBLIRPOYEN YA VARIETIES % 80 2% B4 k- k] Fig 475 2% 38 Fal sa0y ¢
CLIMAYE 3 138 2 4 #+ 935
DROUGHT ] I o 1% 5] -] H %4 3 151 5] 7%
WATER LDGGING G -3 3 123 4 & i+ ] 0685
LINY WANTER TEMP PLKTY DATE ¢ [ b & o B
DISEA 15 42 3 255 4% 1874
ROGT AOT b3 28 7 ase ] 11 ] L3 o 15 3 T92
BACTERIAL BUIGHT 3 18 1 Fr4 H 6 L] 110 o] ] 12 3166
SUPEHELORGATION ] 7 0 1 [ o 1] i
AKTI ] 18 1 - 2 24 [+ A4 w0 50 5 1118
ALY ] & b & 100 <5 B59T
FROGEKIN 2t 3 ] 85 [y o a a
Loy g & b ] Q o
QTHER VIRUSMIYCOPLASMA o 2 & 4] )] 0
VEIR MOSAIL ] o & [} 0 0
i BROWN STREAK 3 o ] 1] 9 a
| LEAFSTER PATHOGENS & 100 § 248
PEETS 4 100 3 239 & 956
SPIRER MITE o [H 16 b4 2 164 10 10 1 264
MEALYBUG a 10 0 15 o 1 £ 10 L 156 |
BURROYING BUG ¢ ¢ =4 ] b 2
BURROWING BUGMEALYBUG b [+] =] & & 2]
THRIPS H 10 ¢ 10 4 [ i3 o
HORNWORM B3 E t 14 4 [ 2 [\
ANTE ] B -] ] 2 e
WHITEFLY 1 10 & |3 ] ] ] i [} =
LACEMIG & t 3 & [ 2
TERMITES & & E+] ¢ i &
SHOOT ELES 4 o g [ [ o
MAMMALIAN PESTS & 50 3 23 E 13 s L] ] 5 2 528
SCALE INBECTS & & ¢ 4 & ks g
THRALOLA PLATGHATA ¢ [ @ ! 2 % ] &
waTE SRUES E+] k] 2 g ] &
TOTAL IELD INCREASE (%} 1 538 a3 TAES 147 38842
POST HARVERT 31 1528 n 281 1% 4882
QUALITY 3% - 2% a3 ] % z ek » 50 13 3298
! PROCESSING 15 -« 4R -] e 15 & 3 Fig ] i 30 b1 1187
E PRODUCTAIRY 20 0 ] R 5] - [ 551 10 18 2 a9
- . H
E TOTAL POST HARVEST INCREASE {W 3 1325 a2 E- 2] 1% 882
E TOTAL CASSAVA SECTOR %) AL} 22 113 10350 186 43723 |
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Cagsava secior constraints for the Lowland Sub-humid Tropics, by continent

 AGROECOLOGIDAL ZUNE. LEWLAND SUB-HUMD TROPICS .

| GONTHENT LATIN AMERICA P AFRICA !

| CASBAVA AREA 915 HA DT 1804 HA I3 HA :

| AYERAGE ViBLD 1945 Tk 125 THA i WY T

| ESTIMATED POTENTIAL YEELD. 2.0 YA 250 THA i 218 THA

. CALCULATED POTENTIAL YIELD 229 THA 228 TaHA 255 TIHA

| TETAL POTENTIAL YIELD GAINS (MT) 11855 MY 000 17452 MY [000) 52423 NT 1000}

: LD GAB N % AREA  TOTAL% TONBYLD [YLOGAININ % AREA  YOTALW TONSYLD YLD GAININ % AREA TOTAL % TONS YLD

CONSTRAINTS MEE ARE& = AFPEC YLD ZAM GAIN (000 WEF AREA = AFFEC IN_GAIN (060; AFF AREA AFFEC YLD GAIS GAIN 1300

| S0l L] 2571 34 587t 3 TH82

DLW SOIL FERTRITY » &% 8 1852 25 8 7 3478 % L 20 8885

i SOIL EROSION bs) 30 10 $18 0 bi¢] 1 2095 ® 2% 3 84b

I SALINTY 1 1 [+ 1 8 g 1© H 1 170

| SURFACE TEMP 2 -4 ¢ ] o

; .

E MANAGEMENT » 3305 23 X350 29 963

! SUB-OPT LANGD PREP 12 4 w7 10 50 5 962 1€ ] 8 2034

] POOR PLANTING MATERIAL (UALIT 2% 72 ki ] 1852 45 a4 H b330 20 £ 18 3330

| INADEGUATE SPACING 18 56 5 459 10 50 H 2 % 50 5 1895

5 WEEDS 1% ® L] 828 14 40 [ 1455 18 5 ] 2543

| INTRINGHD VARIETAL TRAITS n b 23 an 20 #7480

| LOWYIELD-POTENTIAL VARIETIES %5 o 20 1838 28 o 2. an 2% 8% 2 a78g

] i

| CLIMATE 10 [ 1® +Hos W 6475 ¢

© DROUGHT 4 L 10 98 18 55 g 1908 72 % 18 5458 |

| WATER LOGRING 0 [} $ ¢ 20 15 3 117

| LOWWINTER TEMP PLNT DATE o & ] o o 0!

| DISEASES 1& 143 2 kL] -4} W !
ROAT ROY 35 ] & 757 * [ [ “» & 1 1 338

| BACTERIAL BUGHT ¢ 17 H 140 ] % 1 173 w 50 0 3590

| SUPERELONGATION 19 7 1 4 3 4 8 a

| ANTHRACHOSE 1 0 % EL 3 [ b ] 3% [ i “ 33

[ acmv o o s & e ¥ = 80 ®  sess
FROGEMN % 4 9 ® S S 9 ol
SLHY 2 o o ¢ o o
OTHER VIRUSARYCOPLASMA 2 10 o % a [ B o
VEIR ROSAK H S [ ar [ & 0 G
BROWN STREAK < o g ¢ ] [
LEAF/ETEM PATROGENS 3 E) 3 b3 3 e 3 7 3 e 3 17 -

PESTS w 1rre 3 443 34 1554

| SPIDER MITE 15 %0 ] 523 8 30 2 2 30 80 2 83

[ MEALYBUG & w0 1 w» 3 4 2 [] 1 0 8 e

i BUBROWING BUG 15 s 1 ) a 4 2 Q
BURRCAWING BUGMEAL YBUG Q 3 ] ¢ 3 LI
THRIPS £ 15 1 - [} o b g
HORKWORM % % 2 wT 2 E [ gt
ANTS a [ ] g ¢ [
WHITEFLY - % 3 k14 3 3 [ o ] S
LACEBLG [ L) 3 28 [ 3 ¢ B

| TERMITES ? 5 o ] 2 8 2 e 5 o 3 k]
SHOOT FLIES g G ] q S g,

| MAMMALIAN PESTS 9 o 8 L] 5 8% 3 #52

T SLAE INSECTS ) ] [} 15 1 144 3 - o 163

| TETACOLA PLAGIATA 2 [ ] 8 2 0

I WHITE SRUBS 9 & o ] ] ¢

£

; TOTAL POTENTIAL INCREASE {%) 28 1S o 17452 %5 57423 -

| POST HARVEST " 1181 3] 27 ® 2102

| QUALITY 3% & 14 1288 15 [ g 1732 % & 3 4238 °

i PROCESSING 15 15 z 7 e 0 s 208 15 30 N 58

| PRODUICTMKT » " 3 75 20 % 3 &7 1T 106G 1 339

{ TOTAL POST HARVEST INCREASE (%) W 147 17 3176 2 8102 |

H .

TOTAL CASSAVA SECTOR (W) 48 02 107 20028 175 28525




Cassava sector constrainis for the Semi-arid Tropics, by continent

I
| AGROECOLOGICAL ZONE isgw-zwr} TROPICS
. CONTINENT LATIN AMERICA ABIA AFRICA H
| CASRAVA AREA 222 1A (000) 1078 HA T4 A ‘
| AVERAGE YIBLD 70 THA 130 THA 80 Tk i
! ESTUNATED POTENTIAL VIELD 150 Taa 205 THA 50 T/HA .
, CALOLAATED POTENTIAL YLD 164 1A 208 T/HA 155 THA i
TOTAL POTENTIAL YIELD SAINS tMT) 2780 MY 0001 13058 MT (000] 7493 MT (000) :
. YLD GAIN IN % AREA  TOTAL % TONS YLD (YLD GAININ %AREA  TOTAL % TONS YiD YLD GAININ % AREA  TOTALS% TONS YLD E
CONSTRAINTS AFT AREA AFFEC YLD GAIN GAIN {00} [AFF AREA AFFEC YLD SAN GAINIDOY) AFE AREA AFFEC YLD GAIN GAIN 00T |
SO 35 549 [ 5752 3 1828 ¢
LOW 05, PERTILITY % 18 13 27 @ 70 Fo) 3rés n 0 19 771 ]
SOIL BROSION 25 50 i 158 19 Sa 5 ohg 10 50 B 214 .
SALINIYY [ a ] [ 6 0
SURFACE TEMP A H] o 12 LT i 100 U] 1338 1% 100 i3 643
MANAGEMENT 63 L2 W 2543 It 1756 |
SUB.OPT LAND PRER 5 # 2 3 & % 2 200 3 70 4 158
ROGR PLANTING MATERIAL QUALIT Lt 100 0 822 w 56 10 N 30 100 30 1285
INADEQUATE SPACING 5 5% b 39 S A0 2 208 & & 3 24,
WEEDS fid] &5 L] a4 W 30 & fte] B 3w L3 Rk~
INTRINSIC VARIETAL TRAITS 34 528 3 3018 “0 1971 3
LOW YIELDPOTERYIAL VARIETIES 8 1] 3% 528 &% = 3 364 L] 300 45 e 1
TLHEATE 24 313 " 207 24 638 |
DROUGHT Fiol 100 bl F3a 1% 108 5 2007 b2 ] 24 1028 |
WATER LOGGING o & ] ] ] ] \
LOWRNTER TEMP PINT DATE 0 o ] ] ¢ & l
SEABES ? L) 1 *®1 1 7 i
ROXST ROT 1 Fid 4 14 ] [ & 4
BACTERIAL BLIGHY § 10 1 ) 3 20 H 134 3 $0 “ e
SUPERELONEATION [ [} ;] g o} L
ANTHRACNOSE 4 o + 12 H 0 0 Fid 1 0 0 £ .
ACMY & ¢ 1] [+ g 80 § 231 0
FROGSKIN [ o 0 o 2 0
CoMY [ o 9 [ 3 o
CHHER VIRUSMYSOPLASMA ¢ & ¢ Q 2 ']
VEN MOSAIC 10 3% 3 LH o o g b
BROWN STREAK 0 4 [ L] b 2
| LEARSTEM PATHOGENS 2 o0 2 31 2 100 2 F ] 2 100 H 88
| PESTS Fis Lol L] 4% 1% w3
SPIDER WMTE 2 8 % 208 3 55 3 3% W% 30 3 2%
MEALYBUG ] 2% + "W 3 1 b 4 i 47 9 o]
BURRCWING BUG ¢ o o 8 ] 4
BURROWING BUGAEALYBUG 4 & 2] G a 0
THRIPE L] ;] + 1% =} 2 ] 4
HORNWORM % 8 1 g § ] g 0
ANTS H n 0 [ 9 © o 9
YAUTEELY 5 £ 3 aw 5 5 ] 33 ] 2
LACEBUG b 8 4 54 4 i 4 g
TERMITES o [ H s a 13 £ 30 k! 124 .
8HOOT FLIES o o 6 0 ] 3
| MAMMALIAN PESTS 9 [+] 43 ] [ g,
SCALE IMSECTS 4 o £ 18 4 &7 5 n 3 &3 ¢
TIPACOLA PLAGIATA & o 0 [} e e
WHITE GRUBS & [} o i} [ [
TETAL POTENTIAL INCREASE (W) 178 e 104 13958 128 493
POST HARVEST % 556 18 2475 18 7Y
b QUALITY 30 7% F£] 380 %5 50 13 1072 5 50 13 536 !
t PROCESSING 1% 5 F "7 15 n 3 o 1% 30 H 193 |
; PREDUCTMXT n 3 5 [ 3 I 20 1% 3 Ll 1@ p) 1 43 ¢
i
i
TQTAL POST MARVEST INCHEASE (%) » a9 | 1w 48 18 774 ;
TOTAL CASSAVA BECTOR %) 2% 19|, 123 1843 143 8284 |
i
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Cassava sector sonstraints for the Highiand Tropics, by continent

| AGROECOLUGICAL 2ONE MIGHUAKD TROPICS !
| CONTINENT ILATIN AMERICA iASiA LAERICA :
! CASBAVA AREA AY7 A (0003 GHA 892 RA I
| AVERAGE YIELD 0 THA THA 8.0 TiNA !
! ESTIMATED POTENTIAL YIELD. 00 THA THA 8.0 TrHA ;
CALCULATED POTENTIAL VIELD 256 TAA T 2.0 Ao i
| TGIAL POTERTIAL YIELD GAING (MTY 45 MY 160 B MY (0003 11807 MT (000
MIDGAININ % AREA TOTAL % TONSYLD YLD GAININ WAREA TOTAL% TONSYLD YLD GANIN % AREA TOTAL® TONG YLD |
| CONSTRAINTS AFF AREA  AFF LD GAKE SAIN AFE AREA AFFEC YLD QA GAIN{000) [AFE AREA AFFEC YLD GAB GAIN (000)
| s, 3% ki H £ ¢ 23 1844
| LOW SO FERTILITY k74 ) i$ g [ 9 2 5 1% w070
SN ERQSBION 28 o 5 26 o ¢ 20 40 s &7
SALINITY : o ¢ o & 1] &
SURFACE TEMP : [ c [ o [+ $
| MANAGEMENT i b2 1008 ¢ <] id 1895
i SUB-CFT LARD PREP 15 25 * 156 ¢ [ 15 -] . 8
PO PLANTING MATERIAL QGUALIT * F= H o8 4 5 * F EL: #13
NADEOUATE SPATING 10 & 5 0% ¢ = 15 ] 3 157
WEEDS 16 ] & 34 o ] w0 80 [ 187
INTRINSIC VARIETAL TRAITS % 1984 ] [} 0 A2
LOW HELD-POTENTIAL VARIETES 55 i 4 1508 [ [} 85 [ 50 283z
CLIMATE 3 ©9s [ [} 32 2284
DROUTIHT 10 %0 ] 125 1] [ 40 L] 2 28k
WATER LOGIHNG ¢ 8 ¢ ¢ & [:BH
LW VANTER TEMP PLNT DATE & & o o ] 0!
DISEASES " [ ¢ ¢ P | &4 |
ROOT AT L H [H 2 S ¢ o 3 13 i &
BACTERIAL BUGHT 12 20 2 100 G [ 0 58 B 387 |
SUPERELONGATION 2 5 8 £ o o | 0.
ANTHRACNOSE a % 2 T ] [+] 1 0 SR} 1%
E oADMY [] ] & ¢ 10 n 2 1€3
i FROGSKN L] 10 4 104 ¢ o ] b
iocomy G o v [ [+ [
j omer VIRUSMYCOPLASMA 43 b4 1 » ¢ ¢ 8 o
VEIN MOSAIC 10 ¥ H 2% ¢ < o [
[ @ROWN STREAK 0 o b ¢ 2 0 o 1
, CONCENTRIC RING LEAF SPOT w k] 3 125 ] o
| PESTS L 244 0 ¢ 23 0T
| SPIOER MUTE 2 25 1 3 - [ 20 S ® 1142 |
L OMEALYSUG ] 4 ] ] 0 5 5 57
BURRCWING BUG 2 “% F3 %5 [ ] ] o
I BURROWING BUGNEALYBUG ¢ o g G o a
THRIPE E] 2 3 L™ 0 > [+ L
| HORNWORM 5 5 i 3 [} ¢ o ¢
| ANTS ¢ |4 o ] L] [
i WMITERLY H 40 1 33 [ 0 v ¢
| LACEBUG 3 2 1 Fo. ¢ ¢ o [
! TERMITES ¢ [ & ] ) 5 z 143
L OSHOOT FLES [] o ¢ 6 8 2
| MAMMALIAN PEGTS . [ [ & [ o &
L OSCALE INSECTS ] & ¢ G E] ]
b OTIPAGOLA FLAGIATA a 0 [ ¢ © 3
i WTE GRUBS 2 H 1 2% 4 [ ' s,
1 TOTAL POTENTIAL INCREASE %} 127 5048 [ ¢ 183 11867
|
i POST HARVEST 8 L7 @ [} 7w 1r7
L QUALTY 5 % 1% 38 [} ¢ ] 50 13 g2
' PROGCESSNG 0 0 2 © & o 18 20 3 214
. PRODUCTMKT 2 1% 3 128 & -] w0 0 1 7t
'; TOTAL POST HARVEST INCREASE (% ® s | & 4 47 "y
; R
i TUTAL CAGSAVA SECTOR (W) 130 sagt i [ & 178 12784
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Cassava secior constraints for the Subtropics, by continent

© AGROECOLOGICAL ZOHE

SUBTROPICS
TONTINENT RATIN AMERICA AGIA IAFRICE
CASSAVA AREA 87 PA {03 584 HA 892 WA
| AVERAGE YIELD 140 THA 110 A 150 1A
| BSTIMATED POYENTIAL VIELD: 240 THA 300 THA 22 TMA
T CALEULATED POTENTIAL VIELD 2854 THA Z3.4 THA Fri s
L TOTAL POTENTIAL YIELD GAING tMT) 10037 MT {000) TA3E MT (GO 11004 MT (300) :
f NLOGAININ %AREER  TOTAL% TONSYLD YLD GANIN % AREA  YOTAL % TONSYRD YLD GAIN B % AREA  TOTAL% TONS YLD
: CONSTRAINTS AFF AREA AFFEL YLD GAIN GAIN (0DD) AFF AREA AFFEGC YLD GAIN QAN 000} IAFF ARESA  AFFEC. YLD GAIN _SAIN 10001
SO s 2408 4 =5 o 2587
LOW 808, FERTILITY = 80 12 ¥350 40 s o 84z 30 © 24 214t ]
S, EROSION i 50 0 1430 H 50 18 [+ 19 5 S 448 ;
BALNITY 0 ] ] 0 ] 8
SURFACE TEMP ¢ ] ] U 3 [
MARAGEMENT 2 005 ) 1736 32 2877 ¢
SUB-OPT LAND PREF 10 i3 3 b1 & 3 2 % 4 % 2 134 ¢
POOR BLANTING MATERIAL QUALIT 18 & [ ” %6 H " 21 o e 21 1848
INADEGQUATE SPACING 3 50 3 e & w0 3 84 $ 5 3 223
WEEDIS 15 ] 9 1917 wn © ] 58 15 % H [
INTRENSIC VARIETAL TRAITS ] w7 % 1588 0 1784
LOW IELD-POTENTIAL VARIETIES 1% " ¥ 1047 b2 85 4 1588 5 e 20 1784
CLIMATE ¥ ™ 1% 4058 24 2144
DROUGHT 10 0 2 20 * 3t ] -0 ® 8 24 2141
WATER LOGGING o [ ] 0 g [
LOWPENTER TEMP PLNT DATE 10 ® 5 s #H 57 0 1.3 o ¢
DHSEASES 2 Aty 3 18 7 599 ;
ROGT RGY ‘ 11 33 ] a“g 3 ¥ ¢ 4 2 3 o 5
BAETERIAL BLIGHT 17 7”7 12 303 H 7 2 158 w 50 5 was
SUPERELONGATION 5 § o p: 1 3] o ¢ 0
ANTHRACNOSE L] [ 4 Qo7 2 o a m z 40 4 2]
ACMY * 0 g g Q 5 15 k] 87
FROGSKIN ] 9 ¢ g i+ g
CoMy 0 10 1 113 ¢ b 0 c
OTHER VIRUSAFYCOPLASMA 5 1 o [ ¢ & z 5 4 9
VEIN MOSAIC ] q o & ¢ o
BROVWN STREAK ] 4 0 G 9 0
LEAF/STEM PATHOGEKS 3 @0 3 e 3 L ] 3 197 ] 106 3 bl
10 1093 2 135 14 izt
SPIDER MITE 2 n o 45 3 5 2 »w % #3 s 575
MEALYBRIG 5 n 1 113 1 0 ] 7 G 50 5 “s
| BURROWING BUG ] ] 0 3 ¢ o
| SURROMING BUGMEALYBUG 5 « 2 228 Q o 8 o
THRIPE 1 F 0 H [} 0 g ¢
HORRWORM 1 b5 3 30 2 0 a o
ANTE ] 0 ¢ 9 a o
WHITEFLY 1 b 1 113 . [ 3 a o
LACEBUG 3 18 ] 51 g 3 b 8
TERMITES 9 [ 0 ] & I
SHOOT FLIES 3 ] 2 203 0 ¢ g 0
MAMMALIAN PESTS o g g 0 g o
SCALE INSECTS ) ] 4 0 t ¢
TIPACOLA PLAGIATA ] 0 3 Y 6 8
WHITE GRUBS ] 0 0. a | 0 L
§ TOTAL POTENTIAL INCREASE IR} L 10T 113 TAM 123 11004 |
PIST HARVEST 1® 1008 n 1361 17 472 !
CUALITY 15 5 12 1356 1 25 o “ 921 25 50 13 g
PROCESSING 10 19 1 Hy | - ® 0 2 23 1% = 3 s |
PRODUCTMKY n 18 3 e |- w» % 3 197 12 % 1 8
{
TOTAL POST HARVEST INCREASE (%) 1 BO8 |~ n 384 17 1472 |
+ 1]
| TOTAL SASEAVA SECTOR %) 105 11048 34 s o 17e |
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Cassava sector constraints on a global basis

I
i

CASSAVA AREA:

AVERAGE YIELD:

ESTIMATED POTENTIAL YHELD.
CALCULATED POTENTIAL YIELD:
TOTAL POTEMTIAL YIELD GAING (MT)

10.2 THa
21.8 THHA
23.2 THIA

15623 HA {000}

202763 MT 1000)

YLD GAIN IN % AREA TOTAL% TONS YLD |

CONSTRAINIS AFF. AREA_AFFEC YLD GAIN GAIN [800)
soi 299 £7880
LOW SOIL FERTILITY 25.4 74.1 210 33678
SOit. EROSION 187 44,3 7.4 11848
SALINITY 93 1.1 0.1 1
SURFACE TEMP 15 12.3 14 2167
MANAGEMENT 28.0 48484
SUB-OPT LAND PREP. 8.4 433 s 5638
POOR PLANTING MATERIAL GUALITY i g 61.8 128 20504
INADEQUATE SPACING 77 468 as 6151
WEEDS 163 538 87 12084
INTRINSIC VARIETAL TRAITS 23.2 37091
LOW YIELD-POTENTIAL VARIETIES 218 838 232 37091
CLIMATE 128 20516
DROUGHT 204 5258 10.7 17038
WATER LOGGING 257 53 1.4 2195
LOW WINTER TEMP. PLNT DATE 170 45 08 1223
DISEASES 85 25708
ROOT ROT %S 12.3 1.9 2047
BACTERIAL BLIGHT 14.8 41.2 8.1 §742
SUPERELONGATION 72 10 0.1 114
ANTHRACNOSE 63 2.2 1.8 2848
ACMY 19.2 423 8.2 13087
FROGSKIN 0.6 14 0.3 418
oMy ’ 107 05 0.1 113
CTHER VIRUS/MYCOPLASMA 45 1.1 6.0 80
VEIN MOSAIC 85 1.1 01 113
BROWN STREAK . 18 08 0.0 14
LEAF/STEM PATHOGENS | 11 885 24 3429
PESTS 132 21102
SPIDER MITE 18.0 426 748 12538
MEALYBUG 8.7 26.% 23 3649
BURROWING BUG 129 07 0.1 144
BURRGWING BUG/MEALYRUG 6.8 2 ot 228
THRIPS - 35 22 01 125
HORNWORM 171 23 G4 816
ANTS | 14 63 0o 5
WHITEFLY A -] 287 8.3 518
LACEBUG ¥ 0 0z 380
TERMITES £4 a0 24 652
SHOOT FLIES 41 31 0.1 203
MAMMALIAN PESTS 4.7 2115 1.0 1629
BCALE INSECTS 40 6.4 03 A07
TIPACOLA PLAGIATA 13.0 0.0 6.0 5
WHITE GRUBS 117 o1 0o 28
TOTAL POTENTIAL INCREASE (%) 1285 202763
PRST HARVEST 131 30633
QUALITY 240 54.5 13.1 20830
PROCESSING 148 257 38 6008
PRODUCTMKT 183 141 23 3664
TGTAL POST HARVEST INCREASE (%) 18.1 30633
TOTAL CASSAVA SECTOR (%) 1457 223395




Cassava sector constraints by continent

CONTINENT LATIH AMERICA FE:TY AFRICA i
CASSAYA AREA 2781 HA (005 3921 Ha 2021 vA |
AVERAGE YIELD 112 THG 12.3 THA 80 THA !
ESTIRATED POTENTIAL YIELD 213 TMA FIETHA 213 TAA :
CALCULATED POTENTIAL YIELD 3.8 TA 241 THA 22.8 THA :
TETAL POTENTIAL YIELD GAINS (MT) 35064 W (900} #6301 3T D00 121368 MY (000) ;
WiD GAININ % AREA TOYAL M TONGS YLD [YLO GAININ % AREA TOTAL% TONS YLD [YiDGAN v % AREA  TOTAL % TONSYLD |
COMSTRAINTS W AREA AFFEC YLD GAIN GAIN {000] AFF AREA AFFEC YLD GAIN GAINIODO) AFF AREA AFFEC YLD GAIN SAN (000 |
SOIL. b2 B7O4 s ayoey v 208!
LOW S0IL FERTILITY 27 2] 17 5112 L+ o 22 oe 27 B4 22 17813
SOK, EROSION P 54 1t 3548 i o 10 5059 12 34 . 484 |
BALHILY 1 b o t 3 [ ¢ o i 2 ¢ 7
SURFACE TEMP 8 ] L] ] 1t .4 3 1238 190 8 b 843
MANAGEMENT % 2085 M w2 M 2T §
SUB-OPT LAND PREP & 2% 3 P s » 3 1283 L] 51 L W41 |
PO0R PLANTING MATERIAL QUALIT 29 6z 13 121 v 4 3 3958 23 88 Y
INADEDUATE SPACING ] % 4 1235 ] «F 4 18453 7 51 4 3061
WEEDS 1% ¢ 270 i 37 ¥ s 37 5 10 983 §
INTRINSIC VARIETAL TRAITS % 8033 24 tTse 2¢ 1974
LOW YIELD-POTENTIAL VARIETIES 2 7% W 8033 » ~ 24 1ass % B 24 0BT |
CLIMATE ? 30 " 5153 18 16
RROUGHT 13 < 4 81 18 ] 1 25 54 14 W §
WATER LOGGING 53 1 ] 125 ) o [ & Fl] $ 3 2072
LOW WINTER TEMF BT DATE 1 16 2 19 ] 3 1 65 ) ¢ 3 o l
DISEASES . 18 88 H LT % 23524 .
ROBY ROT 1. 20 F2d 5 1878 LY 5 8 e 14 it 2 1218
BACTERGAL, BLIGMT L 18 n $ 1858 s 19 1 253 17 £ 9 1831 ]
SUPERELONGA 7 8 ¢ 114 ] [ [ ] 0 o 0 [
ANTHRACNOSE - R g a7 3 e 2 135 o 2 7 3 2 1748 !
ACHY I Ry 4 o 0 E ' 3 o o2 72 73 18 13004 |
FROGSKIN Ji T 18 7 1 e 3 o o 0 a o 6 6
CoMY s .13 3 9 113 ES 0 o o o g ¢ 5
OTHER VIRUSMYCOPLASMA .. B 5 o - 3 0 o & z o 2 g |
VEIN MOSAIC 8 8 o 113 a8 a 6 B P @ 9 0
BHOWN STREAK 8 2 0 2 v 5 0 ¢ 2 1 o |
LEAF/STEM PATHOGENS &k -t " 3 1017 2 L] 2 1042 3 48 2 1970 |
N 3 v N
PESTS Vg 2 s 3w 0 15908 -
' SPIDER MITE . 1] 30 4 1178 -] ko & TR ¢ -] L 13 10245
MEALYBUG ate -3 k] 1 238 S 2 1] -3 PR T a 4 3398
BURRCAMNG BUG . 12 + 9 144 o > RS A - o o [
BURRCMNG BUGMEALYBUG | ¢ 5] 1 28 9 o o .8 g 9 ¢ 5
THENPE 3 12 4 125 a 0 5 o 6 ¢ ¢ ¢
HORNWORM o 18 17 2 815 8 o 0 o, 0 o b i
ANTS 1 2 4 3 8 I [ ¢ o 2 ¢ vl
WMETEFLY N 4 37 + A8 4 3 o Bl .. @ M ¢ [N
4 ¢ 1 0 9 e IR o 0 2 Q!
2 2 1] ] 2 3 M R - 3 B [ ] 1 840
SHOUT FLIES 4 17 1 203 2 0 g -ipes ¢ o ¢ 9l
MAMMALIAN FECTS 5 7 S 123 5 2 - IRy ] ; 5 4 2 1480 |
SCALE INSECTS a o g ¢ § T EREA LIRS 1= B 3 7 o s
TIPALIMA PLAGIATA # - ¢ 2 11 ¢ e 17 " a 0 & ¢
WHITE GRUBS 11 1 0 28 o o 3 H 2 0 o o
TOTAL BOTENTLAL INCREASE (%), T 5004 o aeagt| 151 121364 |
POSY HARVEST E O~ ] ) W 1@ e |
QUALITY 23 ® s 2 s WLE MW by - 28 50 B e
PROCESSING 12 FY 1 M 15 ke a1 ] 18 2% . 37 |
PRODUCTAANT 20 1 3 o = [T D > 3 S - 12 1 we
TOTAL POBT MARVEST ICREASE (% 20 7 X8 n WL 0 taand
TOTAL CASEAVA SECTOR (%) 1 s 8 s2a T T L T I
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