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Abstract

Between 1993 and 1999, new hybrid progenies of true potato seed (TPS) were adopted
by amdl-scale farmers on 3,500 hectaresin Vietnam, or about 10% of thetota potato
area. Mog adoption occurred in the Red River Ddtain northern Vietnam during the
winter crop seeson. Hybrid TPS is esimated to have increased potato yied by an average
of 6.8 t/ha, or 75%, compared with old clona varieties. Aggregate farm benefits from
TPSin Vietnam are esimated to be US $1.075 million per year. The net present va ue of
the invesment in TPS research and extenson in 1990-2010 is estimated to be between
$250,000 and $2.972 million, yidding arate of return to research of 29-42%. The most
important beneficiaries have been the nearly 100,000 rurd households that adopted TPS.
TPSis edimated to have increased net household income by US $11.06/yesr, or by 1.2%,
among adopters. New sources of improved dlond seed, such asimported potato seed
from Chinaand new improved Vietnamese varieties, may limit further diffuson of TPS
in Vietnam.

Introduction

Improving seed qudity has been akey drategy for increesing potato productivity
worldwide. Mogt efforts to improve potato seed qudity have focused on clond seed
propagation. However, snce the 1970s, the Internationd Potato Center (CIP) and other
agricultura research inditutes have dso worked to develop the practicd utilization of
true potato seed (TPS) as an dternative seed technology for farmers. TPSisthetiny
botanica seed found in the smdl, tomato-like fruits of the potato plant. The percaved
economic advantages of TPS are lower seed cost and higher yied. Using tubers for seed
diverts about 10% of the globa potato crop from food use to seed. After adding extra
production, handling, storage and other cogts, clona seed can account for 30-70% of
purchased inputs and 15-40% of the vaue of the harvested crop in developing countries
(Sadik, 1983). Moreover, in each generation that the potato plant is exposed to vird,
bacterid and other plant pathogens, these diseases can be tranamitted through the tubers
to the next generation, subsequently reducing plant hedth and yidd. Using TPSavoids
both of these limitations, since no portion of the useable harvest needs to be diverted for
seed and diseases are much less prevaent in the botanical seed compared with vegetative
propagation materid (Sadik, 1983). These factors have generated consderable interest in
TPS, epecidly for use by poor, limited-resource farmersin developing countries.

Many of the field gpplications of TPS S0 far, however, have nat lived up to this promise.
It has proven difficult to achieve qudity and efficiency in the production and handiing of
TPS. Asareault, the cost to farmers of TPSis not insubstantial and is sometimes of
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uncertain quality. Furthermore, few farmers have been able to obtain an economicaly
viable crop from TPSitsdf. Rather, TPSisusAly used to generate small seedling tubers
(<30 g/tuber) which are subsequently used as seed to produce aware potato crop.
However, this adds congderably to the cost of using TPS as a seed source. Other
disadvantages that have emerged from the use of TPSindudeinsufficient uniformity in
tuber characteridtics, ardatively long growing period and high labor requirementsin
production. In areview of economic assessments of TPSin severd devel oping countries,
Chilver et d. (1999) found that TPS provided an economicaly viable dternative to clond
seed only in cases where the qudity and productivity of clona seed were exceptiondly
low.

Despite these limitations, TPS has enjoyed some successes. In the mid 1990s, about
100,000 potato farmersin Vietnam's Red River Ddlta adopted TPS and have continued to
useit for the past severd years. Between 1993 and 1999, area planted to TPS progenies
increased to 3,500 hectares, representing about 10% of Vietnan'stota potato area. The
purpose of this study is to examine the economics of TPS utilization in the Red River
Ddta and to provide a quantitative assessment of the socid benefits and cogts of TPSin
Vietnam. In the next section of the paper, we briefly discuss the role of potato in
Vietnam's agriculturd economy and the history of TPS development in Vietnam. We
then present the results from farm surveys and on-farm trids conducted during the 1999
2000 potato season, in which we evauated the benefits and cogts of producing potatoes
from TPS progenies and various clond varieties. The third section of the paper presents
esimates of the aggregate benefits of TPS and the economic rate of return to the
investment in TPS research and extenson in Vietnam. The find section presentsa
summary of and condusions from this study.

The Potato in Vietnam’s Agricultural Economy

Potatoes were introduced to Vietnam in the late 19" Century but diid not expand to more
than afew thousand hectares until the 1970s. Currently, about 95% of potato production
in Vietnam occursin the Red River Ddlta (RRD) during the dry winter season between
November and February. In thislow lying plain (0-30 m ad) with about 580,000 hectares
of cropland, two crops of irrigated rice are grown each year: a oring crop between March
and June and an autumn crop between July and October. In the 1970s, the adoption of
hightyielding, short-duration rice varieties, especidly for the autumn crop, left 80 to 90
days in which a short-duration winter crop could be grown. When a combination of poor
rice harvests, war and internationd isolation in the late 1970s led to aworsening food
Stuation, Vietnam made amgor effort to increase winter potato production in the
agriculturd collectives of the RRD. Between 1975 and 1979, potato area expanded from
18,000 hectares to 105,000 hectares, but the lack of good quaity seed caused average
yield to fal beow 7 t/ha, of which 30 to 40% had to be kept for seed for the next year's
crop. Potato area subsequently fdll to around 30,000 hectares by the early 1980s. After
that, it gradudly increased to over 37,000 hectares by the late 1990s. Farmers used
predominantly old European cultivars that had been introduced during the early part of
the 20" Century, especialy the German variety Ackersegen, known locally as
‘Thuongtin’. Ackersegen is an early bulking variety with long seed dormancy and is
therefore suited to the RRD. Farmers could produce a crop in 80 to 90 days and store



sead in rudic conditions for nine months until the following planting (athough stor age
losses were around 40% of initid weight). However, susceptibility to viruses, bacterid
wilt and late blight diseases resulted in low yidds of only 8 to 10 t/ha

To solve the seed problem, Vietnamese potato researchers began to experiment with new
seed technologiesin the late 1970s. In the Dda Highlands in southern Vietnam, which
has about 400 hectares of potatoes, farmers adopted tissue culture and rapid
multiplication techniques to produce disease-free plantl ets and substantialy increased
yidd (Uyen and Vander Zaag, 1983). In the Red River Ddta, opentpallinated (OP)
progenies of TPS were introduced to farmers in the mid 1980s and adoption reached 700
hectares by 1987 (Table 10.1). However, poor tuber quaity and low yield caused farmers
to abandon OP TPS progeniesin subsequent years. In 1990, researchers began testing
CIP and Indian progenies of hybrid TPS. Hybrid TPS progenies were identified thet gave
reasonably good yidd, uniform qudity, were reaively early bulking and had some
resistance to late blight. The firgt hybrid TPS progenies were extended to farmersin the
1993/1994 season. By the 1997/1998 winter season, 560 hectares had been trangplanted
with hybrid TPS seedlings raised in nursery beds and 3,740 hectares had been planted
with seedling tubers harvested from a previous year. Poor westher conditions caused by
El Nifio reduced TPS areato 3,200 hectaresin 1998-1999. Area planted to TPS recovered
somewhat to 3,500 hectares in 1999-2000. TPS production is espediadly important in Thai
Binh Province, where TPS has soread to more than one-third of the province stotd
potato area. Thai Binh accounted for twothirds of dl TPS areain Vietnam in 1999-2000.
The most popular hybrid TPS progeniesin Vietnam are HPS [1/67 and 7/67, which were
officidly rdeased in Vietnam in 1998 as ‘Hong Ha2' and ‘Hong Ha 7’ respectively.
The dissemingtion of TPSin Vietnam received strong support from the agricultura
research and extension system and village cooperatives. Figure 10.1 showsthe main TPS
digribution and production sysem in the RRD. TPS is ather imported or produced

locally by Vietnamese agriculturd research indtitutions and provided to provincid
agricultural extendgon centers. The agricultural extension centers provide TPSto village
agricultural cooperatives. The cooperatives contract with farmersto produce TPS
seedlingsin nursery beds during October-November. The cooperatives then distribute the
30-day old seedlings to other farmersin the cooperative who transplant the seedlings to
produce a crop. Between 5 and 25% of the harvested tubers are sufficiently large to be
sold as ware potatoes, but most are kept by farmers or the extenson service for use as
seed for next year’ s crop. The following year, the seedling tubers are sown to produce a
ware crop, with 10 to 25% (smadl tubers) retained as seed for one additiona generation.
Few seedling tubers are kept for more than two generations.

Notwithstanding the important role of government agencies and village cooperativesin
TPS diffusion, the decison to adopt TPS restswith

the farm household. In 1981, Vietnam began to bresk up its agriculturd collectives and to
giveindividud rurd households more control over production decisons. The State

initidly contracted with individua farmers to grow specified crops a pre-established
prices (Fingdi and Xuan, 1992). In 1988, further reforms were introduced that provided
rurd households with long-term, inheritable leases to land and privatized output markets
50 that prices reflected market supply and demand. This market orientation prevailed at
the time when hybrid TPS was introduced to farmersin 1993.



Policy reformsin Vietnam's economy have wider implications for rurd farmers. Trade
and investment liberdization in other sectors of the economy led to increased economy-
wide growth, which increased demand



for farm products and created more opportunities for non-farm employment for rurd
resdents. Rura households began to supplement their agricultural incomes by taking
seasond off-farm employment, engaging in petty trade and working in rurd nonfarm
enterprises. However, the pressure to intensify agriculturd production remains strong.
The average faam szein the RRD is only 0.25 hathousehold (about 0.05 halcapita) and
permanent rurd-to-urban migration is restricted by government policy. Although family
planning subgtantialy reduced the rate of population growth in the 1980s and 1990s,
population momentum from past populaion growth islikdy to leed to afurther
deteriorationin land availability per capitain the early decades of the 21% Century.

One consaquence of the more libera economic environment isthat Vietnamese farmers
are benefiting from new sources of potato seed. In the 1990s, potato imports from China
increased subgtantiadly. Potatoes from Chinaare principaly imported as ware potatoes
but a Sgnificant share is diverted for use as seed. Tung (2000) estimated the amount of
potato seed imported from Chinaiin 1999 to be about 10,000 tonnes, dthough this may be
an underestimation since much of this trade goes unreported. In addition, some certified
seed from Europe isimported. European seed is usudly multiplied one generation
(January to March) before being used as seed for ware potato production in the winter
season. The rgpid build-up of plant diseases and short seed dormancy of European
vaidties prevents farmers from using it as seed for subsequent generations. Findly, new
clond varieties selected from CIP materia have recently been releasad in Vietnam, such
as KT-3and P-3. These varieties are well adapted to loca conditions: they bulk early,
have good seed storage characterigtics and continue to yield well after severd generations
of use. KT-3, in particular, gopears to have some resstance to viruses, which dlows
farmersto useit for severa generations without experiencing yield reductions. The new
clond varieties from China, Europe and Vietnam breeders, together with TPS, have
begun to replace Ackersegen as the dominant potato variety in the Red River Delta.
Ancther factor that will influence the availability of potato varigtiesin the RRD isthe
growth of cold storage capacity for potato seed. Chien et d. report in this volume that
cold storage capacity for potato seed increased from 20 tonnes in 1994 to 605 tonnesin
2000 and that this growth will likdly continue in coming years. With cold Sorage, it is
possible to use varigties with shorter dormancy (as sprouting can be controlled either by
temperature or chemicdly) and provide seed in better physologicd condition. This
should expand the range of potato varieties available for Vietnamese potato growers.

fitability of I

In this section, we report the results from field research conducted in the RRD during
1999-2000 to compare the productivity of dternative sources of potato seed. Farmer
surveys and onfarm trials were used to assess the productivity and profitability of TPS
seedlings, TPS seedling tubers, the predominant locad cultivar (Ackersegen), potato seed
imported from China, potato seed imported from Holland and new clond varieties
recently developed by Vietnamese agricultura research ingtitutions (KT-3 and P-3).



Farm survey data collection

Potato production and cost data were collected from farmers using two survey
ingruments. In the first survey, 24 farmers from four villages in four provinces of the
RRD were interviewed about household characteridtics, income, farming operations and
potato production. The four villages selected for this survey corresponded to the Sites
selected for ontfarm trids (described below) and are areas where TPS adoption has
occurred. The sample included the four farmers who collaborated in the on-farm trids
plus two othersin each ste who used clond seed insteed of TPS.
The second survey ingrument is a representetive sample of 120 potato farmersin eight
villages in four provinces of the RRD. The purpose of this survey was to conduct a
generd needs assessment of potato farmersin the RRD, but specific questionson TPS
and potato seed were included. In this survey, 80 farmers kept detailed farm management
records of their potato production during the 1999-2000 season. Thissurvey aso
collected data on household characteristics and income.
Together, these surveys provide data on potato crop budgets for 1999-2000 from a
representative sample of 144 farmersin the RRD. Within this sample, thereisamix of
different types of potato seed being used, indluding TPS seedlings, TPS seedling tubers,
seed from Chinaand Europe and new Vietnamese clond releases. Interestingly, few
farmersin the sample used the old locd variety Ackersagen, which was the dominant
variety in the RRD until recently. The near absence of Ackersegen from the farm sample
reflectsits rapid replacement with better sources of seed and new varietiesin the 1990s.
While agood mix of seed sources is represented in the farm survey, asngle farmer is
unlikely to use more than one or two types of seed. In fact, there is atendency for one
seed type to dominate in a particular village. Thus, comparing seed productivity solely on
the basis of the farm survey runs the risk that observed differences may be due to
individud or locdlity effects To avoid potentidly confounding factors, on-farm, farmer-
managed trids were conducted with 16 farmersin four villages. In the trids, each farmer
grew potatoes using five different seed types on a 10 m? plot (2 m? per seed type, Sngle
replication). The trials were farmer-managed in that farmers themsalves chose the
amounts of inputs to use for each seed type according to their normd practice. Yield was
measured by the authors a harvest. The five seed types used in the trids were;

TPS seedlings (from HPS 11/67 F1 true potato seed);

TPS seedling tubers (from CO seed produced from HPS 11/67 F1 true potato seed the

previous year);

Diamant (imported from Holland and replicated once the previous spring);

Ackersegen (old locd clone);

New Vietnamese clond releases (KT3) or clond seed from China (variety

nondescript), depending on which was more predominant in the particular trid Ste.

Some general findings from the survey

Farm Sze and the Size of potato plots are fairly uniform across households in the RRD.
Thisisdueto the legacy of radica land reform that collectivized farming in the 1950s
and then established equitable long-term land leases with rurd households in the 1980s.
In the farm sample, average cropland per household is 0.22 ha (0.05 halcapita) and
average cropping intengity is 2.37. These averages are very cose to those reported by



government gatistical sourcesfor the RRD as awhole (Department of Agriculture,
Forestry and Fisheries, 1999). Nearly dl land is sown to two crops of rice each year and
about 37% to athird winter crop, of which potato is the most important. Congtraints on
expanding winter crop areaiinclude poor drainage in low lying fidds of the Ddtaand
lack of good qudity potato seed. The average Size of a household potato plot was 0.036
ha (360 m2, or 1 sa0). The largest potato plot recording in the survey was 0.234 ha (6.5
sa0). Since about 37,000 ha of potatoes are currently grown in the RRD, thisimplies that
about 1 million out of atotd of 2.65 million agriculturd householdsin Vietnam's Red
River Ddta are engaged in potato production.

Potatoes are a very |abor intensve crop in the RRD. Farm management records show that
about 4,500 hours of work are devoted to one hectare of potatoes, or about Six
personghalday for the entire three-month winter cropping seeson. Thisimplies thet
potato production in the RRD provided full-time employment for more than 220,000
farm workers during the winter season. Nearly dl |abor was family labor. The seasond
off-farm migration of adult male members of rurd households means that winter
cropping is often the respongibility of femae members of the household, who dso often
retain control of the earnings from the crop.

At harved, potatoes are sorted by sze. The largest (greater than 100 g/tuber) are usudly
sold to traders, while medium and smdl tubers are used for home consumption or stored
for seed. Very smdl and damaged tubers are feed for farm animals. According to the
farm survey, about 25% of the potato crop was sold, 29% kept for home consumption,
32% fed to animas and 14% kept for seed. A large share of the harvest from TPS
seedlings was kept as seed (90%), while ardatively large portion of the harvest from
TPS seedling tubers was used for home consumption or fed to livestock due to its
relatively smdl tuber Sze.

In the farm survey, we asked farmers to estimate their net income for the previous year
from agriculturd and non-agricultura sources. For agricultural income, we derived net
income asthe totdl vaue of marketable yidd (whether sold or kept for own use) minus
the cost of purchesed inputs. Average annud net income among the sample was US
$186/capita, of which 70% was derived from agriculture and 30% from non-farm
activities. Potatoes contributed 16.3% of agricultural net income and 7.4% of tota net
income for these farm households

Potato costs of production and profitability by source of seed

The farm survey results regarding yidds, gross vaues of production, input costs and
income per hectare for each type of potato seed are shown in Table 10.2. The highest
averageyieds during the 19992000 season reported by farmersin the survey were
obtained from new Vietnamese clond varietiesKT-3 and P-3 (15.5 t/ha) and imported
European seed (15.1 t/ha). Seed from Chinayidded 14 t/ha and TPS seedling tubers
produced 13.8 t/ha. However, none of these average yidds are satigticaly different from
one another. The yidd from TPS seedlings was sgnificantly lower a 9.4 t/ha The
harvest from TPS seedlings is primarily used for seed for the next season.

The grass vaue of production depends not only on yield but tuber quality. Prices

received by farmers for their potato crop varied according to tuber Size and use. For ware
potatoes, large tubers (>100 g/tuber) received the highest market price (2000 VND/kg),



with mid-size tubers (50-100 g/tuber) prices a about 20% lower. Smdl tubers (<50
g/tuber) were generdly not sold but were either used for seed or fed to livestock. TPS
seadling tubers (the harvest from TPS seedlings), dthough generdly smal in Sze, were
priced relatively high because of their vaue as seed for next year’s crop. The harvest
from TPS seedling tubers was sold mostly as ware potatoes but received alower average
price than clond varieties because of asmadler proportion of large tubers. Taking into
account yield and market prices, the gross vaue of production was highest for new
Vietnamese clond varieties and European varieties (about 23 million VND/ha) and was
sgnificantly higher than that from Chinese varieties (18.6 million VND/ha) and from
TPS seeding tubers (16.3 million VND/ha).

The use of TPS sown into nurseries and then transplanted into potato fidds fulfilled the
promise of TPS to reduce potato seed codts subgtantiadly. To plant one hectare with TPS
seedlings required 215 m? of nursery beds sown with 119 grams of TPS. At US $800/kg
for TPS, thisamountsto only 1.4 million VND/ha for seed, compared with 3.6 million
VND/hato 7.9 million VND/hafor dond seed. The use of TPS seedlings, however,
involved sgnificantly higher labor use (5,243 hours’ha compared with 3,814 to 4,374
hourshafor clond seed). TPS seedlings require more labor particularly for nursery bed
cultivation, trangplanting and irrigation. TPS seedlings recaived higher doses of manure,
amilar quantities of chemica fertilizer and somewhat lower quantities of pesticide than
other seed types. Fungicide use was about one-third lower than most other seed types’,
which may be due to higher resstance to late blight in the TPS varieties.

Cogts for dl purchased inputs (seed, chemicd fertilizers and peticides) were highest for
farmers usng imported European seed and lowest for TPS seedlings, mainly due to
differencesin the cost of seed. Seed cogts using TPS seedling tubers were significantly
lower than seed cogts using imported seed, but comparable to seed costs usng Chinese
seed and new Vietnamese clond varieties. For dl types of seed, farmers planted 50,000
to 70,000 tubers or seedlings per hectare. However, only about 700 kg/ha of TPS seedling
tubers were required for seed due to the rdatively smdl size of the seedling tubers,
compared to about 1,400 kg/hafor clond varieties but the price of TPS seedling tuber
seed was dso relatively high so that seed codts per hectare were about the same as
Chinese seed and new Vietnamese clones. Labor and manure use and expenditures for
chemica fertilizer and pesticides were not sgnificantly different across the four seed
types, with the exception of low pesticide inputs reported for Chinese seed (see footnote
6).

‘Net income from potato production is defined as the gross vaue of production minus
the cogt of purchased inputsincluding seed, chemicd fertilizer and pesticides. Net
income is therefore the return to farm supplied inputs such asland, labor, bullock services
for land preparation, irrigation water and manure. We define ‘economic profit’ from
potato production as the gross vaue of production minus the cost of dl inputs, whether
purchased or supplied by the farm. To estimate economic profit requires that an
opportunity cost be assessed for inputs supplied by the farm. However, these opportunity
cogts can vary widdy from one farm household to another or from one village to another.

5 Pesticide expenditures on imported European clones, new local clones and TPS seedling tubers amounted to between 200,000 VND/ha
and 233,000 VND/ha, compared with 154,000 VND/ha for TPS seedlings. The exception is users of Chinese seed who reported little or
no pesticide use. The apparent low use of pesticides on plots planted with Chinese seed may not be representative of farmers in the RRD,
however. Most of these observations came from one village in the survey where average plot size was exceptionally small (only 136 m2per
plot).



For example, we found that, in some villages near Hanoi, the opportunity cogt of land,
family labor and farmyard manure tended to be relatively high due to the increased
avallaility of non-farm work and more intensve vegetable production to meet urban
demand. Prices paid for purchased inputs, on the other hand, are fairly constant across
households since these inputs are more easly traded over awide geographic area. For our
present purpose, we use a condant ‘ representative’ set of opportunity cogtsto value the
cogt of farm-supplied inputs and market prices for purchasad inputs.

Net income provides a measure of the contribution of potato production to household
livelihood, while economic profit provides a measure of the rdaive profitability of

potato production compared with dternative economic activities. Even if net incomeis
large, economic profit may be smdl or negative for aparticular kind of potato seed. In
this case, we may expect the use of thistype of seed to decline over time asfarmers
switch to more profitable dternatives. If economic profit islarge, then we may expect
this activity to increase over time as farmers respond to this more lucrative economic
opportunity.

Net income and economic profit were highest for the new Vietnamese dond varieties
and lowest for TPS. In fact, the economic profits of TPS seedlings and TPS seedling
tubers are negative, dthough net incomes from TPS are pogtive. The net income and
economic profits for potatoes grown from imported European or Chinese seed fall
between those for new Viethamese clond varieties and TPS and are both positive. These
findngsimply that potatoes are a profitable crop for farmersin the RRD and that area
planted to potatoesis likely to expand over time. Much of that growth is likely to occur
with new Vietnamese varieties since they show the largest profit.

Nevertheless, there are some factors that could change these conclusions. First, the
profitability of imported European seed may be overestimated in Table 10.2. We have
used prices paid by farmers to estimate the cost of imported seed but, in some cases, this
isubsdized by government or private schemes to promote potatoes or asss farmers. If
the full cost of usng seed from Europe were counted, its gpparent profitability would
decline. Second, if the qudity of seed imported from China could be assured, its vaue
and profitability would likely be enhanced. Farmers reported to us that Chinese seed was
highly varigble in qudity; some gave good yied but others were heavily infected with
diseases and gave low yidd. Establishing a qudity certification scheme for seed fram
China could sgnificantly improve its vaue to Vietnamese farmers. Third and most
important for TPS, the 1999-2000 winter season was not a ‘typicd’ year because
untimely rainsin October-November delayed planting. A short growing season is
epecidly detrimenta for TPS because its growing requirements are somewhat longer
than clond varieties.

In our interviews with the 24 farmers from the villages where we conducted on-farm
trids, we asked farmers to estimate the average yield in anormal year according to seed
source based on their past experiences. The yidd estimates reported in Table 10.3
confirm that 1999-2000 was particularly unfavorable for TPS. Yidd reported by farmers
and recorded in the on-farm trids in 1999-2000 were similar across seed types. Further,
yied from dond varieties in 1999-2000 was not substantidly different from *normal’
yields reported by farmers. However, yidds from TPS seedlings



and TPS seedling tubers were sgnificantly lower compared with ‘normd’ yidd. Yied
from TPS seedlings was about 2 t/ha bdow normd yidd and yidd from TPS seedling
tubers was between 2 t/hato 3.5 t/habelow normd yield.

If we use the yield estimates from anormd year insteed of the yields reported for the
1999-2000 season, the economi cs of TPS improves. The net income and economic profit
of TPS seedling tubers are comparable to those of Chinese seed and subgtantialy higher
than those of the old local clone Ackersegen (Table 10.4). Producing TPS seedlings
generates respectable net incame and about bresks even for economic profit. This should
not be surprisng since TPS seedlings are primarily a seedcrop, while production from
seedling tubers yidds a market crop. Given the economic options currently available to
farmersin the Red River Ddlta, the old locd clone Ackersegen is not economicaly
viable Although it dtill registers postive net incomein anormd year, farmers can get a
better return by dlocating farm-supplied resources to other types of potato seed or to
other economic enterprises. The most profitable potato seed choice is the new
Vietnamese variety KT-3. KT-3 has been multiplied in famers fields snce 1996 and
was officidly released as avariety in 2000. Dueto its inherently dow mulltiplication rate,
itisdill not widdy available to potato growersin the Red River Delta The high
economic profits earned from this variety suggest that adoption of KT-3 will spread
rapidly asit becomes more available to farmers.

Theresults of the farm surveys and on-farm trids comparing productivity of dternative
sources of potato seed show that when TPS first became available to farmersin the Red
River Deta, it gave asubstantia increase to farm income over the predominant variety a
that time (Ackersegen). In anormd year, TPS seedling tubersincreased yield by 6.8 t/ha,
net farm income by 5.7 million VND/haand economic profit by 4.6 million VND/ha
Even in an unfavorable year like 1999-2000, TPS preformed better than the old locd
clone. More recently, imported potato seed from China and Europe and new locd clond
vaieties have become available, further increasing the options available to farmers. Ina
norma year, TPS gppears to compete well with Chinese seed, dthough Chinese seed
outperformed TPS in 1999-2000 when untimely rains delayed planting. However, the
uncertain qudity of Chinese seed does not mean it isalessrisky choice for farmers
compared with TPS, By far the best performer, however, isthe new loca clone KT-3,
which gave yidds of nearly 20 t/hain less than 90 DAP. These findings suggest thet, in
the next few years, area planted to Ackersegen will continue to fdl, area planted to TPS
and Chinese seed may remain steady and area planted to new Vietnamese clones will
increase. Aggregate potato areain the Red River Ddtamay dso gradudly increese.
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Economics of TPS in Vietnam compared with other countries

The cogs and benefits of TPS for farmersin Vietnam differ in some important aspects
from other countries where TPS has been tried or is being used. Inthis section, we
compareyidds, costs of production and economic returns from TPSin Vietnam with
those from TPS in Indonesia and severd locationsin India, drawing upon the results
reported in Chilver et d. (1999).

One important difference istha Vietnamese farmers have been able to reduce their TPS
seeding rates below seeding rates used dsawhere (Table 10.5). Farmersin the RRD
require only about 120 grams of TPS to produce enough TPS seedlings to plant one
hectare, compared with 200 to 340 grams required in India. When Vietnamese farmers
firg adopted TPS in 1993/1994, TPS requirements were smilarly high but TPS use per
hectare was steadily reduced as Vietnamese farmers improved their management of
nursery beds and transplanting. It gppears they have achieved higher rates of seedling
surviva compared with farmers dsawhere and have thus been able to lower ther
production cogts from TPS subgtantialy (Chien et d., 2000). The quantity of seedling
tubers used in Vietnam is dso sgnificantly lower than in Indonesaand India (Table
10.6). Other input use (fertilizers and

pesticides) isdso lower in Vietnam, athough labor useis probably higher.

Another important differenceisthat normd crop yield from TPS seedlingsin Vietnam is
ubsgtantidly lower than that reported in India (Table 10.5). Yidd from TPS seedling
tubersis aso below that reported in three out of four locationsin India but higher than
yield achieved in Indonesa (Table 10.6).

One reason for the relaively low yiddsin Vietnam is the short winter growing season.
Farmersin the RRD only have 75 to 85 days between sowing TPS seedlings or seedling
tubers and harvesting the crop. In locations where more time is available to grow a crop
from TPS, farmers are able to use inputs more intengvely and achieve Sgnificantly
higher yidd.

Chilver et d. (1999) hypothesized that TPS would be an economicaly vigble dternaive
to clond seed in Stuations where TPS could achieve @t least a comparable yidd and
where clonal seed costs exceeded 22% of the gross vaue of production. In Vietnam, seed
cogts usng the old clond variety, Ackersegen, amounted to 24-29% of gross production
vaue Moreover, TPS outyielded Ackersegen by around 75%. This explains why farmers
were eager to replace Ackersegen with TPS. With new Vietnamese clond varieties and
seed from China, TPS no longer enjoys ayield advantage and clond seed costs have
fdllen to bdow 20% of the gross vdue of production. This suggests that TPS will have
more difficulty competing with these dternatives. This may explain why TPS area did
not expand after 1996, when new sources of potato seed became more widdly available.

Aagreqgate Social Benefits and Costs of TPS in Vietnam

Economic rate of return to TPS research and extension

Theimproved yidd achieved by TPS over the old clond variety Ackersegen and the
large area planted to TPS generated sgnificant economic benefits for farm families and

the rura economy in Vietnam's Red River Ddta The evidence from the farm survey
reported above indicated that hybrid TPS seedling tuber outyielded the dominant variety
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it replaced (Ackersegen) by an average of 6.8 t/haand increased economic profit by 4.6
million VND/hain anormd year. Aggregeting over 3,500 hectares, economic bendfits
from TPS tota 15,000 million VND/year, or US $1.075 millionyear.® Potato production
increased by about 22,100 mt/year, or by 6%.

To compare aggregate economic benefits to cogts, we congtructed estimates of public
investments in hybrid TPS research and extenson in Vietnam since this activity beganin
1990. These indluded invesments in personnd, materias, land and buildings by the
Vietnamese government, reseaerch expenditures by CIP and funding provided during
1993-2000 by the Asan Development Bank (ADB) project for promoting hybrid TPS.
Investment codts are expected to fal after 2000 following the end of ADB support for
TPS research and extenson in Vietnam. In addition, we project benefit and cost streams
forward to 2010 assuming three dternative scenarios. 1) there are no more net benefits
from TPS after 2000 (due, say, to the widespreaed availability of clond seed from China
with smilar productivity); 2) benefits from TPS gradudly decline to 0 between 2001 and
2010; and 3) benefits from TPS remain condtant a US$1.075 million/year through 2010.
In each scenario, we assume that, between 2001 and 2010, research is reduced but
extenson efforts continue. Thisimpliesthat the present value of reseerch and extenson
is US $1,100,000 (10% discount rate) or US $787,000 (15% discount rae).

Table 10.7 shows the estimated aggregate benefit and cost streams together with
preiminary estimates of benefit-cost andysds of the investment in TPS research and
extenson. Assuming thet there are no additiond berefits from TPS after 2000 (scenario
1), the present vaue of the net economic benefitsto Vietnam are US $426,000 (10%
discount rate) or US $250,000 million (15% discount rate). Thisimplies about US$ 1.3

to 1.4 of benefitsper US$ 1 in investment in research and extenson. The other scenarios
result in higher estimates of net present value because there continue to be benefits from
TPS between 2001-2010 under these scenarios. Under scenario 3, where TPS benefits are
assumed to continue at a congtant level between 2001 and 2010, the net present value of
the project to Vietnam is US $2.97 million. The rate of return to research and extension is
28.6% under scenario 1 and around 40% under scenarios 2 and 3.

Who has benefited from TPS in Vietnam?

The diffuson of new agriculturd technology can affect the livelihoods of many different
groups of people. Farmers who adopt the new technology are the most visble
beneficiaries. Consumers can aso benefit from increased market supplies and lower
prices. Traders benefit from alarger volume of marketed commodities and products to
and from rurd communities to urban aress. Input suppliers such as seed growers and
agricultura chemicd and machinery companies may benefit from increased demand for
ther products. However, some groups may be adversdly affected by new technology.
Farmers who do not adopt new technology may face lower output prices or higher input
cogts with no offsetting improvement in productivity. New technology may be biased in a
land-saving or labor-saving direction, which has implications for the share of economic

6 In estimating aggregate economic benefits, we only count the increase in economic profit from the area planted to TPS seedling tubers.
We assume that area planted with TPS seedlings (primarily a seed crop for the next season) produced no net economic benefits to Vietnam
(which the economic cost calculated for a normal year suggest - see Table 11.4). We assume it requires 250 ha of TPS seedlings to produce
sufficient seed for 3,250 hectares planted with seedling tubers. Aggregate net benefits to farmers are found by multiplying 4.630 million
VND/ha by 3,250 ha planted with TPS seedling tubers.
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bendfits that accrue asimplicit or explicit paymentsto land or labor. Some input suppliers
may suffer losses if the new technology subdtitutes for their products. Some poor
consumers, too, could be negatively affected, if for example anew technology resulted in
improved product qudity such thet low qudity but more affordable food became less
avalable

Economic modds can be congtructed to assess such impacts provided there exists
sufficient detail about the structure of demand, supply and price determinetion in the
output and input markets affected by a new technology. At the present time, we do not
have adequate information for such a quantitative assessment for technica changein
potatoesin Vietnam. Instead, we must rely on more quaitetive judgments to assess
digributiond implications of TPSin Vietnam.

Firg, it appears that the farm families who adopted TPS retained mogt of the economic
bendfits. Although a 6% increasein locd production may be expected to put downward
pressure on prices, increased market integration with southern China during the 1990s
implies thet the effective sze of the potato market is much larger than the Red River
Dedtadone. The effect of changesin potato supply inthe RRD is cushioned by the ebb
and flow of potato imports from China

Among farm families who adopted TPS, a 9gnificant share of employment and income
benefits appear to have been retained by femae household members. During the winter
seas0n, there is subgtantia migration by mae adults from rurd aress seeking seasond
off-farm employment. Thus, women predominete in the production of winter cropsin the
RRD. Anindicator of the role of women in TPSis the importance of village women' s
groups in providing training and in promoting and extending TPS technology in the RRD
observed by the authors during field research.

Impact of TPS on family livelihoods

Based on the above assessment, we can estimate the effect of TPS adoption on the
livelihoods of farm familiesin the RRD. Given the amdl average Sze of potato plots
(360 n?) and the large number of farm families who adopted TPS (about 100,000),
benfits per household are estimated to be 155,000 VND/householdiyear (US
$11.06/household/year, or US $2.21 per person per year). Among our farm sample, this
amountsto an increase of 1.9% in agriculturd income (induding the vaue of
commodities consumed a home) and a 1.2% increase in totd income (including income
from non-farm activities). Snce much of thisincome is earned and controlled by femde
members of the household, we can expect that aredatively large share of thisincome was
devoted to childcare and other household activities under the primary responsibility of
women.

Summary and Conclusions

Hybrid TPS has played an important role in meeting farmers need for improved potato
seed in Vietnam. Its popularity is driven by the higher average yidd it offers farmers over
yield from old, degenerated cdlond varieties. In this sudy, we estimate that hybrid TPS
seedling tubersincreased yidd by an average of 6.8 t/ha, or 75%, compared with the
predominant variety grown in Vietnam until recently (Ackersegen). However, TPS did
not substantialy reduce potato seed cogts. Although the cost per hectare of TPS sown in
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nurseries and trangplanted to fields is indeed low, the crop from trangplanted TPS
seedlingsis mainly aseedcrop. The seed cost using TPS seedling tubers, which is used to
produce a marketable crop, is comparable to the seed cost usng loca clond seed.
Between 1994 and 1999, hybrid TPS progenies diffused to 3,500 hectares, or about 10%
of Vietnam'stota potato area. TPS is grown on about 100,000 smdl farms mainly in the
Red River Ddtain northern Vietnam. Aggregate economic benefits to Viethamese
farmers are etimated a about US $1.075 million per yeer, or about US $11/capitaamong
households adopting TPS. Thisis equivaent to about 1.2% of the average annud income
of farm households in the Red River Delta. After taking into account the investment
codsin TPS research and extension, we estimate the net present vaue of TPSin Vietnam
a between $250,000 to $2.972 million, depending on the discount rate and scenarios for
future TPS use. Between US$ 1.3-3.7 of benefits were generated for every US$ 1 spent
on research and extension. The interna rate of return to TPS research and extenson is
estimated a between 28.6-41.6%.

The diffuson of TPSin Vietnam has been aided by a strong research and extenson
sysem and village cooperatives that organize TPS digtribution, contract TPS seedling
production and store a portion of TPS seedling tubers for use as seed in subsequent
seasons. Neverthdess, in the new land tenure system now prevalent throughout Vietnam,
the decison to adopt TPS is made by individud farmers. TPS progenies will continue to
be used in Vietnam for aslong as they offer economic returns at least equd to, if not
above, returns from dternative economic activities.

In the mid to late 1990s, Vietnamese potato farmers began to benefit from wider accessto
new sources of clond potato seed in addition to the new hybrid TPS progenies. Potato
imported from China and diverted for seed use has become alow-cost seed source,
athough Chinese seed is of variable quality. Seed imported from Europe yidds well, but
isrelatively expensive and degenerates quickly under tropica conditions. New high-
yidding, disease-resgtant clond varieties developed by Vietnamese breeders from CIP
breeding materid show consderable promise. It gopears likely that area planted with this
diverse st of improved potato varieties and seed sources will increase in the next severd
years and continue to replace the old clond variety, Ackersegen. It islikely that hybrid
TPS will continue to have aroleto play in Vietnam for the next decade, dthough area
planted with TPS may not expand much further. TPS suffers from some disadvantages
such as higher labor requirements and alonger duration growing season. Unless further
improvements are made in TPS technology to overcome these condraints, improvements
in clond varieties and seed systems are likely to eventudly replace TPSin Vietnam.
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Table 0.1 Potato production and TPS area in Vietnam

Year Total production | aﬁ/r:;ta o | Yied TPS area’
(season) % of total
tonnes ha t/ha ha area
1982-1983 291,376 32,140 9.1 0 0
1983-1984 188,085 31,230 6 0 0
1984-1985 305,882 23,540 13 7 0
1985-1986 378,157 33,140 114 230 0.7
1986-1987 343,966 39,890 8.6 700 18
1987-1988 333,758 37,840 88 0 0
1988-1989 333,758 32,980 10.1 0 0
1989-1990 367,232 36,760 10 0 0
1990-1991 288,063 31,936 9 0 0
1991-1992 259,282 25,748 10.1 0 0
1992-1993 259,917 27,245 95 0 0
1993-194 241,081 26,233 9.2 4 0
1994-1995 251,388 27,747 9.1 2 0.1
1995-1996 340,272 32,687 104 157 0.5
1996-1997 352,331 31,972 11 900 2.8
1997-1998 371,069 37,672 9.9 4,300 114
1998-1999 370,000 37,000 10 3200 8.6
1999-2000 370,000 37,000 10 3,500 9.5

Source: National production, area and yield are from FAO databases (1999 and 2000 are estimaes). Areafor OP TPS progeniesis
from Dam and Ho (1995) and area for hybrid TPS progeniesis from Chien et al. (2000).

7 The diffusion of TPS during 1985-1987 were open-pollinated progen ies. These were discontinued due to low yield. Diffusion from 1994-
2000 are Hybrid TPS progenies.
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Figure0.1 TPSdigribution and production sysem in Vietham
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Table 0.2 Potato production costs, yields and economic returns by source of seed for
the 1999-2000 season in the Red River Delta, Vietnam

nurs;-r:;Ss and TPS Imported | Imported Vielt\ln?aans
Source of seed seedli seedling | clone from|clonefrom
ing . eclond
g| tubers | Holland China .
transplants varieties
Number of observations 18 3B 23 10 15
IAverage plot size (m?) 403 307 322 136 493
Lnput Quantity (per ha)
Labor (hours/ha) 5,243 4,569 4,374 4,094 3,814
Seed (kg/ha) 0.119 634 1,564 1,162 1,396
TPSseedlings/ha| 72,716
Manure (t/ha) 17.7 145 18.7 13.4 16.3
Urea (kg/ha) 267 296 336 302 397
TSP (kg/ha) 429 419 460 626 415
KCL (kg/ha) 193 179 187 205 106
I nput Cost (‘000 VND/ha)
Land 694 6%4 694 694 694
L abor 10,485 9,139 8,747 8,188 7,629
Manure 857 599 546 457 543
Nursery plastic cover 107 0 0 0 0
Seed 1,432 4,594 7,925 3,584 4,306
Total chemical fertilizer 1,441 1,416 1,661 1,630 1,466
Total pesticide 154 201 233 12 219
Total purchased inputs 3,135 6,210 9,820 5,226 5,991
Output
IAverage yield (kg/ha) 9,397 13,778 | 15,056 13,963 15,538
Stn. Dev. of yield (kg/ha) 3177 3891 | 5,570 3,266 5,594
35:29:25: 1]
A:B:C:D (%)° 5:23:38:21 3 41:41:17:4/30:30:35:5(27:30:14:1
IAverage price of yield
(VND/kg) 1,332 1,185 | 1,534 1,334 1,461
Economic Returns (‘000
'VND/ha)
Gross vaue of yield 12,518 16,331 | 23,103 18,631 22,698
Net income™° 9,383 10,120 13,283 13,405 16,707
Economic profit™ -2,654 -312 3,295 3,102 7,841

Source: Farm surveys in Red River Delta during 1999-2000 winter season.
Exchange rate: 14,000 VND = US $ 1.00.

8 An average of 0.119 kg of TPS sown in 215 m?of TPS nursery beds is required to produce 72,716 one-month-old TPS seedlings. The
seedlings are then transplan ted to 1 ha.

9 Percent size distribution of yield. A=large (>100 g/tuber), B=medium (50-100 g/tuber), C=small (20-50g/tuber), D=very small
(<20g/tuber)

10 Net income is defined as the gross value of production minus the cost of purchased inputs.

11 Economic profit is defined as the gross value of production minus the cost of all purchased and farm-supplied inputs.
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Table 0.3 Potato yield comparisons seed of seed in the Red River Delta, Vietham
(t/ha)
qua yield | On-farm tnds Farmer yield
Seed type estimatesfor | conducted in estimates for
the 1999- 1999-2000 anormal year
2000 season season
TPS seedlings 94 92 11.2
TPS seedling tubers 138 122 15.8
Ackersegen na 95 9
Chinese seed 14 116 125
Dutch seed 151 17 na
New Vietnamese clones™ 155 192 19.9
Source: Farm surveys and on-farm trials in Red River Delta during 1999-2000 winter season.

nanot available

2 Farmer yield estimates for new Vietnamese clones for the 1999/2000 season are the average for KT-3 and P-3. Only KT-3was used in
the on-farm trials and to elicit farmer estimates for a normal year. KT-3 recorded a significantly higher average yield than P-3.
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Table 0.4 Economic returns to potato production

Delta, Vietnam

in a normal year in the Red River

Net income Economic

Seed type (‘000 profit (‘000
VND/ha) VND/ha)

TPS seedlings 11,849 -188
TPS seedling tubers 12,495 2,062
Ackersegen™ (old local clone) 6,771 -2,569
Chinese seed 11,453 2,113
KT-3 (hew Vietnamese clone) 23,089 14,223

Source: Derived from Table 10.2 and Table 10.3.

13 We assume the same cost of production for Ackersegen and Chinese seed.
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Table 0.5 Economics of potato production using TPS seedlings for seed in Viethnam

and India
: India India
Vietnam | N Ptains | NEHills

Inputs
TPS seeding rate (grams/ha) 119 340 210
TPS seed price ($/kg) 800 625 625
TPS seed cost ($/ha) 95 212 131
Fertilizer ($/ha) 103 200 134
Pesticide ($/ha) 11 44 5
Nursery materials 8
Total purchased inputs ($/ha) 224 456 317
Output
Yield (kg/ha) 11,200 19,800 17,500
Average price of yield ($/mt) 95 63 B
Gross value of production ($/ha) 1,064 1,247 1,715
Net income ($/ha) 840 791 1,398
Source: For Vietnam, Table 10.2; for India (Chilver et al., 1999)
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Table 0.6 Economics of potato production using TPS seedling tubers for seed in
Vietnam, Indonesia and India

India
Vietna | | nd_o- NE NE NC Decca
m NS | nains | hills | plains n
Plateau
Inputs
Seed rate (kg/ha) 684 1,150 1,200 1,600 3,000 840
Seed price ($/mt) 514 800 263 250 119 1838
Seed cost ($/ha) 328 916 200 400 356 158
Fertilizer ($/ha) 101 218 20 134 84 172
Pesticides ($/ha) 14 258 i\ 80 6 40
Total inputs ($/ha) 444 1,392 264 614 446 370
Output
Yield (kg/ha) 15,300 11,80 | 26,800 | 28300 | 33300 | 12100
0

Average price of
yield ($/mt) 85 356 1) 105 63 103
Gross value of
production ($/ha) 1,301 4204 | 2012 2,968 2,093 1,245
Net income
($/ha) 857 2,812 1,748 2,354 1,647 875
Source: For Vietnam, Table 10.2; for Indonesia and India (Chilver et al., 1999).
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Table 0.7 Benefit-cost analysis of TPS research and extension in Vietnam, 1990-2010
(figures in constant '000 US $)

Investment
Aggregate Net Benefits tolin Research| Net Economic Benefitsto
Year (season) Farmers and Vietham
Extension
Scen. 1| Scen. 2| Scen. 3 Scen. 1| Scen.2 | Scen.3
1990-1991 0 0 0 78 (78) (78) (78)
1991-1992 0 0 0 78 (78) (78) (78)
1992-1993 0 0 0 92 (92 (92 (92
1993-1994 0 0 0 105 (105 (105) (105)
1994-1995 5 5 5 132 (126) (126) (126)
1995-1996 28 28 28 185 (157) (157) (157)
1996-1997 18 198 198 185 13 13 13
1997-1998 1237 | 1,237 1,237 185 1,052 1,052 1,052
1998-1999 976 976 976 185 790 790 790
1999-2000 1075 | 1075 | 1075 185 889 839 889
2000-2001 0 967 1075 185 (185) 782 889
2001-2002 0 860 1075 147 (147) 713 928
2002-2003 0 752 1075 147 (147) 606 928
2003-2004 0 645 1075 134 (134 510 940
2004-2005 0 537 1075 134 (134) 403 940
2005-2006 0 430 1075 93 (93) 337 982
2006-2007 0 322 1075 93 (93) 230 982
2007-2008 0 215 1075 93 (93) 122 982
2008-2009 0 107 1075 93 (93) 15 982
2009-2010 0 0 1075 93 (93) (93) 982
Present value:
10% disc.
rate 1,526 2869 4,073 1,100 426 1,769 2,972
15% disc.
rate 1,037 1786 2370 787 250 999 1584
Benefit-cost ratio:
10% disc. rate 1.39 261 3.70
15% disc. rate 132 227 3.01
Internal rate of return 286%  38.9% 41.6%

Scenario 1: No TPS benefits after 2000
Scenario 2: TPS benefits decline to 0 between 2001 and 2010
Scenario 3: TPS benefits constant between 2001 and 2010
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