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Cotton Production in Uganda:

Would GM technologies be the Solution?

D. Hornd, M. Kyotalimyé, J. Falck-Zepeda

Abstract

The government of Uganda is currently testing tgoumance of genetically modified (GM)
cotton varieties. Cotton is cultivated in Ugandati@o main reasons: 1) agro-ecological
conditions favor cotton cultivation, and 2) thesailong tradition of cotton cultivation in the
country. Two main research questions are addrasgad study: a) would the adoption of
genetically modified (GM) cotton benefit Ugandamfi@rs? b) Would the use of GM seed be
more profitable than the low input traditional rstor than the organic production system?
Stochastic budget analysis is used to address tluestions. The results show that estimated
values of cotton profitability do not seem to jfsthe investment in a complex technology. The
guestion then is how transferable is GM technolagyg how easily can it be adopted by Ugandan
farmers. The vertical integration of the chain cbifacilitate the dissemination of the technology,
but availability of seed and inputs of good quadityd appropriate extension support have to be

guaranteed.
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Cotton Production in Uganda:

Would GM technologies be the Solution?

The government of Uganda is currently testing ggomance of genetically modified
(GM) cotton varieties. Confined trials of insecsistant (IR) cotton varieties have been
implemented in two selected sites. Herbicide taie(BT) cotton is waiting for approval from the
Uganda National Council of Science and Technola$yy@ST). Despite a long cotton cultivation
tradition, cotton productivity in Uganda is veryla@ompare to international averages (900
Kg/ha). In 2005 cotton yield was around 152 kgtree of the lowest in the world. The
government has recognized the potential of geristicendified (GM) cotton to improve cotton
production and thus producers’ livelihoods anddgbenomy in general. Decision makers agree on
the importance of understanding all benefits askisrfaced by the different actors involved in the

cotton value chain with the adoption of this tedbgy.

Two main research questions are addressed isttidy: a) would the adoption of
genetically modified (GM) cotton benefit Ugandamfi@rs? b) Would the use of GM seed be
more profitable than the low input traditional ®rstor than the organic production system?
While numerous studies have been published onrcaitdfrica, relatively few have attempted to

assess in quantitative terms the potential impaGiv cotton.
1. Why Cotton Production in Uganda?

Cotton is cultivated in Uganda for two main reasdl) agro-ecological conditions favor
cotton cultivation, and 2) there is a long traditaf cotton cultivation in the country. The crop
was introduced in 1903 and was initially grown omlyhe Central Region but eventually it spread

to the rest of the country. Together with coffeedme the most important source of revenue for



the government from the 50s to the 70s. Duringstial unrest period of 70s the crop was
abandoned, productivities and areas cultivatedpidmramatically. In the late 1980s the
government initiated a program to provide extenservices, tractors, and other inputs for cotton
farmers. Ginneries were rehabilitated and prodpdees increased. In 1994 the government of
Uganda in collaboration with the World Bank (WB)glemented a cotton sector development
project. There has been some recovery in produtgigels; however cotton still only accounts for

2 to 5% of Uganda's exports, compared to 25% il &8s (Serunjogi et al. 2001).

The situation that cotton producers face now sédwer different than in the 70s. To begin
with, Uganda does not longer have a premium pocéhie cotton quality. Albeit there is only one
variety of cotton in cultivation the lack of unifaity of the cotton lint caused the lost of the
premium price in 2002. While environmental and podperties favor the development of the crop
pretty much all over the country, climatic conditichave contributed to the slow recovery of the
sector. Drought periods follow by excessive raiw temperatures and cloudy weather are
considered primary causes of low cotton yields.eRemcreases in productivity has been the
result of purification of cotton types by the Nau#b Agricultural Research organization (NARO),
credit facilities and input distribution to farmdrg the Cotton Development Organization (CDO),

and improvement in agronomic practices throughrestts work.

Despite that farmers admit that cotton is notdifable business they keep cultivating it.
The reasons argued are multiple; the most commensoack of alternatives. The certainty that
cotton producers will have a buyer is probably haostrong argument for cotton cultivation.
Seed and inputs are usually distributed by theagies that demand in exchange rights over the
harvest. In general, a falling in cotton planteckage is a dominant trend in Uganda (UEPB

2007). In recent years rice production has comesu better economic activity for farmers. This



is specially the case for areas located in thedEadtegions. In more marginal areas like the

northern districts cotton is still one of the felteenatives left to farmers.

As an alternative to conventional production, aiggroduction has been adopted in some
areas of Uganda already distinguished by theiritgmt use. In the 2007/08 season about 50% of
the cotton areas embark on en-mass promotion ehargotton production. Due to lack of proper
training and availability of inputs the pest inaide caused the loss of about 68% of the yield in
these areas. As a consequence organic productipmepmesented 20% of the national production
for the same period (CDO 2008). The most imporéae& of organic cotton production is located
in Lango. This area is characterized by low useheimical inputs. As any other organic
agricultural system, the Lango system is charamdrby use of biological control and cultural
practices to deal with pest and diseases, limigedai productivity-enhancing technologies, and
certification of the whole farming system and indival ginneries. In Lango cotton is produce is
rotation with sesame, an oil seed crop that hasehrhigher productivity and price in the market.
Farmers do not have many alternatives to cottaghigrotation system. Basically the entire

organic cotton production is for export
2. M ethodology
21  Stochastic Budget Analysis

In order to evaluate the profitability of cottoroduction at the farm level we used the
basic partial budget analysis augmented with s&ighaimulations. Survey data was collected to
estimate the marginal returns to cotton produdimwrorganic and conventional producers and as
well for low input and high input producers. A lomput farmer basically only uses a very limited
amount of chemical pesticide. Fertilizer applicatimes not seem to be a common practice in the

study sites in Uganda, therefore farmer usinglieetis and pesticides were classified as high



input producers. This information combined withad&bm published sources was used to predict
the marginal returns of IR cotton and HT cotton.a&ditional scenario that combines organic
production with GM seed was also developed. Theaiksitions were developed using @Risk

software (an add-in to excel).

The comprehensive guide produced by CIMMYT (19883 wsed as the basis for
calculating partial budgets and simulating the ipabflity of cotton production. Expected total
income, total costs, expected net income and hatréo investment were calculated per acre.
Cotton seed is distributed free of charge and thewalue is zero for the producer. Total use of
chemical and organic fertilizers and pesticideseweported by farmers and converted to values
per acre. The value of the land was accountedfonighose farmers that rented land. Similarly
only hired labor costs are included in the budgkt®rage wages paid to hired labor were used to
estimate the total family labor costs. This assumnpgeems reasonable in the production areas
studied, where labor markets are active and farpr@duce the crops commercially. Male and
female labor days were valued equally. There waswaence available to justify valuing them
differently.

2.2 Simulations

The scenarios simulated were IR cotton and HT no#oseed price difference is expected
for GM seed, but the absolute value of this priéeence varies widely according to the
technology provider and its market power. Costrsgviassociated with the use of GM seed use
are represented by the reduction in insecticideremiicide applications and/or labor costs
related, if any. Assumptions used in partial budgeinarios are summarized in Table 1. In order
to account for the risk and uncertainty of agrigrdt production some of the parameters were

replaced by distributions. The distributions usedur study were based either on literature



review (e.g. technology fee, abatement effect,@@slicide and spraying costs reduction) or on the
primary data collected from farmers (e.g. yieldiafitity within and across farmers, yield loss

due to constraint, price fluctuations, pesticide] apraying).

We used @Risk software to estimate candidate bligions and select the one that best fit
the information collected in the survey. We saddistributions that best fit the triangular
distributions elicited from farmers under 3 sceosiril) without the constraint, 2) with the
constraint but without using insecticides, and 8hwhe constraint and chemical control of the
pest. In @Risk, we drew from the sample distriugiof the each yield parameter (minimum,

maximum, mode) to generate yield variability botithim and across observations.

Yield losses due to targeted constraints were ddrikom the elicited yields:

I:E(YC:O) - E(Yi,czl)]
E(Yeso)

E(Ves) = (5)

E(Y,)is the expected yield loss rati&(Y,.,) is the expected yield without the constraint,

E(Y,.,)is the expected yield with the constraint, aimblicates use of insecticide (1 if farmers use

insecticide or 0 otherwise). Based on expected yesses, expected damage abatement with

insecticide can also be estimated as:

E(Yabat): 1- E( Y|O$) (6)

While actual damage and damage abatement are learthlat are difficult to estimate, this
represents a fair approximation of damage abatervexitl losses reported by farmers tend to be
upward biased because it is difficult for farmersingle out the effect of any individual pest.

With respect to estimating abatement of yield lesséien farmers relate stronger pesticide effects

with higher doses of pesticides.



Best-fit distributions were also used for varialilest were easy to obtain from farmers: 1)
output price, 2) pesticide cost, and 3) sprayirgf.cbriangular distributions, on the other hand,
were used to model variables that measure: 1) tdoby efficiency (trait expression), 2) the
technology fee, 3) reduction rates in pesticide d4¥eeduction rates in spraying costs for the case
of IR cotton, and 5) increase rate in herbicidefos¢he case of HT cotton. Explanation on

minimum, mode, and maximum values adopted fohai¢ variables are reported in Table 1.

The technology fee was expressed as a percentagase in assumed seed price, since
the seed is distributed for free. The assumed peeel is derived from information provided by
the Cotton Development Organization (CBOjhe technology fee is a sensitive issue becduese t
price of GM seed will affect its adoption. Othetiestes in the literature about biotech crops have
reflected the temporary monopoly conferred in dapital-intensive innovation through
intellectual property instruments (Falck-Zepedale000; Moschini and Lapan 1997). We
speculate that the public sector would probablyg tencharge lower technology fees than the
private sector.

2.3  DataCoallection, Sitesand Sampling

A survey instrument was implemented to collectiinfation on cotton production and
current practices used. In addition to the inpetaisd production questions, the survey included
elicitation on subjective yield distributions frognowers in order to gauge farmers’ perception to
the extent of yield losses caused by bollworm and/éeds. The triangular distribution
(minimum, maximum, mode) is the simplest distribo8 to elicit from farmers, approximates the
normal distribution, and is especially useful iseswhere no sample data are available (Hardaker

2004).

4 CDO is was established by an Act of Parliameritd84, regulates, coordinates and promotes allsheais of the
cotton sub-sector in the country



Lira and Kasese are the districts where the codfinals have been implemented and they
are also the districts selected for evaluatingctiveent cotton production systems and conduct our
household interviews. After identifying cotton ptmihg, we randomly selected villages with
farmers cropping cotton in the 2006 and 2007 seasdim Lira and 7 in Kasese. The distribution
of villages followed the proportion of cotton prasd in the areas but it also intended to have a

good representation of organic producers.

A total of 150 household heads were interviewedpd@iucers in Lira and 102 in Kasese.
The households were randomly selected from thefiptoducers provided by ginneries operating
in each region. The questions were addresseddd?@f7 campaign, and some additional
information was collected for 2006. In some casdscted producers cultivated more than one
plot. The information was analyzed per plot for 27 season only, and plots with incomplete
information were not considered in the analysiusTthe total number of observations in our
analysis ended up being 151, of them 35 are plots producers from Lira (12 organic

producers) and the rest are plots from producekasese.
3. Under standing the Cotton Chain
3.1  Seedchain

Cotton value chain depends on the availabilitgexd and the quality of it. The need for
improved varieties and certified seed is probabérhost important constraint encountered in
cotton production in Uganda (Serunjogi et al. 20Q@IJanda cotton production is characterized by
the use of a single variety (Bukalasa PedigreeAb®PA). The main actors in the cotton seed
chain are cotton producers, the National AgricaltiResearch Organization (NARO), the Cotton
Development Organization (CDO) and some privatagjiies. NARO coordinates and oversights

all aspects of agricultural research. As suchittgstution is in charge of research, breeding and



technology development in the cotton sector. NAR® the institutions that preceded it were
relatively active in selecting and releasing im@@\cotton varieties. The multiplication and seed
distribution process however needs more attenliba.seed that farmers use is entirely channeled

through the ginneries, NARO and CDO.

CDO regulates, coordinates and promotes all theds of the cotton sub-sector in the
country (Figure 1). CDO also monitors cotton pragucand marketing and provides policy
advice regarding the crop (CDO 2006). The basitooadeed is developed by NARO but
multiplied by the CDO and mainly distributed to tjianeries for commercial multiplication and
distribution to farmers. CDO is also in charge efaimining and fixing the cotton price given to
farmers. Usually this price is set at 60 — 65%hef ¥World Market price. The price that farmer

receives however can vary considerably depending®@negion and time of the year.

The ginneries are around 57 in number and theprrately owned by approximately 36
different companies. Given the irregular cottondarction ginneries compete for access to cotton
areas. The ginning capacity of the country is hawvédimited and the operating ginning machines
are of poor quality. Ginneries are obliged to dgive seed of good quality back to CDO and use or

sell the rest to oil and milling companies.

CDO makes a rough estimation of the seed voluredegkfor the following campaign.
CDO is also responsible for de-linting, grading anelssing the seed that will be finally given to
ginneries for distribution. Availability of cottaseed is a very limiting constraint for improving
cotton productivity in Uganda. According to UEPB(QZ) cotton exports in 2006 fell 29% in
comparison to the previous year. Among other factibve low performance in 2006 was related to

late planting, but mainly to the use of ungradexkjuseed (not de-linted) leading to high seed
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wastage and the increased cost of provision oftiplguseed. The CDO has intervened supporting

efforts in the de-linting and seed grading.
3.2  Product Chain

Farmers, intermediate agents and ginners/exparterthe main actors in the cottomlue
chain (Figure 1). Producers obtain the seed floerginners. Very often ginners also provide
farmers with fertilizers and pesticides. Farmeng Ipack at harvest either with cotton or cash. The
level of inputs use is however still limited andeat farmers decide plant cotton only because of
the secure market and fixed price. In the Northpam of the country there are very limited

alternatives to cotton, either as a single cropsopart of a rotation.

At harvest, farmers could bring their productioritie ginneries but often the volume
produced is reduced and it does not justify pajangransport. Most commonly, intermediary
agents gather the production of several produgetdeng it to the ginneries. These agents can
either work for the ginnery or be independent. @ally there were restrictions on the production
areas that a ginnery could cover and ginning comgamere allowed only processed the cotton
produced in the neighboring areas. Currently, fasnean sell their production to any agent

offering the best price. This has increased thepsdition among agents and ginneries.

While the cotton production in Uganda does notecdkie ginning potential and most
companies work with excess capacity, most of thehinas are rather old and the quality of the
turnout is low. Ginning companies that have diierditheir production and produce oil and soap

remain active during the year. Most of the linthen exported to external markets like Dubai and

® Value chain is composed of the product and thd sekie chain. In this study we discussed onlypifeeluct value
chain.
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Kenya, either by the same ginning companies ortbgranternational dealers. Around 10% of the

lint produced remains in the Uganda for the loeatite industries.
4, Is Cotton Profitable?

The basic statistics of the household characiesisnd production variables are presented in
Table 2. The results are disaggregated by distriae. table shows that household characteristics
are comparable across districts, but some produgtdables behave significantly different. Age
of the household head, level of education, housk$iak and household composition is relatively
similar across sites. Neither is there significaariation concerning land value, labor use, and
years of experience in cotton cultivation. In ageréarmers interview have more than 14 years

working on cotton.

The size of the cotton plot tends to be largdfasese. Similarly seed cotton yield and total
benefits generated from cotton production are higber in Kasese. These results correspond to
what have been reported by local institutes. Orother hand it seems that the susceptibility to
cotton bollworm is higher in Kasese than in Lirapiying that Bt-cotton could have a higher

success in the Western than in the Northern region.

It is important to point out that the cotton pbain be managed by another person and not
necessarily by the household head. So, while theeptage of female household heads in our
sample is considerably low (3% in Lira and 9% irs&se), the share of plots managed by women
can be as high as 50% in Kasese and 29% in Lirgefie=less, when tested for mean differences

between plots managed by men or women, none ofahi@bles included in Table 2.
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4.1  Traditional System

Table 3 presents results for partial budgetsdarihput and the high input cotton
cultivation systems. High input system in the cotmeport does not refer to an ideal situation but
rather to farmers that use chemical fertilizers anmie than the average amount of pesticides.
From a total number of observations (151) only @d@lifjed as high input users. Most of the
farmers use some type of chemical control to déidl mwsect pest, relatively few make use of
fertilizers and almost none of them use herbicidéss last input could contribute significantly to
improve the profitability of the crop. Cotton igador-intensive crop and it represents more than
50% of the total production costs. Most of the lalBaused for manual weeding. Weed infestation
is therefore another severe constraint in cottaadyetion. In our sample, weeding represents 20%
of the total labor costs for both types of prodsc&imilar patterns are reported by other
institutions working in cotton in the afedroductivity of seed cotton for our sample (ab860
Kg/ha) is above the reported national average (at@®0kg/ha) but the benefit costs ratios

estimated are still considerably law

Farmers in Kasese and Lira seem to have serialdgons with bollworm. In average this
pest can cause damages for more than 70% of edpaateut. These estimations are based on
farmers’ perception and may have an upward biashey are a good reference to understand the
severity of bollworm infestation in these regiolsaddition to bollworm, there are other common
biotic stresses such as aphids, Lygus spp. (arsgitipe insect) and cotton strainers. This biotic

constraint combined with high price variability atheé unreliable availability of inputs makes

® Agricultural Productivity Enhancement Program (ABEpersonal communication, 2008.
" FAOSTAT average for seed cotton for the last Syé&aaround 417 Kg/ha, last 10 years is aroundk3gtfia
(FAOStats, 2009).
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cotton production a very risky activity in Uganddne estimated downside risk (above 40%) for

surveyed farmers illustrates the magnitude of thergside risk in Uganda.

Note that in the survey’s estimates for labor £dainily labor could be underestimated
since it is difficult for farmers to recall and givalues to family labor employed. Looking at the
main costs components, it is evident that farmerest very little amounts on fertilization. Most
of the producers interviewed belong to the cateow-input-users” and while they do use
pesticides to control for Lepidoptera and othermpast (Lygus spp., aphis, etc), the amount of
pesticide used is definitively below standard resmndations. On the other hand the “high-input
users” reported not only higher yields but alschkigprices paid for their cotton. An OLS
regression shows that this difference in pricaatigically significant and that the main
determinants are most likely to be 1) the use efrdbal pesticides to control other pests than

lepidopterans, and 2) the accessibility to seaswaals.
4.2  Organic System

One of the purposes for the implementation of Bhokl surveys in Lira was to cover a
representative number of organic producers aneédalformation in order to generate a standard
partial budget for an average organic cotton predugased on the information collected,
merely12 producers of 35 interviewed qualify asiacstandard complying organic producers.
The rest of the producers admitted using some [&vethemical control to deal with heavy pest
infestations. The number of organic farmers chayges to year as farmers appear to switch from
conventional to organic with relative freedom. Ating to Dunavant, in the 2006-07 season,
11,691 organic farmers were registered and corttldot a total production of 6,600 bales (of

about 185 Kg), which accounted almost one thirBwhavant production. During the 2008/9

8 This information is available upon request.
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season there were serious problems with the prmoiuct organic cotton as army bollworms

infested the crop.

While it is not possible to make statistical irfiece based on a small number of
observations, the analysis of the household surwvdgamation can provide some useful insights.
It is well known for instance that the profitabyliof organic cotton is considerably low (Ogwang,
et al. 2005). For the sampled farmers the margin benafédess than 5% of total costs. In
addition to that, the downside risk -the risk of heing able to cover at least the production eosts

is higher than 50%.

As conventional production, organic cotton facegesal biotic and abiotic constraints.
Surveyed farmers report that the damage causedllydom is above 50% (Table 4). A main cost
in organic cotton production is labor (58%). As artlger organic crop, cotton requires significant
amount of labor for manual activities, includingéct and weed control. Notice that, the number
of farmers effectively applying organic practicesawer (N=12) than the number of farmers
registered as organic producers. During field olzgerns it became clear that some organic
farmers were so desperate because of poor yiekltoduest attack that many applied pesticides

even if they were not supposed to.

5. Would GM cotton bethe solution?

In order to estimate the potential profitabilify®M cotton four partial budget scenarios
were simulated. The first scenario is an organaclpction assuming a 12.5% price premium (half
of the price premium that organic companies ackedgeé paying to farmers). The second
scenario simulates a hypothetical case wherepibssible to use Bt-cotton seed in an organic

system. The third and fourth scenarios illustragedase of Bt-cotton and HT cotton adoption. The

15



profitability of cotton production is very low fall the scenarios simulated. Also, none of them
show first degree stochastic dominance over thersti he implication of not having a scenario
dominating the others to a first degree is thaterioais an outcome that is clearly better in average

than the rest.

The use of GM seed may reduce the downside rigkthis depends on the effectiveness of
this technology to control the constraint (e.g.resgion of the trait). Experts report that yield
losses due to bollworm could be as high as 80%laads in agreement with what farmers have
reported (in average around 76%). Given these Vadjes attached farmers’ perception on yield
losses due to Bollworm attack and weeds infestatias not surprising that the margins are
higher for both the IR cotton and the HT cottonnsc®. Perceptions however are usually
upwards biased given that it is rather difficult farmers to isolate the effect of one constraint.
The marginal benefits of using GM seed therefoeedaectly related to the level of incidence of

the productivity constraint and the actual damaesed by the biotic constraint.

In the case of the HT cotton scenario the assumptre based on expectations. This
scenario is the one reporting the highest B/C atid the highest marginal rate of return over low
input or organic productions. Unfortunately thisiso the weakest scenario due to the lack of
technical information (ex. number of weeding sessiavoided with 1 application of Round-up,
more accurate yield loss due weeds, relativelynowber of respondents, etc). The impact of Bt-

cotton has been more thoroughly documented.

The possibility of receiving a price premium ig@od incentive for farmers, who already
use very low inputs and no chemical pesticidesydoe to organic cotton. According to public
sources the premium that organic producer receuebe as high as 20% (ACE, 2007).The prices

reported by farmers in Lira however do not seetnet@onsiderably higher what conventional
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producers get. In Table 5 the third column includesenario with a 12.5% price premium,
improving the profitability of cotton. Ogwang et &005) performed an evaluation of organic
cotton production in Lango, an important organiedurction area in Uganda. The evaluation
included a partial budget comparison across systeaditional, low input, high input and
organic. The results of this evaluation show tbat &nd high input systems perform much better
than either the traditional or the organic systEnen considering the price premium for organic
cotton the rate of returns are much higher for &asrthat make use of chemical inputs. Our results
however show that given the current practices ra,larganic producers might have a slightly
higher margin than high-input users if they getengum price. However, organic producers do
not seem to be getting premium prices for theidpoe. If there is no price premium, then there
are no marginal returns that will provide incensite farmers to move from low input production
to organic production. If there is premium pricegrginal returns are comparable to the ones

generated by adopting Bt-cotton adoption.

Figure 2 shows the main factor affecting the patiiity of the different management
systems: low input, high input, conventional, oligaBt-cotton, and HT cotton. Across all the
scenarios the variability in yield and the highdabosts are the main determinants of the margins
generated. A technology that contributes to redhbiseyield variability would definitively have an

impact on farmers’ welfare.
6. Policy recommendations

Independently to the type of seed used or farmystesn implemented, investment in
fertilizers and good quality seed are crucial tpriave the profitability of cotton in Uganda. In our
survey, in 2007 only 6 farmers out of 150 used dhahfertilizers and only 3 of them used an

organic fertilizer. The introduction of geneticathodified technologies could control bollworm or

17



help to reduce the labor used in weeding, but bkl ypotential of the plant would not be achieved
with the current level of fertilizer application.

Estimated values of cotton profitability do not iset justify the investment in a complex
technology. The question then is how transferableM technology and how easily can it be
adopted by Ugandan farmers. The vertical integnaticthe chain could facilitate the
dissemination of the technology, but availabilifyseed and inputs of good quality and

appropriate extension support have to be guaranteed

In the case of IR cotton it is important to point that farmers are not using significant
levels of pesticidésand therefore the expected reduction is pestissgel would be insignificant.
If yield losses dues to Bollworm are lower thanaigd by farmers then the profitability of this
technology will dramatically decrease. In the caSHET cotton, a potential constraint to the

adoption of this technology is the very limited uddnerbicides.

Furthermore, the adoption of GM cotton in Uganasauld most likely impact the
performance of the cotton market chain. It is vemgortant to explore how the cotton market
chain would be affected with the adoption of GMtentand what are the institutional constraints
that might limit the successful introduction ofghéchnology. The growing importance of organic
cotton production would have to be considered ydatision with respect to GM cotton
adoption. One question that needs to be urgensiyanis if there are possibilities for co-
existence of the conventional system using GM seeldthe organic system. Also, Organic cotton
production needs more detailed evaluation. Prieenprm, for instance, makes organic production

profitable but more research is needed to evah@aethis price is received by farmers.

° A production functions with a damage abatementifipation and estimated with a non-linear regressihows that
chemical pesticides are not significantly abatiaghdge caused either bollworm, but they do conisdtiyosses
caused by other insect pest and by weeds.
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While it is possible to compare the profitabildfygiven year of organic cotton production
with the conventional cotton production using GMd¢his is just a very partial view. Since the
interest of our research is to contribute to pgvateviation, it is much more significant but het
same time challenging to evaluate the long terntridmrion of either system to the farmers’

welfare. This is a research topic that needs mibeatzon in the future.
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Figure 1: Cotton value chain in Uganda
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Figure 2. Factors affecting marginal benefits of cotton prcets
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Table 1. Assumptions and distribution used for partial betdgnd simulations

Components Assumptions

The yield values were estimated:
1) Best fit distribution adjusted to minimum, mode andximum
yield elicited from each farmer.
2) Average of maximum, mode and minimum values.

Yield (Kg/acre)

Yield losses (%) Best fit distribution based valeésited from farmers

Triangular distribution for both IR cotton and Hotton (low = 0, mean =
Technology efficiency (%) 50, and high = 100) based on literature (Traxler @odoy-Avila 2004;
Pray et al. 2002).

Produce price (Sh./kg) Best fit distribution basednformation collected from farmers

Seed is distributed free of charge. The value asdunas Sh. 350/ kg. In

Seed costs (Sh/acre) average farmers can use 4 kg/acre for planningrmott

For organic producers, percentage over officiadgririangular

I 1 0,
Premium Price (%) distribution (low = 0%, mean = 12.5%, and high 25

Triangular distribution of percentage over assupréck of formal seed
0,
Technology fee (%) (low = 0%, mode = 50%, and high = 100%)

Pesticide use (Sh/acre) Best fit distribution bameihformation collected from farmers.

Reduction in pesticide used t

. L 0o I, 0
control Lepidoptera (%) 0l’rlangular distribution (low=0%, mode= 50%, andhw®gd00%)

Herbicide use (Sh/acre) Best fit distribution basadnformation collected from farmers

Increase over the average among current herbisiees uTriangular

. .
Increase in herbicide use (%) it iption (low=0%, mode= 50%, and high=100%)

Labor for pesticide

T Best fit distribution based on information collatfeom farmers
application (Sh/acre)

Reduction rate in labor used Triangular distribution (low=0%, mode= 25%, andh#§0%)
for pesticide application (%) The reduction in labor is related to the reductiototal pesticide applied.

Labor for herbicide

T Best fit distribution based on information collatfeom farmers
application (Sh/acre)

. Triangular distribution (low=0%, mode= 25%, andh#§0%)
Increase rate in labor used for_, . . -
- o This value reflects an increase over the averagmgrourrent herbicide
herbicide application (%) L
users of labor used to apply herbicides
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Table 2. Descriptive statistics

Total sample Lira Kasese
Variables (N=151) (N=35) (N=116)
Mean Std. Error Statistic Std. Error Statistic Std. Error F Sig

Gender of the HH head (female=1) 0.09 0.02 0.03 0.03 0.11 0.03

Control of plot (female=1)’ 0.46 0.08 0.29 0.13 0.51 0.09

Age of the HH head 44.04 1.14 42.63 2.85 44.47 1.22

Education level of HH head (years) 2.90 0.15 3.03 0.30 2.86 0.18

Household size (number) 775 0.31 740 052 7.86 0.38

No. of males above 16 1.86 0.11 2.23 0.22 1.75 0.12

No. of females above 16 174 0.10 1.71 017 1.75 0.12

No. of people below 16 415 0.23 3.46 0.33 4.36 0.28

Land value (USh/acre) 1,968,278 312,933 | 1,925,714 455970 | 1,981,121 384,340

Total area (acres) 3.51 0.49 3.30 1.05 3.57 0.55

Cotton area (acres) 1.68 0.1 1.09 0.10 1.86 0.14 9.08 ***
Experience with cotton (years) 14.68 1.04 16.86 2.36 14.02 1.15

Probability of bollworm attacks 0.74 0.03 059 0.06 0.78 003 | 837 *
Seed cotton price (USh./kg) 651.76 6.30 660.34 14.13 649.24 7.03

Output value (USh/acre) 421,242 43,810 193,104 28,614 490,077 54,845 8.60 ***
Seed cotton yield (Kg/acre) 386.16 23.72 273.59 37.56 420.12 28.04 707
Labor used for weeding (USh/acre) 46,385 3,855 44,633 9,727 46,914 4,097

Total labor used (USh/acre) 97,894 6,973 107,330 20,747 95,129 6,705
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Table 3. Cotton profitability for low and high input systepseason 2007/08

Seed cotton - Yield
Yield loss bollworm

Land rent

Chemical fertilizer
Organic fertilizer
Herbicide use

Chemical pesticide
Labor to apply pesticides
Labor to apply herbicides
Labor for weeding

Labor for other activities

Kglacre
%

Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Shlacre

361.7
72%

52,333

17,300
4,001

42,066
87,676

4584
78%

26% 47,857
16,998

14,614

11,877

9% 14,963
2% 5,088
4,500

21% 66,221
43% 120,718

16%
6%
5%
4%
5%
2%
1%

22%

40%
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Table 4. Cotton profitability for organic cotton produce2§07/08 season

Yield
Yield loss bollworm
Yield loss weeds

Price reported by farmers

Land rent

Chemical fertilizer
Organic fertilizer
Herbicide use

Pesticide to control Lepidoptera
Pesticide to control other
Organic pesticide

Labor to apply pesticides
Labor to apply herbicides
Labor for weeding

Labor for other activities

Kglacre
%
%
Sh/Kg

Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre
Sh/acre

389.3
76%
79%

652

51,894
16,998
14,000
11,877
16,341
12,066

7,901
2,403
49,097

18.9%
6.2%
5.1%
4.3%

2.9%
0.9%

349.4
55%

650

50,000

15,229
0

3,339
2,084

0
42,353
105,922

22.8%
0.0%
7.0%
0.0%

1.5%
1.0%
0.0%
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Table 5. Partial Budget Simulations

Cost components Units IR cotton HT cotton Orgb:i‘l;rem. Organic + Bt
Yield Kglacre 536.37 543.33 349.4 445.70
Yield loss bollworm % 76% 55% 55%
Yield loss weeds % 79%
Technology efficiency % 50% 50% 50%
Price reported by farmers Sh/Kg 652 652 731 731
Premium price 12.5%
Total income Sh/acre 349,656 354,195 255,520 325,915
Seed Cost (4Kg/acre) Sh/acre 2,450 2,450 0 2,100
technology fee % 75% 75% 50%
Land rent Sh/acre 51,894 51,894 50,000 50,000
Chemical fertilizer Sh/acre 16,998 16,998 0 0
Organic fertilizer Sh/acre 14,000 14,000 15,229 15,229
Herbicide use Sh/acre 11,877 17,815 0 0
increase rate of herbicide use % 50%
Pesticide to control Lepidoptera Sh/acre 8,171 16,341
reduction rate in pesticide use % 50%
Pesticide to control other Sh/acre 12,066 12,066
Chemical pesticide Sh/acre 0 0
Organic pesticide Sh/acre 3,339 3,339
Labor to apply pesticides Sh/acre 5,926 7,901 2,084 1,563
reduction rate in labor costs % 25% 25%
Labor to apply herbicides Sh/acre 2,403 3,604 0 0
increase rate in labor costs % 50%
Labor for weeding Sh/acre 49,097 24,548 42,353 42,353
reduction rate in labor costs % 50%
Labor for other activities Shlacre 92,519 92,519 105,922 105,922
Total costs Shlacre 267,400 260,137 218,927 220,506
Margin Shlacre 82,257 94,059 36,593 105,409
Downside risk % 30.7 25.5 54 46.4
B/C 1.24 1.27 114 0.32
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