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1 Introduction

South Africais one of few developing countries, and the only onein Africathat has
adopted geneticadly modified crops for commercid production. Insect-resistant cotton
has been produced since the 1997/1998 season and insectresistant yellow maize since
the 1998/1999 season. For the 2001/2002-season herbicide tolerant cotton has been
mede available for commercid production and herbicide tolerant soybeans have been
introduced on asmdl scde. Insect-resistant white maize has so been rdeased in
limited quantities.

Farmers have met the introduction of insect-resitant cotton with reactions varying
from blind enthusasm and cautious pessmism to downright disregerd. This paper

will focus on the reasons and effects of Bt cotton adoption by large-scde and small-
scale cotton farmersin South Africa. Section 2 gives aprofile of the large-scale and
ardl-scale farmers surveyed. Section 3 compares the reasons for adoption between
the two farmer categpries; section 4 looks at the impact of the adoption on yields, cost
and profit; section 5 discusses the production efficiency effects of adopters and non
adoptersin the two farmer groups and section 6 concludes the discussion.

2 Prdfileof South African cotton farmers

According to the May 2002 crop estimate of Cotton SA, the total seed cotton
production for the 2001/2002 season will reech only 96 501 baes, areduction of 46%
on the 2000 / 2001 season’s production. The poor price progpects a planting timeand
the more attractive prices of competing crops like maize and sunflower have
motivated commercid farmersto plant less cotton. The area planted to cotton under
irrigation fel by 49% and the dry land area fdl by 42%.

In the 2000/2001 season an estimated 300 large-scale commerciad farmers produced
95% of South Africa s cotton crop. The other 5% were produced by about 3 000
gmdlholder farmers on the Makhathini Hats and afurther 312 smdlholdersin the
Tongaarea (Cotton SA, 2002). A totd of 157 515 bales (200kg each) were produced
on 56 692 hectares, with smalholders contributing atota of 7 300 baes (4.6%).

1 This research was made possible through a grant from the Rockefeller Foundation



2.1 Large-scale cotton farmers

The mgority of large-scde cotton production takes place in 6 production areasin
South Africa. The most impor tant dryland production aress are: the Springbok Hatsin
the Limpopo Province and in the Dwaalboom region in the North West. Irrigated
cotton is produced around the towns of Marble Hall and Groblersdd and on the
Loskop irrigation scheme in Mpumaanga, a Weipe next to the Limpopo River in the
Northern Province and in the Northern Cape and Orange River area. There are dso
some large-scde farmersin the Pongola didtrict close to the Makhathini Hatsin
Northern Kwa-Zulu Natd (Table 1 shows the areas planted). Farmers surveyed on
the Springbok flats planted between 85 and 550 hectares of cotton, irrigation farmers
in the Groblersda area plant between 20 and 160 hectares on average, with the
farmersin the Northern Cape planting an average of 30 hectares.

Table 1; Cotton Production disribution in South Africa - 2001/2002 Production Y ear

Area Hectares Hectares
[rrigation Dryland
Mpumaanga 4322 0
Limpopo Province 3071 12515
Northern Cgpe and Orange
River 1214 0
KwaZulu Natal 620 6843
North West 24 2747
Total 9451 22 105

Source: Cotton SA

Cotton farmers on and around the Loskop irrigation scheme produce cotton in
addition to their other farming enterprises such as export table grapes, citrus,
deciduous fruit and vegetables. The main farming activities of the farmersin the
Northern Cgpe are viticulture and the production of groundnuts. Most irrigation
farmersin Mpumalanga and the Northern Cape rotate or subgtitute maize and cotton
in the summer and produce whest in the winter. On the Springbok flats cotton is
rotated with maize and sunflower. In most of the production aress cotton is usudly
not the dominant enterprise and is produced in combination with other crops. The
choice of enterpriseis usudly determined by the rotation requirements of the soil and
the rlative prices of the competing enterprises. The recent high prices for maize
would mean that more farmers would favour planting maize insteed of cotton.

Thelarge-scde farmersincluded in the study were from the irrigetion aress in the
Northern Cape, Mpumaanga as well as some dryland farmers on the Springbok flats
in the Limpopo Province. All of these farmers were surveyed during 2001. Budgets
and other information were dso obtained from the Clark Cotton gnnery branches
across the country.

2.2  Small-scale cotton farmers

Despite various land reform projects attempting to settle smdl-scale cotton farmersin
established cotton production aress the traditiona small-scale cotton production areas
of Tongain Mpumalanga and Makhathini in northern KwaZulu Nata remain the
mgor contributors.



Currently there are more than 40 farmer organizations on the Makhathini Hats, with
membership varying between 15 and 300. The area under cotton production and the
number of cdton producers depend on the availability of production credit and the
price of cotton. It is estimated that 4 500 cotton farmers could potentidly be activein
the Makhathini area planting on average between 1 and 3 hectares of rain fed cotton.
Depending on credit availability and the price of seed cotton, between 2 500 and
10000 haof cotton is planted (Bennet, 2001). An estimated 6 000 hectares were
planted in 2001/2002 and it is expected that the share of smalholdersin the total seed
cotton production will again rise this year - dbeit only because of adrop in
commercid production. Role-playersin the cotton industry envisage that smal-scale
farmers could produce up to 30% of the totd cotton crop in South Africa by the year
2005 (Cotton SA, 1998). Whilst large-scale irrigation farmers can substitute or rotate
cotton with maize, vegetables or groundnuts and large-scae dryland farmers, with
less savere dimatic conditions, can plant sunflower or maize, smdl-scale cotton
farmers on the Makhathini are dependent on cotton, because of low, irregular rainfdl
and alack of production credit for other crops. The Makhathini Hatsis said to be one
of the best, if not the best agriculturd areas in South Africa. The area has a deep, very
fertile soil and hasan enormous (currently unutilised) irrigation potentid — being
Stuated under the Jozini dam.

Until the 2000/2001 season, the Vunisa Cotton company (part of Clark Cotton —
owned by OTK Holdings Ltd) has been the main ginnery and “life source” active on
the Makhathini Hats. By managing and fadilitating production credit supplied by the
Land Bank, digtributing production inputs on account, and by supplying production
information and ass stance through extension officers, Vunisa has made amgor
contribution to the success story of the cotton farmers on the Makhathini Hats.

Data on smdl-scae farmers used in this paper was gathered on the Makhathini Hats
through a survey in November 2000 by the University of Reading in collaboration
with the Universty of Pretoria (Ismad et d, 2001).

3 Reasonsfor adoption of Bt cotton

The Makhathini Hats have shown an increase in the adoption of Bt cotton from 7% in
1997/1998 to 75% in 1999/2000 (DFID, 2001). An adoption of between 80% and

90% was expected for the 2000/2001 season and the same for the 2001/2002 season.

(Van Jaarsveld, 2002). More than 95% of the cotton produced in the Tonga area (just
North of Swaziland, next to the border with Mozambique) is insect-resistant

(Anthony, 2002).
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Fgure 1: Adoption of new cotton seed varieties (* Eqimetion)
Source: Cotton SA, Journal to the Cotton Industry

From the cotton seed sdlesin Figure 1 it is dlear that cotton farmers have reected
positively to theintroduction of geneticaly modified cotton seed with dmost 80% of
cotton seed used being geneticaly modified seed. Bollgard or Bt seed isthe insect-
resstant seed with resstance to bollworms. RR is Roundup Reedy, the herbicide-
tolerant variety and the Stacked gene varieties contain both the Bt and the RR genes.

3.1 Reasonsfor adoption: Large-scale farmers

In an andyds usng our current large-scale farmer data s, factors such as area
planted, age, education and credit did not render significant results as reasons of
adoption. Later sudies will focus more on this aspect. For the purpose of this paper
we hypothesise that the perceived and red benefits asindicated by seed agents and
observed through own cotton production experience can be accepted as partid reasons
for adoption of the new technology. In Table 2 the “Most important” column indicates
the maost important reasons of adoption or benefits as indicated by surveyed large-
scade famers. The “ Specific benefit” column indicates dl the benefits of Bt cotton as
indicated by large-scale farmers and the percentage of farmers that indicated the
specific bendfits.

Table 2. Benefits of Bt-cotton asindicated by large-scale cotton farmers

Benefitsand reasonsfor Most important reason /  Specific benefit (%
adoption benefit (% of farmers) of farmers)
Increased yidd 7% 5%
Pedticide saving 3% 62%
Better crop and risk 18% %
Better boll worm control % 55%
Peece of mind about bollworms 5% %
Labour saving 0% 2%
Better for environment 0% 3%

Other 9%




All the commercid farmers surveyed had planted insect-resistant cotton in the current
season or in the past. Of the 43 large-scale farmers interviewed, 39% indicated thet
the most important benefit of Bt cotton is the saving on pesticides and glication
cost. Peace of mind about bollworms came in as the second biggest reason for
adoption with 25% of farmers indicating the benefit as most important. When asked to
indicate dl the benefits of insectresistant cotton, 77% of farmersindicated peace of
mind and 72% indicated better crop and risk management as a benefit. All the large-
scde farmers surveyed were involved with other farming activities during the cotton
season. Therefore, the large indication of peace of mind is not surprising. Using hired
labour, scouting and spraying is epecidly difficult over the Chrigmas- New Y ear
period and thisisa crucid time in the production cycle of cotton in South Africa. The
very low labour saving perception can indicate thet farmers fed that pesticide
application is more capital- than labour intensve.

When asked about the disadvantages of Bt-cotton the prominent answer was the cost
of seed and the technology fee. Thisis dso the reason why some farmers have
Sopped planting Bt-seed. Large-scale farmerstry to stretch a 25kg bag of Bt-seed as
far as possble usng precison planters. A 25kg bag of Bt-seed costs around R210
($21) with an additiond R600 ($60) technology fee. A farmer planting 20kg of seed
per hectare indirectly spends R 480 (US$48) on bollworm contral. Some commercid
farmers who have dready invested in spraying mechinery fed that they can control
bollworms for less. Most farmers don’t spend R480 / ha on the contral of bollworms
inanorma year but when worm pressureis high, chemica and application cogts can
eedly exceed this additiond fee. In the 2001/2002 season, Monsanto, in dliance with
Deta Pine, implemented a possibly more acoegptable technology fee payment system.
Farmers can now pay R400/ha ($40) technology fee for irrigation land and R120/ha
($12) for dryland, on the condition that they present a GPS map of the planned cotton
field. The R600/bag ($60) technology fee system isdso il available for farmersto
use s0 afarmer can decide which option is the most cost effective for him.

3.2 Reasonsfor adoption: Small-scale farmers

The impressve increase in adoption of Bt cotton by smdl-scae farmers from 7% in
1997/1998 to around 90% in the 2001/2002 season can mainly be attributed to the
success of the farmers who firgt adopted the new technology (Ismadl & d, 2001).
Looking at the benefitsindicated by the adopters and the perceived benefits indicated
by the then non-adopters, it isinteresting to compare the perceptions about Bt cotton
before and after the adoption. Whie 32% of non-adoptersindicated that ayied
increase is the most important benefit of Bt-cotton, increased yield was only indicated
as the most important benefit by 18% of adopters. Increased yidd is il indicated as
areason by more than 58% of adopters, but it seems that the most important benefit of
Bt-cotton after adoption has become pesticide saving. In rurd areas where
infrastructure, trangport and services are dmost non-existent, managing pest
infestation in cropsisamgor problem. In Table 3 the “Mogt important benefits’
column indicates the percentage of farmers that indicated the various benefits as most
important, while the “ Specific benefit” column indicates dl the benefits indicated by
farmers.



Table 3: Benefits of Bt cotton asindicated by small-scale farmers

Most important benefit (% Specific benefit (% of
Redl and percaived benfits NmOf famers) _— famers)

adopters Adopters adopters Adopters
Increased yield 3% 18% 62% 58%
Better qudity cotton 5% 3% 12% K00
Higher price for cotton 0% 1% 12% 15%
Pedticide saving B 5% ™% ™%
Labour saving 10% 10% 4% 3
Application saving 5% 3% 3% 18%
Other 10% 13% 2% 40%

3.3 Differencein adoption behaviour between large-scale and small-scale farmers

In comparison to small-scale farmers, the increased yidld benefit seems to be not thet
important to large-scale farmers. Although more than 50% of large-scale farmers
indicated increased yield as a benefit, it is seen more as abonus. The big advantage
for large-scale farmers is that insect-resigtant cotton gives them the peace of mind and
the managerid freedom to go on with other farming activities. As previoudy
mentioned, the whole process of pesticide gpplication is more capitd and

management intensive than labour intensve for large-scae farmers. Large-scde
farmers have to hire an aeroplane or use their own tractorsto apply petticides. The
difficulty liesin fitting sorays in between the rain and irrigation schedules.

The large percentage of small-scale farmers indicaing thet pesticide saving isthe
most important benefit is not redlly surprisng. When one indludes saving on
application cogt, and labour saving with pesticide saving, more than 63% of smdll-
scale Bt-adopters agree on the entire bollworm control benefit of Bt-cotton. Pesticide
gpplication implies huge difficulties for amdl-scae cotton farmers: with alow leve

of education amongst smdl-scae farmers, problems with the mixing of pegticides and
calibration of knapsack sprayersfor different pesticides cause concern about the red
efficacy and effectiveness of pedticide application. Applying pesticides is very much a
labour intengve action for amdl-scale farmers. Walking with a knapsack sprayer on
his back afarmer has to cover a distance of between 10 ard 20 kilometres per hectare
and taking dmogt a day to complete the task. Water has to be fetched from communa
water points and in addition weter (epecidly in the Tonga community) isavery
scarce commodity and has to be fetched with water trucks or any other transport
avaladle By the time afarmer has naticed bollworms, bought his pesticides and
darted to spray, severe damage has dready been done. Both large and smdl-scae
farmers ill have to spray for other problem insects like jassids and gphids, asthese
pests are not controlled by Bt cotton. These pests are now becoming the main cotton

pests.

Large-scae cotton farmers have indicated other indirect benefits of Bt-cotton.
Spraying less pedticide or none & dl has causad predator insectsto flourish. More
than 46% of farmers have noticed more beneficid insects on their Bt-cotton fids.



Some farmers in the Northern Cgpe have indicated thet Lady Bird beetles and
Lacewings have reduced aphid populations to such aleve that farmers do not needto
Spray for gphids on winter wheat anymore. In the past some famersin the
Groblersdd area have experienced some pesticide resistance with bollworms. For
them Bt-cotton is amuch needed solution. In seasons where bollworm pressureis
high, farmers are forced to use Pyrethroids, killing al beneficid insects and causing
Red Spider Mitesto thrive. Chemical control of Red Spider Mitesis very expensive.

4 Impact on farm income

The adoption of Bt-cotton impacts on farm incomein mainly 3 ways:

- Decreasein input cogt through savings on pesticide chemicals and gpplication
costs

- Increaseininput cost through higher seed price and an additiond technology fee

- Inceseinyidd

Each of theses are discussed subsequently:

41 Yied effects

The average cotton yiedd of adopters was dgnificantly higher than that of non
adoptersfor both the large-scale and small-scde farmers (Table 4).

Table 4: Significance of the difference between average yield per hectare for adopters
and non-adopters

95% Confidence
Mean Std. Std. Error Interval of the ttat
difference  Deviation Mean Difference
Lower Upper
Lage-scae” 54055 429.26 12943 252.17 828.93 4176
Srdl-scde 179.60 539.95 8537 6.92 352.28 2104

*Large-scale farmersincludeirrigation and dryland farmers

According to the innovator of the new technology (Monsanto) the yield advantage of
Bt cotton can be mainly attributed to the fact thet bollworm infestations are managed
in amore effective manner than can be done with conventiona spraying programs.
With Bt cotton the worms are killed before any sgnificant damage can be done. With
conventiond cotton, farmers only spray for bollworms when scouting indicates a
worm infestation above a certain level and by thet time yield-reducing damage hes
dready been inflicted. Table 5 indicates the yield differences between adopters and
non-adopters for large and small-scale farmers under different production conditions.
All the following figures are basad on the 2000/2001 production season for the
surveyed large-scale farmers and on the 1999/2000 season for the smdl-scale farmers.

Table 5: Comparing the average yield per hectare of large-scale and small -scale
adopters and non-adopters according to irrigation practice.
Non-Bt Bt Non-Bt Bt
Smdl-holder  Smdl-holder Lage-scde Lage-scde
1999/2000 19992000 2000/2001  2000/2001
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
3413 4046

Irrigation Mean




Sid. Dev] 1372 1210
Dryland Mean 3% 576 832 A7
Std. Dev 39 A7 56 66

Large-scde adopters producing under irrigetion on average redlised ayield of 633
kilograms per hectare higher than that of the non-adopters. For large-scae farmers
producing under dryland conditions there was an average yidd benefit of 115
kilograms per hectare and for the small-scale adopters an average benefit of 181
kilograms.

4.2 Cost effects

It isnormdly argued that the Bt technology would save costs mainly through lower
gpplication levels of pesticides. Table 6 reflects the costs of pesticides as used by
adopters and non-adopters.

Table @ Comparing the cost of applied pesticides for non-adopters versus adopters
Non-Bt Bt Non-Bt Bt
Smdl- Smdl-  Lage-scae Lage-scde
holder holder 20002001 2000/2001
1999/2000 19992000 (R/ha) (R/ha)

(Rha) (Rha)
Irigetion Mean 519.15 226.24
Sd. Devidion 18351 7989
Dry Mean 12913 9%6.96 19233 7850

Sd. Devidion 7205 101.87 6.4 82.73

4.3 Impact on net farmincome.

Despite a higher seed cogt and the additiond technology fee, both large-scale and
grdl-scae farmers redise higher netincomes per hectare due to the higher yidd and
savings on pedticide chemicds (Table 7). Thisincome benefit will increase even more
when cogt of gpplication is taken into account. The advantage of less chemica
gpplication for smdl-scde farmers is both financid and hedlth reated. Less labour
needed, less water trangport and less exposure to toxic chemicas. Large-scae farmers
save on fud, repairs and maintenance or on flying codts. There is o less tractor
traffic in the cotton fields, causing indirect benefits to soil qudlity.

Table 7: Income effect of adoption of Bt -cotton

Smdl-scde Lage-scae farmer
farmer
Dryland Dryland  Irrigation
(R/ha) (Rha)  (R/ha)
Yield Benfits per hectare @ R2.75/kg 498.19 314.44 1740.75
Reduced pesticides berefit 3217 11383 29291
Increased seed and technology fee
detriment (163.08) (23417) (57023

Income advantage / disadvantage 367.28 194.10 146343




Despite the fact that large-scde dryland farmers use dmost 50% less seed per hectare
than the amdl-scale farmers the additiond seed and technology cost of large-scale
dryland farmers are higher than thet of the samdl-scale farmers. Thisis due to the fact
that small-scde farmers pay only R230 technology fee per bag while the large-scale
farmers pay RB00 per bag. The lower price for smdl-scale farmers can be explained
by a combination of factors including willingnessto pay, an effort of poverty

eevation by the multinationa technology innovator and the establishment of amarket
for tranggenic cotton for small-scae producers. These factors will be further
invesigated in later Sudies

5 Efficiency analysisof Bt-cotton

In addition to the monetary measures of success in adopting Bt cotton, we dso
explored the technical efficiency of the large-scale cotton producers (thisisSmilar to
the andyds for smal-scale farmers on the Makhatini Hats reported in Beyers, et al.
(2002)). For this purpose, the data envelopment analysis (DEA) modd, that has been
widdy gpplied to efficiency measurement problems, was used in this study. The
modd used for measuring farm-Hevd efficiency follows the framework introduced by
Farrdl (1957) and extended by Fare et d, (1985), to include the decomposition of
overd| efficiency into messures of technical and scde efficiency. The method is non
parametric and deterministic, with the best practice frontier constructed by
minimising inputs per unit of output. Then, the efficiency of each farm is measured
asaratio of actud to best practice performance. Therefore, the sources of
inefficiency can be identified and policies to procure efficient production can consider
thesefindings. The basic DEA efficiency results are extended by decomposing the
efficiency measuresinto pure technica efficiency and scale efficiency. Then each
scde inefficient farm is classfied as being too smdl or too large.

The datais comprised of three groups: 9 farmersin 1998/99; 15 farmersin
1999/2000; and 39 famersin 2000/01. Dueto these small sample Szes, irrigated and

dryland cotton was group together in this sudy. In the case of more szable samples,
adigtinction can and should be made between the dryland and irrigation farmers.

The adopters are far more technicdly efficient, on average, than the non-adopters.
The 1998/99 efficiency frontier is defined by onefarm - an adopter (again, bearing in
mind the amdl sample). The returnsto scale results show that gpart from this
efficient farm, which has an overdl efficiency score of unity, and is scale efficient by
definition (shown as condant returnsto scae, CRS), dl but one of the enterprises are
too smdl.



Table 8: DEA resultsfor large-scale cotton farmersfor 3 seasons

Efficiency Frontier Returns to Scae

Totd Technicadl Scde fams(# IRS CRS DRS
Season 1: 1998 / 1999

Mean: Totd sample 0.78 0.91 0.86 1 7 1 1

Mean: Non-Adopters 0.72 0.84 0.86 0 4 0 1

Mean: Adopters 0.84 0.99 0.85 1 3 1 0
Season 2: 1999 / 2000

Meen: Totd sample 0.67 0.79 0.85 3 12 3 0

Mean: Non-Adopters 0.65 0.73 0.89 2 6 2 0

Mean: Adopters 0.69 0.86 0.80 1 6 1 0
Season 3: 2000/ 2001

Meen: Totd sample 0.45 0.65 0.69 6 33 6 0

Mean: Non-Adopters 0.37 0.63 0.59 2 14 2 0

Mean: Adopters 0.51 0.67 0.76 4 19 4 0

In the second season, reported in the lower section of Table 8, the first column shows
that the mean totd efficiency was alittle lower a 0.67. Again, the adopters have a
higher average efficiency leve of 0.69 compared to that of the non-adopters of 0.65.
The puretechnicd efficency leve of the adoptersis higher than for the non-adopters,
whilst mogt of the non-adopters advantage is attributed to the scale of their
operations. In this season, three farms define the frontier. The dominant problem is
dill that 84% of the farms are too smdl. These results should be viewed with the
nature of the second season in mind: many of the commercid farmers were unhagppy
with theinitid Bt-cotton seed and thought the technology fee too high during times
when there was not worm pressure. In addition, they had to spray for other pests, and
would then rather use conventiona seed and pesticides.

In the third season the baance swayed in favour of Bt-cotton. Sixty-seven percent of
the efficient farms were characterised by the use of Bt-cotton. The adopters
represented fifty-eight percent of the sample in that season. This can partly be
ascribed to the development in the seed technology where the Bt gene was added to
the Opd variety (in stead of Akaa 90 of the previous season), which isthe preferred
vaiety. The lower efficiency scores are ascribed to the substantid group of
newcomers who faced the technology for the first time. In this season the adopters
are more efficient than the non-adoptersin terms of technica performance and returns
to scae.

In comparison with results from the smdl-scae farmer study, (Beyers, . d., 2002),
the commercid farmers operated a much higher leves of totd efficiency than the
grdl-scde farmers in both the 1998/1999- and 1999/2000 seasons. The first season
results show thet both smdll-scale and commercid nonadopters were 84% technically
efficient. However, in the case of adopters the small-scae farmers were 77%
technically efficient compared to the commercid farmers 99% technical efficiency.
A reversd occurred in the second season where small -scae non-adopters were more
efficient than their commercid counterparts. Commercid adopters, however, were
86% fficient, compared to smdl-scale adopters 79% technicd efficiency. While
commercid farmers were on average more scae efficient than small-scae farmers,
the latter group’s adopters had higher scale efficiency scoresin the second season
then that of the commercid adopters. Also, in terms of defining the frontier, a higher



percentage of commercia farmers condtituted the efficiency frontier (15% on
average) as opposed to the smal-scade group (8% on average). This may well be
confirmation thet the amdl-scale farmers are lacking information and training on the
precise use and benefits of the Bt-technology.

6 Conclusion

The very impressive adoption rate of insect-resstant cotton in South Africa can be
atributed to different benefits enjoyed by adopters. Both large-scde and smdl-scae
farmers enjoy financid benefits due to higher yidds and despite higher seed codts. In
addition, those who adopted the technology appear to be more technicaly efficient
than thase who do not adopt — indicating thet it is perhaps the better farmers who spot
the potentia benefits of the Bt cotton seed. It is encouraging to hear reports of cross-
pest control improvements due to less spraying in the commercia aress — thiswas not
true for the smalholders. Continued research on diverse benefits and the
digributiond impact of the technology are underway and promise to ddiver

interesting results on the various impacts Bt cotton is having on the South African
cotton indudtry.
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