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Abstract
Background

Since the commercial release of Bt cotton in Burkina Faso in 2009, the issue of seed purity in producers' �elds
has rarely been addressed in an unbiased and objective manner. The potential for contamination of conventional
seed varieties with Bt traits and the consequent threat to the continuation of organic cotton production has been
documented. However, studies are rare on the varietal purity of Bt cotton seeds, despite the implications for the
effectiveness and sustainability of their use.

This paper compensates for the lack of research on the varietal purity of cotton seeds in Burkina Faso by
reporting the results of Enzyme linked immunosorbent assay tests collected in 2015 on samples of both
conventional and Bt varieties from 646 �elds.

Results

According to the conservative criteria used to declare the presence of a Bt gene in a given variety (more than 10%
of seeds of conventional variety exhibit Bt traits, and at least 90% of seeds of Bt variety exhibit Bt traits), seed
purity was very questionable for both types of variety. For the supposedly conventional variety, the Cry1Ac gene
was observed in 63.6% of samples, the Cry2Ab gene was observed in 59.3% of samples, and both genes were
detected in 52.2% of the seed samples. Only 29.3% of the seeds that were supposed to be of conventional type
contained no Bt genes. Conversely, for the labeled Bt variety, the Cry1Ac gene was found in only 59.6% of
samples, the Cry2Ab gene was found in 53.6% of the samples, and both genes were found in 40.4% of the
samples. Finally, for the seeds that were supposed to contain both genes (Bollguard 2), both Cry1Ac and Cry2Ab
genes were found in only 40.4% of the samples, only one of the genes was found in 32.4% of the samples, and
27.2% of the seeds in the samples contained neither.

Two factors are responsible for the severe lack of seed purity. First, conventional varieties are being
contaminated with Bt traits because of a failure to revise the seed production scheme in Burkina Faso to prevent
cross-pollination. Second, the original Bt seeds provided to Burkina Faso lacked varietal purity.

The organic sector plays a very minor role in the cotton sector of Burkina Faso (production of organic cotton
totaled 453 tonnes in 2018/2019, out of national cotton production of 183 000 tonnes). Nevertheless, the lack of
purity in conventional seed varieties is a threat to efforts to expand certi�ed organic cotton production. The poor
presence of Bt proteins in supposedly Bt varieties undermines their effectiveness in controlling pests and
increases the likelihood of the development of resistance among pest populations.

Conclusion

Our results show the extent of purity loss when inadequate attention is paid to the preservation of seed purity.
Pure conventional seeds could vanish in Burkina Faso, while Bt seeds do not carry the combination of the
expected Bt traits. Any country wishing to embark on the use of Bt cotton, or to resume its use, as in the case of
Burkina Faso, must �rst adjust its national seed production scheme to ensure that procedures to preserve varietal
purity are enforced. The preservation of varietal purity is necessary to enable the launch or the continuation of
identity-cotton production. In addition, the preservation of varietal purity is necessary to ensure the sustainable
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effectiveness of Bt cotton. In order to ensure that procedures to preserve varietal purity are observed, seed purity
must be tested regularly, and test results must be published.

Background
Since the commercial release of genetically modi�ed cotton designed to provide resistance to some damaging
insects in 1996, the issue of seed purity has received little attention and mainly with regard to the potential for
cross-pollination between Genetically Modi�ed Organism (GMO) and non-GMO seeds because of the concerns of
producers of identity-cotton, especially organic cotton. Producers of organic cotton are concerned that they will
not being able to meet the requirement for the absence of Genetically Modi�ed (GM) traits at a stated threshold
(Cederholm 2014). In the USA, the coexistence of GM and non-GM crops is perceived as an illusion because the
contamination by GM crops is thought to be impossible to escape (Food Democracy Now! 2014), so the
continuation of organic cotton production is threatened.

However, published studies dealing with the purity of GM cotton seeds, more precisely Bt cotton seeds, are rare.
Many studies have dealt with the expression of Bt genes in varieties by measuring the concentration of Bt toxins.
For instance, the variety effect or seed generation effect has been observed in India where F1 hybrids are
released, and the F2 offspring might have been used by farmers (Singh et al. 2016). The issue of the purity of Bt-
cotton seeds has only been speci�cally addressed in Pakistan, where discrepancies were found between farmers'
declarations of the types of cotton they were growing and the real type-checked through lab analysis of plant
samples, in a context where only the single Cry1Ac gene was encountered (Spielman et al. 2017). Even in studies
about the issue of coexistence, the rate of contamination of supposedly non-GM seeds with GM traits is
addressed, from 0.1% to 5.0%, but the purity of GM seeds is seldom mentioned. GM traits are not considered
distinct from other genetic traits for which the general genetic purity should be met, at a level generally
established at 95.0% to 99.9%, depending on the type of seeds in the USA or Europe. The standard GM purity rate
is established at 90% in China (Seed world 2017), and 90%~95% in India (Mohan and Sadananda 2019).

The lack of work on the purity of Bt-cotton seed varieties is regrettable because of the implications for the
effectiveness and sustainability of Bt-cotton. As shown by Sun et al. (2013), when conventional seeds account
for 20% to 50% of the seeds in a packet of supposedly Bt seed, poor or very poor pest control is achieved.
Although the presence of conventional seeds in a mixture might produce a kind of refuge within a plot, such a
type of refuge was found ineffective (Tabashnik 1994) and the development of resistance was promoted
(Brévault et al. 2015), while good stewardship is required for the success of its implementation (Mohan and
Sadananda 2019).

The objective of this paper is to compensate for the mentioned lack of investigation of seed purity for both
conventional and Bt varieties. This paper is based on data collected in 2015 in Burkina Faso, on the eve of a
decision to suspend the use of Bollguard 2 (BG2) varieties (varieties with two stacked Bt genes, Cry1Ac and
Cry2Ab). Bt cotton was legally released in Burkina Faso in 2008. The data corresponded to Enzyme linked
immunosorbent assay (ELISA) tests conducted to assess the presence of Cry1Ac and Cry2Ab genes in samples
of seeds from 646 �elds representing nearly equally the conventional variety (FK37) and the Bt variety (FK95
BG2, derived from the introgression of the two main Bt genes into FK37). The knowledge gained with regard to
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the level of seed purity and factors in�uencing seed purity should be helpful to other developing countries
preparing to embark on the use of Bt-cotton. This study will also be useful to Burkina Faso in the event a decision
is taken to resume the use of Bt cotton.

Results
Because of the organization of seed distribution in Burkina Faso, �elds could be easily classi�ed according to the
types of seeds supplied to farmers. Seeds were supplied by So�tex, the main cotton company representing 80%
of national production, after registering what each farmer wanted to grow, although some arbitration might occur
according to seed availability. In general, farmers do not get seeds outside the cotton company in their area,
although there might be some arrangement between individuals to get additional seeds from each other. Hence,
sampling for our study was based on the records of the extension specialists working for So�tex.

With reference to the results of ELISA tests on the samples from �elds cultivated with conventional seeds
supplied by So�tex, the presence of Bt genes was clearly revealed (Table 1). As cotton is mainly an autogamous
species (self-pollinating), the results illustrate the extent of contamination of conventional varieties with Bt genes
in seeds supplied to farmers.

Out of 297 �elds cultivated with so-called conventional seeds, 63.6% and 59.3% showed the presence of Cry1AC
and Cry2Ab, respectively. In both cases, more than 40% of seeds in a sample (4 to 5 seeds out of 11) tested
positive for the Bt genes. Both Bt genes were detected in 52.2% of the conventional cotton �elds, indicating that
about half of the sampled �elds were indeed Bt-cotton �elds.

In other words, of the 297 �elds where conventional cotton was supposedly cultivated, less than half contained
conventional cotton. As shown in Table 2, only 29.3% of the �elds labeled as conventional were conventional,
52.2% of the �elds contained BG2 cotton, 11.4% of the �elds contained the Cry1Ac gene, and 7.1% of �elds
contained cotton with the Cry2Ab gene.

Conversely, in the 349 �elds where cotton varieties labeled as Bt were cultivated, 95% of the �elds exhibited the
presence of either the Cry1Ac or the Cry2Ab gene in at least 46% of the seeds sampled from each �eld (Table 3).
Further, 92.6% of the �elds labeled as Bt contained cotton with both genes in at least 46% of the seeds sampled,
and more than 86% of all seeds tested (or more than 9 out of 11 seeds) contained both Bt genes. Even if the
criterion for the presence of Bt genes was increased to 73% of seeds tested, 65% to 77% of �elds that were
sampled met the standard to be labeled as Bt cotton (results not shown in either table).

However, it would be more di�cult to claim that Bt-cotton �elds were cultivated with pure Bt seeds, de�ned as
�elds in which more than 95% of seeds exhibited Bt genes (Table 4). The criterion for pure seeds was met for less
than 60% of the Bt �elds when each Bt genes was considered separately, and only 40% of �elds contained seeds
in which 95% or more exhibited both Bt genes simultaneously.

If the criterion for seed purity of 95% is applied to de�ne the status of cotton grown in a particular �eld, 27.2% of
the �elds that were supposedly planted to BG2 varieties were in fact �elds of conventional cotton (Table 5). Only
40.4% of the �elds planted to the BG2 variety were actually BG2 �elds, and 32.4% of �elds planted with varieties
that supposedly contained both Bt genes had cotton with only one gene (19.2% were Cry1Ac and 13.2% were
Cry2Ab).
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Discussion
There is little information in the literature to con�rm our results on the purity of Bt-cotton seeds. Seed
organizations should disclose such information they must have, but they do not. Consequently, de�ciencies in
seed purity are documented in only a few countries.

In Pakistan, the lack of seed purity for both conventional and Bt cotton has been assessed by comparing farmers'
declarations on the types of seeds they have planted with biochemical analysis of plant leaves. It was found that
only Bt cotton with a single gene (Cry1Ac) was cultivated, 11% of the farmers who believed they were cultivating
Bt cotton were cultivating cotton without the Bt gene, and 5% of the farmers who believed they were cultivating
non-Bt cotton were, in fact, growing cotton with the Bt gene (Spielman et al. 2017). The percentage discrepancies
in our study of cotton in Burkina Faso are higher than those in Pakistan; the fact that a double-Bt gene cotton
was used in Burkina Faso could be an explaining factor. The authenticity of the seeds supplied only by So�tex,
the major cotton company in the country, should be better.

In China, Pemsl et al. (2005) measured the level of Bt toxins in plant tissues and found a probable lack of seed
purity in Bt cotton varieties. In the case of hybrid varieties developed for cultivation in the southern provinces of
China, a lack of seed purity was also tested indirectly through the assessment of the presence of Bt toxins (Xu et
al. 2008). In both cases dealing with traditional cotton production areas in the Eastern and Southern regions of
China, the extent of purity imperfection was not estimated. Since 2010, �ve-sixths of cotton production in China
has shifted towards the region of Xinjiang in the North-West (Lu et al. 2018, Ma et al. 2020, Yu 2013), because of
better labor productivity (Zhu 2013). Although Bt cotton was cultivated by 52% of cotton growers in Xinjiang in
2012 (Li et al. 2014), the issue of seed purity has been little addressed and was not even mentioned in a recent
assessment of the use of transgenic cotton in this region (Li et al. 2019).

In Burkina Faso, So�tex controls the production of all seeds, including the FK95 BG2 variety, but the company
does not provide data on seed purity. Such information has been made available by a single initiative to check
the Bt status of plants labeled as Bt. Out of a preliminary test of 45 samples, 24.4% had no Bt genes at all, 17.8%
had a single Bt gene (equally distributed between the two main Bt genes), and 57.8% had both Bt genes (Fok et
al. 2016). These �gures are quite consistent with those in our present study, which is based on a much higher
number of samples.

The literature dealing with the phenomenon of contamination of conventional seeds by Bt genes is larger, but
with much less, if any, quantitative assessment compared with our study. The documentation of the issue of
contamination of conventional seeds with Bt genes is greater mainly because the phenomenon has endangered
the continuation of organic cotton production, notably in the USA (Hershaw 2013), where it is claimed that no
organic cotton producer could meet the purity criterion for conventional seeds. In the United States, the
contamination of conventional seeds has become so widespread and unavoidable that Endres (2005) advocated
a revision of the federal and state laws governing seed purity. In India, in almost 30% of cases examined,
conventional seeds supplied to plant a refuge contained Bt genes (S. Kranthi et al. 2017), although to a non-
speci�ed extent. In Burkina Faso, a study mandated by promoters of organic cotton pointed out that about 50%
of organic cotton producers were provided with seeds containing Bt genes. However, the criterion for declaring
the presence of a Bt gene in conventional seeds was very stringent; Bt genes were declared present if just one out
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of 300 seeds was found to contain such a gene in tests completed with lateral �ow strips (Vognan and Bourgou
2014).

Our results clearly showed that on the eve of suspending the use of Bt-cotton, conventional seeds were
contaminated to a large extent. Further, since we utilized a rather forgiving threshold to declare the presence of Bt
genes in conventional seeds, the real situation of contamination was almost surely worse than indicated in our
�gures.

The main reason for the contamination of conventional varieties with Bt traits was the lack of speci�c attention
to prevent contamination when Bt cotton was disseminated on a large scale in 2009. No speci�c measures were
implemented to delineate a non-Bt cotton zone where conventional seed production could have taken place.

In addition, farmers commonly exchange seeds among themselves, including farmers operating in seed
production areas, leading inevitably to the comingling of conventional and Bt cotton varieties. Even farmers who
did not wish to grow Bt cotton would have inadvertently received seeds with Bt traits.

Quality control regarding the Bt traits in seed production was quantitatively insu�cient. ELISA tests were
conducted by So�tex (So�tex n.d.), but the purpose of the tests was to check the Bt nature of seeds, not the level
of Bt genes present in seeds.

Since the suspension of the use of Bt cotton in Burkina Faso in 2016, the level of contamination of conventional
cotton with Bt genes has probably declined from the quite high level found in our study. Nevertheless, it is
unlikely that Bt genes have disappeared from �elds. After the suspension decision, seed control was
implemented with more stringent measures. The main cotton variety in Burkina Faso also shifted to another
conventional one. However, the variety shift could not be implemented completely in one campaign, and there
must remain some level of adventitious and unintentional presence of Bt genes in cotton �elds. So, to some
extent, cotton producers, including producers of organic cotton, keep bene�tting from some effectiveness of Bt
genes to control targeted pests.

On the eve of the suspension of the use of Bt cotton, the pest resistance traits of the Bt cotton seeds could be
acknowledged, although the expression of those traits was not perfect. Our point is that, based on ELISA tests, Bt
toxins were detected in Bt varieties, but not at the levels expected. The fact that the presence of Bt proteins in Bt
varieties was lower than expected could lead to the inference that Bt genes were absent, but this inference would
be excessive because many factors affect the expression levels of Bt genes (Huang et al. 2014; Iqbal et al. 2013;
Rochester 2006; Wan et al. 2005). Besides, this argument has little application to our study because we observed
this expression in falsely-labeled conventional seeds in the same growing conditions.

Our work is the �rst to quantify the degradation of the status of BG2 seeds to such a poor level. The BG2 status
(based on the presence of both Cry1Ac and Cry2Ab genes) applied to only 40% of the seeds sampled. Again,
because of the conservative threshold retained for purity regarding the presence of Bt genes in seeds, the real
lack of BG2 status was even worse than indicated by our �gures.

At least two factors explained the lack of Bt purity in seeds. First, there was insu�cient control of the BG2 status
of seeds at the stage of seed production and processing, and the failure of So�tex to implement speci�c actions
to protect the varietal purity of seeds was to blame. However, there was a second and even more important
factor. The seeds for large scale release originally provided by Monsanto were not su�ciently pure because the
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time allowed for the production of seed varieties with Bt traits in Burkina Faso was too short (Bourgou et al. 2020;
Fok 2016). It was technically impossible to achieve stabilized and homogenous seeds in two years with at most
four production cycles.  The lack of purity in the seeds originally supplied to Burkina Faso, after introgression of
Bt genes, made subsequent efforts at quality control more di�cult and costly. This de�ciency in the provision of
the original seeds after introgression of Bt genes- not reported so far in other countries - should be regarded as
the principal factor explaining the poor BG2 status of Bt cotton seeds.

The cultivation of Bt-cotton with insu�cient purity has worrisome implications for the effectiveness and
sustainability of the Bt technology against target pests. The mixture in an environment of cotton varieties with
varying degrees of inclusion of Bt genes, ranging from seeds with neither gene, seeds with Cry1Ac only, seeds
with Cry2Ab only, and seeds with both genes, creates di�culties in pest management and the avoidance of the
development of resistance and wipes out the rationale for having adopted the stacked gene technology in the
�rst place.

The presence of seeds with a single Bt gene creates a condition favorable for the emergence of resistance to that
gene, hence facilitating the emergence of resistance to seeds that contain both Bt genes. Likely, the process of
resistance build-up againstboth Bt genes had already started in Burkina Faso by 2015, and insects with resistant
alleles could probably be encountered by that time, at least at low frequencies. If this was the case, then the
effectiveness of the same genes cannot be guaranteed if Bt cotton is relaunched in Burkina Faso. In addition,
there would also be the risks associated with the outbreak of secondary pests that are encountered in most (if
not all) countries having adopted Bt-cotton for a few years (Zhao et al. 2011; BK. Kranthi 2011; Fok 2010).

Conclusions
On the eve of suspending its use of Bt cotton, Burkina Faso had suffered from the loss of purity in the seeds of
both conventional and Bt varieties. The situation resulted from a failure to adjust the seed production and
distribution scheme when Bt cotton was originally released, and from the lack of purity in the original Bt seeds
supplied to the country. So, any country wishing to release varieties with Bt genes should �rst ensure the genetic
purity of the seeds it receives. Secondly, the country must adjust its scheme of seed production and distribution
to protect the genetic identity of future seed generations. Third, it is necessary to regularly check varieties for
seed purity, and such data must be shared with all stakeholders.

These lessons also apply to Burkina Faso in case the country decides to resume the use of Bt cotton. The
effectiveness of Bt cotton in Burkina Faso may be hampered by the legacy of resistance among target pests that
began to be developed during the �rst period of Bt use.
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Methods
The data were collected in December 2015 in the framework of a study to access the gap in �ber quality between
the conventional and Bt cotton varieties being cultivated at this period (Bourgou et al. 2020). The gap observed,
at the expense of the Bt-cotton variety, has implied huge �nancial loss for the cotton companies (Fok 2016)
which led to a decision in mid-2015 to suspend  the Bt-cotton use  (Dowd-Uribe and Schnurr 2016). The 2015
season was the last where both conventional and Bt, isogenic cotton varieties were grown.

The conventional variety was known as FK37, developed by the national research in Burkina Faso while the
transgenic variety was FK95 BG2 obtained via introgression of two Bt genes (Cry1Ac and Cry2Ab) implemented
by Monsanto. It is worthwhile to note that FK37 was supplied for introgression in 2004, and seeds of FK95 BG2
after two backcrosses were sent back in 2006 for demonstration of biological effectiveness before release on a
large scale in 2008. The supplied seeds were obtained after at most four cycles (by cultivation in both northern
and southern hemispheres), quite insu�cient for a stable and homogenous genetic material.

For the mentioned study, sample collection was conducted in districts over the whole intervention area of So�tex,
representing about 80% of total production (Figure 1). Three cotton producer groups (CPG) were randomly
selected by the district and then three producers per CPG. Within CPG, �elds of producers growing both types of
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cotton were sampled preferentially; they were complemented by producers growing one of the two types. In the
2015 season, most farmers planted Bt-cotton (62.53% of the total 520 428 hm2), consequently, the share of FK95
BG2 in sampled �elds was higher (54.00% and 46.00% for FK95 BG2 and FK37, respectively).

In each �eld, a sample of one kilogram of seed cotton was collected randomly from 135 cotton plants across
diagonal lines of the �eld. A total of three bolls was picked at the bottom, in the middle, and on top of each plant.
After ginning, eleven seeds were randomly isolated to undergo ELISA test and check the presence or not of
Cry1Ac and Cry2Ab, according to the procedures followed at the seed quality control lab of So�tex (So�tex n.d.)
and probably set up in line with Monsanto stewardship.

For each �eld sample, the presence of Bt genes was controlled for each of eleven seeds but the data we
highlighted were the percentages of seeds that tested positive (e.g., 9.09% means one seed tested positive out of
eleven). For each sample, separated �gures were obtained for the presence of Cry1Ac and Cry2Ab.

In our study, we considered the so-called conventional cotton �eld cultivated with seeds to be contaminated by a
Cry gene when the corresponding sample showed an ELISA test result above 10% (or ELISA test was positive for
more than one out of eleven seeds). Conversely, we considered a so-called Bt-cotton �eld to be cultivated with
pure seeds with regard to a speci�c Cry gene when the ELISA result of the corresponding sample was above 90%
(or test positive for at least 10 out of 11 seeds). In other words, we retained a maximum threshold of 10% of Cry
gene presence to approve the purity of conventional seeds and a minimum threshold of 90% for that of Bt cotton
seeds. These thresholds are much higher than those commonly referred to in the USA or Europe, at 1.0%~5.0%
and 95.0%~99.0%, respectively, and which are quite stringent and hard to achieve in practice. The thresholds we
retained are consistent with a conservative approach to shelter from false-positive or false-negative errors
(Remund et al. 2001). Our purpose is to show the loss of purity, which would be furthermore real when following
a more stringent criterion of seed purity.

However, a �eld might be considered to have a Bt-cotton status even if the seeds used were not pure as de�ned
above. This is a situation seldom addressed as it is assumed that GM seeds being supplied are necessarily pure.
For a �rst study taking into account the possibility of growing Bt cotton with seeds which are not pure, we have
retained a minimal threshold of 46% of Bt gene presence in seeds (in our case, presence in at least 6 out of 11
seeds) to assume that supplied seeds were of Bt nature.
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Tables
Table 1 : Presence of Bt genes in seeds from fields cultivated with conventional variety
  Presence of

Cry1Ac
Presence of
Cry2Ab

Double
presence

Number of sample 297 297 297
Share of samples with presence* of the concerned
Cry gene /%

63.5 59.3 52.2

Presence rate** of Cry1Ac /%       
Mean  41.5   43.1

Std. deviation 23.2   22.5
Presence rate** of Cry2Ab /%      

Mean    39.3 40.3
Std. deviation   23.2 23.3

* Presence was claimed when observed on at least one out of 11 seeds of each sample
** Rate of presence in samples where the presence was observed according to the retained criterion,
calculated from the number of seeds with Bt gene detected out of eleven

 

Table 2: Contamination status of conventional seeds in samples from conventional cotton fields (% of
297 samples)

Contamination* by Cry1Ac
Contamination* by Cry2Ab Total

No Yes
No 29.3% 7.1% 36.4%
Yes 11.4% 52.2% 63.6%
Total 40.7% 59.3% 100.0%
* Contamination was claimed when observed on at least one out of 11 seeds of each sample

Table 3: Bt status of seeds in samples from fields of Bt cotton
  Cry1Ac Cry2Ab Cry1Ac + Cry2Ab
Number of sample 349 349 349
Share of samples with presence* of the concerned Cry gene /% 95.7 94.3 92.6
Presence rate** of Cry1Ac /%      

Mean 88.1   88.8
Std. deviation 11.9   11.2

Presence rate** of Cry2Ab /%      
Mean   86.5 86.6

Std. deviation   12.2 12.1

* Presence is claimed when observed on no less than 6 seeds out of 11 of each sample
** Rate of presence in samples where the presence was observed according to the retained criterion, calculated from the
number of seeds with Bt gene detected out of eleven
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Table 4: Purity status of Bt seeds in samples from Bt-cotton fields
  Presence

of Cry1Ac
Presence
of Cry2Ab

Double
presence

Number of sample 349 349 349
Share of samples corresponding to fields grown from pure*
seeds for the concerned Cry gene /%

59.6 53.6 40.4

Rate** of Cry1Ac presence in the samples corresponding to
fields grown from pure seeds for this gene /% 

     

Mean 96.0   96.7
Std. deviation 4.5   4.4

Rate** of Cry2Ab presence in the samples
corresponding to fields grown from pure seeds
for this gene /%

     

Mean   95.4 95.9
Std. deviation   4.6 4.5

* Purity is claimed when the presence of Bt gene was observed on no less than 10 seeds out of 11 of
each sample
** Rate calculated by the number of seeds with Cry gene detected out of eleven of each sample.
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Figure 1

So�tex cotton zone, showing study sampled districts and sites


