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Abstract

Genetically modified (GM) Bt  maize MON810 is promoted as being beneficial for farmers and 
the environment. The aim of this study was to compare particular claims of the benefits associated with 
this GM maize with Czech farmers' practice. Ten semi-structured interviews and 27 questionnaires 
obtained from Czech farmers who had grown Bt maize for at least one year in 2005–2016 were 
analysed qualitatively.
The alleged benefits of MON810 cultivation regarding lower levels of fungal disease infestation, yield 
increase, reduction of insecticide usage, lowered costs, time saving and simple manipulation were 
enjoyed by a varying proportion of Czech GM farmers. In contrast, some farmers experienced the 
opposite of the claimed benefit regarding yield, costs, manipulation and time requirements. The 
exception was the 100% control of the European Corn Borer (ECB). The current and previous studies 
suggest that most of the benefits manifest themselves rather on farms under high ECB pressure. 
Seen from an economic viewpoint, the cultivation of Bt maize could be recommended in areas with 
persistent high corn borer pressure. However, the benefit to the environment is challenged and it is 
suggested that farmers should employ a complex of cultural control methods.

Keywords: genetically modified, Bt  maize, MON810, farmers, Monsanto, benefits, European corn 
borer, environment, Czech Republic

INTRODUCTION
Genetically modified (GM) crops were 

commercialized more than 20  years ago with 
a  promising future. Recently developed new plant 
breeding techniques carry on the same hopes as 
the “old” genetic engineering, predicting more 
precise breeding methods, higher yields, resistance 
to diseases, decreased use of pesticides, drought 
tolerance and improved nutritious quality (James 
and Krattiger, 1996; Borlaug, 2000; Cressey, 2013; 
Parrett, 2015; Cerier, 2018). The degree to which 
the advantages that were claimed came true has 
been reviewed with inconsistent results, see e.g. 

(Benbrook, 2012; Gilbert, 2013; Apiolaza, 2014; 
Heinemann et  al., 2014). The first generation of 
GM crops was designed predominantly to benefit 
farmers. Yet the experience of the most important 
stakeholders is underrepresented in the literature. 
The aim of this research study was to compare 
particular claims of the benefits associated with GM 
maize MON810 with Czech farmers' practice.

Cultivation of Bt Maize in the EU
Bt maize MON810 is currently the only GM crop 

whose cultivation is permitted in the EU. It was 
authorized in 1998 but first grown in 2003 in Spain, 
with the majority of European countries never 
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joining in (Ministerio de Agricultura Alimentación 
y Medio Ambiente, 2012; James, 2016). On the 
contrary, the number of member states that have 
ceased the cultivation of MON810 or imposed a ban 
on it has been increasing since that time (Devos 
et  al., 2014). It was grown only in Portugal and 
Spain in 2017, with the largest European cultivation 
area being in Spain (ISAAA, 2017).

In the Czech Republic, Bt  maize was grown 
for commercial purposes from 2005 until 2016 
continuously. The greatest cultivation area, in 
2008, did not exceed 3% of the total maize acreage 
(Křístková, 2009). The decrease recorded since 
then was caused by problematic sales, negligible 
pressure imposed by the pest to which the plant is 
resistant, strict co-existence rules and the fact that 
some companies did not deliver GM seeds to the 
Czech Republic (Křístková, 2009; Jordán, 2015).

This type of GM maize produces the Cry1Ab 
protein, which is toxic for certain lepidopteran 
insect pests, including the European Corn Borer 
(ECB) (Ostrinia nubilalis) and pink borers (Sesamia 
spp.) (Monsanto Company, 2007). 

A  complex of control methods that rely, besides 
direct treatment, on cultural measures is advised 
in order to combat the ECB (Ústřední kontrolní 
a  zkušební ústav zemědělský, 2018). The direct 
measures that are practised include chemical and 
biological control (Meissle, Romeis and Bigler, 
2011). The application of relatively cheap chemical 
insecticides requires special and expensive 
machinery because of the height of maize stands 
(ibid.). Broad-spectrum insecticides that control 
several arthropod pests at once are usually used 
(ibid.). 

Biological control consists of the air or hand 
application of the Trichogramma wasp spp., 
which parasitizes on ECB eggs (Ústřední kontrolní 
a  zkušební ústav zemědělský, 2018). Its efficacy 
compares to that of chemical insecticides under 
optimal conditions (Meissle, Romeis and Bigler, 
2011). The maize area treated with the parasitic 
wasp shows an increasing trend in the Czech 
Republic (Ústřední kontrolní a  zkušební ústav 
zemědělský, 2018).

Another possible way to fight infestation is to 
plant GM maize resistant to ECB. These plants 
continuously produce Bt toxins that are active 
against the larvae of the pest. The control is thus 
independent of the weather and farmers' chances 
to monitor pest arrival and apply insecticides or 
parasitic wasps.

Bt maize MON810 is promoted as being beneficial 
for farmers and the environment. Some of the 
benefits listed by the patent holder Monsanto 
include: 100% control of corn borers, healthy 
production, increased yield, lowering the unit costs 
of maize production, reduction of the usage of 
insecticide, simplicity of manipulation and saving 
time (Monsanto, no date). 

Research has been undertaken to evaluate the 
claimed benefits in the European context. The 
efficacy against the ECB and fungal infestation 
was investigated in field trials (Folcher et  al., 
2010; Kocourek and Stará, 2012) and commercial 
fields (Darvas et  al., 2011; Selwet, 2011; Thieme 
et al., 2018). The yield was also evaluated in fields 
trials (Andersen et  al., 2007; Schiefer et  al., 2008; 
Křístková, 2009; Kocourek and Stará, 2012) and 
under commercial cultivation (Gómez-Barbero, 
Berbel and Rodríguez-Cerezo, 2008; Schiefer et  al., 
2008; Křístková, 2009). Křístková (2009) reported 
on the profitability of Bt  maize cultivation that 
was assessed by cost-benefit analysis based 
on farm data, Gómez-Barbero, Berbel and 
Rodríguez-Cerezo (2008) and Schiefer et  al. (2008) 
indicated gross margin difference between Bt 
and conventional maize cultivated commercially. 
Relevantly, a European review by Wolf and Vögeli 
(2009) and the data from the abovementioned 
studies suggest that the benefits concerning fungal 
diseases, yields, insecticides and costs are relative. 
Furthermore, apart from some indications based 
on the advantages and disadvantages reported 
by Czech Bt  maize growers, the alleged simplicity 
of manipulation and saving time have not been 
evaluated (Křístková, 2009).

Only three European publications reported on, 
among other things, farmers' experience with some 
of the claimed benefits. Gómez-Barbero, Berbel and 
Rodríguez-Cerezo (2008) evaluated yield, economic 
performance and the use of insecticides based on 
data from over 400 Spanish farmers who cultivated 
Bt (Bt176 and MON810) and/or conventional maize 
in the years 2002–2004. Křístková (2009) analysed 
data on yield and economic performance from 
over 150  Czech farmers who cultivated Bt  maize 
in the years 2005–2007. The German assessment of 
farms' yield draw on the experience of nine farmers 
who cultivated Bt  maize in 2007 (Schiefer et  al., 
2008). Moreover, Schiefer et al. (2008) suggest that 
in order to evaluate the economic performance of 
Bt maize planting, further research should include 
observation in the practice, not only conducting 
field trials.

Aim of the Current Study
Although Bt  maize MON810 has been cultivated 

in the EU for 17  years, there are gaps and 
inconsistencies in the published literature. The 
aim of this study was therefore to contribute to the 
assessment of all of the claimed benefits based on 
farmers' experience covering the entire period of 
Bt  maize cultivation in the Czech Republic (2005–
2016). The research was guided by the research 
question: “How do the benefits claimed by the GM 
maize seed producer correspond to the agricultural 
practice as reported by Czech GM farmers?” Only 
those claims of benefits that are targeted at farmers 
are explored. 
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MATERIALS AND METHODS

Technical Guide for the Cultivation 
of YieldGard® Corn Borer Maize

Farmers buying Bt maize seed receive a Technical 
Guide for the cultivation of YieldGard® Corn Borer 
maize issued by Monsanto. It contains information 
about the plant, the pest to which it is resistant, 
farmers' obligations and a list of benefits introduced 
by the quote “What does the YieldGard® insecticide 
protection technology mean?” (Monsanto, undated). 
Seven out of ten claims concerning its benefits 
(presented in results and discussion in quotation 
marks) were chosen for the analysis as they rest on 
certain assumptions.

Interviews
All the Czech farmers who grew Bt maize in 20151 

(N = 11) were invited to interviews at the beginning 
of February 2016. Their contact details were 
found by searching the Land Parcel Identification 
System (LPIS) using GM maize field location data 
which was obtained through the Free Access to 
Information Act No. 106/1999 Coll. Interviews with 
ten2 agronomists were carried out by the author in 
February and March 2016, in most cases directly 
on their farms. The semi-structured interviews 
were based on an interview guide3 provided to the 
interviewees prior to the meetings.

The interview and questionnaire questions 
focused on agricultural practice, maize pests, 
biodiversity, co-existence, motivations to begin, 
continue or discontinue Bt maize growing, overall 
experience with Bt maize and attitudes to GM crops.

Eight interviews were audio-recorded with 
the agronomists' consent. The recordings were 
transcribed and analysed using grounded 
theory coding in Atlas.ti. The farmers who were 
interviewed are presented here under the codes F1 
to F10 to ensure anonymity.

Questionnaires
A list of all the Czech growers cultivating Bt maize 

MON810 in 2005–2014 was obtained through the 
Free Access to Information Act No. 106/1999 Coll. 

All the subjects whose addresses were indicated in 
the list and had not been interviewed in 2015 were 
invited to participate in the research in the second 
half of February 2017.4 A  total of 216 agronomists 
were asked by email or mail to fill in an anonymous 
online questionnaire5 or its paper version. The 
response rate achieved after two reminder 
emails equalled 13% (n  =  27). The interview 
and questionnaire data from questions phrased 
in the same way was merged for the analysis. 
The overall response rate thus increased to 16% 
(37 respondents out of 226).

The characterization of non-respondent 
farmers is based on the feedback provided by 
some agronomists who refused to return the 
questionnaire. Reported reasons for not filling 
the questionnaire were mainly that it had been 
a  long time since the end of Bt  maize cultivation 
(the responsible agronomist was not in charge any 
more or s/he did not have sufficient information to 
answer the detailed questions) or the fact that they 
only tried Bt maize on a small scale in one season 
and did not feel competent to answer. The only 
data the competent Czech authorities provide is the 
number of growers per year and the overall size 
of the commercially cultivated Bt  maize area (see 
Tab. I), which does not permit comparison with the 
anonymous data of the respondent sample.6

The questionnaire provided data from farmers 
growing Bt  maize in the period 2005–2014. The 
farmers who were interviewed reported on the year 
2015, including the only agronomist who continued 
to grow Bt  maize in 2016. The total sample thus 
covers the entire period for which Bt  maize was 
grown in the Czech Republic from 2005 to 2016.

Sample Characteristics
Each farm with identification details that had 

grown Bt  maize for at least one year since the 
beginning of its cultivation in the Czech Republic 
was invited to participate in the research. Different 
durations of cultivation (1–10 years) and each 
year of cultivation (2005–2016) are covered. The 
participants had the opportunity to skip questions 
and to reply “I do not know” to the majority of the 

1 The Bt maize acreage accounted only for 0.3% of the total maize acreage in the Czech Republic in 2015 (Jordán, 2015)
2 The contact details of farmer F10 were obtained later, so that he was contacted at the beginning of the season and 

refused to have a personal interview for time reasons. Only a short telephone interview was conducted. Additional 
information was adopted from interviews he provided to the magazines Farmář (Hruška, 2012) and Euro (Weikert, 
2014).

3 The interview guide is available as the Supplementary file 1.
4 226 out of 233 subjects with address details were eligible for the research. The seven excluded subjects were: four 

subjects that ceased to exist in the course of the years, two school farms and one research institute.
5 The questionnaire is available as the Supplementary file 2.
6 Surprisingly, some farmers responded that they did not cultivate GM maize. This might be explained by the fact that 

any subject growing Bt maize must notify this to the competent Czech authority, regardless of the scale of cultivation. 
Agronomists usually try new crop varieties in small field trials, which was reportedly the case of some GM maize 
growers. They might therefore not have been aware of Bt maize cultivation on their farm (especially if it was many 
years ago).
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questions. The number of valid answers (other than 
“I do not know”) thus varies between 28 and 37 for 
the respective benefits, and between 21 and 36 for 
the respective farm and farmer characteristics. The 
small size of the sample did not permit statistical 
analysis. Therefore, only the percentage and 
a proportion of particular answers out of the total 
valid answers to a particular question are indicated.

The farmers7 were between 31 and 65 years old 
(n = 33, median 49). Eighty-eight percent (29 out of 
33) of them were in the function of an agronomist 
on the farm when Bt  maize was first cultivated 
there. The highest level of education achieved by 
67% (23 out of 34) of the farmers was a university 
degree, 9% (three out of 34) of them had attended 
a higher professional school and 24% (eight out of 
34) of them had passed the ‘matura’ (school-leaving) 
exam.

Ninety-two percent (33 out of 36) of the farms 
operated both plant and animal production, 
while 8% (three out of 36) focused only on plant 
production. Other characteristics are presented in 
Tab. II.

RESULTS

“100% Control of European Corn Borer 
During the Whole Period of Cultivation”

The farmers who were interviewed characterized 
Bt maize plants as pretty, healthy and not broken, 
thanks to which they are not infested with fungal 
diseases. Although two agronomists noticed “bite 
marks” in Bt  maize plants, they emphasized that 
this variety was more resistant to the ECB than the 
conventional one. Similarly, F5 described Bt maize 
as not being infested at all or only minimally. Despite 
the traces of this pest activity in Bt  maize fields, 
all the farmers who were interviewed concurred 
that Bt  maize provides efficient protection against 
the ECB.

Eighty-five percent (28 out of 33) of the farmers 
reported a difference in the rate of ECB infestation 
between Bt and conventional maize. The farmers 
did not comment on the nature of the difference but 
since no one complained about the susceptibility of 
GM maize to this pest, I  interpret this as meaning 
that Bt maize was better protected compared to the 
conventional type.

The answers of 76% (26 out of 34) of the Czech 
farmers indicate that they complied with the refuge 
requirements, i.e. non-Bt  maize was planted on 
minimally 20% of the Bt maize acreage. Where its 
form was described, the refuge was always sown as 
a buffer crop (a means to ensure the co-existence of 
Bt and non-Bt  maize). Nearby conventional maize 
fields belonging to the particular GM maize farmers 
were also often considered a refuge.

“Healthy Production Thanks to Lower 
Infestation with Fungal Diseases”

Sixty-one percent (17 out of 28) of the farmers 
reported the same rate of infestation with plant 
diseases in Bt and conventional maize. No extra 

I: Size of the MON810 cultivated area and the number of its 
growers in the Czech Republic

Year
Size of the commercially 
cultivated MON810 area 

in the CR (Ha)

Number of 
MON810 growers

2005 270 51

2006 1290 82

2007 5000 126

2008 8380 167

2009 6480 121

2010 4680 82

2011 5090 64

2012 3050 41

2013 2560 31

2014 1754 18

2015 997 11

2016 75 1

2017 0 0

2018 0 0

2019 0 0
Source: Ministry of Agriculture

7 The terms “farmer” and “agronomist” are used as synonyms throughout the text as only farmers in the position of 
agronomists and owners of family farms were surveyed.

II: Farm characteristics

Farm's area of arable 
land (Ha)

Percentage of owned arable land 
out of total arable land

Annual turnover 
(millions of CZK)

Number of 
employees

Minimum 60 5 4 3

Maximum 6500 66 286 150

Median 1629 24 120 58

Valid answers 36 23 21 33
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observation was recorded in these cases and so it 
was assumed that both types of plants were disease-
free. Prior to Bt  maize cultivation the ECB was 
a significant pest on 41% (seven out of 17) of these 
farms. A difference in the infestation rate reported 
by 39% (11 out of 28) of the respondents was 
interpreted as less infection in Bt maize compared 
to conventional maize (again, no extra observation 
was reported). The corn borer was a significant pest 
on the majority of these farms (91%, 10 out of 11).

“Yield Increase Thanks to Intact and Healthy 
Plants”

The farmers were asked if they had recorded 
differences in the yield amount between Bt and 
conventional maize under comparable conditions 
(FAO, hybrid, acreage, soil) in the same seasons.8 
Bt maize was compared to untreated conventional 
maize on 64% (21 out of 33) of the farms and to 
insecticidally treated conventional maize on 36% 
(12 out of 33) of  the farms.

The same yields for both maize types were 
indicated by 55% (18 out of 33) of the farmers. 
Bt maize was compared to untreated conventional 
maize in 78% (14 out of 18) of the cases. The ECB 
had been a significant pest on 67% (12 out of 18) of 
these farms in the past. 

Thirty percent (10 out of 33) of the farmers 
recorded higher yields of Bt maize compared to the 
conventional type (compared to untreated maize in 
60%, six out of 10 cases). The ECB was a significant 
pest on 60% (six out of 10) of these farms. The 
yield increase averaged 12% (a  range of 5–40%); 
however, this figure is rough because it is based on 
six cases in which the respondents provided more 
details.

Fifteen percent (five out of 33) of the agronomists 
reported lower Bt  maize yields compared to 
conventional maize (compared to untreated maize 
in 20%, one out of five cases). The ECB represented 
a  significant pest on 60% (three out of five) of the 
farms. The difference in yield indicated in two cases 
ranged from -5 to -15%.

The farmers who were interviewed gave possible 
explanations for the lower yield of the Bt  maize. 
According to F9, lower yields reflect Bt  maize's 
overall worse quality caused by a lack of innovation 
in GM varieties compared to conventional varieties 
(which can make better use of nutrition and water). 
Farmer F4 stated that the yield losses of Bt  maize 
observed in some seasons were caused by wild 
boars. The agronomist explained that boars feed 
on maize ears which are available sooner or in 

fields closer to a  forest, which was the case of his 
Bt  maize plants. This experience contrasts with 
two other farmers, who stated that boars prefer 
conventional maize fields. The reasons, in F8's 
opinion, are the earlier maturity of conventional 
maize, its better availability because of the shorter 
plants, or a substance produced by O. nubilalis that 
is attractive for boars.

Some of the farmers who were interviewed said 
that the yield is dependent on climatic conditions 
and pest infestation. Bt  maize reportedly gives 
higher yields only in a  normal season (average 
precipitation) and when conventional fields are 
infested with the ECB, under an unfavourable 
climate (heat, drought), the yield is the same. 

“Reduction of Insecticide Usage and Hence 
a Significant Relief for the Environment”

The farmers were asked if they used insecticides 
against the ECB before, during and after the 
Bt  maize cultivation period and if the amount of 
insecticides applied per hectare of maize changed.

Insecticides were used against the European 
corn borer on 51% (19 out of 37) of the farms 
before Bt  maize was adopted. Although the ECB 
was considered a significant pest prior to Bt maize 
cultivation on 68% (25 out of 37) of the farms 36% 
of these farmers did not treat it with insecticides 
(nine out of 25).

The number of farms using ECB insecticides 
decreased while Bt  maize was being cultivated, 
compared to the times before and after its 
cultivation (Fig.  1). Fifty-three percent (10 out 
of 19) of the farmers who used to spray these 
pesticides prior to GM farming kept on doing so 
on conventional maize fields, while 47% (nine 
out of 19) abandoned the chemical treatment of 
conventional maize when they adopted Bt maize.

The amount of insecticides used per hectare of 
maize decreased with the adoption of Bt  maize 
on 42% (15 out of 36) of the farms. The ECB was 
a significant pest prior to the adoption of Bt maize 
on 87% (13 out of 15) of these farms. Fifty-eight 
percent (21 out of 36) of the farmers did not record 
any change in the amount of insecticides applied. 
The ECB was only a significant pest on 52% (11 of 
21) of these farms.

“Technology Securing the Profitability 
of Maize Cultivation Through Lowering 

the Unit Costs of Maize Production”
The farmers were asked how the unit costs of 

maize production changed after the introduction 

8 The farmers who were interviewed were asked to provide actual figures for Bt and conventional maize grain and 
silage yields. Since some of them did not have actual numbers and only provided estimates, the questionnaire 
was simplified in such a way that they could choose from options of the same/higher/lower/don't know Bt maize 
yield compared to the conventional type. The estimation of the percentage difference between the two yields was 
encouraged.
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of Bt  maize cultivation.9 Forty-three percent (13 
out of 30) reported no changes, 33% (10 out of 30) 
indicated higher costs and 23% (seven out of 30) of 
the agronomists recorded lower unit costs of maize 
production.

The same costs were experienced by the farmers 
irrespective of yields (the same or a higher or lower 
Bt maize yield was reported by 54%, 31%, 15% of 
these farmers, respectively) and independently of 
insecticide usage. Insecticides against the ECB were 
applied by 46% (six out of 13) of these farmers and 
the amount of insecticides remained unchanged 
after the adoption of Bt maize in 46% (six out of 13) 
of the cases or decreased in 54% (seven out of 13) 
of the cases. The farmers who were interviewed 
reported the same costs before and after the 
introduction of Bt maize explained that the higher 
yields of Bt maize were balanced out by the higher 
prices for purchasing its seed. The corn borer was 
a  significant pest before Bt maize was adopted on 
54% (seven out of 13) of the farms.

The unit costs of maize production increased on 
farms with the same (80%, eight out of 10) or lower 
(20%, two out of 10) Bt maize yields. An insecticide 
against the ECB was only used on 10% (one out of 10) 
of the farms and the amount of insecticides used 
decreased on other 10% (one out of 10) of the farms. 
The corn borer was a significant pest before Bt maize 
was adopted on 60% (six out of 10) of the farms.

Farmers whose costs of maize production unit 
decreased declared that they had the same (60%, 
three out of five) or higher (40%, two out of five) 
Bt  maize yields (two did not know the difference 
in yield). Twenty-nine percent (two out of seven) of 

these farmers used insecticides and the amount of 
insecticides remained the same in 43% (three out of 
seven) of the cases or decreased in 57% (four out 
of seven) of the cases compared to the times before 
the cultivation of Bt  maize. The corn borer was 
a  significant pest before Bt maize was adopted on 
71% (five out of seven) of the farms with lowered 
costs. 

“Simple Manipulation” and “Time Saving, 
No Need for Signalling of Pest Arrival”10

Thirty-nine percent (13 out of 33) of the farmers 
experienced time saving. Ninety-two percent (12 out 
of 13) of them used to apply insecticides against ECB to 
maize before Bt maize was adopted and 69% (nine out 
of 13) of them also continued spraying conventional 
maize while cultivating Bt  maize. Furthermore, ECB 
was a significant pest before the adoption of Bt maize 
on 85% (11 out of 13) of these farms.

The same time requirements before and during 
Bt maize cultivation were reported by 39% (13 out 
of 33) of farmers. Ninety-two percent (12 out of 
13) and 100% (13 out of 13) of them did not apply 
insecticides before and during Bt maize cultivation, 
respectively. The ECB was a significant pest on 62% 
(eight out of 13) of these farms.

Increased time requirements after adopting 
Bt  maize was indicated by 21% (seven out of 33) 
of the farmers. They did not change their practice 
of insecticide application with their adoption of 
Bt  maize. Only 29% (two out of seven) stopped 
the application, whereas 14% (one out of seven) 
continued the application and 57% (four out of 
seven) sprayed neither before nor during Bt maize 
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1: Changes in the use of insectiřcides against the European corn borer. The numbers 
in columns indicate the numbers of farmers

9 The respondents could choose from the options of the same/higher/lower/don't know unit costs of maize production 
compared to the period before the adoption of Bt maize.

10 Farmers' experience shows that the two claims about manipulation and working time go hand in hand; therefore, 
they will be addressed together.
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cultivation. The ECB was considered a  significant 
pest on 29% (two out of seven) of these farms before 
Bt maize cultivation was initiated. The farmers with 
this experience who were interviewed mentioned 
reasons such as organizing sowing, paperwork, 
keeping records and farm inspections.

Another feature of time and manipulation that 
was quantified was the number of entries into 
Bt  maize cover compared to conventional maize. 
Forty-seven percent (17 out of 36) of respondents 
reported fewer entries into Bt maize fields. Thirty-
five percent (six out of 17) of these farmers entered 
Bt maize fields fewer times, although they did not 
apply insecticides against the ECB in conventional 
fields. Fifty-three percent (19 out of 36) of the 
respondents did not record any change in the 
number of entries. Almost no one (5%, one out of 
19) used insecticide in conventional maize fields.

DISCUSSION
The MON810 maize belongs among those GM 

crops designed to bring benefits to growers. The 
agronomic characteristics and performance were 
tested before the product was introduced onto 
the market. Yet the alleged benefits manifest 
themselves to various degrees during commercial-
scale cultivation (Křístková, 2009; Wolf and Vögeli, 
2009). Moreover, the level of the benefits that are 
claimed tends to be overestimated. A survey among 
European farmers with no experience with the 
cultivation of GM crops showed that the expected 
rate of increase in sale prices and yields is much 
larger than the real increases recorded in Spain 
(Tillie, Dillen and Rodríguez-Cerezo, 2016).

“100% Control of European Corn Borer 
During the Whole Period of Cultivation”

The efficacy of the Bt  maize reported by the 
farmers agrees with other Czech and European 
evidence. MON810 showed 100% efficacy in the 
reduction of the number of tunnels caused by the 
ECB in field trials in the Czech Republic (Kocourek 
and Stará, 2012). The Czech Central Institute for 
Supervising and Testing in Agriculture monitored 
the biological efficacy of commercially grown 
Bt  maize between 2006 and 2015. Their results 
did not indicate the development of ECB-resistant 
populations as no infested Bt plants, or only a few, 
were identified (Křístková, 2009; Lvončík, 2010; 
Radová, 2011, 2012, 2013, 2014; Ústřední kontrolní 
a zkušební ústav zemědělský, 2015, 2016).

As the Bt toxin kills the larvae upon ingestion, 
they need to feed on the plant tissue and short 
tunnels may thus be observed. Isolated findings 
of caterpillars' activity may also be explained by 
their immediate identification after they got to the 
Bt maize from another host plant (Křístková, 2009). 
Other studies also reported a  negligible extent of 
damaged stalks and ears of Bt maize plants in field 
trials in Europe and the USA (events MON810, 

Bt176 and stacks including MON810) but overall 
highly effective control of the ECB (Magg et al., 2001; 
Mihalčík et al., 2012; Bohnenblust et al., 2014). 

Moreover, no field-evolved resistance has been 
documented for the ECB in Europe or North America 
(Thieme et al., 2018). However, resistance to MON810 
maize was reported for a Lepidopteran pest in South 
Africa as a result of a low refuge compliance, among 
other factors (ibid.). European farmers cultivating 
Bt maize are required to sow non-Bt maize in part 
of the fields to form a  refuge where the ECB could 
feed without developing resistance. Three-quarters 
of the Czech farmers who were sampled indicate 
that they complied with the refuge requirements. In 
comparison, Spanish farmers increased their refuge 
compliance from an initial 58% in 2004 to around 
90% in recent years (EFSA et al., 2018). 

In conclusion, the Czech GM maize farmers 
confirmed the highly effective control of the 
European corn borer reported from field trials and 
the monitoring of commercial fields in the Czech 
Republic and Europe.

“Healthy Production Thanks to Lower 
Infestation with Fungal Diseases”

Once blighted by the European corn borer, maize 
plants are easily susceptible to secondary infestation 
with fungal diseases (Nedělník, Lindušková and 
Kmoch, 2012). Fungi produce mycotoxins that may 
be dangerous for human and animal health (ibid.). 
The protection against ECB should then assist in 
assuring a healthy production.

Less infection in Bt  maize compared to 
conventional maize was reported by 39% of the 
farmers in the current survey. The corn borer was 
a  significant pest on the majority of these farms. In 
comparison, according to a previous survey of Czech 
GM maize farmers, two-thirds of them recorded 
lower levels of fungal infestation (Křístková, 2009). No 
difference was reported from farms with very low or 
no corn borer infestation or from farms with a high 
ECB pressure where insecticides were applied (ibid.).

Lower levels of infection with the Fusarium 
genus and mycotoxin levels in Bt  maize hybrids 
compared to their conventional counterparts were 
also recorded in field trials in the Czech Republic 
(Slezáková, 2005; Slezáková et  al., 2006; Kocourek 
and Stará, 2012). Kmoch et al. (2011), on the other 
hand, did not identify any significant difference 
in the intensity of Fusarium infection between the 
two varieties and mixed results were reported 
by Nedělník, Lindušková and Kmoch (2012). 
Bt maize was infected less, more or the same as the 
conventional variety, depending on the particular 
species of Fusarium (Nedělník, Lindušková and 
Kmoch, 2012). European field research also 
showed lower levels of Fusarioses and mycotoxins 
in MON810 maize compared to conventional 
varieties, although the efficacy of Bt maize differed 
for various mycotoxins (Folcher et al., 2010; Darvas 
et al., 2011; Selwet, 2011).



32 Veronika Chvátalová

In conclusion, thanks to its resistance to the 
European corn borer Bt  maize usually provides 
protection against some fungal diseases. On the 
evidence of this and a previous survey of Czech GM 
farmers, this effect seems to be more pronounced 
on farms where the ECB causes significant damage. 
It can save additional costs on these farms related 
to the removal of mycotoxins from feed and the 
negative impact on the health and productivity of 
farm animals (Křístková, 2009).

“Yield Increase Thanks to Intact and Healthy 
Plants”

The European corn borer is currently the most 
important arthropod pest of maize, occurring in 20–
60% of European fields (Meissle et al., 2010). Yield 
losses range from 5 to 30% in areas highly infested 
with the ECB where no control measures are 
applied (ibid.). The occurrence of the ECB and the 
damage caused by it have been increasing in the 
Czech Republic, with estimated 10–20% yield losses 
in grain maize (Kocourek and Stará, 2012). Bt maize 
should secure higher yields thanks to its protection 
against damage by the European corn borer.

The majority (55%) of the farmers who were 
surveyed reported the same yields. Only 30% 
indicated higher Bt  maize yields and 15% of the 
agronomists recorded lower Bt  maize yields. 
Previous studies in the Czech Republic documented 
higher Bt maize MON810 yields both in commercial 
cultivation and trials (Křístková, 2009; Kocourek 
and Stará, 2012). Although a  minority of Czech 
farmers recorded lower Bt maize yields, over 60% 
experienced an average 8% yield increase in the 
seasons from 2005 to 2007 (Křístková, 2009).

Field trials in other European countries also 
showed MON810 yields to be higher (Bereś, 2010; 
Mihalčík et al., 2012). However, mixed results were 
reported from trials and commercial cultivation, 
ranging from a  lower Bt  maize yield through 
no  difference to higher Bt  maize yields (Andersen 
et al., 2007; Gómez-Barbero, Berbel and Rodríguez-
Cerezo, 2008; Wolf and Vögeli, 2009).

The farmers who were interviewed found the 
yield to be dependent on climatic conditions and 
pest infestation. Their observations agree with 
studies reporting that the yield increase depends 
highly on the climatic conditions of the growing 
season (Kocourek and Stará, 2012) and on ECB 
pressure (Křístková, 2009; Wolf and Vögeli, 2009; 
Mihalčík et  al., 2012). Bt  maize MON810 provided 
a  small increase in yields or almost none at all in 
years with low corn borer infestation and 15–25% 
increase under high pest pressure in Czech variety 
trials (Křístková, 2009). Contrary to that, Schiefer 
et al. (2008) reported no difference in yield between 
MON810 and non-Bt hybrids in trials despite 
greater damage caused by the ECB to untreated 
conventional maize. Nevertheless, German farmers 
recorded higher MON810 yields compared to 

conventional maize despite low levels of ECB 
damage to conventional maize (ibid.).

In conclusion, the differences between Bt and 
conventional maize yields appear to be highly 
variable and dependent on many conditions. The 
“yield increase thanks to intact and healthy plants” is 
usually manifested when the occurrence of the ECB 
is high. Yet it also depends on the pressure from other 
pests (e.g. damage by boars) and climate. In seasons 
with no or low European corn borer infestation 
Bt maize provides similar yields or sometimes even 
lower ones than conventional varieties.

“Reduction of Insecticide Usage and Hence 
a Significant Relief for the Environment”

Monsanto argues that growing Bt  maize reduces 
insecticide usage and thus brings about significant 
relief for the environment. This assumes that 
insecticides used to be applied against the ECB before 
the adoption of Bt maize and that the amount used 
decreased on farms where Bt maize was employed; 
and that Bt maize is toxic only for the pest.

The argument of insecticide usage reduction is not 
very convincing in the sample of Czech GM maize 
farmers. Half of them did not apply insecticides 
against the ECB before adopting Bt maize anyway. 
Of those who did, only 47% abandoned this praxis 
during the time they were cultivating Bt  maize. 
Additionally, the amount of insecticides used 
decreased on 42% of the farms.

These results are comparable to other available 
Czech data. Although the European corn borer 
occurs in all the maize grain production areas 
in the Czech Republic, only half of this area was 
treated with ECB insecticides in 2008 and less 
than a  quarter of the total maize acreage in 2009 
(Křístková, 2009; Kocourek and Stará, 2012). 
Insecticides were applied to less than 20% of the 
maize areas monitored in 2016 and 2017 (Ústřední 
kontrolní a zkušební ústav zemědělský, 2017, 2018).

Hungarian farmers do  not use insecticides 
against the ECB as the yield losses tend to be small 
(Darvas et  al., 2011). Only 14% of Greek farmers 
used insecticides against the ECB although it was 
considered an important pest (Skevas et  al., 2012). 
The European exception is Spain, where 58% of 
conventional maize was sprayed with insecticides 
against the ECB in 2002–2004 (Gómez-Barbero, 
Berbel and Rodríguez-Cerezo, 2008). This compares 
to the extent of insecticides applied to maize in 
general reviewed by Meissle et  al. (2010). Zero to 
11% of the maize crop area was treated in Italy, 
France, the Netherlands and Denmark, and 20–50% 
in Germany, Poland, Hungary and Spain (ibid.).

Another question is whether the use of 
insecticides can be reduced in the long term, as 
the need to apply them can arise with secondary 
pest outbreaks (Meissle, Romeis and Bigler, 2011; 
Catarino et  al., 2016). On the basis of a  model 
Catarino et al. (2016) predicted that if no additional 
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measures are taken, the damage caused to crops by 
secondary pests can increase with the expansion of 
Cry1Ab Bt maize cultivation in Europe.

Moreover, it is generally assumed that the 
replacement of chemical insecticides with plant-
based toxins is beneficial for the environment as 
their mode of action is believed to be specific for 
certain species pest (Meissle, Romeis and Bigler, 
2011). However, according to a  review by Hilbeck 
and Otto (2015), an increasing body of evidence 
suggests a  significant cross-order activity of Cry 
toxins. The class of Cry1 proteins (to which the 
MON810-maize-produced Cry1Ab toxin belongs) 
has been reported to be toxic against non-
lepidopteran non-target organisms (Latham, Love 
and Hilbeck, 2017). Moreover, significant activity of 
MON810 maize itself against caddis flies, water fleas 
and earthworms has been documented (Hilbeck 
and Otto, 2015; Latham, Love and Hilbeck, 2017). 
Latham, Love and Hilbeck (2017, p.  87) therefore 
argue that GM crop-produced toxins “deserve much 
greater attention and may be of equal or greater 
concern than conventional pesticides”.

In conclusion, the present results show in 
agreement with European data that the reduction 
of insecticide usage is only partial. Additionally, if 
the application of insecticides decreased rapidly, 
a  secondary pest outbreak could increase the 
need for chemical treatment. Moreover, the toxins 
produced by Bt maize may not necessarily be less 
harmful to beneficial organisms than insecticides. 
The claim of “significant relief for the environment” 
as a  result of the cultivation of Bt maize therefore 
seems ambiguous, especially in the long term.

“Technology Securing the Profitability 
of Maize Cultivation Through Lowering 

the Unit Costs of Maize Production”
The profitability of Bt maize cultivation depends 

on the seed price, market price of the harvest11, yield 
and pest control costs (Gómez-Barbero, Berbel and 
Rodríguez-Cerezo, 2008). Bt maize seeds are about 
30% more expensive than conventional maize 
seeds because of a royalty fee (Křístková, 2009; Wolf 
and Vögeli, 2009). As described above, differences 
in yields and insecticide usage vary considerably.

Only 23% of the farmers who were surveyed 
recorded lower unit costs of maize production. 
The decreased costs were experienced by farmers 
with at least the same Bt and non-Bt  maize yields 
and the same or a decreased amount of insecticides 
used, which outweighed the greater cost of the 
Bt maize seed. Increased costs reported by a  third 
of the respondents were incurred on farms where 
the higher price of Bt maize seed was not balanced 
by higher yields and where the money spent on 

insecticides was not saved. The same costs were 
experienced by 43% irrespective of yields and 
insecticide usage.

The results compare to the higher profitability of 
Czech commercial Bt compared to conventional 
maize grain cultivation reported in 2007 (Křístková, 
2009). That season was characterized by higher 
Bt  maize yields and savings on the application of 
chemical insecticides (ibid.). Bt maize showed higher 
economic efficacy compared to insecticidally treated 
or Trichogramma controlled conventional maize also 
in Czech field trials (Kocourek and Stará, 2012). 

A  Spanish study reported that farmers growing 
Bt  maize (MON810 and Bt176) obtained a  higher 
gross margin than conventional maize farmers 
for three consecutive years (Gómez-Barbero, 
Berbel and Rodríguez-Cerezo, 2008). However, the 
benefit ranged widely, depending on the region, 
from 3 to 135 Euro/ha (ibid.). According to Schiefer 
et al. (2008) and Wolf and Vögeli (2009), increased 
returns can be achieved when ECB infestation 
is severe to very severe (compared to low and 
moderate) and the increased yield exceeds the cost 
of Bt maize seed.

In conclusion, as documented by the experience 
of the current sample of farmers and by Europe-
wide literature, a  higher yield exceeding the price 
of the expensive seeds and a  significant corn 
borer infestation condition the profitability of 
Bt  maize cultivation. On the basis of its economic 
performance, the adoption of Bt  maize could thus 
only be recommended in areas with persistent 
high corn borer pressure. In agreement with 
Bohnenblust et al. (2014), these results suggest that 
for farmers to maximize profits, they should choose 
hybrids that are well adapted to the local conditions.

“Simple Manipulation” and “Time Saving, 
No Need for Signalling of Pest Arrival”

Monsanto promises farmers simple manipulation 
of Bt  maize and time savings as they need not 
monitor the arrival of the pest. In practice, however, 
these benefits could be hindered as Bt  maize 
cultivation implies holding to certain rules of co-
existence and insect-resistant management. Czech 
GM farmers are obliged to inform their neighbours 
and the state authorities, keep isolation distances, 
label the product and keep a record (Trnková et al., 
2017). Furthermore, non-Bt maize must be planted 
on at least 20% of the Bt maize acreage if the latter 
exceeds 5 Ha (Monsanto Europe, 2010).

On the basis of the current results, the cultivation 
of Bt maize has the potential to save time (39% of the 
respondents), but only for farmers who used to apply 
insecticides to maize before and during Bt  maize 
cultivation and rather in cases where the  corn 

11 Only 11% (four out of 36) of the farmers in the current sample sold Bt maize. In a previous survey farmers expressed 
having experienced problems with selling it (Křístková, 2009).
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borer was a significant pest before the adoption of 
Bt  maize. On the other hand, Bt  maize cultivation 
can even increase the time requirements (21% of 
the respondents), as evidenced by those farmers 
who did not change their insecticide usage practice 
and who did not consider the ECB a significant pest 
on their farm. Approximately half of the sample 
(47%) reported fewer entries into Bt maize fields.

These findings compare to the previous survey 
among Czech farmers. Czech GM growers reported 
simple protection, the elimination of mechanization, 
easy harvesting and fewer entries into the maize 
cover as the most frequent advantages of Bt maize 
cultivation (Křístková, 2009). The most frequent 
disadvantages identified previously, consisting of 
the administrative burden, keeping records and 
farm inspections, were also complained about in the 
current sample (Křístková, 2009). In comparison, 
other European GM farmers consider these co-

existence measures as the least burdensome (Tillie, 
Dillen and Rodríguez-Cerezo, 2016). Less frequent 
disadvantages identified previously agreed with 
those reported by the farmers in the current 
sample: more labour-intensive sowing, harvesting, 
manipulation and drying, and more complicated 
organization of sowing (Křístková, 2009).

To conclude, the higher demand for farm 
operations, work organization and administration 
entailed by co-existence and the insect resistance 
management rules impact on the claimed benefits. 
The extra time costs decrease with an increasing 
Bt maize acreage (Schiefer et al., 2008). The results 
suggest that Bt maize cultivation can save time and 
ease the manipulation for farmers who would have 
to apply insecticides and on farms with significant 
corn borer infestation. However, on other farms 
the time requirements did not change or even 
increased.

III: Comparison of Monsanto's benefit claims with Czech GM farmers' experience and results reported in European literature

Monsanto's benefit claim Czech GM farmers' experienceA European literatureB

“100% control of European corn 
borer during the whole period 
of cultivation”

Difference in ECB infestation 
(85% of the farmers). No infested 
Bt maize plants.

Highly effective control of the ECB. 
No field-evolved resistance.

“Healthy production thanks to lower 
infestation with fungal diseases”

Difference in disease infestation 
(39% of the farmers). No infested 
Bt maize plants.
Conventional plants also disease- free 
(61% of farmers). Difference 
on ECB- infested farms.

Bt maize infected less, the same 
or more as conventional maize.

“Yield increase thanks to intact 
and healthy plants”

Yield increased (30%), the same (55%) 
or decreased (15% of the farmers).

Difference variable. Yield increased 
(usually under high ECB pressure). 
Yield the same when no or low 
ECB pressure. Yield also decreased. 
Influence of climatic conditions.

“Reduction of insecticide usage 
and hence a significant relief 
for the environment”

51% of the farmers used insecticides 
against ECB before Bt maize 
cultivation. 47% of them stopped 
usage when they started cultivating 
Bt maize. Amount of insecticides 
the same (58%) or decreased 
(42% of the farmers).

Insecticides against ECB applied 
on up to a quarter of maize acreage 
(more than half in Spain). Fewer 
Spanish Bt farmers used insecticides 
compared to conventional farmers.

“Technology securing profitability 
of maize cultivation through lowering 
unit costs of maize production”

Costs decreased (23%), the same 
(43%) or increased (33% of 
the farmers). Influence of seed price, 
yield and insecticide usage.

Improvement in profitability varies. 
Profitability conditioned by higher 
yield exceeding the expensive seeds, 
and by high ECB pressure.

“Simple manipulation”
“Time saving, no need for signalling 
of pest arrival”

Manipulation eased and time saved 
where farmers would have to apply 
insecticides and under high ECB 
pressure (39%). Time requirements 
the same (39%) or increased 
(21% of the farmers) on other farms. 
Influence of co-existence and insect 
resistance management rules.

Time saving, higher time 
requirements. Simple or complicated 
manipulation. Influence 
of co- existence and insect resistance 
management rules.

A. Difference refers to the difference between Bt maize and conventional maize.
B.  Synthesis drawn from literature cited in the Discussion section. Studies report results from trials and commercial 

cultivation in European countries.
Row in green: Claim corresponds to farmers' practice.
Row in orange: Claim or its opposite manifested, or no difference, depends (inter alia) on ECB pressure.
Row in blue: Claim corresponds partly.
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Conclusion Regarding Monsanto's Benefit 
Claims

The experience of the surveyed Czech farmers 
who used to grow Bt  maize confirms the 
alleged benefits only partly. The only claim fully 
corresponding to farmers' practice regards the 
resistance of Bt maize to the European corn borer. 
The lower fungal disease infestation of Bt plants 
was more pronounced on ECB infested-farms 
where conventional maize was infected. On the 
other hand, the claim of a reduction in the usage of 
insecticide was not very convincing in the current 
sample. Only half of the farmers used to apply 
insecticides against the ECB before their adoption of 
Bt maize. Of these, half stopped it when they started 

to cultivate Bt  maize. Furthermore, the amount of 
insecticides used decreased on 42% of the farms.

More importantly, even the opposite of the claimed 
benefit manifested itself in a certain proportion of the 
sample for the rest of the claims. Bt maize yields were 
higher, the same or lower compared to conventional 
maize. The unit costs of maize production decreased, 
remained the same or increased after the adoption 
of Bt maize. The costs were influenced by seed price, 
yield and insecticide usage. Handling was made 
easier and time saved where farmers would have 
to apply insecticides and under high ECB pressure. 
However, the time requirements remained the same 
or even increased on other farms. Manipulation and 
working time were affected by co-existence and 
insect resistance management rules.

CONCLUSION
The alleged benefits of MON810 cultivation regarding lower levels of fungal disease infestation, 
yield increase, reduction of insecticide usage, lowered costs, time saving and simple manipulation 
were enjoyed by a varying proportion of Czech GM farmers who were surveyed. In contrast, some 
agronomists experienced the opposite of the claimed benefit regarding yield, costs, manipulation 
and time requirements. The exception was the 100% control of the ECB. Although a quarter of the 
farmers did not comply with the refuge requirements, all the farmers reported highly effective 
control of the pest.
The relatively small size of the current sample allowed only a qualitative assessment. The findings, 
however, compare to experience reported in other Czech and European studies. The current and 
previous studies suggest that most of the benefits manifest themselves rather on farms under high 
ECB pressure. As the published evidence of farmers' experience with the cultivation of GM crops in 
the EU is largely underrepresented, this area deserves further research, presumably in Spain and 
Portugal, the only remaining member states where Bt maize is cultivated.
The Bt maize MON810 is promoted as being beneficial for farmers and the environment. Seen from 
an economic viewpoint, the cultivation of Bt maize can be recommended in areas with persistent high 
corn borer pressure. Concerning the environmental effects, farmers' experience shows, however, 
that the reduction in the use of insecticides is only partial. Moreover, an increasing body of evidence 
draws attention to the negative effects of Bt plant-produced toxins on non-target organisms (Latham, 
Love and Hilbeck, 2017). The benefit to the environment is thus challenged.
In the light of the above, and because of the increasing pressure of Diabrotica virgifera (another pest 
to which this Bt maize is not resistant), it is recommended in accordance with the Central Institute for 
Supervising and Testing in Agriculture (Ústřední kontrolní a zkušební ústav zemědělský, 2018) that 
farmers should employ a complex of cultural control methods.
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