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The parameters determining the agronomic and economic performance of genetically modified maize hybrid MON 89034 × 
NK603 and conventional hybrids were compared under conditions that eliminated the herbicide tolerance in GM hybrid as 
well as the use of insecticides in conventional hybrids. The GM hybrid confirmed ability to protect itself against the European 
corn borer and its average grain yield was higher by 6.36–14.42% (i.e. 0.82–1.86 t/ha) in comparison with conventional 
hybrids. The year of cultivation statistically significant influenced agronomic parameters and the financial income of maize 
production. The maize genotype did not statistically significantly affected any evaluated parameter. The final income was 
statistically significant (P < 0.05) negatively influenced by all observed agronomic parameters with the exception of the 
seed price. The price of maize grains on the market was the only one factor that statistically significant (P < 0.05) influenced 
financial income of the maize production. 
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The genetically modified (GM) maize (Zea mays 
L.) has been commercially grown since the year 
1996 and it still belongs to four GM “megacrops”. 
Nevertheless, farmers in the European Union (EU) 
may not cultivate GM maize with any genetic mod-
ification except of the MON 810 resistant to Euro-
pean corn borer [ECB, Ostrinia nubilalis (Hübner)]. 
The genetic potential, agronomic traits and econom-
ic benefits of others GM maize cultivars and hybrids 
are unknown to them. However, conventional hy-
brids without genetic modifications are also able to 
provide high yield of grains and phytomass, but they 
need efficient protection against weeds, pests, and 
pathogens, usually by chemical pesticides. Reports 

on the economic performance of GM maize resistant 
against the ECB by virtue of the expression of trans-
gene encoding the Bt-toxin from Bacillus thuring-
iensis have been published. According to Lauer and 
Wedberg (1999) and Marra et al. (2003) the yield 
of Bt-hybrids was unaffected by the ECB infesta-
tion and under the natural infestation was similar to 
conventional hybrids. Moreover, economic effects 
were very variable due to the large differences in 
geographical incidences of the ECB. Graeber et al. 
(1999) concluded that under low infestation of ECB 
the Bt-hybrids had similar yield and agronomic per-
formance to their non-Bt near-isolines. On the other 
side, under high pressure of the ECB, the Bt-hy-
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brids had a 9% yield advantage over non-Bt hybrids 
(Traore et al. 2000). Ma and Subedi (2005) report-
ed that some of tested Bt-hybrids produced a simi-
lar or up to 12% lower grain yields in comparison 
with their non-Bt counterpart, also when the stalk 
lodging and breakage of the non-Bt counterpart by 
the ECB was low to moderate. Field experiments 
performed in South Africa (Gouse et al. 2005) and 
Spain (Gómez-Barbero et al. 2008) reported that 
yield advantage of the Bt-maize was associated with 
reduced pesticide costs and increased income per 
hectare. 

The ECB resistant and glyphosate tolerant GM 
maize hybrid MON 89034 × NK603 should pro-
vide agronomic benefit, especially under ECB nat-
ural infestation as well as the higher flexibility in 
weed management during the growing season. Its 
advantages under lower infestation of the ECB and 
modest requirements for weed elimination should 
be limited. 

The aim of our field study was to compare per-
formance of conventional maize hybrids with the 
GM hybrid MON 89034 × NK603 in the main pa-
rameters determining the economic effect of grain 
production, but under conditions eliminating herbi-
cide tolerance of the GM hybrid as well as insecti-
cide applications in conventional hybrids.

MATERIAL AND METHODS

Field trials 
The field experiments were performed at the ex-

perimental station in Borovce (Research Institute 
of Plant Production, Slovakia) in years 2011–2012. 
The soil type in the locality is Luvi-haplic Cher-
nozem, the pH range is 5.5–7.2, the depth of topsoil 
is 0.24–0.28 m, and content of humus is 1.8–2.0%. 

The GM hybrid MON 89034 × NK603 (trade 
name: Genuity® VT Double Pro™, Monsanto Com-
pany, St. Louis, USA) tolerant to herbicide glypho-
sate and resistant against lepidopteran insects and 
conventional hybrids PR36V52 (DuPont Pioneer, 
Johnston, USA), LG 3475 (Limagrain, Saint Beauz-
ire, France), NK Columbia (Syngenta, Basel, Swit-
zerland), DKC 5143 (Monsanto Company, St. Lou-
is, USA) were sown for the comparison study.

The harvested area of each experimental plot was 

600 m2. Plots were organized by the method of ran-
dom sub-blocks in four repetitions. Soil was man-
aged conventionally with ploughing in autumn and 
fertilization before sowing by Polidap® (200 kg/ha) 
containing mainly ammonium hydrogen phosphate 
(Grupa Azoty Zakłady Chemiczne “Police” S.A., 
Poland) and urea (130 kg/ha). Only the herbicide 
Guardian® Tetra [214 g/l Terbuthylazine, 450 g/l Ace-
tochlor] (DuPont Pioneer, Johnston, USA) (3.5 l/ha) 
or a tank mix of MaisTer® power [31.5 g/l Foramsul-
furon, 1.0 g/l Iodosulfuron, 10 g/l Thiencarbazone, 
15 g/l Cyprosulfamide] (Bayer AG, Leverkusen, 
Germany) (150 g/ha) with Istroekol (Duslo a.s., 
Šaľa, Slovakia) (2.0 l/ha) were applied pre-emer-
gently. Grains were harvested by the Claas Lexion 
550 (Class GmbH & Co. KGaA, Harsewinkel, Ger-
many) and after the harvest were deteriorated by 
squeezer press machine and ploughed into the soil. 
The grain yields were calculated at standard mois-
ture content 14%. 

Phenological and morphological traits, resis- 
tance against the ECB, and economical parameters 
of production were evaluated. Economic param-
eters included the price of seeds (according to the 
valid price lists at that time), the yield of grains, and 
the price of grain production sold (according to the 
market prices quoted on the Commodity Exchange 
Bratislava on Dec 13, 2011 and Dec 18, 2012, re-
spectively). 

Obtained data were processed by the analysis of 
variance (ANOVA) and correlation analysis with 
Spearman rank correlation using the software Stat-
graphics® Centurion XVII (Statpoint Technologies 
Inc., The Plains, USA). The Fisher’s least signifi-
cant differences (LSD) were estimated for α = 0.05 
and α = 0.01. 

RESULTS AND DISCUSSION

Hybrids were tested during two years with dif-
ferent climatic conditions (air temperature, total 
precipitation, and distribution of precipitation dur-
ing growing season, Figure 1). Differences in num-
ber of germinated plants, number of sterile plants, 
full flowering of male flowers, length of vegetative 
period, plant height, perimeter of the main stalk, 
yield of phytomass, length of cob, number of rows 
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in cob, number of grains per row, length of corridors 
in stalk per plant, number of larvae and pupae per 
plant, and rate of damaged stalks were not statisti-
cally significant, neither between years, nor between 
maize genotypes. There were evaluated parameters 
the most related to grain yield as the number of cobs 
per hectare, thousand grains weight (TGW), grain 
yield, and resistance against ECB (number of cor-
ridors in the stalk, number of plants infested by the 
ECB, frequency of broken plants, and a number of 
larvae and pupae in stalks per 100 plants).

Number of cobs per hectare
This parameter has been observed before grain 

harvest. The range in number of cobs per hectare 
was 62,913–75,102 and GM hybrid had the lowest 
value in both years. Different years affected this pa-
rameter statistically significant (P < 0.05) however, 
maize genotypes affected the number of cobs per 
hectare insignificantly.

Thousand grains weight
TGW ranged during two years from 240.9 g to 

334.6 g. The GM hybrid had the highest TGW in 
both years. Better climatic conditions for develop-
ment of this parameter were in the year 2011 (av-
erage TGW 318.4 g), worse in 2012 (average TGW 
249.8 g). TGW was affected statistically significant 
(P < 0.05) by years, differences among maize gen-
otypes not.

Yield of grains
The highest two-year average yield had GM hy-

brid (12.90 t/ha), conventional hybrids were in the 
range 11.04–12.08 t/ha. The years of testing were 
statistically significant different (P < 0.05) and also 
statistically significantly (P < 0.05) affected the 
grain yield of tested maize genotypes. On the con-
trary, all maize hybrids responded to climate condi-
tions almost uniformly and differences in grain yield 
between them were statistically insignificant. The 
GM hybrid behaved as equivalent of conventional 
hybrids in the grain yield, even though it could not 
express its genetic potential to tolerate herbicide 
glyphosate.

Resistance against the ECB
The presence of the ECB was found at testing 

locality in both years. Tested hybrids were infested, 
except of the resistant GM hybrid. Number of corri-
dors in stalk per plant varied from zero (only in GM 
hybrid) to 2.4. Differences in number of corridors in 
stalk per plant were not statistically significant (P < 
0.05) between years as well as between hybrids. The 
GM hybrid plants were infested by the ECB in fre-
quency 0–1.7% (measured as frequency of holes on 
the stalks and cobs). Level of infestation in conven-
tional hybrids was in the range 28.3–72.5%. Higher 
infestation (60.8–72.5%) was in the growing season 
2011, lower in 2012 (28.3–37.5%) however, differ-
ences between years as well as between hybrids in 

Figure 1. Average monthly temperature and precipitation in testing locality during both vegetation seasons
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this parameter were not statistically significant (P < 
0.05). Attack of the ECB has been manifested also 
by the breakage of plant stalk. Conventional hybrids 
had 1.7–13.3% of plants with stalks broken under 
the cob, the GM hybrid had no broken stalk. Dif-
ferences between years in this parameter were sta-
tistically significant (P < 0.05), but between maize 
genotypes were statistically insignificant. The aver-
age abundance of larvae and pupae in stalks per 100 
plants of conventional hybrids was high in the year 
2011 (64.8%), lower in the year 2012 (32.3%), in 
GM hybrid was none. The GM hybrid confirmed its 
ability to protect itself against ECB. Frequency of 
infestation by the ECB, number of corridors created 

by the larvae, and relevant number of broken stalks, 
statistically insignificantly influenced the average 
grain yield due to different abundance of the ECB in 
both years at the experimental location. 

Economic assessment 
The economic evaluation was based on the grain 

production. Both, the two-year average grain yield 
and income were the highest in the GM hybrid (Fig-
ure 2, 3). Differences in income between two years 
were statistically significant (P < 0.05), differences 
between hybrids not. The final income was in sig-
nificant negative relationship (P < 0.05, P < 0.01) to 
the all observed agronomic parameters with the ex-

Figure 3. The average financial income (€) from both years of GM hybrid (dark column) and conventional hybrids (light 
columns) seeds sold (± standard error). Differences were statistically insignificant (P > 0.05)

Figure 2. The average grain yield [t/ha] from both years of GM hybrid (dark column) and conventional hybrids (light 
columns). The values represent the means (± standard error). Differences were statistically insignificant (P > 0.05)
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ception of seed price (Figure 4). The most expensive 
were the seeds of the GM hybrid, with price higher 
by 18.3–50.4% in comparison with conventional 
hybrids. It was not proven by our results that that 
higher seed price of GM hybrid is the main reason 
why to do not pay to grow them. This initial invest-
ment was not statistically significant from the point 
of view of the final income. Neither the year, nor 
the hybrid determined the income gained from the 
grain production and its sale. The only factor that 
influenced positively and significantly (P < 0.05) the 
financial income was the price of commodity (i.e. 
maize grains) on the market (Figure 4). 

Tested GM hybrid MON 89034 × NK603 has 
behaved in the field conditions as an equivalent to 
conventional hybrids. Its resistance against the ECB 
and yield parameters were similar to Bt-maize MON 
810 tested previously in Poland, Czech Republic, 
and Slovakia (Bereś 2010; Kocourek & Stará 2012; 
Mihalčík et al. 2012), as well as to other maize 
Bt-hybrids tested in Canada (Yanni et al. 2011). 
The average abundance of the ECB at our testing 
location was not very high. Therefore, the resistance 
against ECB could not very distinctly affect yield 
of grains (Mungai et al. 2005). An economic return 
should be realized only when the density of ECB is 
enough to cause economic loss greater than the pre-
mium paid for the transgenic seeds (Rice & Pilcher 
1998). Both of these conclusions have been reflect-
ed in our results. However, there are also others 
emergent effects of Bt-maize growing as association 
with area – wide suppression of ECB population 
and related savings for conventional maize growers 
(Hutchinson et al. 2010). Moreover, significantly 
lower concentrations of mycotoxins produced by 
Fusarium spp. are found in Bt-hybrids (Papst et 
al. 2004; Ostry et al. 2010). The stacked GM hy-
brid MON 89034 × NK603 possess also tolerance 
to glyphosate, but the effect of this transgenic trait 
on economic performance was not analyzed in our 
study, although it is known that the application of 
glyphosate in MON 89034 × NK603 can result to 
higher grain yield by around 37% (Ravisankar et al. 
2011). Díaz et al. (2017) reported that the GM hy-
brid MON 89034 × NK603 itself provides economic 
gain to farmers through higher yields, reduction of 
production cost for pest control as well as benefit 
for the environment. Our results present that limits 

for growing of GM hybrids are not in terms of their 
grain yield, the quality of production, and economic 
efficiency. Xu et al. (2013) concluded that adoption 
of genetically engineered traits had a strong positive 
impact on maize yield in the Central Corn Belt in 
the USA generally. According to Jones et al. (2017) 
adoption of GM crops could make a positive con-
tribution to competitiveness in any EU country that 
adopts them. However, this is strongly limited by 
strict and complicated legislation in the EU that is 
the main reason for their non-adoption by agricul-
tural practice.

CONCLUSIONS

The GM maize hybrid MON 89034 × NK603 
demonstrated equivalency with conventional hy-
brids in all agronomic traits and economic parame-
ter (income) of grain production. It expressed effec-
tively self-resistance against the ECB. Climatically 
different growing seasons significantly affected the 
yield of grain, but all hybrids, including the GM one, 
responded almost uniformly and differences in grain 
yield between them were insignificant. Neither the 
year of cultivation and the genotype, nor the grain 
yield affected the final economic income, of maize 
grain production, in contrast to the selling price of 
maize grains on the market.
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