ACTA AGRARIA DEBRECENIENSIS 2023-2

DOI: 10.34101/ACTAAGRAR/2/12574

Comparing the yield of maize (Zea mays L.) hybrids in organic and conventional
agriculture

Agnes Aldott-Sipos' — Eszter Csepregi-Heilmann! — Tamas Spitké! — Csaba Széke® — Janos Pintér! —
Tamas Berzy! — Janos Nagy? — Csaba L. Marton!
tAgricultural Institute, Centre for Agricultural Research, Hungarian Research Network, H-2462 Martonvasar, Hungary
2Institute of Land Use, Engineering and Precision Farming Technology, University of Debrecen, H-4032 Debrecen, Hungary
“Correspondence: spitko.tamas@atk.hu

SUMMARY

The European Green Deal was published by the European Commission in 2019. The main aim of the program is to reach net zero greenhouse
gas emissions by 2050, making Europe the first climate-neutral continent in the world. To achieve this, criteria are also set for agriculture:
increasing the share of land under organic farming to 25%, reducing the use of fertilisers and pesticides. However, the benefits of organic
farming are widely debated. The aim of our study was to compare the yield of maize (Zea mays L.) hybrids bred in Martonvasar in two different
cropping environments. The silage yields of 20 different maize hybrids were evaluated in a three replicate small plot experiment in an organic
field and an adjacent conventional field. The average green mass yield of the hybrids was 36.58 t ha™ in the organic field and 43.03 t ha™ in
the conventional. The green mass yield in the organic area was 20% lower than in the conventional area, and the dry matter yield and digestible
dry matter yield were about 18% lower. Hybrids of different maturity groups responded differently to organic cultivation. The yields of early
hybrids decreased more and late hybrids less in the organic farming compared to the conventional production.
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INTRODUCTION

The world's population has grown rapidly in recent
decades. While there were 2.53 billion people living on
our planet in 1950, today that number has risen to 8
billion. After 73 years, the population has more than
tripled (KSH, 2023). As a result, global demand for
agricultural products is rising. However, the
intensification of agriculture is closely linked to high
emissions of greenhouse gases (Beek et al., 2010). This
drastic change has an impact on the Earth's climate
(Vogel et al., 2019).

Keeping up with these climate changes in
agriculture, while protecting the planet, has become a
major issue in recent years. To address these
challenges, the European Commission published the
European Green Deal in 2019 (EUR-Lex, 2021). The
main goal of the program is to achieve net zero
greenhouse gas emissions by 2050, making us the
world's first climate-neutral continent (European
Commission, 2021a). Criteria in agriculture are also
defined: increase the share of organically farmed land
to 25%, reduce the use of fertilisers and pesticides
(European Commission, 2021b).

In total, nearly 75 million hectares were under
organic farming worldwide in 2020. However, if we
look at the proportion of organic land as a percentage
of the total, only 1.6% of the world's total land was
under organic production. The organic agricultural area
reached 17.1 million hectares in Europe in 2020, of
which 14.9 million hectares were in the European
Union. This means that 9.2% of the agricultural land
used in EU was in organic farming, which is still far
from the aimed 25% (Willer et al., 2022).

In Hungary, the total agricultural area was 5.05
million hectares, of which 293 thousand hectares were
converted into organic farming in 2021 (KSH, 20223;

KSH, 2022b). The area of organic arable land was 91
thousand hectares, of which more than a third was
cultivated with cereals (KSH, 2022b). The majority of
the remaining ecological area (nearly 180 thousand
hectares) was used for grazing and the smaller part for
organic fruit and vegetable production. Statistics from
the last 10 years show that until 2015, around 25
thousand hectares of cereals were grown on organic
land. Then, there was a sharp increase in 2016, the
cultivation of organic grain increased by nearly 10
thousand hectares. The next major increase occurred in
2019, when a total of 40.7 thousand hectares were used
for organic cereals. This means, 0.77% of Hungarian
agricultural land was farmed on organic land for cereals
in 2019, and 0.78% in 2020. The latest results show,
that the area dedicated to organic cereal farming
decreased to 35 thousand hectares in 2021 (KSH,
2022a; KSH, 2022b). However, despite the slowly
increasing trend, we are still behind the European idea.
In order to achieve dynamic development, the
Hungarian National Action Plan for the Development
of Organic Farming, approved by the Ministry of
Agriculture, was published in 2022. One of its main
priorities is to increase the current organic area ratio
from 6% to 10% by 2027 (Gov. HU., 2022; Drexler et
al., 2022).

The benefits of organic farming are widely debated.
In one hand, some promote it as a solution to
sustainable food security challenges. According to
these views, organic agriculture is a production system
that maintains the health of the ecosystem and people
(Meng et al., 2017). On the other hand, others criticise
it for being underdeveloped. Traditional agriculture
uses a diverse set of technologies and the best available
knowledge (Trewavas, 2001; Connor, 2008). Several
studies have confirmed that organic farming yields are
on average 20% lower than conventional farming (De
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Ponti et al., 2012; Kniss et al., 2016). Presumably, the
reason of this decrease in yields is the lack of fertilisers
(especially nitrogen) and pesticides (De Ponti et al.,
2012).

The aim of our study was to compare the yield of
maize (Zea mays L.) hybrids bred in Martonvasar in
two different cropping environments.

MATERIALS AND METHODS

The field experiment was carried out at the Centre
for Agricultural Research in Martonvasar in 2018. Part
of the field has been certified as suitable for organic
agriculture since 2007, on which no chemicals are
allowed. The rest of the experimental area was under
conventional agriculture, with fertiliser, herbicide and
insecticide application. The soil type was chernozem
with forest residual and good nutrient supplies. In the
autumn, 400 kg ha'* of complex fertiliser (NPK 15-15—
15) was applied to the conventional site. In the year of
the experiment, 450 kg ha* fertiliser and 15 kg ha™* soil
disinfectant were applied before sowing. In the organic
area only soil and seedbed preparation was done with a
compactor. Sowing was carried out on the same day
with a density of 70 000 plants ha?. Herbicide was
applied in early May and mid-June and insecticide was
done twice in July on the conventional area. Meanwhile
in the organic area, only mechanical weed control was
used by cultivator and hand hoe.

Figure 1. Monthly medium temperature [°C] for the year and
location of the field experiment
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The collected data was compared to the average of previous 10 years
(2008-2017) for the same exact area.

Green mass yield per hectare (GMY, t ha®):

individual weight (kg) * plant number per hectare

Monthly medium temperature (Figure 1) and
precipitation (Figure 2) data were recorded by the
meteorological station located next to the field
experiment. It was evaluated and compared to the 10
year mean (2008-2017). Overall the mean temperature
for 2018 (11.87 °C) was slightly higher than the
average of the last 10 years (11.04 °C). Exceptionally
high average temperature was observed in May 2018, it
was 1.45 °C hotter than the previous 10 years. Overall
the precipitation was almost 90 mm above the 10 year
average. There was heavy rainfall in June and
September. In addition, the total rainfall during the
growing season (April to September) was 415.8 mm
against the 10 year average of 327.4 mm.

Figure 2. Monthly precipitation [mm] for the year and location
of the field experiment.
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The collected data was compared to the average of previous 10 years
(2008-2017) for the same exact area.

Total of 20 maize hybrids (18 bred in Martonvasar
and 2 standard hybrids) were tested using different
cropping systems (conventional and organic) in a small
plot field experiment with 3 replications and
randomised block design. The hybrids belonged to
three different maturity groups: early (FAO 300-399),
medium (FAO 400-499) and late (FAO 500-599).
During the growing season data were collected about
flowering time (50% tasselling, 50% silking) and
morphological characters (plant height, leaf number
above the ear). To estimate the silage yield, 3 plants per
plot were cut and chopped, fresh weight was measured.
Harvesting time was on the same day for organic and
conventional technologies. The obtained plot data were
used to calculate the green mass yield per hectare, the
dry matter yield per hectare and the digestible dry
matter yield per hectare of maize genotypes.

1000

Dry matter yield per hectare (DMY, t hal):

M

green mass yield per hectare (GMY, t ha!) * dry matter (DM, %)

100
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Digestible dry matter yield per hectare (DDMY, t ha™):

dry matter yield per hectare (DMY, t ha'!) * digestible organic matter content (DIGOM, %)

100

The chemical compositions of the samples were
measured by near infrared reflectance
spectrophotometer  (NIRS) using the INGOT
calibration software. Data were analyzed by two-way
ANOVA.

RESULTS AND DISCUSSION

The average green mass yield of the hybrids in the
organic area was 36.58 t ha*, while the average yield in
the conventional area was 46.03 t ha. Consequently
the average yield of the organic area was 20% lower
compared to the fertilized treatments. The dry matter
yield and digestible dry matter yield of the organic area
were approximately 18% lower than the conventional
area. According to our results there was a significant
difference between the average yields of the 2 locations
(Table 1).

©)

Table 1. Green mass yield (GMY), dry matter yield (DMY) and
digestible dry matter yield (DDMY) of maize hybrids in organic
and conventional agriculture (t h?)

Organic Conventional

Yields . . LSDsos
agriculture agriculture
GMY (tha?) 36.58 46.03 2.0015 ***
DMY (t hal) 13.38 16.37 0.6922 ***
DDMY (t ha) 8.71 10.68 0.5194 ***

Comparing the green mass yield of twenty maize
hybrids at 2 locations, we found considerable
difference in the silage yield of the genotypes. Overall,
the performance of the varieties was higher in
conventional cultivation, but the tendency seems to be
that the yield of some hybrids decreased less in
ecological agriculture (Figure 3).

Figure 3. Green mass yield (GMY, t ha) of maize hybrids grown in different cropping systems
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Analyzing the yield data of the hybrids by
maturity group indicated an important correlation.
The green mass yield increased with the vegetation
period of hybrid in both organic and conventional
treatments (Figure 4). However, the change was
more intensive in the ecological field than in the
fertilized one. A similar trend was observed for the
dry matter yield (Figure 5) and digestible dry matter
yield (Figure 6). The yield increased with the FAO
number of hybrid.

= Organic Conventional

Figure 4. Green mass yield (GMY, t ha) of maize hybrids by
maturity groups
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Figure 5. Dry matter yield (DMY, t ha*) of maize hybrids by
maturity groups
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Figure 6. Digestible dry matter yield (DDMY, t ha*) of maize
hybrids by maturity groups
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When the yields measured at the organic location
were calculated as an average percentage of the
fertilized treatment, it was determined that the yield gap
between the two cropping systems decreased as the
maturity group increased (Figure 7). Based on our
results, it is preferred to grow maize hybrid of the late
maturity group for organic agriculture.

Figure 7. Yield decrease (%) at the organic agriculture
compared to the conventional production by maturity group
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(GMY: green mass yield, DMY': dry matter yield, DDMY:: digestible
dry matter yield)

There were significant differences in flowering
days. The time of 50% tasseling and silking occurred
approximately 1 day later for the hybrids at the
conventional location. However, this difference was
not relevant agronomically. The plants were
significantly higher in the conventional environment.
While the average height of the plants was 291.9 cm in
the organic production, they grew to 295.4 ¢cm in the
conventional field. Leaf number above the ear was not
affected by the environment, there was no significant
difference in the leaf number of the hybrids at the
different locations (Table 2).

Table 2. Agronomical and morphological traits of maize hybrids
in different cropping systems

Trait O!'ganlc Con\(entlonal LSDsy
agriculture agriculture

D %

ays to 30% 63.5 64.1 0.3680 ***
tasseling

0,

Days to 50% 62.7 63.8 0.3438
silking
Plant height 2919 295.4 3.1507 *
(cm)
Leaf number 7.9 8.0 0.1611 ns

above the ear
*** n=0.001, * p = 0.05, ns: not significant

CONCLUSIONS

The aim of our study was to compare the yield of
maize (Zea mays L.) hybrids bred in Martonvasar in
two different cropping environments. The silage yield
of 20 different maize hybrids was evaluated in a three
replicate small plot experiment in organic farming and
an adjacent conventional field. The average green mass
yield of the hybrids was 36.58 t ha'* in the organic field
and 43.03 t ha! in the conventional land. Similarly as
previous studies (De Ponti et al., 2012; Kniss et al.,
2016), our results confirmed approximately 20%
difference between yield in the two cropping systems.
Hybrids of different maturity groups responded
differently to organic cultivation. The yields of early
hybrids decreased more, meanwhile late hybrids
decreased less in the organic land compared to the
conventional environment. The vyield gap can be
reduced by selecting late and very late hybrids.
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