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Abstract

Organically grown corn has attracted the attention of producers and traders and is increasingly in demand on the
world market. With the expansion of this type of crop in which the use of pesticides is not allowed, the species of
harmful insects have also multiplied. In this paper we set out to evaluate two lots of corn in western Romania, one with
organic corn after 3 years of practice and another in the first year. Thus, we found that in the lot of 3 years under the
organic system, the range of species was much more comprehensive and the population level of each species higher
than in the lot in the first year. The active stages (as the case may be, of adults, larvae or nymphs) of the species of
hemipteran, coleopteran and lepidopteran, which were the most frequent in the lots under observation, affected both the
aerial and the underground part of the plants. The damages produced in the lot with 3 years affected the plants in
vegetation (from the plant emergence until the maturity of the cob) in percentages of 17-18% as opposed to the
damages from the lot in the first year in which the damages were of 5-7%. It is obvious that the longer the culture is on
the same substrate, the more the pests become and produce damage with definite repercussions.

Key words: corn, organic system, pests, range, damage.

INTRODUCTION use of natural fertilizers (by the contribution of
nitrogen left by leguminous) and by
Romania is considered one of the largest corn ~ minimizing tillage (Pretty & Bharucha, 2015).
producing countries in the EU, according to the  Given the concern for increasing the cultivation
European Commission (2020). However, the of plants suitable for this system, we turned our
occupation of agricultural areas with organic attention to corn, which is considered profitable
crops or ecologically it is quite low, somewhere  (Brock et al., 2021).
at 8.5%, therefore, through the Action Plan for  In order to have a holistic picture of all pests in
the development of organic production of the a corn crop (regardless of the cultivation
European Commission for a future period of 10 system) it is necessary to know where to focus
years, an extension of 25% is foreseen (Uros, at the plant level. In this sense, Ortega (1987)
2021). recommends an assessment of each essential
Sometimes the term "ecological" or" organ, namely tassel, ear, stem, foliage, roots
biological” is used in the literature (Stoleru &  and seeds.
Sellitto, 2016). In essence, these synonyms In organic systems, crops can be more difficult
express the same characteristics as for organic ~ to manage in terms of pests due to the
farming, which 1is considered to be an  principles of organic farming, especially the
increasingly environmentally intensive  limitation of the use of chemicals that have a
production system worldwide (Willer et al.,  much higher effectiveness compared to
2019). We chose to approach the term  chemicals (Farag, 2019).
"organic" in this paper because it seemed closer ~ Broadly speaking, crop pests include insects,
to the culture of corn in vegetation. weeds, plant pathogens, insects, and other
Organic crops are very often associated with a  invertebrates or vertebrates (Ash, 2003). We
lower yield on the same land area compared to will focus only on the group of insects, which
the conventional system. However, a great  are in fact the most common and diverse in
advantage of this approach is to protect natural organic farming (Gomiero et al., 2011) and
capital through the use of natural enemies, the implicitly in the cultivation of corn.
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In addition to limiting the use of pesticides,
practicing corn after corn (or monoculture) in
large corn-producing areas facilitates the
proliferation and growth of harmful insects (He
et al., 2019; Piesik A. & Piesik D., 2021).
Among the harmful animals, arthropods and
implicitly insects are the most present in corn
crops, and the most representative species in
Europe is by far Ostrinia nubilalis. This
pyraustid lepidopterus occurs in any type of
culture system and the damage it causes in the
absence of adequate control measures reaches
up to 30% (Stoleru & Sellitto, 2016).

For 27 years, corn crops in Romania have been
affected by the chrysomelid species Diabrotica
virgifera (Vonica, 1996; Grozea, 2010),
another important pest for corn crops. Over
time, various non-pollutant strategies have been
developed to control this pest, most of them
focusing on prevention, through monitoring,
with using traps to catch beetles, both local
(western part of the country) and national level
(Hancu et al., 2001).

Aphids are very common hemipteran (suborder
Homoptera) in most crops and other important
crops (Wieczorek et al., 2019). They cause
direct and indirect damage, leading to a
decrease in yields in various ways. Among the
common aphids of corn is Rhopalosiphum
maidis which can develop high population
densities that dehydrate and deprive the plants
of nutrients, are also important vectors for
viruses (Sorensen, 2009). All of these are
difficult to control, especially in organic
systems, where pesticides are restricted or
banned, so they can be considered extremely
dangerous. Through our study we aimed to see
how the density increases in aphid populations
over time without chemical control measures.
After Bailey (2007) corn can be attacked by a
wide range of insects that can be major or
minor as economic importance. Unlike the
major pests who appear regularly, the minors
appear irregularly and do not create problems
every season.

In the present paper we aimed to analyse the
evolution of densities in populations and the
range of insect species in maize crops in
organic system practiced for a short time or
longer and the impact of damage on plant
growth.
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MATERIALS AND METHODS

The 2 lots with organically grown corn were
established and maintained in 2 localities in
western Romania (Figure 1), according to the
principles of organic agriculture, no chemical
element or aggressive method being present.
The plot with corn after 1 year of practicing in
organic system (Lot 1) was placed in Seleus
(46°2229.5"N 21°45'01.1"E) and the one with
corn after 3 years of practice (Lot 2) placed in
Sicula (46°30'03.9"N 21°46'51.8"E). There is a
distance of 8 km between the 2 lots (locations),
so there was no possibility of insect migration.
The size of the analysed area in each of the 2
locations was 9000 m? (100 m wide x 90 m long)
out of a total compacted area of 7.5 hectares.

The maize hybrid used was of course untreated,
namely Pioneer P9757 (FAO 370), which
responds positively to any climatic and techno-
logical conditions.

Figure 1. a) Images from experimental lots; from the lot
after 3 years of practicing the organic system in
advanced vegetation (down, left) and the plot after 1 year
of practicing the organic system in the emergent phase
(down, right); yellow panel traps with attached
pheromone (top, left) and detailed study for correct pest
identification (top, right); b) Placement of lots and details
of their locations (down, right)

In order to evaluate the harmful populations
from the experimental lots, during the year
2021, we used 2 types of traps, both from the
same producer (Csalomon, Budapest). Thus,
for capturing adult beetles (Grozea, 2003) and
hemipterans (larvae, nymphs and adults) a type
of trap with coloured Panel and pheromone was
installed and for adult lepidoptera we used box
type traps.

Checking and reading the traps was done
directly in the field, every 15 days during the
vegetation period of the corn in June-September.



The assessment was made taking into account
the stages of maize development according to
the BBCH scale (Lancashire et al., 1991).

The monitoring of Diabrotica beetles (proven
to be very suitable for capture by using traps)
consisted of carrying out insect -capture
activities using sticky yellow panel pheromone
traps (type Csalomon PAL) (Figure 1), from
the Institute for Plant Protection, MTA ATK.
Their principle of operation is based on
attraction through chemical and visual stimuli
and it catches females as well as males (Toth et
al., 2007). Usually, these traps can catch other
pests that are not specific to corn but can cause
damage (Subchev et al., 2005; Toshova, 2017).
Their location was made at a distance of 50 m,
on the diagonals thus covering the central and
lateral parts of the plot (Horgos & Grozea). The
capture of aphids was also done by 2 Yellow
Pan Traps (Moericke) effective in monitoring
and control.

The sticky traps for coleopterans and
hemipterans were placed in the crops on the 2
diagonals (134.5 m long/each diagonal) 3
traps/diagonal (of which 1 commune, central).
These were changed every 3 weeks.

For lepidopteran, 2 box traps and 2 light traps
were placed on the 2 diagonals, and these were
changed every 4 weeks.

To assess the harmful stages in the soil, we
used the method of evaluation in terms of direct
observation on the root and plucking 10 out of
10 of the plant in a row. Thus, the larvae of
genus Agriotes, Diabrotica or other species
present at a given moment in the corn crops
were quantified directly in the experimental
field with the help of the portable magnifying
glass.

In each lot, at the 10th plant on the growth row,
at each trap reading, we also analysed the
damage both aerially and at the root (uprooted
plants). For the damage assessment, the mean
values, the standard error (SE) and the median
(statistical correlation) were established.

RESULTS AND DISCUSSIONS

Observations in different stages of maize
growth in the 2 lots highlighted the presence of
several harmful species belonging to the 3
major categories of insects. Thus, in the lot
cultivated in organic system after 1 year, the
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following species were present: Diabrotica
virgifera, Tanymechus dilaticollis, Opatrum
sabulosum, Oulema melanopus, Agriotes sp.
and Phyllotreta vittula (from Coleoptera)
(Table 1). The same species were identified in
the lot in the organic corn practiced for 3 years,
plus the species Chaetocnema tibialis.

Table 1. Status of harmful coleopteran species in the 2
lots of organic maize (Lot 1-after 1 year of practicing of
organic system and Lot 2-after 3 years) in correlation
with the plant stages (BBCH code)

) Active stage Status of pest
.Han_nful species of the development stages/
lden::de(i (I)l: ;Ot 1 pest/BBCH maize lots analyzed
code Lot 1 Lot2
Diabrotica virgifera 01:18 +A, L) (Ao L)
05:51-59
06: 61-69
07:71-75
Tanymechus 00:09 +(Ao) +(Ao)
dilaticolis
Opatrum sabulosum 00:09 +(Ao) H(Ao)
Oulema melanopus 05:51-59 +A, Lp) +A,, Lp)
06: 61-69
Agriotes sp. 00:03-09 +(Ls) +(Ly)
01:10-18
Chaetocnema tibialis 01:11-18 - (A
Phyllotreta vittula 01:11-18 +(A) + (A)

+/- Presence status; At-adult on traps; Ao- adult observed on plant or
soil; Ls- larva in soil; Lp-larva on plant; BBCH code (after Lancashire
etal., 1991);

From the group of hemiptera were identified
the species Rhopalosiphum maidis and
Rhopalosiphum padi (in the lot with organic
corn after 1 year), and Metcalfa pruinosa and
Nezara viridula (only in the lot with organic
corn after 3 years). The species of aphids were
present in both analysed lots (Table 2).

Table 2. Status of harmful hemipteran species
in the 2 lots of organic maize (Lot 1-after 1 year
of practicing of organic system and Lot 2-after 3 years)
in correlation with the plant stages (BBCH code)

Harmful species Active stage | Status of pest development
identified in Lot 1 of the stages/maize lots analyzed
and Lot 2 pest/BBCH
code Lot 1 Lot 2
Rhopalosiphum 01:14-19 +(Np, Ag* +(N, A)*
maidis 05:51-59
06: 61-69
Rhopalosiphum 01:14-19 +(Nt, At)* +(N,, A)*
padi 05:51-59
06: 61-69
Metcalfa pruinosa 05:51-59 +(No, Lo)
Nezara viridula 06: 61-69 (Ao, No, Lo)
07:71-73

+/-  Presence status; At/Nt-adult/nimph on trap; Ao/No/Lo-
adult/larva/nimph observed on plant; *many asexual forms without
wings and wings



In the study lot we observed nymphs and adults
of Metcalfa pruinosa (Table 2), indeed in small
numbers compared to the other main species of
corn. We assume that they were only
accidentally installed on the corn leaves, but it
is not excluded that in the future an
increasingly large population will develop.

We have the certainty that in the organic
system, corn can be easily infested by insects
that, even if they are not specific, can become
predominant, even leading to significant
damage. In fact, this species has been reported
in a corn crop in Hungary a few years ago
(Bozsik, 2015). We mention that so far, this
flatid cicada has not been reported on corn
plants in Romania only on the ornamental ones
and some fruit and vine species (Vlad &
Grozea, 2016).

Among the insects of the order Lepidoptera, we
identified the species Ostrinia nubilalis and
Helicoverpa armigera, present both lots and
Agrotis sp. observed only in the lot after 3
years (Table 3).

Table 3. Status of harmful lepidopteran species
in the 2 lots of organic maize (Lot 1-after 1 year
of practicing of organic system and Lot 2-after 3 years)
in correlation with the plant stages (BBCH code)

highlighted. The other beetle species had values
below 500 ind./lots (Figure 2).
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Figure 2. Comparative trends of catches of harmful
coleopteran insects quantified in the 2 experimental corn
lots (Lot 1-after 1 year of practicing of organic system
and Lot 2-after 3 years)

And in terms of the abundance of hemipteran
species, these were predominant in Lot 2
compared to Lot 1 (Figure 3). Aphid species
such as Rhopalosiphum maidis recorded double
values (2584 ind. in group 2) compared to Lot
1 (1161 ind.) and R. padi had a value of 1787
ind. in Lot 2 compared to Lot 1 (795 ind.)
(Figure 3).

Harmful species Active stage Status of pest
identified in Lot 1 and of the development stages/
Lot2 pest/BBCH maize lots analyzed
code
Lot 1 Lot 2
Ostrinia nubilalis 01:14-19 +A, L) +A, L)
05: 51-59
06: 61-69
Helicoverpa armigera 01:14-19 +(Aq, Ly) +(A,, Lp)
05: 51-59
06: 61-69
Agrotis sp. 01:14-19 - +(A)
05:51-59
06: 61-69

+/- Presence status; At-adult on traps; Lp-larva on plant

Comparing the number of catches or
individuals quantified in the 2 lots, we could
find that in the lot with corn in the organic
system practiced only 1 year the abundance of
species was visibly lower than in the lot in
which the organic system was practiced for 3
years. The highest values were recorded, for
both lots, in the cases of Diabrotica virgifera
(adult form) (1248 individuals/Lot 1 and 2277
ind./Lot 2) (Figure 2). Also, with a value over
500 ind. fleas from the genus Phyllotreta (648
ind/Lot 2) but also from the genus
Chaetocnema with 567 ind./Lot2) were
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Figure 3. Comparative trends of catches of harmful
hemipteran insects quantified in the 2 experimental corn
lots (Lot 1-after 1 year of practicing of organic system
and Lot 2-after 3 years)

Due to the abundance of lepidopteran insects in
the 2 lots, the species of Ostrinia nubilalis (in
adult form) was captured in higher values in
Lot 2 (1268 ind.) than in Lot 1 (697 ind.)
(Figure 4). In fact, in the case of Helicoverpa a.
lepidopteran (adult) the situation was also
similar (545 ind./Lot 2 and 269 ind./Lot 1)
(Figure 4). Catches of the genus Agrotis were
recorded only in Lot 2 (359 ind.).
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Figure 4. Comparative trends of catches
of harmful lepidopteran insects quantified in the
2 experimental corn lots (Lot 1-after 1 year of practicing
of organic system and Lot 2-after 3 years)

Analysing the bi-monthly evolution of beetle
catches in the 2 lots, it can be seen in Figure 5
that in June-September the adults of Diabrotica
had a maximum activity at the beginning of
August (308 ind./Lotl; 561ind./Lot 2) while the
larvae at the end of June (41 ind./Lot 1; 112
ind./Lot 2). Another chrysomelid (Oulema m.)
recorded a maximum of activity at the end of
July (60 ind./Lot 1; 168 ind./ Lot 2).
Phyllotreta v. also entered the category of
chrysomelids with a maximum of activity at the
end of June (107 ind./Lot 1; 269 ind./Lot 2) and
the species Chaetocnema t. with a maximum
also in June (0 ind./Lot 1); 278 ind./Lot 2).
Among the beetles active at the beginning of
summer, immediately after the emergence of
maize plants, we can mention Tanymechus d.
with a maximum of activity at the beginning of
June (100 ind./Lot 1; 279 ind./Lot 2) and
similar Opatrum s. (32 ind./Lotl; 188 ind./Lot
2) (Figure 5).
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Figure 5. Bimonthly dynamics of harmful coleopteran
insects (total caches of adults-A or larva-L) in the 2 lots
cultivated in organic system practiced after 1 year and
after 3 years

Agriotes larvae were only present in very small
numbers, only 1 in Lot 1 and 9 in Lot 2 were
observed, and the explanation could be the lack
of water in the soil in spring-summer 2021.

The evolution of the bimonthly activity of
hemipteran pests is given in Figure 6. It can be
seen that the aphids are most active at the end
of June when the maximum values were
recorded, so for the species Rhopalosiphum
maidis were captured in the period of
maximum activity 420 ind./Lot 1 and 888
ind./Lot 2 and for R. padi, 277 ind./Lot 1 and
509 ind./Lot 2. The activity of Metcalfa
pruinosa and Nezara viridula species was only
in Lot 2, so for M. pruinosa, the maximum
activity was registered at the end of June (101
ind.) and for N. viridula the maximum was at
the end of August with 148 ind. (Figure 6).
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Figure 6. Bimonthly dynamics of harmful hemipteran
insects (total caches) in the 2 lots cultivated in organic
system practiced after 1 year and after 3 years

The maximum flight of the adult lepidoptera
Ostrinia n. and Helicoverpa a. was achieved at
the end of July with 246 ind./Lot 1 and 346
ind./Lot 2 and respectively 128 ind./Lot 1 and
280 ind./Lot 2 (Figure 7). Agrotis adults were
quantified only for Lot 2 (where they were
present) with maximum flight towards the end
of August (132 ind.). The maximum activity of
O. nubilalis larvae was at the beginning of
August (88 ind./Lot 1; 88 ind./Lot 2) and of
those of H. armigera at the end of July (128
ind./Lotl; 280 ind./ Lot 2) (Figure 7).

The percentage of attack produced by beetle
pests had wvalues of the average varied
depending on the species and the stage of
development for the 2 lots (Table 4). Thus, the
adults of D. virgifera damaged approximately
10.5% in Lot 1 and 33.4% of the 500 analysed
plants and those of 7. dilaticollis about 12.3%
of attacked plants in Lot 1 and 24.7% in Lot 2.
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Figure 7. Bimonthly dynamics of harmful lepidopteran
insects (total caches of adults-A or larva-L) in the 2 lots
cultivated in organic system practiced after 1 year and
after 3 years

Adults of O. melanopus affected 15.7% (in Lot
1) and 16.2% (in Lot 2) and O. sabulosum
damaged 4.2% of plants/Lot 1 and 17%/Lot 2.
Fleas from the genus Phyllotreta and
Chaetocnema affected 4.0% of the plants
analysed in Lot 1 and 17.8 % in Lot 2. At the
root level, Diabrotica larvae caused damage to
3.1% of plants/Lot 1 and 11.4% of plants in Lot
2 (Table 4).

Table 4. Percentage of plant damage by harmful
coleopteran in organic maize plots (L1 and L2)

Pest Mean + SE** Median value
Lot 1 Lot 2 Lot1 | Lot2
Lots
Diabrotica 10.5¢1.0 | 334425 6.2 29.4
virgifera (A)
Diabrotica 3.1+£0.3 11.4+1.3 2.6 8.3
virgifera (L)
Tanymechus 9.5 19.1
dilaticollis 12.3£2.6 | 24.7+2.1
Opatrum 2.6 13.2
sabulosum 4.2+0.3 17.0+1.7
Oulema 8.1 9.3
melanopus 5.7+0.7 16.2+1.9
Agriotes sp. 0.1%0.1 1.240.2 0.05 0.6
Chaetocnema 0 2.3
tibialis 0 5.7+0.7
Phyllotreta 1.5 13.6
vittula 4.0+0.7 17.8+1.0

*the standard error (SE)

The species Chaetocnema tibialis was observed
on plants but also on weeds in lots and on traps,
but we cannot comment on their damaging
effects because only a few superficial
individuals were observed on the leaves.
According to Cagan et al. (2006) these fleas are
specific pests of weeds of the species
Amaranthus retoflexus (very present in corn in
the organic system).

The results on the effects of the damage on the
plants produced by the hemipteran pests are
presented in Table 5. The aphids from R.
maidis species damaged the plants from the 2
lots in a percentage of 8.6% in Lot 1 and 15.5%
in Lot 2. Those from R. padi species affected
6.5% of plants in Lot 1 and 17.1% in Lot 2.
Stinky bugs of N. viridula attacked plants only
in Lot 2 in a percentage of 5.6%, as well as M.
pruinosa cicadas which affected 4.7% of plants
from Lot 2 (Table 5).

Table 5. Percentage of plant damage by harmful
hemipteran in organic maize plots (L1 and L2)

Pest Mean + SE Median value
Lot1 Lot2 Lot1 | Lot2
Lots
Rhopalosiphum 4.0 10.1
maidis 8.6+£1.2 | 15.5+1.4
Rhopalosiphum 4.2 12.8
padi 6.5+09 | 17.1£1.0
Metcalfa pruinosa 0 4.7£0.4 0 1.8
Nezara viridula 0 5.6£0.8 0 2.1

*the standard error (SE)

Nezara viridula was observed only in isolated
marginal areas of Lot 2 as well as Marcu
(2018) who found 1 single outbreak in a mixed
private garden.

We found in the second decade of August, 5
outbreaks of 7 plants with cobs in formation,
full of larvae and nymphs, sometimes adults,
then the number of individuals/outbreaks
doubled in the third decade. The affected cobs
could no longer be used due to the foul-
smelling substance imprinted in the grains.

The effects of damaging the larvae of harmful
lepidopteran in the experimental lots are shown
in Table 6. There it can be seen that the larvae
of O. nubilalis caused damage to 20.3% of the
plants analysed in Lot 1 and 40.7% of the
plants analysed in Lot 2.

The larvae of H. armigera caused damage in
11.5% of the plants under study in Lot 1 and
36.2% of the plants in Lot 2 (Table 6).

Table 6. Percentage of plant damage by harmful
lepidopteran (larval active stage) in organic maize plots

(L1 and L2)
Pest Mean £ SE Median value
Lot 1 Lot 2 Lotl | Lot2
Lots
Ostrinia 16.5 354
nubilalis (L) 20.3£1.5 40.7+2.9
Helicoverpa 9.0 31.7
armigera (L) 11.5+1.4 36.2+2.7

*the standard error (SE)
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CONCLUSIONS

From the results presented in this paper we can
conclude that in Lot 2 with maize grown
organically after 3 years the diversity and
abundance of harmful insects was clearly
higher than in Lot 1 with maize grown
organically after 1 year.

As repercussions of the feeding activity of
coleopteran, hemipteran and lepidopteran
insects in the experimental lots, we found that
the damage percentage was almost 3 times
higher in Lot 2 than in Lotl (6.4%/Lot 1 and
17.8%/Lot 2).

All this entitles us to agree that organic corn
attracts many pests, which multiply and affect
the crop from the first year, especially if the
crop is kept on the same land for 3 years.
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