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Abstract In managing the corn crop, European
farmers frequently face the presence of the pest Diabrotica
v. virgifera, which has a negative impact on production.
Since 1992, various attempts have been made to limit its
expansion and multiplication. In recent years, with the
elimination of the most used chemical insecticides,
farmers had to resort to non-aggressive and less polluting
methods. Therefore, in this paper, an attempt was made to
find a solution available to anyone to reduce the adult
population level in maize crops. Knowing that adults are
responsible for long-distance movements, it was deemed
appropriate to focus on the use of both colored and
pheromone traps for detection, monitoring and capture.
The testing of the traps was carried out in 2020 and 2021,
between June and September in two culture systems,
organic and classic, belonging to an agricultural company
from an area of interest in Western Romania. Following
these studies, it was found that in the ecological culture,
corn catches were 1.8 times higher than in the classic
culture. Dual-attractant (color and sex pheromone)
pheromone traps were the most effective in both crop
types, with a capture efficiency of 90.65% of capacity,
while in colored traps without sex pheromone it was only
60.0%. Pheromone-only traps had intermediate efficiency,
with a capture capacity of 72.68%. In conclusion, traps
with double attractiveness, both in color and in the
presence of pheromone, are a viable solution in managing
the pest.

Keywords Corn, Classic, Diabrotica v. virgifera,
Efficient, Organic, Pest, Traps

1. Introduction

Corn production worldwide is affected year by year by
pests. According to the FAO (Food and Agriculture
Organization of the United Nations), annual global
production decreases by 40% due to pests [1]. Their
management, regardless of the area, became more difficult
as the most effective insecticides were removed. One of the
problematic pests in USA and Europe and implicitly in
Romania is the western corn rootworm (Diabrotica
virgifera virgifera Le Conte) [2,3] known as true devourers
of corn plants, especially leaves, silk, pollen and the young
grains of the cobs [4]. This pest was intensively evaluated
and monitored both at European and national level since
1992 [5-7]. Since 1996, when pest entered in Romania
(through the western part of the country, ie in the Banat
area), an interesting evolution for 20 years has been known
[8]. In the sense, large adult populations were recorded in
some agricultural areas of the country, while in others it
was completely absent or was found in small populations
[9]. Monitoring activities were intensive in the first 15
years, after which they decreased in intensity to almost
nothing [10].

Many attempts to combat it, from preventive to curative,
have been made. Both non-polluting and chemical methods
were applied in the control strategy, used somewhat in
combination, and they proved effective [11]. The chemical
method was useful in the scheme of reducing the adult
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populations, but also larvae [12]. Lately, however, due to
the current trend of decommissioning chemicals (against
adults and by treating seeds against larvae), the orientation
of farmers and specialists has been towards the softest,
non-polluting, ie the use of traps [13,14], and the biological
method (effective against adults) [15].

In recent years, studies on this pest have been reactivated
especially in terms of presence in new places of Romania
where they have not been seen before, as is the center and
southern and eastern part [16-18]. Also, studies of
evolution of the populations of adults and of the
morphological and color structure have been carried out in
the western part where the pest is present for a long time
[19].

The availability on the commercial market of various
traps, as well as the search for non-polluting alternatives,
farmers turned their attention to their procurement and use.
There are several types of traps used in Romania, but not
all are equally effective. Colored or non-colored Csalomon
Pall (sticky cloack) pheromone traps [10,20] and
non-pheromone [13] type Pherocon AM or AM No- Bait
traps (Trécé) are perhaps the most tested for adult pest
detection in corn crops in Europe. The results obtained
over the years have shown that they are effective by
attracting pheromone or color (usually yellow). Of course,
there are other types of traps that are used more locally
(type Atra-VIRG Cluj Napoca) that have proven to be
effective to some extent; however, their use is attributed
more to the central area of Romania [21].

Recommended are the traps of Pherocon AM (from
Trece Incoprated, USA) whose efficiency has been proven,
especially in the efficient period during the flowering
period of most corn plants, when the number of catches can
reach over 20 specimens per trap [22].

The efficiency of pheromone Csalomon traps was
analyzed in terms of recapture capacity [23].

So, recapture tests on pheromone traps in a 1-hectare
cornfield were conducted in Europe, and they hypothesized
that one Diabrotica beetle would have a minimal chance
(approximately 5%) of reaching the trap again. That is why
our study focused only on a single reading/capture (or only
on the first catch/trap) over an interval of 1-20 days.

The present study aims to bring to attention the current
state of the abundance of Diabrotica beetles in corn crops
in an organic system (without insecticides), compared to
the classic (conventional) system that currently uses a
limited range of insecticides. By using traps of different
types, the best solution will be found in catching and also
fighting cockroaches that are attracted by color and/or
pheromones. All this is born in mind that the reduction of
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beetles in the corn crop means unaffected silk and pollen
which are the success of quality cobs.

2. Materials and Methods

2.1. Research Design

In order to evaluate the capacity and efficiency of the
traps to capture Diabrotica beetles, it started from the
usual method of organizing experimental corn fields [24]
and then placement of traps for catching chrysomelid
beetles [25,26]. The materials used consisted of tools
specific to experimental field activities, two types of corn
culture (organic and classic) and 3 types of traps.

2.2. Study Locations

The corn fields are located in the western part of
Romania (Europe) in two localities in Arad County (on
the western border). These fields belong to a private
company with an agricultural profile (S.C. MDF AGRO
SRL). The locations were chosen on the grounds that the
level of the Diabrotica population and damage
manifestations are higher than in other areas of the
country.

In each locality, two years (2020 and 2021) were
managed about 7 hectares of corn, grown organically and
conventionally (with a seed treatment and 1 treatment in
vegetation against adults). More understandably, in Sicula
locality were delimited 3 rectangular plots of 4500m2
with organic corn and in Seleus locality the same with
classic  (conventional) corn. The same hybrid
(P9757/FAO-370) was used for all plots. The
identification of the research sites was performed by GPS
coordinates as shown in Table 1.

2.3. Use of Traps

2.3.1. Types of Traps Used

In our experiments, 3 types of traps were used (from
the category with sticky panel) (Figure 1) in order to
capture the harmful adult insects of Diabrotica v. As
follows: Csalomon Pall type trap, uncolored, with
pheromones produced by Plant Protection Institute, HAS,
(Budapest, Hungary); Csalomon Pall type trap, colored,
with pheromones produced by the same manufacturer as
the previous one and Pherocon AM type trap, colored,
without pheromones produced by Trece Incoprated, USA.
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Table 1. Plot’s location features
Location Cultivation system Geographical coordinates/plots
Plotl Plot 2 Plot 3
Sicula organic 46°30'03.3"N 21°46'51.1"E 46°29'45.0"N 21°46'44.7"E 46°29'28.4"N 21°47'00.7"E
Seleus classic 46°22'29.0"N 21°45'01.3"E 46°22'29.0"N 21°45'01.3"E 46°22'03.6"N 21°44'06.3"E
pheromones non-pheromones

Non-colored Catches

Colored

Figure 1. Types of traps used in capturing adults from Diabrotica v.: A. Csalomon Pall type trap, uncolored, with pheromones; B. Csalomon Pall type
trap, colored, without pheromones; C. Pherocon AM type trap, colored, no pheromones. Marked places are pheromones attached to traps. In the middle

of the picture: Catches of beetles from one trap (type B)

For an efficient centralization of results and to avoid
redundancy, it was coded each type of trap as follows in
Table 2:

Table 2. Types of traps and codes used

The name of the trap Trap code
Traps Csalomon Pall Uncolored with TCPUF
Pheromone
Traps Csalomon Pall Colored with TCPCF
Pheromone
Pherocon AM Colored Traps, without PAMCT

pheromone

2.3.2. Placement of Traps

In each rectangular plot, 4 traps were placed, 2 on each
diagonal of 109.66 cm long, excluding the marginal band
of 4-5 m. Following the recommendations of recognized
researchers in the study of the location of the traps, the
location of the traps was chosen at a distance of 50 m which
is best for a performance evaluation [27,28].

A total of 168 traps were placed annually, so 84 traps at
each location i.e., 4 traps of each type (Figure 2 and Figure
3) meaning 12 x 7 replacements.

The traps were caught on the plant at 1 m height from the
ground and immediately under the cobs in July after
flowering, as well as in August and September.

Organic corn

Figure 2. Placement of the traps in the plot of Sicula, with organic
corn
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TCPCF

Classic corn

-

Figure 3. Placement of the traps in the plot of Seleus, with classic corn

Special clips and wires were used to tie the traps to the
plants. The synthetic pheromone was caught on the sticky
panel (where applicable).

2.3.3. Changing Traps

Each trap was changed every 2 weeks, immediately
after quantifying the dead and living adults. In most
previous studies the traps were changed at 3 weeks [29] or
even 4 [30] and only accidentally in case of heavy rains at
2 weeks It was decided to change them more often,
because, from the wind and the rains, but also from the
sun, the glue on the panel deteriorates and the pheromone
loses its ability to capture.

2.3.4. Reading Traps

In order to evaluate the size of the populations in each
trap in the two culture systems, organic and classical, were
performed bi-monthly monitoring or readings (every 2
weeks) of the traps, when it was quantified numerically the
dead and living adults present (both females and males).

Bearing in mind the effectiveness in fighting the insect,
only the dead beetles from the sticky substance on a trap
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(thus excluding those who did not get very well caught in
the sticky substance and who had chances to escape and
continue feeding activity) was taken into account.

2.4. Data Analysis and Interpretation

The raw data of the monthly dynamic and total number
of the pest Diabrotica v., in the 2 maize cultivation
systems, the basic descriptive statistics were established
that are average, minimum, maximum, quartiles (lower
and upper), standard deviation and asymmetry coefficient.
To evaluate the raw data obtained from the quantifications
of catches/traps [31]. As result of repeated monitoring, we
used simple statistics and thus the average values,
standard error (SE) and median (statistical correlation).
The comparison between the values of the different traps
and between the 2 plots (organic and classic) as well as
monthly dynamics, was also expressed graphically and
statistically using Duncan Test.

In the activity of evaluating the monitoring results was
used Lancashire's BBCH Scale (1991) which associates
the presence of the pest with the essential stages of maize
plant development [32].

3. Results and Discussions

3.1. Pest-Plant Correlation

The presence of the harmful insect in the maize culture,
found in the 2 systems under study (organic and classical)
is reflected by the total number of catches attracted in
different phenophases (developmental stages). Thus, in
Figure 4, it can see the association between the number of
beetles (as the adult form of the species Diabrotica
virgifera) and the 4 groups of phases concentrated in
BBCH Codes.



Universal Journal of Agricultural Research 10(5): 501-513, 2022

505

B BBCH Code 03:33-39
BBCH Code 07: 71-75

2555

1303
1082

400

ORGANIC CORN

M BBCH Code 05: 51-59
BBCH Code 06: 61-69

1261

556
508

~l

3

[
CLASSIC CORN

Figure 4. Association of catches of Diabrotica virgifera beetles from the 2 corn cultivation systems (organic and classical) with the phenophases

according to the BBCH Code

In both organic and classical maize, most catches were
associated with BBCH Code 06: 61-69, ie with flowering
(the appearance of silk, the formation of pollen and the
appearance of cobs). The numerical quantity of the beetles
associated with the BBCH Code 05: 51-59 (the appearance
of the panicle at the top of the stem and its appearance and
complete opening of the stem) is also to be considered.

Also, in the development phase of the cob with the
formation of grains "in milk" (BBCH code 07: 71-75), the
pest was present at a considerable numerical level. Fewer

beetles have been associated with BBCH Code 03: 33-39
when the maize plant was in the phase of elongation of the
stem and the appearance of 3-9 internodes.

3.2. The Monthly Dynamics of Adult Flight

The monthly evolution during June-September, from the
appearance of the beetles until their disappearance from the
corn crops, was expressed graphically for each year of
study (2020 and 2021 respectively) (Figure 5).
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Figure 5. The monthly dynamics of adult flight of Diabrotica v. during the vegetation period of corn

The monthly dynamics of the flight of adults (beetles)
highlights an increasing curve (between June and August)
with a single maximum (in August) and decreasing
(between August and September), a similar situation for
the 2 years.

The registered values showed maximums of the total
number (Tn) of over 1400 individuals (Tn= 1432) in 2021
and of 1123 individuals in 2020.

The differences between the 2 culture systems (organic

and classical) regarding the flight of adults by Diabrotica v.
are obvious, in the organic corn the flight curve registering
a double value per month.

For a more detailed representation it resorted to the
statistical interpretation of the raw data. So, the basic
descriptive statistics were established which are average,
minimum, maximum, quartiles (lower and upper), range,
variance, standard deviation, flattening and coefficient
asymmetry coefficient.
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These values (Table 3) show differences between the
average values, minimum and maximum and others
indicators, both in 2020 and in 2021. The higher values of
catches in 2021 compared to 2020 in all the months subject
to monitoring are highlighted, but also the monthly values.

The results of the Duncan test for 2020 show a
significant difference between August in both years and all
other months (where p <0.05), so between June and August
p= 0.000034, between July and August p= 0.000875 and
between September and August p= 0.001492. A similar
situation is associated with the year 2021 (Table 4).

However, there were no significant differences between
June and July (in 2020) where p> 0.05 (p = 0.410223),
between June and September (with p= 0.428888) and July
and September (p= 0, 900007). For 2021, insignificant
differences were also recorded between June and July
where p= 0.700581, between June and September (p=
0.309013) and between July and September with p=
0.834551.

3.3. Population Level of Harmful Beetles on Traps

The population level of the 2 maize crops was assessed
in terms of the number of catches recorded (Figure 6) on
the 3 types of traps (TCPUF, TCPCF, PAMCT-which are
described above in Table 2) with or without pheromones.

The values obtained at each observation (reading) on the
12 traps (3 from each type of trap) for each experimental
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plot (with organic and classical corn) was statistically
interpreted. Positive values were recorded on all the traps
placed. No trap had the null value.

The basic descriptive statistics for the studied variables
and the number of registered individuals, are presented in
table 5.

Most of the captured beetles were in the plot with
organic corn, both in 2020 and in 2021, on TCPCF
(colored and pheromone) type traps (Figure 6). In the first
year, the value registered on the TCPCF type traps was
Tn= 1040 beetles and in the second year Tn= 1256 beetles.
On the TCPUF type (non-colored, with pheromone) the
total value was 799 beetles/2020 and 800 beetles/2021.
The lowest values were recorded on PAMC type traps
(only with colored panel) on which in the first year 648
beetles were caught and in the second year 608 beetles.

In the classic maize the catches registered considerably
lower values than in the organic one, namely on the traps
of TCPCF type of Tn= 488 beetles/ 2020 and Tn= 389
beetles/ 2021, on those of TCPUF type values of Tn= 576
and 376 respectively beetles, and on the PAMC traps
lower values than the others, of 336 beetles/ 2020 and 312
beetles/ 2021.

All these confirm the results of other similar studies
[27,33] and entitle us to mention that the traps with
double attraction, and by color and pheromone can attract
and capture a considerably larger number of beetles.

Table 3. Basic descriptive statistics for number of catches from the plots, in the analyzed months and in the period 2020-2021
Variable/ Descriptive statistic (value of number of beetles/monthly dynamic/2020)

Month/year Mean Min. Max Low. Q* | Up. Q** | R*** | Var**** | Stddev.*5 | Skew.*6 | Kurt.*7
June 11.00 2.00 23.00 8.00 12.00 20.00 40.75 5.17 0.57 2.203
July 32.89 9.00 87.00 19.62 53.00 75.00 719.43 25.86 1.53 1.56

August 164.51 74.00 256.00 111.04 235.00 178.00 4201.34 67.2 -0.02 -1.46
September 37.00 17.00 83.00 18.40 56.00 62.00 506.48 21.81 1.16 0.63

Descriptive statistic ((value of number of beetles/monthly dynamic/2021)
Variable/month
Mean Min. Max Low. Q* | Up. Q** R*** Var. **** | Std.dev.*5 | Skew.*6 | Kurt.*7

June 20.00 1.00 6600 7.00 19.00 63.00 449.72 20.19 2.03 416

July 66.67 18.00 211.00 23.00 77.00 189.00 4302.09 65.46 2.10 4.39
August 259.70 108.00 539.00 130.00 347.00 464.00 2234.18 159.35 143 2.07
September 61.98 14.00 259.00 15.00 64.00 240.00 6245.33 88.10 212 5.98

Where: *lower quartile; **upper quartile; ***range; **** variance; *5 standard deviation; *6 asymmetry coefficient,
*7 flattening coefficient
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Table 4. Duncan test for assessing the significance (p value) of the catches of beetle’s values between the 4 months (June-September) and between the
2 years of study (2020-2021)

Duncan test (Monthly dynamic)
Approximate probabilities
No. crt. Variable 1/ Post Hoc tests
Variable 2
{1} {2} {3} {4} {5} {6} {7} {8}
11,000 32,887 164,514 37,000 20,000 66,677 250,34 61,688

June 2020 0410223 | 0000034 | 0428888 | 0804481 | 0,106352 | 0,000010 | 0,200421
July 2020 | 0410223 0,000875 | 0,900007 | 0,700581 | 0419126 | 0,000010 | 0,490133
August 2020 | 0,000034 | 0,000875 0001492 | 0,000555 | 0,011000 | 0,018000 | 0,010000
Segtggg)ber 0,428888 | 0,000007 | 0,001492 0626054 | 0460224 | 0,000027 | 0525551
June2021 | 0,804481 | 0,700581 | 0,000555 | 0,626054 0226631 | 0,000010 | 0,309013
July2021 | 006352 | 0419126 | 0011000 | 0460224 | 0,226631 0,000011 | 0,834551
August 2021 | 0,000010 | 0,000010 | 0,018000 | 0,000027 | 0,000010 | 0,000011 0,000012
Segtg?lber 0,200421 | 0490133 | 0010000 | 0525551 | 0,309013 | 0,834551 | 0,000012

Where: p value <0.05, then there is a significant difference between the values between the 2 columns 1/{1}; 2/{2}...so0 on
p value >0.05, then there are no significant differences between the values between the 2 columns 1/{1}; 2/{2}...s0 on
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Figure 6. The number of Diabrotica v. beetles caught on the 3 types of traps during the entire monitored period, in both individual years (2020 and
2021); where TCPUF stands for Csalomon Pall Traps Uncolored with Pheromone, PAMCT stands for Pherocon AM Colored Traps, without pheromone

and TCPCF is Csalomon Pall Traps Colored with Pheromone

Table 5.
period 2020-2021

Basic descriptive statistics for number catches of beetles (Diabrotica v.) from the 2 corn plots (organic and classic) individually, in the

Descriptive statistic (number of catches/2020)
Variants
Mean Min. Max Low. Q* | Up. Q** | R*** | Var**** | Std.dev.*5 | Skew.*6 | Kurt.*7
Organic corn 130.00 98.00 211.00 98.00 151.00 | 114.00 | 2434.10 41.66 1.184 0.74
Classic corn 61.00 39.00 107.00 | 78.0000 99.00 61.00 828.00 25.791 -1.681 2.783
Descriptive statistic (number of catches/2021)
Variants
Mean Min. Max Low. Q* | Up. Q** | R*** | Var**** | Std.dev.*5 | Skew.*6 | Kurt.*7
Organic corn 141.80 101.00 220.00 101.00 159.00 | 120.00 | 2397.20 50.35 1.28 0.83
Classic corn 71.60 42.00 91.00 51.00 91.00 50.00 524.00 23.15 -0.50 -2.67

Where: *lower quartile; **upper quartile; ***range; **** variance; *5 standard deviation; *6 asymmetry coefficient,

*7 flattening coefficient

The average values of the catches of Diabrotica v.
obtained in the plot with organic corn are much higher
than that of the catches from the classic one (Table 5), a
similar situation for both years of study. So, in 2020 in
organic corn the average value was x= 130.0 beetles

compared to x = 61.00 beetles in the plot with classic corn.

And in 2021, something similar was observed with values
of x=141.80 beetles in organic corn and x= 71.60 beetles
in the classic one.

It is obvious, through the results shown that organic
corn, in the absence of chemical treatments, which
ensures a more adequate habitat for insects in general and
phytophagous ones in particular. And the pest in its adult
form seems to find favorable conditions for living and
feeding in this type of culture, a fact highlighted by the

high values recorded on traps.

3.4. Behavior of Beetles in the Process of Trapping

Most catches were observed within 3-13 days in both
maize crops (both conventional and organic). In the first 2
days after installation, the catches increased slightly and in
the last 7 days they started to decrease to zero; this is also
stated by other researchers and | confirm by this work [15].

After the installation of the pheromone traps, the adults
of Diabrotica v. Appeared in flight and were located
around the traps (on the surrounding plants) and then
rotated for about 2-3 hours until the pheromone panel was
found. Most went directly to the panel (especially the
yellow colored one) entering and blocking the sticky
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adhesive.

Few of them managed to escape as soon as they arrived.
From what it noticed, if they failed to get out of the
substance in the first 2 hours after the blockage on the
sticky panel, they had no chance to escape and died within
24 hours.

Basically, maintaining the traps in the crops after the
period of 14-15 days would be useless and would lead to an
intense consumption of the surrounding plants.

Although the pheromone is still effective after 15 days
and maintains its role of attracting beetles on the trap, it is
still the sticky substance on the panel that has an important
role in keeping them captive until they die. In these
situations, the beetles are attracted to the pheromone, they
reach the cover but because the sticky substance
deteriorates, they can escape and invade the crops around
the traps in particular.

The concentration on a small area of beetles attracted by
traps with damaged glue but with active pheromone can
lead to consistent damage to plant organs, with a
predilection for the cob, which is the productive organ.
That's why we recommend that each trap, regardless of
type (with or without pheromone, colored or uncolored), be
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changed every 2 weeks for maximum efficiency. Most
studies recommend changing the traps every 2-3 weeks [3]
or even 1 month [30], but from our observations, the lack
of rain for more than 2 weeks or the presence of 2 series of
rains can damage the sticky substance.

3.5. The Efficiency of Traps in Monitoring and Control

Each of the 168 traps placed recorded at least 1 catch of
Diabraotica beetles, whether it is their bi-monthly reading or
the type of trap or the plot in which the observations were
made.

In the graph in Figure 7, it is expressed the abundance by
trap type, as a cumulative value over the entire monitored
period and in both plots, it can be seen that by far the
TCPCF (Csalomon Pall Traps Colored with Pheromone)
trap is the most attractive of 3173 catches. The TCPUF
(Csalomon Pall Traps Uncolored with Pheromone) trap has
also proven effective in capturing 2544 beetles. But the
PAMCT type (Pherocon AM Colored Traps, without
pheromone) attracted fewer beetles, in fact having the
lowest number of catches among the 3 tested, but the value
is not negligible, however 2100 catches is a number that
can give a lower level of efficiency, but not inefficient.

TCPCF

Abundance of beetles
on traps

y=-314.5x+3234.7
R?=0.3403

PAMC

TCPUF

Figure 7. Comparative graphical representation of the abundance of harmful beetles on the traps used
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Going on the maximum catch previously registered and
recommended by the manufacturing companies, of 3500
(100%) beetles on the cumulative surface of the traps used,
the percentage of capture was different from one type of
trap to another. Thus, the pheromone-type traps had an
efficiency of 90.65% on TCPCF and respectively 72.68%
on TCPUF and the non-pheromones traps had a percentage
of efficiency of 60.0% on PAMC.

Given these values, it can say that all the traps tested are
effective in monitoring activities, which after some authors
is an action of detecting the population level of a culture at
a time with low costs [34]. For this reason, it tried to
combine both detection by capture and efficiency in
control (as other researchers have seen in general insect
studies) [35,36], because the fact that insects die after
captivity in the sticky substance is clear that it is about
reducing the population level.

4. Conclusions

The results show that the use of traps remains an
important activity in the management of D. virgifera pest
species in maize crops, regardless of the cropping system.
With the help of traps, farmers can detect and capture a
considerable part of the beetles existing in crops at a given
time.

Regarding the effectiveness of the three types of traps
tested, traps with pheromone were much more effective
than traps without pheromone.

In conclusion, in both culture systems (classical and
organic) it is recommended to use traps with double
attraction (through color and pheromones) starting from
June to September and they should be changed every 2
weeks so that the sticky substance maintains its trapping
qualities and killing beetles.
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