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Abstract

The perspective direction in the biological regulation of insect pest populations is the com-
bined use of different products of organic origin including fungal biological control agents.
Therefore, the present study was aimed to evaluate the efficacy of products of natural origin
(Aminogreen 24, Nitrogreen, Foliamin and Naturalis — strain ATCC 74040 of entomo-
pathogenic fungus Beauveria bassiana) and one synthetic insecticide — standard (delta-
methrin + thiacloprid), applied alone and in a mixture in the control of Acyrthosiphon
pisum in forage pea. The study was conducted in a field experiment during the period
2017 — 2020. Infestation by leaf aphids was estimated by calculating the cumulative insect-
-days (CID). It was found that the combination of Aminogreen 24 + Naturalis had the
most pronounced decrease in CID among products over the years from 2017 to 2020 and
the average for the period. The greatest, significant reduction in the number of aphids oc-
curred on day 5 (F, = 15.244; p < 0.033) and day 7 (F, = 33.087; p < 0.037) after treatment.
On the 14th day, the decrease in CID (57.4% decrease) statistically exceeded the Proteus
110 OD standard (55.3% decrease) (F,, = 49.841; p < 0.049). Good protection against
A. pisum was also found with Naturalis and Nitrogreen + Naturalis. There was an additive
effect between Naturalis and Aminogreen 24 throughout the entire study period. The ratio
of chlorophyll a (Chl a) to chlorophyll b (Chl b) and the ratio of green pigments (Chl a +
+ Chl b) to carotenoids determined that plants treated with Aminogreen 24 + Naturalis and
Naturalis had the best physiological state. The combination of Aminogreen 24 and Natu-
ralis gave the largest, significant, increase in stem height, followed by Nitrogreen + Natu-
ralis. The use of Naturalis, alone and in a combination with Aminogreen 24 and Nitrogreen
can be a successful alternative to conventional chemical control.
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Introduction

Synthetic insecticides have been used exclusively
and extensively in the control of insect pests which
are major limiting factors affecting the production
and productivity of many crops. The use of chemical
insecticides for controlling insects has led to several
environmental problems, serious health hazards to
human beings and animals, development of resistance
to insecticides, destruction of natural enemies and
pesticide residues. To overcome the problem of
synthetic chemical risks, one of the best control
measures is the use of products of natural origin.

Insecticides of natural origin are more selective,
ecologically friendly and suitable for pest management
programs based on the integration of biological and
chemical control measures (Tak and Isman 2015; Ba-
jad and Pardeshi 2016).

The aphid species Acyrthosiphon pisum (Hemiptera:
Sternorrhyncha, Aphididae) is considered a problem-
atic insect pest worldwide, resulting in serious damage
to different plant species, including forage pea Pisum
sativum L. The most commonly used field strategy
for the population reduction of aphids is based on
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chemical control. Serious problems to the environ-
ment can be minimized through the use of biological
control methods of the pea aphid.

Many studies have investigated products of natu-
ral origin for pest control in organic farming (Kassimi
and El watik 2012; Benelli et al. 2017). Considerable
progress has been made in recent years in the devel-
opment of environmentally benign fungal biological
control agents for pest control. Entomopathogenic
fungi, as promising alternatives to chemical insecti-
cides, have reduced inputs of harmful synthetic prod-
ucts in agricultural systems. This is in accord with the
European Commission common agricultural policy
and the global consensus to reduce chemical inputs
in general.

Entomopathogenic fungi play an important role
in the biological regulation of insect pest populations.
Among them, Beauveria bassiana (Balsamo) Vuil-
lemin (Ascomycota: Hypocreales) has proved to be
a promising biocontrol agent against aphids and other
piercing-sucking insects (Martins et al. 2014; Ron-
dot and Reineke 2018), pests in Diptera, Lepidoptera
and Hemiptera (Hasyim et al. 2017; Lorencetti et al.
2018), thrips in Thysanoptera (Wu et al. 2016), spider
mites (Draganova and Simova 2010), and weevils
in Coleoptera (Cox et al. 2016). The perspective
direction in the biological regulation of insect
pest populations is the combined use of differ-
ent products of organic origin including fungal
biological control agents. The role of mixtures in
pest reduction or the decrease in feeding deter-
rent response in preventing habituation has been
documented in some studies. For example, the
combination of the entomopathogenic fungus
B. bassiana and the aphid parasitoid Diaeretiella rapae
McIntoch (Hymenoptera: Braconidae) was studied
by Martins et al. (2014) against Myzus persicae Sulzer.
The authors recommended the interaction of these
two biological control agents for aphid control.

Athanassiou and Steenberg (2007) tested the insec-
ticidal effect of the entomopathogenic fungus B. bassi-
ana in combination with three diatomaceous earth
formulations against adults of Sitophilus granarius (L.)
(Coleoptera: Curculionidae). It was found that the mix-
tures of B. bassiana and diatomaceous increased wee-
vil mortality under a broad range of temperature and
radiation levels in stored wheat. The authors reported
that the use of the mixtures was an effective and very
appealing ecological approach for pest control. Simi-
larly, to enhance the effectiveness of fungal spores in
pollen beetles control, Kaiser et al. (2020) focused on
the combined use of B. bassiana with colza oil and
stone dust, which showed high mortality of insect
pests as single treatments. These authors reported
that the mixture of B. bassiana and colza oil had

a strong synergistic effect and a considerably higher
level of pest control than expected from single
substances.

The application of various natural mixtures for
crop protection from insect pests may allow for the de-
velopment of more effective control agents and achieve
higher levels of efficiency.

Studies related to the single and combined use of
products of natural origin for pea aphid control are
limited and insufficient. Therefore, the present study
was aimed to evaluate the efficacy of products of natu-
ral origin (Aminogreen 24, Nitrogreen, Foliamin and
Naturalis — strain ATCC 74040 of entomopathogenic
fungus Beauveria bassiana) and one synthetic insecti-
cide — standard (deltamethrin + thiacloprid), applied
alone and in a mixture in the control of A. pisum in
forage pea.

Materials and Methods

The action of products of natural origin applied alone
and in double mixtures for pea aphid control (A. pisum)
in spring forage pea (P. sativum), variety Pleven 4 was
studied in a field experiment of the Institute of Forage
Crops, Pleven, Bulgaria from 2017 to 2020. Synthetic
insecticide was used for comparison. Trial variants and
product characteristics are shown in Table 1.

The treatments were performed at the beginning of
the flowering stage (June 3—17) by hand with Mataby
style 3.0 liters. The average number of aphids was
calculated on the 1st, 5th, 7th and 14 days after treat-
ment based on sweeping with an entomological net in
net plots.

Determinination of the index for the product effi-
cacy, insect-days and cumulative insect-days makes it
possible to identify both the intensity and duration of
the aphid infestation. The efficacy of the products dur-
ing the period between samples was based on analyses
of the individual insect-days, whereas the overall ef-
ficacy of the treatments was based on the cumulative
insect-days (CID).

Infestation by leaf aphids was estimated by calculat-
ing the CID. The cumulative insect-days was obtained
by summing up the aphid insect-days (ID) in sequence
(Ruppel 1983).

The insect-days were calculated by the equation:

Insect-days = (X, +1-X) [(Y, + Y )/2],

where: X, and X, — adjacent points of time, Y, and
Y, , — the corresponding points of insect number.

After the treatment, the CID for a particular point
of time was arrived at by a simple summation of insect-
days of the treatment and per cent reduction to relevant
CID in the control. Emphasizing the magnitude and
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Table 1. Trial variants and product characteristics

Application rates,

No. Variants Active ingredients Producer
per ha
1. Control - treated with distilled water
nitrogen (N) — 8.5%, and free amino acids
Aminogreen 24 more than 24% (more than 50% amino
2. (liquid nitrogen fertiliser with 250 ml- 100" acid and peptide in dry matter) - AGRI nova Science
bioactive plant amino acids) significantly greater proportion
comparable to similar products
Scientific Production
. . B 5 o
3. . Nl_trogreen N 4,000 ml - ha-' nltrogen.(N) ?2.0 %, and ess.oaatlor
(organic nitrogen fertiliser) free amino acids — 2.0% Bioplant”,
Russian Federation
total nitrogen (N) — 8.0% w/w equivalent
to 10.0% w/v at 20°C; organic nitrogen (N)
soluble in water — 8.0% w/w equivalent to
4 Foliamin 200 ml- 100 - 10.0% w/v at 20°C; organic carbon (C) — Agro Proteo
’ (organic fertiliser) 23.5% w/w equivalent to 29.3% w/v International, Italy
at 20°C; total amino acids — 50.0% w/w
equivalent to 62.5% w/v at 20°C
Naturalis Beauveria bassiana strain ATCC 74040
5. 1,000 ml - ha™ . Bi d® Ital
(microbiological insecticide) mi-ha (2.3 x 107 viable spores - mlI™") logard™ ltaly
. , 250 ml-100 1" +
6. Aminogreen 24 + Naturalis +1,000 ml - ha-
. . 4,000 ml - ha™' +
7. Nitrogreen + Naturalis +1,000 ml - ha-
_— . 200 ml- 100 I7" +
8. Foliamin + Naturalis 1,000 ml- ha"'
9. Proteus 110 OD 600 ml - ha™’ oil dispersion containing deltamethrin Nu 3 BV, Netherlands

10 g a.i.- I"" + thiacloprid 100 g a.i

duration of insect infestation, which is of greater im-
portance to crop protection, Ruppel gave an alternate
method of judging the insecticide efficacy based on ID.
Insect-days are calculated from the insects surviving at
various points of time after treatment. The successive
build-up of CID, which is based on ID, simplifies the
analysis irrespective of the population variations over
time.

The experiments were set out using the long plot
method with a sowing rate of 120 germinating seeds
m™ in three replications of the variants, plot size of
6.50 m? unit (2.5 m wide x 2.6 m long). The spaces
between each plot were 2.5 m? (2.5 m wide x 1.0 m
long). Each product which was used and the control
were applied to the randomized replicated plots. The
trial occupied an area of 200 m*.

Calculation of productive interactions

The expected mortality (ME) for the combination of
the insecticide with fertilizer was calculated according
to Tak and Isman (2015):

ME = MB + MA (1 — MB),

where: MB — caused by fertilizer; MA — mortality
caused by insecticides.

Results from a chi-square test, y* = (MAB — ME)?/
ME, where MAB is the observed mortality for the
combination of the insecticide with fertilizer, were
compared to the chi-square table value and y* with
df=1and a =0.05is 3.84.

The interactions can be considered as synergis-
tic when the y* values > 3.84 of the mixture and have
greater mortality than expected, and as antagonistic
with smaller observed mortality than expected, or as
an additive when y* values < 3.84.

In fresh plant samples taken 10 days after treatment
plastid pigments content (chlorophyll a, chlorophyll b,
carotenoids, and total) (mg - 100! g FW) was deter-
mined according to Zelenskii and Mogileva (1980).
Chlorophyll a (Chl a) to chlorophyll b (Chl b) ratio and
the ratio of chlorophyll a + b to carotenoids were calcu-
lated. The heights of plant stems were also measured.

The data were subjected to one-way ANOVA,
and the means were compared by Tukey’s test at 5%
probability (p < 0.05). The Statgraphics (1995) for
Windows Ver. 2.1 Software program was used.
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Results and Discussion

One of the main insect pests present in forage pea
is pea aphid, A. pisum. Weather conditions affected
aphid population growth. According to Grigorov
(1980), warm and wet weather increased the potential
for aphid outbreaks. The cool and wet weather in May
of 2019 (temperatures 2.7°C lower and 35.1 mm more
rainfall compared to 2018) suppressed aphid popula-
tion growth and generation development and there
were fewer aphids. May of both 2018 and 2020 was
characterized by an optimal combination of a higher
average daily temperature and an equal distribution of
the amount of rainfall (Table 2). These conditions de-
termined a higher number of aphids.

Agro-meteorological conditions affected the ac-
tion of products of natural origin which was especially
pronounced in 2019. Relatively wet and cool weather
during the first 20 days of June 2019 compared to
2018 (temperatures 1.2°C lower and lower rainfall by
28.3 mm) resulted in a lower efficacy of products than
in the previous year. The amount of rainfall during
the period June 1-20, 2019 was 40.1 mm more than
during the same period in 2020. In 2018 and 2020 the
treatments were carried out at the beginning of June
as the weather conditions favored the active action of
the products.

Cumulative insect-days decreased slightly on the
Ist day after treatment in 2018. Nevertheless, the
differences between products of natural origin and
control were statistically significant, with the exception
of Foliamin (F8)5= 28.768;p <0.037) (Table 3). The single
application of products reduced the aphid number by

Table 2. Meteorological characteristics

25

2.8-18.7%, and the highest percentage of reduction
was observed with the use of Naturalis (—18.7%). The
differences between single and combined treatments
with the biological insecticide were not statistically
significant. The decrease in the number of A. pisum by
63.5% when using Proteus was significantly the highest.
The outlined trend on day 5 was maintained, and
a significant decrease in the number of all treatments
compared to the control was established (F&5 =40.991;
p < 0.014). The reduction of CID after the use of the
organic fertilizers was weak (from 5.4 to 16.4%), while
inthe Naturalis variants the reduction was considerably
more pronounced (27.3—34.1%). The combination of
Naturalis with Aminogreen stood out with the highest,
significant, reduction of CID between products of
natural origin. In comparison, Proteus decreased the
species number by two-fold higher level. There was an
increasing effect of the products compared to the 1st
day after treatment, seen by the greater reduction in
the aphid number (Table 3).

The products of natural origin on day 7 after
treatment significantly reduced CID compared to the
control (F&5 =44.991; p < 0.001), while the tendency to
increase the reducing effect in the A. pisum number was
retained. It was particularly pronounced in the Naturalis
treatments (from 46.6 to 55.9%). The Aminogreen 24 +
+ Naturalis combination stood out with the significantly
greatest reduction in CID. The difference in the decrease
of the insect-days between the combination (55.9%) and
Proteus (76.7%) was considerably smaller than previous
days since the insecticidal effects of both treatments
began to be seen. A relatively higher reduction in CID
was also observed with Aminogreen 24 than with other
organic fertilizers.

Temperature [°C]

Rainfall [mm] Relative humidity [%]

Month/days
2018 2019 2020 2018 2019 2020 2018 2019 2020

1-10 14.1 11.9 8.7 14.5% 114 1.4 62 59 54
. 11-20 16.9 10.0 13.9 0.5 424 11.8 68 76 51
Al 21-30 19.7 14.7 14.5 4.6 63.0 13 57 65 50
Average 16.9 12.2 124 19.6 116.8 14.5 62 67 52
1-10 20.2 14.4 15.3 6.6 344 22.2 62 66 65
11-20 183 17.0 21.2 40.1 159 1.1 72 72 67
May 21-31 20.3 19.4 14.6 1.0 325 16.1 61 65 70
Average 19.6 16.9 17.0 47.7 82.8 394 65 68 67
1-10 234 20.1 19.5 0.4 59.8 6.6 62 49 66
11-20 22.7 236 20.6 39.1 8.0 211 72 43 74
June 21-30 19.4 233 22.8 115.7 21.8 9.0 73 42 66
Average 21.8 223 21.0 155.2 89.6 36.7 69 45 69

*rainfall values were presented as an amount for a ten-day period
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Fourteen days after treatment with the different
products which were used the CID values decreased
significantly compared to the control (F,, = 76.464;
p < 0.0361). Products of natural origin had the high-
est reducing effect on the number of pea aphids for all
reported days while the chemical insecticide had the
lowest impact on the CID decrease over the 14-day pe-
riod. The aphid decrease with Naturalis treatments was
above 50% and the combination of Aminogreen 24 +
+ Naturalis had statistically significant the highest re-
duction in insect-days. The markedly increased effect

of the combination (60.2%) was almost equal to that of
Proteus (63.4%) and the difference was insignificant.
The reducing effect in CID of the Aminogreen 24 ap-
plication reached 29.0% while the results for Nitro-
green and Foliamin were unsatisfactory for the entire
studied period.

Many authors have reported increasing efficacy,
accompanied by high toxic effects of microbial insec-
ticides the last day after treatment against several in-
sect pests (Atanasova and Vasilev 2020; Fabrice et al.
2020; Abdulwahid and Mohammadali 2021). For

Table 3. Cumulative insect-days (2 m?) in spring forage pea after treatment with products with different biological effect

2018
Products/Dates
1 June 6 June 8 June 15 June Average
726.6 f 1179.6 h 1914.6 h 2150.1g 1492.7 h
Control N - - B :
Aminoareen 24 1643.8 d 985.8 1407.6 15256 d 11407 e
9 1.4 ~16.4 265 290 236
Nitroareen 6829 1066.0 f 1659.2 f 1858.0 e 13165 f
9 6.0 96 -133 ~136 118
Foliarmin 706.0 ef M1649 175289 19523 f 138199
28 54 8.4 9.2 74
Naturalis 590.6 bc 820.1cd 946.6 ¢ 987.8 b 8363 ¢
~187 305 2506 54,1 ~44.0
Aminoareen 24 + Naturalis 570.6 b 7769b 844.1b 8552a 761.7b
9 215 3411 559 -60.2 —49.0
Nitroareen + Naturalis 585.0 bc 814.1 bc 961.5 ¢ 1009.8 bc 842.6 ¢
9 -195 2310 498 530 436
Foliamin + Naturalis 609.0 c 857.7d 1023.2d 1073.0 ¢ 890.7 d
-162 273 466 -50.1 —403
265.2a 3174a 4469 a 786.8 a 4541 a
Proteus 110 0D 635 —73.1 767 ~63.4 -69.6
2019
Products/Dates
6 June 11 June 13 June 20 June Average
717.6 de 1163.1f 1883.1h 2109.6 h 1468.4 h
Control N B a N :
Aminodreen 24 666.6 bc 1026.6d 1470.6 1594.5 1189.6
9 7.1 117 219 244 -19.0
Nitroareen 702.6 cde 11016 1719.6 f 1926.6 f 1362.6 f
9 2.1 53 87 87 7.2
o 7266 1154.1 f 1817.1¢g 20249 g 14307 g
Foliamin +13 08 35 4.0 26
Naturalis 657.6 b 953.1 bc 1201.1 ¢ 12816 ¢ 10233 ¢
84 -18.1 36.2 392 303
Aminodreen 24 + Naturalis 660.6 b 938.1b 1116.6b 11726 b 9720b
9 7.9 -19.3 —40.7 —44.4 338
Nitroareen + Naturalis 678.6 bcd 977.1¢ 1203.9 ¢ 12782 ¢ 1034.5 ¢
9 54 ~16.0 361 394 296
oliamin + Naturalis 708.6 de 1040.1d 1307.4d 1384.1d 1110.0d
213 ~106 306 344 244
3576a 494.1a 770.1a 1068.600 a 672.6a
P 11
roteus 110 0D -50.2 575 59.1 493 542

'cumulative insect-days (CID); *reduction in CID (%)

Means in each column followed by the same letters are not significantly different (p < 0.05)
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Table 3. Cumulative insect-days (2 m?) in spring forage pea after treatment with products with different biological effect -

continuation
2020
Products/Dates
3 June 8 June 10 June 17 June Average
Control 645f d 11 13f5 f 1995f g 23361 g 1522._7 g
Aminoareen 24 1597.6 cd 890.1d 1298.1d 1520.1d 1076.5d
9 7.4 -20.1 2350 349 293
Nitroareen 636.6d 996.5 1686.2 20237 e 13358
9 14 ~105 155 134 ~12.3
Foliamin 642.6 d 11213 f 1766.8 f 20743 f 14013 f
05 83 15 112 96
Naturais 558.6 bc 763.8 8735 ¢ 9146 b 7776
~135 314 562 -60.8 489
Arminoareen 24 + Naturalis 537.6 b 7209b 7719b 780.0a 7026 b
9 -16.7 353 613 -66.6 -53.9
Nitroareen + Naturalis 567.8 bc 779.7 ¢ 910.5¢ 958.7 b 804.2 c
9 12,1 2300 544 -59.0 472
Foliamin + Naturalis 570.6 bc 782.1 ¢ 911.6¢ 961.4b 806.4
116 2938 543 5838 470
27064 31564 645.6 a 1095.6 ¢ 5819a
P 11
roteus 110 0D -58.1 717 ~67.6 53.1 61.8
Products/Dates 2018-2020
696.6 € 1152.1h 1931.1h 21986 h 1494.6 h
Control _ B _ _ _
Aminoareen 24 636.0d 967.5 ¢ 1392.1 e 1546.7 11356
9 87 ~16.0 279 296 240
Nitroareen 674.0 e 1054.7 f 1688.4 f 1936.1 f 13383 f
9 32 -85 ~126 -11.9 -105
o 6917 11306 g 17789 g 2017.2¢9 14046 g
Foliamin 07 48 7.9 83 66
Naturalis 602.3 bc 845.7 ¢ 1007.1 ¢ 1061.3 ¢ 879.1¢
_135 266 478 517 412
Arminoareen 24 + Naturalis 589.6 b 812.0b 9109 b 9173a 807.4b
9 154 295 5238 574 457
Nitroareen + Naturalis 610.5 bed 857.0 10253 ¢ 1082.2 ¢ 8937
9 124 256 469 -50.8 402
Foliamin + Naturalis 629.4 cd 8933 d 1080.7d 1139.5d 935.7d
96 225 _44.0 482 374
297.8a 3757a 6209a 983.7b 569.5a
Proteus 110 0D 572 674 —67.8 553 619

'cumulative insect-days (CID); *reduction in CID (%)

Means in each column followed by the same letters are not significantly different (p < 0.05)

example, Andreev and Vasilev (2018) studied the tox-
icity of Naturalis against aphid Hyalopterus pruni Geof.
(Hemiptera: Aphididae) in concentrations of 0.3% and
0.2% under laboratory conditions. They found that on
the 3rd day the efficacy exceeded 95%, and on the last,
7th day it reached 100%, which showed the possibility
of successful use of Naturalis in the biological control
of aphids. On the other hand, Alizadeh et al. (2019)
under field conditions found that the mortality per-
centage of alfalfa weevil after Naturalis spraying was

lower during the first 5 days but later, on the 14th day,
it reached its highest value. Also, similar results were
reported Prijovi¢ et al. (2012), who applied Naturalis at
rates of 0.1 and 0.2% against greenhouse whitefly Tri-
aleurodes vaporariorum Westwood (Homoptera: Aley-
rodidae), and found that the efficacy ranged from 73.2
to 87.7% 14 days after treatment (DAT) and reached
82.6-94.6% 21 DAT.

The average CIDs used as a final indicator of the
overall efficacy of the studied products in the 14-day
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period showed that the significantly highest reduction
of products of natural origin was achieved after the
combined treatment of Aminogreen 24 + Naturalis
(49.0%), followed by Naturalis (44.0%) and Nitrogreen
+ Naturalis (43.6%) (F&5 = 29.290; p < 0.033). The
use of Aminogreen 24 did not lead to a satisfactory
decrease of CID (23.6%), but when co-treated with
a biological insecticide, it helped improve the ad
herence of the mixture to the leaf surface and gave more
rapid absorption by the plant organism. Aminogreeen
is a fertilizer based on an amino acid solution, enriched
with nitrogen, that is rapidly absorbed and immediately
metabolized by the plant. Thus, it quickened Naturalis
absorption and improved protection against A. pisum.
Organic fertilizers, Nitrogreen and Foliamin, are in-
volved in the processes of photosynthesis and protein
synthesis and encourage vegetative growth of plants.
Applied alone, they reduced the aphid number to an
unsatisfactory degree, and in combination with Natu-
ralis fertilizers did not improve its action.

As a result of the unfavorable meteorological con-
ditions for the pea aphid development in 2019, its
number was considerably lower (by 40.6%) than in
the previous year. On the other hand, the action of the
products was weaker, as they showed a pronouncedly
lower toxic effect on the aphid number. Naturalis is sus-
ceptible to low temperatures and precipitation (Pavela
2009), resulting in pronouncedly less efficacy in 2019.
The low average daily temperature of 18.7°C, combined
with the considerably high amount of precipitation of
74.6 mm during the period May 28 — June 5, when the
toxicity was reported, determined a low protective ef-
fect of the products against pea aphid. Nevertheless,
the trends outlined in 2018 were confirmed.

The results of the single application of products of
organic origin from the 1st to the 7th day after treat-
ment were unsatisfactory. The reduction of CID varied
in low limits and on the 7th day reached only 36.2% in
Naturalis. Differences in comparison to control were
statistically significant in most cases, but the products
did not provide good plant protection against A. pisum
(st day: F = 41.100; p < 0.041; 5th day: F, = 36.101;
p < 0.030; 7th day: F,, = 39.682; p < 0.029). A similar
trend was observed after the combined treatment
of the microbiological insecticide with organic
fertilizers, only on the 7th day, the decrease in CID in
Aminogreen 24 + Naturalis (40.7%) was significantly
higher than Nimazal (36.2%).

The CID reduction after the use of the synthetic
insecticide was significantly the highest, but the toxic
effect was satisfactory over the 14-day period and
did not exceed 60%. The results of the independent
application of products of organic origin, as well as
their combined use on day 14, were unsatisfactory,
except for the mixture Aminogreen 24 + Naturalis
(44.4%), where the decrease in insect-days approached

that of Proteus (49.3%). In the 2nd year, the tenden-
cy for the increasing insecticidal effect of Naturalis
was confirmed. In the 3rd year of the study (2020),
products of organic origin showed a low reducing effect
in CID on the 1st day after treatment. Nevertheless,
significant differences were found in Naturalis and its
combinations compared with control, but the dif-
ferences between products were minimal (F,, = 56.925;
P <0.019). The decrease in CID increased significantly
on the 5th day after treatment and was particularly
pronounced in the microbiological insecticide and
mixtures with organic fertilizers. It was found that
the combination Aminogreen 24 + Naturalis exhi-
bited a significantly more toxic effect than Naturalis
and other products of organic origin (F,, = 42.207;
p < 0.027). However, the protection against pea
aphids was still not sufficiently successful. Proteus had
significantly the highest reducing effect, then the effect
decreased.

The evaluation of the products of organic origin,
one week after treatment, showed a stronger reducing
effect in the CID values than that of previous reports.
An exception was observed for the organic fertilizers
Nitrogreen and Foliamin, where the action was un-
satisfactory, despite the significant differences com-
pared to the control (F,, = 43.830; p < 0.032).

The percentage of reduction in CID compared to
control CID was an expression of the protective dura-
tion of various treatments at the desired level. For the
present set of data, Naturalis approached 60%, while
its mixed application with Aminogreen 24 reached the
desired level in CID percentage reduction of 61.3%
with a significant difference compared to its use alone.
The use of the biological insecticide with Nitrogreen
and Foliamin did not change its insecticidal effect.

Naturalis treatments (alone and in combination)
reached the highest impact on the aphid numbers on
the 14th day, as the reduction in CID significantly ex-
ceeded the Proteus 110 OD standard (53.1% decrease)
(F 5 = 47.149; p < 0.014). The Aminogreen 24 + Natu-
ralis mixture significantly stood out with the highest
toxic effect and the reduction in the CID approached
70%. In addition, it closely followed the synthetic insec-
ticide after the 5th day of treatment and took a signifi-
cant second position of impact after Proteus, if overall
mean CID was considered (F&Sz 33.336; p < 0.033).

Evaluation of products showed that Proteus reached
its highest reduction of CID on the 5th and 7th days after
treatment, while Naturalis and its combinations had less
efficiency during the 1st day but later the CID decrease
had considerably higher values and Naturalis treatments
had the highest impact on the aphid numbers after
14 days, and thus maintained its greater lethality.

The average data for the period 2018-2020
confirmed the trend for the strongest decrease in CID
with Aminogreen 24 + Naturalis. This combination
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of products of natural origin gave the greatest sig-
nificant reduction of the number of aphids on the 5th
(F,. = 15.244; p < 0.033) and 7th day (F,, = 33.087;
p < 0.037) after treatment. On the 14th day, the
decrease in CID (57.4% decrease) statistically exceeded
the Proteus 110 OD standard (55.3% decrease)
(F,, = 49.841; p < 0.049). The differences between the
application of Naturalis alone and its combinations
with organic fertilizers, except for the Ist day
(F,, = 31.332; p < 0.008), were statistically significant.
During the 14-day period, the general trend of
the aphid population in the variants was of decline
as evident by the population in the control plots. The
successive build-up of CID, which is based on insect-
days, simplifies the analysis irrespective of the popu-
lation variations over time. Using the average for the
period, good protection against A. pisum, with the
highest reduction in CID (45.7%), among products of
natural origin (F&5 =29.326; p < 0.021), was found with
Aminogreen 24 + Naturalis, followed by Naturalis and
Nitrogreen + Naturalis. The synthetic insecticide had
the highest toxic effect and reduction of 61.9%.
Synergistic effects of complex mixtures are
important in natural plant defense against insect
pests. According to Hepburn (1985), the dispersion
in the effectiveness of B. bassiana may have effects
on their various proteins on most of the cuticle of the
insect body wall. Henceforth, the degrading effects
of proteases might result in the fast penetration of

Table 4. Toxicity of product combination on pea aphids

the insect’s cuticle, which reproduces the B. bassiana
virulence (Bidochka and Khachatourians 1990).
In addition, Zare et al. (2014) found that there was
a high association between the proteolytic action and
virulence of many isolates of B. bassiana against insects.
In the present study, the enhanced insecticidal activity
of Naturalis and the penetration-enhancing effect of
the mixture when the cuticular barrier was bypassed,
might be due to reduced surface tension. That posi-
tive effect was clear when comparing the toxicities of
mixtures and individual applications (Table 4). These
comparisons led us to conclude that the additive effect
between Naturalis and Aminogreen 24 largely resulted
from the increased penetration of the compounds, es-
pecially that of B. bassiana in that particular combina-
tion. The positive effect of the mixture was exhibited
throughout the entire study period. The interactions of
Nitrogreen + Naturalis and Foliamin + Naturalis can
be considered as neutral (Table 4).

A similar conclusion on the positive interaction
of mixtures was reported by Abdulwahid and
Mohammadali (2021). According to these authors, the
use of pesticide mixed with bioagent showed that the
treatment TIAM 25% WG + B. bassiana sprayed on
a palm in the field was significantly different from
single treatments, and the efficacy reached 82% after
7 and 14 days of treatment.

The impact of the products on the photosynthetic
process was tracked by the determination of plastid

Observed Expec.ted
Combination mortality morte.allty.of X p Interactions
(%] combination
[%]
2018
Aminogreen 24 + Naturalis 429 3838 0.443 0.05 additive
Nitrogreen + Naturalis 383 38.6 0.002 0.05 -
Foliamin + Naturalis 35.0 386 0.323 0.05 -
2019
Aminogreen 24 + Naturalis 28.1 25.7 0.223 0.05 additive
Nitrogreen + Naturalis 24.2 255 0.068 0.05 -
Foliamin + Naturalis 25.5 254 2.18889E-05 0.05 -
2020
Aminogreen 24 + Naturalis 45.0 40.9 0.407 0.05 additive
Nitrogreen + Naturalis 38.9 40.7 0.081 0.05 -
Foliamin + Naturalis 35.0 40.6 0.770 0.05 -
2018-2020
Aminogreen 24 + Naturalis 3838 35.2 0.356 0.05 additive
Nitrogreen + Naturalis 339 35.1 0.037 0.05 -
Foliamin + Naturalis 31.1 35.0 0.441 0.05 -

X*— interactions of the compounds; the interactions can be considered as synergistic when the y* values > 3.84 of the mixture and as an additive when

x*values < 3.84
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pigments in pea leaves. It is known that aphid feed-
ing causes considerable losses in the photosynthetic
pigment content, which is an important source of
nitrogen for these insect pests (Xinzhi et al. 2002;
Golawska et al. 2010). Changes in the content of total
chlorophyll (a + b) in leaf tissues is an important
indicator of abnormalities in the development of
chloroplasts and impaired photosynthetic processes
in plants (Sytykiewicz et al. 2013). The application of
plant protection measures against them aims to create
favorable conditions for the photosynthetic process
and improve the physiological status of plants. The
results of the comparative analysis showed that the
products of natural origin increased the total pigment
content (Table 5). The weakest but most positive effect
on the synthesis of chlorophyll a + b was the treatment
with Proteus — on average 0.8% above the control. The
strongest impact with a 32.0% increase was seen with
Naturalis, followed by the organic fertilizers Nitrogreen
and Aminogreen 24 — with a 22.5 and 22.1% increase,
respectively, with statistical differences compared
with control (F; = 3.207; p < 0.046). Naturalis had
the highest positive significant effect on chlorophyll a
with an increase of 53.5% (F&1 =3.312; p < 0.012) and
chlorophyll b — 13.3% increase (F; | = 1.139; p < 0.035).
The reduction of photosynthetic pigments in attacked
leaves in the control may be explained mainly by the
fact that they are an important source of nitrogen for
aphids (Tab. 5).

The carotenoid contents followed a similar pattern
as in chlorophylls, i.e., a high level of chlorophyll a + b
was accompanied by a higher level of carotenoids. The
carotenoid synthesis was the most intensive after the use
of Naturalis alone (46.1% increase) and Aminogreen
24 (43.1% increase) (F, | = 1.152; p < 0.040). The total
amount of green and yellow plastid pigments followed
the trend of its constituent components, as the

increases compared to the control were significant
(F&1 = 3.267; p < 0.023) and varied from 3.7%
(Proteus 10 OD variant) to 33.4% (Naturalis).
Considerably increased synthesis of plastid pigments
with Aminogreen 24 (24.1%) and Nitrogreen (23.5%)
was determined not only by their action on organic
fertilizers but also by their insecticidal effect against
aphid infestation. Similar results of increased content
of chlorophyll a + b and carotenoids after foliar
application of organic products have been reported by
other authors (EI Bassiouny et al. 2005).

The values of the chlorophyll a (Chl a) to chloro-
phyll b (Chl b) ratio and the ratio of green pigments
(Chl a + Chl b) to carotenoids are indicators of the
physiological status of green plants. The ratio of
Chl a to Chl b assessed the degree of formation of
the photosynthetic apparatus. It was related to the
basic activity of Chl a. It is relatively constant and is
considered to be genetically determined. Under the
conditions of the present study, the corresponding ra-
tios ranged from 7.29 to 9.96 and from 0.87 to 1.18,
respectively, and determined that plants treated with
Aminogreen 24 + Naturalis and Naturalis had the best
physiological state.

The results obtained indicate that products of
natural origin can provide efficient pea aphid control
compared to standard insecticides. Bioinsecticide
efficacy would probably be higher than in this trial
if the recommendation for treatment at the very
beginning of infestation would be implemented,
and not when the A. pisum population was already
established. Considering that insecticide resistance in
aphidsisa seriously increasing phenomenon, including
selective and ecotoxicological demands, application of
Naturalis, alone and in combination with Aminogreen
24 and Nitrogreen can be a successful alternative to
conventional chemical control.

Table 5. Plastid pigments in the leaves of forage pea treated with products of natural origin, on average (2018-2020)

products Chlorophyll -~ Chlorophyll  Chlorophyll ..~ Chiorophyl Ch';’f;’/hy”
a b a+b alb Carotenoids
[mg- 100 g~ fresh biomass]
Control 7550 a 86.50 b 162.00 a 17.18a 179.18 a 0.87 9.43
Aminogreen 24 103.88d 93.86 e 197.74d 24.58d 222.32f 1.11 8.04
Nitrogreen 100.58 d 97.92f 198.50d 22.86¢ 221.36f 1.03 8.68
Foliamin 83.08 b 85.92b 169.00 b 21.28b 190.28 ¢ 0.97 7.94
Naturalis 11592 e 98.00g 213.92e 25.10d 239.029 1.18 8.52
Aminogreen 24 + Naturalis 82.88b 93.26 e 176.14 c 17.68 a 193.82d 0.89 9.96
Nitrogreen + Naturalis 86.12b 90.56d 176.68 ¢ 21.76 ¢ 198.44 e 0.95 8.12
Foliamin + Naturalis 89.86 c 88.96 ¢ 178.82c 22.50c 201.32e 1.01 7.95
Proteus 110 OD 85.62 b 7774 a 163.36 a 2242 c 185.78 b 1.10 7.29

Means in each column followed by the same letters are not significantly different (p < 0.05)
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In conclusion, the combination of Amino-
green 24 + Naturalis had the most pronounced de-
crease in cumulative insect-days. The greatest reduc-
tion of the number of aphids occurred on the 5th
(F,. = 15.244; p < 0.033) and 7th days (F,_ = 33.087;
p < 0.037) after treatment. On the 14th day, the
decrease in CID (57.4% decrease) statistically exceeded
the Proteus 110 OD standard (55.3% decrease)
(F,, = 49.841; p < 0.049). Good protection against
A. pisum was also found in Naturalis and Nitro-
green + Naturalis. It was determined that there was
an additive effect between Naturalis and Amin-
ogreen 24 throughout the whole study period. The
values of the chlorophyll a to chlorophyll & ratio
and the ratio of green pigments (Chl a + Chl b)
to carotenoids determined that plants treated with
Aminogreen 24 + Naturalis and Naturalis had the best
physiological state.

Treatment with products of natural origin on forage
pea had a positive effect on the development and plant
height, which increased 1.7-59.9% compared to the
control (Table 6). The combination of Aminogreen 24
and Naturalis was characterized by significantly the
largest increase in stem height (by 59.9%), followed
by Nitrogreen + Naturalis (by 41.1%) (F,, = 4.555;
p < 0.001). The application of organic fertilizers
alone showed significantly lower height values than
Naturalis. However, the treatment with insecticides
alone was associated with an insignificant increase in
plant height.

Organic fertilizers are formulations of amino acids
in a readily assimilable form. They are beneficial to the
metabolic functions of plants (according to manufac-
turers). Fertilizers are recommended as biostimulants
and they can be used for promoting vegetative growth,
since they are carriers of nutrients (particularly mi-
cronutrients). They favor growth and flowering and

Table 6. The average influence of products of natural origin on
forage pea height (2018-2020)

Products Height [cm] SD
Control 58.6a 11.1
Aminogreen 24 748 c 34
Nitrogreen 71.7 bc 54
Foliamin 68.0b 49
Naturalis 61.8a 5.6
Aminogreen 24 + Naturalis 93.7e 9.4
Nitrogreen + Naturalis 82.7d 9.5
Foliamin + Naturalis 79.2c¢ 7.7
Proteus 110 OD 59.6a 45

SD —standard deviation
Means in each column followed by the same letters are not significantly
different (p < 0.05)

increase the photosynthetic potential of the plants.
Due to their stimulating effect, the height of the treat-
ed plants increased considerably, which can help to
achieve higher productivity.

It is known that the use of inorganic fertilizer for
crops is not very good for health because of residual
effects. In addition, some studies have suggested that
the excessive use of these agrochemicals may actually
increase pest problems in the long run (Altieri and
Nicholls 2003). On the other hand, the application of
organic fertilizer does not cause such problems since it
increases the productivity of soil as well as crop quality
and yield.

The use of Naturalis, alone and in a combination
with Aminogreen 24 and Nitrogreen can be a successful
alternative to conventional chemical control.
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