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COMPARATIVE EVALUATION OF DIFFERENT
SOY PROTECTION SCHEMES

Goal. Evaluate the effectiveness
of various soybean protection schemes
using preventive measures for seedlings
and control measures during the gro-
wing season. Methods. Field, phyto-
pathological, herbological, mathemati-
cal and statistical. According to the
first protection scheme, the seeds were
treated comprehensively with Maxim
XL 035 FS (fludioxonil, 25 g/l +
metalaxyl-M, 10 g/|) fungicide, 0.5 /1,
Taboo s.c. (imidacloprid, 500 g/l) in-
secticide, 0.5 I/t and Biomag-Soya
(Bradirhizobium japonicum) biological
product, village, 2.5 l/t. Harnes c.e.
(acetochlor, 900 g/1), herbicide was ap-
plied during sowing with a consumption
rate of 2.0 l/ha. According to the se-
cond scheme during the growing season
herbicides Bazagran, l.c. (bentazone,
480 g/l) with a rate of 2.5 I/ha and
Panther, c.e., 1.0 l/ha (quizalofop-P-
tefuril, 40 g/1) in the phase of 3—4 true
leaves in culture. Against diseases in
the budding phase — the beginning of
Sflowering and at the beginning of bean
Jformation was sprayed with fungicide
systemic contact action Amistar Ex-
tra 280 SC (cyproconazole, 200 g/l +
azoxystrobin, 80 g/1), 0.75 l/ha. The
quantitative and species composition of
weeds in the experimental plots, the in-
festation of phytopathogens of soybean
plants, the effectiveness of drugs in
various protection schemes, crop yield
were determined. Results. Both pro-
tection schemes effectively controlled
weed infestation and disease. The first
protection scheme proved to be more
effective against dicotyledonous weeds:
the effectiveness 60 days after herbicide
application was 95.4% versus 82% ac-
cording to the second scheme. Cereal
weeds were more effectively controlled
during the growing season. Protection
of soybeans against Alternaria was al-
most equally effective in both schemes.
Soybean downy mildew more effectively
limited fungicidal treatments during the
growing season. Under both protection
schemes, soybeans yielded significantly
higher yields than controls. However,
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yields, number of beans per plant and
weight of 1000 grains were higher in
the first scheme compared to the second
protection scheme. Conclusions. Both
protection schemes provided high weed
and disease control rates during the
soybean growing season. Differences in
the control of different biological groups
of weeds and different types of diseases
are obviously related to the peculiari-
ties of the use and toxic effects of the
drugs used. However, the application of
a system of preventive protection mea-
sures can reduce the pesticide load on
the agrocenosis and limit the negative
impact of pesticides on soybean plants
during the growing season.

protective measures; weeds; di-
seases; effectiveness

Soybean (Glycine max (L.) Mer-
rill.) is an extremely valuable pro-
tein-oil crop. It has an important
role to play in solving the global
food problem. The spread of soy-
beans in the world is due to high
quality grain, relatively low energy
consumption of its cultivation and
versatility.

The main condition for increa-
sing soybean production and re-
ducing losses is the introduction of
effective technologies for growing
and protecting crops from pests. In
recent years in Ukraine there is a
dynamic growth of soybean acreage
and, accordingly, the share of this
crop in crop rotation is increasing.
This usually provokes a massive ac-
cumulation of pathogens, weed
seeds and pests in the soil.

Protecting crops from weeds is
an extremely important step in soy-
bean cultivation technology. Weeds
are one of the most significant and
controlled threats to crop produc-
tion in the world. U.S. researchers
point out that the weeds of soybean
producers depend on the cost of
weed control [1].

Cultivated plants, including soy-
beans, grow slowly at the begin-

Photo 1. Soy crops. Moravia variety
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ning of the growing season and are
less competitive than weeds. This
is facilitated by low plant height,
slow growth, shallow root penetra-
tion, weak shading of the soil. The
critical period is the stage from the
formation of the first to the third
true leaf. Soybean susceptibility to
weeds is usually observed before the
branching phase, ie 40—50 days
after germination. It is during this
period that it is necessary to ensure
reliable protection of soybean crops
from segetal vegetation.

The fields are mostly mixed with
different types of weeds, both annual
and perennial, which are difficult to
control by agricultural measures.

It is proved that the system of
tillage, methods of sowing, fertili-
zing and crop rotation significantly
affect the weediness of areas [2—4].
Growing soybeans in monoculture
and in conditions without tillage
increases weeds and fungal diseases
[5]. The wide-row sowing method
(37.5 m) produces 2—5 times more
weeds, and their interspecific com-
petition increases compared to the
narrow-row method (12.5 cm) [6].
It is proved that the highest yield
is formed in crop rotation with soy
saturation up to 20% [3]. Kandei
and others report that pre-treatment
of soybean crops with herbicides
and seed treatment reduced disease
incidence by 70% and increased
crop yields by 12% [7]. Some aut-
hors point out that a significant
reduction in crop weeds can be
achieved by replacing one of the
soybean rows with buckwheat [8].
The use of legumes in crop rotation
increases the yield of other crops
and improves its quality [9].

Ignificant damage to soybean
crops is caused by diseases. Some
scientists note that soy is vulnerable
to many diseases that cause signifi-
cant crop losses each year — from
20 to 50% |3, 10, 11]. Diseases re-
duce the energy of seed germina-
tion and their germination, weaken
plants, reduce the photosynthetic
surface and productivity of cultiva-
ted plants, worsen the quality of the
crop. It depends on many factors:
environmental conditions, produc-
tion practices, susceptibility of va-
rieties. Because soybeans are sus-
ceptible to many pathogens, it is

necessary to monitor diseases an-
nually and develop current disease
management strategies, especially in
the context of climate change [12].
Due to changes in climatic con-
ditions, diseases that did not pre-
viously pose a significant threat to
soybean crops (Alternaria, Fusarium
wilt, bacterial diseases) become
highly harmful [13]. Increased po-
pulation of soybeans by pests (aca-
cia firefly, tuberous weevils, alfalfa
bug, common spider mite, thistle,
aphids) is also observed in arid hot
conditions. Damaged plants dry up
prematurely, beans ripen prema-
turely, forming a thin substandard
seed [3].

Of great importance in the sys-
tem of soybean protection is the
treatment of seeds with insecti-
cides and fungicides with the use
of inoculation with nodule bac-
teria. Soybeans in symbiosis with
nitrogen-fixing bacteria have the
ability to form root nodules and ac-
cumulate biological nitrogen. Un-
der optimal conditions of symbiotic
nitrogen fixation, soybean-rhizobial
systems can absorb up to 210 kg/ha
of biological nitrogen, which makes
it possible to improve the nitrogen
balance in crop rotation soils and
reduce the use of mineral nitrogen
[14]. It is known that legumes are
capable of active nitrogen-fixing
symbiosis in the presence of bacteria
of the genus Rhizobium in the root
zone. However, most researchers
claim that in the microflora of seeds
or rhizosphere of soybean nodule
bacteria Bradurhizobium japonicum
was not detected, or this pheno-
menon is very rare [15. 16]. It is
obvious that in order to form an
effective soybean-rhizobial symbio-
sis, artificial bacterization of seeds
with highly active strains of specific
nodule bacteria, complementary to
a wide range of modern varieties,
must be mandatory. Such an event
will contribute to the realization of
the productive potential of culture.
Scientists have proven that most
strains of Bradurhizobium japonicum
bacteria in mixtures with various
systemic contact fungicides are not
sensitive and can be used in soybean
cultivation technologies [17].

To protect soybeans from pests,
the modern market offers a wide

4 KapaumuH i 3axucm pocnun ISSN 2312-0614

range of pesticides. There are drugs
to prevent the development of pests
and to destroy them during the
growing season, when there is a
threat to the development of cul-
ture.

The aim of the work was a com-
parative evaluation of different soy-
bean protection schemes with the
use of preventive measures and the
use of pesticides during the growing
season.

Research methodology. The work
was performed during 2014—2016
at the State Enterprise «Experi-
mental Base (SE EB)» «Alexandria»
Bila Tserkva district of Kyiv region.
The soil of the experimental field
is typical low-humus coarse-grained
coarse-medium-loam chernozem
with a humus content of 3.15% and
a hydrolytic acidity of 2.21 mg eq.
per 100 g of soil, pH — 5.6. The soil
is poorly supplied with nitrogen of
organic compounds, which is easi-
ly hydrolyzed, and on average pro-
vided with mobile phosphorus and
exchangeable potassium. The area
of the research plots is 75 m?, the
repetition is 4 times. Sown with a
seeder with a row spacing of 25 cm
soybean variety — Moravia.

According to scheme I, the seeds
were treated against diseases and
pests and herbicides were applied
to the seedlings. Pre-sowing treat-
ment was performed with a mix-
ture of drugs with fungicidal and
insecticidal action — Maxim XL
035 FS, t.k.s. (fludioxonil, 25 g/ +
metalaxyl-M, 10 g/I), 1.0 1/ha and
Taboo, hp (imidacloprid, 500 g/1),
0.5 1/t. Also applied the biological
product Biomag-Soya, p. (Bradirhi-
zobium japonicum), 2.5 1/t. To pro-
tect against weeds, the well-known
herbicide Harnes was used during
sowing. (acetochlor, 900 g/1), with a
consumption rate of 2.0 1/ha.

Under the scheme II during the
growing season made Bazahran her-
bicides, VR (bentazone, 480 g/l),
with a rate of 2.5 1/ha against di-
cotyledonous weeds and Panther,
k.e. (quizalofop-P-tefuril, 40 g/1),
1.0 1/ha against cereal weeds at
plant heights of 10—12 c¢m in the
phase of 3—4 true leaves in culture.

Against diseases in the budding
phase — the beginning of flowering
and the beginning of the formation
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of beans (on the scale BBCH 51—
61 and 71—75) was sprayed with
fungicide systemic contact ac-
tion Amistar Extra 280 SC, hp
(tsyprokonazol, 200 g/l + azoksys-
trobin, 80 g/l) with normal flow of
0.75 1/ha. Soy was not treated with
insecticide during the growing sea-
son because there were no pests in
the crops.

Weed numbers, disease develop-
ment, crop yields, and efficacy in
various protection regimens were
determined according to test and
pesticide application methods [18].
The species composition of weeds
was determined by reference books.
[19] Statistical processing of re-
search results was performed using
the computer program Statgrap-
hic plus.

Results and discussion. Weather
conditions in the years of research
mainly contributed to the growth
and development of plants, although
precipitation and average daily tem-
perature by year and month were
uneven, with significant deviations
from the average perennial. The
most wet periods for sowing crops
(April and May) were in 2014 and
2016. Most seemed dry growing sea-
son 2015.

Soybean crops were dominated
by mixed weeds. Weeds from diffe-
rent biological groups grew. The
most common species of segetal
vegetation were Chenopodium al-
bum L., Amarantus retroflexus L.,

Galinsoga parviflora L., Convolvulus
arvensis L., Sirsium arvense L. The
monocotyledons were dominated
by the gray Setaria glauca L., whose
share in the total number of all bio-
logical groups of weeds ranged from
40 to 51%, as well as creeping Elytri-
gia répens (L.) Gould. The number
of dicotyledonous weeds in the con-
trol plots averaged 63—95 units/m?,
cereals — 300—310 units/m?.

It is known that the effective-
ness of herbicides is significantly
influenced by many factors: weather
conditions, soil characteristics, the
degree of toxicity and the period of
detoxification of the drug. Given
that the experimental conditions
were completely identical (same
field, soybean variety, sowing dates,
weather conditions), it is obvious
that the effectiveness of protection
depended on the specifics of use
and toxicity of drugs.

The application of herbicides
under both protection schemes en-
sured high efficiency of weed con-
trol in soybean crops. 30 and 60
days after application of the drugs
under scheme I (pre-emergence
application), the efficiency of de-
struction of cereal weeds was 99.7
and 90.6%, respectively, dicotyledo-
nous — 97.9 and 95.4%. Application
of herbicides according to scheme
II (during the growing season) en-
sured the effectiveness of action
after 30 days against cereal weeds
at the level of 98.6%, against di-

cotyledons — 86.6%, after 60 days,
respectively — 96.2 and 82.3%,
(Table 1). The efficacy against di-
cotyledonous weeds in Scheme I
was 13% higher than in Scheme II.
The application of graminacid du-
ring the growing season was slightly
more effective against cereal weeds.

The herbicides used in the ex-
periments had different mechanisms
of action. Harnes is an inhibitor of
protein synthesis in sensitive plants.
After application, the drug remains
in the top layer of soil. Sprouting
weed seedlings absorb acetochlor
as the stem passes through the top-
soil and die. Under favorable con-
ditions, the herbicide ensures the
absence of weeds for a long time
(up to 12—16 weeks). Bazagran has
a pronounced contact effect and is
absorbed through the leaf surface of
plants. The active substance ben-
tazone blocks the process of pho-
tosynthesis, so the process of weed
death occurs in 3—5 days. Controls
most annual dicotyledonous weeds.
Panther refers to drugs of systemic
action. Within 1 hour, it penetrates
all vital organs of weeds, accumu-
lates at growth points, inhibiting
the synthesis of lipids, which leads
to their death. The first symptoms
of toxicity appear within 3 days af-
ter application, and the death of
weeds — in 10—20 days. Panther
shows high selectivity and does not
harm cultivated plants.

Among the diseases in the bud-

1. The effectiveness of various schemes to protect soybeans from weeds
(Kyiv region, SE EB «Alexandria», variety Moravia, 2014—2016)

| protection scheme (preventive measures)

Number of weeds (pcs/m?) in... days
after treatment

Efficiency (%) in... days
after treatment

Option of the experiment

30 60

30 60

cereal

dicotyledonous | cereal |dicotyledonous

cereal | dicotyledonous | cereal | dicotyledonous

Control (without processing) 308 95 310 91 - - - -
Harnes, k.e., 2.0 I/ha (application after sowing) 1 2 29 4 99.7 97.9 90.6 95.4
SSDys 2.8 2.4 2.8 2.05 - - - -
Il protection scheme (treatment during the growing season of plants)
Number of weeds (pcs/m2) in... days after treatment Efficiency (%) in... days after treatment
Option of the experiment before processing 30 60 30 60
dicotyle- dicotyle- dicotyle- dicotyle- dicotyle-
cereal e cereal e cereal donous cereal o cereal e
Control (without processing) 300 63 308 61 310 63 - - - -
Bazagran, v.r,, 2.5 I/ha;
Pan-ther, ke. 1.0 l/ha 279 85 4 12 11 15 98,6 86,6 96,2 82,3
SSDys 3,1 1,8 2,8 25 2,1 29 - - - -
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ding phase — the beginning of
flowering, soybean plants were af-
fected by Alternaria tenuis Nees
and Peronospora manshurica Sy-
dow. Comprehensive seed treat-
ment provided a high protective
effect against disease. Combined
disinfectant Maxim XL 035 FS has
a systemic contact action against a
complex of phytopathogens that are
on the surface and inside the seeds.
Due to this, it protects plant seed-
lings from soil and seed infections.
Biomag-Soy is a well-known bac-
terial nitrogen-fixing inoculant that
provides nitrogen nutrition and has
growth-promoting activity.

In the budding phase — the
beginning of flowering, the deve-
lopment of Alternaria for soybean
seed treatment was 2.8%, and for
spraying plants during the growing
season — 4.2% against 16.0% in
the control (Table 2). Compared
with the control, seed treatment
and spraying of plants restrained
the development of the disease by
4.2—5.7 times. The effectiveness of
protection in this period was 81.2
and 73.8%, respectively, in the first
and second schemes. In the bean
filling phase, the protective effect
was 68.4% for the first protection
scheme and 73.2% for spraying
plants.

Against soybean downy mildew
fungicidal treatments of plants pro-
vided higher efficiency compared to
seed treatment. In the control areas,
the development of downy mildew
in certain phases was 7.8% and
12.5% (Table 2). Seed treatment
inhibited the development of downy
mildew by 46.2 and 37.6%, and fun-
gicide treatment — by 80 and 76%.

Photo 2. Symptoms of damage
to soybeans by Alternaria

But by that time the fungicide was
sprayed twice.

The most important indicator
of the effectiveness of protection
measures is crop yield. Under both
pesticide application regimens, soy-
bean yields were significantly higher
than in the control. The soybean
yield in the experimental variants
was 4.8 and 4.5 t/ha, respectively,
for the first and second protection
schemes, in the control — 2.8 t/ha,
ie increased by 71.4 and 60.7%,
respectively (Table 3). The weight
of 1000 grains and the number
of beans on the plants were also
higher than in the first protection
scheme. Compared to the control,
these indicators exceeded the con-
trol by 34—38% and 12.9—18.0%,
respectively. The use of the bacterial
inoculant Biomag-Soy, which im-
proves nitrogen-fixing activity and
crop productivity, has obviously
contributed to the increase in soy-
bean productivity.

CONCLUSIONS

Comparative evaluation of dif-
ferent schemes of protection of
soybeans has shown their high effi-
ciency. Both preventive measures to
control pests and treatments during
the growing season provide a high
protective effect and contribute to a
much higher soybean yield.

However, preventive measures
with the use of integrated seed treat-
ment and application of herbicides
to seedlings, in our opinion, provide
a higher economic and environmen-
tal effect. After all, this reduces the
cost of spraying plants during the
growing season, reduces the use of
pesticides, plants are less susceptible
to stressful situations. Consumption
of pesticides, as it was in our experi-
ments, according to scheme I was
almost 2 times lower.
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ITopiBHANbHA OI[iHKA Pi3HUX CXeM
3aXIICTY COI

Merta. Ouyinumu egekmusHicmo pisHuUx
CXeM 3axXucmy coi 3 BUKOPUCIIAHHAM npe-
BEHMUBHUX 3AX00i6 00 CX00i8 Kynbmypu ma
KOHMPOMO0UUX 3ax00i8 y nepiod sezemauii.
Metopu. Ilomvosi, gimonamonoeiumi, 2ep-
6onoziumi, MAMeMAMUKO-CMAMUCU4Hi. 3a
Nepuiot0 CXeMOo 3axXUCmy NposooUsy Komn-
JIeKCHy 00poOKY HACIHHA PyH2IUUOHUM npo-
mpyitinuxom Maxcum XL 035 FS, m.x.c. (¢pny-
OiokcoHin, 25 2/n + memanakcun-M, 10 2/n),
0,5 7n/m, iHCEKMULUOHUM NPOMPYTIHUKOM
Taby, k.c. (imidaxnonpud, 500 &/n), 0,5 n/m
ma Gionpenapamom Biomaz-Cos, c. (Bradirhi-
zobium japonicum), 2,5 n/m. IIi0 uac ciebu
sHocunuy eepOiyud Xapuec, K.e. (ayemoxnop,
900 2/n), 2,0 n1/2a. 3a dpyzoto cxemor0 6 nepi-
00 sezemauii eHocunu 2epOiyuou basazpan,
8.p. (6enmason, 480 2/n), 2,5 n/ea ma Ilan-
mepa, K.e. (keizanopon-IT-megypun, 40 2/n),
1,0 n/2a y pasy 3—4 cnpasiHix nucmkis y
kynvmypu. IIpomu x80po6 y pasu 6ymonisa-
Yis — No4amoK UBIMIiHHA ma HA No4amky
ymeopenHs 600i6 nocisu 06pobnanu PyHei-
UUOOM CUCTEMHO-KOHMAaKmHoi 0ii Amicmap
Excmpa 280 SC, k.c. (yunpoxonason, 200 2/n
+ asoxcucmpo6in, 80 e/n) 0,75 n/2a. Busna-
uanu KinvkicHuil i éudosuti cknad Oyp’sAHie
Ha 0ocniOHux 0inAHKax, ypaxcenicmov gimo-
namozenamu pociuH coi, edekmusHicmo il
npenapamie y pisHux cxemax 3axucmy, ypo-
watinicmo xynvmypu. Pesymbratu. O06u0si
CXeMU 3aXUCTY ePexmusHO KOHMPO0BAnu
3acmidenicmo nocieie coi Oyp’snamu ma ypa-
seHicmo xgopobamu. IIpomu 08000mbHUX
Oyp’sanis  Ginvui eekmusHoOw 6UABUNACH
nepuia cxema 3axucmy: epekmusHicmo vepe3
60 0i6 nicnst 6HeceHHs 2epOiyudy cmamnosuna
95,4% npomu 82% 3a dpyzot0 cxemoro. 3naxko-
6i Oyp’siHu Ginout epeKmueHo KOHMPOn08a-
JIUCST 30 00po6KU 8 nepiod secemauii. 3axucm
coi npomu anvmepHapiosy 0ys npakmuuxo
00HAaK080 epexmusHum 6 060x cxemax. ITepo-
HOCNopo3 coi binvut egpexmueHo 0oMmencysanu
pyHeiyuoni 06pobxu 6 nepiod secemauii. 3a
000X cxXem 3axucmy coi 00epicanu cymmeso
BUULL YPOXCALL NOPIBHAHO 3 KOHMPOJIEM.
IIpome, nokasnuxu ypoxcaunocmi, KinvKoc-
mi 600i6 Ha pocnuni ma maca 1000 3epen
Oynu suwUMU Y Neputiti cxemi NOPIBHAHO 3
opyzoto. BucHoBku. O6u08i cxemu 3axucmy
3a6e3nequnu BUCOKI NOKA3HUKU edexmus-
HOCMi KOHMPOMO6aHHA Oy AHi6 ma Xx60po6
y nepiod eecemauii coi. Biominnocmi pe3yno-
mamie KOHMpPOno PisHux 6ionoziuHux epyn
Oyp’sinie ma pisrux eudie xeopob, ouesuoHo,
noe’asani 3 0COOIUBOCMAMU 3ACHIOCYBAH-
HA ma mokcu4Hoi 0if sukopucmanux npe-
napamie. IIpome, 3acmocysanns cucmemu
npeseHmMusHUX 3ax00i6 3axucmy 0036077€
SMEHUUMU  NeCMUuuoHe HABAHMANEHHS
HA azpoueHo3 ma OOMeIUmuy HeearmusHull
BMIUB NECMUUUOIB HA POCIUHU COI' Y nepiod
sezemauii.
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