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IKOJIOI'MYECKASA OUEHKA IPUMEHEHUA I'EPBULINJIA JIFIOMAKC
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W3ydeHbl 9yBCTBUTEIBHOCTh CEIHCKOXO3SIMCTBEHHBIX KYIBTYp K repounmay Jlromakc, cocto-
SIILET0 M3 TpeX ACHCTBYIOIMX BemecTB (A.B.): C-meTonaxiopa, TepOyTHiasMHa U ME30TpHOHA,
JUTMTEIILHOCTh X COXPAaHEHUs B JIyTOBO-OypoOi MOYBE M OMPEAEICHO MOCIEACHCTBHE Mpernapara
Ha KyJIbTypbl ceBoobopoTa. UccnenoBanus nposeaens! B [Ipumopckom kpae B 2019, 2020 rT. B yc-
JIOBHSAX BETETAIIMOHHOTO JOMHKA. Ha OMBITHRIX IeIsHKaX 10 BCXOJOB KyKYypY3bl TPUMEHSIIH TepOu-
uup Jlromake B mo3ax 4,0 n/ra (pekomenaoBanHast) u 8,0 5/ra (IByKpaTHast OT PEKOMEHIOBAHHOM ).
Ocenbto 2019 1. u BecHoit 2020 I. ¢ ONMBITHBIX YYaCTKOB U C KOHTPOJIBHOTO (0€3 repOuIuIoB) 0To-
Opanbl 00pa3ibl TyroBo-Oypoil MOUBkI ¢ IyOHWHBI MAXOTHOTO cJ0sl, conepxamiero 3,5% rymyca.
OO0pasipl UCTIONB30BaHbl JJIsl YCTAHOBJIICHUS JUIMTEILHOCTH COXPAHEHUS JISHCTBYIONIETO Hadyaia
u nocyeneicTeus repourmma Jiromake. IlpenBaputennbHO 0TOOpAaHBI PACTECHUSI MHAMKATOPHI OCTa-
TOYHBIX KOJTMYECTB IIperapara B JIyroBo-Oypoii mouse. Paccunransl 10351 repOoHnna, CHHKAIONINE
Ha/J3eMHYI0 Maccy TecT-pacTeHus Ha 50%, 1 ero npeaenbHO-I0ITyCTUMbIE KOHLICHTPALUHU B ITOYBE.
OmnpeneneHo, 4To K KOHIY BETE€TallMOHHOTO Ce30Ha MPH HOpME BHeceHus npenapara 4,0 n/ra B y-
roBo-0Oypoii mouse coxpansiercs 0,7-3,0% 1.8. repoununa Jiromakc, npu Hopme 8,0 1/ra— 0,6-3,9%.
K Havaiy ciemyrorniero nojieBoro ce3oHa npemnapar, (puMeHEeHHbIH B peKOMEHI0BaHHOI HOpMe pac-
X014, TIOTHOCTBIO pa3yiaraeTcs, B ABYKPAaTHOM HOpME OT peKoMeHToBaHHoM ocTaeTcs 0,8—1,7% rep-
oumma. Yepe3 8 mec mocie BHeceHus repounuy Jlromakc B HOpMe pacxonma 4,0 n/ra 6e3omaceH
JUTS. TIOCTIETYFOIUX KYJIBTYp C€BOOOOpoTa. B ciydae mepemo3upoBKH WIIM TBOMHOTO HAIOKEHUS
(8,0 n/ra) oH cocoOeH OKa3bIBaTh MOCIEACHCTBIE HA UyBCTBUTEIIBHBIC KYIbTYyphl. OnpeneneHs
KYJBTYPBI, BHICOKOUYBCTBUTENBHBIC K Npenapary JIroMakc: Kammycra, penc, parc, CBeKIIa, TOMaThI,
OTYpell ¥ PHC; YyBCTBUTEINIbHBIE: MIICHUIA, TPEUNXA U COSI; OTHOCUTENFHO YCTOHUMBBIC: OBEC H S4-
MeHb. YcTaHOBIIEHa Oe30macHas HopMa pacxoa repounuia Jliromakc (4,0 51/ra) amst mociieTyromux
KYJIBTYp CEBOOOOpOTA.

KuroueBsle ciioBa: repounu, rpemnapar, JIromake, HopMa pacxofa, 103a, KyJabTypa, IouBa
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The sensitivity of agricultural crops to the Lumax herbicide, consisting of three active agents
C-metolachlor, terbutylazine and mesotrione, the duration of their action in meadow-brown soil,
and the aftereffect of the herbicide on the plants of the crop rotation were determined. The study
was conducted in the conditions of the greenhouse in the Primorsky Territory in 2019 and 2020.
The herbicide Lumax was used on experimental plots before corn germination at doses of 4.0 1/ha
(recommended) and 8.0 1/ha (twice the recommended). In the autumn of 2019 and in the spring of
2020, samples of meadow-brown soil were taken from the experimental plots and from the control
(without herbicides) from the depth of the arable layer containing 3.5% humus. The samples were
used to establish the duration of the action of active agents and the aftereffect of the herbicide Lumax.
Prior to this, plants indicating residual amounts of the chemical in meadow-brown soil were pre-
selected. The doses of the herbicide which reduce the above-ground mass of the test plant by 50%
were calculated, as well as its maximum permissible concentration in the soil. It was determined that
by the end of the growing season, 0.7-3.0% of the active agent of the herbicide Lumax is retained
in meadow-brown soil at a rate of application of 4.0 1/ha, and 0.6-3.9% — at a rate of 8.0 I/ha. By
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the beginning of the next field season, the preparation applied at the recommended rate completely
decomposed, while when it was applied at a double rate of the recommended rate, 0.8—1.7% of the
herbicide remained. Eight months after the application at a rate of 4.0 I/ha, the herbicide Lumax
is safe for subsequent crops of the crop rotation. In case of overdose or double application (8.0 1/
ha), it can have an aftereffect on sensitive crops. The crops that are highly sensitive to the Lumax
preparation were identified: cabbage, radish, rapeseed, beetroot, tomatoes, cucumber and rice;
sensitive: wheat, buckwheat and soybean; relatively resistant: oats and barley. A safe consumption
rate of the Lumax herbicide (4.0 I/ha) for subsequent crops of the crop rotation was established.
Keywords: herbicide, preparation, Lumax, consumption rate, dose, crop, soil
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INTRODUCTION

Weed infestations of crops is one of the fac-
tors that hinder getting high and stable corn
grain yields. Modern agriculture has a wide
range of ways to combat weeds, the most ef-
fective of which is the use of herbicides [1]. At
present, about half of the world's agricultural
crops are obtained from plant protection prod-
ucts, therefore it is practically impossible to
provide the growing population of the planet
with food and raw materials without the use of
pesticides. Under these conditions, there is a
high urgency of the problems associated with
the control of the behavior of chemicals in the
environment. [2—4].

New technologies of agricultural production
are used, the safety of plant protection products
i1s studied, environmental standards for their
permissible residual content are being devel-
oped to solve phytosanitary problems [5, 6].

According to various estimates, 70-90% of
pesticides enter the soil at the time of applica-
tion. Their residual amounts inhibit soil biota,
have a negative aftereffect on cultivated plants
and pollute surface and ground waters [7].

The problem of contamination of arable soils
with modern herbicides is associated with the
food security of the country, since it can lead
to significant losses in crop yields as a result of
uncontrolled use of herbicides [8].

One of the requirements for herbicides dur-
ing registration tests is environmental safety.
It is determined by a number of indicators: de-
composition during one growing season, the
absence of aftereffect on the next crop rotation,
etc. [9, 10]. The absence of negative aftereffect
is one of the most important properties of se-
lective herbicides. Most of the drugs used have
this property if the regulations for their use are
observed. If the technology is violated (overes-
timation of the consumption rate, uneven distri-
bution over the area, etc.), many drugs become
dangerous and can cause damage not only to
the processed, but also to subsequent crops of
the crop rotation [11].

New generation herbicides have high phy-
totoxicity and retain herbicidal activity in en-
vironmental objects, in particular in soil, for a
long time. In connection with the contamina-
tion of arable soils with residues of modern
persistent herbicides, new ways of solving this
problem are required [12—14].

Residual amounts of herbicides or their me-
tabolites affect the subsequent crop. It had no
practical significance for field crop rotations,
since the share of such herbicides in production
was insignificant [15].

The number of chemicals is increasing by
about a thousand names every year. However,
many of them are insufficiently studied from
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the point of view of ecological safety in various
soil and climatic conditions [16].

The evaluation of the pesticides detoxifica-
tion rate is carried out by the following meth-
ods: direct determination of the dynamics of
the compound of substances in the soil using
physicochemical analyzes and indirectly using
biotests. The first method, in some cases, is not
sensitive enough to detect traces of herbicides,
in particular those used in low doses. The phy-
totest on sensitive plants is recognized as the
most accessible and sufficiently informative in
this case [17].

The aim of the research is to study the sensi-
tivity of agricultural crops to the Lumax herbi-
cide, which consists of three active substances:
C-metolachlor, terbutylazine and mesotrione to
establish the duration of their preservation in
meadow-brown soil and to determine the after-
effect of the drug on crop rotation crops.

MATERIALS AND METHODS

The studies were carried out in a vegetation
house (2019, 2020), as well as on the experimen-
tal field of the Far Eastern Research Institute
of Plant Protection in 2019. The soil of the site
is meadow-brown podzolized medium loamy,
containing 3-4% humus in the arable horizon,
pH_, 5, 0-5.9. In 2019, in a growing house, the
sensitivity of 12 agricultural crops to the Lu-
max herbicide was determined. A weighed por-
tion of meadow-brown soil, 1.5 kg, was treated
with herbicide solutions at doses: 4.0; 3.0; 2.0;
1.0; 0.5; 0.25; 0.125; 0.063 and 0.0315 1 / ha.
The application of the drug solutions was car-
ried out using an OL-5 laboratory sprayer de-
signed by the All-Russian Research Institute of
Phytopathology. One day after thorough mix-
ing, the treated soil was placed in 300 g cups.
Seeds of the following test cultures were sown
in them: wheat, barley, oats, rice, rapeseed, rad-
ish, cucumbers, buckwheat, soybeans, cabbage,
beetroot, and tomatoes.

In 2019, the herbicide Lumax was used in
the sowing of maize before germination at
rates of 4.0 1/ ha (recommended) and 8.0 1/ ha

(two times the recommended). In the fall (af-
ter 3 months) and in the spring of 2020 (after 8
months), samples of meadow-brown soil were
taken from these plots, as well as from the con-
trol variant, from the depth of the arable layer
(020 cm). The soil was dried, crushed, then the
cups were filled with it, after which the seeds
of sensitive test cultures were sown in them.
At the same time, a weighed portion of pure
(without herbicides) meadow-brown soil, 1.5
kg, was treated with Lumax solutions. After the
preparation described above, the same selected
sensitive cultures were sown. The experiments
were repeated five times. The soil moisture in
the cups was maintained at the level of 60-70%
WEFC (water field capacity) by irrigation with
tap water. After 30 days, the plants were cut and
weighed. The calculation of ED ; and ED, (a
toxic dose that reduces the green mass of plants
by 10 and 50%), as well as residual amounts
of active substances in the soil was carried out
using a computer. The aftereffect of the Lumax
herbicide was determined by the decrease in the
aboveground mass of the test plants in compari-
son with the control.

All studies were carried out in accordance
with the approved methodological guidelines',
and the digital material was processed accord-
ing to B.A. Dospekhov?.

RESULTS AND DISCUSSION

Crops reacted differently to the application
of the Lumax herbicide to the soil. The com-
plete death of beetroot was observed from the
presence in the soil of 0.063 1/ ha of the drug,
cabbage and cucumber - from 0.25 1/ ha, to-
matoes, rice, rapeseed and radish - from 0.5 1/
ha, buckwheat and wheat - from 2.0 1/ ha, and
soybeans, oats and barley - from 4.0 1/ ha (see
table. 1).

The calculation of the toxic dose of the her-
bicide Lumax, which reduces the green mass of
plants by 50%, showed that for beetroot it is
equal to 0.004 1/ ha, for cabbage, rice, tomatoes,
cucumber, rapeseed and radish - 0.045-0.166 1
/ ha. These crops are identified as highly sen-

!Spiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodical guidelines for the study of herbicides used in crop production.

M.: Pechatny gorod, 2009.252 p.

“Dospekhov B.A. Field experiment technique. Moscow: Kolos, 1979.416 p.
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sitive. Wheat, buckwheat and soybeans turned
out to be sensitive crops to this herbicide, while
oats and barley were relatively resistant. Plants
that indicate residues of the Lumax herbicide
in meadow brown soil include highly sensitive
and sensitive agricultural crops. According to
the ED  indicator of the drug in the soil, the test
crops are arranged in descending order as fol-
lows: barley — oats — soybean — buckwheat
— wheat — radish — rapeseed — cucumbers
— tomatoes — rice — cabbage — beetroot.

By the end of the growing season (3 months
after treatment) from the application rate of 4.0
1/ha(2.152kgr.a./ha),0.016-0.064 kgr.a./ ha,
or 0, remained in the meadow-brown soil.
7-3.0%, herbicide Lumax, from the application
rate 8.0 1/ ha (4.304 kg r.a. / ha) - 0.024-0.170
kg / ha, or 0.6-3.9%, (see. Table 2).

Almost all of the selected plants showed
the presence of the studied preparation in the
soil. By the beginning of the next field season
(8 months after application), Lumax, applied at

Ta6a. 1. Toxcuunas no3a repouruaa Jlromakce
JUTSL CEThCKOXO3SIMCTBEHHBIX KYJIBTYD B JIyTOBO-0Y-
poii ouBe, J/ra

Table 1. Toxic dose of the Lumax herbicide for
agricultural crops in meadow brown soil, 1/ha

Complete | Reduction of green mass of plants
Crop death of
plants by 50% by 10%

Barley 4,0 1,193 (1,020 + 1,394) | 0,595
Oats 4,0 1,087 (0,994 - 1,188) | 0,399
Soy 4,0 0,712 (0,611 +0,829) | 0,201
Buck- 2,0 0,357 (0,308 +0,413) | 0,178
wheat
Wheat 2,0 0,336 (0,247 + 0,456) | 0,132
Radish 0,5 0,166 (0,126 +0,219) | 0,070
Rapeseed 0,5 0,104 (0,089 +0,122) | 0,042
Cucum- 0,25 0,070 (0,057 +0,085) | 0,031
bers
Tomatoes 0,5 0,068 (0,051 +0,091) | 0,020
Rice 0,5 0,067 (0,053 +0,086) | 0,020
Cabbage 0,25 0,045 (0,033 +0,062) | 0,017
Beetroot 0,063 | 0,004 (0,001 ~0,018) 0

the recommended consumption rate, complete-
ly decomposed. When the drug was applied in
two times the recommended dose, the herbicide
remained 0.035-0.072 kg / ha, or 0.8-1.7%.
Residual amounts of Lumax in the soil were
noted in the crops of cucumbers, soybeans, rice,
tomatoes and wheat.

The studies carried out to determine the af-
tereffect of the herbicide Lumax indicate that,
at the recommended consumption rate of 4.0 1
/ ha, tomatoes slightly (by 1.5%) reduced the
aboveground mass (see Table 3).

On the rest of the crops, the green mass of
plants was registered by 0.7-7.9% more than
on the herbicide-free variant. At a dose of 8.0
1 / ha, two times the recommended dose, reli-
ably (LSD 05 = 11.7 and 9.1%, respectively),

Tabua. 2. Jlunamuka conep>kaHusi JEUCTBYIOIINX
BeIleCTB repouimaa Jlromakc B IyroBo-0ypoii mouse

Table 2. Dynamics of the content of active agents
of the herbicide Lumax in meadow-brown soil

Consumption | Active agents content in the soil
norm, 1/ha layer 020 cm
acc. in 3 months in 8 months
Test-crop ;)Or ;;e ace. to 9% of the ﬂ‘;A) gf
- ! e de-
ara- | 228 | kg/ha |deposited| kg / ha posits f]
tion amount amount
Soy 4 {2,152 10,060| 2,8 0 0
8 | 4304 10,064 | 1,5 [0,040| 0,9
Wheat 4 {2,152 10,064 | 3,0 0 0
8 | 4304 10,090 | 2,1 (0,072 1,7
Buck- 4 | 2,152 0 0 0 0
wheat 8 | 4304 | 0,110 | 2,6 0 0
Radish 4 | 2,152 {0,016 | 0,7 0 0
8 | 4,304 | 0,038 1,0 0 0
Rapeseed | 4 | 2,152 | 0,025 | 1,2 0 0
8 | 4304 | 0,056 | 1,3 0 0
Cabbage | 4 | 2,152 0 0 0 0
8 | 4,304 10,026 | 0,6 0 0
Cucum- 4 12,152 10,045 2,1 0 0
bers 8 | 4304 (0,050 1,2 (0,035| 0,8
Tomatoes| 4 | 2,152 {0,058 | 2,7 0 0
8 4304 (0,062 1.4 (0,047| 1,1
Rice 4 | 2,152 10,046 | 2,1 0 0
8 | 4304 10,064 | 1,5 [0,046| 1,1
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the smallest increase in green mass was ob-
served on wheat - 12.5% and soybeans - 10%.
The aboveground weight of tomatoes, cucum-
ber and rice was also 8.0-9.7% less than in the
control.

CONCLUSIONS

1. According to the results of the studies car-
ried out under the conditions of a vegetation
house in meadow-brown soil, the sensitivity
of agricultural crops to the herbicide Lumax
was established. The following highly sensitive
crops have been identified: cabbage, radish,
rapeseed, beetroot, tomatoes, cucumbers, rice;
sensitive: wheat, soy, buckwheat; relatively re-
sistant: barley, oats. Plants that are indicative of
Lumax herbicide residues include highly sensi-
tive and sensitive crops.

2. 8 months after the application of the her-
bicide Lumax in the recommended (4.0 1/ ha)
consumption rate is safe for subsequent crops
of the crop rotation. In case of overdose or dou-
ble overlapping (8.0 1/ ha), it can have an after-
effect. In meadow-brown soil, up to 0.8-1.7%
of the active substance of the drug is retained.

Taoa. 3. [locneneiictBue repounmaa Jlromake Ha
KyJBTYPBI C€BOOOOPOTa

Table 3. Aftereffect of the herbicide Lumax on
the plants of crop rotation

Reduction of green
mass of plants
Green mass | from consumption rates, LSD
Crop of plants in % to control o 052
control, g ’
401/ha | 8,01/ha

Wheat 1,52 +0,7 12,5 11,7
Rice 0,86 +1,2 9,3 11,6
Soy 2,57 +4,7 10 9,1
Buck- 3,64 +4.4 0 14,6
wheat
Cucum- 332 +63 8,7 11
bers
Tomatoes 1,37 1,5 8,0 14
Rapeseed 1,51 +7,9 0 12
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