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КУКУРУЗЫ НА ЗЕРНО В УСЛОВИЯХ ЮГА ДАЛЬНЕГО ВОСТОКА
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Изучена фитотоксичность гербицида Люмакс, состоящего из трех действующих веществ: 
С-метолахлора, тербутилазина и мезотриона, к гибридной популяции кукурузы П8521. Ис-
следования проведены в Приморском крае в 2020, 2021 гг. на двух фонах: засоренном и чи-
стом от сорняков, который в течение вегетационных сезонов регулярно пропалывали. Герби-
цид применяли до всходов, в фазы 2–3 и 5–6 листьев кукурузы в нормах расхода 4 (рекомен-
дованная) и 8 л/га (двукратная от рекомендованной). Почва опытных участков лугово-бурая 
оподзоленная среднесуглинистая, содержащая в пахотном горизонте 3,8% гумуса, Ph 5,0–5,9. 
Гербицид Люмакс, примененный в фазу 5–6 листьев, в течение вегетационного сезона ока-
зывал фитотоксичное действие на растения и урожайность зерна кукурузы. Существенное 
снижение урожая зерна отмечено в 2021 г., когда за II и III декады июня и июль выпало всего 
35 мм осадков при норме за этот период 187 мм. При применении гербицида Люмакс в фазу 
5–6 листьев существенно уменьшилась длина початка, количество зерен в нем, масса початка 
и зерна с него, а также масса 1000 зерен. Кукуруза более толерантна к гербициду Люмакс при 
применении в фазу 2–3 листьев и менее – при использовании в фазу 5–6 листьев. 
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The phytotoxicity of the herbicide Lumax to the hybrid population of corn P 8521, consisting of 
three active substances: C-metolachlor, terbutylazine and mesotrion, was studied. The studies were 
conducted in the Primorsky Territory in 2020 and 2021 on 2 backgrounds: clogged and weed-free which 
was regularly weeded during the growing seasons. The herbicide was applied before germination, 
in phases 2-3 and 5-6 of corn leaves at consumption rates of 4 (recommended) and 8 l/ha (twice 
the recommended). The soil of the experimental plots is meadow-brown podzolized, medium loamy, 
containing 3.8% humus in the arable horizon, PH 5.0-5.9. The herbicide Lumax, applied in the phase 
of 5-6 leaves, during the growing season had a phytotoxic effect on plants and corn grain yields. A 
significant decrease in the grain harvest was noted in 2021 when during the II and III ten-day periods 
of June and July there were only 35 mm of precipitation, while the norm for this period was 187 mm. 
When applying Lumax herbicide in the phase of 5-6 leaves, the cob length, the number of grains in it, 
the weight of the cob and grains from it, as well as the weight of 1000 grains significantly decreased. 
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Corn is more tolerant to Lumax herbicide when used in the 2-3 leaf phase and less tolerant when used 
in the 5-6 leaf phase.
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INTRODUCTION 
The purpose of registration tests is to devel-

op and verify the regulations for the use of pes-
ticides that ensure both efficacy and safety of 
their application. The preparations must meet 
the requirements of ecotoxicological safety [1]. 
Biological safety of plant protection is neces-
sary for adaptive intensification of crop produc-
tion, its ecologization and biologization. Ac-
cording to the results of protective measures, 
the consequences of overdoses and accidents 
with pesticides are predicted [2].

One of the requirements for herbicides in 
registration trials is the safety of preparations 
for cultivated plants. It consists in the absence 
of phytotoxicity of herbicides and in increasing 
crop yields when using them [3]. The use of the 
preparation should be studied in specific agro-
technologies and soil and climatic conditions. 
Currently, such studies have not been conduct-
ed in sufficient quantities [4].

There is a close correlation between the im-
pact of a destructive factor and the activity of 
plant growth processes, which is adjusted by 
weather conditions. Therefore, the level of ini-
tial impact of herbicide and the weather condi-
tions determine the speed of the adaptation pro-
cess and features of crop yield formation [5].

The modern range of herbicides to protect 
corn from weeds in the Russian Federation con-
tains more than 200 preparations [6]. In 2016, 
according to "Agrostat" company in the Rus-
sian Federation, 73% of the areas under corn 
were treated once or more [7]. When develop-
ing new herbicides for post-emergence appli-

cation, the key factor is their selectivity to the 
crop [8].

In the All-Russian Research Institute of 
Corn the phytotoxic effects of post-emergent 
herbicides Meister, Titus Plus, Dublon Super, 
Stellar, Meister Power have been studied for 
several years. Visual observations showed no 
signs of inhibition of corn plants by these herbi-
cides when used at the recommended rates and 
times of application [9-11]. However, a strong 
phytotoxic effect on the crop was observed 
when Meister Power was used in the phase of 
8 leaves. The use of herbicide at a later date 
caused growth retardation, changes in the num-
ber of corncobs per plant, corncob weight and 
grain per corncob [12].

In the Smolensk region, when Titus Plus was 
applied at temperatures above 25 °C, growth 
retardation and pinking of corn leaves were 
observed. Stress exposure to herbicide affected 
the chemical composition of the feed - a lower 
content of protein and a higher content of fiber 
were found [13].

When testing the new herbicide Kreutzer in 
seed crops of lines and simple hybrids of corn 
under severe drought conditions with lack of 
moisture and high air temperatures, an increased 
manifestation of phytotoxicity on plants at the 
rate of 0.11 kg/ha was noted [14].

In the Moscow region after the application 
of herbicide Kelvin Plus in the phase of 7-8 
leaves of corn chlorosis and suppression of 
growth and development were revealed. Sub-
sequently, it reduced the value of the obtained 
yield relative to the variants with its use in the 
recommended terms [15].
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The Far Eastern Research Institute of Plant 
Protection used herbicides Dublon Gold, Titus 
Plus, Meister, Stellar and Adengo at recom-
mended and double recommended rates in corn 
crops on a clean weed-free background. Ac-
cording to measurements of plant height and 
green mass, growth and development of corn 
was slowed down in almost all variants with the 
application of herbicides. According to their re-
sponse to the crop, they can be placed in the fol-
lowing descending order: Titus Plus, Adengo, 
Dublon Gold, Stellar and Meister [16]. It was 
also found that herbicide Adengo when sprayed 
in the phase of 5-6 leaves in corn can have a 
phytotoxic effect on the crop plants and signifi-
cantly (up to 0.78 t/ha) reduce grain yield [17].

The aim of the research was to study phy-
totoxicity of Lumax herbicide in the sowing of 
corn for grain at recommended and double rec-
ommended rates in the conditions of the south 
of the Far East.

MATERIAL AND METHODS 
The studies were conducted on the experi-

mental fields of the Far Eastern Research Insti-
tute of Plant Protection, a branch of the Federal 
Scientific Center of Agricultural Biotechnol-
ogy of the Far East named after A.K. Chaiki, 
in 2020 and 2021. The soil of the experimental 
plots was meadow-brown podzolized middle 
loamy, containing 3.8% humus in the arable 
horizon, Ph 5.0-5.9.

Climatic conditions in the years of research 
differed significantly among themselves. Thus, 
in 2020 in the third ten-day period of May and 
June, uniform rainfall (145 mm, the norm 106 
mm) contributed to the active growth and de-
velopment of corn plants. Only 70 mm of rain 
fell in July (with an average of 140 mm). In 
the first two ten-day periods of September, 
there was an excess of moisture in the soil (3 
times the norm). Precipitation amounted to 35 
mm in 2021 during the second and third ten-
day periods of June and July, while the long-
term average was 187 mm. Daily air tempera-
tures reached 28.1-36.3°C during the second 
and third ten-day periods of June, and average 
daily values exceeded the long-term average 
by 4.6-5.5°C. Precipitation also exceeded the 

long-term average in August. Precipitation also 
amounted to only 73.6 mm in August, which 
was two times less than the long-term average 
(155 mm).

Agronomic technique of corn cultivation is 
common for this region on the basis of mould-
board tillage. Corn hybrid population P8521 
was sown with the rate of 70 thousand seeds/ha. 
Mineral fertilizer (dinitroammophoska) in the 
rate of physical weight of 70 kg/ha was intro-
duced at sowing. The forecrop was soybeans.

The experiments were set up on two back-
grounds: weedy and weed-free. The latter 
plot was regularly weeded during the growing 
season. Lumax herbicide was applied before 
sprouts, in phases 2-3 and 5-6 leaves of corn at 
rates of 4.0 (recommended) and 8.0 l/ha (dou-
ble of the recommended). Herbicide working 
solutions were applied by hand-operated boom 
sprayer designed by All-Russian Research In-
stitute of Phytopathology with working solu-
tion application rate of 200 l/ha. The area of 
experimental plots was 22.5 m2, repeated four 
times, and the location was randomized.

In the phases of 10-12 leaves and milk ripe-
ness of the cobs the height of plants was mea-
sured and the green mass was counted. For this 
purpose, 10 plants most typical for each plot 
were selected. Corn cobs were harvested manu-
ally in the phase of waxing ripeness of grain. 
After drying, they were analyzed (5 pieces 
from each plot) according to N.A. Maysuryan's 
method [18]. The remaining cobs were threshed 
on a stationary threshing machine. To quantify 
the nature of the direct response of cultivated 
plants to Lumax herbicide a tolerance coeffi-
cient (T) was used, which was calculated ac-
cording to the formula

Т = 
Yh
Yc

,

where Yc is the yield in the weed-free control, 
expressed in tons per hectare; Yh is the grain 
yield in the weed-free background with her-
bicide application, expressed in tons per hect-
are. Tolerance of corn plants to Lumax herbi-
cide was evaluated by analyzing the results of 
the experiments laid on the crops infested to a 
greater or lesser degree. For this purpose, the 
method of weed harmfulness assessment by 
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V.S. Zuzа1 was used. Such an assessment in-
volves the calculation of weed harmfulness co-
efficient Kw, which shows the amount of yield 
shortfall caused by 1 ton of weed mass. Cal-
culation of the yield shortage at the end of the 
crop vegetation is carried out by the formula

Кw =
ΔY
ΔW

,

where ΔY is the difference in yield in the con-
trol and the variant where the herbicide was 
studied, expressed in tons per hectare; ΔW is 
the difference in the ratio of the weed mass, ex-
pressed in tons per hectare. All studies and data 
processing were performed according to the 
generally accepted methods 2-4.

RESULTS AND DISCUSSION 
In the phase of 10-12 leaves of corn in the 

control variant, plants grew with an average 
height of 125 cm and vegetative mass of 357 
g (see Table 1). In the variants with applica-
tion of Lumax herbicide before sprouting and 
at the phase of 2-3 leaves, the plants were 1-5 
cm higher and increased aboveground weight 

by 3-25 g more than in the control. When using 
the herbicide in a later phase of development 
(5-6 leaves), Lumax had a significant phyto-
toxic effect on the crop. Plants were registered 
13-14 cm lower and their aboveground weight 
was 57-61 g less than in the control.

When recording in the phase of milky cob 
ripeness, Lumax herbicide continued to nega-
tively affect plants of the crop (height 208 cm, 
weight 648-670 g) when used in the phase of 
5-6 leaves in both rates of consumption. On the 
herbicide-free version, corn plants reached an 
average height of 214 cm and built up 702 g of 
vegetative mass.

Phytotoxic effect of Lumax herbicide (4.0 
and 8.0 l/  ha), manifested during the grow-
ing season when used in the late phase of 5-6 
leaves, had an impact on corn grain yield. In 2 
years of research on these variants less grain by 
0.40-0.52 t/ha than in the control was received 
(see Table 2). It should be noted that reliably 
less of it was collected in 2021 (5.81-6.13 t/ha, 
the control 6.85 t/ha). Climatic conditions of 
this year had a significant impact, as mentioned 
above.

1Zuza V.S. Regression analysis in the study of relationships of cultivated plants and weeds. Agricultural Biology. 1974. No. 
6. Pp. 838-843. 

2Spiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodological guidelines for the study of herbicides used in crop produc-
tion. Moscow: Pechatny Gorod, 2009. 252 p. 

3Dospekhov B.A. Methodology of Field Experiment. Moscow: Kolos, 1979. 416 p. 
4Koronevsky V.A. To the method of statistical data processing of long-term field experiments. Farming. 1985. No. 1. Pp. 56-57.

Табл.  1 .  Влияние гербицида Люмакс на растения кукурузы (среднее за 2020, 2021 гг.)
Table 1.  Influence of Lumax herbicide on corn plants (average for 2020 and 2021) 

Experiment 
option 

Dos-
age,
l/ha

Treatment time

10-12 leaf phase Corncob milky stage

Single 
plant 

height,
 cm 

Single 
plant 

herbage, 
g

Change (+/-) from 
the control

Single 
plant 

height,
 cm

Single 
plant 

herbage, 
g

Change (+/-) from 
the control

height, 
cm

herbage,
g

height, 
cm

herbage,
g

Control – – 125 357 – – 214 702 – –
Lumax 4,0 Before 

sprouting
126 354 +1 –3 214 670 0 –32

Lumax 8,0 130 374 +5 +17 218 722 +4 +20
Lumax 4,0 2–3 leaf 

phase  
126 358 +1 +1 215 678 +1 –24

Lumax 8,0 128 366 +3 +9 216 698 +2 –4

Lumax 4,0  
5–6 leaf 
phase

112 300 –13 –57 208 670 –6 32

Lumax 8,0 111 296 –14 –61 208 648 –6 –54

LSD05 6 31 7 58
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Laboratory analysis of corn cobs confirmed 
the yield data. Thus, the length of the cob, the 
number of grains in it, the weight of the cob and 
the weight of 1000 grains from the cob were 
reliably 0,5-0,8 cm, 42 pieces, 20-26 g, 12-18 
g and 6-9 g less than the control in the vari-
ants of Lumax application during the phase of 
5-6 leaves. When applying herbicide in the pre-
emergence period at twice the recommended 
rate of consumption, the above indicators (ex-
ceptions: length and weight of the cob) were 
respectively 8 pcs, 2 and 6 g more, which con-
firms the resulting yield increase of 0.14 t/ha in 
this variant.

Calculation of the tolerance coefficient 
showed that in the variants with Lumax herbi-
cide before sprouting and in the phase of 2-3 
leaves of corn the difference in grain yield was 
within 2-4% in one direction or the other, and 
when treated in the later phase of crop develop-
ment (5-6 leaves) the difference reached 6-7% 

in the downward direction. We can consider 
that in the first case corn was indifferent to Lu-
max, and in the second case we can indicate a 
significant phytotoxic effect on corn.

When conducting experiments on weedy 
background for 2 years of research on the con-
trol (without herbicides) variant 1.12 t/ha of 
corn grain was received (see Table 3).

There were weeds with a total aboveground 
mass of 28.1 tons/ha on this plot. Calculation 
of the coefficient of harmfulness showed that 
if corn responded equally to all three terms of 
herbicide application, the increase in yield from 
them would be proportional to the reduction in 
the weed mass, then the values of Kw in all 
three cases would be about the same. However, 
the actual values of the coefficients are differ-
ent, so we can assume that corn is more toler-
ant when Lumax is applied in the phase of 2-3 
leaves and less tolerant when it is used in the 
later phase of development.

Табл.  2 .  Влияние гербицида Люмакс на урожайность зерна кукурузы и элементы ее структуры 
(среднее за 2020,  2021 гг.)
Table 2.  Influence of Lumax herbicide on the yield of corn grain and elements of its structure (average 
for 2020 and 2021)

Experiment 
option 

Dos-
age,
l/ha

Treatment 
time

Corncob 
length,

cm

Number of 
grains per 
cob, pcs.

Weight, g
Grain yield, 

t/ha
Tolerance 
coefficientcorncob 

grain per 
corncob 1000 

grains

Control – – 17,9 536 177 150 274 7,38 –
Lumax 4,0 Before 

sprouting
17,7 534 168 147 271 7,28 99

Lumax 8,0 17,8 544 174 152 280 7,52 102
Lumax 4,0 2–3 leaf 

phase
17,4 518 158 138 271 7,09 96

Lumax 8,0 17,5 524 165 144 272 7,26 98
Lumax 4,0 5–6 leaf 

phase
17,4 516 157 138 268 6,92 94

Lumax 8,0 17,1 494 151 132 265 6,86 93
LSD05 0,5 29 11 10 1,6 0,56

Табл.  3 .  Расчет коэффициентов вредоносности сорняков
Table 3.  Calculation of weed harmfulness coefficients

Option В, t/ha Y, t/ha D D WHC

Control (without herbicides) 28,1 1,12 – – –
Control (manual weeding) 0 7,38 28,1 –6,26 –0,223
Lumax 4,0 l/ha

 
before sprouting 12,4 4,46 15,7 –3,34 –0,213
2–3 leaf phase 12,6 4,61 15,5 –3,49 –0,225
5–6 leaf phase 14,1 3,71 14,0 –2,59 –0,185

Note.  В – raw weed mass before harvesting; Y – corn yield; WHC – weed harmfulness coefficient.



37Сибирский вестник сельскохозяйственной наyки • 2022 • 52 • 2Защита растений

Изучение фитотоксичности гербицида Люмакс в посеве 
кукурузы на зерно в условиях юга Дальнего Востока

Костюк А.В., Ляшенко Е.В. 

CONCLUSIONS 
1. Lumax herbicide can have a phytotoxic 

effect on plants and corn yields if the applica-
tion regulations are not observed (overdose, ap-
plication in late phases of development). The 
length of the cob, the number of grains in it, the 
weight of the cob and grains from it, as well as 
the weight of 1000 grains decreases.

2. Corn is more tolerant to Lumax herbicide 
when used during the 2-3 leaf development 
phase and less tolerant when used in later de-
velopment phases.
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