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The widespread use of herbicides has caused significant pollution to the soil environment, which has seriously endan-
gered people’s life and development. Therefore, there is an urgent need for an effective method to control environmental soil
pollution, and the degradation of residual pesticides by microorganisms is an effective bioremediation method developed in
recent years. Taking the soil treated with methyl disulfuron as the research subjects, the microbial strains with high degrada-
tion effect on methyl disulfuron were isolated by plate gradient dilution method, the isolated strains were enriched and cul-
tured, medicated and cultured, and soil colonization test, so as to determine the effect of methyl disulfuron on the strains.
The results showed that a bacterium J20191108-1 and a fungus Tr20191108-E were isolated from soil, and no actinomy-
cetes were isolated. The bacterial colony is milky white, the surface is wet and smooth, and the fungus is preliminarily iden-
tified as Trichoderma. The bioaccumulation test of bacteria J20191108-1 showed that there was no significant difference in
the external morphology and number of bacterial colonies growing on the two media with and without chemicals, in the soil
colonization test, the bacteria grew better in the medium with herbicides. Trichoderma Tr20191108-Ecultured on plates with
different drug contents had little effect on colony growth. Fungus grew all over the plate after 2 days of culture. The variance
analysis of the spore yield of the fungus by SPSS showed that the p value was 0.163 > 0.05, indicating that there was no
significant difference between the concentration of methyl disulfuron and the spore yield of the fungus. It can be seen that
the concentration of methyl disulfuron has little effect on the external morphology of bacteria, but the concentration of pesti-

cide has a certain effect on the growth rate of fungi.
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Introduction. Methyl disulfuron, also known as metsul-
furon methyl, is developed by Bayer crop science company
in Germany, it has the characteristics of ultra-high efficiency,
wide herbicidal spectrum and environmental friendliness,
it can be widely used in field weeding of wheat, corn, soy-
bean and other crops (Singh et al., 2018; Vazan et al., 2011;
Zhang et al., 2009). It belongs to sulfonylurea high-efficiency
herbicide, which acts by inhibiting acetyllactate synthase, is
absorbed by weeds’ roots and leaves, is conducted in plants,
and makes weeds die after stopping growth (Yin et al., 2010;
Tang, 2008). However, due to the long-term unscientific appli-
cation of pesticides, with the widespread use of herbicides,
it has caused serious pollution to the soil and environment,
which has seriously endangered people’s life and develop-
ment. Therefore, an effective method is urgently needed to
control environmental soil pollution.

Pesticide residue degradation technology based on
microbial remediation theory is a safe, effective and cheap
way to solve residual drug harm, this method has the advan-
tages of non-toxic, no residue and no secondary pollution
(Cai et al., 2020; Zhou et al., 2016). This technology is a new
technology for soil pollution control developed in recent 20
years (Liang, 2020; Hu, 2020; Dong, 2020), it mainly converts
organic pollutants in the environment into small substances

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

such as CO, and H,0 with little impact on the environment
and no secondary pollution through the action of microor-
ganisms. At present, there are many types of researches on
microbial degradation of pesticides at home and abroad, but
most of them are on the isolation, degradation characteristics
and factors affecting the degradation rate of pesticide degrad-
ing bacteria (Wang et al., 2018; Wei et al., 2007; Cheng et
al., 2017), most of the work is still limited to the laboratory,
and the research is not very in-depth (Zhou et al., 2013; Su
et al., 2019; Zabaloy et al., 2014). For example, the research
of Thirunarayanan et al. (1985) shows that when the pH is
6.2, the half-life of Chlorsulfuron is 88.5 D, and when the pH
increases to 8.1, its half-life is up to 144 days. Xu et al. (2003)
showed that the abiotic degradation of pyrazosulfuron was
faster at low pH than at neutral conditions, and the degra-
dation of pyrazosulfuron by Pseudomonas was faster at pH
7.0 than pH 9.0. Dinelli et al. (1997) studied the relationship
between the degradation rate and temperature of four sul-
fonylurea herbicides and concluded that the higher the tem-
perature, the shorter the degradation half-life, at the same
time, they established the functional relationship between
the degradation rate and temperature and humidity to predict
their degradation and loss. At present, there is no study on
the degradation of methyl disulfuron by microorganisms.
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In this study, the high-efficiency degrading bacteria were
isolated from the soil using methyl disulfuron for many years,
the degrading bacteria were isolated from the plots con-
taining methyl disulfuron herbicide, enriched and cultured,
colonized in the soil and grew in the medicated medium.
The purpose was to provide reference for bioremediation
and toxic degradation of soil polluted by pesticide methyl
disulfuron by microorganisms.

Materials and methods. In July 2021, the surface layer
soil of methyldisulfuron (96% lukuan Agricultural Technol-
ogy Co., Ltd.) was collected from the test field in Xinxiang
City, China, and the soil was sampled at 5 points. The soil
was air dried at 25 °C and sieved at 60 meshes and stored
for standby. Fully stir according to soil water 4:5 to remove
impurities. The filtered solution was the soil leaching solu-
tion at 4 °C for standby (Zheng et al., 1990).

10g soil sample was added into a triangular flask of 100
ml water and incubated for 24 hours. Pipette 1 ml of stocked
solution, injected it into a 10 ml centrifuge tube, added 9
ml of sterile water, and diluted it to 10 successively, used
a pipette gun to suck the concentration stock solution (fungi:
103, 10%, 105, bacteria: 10, 107, 10, actinomycetes: 107,
10#, 10%) 100 p L was added drop wise on three kinds of cul-
ture media, evenly coated, each concentration was repeated
three times, and pure culture was obtained after culture
at 28 °C (Wang et al., 2011;Ying et al., 2007; Hooda et al.,
2015). According to the field application amount (0.06 mg /
L), the technical drug of methyldisulfuron was added into a tri-
angular flask with 100 ml LB liquid medium and 1g soil sam-
ple, based on the field concentration (0.06 mg / L), diluted to
108, 107, 10® and 10, 102 and 107 respectively by gradient
dilution method, and applied them on beef extract peptone
medium and PDA plate respectively. The growth of bacteria
and fungi (Shen et al., 2020; Li et al., 2020) was observed.
Separately packed 50ml of soil leaching solution into a trian-
gular flask, made three dosing and three controls, connected
the purified single bacterial colony to the soil leaching solu-
tion, and observed its absorbance on the 3th days and
7th days respectively (Sun et al., 2017; Chen., 2018).

Results. Microorganisms were isolated from
the soil, where methyl disulfuron was used for many years.
In the experiment, the gradient dilution method was used
for the separation of degrading bacteria in the soil. The pre-
pared gradient dilution was added to beef extract peptone
medium (isolated bacteria), PDA medium (isolated fungi)
and Gao’s No. 1 medium (isolated actinomycetes) respec-
tively, evenly coated, and single colonies with good growth
were selected from the cultured medium. Pure culture was
obtained after lineation purification and perforation inocula-
tion. After culture, a bacterium J20191108-1 and a fungus
Tr20191108-E were isolated, and no actinomycetes were
isolated. It was shown by colony morphology and electron
microscope photos. Bacteria were milky white, with smooth
and moist surface, the fungus was Trichoderma, with white
hyphae at first, and then the hyphae turned green from
the middle. Diagnosis of these species will be carried later.

Then conducted a study of the effect of the herbicide on
the growth of bacterial colonies. The bacteria J20191108-1
were bioaccumulated and cultured, the bacterial diluent was
evenly applied to the beef extract peptone medium of methyl
disulfuron, and the control was set. It was found that methyl
disulfuron did not affect the growth and morphology of bac-
terial colonies (Fig.1).

It could be seen from Figure 1 that there was no significant
difference in the external morphology of bacterial colonies
grown on the two media with and without dosing. The colonies
were milky white, with wet and smooth surface. It could be
seen that the concentration of methyl disulfuron had no effect
on the external morphology of bacteria. The bacteria could
continue to grow under the action of methyl disulfuron.

Next, in the experiments, the soil colonization test was
carried out on the bacterium J20191108-1. The soil leaching
solution was sub packed into a triangular flask, 50 ml of soil
leaching solution for each bottle, and the control was set. The
purified single bacterial colony was picked up and connected
to the soil leaching solution, the absorbance on the 3rd
and 7th days was observed with a spectrophotometer to
compare the effect of the drug on bacterial growth (table. 1).

Fig. 1. Morphology of bacterial colonies (J20191108-1):
A - dosing; B — No dosing
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It was found from the results of soil colonization test
of bacteria J20191108-1 in Table 1, through the analysis
of variance by SPSS, the P value on the third day was
0.581 > 0.05, and the p value on the seventh day was
0.254 > 0.05. The difference was not statistically significant,
and the bacteria grew better in the environment where
the pesticide existed. Therefore, it showed that the bacteria
had a certain degradation effect on methyl disulfuron.

The next step in our research was to test the growth
of fungus Tr20191108-E on the first and second days medium
with and without the addition of herbicide (Fig. 2).

It could be seen from Fig. 2 that there was little difference in
the colony diameter of fungi with and without drugs on the first day
(Fig. 2-AB). On the second day, all fungi were full of Petri dishes,
and the diameter of fungi was 90 mm (Fig. 2-CD). But the fungus
grew better on a nutrient medium with the addition of herbicides.

Next we continued to study the growth of fungus
Tr20191108-E on the first day, the purified fungi were perforated
and connected to the PDA plate, numbered, cultured in the dark
in the incubator at 28 °C, and the diameter of fungi was measured
by cross method (Table. 2).

The p value obtained by SPSS analysis of variance was
0.23 > 0.05, indicating that there was no significant difference
among treatments. Therefore, the concentration of methyl
disulfuron had no effect on the growth rate of fungi.

Next, we studied and observed the features of sporulation
Tr20191108-E (Fig. 3).

It could be seen from Fig. 3 that after Trichoderma
completely turned green, the spore production of different
treatments was measured (Fig. 3-A), and the blood cell count
plate was used for detection (Fig. 3-B).

Finally, after all the fungi turned green, all fungi on the culture
dish were eluted with 10 ml normal saline, diluted with sterile
water in a certain proportion, and the number of spores was
observed with a blood cell counting plate (the best number
was 5-6 spores per small grid), and then the number of fungal
spores per 1 ml was calculated (Table.3).

It could be seen from table 3 that although the spore pro-
duction decreases with the decrease of concentration, the dif-
ference was not particularly obvious. The analysis of variance
by SPSS showed that the p value was 0.163 > 0.05, indicating
that the difference of pesticide concentration on spore produc-
tion was not significant. However, the fungus could continue to
grow with methyl disulfuron and had a certain growth promot-
ing effect, indicating that the fungus had a certain degradation
effect on methyl disulfuron.

Discussion. Microbial degradation had the advantages
of low investment, non toxicity, no residue and no secondary
pollution, and the treatment effect was relatively obvious.
It was recognized as a low-cost and environment-friendly
method to remove pollutants (Tatiane et al.,2007; Singh
et al., 2010; Das et al., 2011; Wang ,2017). In this exper-
iment, the strains were isolated and screened from
the poluted soil treated with methyldisulfuron for a long time

Table 1
Absorbance on the 3th and 7th day of soil colonization
Dosing No dosing
Ab(fj?]ri?ﬂn)ce the 3th day the 7th day the 3th day the 7th day
Average
valuetstandard 0.03410.026a 0.035+0.026a 0.05940.042a 0.0003+0.0003a

Note: the data in the table are mean + standard error. The lowercase letters after the data indicate the difference at the 0.05 level

Fig. 2. Morphology of Trichoderma colonies: A - the first day of dosing, B- the first day without dosing,
C - the second day after dosing, D — the second day without dosing

Table 2
Growth of fungus Tr20191108-E on the first day
. Concentration
Colony diameter(mm) 101 102 103 oK
average valuetstandard 76.00£1.00a 78.67+2.60a 79.33£2.91a 75.331£0.67a

Note: the data in the table are mean + standard error. The lowercase letters after the data indicate the difference at the 0.05 level
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Fig. 3. Counting conidia of the fungus Tr20191108-E

Table 3
Spore production of fungi under different concentrations
Spore yield Concentration
(10°mL) 10" 102 10° CK
average valuetstandard 2.24+0.06a 1.84+0.06a 1.57+0.02a 1.71+0.38a

Note: the data in the table are mean + standard error. The lowercase letters after the data indicate the difference at the 0.05 level

in the experimental field of Xinxiang City, China. By using
the plate gradient dilution method, a bacterium J20191108-1
and a Trichoderma Tr20191108-E were finally obtained.
Through the observation of individual morphology and electron
microscope, the bacteria were milky white, the surface was
smooth and moist, and the fungus was Trichoderma fungi.
This study showed that the higher the concentration
of methyl disulfuron degrading bacteria, the stronger the deg-
radation characteristics, which showed that the degradation
change of the strain was basically consistent with the growth
trend, that was, the higher the degradation rate, the greater
the growth, which was consistent with the results of Chen et al.
(2011), Liang et al. (2019) and Ye et al. (2017). In the crop soil
where pesticides were widely used for a long time, the degra-
dation ability of bacteria and fungi to pesticides was greater
than that of crop soil where pesticides were less used,
and the long-term use of a single pesticide may lead to bacte-
rial gene mutation, so as to improve the degradation character-
istics of pesticides. At the same time, the large number of bac-
teria and fungi with different degradation ability in soil further
proved that soil bacteria and fungi played an irreplaceable role
in environmental remediation (Wu et al., 2007; Zhu et al., 2012;
Zhou et al., 2008). However, the application of microbial deg-
radation in the environment needs to be improved. At present,

the research on microbial degradation was mainly carried out
under pure culture conditions, which was very different from
the environmental conditions and pesticide treatment load in
natural ecology (Li et al., 2008; Tian et al., 2016). Therefore,
its application research in the environment needs to be further
strengthened.

Conclusions. In this study, high-efficiency degrad-
ing bacteria were screened and isolated from cultivated
soil using methyl disulfuron for many years. Through gra-
dient acclimation, separation and purification, a bacterium
J20191108-1 and a Trichoderma Tr20191108-E were finally
obtained. Through the study on the effect of methyl disulfu-
ron on the growth of bacteria J20191108-1, it was found that
the addition of herbicide did not affect the external morphology
and quantity of bacterial colonies, and the bacteria could con-
tinue to grow. The results showed that the bacteria grew better
in the presence of herbicide environment and had a certain
degradation effect on methyl disulfuron. The cross method was
used to measure the diameter of fungus Tr20191108-E. The
experiment showed that the concentration of methyl disulfu-
ron basically had no effect on the growth rate of fungi. After
Trichoderma turned green, the spore yield was measured. The
results showed that fungi could continue to grow with methyl
disulfuron and had a certain biodegradation of herbicide.
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BudineHHsi ma ckpuHiH2 MiKpoopaaHi3mie, siki po3knadaroms MemunoucynbgypoH

Ulupoke eukopucmaHHs 2epbiyudie CrpuyuHUIO 3Ha4yHe 3abpyOHEHHSI PyHMOoo2o cepedosulya, WO Cceplio3HO
3azpoxye Xummw ma po3sumky modcmea. Tomy icHye HazanbHa nompeba 8 eghekmusHOMy Memodi KOHMPOIo
3abpyOHeHHs1 rpyHmy, a Oegpadauia 3anuwkosux necmuyudie MikpoopzaHiamamu egpekmusHuli Memod biopemeduayii,
po3pobneHuli 8 ocmaHHi poku. MemunducynbgypoH, makox eidomuli sK MmemcynbgypoH-Memur, pPo3pobreHuli
komnaHieto Bayer Crop Science y Himeuuuni, akmueHo sukopucmosyembcs y KHP i npu3sodumpe 90 (1020 HaKOMUYEHHS
y IPYHMI 3 HacmyrHor nicrsdiero Ha CirbCbK020cnodapchKi Kynbmypu. [na 00CnidXeHHs suKkopucmaru 3pasku rpyHmy
3 memunducynbypoHom (96% lukuan Agricultural Technology Co., Ltd.), aki 3ibpanu y nunHi 2021 p. 3 8unpobysansbHo20
rons y micmi CiHbCsiH, nposiHyii XeHaHb. bepyyu 3a npedmemu AocnidxeHHs rpyHm, 3abpyOHeHul MemunducynbgypOHOM,
wmamu Mmikpobie 3 sucokum eghekmom deepadayii Ha 2epbiyud, nposenu udineHHs Mmemodom 2padieHMHO20 PO3BEOEHHS,
i3or1bosaHi wmamu 3bazaqysanu ma Kynbmusygasnu, 06pobrisiu ma Kynbmusysasnu, a makox mecmysainu Ha KO/oHi3auio
IPyHMy, Wob susHa4umu ernue memunoucynb@ypoHy Ha wmamu. [lpuzomosaHe 2padieHmHe po3sedeHHs dodasarnu 00
nernmoHHo20 cepedosulua s7108U4020 ekcmpakmy (0nsa eudineHHs1 bakmepiti), cepedosuwya PDA (Ons izonsyii 2pubie)
ma cepedosuwja ao Ne 1 (0ns1 sudineHHs akmuHomiyemis). 3 KynbmueosaHux cepedosuly 8idbupanu NOOOUHOKI KOMOHIT
3 Xopowum 3pocmaHHsaM. Pesynbmamu nokasanu, wo 6akmepia J20191108-1 ma epub Tr20191108-E 6ynu eudineHi
3 rpyHmy, a ovikysaHi akmuHomiyemu He sudinunu. KonoHii 6akmepili eusigunuch MOIO4YHO-6IuUMU 3 801102010 ma 21adKkor
nosepxHero. pub ronepedHso ideHmucbikyeanu sk Trichoderma. Tecm Ha bGioakymynsuito 6akmepit J20191108-1
rokasae, wo He bynio cymmesoi pi3HuUi y 308HIWHIl Mopghonoaii ma Kinbkocmi bakmepianbHUX KOJOHIU, SKi eupocmuriu
Ha 08ox cepedosuujax 3 XiMiHHUMU pedyosuHamMu ma 6e3 HUX. Y mecmi Ha KoroHisaujto rpyHmy bakmepii Kpawe pociu Ha
cepedosui 3 eepbiyudamu. Trichoderma Tr20191108-8upowjysaHHs Ha Yallkax 3 HasisHicmio Ha 8i0CymHicmio npenapamy
Mario 8MAUHYIO Ha picm KOmoHii, epub 3aliHsig ycto Yaluky yepe3 2 OHi KynbmugyeaHHs. BidyanbHo eiOmimunu kpawe
CNOPOHOWEHHS epuba y eapiaHmi 3 2epbiyudom, momy npoeenu nidpaxyHok KoHiditi Trichoderma. Ane QucriepcitiHuli
aHari3 ymeopeHHs criop epuba nokasas, wWo 3HadyeHHs p byro 0,163 > 0,05, wo ekasye Ha 8idcymHicmb Cymmeeoi pi3HUUi
MiX KOHUeHmpauieto memunducybgypoHy ma KinbKicmio KoHiditi epuba. BusHaqunu, wo KoHueHmpauis 2epbiyudy mamo
8M1/1u8a€ Ha 308HIWHI0 MOpghosIozito bakmepil, ane uel MokKasHUK Mae nesHul ennue Ha weuokicms pocmy epubis.
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