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Plant growth-promoting rhizobacteria widely exist in the plant rhizosphere. They provide nutrition and produce some
antibiotic substances to suppress the plant diseases and promote the growth of plants. Therefore, the study of allelopathy
is a very important part in the interaction between rhizobacteria and plant. Streptomyces, a genus of actinomycetes, is
well known for its bioactive metabolites, mainly including antibiotics, hormones, and hydrolase, which can affect plants
growth. In the present study, the allelopathic effect of Streptomyces sp. HU2014 metabolites on wheat (Triticum aestivum L.)
and green bristlegrass (Setaria viridis (L.) Beauv.) were estimated using the response index (RI). Negative Rl values
indicated inhibition of plant growth; positive values indicated stimulation of plant growth. Four fractions (F2, F4, F6 and F8)
from the cell-free filtrates of HU2014 culture broth had a certain effect on the shoot and root length of above tested plant
seedlings. For wheat, the results showed that fraction of F2 at 10 mg/ml had the strongest inhibition on the shoot length
(RI'=-0.53) and root length (RI = -0.22). However, fraction of F2 at 1 mg/ml promoted the shoot length (Rl = 0.01). Fraction
of F4 and F6 at 10 mg/ml had strongest inhibition on the shoot and root length. Fraction of F8 had the highest inhibition on
the shoot length (Rl = -0.66) at 5 mg/ml, and the root length (Rl = -0.66) at 10 mg/ml. For green bristlegrass, F2 fraction
at 10 mg/ml had the strongest inhibition on the shoot (Rl = -0.73) and root length (Rl = -1.00). F4 fraction had the highest
inhibition on the shoot length (RI = -0.69) at 5mg/ml, and the root length (Rl = -0.85) at 10 mg/ml. Fraction of F6 had
the highest inhibition on the shoot length (RI = -0.59) at 10 mg/ml, and the root length (Rl = -0.80) at 5 mg/ml. Fraction of F8
had the highest inhibition on the shoot length (RI = -0.47) at 5mg/ml, and the root length (Rl = -0.93) at 10 mg/ml. From
the above results, we can draw a conclusion that four fractions had the allelopathic effects on the shoot and root length
of two tested plants except F2 fraction at 1 mg/ml promoting the wheat shoot length. Thus, at an early stage of plant growth,
the low concentration of allelopathic substances produced by HU2014 may promote the growth of wheat, while these agents
inhibit the growth of green bristlegrass. Therefore, this strain can be promising both as a biofungicide and as a bioherbicide.
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Introduction. Allelopathy is a common biological
phenomenon by which one organism produces biochemicals
that influence the growth, survival, development,
and reproduction of other organisms. Animals, plants
and microorganisms are among them. These biochemicals
are known as allelochemicals and have beneficial or
detrimental effects on target organisms (Cheng et al.,
2015). Therefore, allelopathy is accepted as a technology
to implement for weed control and biological control of other
useful traits (Ozcatalbas et al., 2010).

Allelochemicals are released into the soil rhizosphere
by a variety of mechanisms, including metabolites,
decomposition of residues, and exudation. Moreover,
these chemicals play a role in plant defense, nutrient
chelation, and regulation of soil biota (Aslam et al., 2017).
The allelochemicals found so far are mostly secondary
metabolites of plants or microorganisms. Organic acids

with low molecular weight, phenols and terpenoids are most
common.

Volatile organiccompounds (VOCs)have the allelopathic
effects on plant physiological and biochemical processes
including growth, content of reactive oxygen species
(ROS), enzyme activity, and photosynthesis except plant-
to-plant communication as a signaling substance (Xie et
al., 2021).

Sorgoleone separated from Sorghum had the potential
for weed control and yield enhancement (Hussain et al.,
2021). Three chemicals — veratric acid, maltol, and (-)
loliolide,- were isolated from crabgrass significantly inhibited
the growth of wheat, maize, and soybean and reduced soil
microbial biomass carbon (Zhou et al., 2013). Cinnamic
acid and vanillin in eggplants root exudates changed
the microbes population of grafted eggplants (Chen et al.,
2011).
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However, there are relatively few reports on
the allelopathy of microorganisms which also play
an important role in the biological chain of ecosystem. It
was reported 2,2'-methylenebis[6-(1,1-dimethylethyl)-4-
methyl-Phenol and 1,2,3,4-Butanetetrol identified from
Bacillus amyloliquefaciens inhibited the seeds germination
of C. equisetifolia (Chen et al., 2021).

Streptomyces can produce a variety of bioactive
substances, which play an important role in improving
the plant disease resistance and promoting growth (Katz
et al., 2016; Tarkka et al., 2008). Therefore, this species is
promising in agriculture as plant-growth-promoting (PGP)
bacteria and/or biological control agents (BCAs) (Dias et al.,
2017; Viaene et al., 2016). However, in practical application,
we should also consider the impact of it on cash crops
and weeds in field.

Long-term research is devoted to the study
of the effectiveness of biological control of plant diseases by
strains Streptomyces sp. HU2014. In view of the interactions
between the strain and plants, it is necessary to research
the allelopathy of this strain on wheat (Triticum aestivum L.)
and weeds. In this study, green bristlegrass (Setaria viridis
(L.) Beauv.), one of weeds, was chosen due to its strong
adaptability and widespread distribution in farmland in
China. Four fractions of the cell-free filtrates of Streptomyces
ap. HU2014 culture broth were applied to assess
the allelopathic effect on the seed germination of wheat
and green bristlegrass. Four fractions from the fermentation
broth of HU2014 were co-cultured at different concentration
with the seeds of two plants and the sensitivity index of them
was detected.

Materials and methods. The experiment was conducted
in March 2021 in Xinxiang, China. Streptomyces sp. HU2014
was provided by Henan Institute of Science and Technology
in China. Wheat variety of Zhoumai 22 (ZM22) was provided
by the Chinese Academy of Agricultural Sciences Qiliying
Base in Xinxiang and the HIST Wheat Breeding Center.
Green bristlegrass seeds were purchased on line (https://
www.lvbad.com/).

Seed pre-germination. Wheat (ZM22) seeds were
washed with distilled water, then they were laid out on
a tray and covered with gauze. Seeds were kept moist,
the water was changed 2~3 times a day. After 24 hours,
the exposed seeds were selected for research. Seeds
of green bristlegrass were kept in distilled water at 55°C for
10 min, then they were wrapped with gauze for germination.
Seeds were loosed once every 5 hours for air exchange
and water was added in the process. The exposed seeds
were selected for research after most of them germinated.

The sensitivity index assessment. In the preparatory
work, we had separated four fractions (F2, F4, F6, and F8)
from the extracellular fermentation of Streptomyces sp.
HU2014 (Zhu et al., 2022). Fractions of F2 and F4 were
dissolved with sterile water and fractions of F6 and F8 were
dissolved in ethanol solution (0.4% vv-1), which reached to
1 mg/mL, 5 mg/mLand 10 mg/mL concentration, respectively.
Sterile water (named CK) and 0.4% ethanol solution were
as controls. Solution of 10 mL per treatment was added on
the filter paper which fully covered the inside Petri dish, then
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5 per-germinated ZM22 and green bristlegrass seeds were
cultured in each Petridish for 5 days at (25£1)°C, respectively.
Every treatment was in triplicates. The shoot and root length
of all seedlings in Petri dishes were measured using vernier
caliper.

The response index (RI) which measures the treatment
responses (T) in relation to their control responses (C) was
calculated according the method of Williamson (Williamson
etal., 1988). Rlis defined as follows: If T < C, then Rl = C/T- 1;
if T = C, RI = 1-C/T. Negative RI values indicated inhibition
of plant growth; positive Rl values indicated stimulation
of plant growth.

Statistics. Each experiment was done thrice with
three biological replicates. Basic data were recorded
and processed by Excel (Office 2020). Results were
expressed as meanzstandard deviation.

Results. In this study, we assessed the allelopathy
of four fractions of HU2014 culture on wheat and green
bristlegrass.

For wheat, the results showed that four fractions had
a certain allelopathic effect on the seedling shoot and root
length (Fig. 1, Table 1).

Theallelopathy ofinhibiting the seedlingand rootgrowth
was more powerful with the increasing concentration
of F2 fraction except for 1 mg/mL. Fraction of F2 at
10 mg/mL had the strongest inhibition on the shoot
and root length, the RI values were -0.53 and -0.22,
respectively. It was noticed that F2 fraction at 1 mg/mL
promoted the shoot length (RI = 0.01). The allelopathy
of inhibiting the seedling and root growth was also stronger
with the increasing concentration of F4 and F6 fractions.
The two fractions at 10 mg/mL had strongest inhibition
on the shoot and root length. The Rl values for the shoot
length were -0.30 and -0.76, and for the root length were
-0.58 and -0.62, respectively. Fraction of F8 at 5 mg/mL
had the highest inhibition, whereas fraction of F8 at
10 mg/mL had the lowest inhibition on the shoot length
(Rl were -0.66 and -0.47, respectively). As for root length
fraction of F8 at 10 mg/mL had the highest inhibition,
whereas F8 at 5 mg/mL had the lowest inhibition (Rl were
-0.66 and -0.43, respectively).

For green bristlegrass, it was concluded that four
fractions had a strong inhibitory effect on the shoot
and root length. Moreover, allelopathy of F2 fraction
grew with the concentration increasing, while there was
no such correlation in relation of other three fractions
(Fig. 2, Table 2).

Fraction of F2 at 10 mg/mL had the strongest inhibition
on the seedling and root length and the RI values were
-0.73 and -1.00, respectively. Fraction of F4 at 5mg/mL
had the highest inhibition on the seedling length (Rl =
-0.69), and at 10 mg/mL had the highest inhibition on
the root length (RI = -0.85). Fraction of F6 at 10 mg/mL
had the highest inhibition on the shoot length (RI =
-0.59), and at 5 mg/mL had the highest inhibition on
the root length (RI = -0.80). Fraction of F8 at 5mg/mL had
the highest inhibition on the shoot length (Rl = -0.47),
and at 10 mg/mL had the highest inhibition on the root
length (RI =-0.93).
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10 mg/mL of

0.4% ethanol
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1 mg/mL of 5 mg/mL of 10 mg/mL of
F8 F8 F8

Fig. 1. The seedling growth of wheat after four fractions treatment

Table 1
The sensitivity index of wheat seedling and root length
Concentration, Rl value Rl value
mg/mL (seeding length) (root length)
F2 1 0.01+0.45 -0.10£0.99
5 -0.22+0.72 -0.11£1.09
10 -0.53+0.32 -0.22+0.55
F4 1 -0.06+0.71 -0.34+0.77
5 -0.08+0.90 -0.50+0.39
10 -0.30+0.67 -0.58+0.41
F6 1 -0.02+0.66 -0.34+0.38
5 -0.45+0.19 -0.54+0.93
10 -0.76+0.33 -0.62+0.88
F8 1 -0.50+0.67 -0.58+0.97
5 -0.66+0.58 -0.43+0.59
10 -0.47+0.97 -0.66+0.43

Note: F2, F4, F6 and F8 represents four ethanol extracts respectively. Each treatment was done three times with three biological

replicates. 1, 5, and 10 represent Tmg/mL, 5 mg/mL, and 10 mg/mL, respectively.
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0.4% ethanol

solution

1 mg/mL of F8

5 mg/mL of F8

10 mg/mL of F8

Fig. 2 The seedling growth of green bristlegrasss after four fractions treatment

Table 2
The sensitivity index of green bristlegrass seedling and root length
Concentration, mg/mL Rl value Rl value
(seedling length) (root length)
F2 1 -0.1310.41 -0.08+0.09
5 -0.35+0.54 -0.530.12
10 -0.73+0.23 -1.00+0.34
F4 1 -0.14+0.61 -0.32+0.66
5 -0.690.33 -0.30+0.65
10 -0.50+0.41 -0.850.73
F6 1 -0.25+0.83 -0.2610.07
5 -0.29+0.76 -0.8010.45
10 -0.59+0.54 -0.450.32
F8 1 -0.40+0.56 -0.83+0.33
5 -0.47+0.23 -0.930.41
10 -0.37+0.11 -0.82+0.47

Note: F2, F4, F6 and F8 represents four ethanol extracts respectively. Each treatment was done three times with three biological
replicates. 1, 5, and 10 represent 1mg/mL, 5 mg/mL, and 10 mg/mL, respectively.

Discussion. Many studies had shown that the symbiotic
mechanism of plants and microorganisms is largely related
to allelopathy (Muller et al., 2012). The established role of soil
microbes in plant health has been consolidated in studies
of allelopathy (Mishra et al., 2013). For example, Ageratina
adenophora invasion promoted an increase of Bacillus
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cereus, which in turn induced a positive feedback effect on
A. adenophora (Sun et al., 2021). Burkholderia sp. LS-044
is a potential allelochemical-metabolizing bacterium in rice
rhizosphere, which got involved in mitigating autotoxicity
produced by bacteriostatic-dose of meropenem (Hameed
et al, 2019). Simultaneously, the negative allelopathy

"
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of microbes on weeds provides an idea for the research
and development of new microbial herbicides (Francisco et
al., 2019). Some studies reported that soil microorganisms
play the beneficial role in weed management (Mishra et al.,
2013; Nichols et al., 2015; Xiao et al., 2020). Xi et al. came
to a conclusion that Streptomyces rochei D74 combined
maize rotation could suppress Orobanche cumama
seed germination (Xi et al., 2022). In our study, the effect
of allelochemicals on wheat and green bristlegrass is
related to the concentration of allelochemicals and the part
of plants. It should be emphasized that low concentration
of F2 fraction promoted the wheat seedling growth, but all
fractions of HU2014 at different concentration had inhibition
on green bristlegrass. This provides a good experimental
basis for developing the function of HU2014 to promote
growth and inhibit weeds. The allelochemicals separation
would be the next work.

Microorganisms have the potential ability to promote
crop growth and control weeds in order to make full use
of the positive effects of allelochemicals in the agricultural

ecosystem. Developing of natural pesticides and growth
regulators have important theoretical value and practical
significance for the effective use of resources, safe
environment, and the development of sustainable
agriculture. However, the activity of microorganisms in
the environment may differ substantially from laboratory
observations (Vurukonda et al., 2018). The research about
the application of HU2014 in farming environment will be
continued.

Conclusions. In this study, we assessed the allelopathy
of HU2014 metabolites on wheat and green bristlegrass.
Four fractions of the cell-free filtrates of HU2014 culture
broth had a certain inhibitory effect on the shoot and root
length of wheat and bristlegrass except fraction of F2: at
1 mg/ml it promoted the wheat shoot length. These results
provide new evidence that HU2014 has allelopathy on plant.
Concurrently, the metabolite of this strain can promote
crop growth but inhibit weed growth at low concentration.
Therefore, HU2014 would be a promising agent as
biofertilizer and herbicide.
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Uxy XoHkcya, acnipaHmka, CyMcbKul HauioHanbHUU azpapHull yHisepcumem, M. Cymu, YkpaiHa; XeHaHbCbKul
Hayko80-mexHiyHul incmumym, M. CiHbcsiH, KHP

Poxkoea T. O., kaHOudam 6ionoaidHuUX Hayk, doueHm, cmapuwull Haykogul criepobimHuk, CymcbKul HauioHanbHUl
azpapHul yHisepcumem, M. Cymu, Ykpaina; I-cmumym mikpobionoaii i gipyconoeii imeri [. K. 3a6onomHozo HauioHanbHoi
akademii Hayk YkpaiHu, M. Kuig, YkpaiHa

AnenonamuyHa dis mema6onimie, npodykyeaHux Streptomyces sp. HU2014, Ha nweHuyo ma muwili 3es1eHull

Pusobakmepii, siki cmumymorome picm poCIIuH, WUPOKO MOWUPeHi 8 pusocgepi pocnuH. BoHu 3abesnedyroms xue-
nieHHs1 ma npodyKyroms 0eski aHmubiomuyHi pe4o8uHU Or1s pUHIYeHHS (himonamoa2eHis i CripusiHHA pocmy pociuH. Tomy
8UBYEHHSI arnenioramii € dyxe 8axnUBOK YacmuHOK 83aeMo0il Mix pusobakmepiamu ma pocnuHow. Streptomyces, pid
akmuHomiyemis, dobpe sidomuli ceoimu bioakmusHUMU Memabosnimamu, 20/108HUM YUHOM — aHmubiomukamu, 20pMOHaMU
ma eifponasor, SKi MOXymb erueamu Ha picm pPocnuH. Y ubomy docnidxeHHi 6yno ouyiHeHO anenonamiio Mmemabori-
mie wmamy Streptomyces sp. HU2014 Ha nweHuyto ma Muwit 3eneHul 3 suKkopucmaHHsaM iHoekcy eidnoeidi RI. Heza-
mueHi 3Ha4yeHHs1 Rl eka3ysanu Ha npueHiYeHHs1 POCmy POCIUH; NO3UMUEGHI MOKa3HUKU C8I0YUU NPo CmuMynsyito ix pocmy.
Yomupu cppakuii (F2, F4, F6 ma F8) 3 6esknimuHHUX ¢hinbmpamie KynbmypasnbHo2o bynstioHy HU2014 manu nesHul
8r1/1u8 Ha O08XUHY NPOPOCMKIe ma KopeHig pociuH. [na nweHuui pesynbmamu rokasanu, wo pakyis F2 npu 10 me/mn
Mana Halbinbw supa3Huli echekm npueHideHHs doexuHu npopocmkie (RI=-0,53) i kopers (RI=-0,22). O0Hak ¢bpakuyia F2
npu 1 me/mn crpusina 36inbweHH0 0oexuHuU npopocmka (RI=0,01). ®pakuii F4 i F6 npu 10 me/mn manu Haubinbwe npu-
2Hi4eHHs1 D08XUHU NpopoCcmKie ma kopeHis. [ns gpakuii F8 3aghikcosaHo Halbinbuwe 3MeHWeHHsT 08XUHU MPOPOCMIKI8
(Rl = -0,66) npu 5 me/mn i dosxuHu kopersi (Rl = -0,66) npu 10 me/mn. [dna muwito 3eneHo20 pakyis F2 npu 10 ma/mn
npueHidysana sik 0oexuHu npopocmeie (Rl =-0,73), mak i kopersi (Rl =-1,00). ®pakuis F4 nokasana Halisuwe npuaHiYeHHs
npopocmky (Rl = -0,69) npu 5 me/mn i kopers (Rl =-0,85) npu 10 ma/mn. ®pakuis F6 mana Haltisuwe npueHiYeHHs1 008XUHU
npopocmka (RI = -0,59) npu 10 me/mn i kopers (Rl = -0,80) npu 5 me/mn. ®pakuis F8 nokasana Haliguwjul pieeHb iH2iby-
8aHHs1 doexuHu npopocmka (Rl = -0,47) npu 5 me/mn i kopersi (Rl = -0,93) npu 10 ma/mn. 3 HasedeHux suuie pesyrnbmamig
MU MOXEMO 3p0OUMU 8UCHOBOK, WO YomuUpU (hpakuyii Manu anemnonamuyHuli 8niug Ha 008XUHY NPOPOCMIKIE | KOPEHi8 080X
docnidxysaHux 8udie poCIuH, 3a 8UHIMKOM ¢bpakuii F2 npu 1 ma/mn, ska crpusina 36inbweHH 008XUHU Ma2oHie NUeHUU|.
Takum YuHoM, Ha paHHil cmadii pocmy pOoCuUH HU3bKa KOHUeHmpauis anenonamuyHuX peqyosuH, ski npodykye HU2014,
MOXe cripusimu pocmy nuweHuyj, mo0i K Ui pe4o8UHU MpueHivyroms picm mMulito 3eneHo2o. Tomy yel wmam moxe bymu
nepcrnekmusHUM siK y skocmi bioghyHeiyudy, mak i — 6io2epbiyudy.

Knrovoei cnoea: Streptomyces, anenonamis, iHOekc 8idnosidi, mweHuus, Mulit 3eneHull.
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