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—I
Soil microorganisms have the ability to produce bioactive chemicals that can be utilized in the development of a bioherbicide for the |
purpose of biological weed control. A total of 34 bacterial strains were isolated and tested for their herbicidal activity against both grass |
and broadleaf weeds. From this group, six effective isolates were chosen for the purpose of characterization and identification. The
actinomycete isolates were identified as Microbacterium sp and Streptomyces sp. based on an analysis of their morphological, biochemical |
and physiological characteristics. Out of the initially chosen 6 strains, the bacterial fermentation broths from one particular isolate strain |
exhibited herbicidal activity that resulted in a 95% reduction in the growth of weed when compared to the control. The Streptomycetes |
isolates underwent a germination inhibition assay to determine the presence of herbicidal properties. A total of 8 crop seeds were examined |
for herbicidal efficacy using Streptomycetes isolates and no growth inhibition was observed in the crop seeds. The herbicidal activity of |
Streptomyces isolates was tested on four weed seeds. Streptomyces inhibits the growth of nut grass. The current investigation establishes
that Streptomyces isolates has the potential to function as a bioherbicide against nut grass. The strain SKI-[Z] was shown to have a 99% |
resemblance to Actinobacterial spp. through phylogenetic study of 16S rRNA gene sequencing. The FT-IR spectrum shows alkynes (-C=C), |
alkenes (=C-H), amines (N-H), aliphatic amine (C-N) and alkanes (-C-H) and the NMR peak having ketone groups (C=0), di-ketone group |
(>C=0), ether (R-O-R) and aldehyde group (-CHO). Furthermore, upon 'H NMR analysis of the secondary metabolites, the prominent |
peaks intensities at 8 2.4, 3.68 and 4.1 ppm correspond to the ketone groups (C=0), di-ketone group (>C=0), ether (R-O-R) and aldehyde
group (-CHO) were found. I
|
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INTRODUCTION

Weeds are highly adaptable species that quickly adjust
their behaviour through phenological plasticity to better suit
prevailing conditions [1]. Farmers and weed scientists are
increasingly worried about recent advancements in weed control
technology. The economic losses caused by weeds in crop pro-
duction are among the highest compared to other pests. Weeds
still cause major crop losses, even if weed control measures
have gotten better. The use of herbicides is expected to rise
because of the increased focus on decreased tillage and low-
input agriculture. Growers typically employ herbicides once

infestation becomes apparent, hence postemergence herbicides
are expected to capture a larger portion of the market. Due to
their exceptional capacity to generate useful secondary meta-
bolites, including agro-active chemicals, Actinobacteria are
highly suitable for screening studies, particularly in the field
of biological weed control [2,3]. A literature survey indicates
that report on bioherbicides from actinobacteria is minimal
and reported Herbimycin, an antibiotic Streptomyces strains
[4,5]. Dhanasekaran et al. [6] reported that bioherbicidal activity
of Streptomyces isolates against Ehinochilora crusgalli. Keeping
these points in view, the present study has been undertaken
with the objectives of screening of actinobacteria for herbicidal
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activity against the selected weeds and characterization and
identification of bioherbicides producing actinobacteria.

Cyperus rotundus, also known as nutgrass or purple nut-
sedge, is a perennial weed which is notorious for its detrimental
effects in several locations. C. rotundus is native to Africa, but
it has spread to several places worldwide and is considered a
problematic invasive species in many agricultural and horti-
cultural settings [7]. Studying the herbicidal efficacy of actino-
mycetes extracted from crop soil against C. rotundus is the
purpose of this study.

Attempts to explore the potential of actinobacteria as a
source of bioherbicides and several studies have identified
actinobacterial strains that produce herbicidal compounds. The
development of bioherbicides involves screening and isolating
actinobacterial strains, identifying the active compounds
responsible for herbicidal activity and optimizing production
methods. Nevertheless, it is essential to acknowledge that the
utilization of bioherbicides is still in its early phase of advance-
ment and their widespread use in the market may necessitate
additional investigation, experimentation and regulatory
approval. Additionally, the efficacy of bioherbicides can vary
depending on environmental conditions, target weed species
and application methods.

EXPERIMENTAL

The weed seeds were collected from ICAR-Directorate
of Weed Research, Jabalpur, India. The rhizospheric soil samples
were collected from different geographical locations as listed
in Table-1 using a sterile spatula. The collected rhizospheric
soil samples were placed in sterilized plastic bags and then
stored under a low temperature (at 4 °C) environment until
processing for isolation [8].

Isolation: Each pre-treated soil sample (1 g) was vigor-
ously agitated in a test tube containing 9 mL of distilled water
at room 25 + 2 °C. For every soil sample, the serial dilution
method was used to prepare dilutions up to 10°. A 20 uL from
dilution 10 to 10” were spread on actinomycetes isolation
agar (AIA) [9].

Screening of actinobacteria through morphological
analysis: The actinobacteria colonies, characterized by their
white and powdery appearance, were isolated and subsequently
subjected to analysis of their morphological properties upon
being introduced to a specific agar media. After isolation of
the pure colonies, each colony was identified based on their
colonial morphology, the colour of hyphae, the colour of aerial
mycelium and microscopy. Subsequently, each of them was
placed separately on a designated agar medium to ensure their
short-term preservation. Only bacteria that are classified as
Gram-positive were selected for additional screening [10].

Biochemical identification of actinobacteria: Following
initial investigations, all isolates strain that exhibited positive
results based on their morphology and Gram staining were
chosen for further biochemical analysis. The biochemical tests
used for identification were the indole production, methyl red,
catalase, casein hydrolysis, starch hydrolysis, motility, Voges-
Proskauer test and carbohydrate fermentation [8].

Initial assessment of antibacterial activity of the iden-
tified isolates: The actinobacterial isolates on Mueller Hinton
agar for bacteria and potato dextrose agar for fungi using the
Perpendicular streak method were streaked and then incubated
the plates at 28 °C [11]. After making the actinobacteria streaks
perpendicular to the already streaked pathogenic strains were
incubated at 30 °C. In accordance with Bano ef al. [12], the
zone of inhibition was evaluated 72 h after incubation for fungus
and 24 h after incubation for bacteria.

Secondary antimicrobial screenings of positive isolates:
Further, the positive isolates were single-streaked on agar to
check their antimicrobial activity through the good diffusion
method. The well diffusion method was used to study the
effects of pathogenic bacteria and listed in Table-2.

Molecular characterization using 16S rRNA amplifi-
cation of isolated Actinobacterial strains: The molecular
characterization was carried out at Bio-kart India Pvt. Ltd.,
Bangalore, India and involved PCR amplification, sequencing
and restriction analysis with a 16S rRNA sequence amplifi-
cation. The 16S ribosomal sequence amplification was condu-
cted using the primers F243 (5 GGATGAGCCCGCGGCCTA

TABLE-1
MORPHOLOGICAL, BIOCHEMICAL AND PHYSIOLOGICAL CHARACTERISTICS OF THE BACTERIAL STRAIN SKI-[Z]
Morphological Bacterial 5 ; Bacterial ; : Bacterial
st strain SKI-[Z] Biochemical test strain SKI-[Z] Physiological tests strain SKI-[Z]

Gram staining Positive Carbohydrate fermentation + Optimum temperature for growth 27 °C
Pigmentation Yellow Casein + Growth at NaCl (%) 1
Surface Smooth Indole + Optimum pH for growth 6.5
Elevation Flat Methyl red + Optimum time 24 h
Cell shape Log-like fragmented Voges-Proskauer + Optimum rpm 150

hyphae Catalase +
Growth Well grown Motility -

Urease +

TABLE-2
ACTIVITY OF ACTINOBACTERIAL STRAINS SKI-[Z] FOR AGRICULTURAL CROP BY MOIST CHAMBER TECHNIQUE
Plants tested Triti'cum Or)fza Vigna Cic'er Len . Ciqer Pi;um
aestivum sativa radiata arietinum culinaris arietinum sativum

SKI-[Z] — — —
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3”)and 1378R (5’ CGGTGTGTACAAGGCCCGG 3’). The next
step was to use the neighbor-joining DNA distance technique
in MEGAG to build a phylogenetic tree [13].

The technique of 16S rRNA sequence amplification served
as ameans of molecular characterization for conducting secon-
dary screening of the isolates were chosen following the initial
screening process. The strains were classified further using
the BLAST program in the GenBank database. Isolate SKI-[Z]
has had its partial 16S rRNA gene sequence submitted to the
NCBI GenBank (OR681911).

Secondary metabolite production and extraction: The
process of submerged-state fermentation was used for the prod-
uction of secondary metabolites by the actinobacteria, follo-
wing the methodology outlined by Salim et al. [14] with certain
modifications. An inoculum of 5 mL of SKI-[H], SKI-[Z] and
SKI-[X] strain suspension was added into 1000 mL of ISP-2
broth (containing 5 g of yeast extract, 10 g of malt extract, 6 g
of dextrose and a pH of 7.3). The combination was thereafter
left to incubate for 25 days at 150 rpm [15]. The fermented
broth was centrifuged for 10 min at 4 °C and 10,000 revolutions
per minute to extract secondary metabolites. The resultant super-
natant was vigorously combined with ethyl acetate in a 1:1
proportion and agitated at 180 rpm for 10 h. The upper layer,
which included bioactive chemicals, was collected using a
separating funnel. Subsequently, the layer was subjected to
rotary vacuum evaporation under the condition’s temperature
of 45 °C and a rotation speed of 200 rpm. In this procedure,
the solvent was removed to obtain the extract in its crude form.
To prepare the stock solution, 1 mL of methanol was added to
the crude extract. The mixture was then preserved for further
analysis.

Plate assay of herbicidal activity of selected actinobac-
terial strain: The weed seeds (Cyperus rotundus, Lantana
camara, Chenopodium album, Aveana fatua L., Cuscuta spp.
and Phalaris minor Retz.) and crop seeds (Triticum aestivum,
Oryza sativa, Vigna radiata, Cicer arietinum, Len culinaris,
Cicer arietinum and Pisum sativum) were positioned on the petri
plates covered with absorbent cotton, which was thoroughly
saturated with the prepared secondary metabolite stock solution
from SKI-[H], SKI-[Z] and SKI-[X] strains, respectively follo-
wed by incubation in a growth cabinet at 28 °C. The herbicidal
activity was detected after 5 days of incubation [7].

Paper towel assay of herbicidal activity of selected acti-
nobacterial strain: The rolled paper towel assay was employed
to assess the effectiveness of applying secondary metabolites
from SKI-[H], SKI-[Z] and SKI-[X] strains onto crop and weed
seeds to examine the suppression of seed growth. Streptomyces
secondary metabolite stock solution was acquired by saturating
a 10 days old culture of starch casein agar plates with sterile
distilled water. The seeds of crops and weeds were sterilized
on the surface and then immersed in Streptomyces spore suspen-

sions for 30 min. Afterwards, they were dried in a laminar flow
hood. The seeds were dispersed onto a dampened, sterilized
12 cm x 30 cm paper towel. The towel was rolled, enclosed in
a plastic bag and subjected to incubation for 5 days at ambient
temperature. Each treatment utilized three towels and the experi-
ment was conducted on three separate occasions [6].

Media trails: C. rotundus seeds were washed with 5%
sodium hypochlorite for disinfection of seeds. Murashige and
Skoog (MS) media were autoclaved and supplemented with
100 mL/L cell-free filtrate of SKI-[Z], SKI-[H] and SKI-[X]
cultures after complete cooling. The disinfected seeds were
sowed in the resulting media once completely solidified. The
flasks were incubated in the plant tissue culture (PTC) lab at
25 °C for 72 h under dark conditions. The flasks were trans-
ferred to the light area of the PTC and left for 10 days at 30 °C
[16].

RESULTS AND DISCUSSION

The utilization of chemical pesticides has been employed
to manage the growth of unwanted plants and insects. However,
this practice has led to the development of resistance in weeds,
making them more challenging to control [9]. Furthermore,
several researches have been undertaken to ascertain the comp-
ounds generated by microbes as potential substitutes for man-
made chemicals. Streptomyces is a prominent and extensively
researched bacteria that resides in soil.

The pretreatment of soil samples with CaCOj; ensured the
termination of growth of the other undesirable microbes before
further processing. The taxonomic characteristics of weeds
including shoot, leaves, flower, stem, fruits and seed were
documented and recognized as Parthenium hysterophorous L.,
C. rotundus L., Aveana fatua L., Cuscuta spp. and Phalaris
minor Retz. The fully developed seeds and underground
storage organs of the aforementioned undesirable plants were
gathered, treated and subsequently utilized for their herbicidal
properties.

SKI-[Z] demonstrated the maximum antimicrobial activity
against almost all bacterial and fungal species compared to other
isolates. The results of antimicrobial screening are summarized
in Table-3.

Molecular characterization of the selected isolates using
16S rRNA Sequence amplification: The phylogenetic analysis
verified that the isolates were classified under the Streptomyces
genus SKI-[Z] as Streptomyces griseus with a similarity of 98%.
The isolate SKI-[Z]’s partial 16S rRNA gene sequence has been
recorded in the NCBI GenBank under the accession number
OR681911. The strain’s phylogenetic tree can be observed in
Fig. 1 on the NCBI platform.

Characterization of secondary metabolite extract of
SKI-[Z]: An investigation using GC-MS was conducted on

TABLE-3
RESULTS OF ANTIMICROBIAL SCREENING AGAINST PATHOGENIC BACTERIA AND FUNGI
Pathogenic E. P. K. B. S. A. A. A.
strain coli aeruginosa pneumoniae subtilis aureus niger flavus parasiticus
SKI-[Z] +++ R ++ +++ +++ Snis Snis +++
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Fig. 1. Phylogenetic tree of Streptomyces griseus SKI-[Z] drawn using UPGMA tree (MEGA X software) with the evolutionary distances
showing the relationship of Actinobacteria with the known sequences of related genera

@SKI-[z]
@ Streptomyces griseus subsp. formicus gene for 16S rRNA, partial sequence, strain: NB..

2 7 Streptomyces globisporus strain MAR12-4A 16S ribosomal RNA gene, partial sequen..
@
% @ Streptomyces globisporus strain WAB 2 168 ribosomal RNA gene, partial sequence

@ Streptomyces microflavus strain G-11 168 ribosomal RNA gene, partial sequ...

Q [~ Streptomyces albovinaceus strain HBUM175136 168 ribosomal RNA gene, partial ...
o
Q . . .

[-'Streplomyces cyaneofuscatus strain IIIM62 168 ribosomal RNA gene, partial sequence

Streptomyces griseus strain T14 16S ribosomal RNA gene, partial sequence

ﬁ-‘ Streptomyces microflavus strain 173249 168 ribosomal RNA gene, partial sequence
9 Streptomyces fimicarius strain A6 168 ribosomal RNA gene, partial sequence

9 Streptomyces flavogriseus strain A83A 168 ribosomal RNA gene, partial sequence

the metabolite extracts of SKI-[Z]. Several parameters such GC-MS analysis of the ethyl acetate extract obtained from
as peak area, molecular weight, formula and similarity index, Streptomyces griseus SKI-[Z]. The compounds derived from
were examined to identify the compounds. Fig. 2 displays the the GC-MS analysis are presented in Table-4.
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Fig. 2. GC-MS spectrum shows the secondary metabolite extract obtained from Streptomyces sp. Streptomyces griseus SKI-[Z]
TABLE-4
IDENTIFICATION OF THE CHEMICAL COMPOUNDS AND THEIR CORRESPONDING
BIOLOGICAL ACTIVITY IN ACTINOBACTERIAL EXTRACT SKI-[Z] USING GC-MS ANALYSIS
Peak gr‘::t(‘r‘;‘l‘s; Area (%) Name et m.f. lsrig:;a(”%y)
30 17.650 11.94 Hexadecanoic acid, methyl ester 270 C,;H;,0, 98
31 17.709 11.73 Benzenepropanoic acid 292 C,sH505 92
36 18.546 10.38 cis-10-Heptadecenoic acid, methyl ester 282 C,sH;,0, 91
45 20.511 5.14 cis-10-Nonadecenoic acid, methyl ester 310 C,H550, 95
21 16.202 3.32 1-Nonadecene 266 C,oHy, 90
39 19.389 3.56 9,12-Octadecadienoic acid (Z, Z)-, methyl 294 C,oH5,0, 94
50 25.635 3.75 13-Docosenamide, (Z)- 337 C,,H;NO 88
51 32.628 2.75 Phenol, 2,4-bis (1,1-dimethyl ethyl)-, phosphite (3:1) 646 C,Hg;O5P 89
54 35.059 5.58 Tris(2,4-di-tert-butyl phenyl) phosphate 662 C,Hg:0,P 95
10 13.839 3.34 n-Pentadecanol 228 CsH;,0 93
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The characterization of the secondary metabolite obtained
from SKI-[Z] exhibit a strong and broad absorption at 3304
cm™ is attributed due to carboxylic acid (O-H) group in the FT-
IR spectrum. Another broad peak at 2941.88 cm™ implies the
presence of alkanes (C-H) and 2830 (-CHO) aldehydic group.
Moreover, the peaks at 2359, 1449, 1114, 1020 and 628.86 cm’'
indicate the presence of alkynes (-C=C), alkanes (-C-H),
aliphatic amine (C-N), alkenes (=C-H) and amines (N-H),
respectively (Fig. 3).
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Fig. 3. FTIR of secondary metabolite of SKI-[Z]

"HNMR spectral studies: Secondary metabolites obtained
after each trial were characterized using 'H NMR spectroscopy.
Fig. 4 shows the prominent peaks of SKI-[Z] at & 2.4, 3.68 and
4.1 ppm are due to ketone groups (C=0), di-ketone group
(>C=0), ether (R-O-R) and aldehyde group (-CHO), respec-
tively.
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Fig. 4. NMR of secondary metabolite of SKI-[Z]

Present investigations found that 5-10% of actinomycetes
synthesized secondary compounds having herbicidal capabi-
lities, aligning with the findings. The taxonomic investigations
revealed that SKI-[Z] shares a 98 % identity with Streptomyces
griseus. This strain synthesizes a distinctive antibiotic comp-
ound that contains sulphur. Additionally, it assists in the preven-

tion of lactic acidosis in animals. Reports that one Streptomyces
species is capable of producing over 25 distinct active chemical
kinds [13]. Against C. rotundus, SKI-[Z] exhibited strong
herbicidal activity in this investigation. The distinct modes of
action exhibited by secondary metabolites synthesized by soil
actinomycetes make them promising candidates for the devel-
opment of herbicides. Preliminary results of this research indi-
cate that the extract obtained from the actinobacterial isolate
Streptomyces sp. can function as a bioherbicide, effectively
managing the proliferation of weed C. rotundus. Nevertheless,
this study could not establish definitive data about the mechanism
through which the Streptomyces sp. extract demonstrates bio-
herbicidal activity.

Conclusion

A recent study focusing on the Streptomyces isolates sheds
light on their potential in combating such notorious weed,
Cyperus rotundus, commonly known as nutgrass. From the
soil samples, 34 bacterial strains were isolated and evaluated
for their herbicidal activity against grass and broadleaf weeds.
As analyzed through morphological, biochemical and physio-
logical features, the researchers identified six potent isolates
belong to the genera Microbacterium spp. and Streptomyces
spp. One particular strain demonstrated remarkable herbicidal
activity, leading to a striking 95% reduction in the growth of
Cyperus rotundus compared to untreated controls. This finding
marked a significant breakthrough in the quest for effective
bioherbicides targeting this resilient weed species. Further
experiments were performed to investigate the herbicidal capa-
bilities of the Streptomyces isolates, while the crop seeds showed
no signs of growth inhibition in the presence of these isolates,
but a significant suppression of weed seed germination was
observed.
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