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ABSTRACT

Evaluation of an indigenous fungus Fusarium roseum FGCCW #@hdarontrol of a noxious weed Hyptis suaveolens
was evaluated. The cell free broth of fungi contains bioaat&tural herbicidal products and useful for weed control.
Natural product-based mycoherbicides are generally considered g&n their synthetic counterparts. Fusarium spp. is
known to synthesize an array of biologically active metalslipaytotoxic in nature from liquid culture filtrates. Ireth
present work, Mass production of cell free broth of FusanaseumFGCCW#61was developed and control potential was
thereby determined against the obnoxious weed Hyptis suavealdaboratory and field condition. Pre- and post-
emergence field trials were also conducted to evaluate thehmaybicidal efficacy of mass-produced herbicidal compound
in field conditions.
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INTRODUCTION

Hyptis suaveolengl.) Poit, a member of the Lamiaceae or Labiatae Ifaimia common weed of roadsides and waste
grounds. It is generally described asannual, perennial fotiedy or subshrub or vine. This Dicot (dicotyledonous) is
native totropical America, is an annual herb that ocaupdadsides, rail tracks, wastelands, watercourses, pastudes
open forests where the soil is well drained. It camfdense thickets in all areas ofgrowth. It is a piokeed producer
and in dense infestations can yield up to 3000 seéd&irming persistent propagule banks within a short piodrma

et al., 2009).In northwest India, the absence of sevprlies of economic importance to local people in areas keavil
invaded by H suaveolensnay pose socioeconomic problems for local people in fienmuecosystems (Sharma et al.,
2007).Several economically important species were absentifivaded areas, but present in areas withbsiuaveolens

In Pakhal Wildlife Sanctuary, Andhra Pradesh, Intlasuaveolenfias become widespread, occupying grazing areas of
wild animals and preventing the native ground flora from growMgrthy et al., 2007). It may also enhance the risk of
forest fire in the dry seasons (Murthy et al., 20@nventional methods of weed management have failed due tolsevera
reasons. In this context, the use of natural active compoalsdgsknown as biopesticides, may be an interesting ditezna
for crop protection as they are considered to be lessftlaamd environmentally safer (Dewhurst, 2001; Dayanlgt
2009; Cantrell et al., 2012; Seiber et al., 2014). Bional strategy of weed management is an effectivecaedper eco-
friendly strategy involving the use of microorganismduding fungi. Fungi have long been recognized as plant pathog

and many of them produce a variety of bioactive extrluleeltoxic compounds. Herbicidal properties of such toxic
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metabolite of microorganism have been exploited in weedagenent (Pandey, 1999; 2000; Pandey et al., 2001; 2002;
2003; 2004; Saxena et. al. 2001).Several microbial productsBiaaphos, Gulfosinate, Tentoxin, Cornexistin, AAL-
toxins, Fumonisin, Moniliformin etc have been succe$sfekploited for the management of many weeds (Hoagland,
2001; Barbosa et al., 2002). Singh 2007collected straifsigdrium roseuniFGCCW#61from diseasdd. suaveolenin
Jabalpur and suggest that this fungus has potential gs@herbicide against the weed.To improve the efficacyaiifn
virulence, viability, host specificity or environmental reganent, formulations are required. Compatible formulation of
the phytotoxins with suitable surfactants and adjuvantseli@snded the spectrum of weeds controlled by a single
application (Greaves et al., 2000). Absorption of herbgcaled its translocation to the target site is of utmost itapoe,
which comprise of a delivery system. The importanceffi€ient delivery to the target site as a fundamentglirement

for herbicide activity and selectivity is generally reszgd.This fungal pathogen showed promising herbicidal potential
against the weed Hyptis sp. However being living pradbabactivity of the agent was found to be affected by
environmental conditions. To overcome this problem, herbigidgberty of the strain was evaluated and discussed in this
paper. So, the aim of this paper is to develop and fieldagigh of phytotoxins or secondary metabolites which avoid
these environmental problems encountered by chemicalscapable of preventing the spread of weed.Thus, mass
produced and formulated phytotoxic metabolites fifensariumsp. were evaluated for their herbicidal activities agiai

the weedHyptisat lab and field condition in the present paper.

MATERIALS AND METHODS

Recovery of Strain

Strain ofFusarium roseunrGCCW # 55 was obtained from Fungal Germplasm Culturee@ah (FGCC), Mycological
Research Laboratory, Department of Biological SciencesRand/.V. Jabalpur (M.P.) India. The culture was maimtal

on Potato Dextrose Agar (PDA) medium at 4°C in a refrigerator for further studies.
Process optimization and Metabolite extraction

The isolateFusarium roseunFGCCW #55 that showed promising herbicidal activity warkuced in 8 litre Richards
Broth in 10 litre of pilot size fermentor (Scigenics, Indidhe media was sterilized at 15 psi (121°C) for 20 nmd a
inoculated with 80 ml (2.1 x 1@pores/ml) ofFusariumroseunFGCCW # 55 culture and run for 7 days. Final harvesting
was done after 8 days (Patino-Vexgal, 2005) to obtain Cell Free Culture Filtrate. The paramadimr Fermentation
process were employed for large scale production of secpmetabolites were mentioned below:

Table: 1
S.No | Parameter Value
1 Age of seed 7 days
2 Inoculum 80 ml (2.1 x 10spores / ml)
3 pH 6.1
4 Temperatur | 28+2°C
5 Agitation 210 rpm
6 Harvest Time| After 7 days
7 Biomass 10.26 g/L

Extraction of Metabolites

After specified incubation Period crude metabolites of ifudates were extracted by solvent extraction methodh Eac
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liquid broth was extracted with equal volume of ethyl acetaiee in a separating funnel by vigorous shaking for 10 min.
The cell mass got separated and solvent so obtained wastexbll&thyl acetate was evaporated, and the resultant
compound was dried with Magnesium sulfate (MgS0O4) and concathtiatyield the crude extract. The crude extract was
then dissolved in 10% of Dimethyl Sulphoxide (DMSO) fortligidal bioassay. Theitlassay @periments viz., Shoot Cut
Bioassay, Seedling Bioassay and Detached Leaf bioassaggperformed according to the methods adopted by Sterma
al., 2004.

Formulation

To test the compatibility of the toxin synthesized by thth@gen a total of 12 formulating agents namely Tween-80,
Tween-60, Tween-20, Triton X-100, Mustard Oil, Coconut, Gitoundnut Oil, Sunflower oil, Soybean Qil, Glyceral,
Sucrose and Sorbitol were tried. All the formulatinggrets were added at the rate of 0.5% to the toxin aritscidal
potential was determined by seedling bioassay and detacahbditmssays. All the treatments were carried out in

triplicates and all the bioassays were repeated athaast.t
Field Trials

To evaluate the herbicidal potential Bfisarium roseunFGCCW # 55 against the target weed Hyptis, a fieldystuaks

conducted in Department of Biological Sciences, RIBiversity, Jabalpur.
Pre-Emergence

Pre-emergence applications were made four days afténgoThe consecutive pre-emergence (PRE 2; PRE 3 andiPRE
herbicide application were made at an interval of two days 110 DAS. No. of seeds sown for pre-emergence application
test were 150 per 1 sqg./m, while height of seedlings (aveveage8 cm and Seedling population was 50/sgm.

Post-Emergence

The post-emergence (POST 1) herbicide application was, mddm the cantaloupe was at the 4-5 leaf stage of growth.
The weather conditions were clear, and the air temperaias 30C. Repeat applications have been shown to increase
control. The consecutive post-emergence (POST 2; PC8itl POST 4) herbicide application were made at an intefrval o
two days upto 10 DAT. (Frohlicét al, 2000).

Application

Seedlings were raised in pots containing sterilized soil/dea}. (Parthenium seedlings at 4-5 leaf stage of growtle wer
sprayed to run-off with 100% concentration of phytotoxin. Phytowxiere applied to the seedlings and the observations
(Phytotoxic damage Rating) were made after 2 DAT, 4DADAT and 8 DAT. Land preparations were done by tilling
the land and then leveling it. The stubbles and residugsesfous weeds were removed to obtain a clean seedbed. The
weather conditions were clear, and the air temperatase3@ + 1C°with no rains before the application.Phytotoxinsever

sprayed to run-off in all the plots.

RESULTS AND DISCUSSIONS

Mass Production

Mass production of phytotoxins yusarium roseunFGCCW #61 was achieved in a 10 litre of fermentor @ioimg 8
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litres of media. As depicted in Table 1, CFCF elutidralifferent fermentation days was subjected to seedliogsbay
for assessment of phytotoxic damage. The damage stetteslight chlorosis and necrosis finally culminating wsthoots
death after 72 hpt. The controls exhibited no effect. Fermemeths obtained fronPhomasp. also killed shoots as
observed by Vikrangt al.,2006.

Formulation

Various formulation agents were tested to formulate theaebed crude phytotoxin obtained froRusarium roseum
FGCCW # 61 as depicted in table 2 and table 3. Out ofithearious formulations tested for their efficiency and
compatibility as assessed by seedling and detached leafdyisa$sveen-60 produced maximum phytotoxic damage after
48 hpt. This was followed by Triton X- 100. Remarkable tsswkre exhibited by different oils in the order: Growrdn
oil, Sunflower oil and Mustard oil. Tween-20 and -80 showediom formulation efficiency. In contrast to this Suctose
Sorbitol and Glycerol did not prove to be good formulatagethey did not produce significant phytotoxic damage to
Hyptis seedlings. The effect initiated with slight clolsis and necrosis, which was subsequently followed by drooping,
curling of leaves, blackening of stem leading finalty death of entire seedlings. Detached leaf bioassay al&ms
performed with different formulants. Results like those eediing bioassay were obtained for detached leaf bioassay.
Thus, the most potent formulant aiding in absorptiod @anslocation of the phytotoxic compounds was Tween-60.
Surfactants play a very important role in improving peeformance efficiency of pesticides with the potentialeiduce

the amount of active required and improve pesticide ysgMulqueen, 2003). Tween series of surfactants are nonionic
surfactants, each of them ethoxylated sorbital estefattyf acids and a polyoxyethylene unit 20 repeat grdapg on
average. They adsorb with the alkyl chain at the hydrophsbiace and the ethylene oxide head group, which is water
soluble, protruding into the water solution (Gratal, 2007). They are generally easily degradable. Homologeriess of
poly oxyethylene sorbitans (Tweens) are good candidatsaréactants which are known to enhance cuticular peiogtrat
of herbicides (Singh & Mack, 1993).Degati al, 2002 have incorporated Tween 80 @ 0.5% with chemical ldebic
Triton X-100 is a common non-ionic surfactant [polyoxyethyléh@) octylphenyl ether] (Behemt al., 2007). Oils are
used as additives for a variety of reasons such as reduapmuv loss of herbicide, enhancing the performance of
herbicides. Traditionally, spray formulation has incorpelgpetroleum-based oils, but more recently oils extdafrtam

crop seeds such as soyabean, sunflower, canola and cocealidrm used. The role of oils in herbicide application and
efficiency has been investigated by several groupani@®a 1994; Foy, 1996). Crop oil-based adjuvants i.e. eefior
esterified vegetable oils are known to enhance the phytapxitiherbicides (Holloway, 1998).Thus formulation with

vegetable oils can enhance absorption, translocation andgtigity of herbicides (Gauvrit and Cabanne, 1993).
Field Application

Table 4 shows resultsof preemergence treatmemdyptissuaveolersgeds with toxins oF. roseumFGCCW #61 of
various days and concentrations after 2, 4, 6 and 8 DAS. Thekseeeds showed maximum percentage germination.
With increase in DAS with 100% phytotoxin concentration, etage seed germination decreases indicating effect of
phytotoxins on Hyptis seeds. Maximum decrease in percentirggion can be recorded after 8 DAS. Similarly, Table 5
represents results of post-emergence treatment of Hygeidlings with toxin after spraying to run-off. The ags old
Mass produced CFCF exhibited maximum phytotoxicity to Hypeslkegs. Post-emergence results agreed with those for

pre-emergence.Pandey et al., 2007 have studied effeallofree culture filtrate ofHelminthosporiumsp. FGCC#74
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againstHyptis suaveolendn contrast to this result, Pandey et al., 2001 haperted maximum phytotoxic damage to
Lantana at 48 hpt by the active metabolite extracted f@&FCF of Phoma herbarumFGCC#3 with Benzene. Less
phytotoxic damage was reported with Ethyl acetate and Butaactions of CFCF. Similarly, Vikrant et al., 2006
extracted and characterized a novel herbicidal compound 8pmitralic acid against Parthenium from CFCHPbbma
herbarumwith ethyl acetate as the organic solvent.

Based on results obtained above, it can be concludedtitbasecondary metabolites of Fusarium roseum
FGCCW#61 possess high herbicidal potential and can be devedsppdtential herbicides for the management of the

deadly weedHyptissuaveolens.
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APPENDICES

Table 2: Phytotoxic Damage Rating of Hyptis Shoots Treatedith Mass Produced Phytotoxins of

Fusarium RoseumFGCCW # 61

Phytotoxic Damage Rating(PDR)
S. No. Days of Fermentation Mean+Sd
24 hpt 48 hpt 72 hpt

1. Control ¢ 0.00+0.0( 0.00 £ 0.0 0.00+0.0(
2. Control 0.00+0.0( 0.00£0.0( 0.00+0.0(
3. 2 0.20+0.07 0.40+0.02 0.51+0.09
4. 4 0.66+0.08 0.73+0.01 0.90+0.03
5. 6 1.47+0.07 1.58+0.12 1.7840.06
6 8 2.02+0.15 2.26+0.12 3.66+0.12
7. 10 3.2340.1¢ 3.6440.0¢ 4.42+0.0¢

SEM+ 0.0¢€ 0.0F 0.04

CD (P=0.05) 0.15 0.16 0.12

Values are Means $D of three observations; Temp-OGO R.H- 80-85%

Inoculum dose -5ml CFCF / seedling; Shoots- same sizedveittial and 2 leaves.

PDR- 0 = No symptoms; 1 = slight chlorosis; 2 = marked chlsralight necrosis;3 = high necrosis and marked

chlorosis; 4 =a cute necrosis and marked chlorosis; fe&tilprosis and acute necrosis.

Table 3: The Compatibility Study of Crude Broth of FGCCW#61 Containing Phytotoxin
+ Various Formulation by Seedling Bioassay

Various Formulation Phytotoxic Damage Rating(PDR)
S. No. (@0.5%) MeanzSD
) 24 hpt 48 hpt 72 hpt
1 Coconut oi 3.80+0.1( 3.85+0.0: 4,14+0.0:
2 Groundnut o 3.76%0.0: 3.85+0.0¢ 4,11+0.0°
3 Mustard oil 3.36+0.04 3.45+0.17 3.54+0.14
4 Glycerol 0.21+0.05 0.38+0.03 0.53+0.08
5 Soybean ail 3.33+0.07 3.56+0.07 3.56+0.07
6 Sunflower oil 3.75+0.06 3.83+0.08 4.12+0.04
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Table 3 (Contd..,)

7 Sucrose 0.29+0.04 0.56+0.05 0.86+0.10
8 Sorbitol 0.29+0.12 0.66+0.02 0.88+0.11
9 Tween 60 4.14+0.19 4.43+0.10 4.56+0.09
10 Tween 80 2.64+0.15 2.90+0.04 2.97+0.06
11 Tween 2 2.69+0.0: 2.86+0.0: 2.94+0.0:
12 Triton X 10( 3.93+0.0° 4.13+0.1¢ 4.48+0.1:

SEM+ 0.05 0.05 0.04

CD (P=0.05) 0.14 0.13 0.14

Controls seedlings sprayed with i.e. DW + different formwg0t5%) exhibited no phytotoxic damage.Values
are Means 8D of three observationsTemp- 38€1L Inoculum dose —-5ml CFCF / seedling; R.H- 80-85%

PDR- 0 = No symptoms; 1 = slight chlorosis; 2 = marked chigrsight necrosis; 3 = high necrosis and marked

chlorosis; 4 = acute necrosis and marked chlorosisad&ute chlorosis and acute necrosis.

Table 4: The Compatibility Study of Crude Broth of FGCCW#61 Containing
Phytotoxin + Various Formulation by Detached Leaf Bioassay

Various Formulation Phytotoxic Damage Rating(PDR)
S. No. (@0.5%) Mean + SD
) 24 hpt 48 hpt 72 hpt
1. Tween 60 2.94+0.08 3.16+0.09 3.34+0.09
2. Tween 80 4.33+0.08 4.55+0.10 4.94+0.08§
3. Tween 20 2.95+0.08 3.16+0.09 3.34+0.09
4. Triton X 100 4.44+0.09 4.66+0.09 4.79+0.07
5. Sucros 0.56+0.1: 0.77+0.1( 1.17+0.0¢
6. Sorbito 0.58+0.0¢ 0.76+0.0° 1.26+0.1:
7. Glycerol 0.75+0.09 0.26+0.04 0.14+0.09
8. Coconut oil 5.56+0.08 3.7140,07 3.8640.13
9. Groundnut oil 4.18+0.04 4.36+0.07 4.64+0.06
10. Soyabean oil 3.24+0.09 3.3710.04 3.55+0.11
11, Sunflower oi 3.59+0.0: 3.75+0.1! 3.86+0.0¢
12, Mustard oi 3.17+0.1: 3.3840.0¢ 3.5940.1:
SEmz+ 0.03 0.03 0.08
CD (P=0.05) 0.08 0.07 0.25

Values are Means $D of three observations, hpt- hours post treatment; T@ﬁiﬂ?C 7 R.H- 80-85%

Inoculum dose —2.5 ml CFCF/ leaf

PDR- 0 = No symptoms; 1 = slight chlorosis; 2 = marked oBler slight necrosis; 3 = high necrosis and marked

chlorosis; 4 = acute necrosis and marked chlorosisac¢ute chlorosis and acute necrosis.

Table 5: Impact of Cell Free Broth on Hyptis Seeds (R Emergence)

Days/ % Seed Germination (Mean +SD)
S.No. | Concentration of 2 DAS 4 DAS 6 DAS 8 DAS
CFCF Pre 1 Pre 2 Pre 3 Pre 4
1. Control a 99.67+2.82 99.33+1.41] 99.33+0.70 99.66+0.7D
2. Contro b 99.67+2.8! 99.33+1.2! 99.33+1.3! 99.66+2.4.
3. 4/ 2t 92.66+2.8; 91.66+4.2: 90.00+3.5! 88.33+0.0!
4, 4/50 82.66+2.12 79.33+0.00 76.00+4.24 73.33+£3.53
5. 4/75 80.00+2.82 78.00+0.70 75.00+3.53 71.33+6.36
6. 4/100 79.00+3.53 77.00+0.00 73.66+5.65 71.00+3.58
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Table 5 (Contd..,)

7. 6/25 78.33+2.12 76.00+1.41 73.33+3.53 69.33+0.00
8. 6/5C 72.33+3.5: 70.33+2.8! 66.66+3.5! 65.00+0.0!
9. 6/75 67.00+2.12 63.33+3.53 58.33+0.00 55.00+3.53
10. | 6/100 63.00+0.70 61.66+3.53 55.00+0.00 53.33+0.0P
11. | 8/25 62.66+1.41 59.66+2.12 54.33+4.94 51.66+3.58
12. | 8/50 59.33+3.53 57.66+4.94 50.00+0.00 49.66+0.00
13. | 8/75 54.33+1.41 51.00+2.12 49.33+0.00 46.66+3.58
14. | 8/100 42.00+4.24 37.66+5.65 33.33+3.58 29.33+x1.41L
15. | 10/2¢t 63.00+2.1: 64.66+1.4° 58.00+1.4. 56.66+5.6¢
16. | 10/50 59.66+2.12 58.33+4.94 56.33+2.1P 54.33+4.94
17. | 10/75 54.33+1.42 51.66+0.70, 51.00+2.1P 50.33+2.1p
18. | 10/100 41.33+4.94 39.00+2.12, 46.66+0.0D 55.00+1.41

SEM+ 1.62 2.03 2.23 2.14

CD (P=0.05) 4.68 5.87 6.41 6.17

Values are Means $D of three observations

DAS- Days After Sowing; Temp- 30%C; R.H- 80-85%

Inoculum dose —50 ml CFCF/sg.m,

Control a —uninoculated Richard’s Broth; Control b- SterlipaV

PDR- 0 = No symptoms; 1 = slight chlorosis; 2 = marked chigrsight necrosis; 3 = high necrosis and marked

chlorosis; 4 = acute necrosis and marked chlorosisac¢ute chlorosis and acute necrosis

Table 6: Impact of cell Free Broth onHyptis Suaveolen®lant Seedlings (Post- Emergence)

Phytotoxic Damage Rating (PDR)
Days/
S.No. | Concentration of Eemes £ )
CFCE 2 DAT 4 DAT 6 DAT 8 DAT
Post 1 Post 2 Post 3 Post 4
1. Contro a 0.00+0.0C 0.0(+0.0C 0.0(+0.0C 0.00+0.0C
2. Contro b 0.00+0.0C 0.0(+0.0C 0.0(+0.0C 0.00+0.0C
3. 4/ 25 0.19+0.04 0.25+0.07 0.28+0.03 0.27+0.0f
4, 4/50 0.20+0.07 0.33+0.06 0.34+0.09 0.52+0.08
5. 4175 0.40+0.07 0.43+0.08 0.54+0.07 0.64+0.1Y
6. 4/100 0.51+0.06 0.60+0.05 1.02+0.13 1.76+£0.06
7. 6/2E 1.9840.0° 2.12+0.0¢ 2.29+0.0¢ 2.38+0.0t
8. 6/5C 2.06+0.0! 2.20+0.0¢ 2.34+0.0¢ 2.50+0.0!
9. 6/75 2.30+0.06 2.39+0.08 2.47+0.05 2.53+0.09
10. 6/100 2.56+0.07 2.64+0.08 2.72+0.06 2..94+0.08
11. 8/25 3.50+0.21 3.98+0.16 4,26+0.05 4.41+0.017
12. 8/50 4.14+0.13 4.31+0.06 4,53+0.01 4.60+0.06
13. 8/7E 4.35+0.1: 4.40+0.0° 4.55+0.1: 4.72+0.0!
14. 8/10C 4.37+0.1¢ 4.55+0.1( 4.62+0.0: 4.75+0.1!
15. 10/25 3.36+0.21 3.88+0.04 4.18+0.06 4.,33+0.111
16. 10/50 4,10+0.07 4,22+0.06 4.42+0.06 4.48+0.06
17. 10/75 4.3+0.07 4.45+0.10 4.45+0.10 4,57+0.00
18. 10/100 4,21+0.14 4.31+0.06 4.41+0.06 4.52+0.01
SEM+ 0.0¢€ 0.31 0.0t 0.04
CD (P=0.05 0.1€ 0.9C 0.1t 0.12
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Values are Means $D of three observations, Temp- 36&1Inoculum dose —50 ml CFCF/sg.m; R.H- 80-85%
Control a —uninoculated Richard’s Broth; Control b- SterdlipaV

PDR- 0 = No symptoms; 1 = slight chlorosis; 2 = marked oBler slight necrosis; 3 = high necrosis and marked

chlorosis; 4 = acute necrosis and marked chlorosisac¢ute chlorosis and acute necrosis.
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