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Efficacy-of Combined-Eco-FriendlyEvaluation of biocontrol-basedFermulation

formulationsfer-Managingagainst Late Leaf Spot and Rust Biseases-and-Erhancing
¥ield-in Groundnut

ABSTRACT
This  study investigated the efficacy of various eee-friendhybiocontrol-
basedeempenentsformulationsagainst late leaf spot (LLS)(Phaeoisariopsispersonata) and
rust (Puccinia arachidis) in groundnut. Pot culture and field experiments were conducted
during the Kharif season (June-September) of 2022. Disease incidence of both late leaf spot
and rust was significantly lower in groundnut plants treated with a combination of biocontrol-
basedformulationsece-friendly—formulations—compared to control. The most effective eco-
friendly  treatment included a combination of  Trichoderma  asperellum,
Pseudomonasfluorescens, fortified lignite fly ash and Annamalai mixture. This combination
significantly reduced lesion frequency {0-38—0-72—and—1-08)-and Percent Disease Index
(PDI){8-0-9-4-and-12.5)for both diseases at {50, 70 and 90 DAS)+espectively, compared to

other treatments. The combination of eembined—eco-friendhy—treatmenbiocontrol-based
formulationstalso significantly increased the pod yield—{6%g/plant). Furthermore, the same

treatment increased the induction of deferce—defenseenzymes peroxidase (2.22fold),
polyphenol oxidase (1.28 fold) and phenylalanine ammonia-lyase (6.25 fold). While
Carbendazim—a-chemical-fungicide—effectively reduced disease incidence, it was surpassed

by the biocontrol-based modulecembined—eco-friendly—treatment-in terms of both disease
control and yield.These findings suggest that biocontrol- basedformulationsa-cembination-of

eco-friendly-formulationscan be-heldsproemise-as a sustainable approach for managing LLS
and rust dlseases in groundnut cultlvatlon lhrs—methed—eﬂers—petenual—beneﬁ{s—ever
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modulefortified-lignite-fhy-ash;Annamalai-mixture, groundnut

1. INTRODUCTION

Groundnut (Arachishypogaea L.), belonging-to-the-Fabaceaefamily—isa-globaly-important
fegumeprizedfor-itsnutritional-and-agrieultural-contributions—Ois often hailed as the "king
of oilseeds;™-." Globally, Indiahelds—a—deminant-pesition—heldinghas the largest cultivation

areaand- ranking second in global production. In India, groundnut production in the kharif
season is 68.57 lakh tonnes with an average product|V|ty of 1, 562 kg/ha (IOPEPC, 2023)
Groundnut-effe

Beyend—ﬂ%mreet—beneﬁfes—thrs—legum&fosters 50|I health through symblotlc mtrogen flxatlon

with Rhizobia bacteria, promoting sustainable agricultural practices.

Groundnut cultivation faces a formidable«——

Pespietiscconomicand-nurtionalsignitieance g0
challenge from fungal diseases like late leaf spot (LLS), rust,alterraria-Alternaria blight, stem
rot, dry root rot and collar rof[2,3]. /Among these, LLSdisease caused by

(

Phaeoisariopsispersonata and rust disease caused by Puccinia arachidis pose the most
significant threats. These widespread fungal pathogens inflict severe damage on groundnut
crops.In most cases, these two pathogens occur together and hamper groundnut
production[4]. In India, these diseases have been documented to cause yield losses exceeding
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70%, significantly impacting lagricultural productivity[5]. Leaf rust alone could cause yield

reduction reaching up to 65%, especially in areas with high rainfall [6]. The detrimental

effects extend beyond yield reduction, as the quality of groundnut seeds is also compromised
by these fungal infections.

In groundnut cultivation, conventional disease management practices for controlling
LLS and rust often rely on chemical fungicides.T-Nevertheless-their indiscriminate use raises
has led toconcerns about environmental and human health risks[2].Environmental
contamination, disruption of ecological balance due to harm to beneficial soil microbes, and
potential health risks to humans and non-target organisms are some of the concerning
consequences associated with chemical fungicide application[7,8].The emergence of eco-
friendly alternatives presents a promising solution for sustainable groundnut production[9].
Antagonistic microorganisms offer a particularly effective approach for managing these
fungal diseases. These beneficial microbes can act against pathogens through multiple
mechanisms, including competition for resources, production of antibiosis compounds,
predation and parasitism [10]. Additionally, some antagonists have the potential to induce
systemic resistance within the plant itself[11]. These mechanisms offer a multifaceted
approach to disease control potentlally mltlgatlng the need for harmful chemical fung|C|des
3 arhywork
explores use of antagomst mlcroorgamsms as a sustamable and eﬁectlve dlsease
management strategy againststrategy-to-enhanece-groundnut's-defense-mechanisms-agatnst-the
detrlmental fungal pathogens P. personata and P. arachldls in groundnu %%expienngms

2 MATERIALS AND METHOD -

2. 1 Survey of late leaf spot and rust disease incidence in groundnut
Fhis-study-employed-afField survey-approachs were employed to assess the prevalence and
severity of groundnut LLS and rust diseases in Cuddalore district. Villages with a history of
groundnut cultivation were targeted to capture representative data. Ten locations were chosen
for fixed-plot surveys. Within each plot, the number of groundnut plants exhibiting symptoms
of LLSand rust disease were recorded alongside the total number of plants observed.
2.2Inoculum culture of P. personata and P. arachidis

Naturally infected leaves with LLS and rust disease symptoms were collected from fields
within the Cuddalore district. These diseased leaves served as the inoculum source for P.
personata and P. arachidis. The inoculum was maintained through pot culture containing
groundnut plants.

2.3ArtificiaHnoculation-MethodAssessment of disease severity

Groundnut seeds (cv. VRI 2) were grown in pots (20 cmdia, 5 plants/pot) for 30 days within a
polyhouse-envirenment. The potting medium consisted of a 2:1:1 ratio of field soil, farmyard
manure (FYM) and sand. The plants were then inoculated with a spore suspension

bethmixture P-of P.personata and P. arachidis. To achieve optlmal infection conditions, an '

alternating wet and dry period was implemented following inoculation. The inoculated plants
were maintained at 24 + 2°C. Each treatment group within the glasshouse experiments
comprised ]12 plants with three replicates. Disease severity of both P. personata and P.

arachidis were assessed using disease incidence and lesion frequency following the methods
established by Subrahmanyam et al. (12).

Quantification of lesion incidence in response to various treatments for combined
LLS and rust disease [4].
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Lesion frequency (LF) = Number of lesion or pustules/cm?leaf area
Disease scoring was done with modified 9-point (1-9) scale [12].
Sum of individual rating 100

X :
|Jotal no. of leaves observed , Maximum grade

2. 4 Annamalal—mixture—preparatioPreparation  of

aformulations.

Aliquots of bovinel urine, bovine dung, ovine dung, poultry litter, and neem cake were
obtained at a conc. of 100% (w/w) and homogenously mixed in a 1:1:1:1:1 ratio_to prepare
Annamalai_mixture. [The resulting organic amendment jwas subsequently diluted to 20%,
40%, 60%, and 80% (v/v) using distilled water at the time of application[13].

Percent diseases index (PDN% =

A

biocontrol

2-E-Ligpite b nshderificaten
The antogonists,T.asperellum and P. fluorescens, the—bio-ineculantswere cultivated in a
Potato Dextrose broth and King’s B brothrespectively. Class F lignite fly ash (LFA), obtained
from Neyveli Lignite Corporation, Neyveli, India, was used as the carrier material. One
kilogram of LFA was mixed thoroughly with 10 grams of carboxymethyl cellulose (CMC).
The LFA-CMC mixture was then autoclaved for two consecutive days to ensure proper
sterilization.To 1000 g of sterilized LFA-CMC carrier,FoHowed-by-400 ml of eachbacterial

suspension, containing approximately 8 x 10° CFU/mL, were separately added-to-1000-g-of |

sterilizedLFA-CMC—carrier. 20 ml of molasses were then incorporated into the mixture,
followed by thorough mixing. The fortified LFA was shade-dried for 2 hours under sterile
conditions to remove excess moisture. The final product, designated as fortified lignite fly
ash, was packaged in polyethylene bags and stored at 28°C + 2°C. To monitor the viability,
the population of antagonistic strains within the fortified LFA was periodically evaluated

using the serial dilution technique[14].
2. 65Efficacy—eofEvaluation ofece-friendhy—preduetsantogonists

based

formulatlons agamst LLS and rustl-n—g-lceu-nd-na{under pot culture condltlon \

#nendly—eempenems—agamst—lzlé—and—mst—m—gmemdneﬂ The experlment mcluded 10

treatments with three replications, conducted fromJune to September 2022 at the Department
of Plant Pathology, Annamalai University. Previously isolated and available biocontrol
agents (BCAs), specifically T.asperellum(PP348038) and P. fluorescens(PP348041) were
evaluated for their ability to suppress the targeted pathogens. Fifteen kilograms of sterilized
topsoil from a groundnut field were filled in 45 x 30 cm earthen pots. Groundnut seeds of a
susceptible cultivar (VRI-2) were surface sterilized using 3% NaOCI solution for 30 sec,
followed by two washes with sterile water. Five seeds were sown per pot. Eco-friendly
cempenentsBiocontrol-based components including these BCAs, fortified lignite fly ash (FL-
ash) and Annamalai mixture were tested against LLS and rust. The treatments include talc
formulation of T.asperellum and P. fluorescens (2 x 108 CFU g?) as seed treatments (10
a/kg) and soil drench after sowing, FL-ash as seed treatment (10 g/kg) and soil drench (40
kg/ha equivalent), Annamalai mixture as a seed treatment (10 ml/kg) and foliar spray (20
L/ha equivalent). Spore suspensions of P. personata and P. arachidis (10° spores/ml) were
sprayed on plants in the evening at two-time points with a four-day interval, starting 30 days
after sowing (DAS). Agar plate technique was employed to confirm the absence of seed-
borne pathogens before sowing. Disease incidence and severity were likely assessed
throughout the experiment.

2. 7-6Efficacy-of-eco-friendly-amendmentsField evaluation of Biocontrol based

strategy against P.personata and P.arachidisin-field-grown-groundnut
A field experiment was carried outin an endemic field from June to September, 2022in

Sivapuri village, Cuddalore, Tamil Nadu. Groundnut cv. VRI-2 was sown in 33 x 13 feet

based ’
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plots. The same—eco-friendhybiocontrol-based components tested in a previous greenhouse
experiment were applied here except for pathogen control, following the same schedule.
Standard agricultural practices were maintained throughout the season. PDI and lesion
frequency along with growth plant parameters and yield attributes were likely measured.
2.-87Effect of eco-friendly amendments on activity of deferee-defense enzyme
2-8-1-Sample-Collection

A—In In_apolyhouse experlment on Was—empteyed—te—evaluate—the—emeaey—ef—vaneus—eee-
ithin-VRI-2 vanety

of qroundnut( as mentloned in 23)

days post sowing, pIant samples were obtained at designated t|me points (1 , 3-, 5- and 7-
days post inoculation) from each treatment.

Groundnut plant tissues were immediately frozen in liquid N and subsequently
homogenized. A_sample oflgah " edmixed with 2

mL of 0.1 M sodium phosphate buffer (pH 7.0) at 4 C The homogenate was subsequently
centrlfuged at 10, OOO rpm for 20 min. and used for enzyme assays. IFheaetMty—ef—pere*tdase

/

PerOX|dase (PO) act|V|ty was determlned by foIlowmg the method of Srivastava [15]—'Fhe

act|V|ty was expressed as the change in absorbance/mln/g of fresh welght tlssue Il
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-was assayed as per Mayer
and Harel (16). The change in absorbance at 495 nm/mln/g of fresh-weight tissue is used to
express PPO act|V|ty Phenvlalanlne Ammonia-Lyase (PAL)6}, /

assaved followmq the procedure of Snvastava (155)ealeu4ated—and expressed as mlcrom(ﬁ
(umol) of trans-cinnamic acid formed per minute per gram of fresh tissue weight (umol

min~ 1 g~ ! fresh weight)[25}, V4
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| 2. 9-8STATISTICAL DATA ANALYSIS

A randomized block design (RBD) with three replicates was used for the pot culture and field
experiments. Statistical analysis was performed using SAS software (version 9.4, SAS
Institute, Cary, NC, USA) to assess treatment effects. Following a significant analysis of
variance (ANOVA), Dunnett's multiple comparison test (DMRT) was employed to identify
statistically significant differences (p< 0.05) between treatment means and the control. All the
treatments were replicated thrice.

3.RESULTS AND DISCUSSION

3 1 Survey on the disease |nC|dence

mvestlgatren—reveated—a—Asubstantlal vanatlon in dlsease |nC|dence across the surveyed
locations. LLS exhibited a prevalence ranging from 8.24% to 32.84%, with the highest
incidence observed in Mathur. Similarly, rust incidence varied between 7.21% and 30.78%,
with Mathur again recording the most severe infection. These findings suggest that
geographical factors, cultivar type, and pathogen genetics within the region may significantly
influencing the severity and distribution of the pathogens[17-19].The co-infection of both P.
personata and P. arachidis are causes severe foliar disease in all major groundnut growing
areas of Tamil Nadu.

3.2 Evaluation—of—variousEfficacyeco—friendlybiocontrol-based components

agamst—P—peesenat&and—P—ar&emdts—rsetates—under pot culture condltlons

eentrel—greup—ResuttsdemenstrateeLaA sngnlflcant reductlon in dlsease |nC|dence of LLS and
rust fer-in plants treated withseveral ece-friendhybiocontrol -fermulationsbased formulations

was found.cempared-to-the—centrokAmong the treatments, the combination (seed and soil
application) of T.asperellum, P.fluorescens, fortified lignite fly ash, and Annamalai mixture
(denoted as T7) exhibited-the-most-proneunced-disease-reduction—F#had most significantly
lowered the Ie5|0n frequency of LLS{Q@g—O—ZZ—and—l—QS}and disease seventy index
(PDI).(8- , ) vely
same treatment also 5|gn|f|cantly reduced the dlsease |nC|dence of rust whte#reeerded—@%

051083 Hesion—frequency—and—5-9—7%6—98and PDI of rust—at-50—70—and—90-BAS
respeetwelyAddltlonally T7 resulted in a conS|derabIe mcrease in pod y|eld—(6¥

: TQveraH—the flndlngs also
suggested that strateglcally comblned eee-#neneltyblocontrol -based formulations offer a
promising approach for managing LLS and rust diseases, potentially surpassing the efficacy
of |nd|V|duaI eco- frlendly components and even a standard chemlcal fungicide (Table 1—and

aelyentage—rn—that—theThe mlcroblal consortla could potentlally prollferate in the s0|I and
survive throughout the cropping season and protect the crop from harmful pathogenic
infection [20,21].FheEarlier workers have proven that thenative isolate of bioagents perferms
wel-ultimately-reducingcould reduce the disease intensity of LLS and rust[22,23].Buring-the
tripartite-interaction—theThe biocontrol agents like Trichoderma and Pseudomonas produce
eertain-kind-ef-antibiotics, iron-chelating agents, cell wall degrading enzymes and secondary

metabolites that acts—en—pathegensleads—tosuppressing the pathogens’ growth effectively
[24,25]. %nnamalai mixture has been proven as an effective disease suppressor and plant
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growth promoter. FFhirs—T_hemixture contains animal excretes are-thatimprove the soil health

and protect the plants against various diseases by promoting plant growth[14,13].

Table 1. Evaluation of various—eco—friendhybiocontrol based formulationseemponents
against Phaeeisariopsis—personata—and-Pucecinia—arachidisLeaf spot and rust under

pot culture condition

Disease incidence PDI
Late leaf spot (No. Rust (No. of .
Treatment of lesion ustule Late leaf spot Rust ;;(/Ipellecljnt
50 | 70 [ 9 | 50 | 70 | 90 | 50 | 70 | 9 | 50 | 70 | 90
DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAs | DAs | DAs | DAS | DAs
o Lxint L1 ame | ione |~ ooe |1 00e 1128|136 |141 [108 [112 |138 :
T 098" |114° |132° 064 089" |127° | 28 (3% 1| (5 oeye | 1010y | (26 65y | (ot B0y |53
o =200 oo Lt ame |1 en |+ oan |19 161|169 [152 |164  [177 ;
T 1347 11527 12,027 | 1.10° | 1487 1637 | 93 4011 | (73.65)" | (24.27)" | (22.94)"| (23.88)" | (24.87)" | *°
il el oa |- s 103|119 [136 |70 |83  |117 ]
Ts 0637 102" 11.24710.49710.707 1109 | (48 74y9| (20.17)¢ | (21.64)" | (15.34)° | (16.74)" | 20.00)¢| >”
oo Lot oot |-t |2 1141|153 |15 [125  [130 [13.9 .
Ta 119711267 | 1.577 1087|1167 1327 | 55 05)1 | (23.02)' | (24.27)' | (20.70)' | (21.13)' | (21.89)" | >
Lot |1 wms |3 omo |- vag |1 009 1150|158 [163 |145 [153 |16 ;
T, 127" 144|163 (1080 |130° |152° | 20 00|20 000l 2a1ys| 2580y 25 028 (2assye |
b Loomo |2ame |imme |~ |- e 197 102|129 |62 |79 |108 ;
T 0427 10.97" | 1137 10.37" 1067 |1.03" | g 1 4c | (18 62)° | (21.04)° | (14.42)° | (16.32)° | (29.18)° | >°
s loos lnome |mnea | ~ana | nma |73 89 [113 |52  [71 |90 :
T, 031" 062" 098" |0.18" |031° |060* | (2 ol 19 scre| oo | (1318 | 15,45y (17.457 |2
o L oo [ | oo |~ om | moen 189 |98 126 |59 |76 |99 )
T 0.3770.847|1.02710.297 10.53" | 089" | 17 350 | (18 2410 | (20.79)° | (14.05)° | (16.00)° | (18.33)° | 5°
| [383 |418 |421 |355 (387 |412
T 311 (456|605 |2.17 |3.63 |5.221 [(38.23) | (40.28) |(40.45) | (36.57) |(38.46) | (39.93) |45
J J J J ] J
o 1 aoms Lagei 1o o laomt laa 1238 283 [349  [196  [237 [308 |
Too 245" 326" |3.40' 208" 325 (847" |50 0| 00 o | Pasany | ab27y | eooniay | noy |5

* Means of three replications, Values in the column followed by same letters not differ significantly by DMRT (p=0.05)
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3. 3 Evaluation of varieus—eco—friendiybiocontrol-based formulations

components agairst—P—personata—and—P—arachidis—iselates—under field

conditions
The results of the potculture exoerrments were conflrmed in the freld Ihe—expeﬂmeht

eompared—te—a—eehtrel—'Fhe—aferesar galn,d the treatment(T?) demonstrated the most

significant reductions in disease incidence for both LLS and rust. Treatment T7 displayed
consistently lower lesion frequency and percent disease index (PDI) of LLS{0-22,-6-38,0-5%

and—720-8-14-9.50)and rust {6-12,-0-24,0-41and-3.92,-5:67-6-81)diseases at 50, 70, and
90DAS, respectlvely Addrtronally T7 resulted in the hlghest yreld—éZ@@O

alengMHtha—yletd—of—Lg%kgMaiFheetedy—seggestHhat—tThe combmed appllcatlon of these
eco-friendlybiocontrol based formulations effers—was proven to bea more effective and

potentialy—more—sustainable—approach for managing LLS and rust in groundnut crops
compared to individual applications or a chemical fungicide control (Table 2&Fig
2).Overal-the-cCombined application of bioproducts is-have beenknown to control diseases
effectively by employing more than one mechanism of direct or indirect pathogen

suppression[26,27]. Ihis—appreaeh—has—been—evaleated—aganst—\aﬁous—dﬁeaseSANﬁh—a

agents{%?—}Such approaches mclude—a combmatlon of organrc products with blocontrol

agents[14], a combination of plant products with biocontrol agents [28,29] and a combination
of fungicides with biocontrol agents [30].These bioproducts also promoted plant growth
significantly and increased the yield of the crop [31-33].The major reason for the increased
plant growth and yield parameters might—be—duehave been attributed to the significant
induction of plant growth-promoting substances like auxin, gibberellic acid and abscisic acid
induced by thebioproducts [34,35].The lignite fly ash used as carrier material contains a trace
amount of minor nutrients like Ca, K, and Si[36-38]. These minor nutrients trigger the plant
defencedefense response and protect the plants [39-41].

Table 2. Evaluation of  various eco—friendly =~ components against
Phaeoisariopsispersonata and Puccinia arachidis under field condition

Disease incidence PDI
Treatment Latec:?elt;ssigzt(No. Rust (No. of pustule) Late leaf spot Rust Yield
50 | 70 | 90 | 50 | 70 | 90 | 50 70 9 50 70 g0 |ko/ha
DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS
T Josw Jose Jorz s Joss [oss |502 [0 [0 [0 [7st, [0 i
T 048’ |061° |079° |0.42° 048" 053 %216735)“ (122(5.1338)h %zzoégs)“ ?1%?32)“ (9i27£.167) (11081691)“ 128"
Ts 035" |050° 069" |029° 031" |0.39" ?1%459)" ?i37).984)d %féi)ll)d ?ii?og)d ?i?ﬂ)d ?1?3245)d 1897°
T4 041° |056" |0.75° |037" |0.42° |0.47° (lfsiall)f (139?330)‘ %119.332? Zlé(.SBS)f (71%.133)f S(;1(;954)f 1868’
T Jous foss [orr Joar oas [our [EL 178 208 L e el e




T 032" |047° |0.66° 023" |0.30° |037" ?i‘gsef ?i%il)c %fé?sgof ?ig.z94)° ?ii?sof Zigaiof 1938°
T: 022" 10.38° [051% 10.12° 024* | 0.31° Zié(.)se)a ?i%;.‘w)ﬂ ?1'57(.)95)a ?ii.zu)a ?ig.777)’=‘ ?ig.llz)a 2060°
N o i e
S P [V P O M M M

* Means of three replications, Values in the column followed by same letters not differ significantly by DMRT (p=0.05).

g -

3. 4 DefenceDefense enzyme activity in groundnut plants te—eco-friendly
amendments-against P. personataand rust-P. arachidis

mentioned-previoushy—Combined application of bioproducts (treatment T7) resulted in the
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most significant induction of defense-enzyme-activities_of the defense enzymes,PO-{2:22-

fold), PPO{L28-foldjand PAL{6:25-feld). This peak induction occurred 5 days post-
challenge |noculat|on Wlth the respectlve pathogens—(Frg—Z—) Ireatment—'FS—alse—drsplayed

Interestlngly plants soIer moculated wrth the pathogens also exhrbrted elevated Ievels of
defense enzymes compared to the healthy control group up to the fifth day (Fig.31). This
stimulation of defense enzymes suggests that the combined application of these eee-
friendhybiocontrol components possibly are involved in triggers systemic resistance in

groundnut plants potentially |mprovrng their tolerance agarnst these fungal diseases [42}

{43 44]. Peroxrdases are a drverse group of enzymes that detoxrfy reactlve oxygen species

(ROS) produced by pathogens [45,46].These ROS;—like—hydrogen—peroxide—(H,O,)—-and
superoxide—anion—{O,); are highly reactive and can damage cellular components [47]. By
detoxifying ROS, peroxidases prevent oxidative damage to proteins, lipids, and nucleic acids,

malntalnlng ceIIuIar |ntegr|ty and promotlng pIant survrval[48]+n—addttren—te—RQS

guinones

phﬂeale*m—synthes—rs—[@—'mrs-dlsrupts pathogen membranes and mactrvates therr enzymes
drrectly |nh|b|t|ng |nfect|on(4_9) Adehtrenauy—these—brepreduets%nggeptrmndueed—systenme
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4. CONCLUSION
Fhis-—study—investigated-theprevalenceSurveys of ELSLate Leaf Spot(LLS) and rust ret

diseases-in groundnut crops across the Cuddalore district, Tamil Nadu, India—Fhefindings
revealed significant geographical variation in disease incidence, with Mathur exhibiting the

hlghest |nfect|on rates for both dlseases m—sugges&s—that—toeaﬂon—speem&faetops—hkely

rlchodermaasperellum P-seudomonasfluorescens, fortified lignite fly ash and Annamalal

mixture demonstrated-the-most-significantreductionmost significantly reduced thein-disease

incidence for both LLS and rust Fopandlncreased qroundnut vleldunder both pot culture and
field condltlons ;

, 'Inductlon of defense enzyme
activity in groundnut plants treated Wlth eeo—mendlrythese biocontrol-based components;

suggestlng uggest a potentlal mechanlsm for dlsease resistance. Ihese—tméngs—mghl@n—the
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