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Abstract 
 

Paddy or rice crop (Oryza sativa L.) is the most important cereal crop next to wheat in 

areaand production. The present study was investigated to evaluate the effect of 

Trichodermaharzianumand selected botanicals on brown leaf spot of Paddy (Oryza sativa L.) 

caused byHelminthosporiumoryzae(Breda de Haan) under field condition. Three replications 

of 

paddywereplantedinarandomizedblockdesignattheresearchplotoftheCentralResearchField,D

epartment of Plant Pathology, Sam Higginbottom University of Agriculture, Technology 

AndSciences, Prayagraj during Kharifseason of 2023. The minimum per cent disease 

intensitywasrecordedinT5-

Trichodermaharzianum@0.1%(S.D)+Garlicbulbextract@10%(F.S)(33.06) followed by 

byTrichodermaharzianum@ 0.1% (S.D) + Neem leaf extract @ 

10%(F.S)(37.81).Maximumplantheight102.34(cm),numberoftillers(27.00),paniclelength 

20.91 (cm), and yield (5.13 t/ha) were recorded in Trichodermaharzianum@ 0.1% (S.D) 

+Garlicbulbextract@10%(F.S)whereasmaximumcostbenfitratio(1:2.67)wasrecordedinT1- 

Trichodermaharzianum@ 0.1% (S.D) + Neem leaf extract @ 10% (F.S) when 

comparedtountreated check. 
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1. Introduction 
Paddy (Oryza sativa L.) is a staple food of 65 per cent of the total population in India. 

Rice(OryzasativaL.)isacrucialstaplefoodbelongingtothegrassfamilyPoaceae.Thecultivatedrice 

falls under the genus Oryza, with approximately 24 species distributed in tropical, sub-

tropical,and warmtemperatureregionsworldwide. 



India is the world's second-largest rice producer after China [1]. Rice is a staple for over 

3.5billion people globally, particularly in Asia, Latin America, and parts of Africa. Rice 

cultivationspansover160millionhectaresworldwide,thrivingindiverseclimates.InIndia,riceisasta

plefor 800 million people, contributing nearly 40% of the total food grain yield. The 

countrydedicates 43 million hectares to rice cultivation, producing 112 million tons of milled 

rice 

withanaverageyieldof2.6tonsperhectare[2].RiceisgrowninalmosteveryIndianstate.Majorrice-

producing states were West Bengal (13.79%), Uttar Pradesh (13.34%), Andhra 

Pradesh(12.84%),andPunjab(11.01%)[3]. 

Rice contributes approximately 10% to the agricultural GDP and generates 3.5 billion days 

ofemployment in India [4]. In Uttar Pradesh, rice is a major crop, covering about 5.70 

millionhectares(12.29%ofthetotalarea).Thestaterankssecondinthecountryforriceproduction,wi

th15.27milliontonnesproduced(11.72%ofthenationalproduction)andaproductivityrateof 

around1.94tonnesper hectare(AgricultureStatisticsat aGlance2022). 
During Great Bengal Famine 1942 to 1943, 50 to 90% in yield reduced [5]. It has been 

alsoreported that yield losses due to brown spot disease near about the world is 5 to 45% 

and inAsia losses is 6% to 90% [6]. In India estimated yield loss is about 45 percent and 

majorproducing state West Bengal is up to 29.13 percent and 44 percent were observed in 

UtterPradesh[7]. 

The yield of basmati rice in India is significantly lower compared to other developed 

countriesaround the world. This reduced production can be attributed to various biotic and 

abioticfactors. One of the most critical factors contributing to the low productivity of both 

regular andBasmati rice is brown leaf spot, caused by Helminthosporiumoryzae[8]. Among 

all thediseases, brown leaf spot disease is the most destructive and widespread in basmati 

rice. 

Ittypicallyleadstoyieldlossesof10to20percent,andinseverecases,lossescanescalatetoasmuch

as80percent.Itaffectsthequalityandthenumberofgrainsperpanicleandreducesthekernal weight 

[9]. 

Brown spot is still widely reported across India [10] and more generally in south and South -

East Asian countries [11]. The pathogen Attacks the crop from seedling to milk stage. 

Thesymptomsappearas minutesspotsonthecoleoptiles,leafblade,leafsheathpaniclebranches 

glumes and spiklets which were appeared a minute spots on leaves typical spotswere brown 

in colour with grey or whitish centre resembling sesame seed with typical yellowhalo over 

spots [12]. Thus, the present study aimed to evaluate the effect of 

selectedbotanicalsonbrownleafspotofPaddy(OryzasativaL.)causedbyHelminthosporiumoryza

e(BredadeHaan). 

 
2. MATERIALSANDMETHODS 

3. TheexperimentwascarriedoutattheCentralResearchField,DepartmentofPlantPathology,Sa

mHigginbottomUniversityofAgriculture, 



TechnologyAndSciences,Prayagraj(U.P)India.duringKharifseason2023.Thestudywaslaid-

outwithRandomizedBlockDesign(RBD)withthreereplications.Trichodermaharzianumwas 

used as a seedling treatment. It is a broad-spectrum antimicrobial agentwith antifungal 

properties that may have inhibited the growth of fungi. Whereas, botanicalsextract which 

was applied as a foliar spray to inhibit the spore germination and decreasingfungal growth 

(Helminthosporiumoryzae). Three sprays of all treatments were given at 

anintervalof15days. Treatmentswereimposedafterappearanceofthefirstdiseasesymptoms. 

Observations on disease intensity (%) of brown leaf spot, plant height 

(cm),numberoftillers,andpanicleslength(cm)ofpaddywererecorded.Yield(t/ha)andB:Cratioda

ta were obtained after the harvest on physiological maturity. The treatments comprisedof 

application of selected botanicals extract viz., Neem, Eucalyptus, Turmeric, 

Lantanacamara, Ginger, @ 10% and propiconazole 25 EC @ 0.1% (treated check) and 

control(untreated).Thepreparedbotanicalsextractswassprayedatthreetimesat60,75,and90

DAT of interval. The disease intensity of brown leaf spot was recorded after ten days 

ofspray.Percentdiseaseintensity(PDI)wascalculatedaftereachspraybyusing0-

9diseaseratingscaleonthebasisof percentageareaoffoliageinfectedbythepathogen. 

3.1 IsolationandIdentificationofthePathogen 
 

Diseased samples collected from different areas during the season and isolation of 

pathogenwascarriedoutinthelaboratory.Firstlycollecteddiseasedsampleswashedthoroughlyun

derthe tap water and then cut into small pieces 2-4 mm in size with the help of a sterilized 

bladeinsuchawaythatthesamplecontaineda50percenthealthyportionaswellasa50percentdisea

sed portion. The surface of the pieces was sterilized by using 1 per cent 

Sodiumhypochloritesolutionfor30secondsto1minute,thenfinallywashwellwiththethreechanges

of sterilized distilled water and to remove excess water then pieces was placed on 

blotterpaper. With the help of a sterilized inoculating needle place the sample pieces on petri 

platescontaining potato dextrose agar medium under the aseptic conditions in the laminar 

airflowchamber.FivepiecesonPDAmediaoneachplate.Inoculatedpetriplateskeptinanincubatora

t 25°±2°C and examine at frequent intervals to check the growth of the target 

fungalpathogen. 

Identificationofpathogens.Theabove-

mentionedisolateswereidentifiedasHelminthosporiumoryzaebasedonmorphologicalcharacter

s(colonycolour,textureappearanceetc.,).Ten-day-

oldculturesofeachisolateHelminthosporiumoryzaeweretransferred into the PDA slant and 

incubated at room temperature (25 ± 2 °C) and 

wereconfirmed.Morphologicalcharacterslikemycelialcolour,culturecharacters,conidialcharacte

rsand sporesize wererecorded. 

3.1.1 Purificationandmaintenanceofthepathogen 



indica),Eucalyptus(Eucalyptusglobulus),Lantana(Lantanacamera),andrhizomeof 

The culture obtained was purified once after the pathogen identity confirmed. Periodic 

subculturing on PDA slants was done to keep the pure culture. Throughout the investigation, 

thispure culture employed. The cultures of the fungus was sub-cultured on PDA slants and 

keptinlaboratoryat28±1°Cfor15days.Further,thesecultureswassub-

culturedonceinamonthandusedforfuturepurpose[13]. 

 
3.2 PreparationofBotanicalsextracts 
Botanicalsextractswaspreparedfrom,leavesofvariousplantsviz,Neem(Azadirachta 

 

Turmeric (Curcuma longa), bulb of Garlic (Allium sativum), Washing of the materials 

withrunningtapwaterwasfollowedbysteriledistilledwater,airdriedat270Candgroundtoobtainextr

actsofeachplantspecies.Theextractionwasdonebymeansofpestleandmortar.Waterextract was 

obtained by adding one gm of tissue in one ml of water (1:1w/v) and 

filteredthroughdoublelayersofmuslincloth.Thisformsthestandardsolution(100%).Thebotanical

extract were sprayed at the rate of 10% prepared from standard solution. All the 

treatmentswere given as foliar spray. botanicals extract was sprayed @ 100 ml/liter of water, 

andpropiconazole@ 1ml/literofwater. 

3.3 RecordingtheDiseaseIntensity(%) 

Aftertransplanting,fiveplantspertreatmentperreplicationwererandomlyselected.Regularlywatch

ed for first appearance of disease. The observation on disease intensity was 

recordedusingaprogressive0-

9scale,asgivenin[14].Numericalratinggradewasgivenonthebasisof percentageofarea 

affected. 

Grade Leafareainfected 
0 Absolutelyfreefrominfection 

1 <1%areaofinfection 

3 4-5%areaofinfection 

5 11-15%areaofinfection 

7 26-50%areaofinfection 

9 76-100%areaofinfection 

Table1.Diseaseratingscale 
 
 

3.3.1 PerCentDiseaseIntensity(PDI) 
Per cent disease intensity was recorded at 60, 75 and 90 days after incidence of brown 
leafspotofpaddy.Percentageofdiseaseintensitywillbecalculatedinaccordancewithfollowingform
ula [15]. 



Sum of all individual disease 
ratingDiseaseintensity(%)= ................................................................ ×100 

TotalnumberofPlantassessed×Maximumrating 
 

3.4 EconomicsAnalysis 
Cost of cultivation, gross return, net return and benefit cost ratio was worked out to 
evaluatetheeconomicsofeachtreatment,basedontheexistingmarket pricesof inputandoutput. 

 
3.4.1 Costofcultivation 
Thecostofcultivationforeachtreatmentwasworkoutseparately,takingintoconsiderationallthecult
uralpracticesfollowedandcostsofinputs usedinthecultivation. 

 
3.4.2 Grossreturn 
The gross return from each treatment was calculated by using the following 
formula:Grossreturn(ha-1)=Yield (q/ha)×Price(Rs/q) 

 
3.4.3 Costbenefitratio 
The benefit cost ratio was calculated by using the following formula 

[16].BenefitCostratio=Grossreturn/Totalcostofcultivation 

 
4. RESULTSANDDISCUSSION 
4.1 EffectofTrichodermaharzianumandselectedbotanicalsonpercentdiseaseintensityo

fbrown spotofpaddy 
The minimum disease intensity of brown spot of paddy was recorded in T5-

Trichodermaharzianum@ 0.1% (S.D) + Garlic bulb extract@ 10% (F.S) (33.06), followed by 

T1–Trichodermaharzianum@ 0.1% (S.D) + Neem leaf extract@ 10% (F.S) (37.81), T2-

Trichodermaharzianum@ 0.1% (S.D) + Eucalyptus leaf extract@ 10% (F.S) (40.08), T3-

Trichodermaharzianum@ 0.1% (S.D) + Turmeric rhizome extract@ 10% (F.S) (41.15), T4-

Trichodermaharzianum@ 0.1% (S.D) + Lantana camara leaf extract@ 10% (F.S) (42.86),as 

compared to T6 – propiconazole @ 0.1% (F.S) (27.32), and T0 -Control (untreated 

check)(45.20)aspresentedinTable 2. 
4.2 EffectofTrichodermaharzianumandselectedbotanicalsonPlantHeight 
The maximum plant height (cm) of paddy was recordedin T5-Trichodermaharzianum@0.1% 

(S.D)+ Garlic bulb extract@ 10% (F.S) 102.34 (cm), followed by T1– 

Trichodermaharzianum@ 0.1% (S.D) + Neem leaf extract@ 10% (F.S) 101.45 (cm), T2- 

Trichodermaharzianum@0.1%(S.D)+Eucalyptusleafextract@10%(F.S)100.82(cm),T3-

Trichodermaharzianum@0.1%(S.D)+Turmericrhizomeextract@10%(F.S)99.95(cm),T4-

Trichodermaharzianum@0.1%(S.D)+Lantanacamaraleafextract@10%(F.S)99.23(cm),ascom

paredtoT6–propiconazole@0.1%(F.S)103.81(cm),andT0-

Control(untreatedcheck)97.08(cm)aspresented inTable2. 
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ntreatedch
eck) 

TrichodermaTrichodermaTrichodermaTrichodermaTrichodermaPropiconazole 
harzianum harzianum harzianum harzianum harzianum25EC@0.1% 

@0.1%(S.D.)@0.1%(SD)@0.1%(SD)@0.1%(SD)@0.1%(SD) (FS) 
+Neemleaf+Eucalyptus  + Turmeric + Lantana+ Garlic 

bulbextract@10%leafextract@ rhizome 
(F.S) 10%(FS)  extract@ 10% 

(FS) 

camara leafextract 
@extract @10% 
(FS)10%(FS) 

Diseaseintensity Plantheight Numberoftillers Paniclelength Yield(t/ha) 

Table2.Effectofselectedtreatmentsondiseaseintensity(%)ofbrownleafspot,growthpa
rameters andyield(t/ha)ofPaddy. 

S.No Treatments Diseasei
ntensity 

Plant 
height
(cm) 

Number
oftillers 

Panicle 
length
(cm) 

Yield
(t/ha) 

Cost 
benefit

ratio 
T0 Control(Untreatedcheck) 45.20a 97.08e 21.03b 14.93e 2.23f 1:1.27 
T1 Trichodermaharzianum@0

.1% (S.D.) + Neem 
leafextract@10%(F.S) 

 
37.81e 

 
101.45c 

 
26.37c 

 
19.63c 

 
4.91c 

 
1:2.67 

T2 Trichodermaharzianum@
0.1% (SD) + 
Eucalyptusleaf 
extract@10%(FS) 

 
40.08d 

 
100.82c 

 
25.22d 

 
18.58d 

 
4.84c 

 
1:2.51 

T3 Trichodermaharzianum@0.
1% (SD) + 
Turmericrhizomeextract@1
0%(FS) 

 
41.15c 

 
99.95d 

 
24.15e 

 
18.23d 

 
3.35d 

 
1:1.75 

T4 Trichodermaharzianum@
0.1% (SD) + 
Lantanacamaraleafextract
@10% 
(FS) 

 
42.86b 

 
99.23d 

 
23.16f 

 
17.89d 

 
3.31e 

 
1:1.72 

T5 Trichodermaharzianum@
0.1% (SD) + Garlic 
bulbextract@10%(FS) 

 
33.06f 

 
102.34b 

 
27.00b 

 
20.91b 

 
5.13b 

 
1:2.60 

T6 Propiconazole 25 EC 
@0.1%(FS)(Treatedcheck) 

 
27.32g 

 
103.81a 

 
29.03a 

 
22.06a 

 
5.53a 

 
1:3.06 

 C.D.@ 5% 0.74 0.78 0.75 0.91 0.08 
 

Where,S.D-(SeedlingDip),F.S-(Foliarspray) 

Figure 1. Effect of selected treatments on disease intensity (%) of brown leaf 
spot,growthparameters andyield(t/ha)ofPaddy. 



 
Figure2.EffectofselectedtreatmentsoncostbenefitratioofPaddy. 

 
 

4.3 EffectofTrichodermaharzianumandselectedbotanicalsonNumberoftillers 
The maximum number of tiller of paddy was recorded in T5 -Trichodermaharzianum@ 

0.1%(S.D) + Garlic bulb extract@ 10% (F.S) (27.00), followed by T1 – 

Trichodermaharzianum@0.1% (S.D) + Neem leaf extract @ 10% (F.S) (26.37), T2- 

Trichodermaharzianum@ 0.1%(S.D) + Eucalyptus leaf extract @ 10% (F.S) (25.22), T3- 

Trichodermaharzianum@ 0.1%(S.D) + Turmeric rhizomeextract @ 10% (F.S) (24.15), T4- 

Trichodermaharzianum@ 

0.1%(S.D)+Lantanacamaraleafextract@10%(F.S)(23.16),ascomparedtoT6–

propiconazole@0.1%(F.S)(29.03),andT0-

Control(untreatedcheck)(21.03)aspresentedinTable2. 

 
4.4 EffectofTrichodermaharzianumandselectedbotanicalsonPaniclelength 

 
 

The maximum panicle of paddy was recorded in T5 -Trichodermaharzianum@ 0.1% (S.D) 

+Garlicbulbextract@10%(F.S)20.91(cm),followedbyT1–

Trichodermaharzianum@0.1%(S.D)+Neemleafextract@10%(F.S)19.63(cm),T2-

Trichodermaharzianum@0.1%(S.D) 
+Eucalyptusleafextract@10%(F.S)18.58(cm),T3-Trichodermaharzianum@0.1%(S.D) 

+Turmericrhizomeextract@10%(F.S)18.23(cm),T4-Trichodermaharzianum@0.1%(S.D) 
+ Lantana camara leaf extract@ 10% (F.S) 17.89 (cm), as compared to T6 – 

propiconazole@0.1%(Foliarspray)22.06(cm),andT0-

Control(untreatedcheck)14.93(cm)aspresentedinTable 2. 

 
4.5 Yield(t/ha) 
The maximum yield of paddy was recorded in T5 -Trichodermaharzianum@ 0.1% (S.D) 

+Garlicbulbextract@10%(F.S)5.13(t/ha),followedbyT1–Trichodermaharzianum@0.1% 
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 TrichodermaTrichodermaTrichodermaTrichodermaTrichodermaPropiconazole(Untreated 
 harzianum harzianum harzianum harzianum harzianum25EC@0.1% 

check) @0.1%(S.D.)@0.1%(SD)@0.1%(SD)@0.1%(SD)@0.1%(SD) (FS) 
+Neemleaf+Eucalyptus  +Turmeric +Lantana

(F.S) 10%(FS)   extract@ 10% 
(FS) 

camara leaf extract 
@extract @ 10% 
(FS)10%(FS) 



(S.D)+Neemleafextract@10%(F.S)4.91(t/ha),T2-Trichodermaharzianum@0.1%(S.D) 
+ Eucalyptusleafextract@10%(F.S)4.84(t/ha),T3-Trichodermaharzianum@0.1%(S.D) 
+ Turmeric rhizomeextract@ 10% (foliar spray) 3.35 (t/ha) , T4- 

Trichodermaharzianum@0.1% (S.D) + Lantana camara leaf extract@ 10% (F.S) 3.31 (t/ha), 

as compared to T6–propiconazole @ 0.1% (F.S) 5.33 (t/ha), and T0 -Control (untreated 

check) 2.23 (t/ha) aspresentedinTable2. 

 
4.6 Costbenefitratioonpaddy 
The maximum cost benefit ratio 1:2.67 was recorded in T1 – Trichodermaharzianum@ 

0.1%(S.D)+Neemleafextract@10%(F.S),followedbyT5-Trichodermaharzianum@0.1%(S.D) 
+ garlic bulb extract@ 10% (F.S) (1:2:60), T2- Trichodermaharzianum@ 0.1% (S.D) 

+eucalyptus leaf extract@ 10% (F.S) (1:2:51), T3- Trichodermaharzianum@ 0.1% (S.D) 

+turmeric rhizomeextract @ 10% (F.S) (1:1:75), T4- Trichodermaharzianum@ 0.1% 

(S.D)+lantanacameraleafextract@10%(F.S)(1:1:72),ascomparedtoT6–

propiconazole@0.1%(F.S)(1:3:06), andT0-Control(untreatedcheck)(1:1:27) aspresentedin 

Table2. 

 
Disscusion 
The probable reasons for this finding may be that Trichodermaharzianumwas used as 

aseedling treatment. It is a broad-spectrum antimicrobial agent with antifungal properties 

thatmay have inhibited the growth of fungi. This biocontrol agent may have worked by 

competingwith pathogens for a resource producing enzymes that may have degraded fungal 

cell walls,and enhanced the plant’s own defense mechanism [17]. Whereas, garlic which 

was appliedas a foliar spray, contains allicin, garlicin, and allylsulfides [18]. Allicin is a major 

componentthatmayhaveundergonemetabolictransformationtoproducediallylsulfide(DAS)andd

iallyldisulfide(DADS)[19].Theseallicin-

derivedorganosulfurcompoundsmayhaveinterferedwithfungalpathogenbyinhibitingsporegermi

nationanddecreasinggrowthofHelminthosporiumoryzae[20]. The combined use of 

Trichodermaharzianumand garlic treatment resulted in 

acomprehensiveapproachinmanagingplantdisease.Thissynergymayhaveminimizedplantdise

aseintensityandpromotebetterplanthealth,leadingtoimprovedcropyieldandresilience.Theuseof

biologicalandnaturaltreatmentliketheseofferasustainablealternativeto chemical pesticides, 

benefiting both the environment and agricultural productivity. Limitedwork on brown spot 

prompted a study on plant extracts. Indiscriminate chemical use resultsin toxicity, resistance, 

pollution, and increased costs. Plant pathologists focus on developingeffective, safe 

biocontrol methods, with botanical extracts emerging as preferred for brownspotin paddy. 



5. Conclusion 
Helminthosporiumoryzae(BredadeHaan)wasfoundassociatedwithbrownleafspotdiseaseofrice(

Oryzasativa.L).Thediseaseintensity(%),plantheight(cm),numberoftillers,paniclelength(cm)and

yield(t/ha),overallresultsrevealedthatTrichodermaharzianum@0.1%(S.D) 

+Garlicbulbextraxt@10%asfoliarspraywassignificantlyeffectiveagainstH.oryzae(Bredade 

Haan). The maximum C:B ratio (1:2.67) was found in T1 – T. harzianum@ 0.1% (S.D) 

+Neem leaf extract @ 10% (F.S) recorded the highest benefits as compared to treated 

anduntreatedcontrol.Itisworthmentioningthattheconclusiondrawnfromthisstudywerebasedon 

observations carried at Central Research field Department of Plant Pathology, 

SHUATS,PrayagrajU.PIndia.Therefore,tosubstantiatethepresentresultmoresuchtrialsarerequir

edforfurtherrecommendation. 
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