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IncidenceandIntensityofEarlyBlightinPotatounderdifferentdatesofPlanting

ABSTRACT

Aim: The study aims to the progression of the early blight of potato.in relation
toweather parameters such as maximum temperature, minimum. temperature,
maximumrelativehumidity,minimumrelativehumidity,andrainfall.

Place and Duration of Study: Epidemiological investigation was. conducted
duringrabi season of 2021-22 at the research field of the“All"India Coordinated
ResearchProject(AICRP)onpotato, OUAT ,Bhubaneswar.

Methodology:ThetrialwaslaidoutinSplitPlotDesignwithdifferentdatesofplanting (26
November and 16 December), as the main. plots and four varieties
(KufriPukhraj,Kufrikhyati,KufriSurya,andKufridyoti)asthesubplots.

Results: Theinitialinfectionofearlyblightoccurredduring52StandardMeteorologicalWeek
(SMW).Thehighestpercentageofdiseaseintensityandincidence occurred in the variety
Kufri Pukhraj followed by Kufri Khyati, Kufri
JyotiandKufriSuryaunder26Novemberplanting.

Conclusion:Minimumandmaximumtemperaturesandminimumrelativehumidityhad  a
significantly positive correlation with the incidence and intensity of early
blight.Stepwisemultiplelinearregressionequationsrevealedthatmaximumtemperature,ma
ximum and minimum relative humidity, and rainfall was responsible for early
blightinpotatoes.
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1. INTRODUCTION

Potato(SolanumberosumL.)isamajorfoodcropgrownworldwide. Itis used in
theproductionofstarch,foodslikepotato chips, and stock feed. (Ahmadizadeh and Felenji2011).
Potatoes are'a great source of carbohydrates and are utilized in both table consumptionand
processed foods. Potato tubers contain around 80% of water. 20% dry matter. More than75 %
of the dry Starch, protein, fibers, and a negligible quantity of fatty acids make up
matter(ProkopandAlbert,2008).Additionally,itisabundantinmineralslikepotassium,phosphorus
, and magnesium with Bl, B3, and B6 vitamins (Camire et al.,, 2009). The
potatoalsoincludesVitaminCandseveral — phenolic compounds that act as strong
antioxidants(Brown,2005).



Potato is the world’s 4th important food crop after wheat, rice, and maize because of
itsgreatyieldpotentialandhighnutritivevalue.Chinaisthe world's largest producer andconsumer
of potato, producing 78.24 Mt in 4.21 m ha™ with a productivity of 18.55 t ha™followed by
India (51.30 Mt production in 216 m ha® with 2378 t ha™ productivity)
andRussia(19.61Mtin1.18mha 'withaproductivityof 16.65 t ha™) (According to theestimates
of 2020, FAO 2021). In India, most of the potato production takes place in UttarPradesh
(15892 thousand tons production in 622.50 thousand ha™ area) followed by WestBengal
(12600 thousand tons in 447 thousand ha™) and Bihar (9125.80 thousand tons in
330thousandha "area)accordingtotheestimatesof2021,NHB2021.

Currently, Odisha produces 308.22 thousand tons in a 25.91. thousand ha™ area
(NHB2021). Potato is one of the major constituents of the daily diet in Odisha. It'is cultivated
alldistricts of the state in the winter season and in Kharif season.it is cultivated in Phulbani

andKoraputdistricts.

Early blight symptoms, which are characterized by dark brown to black lesions
withconcentric rings and produce a "target spot effect,” are first noticed on older and
senescingleaves (Van der Waals, et al., 2001). The lesions are frequently encircled by a small
chlorotichalobecauseofthepathogen'stoxins,whichprogressintohealthyepidermalcells. Defoliati
on may occur completely under extreme circumstances, particularly in places withhigh
temperatures (24-29°C), high humidity levels, and semi-arid conditions locations

wherefrequentandprotracteddewoccurs(RotemandReichert,1964).

Considering the significance of these illnesses as the primary biotic the current
studyhas been limited by factors in the region's potato yield taken to analyze the impact of
variousmeteorologicalparameters(maximum temperature, minimum temperature, maximum

RH,minimumRH,andrainfall,etc.)ontheonsetandprogressionofearlypotatoblight.

2. MATERIALSANDMETHODS

2.1 ExperimentalSite

The field experiment was conducted during the Rabi season of 2021-2022 at the
experimentalplotsoftheAllIndiaCoordinatedResearchProjectonPotato,OdishaUniversityofAgri
culture and Technology, Bhubaneswar, located at 20° North latitude, 86° East longitudeand
at about 45 m above MSL consecutively for three years. The soil for the study was
sandyloam in texture, acidic (pH 5.56) in reaction, low in organic carbon (0.51 %) and
available N(218.4kgha™,mediuminbothavailableP(20.8kgha )andK (96.1kgha

'). Thetreatments



wereacombinationoftwoplantingdates(D)and four varieties (V). The two dates ofplanting
followed in the experiment were 26 November, and 16 December, and the
varietieswereKufriPukhraj,Kufri Khyati , Kufri Surya and Kufri Jyoti in the medium
durationgroups. Theseedtubersofthesevarietieswerekeptinacoldstoretillplanting. Well-
sproutedfoundation seed tubers were planted in 3 m x 2.4 m sized plots at 60 x 20 cm spacing
in aSplitPlotdesignwithfivereplications.Thepresentinvestigations on the development ofearly
blight of potato in relation to weather parameters (maximum temperature,
minimumtemperature,maximum relative humidity, minimum relative humidity, and rainfall),
Theweekly data of weather parameters during the cropping period (26 November to 04
March2021-
22)werecollectedfromthecentralobservatoryofthedepartmentofAgriculturalmeteorology,Unive

rsityofAgriculture&TechnologyUniversityinBhubaneswar,Odisha.
2.2 Climate

ThegeneralclimaticconditionofBhubaneswarishotandhumid. Themaximumtemperatured
uringthecropgrowthperiodin2021-2022was 31.2°C and the
minimumtemperaturewas10°C.Theexperimentalsiteisintheeastern coastal plain of India.
Themean annual rainfall is approximately 1408mm and annual maximum temperature is

42.2°Candtheannualminimumtemperatureis11.1°C.
2.3 Weatherconditionsduringcropgrowthseason

The weekly mean< of maximum temperature, minimum temperature, relative
humidity(RH), and bright sunshine hour (BSH) along with total weekly rainfall, and number
of rainydaysduringthecropgrowthseason(26 NovembertoO4March).

Theweeklymaximumtemperature during the crop growth period ranged from
25.7°Cto33.1°C,with »a weekly average of 28.01°C, whereas the weekly minimum
temperaturerangedfrom10° Cto19.8 C,withaweeklyaverageof16.03°C.

The mean morning relative humidity during the crop growth varied from 86.4 to
95%,whilethemeanafternoonrelativehumidityvariedfrom26t084.3%.The mean brightsunshine
hour received during the crop growth period varied from 1.3 to 9 hours, with
aweeklyaverageof5.0hours.Thetotalrainfallreceivedduringthecropgrowthperiodwas
142.8mm.



The weekly mean of maximum temperature, minimum temperature, relative
humidity(RH) and bright sunshine hour (BSH) along with total weekly rainfall, number of
rainy daysduringthecropgrowthseason(26NovembertoO4March).
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Fig.1 Weekly mean of maximum temperature, minimum temperature, relative
humidity(RH)andbrightsunshinehour(BSH)

2.4 Pathologicalobservations

Diseaseincidenceandintensitywascalculatedfromthefivetaggedplantsineachplotofthe
experimental field. Based on the data, the percentage of disease incidence and intensityat
weekly intervals, from the date of disease initiation till the crop attained maturity
wererecorded.

2.4.1 Diseaseincidence
PercentageofdiseaseincidencewascalculatedasperthefollowingformulaJames(1974)gave.

No.ofdiseasedleaves
Percentdiseaseincidence= %100 (Eq.
1)TotalNo.ofleavesexamined

2.4.2 Diseaseintensity

AccordingtotheMayerandDatarstandardareadiagram,Percentageintensitywascomputed(
1986).

ThePercentageofdiseaseintensitywascalculatedbyusingthefollowingformula:-



Sumofindividualratings
PercentageofDiseaseIntensity= X 100

(Eq.2)

No.ofplantsobservedxMaximumdiseaserating

TablelDiseaseintensityscaleforearlyblightofpotato

Scale Descriptionofthesymptoms Reaction
0 Leavesfreefrominfection Highlyr
esistant

1 Smallirregularspotscovering<5%leafarea Resistant
Smallirregularbrownspotswithconcentricringscoverin | -Moderately
g resistant
5.1-10%leafarea

3 Lesionsenlarging,irregularbrownwithconcentricrings | Moderately
covering10.1-25%]leafarea susceptible

4 Lesionscoalescetoformirregularandappearsasatypical | Susceptible
blightsymptomcovering25.1-50%]|eafarea

5 Lesionscoalescetoformirregularandappearsasatypical | Highlysusc
blightsymptomcovering>50%]eafarea eptible

2.5 METHODS

2.5.1 Correlationanalysis

PotatoearlyblightCorrelationanalysisofthediseaseincidenceandintensity(dependent
variable) and (independent.variable) with weather parameters i.e., maximum andminimum
temperature’C, maximum relative humidity (present) before a week from the dateof
minimum’_ relative “humidity (present) and rainfall (mm)) surveillance for early
potatoblightin20121--22.

Varieties (Kufri Pukhraj, Kufri Khyati, Kufri Surya, Kufri Jyoti) were conducted
tomeasure-the degree of association among the different predictors and response variables
incausing the onset and the progress of the disease incidence and intensity of both the dates
ofplanting. The Pearson correlation coefficients (r) were studied to find out the effect of
asingle as well as a combination of different weather factors on the disease progression
ofearlyblightofpotato.

2.5.2 Multipleregression

To predict the disease incidence and intensity of early blight of potato in four
varieties,different models were generated with the disease incidence and intensity of both
the datesandweatherfactorsbyusingmultiplelinearregression.



Y=a+b1X1+h>Xo+b3X3+hs Xs4+b5X5

Where, Yisthepredicteddiseaseincidenceandintensityofdisease “a is
theintercept,“b; to“bs arethepartialregressioncoefficients, X;isthemaximumtemperature(®
C), Xzisthe minimum temperature (°C), X3 is the maximum

relativehumidity(%),Xsistheminimumrelativehumidity(%)andXsisthetotalrainfall(mm).
3. RESULTANDDISCUSSION
3.1 Incidenceofearlyblight

3.1.1 Effect of Weather parameters on the incidence of early blight of. potato in
underdifferentdatesofplanting

Incidence of early blight of potato varied from 2.2 to 23% in all the selected varieties
ofpotato. The disease was first observed at 52 Standard Meteorological-Week (30 days
afterplanting) in Kufri Pukhraj (3.00%), Kufri Khyati (2.7%) Kufri Surya (2.2%), and Kufri
Jyoti(2.5%). The weather parameters during the preceding week were maximum and
minimumtemperatures of 27.3°C and 15.4°C, maximum and minimum relative humidity
93.1%
and79.1%,andrainfallof0.8mm.Singh,etal.(2017)reportedasimilarobservationthatmaximumte
mperatureandrelativehumidityhadasignificanteffectonearlyblightincidence. ~ The  disease
incidence progressed gradually and showed progression from 4.80 t017.5%, 3.25 to 10.25%,
3.2 to 7.8%, and 5.5 to 15.6% in_Kufri Pukhraj, Kufri Khyati, KufriSurya and Kufri Jyoti,
respectively during 1% to 3" SMW (37 to 53 DAP). During the period, maximum and minimum
temperatures were 26.7°C and 12.8 oc, maximum and
minimumrelativehumidity94%and26%andrainfall16.5mm.Atthematurity,(60DAP)in4"SMW,
maximum disease-incidence was recorded in Kufri Pukhraj (23%) followed by KufriJyoti
(15.6%), Kufri.Khyati (13.50%) and Kufri Surya (9.8%), when maximum temperaturewas
275 °C, “minimum temperature 16.9 °C, maximum relative humidity 95% and
minimumrelative humidity 41 %.In second date of planting (16 December)incidence of early
blight ofpotato varied from 1.1 to 12.40% in all the selected varieties of potato (Kufri
Pukhraj, Kufrik hyati, KufriSuryaandKufriJyoti). Thediseasewasfirstobservedat2™
StandardMeteorologicalWeek(30daysafterplanting)inKufriPukhraj(1.25%), Kufrikhyati(1.50
%)KufriSurya(1.4%)andKufri Jyoti (1.1%). The weather parameters during thepreceding
week were maximum and minimum temperature of 26.7°C and 15.7°C,
maximumandminimumrelativehumidity94%and39%and rainfall of 16.5mm. The findings
ofAlternatinglowandhighhumidityconditionshavealsobeenshowntofavourdiseasedevelopment
(Van der-Walls et al.,, 2001). The disease varies from 225 to 10.20%, 2.50
t07.40%,1.8t06.8%and3.2t09.6inKufriPukhraj, Kufrik hyati, KufriSuryaand Kufri



Jyoti, respectively during 3" to 5™ SMW (37 to 53 DAP). During the period, maximum
andminimum temperatures were 28.2°C and 14.6°C, maximum and minimum relative
humidity95% and 26% and rainfall 12.6mm. At the maturity stage, (60 DAP) in 6" SMW,
maximumdisease incidence was recorded in Kufri Pukhraj (12.40%) followed by Kufri Jyoti
(11%),Kufrikhyati(8.25%)and Kufri Surya (7.5%), when maximum temperature was
28.7°C,minimumtemperature15.8°C,maximumrelativehumidity95%andminimumrelativehumi
dity66%.Thehighestdiseaseincidence(23.0and12.40%)wasreportedin KufriPukhraj followed
by 15.6 and 11.0% in Kufri Jyoti, whereas the minimum disease incidencewas observed in
Kufri Surya and Kufri Khayati (9.8 and 7.5%), in first and second dateofplanting,
respectively. The variation in disease incidence might be due to the response ofdifferent
varieties against the disease and planting under different environmental conditions.The
present study showed that the maximum incidence of early blight of potato.was recordedin all
selected varieties under the first date of planting as compared to the.second date ofplanting
which might be due to the older and senescence leaves, more susceptible to thedevelopment
of early blight disease. Similar results were also found by:Vander-Walls et al.,(2003).
Changes in weather variables the and amount of initial inoculum of A. solanimay
beresponsibleforvaryingdiseaseintensitiesatdifferentlocations.
Theresultsofthefieldtrialconductedinthisstudyindicatethattheincidenceandintensityofearly
blight in potatoes can vary “depending -on the date of planting (Olivares and
Hernandez,2019).Specifically;itwasfoundthatearly-plantedpotatoeshad a higher incidence
andintensity of early blight compared to those planted at mid-season or late. This is likely due
tothefactthatearly-
plantedpotatoesareexposedtofavorableconditionsforthedevelopmentofthefungus,suchashighhu
midityandwarmtemperatures(BertorelliandOlivares,2020).These findings are consistent with
previous research on early blight in potatoes, which hasalso shown that the timing of planting
can have a significant impact on disease incidence andseverity. Meno et al. (2022) reported
that early-planted potato crops are more susceptible toearly blight due to prolonged exposure
to cool and wet conditions that are favorable for thefungus. Similarly, Nasr-Esfahani
(2022).found that early planting can increase the risk ofearly blight, as the fungus can infect
the crop before the plants have reached their full canopyandarebetterabletotoleratethedisease



Table2Effectofweatherparametersontheincidenceofearlyblightofpotatounderdifferentda
tesofplanting

SM | Diseaselncidence%o Weatherparameters
W 1*'Dateofplanting(26.1| 2" Dateofplanting(16.
1.2021) 12.2021)
K. |[K |K |K |K |K |K |K [|Ma|Mi RH | Rain
Puk | Kh | Sur [Jyo |Puk | Kh | Sur [Jyo [x.T |nT [RH | (%) | fall(mm)
hraj | yati |ya |ti hraj | yati [ ya |[ti em [em | (%) | 14
( p. |7 hrs
°C) | (°C | hrs
)
52 |30 |27 |22 |25 |0 0 0 0 27. | 15. [ 93.| 79.
0 0 3 4 1 1 0.8
1 48 (32 (32 |55 |0 0 0 0 26. 12.
0 5 4 8 92 |77 |0.0
2 92 |6.7 |54 |92 (12 |15 |14 |11 {26. |15
0 5 5 0 7 7 94 |39 |16.5
3 17. |10. |78 [11. |22 |25 |18 {32 |25 |14
50 |25 5 5 0 7 6 95 |26 |0.0
4 23. [13. |98 [15. (38 |52 |38 {58 [27. |16.
00 |50 6 0 0 5 9 95 |41 | 126
5 - - - - 10. | 7.4.[6.8 9.6 |28. |14
20 | O 2 7 95 |68 |00
6 - - - - 12. |82 |75 |11 |28. |15.
40 |5 7 8 95 |66 |0.0

3.1.2 Correlation of weather parameters on the incidence of early blight of potato
inunderdifferentdatesofplanting

The maximum temperature.was non-significant with the disease incidence of early blight
ofpotato, in all. the. varieties under 26 November planting (Table 3). The maximum
temperaturewasapositivelyandsignificantcorrelationwith the incidence of early blight of
potato,having. (r =0.885, 0.91,0.925, and 0.881) in all the selected varieties under on 16
Decemberplanting,whichshowedthatanincreaseintemperatureleadstoanincreaseindiseaseincide
nce.TheresultsweresimilartothoseofTiwarietal.(2004)whoreportedthatmaximumtemperaturea
ndrelativehumidityhadasignificanteffectonearlyblight,indicating that higher Alternaria spore
concentration was recorded at a higher
temperature.Morningrelativehumidityhadalsoasignificantpositivecorrelationwithdiseaseincide
nce(r

= 0.899, and 0.881) in, Kufri Khyati, and Kufri Surya potato varieties on 26"
Novemberplanting. And Morning relative humidity was non-significant with the disease
incidence

ofearlyblightofpotatoinKufriPukhrajandKufriJyotion26"Novemberplanting. Under 16"



Decemberplantingnightrelativehumidityhadsignificant(r = 0.929, 0.887, 0.938, and0.881)
with all the selected varieties which showed that night relative humidity less than 80%exerted
negative impact on disease incidence. Temperature and relative humidity played
amajorroleinthe dispersion of Alternaria spores (Burch and Levetin, 2002; Stennet andBeggs,
2004). Sabariego et al. (2000) reported negative correlation of early blight of potatowith
humidity and rainfall. SukruthaHerle and Kamanna (2014) also reported that early
blightofpotatowasnegativelycorrelatedwithminimumtemperature,andrelativehumidity(maxim
um and minimum), while positively correlated with maximum temperature. was
alsoreportedby Escuredo et al. (2011), indicating that higher Alterricria spore

concentrationswererecordedathighertemperature.
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It is also important to consider that other factors, such as weather conditions and
culturalpractices, can also affect the incidence and intensity of early blight in potato. Meno et
al.(2022)notedthatthediseaseismoresevereinregionswithhighrainfall(Olivaresetal.2012;

Olivares and Zingaretti, 2018; Cortez et al. 2018) and moderate temperatures and thatcultural
practices such as high plant populations and reduced crop rotation can also increasethe risk of
early Dblight. Therefore, the timing of planting should be considered in

conjunctionwithotherfactorsthatmayinfluencethedevelopmentofthedisease.

Table.3 Correlation of weather parameters on the incidence of early blight of potato
inunderdifferentdatesofplanting

Weatherpa | 1%Dateofplanting(26.11.2021) 2"Dateofplanting(16.12.2021)
rameters
Varieties Varieties
KufriP | Kufri Kufri Kufri KufriP | Kufri Kufri Kufri
ukhraj | Khyati | Surya | Jyoti ukhraj. | Khyati | Surya | Jyoti
0 _ N | _ N 4 . * *
TmaeCC) 10 004™ | 0,035 50'018 50'004 0.885° |oo11” | 0925 0881
TMin.(OC)
0.563"° | 0.617™° | 0.566"° | 0.543"%| -0.121" ns | -0.006" | -0.009M
5 0.080™° | ¢ s
RH?hrs . 9 0571NS
(%) 0.877"° [ 0.899" |0.881" | 0.829"° | 0.529"° | 0.657™° | 0.675"°
RHy4ns i N . N[ N
(%) 0.1 pgagh] (08327 | 108207 1 5 559" | 0.887" | 0.938" |0.881
S
Rainfall | -0.369"
(mm) s 0.448"° | 0.444MN° ns | -0.652M | -0.569N | -0.585" | -0.647"

Tmaxe. = Temperature maximum; Twmin, = Temperature minimum; RHzhs =
MaximumRelativehumidity; RHi4ns=MinimumRelativehumidity
*Significantat5%olevel**Significantat1%level

The multiple linear regression model(Table 4)indicated among different
independentvariables that morning relative humidity (X3) was responsible for 76.38%,
80.89%, 77.62%,and 68.72% variations for the early blight of potato in Kufri Pukhraj, Kufri
Khyati, KufriSurya and Kufri Jyoti, respectively under 26 November date of planting. And
the multiplelinear regression indicates the relationship between disease incidence and
weather parametersof early blight of potato in under 16 December planting where maximum
temperature
(X1),maximumrelativehumidity(X3),minimumhumidity(X4),rainfall(X5)hadcontributed



86.27%,99.98%,98.53%and97.82%intheincidenceofearlyblightofpotatoKufriPukhraj,  Kufri
Khyati, Kufri Surya and Kufri Jyoti respectively.Similar results were alsofound by Behera
(2009) the study on regression coefficient in relation to disease incidenceindicated that
maximum temperature had a significant impact on the early blight of potato.Among all the
weather parameters the contribution of rainfall was maximum (39.1 %) on
thediseaseincidence.

Table4Multiplelinearregressionweatherparametersontheincidenceofearlyblightofpotatoi
nunderdifferentdatesofplanting

Date Varieties | StepwiseRegressionEquation R? P
of value
sowing
1" Dateofpla | KufriP Y=-861.59+9.34868* X5 0.7638 | 0.0527
nting(26.11. | ukhraj
2021) Kufri Y=-294.45+3.21616* X5 0.8089 | 0.0377
Khyati
Kufri Y=-196.58+2.15584* X5 0.7762 | 0.0484
Surya
Kufri Y=-299.13+3.28279* X3 0.6872 | 0.0827
Jyoti
2"Dateofpla | KufriP Y=-6.2119+0.254*X, 0.8627 | 0.0226
nting(16.12. | ukhraj
2021) Kufri Y=-228.78+1.93065*X;+1.91231*X3+0.624*Xs | 0.9998 | 0.0178
Khyati
Kufri Y=-202.86+2.11935*X35+0.12939*X, 0.9853 | 0.0147
Surya
Kufri Y=-416.18+4.36792*X3+0.17174*X4 0.9782 | 0.0218
Jyoti

3.2 Intensityofearlyblight

3.2.1 Effect of. Weather parameters on the intensity of early blight of potato in
underdifferentdatesofplanting
Inearlyblightofpotato,intensityofearlyblightofpotatovariedfrom2.40t021.23%in all the
selected varieties of potato (Kufri Pukhraj, Kufri Khyati, Kufri Surya and KufriJyoti) in
under 26" November planting (Table 5). The result showed that disease initiationoccurred
under field condition on 52SWM, in Kufri Pukhraj (2.81%), Kufri Khyati (2.40%)Kufri
Surya (2.50%) and Kufri Jyoti (3.50%). The weather parameters during the
precedingweekweremaximumandminimumtemperatureof27.3°Cand15.4°C,maximumandmini
mum relative humidity 93.1% and 79.1% and rainfall of 0.8mm. Abuley (2015) reportedthat
temperature from 10 to 35°C were more favorable for early blight epidemic. The
diseaseintensityprogressedgraduallyandshowedprogressionvariesfrom4.31t015.5%,3.12to




9.82%, 3.4 to 8.0% and 6.5 to 12.5% in Kufri Pukhraj, Kufri Khyati, Kufri Surya and
Kufridyoti, respectively during 1% to 3" SMW (37 to 53 DAP). During the period, maximum
andminimum temperatures were 26.7°C and 12.8°C, maximum and minimum relative
humidity94% and 26% and rainfall 16.5mm.At the maturity stage, (60 DAP) in 4™ SMW,
maximumdisease intensity was recorded in Kufri Pukhraj (21.23%) followed by Kufri Jyoti
(16.8%),Kufri Khyati (12.84%) and Kufri Surya (10.2%), when maximum temperature was
27.5°Cminimumtemperature16.9°C,maximumrelativehumidity95%andminimumrelativehumi
dity 4%.1n second date of planting (16 December) disease intensity was first observed at2™
Standard Meteorological Week (30 days after planting) in Kufri Pukhraj. (1.25%),
KufriKhyati (1.30%) Kufri Surya (1.5%) and Kufri Jyoti (1.3). The weather parameters
during thepreceding week were maximum and minimum temperature.of 26.7°C and 15.7°C,
maximumand minimum relative humidity 94% and 39% and rainfall ‘of 16.5mm. These
findings agreewith the findings of Mehboob et al. (2013) who observed that maximum
disease intensityoccurred at maximum temperature of 17 to 20°C and minimum temperature
of 6 to 9°C.Rotem (2004) also reported that availability of water in the form of relative
humidity,
rainfallordewincreasedconidialgerminationofA.solani.Thediseaseintensityprogressedgraduall
y and showed progression from 2.14 t0 10.7%, 2.30to 6.84%, 2.0 to 7.0% and 3.6 t010.2% in
Kufri Pukhraj, Kufri Khyati, Kufri Surya and Kufri Jyoti, respectively during 3" to5" SMW
(37 to 53 DAP). During the-period, maximum and minimum temperatures were28.2°C and
14.6°C, maximum and . minimum relative humidity 95% and 26% and
rainfall12.6mm. Atthematuritystage,(60DAP)in6"SMW, maximumdiseaseintensitywasrecorde
dinKufriPukhraj(11.80%)followedbyKufriJyoti(11.2%),KufriSurya(8.5%),andKufrikhyati(7.
20%)whenmaximumtemperaturewas28.7°C,minimumtemperature15.8°C, maximum relative
humidity 95% and minimum relative humidity 66 %.The highestdisease intensity (21.23 and
11.80%) was reported in Kufri Pukhraj followed by 16.8 and11.2% in Kufri Jyoti, whereas
minimum disease intensity was observed in Kufri Surya andKufrikhayati(10.20and 7.20%),
in first and second date of planting, respectively. Thevariation in disease intensity might be
due to the response of different varieties against
thediseaseandplantingunderdifferentenvironmentalconditions.Ourresultsshowthatmaximum
intensity of early blight of potato was recorded in all selected varieties under firstdate of
planting as compared to second date of planting which may be due to that older
andsenescenceleavesaremoresusceptiblefordevelopmentofearly blight disease. Similarresults
were also found by R. Chaerani and Voorrips (2006) reported that initially progress

ofearlyblightwasslowbutacceleratedasplantsattainmaturityshowingsigmoiddiseasecurve.
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Fungithriveinmoistenvironments,andcertainenvironmentalconditionssuchashighhumidity(Cas
anaandOlivares,2020;OlivaresandHernandez,2020),heavyrainfall(Olivares and Hernandez,
2019b), and warm temperatures can lead to an increase in fungalgrowth and infection in
crops (Olivares et al. 2021a; 2021b). Poor drainage (Olivares et al.2022a), overcrowding
(Olivares et al. 2020), and compacted soil (Olivares et al. 2022b)
canalsocontributetotheappearanceoffungiincrops(Olivaresetal.2022c).Additionally,certaincro
psmaybemoresusceptibletofungalinfections than others. Cultural
practicessuchascroprotation,properirrigation,andtheuseoffungicidescanhelptopreventorreduce

fungalinfectionsincrops(Olivaresetal.2022d).

Table5Effectofweatherparametersontheintensityofearlyblightofpotatoinunderdifferentd
atesofplanting

S | Disease intensity % Weather parameters
M
w
1% Date of planting (26.11.2021) | 2™ Date of planting (16.12.2021)
Kufri Kufri | Kufri | Kufri | Kufri | Kufri Kufri | Kufri | Max. | Min. "['RH |RH | Rain
Pukhraj | Khyat | Surya | Jyoti | Pukhra | Khyati | Surya | Jyoti 4. Temp. | (%) | (%) | fall
i j Tem 7 14 (mm)
p. hrs | hrs
52 | 281 240 |25 35 0 0 0 0
27.3 |154 931 [79.1 |08
1 431 312 |34 6.5 0 0 0 0
264 128 |92 |77 0.0
2 |957 6.24 |58 9.5 1.25 1.30 15 1.3
26.7 |157 |94 |39 16.5
3 |1550 9.82 |80 125 | 214 2.30 2.0 3.6
25.7 |146 |95 |26 0.0
4 12123 12.84 |10.2 16.8 | 3.56 5.06 4.0 6.5
275 1169 |95 |41 12.6
5 |- - - - 10.70 | 6.84 7.0 10.2
282 |147 |95 |68 0.0
6 |- - - - 11.80 | 7.20 8.5 11.2
28.7 |158 |95 |66 0.0
3.2.2 Correlctione: Amultiplelinearregressionsontheintensityof early blight

ofpotatoinuades differentdatesofplanting

ofpotato,inalltheselectedvarietiesunder26 Novemberplanting(Table6). Maximumtemperature

Ma.imu n temperature was non- significant with the disease intensity of early blight




was positively and significant correlated with the intensity of early blight ofpotato, having r
=0.879, 0.901 and 0.921, in Kufri Pukhraj, Kufri Khyati, and Kufri Surya,respectively. On 16

December  planting, which  showed that increase in  temperature leads

toincreaseindiseaseintensity.Significantlypositivecorrelationbetweentemperatureandthe



Alternaria spore concentration significant at 5% level also reported by Escuredo et al.

(2019),indicatingthathigher ~ Alternaria spore concentration was recorded at higher
temperature.Morning relative humidity had also significant positive correlation with disease
intensity (r =0.884,0,894,and0.884)in Kufri Pukhraj, Kufri Khyati, and Kufri Surya potato
varieties on26 November planting. And Morning relative humidity was non- significant with
the diseaseintensity of early blight of potato in all the selected varieties under on 16
December planting.Under16Decemberplantingnightrelativehumidityhad r = 0.942, and 0.924
in KufriPukhraj, and Kufri Surya which showed that night relative humidity less than 80%
exertednegative impact on disease intensity. Temperature and relative humidity played a
major rolein the dispersion of Alternaria spores (Burch and Levetin, 2002;. Stennet and
Beggs, 2004).Sabariego et al. (2000) reported negative correlation of early blight of potato
with humidityand rainfall. SukruthaHerle and Kamanna (2014).also reported that early blight
of potato
wasnegativelycorrelatedwithminimumtemperature,andrelativehumidity(maximumandminimu
m),whilepositivelycorrelated with maximum temperature. was also reported byEscuredo et al.
(2019), that

athighertemperature.

indicating higher  Alternaria. spore concentration were recorded

Table 6 Correlation of weather parameters on the intensity of early blight of potato
inunderdifferentdatesofplanting

Weatherpa | 1% Dateofplanting(26.11.2021) 2"'Dateofplanting(16.12.2021)
rameters

Varieties Varieties

KufriP Kufri Kufri Kufri KufriP Kufri Kufri Kufri

ukhraj Khyati Surya | Jyoti ukhraj Khyati Surya | Jyoti
Tmax (°C . * NS
m(C) 1 0036 002t | 0005 | 0008 | 0879 0.901 0921 | 0.875
TMin.(OC)

0.601NS 0.600NS 0.587NS | 05345 | -0.154NS 0.106NS 0.011NS | 0.001N°
RH?hrs(%) 0.521NS

0.884" 0.894" 0.884" | 0.823"° 0.683"\° 0.564™5 | 0.697S
RH 14hrs 0942*
(%) -0.805"° -0.816"° -0.830" | -0.795™° 0.869"° 0.924° |0.872"°

S
Rainfall
NS NS NS NS N NS

(mm) 0.441N 0.431N 0.467N° | 0.483 -0.658 -0.547 ;0.591 -0.641




Tmax. = Temperature maximum; Ty, = Temperature minimum; RHz,s = Maximum Relative
humidity; RHsns=MinimumRelativehumidity

*Significantat5%level**Significantat1%level

The multiple linear regression model indicated among different independent
variables,morning relative humidity (X3) was responsible that 78.17%, 79.89%, 78.07%, and
67.66%variations for the early blight of potato in Kufri Pukhraj, Kufri Khyati, Kufri Surya
and KufriJyoti, under 26 November date of planting, respectively. And the multiple linear
regressionindicated the relationship between disease intensity and weather parameters of
early blight
ofpotatoinunderl6 Decemberplantingthatthemaximumtemperature(X1), maximumrelativehumi
dity(X3),minimumhumidity(X4),rainfall(X5)hadcontributed98.21%,99.28%,  85.36% and
99.94 % in the intensity of early blight of potato Kufri Pukhraj, KufriKhyati, Kufri Surya and
Kufri Jyoti respectively. Similar findings by Gupta et al., 2020 earlyblight of tomato
appeared in the 12th SMW and had a _steep.< increase throughout the
croppingperiod.Maximumandminimumtemperatureshadasignificantlypositivecorrelation,whe
reasmaximumandminimumrelativehumidityalongwithrainfallhadanegativecorrelation ~ with
the PDI of early blight of tomato. The stepwise regression model
explainedthat83percentvariationintheP Dlofthediseasewasduetomaximumtemperature.
Table 7Multiple linear regression“weather parameters on the intensity of early blight

ofpotatoinunderdifferentdatesofplanting

Dateofsowing Varieties StepwiseRegressionEquation R2 Pvalue
Diseaseintensity
1¥Dateofsowing(2 | KufriPukhraj Y=-816.07+8.8549*X3 0.7817 0.0465
6.11.2021)
KufriKhyati Y=-281.8+3.07696*X3 0.7989 0.0409
KufriSurya Y=-199.1+2.18592*X3 0.7807 0.0468
KufriJyoti Y=-299.78+3.29934*X; 0.6766 0.0179
2" Dateofsowing( | KufriPukhraj Y=-3.4761+0.22007*X,4-0.2057* 0.9821 0.0072
16.12.2021) Xs
KufriKhyati Y=- 0.9928 0.0193
293.27+1.69386* X1+2.65257* X3
KufriSurya Y=-2.844+0.15508*X4 0.8536 0.0249
KufriJyoti Y= - 0.9994 0.0307
309.82+2.56774*X,+2.60484* X 5-
0.1387*Xs







4. CONCLUSION

The result of correlation analysis in Kufri Khyati, and Kufri. Surya that maximum
relativehumidityhadapositiveandhighlysignificantcorrelationwiththediseaseunder26™Novemb
erplanting. KufriPukhraj, Kufri Khyati, Kufri Surya and Kufri Jyeti maximumtemperature had
a positive and highly significant correlation with disease ‘incidence. Whereasminimum
relative humidity significantly positive correlation with the disease incidence, in
allthevarietiespotatounder16™Decemberplanting.Stepwise multiple regression
analysisamongdifferentindependentvariablesthatmaximumrelative ~ humidity  (X3)  was
highlysignificant in Kufri Pukhraj, Kufri Khyati, Kufri Surya, and Kufri Jyoti under 26"
Novemberplanting. Under 16" December planting Minimum humidity(Xs) was highly
significant
inKufriPukhrajfollowedbyKufriKhyatiwheremaximumtemperature(X1),maximumrelativehu
midity(X3)andrainfall(X5)werehighlysignificant,andinKufriSurya,and KufriJyotimaximumrel
ativehumidity(X3)andminimumhumidity(X4)washighlysignificant.

Therelationshipbetweentheintensityofearlyblightofpotato and weather parametersproduces a
result that Kufri Pukhraj, Kufri Khyati, and Kufri Surya varieties of potatoesdisease intensity
is positive and highly significant with maximum relative humidity. In all thefour potato
varieties under 26 November plantings disease intensity of Kufri Pukhraj,
KufriKhyati,andKufriSurya had positive and highly significant with maximum
temperature. WhereasKufriPukhraj,andKufriSuryadiseaseintensitywasasignificantlypositiveco
rrelation with minimum relative humidity under 16 December planting. Stepwise
multipleregressionanalysisamongdifferentindependentvariables,maximumrelativehumidity(X
3)



was highly significant in Kufri Pukhraj, Kufri Khyati, Kufri Surya, and Kufri Jyoti
varietiesunderon26Novemberplanting.Inconclusion,thisstudyhighlightstheimportanceofconsi
deringthetimingofplantingwhenmanaging early blight in potatoes. Planting potatoes early in
the season may increase the riskof early blight, and growers should consider this when
deciding when to plant their
crops.Furtherresearchisneededtoinvestigatethespecificweatherconditionsandculturalpracticest

hatmaycontributetothedevelopmentofearlyblightunderdifferentplantingdates.
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