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Different stages in plant development significantly influence the incidence of potato 
late blight disease in India. In the present study, the disease progression was 
monitored weekly in five selected potato cultivars viz. Kufri Jyoti, Kufri Giriraj, 
Gulmarg Special, Shalimar Potato-I, and Gurez local, during the 2018 and 2019 
cropping seasons. The severity of potato late blight, caused by Phytophthora 
infestans, increased with fluctuations in weather variables. Calculations for the area 
under the disease progress curve (AUDPC) and the rate of disease spread (r-value) 
at different growth stages of potatoes were used to track disease progression. 
Notably, the Kufri Jyoti cultivar demonstrated resistance compared to the other 
cultivars, with lower severity values and susceptibility scale values (48.40%; 5.6 
and 4.9) in 2018 and 2019, respectively. The average rate of disease progress was 
also lower in Kufri Jyoti (0.064 and 0.060) compared to the local cultivar (0.076 
and 0.074) in 2018 and 2019, respectively. These observations indicate that 
weather parameters have a strong positive impact on the incidence of potato late 
blight. 
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INTRODUCTION 

Potato (Solanum tuberosum L.) is the most widely 

cultivated and consumed tuber crop worldwide. It is an 

important crop for food security and hunger relief due to 

its ability to mature earlier than other crops (Ayda, 

2015; Hassan et al., 2015). Its high yield per unit area 

and nutritional value provide significant advantages for 

food security (Ali et al., 2015; Chala and Dechasa, 2015). 

The potato crop faces various constraints from both 

biotic and abiotic factors. Major production challenges 
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include late blight disease, lack of improved varieties, 

and periodic water stress (Girma et al., 2004; 

Gebremedhin et al., 2008; Adane et al., 2010; Hassan et 

al., 2015; Nisa et al., 2022). Globally, potato tuber yield 

loss due to late blight is estimated at $12 billion 

(Haverkort et al., 2009). In India, a 10-15% reduction in 

yield has been observed due to the occurrence of potato 

late blight (Lozoya-Saldana, 2011; Mehi et al., 2016). 

Every year, late blight of potato appears epidemically in 

the Himalayan and Nilgiri hills and sporadically in cold 

deserts, central, and Deccan plateau (Dutt, 1979). 

Late blight disease of potato, caused by Phytophthora 

infestans (Mont.) de Bary, is economically significant and 

particularly devastating in the high Himalayan 

temperate regions. It is also a major concern for potato 

growers worldwide (Hijmans et al., 2000; Guenther et 

al., 2001). P. infestans infects potato crops via sporangia 

and zoospores/oospores formed on volunteer potatoes 

under moist conditions during cool and wet weather 

(Johnson, 2010; Goss et al., 2014; Fry et al., 2015). The 

disease intensity of late blight at high altitudes is high 

due to sandy and clay soils contaminated with oospores, 

which remain infectious for up to 48 months 

(Turkensteen et al., 2008). 

The lifecycle and aggressiveness of the late blight 

pathogen are strongly influenced by weather variables 

and resistance to fungicides within the local pathogen 

population (Doster et al., 1989). Late blight disease 

progresses rapidly when temperatures exceed 28-30°C 

and relative humidity is 90-95% for two days or more 

(Razukas et al., 2007; Mohsan et al., 2016). The current 

climate change patterns are influencing the appearance 

of late blight of potato, leading to moderate to high 

disease severity even in the plains (Mehi et al., 2016). 

Weather variables play a significant role in the 

development of potato late blight under natural 

epidemic conditions. 

Researchers worldwide are continually monitoring the 

re-emergence of late blight disease in potatoes and 

employing various management strategies. Different 

sowing dates and the impact of environmental 

parameters are key to understanding disease 

development and refining management approaches 

(Dang et al., 1995; Singh et al., 1998). Developing 

technical knowledge about the epidemiological factors 

that drive the progression of late blight and finding ways 

to minimize losses from this disease are major 

challenges in potato production. Calculations of the area 

under the disease progress curve (AUDPC) and the rate 

of disease spread (r-value) can be used to forecast late 

blight, inform management strategies, and classify 

potato genotypes for susceptibility or resistance 

(Andrivon et al., 2003). However, no efforts have been 

reported so far that use AUDPC and r-value in relation to 

disease development at different plant growth stages. 

The objective of the present study was to estimate 

susceptibility and the rate of disease spread at different 

plant growth stages to reduce fungicide input while 

achieving acceptable control of late blight. 

 

MATERIALS AND METHODS 

The monitoring of potato late blight outbreak and 

disease development was conducted during the 2018 

and 2019 cropping seasons at the Mountain Agriculture 

Research and Extension Station (MAR & ES), Gurez, 

Sher-e-Kashmir University of Agricultural Sciences and 

Technology of Kashmir (SKUAST-K), Jammu and 

Kashmir, India. The station is located at a latitude of 34° 

38' 1.57" N and a longitude of 74° 50' 25.27" E, with an 

altitude of 2430 meters above sea level in the 

Northwestern Himalayas, India. The area is 

characterized by a cold climate with high humidity, long 

rainy days (May-June), and a short semi-dry season 

(August to October), with a single cropping season from 

May to October. 

Five popular potato cultivars (Kufri Jyoti, Kufri Giriraj, 

Gulmarg Special, Shalimar Potato-I, and Gurez local) 

were obtained from the farm manager of the research 

station (MAR & ES). The experiment was laid out in a 

Randomized Complete Block Design with three 

replications. The spacing between plants was 30 cm, and 

the spacing between rows was 75 cm, in a plot 

measuring 2.0 m × 2.0 m. The percentage of total leaf 

area showing symptoms of late blight was recorded at 7-

day intervals from the onset of symptoms and continued 

until the susceptible cultivar showed complete blighting, 

assessed as either 8 (97.5%) or 9 (100%) on the 1-9 

scale Henfling (1979). The intensity of late blight in each 

cultivar/plot was recorded, and the area under the 

disease progress curve (AUDPC) was calculated using 

the midpoint method (Campbell and Madden, 1990). 

AUDPC values for each cultivar were computed based on 

lesion number and the percentage of leaf area affected. 

The calculation was made using the formula proposed by 

Wilcoxson et al. (1975). 

AUDPC = ∑n i=1 [(Si +Si-1) x0.5 (t2-t1)] 
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Where 

Si = Amount of disease at ith time, i ranges from 1 to n 

Si-1 = Amount of disease at (i-1)th time 

t2-t1 = Number of days between two observations 

n = Number of successive evaluation of disease 

AUDPC is commonly used to compare different varieties 

or treatments (Jeger et al., 2004) and to evaluate the 

resistance of plant species to pathogens (Mikulova et al., 

2008; Irfaq et al., 2009). To standardize AUDPC values 

across years before analysis, the metric was converted 

into relative AUDPC (rAUDPC) as described by Fry (1983). 

Resistance scale values of different potato cultivars were 

assessed for resistance and susceptibility using AUDPC or 

rAUDPC values, following the method proposed by Yuen 

and Forbes (2009) with the following equation: 

       
  

  
 

Where, Sy represents the assigned susceptibility scale value 

and Dy the observed disease measure (AUDPC or rAUDPC) 

for the standard genotype. Similarly, Sx represents the 

calculated susceptibility scale value and Dx the observed 

disease measure for the genotype in question. 

The rate of disease spread, r, is a frequently used 

measure of temporal disease progress in general 

epidemics. This rate was determined using the following 

formula against time: 

r = 2.3/t {log X2/1- X2 - log X1/1- X1} 

Where r is the rate of disease spread during the non-

logarithmic phase, X1 is the disease index at the initial 

week time (t1), and X2 is the disease index at a 

subsequent week time (t2), which is a parameter in the 

logistic growth equation (Zadoks and Schein, 1979) and 

can be estimated from a time series of disease 

progression after logit transformation of severity 

(Berkson, 1944). The apparent rate of infection, 

expressed in units per day, was calculated by first 

transforming the disease index into logits using ln[Y/(1-

Y)], where Y represents the proportion of infected 

tissues and 1-Y represents the proportion of healthy 

tissue. Logit values (y) were regressed against time (x) 

to obtain a regression line, the slope of which represents 

the apparent rate of infection. 

 

RESULTS 

The performance of potato cultivars planted in 2018 and 

2019 showed varied responses to late blight. Symptoms of 

late blight began at the pre-flowering stage 35 days after 

transplanting (DAP), and disease severity was assessed 

weekly under natural epiphytotic infection conditions. 

Among the tested cultivars, one showed resistance, one 

susceptibility, and three moderate resistance based on 

AUDPC values, susceptibility scale values, and disease 

spread rates. The results presented in Table 1a and 1b 

indicated that late blight incidence was higher in 2018 

compared to 2019. AUDPC values in 2019 ranged from 

1272 for Kufri Jyoti to 2380 for Gurez local, significantly 

lower (P = 0.05) than the AUDPC values in 2018, which 

ranged from 1540 for Kufri Jyoti to 2493 for Gurez local. 

Similarly, rAUDPC values varied from 0.25 to 0.54 in 

2018 and 0.22 to 0.52 in 2019, with Kufri Jyoti showing 

the minimum and Gurez local the maximum severity. 

Potato late blight severity increased from mid-August to 

the 3rd week of September, coinciding with a rise in 

maximum and minimum temperatures from 18°C to 

24°C and 2°C to 12°C, respectively. Relative humidity 

(85-95%) also increased due to rainfall (15.5-20.75 mm) 

and average wind speeds of 1-5.5 km/h during this 

period. These rainfall events likely had a direct impact 

on the observed disease scores. 

Comparing the two epidemics, fluctuations in 

environmental variables were more pronounced in 2018 

than in 2019 (Figure 1a and 1b). Among the tested 

cultivars, late blight severity varied from 48.40% to 

85.44% during both 2018 and 2019, with relative 

AUDPC values consistently below 0.025 for resistant and 

moderately susceptible cultivars, and slightly higher at 

0.52 and 0.54 (Table 2). Average rAUDPC values 

indicated similar levels of relative resistance across both 

cropping seasons (Figure 2). Mean values of disease 

severity and the extent of variation during the cropping 

seasons suggest that prevailing growing conditions play 

a significant role in disease development. Lower mean 

values with a limited range indicate a low incidence of 

potato late blight, while intermediate and higher mean 

values with greater ranges suggest moderate to high 

incidences of late blight, respectively. 

Potato late blight severity was recorded weekly, and 

severity values were transformed into logits to estimate 

the initial disease slope for each epidemic, representing 

the rate of infection over time. However, the rate of 

disease spread was lower in 2019 (ranging from 0.060 

logit/day to 0.074 logit/day with a mean of 0.094 

logit/day) than in 2018 (ranging from 0.064 logit/day to 

0.076 logit/day with a mean of 0.404 logit/day). Apparent 

infection rates were relatively consistent within cultivars 

for each test year, ranging from 0.064 to 0.075 in 2018 
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and from 0.059 to 0.062 per day in 2019 (Table 1a and 

1b). During both cropping seasons, infection responses of 

the cultivars were significantly lower than those of the 

susceptible check (Table 3a and 3b). 

 

Table1a. Area under disease progress curve (AUDPC), relative AUDPC, susceptibility scale value and apparent rate of 

infection/logit per unit per day for late blight of potato caused by P. infestans during 2018. 

Genotype AUDPC rAUDPC Susceptibility scale 

value 

rate of disease 

spread (r) 

Kufri Jyoti 

 

1540  ± 2.94 0.25  ± 1.41 5.6 0.062 

Kufri Giriraj 

 

1929  ± 2.47 0.34 ±  1.06 6.0 0.067 

Shalimar Potato-I 1988 ± 1.41 0.36 ±  1.39 6.2 0.068 

Gulmarg Special 

 

2081  ± 1.41 0.37  ± 1.40 6.5 0.070 

Gurez Local 

 

2493 ± 1.05 0.54 ± 1.06 9 0.075 

  

Table 1b. Area under disease progress curve (AUDPC), relative AUDPC, susceptibility scale value and apparent rate of 

infection/logit per unit per day for late blight of potato caused by P. infestans during 2019. 

Genotype AUDPC rAUDPC Susceptibility scale 

value 

rate of disease 

spread (r) 

Kufri Jyoti 

 

1272  ± 1.94 0.22  ± 0.014 4.9 0.052 

Kufri Giriraj 

 

1579  ± 1.06 0.26 ±  0.014 6.0 0.061 

Shalimar Potato-I 

 

1600 ± 1.41 0.30 ±  0.016 6.2 0.062 

Gulmarg Special 

 

1750  ± 1.76 0.32  ± 0.014 6.5 0.055 

Gurez Local 

 

2380 ± 3.85 0.52 ± 0.035 9 0.062 

 

 
Figure 1a. Climatic parameters during disease progress 

period in 2018. 

 

Table 2. Mean severity values of two epidemics 2018 and 

2019. 

S. No. Genotype Severity value 

1 Kufri Jyoti 48.40% 

2 Kufri Giriraj 56.47% 

3 Shalimar Potato-I 62.66% 

4 Gulmarg Special 49.77% 

5 Gurez Local 85.44% 

 
Figure 1b. Climatic parameters during disease progress 

period in 2019. 

 

Out of the 5 cultivars reported to exhibit slow epidemic 

characteristics or reduced r-values, which were 

evaluated in the field, different types of reaction 

responses were observed: resistant, moderately 

resistant, or susceptible to late blight. Mean r-values and 

susceptibility scale values for the different cultivars 

across the two cropping seasons represent the 

differences exhibited by the susceptible versus the 

resistant cultivars (Table 1a and 1b).  
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Figure 2. Comparison of yearly average relative area 

under disease progress curve (rAUDPC) values of potato 

cultivars evaluated for resistance to P. infestans in the 

field experiments during 2018 and 2019. The diagonal 

represents identical values for two years. 

 

The apparent infection rate (r) in genotypes at different 

stages showed wide variation (Table 3a and 3b). The 

highest average ‘r’ value was observed in the cultivar 

Gurez Local (0.0762, 0.074), and the lowest in Kufri Jyoti 

(0.064, 0.062) during the 2018 and 2019 cropping 

seasons, respectively. Kufri Giriraj showed an average 

infection rate of 0.068 and 0.069, Shalimar Potato-I 

0.073 and 0.068, and Gulmarg Special 0.072 and 0.061 

during 2018 and 2019, respectively. 

Observations on disease progress curves of potato 

cultivars tested over two cropping seasons are well 

reflected in the average disease progress curves (Figure 

1a and 1b) and the corresponding logit/day lines. 

Among the five cultivars, Gurez Local exhibited the 

fastest epidemic, followed by Shalimar Potato-I, while 

Kufri Jyoti, Kufri Giriraj, and Gulmarg Special were slow 

epidemic cultivars. Based on disease reaction (disease 

severity and rAUDPC), potato cultivars were identified 

as resistant (Kufri Jyoti), moderately resistant (Kufri 

Giriraj, Gulmarg Special, and Shalimar Potato-I), and 

susceptible (Gurez Local). 

The maximum rate of spread in all the cultivars was 

observed between 35-42 DAI and also increased from 63 

to 84 DAI during both cropping seasons. In the present 

study, the average apparent rate of infection in potato 

late blight disease varied over time and did not remain 

consistent for a given cultivar, nor did it show a 

particular trend. This inconsistency is attributed to the 

genetic characteristics of the genotype. 

 

DISCUSSION 

The potato cultivars exhibited resistant and moderately 

resistant responses to late blight under field 

conditions, making them suitable candidates for 

popularization and integration into further breeding 

programs. Successful forecasting and prediction at 

various locations necessitate the evaluation of suitable 

weather variables for potato late blight disease 

development. Our findings agree with observations 

that maximum and minimum temperatures in the 

ranges of 16-20°C and 1-6°C, respectively, were 

favorable for potato late blight (Nadeem et al., 2015). It 

is evident that maximum temperatures (36.9°C and 

38.1°C) and relative humidity (94% and 96.4%) 

exhibited a strong positive relationship with the 

incidence of potato late blight. The interaction among 

morning (maximum) relative humidity, afternoon 

(minimum) relative humidity, maximum temperature, 

and minimum temperature predicted the highest late 

blight incidence in potatoes (Meena et al., 2002). The 

Royal Netherlands Meteorological Institute recently 

published new climate change scenarios in the 

KNMI’14, which showed minor changes in humidity as 

the main factor influencing the establishment of P. 

infestans (Van den Hurk et al., 2014). Santosh et al. 

(2021) also noted that temperature (minimum and 

maximum), relative humidity (morning and evening), 

and rainfall influenced the severity of Alternaria leaf 

blight in makhana under the agro-climatic conditions of 

the Koshi region in Bihar. 

During the current study, various tools such as AUDPC, 

rAUDPC, susceptibility scale values, and the rate of 

disease spread were used to assess the resistance of 

potato cultivars against late blight at different growth 

stages under high-altitude conditions in the 

Northwestern Himalayas. The tested potato cultivars 

ranged from susceptible to resistant. Resistant and 

moderately resistant varieties had significantly reduced 

AUDPC compared to susceptible ones (Jones, 1998). A 

relative AUDPC value of <0.05 was chosen as the disease 

threshold level, and cultivars with a lower disease 

threshold were found to be more suitable for cultivation 

(Nearstad et al., 2007). 
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Table 3a. Rate of disease spread (r) per unit per day of late blight of potato at various stages of growth in potato genotypes during 2018.  

Genotype Rate of disease spread (r) Average 

35-42 DAI 42-49 DAI 49-56 DAI 56-63 DAI 63-70 DAI 70-77 DAI 77-84 DAI 84-91 DAI 

Kufri Jyoti 

 

0.087 0.084 0.058 0.054 0.052 0.070 0.075 0.029 0.064 

Kufri Giriraj 

 

0.114 0.080 0.052 0.044 0.063 0.069 0.071 0.053 0.069 

Shalimar Potato-I 0.169 0.086 0.041 0.062 0.066 0.071 0.75 0.023 0.073 

Gulmarg Special 0.107 0.078 0.041 0.049 0.067 0.069 0.66 0.022 0.072 

Gurez Local 

 

0.101 0.097 0.073 0.053 0.050 0.075 0.071 0.070 0.076 

DAI= Days after Initiation 

 

Table 3b. Rate of disease spread (r) per unit per day of late blight of potato at various stages of growth in potato genotypes during 2019.  

Genotype  Rate of disease spread (r) Average 

35-42 DAI 42-49 DAI 49-56 DAI 56-63 DAI 64-70 DAI 70-77 DAI 77-84 DAI 84-91 DAI 

Kufri Jyoti 

 

0.104 0.056 0.029 0.068 0.081 0.047 0.041 0.040 0.060 

Kufri Giriraj 

 

0.140 0.066 0.031 0.036 0.060 0.075 0.069 0.065 0.068 

Shalimar Potato-I 0.169 0.037 0.067 0.046 0.046 0.060 0.069 0.065 0.068 

Gulmarg Special 0.136 0.048 0.020 0.060 0.049 0.050 0.075 0.041 0.061 

Gurez Local 

 

0.086 0.064 0.063 0.053 0.053 0.069 0.081 0.077 0.074 

DAI= Days after Initiation. 

 

Disease severity scale and AUDPC values can 

be controlled in moderately resistant 

varieties governed by minor genes 

combined with reduced doses of fungicide 

(Anonymous, 2007). Depending on the 

nature of the disease progress curves, 

logistic values have been proven more 

appropriate for analyzing the progress of 

epidemics and comparing the rate of disease 

spread in several plant pathosystems. Our 

results align with findings that disease 

severities, disease progress curves, and 

disease progress rates were significantly 

affected by potato varieties, locations, and 

cropping seasons (Legesse et al., 2021). 

Similar findings were recorded earlier by 

Mukherjee (1994) and Mohapatra (2002) in 

the rice blast pathosystem. 

Sinha et al. (1998) reported that disease 

intensity increases with the transitional 

development of the plant, which could 

explain the higher frequencies of disease 

observed in older plants. As the age of the 

plant increases beyond 35 days, its 

susceptibility rises, peaking at 70-100 days 

after sowing (Meena et al., 2004). Some 

experimental studies have shown that the 

rates of disease increase are influenced by 

the number of initial inoculums, with a 

higher number of initial foci leading to more 

significant disease spread (Smith et al., 1998; 

Jeger et al., 2004). 

 

CONCLUSION 

The experimental findings indicated that all 

potato cultivars significantly correlated with 

late blight severity. Potato cultivars exhibiting 

resistance to late blight should be promoted for 

seed production in high-altitude areas and 

further integrated into breeding programs. Late 

blight of potato is highly influenced by weather 

variables. The AUDPC, susceptibility scale 

values, and the rate of disease progress are the 

best tools for assessing cultivars/germplasm 

lines against any disease. 
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