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ABSTRACT

Leaf rust in coffee is the major fungal disease caused by Hemileia vastatrix that devastates the coffee
plantations at its peak incidence levels. Present study reveals the relationship of the three components of
disease triangle viz. host, environment and pathogen involved in coffee-leaf rust disease complex. Results
indicated that, in the case of coffee; the host disease resistance is more influencing than the other two
factors i.e. pathogen and environmental variables. This is clearly elucidated by the fact that with the
prevalence of almost 37 races in Indian coffee tracts the evolution one predominant race is not observed,
i.e. races | and Il that were prevalent in 1930s continue to be predominant even now. With the changing
climatic conditions shifts in patterns are observed in the factors that influence the climate but not much
effect on disease development as disease develops whenever favourable conditions occur, i.e. spore
germination that requires lower temperatures (15-20°C) and diffuse light. Therefore, the ability of the host
plant to tolerate the pathogen attack should be given prime importance in breeding approaches for
sustainable coffee production.
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INTRODUCTION

Coffee belongs to the genus Coffea of the family Rubiaceae (Bridson and Verdcourt, 1988). Commercial
production of coffee comes from two species namely, Coffea Arabica L. and Coffea canephora Pierre ex
Froehner, popularly known as “arabica coffee’ and ‘robusta coffee’ respectively. Arabica coffee is in
much demand in the international market for its excellent inherent cup quality. In India, during the year
2008-09 the total planted area of arabica coffee was 1,89,511 ha with an average productivity of 624 kg
ha™. In Karnataka state, arabica coffee is cultivated in Chikmaglur, Kodagu and Hassan districts spread
over an area of 1,10,298 ha with a production of 61,135 MT (Anonymous, 2010).

Coffee being a perennial crop harbours pathogens continuously and the degree of infection increases
under favourable conditions. Arabica coffee is known to be highly susceptible to the deadly disease “leaf
rust” or “orange rust” (Wellman, 1953; Waller, 1982). This disease was considered to be the most severe
of foliar diseases known to date (Large, 1940) and is a major disease of arabica coffee reported from over
fifty coffee growing countries (Kushalappa and Eskes, 1989). This foliar disease was first found on
cultivated coffee in India during 1869 (Anonymous, 2003). A little earlier, this disease caused the
abandonment of plantations in Sri Lanka and Indonesia where arabica coffee was replaced with robusta
coffee (Cramer, 1957).

The fungus (Hemileia vastatrix Berk. et Br.) is host specific and infects only the foliage. The pathogen
can cause foliage loss up to 50% and berries up to 70% (Muthappa, 1975; Vallega and Chiarappa, 1964;
Bhat et al., 2000). Leaf rust pathogen occurs in different forms called physiological races capable of
infecting specific genotypes of the host and the coffee plants also exist in genetically different host types
called coffee physiologic groups (Mayne, 1932). Effective management of this major disease is important
for profitable cultivation of arabica coffee. In this context, the three important components of the disease
complex of coffee leaf rust, the coffee plant, its environment and the genetically different pathogen races
have to be understood well. Considerable variations in weather during the recent past have been observed
and were thought to be a part of the climate change that is happening all over the world. Present study
was undertaken with the aim of understanding the abiotic factors influencing the dynamics of leaf rust
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disease manifestation using three different varieties of coffee. For the first time, an attempt is made to
apply the disease triangle model to elucidate the disease incidence. Disease triangle is a conceptual model
that explains the interactions between the environment, the host and the pathogen (McNew, 1960).

MATERIALS AND METHODS

The field experiment was conducted at the Central Coffee Research Institute (CCRI), Balehonnur,
Chikmaglur district, Karnataka State, India. The leaf rust susceptible arabica coffee cultivar S.795 was
used as susceptible control over two interspecific hybrids derived by spontaneous and artificial
hybridization of C. arabica and C. canephora viz. SIn.5A and SIn.6 respectively. Observations were
recorded on the seasonal incidence and progression of coffee leaf rust at monthly intervals for a period of
two years from July 2008 to June 2010. Coffee leaf rust (CLR) incidence was assessed by recording the
total number of healthy and diseased leaves in three selected branches per plant and from a total of ten
marked plants. Percentage of rust infected leaves was calculated and the disease index was expressed as
percentage rust incidence (Muthappa, 1974).

The abiotic factors such as temperature (minimum and maximum), relative humidity, sunshine hours and
quantum of rainfall were recorded using the Indian Meteorological Department (IMD) approved weather
station installed at CCRI. The weather data was collected on a daily basis during the entire experiment
period. The data were tabulated and average values for monthly intervals were calculated to match with
the periodicity of coffee leaf rust infection. The data on incidence of leaf rust on S.795, SIn.5A and sIn.6
were correlated with the weather parameters using regression analysis. The percentage values were
subjected to square root transformation. The treatment means were compared using Duncan’s multiple
range test (DMRT) for their significance (Gomez and Gomez, 1984).

RESULTS

The leaf rust incidence values recorded on all the three varieties at monthly intervals for two consecutive
years are depicted in Figure 1.
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Figure 1: Graph showing the disease incidence levels during monthly intervals in three different
genotypes for the years 2008-09 and 2009-10
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During the experiment period from 2008-09 to 2009-10, the rainfall varied from 1930 mm to 2906 mm.
The maximum temperature ranged from 24.5 to 33.5°C, minimum temperature from 13.6 to 23.03°C,
relative humidity from 71.46 to 93.35% and sunshine hours from 2.3 to 7.2 h. The leaf rust incidence had
a peak period during September to December. The incidence was lower during April to June period and
increased from July onwards and peaked during November/December. Using the weather data and leaf
rust incidence, the correlation coefficients were derived and the details are presented in Table 1.

Table 1: Table showing the details of meteorological data for a period of two years and disease
incidence levels in three different varieties

Max SS RH RF % RI % RI % RI

MONTH — Min.Temp. 1o hours (%)  (mm)  (SIN5A)  (SIn6)  (S.795)

Jul-08  19.16 2520 000 9223 055060 0420 290  05.00
Aug-08  18.87 2470 000 9335 051740 0370 180  08.70
Sep-08  18.42 2710 530 8657 007020  07.15 398  14.80
Oct-08 1850 2870 5020 8877 020540 0481 417 2590
Nov-08  15.98 2800 640  86.07 001200 0427 387 3620
Dec-08  13.60 2950 630 8187 0000.00 0407 356  58.60
Jan-09  17.22 3060 670 8477 0000.00 0688 347 42380
Feb-09  20.01 3250 700 7146 0000.00 0183 274 2430
Mar-09  20.98 3250 580 8439 003490 0000 006 1650
Apr-09  23.03 3200 600 8620 002860 0026 108  00.09
May-09  18.87 3090 700 8490 021440 0000 005  00.00
Jun-09  18.42 ,750 350  87.97 0287.80 0005 009  00.55

Jul-09 19.30 2450 000 9220 129620 0005 014 0L97
Aug-09 1940 2590 000 9100 025920 0013 062 0328
Sep-09  19.30 2650 330 9130 048140 0065 139 1334
Oct-09 1830 2750 550 8160 023420 0313 440 3405
Nov-09 1810 2800 450 8450 011910 1542 986 3832
Dec-09  16.80 2830 230 8580 0039.40 1400 487 54.04
Jan-10 1650 2860 450 8450 0021.80 1261 630 3581
Feb-10  16.50 31.60 500 8110 0000.00 1213 328 2250
Mar-10  19.00 3350  6.80 8200 0013.00 0293 010  10.62
Apr-10  20.20 33.00 600 8430 015020 0028 019  05.40
May-10  20.80 30.60 6.00 8300 0068.40 0018 026  03.25
Jun-10  20.10 27.90 400 8610 022400 0013 011 0120
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Table 2: Correlation matrix of weather parameters and rust incidence on three arabica coffee

varieties
Factors SIn.5A SIn.6 S.795
Minimum y = -1.437x + 30.905 y = -0.6773x + 15.095 y =-7.0912x + 151.23
Temperature (°C) R?*=0.3248 R?=0.2797 R?=0.5799
r=0.570 ** r=0.529 ** r=0.762 **
Maximum y =-0.1113x + 7.3417 y =-0.1637x + 7.2125 y = 0.3993x + 7.4853
Temperature (°C) R?=0.0038 R?=0.0319 R? = 0.0036
r=0.062 \° r=0.179"° r=0.060"°
Relative Humidity y =-0.1468x + 16.697 y = -0.0876x + 9.9778 y =-1.364x + 135.9
(%) R?=0.02 R?=0.0276 R?=0.1265
r=0.141"° r=0.166 \° r=0.356 \°
Rain Fall (mm) y = -0.0053x + 5.1912 y = -0.0024x + 2.9476 y = -0.0265x + 24.386
R?=0.0996 R?=0.0765 R?=0.181
r=0.316 \° r=0.277 \° r=0.425"\°
Sun Shine (hours) y =-0.0274x + 4.2416 y = 0.0639x + 2.1848 y = 2.0046x + 10.088
R?=0.0002 R?=0.0038 R?=0.0705
r=0.014 \° r=0.062 \° r=0.266 \°

** Significance at 1% & 5%, NS - Non Significant

The mean minimum temperature had significant (P=0.01 and 0.05) negative correlation with disease
incidence on all the three varieties studied, whose ‘r’ values are 0.570 for SIn.5A, 0.529 for SIn.6 and
0.762 for S.795 (Table 2). The ‘r’ values indicated the susceptible control (S.795) was more influenced
than the two interspecific hybrid varieties. Other factors did not show any significant relationship to
disease incidence. Some earlier reports on in-vitro studies (Daivasikamani and Rajanaika, 2009)
suggested that minimum relative humidity of 70% was required for maximum urediospore germination.
Another recent study (Daivasikamani et al., 2011) reported that coffee leaf rust disease was also
influenced by the amount of rainfall received during the infection process, which enhances relative
humidity.

DISCUSSION

The disease incidence and severity in any living system varies with variations in the three components of
the disease triangle i.e. host, pathogen and environment (McNew, 1960; Scholthof, 2007). The relation
between theses three components should be understood well to define epidemiology of any disease and its
management. As of now the disease epidemics in coffee were not explained with this model.

Experimental host materials are three varieties of coffee with different resistance to the leaf rust pathogen.
However, it is observed that the initiation of disease on all three varieties is more or less at the same time.
Thus, leaf rust pustules with spores become visible on all three varieties in the month of July but the
proportion of infected leaves is less at about 1.5% in SIn.6 and 2% in SIn.5A on average and is slightly
more on S.795 of about 3.5%. With the passage of time there is an increase of in the proportion of
infected leaves to over 50% in S.795, to about 4% in SIn.6 and 9% in SIn.5A on an average in the months
of November and December. The monsoon period promotes the disease progression as noted in the earlier
studies (Daivasikhamani and Rajanaika, 2009; Daivasikhamani et al., 2011). The disease incidence and
progression trend indicates that host resistance is a significantly important factor in determining disease
incidence and progression in coffee.

Leaf rust is known to exist in physiological forms with the ability to infect specific genotypes of coffee
(Mayne, 1932). At least 37 different physiological races are reported from Indian coffee fields (Prakash et
al., 2005). This is a significant increase in pathogen variability as only 13 physiological races of CLR
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were known until 1980s (Roudrigues et al., 1975). From the present study it is evident that physiological
specialization has no influence on the phonological development of the leaf rust. In spite of this capability
of the pathogen, the level of incidence of disease on the three tested varieties is considerably variable
(Table 1) as discussed above. This also indicates that host resistance is a major factor having larger
influence than the virulence of the pathogen races. Possibly, the races capable of specifically infecting the
resistant materials may be at lower prevalence under field conditions, indicating that acquisition of more
virulence genes by the pathogen may be imposing a fitness penalty (Leach et al, 2001; Casjana et al.,
2000).

When considering the environmental context, the averages of observations in the study years on all the
parameters like maximum temperatures, sunshine hours and relative humidity are remarkably constant,
even though there are fluctuations within each year varying from month to month. Rainfall however
manifested large variation between years as well as within years. Thus, these parameters are unlikely to
be influencing the initiation and progression of CLR disease. Interestingly, the minimum temperatures
observed manifested variation within a narrow range (Table 1) with variation between months in the order
of 0.29°C to 2.5 °C with an occasional high of upto 4 °C in the course of two years. Thus, this appears to
be the critical environmental condition that determines not only initiation but also the progression of CLR
disease. This conclusion draws support from the study of Daivasikamani and Rajanaika, (2009).

From the foregoing discourse it can be concluded that changing weather and increased variability of the
pathogen could not significantly influence the initiation and progression of disease on genetically resistant
interspecific hybrid derived varieties of coffee. Thus, the breeding approaches to increase the durability of
resistance to coffee leaf rust have been given prime importance in India even though the variability in rust
races was observed since a long period. MAS based breeding approaches (Prakash et al., 2011) may
enhance the efficiency of conventional strategies to obtain durable resistance in coffee cultivars.
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