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Two equations have been developed to estimate the sporulation of Exobasidium 
vexans Massee. The equations are 

r=2.5824—0.6169x!+0 Mx2 

for the period April to December, excluding August, and 

r=3.1411—0.9867*! 

for August, where T = log spores per blister, xi = log blisters per 100 shoots and xt = 
mean daily sunshine. By calculating T, converting to spores per blister and multi-

. plying by the number of blisters per unit area of crop, the number, of spores in the 
. atmosphere can be estimated. 

Blister Blight of tea, caused by Exobasidium vexans, has many advantages for 
epidemiological studies. First, the host plant is an evergreen perennial crop kept 
in an active vegetative state throughout most of its life. This means that there arc 
no marked changes in susceptibility associated with changes in development of the 
host throughout the year, as occurs with many crops. Secondly, only the youngest 
leaves of a shoot are susceptible and tea is pruned and trained in such a way that 
almost all the young leaves are on top of ihe bushes, approximately 3 ft. above the 
ground. The susceptible leaves are thus exposed to the atmosphere and the micro­
climate within the crop is unimportant in influencing infection and sporulation. 
Thirdly, in Ceylon, temperature is relatively uniform throughout the year, and 
although it does vary with altitude and has a marked influence on the distribution 
of the disease, at 4500 ft. where this work was carried out, temperature can be 
ignored as an important factor in disease development. Fourthly, the crop con­
sists of young shoots (' two leaves and a bud ') and is harvested by hand-plucking 
at 7- to 10-day intervals. By a slight modification of this, viz plucking three leaves 
and a bud, regular records of disease incidence can be readily obtained throughout 
the year. Complicated sampling techniques need not be developed and plucking 
randomly selected bushes and assessing disease on the plucked shoots gives an 
accurate measure of disease incidence. 

Because of the first three advantages it would seem likely that infection is largely 
dependent on : (a) the number of viable spores landing on susceptible leaves, and 
(b) suitable moisture conditions on the leaf surface to allow spore germination and 
infection. As the first criterion is almost certainly dependent on the number of 
spores in the atmosphere, conditions influencing sporulation were studied initially. 

The investigation was carried out at this Institute which is subject to two 
monsoons annually, the South West Monsoon and the North East Monsoon. The 
fot mer is experienced from about May to August and is characterized by wet, cloudy 
weather often accompanied by prolonged mist. The North East Monsoon usually 
occurs from about October to December, but sometimes extends even up to April, 

* Reprinted from THE TRANSACTIONS OP THE BRITISH MYCOLOGICAL SOCIETY, Volume 49, 
Part 1, pp. 139-145. (1966). by courtesy ofthe Editors. 
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and is characterized by clear, bright mornings with afternoon or evening rains. 
The average rainfall is about 90 inches per year and Blister Blight is serious only 
during the monsoon periods. The intermonsoonal periods are relatively dry and sunny. 

R e l a t i o n s h i p b e t w e e n p e r c e n t a g e infec t ion a n d n u m b e r o f b l i s t e r s p e r 
u n i t a r e a of c r o p 

The number of spores per unit volume of air is likely to be dependent on the 
number of mature blisters per unit area of crop. In testing the relative efficiency 
of fungicides in controlling Blister Blight of tea, Webster & Park (1956) assessed 
disease incidence by measuring percentage infection on the third leaf. Since then 
until 1964 all disease assessments at this Institute have been made by this method. 
In 1964 and 1965, in addition to the ' third leaf method, disease incidence was 
assessed by determining the percentage infection on shoots (three leaves and a bud) 
and also by counting the total number of blisters on 100 shoots (Figure 1). 

% infection (shoot) 
FIGURE 1—The relation between percentage infection and number of blisters 

A straight line relationship is obtained if number of blisters (*) is plotted 
against the logarithm of the percentage of uninfected shoots (Y) (Gregory 1961). 

The regression equations are 
r = 1.938 — 0.0011* (1) 

for the ' third leaf' method, and 
T = 1.921 —0.0014* (2) 

for the ' whole shoot' method. 
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Blisters per unit area of crop will depend not only on the number of blisters 
per 100 shoots, but also on the number of shoots per unit area, which, in tea, can be 
directly measured by yield. Daily records of yield are kept by tea estates and, by 
multiplying the number of blisters per 100 shoots by yield, the number of blisters 
per unit area of crop can be estimated. 

R e l a t i o n s h i p b e t w e e n s p o r e s i n a t m o s p h e r e , n u m b e r of b l i s t e r s a n d 
s u n s h i n e 

Since 1962, atmospheric spore counts of E. vexans have been measured daily 
by a Hirst Automatic Volumetric Spore Trap. Disease incidence was measured at 
approximately weekly intervals on 1/3 acre of seedling tea that was not sprayed 
with fungicide to control Blister Blight. The mean percentage infection of two 
adjacent measurements approximately one week apart was taken, converted to 
blisters per 100 shoots (from Figure 1) and multiplied by the average daily yield of 
the whole estate during this period, to give blisters per unit area. The mean daily 
number of spores per unit volume of air for the same period was calculated from 
spore-trap data. 

The relationship between the number of spores in the atmosphere and number 
of blisters per unit area of crop is shown in Figure 2 for the period April to December 
1964. It is clear that the relationship is not simple. For example, on 27 May 
105 blisters per unit area of crop correspond with 961 spores per unit volume of air, 
while on 6 August 658 blisters per unit area correspond with 280 spores per unit 
volume. In general it would appear that, as infection is building up at the begin­
ning of a monsoon period, sporulation is very active, whereas towards the end of a 
monsoon period, when disease incidence is high, sporulation is limited. This would 
indicate that there are more spores released per blister when infection is low than 
when it is high. 

Apr. May. June July Aug. Sept. Oct. Nov. Dec. 

- 1964 

FIGURE 2—The relation between number of spores in the atmosphere and number of blisters per unit area of crop 
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Blisters per 100 shoots 

FIGURE 3—The relation between number of spores per blister and number of blisters per i o o shoots. O, data from 
April to December, excluding August ; A , data from August 

The number of spores per blister was calculated by dividing number of spores 
per unit volume of air by number of blisters per unit area, and this is plotted against 
number of blisters per 100 shoots in Figure 3. A logarithmic transformation of 
both axes gives a straight line relationship. 

Sunshine is another possible factor influencing sporulation because meteoro­
logical records indicate that periods of high sporulation per blister are associated 
with periods of high sunshine, whereas periods of low sporulation are associated 
with prolonged cloudy weather. 

Mean daily sunshine for approximately 3 weeks (2 weeks preceding spore 
counts and the period during which spores were counted) was calculated and this 
was used with log spores per blisters, and log blisters per 100 shoots to calculate a 
multiple regression. Data for August were calculated separately. The regression 
equations were 

T = 2.5824 — 0.6169*, + 0.06*2 (3) 

for the period April-December, excluding August, and 

7 = 3.1411 —0.9867*! (4) 
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Blisters per 100 shoots 

FIGURE 4—Calculated relation between (a) number of spores per blister and number of blisters per 100 shoots ; 
and (b) spores per cubic metre of air and number of blisters per 100 shoots 

for August, where Y = log spores per blister, xt = log blisters per 100 shoots and 
#2 = mean daily sunshine. In equation (3) the values — 0.6169 for br and +0.06 
for bz were both significant (P < 0.001 and P < 0.01, respectively). In equation 
(4) the value for b was significant (P < 0.001) but, during August, sunshine had 
no significant influence on sporulation. The slopes of the two equations are signi­
ficantly different (P < 0.05). 

If sunshine is removed from equation (3) by substituting mean daily sunshine 
(4.36 hr) for x2 the equation becomes 

Y= 2.8440 — 0.6169* r (5) 

After back transformation from logarithms, this equation is shown in Figure 4 
along with estimated spores per cubic metre air obtained by multiplying spores per 
blister by blisters per unit area (= blisters per 100 shoots x yield of 5000 lb). 

Using equations (3) and (4) along with yield records, it is now possible to esti­
mate spores per cubic metre air for any given period and compare this with spore 
trap data (Figure 5). In general there is very good agreement between the esti­
mated and measured number of spores. 
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> • • # Measured spores 

Estimated spores 

April May June July Aug. Sept. Oct. 
FIGURE 5—Estimated and measured spores per cubic metre of air from 1962-64 

Nov. Dec. 

D i s c u s s i o n 

Because of the suitability of Blister Blight of tea for epidemiological investiga­
tions, it has been possible to develop accurate equations to predict sporulation. 
The equations have been developed entirely from records of disease incidence, spore 
trap and sunshine data. No experimental evidence has been used, but this is 
certainly required. It has been shown that the lower the level of infection, the 
higher the sporulation per blister. Experimental evidence is required to determine 
if, as infection increases, each mature blister produces fewer spores, or whether an 
increasing number of blisters produce no spores. Presumably the difference in 
sporulation is based on a physiological difference within the leaf and there seem to 
be two possible reasons for this. First, an increase in the level of infection causes 
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this physiological change, perhaps by inducing an increase in the level of poly­
phenols or other chemicals within the leaf. Secondly, the physiological change is 
caused directly by meteorological conditions. Again there is no experimental 
evidence to indicate which of these two alternatives is more likely. 

Disease incidence is increased by wet, cloudy weather (Visser, Shanmugana-
than & Sabanayagam 1961), but the present study has shown that these conditions 
are associated with a decrease in sporulation per blister. After prolonged monsoon 
conditions, particularly towards the end of the South West Monsoon, there may be 
a high level of infection, but relatively few spores in the atmosphere. There is some 
evidence that the effect is cumulative because during August sporulation is at a much 
lower level and a different equation must be used to estimate it. Also recovery 
from this condition appears to be delayed because high sunshine during August 
does not increase sporulation. 

The converse of this is also important, because at the beginning of the South 
West Monsoon sunshine is invariably high, resulting in relatively high sporulation 
even although percentage infection is still low. This is important in timing the 
first fungicidal application to control Blister Blight and will be considered in more 
detail in a later paper of this series. 
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