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1. Introduction

Lesions are caused on the mid-ribs of sugarcane leaves by primary
infection when the crop is young and later by secondary infection of
red rot on the sugarcane crop. This formation of a lesion starts as
reddish dots on the upper surface of the mid-rib. Later the central
regions of these reddish portions turn straw coloured studded with small
Hack dot like structures known as acervuli. ,The central straw coloured
portion is surrounded by reddish margin at the edges.

A leaf may have no lesion, in which case it may be said to be un-
infected. The infected leaves, on the other hand, may have one, two,
three, etc., lesionS; It is the purpose of this paper to study the distri
bution of the infected leaves according to the number of lesions they
possess. Formula for estimating the parameter occurring in this
distribution has also been worked out. Confidence interval for the
estimate of the parameter in case of large samples has been determined,

• and the size of the sample required for a sufficiently accurate estimation
of the parameter has been discussed. Also the distribution of the
•maximum likelihood estimate of the parameter has been found out.

2. Distribution of Leaves According to the Number of
Red Rot Lesions They Possess

An attempt can be made to find out theoretically what this distri
bution would be. Let us imagine the leaves to be surrounded by an
infectious atmosphere in such a way that all of them have got equal
chance of being attacked. Let q represent* the intensity of infection,
meaning thereby that if there are m leaves, the portion mq of them will
become infected, and will develop a lesion and the portion m (1 —q)
will remain uninfected. In the same way a portion mq^ will develop
one more lesion out of the mq leaves containing one lesion. A portion
mq^ out of these will develop a third lesion and out of these mq^ leaves,
a portion mq'̂ shall develop a fourth one and so on. The basic prob-

* In fact^ depends both upon the intensity of the disease and the susceptibility
of the leaves.
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ability law of the distribution of the number of red rot lesions on the
mid-rib of sugarcane leaves, may, therefore be described as

P = cSq' , (1)

where q is the probability of getting a leaf infected and having one
lesion, c is a constant, x denotes the number of lesions in a leaf.

The probability law assumes the independence of the formation
of successive number of lesions after one lesion has been developed.
In case the probability law (1) is being used to specify the population
including both infected and uninfected leaves, x takes the values
0, 1, 2, , and c can be seen to be equal to 1/(1 —q). But if we
use the probability law to describe only, the truncated population
excluding the value x = 0, c can be easily evaluated as (1 —q) q-^.

Whether the above probability law agrees with observations can
be verified from mycological data collected during November 1955,
and November 1956. In 1956 November, a sample of 816 leaves was
drawn randomly from 1/7 acre field of sugarcane at I.I.S.R., Lucknow.
The whole of the sample was drawn during the same day, and during
that very day each leaf was scrutinised with respect to the number of red
rot lesions it contained. It was found that out of these 816 leaves

examined, 497 were unaffected, and 319 were infected. A sample of
100 infected leaves was drawn in exactly the same manner as above in
November 1955. Data of both years in detail, is being reproduced
in Table 1.

To examine the goodness of fit of the (discrete) distribution (1)
in the above data, ^2 was calculated firstly for the year 1956, in which
case the population is complete, and the case x = 0 is included. The
value of q put in the formula (1) for calculating expected is the
maximum likelihood estimate of q and is given by

^ x +I

The value of obtained is 16-21 for 5 d.f., the probability for
obtaining which is less than 0-01. It, therefore, appears at first sight
that the distribution (1)'cannot represent fully the said observed values.

However let us consider the second case, viz., the truncated fre
quency distribution given by

y, = n {I - p)p^-\ (2)

for value of x = 1, 2, 3,.... Here n refers to the number of infected
Leaves only, p is the chance of getting one lesion, and y^ the number of
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leaves containing x lesions. This distribution will represent all the
figures in column (3), Table I, except the first figure, viz., the number
of unaffected leaves, and all the figures in column (2).

Table I

Number of Sugarcane Leaves according to the Number of
Red Rot Lesions they possess

No. of leaves possessing x lesions (jJ
No. of lesions — —T
in a leaf (x) (1955) (1956)

0 Figure not available 497

1 62 158

2 26 81

3 8 46

4 3 17

5 1 11

6 Nil 5

7 Nil 1

More than 7 . Nil Nil

Total .. 100 816

It is found that the frequency function (2) gives a good fit to the
data to which it refers. Using the maximum likelihood estimate of p
(see below), this curve was fitted to represent the distribution of in
fected leaves in each of the two years. Values of equal to 3-057
at Ad.f and 0-613 at Id.f, were obtained respectively for the years
1956 and 1955, which correspond respectively to probabilities of 56%
and 74%. It, therefore, appears that the distribution of the number
of infected leaves (jJ according to the number of red rot lesions they
possess is given approximately by the equation (2).

The above fact is also supported by mycological considerations.
It appears that the value ofp to be used for finding out the proportion
—infected or uninfected leaves should not be the same as that to be
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used for determining the number of lesions in leaves once they have
got infected, since in the former case some more factors concerning
the susceptibility of the leaf come into play.

It has been found that the spores bearing length on a leaf is much
less for leaves with more than one lesion than for one lesion leaves.

Since the spores bearing length on a leaf is directly responsible for the
further propagation of the disease, it becomes important to estimate
the proportion of leaves having one, two, etc., lesions and hence the
value of p.

It is proposed to elaborate the above points in another paper.

3. The. Maximum Likelihood Estimate of

The likelihood of the sample .. .x„) is given by

= (3)

so that S log <j>l'(>p = 0, gives p = (x — l)/x (4)

as the maximum likelihood estimate of p, and where x denotes the mean
number of lesions per leaf in the sample.

4. Confidence Interval for p and Size of the Sample
Required for a Sufficiently Accurate Estimate of p

By applying the Central Limit Theorem to the variate log <i>lt)p,
we have

a log ^

^(0, 1) ,

in case the size of the sample is large.

We have

t) log ^ « f - 1

and hence

since

'̂ P P (1 - i')!

pjo^\ . n . • •• ^
n 7>p ) p{\ -py : • •
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