STUDIES

IN SAMPLING

TECHNIQUE

VI.* Rind Hardness in Sugarcane
BY S. L. SHARMA, M . S c .
(Sugarcane Mycologist, Central Sugarcane Research Station, Pusa, Bihar)
AND
RAJESHWAR PRASAD, B.Sc. (AG.)
(Junior Botanical Assistant, Central Sugarcane Research Station, Pusa, Bihar)
Received April 13, 1957
(Communicated by Shri K. L. Khanna, F.A.SC.)
I.

INTRODUCTION

THE rind hardness of a sugarcane variety is as important a character as its
sugar content because it determines its usefulness in ways more than one.
While the cane is growing in field, it protects it from the ravages of rodents
such as rats and squirrels and of larger animals like jackals. Whereas red
rot wiped out Co. 210 and Co. 213 from the scene, the jackals were instrumental, to some extent, in the reduction of area under Co. 313, a soft rinded
variety, over major portion of the white sugar belt in this State. It has also
been found to determine the resistance of a variety to stem borers. Buzacott (1940) and Rao (1941 and 1951) found rind hardness to be positively
correlated with the resistance of a variety, respectively to Rhabdocnemis
obscura Boisd and Diatreae venosata Walkers. The latter author while reviewing literature on the subject cited several workers who found either fibrecontent or rind hardness of a variety among the major factors in imparting
resistance to stem borer. Khanna and Panje (1937) and Khanna and Sharma
(1949) have shown the two to be interdependent on each other as they are
the manifestation of one and the same phenomenon, namely, the lignification of tissues. Rind also gives protection to cane against fungus diseases,
the causal organisms of which, therefore, have to enter a stalk through such
weak spots in its armour as root-eyes, buds, or leaf scars.
The sum total of this protection, afforded by the rind against rodents,
jackals, stem borers and fungus diseases, is reflected in the ultimate yield in
which the cultivator is mainly interested.
* Parts I-V have appeared in Proc. Ind. Acad. Sci., Sec. B, rcspcctively in 28, 107-30; 31,
33-44; 31, 111-19; 32, 269-88; and 34, 210-19. Abstract in Proc. 39th Ind. ScL Cong., 1952,
Part III, 290.
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As regards the role of rind, in other words, of fibre, in processing sugarcane into sugar, Khanna and Sharma (1949) have shown how the milling properties of certain varieties were determined both by its quantity and quality.
The use of bagasse major bulk of which is formed by rind, for the manufacture of paper, has opened an entirely new avenue for this waste product
hitherto used only as fuel either in boilers in a sugar factory or in domestic
ovens in this country.
It would, therefore, appear that study of rind hardness was fairly important in assessing agronomical as well as milling characteristics of a variety.
But there exists little unanimity among different workers (Khanna and Panje,
1939; Ueno, 1938; Buzacott, 1940; and Rao, 1941 and 1951) as to how it
should be estimated. A detailed study for the accurate determination of this
character was, therefore, undertaken so that a method might be evolved for
use in the selection of varieties for different categories of canes such as chewing, gur and factory, from this point of view.
II.

MATERIAL AND METHODS

The investigations reported in this contribution were carried out in two
seasons (1949-50 and 1950-51) on the following varieties:
1949-50: Co. 453, B.O. 10, B.O. 11, B.O. 21 and B.O. 24.
1950-51: Co. 453, Co. 513 and B.O. 11.

Method A.--In the first season a cane stalk was taken as a unit, while
in the second year it was a clump which formed the basis of its determination.
Well developed, non-arrowing stalks, free of borers and fungus diseases, were
selected, one each (the best developed one) from 100 clumps of a variety from
a non-waterlogged field. Each cane was stripped up to the node bearing the
standard leaf and divided into three portions on length basis, and all the
eight measurements for this character were taken at half the distance from
leaf scar to leaf scar, of the middle internodes of these three portions, four
for the middle portion at the ends of the median and lateral diameters and
two each for bottom and top portions at the ends of the lateral only.
Method B.--ln 1950-51, clump being the unit, all the millable canes
of 6 rows, 3 feet apart and 60 feet long, covering nearly 1/40th of an acre
which was the usual size of an experimental plot for this crop, were tested
for rind hardness after dividing the plot into 120 units each 3 feetx3 feet.
It was measured only on the side opposite the bud at the mid-point of the
middle internode determined on length basis.
All measurements were taken with the rind hardness apparatus (Fig. 1)
designed at the Station (Khanna, 1935).
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RESULTS

1949-50

A.

TABLE

I

Average* rind hardness of five varieties at different points
(1949-50)

Region
Bottom

Middle

Top

*.

Locationt

Co. 453

B.O. 10

B.O. 11

B.O. 21

13.O. 24

I

14.995:0.17

13.895:0.17

13.46_+0.13

11.66_+0.12

13.81+0.14

III

14.785:0.15

13.975:0.15

13.57_+0.13.

11.51+_.0.13

13.74+0.20

I

13.595:0.16

12.80_+0-11

12.86_+0.12

10.97_+0.14

13.39+_0.14

II

13.725:0.15

12.545:0.11

12.57_+0.10

10.75_+0.11

12.98+0.09

III

13,175:0.15

12.91_+0.13

12.665:0.11

11.015:0.12

12.87+0.13

IV

13.355:0.14

12.73_+0.10

12.615:0.08

10.865:0.11

13.07+0.13

I

10.845:0.14

9.42_+0.12

10.025:0.11

7.39_+0.09

9.55+0.10

III

11.04+0.16"

9.62_+0.12

10.414-0.11

7.475:0.09

9.61 5:0.10

* Average of 100 measurements.
t At the end of the median diameter on the bud s i d e - - l .
At the end o f the lateral diameter on the right s i d e - - l l .
At the end o f the median diameter opposite the b u d - - I l l .
At the end of the lateral diameter on the left side--IV.

,(1) Sector.--Average hardness of rind in different sectors, as given in
Table I, was not found to be significantly different when compared with each
other within the internode itself, except in the following five pairs as tested
by the formula

t
~/$12 + S-f"
m l - - m2

Co. 453 :

Middle internode ; 1I and 111 at I X level.

B.O. 10:

Middle internode;

B.O. 11 :

Top internode :

I and II1 at 5 ~ level.

B.O. 24:

Middle internode ;

I and 11 at 5 ~ level.

B.O. 24:

Middle internode ;

I and 111 at 1X level.

1I and 11I at 5~o level.

t Where m, and m2 are the two means and S, and Sz their standard errors.
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The average hardness o f rind at the four points, therefore, was not
materially different from one another, and any one of them might be taken
to represent an internode.
(2) Internode.--In order to see how far a stalk, as whole, was represented by one of its components, namely, the internodes, correlation coefficients between the rind hardness of the former and that of the three internodes
studied, were worked out separately after omitting the measurements done
at II and IV for the middle internode and thus avoiding a bias in its favour.
It was found that in three of the varieties studied, viz., Co. 453, B.O. 11
and B.O. 24, the correlation coefficient was highest in the case of the
middle internodes (Table II) while in that of the other two, the bottom
internode was found to give a better picture of the stalk. This naturally
raised the question as to whether it was really so, in other words, whether
the correlation coefficients for bottom and middle internodes were significantly different from one another.
TABLE II

Correlation coefficients between hardness of a stalk and
that o f an internode
Varieties

r~

r,,s

rt~

Value of t for the
transformed r into z

1

2

3

4

Between
2and3

Between Between
?and4 3and4

Co. 453

..

0.7808t

0"9196#

0"7923t

1"79

0"10

1"69

B.O. 10

..

0.8590~

0"8206#

0-6179,

0"43

I"88

1"45

B.O. 11

..

0.7219t

0'7414#

0"2949t

0"14

2"15"

2"02*

B.O. 21

..

0.8439#

0"6329#

0"5619#

1"62

1"99

0"37

B.O. 24

..

0-6992t

0"8335~

0"6737#

1"11

1"27

0"16

* denotes significanceat 5~ level, t denotes significanceat 1~ level.
2. b = Rind hardness of bottom internode.
m = Rind hardness of middle internode.
t = Rind hardness of top internode.
s = Rind hardness of the stalk.

|.
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On applying t test after converting r into z by the formula:
1-q-r
z = ½ loge - i - - r'
it was found that the two correletion coefficients both for B.O. 10 and B.O. 21
were not significantly different from each other. So for these two varieties
also, middle internode could as well be taken.
(3) Stalk.--Statistical analysis of the data collected from 100 stalks
showed that variation within the sample was of a very low order in all the
five varieties because in no case did the standard error expressed as percentage
of the mean, exceed 1.38 (Table III). Variance due to stalk was found to
be 0.00~o of the total variance of the sample for all of them.
B.

1950-51

Rind hardness for the three varieties measured during this season is
given in Table IV along with the total variance in the sample and its distribution amongst the four hierarchies, namely row, unit, clump and stalk.
As was expected, the averages for both Co. 453 and B.O. 11 were less
than those of the preceding season, and stalk was overwhelmingly responsible
for the variation within the sample. Unit as a hierarchy was found to be
more important than clump because whereas d u m p s had more or less the
same number of stalks of approximately corresponding ages, units had different number of clumps ranging from nil to as many as three of them. Row
was not of much consequence in the determination of this character.
IV.

DIscossio~

A. Role of different hierarchies.--In the methods of sampling, variation
was brought in by six hierarchies, namely, (i) sector, (ii) internode, (iii) stalk
(common to both the methods), (iv) clump, (v) unit and (vi)row, depending upon whether sampling was done on the basis of selection of stalks or of
entire population within a specified area. It was, however, not possible to
include all the six hierarchies in one sample for obvious reasons.
In 1949-50 rind hardness of different sectors of the same internode was not
found to be significantly different from one another (Table I) nor was the variance due to this hierarchy greater than 18~ of the total variance in four out of
the five varieties. Only in the case of Co. 453, it was found to be 23.53~o (Table
Ill). Thus sector as a hierarchy was not found to be of much importance.
Khanna et al. (1950) who studied, in detail, thefirst three hierarchies for sampling technique for anatomical features, came to a similar conclusion so far as
the area under vascular bundles per unit area was concerned. They found that
134
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variance due to this zone was nil in seven out of nine varieties investigated by
them, it being 3 "44~o and 1 "44~o of the total variance respectively in Co. 313
and Saharanpur Paunda (loc. cir., Table III). Moreover averages for this character in different sectors, when considered separately or in their various combinations, did not differ significantly from the average for the variety, nor did
the small differences between them show any consistent trend of variation
in favour of any one sector or a combination (loc. cit., Table IV). Although
in the case of the lignifieation of cell-walls, both in parenchymatous and
sclerenchymatous tissues and of the cell-size in the former, sectors were,
however, found to be responsible for a fairly large amount of variation in
the sample, they did not effectively reflect themselves in the magnitude of rind
hardness and thus the predominant position assigned, by Khanna and Panje
(1939) and Khanna and Sharma (1947) to the vascular area amongst the anatomical characters, on theoretical grounds, has been amply justified by the
present investigations.
Internode as a hierarchy was found to be very important because it con~
tributed approximately as much as 80~o or more to the total variance in the
sample, and hence needed all the care in its selection. It might, however,
be stated that although rind-like juice quality or fibre content varied from
internode to internode, differences were of such a low order as to be negligible.
Ueno (1938) found that the rind hardness not only of internode (proper)
but also of bloom-band and root zone of lowest internode of middle region
was more or less the same as that of the uppermost internode of the bottom
region. An internode just below and above the middle could, therefore,
be taken if the latter happened to be unfit for observation.
In the case of stalk which was common to both the methods of sampling,
its importance was determined to a great extent by the method itself. In
1949-50 sample, its contribution to the total variance in the sample was practically nil while in 1950-51 it was as high as 86.16~o. Of the remaining three
hierarchies, unit as already stated was able to bring in, by itself, much more
variation than clump or row or both put together.
It is interesting to note that values for Co. 453 and B.O. 11 obtained by
method B were 91.64~0 and 89"40~o respectively, of those arrived at by
method A (Table V). Although in both the cases they were in the neighbourhood of90Yo, it cannot be stated definitely that this ratio would hold
good for all varieties because data were too meagre for such a generalization.

B. Sample size.--In view of the considerations mentioned above,
Ihe size of sample will depend upon the method that is to be employed. If
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the amount of material to be tested happens to be small in quantity, as is the
case with sugarcane varieties in the early stages of multiplication, method
used in 1949-50 would be quite useful, while varieties covering larger area
should better to tested with that of 1950-51. The former no doubt is quick
and can, at best, be used for .comparative purposes only. It is, however, not
as accurate as the latter, when overall picture of a variety is sought.
From the estimated sample size, given for the six varieties, it would
appear tha talthough it was different for different varieties, 25, 100 and 500
canes would give the average rind hardness, within a margin of 5~o, 2½~o and
17o error of the mean, in most of the varieties by method A. For the
method B, it would be respectively 50, 250 and 1,250 observations taken from
the four hierarchies as shown in Table V. If on the analysis of data, so
collected for a variety it is found that the margin of error happens to be
greater than that allowed for, the size of the sample will have to be enlarged
in the direction indicated by analysis with a view to see exactly which of
hierarchies is ~ontributing more than its normal share towards the total variation in the sample.
All measurements should be taken on the side opposite the bud at the
mid-point of the middle internode of stalks.
V.

SUMMARY

1. Rind hardness was measured for five varieties from 100 selected
stalks in 1949-50 and for three varieties from all millable cane within 1/40th
of an acre in 1950-51.
2. (a) Sector, clump, unit and row as hierarchies were not found to be
as important as internode or stalk.
(b) Unit brought in more variation within the sample than the
clumps.
3. The size of sample by the first method would be 25, 100 and 500 welldeveloped stalks, the best of a clump, to estimate this character within margin
of 5~, 2½~ and 1~o error of the mean. For the second method, the number
of observations required would be 50, 250 and 1,250 taken from the four
hierarchies according to a certain plan.
4. All measurements should be done on the side opposite the bud at
the mid-point of middle internodes.
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Fro. 1. Rind hardness apparatus and its components, namely the spring (s), the graduated
barrel (b), with indicator-collar (c), plunger (p) with indicator (pt) at the base and puncturing point
(t) at the top, and two screw-caps (sc). (After Khanna.)

