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SCIRPOPHAGA NIVELLA F. (*) 
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(2-3) Haryana  Agricul tural  University,  Hissar ,  India.  

Studies on the resistance to top borer (S. nlvella) in sugarcane varieties were 
made in the p lant  and ratoon crops. Eight  varieties, namely,  P. 12235, Co. 1007, 
Co. 1107, Co. 1148, Co. t328, G. 12061, CoJ.~6 and COL.9 were grown in ~ replications 
of 6 rows of 30 meters each. Samples of stalks were taken  f~'om 5.0 per cent row 
length and also four samples of t0  s talks each under the graded incidence of 0,10, 
20, 30, 40, 50, 60, 70, 80, 90 and 100.0 per cent from ~00 stalks, cut  a t  random 
and pooled, ia  each variety.  I t  turned out t ha t  COL.9 hi therto considered as a 
susceptible var ie ty  towards the top borer, obtained the overall rated value 1, having  
the least  to ta l  loss for the sum of characters (stalk length, number  of internodes,  
girth, weight, sucrose and C.C.S.). I t  was suggested tha t  in top borer endemic 
areas COL.9 and PA2235 may  be preferred both as plant  and ratoon crops. 

Simple and part ial  correlations worked out between the per cent of incidence 
and different loss characters showed tha t  there existed a posit ive and significant 
relation between them. The regression coefficient showed a linear relationship 
between them. The regression equations were also worked out. I t  was found 
tha t  from the incidence values alone the relative amount  of losses caused in different 
varieties by the top borer could be confidently predicted. 

I t  was concluded tha t  the sugarcane varieties could be screened for resistance 
to top borer s imply by recording the percentage of borer incidence. 

The top-borer Scirpophaga nivella F. is a most  serious pest of 
sugarcane in India. It occurs in Formosa and Indonesia also. It  has 
4 to 7 generations in a year. The different generations overlap with 
the result that no suitable method to control this pest has been evol- 
ved, so far. 

The progeny tests of sugarcane crosses between the internode 
borer (Proceras indicus K.) resistant and susceptible parents and 
their reciprocals (AGAI~WAL, unpublished) have shown that the resistant 
and the susceptible progenies were widely distributed and that there 
were continuous variations in th~ population. Evidently the resistance 
to borers in sugarcane appeared to be a polygenic character. 

(t) P r e s e n t e d  a t  t h e  s y m p o s i u m  O I L B  on  b o r e r s  of g r a m i n a c e o u s  p l a n t s .  P a r i s ,  
2 ~ t h  s e p t .  1970.  
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In general sugarcane being highly heterozygous polyploid poses 
several problems in isolating clones of the desirable types that  are 
resistant to stem borers. However,  once a geno-type is fixed, further 
multiplication of the plant type is assured by  its vegetative propa- 
gation. 

During the early stages of selection the sugarcane clones undergo 
a vigorous testing against the various insect pests and diseases. This 
is done at the research institutes working for breeding and distri- 
bution of new hybrid varieties suited to local conditions. 

Screening of sugarcane clones on the basis of all characters contri- 
buting to resistance is a tedious and time consuming process. Studies 
were, therefore, undertaken to evolve an easy and quick technique i.e. 
without involving a quanti tat ive assessment of characters contri- 
buting to resistance against the top borer from the clonal stage onwards. 

Such a technique included the determination of correlations 
between the per cent borer incidence and its influence on the reduction 
in stalk length, number of internodes, girth, weight, sucrose and 
commercial cane sugar (C.C.S.), and also comprised the fixation of 
their rated values. 

I t  turned out  that  these studies were useful in establishing a 
character upon which more emphasis can be placed by  the entomo- 
logist for screening the clones resistant to the top borer and which 
could also be utilized as an index in selecting the prospective varieties 
in highly endemic areas e.g. the subtropical belt in India. 

Review of the literature 

Several methods of sampling cane stalks have been applied by  
various workers. The percentage of canes bored per unit length or in 
randomly selected clumps was widely adopted by HAZELHOFF (1930), 
KttANNA • BANDYOPADHAYA (1951), PRADtIAN & PRASAD (1953), 
GUPTA (1953, 1959) & SIDDIQUI (1961). 

Doss  (1954), GUI"T.< (1959) and LEE & CHIEU (1961) estimated 
that  the losses during the early stage of the crop were to the extent  
of 20.0 per cent in shoot mortality,  in addition to 40.0 per cent showing 
stunted growth. However,  ISSAC (1939), JEPSON (195~), AGARWAL 
~'~ PR~A-SAD (1956), KALR.~_ & SIDHU (1960), VENKATRAM:-kN (1962) 
KALRA ~5 CHAUDHRY (1964) and AGARWAL ~% SIDDIQUI (1964) 
have suggested an overall loss of 20 to 85.0 per cent in different seasons 
and locations in India due to S. nivella. 

HAZELHOFF (1929 and 1932) found that  the hardness of the leaf 
bud was a main factor in the relative susceptibility of sugarcane 
varieties to this borer. HART (1932) concluded that  the dry substance 
ratio and the hardness of the growing point at t r ibuted to the resistance 
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to the top borer. ISSAC (1939) and RAO (1941, 1947) found that  the 
varieties having greater lignification in the mid rib were more resistant. 
Cane varieties with long spindle (KHANNA • RAMNATHAN, 1946) 
and varieties with greater number of denticules per unit length in 
the mid-rib (VEaMA & i~r 1950) were found resistant to this 
borer. Varieties with greater foliage dimensions, lower moisture, 
greater dry matter,  greater ash and silica content, reduced nitrogen 
content in leaves and midrib and a high concentration of ionizable 
salts in the leaf cell sap, contributed towards the resistant behaviour 
of the sugarcane varieties to top borer (ADLAKA, 1964). 

Methods and materials 

Our studies were conducted in two experiments. In the first 
experiment the amount  of losses, due to the top borer, was determined 
in eight varieties and rated values were fixed both for plant cane and 
ratoon crop conditions. In the second experiment the correlation 
between the percentage of incidence (damage) and the corresponding 
loss values was ascertained. 

Experiment 1. The varieties P. 12235 (early season), Co. 1007 and 
Col. 9 (mid-season), Co. 1107, Co. 1148, Co. 1328, G. 12061 and COJ.46 
(late-season) were selected for studies during 1964 to 1967. They 
were planted in randomised block designs with four replications. 
Each replication had 6 rows of 30 meters. Stalks falling in 5 per cent 
row length were cut at the ground level in each replication. They were 
counted for healthy and damaged stalks whereas the percentages of 
incidence were assessed statistically. Four ty  stalks were picked at  
random from each of the healthy and damaged stalk groups to make 
per variety samples of 10 stalks tha t  fall in class intervals of 10 ~ 
incidence (0, 10, 20, 30 ~ etc. incidence). 

The per cent losses of the following plant characters were deter- 
mined : length, number of internodes, girth, weight, sucrose and 
commercial cane sugar. The per cent commercial cane sugar (C.C.S.) 
was calculated according to Writer's and Carpe's formula. Results are 
presented in tables 1 and 2. The variety showing the least loss for 
a character was rated as 1 and 2 to 8 in order of increasing losses. 
The rated values are listed in table 3. 

Experiment 2. The correlation studies were based on 400 randomly 
collected stalks each from heal thy and damaged samples. Later, 
40 stalks were picked at  random from each of the healthy and damaged 
samples to make 4 samples of 10 stalks of each category, again repre- 
senting class intervals of 10 per cent incidence. These stalks were 
then examined for the plant characters mentioned before. 

Results are presented in tables 4 to 7. 
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Results 

AGARWAL (unpublished) found that  on an average 36.6 % of the 
stalks were damaged by the top borer during 1951 to 1967. The lowest 
and the highest values ranged between 7.9 and 53.9%. The early, 
mid or late maturing varieties were equally damaged by this borer. 
However,  during the same period, the varieties grown as a ra toon 
crop showed a significantly higher infestation than when grown as a 
plant crop. The reason might be tha t  the ratoon crops were avai- 
lable for the overwintering moths from the beginning of ~[areh. Thus, 
they were exposed to the moths for a longer period than the plant  
crop. The latter, becoming vulnerable only from ~[ay onwards, esca- 
ped the a t tack  of the first b o r e r  generation. 

The early matur i ty  or the high sugar content  of a var ie ty  did not 
seem to exert  any influence on the intensity of a t tack of this pest. 
The reason for this is tha t  the borer is confined to the top of the cane 
stalk i.e. to the youngest  portion of the cane stalk where the differences 
in sugar content  are not  marked. 

(a) LossEs IN LENGTH OF STALK. On the average a loss of 26.8 
and 28.4 % was found for the cane varieties cult ivated as plant cane 
and ratoon crop, respectively. This difference was not significant. 
However,  there were appreciable differences in the reduction in stalk 
length in the individual varieties in both crops. The highest reduction 
in length was observed in Co. 1328 (~7.6 ~ ), followed in decreasing 
order by G. 12061 (33.9 %), P .  12235 (32.2 %), Co. 1107 (31.7 %), 
Co. 1007 (22.6 %), COJ.46 (18.8 ~ CoL. 9 (16.6 %). The least reduct ion 
was observed in Co.1148 (11.6 %). I t  was found that,  except to 
CoL. 9 and G 12061, the varieties grown as plant cane and ratoon 
crop did not  manifest the same sequence in the rated loss values ( •  1 
value) (Table 3). 

(b) LossEs IN THE NUMBER OF I N T E R N O D E S .  O n  a n  average 
33.9 and 31.5 per cent internodes were less formed in the damaged 
stalks both in the plant  and ratoon crops, respectively. The different 
varieties showed almost the same reaction and also followed almost 
the same sequence in the rated values ( +  1 value) as were observed 
for the losses in stalk length. 

(C) LOSSES IN GIRTH. Losses in girth of the stalk of the cane 
varieties ranged from minus values to 11.2 % in the plant crop and 
from 3.0 to 2 3 . 1 %  in the ratoon crop. As a rule the reduction in the 
thickness of the stalk was more p.ronouneed in a var ie ty  when grown 
as a ratoon crop than when grown as plant  cane; an overall average 
of 1.8 and 11.2 ~o reduction was observed in the plant cane and the 
ratoon crop, respectively. This was because the ratoon crops became 
vulnerable to a t tack by  this borer earlier than the plant crops. The 
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minus values obtained in a few varieties grown as plant crop seem 
to be the result of a blocking of the longitudinal growth due to the 
injury to the growing point which then caused a slight increase in 
girth. The varieties Co.1007 and CoL. 9 and CoJ. 46, showed almost 
similar rated loss values (4- 1). 

(d) LOSSES IN WEIGHT. I t  has been established by several workers 
(Doss, 1954; GUPTA, 1959; K H A N N A  et al., 1951; AGARWAL et al., 
1956; AGARWAL et al., 1964) tha t  top borer caused severe reduction 
in weight of sugarcane irrespective of variety, season or location. 
The present studies have also shown tha t  infested stalks weighed about 
31.0 % less as compared to heal thy stalks. The losses in the different 
cane varieties ranged from 6.8 to 55.2 % in plant cane and from 
11.7 to 62.2 % in the ratoon crop. Co. 1007, CoL. 9 and G. 12061 
revealed almost the same rated values for both crop types. 

(e) LossEs IN SUCROS~ AND C.C.S. Along with losses in weight 
appreciable losses in sucrose and commercial cane sugar were found. 
The varieties under plant crop conditions manifested an average 
reduction in sucrose and C.C.S. of 32.3 and 3 6 . 1 % ,  respectively. 
For the ratoon crop these losses amounted to 18.6 and 20.6 %. Varieties 
Co. 1107, Co. 1148, Co. 1328, G. 12061 and P. 12235 were assigned 
almost the same rated values for these characters. 

TABLE 4 

Correlation coe~cient values between percentage o/ incidence and other 
loss characters (pooled data) 

Between % incidence 'r' Value Significance 
a n d  pe r cen t  losses in  P l a n t  R a t o o n  

crop crop 

1. I n t e r n o d e s  . . . . . . . . . . . . . .  + 0 . 8 1  + 0 . 8 0  
2. L e n g t h  ................. + 0 . 7 7  + 0 . 8 3  
3. G i r th  . . . . . . . . . . . . . . . . . . .  + 0 . 4 6  + 0 . 7 0  
4. W e i g h t  . . . . . . . . . . . . . . . . .  + 0 . 7 2  + 0 . 7 8  
5. Sucrose  . . . . . . . . . . . . . . . . .  + 0 . 8 7  + 0 . 8 6  
6. (].(].S . . . . . . . . . . . . . . . . . . .  + 0 . 8 0  + 0 . 7 0  

All v a lue s  were s ign i f ican t  a t  1.0 p e r c e n t  level.  

0.01• .II 
0.19• .Ii 

0.474 .II 

0.09• .II 

0.05 -u .11 

0.044- .II 

The data presented in tables 1 and 2 reveal tha t  the different 
varieties show highly significant ( 1 %  level) differences in loss values, 
to all eharaeters. 

(f) CORRELATION COEFFICIENT AND REGRESSION VALUES. Pairwise 
total correlations were worked out between the percentage of borer 
incidence and the percentage of losses in length, internodes, girth, 
weight, sucrose and commercial cane sugar, according to the procedure 
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suggested by PANSE & SUKHATME (1961) and tL~u et al., 1942. 
From the data  it was found tha t  all the characters studied were posi- 
tively and highly correlated for each variety and crop. The average 
correlation coefficient between the percent incidence and the above 
characters was also high and significant at  1.0 ~ level (Table 4). 
The homogeneity test for the eight varieties and crops made according 
to RIDER (1939), showed that  the correlation coefficient for different 
varieties and crops were obtained from equally correlated populations. 

T A B L E  5 

Correlation coe~cient values between the characters influenced by top- 
borer damage (80 observations). 

Corre la t ion  
b e t w e e n  

1. P e r c e n t  less P e r c e n t  less 
in  l e n g t h  in  we igh t  

2. P e r c e n t  less P e r c e n t  less 
in  l e n g t h  in  sucrose 

3. P e r c e n t  less P e r c e n t  less 
in  w e i g h t  sucrose 

Values  s ign i f ican t  a t  5 %  level.  

' r ' Va lue  Difference 

Plant R~oon 
crop crop 

+0.96 +0.98 

+0.65 +0.69 

+0.74 +0.73 

+ 0 . 2 5 •  

+o.07!0.11 

+ 0 . 0 2 •  

The magnitude of the simple correlation did not differ signifi- 
cantly in the plant cane and ratoon crop. Therefore, the data  of the 
two crops were pooled to find out the combined correlations. I t  was 
observed tha t  all correlations were highly significant in the combined 
data also (Table 5). The intensity of the a t tack was, however, found 
to greatly influence the other characters. 

The regression coefficients in relation to the different characters 
were also studied in order to understand the exact contribution of the 
independent variate to the dependent variate. The regression formula 
was worked out. On the basis of regression formula, the prediction 
relationship was found for the various characters for both crop types 
individually (Table 6). From the values obtained the precision of the 
equations were tested by comparing the observed and the calculated 
values. I t  would be observed tha t  the predicted values, were fairly 
close showing the correctness of the regression equations. 

(g) PARTIAL COaRELATIONS. A change in one character is often 
accompanied by changes in several other characters. Therefore, 
partial correlations assume particular reference. The partial correlation 
coefficients were worked out between all possible pairs of 4 characters, 
namely, per cent incidence, per cent loss in length, weight and sucrose 



S C R E E N I N G  OF SUGARCANE V A R I E T I E S  2 1 7  

T A B L E  6 

Regression coe~cient (incidence as independent variate) 

C h a r a c t e r s  as  p e r c e n t  F a c t o r  

loss  i n  P l a n t  c r o p  

1. L e n g t h  . . . . . . . . . .  Y = 0 . 6 4 ~ - 0 . 2 6 x  
2. I n t e r n o d e s  . . . . . . .  Y = 1 . 1 3 - ~ 0 . 3 4 x  
3. G i r t h  . . . . . . . . . . . .  Y = 0.7 + 0 . 0 5 x  
4. W e i g h t  . . . . . . . . .  Y ~ 2.71 + 0 . 3 0 x  
5. S u c r o s e  . . . . . . . . .  Y = 1 . 4 7 z r 0 . 3 0 x  
6. C.C.S . . . . . . . . . . . .  Y = 1 . 3 7 + 0 . 3 2 x  

R a t o o n  c r o p  

Y = 0 . 8 9 + 0 . 2 6 x  
Y = 1 . 4 4 + 0 . 3 2 x  
Y = 0.8 + 0 . 0 7 x  
Y = 2 . 4 ~ + 0 . 3 1 x  
Y = 1.4 + 0 . 1 5 x  
Y = 0 . 8 4 ~ - 0 . 1 8 x  

(Table 7). I t  was found that  weight exhibited little direct relation- 
ship with per cent loss in sucrose. However,  other relationship revealed 
a high positive and significant correlations among themselves. The 
results of partial correlations fully stressed the importance of the 
incidence in the loss values. Thus indicating the reliability and useful- 
ness of the percentage of incidence for rapid screening of the sugarcane 
varieties to top borer resistance. 

T A B L E  7 

Partial correlation between 4 components 

C h a r a c t e r  ' r ' V a l u e  

r. A B . C D  -~ 0 .9738 
r.  A C . D B  + 0 . 9 7 0 7  
r. A D . B C  ~ 0 . 9 1 1 5  
r .  B C . A D  -~ 0 .9954  
r. B D . A C  ~-0 .9025 
r .  C D . A B  ~- 0 .2460 

A = P e r c e n t a g e  of  i n c i d e n c e  ; B = P e r c e n t a g e  loss  i n  l e n g t h  ; C = P e r c e n t a g e  
loss  i n  w e i g h t ;  D = P e r c e n t a g e  loss  i n  suc rose .  

Discussion 

The eight cane varieties studied, though similar in many characters, 
responded differently towards S. nivella. This heterozygous pat tern 
has been demonstrated by  the rated loss values, assessed in relation 
to the percentage of attack, for a number of characters, namely, 
stalk length, number of internodes, girth, weight, sucrose and C.C.S. 

The gross average differences in loss values of stalk length, 
number of internodes and weight for the cane varieties grown under 
plant crop and ratoon crop condftions were non-significant. However,  
the average loss values for sucrose and C.C.S. were significantly greater 
in the plant cane. The girth was not appreciably affected by  top 
borer damage in the ratoon crop. 
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I t  was found tha t  CoL. 9, hitherto been considered as a susceptible 
variety towards the top borer, showed the least loss in internodes, 
girth, sucrose and C.C.S., when grown as plant cane. Judging the overall 
rated values it may be suggested tha t  in top borer endemic areas 
CoL. 9 and P. 12235 may be preferred both for plant and ratoon-crops. 
Considering the varietal complex in relation to top-borer incidence 
and the losses, it was  concluded tha t  a cane variety maintained the 
resistant or the susceptible property for different characters, irres- 
pective of whether it is grown as plant  cane or a ratoon crop. 

The correlation coefficient studies have shown tha t  the losses in 
sugarcane varieties were mostly proportionate to the intensity of 
a t tack and the same pattern was manifested in all the varieties; ' r ' 
values were very high in magnitude," sign and in significance. All the 
correlations in respect of the plant and ratoon crops were significant 
at  1.0 per cent level. Therefore, borer incidence alone could be used 
as an indication for estimating the relative losses in different varieties. 
The latter i.e. the quanti tat ive losses are otherwise determined with 
great labour and time. 

I t  was observed tha t  the interdependance between any  two 
characters was considerable and any  character could be utilized for 
screening out the varieties. Amongst them the assessment of the 
percentage of incidence was quite easy and less time consuming. The 
incidence values could be taken as an independent variate and cane 
varieties showing low values may  be selected as resistant to top borer 
with confidence. 

The s tudy of the regression of the percentage incidence on the 
percentage losses in length, weight and sucrose were worked out 
separately for each character on the assumption of the existence of a 
linear relationship between them. The trend of the regression was 
studied and the regression equations were obtained to observe the 
degree of the detrimental effect of the a t tack  on the loss characters. 
Even after considering the varietal variations, the regression coeffi- 
cient gave sufficient evidence of similarity between them. I t  was, 
however, found tha t  the unit  increase in the percentage of incidence, 
there was a considerable increase in the loss values also. Further  
tha t  from any two characters (X and Y), line of <( best fit ,> could be 
easily determined. 

R~SUM~ 

Technique de s61ectiou de vari~t~s de canne ~ sucre 
r~s i s tan tes  au  foreur  Scirpophaga nivella F. 

L ' ~ t u d c  de la  rds is tance  ~ S. nivella de var i~ t6s  de canne  K 6t~ fa i te  dans  des 
c h a m p s  de p l a n t s  e t  de repousscs.  I-Iuit  var i~ t6s  o n t  ~t6 cul t iv~es en  4 r~p~t i t ions  
de 6 r angs  de 30 m~t res  chacun .  P o u r  c h a q u e  var i6 t6  des $chant i l lons  de t iges  
f u r e n t  pr61ev6s sur  5 % de la l ongueu r  d u  r a n g  a ins i  que  4 6chant i l lons  de 
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10 t i ges ,  c h a e u n  s e l o n  u n e  6che l le  p r o g r e s s i v e  de  10 e n  10 % a l l a n t  d e  0 
100 % p o u r  4 000  t i g e s  e o u p 6 e s  a u  h a s a r d  e t  r a i ses  e n s e m b l e .  I1 en  r e s s o r t  q u e  l a  
v a r i 6 t 6  Col. 9 e o n s i d 6 r 6 e  j u s q u ' g  p r 6 s e n t  c o m m e  s e n s i b l e  a u  fo r eu r ,  a o b t e n u  la  
v a l e u r  m a x i m u m  de  1 c o r r e s p o n d a n t  a u x  p e r t e s  t o t a l e s  les p l u s  f a ib l e s  p o u r  l a  
s o m m e  des  e a r a c t ~ r e s  : l o n g u e u r  de  la  t i ge ,  n o m b r e  d ' i n t e r n c e u d s ,  e i r e o n f 6 r e n e e ,  
p o i d s ,  t e n e u r  e n  s u c r o s e  e t  e n  C.C.S .  I1 e s t  p r o p o s 6  q u e  d a n s  les r~g ions  off le 
f o r e u r  e s t  e n d 6 m i q u e  les v a r i 6 t ~ s  Col. 9 e t  P .  12235  s o i e n t  p r6 f6r6es  p o u r  les c h a m p s  
de  p l a n t s  e t  c e u x  de  r e p o u s s e s .  

L e s  eo r r61a t ions  s i m p l e s  e t  p a r t i e l l e s  ~ t ab l i e s  e n t r e  le p o u r e e n t a g e  d ' a t t a q u e s  
e t  les d i f f~ r en t s  e r i t~ res  de  p e r t e s  m o n t r e n t  q u ' i l  e x i s t e  e n t r e  e u x  u n e  r e l a t i o n  
p o s i t i v e  e t  s i g n i f i c a t i v e ,  a v e c  u n  coe f f i c i en t  de  r 6 g r e s s i o n  c o r r e s p o n d a n t  & u n e  
d ro i t e .  I1 a p p a r a l t  q u e  d ' a p r ~ s  les s e u l s  d e g r 6 s  d ' a t t a q u e  il  e s t  p o s s i b l e  de  p r 6 v o i r  
a v e c  a s s u r a n c e  les t a u x  r e l a t i f s  de s  p e r t e s  p r o v o q u 6 e s  p a r  le f o r e u r  chez  les diff~- 
r e n t e s  va r i ~ t ~s .  

O n  e n  c o n c l u t  q u e  les v a r i ~ t ~ s  de  c a n n e  ~ s u c r e  p e u v e n t  ~ t re  cho i s i e s  p o u r  
l e u r  r ~ s i s t a n c e  a u  f o r e u r  s i m p l e m e n t  p a r  l a  n o t a t i o n  d u  p o u r c e n t a g e  d ' a t t a q u e s ,  
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