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Quantitative Genetics of Sugarcane 

IV. Genet ics  o f  Fiji  D i s eas e  Res i s tance  
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Summary. I. Fiji disease is an important virus disease of sugarcane in many countri es. In Fiji, its vector is the 
leafhopper Perkinsiella vitiensis. 

2. The usual measure of resistance under insectary test conditions is the number of days required after exposure to 
viruliferous hoppers for half the test plants of a clone to show the diagnostic symptoms (SDs0). Previous studies have 
shown this measure is related to resistance under field conditions and is convenient to record. 

3. A quanti tat ive genetic analysis has been made of resistance to Fiji disease in a hybrid sugarcane population. 
4. The SDs0 measure of resistance showed a heritability and repeatability of about 0.4. These results indicated that  

Fiji disease resistance can be improved by breeding and selection. 
5. No unfavourable correlations were detected between resistance and other commercial attributes. 
6. In a mixed stand, sugarcane clones differ for the number of leafhoppers found on them. However no necessary 

relationship was detected between this character and resistance to Fiji disease. 

Introduction 

Fij i  disease is a virus disease of sugarcane (Saccha- 
rum o//icinarum L.) and  some closely related species, 
S. robustum, S. edule and  Erianthus maximus. I t  cau- 
ses s tun t ed  growth and  its diagnost ic  symptoms  are 
small  galls on the undersurface  of leaves (Hughes 
and  Robinson,  196t). I t  occurs in the South  Pacific 
(Australia,  Fiji ,  New Guinea,  Samoa etc.), the Phi- 
l ippines and  Madagascar.  The disease poses a th rea t  
to m a n y  sugar producing  countries,  indeed Mart in  
(1947) considered it  the most  serious of all sugarcane 
diseases. Fi j i  disease is t r a n s m i t t e d  by  the leafhopper  
Perkinsiella vitiensis Kirk.  in Fi j i  (Husain,  Brown, 
Hu tch in son  and  Wismer,  t967) and  by  other  Perkin- 
siella species in other  countr ies  (Hughes and  Robin-  
son, t961). Transmiss ion  is though t  to occur whilst  
the leafhopper feeds from the phloem tissue in leaves 
and  leaf sheaths (Baber and  Robinson,  1951). 

Modern commercia l  hybr ids  can acquire genes for 
resistance to Fi j i  disease from either  S. o//icinarum 
or S. spontaneum sources. Breeding and  selection 
programmes  for resis tance to the disease are based 
on t r ea t ing  resis tance as a polygenic  character .  
S immonds  (1969) has argued t h a t  polygenic re- 
sistance to p lan t  diseases is l iable to be more s table  
and  effective t h a n  oligogenic, i . e .  where the re- 
s is tance arises from a few genes wi th  large effect. 
The success of such programmes  will depend on 
adequa te  he r i t ab i l i ty  and  repea tab i l i ty  for resistance 
as well as the absence of restr ic t ive correlat ions with 
other  commercia l ly  i m p o r t a n t  characters.  For  ex- 
ample,  Hughes  and  Hooker  (1971) detec ted  a largely 
addi t ive  act ion of genes condi t ion ing  resis tance to 

no r the rn  leaf bl ight  in maize. This paper  provides 
evidence t ha t  these requ i rements  are met  in the case 
of Fi j i  disease of sugarcane.  

Material and Methods 
The experimental material consisted of 141 hybrid 

sugarcane clones, each derived from crosses made as part 
of the normal breeding programme in Fiji. The clones 
were chosen at random from about 7000 clones in Stage 2 
of the selection programme. Three full-sib progeny 
represented each of 47 families, with four replications 
per clone. Brown, Daniels and Latter (t968, 1969) gave 
details of the origin of the clones, the experimental 
design, the breeding behaviour of the population, the 
analysis of variation and correlation for 42 vegetative 
characters (x 1 to x,2 ), and the assumptions on which these 
analyses were based. The present study used these same 
data for the correlation analysis with Fiji disease re- 
sistance, as estimated by five disease variables (x~3 to x47 ) 
defined below. 

For individual characters, the genetic paranleters of 
most use were hi, the heritability based on the between 
family component of variance, and re, the clonal repeat- 
ability measured as the resemblance between asexual 
propagules of the same genotype. Large standard errors 
prohibited further analysis of the genetic variance into 
additive and dominance components. For the correlation 
analysis, genetic correlations were estimated from the 
between families covariance, clonal correlations from 
between clones covariance, and the environmental corre- 
lations from the within clones covariance. The genetic 
correlations (analogous to heritability) will detect im- 
portant  associations likely to persist from one sexual 
generation to the next, whilst the clonal correlations 
(analogous to repeatability) predict joint responses to 
clonal selection. The environmental correlations measure 
the effect of environmental factors on the joint variation 
of two characters over propagules. 

The Fiji disease resistance of each clone was measured 
by a standard insectary method (Daniels, FIusain, Hut-  
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chinson and Wismer, 1969). Small plants, 16--20 days 
after germination from single-bud stalk pieces, were ex- 
posed for 10 days to viruliferous leafhoppers in an in- 
sectary. The population density of the leafhoppers in 
the insectary was sufficiently high to ensure that  all 
plants were attacked despite any possible clonal pre- 
ferences by the leafhoppers. Each plant  was then re- 
moved from the insectary and the latent period (the 
number of days until  the appearance of disease symp- 
toms) recorded. Each replication of each clone consisted 
of six plants i. e. over the four replications, there were 
24 plants per clone. The experimental design, both for 
siting clones in the insectary and for latent period obser- 
vation, was the same as that  used in the original field 
experiment (Brown et al., 1968). Observations ceased 
after 184 days, when further appearances of diseased 
plants were rare. 

Five disease variables were calculated: 
x4a percentage of plants (out of 6) which expressed 

disease symptoms by t00 days. 
x4~ percentage of plants which expressed disease symp- 

toms by 184 days. 
:r SDso estimated at 100 days, i. e. the number of days 

required for the first 3 of the 6 plants to express 
disease symptoms. Healthy plants at 100 days were 
recorded as 100. 

x4~ SDso estimated at f84 days. 
xa7 mean number of days before symptoms were detect- 

ed. Only plants which showed symptoms (i. e. by 
184 days) were included. 

Thus variables x43 and x4~ were measures of the degree or 
percentage of infection, variable x47 was a measure of the 
rapidity to symptom expression, and variables x45 and x,, 
were particular functions of these two dimensions of the 
severity of disease expression. 

Two of the 141 clones were not available for resistance 
testing. The importance of this missing data was examin- 
ed by (~) eliminating the respective families to give a 
balanced analysis, (2) estimating the performance of the 
missing clones from those of the other two clones in the 
respective families. The differences between the two sets 
of analyses were trivial; the missing data is unlikely to 
upset conclusions drawn from this experiment. 

R e s u l t s  

Expression o/ resistance to F i j i  disease. Fig. I is 
a h is togram of the d i s t r ibu t ion  of l a t en t  periods for 
indiv idual ,  diseased plants .  Of the 3336 plants ,  68% 
showed symptoms  by  t00 days, and  83% by  t84 days. 
Disease symptoms  appeared in at  least three of the 
four repl icat ions  for all 139 clones i. e. there were 
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Fig. I. Distribution of the latent periods of 2770 individual 
plants which expressed disease symptoms by 184 days 
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Fig. 2. Distribution of the degree of infection expressed by the 
139 clones by 100 days (X4a). The total number of plants per 

clone was 24 

no i m m u n e  clones. Indeed,  only  four clones had one 
symptomless  repl icat ion (of six plants)  after f 84 days. 
Figure  2 is a h i s togram of the n u m b e r  of clones 
showing var ious numbe r s  of diseased p lan ts  (out of 
24) by  t00 days. Resis tance is a relative,  con t inuous  
character  in te rms of bo th  speed of expression 

Table 1. Estimates of population parameters for measures of Fiji disease resistance 

N o  

Character 

When assessed 

Mean 
Coefficients of 
variation (%) 

-- genotypic 
- -  environmental 

phenotypic 
Heritability (h~) 
Clonal repeatability (re) 

All hi and rc estimates are statistically 

X4g X44 X45 3"16 X47 

~ o Infection o~ Infection SDs0 SDs0 Mean latent 
period 

100 days 184 days t00 days 184 days t84 days 

68~ 83% 76.1 days 83.4 days 95.8 days 

23 fl 16 22 19 
31 22 18 33 24 
38 25 24 40 30 
.34 _+ .11 .11 • .08 .41 + .12 .33 + .10 .35 • .1t 
�9 35 + .05 .21 + .O5 .45 + .O5 .31 + .05 .39 _+ .O5 

significant at P ~ .0i except for hi, .v4t. 
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Table  2. Correlations among measures of Fij i  disease resistance. Above diagonal: upper-genetic, lower-clonal 
correlations. Below diagonal." environmental correlation 

�9 . + 

No. Character x4a X44 X45 X46 R:47 

%a % In fec t ion  (by 100 days)  --  1.13 _-- .15 - -0 .92  + .05 - -0 .94  • .04 --0.97 _+_ .02 
o.92 • .o4 --o.96 -- .o3 --1.ol •  --I .0o •  

x~, t % Infection (by 184 days) 0.71 + .O3 -- --t .10 +_ .21 --t .06 + .14 --I.06 + .11 
--0.78 _+_ .08 --0.91 _+ .05 --0.92 _+ .03 

x45 SDs0"(100 days) --0.63 _+..03 --0.44 +_ .04 -- t.01 • .03 1.01 ! .02 
0.96 • .02 0.97 + .02 

x46 SD~o (184 days) --0.71 + .03 --0.68 + .03 0.76 + .02 -- 0.99 + .02 
1.01 + .o2 

%7 Mean latent period 
(over 184 days) --0.89 ~ .01 --0.86 ~ .02 0.72 --q- .02 0.81 + .02 -- 

All correlations are significantly different from zero at  the t % level. 

(Fig. 1) and percentage diseased plants after some 
interval (Fig. 2). 

Genetics o/ Fil"i disease resistance. Table I shows 
the means, coefficients of variation, heritabilities (hi) 
and clonal repeatabilities (%) for the five measures 
of resistance. The measure which had the highest 
heritabil i ty and clonal repeatabil i ty (~.4)  and the 
lowest environmental  coefficient of variat ion was 
SDso at t00 days. The magnitude of these estimates 
suggests tha t  substantial  improvement  may  be achiev- 
ed by breeding and] Selection for disease resistance, 
and tha t  the disease testing method is adequate. 
Improvements  have been made to the testing method 
since this experiment (Hnsain and Hutchinson, in 
press), and it is probable the accuracy of these 
estimates can be further improved upon. 

Table 2 shows genetic, clonal and environmental  
correlations between the five disease variables. The 
genetic and clonal correlations were close to unity, 
showing these five measures of disease resistance to 
be genetically equivalent. SDs0 is related to field Fiji 
disease resistance (Daniels et al., 1969); these results 
show both components of SDs0 viz. speed of symptom 
expression and percentage diseased plants, are also 
related to disease resistance. 

Correlation between Fif i  disease resistance and other 
characters. No genetic or clonal correlation between 
the disease variable SDso and any of the physical or 
biochemical characters studied was significant. Table 3 
shows the SDso correlations with the more impor tant  
characters. From a breeding and selection point of 
view, these results are encouraging; no unfavourable 

Table  3. Correlations between Fi j i  disease resistance (SD5o-lOO 
and commercially important characters 

No. Character 

xl~ Yield per  p lo t  (kg) 
X17 Sta lks  pe r  p lo t  
x21 S t a r c h  (ppm) 
x2~ F ib re  % F W  
x27 Sucrose % F W  
xa2 Sucrose pe r  p lo t  (kg) 
xa7 S ta lk  we igh t  (kg) 

Genetic Clonal Envi ronmenta i  

. 0 2 •  .02 + .12 - .05  + .05  

.1t + .34 .06 • .11 - - .05  • .05 
-- .11 •  - - .22  •  .10 • .05 

.41 • .30 --.04 • .11 .oo + .05 
- - .08  @ .25 .05 21:2 .12 - - .02  _q2_ .05 

.00 + .29 .03 ~ .12 - - .04  • .05 
- - .22  + .29 - - .10  • .11 .00 ! .05 

correlations were detected between disease resistance 
and commercially impor tant  characters. 

Correlation between Fi]i disease resistance and lea~- 
hopper clonal pre/erences. We (Brown et al., 1968) 
previously found tha t  the number  of leafhoppers 
counted in field plots of different clones was a clonal 
character with a coefficient of variat ion of 87% and 
with h/ and r c estimates of about 0.35 on a log scale. 
However,  the correlations between disease resistance 
(SDs0, x4.~) and leafhopper count per plot (xs) were: 

genetic 0.35 • .36 
clonal 0.01 ~- .15 
environmental  0.02 • .05 

There is therefore no evidence from this experiment 
tha t  preferred clones in the field are also more sus- 
ceptible to Fiji disease. 

Basis o/ lea~hopper clonal pre/erences. The field 
experiment in which the leafhopper counts were made 
can be regarded as a replicated ecological assay of 
factors affecting leafhopper distribution. Each clone 
represents a particular "micro-environment" ,  spe- 
cified by its character set (x6--x42). These characters 
affect the extent and/or the quality of environmental  
space available to the leafhoppers. For example, the 
number  of stalks per plot (x17) and other yield 
characters may  be regarded as effecting the amount  
of space, whereas leaf moisture (xs) and leaf width 
(Xla) may  be regarded as affecting the nature of the 
space. 

Table 4 gives the correlations between leafhopper 
density (xs) and other variables which were sta- 
tistically significant. Significant genetic or clonal 

correlations occurred only for leaf charac- 
days, x~) ters affecting quality. This was in contrast  

to the prevalence of significant, low en- 
vironmental  correlations (~0.20) for 
yield factors related to the extent of the 
environment.  

Thus the basis of clonal preferences by  
leafhoppers is related to clonal characters 
which affect favourabil i ty  of the environ- 
ment  rather  than to those affecting its 
extent. Nonetheless the environmental  
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correlations show tha t  var ia t ion for characters  of this 
la t ter  type  does influence leafhopper  density.  Note  
tha t  these correlations account  for only a small por- 
t ion of the var iance in leafhopper  counts  between 
clones. This perhaps  arises f rom the measurement  
of the characters  at quite different t imes as well as 
the possible effects on preferences of other  characters  
not  specifically studied here. 

Popula t ion  densities of leafhoppers can reach a 
point  where serious physical  damage  results (Harris, 
1970). In  such si tuat ions clonal preferences per se 
could be impor t an t  if t hey  were related to factors  
controll ing popula t ion densi ty  in a pure stand.  How-  
ever f rom the viewpoint  of the epidemiology of and 
the resistance test ing for Fiji disease, the relevant  
point  is whether  preferred clones are also more su- 

Table 4. Statistically significant correlations between leafhopper count (xs) and vegetative 
characters 

No. Character Genetic 

x 6 Stalks per plot 
x 7 TVD leaf weight (g) 
x~ TVD leaf moisture (%w/w) 
x~2 Early yield grade 
xi9 TVD leaf width (cm) .56 + .22* 
xa6 Yield per plot (kg) 
x~7 Stalks per plot 
x18 Nodes per stalk 
x19 Stalk length (cm) 
A'21 Starch (ppm) 
x2, t Fibre %FW 
x29 Sucrose %FW 
xa2 Sucrose per plot (kg) 

n . b .  
mental 

Clonal Environmental 

�9 29 + .05** 
�9 30 + .t3" .20 + .05** 
�9 37 2~ .11"* 

.27 + .05** 
.32 _+ . |1" 

.24 _+_ .05** 

.28 ! .05** 

.10 • .05* 
�9 23 + .05** 

--.14 _+ .05* 
--.13 • .o5* 

.I0 • .05* 

.22 ~ .05** 

(t) *, ** Statistically different from zero at P ~ .05, P ~ .01. (2) In addition, environ- 
o/ correlations for Xas, Xa4, xas, Xag, x4a and x4~ were statistically different from zero at the I/o level. 

Discuss ion  

Resistant variables. Which amongs t  the five meas- 
ures of resistance is the best one to use in pract ice ? 
The correlat ions in Table 2 argue t h a t  the five 
measures are equivalent  genetically. Therefore the 
choice can be made on the basis of clonal repeatabi l i ty  
and/or  convenience.  The est imates of r c in Table t 
suppor t  the choice of xas. Fur thermore ,  when test ing 
facilities are limited, the te rmina t ion  of each test  at  
t00  days  (as for xa5 ) allows more clones to be tes ted 
and hence susceptible clones to be discarded at an 
earlier stage in a selection programme.  

Genetics o / F i i i  disease resistance. The da ta  in the 
h is tograms and tables denlonst ra te  the expression 
of resistance as a cont inuous  variable and tha t  its 
var ia t ion  is in par t  genetic. Whe the r  this genetic 
componen t  is due to m a n y  polygenes of small effect 
and not  to a few oligogenes whose segregation is 
masked  by  envi ronmenta l  or other  polygenic va- 
riation, is still unproven.  

Lea[hopper clonal pre[erenees. Clonal differences in 
popula t ion  densi ty  of leafhoppers have been observed 
in the past.  Mungomery  and  Bell (t933) and Robin-  
son and  Martin (1956) considered t h a t  these insects 
prefer vigorous hea l thy  plants,  and Nor th  and Baber  
(1935) found higher densities on hybr id  P O J  and Co 
clones compared  with "wi ld"  clones of S. spontaneum. 
The results of the analysis of covariance described 
above have suggested tha t  impor t an t  sources of the 
clonal dis t r ibut ion pa t t e rn  are leaf physical  charac-  
ters which alter the favourabi l i ty  of a given a m o u n t  
of env i ronmenta l  space. 

sceptible to Fiji disease. Bell (1935), Nor th  and Baber  
(1935) and Sigwalt (t963) suggested such a relat ion- 
ship bu t  Baber  and Robinson (1951), and Husain  et al. 
(1967) under  insec tary  test  conditions,  found no 
evidence of it. In  the absence of a posit ive relat ion- 
ship, resistance test ing m a y  be prejudiced par t icu-  
larly at  low popula t ion  densities; some disease-sus- 
ceptible bu t  unpala table  clones m a y  escape infection. 
The pract ice of confining hoppers  to individual  plants  
by  small voile cages or glass cylinders (Husain and 
Hutchinson,  in press) would appear  a desirable 
innovat ion.  
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