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The Mass Selection Reservoir and Sugarcane Selection 

A. H.  D. BROWN, J. DANIELS and N.  D. STEVENSON 

Dept.  of Biology, Univers i ty  of York  (England),  and Agricul tural  Exper imen t  Stat ion,  South  Pacific Sugar  
Mills Ltd. ,  Lau toka  (Fiji) 

Summary. A method is proposed which extends the mass reservoir technique to the breeding of clonally propagated 
crops. The first phase produces a diverse array of clones by sexual recombination. Then the selection phase is con- 
ducted in one genotypically heterogeneous population. Such a population is termed a mass selection reservoir (MSR). In 
each generation of agricultural bulk planting, competitive ability is supplemented with a regime of artificial selection 
among propagules for fixing the rate at which each component genotype is advanced. 

A MSR programme has been initiated in sugarcane in Fiji. An analysis of the variation in selection characters demon- 
strated significant clonal effects at the single stalk (propagule) level. Sugar concentration was particularly repeatable 
on this basis. After two generations of selection, the MSR's performance at the population level at least equalled that  
of the best current commercial clone, Ragnar. I t  is therefore likely to include superior isolates of one or more clones. 

Two possible artificial selection methods are compared. These arise from either a linear (L) or multiplicative {M) 
combination of the two major selection criteria, sugar concentration and stalk weight. Although the M series differs 
genotypically from the L series, there is little difference to date in their respective population performances. 

Introduct ion 

The mass reservoir is a modern  approach  to the 
problem of main tenance  and exploi tat ion of germ- 
plasm var iabi l i ty  (Harlan, Martini and Stevens, 1940 ; 
Suneson, t956;  Simmonds,  1962) a l though its origins 
go back  at least to  the  bulk breeding methods  of 
Nilsson-Ehle (Allard, 1960). I n  the sexually repro- 
ducing crops for which it was devised, two basic pro- 
cesses cont inual ly  modify  the populat ion,  namely,  
recombination and natural selection (Allard and 
Hansche,  t964). Recombina t ion  can assemble fa- 
vourable  gene complexes from init ially i l l -adapted 
introduct ions.  Na tura l  selection improves the popu-  
lation performance,  par t icular ly  when the breeder 
includes selection for economical ly desirable charac-  
ters. After  a number  of cycles, ei ther  the composite 
populat ion or various isolates f rom it can furnish 
commercial  varieties (Atlard, 1967). 

The extension of this principle to clonally propa-  
ga ted  crops such as sugarcane is not  readily apparent .  
The mass reservoir technique relies on a s t rong re- 
lat ionship between sexual reproduct ive  fitness and 
the economic value of the product .  Secondly,  each 
cycle of selection necessarily requires a cycle of sexual 
reproduct ion and therefore genetic recombinat ion.  
Thus  the genotypic  a r ray  in any  par t icular  genera- 
t ion is t ransient .  In  clonally p ropaga ted  crops, sexual 
reproduct ive  fitness has no obvious relation to eco- 
nomic wor th  and selection can operate  on clones in- 
dependent  of genetic recombinat ion.  

We propose tha t  the mass reservoir me thod  can be 
applied to elonally p ropaga ted  crops in two dist inct  
phases. In  the first phase, dynamic  recombinat ion  is 
achieved by  the usual breeding methods  for inter- 
crossing desirable parents.  The second phase is one 

of clonal selection achieved by  differential propa-  
gat ion of clones in a composi te  populat ion.  We will 
term such a populat ion,  a mass selection reservoir 
(MSR). 

The MSR is a popula t ion of m a n y  clones of near  
commercial  type  which are asexual ly  p ropaga ted  as 
fixed genotypic  entities. The elonal composi t ion in 
successive generat ions changes in response to the 
generat ions of selection. The object  is to  produce 
either superior isolates or a mixed popula t ion  for 
commercial  exploitat ion.  This paper  describes the 
MSR procedure and the popula t ion response which 
has occurred in a sugarcane populat ion.  The genotype  
response has been described elsewhere (Brown, t971). 

Materials and Methods  

The base population comprised 534 different sugarcane 
clones chosen from among 10,191 original seedlings in 
1966. Most commercial hybrid seedling populations come 
from a wide variety of cross types (Brown, Daniels and 
Latter, 1968). They usually contain a high proportion of 
obviously inferior genotypes, and so a single stalk was cut 
from only 5102 of the 10,191 seedlings. The selected 
stalks were processed by an objective screening method 
to select the entries for the MSR programme. This in- 
cluded steps which can be typical of a MSR selection pro- 
cedure. 

(t) 838 (16%) of the stalks were discarded because 
their cross-sectional area was less than 4.0 cmL This 
thickness was the approximate 5~ lower confidence limit 
estimate of stalk thickness shown by 200 stalks of a stan- 
dard variety, Homer. 

(2) Each stalk was punched to extract a 2-- 5 ml. juice 
sample and the total soluble solids (mostly sucrose) con- 
centration estimated as ~ using a hand refractometer. 
The stalks were separated into unit ~ piles (e.g. 26, 
2 5 . . .  t0 ~ brix). 

(3) The single stalks were weighed and the heaviest 
stalks in each class were selected as follows : 
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_ _ _ r  

Brix  Class 24.5 23.5 22.5 21.5 20.5 I9.5 18.5 17.5 Tota l  

No. Stalks 367 902 t l 0 0  974 523 256 87 55 4264 
No. Selected282 292 161 78 37 21 2 -- 873 

(4) The  base popula t ion  of 534 stalks (clones) was 
chosen f rom these 873 af ter  assaying the top  four  vege- 
t a t i ve  buds (as single-eye set ts  in four separate  pots) for 
germina t ion  ab i l i ty  and the  remainder  of each stalk for 
accep tab ly  low fibre % fresh weight.  Each  clone chosen 
was a l located a unique  number  for future  ident i f ica t ion 
purposes.  

Two months  later, one po t  of each clone was p lan ted  at  
r andom in the  field, I ~/2 feet  apa r t  in rows 41/2 feet  wide. 
An equal  n u m b e r  of pots  of the  best  commerc ia l  clone 
cur ren t ly  avai lable  (Ragnar) was also p lan ted  to moni to r  
the  effect  of subsequent  selection. The  M S R  and the  com- 
mercia l  clone were compared  in a r andomized  comple te  
b lock design wi th  11 repl icat ions  and 50 plants  per  plot.  
All p lants  received fer t i t isat ion a t  the  ra te  of 350 lbs. 
su lphate  of a m m o n i a  and 220 lbs. superphosphate  per  
acre. 

The  site of this  field t r ia l  is a steep hillside near  Penang,  
Fiji .  The  soil is shallow and phospha te  deficient  and 
exposed to the  wind for m a n y  months  of the  year.  

In  t967 the  10~/2 months  old crop was ha rves ted  and 
the  fol lowing var iables  es t imated  for each stalk, 

x 1 = sugar  concen t ra t ion  in the  juice (~ 
x a = weight  of single stalks (kilograms) 
x 3 = cross-sectional  area  (C.S.A.) 

of the  s ta lk  (square cms.). 

The  most  appropr ia te  measure  of the  economic value  of a 
single s ta lk  is the  weight  of sugar  i t  contains  (x 4 = 10 x~ x 2 
grams sugar  per  stalk). The  selection regime m a y  be 
based on x~ itself, which is essent ia l ly  a mul t ip l i ca t ive  
combina t ion  of two components  x~ and x 2. In  this case the 
n e x t  genera t ion  des ignated  M - I ,  consists of the  stalks 
wi th  the  h ighes t  x 4 values. 

However ,  the  task  of measur ing  bo th  x 1 and x 2 on a 
large number  of stalks is a formidable  one. Therefore,  the  
fol lowing sequent ia l  procedure  was tested.  Le t  ns repre- 
sent  the  popula t ion  size, i.e. the  n u m b e r  of stalks which 
each furnish a single p lan t  or stool for each genera t ion  at  
the  t ime  of p lan t ing  into the  field. At  harvest ,  the  crop 
will app rox ima te  to N 2 5 ns stalks. Each  stalk is 
labelled according to its clone origin f rom a field plan and 
is processed as follows : --  (1) Discard about  20% using a 
rapid  screening for s ta lk  C.S. area. (2) Measure the  sugar 
concen t ra t ion  of each of t h e  remain ing  stalks, and sort 
in to  piles to ob ta in  a one-dimensional  d is t r ibut ion  for 
uni t  ~ (3) Piles wi th  highest  br ix  stalks are selected 
i r respect ive  of s ta lk  weight  unt i l  about  0.2 ns stalks have  Source d.f. 
been chosen. Piles wi th  less t han  moda l  br ix values are 
discarded. (4) Weigh  the  stalks in the  remaining  piles and Be tween  clones 
separa te  into weight  classes to obta in  a two-dimensional  Be tween  stools 
array.  (5) Assign an index  va lue  (s) to each pile as follows: wi th in  clones 

Be tween  stalks 
(b -- m) within  stools 

s = x  1 + ( w - -  v) x2 Tota l  

where b = m a x i m u m  brix  value  of the  weighed piles 
v = m i n i m u m  weight  va lue  wi th in  the  b br ix  class Values of Gene- N m = moda l  br ix  va lue  constants ration 
w = m a x i m u m  weight  va lue  wi th in  the  modal  

br ix  class. 1967 

The selection index  ascribes the  same va lue  to the  da ta  Base 
heavies t  stalks of the  lowest  acceptable  sugar  as to the  1968 
l ightes t  stalks of the  sweetest  weighed sugar  pile. (6) Se- s ta lk  
lect  piles of stalks wi th  highest  s values  unt i l  1.1 ns stalks da ta  M- I  
are selected. This  allows for germina t ion  failures and t968 
ensures t h a t  a popula t ion  size of ns can be p lan ted  in the  stool 
field. This  me thod  is essential ly a l inear combina t ion  of da ta  .... M-I  241 

two  components  x~ and x 2 and hence the  first  resul t ing 
genera t ion  is des ignated  L- I .  

Using the  da t a  collected at  the  1967 ha rves t  of the  base 
populat ion,  abou t  250 stalks were selected for each of the  
L-I  and M-I  popula t ions  separately.  Two po t t ed  plants  
were established f rom each of the  143 stalks which were 
common selections for L-I  and M - t  and one p lan t  for the  
remainder .  When  the plants  were t ransferred to the  field 
the L-I  and M-I  popula t ions  were regarded as separa te  
t r ea tmen t s  along wi th  250 Ragna r  stalks in a randomized  
block wi th  five " rep l ica t ions" .  E a c h  repl ica t ion con- 
sisted of 50 p lants  (stools) a l located at  random.  In  1968, 
the  selection process was repeated  i. e. ano ther  round of L 
selection in L-I ,  and another  round of M selection in M - I .  
This  resul ted in generat ions  L-2 and M-2  which were 
p lan ted  along wi th  Ragna r  in the  same way  as for L-I  
and M - I .  The  popula t ion  size of each remained at  abou t  
250 plants.  

Results  

A.  A n a l y s i s  o/ variance and covariance o/ stalks 
and stool characters 

T h e  l i n e a r  m o d e l  to  be  used  for  t h e  i n d i v i d u a l  
m e a s u r e m e n t s  is : 

X i j k  : f f  + C~ q- Sj( i )  + el~(,./) 

w h e r e  X i / k  is t h e  v a l u e  of t t le  v a r i a b l e  for  t h e  k th 
s t a lk  b e l o n g i n g  to  t h e  jth s too l  of  t h e  ith c lone.  T h e  
ana ly s i s  of v a r i a n c e  or  c o v a r i a n c e  fo l lows  t h e  f o r m  
g i v e n  in T a b l e  I i.e. a n e s t e d  o r  h i e r a r c h i c a l  des ign  
w i t h  u n e q u a l  n u m b e r  of t r e a t m e n t s .  T h e  c o n s t a n t s  
N ,  n s a n d  n c r e p r e s e n t  t h e  t o t a l  n u m b e r  of s ta lks ,  
s tools  a n d  c lones  r e s p e c t i v e l y .  T h e  coe f f i c i en t s  k s, 
k 2 a n d  ka of t h e  v a r i a n c e  c o m p o n e n t s  were  e s t i m a t e d  
u s i n g  K e m p t h o r n e ' s  ( t957,  p. 242) f o r m u l a e .  

T h e r e  are  t h r e e  sets  of d a t a  for  c o n s i d e r a t i o n ;  t h e  
s t a lk  d a t a  o b t a i n e d  in 1967 f r o m  t h e  base  p o p u l a t i o n  
(xl, x2, xa a n d  x,),  t h e  s t a lk  d a t a  g a t h e r e d  in t 9 6 8  in 
g e n e r a t i o n  M - t  (x 1, x 2 a n d  x4), a n d  t h e  s too l  d a t a  f r o m  
t h e  s a m e  g e n e r a t i o n ,  in w h i c h  

Yl = m e a n  s u g a r  c o n c e n t r a t i o n  of t h e  s t a lks  in one  
s too l  (~ 

Table  1. Form o/ the analysis o/variance for measurement 
characters 

M . S . E . M . S .  

n c - -  I MSc a 2 + k 2 a'~ + k a a~c 

n s - -  nc MSs  a~ + h l a2s 

N - -  n~ MSe cr~ 
N - -  I 

nc ns k 1 k2 k 3 

24o2 507 507 -- 4.74 4.74 

1t71 137 241 5.06 4.70 8.5t 

137 241 1 1 1.76 
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Yz ---- to ta l  weight  of cane in one stool (kilograms) 
Y3 = number  of stalks in one stool 
Y4 ---- weight  of sugar  in one stool = 10 Yl Y2 (grams 

brix) 
Y5 = length of average stalk (cms.). 

Base population results, 1967. Table 2 gives the 
est imates of the between stalks-within stools (a~) and 
the between stools/clones (a~ + a~) components  of 
variance.  Since each clone is represented by  only one 
stool in this generation,  stool effects are confounded 
with clone (genetic) differences. In  test ing the null 
hypothes is  t ha t  a~ + a2s = 0, the F ratios were t3.4, 
3.01, 3.t 5 and 3.70 for xj to x 4 respectively.  Thus  the 
joint effect of clone and stool differences is h ighly 
significant. The relative size of the componen t  meas- 
uring this joint effect suggests t h a t  sugar concen- 
t ra t ion  (Xl) is the mos t  repeatable  (Brown et al., t968) 
of the four characters .  

Table 2. Variance component estimates in the 1967 base 
population/or characters measured on single stalks 

Sugar Stalk Weight Stalk 
Concn. Weight Sugar Per C.S. Area Source d. L (xl) (xs) Stalk (x4) (xa) 
a s % a s % ~ % a S % 

Clones/stools 506 4.41 72 .015 30 650 31 .82 36 
Stalks t895 1.69 28 .036 70 1440 69 1.45 64 

The clonal correlations in Table 3 (above the 
diagonal) indicate the relat ionship between the cha- 
racters. They  show tha t  there is v i r tual ly  no correla- 
t ion between sugar and stalk weight.  Of the compo- 
nents  of economic yield (x4), stalk weight  (x2) pre- 
dominates  because it has a larger coefficient of varia-  
tion. However ,  sucrose concent ra t ion  (x 0 cannot  be 
neglected as a selection criterion because it is econo- 
mical ly impor t an t  and cannot  fall below a m i n i m u m  
acceptable level. 

Table 3. Matrix o~ correlation coe/ficients between pairs 
o[ stalk characters in the base population : clonai coefficients 
above the diagonal and environmental coefficients below the 

diagonal 

A. H. D. Brown, J. Daniels and N. D. Stevenson: 

X 1 X s X 4 X 3 

Sugar concentration (xl) -- .03 .45 --.34 
Stalk weight (x2) .37 -- .90 �9 52 
Weight sugar per stalk (x4) .5t 1.00 -- .30 
Stalk C.S. area (xz) .21 .72 .70 -- 

Selection scheme L employs a pre l iminary  screen- 
ing for stalk thickness. Al though this variable is 
f avourab ly  related to yield (r = .30), it is negat ive ly  
related to sucrose concentra t ion (r = --.34) in this 
generation. This points  to a possible serious defect in 
the scheme. To examine this problem further,  
Table 4 shows the effect of the prel iminary screening 
on the base popula t ion means. If  the 729 insuffi- 

Theoret. Appl. Genetics 

Table 4. The effect o~ discarding the 25% thinnest stalks 
o/ the base population on the sugar concentration and 

stalk weight 

Stalks with C.S. Area Stalks Total Stalk 
without Juice 

(cm 2) Juice Num- Sugar Number Weight ber 

Total 461 2402 18.8 2863 .45 
Discard 0--3.7 3t3 416 19.0 729 .23 
Accept ) 3.8 148 1986 18.7 2134 .53 

ciently thick stalks had  not  been discarded in the 
selection of L- I ,  3t3 (43%) of them would have been 
discarded in the next  step (sugar concent ra t ion  
measurement)  anyway ,  because of insufficient extrac-  
table juice. Also, discarding the 729 thin stalks had 
a negligible effect on the mean  sugar concentra t ion 
of the base populat ion,  bu t  marked ly  improved  its 
mean stalk weight. 

These points  suppor t  the ut i l i ty  of screening for 
stalk thickness in the L selection method.  In  addi- 
t ion Brown et al. (t969) have shown tha t  thin stalks 
tend  to exceed the commercial  level for fibre con- 
centrat ion.  

M-1 generation results/or single stalks, 1968. In  the 
1968 M-I  generation,  66 clones were represented by  
more than  one stool and so it was possible to separate 
clone and stool effects. The pa t te rns  observed in this 
generat ion (Tables 5 and 6) agree with those of the 

Table 5. Variance component estimates in the 1968 M-I  
generation/or stalk characters 

. . . . . . . .  Weight Sugar 
Sugar Concn. otaJK weight Per Stalk 

Source d.f. (xl) (x2) (X4) 
~s % ~s % ~s % 

Clones i36 2.48 50 .033 32 1770 33 
Stools 104 1.12 23 .005 5 240 4 
Stalks 930 1.33 27 .064 63 3460 63 

Table 6. Clonal, stool and stalk correlation coefficients 
/or pairs o/stalk characters in the M-I  generation 

Pair of Characters 

~ Sugar Concn. Stalk Weight. Source d.f. ~ugar t~oncn. . . . . . . . . .  Weight Sugar Weight Sugar 
~tam welgn~ Per Stalk Per Stalk 
(Xl" x~) (x 1 �9 x~) (x,. x4) 

Clones 136 .05 .29 .96 
Stools 104 .12 .51 .95 
Stalks 930 .28 .38 .98 

base popula t ion  (Tables 2 and  3)- A b o u t  30% of the 
tota l  var ia t ion  between single stalks for sucrose con- 
centra t ion and 65% for s talk weight  and weight  of 
sugar  per stalk are a t t r ibu tab le  to var ia t ion between 
the single stalks themselves.  
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Table 5 shows that  the stool effects were highly 
significant (F = 5.27) for sugar concentration but not 
for the weight characters. Thus to test for significant 
clone effects for sugar, the ratio M Sc/M S, was used. 
This is permissible because k I ~ k 2. For the weight 
characters, the ratio 1034 M Sd(930 M S e + 104MSs) 
was the test statistic. These F values (3.96, 5.50 and 
5.49) indicate highly significant deviation from the 
null hypothesis a~ = 0. 

The high stool component of variance for sugar 
concentration (xx)does not mean that the stools within 
a clone are necessarily more "variable" for this 
character than the weight characters (x 2, x4). Indeed 
the within clone coefficients of variation were 7, 38 
and 40% respectively, which agrees with expected 
trends. Significant stool effects in the hierarchical 
design arise from effects peculiar to different stools (of 
the same clone) but common to each stalk of any one 
stool. For example, translocation of sucrose between 
stalks of the same stool could reduce the variation 
between the stalks and thereby emphasise differences 
between stools. 

Selection did not show the expected decline in 
clonal (genetic) variance for weight of sugar per stalk 
(x4). A possible reason tor this is that  the 1967 grow- 
ing season proved to be much poorer than that  in 
t968. Lewontin (t966) showed that  the variance of 
the logarithms of measurements gives a measure of 
intrinsic variability, as it removes any linear depen- 
dence on the mean. Thus the variance components 
were estimated for log ,(x,) in the 1967 base and 1968 
M-I data. Table 7 gives these estimates for three 
stalk variables. In all three cases the estimate of the 
environment (stalk) variance (a~) on the log scale 
declined. This suggests a more uniform environment 
for the smaller population in the better year. To 
examine the change in the clonal (genetic) variance, 
some estimate of a~ in the base population is needed. 
This was obtained by assuming that  the ratio a]/a~ 
was constant in the base and M-t populations. Hence 
a~ in the base population for x 1 equals t2.8 --  
((5.6• These approximate estimates are 

Table 7. Variance component estimates /or the log trans- 
/ormed stalk characters in the 1967 base population and 1968 

M-I  generation 

Population 

bracketed in Table 7. An alternative method for 
splitting the between stool/clone component in the 
base population is to assume that  a~ was constant. 
In fact, the a~ estimates obtained by either of these 
two methods lead to the following conclusions. 

First, the genetic variance for weight of sugar per 
stalk (x,) has declined after selection by t8%. 
Second, this decline has not been achieved at the 
expense of a decline in the genetic variance for stalk 
weight (x2) but rather in that for the other component, 
sugar concentration (xl) by 33%. Thus response to 
selection for x 4 was achieved primarily by selecting 
genetically sweeter clones, despite the fact that  the 
other component, stalk weight was more intensely 
related to yield. The basis of this effect is probably 
a pronounced genotype • year interaction for stalk 
weight. 

M - I  generation results assessed on a stool basis, 1968. 
The M-I  stalk data can be considered another way 
i.e. by defining a set of stool characters (Yi) as des- 
cribed previously. The results of variance and corre- 
lation analysis for these characters are shown in 
Tables 8 and 9. The F values for the test of the hypo- 
thesis that  clonal (genetic) effects are zero (a~ = 0) 
are 4.0, 1.72, t.91 and 2.52 respectively, all of which 
exceed the F value at ~ = 0.01 level. The number of 
stalks per stool (Y5) is a moderately repeatable 
character. I t  shows a weak positive association with 
sugar concentration (Yl) and a moderate relation to 
weight of sugar per stool (Y4). 

To sum up the results of these analyses : a consider- 
able portion of the variation in the characters mea- 
sured on single stalks (which form the selective cri- 
teria in a MSR) is genotypic. This is especially so for 
sugar concentration. The pattern of joint variation of 
these characters would not prevent selective improve- 
ment. What then has been the effect of selection on 
the overall performance of the MSR ? 

Table 8. Variance component estimates in the 1968 M-I  
generation /or characters measured on a whole stool basis 

Source 

. Sugar Per Sugar Concn. Stalk Wexght Stalk Clones 
Stools (xl) (x~) (x~) 

Sugar Stool Weight SugarNo. of 
d.f. Concn. Weight Per Stool Stalks per 

(Yl) (y2) (y.,) Stool (y~) 
~2 % ~2 % G2 % ~ % 

t36 2.49 64 0.62 29 39000 34 1.74 46 
104 t.42 36 1.51 71 75000 66 2.02 54 

Base M-t Base M-I Base 

Component 
a~ (7.8) 5.2 (67) 69 (94) 
(cr~ + a~) 12.8 94 t36 
o'~ (5.0) 2.6 (27) 21 (42) 
ae 2 5.6 2.9 235 186 306 

M-t Table 9. Matrix o/ correlation coefficients between pairs 
o/stool characters in the M-1 generation: clonal coefficients 
above the diagonal and environmental coefficients below 

76 the diagonal 

28 
203 Yl Y2 Y4 Y5 

Total 18.4 10.7 329 276 442 397 

Approximate estimates of a~ and as ~ for 1967 shown in brack- 
ets. All values have been multiplied by 10 a. 

Sugar Concentrat ion (Yl) -- .30 .51 .20 
Stool Weight (Y2) .18 -- �9 97 �9 51 
Weight Sugar Per Stool (Y4) .30 .98 -- .5t 
No. of Stalks Per Stool (Ys) .t3 .8t .80 -- 
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B.  The Overall Population Performance 

The effects of selection can be assessed first by 
studying the survival patterns of individual genoty- 
pes. These results are to be presented elsewhere but  
the major conclusion is tha t  two generations of selec- 
tion (in addition to random loss) has profoundly 
changed the genotypic composition. Also only 29 clo- 
nes are common to both the L-2 and M-2 generations. 

Another means by which the effect of selection can 
be assessed is the comparison of the performance of 
the MSR populations with the known superior com- 
mercial clone, Ragnar. Table t0 summarises the 
character means from the available data. The first 
point to notice is the striking difference in perfor- 
mance between years for both the Ragnar standard 
and the MSR populations. A severe drought occurred 
in 1967, whereas 1968 was an average growing season. 
The standard clone Ragnar proved particularly 
susceptible to the 1967 drought and the base popula- 
tion was substantially superior in this year. In t968 
after one round of selection, even though the Ragnar 
performed much bet ter  than in 1967, both the L and 
M populations still significantly exceeded Ragnar, 
both on sugar per stalk (x4) and sugar per stool (Y4) 
basis. However, Ragnar remained superior in tillering 
(Y3). That  this difference did not enable Ragnar to 
outyield the MSR was due to the superior stalk 
weight (x2) of the MSR population. 

Table t0. Character means at harvest o/the various "treat- 
ments" on a single stalk basis and on a stool basis 

1967 i968 
Rag- Base Rag- L-I M-I 
nar nar 

Stalk Characters 
Sugar concentration (xl) 17.3 t8.7 22.0 23.6 22.5 
Stalk weight (x2) .30 .51 .52 .62 .69 
Stalk C. S. area (x3) 5.0 5.2 -- -- -- 
Percent "thin stalks" 5 5 5 25 -- 
Sugar per stalk (x4) 51 93 114 144 153 

Stool Characters 
Sugar concentration (Yl) 17.4 18.9 22.0 23.6* 22.4 
Stool weight (ya) 1.7 2.4 3A3 3.16 3.34 
No. of stalks (Y3) 5.5 4.7 6.0 5.1 4.9 
Sugar per stool (y~) 296 454 689 746 745 
Length of average 

stalk (Ys) -- -- t l t t 39  t 37 

* Assuming Yl -- xl 

A comparison of L-t and M-t  shows that  they differ 
to date in yield components (xl, x~, Yt, Y2) but not in 
their overall sugar per stool (Y4) performance. As 
the genotypic structure of these populations differs 
(Brown, t97t) ,  some difference in quanti tat ive attri- 
butes would be expected. Population L is superior 
for sugar concentration, whereas population M is 
superior for stalk and stool weight. 

Stalk C.S. area (x3) results were recorded at harvest 
of the base population but  not at harvest of L- t .  Thus, 

mean C.S. area cannot be directly compared between 
the two generations. Instead, the percentage of stalks 
rejected at each screening can be compared. Rejec- 
tion at the L-t harvest was 25 % compared with 5 % 
at harvest of the base population (Table 10). The 
negative clonal correlation observed between stalk 
sugar concentration and stalk thickness (Table 3) 
may explain this phenomenon. Selection for high 
sucrose has reduced stalk thickness relative to Rag- 
nar. This decrease occurred despite the discarding of 
thin stalks in the L selection scheme. The former 
effect was more pronounced because the selection 
intensity for sugar was much greater than that  for 
thickness. 

Summarising, the data  of Table t0 shows that  the 
MSR populations are already commercially superior 
to Ragnar for the characters studied. I t  is obviously 
necessary to continue the procedure to see whether 
this superiority is maintained. 

D i s c u s s i o n  

The mass selection reservoir of clonally propagated 
material generates data  which is pertinent not only 
to the agronomic problem of developing adapted 
varieties but  also to the general theory of selection. 
This arises because the MSR is monitored on two 
levels i.e. tha t  of the component clones (their fre- 
quency and quanti tat ive attributes) and that  of the 
whole population (population means compared with 
a standard clone). 

The unit of selection and propagation is the single 
stalk. This represents a considerable reduction in the 
size of an experimental unit for estimating metric 
characters. We (Brown et at., t968) have previously 
studied the variation of characters in a field plot, one 
row • eight feet long and found considerable genetic 
variance for characters such as sugar concentration, 
stalk thickness etc. However, this is no guarantee 
that  any genetic gain from selection based on their 
single stalk equivalent characters would be possible. 
Environmental  variance and experimental error could 
make such measurements meaningless. Thus the 
results of Tables 2, 5 and 8 are particularly striking 
and infer single stalk measurements are meaningful. 
The analysis of variation has predicted real selection 
gain. Further,  the significant changes in genotypic 
frequencies compared with the changes expected 
under random selection (Brown, 197t) strongly 
supports this interpretation. 

I t  is desirable to link these points with an analysis 
of the generation means. A direct measure of the 
selection response R (Falconer, 1960) was not avail- 
able because an unselected population has not been 
maintained from one generation to the next. In 
addition, the 1968 growing season was so much bet ter  
than that  of 1967 that  the means of the L-I and M-I 
generations for sugar concentration (xl) exceeded their 
values as selected in 1967 (see Table l i ) .  Also the 
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Table t 1. Statistics o/the selected populations al planting and harvesting compared 
with their value in the base population 

Base (1967) L-I (1968) M-t  (1968) 

L-I M-1 L-2 
Harves t  Selections Selections Harvest  Selections Harvest  

M-2 
Selections 

179 

No. of clones 507 105 140 99 54 t37 91 
No. of stools 507 -- -- 206 -- 241 -- 
No. of stalks 2402 250 250 1052 250 1 t 71 249 

Sugar concn. (.%) 18.7 22.2 20.8 23.6 25.3 22.5 23.3 
Stalk weight (x2) .51 .72 .90 .62 .75 .69 t . t4 
Stalk C.S. area (xa) 5.2 5.6 6.6 . . . .  
Sugar per stalk (x~) 93 t59 180 144 190 153 258 

results for Ragnar  cannot be used to est imate the 
means of the base population in t968, because geno- 
typexenvi ronment  interaction was present. For 
example, the Ragnar  stalk weight (x2) improved from 
0.30 kgs. to 0.52 kgs., whereas in M- l ,  both selection 
and the improved growing season only raised this 
variable from 0.51 to 0.69 kgs. These effects cannot 
be t reated additively. 

However,  we can est imate the base population 
means for 1968 by  combining the results of L and M 
differentials and responses. Define r, the repeatabili- 
ty ,  as the regression of propagule mean in generation 
t + t on its value in generation t, and assume its 
value to be the same in both the L and M series. 
Since L-I  and M-I  selections were taken from the 
same base population in 1967, two equations in two 
unknowns (the regression coefficient r, and the esti- 
mates  of the performance of the base population in 
1968, X,)  are formed. For example, for sugar con- 
centrat ion (xl), 

23.6 - -  X~ = r (22.2--18.7) (1) 

and 

22.5 --  X ,  = r (20.8--18.7) (2) 

where in equation 1, 23.6 is the mean ~ of L-I 
in 1968, 22.2 is the mean ~ of stalks selected for 
L-1 in t967 from the base population (as in Table t i )  
and 18.7 is the mean of the base population in t967. 
The values of r for the three characters x~, x= and x~ 
are 0.79, 0.39 and 0.43 which agree reasonably well 
with the repeatabi l i ty  estimates in Table 2. The 
values of X,, for the same characters are 20.8, 0.54 
and 1t6. 

In  1967, the base population exceeded Ragnar  for 
characters x 1, x 2 and x 4 by appreciable margins 
(Table 10). However,  when we compare the est imated 
t968 base population performances (X~) determined 
above with the t968 Ragnar  results (Table t0), 
Ragnar  was superior to the base for sucrose concen- 
t ra t ion (Xl) and equal for the yield characters x 2 and 
x 4. The loss of superiority of the base population 
over Ragnar  with the improvement  in growing condi- 
tions in 1968 confirms tha t  there is genotype • 

environment  interaction present. But  more impor- 
tantly,  tile L-I and M-I  populations exceeded the 
est imated base population performance for x 1, x 2 and 
x 4, thus confirming again the effectiveness of these 
single stalk selection methods. 

Conclusions 

The bulk population concept which has been suc- 
cessfully applied to cereal breeding, can:be extended 
to clonally propagated crops such as sugarcane. The 
selection phase is achieved in a mass selection reser- 
voir (a genetically heterogeneous population) in which 
a regime of artificial selection of propagules supple- 
ments  competi t ive ability. The genotypic structure 
changes with the resultant  improvement  in the yield 
of the population. 

Populations selected in the experiment reported 
in this paper  now yielcl'in excess of the commercial 
clone Ragnar.  Either superior isolates are presently 
included in their composition or the mixtures  of 
clones is superior to their constituents or both. The 
two methods of selection (L and M) compared here 
do not differ profoundly for economic performance 
at t r ibutes  as yet, although they have elicited differ- 
ent genotypic responses. There are almost twice as 
m a n y  clones in M-2 as in L-2. 

The results of Allard and Adams (1969) suggest 
tha t  the development of superior mixtures is more 
likely to follow a history of mutual  selection in a bulk 
population, than  simply mixing commercial varieties 
which were selected for pure stand performance. The 
MSR technique should test the uti l i ty of this hypo- 
thesis in sugarcane agronomy. 
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