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Abstract

Commercially important sugarcane traits were assessed in
the early stages of the selection programme at the South
African Sugar Association Experiment Station, Mount Ed-
gecombe. The parents of a selected population were planted
1n the same field as their offspring to determine heritability
values. The trial was planted in stage one of the plant breed-
ing programme (single stools) and again in stage two (single
lines) to calculate clonal repeatabilities and correlations be-
tween family means. Mid-parent-offspring regression was
used to determine the narrow sense heritability of the traits
investigated. Stalk population was the most heritable trait
recorded at stage one, followed by stalk diameter, fibre %
cane and brix % dry matter. Sucrose-related traits gave the
highest estimates of heritability in stage two. Clonal re-
peatability and correlation between family means of traits
were highest for stalk diameter, fibre % cane, and brix %
dry matter.

Ihtroduction

The economic success of the South African sugarcane in-
dustry is dependent on the breeding, release and growth of,
as well as the extraction of, sucrose from sugarcane varieties
that are adapted to a number of different environmental
conditions found throughout the industry.

For a sugarcane breeding programme to be successful it
is important to know which traits give the highest estimates
of heritability and which are the most repeatable over a
number of seasons. Most sugarcane breeders select new clones
from large seedling populations and usually discard a high
proportion in the early stages of the selection programme.
In the past this selection has been based mainly on traits
which have since been found to have low heritability values,
e.g. vigour, and are selected visually in the field. Although
progress has been made in these early stages, it was very
slow. It would be more beneficial to place stricter selection
pressure at these early stages on traits of commercial im-
portance with known higher heritability values, e.g. sucrose
content and diameter (Stevenson, 1965).

Research indicates that heritability estimates are low for
most characters affecting yield and fairly high for rust and
smut resistance and brix % cane (Nageswara Rao ef al., 1983).
However, when measuring heritabilities on a family basis,
the heritabilities affecting yield have been found to be quite
high (Skinner et al., 1987).

The South African Sugar Association Experiment Station
(SASEX) has carried out a number of inheritance trials,
mainly under irrigation. Since the environmental variation
under irrigation is less than that occuring in the non-irrigated
areas (Blose, 1992; Bond and van der Merwe, 1992), it was
necessary to obtain heritability estimates under non-irri-
gated conditions. Hence a non-irrigated sugarcane popula-

tion was planted at SASEX, Mount Edgecombe, over two
seasons, under dryland conditions, to determine heritability
estimates.

Methods and procedures

Experimental procedures

A selection of 12 crosses was made from the terrace seed-
lings due to be planted into stage one of the routine selection
programme at SASEX, Mount Edgecombe. The terrace seed-
lings, including the selections for the heritability trial, were
planted into the same field in September 1992. The parental
genotypes of these selections were also planted in the field
as their offspring. The population was made up of single
stools planted at 1 m intervals in rows 1,2 m apart. Each
stool in the field represented a different genotype. 32 off-
spring were selected at random from each of the selected
crosses. Two weeks before the harvest date (November 1993)
the following traits were recorded: stool population (number
of stalks in each stool), stalk diameter (mean of four stalks),
stalk height (mean of 12 stalks), and two stalks from each
stool were sampled to measure dry matter % cane, fibre %
cane, brix % cane, brix % dry matter, pol % cane, ers % cane
and purity.

The stool mass for this first stage was estimated using
Bechet’s method (Bond, 1979):

No. of stalks/stool
4

X average stalk height (cm) X

100
30 000 Ke

In November 1993, these same crosses and parents were
planted into a single line stage (stage two). Each genotype
was planted into a 5 m line and the rows were 1,2 m apart.
Both the parents and the crosses were replicated at this stage.
The parents were replicated six times and each of the crosses
was divided into four groups of eight offspring each. This
indicates that, although the individuals themselves were not
replicated, the crosses were replicated four times across the
field. A control variety (NCo376) was planted at regular in-
tervals in the trial to help measure field variation. The same
traits as in stage one were studied, except that the stalk
population was calculated by counting the number of stalks
in four metres of each row and cane yield was the mass of
each row expressed as tons per hectare. Data from the plots
were used to calculate plot means, standard errors, herita-
bilities and repeatabilties of these traits over the two selec-
tion stages.

(stalk diameter (cm))* X

Statistical procedures

The degree of resemblance between relatives for the traits
was determined from the ratio of additive to phenotypic
variance (narrow sense heritability). Mid-parent-offspring
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regression was used to determine these estimations. Mid-
parent-offspring regression was calculated as follows:
b —_—

OM ) g

where cov,,, is the covariance of offspring on mid-parent
value and o; is the variance of the parents, which is the
phenotypic variance of the population. The covariance be-
tween the offspring and mid-parent value is equal to the
additive genetic variance, therefore this bgy, is equal to the
heritability in the narrow sense (Falconer, 1989).

The degree of genetic determination (DGD), which is the
ratio of genotypic to phenotypic variance (broad sense her-
itability), was also calculated for this population. The fol-
lowing formula was used to determine repeatability:

Vem = Vo + Vg + Vi / n (Falconer,1989)

where V5, is the total phenotypic variance for n measure-
ments of the trait, V; is the genetic variance, Vg, is the
general environmental variance, which is the environmental
variance contributing to the between-individual component
arising from permanent or non-localised circumstances, and
V. is the special environmental variance, which is the within-
individual variance arising from temporary or localised cir-
cumstances. Repeatability is the ratio of (Vg + Vi) to V..
The term ‘clonal repeatability’ is used when the correlation
refers to different plants of the same sugarcane genotype,
usually planted at two different locations. Clonal repeata-
bility can provide an estimate for DGD when 'V, is non-
existent or very small.

Table 1
Family means and mid-parent values for stage one - single stools
) , Stool Height Stool mass
c Diameter (cm?) po - ation | o8 (cm) (kg)
ross
no.
Family| Mid- |Family| Mid- {Family} Mid- |Family| Mid-
mean { parent| mean | parent| mean | parent | mean | parent
1 5,3 6,51 251 193] 850| 800 9,3 84
2 6,2 7,71 19,2 19.8] 91,6] 108,3 9,0 13,6
3 5,9 6,5 22,61 18,3|102,2]| 106,7] 11,2 10,7
4 7,9 87| 143| 12,8] 76,6| 100,0 7.2 9,2
5 5,8 74| 180| 16,2| 88,1| 82,5 7,8 8,1
6 5,2 6,5 23,0 20,1 994| 99,2 9,7| 10,8
7 6,8 66| 17,2] 17,8] 81,6| 842 7,9 7,9
8 6.8 8,1 156 12,1| "856| 99,2 7.5 7,9
9 6,6 8,0 242 16,5] 850] 1050 11,1| 109
10 80 67| 17,0 185 79,7 733 8,8 1.4
11 5,3 5,81 224| 292| 96,9| 892 9,6 8,2
12 6,3 7,2 180 12,9 93,1} 983 8,7 7.5
mean 64| 71| 199] 169 887 938| 90| 9.2
SD % mean| 14,2 11,3 174} 164 8,7‘ 11,8 13,8 19,7

10

DM % cane | Fibre % cane | Brix % cane | Brix % DM
Cross
no. :
Family| Mid- [Family] Mid- |Family| Mid- |Family| Mid-
mean | parent | mean | parent| mean | parent | mean | parent
V| o] 279] 157] 130] 133] 149| 61| s36
2 28,01 27,8 f‘ 1341 12,6 14,6 152] 523; 550
3 30,5| 29,3 | 16,3 14,71 1421 14,6| 46,7| 50,0
4 2981 * 16,0 * 13,8 * 46,2 *
5 30,3 284 16,8 14,5] 13,57 13,9 44,7| 49,1
6 304| 29,0 158| 14| '146| 150 483 516
7 292 29.4| 158| 153| 13,4| 140| 46,11 479
8 29,1 28,7| 158 152) 133] 13,5| 46,0| 476
9 29,8 289f 16,3 153] 13,5] 13,5| 454 474
10 29,01 28,3 153| 13,7 13,7 147} 47,5} 521
11 29,5 26,3| 158] 13,3| 13,8] 13,0]| 46,8| 49,2
12 30,7| 30,2 169 155| 13,8 14,8 451| 489
mean 29,6 28,6 15,8} 143] 138 143 468 502
SD % mean|  2,5| 34 | 54| 69| 32| 48 4,1 4,8
Pol % cane Ers % cane Purity
Cross
no.
Family Mid- | Family | Mid- | Family | Mid-
mean | parént | mean | parent | mean | parent
1 11,2 11,5 9,3 9,0 83,8 76,7
2 12,4 12,9 10,5 11,1 84,0 84,6
3 12,3 12,3 10,4 10,4 86,1 84,0
4 11,6 * 9,7 * 84,3 *
5 11,4 10,6 9,4 8,2 84,3 76,2
6 12,5 12,2 10,6 10,0 85,3 81,0
7 11,0 10,7 9,0 82 82,0 76,1
8 10,7 11,0 8,5 9,0 79,7 81,2
9 11,1 11,6 8.9 9,8 81,6 85,9
10 11,3 12,0 9,2 9,9 81,8 81,3
11 11,6 i0,5 9,6 8,5 84,0 80,4
12 11,6 12,0 9,6 9,7 83,8 80,6
mean 11,6 11,6 9,6 9,4 83,4 80,7
SD % mean 4,7 6,5 6,6 9,4 2,0 39

* the male parent variety of cross 4 did not perform well in stage one but
was included in the analyses as a missing plot.
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The family means of stage two were estimated using the
residual maximum likelihood (REML) method (Robinson, , L Y -
1987). REML is used to analyse unbalanced data (Genstat o DM % cane | Fibre % cane | Brix % cane | Brix % DM
5 Release 3 Reference Manual, 1993). ng.ss
. . Family| Mid- |Family| Mid- |Family| Mid- |Family| Mid-
Results and discussion: mean | parent| mean | parent| mean |parent | mean | parent
The mid-parent values and family means of both stages 1 289 29,7 149] 147| 140] 149| 487| 503
were calculated and used to determine narrow sense herit-
abilities. Family means for diameter, population, and stool 2 280 285 12,2| 12,5| 159| 160| 56,6} 563
mass varied for the different crosses (Tables 1 and 2) whereas
the family means for the other traits varied only slightly. 3 30,2 294| 148| 146] 155| 148| 513| 503
The difference between the family means for stalk popula-
tion were fairly high in stage one but were less in stage two. 4 3091 297) 134) 1431 155| 155] 50.6) 522
High narrow sense heritabilities were observed for stalk 5 30,4 30,5 16,3 160 140 146| 464 47,7
population, diameter, fibre % cane, brix % dry matter and ‘
pol % cane for stage one (Table 3). The narrow sense her- 6 30,1 29,6 148 142| 154| 154| 51,0f 519
1tability was very high for stalk population at stage one be- ' 4
cause there were fairly large differences in stalk numbers ! 2881 3L1) 1521 159) 135) 1521 468] 49,1
within and between crosses (between 14 and 25 stalks per 8 79| 288! 148] 157] 130 13.2] 68| 463
stool). The difference between the cross means became much
smaller at stage two (between 13 and 19 stalks per stool) 9 2861 30,1 144 156 142| 145] 49,7( 48,4
when (Table 2). With the low variance between crosses, only
a small gain would be made when selecting for this trait. 10 2920 296 140| 136 152| 160 52,0| 54,2
The standard errors for population and diameter were also -
quite high. The lower standard error in stage two was pos- 11 30,1) 29,77 17,0 158] 132] 139] 44,1} 469
sibly due to better planting conditions, trial layout and field
adjustments. 12 30,4] 31,8| 154| 161 150| 156| 49,6| 49,1
Stalk diam_etef, population, fibre % cane/and brix % dry mean 2950 299 149] 149 145 150 495{ 50,2
matter had high heritability estimates, whereas stalk height, .
stool mass, dry matter % cane/and purity were foundtohave  SD % mean| 33| 29| 76| 72| 66| 54| 63| 57
very low heritability estimates at stage one. The estimate
Table 2
Family means and mid-parent values for stage two - single lines
Diameter (cm?) Population Height (cm) Cane yield Pol % cane Ers % cane Purity
Cross (per metre) (t/ha) Cross
no. no.
Family| Mid- |Family| Mid- {Family| Mid- |Family| Mid- Family | Mid- | Family | Mid- | Family | Mid-
mean | parent| mean | parent| mean parent | mean | parent mean parent mean parem mean parent
1 48| 53| 189| 157]102,1] 1194 50,4| 49,4 1 12,0 13,3 10,3 11,7 85,8 88,9
2 62| 71| 17,7 165( 1364 1330 79,3 76,3 2 14,1 14,4 12,5 13,0 88,3 90,0
3 520 57| 163| 152 117,0]| 1169| 549| 558 3 13,8 13,1 12,1 11,4 88,7 87,7
4 67( 81| 131| 10,7]1325[ 1232 634 47,2 4 13,9 13,9 12,2 12,3 89,2 89,6
5 50/ 58| 164 13,2] 1185] 1159| 53,5| 452 5 12,1 13,0 10,3 11,3 86,2 88,8
6 48| 54| 17,7 17,1 1140] 1259 54,3| 624 6 13,5 13,9 11,7 12,3 87,7 89,6
7 591 61| 156 13,8| 1153 1273 68,3| 53,5 7 11,5 13,5 9,6 11,7 84,4 88,2
8 61| 70| 148| 139| 1286| 141,1| 56,6| 72,1 8 10,4 10,8 8,3 8,8 79,5 81,3
9 60| 70| 156 157) 1297|1388 658 728 9 12,3 128 10,5 11,0 86,2 87,7
10 7,40 61| 139] 120] 1166] 121,1] 569 42,7 10 13,3 14,4 11,7 12,8 87,8 89,3
1 46| 49| 165| 183| 1171 136,9| 47,1| 703 11 11,2 12,3 9,3 10,6 84,4 87,9
12 56| 64] 158| 11,8] 12420 131,5| 62,2] 560 12 13,3 14,2 11,5 12,6 88,0 90,6
mean 570 62] 160| 14,5| 121,0 127,6| 59.4| 586 mean 12,6 13,3 10,8 11,6 86,4 88,3
SD % mean| 14,6 141 97] 153 76| 65| 143| 193 CV % 9,2 7.4 11,9 9,5 3,0 2,6

11
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Table 4

Repeatability estimates over two seasons at the Mount Edgecombe
Experiment Station

Table 3

Family heritability in the narrow sense calculated from the data recorded

in the field

Heritabilities in the narrow sense and their
Sugarcane standard errors
traits

Stage one — Stage two —

Single stools Single lines
Stalk diameter 0,618 + 0,294 0,687 £ 0,208
Stalk population 0,802 + 0,298 0,508 £ 0,153
Stalk height 0,294 + 0,199 0,580 + 0,299
Cane yield 0,311 + 0,192 0,234 * 0,226
Dry matter % cane 0,410 = 0,229 0,492 = 0,324
Fibre % cane 0,629 + 0,218 0,813 + 0,211
Brix % cane 0,389 = 0,180 0,950 + 0,223
Brix % dry matter 0,618 = 0,182 0,992 + 0,150
Pol % cane 0,518 + 0,188 0,976 = 0,211
Ers % cane 0,465 + 0,192 0,989 + 0,201
Purity 0,008 + 0,186 0,978 + 0,176

for purity was very low when compared with the other su-
crose-related traits. The cane was mature when it was sam-
pled, resulting in there being very little difference between
varieties. Stalk diameter, fibre % cane and brix % dry matter
were consistently high over the two stages, which indicated
the stability of these characters under the dryland conditions
that existed for the duration of these trials. The heritability
estimate of cane yield was very low in both stages, which
suggests that less attention should be given to this trait when
choosing parents. When considering the sucrose-related traits,
the heritabilities were found to be consistently high in stage
two. This may be due to the larger stalk sample being taken
from a longer row at stage two and less competition between
neighbouring rows giving a more accurate estimate of each
of the clones. This indicates that the use of results obtained
from stage two would be more reliable when selecting par-
ents for crossing. Apart from heritabilities being low, the
standard errors obtained for stalk height, cane yield and dry
matter % cane were very high at both stages, which suggests
that the breeder should be cautious when selecting parents
for these traits.

The clonal repeatabilities (correlation coefficients for all
individuals) within crosses over the two seasons were cal-
culated and found to be highest for stalk diameter, fibre %
cane/and brix % dry matter (Table 4). On an individual
basts, cane yield, brix % cane, pol % cane and purity were
not very repeatable over the two years. The correlations
between family means over the two seasons were high for
most traits, with stalk diameter, fibre % cane, brix % dry
matter, dry matter % cane and cane yield giving the highest
estimates (Table 4).

The lowest correlation between family means at single line
stage was measured for stalk height. From these results the
breeder should be able to predict the expression of most
traits in the offspring over a few seasons, but should be
careful when looking at stalk height.

12

Phenotypic correlations between seasons (stages
Sugarcane one and two)
traits
Clonal repeatabilities —] Correlations between
pn an individual basis — family means
(DGD) 0

Stalk diameter 0,554 0,953

Stalk population 0,395 0,738

Stalk height 0,416 0,173

Cane yield 0,247 0,591

Dry matter % cane 0,468 0,779

Fibre % cane 0,610 0,758

Brix % cane 0,248 0,763

Brix % dry matter 0,510 0,742

Pol % cane 0,264 0,757

Ers % cane 0,338 0,746

Purity 0,216 0,718

These results show that clonal repeatabilities are greater
than narrow sense heritability values. Brown et al. (1968)
and Kang et al., (1984) also observed this in their research.
This is to be expected since clonal repeatability approxi-
mates broad sense heritability and the latter is never smaller
than narrow sense heritability (Kang et al., 1984).

These estimates were calculated for this particular sug-
arcane population. The actual values themselves are not crit-
ically important here, but rather those traits that are the
most or least heritable. A population of different sugarcane
crosses and parents is likely to give different estimates of
heritability, as the heritabilities are dependent on the popu-
lation being studied at the time. These findings are similar
to other studies although, in some cases, slightly lower her-
itability estimates were obtained (Nageswara Rao ez al., 1983;
Skinner et al., 1987; Blose, 1992).

Conclusions

Useful information was obtained from these studies. Stage
one could be used to determine heritability values, although
stage two would give more realistic and reliable estimates
of narrow sense heritability. This is due to the larger plot
sizes and the ability to adjust the data for field variability
more efficiently.

The use of mid-parent-offspring regression to estimate
heritability is effective, although it does not account for the
variation within the crosses. A high heritability estimate by
itself does not necessarily mean that a trait will be useful
for selection, because the response to selection is dependent
on the amount of variation present. A trait with a low her-
itability value and wide genetic variation will result in a
better gain than a trait which has a high heritibility estimate
and narrow genetic variation.
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Some traits are more heritable than others and the breeder
can make progress with these more heritable traits. Some
traits are also more repeatable than others and this is im-
portant to know for selection purposes.
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