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Summary. Three bivariate statistical methods to predict
the family potential to produce elite progeny were studied
to improve the efficiency of a sugarcane (Saccharum spp.)
breeding program. Progeny from 15 piparental crosses
were evaluated in plant cane and first ratoon seedlings,
and in clonal plant cane plots during 1989 and 1990. The
bivariate predictions of Brix combined with cane yield
components (stalk number, stalk weight, stalk diameter,
stalk length, and stool weight) were investigated. The best
linear unbiased predictors (BLUPs) and the sum of ranks
based on family mean values of two traits (RANK) were
repeatable among tests in the estimation of family poten-
tial. Bivariate normal probabilities (PROB) estimated
with family means, phenotypic standard deviations, and
genetic correlations generally demonstrated poor re-
peatability among tests. The three statistical predictions
were compared with the progeny selection rate within the
crosses through three selection stages. Predictions were
not correlated to the selection rates of eight crosses with
smaller initial progeny populations (<500 progeny).
However, when the predictions were compared with the
7 of 15 families over which 1,000 progeny for each cross
had been evaluated, the rankings based on BLUP and
RANK bivariate predictions of Brix and stool weight
identified the better crosses. PROB was inconsistent in
this regard. Early selection work is highly subjective. We
speculate that near-random selection occurs for stalk
number at the initial selection stage and that the high
selection rate at this stage (& 5%) generates a first clonal
population (10 to 25) that is too small to accurately base
selection rates for stalk number. Larger initial progeny
populations produce sufficiently large clonal populations
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(> 50) to appraise crosses using selection rates. The study
suggested that family evaluations for breeding programs
can use bivariate predictions. The comparative ease of
calculating the RANK estimate versus the BLUP along
with the absence of any apparent loss of predictive value
suggests that the RANK method would be the most suit-
able statistic to use for bivariate predictions.

Key words: Sugarcane — Joint prediction - Bivariate
normal probability — Best linear unbiased predictors
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Introduction

Chang and Milligan (1992) showed that univariate pre-
diction of a trait could provide a fair estimate of the
potential of a cross to produce elite progeny. In the
breeding of new cultivars, however, more than one char-
acter at a time is usually considered. Pooni and Jinks
(1978) proposed multivariate predictions for two or more
characters. Joint prediction for multiple traits has been
studied in Nicotiana rustica (Pooni and Jinks 1978),
Hordeum vulgare (Powell et al. 1985; Thomas et al. 1986),
and Solanum tuberosum (Brown and Caligari 1988). These
predictions were based on estimations with multi-normal
distribution functions using the mean, the additive genet-
ic variance of each character, and the additive genetic
correlation between characters. Mixed model analysis
(MMA) can also provide multivariate predictions when
the variance-covariance matrices of genmetic and error
terms are provided. These matrices are used to adjust the
family estimate for genetic and environmental correla-
tions among traits. Multiple trait predictions from MMA
can be used as selection indices when the economic
weights of each character are given (Hendersen 1984).
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A clonally propagated crop such as sugarcane is not
affected by genetic segregation after the initial sexual
cross. Thus, predictions over generations are for clonal
progeny rather than for sexual generations. Brown and
Caligari (1988) suggested that for a clonally propagated
crop the cross prediction could be compared with the
frequencies of progeny advanced to later stages of selec-
tion from each cross. While sucrose content and cane
yield are the primary yield components of sugarcane
(Kang et al. 1983; Milligan et al. 1990), other traits such
as pith, tube, vigor, disease, and insect resistance must
also be considered by the breeder. At the early selection
stages, Brix (juice % soluble solids) measured by a hand
refractometer is used to screen for sufficient sucrose con-
tent. Stalk diameter and stalk length are used to assess
stalk weight, and these two traits are further combined
with stalk number to evaluate cane yield.

The objective of the study presented here was to iden-
tify the best statistic for simultaneously evaluating family
potentials for two traits. Bivariate predictions of Brix
combined with the cane yield components of stalk num-
ber, stalk diameter, stalk length, stalk weight, and stool
weight were examined. The statistics studied were the
multivariate normal probability, the best linear unbiased
predictor, and the sum of the mean performance ranks.

Materials and methods

The study was initiated in 1989 by evaluating 1,800 seedlings
from 15 crosses among 23 adapted sugarcane parents. Three test
stages were studied: plant cane seedlings (PC), first ratoon
seedlings (FR), and first clonal plots (FC). Seedlings were planted
in April, 1989 at two intrarow plant spacings (41 cm and 82 cm;
1.8-m wide rows) in three blocks in a randomized complete block
(RCB) design. Two intrarow spacings were used to test their
effect on family variability. Clonal plots (single row 1.8 m long,
1.8 m wide) were planted in November, 1989 in three blocks in
an RCB design. All tests were conducted at the St. Gabriel
Research Station, St. Gabriel, La. More detailed descriptions of
the tests and data collected have been given by Chang and
Milligan (1992).

Family appraisal was based on a simultaneous evaluation of
Brix combined with the cane yield components: stool weight,
stalk number, stalk weight, stalk diameter, and stalk length. The
statistics estimated were: the sum of ranks (RANK) based on
mean performances for different traits (e.g., for a given family,
traits were ranked among the 15 families according to their mean
values. RANK =rank for trait 1+ rank for trait 2), the multi-
variate normal probability (PROB) that exceeded acceptable
target values, and the best linear unbiased predictor (BLUP) for
multiple traits. The thresholds used for PROB were Brix = 20%,
stalk diameter = 2.7 cm, stalk number =10 stalks stool™* (for
PC and FR), 25 stalks plot ™! (for FC), stalk length = 2.0 m (for
PC and FR), 2.3 m (for FC); stalk weight =0.85 kg (for PC),
1.0 kg (for FR), 1.3 kg (for FC); stool weight =7.5 kg (for PC),
8.5 kg (for FR); plot weight =30 kg (for FC).

Henderson’s mixed model equations were used to calculate
BLUPs of each cross for multiple traits (Henderson 1973, 1984).
The following model was used:

Vi=u+B;+C;+ey

where y;; was observation for block i (B;, i=1, 2, 3) and cross j
(C;.7=1,2,...,15) with the overall mean, u. Block effects were
assumed to be fixed, while cross and error effects were assumed
to be random (Chang and Milligan 1992). Spacing and cross by
spacing effects were pooled with the residual, e;;. This pooling
did not affect the univariate prediction (Chang and Milligan
1992) and was assumed not to effect the bivariate prediction.
Economic weights were considered to be uniform for all traits.
The solution to the mixed model equations for a bivariate pre-
diction was given by Henderson (1984) as:

MX'R™IMX MX'R™*MZ b| |MX'R™'My
MZ'RT'MX MZR'MZ+G | u| |MZR My
where X, Z were design matrices of fixed and random effects,
respectively. G was the genetic variance-covariance matrix of
traits 1 and 2 and weighted by the additive genetic numerator
relationship matrix among crosses. R was the error variance-co-
variance matrix of traits 1 and 2; M combined with X, Z, and y
was used to indicate multivariate BLUPs. SAS IML (1985b)
uses the BLOCK (X, X) or BLOCK (Z, Z) statement to combine

the matrices (X, X or Z, Z) diagonally to form a new matrix for
bivariate predictions. For example

MX=BLOCK X, X) = [)é g]

MZ=BLOCK(Z,Z)= l:é g:l

My=1[y1; Y12+ Y1n Y21 Y22 - Y2al’

where ¥, ... Y10 ¥a; ---¥2, Were individual observations for
traits 1 and 2, respectively. Variance and covariance components
for multiple traits were obtained using REML variance compo-
nent estimation methods (Proc Varcomp, SAS 1985a).

BLUP estimates that use additive genetic relationship ma-
trices in their calculations use additive genetic variances and
covariances estimates. The crosses studied were full-sib families.
The genetic variance estimates were from the full-sib family co-
variances:

Oty =1/202 +1/46% +1/402, +1/8 0% +1/16 0% + ...

where ¢ was additive variance, ¢2 was dominance variance, and
62, 62y, a3, were types of epistatic variance (Becker 1984). The
genetic variance and covariance estimates contained dominance
and types of epistatic variances and, thus, may not accurately
represent the additive variance-covariance relationships in this
population. Since the study was aimed at prediction of future
family performance, not individual progeny, the genetic variance
estimates were not twice the full-sib family covariances. They
were, however, adjusted for additive genetic relationships among
families in the BLUP estimates.

Multivariate normal probability predictions (PROB) were
estimated following the methods described by Pooni and Jinks
(1978), wherein a computer program written by Schervish (1984)
was used for all calculations. The PROB used the family mean
and phenotypic standard deviation for each trait and the genetic
correlations (from full-sib family analysis) between traits in its
estimate.

Genetic correlations (r;;) between traits were calculated fol-
lowing the formula:

r;; = 03;/(0; 0',')

where o;; was the genetic covariance between traits i and j, and
o, and o; were the genetic standard deviations of traits i and j,
respectively.



Phenotypic correlations between traits for PC and FR were
estimated by the SAS GLM MANOVA procedure (1985a) using
the model:

¥ij =ﬂ+ﬁi+sj + €

where y;; was an individual with the overall mean, y, in block i
(B;) and spacing j (S;, =1, 2). The residual, ¢;;, contained all
genetic effects (cross, cross x spacing) and error effects. The clon-
al test did not contain spacing effects in its model.

Correlations between bivariate predictions of stool weight
and Brix were made to the selection rates of the crosses. The
selection rates were the percentage of initial progeny that had
progressed to the third clonal stage in the Louisiana Sugarcane
Variety Development Program (LSVDP). These genotypes had
undergone three major selection stages, each involving two to
three substages of selection that typically reduces an initial pop-
ulation of some 75,000 genotypes to less than 300 genotypes.
Selection rate at this stage is considered the best selection time
versus accuracy compromise by which to appraise crosses since
they have been screened through larger plots (single row: 4.3 m)
for cane yield than used in the initial two stages.

Results and discussion

High correlations between the observed and the predict-
ed proportions of elite progeny confirmed the normality
of distribution for each trait investigated (Chang and
Milligan 1992). Since individual trait distributions were

Table 1. Correlations between the bivariate normal probability
and the observed proportion that exceeded the same target val-
ues for pair of traits

Bivariate traijt PC FR FC
Brix and stool weight 0.28 0.92** 0.82%*
Brix and stalk number 0.33 0.93 ** 0.62*
Brix and stalk weight 0.87** 0.92** 0.85**
Brix and stalk diameter 0.61* 0.64 ** 0.85%*
Brix and stalk length 0.86** 0.40 0.37

* %% Qionificant at 5% and 1% probability level
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normal, we assumed that the data for joint predictions
were generated from a multivariate normal distribution.
While data are never exactly multivariate normal, the
normal density is a useful approximation to the “true”
population distribution (Johnson and Wichern 1988).
The bivariate normal probability and observed elite pro-
portion were generally significantly correlated within
each test with only a few exceptions (Table 1). These cor-
relations indicated that bivariate normality was a reason-
able assumption in this study.

The correlation coefficients between RANK and oth-
er statistics tended to be negative since the lower the sum
of rank, the higher the potential of the cross to produce
elite genotypes. To facilitate explanations discussion of all
negative correlation coefficients between RANK and the
other two statistics simply considered their absolute val-
ues.

The three statistics (RANK, PROB, BLUP) within
tests were moderately to strongly correlated in their joint
prediction of Brix and stalk diameter (0.60 <r <0.87)
(Table 2). Between tests, the statistics were slightly to
moderately correlated (0.38 <r <0.79). The correlation
coefficients of BLUP among the tests (PC, FR, FC) were
significant (0.63 <r <0.76) and generally higher than
those of RANK (045 <r <0.79) and PROB (0.38 <r <
0.53). The strong correlations between tests for BLUP
suggested that the joint prediction of Brix and stalk di-
ameter can be best made in the PC using BLUPs. Corre-
lations between tests for RANK showed that FR versus
FC displayed a better association (r = 0.79) than PC ver-
sus FR (r = 0.45) or PC versus FC (r = 0.58). These corre-
lations also indicated that RANK could be a joint indica-
tor of these two traits for crosses. PROB had positive but
smaller correlation coefficients between tests (0.38 <r
< 0.49) than the other statistics.

Joint prediction BLUPs of Brix and stalk length were
significantly correlated between tests (0.58 <r < 0.66)

Table 2. Correlation of the sum of ranks, the predicted elite proportion, and the BLUP among plant cane and first ratoon seedlings

and first clonal plots for Brix and stalk diameter

PC FR FC

PROB BLUP RANK PROB BLUP RANK PROB BLUP
PC®*RANK"® —0.87** —0.67** 0.45° —~0.57%* —0.52* 0.58* —0.51°% —0.42
PC PROB 0.84** —0.49¢ 0.53* 0.48% —~0.45% 0.38 0.46°
PC BLUP —0.59* 0.49°¢ 0.63* —0.62* 0.46¢ 0.70 **
FR RANK —0.72%* —0.65%* 0.79 ** -0.61* —0.65%*
FR PROB 0.60* —0.52* 0.49% 0.39
FR BLUP -0.63% 0.53* 0.76**
FC RANK —0.73** —0.76**
FC PROB 0.81 **

%%k Qionificant at 10%, 5%, and 1% probability level, respectively
@ PC, Plant cane seedling; FR, first ratoon seedling; FC, first clonal plot
® RANK, Sum of ranks; PROB, predicted elite proportion: BLUP, best linear unbiased predictor
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Table 3. Correlation of the sum of ranks, the predicted elite proportion, and the BLUP among plant cane and first ratoon seedlings
and first clonal plots for Brix and stalk length

PC FR FC

PROB RANK PROB BLUP RANK PROB BLUP
PC* RANK"® —0.88** 0.44° —0.48% —0.53% 0.71 ** —0.53* —0.51¢
PC PROB -0.29 0.24 0.33 —-0.60* 0.56* 0.47¢
PC BLUP —0.34 0.36 0.58* —0.70** 0.56* 0.61*
FR RANK —0.80** —0.86%* 0.52* —0.47¢ —0.53*
FR PROB 0.74** —-0.35 0.43 0.41
FR BLUP —0.59* 0.53* 0.66 **
FC RANK —~0.75%* —0.83**
FC PROB 0.92**

S % #* Significant at 10%, 5%, and 1% probability level, respectively

2 PC, Plant cane seedling; FR, first ratoon seedling; FC, first clonal plot

* RANK, Sum of ranks; PROB, predicted elite proportion; BLUP, best linear unbiased predictor

Table 4. Correlation of the sum of ranks, the predicted elite proportion, and the BLUP among plant cane and first ratoon seedlings
and first clonal plots for Brix and stalk number

PC FR FC

PROB RANK PROB BLUP RANK PROB BLUP
PC?RANK"® —0.84** 0.57* —0.78%* —0.51% —0.29 —0.03 -0.29
PCPROB —0.74** 0.87** 0.73 ** —0.48¢ 0.18 0.47¢
PC BLUP —0.67%** 0.77** 0.64** —0.45% 0.09 0.38
FR RANK —0.73%* —0.96** —0.52¢ —-0.13 —047°8
FR PROB 0.69 ** —0.43 0.15 0.35
FR BLUP —0.52* 0.21 0.53*
FC RANK —0.70%*  _—0.83**
FC PROB 0.69 **

§.%.%* Qignificant at 10%, 5%, and 1% probability level, respectively
* PC, Plant cane seedling; FR, first ratoon seedling; FC, first clonal plot
® RANK, Sum of ranks; PROB, predicted elite proportion; BLUP, best linear unbiased predictor

(Table 3). Correlations between tests for RANK (0.44 <
r<0.71) were better than those for PROB (0.24 <r<
0.56). A predictor with higher correlations between tests
should indicate the future performance of the family more
reliably. BLUPs seemed to be the best predictors. The
statistics within tests were highly correlated (0.75 <r <
0.92), implying that they had similar predictive abilities
within tests for Brix and stalk length. In general, statistics
between tests were moderately correlated. Correlations
between tests showed that PC versus FC (047 <r <0.71)
was more strongly related than PC versus FR (0.29 <r <
0.48) and FR versus FC (041 <r <0.66). The joint pre-
dictions of family Brix and stalk length can be improved
by means of BLUP or RANK as compared with PROB
with the family data collected in the PC if these two traits
are used as selection criteria.

The statistics for the joint prediction of Brix and stalk
number showed strong correlations within tests (0.69 <
r < 0.96) (Table 4). The correlations between tests were

highly variable (0.03 <r < 0.87). Joint prediction for these
two traits between tests were more repeatable for PC
versus FR (0.51 <r <0.87) than for other combinations
of tests (0.03 <r < 0.53). The stalk number in FC repre-
sented stalk number per plot, but in PC and FR it repre-
sented stalk number per stool. This trait is the major
component of cane yield (James 1971; Milligan et al.
1990). Brix and stalk number are two important factors
for sugar yield. BLUP and RANK were significantly cor-
related between the PC versus FR tests (r = 0.64, 0.57,
respectively) and between FR versus FC tests (r = 0.53,
0.52, respectively), which suggested that reasonable pre-
dictions for Brix and stalk number could be achieved by
use of BLUP or RANK statistics. The multivariate pre-
diction of these traits could use BLUPs or RANKs to
first select among the best families in the PC and then
select within elite families in the FR.

Correlations of statistics within tests for the joint pre-
diction of Brix and stalk weight were strong (0.73 <r <
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Table 5. Correlation of the sum of ranks, the predicted elite proportion, and the BLUP among plant cane and first ratoon seedlings

and first clonal plots for Brix and stalk weight

PC FR FC

PROB BLUP RANK PROB BLUP RANK PROB BLUP
PC® RANK"® ~0.89** —0.81** 0.61* —~0.60* —~0.57* 0.55%* —0.53* —0.48%
PC PROB 0.87** —043 0.50° 0.41 —-0.37 0.45° 0.39
PC BLUP —0.463 0.55* 0.62* —0.49¢ 0.47¢ 0.61*
FR RANK —~0.87** —0.81** 0.65** —0.64** —0.59*
FR PROB 0.78 ** —0.55* 0.65** 0.54*
FR BLUP —0.57* 0.52* 0.68**
FC RANK —0.73%* —0.74**
FC PROB 0.84

boxokk Sionificant at 10%, 5%, and 1% probability level, respectively

® PC, Plant cane seedling; FR, first ratoon seedling; FC, first clonal plot

® RANK, Sum of ranks; PROB, predicted elite proportion; BLUP, best linear unbiased predictor

Table 6. Correlation of the sum of ranks, the predicted elite proportion, and the BLUP among plant cane and first ratoon seedlings

and first clonal plots for Brix and stool weight

PC FR FC

PROB BLUP RANK PROB BLUP RANK PROB BLUP
PC* RANK"® — 46** —0.89** 0.68 ** —0.81** —0.64** 0.59* —0.21 —0.478
PC PROB 0.48% —0.47% 0.26 0.62* —-0.19 0.01 0.43
PC BLUP —0.64** 0.77** 0.59* —0.64** 0.09 0.30
FR RANK —0.74%* —0.93** 0.61* -0.02 —0.50%
FR PROB 0.66** —0.48° 0.08 0.27
FR BLUP —0.47¢ 0.14 0.53*
FC RANK ~0.55* —0.64**
FC PROB 0.73%*

§-% %% Significant at 10%, 5%, and 1% probability level, respectively
? PC, Plant cane seedling; FR, first ratoon seedling; FC, first clonal plot
® RANK, Sum of ranks; PROB, predicted elite proportion; BLUP, best linear unbiased predictor

0.87) (Table 5). In general, correlations between tests were
of moderate strength (0.37 <r < 0.68), however, BLUP
and RANK correlations were more stable between tests
than the PROB correlations. Joint prediction of these
traits in the PC by BLUP or RANK could provide the
information for family selection.

Brix and stool weight are two major yield compo-
nents. Joint prediction of these two traits is close to the
prediction of sugar yield. In this prediction, RANK was
strongly to moderately correlated with BLUP within
tests (0.64 <r <0.93) and between tests (0.47 <r < 0.64),
respectively (Table 6). PROB was moderately correlated
with BLUP within tests (0.48 <r < 0.73). Correlation be-
tween tests for RANK were more stable (0.59 <r < 0.68)
than for other statistics. PROB predictions were poorly
correlated between tests (0.01 <r <0.26). The correla-
tions of BLUP for PC versus FR (r = 0.59) and FR versus
FC (r = 0.53) suggested that the joint predictions of these
two traits could be as reliably made in the PC as in the

FR, and that they could be used as selection criteria for
high sugar yielding families.

The results demonstrated that the joint prediction of
two traits could, in many cases, be made dependably at
the PC seedling stage. Tests of significance among corre-
lations were not made in this study. It is likely, given the
range and overlap of the correlations in many of the
comparisons, that many were not significantly different.
Thus, our stated results were observed trends of un-
known value. But in general, BLUP and RANK showed
higher repeatability between tests than the PROB meth-
od for bivariate predictions of sugarcane yield compo-
nents. BLUP has been used as a selection index in animal
breeding for many years (Henderson 1984) and has been
adjusted for environmental and genetic relationships
among crosses. For multivariate cross prediction, BLUP
is equivalent to the selection index for family potential. In
potato, it was found the sum of ranks (RANK) provided
a reasonable estimation of cross potential for multiple
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Table 7. Proportion of clones advanced to third clonal year for seven crosses where more than 1,000 progeny for each cross had been
evaluated in the LSVDP and grouped according to ranking on the basis of bivariate cross predictions of Brix and stool weight in the

PC, FR, and FC

Predicted RANK® PROB BLUP

family

rank® PC FR FC PC FR FC PC FR FC
% progeny advanced ®

1 0.5, 0.5, 2.2, 0.5, 1.3, 22, 0.5, 0.5, 22,

2 22, 1.3, 1.3, 2.2, 0.5, 1.35 1.3, 2.2, 1.3,

3 1.3, 2.2, 0.5, 09, 0.6, 0.3 22, 1.3, 0.34

Subtotal 4.0 4.0 4.0 3.6 2.4 3.8 4.0 4.0 38

4 0.9, 0.65 0.34 0.3¢ 0.9, 0.5, 0.65 0.34 0.5,

5 0.6 0.3, 0.6 0.6 22, 0.3, 0.9, 0.6 09,

6 0.3¢ 0.3 0.9, 0.3, 0.3, 0.9, 0.3, 0.3, 0.6

7 0.3, 09, 0.3, 1.3, 0.3, 0.6 0.3, 0.9, 0.3,

Subtotal 2.1 2.1 21 2.5 37 23 2.1 2.1 2.3

2 Within each column the crosses were ranked by the predictive statistic
® RANK, Sum of ranks based on means; PROB, probable elite proportion; BLUP, best linear unbiased predictor

¢ Subscript on the % advanced value is the cross number

traits (Brown and Caligari 1988). Since the RANK statis-
tic was just as accurate as BLUP and easier to compute,
RANK seemed to be the most efficacious statistic to use
for joint prediction.

Bond (1977) and Wu and Tew (1989) reported that the
mean yield of sugar obtained from replicated plots of
full-sib families could be used as a guide to the potential
of sugarcane crosses. Walker (1962) suggested that the
selection percentages from the first three stages of selec-
tion were useful as a measure of family performance and
worth. However, Arceneaux (1968) proposed that selec-
tion rates in later stages, those approaching the commer-
cial level, were of great significance in the assessment of
cross worth. In this study, the bivariate Brix-stool weight
or Brix-plot weight estimate was used to predict the sugar
yield of the family and then compared with progeny selec-
tion rates of the crosses. There was no correlation be-
tween the selection rate and any of the bivariate Brix-
stool weight prediction for crosses in which 200-500
progeny per cross had been evaluated (8 crosses). For the
7 crosses where more than 1,000 progeny had been evalu-
ated, the statistics were generally able to identify the bet-
ter crosses (Table 7). In addition to sugar yield, selection
among genotypes in 2 breeding program includes evalua-
tion for lodging, pith, hollow stalk (tube), growth cracks,
general vigor, disease, and borer resistance. These latter
traits were not evaluated in this study. Thus, a perfect
correlation was not expected between selection rates and
the predictive statistics. The process of initial selection
among progeny stools is subjectively based. In Natal, the
subjective evaluation of crosses at the single stool stage
was reported to be unreliable (Bond 1977). In the

LSVDP, about 5% of the progeny are advanced from the
initial seedlings to the first clonal stage. Approximately
one-third are advanced from the first clonal stage to the
second clonal stage, and a similar proportion is advanced
to the third clonal stage from the second clonal stage. The
clonal stages are more heavily scrutinized and objectively
evaluated. James and Miller (1975) demonstrated that
advancing approximately 10% of the seedlings to the first
clonal stage would discard approximately 80% of the
desirable genotypes for stalk number. Most sugarcane
breeders will agree that considerable improvement is
made in stalk and juice quality by single stool selection,
but stalk number is also an important consideration in
selection. On the assumption that selection for stalk num-
ber in the single stools is random, then family appraisal
for stalk number based upon selection rate should be
based upon the initial clonal number of progeny. A 5%
selection rate would advance only 10 individuals from a
200 progeny family. Selection rates based on such a small
population are likely inaccurate and probably partially
account for the lack of correlation between the predictive
statistics and the selection rates of families with less than
500 initial progeny. The assumption that single stool se-
lection for stalk number and hence cane yield may be
futile is not completely valid, but correlations are not
strong between single stool stalk number and clonal stalk
number on a single plant basis (Miller and James 1974).
Selection among families for stalk number before selec-
tion within families would at least favor the process to
advance desirable genotypes (Chang and Milligan
1992 a). It would additionally allow relaxation of the sin-
gle stool selection intensity.



Sugarcane cross prediction would enable breeders to
concentrate on elite families, thereby increasing the effi-
ciency of the breeding and selection process. Although
family selection in sugarcane breeding had been pro-
posed (Hogarth 1971; Skinner et al. 1987; Milligan 1988)
and shown to produce greater gains from selection (Hog-
arth 1977, Chang and Milligan 1992a), it has not been
carried out in any sugarcane breeding program. Our
study suggests that effective family selection could. be
made based on a cross prediction method that is 2 years
faster than the currently employed method.

The proposed utility of the statistics is a concurrent
replicated cross evaluation test using about 60 progeny
per cross in addition to the typical 250 genotypes planted
in the routine selection program. Test results could be
used to select among the crosses in the routine program
and to identify crosses to remake or replant. The pro-
posed method would require substantial resources. Al-
though improved genetic gain by use of this method is
indicated, its cost effectiveness on a full-scale breeding
program level remains to be demonstrated.
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