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Abstract 

 
Family evaluation in sugarcane increases genetic gains for traits controlled by several genes, 
such as cane yield, by focusing selection on populations with a higher proportion of superior 
genotypes. In early stages of sugarcane breeding, families can be replicated while individual 
genotypes cannot because of insufficient planting material and the large numbers of progenies 
from a cross. The objectives of this study were to identify and determine the proportion of elite 
families and their trait combinations for cane yield in the Midlands humic and sandy soil 
breeding programmes. Data for stalk number, height and diameter, used to calculate cane 
yield, were measured from seedling progenies and analysed using SAS mixed models. Family 
data classified in categories based on cane yield were analysed using principal component 
analysis and mixed models. Results indicated highly significant differences (P<0.0001) among 
families. F-values for categories were 9 to 11 times larger than family F-values, indicating the 
accuracy of grouping families into yield potential and selection for high yield categories. Elite 
families produced 47 to 79% higher cane yield than the other families. The elite families also 
produced 19 to 40% more stalks that were 11 to 39% taller. High and low yield families had 
similar stalk diameters. Principal component analysis grouped elite families separately from 
the other families. The proportion of elite families in the humic soil breeding programme was 
23% compared with 16% in sandy soils. Knowledge of the proportion of elite families and traits 
controlling cane yield is expected to increase selection efficiency. 
 
Keywords: family evaluation, cane yield, stalk characteristics 

 
Introduction 

 
Family selection increases genetic gains for quantitative traits such as cane yield when 
compared with individual genotype selection in sugarcane breeding (Hogarth, 1971; Kimbeng 
and Cox, 2003; Stringer et al., 2011; Barbosa et al., 2012; Zhou, 2014). The rationale of family 
selection is to identify elite families where individual plant selection will be focused. The elite 
families are expected to produce a higher proportion of superior genotypes.  
 
In South Africa, there is limited data on the proportions of elite families among the sugarcane 
breeding populations. This knowledge is required to focus resources on elite families where 
higher genetic gains are expected. The objectives of this study were to determine the 
proportion of elite families and their trait combinations for cane yield among the Midlands humic 
and sandy soil breeding programmes.  
 

Materials and Methods 
 
Data were collected from stage 1 ‘mini-lines’ trials laid out in a randomised complete block 
design with three replications and planted in the Midlands humic (BML) and sandy (SML) soils 
in 2010, 2011 and 2012. Data for stalk numbers, height and diameter were measured from the 
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first 20 genotypes per family plot. Best linear unbiased predictors (BLUPs) analysis was done 
using the mixed procedure of Statistical Analysis System (SAS Institute, 2014). 
 

Yijk = µ + Ri + Fj + G(FR)k(ij)………………………….............……..………….Equation 1 
 
where Yijk = cane yield of the kth genotype recorded from jth family in the ith replication, µ = grand 
mean, Ri = random effect of the ith replication, Fj = random effect of the jth family, G(FR)k(ij) = 
random effect of the kth genotype nested within the random interaction effect of the ith 
replication by the jth family and was also residual error. Family fixed effects were analysed 
using the linear mixed model: 
 

Yijk = μ + Ri + Fj + RFij + G(FR)k(ij) ………………………….…..............…….Equation 2 
 
where Fj = fixed effect of the jth family.  
 
After analysis, families were ranked using BLUP values from the lowest (large negative values) 
to the highest (large positive values). The ranked families were then divided into categories 
based on magnitudes of their P-values. The elite categories were represented as PP while the 
non-elite categories were PN with their corresponding significance level. The categorised data 
was analysed using the linear mixed model:  
 

Yijkl = μ + Ri + Cj + F(C)kj + RF (C)ijk + G(FR (C))ijkl……………….………Equation 3 
 
where Cj = fixed effect of the jth category of families, F(C)kj = fixed effect of the kth family nested 
within the jth category, RF(C)ijk = random interaction effect of the ith replication by the kth family 
nested within the jth category and is the error term for testing the category effect, G(FR (C))ijkl 

= individual lth genotype nested within the interaction effect of the ith replication by the jth family, 
which, in turn, is nested within the jth category and is also the residual error. The proportion of 
elite families was calculated as the number of families producing significantly (P<0.05) higher 
cane yield than the population mean divided by the total number of families. 

 
Results and Discussion 

 
The F-values for family and category effects were highly significant (P<0.0001) for all traits 
across trials (results not shown). Elite families (PP0001, PP001, PP01 and PP05) produced 
significantly (P<0.05) higher cane yield than population mean. Elite families produced 47 to 
79% higher cane yield, 19 to 40% higher stalk populations and 11 to 39% taller stalks 
compared to families that produced significantly lower yield (PN05, PN01, PN001 and PN0001) 
than the population mean (Figure 1). The results suggest that high stalk population and taller 
stalks contribute to high cane yield while stalk diameter remained the same across yield levels, 
a result reported in path coefficient analysis studies (James, 1971; Kang et al., 1989; Zhou, 
2004; Chaudhary and Joshi, 2005; Tyagi et al., 2012).  
 
The humic soil breeding programme had more elite families (23%) than the sandy soils (16%) 
(Table 1). Higher genetic gains are expected from the humic than the sandy soils breeding 
programme. The results suggest that longer recurrent breeding cycles increase the proportion 
of elite families. The humic soil breeding programme was established in the 1970s while that 
for sandy soils started in 1997 (Nuss, 1998). Therefore, the humic soil programme has 
benefited from 47 years of recurrent breeding and selection compared to 19 years for the sandy 
soils. 
 

Mbuma NW et al Proc S Afr Sug Technol Ass (2017) 90: 147-150

148



 
 

Figure 1. Trends in least square means for family categories effects in humic (BML) 
and sandy (SML) soil trials. 

 
 

Table 1. Proportions of elite families in the populations 

Trials Families Elite % Elite 

Humic soil populations 

BML10 102 30 29.4 

BML11 113 20 18.0 

BML12 111 25 22.5 

Total 326 75 23.0 

Sandy soil populations 

SML10 121 19 16.0 

SML11 163 20 12.3 

SML12 112 26 23.2 

Total  396 65 16.4 

 
 

Conclusions 
Families with high cane yield were associated with high stalk population and taller stalks. 
Humic soil populations had more elite families than those from sandy soils. More cycles of 
recurrent breeding increase proportions of elite families in breeding programmes. 
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