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Abstract 

Family selection in sugarcane occurs when whole units are selected or rejected based on family 

mean value and is applied to traits with low heritability. The objective of this study was to 

compare family with individual genotype selection (IGS) for cane yield in humic and sandy 

soils breeding populations for the Midlands region of South Africa. Data for stalk numbers, 

height and diameter collected from seedling progenies were used to estimate cane yield. Both 

family and individual genotype effects for all traits produced significant (P<0.001) variance 

components. Family variance was 1.2 to 1.5 times larger than that of individual genotypes, 

indicating larger variability among families than individual progenies. Families produced 

larger broad-sense heritability (25 to 78%) than individual genotypes (1.6 to 9.8%) suggesting 

that selecting superior families would be more accurate than selecting superior individual 

genotypes. Populations grown on humic soils produced higher family heritability (58 to 78%) 

than sandy soils populations (25 to 55%), indicating a higher precision of family selection in 

humic soils. Families produced higher predicted selection gains (18 to 55.4%) compared with 

individual genotypes (2 to 12.3%), indicating higher efficiency associated with family 

selection. Humic soil populations produced higher average family % predicted gains (44%) 

than sandy soils (24%) suggesting superior populations and expected higher genetic gains. 

Significant family and individual genotype variances indicated family selection followed by 

individual genotype selection within selected families will increase selection efficiencies in the 

first stage of sugarcane breeding. The larger family variance, higher heritability and higher % 

predicted gains indicated the value of family selection compared with IGS in sugarcane 

breeding. 
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Introduction 

Family selection is the positive selection of the entire progenies within a family plot, based on 

family mean estimated from data collected from progeny plots (Falconer and Mackay, 1996). 

Families can be replicated in trials and across locations in early stages of selection, whereas 

individual genotypes cannot be replicated due to limited planting material. Traits with low 

heritability such as cane yield benefit from family selection (Kimbeng et al., 2000; Shanthi et 

al., 2008; Zhou et al., 2013; Zhou, 2014). Benefits from family selection are clear but little is 

known about the comparison between family and individual genotype selection. This is partly 

attributed to the high cost of measuring individual plants compared to family plots. However, 
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the comparison is important when justifying use of family over individual plant selection. The 

objective of this study was to compare family with individual genotype selection (IGS) for cane 

yield in humic and sandy soils breeding populations for the Midlands region of South Africa. 

 

Materials and Methods 
 

Experimental materials and data collection 

Data were collected from stage I ‘mini-lines’ trials established in the Midlands region on humic 

soils at Bruyns Hill Research Station (1012 masl; 29.42S, 30.68E) and on sandy soils at 

Glenside Research Station (998 masl; 29.35S, 30.77E). Data for stalk numbers, height and 

diameter from the first 20 genotypes per family plot were collected from trials BML10, BML11 

and BML12 in humic soils, and SML10, SML11 and SML12 in sandy soils. A randomised 

complete block design with three replications per family was used. 
 

Data analysis 

Data were analysed using a mixed procedure of the Statistical Analysis System (SAS Institute, 

2014). The linear mixed model for families was: 
 

𝑌𝑖𝑗𝑘  =  𝑅𝑖 +  𝐹𝑗  + 𝐹𝑅 𝑖𝑗 +  𝐺(𝐹𝑅)𝑘(𝑖)……………………………………….. Equation 1 

 

where Yijk is the cane yield of the kth seedling recorded from jth family in the ith replication, Ri 

is the random effect of the ith replication, Fj is the random effect of the jth family, FRij is the 

random interaction effect of the ith replication by the jth family, and G(FR)k(ij) is the random 

effect of the kth seedling nested within the random interaction effect of the ith replication by the 

jth family and was also residual error.  
 

The linear mixed model for an individual genotype was 
 

𝑌ijk= 𝐺(𝐹)𝑘(𝑗) + 𝐺(𝐹𝑅)𝑘(𝑖𝑗)……………..…………………..Equation 2 
 

where G(F)k(j) is random effects of kth seedling nested within the jth family. The broad-sense 

heritability (H) for families was calculated using 
 

𝐻𝑓 =
𝜎𝑓

2

(𝜎𝑓
2 +𝜎𝐹𝑅

𝑟

2  +𝜎𝐺(𝐹𝑅)
𝑟𝑠

2 )
………………………….…………. Equation 3 

 

and for individual genotype was calculated using 

𝐻𝐺  =
𝜎𝐹

2

(𝜎𝐺(𝐹)
2 + 𝜎𝐺(𝐹𝑅)

2 )
  ……………………………..………….. Equation 4 

 

where σ2
R is the variance component of replication effects, σ2

F is the variance component of the 

family effects, σ2
FR  is the variance component of the interaction effect of replication by family, 

σ2
G(FR) is the variance component of the seedlings nested within crosses, is the residuals 

variance component, r is the number of replications and s is the number of seedling sampled 

per plot. 
 

Selection gains were calculated using (Allard, 1960) 
 

Gs = KσfH ……………………………..………………….. Equation 5 
 

where K is the family selection intensity, σf is the family phenotypic standard deviation and H 

is broad-sense heritability. Family selection intensity (K) was 30%, while that for individual 

genotypes was 10%. 
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Results and Discussion 

 

Both family and individual variance were significant, indicating variability among and within 

families (Table 1). Family variance was 1.2 to 1.5 times larger than individual genotype 

variance, indicating larger variability among families than progenies within families. The 

residual variance for individual genotypes was larger than for families, and indicated higher 

error with individual genotypes. Families had at least six times higher broad sense heritability 

than individual genotypes highlighting a higher proportion of genetic variance attributed to 

families than individual genotypes. Therefore families would be selected with higher precision 

than individual genotypes. Family predicted selection gains were at least four times those for 

individual genotypes indicating that higher yield populations were advanced using family 

selection than for individual genotypes. Results suggest that higher genetic gains would be 

achieved using family compared to individual genotype selection. Families had consistently 

higher broad sense heritability and predicted gains than individual genotypes (Figure 1). 

Results indicated the superiority of family selection to individual genotype selection for cane 

yield. 

 

In practice, family evaluation leads to the selection of elite families followed by the selection 

of superior genotypes within elite families. While the results show lower gains for individual 

genotypes, because of the combined family followed by individual genotypes selection, 

cumulative gains are expected. If gains from family and individual genotypes are additive, 

adopting family selection is expected to accelerate genetic gains in sugarcane breeding. 

 

Humic soil populations had higher broad sense heritability and higher predicted selection gains 

than sandy soil populations suggesting higher efficiencies in the humic than sandy soils. Humic 

soils are more uniform and deeper, with higher organic matter and clay content than sandy 

soils. Therefore, less impact of GxE is expected from humic than sandy soils, further enhancing 

the ability to identify superior families and genotypes on humic soils. 
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Table 1. Variance components, broad-sense heritability (H) and predicted selection (%Gs) gains 

for cane yield of family and individual genotypes. 

 

Statistics BML10 BML11 BML12 SML10 SML11 SML12 

FAMILY 

σ2
R

 0.16±0.18ns 0.15±0.17ns 6.49±5.39ns 0.72±0.63ns 1.52±1.08ns 3.76±3.39ns 

σ2
F 2.49±0.52*** 2.41±0.61*** 6.00±1.13*** 0.35±0.26ns 1.38±0.39*** 3.62±1.16*** 

σ2
FR 2.09±0.33*** 3.32±0.47*** 3.08±0.55*** 2.35±0.34*** 2.33±0.35*** 6.99±1.06*** 

σ2
G(FR) 18.98±0.38*** 27.47±0.53*** 40.78±0.80*** 14.34±0.28*** 17.36±0.34*** 37.00±0.78*** 

H 0.70±0.03 0.59±0.11 0.78±0.02 0.25±0.03 0.55±0.03 0.54±0.03 

Gs 3.56 3.58 5.77 1.08 2.68 3.82 

%Gs 54.38 39.10 38.20 17.76 28.81 25.88 

Mean± stdev 6.55±4.36 9.16±5.24 15.11±6.39 6.10±3.79 9.29±4.17 14.77±6.08 

R2 0.24 0.22 0.29 0.23 0.24 0.28 

CV 66.54 57.26 42.27 62.08 44.89 41.17 

INDIVIDUAL GENOTYPES 

σ2
G(F) 2.31±0.37*** 2.21±0.49** 4.93±0.80*** 0.29±0.26ns 1.13±0.29*** 4.15±0.83*** 

σ2
G(FR) 21.34±0.52*** 31.03±0.72*** 49.10±1.14*** 17.29±0.41*** 20.54±0.47*** 44.71±1.16*** 

H 0.10±0.02 0.07±0.02 0.09±0.02 0.02±0.01 0.05±0.01 0.09±0.02 

Gs 0.80 0.65 1.12 0.12 0.42 1.00 

%Gs 12.25 7.06 7.44 1.97 4.50 6.79 

Mean±stdev 6.55±4.66 9.16±5.52 15.11±7.0 6.10±4.17 9.29±4.56 14.77±6.70 

R2 0.43 0.43 0.43 0.44 0.42 0.49 

CV 71.15 60.32 46.37 68.28 49.10 45.35 

***Significant at P<0.001, **Significant at P<0.01 *Significant at P<0.05, ns = Not significant at P=0.05
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Figure 1. Trends in broad sense heritability and predicted selection gains. 

H = broad sense heritability; %GS = predicted selection gains. 

 

 

Conclusions 

 

Family selection produced larger variability, higher heritability and higher % predicted gains 

than individual genotype selection across trials in both humic and sandy soils in the Midlands 

region, highlighting the superiority of family selection compared to individual genotype 

selection in sugarcane breeding. Combined gains from adopting family selection followed by 

individual genotype selection will increase overall genetic gains in sugarcane breeding.  
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