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Abstract 

Advanced variety trials are planted at several locations and harvested in plant and ratoon crops 

to evaluate for genotype by environment interactions. The objectives of this study were to 

determine location and crop-year effects and their implications on coastal short cycle breeding 

programmes. Data for yield, quality and agronomic traits were collected from five series each 

planted to two trials at Gingindlovu and three at Empangeni, and harvested in the plant, first 

and second ratoon crops. Genotype effects were highly significant (P<0.0001) for all traits, 

indicating that differences in genetic values were detectable. Genotype by location interaction 

was largely non-significant (P>0.05) in most series indicating that genotype differences were 

similar across locations. Genotype by crop-year (GC) was significant (P<0.05) in all series for 

TCH, TSH and ERC% cane, indicating differences on genotype values across the crop-years. 

Significant GC suggested that genotype performance is strongly influenced by the confounding 

effect of ratoon cycles and seasonal variation. Genotype by location by crop-year was non-

significant for all traits. Crop-year effects had a greater influence on genotype performance 

than location effects. Therefore testing genotypes across more ratoons would be more 

important than across locations. 
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Introduction 

The coastal short cycle high potential (CSCHP) and coastal short cycle average potential 

(CSCAP) breeding programmes develop early maturing varieties which are harvested at 12 to 

14 months as a damage escape strategy aimed at the stalk borer Eldana saccharina Walker 

(Lepidoptera: Pyralidae) (Nuss, 1998). The genotypes from both breeding programmes are 

tested in the same advanced variety trials to evaluate for genotype performance and adaptability 

across the wide range of locations over crop-years (Zhou, 2013). Since the establishment of 

these programmes, limited studies have investigated the effects of combining genotypes at the 

final stage. In addition, knowledge about the major variables contributing to GxE will help in 

developing optimal breeding strategy (Chapman et al., 2004) for the costal short cycle 

programmes. The objectives of this study were to determine the location and crop-year effects 

and their implications on genotype performance on the final stage testing. 

Materials and Methods 

Data for yield, quality and agronomic traits were collected from five series of advanced variety 

trials planted on two sites at Gingindlovu and three sites at Empangeni location. The trials were 

planted from 2002 to 2006 and harvested in plant, first and second ratoon crops. Trials were 
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laid out in a randomised complete block design with three replications, and plot size of 5 rows 

by 8 m long spaced 1.2 m apart. The same set of 25-27 genotypes was planted in all the trials 

within the series, while a completely different set was planted in different series. Data were 

analysed with statistical analysis system (SAS institute 2009) using the linear mixed model, 
 

Yijklm = µ + Li + T(L)j(i) + R(T(L))k(i(j)) + Gl + GLil + GT(L)jl(i) + GR(T(L))kl(i(j)) + Cm + LCim + GClm + 

GLCilm + CT(L)jm(i) + CGT(L)jlm(i) + Ejklm                              Equation 1 

 

where Yijklm is the yield of lth genotype in crop year m from kth replication of jth trial nested 

within ith location; µ is the grand mean; Li is the fixed effect of the ith location; T(L)j(i) is the 

random effect of the jth trial nested within the ith location; R(T(L)k(i(j)) is the random effect 

of the kth replication nested within the jth trial that is in turn nested within the ith location; Gl 

is the fixed effect of the lth genotype; GLil is the fixed interaction effect of the lth genotype by 

the ith location; GT(L)jl(i) is the random interaction effect of the lth genotype by the jth trial 

nested within the ith location; GR(T(L))kl(i(j)) is the random interaction effect of the lth 

genotype by the kth replication nested within the jth trial that is in turn nested within the ith 

location; Cm is the fixed effect of the mth crop year; LCim is the fixed interaction effect of the 

mth crop year by the ith location; CGlm is the fixed interaction effect of the mth crop year by 

the lth genotype; GLCilm is the fixed interaction of the mth crop-year by the lth genotype by 

the ith location; CT(L)jm(i) is the random interaction effect of the mth crop-year by jth trial 

nested within the ith location; CGT(L)jlm(i) is the random interaction effect of the mth crop-

year by the lth genotype by the jth trial nested with ith location; and Ejklm is the residual error. 

 

Results and Discussion 
 

The genotype (G) main effect was highly significant (P<0.0001) in all the series for yield, 

quality and agronomic traits indicating large genotype differences (Table 1). The genotype by 

location (GL) was non-significant (P>0.05) in all the series for yield, quality and agronomic 

traits (except for TCH and TSH in 2006), indicating that the relative performance of genotypes 

at the two locations remained the same.  
 

Genotype by crop-year (GC) was significant (P<0.05) in all the series for TCH, TSH and 

ERC% cane indicating that genetic values for yield and quality fluctuated differently across the 

crop-years. The significant GC indicated poor prediction of genotype yield and quality genetic 

values across the ratoon cycle, highlighting the need to test for ratooning ability as well as to 

develop a strategy to breed for ratooning ability. GC for stalk height and stalk diameter was 

non-significant (P>0.05) in four out of five series, which indicated that genetic values were 

predictable across the ratoon cycles. The GLC was largely non-significant (P>0.05) for all 

traits, indicating the absence of complex GxE. 
 

The order of importance of the GxE component based on the number of significant series was 

G=GC>GL>GLC for TCH, TSH and ERC% cane. The results generally indicated that GC was 

the most dominant component of GxE. The larger GC F-values compared to GL and GLC 

highlighted the need to test genotypes across more crop-years than locations. To further explore 

the significant GC, the top and bottom five genotypes were plotted, based on ranking of least 

square means across all trials in a series (Figure 1). There was significant cross-over interaction 

in 2004 and 2005 highlighting the difficulty of identifying high yield genotypes that possess 

high ratooning ability. The results suggest testing for longer ratoons (Zhou, 2015) would 

increase discriminating ability for yield and ratooning among the genotypes.  

 

The R2 values for yield and quality traits were larger than those for agronomic traits, indicating 

that the statistical models accounted for more of the variability in the data for yield and quality  
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Table 1. F-values for genotype (G), location by genotype (GL), genotype by crop-year (GC) and 

location by genotype by crop-year (GLC), coefficient determination (R2) and CV% for yield, 

quality and agronomic traits. 

 

Effect 2002 2003 2004 2005 2006 

Tons cane per hectare (TCH) 

G 10.03*** 7.27*** 4.09*** 7.97*** 4.25*** 

GL 0.80ns 1.13ns 0.74ns 2.35** 1.20ns 

GC 1.89** 2.49*** 1.86** 3.47*** 1.74** 

GLC 0.78ns 1.37ns 0.75ns 0.65ns 0.94ns 

R2 0.95 0.93 0.90 0.97 0.91 

CV% 10.17 10.17 11.98 9.54 12.26 

Tons sugar per hectare (TSH) 

G 10.03*** 5.55*** 5.99*** 5.37*** 3.46*** 

GL 0.80ns 1.21ns 0.86ns 2.69*** 1.11ns 

GC 1.89* 2.01*** 2.36*** 3.96*** 1.67** 

GLC 0.78ns 1.36ns 0.93ns 1.00ns 0.78ns 

R2 0.92 0.91 0.85 0.95 0.89 

CV% 13.74 14.30 15.80 12.97 14.34 

Estimated Recoverable Crystal% cane (ERC) 

G 7.74*** 10.74*** 7.78*** 12.04*** 11.70*** 

GL 1.66ns 1.38ns 0.57ns 0.88ns 0.73ns 

GC 1.49* 1.99*** 2.76*** 1.86** 2.61*** 

GLC 0.62ns 1.17ns 1.19ns 0.91ns 1.13ns 

R2 0.85 0.87 0.86 0.92 0.92 

CV% 8.86 9.16 8.55 7.83 7.08 

Stalk population 

G 12.55*** 10.25*** 5.11*** 6.28*** 9.36*** 

GL 0.92ns 1.29ns 0.80ns 0.79ns 0.81ns 

GC 2.12*** 1.06ns 1.32ns 1.64* 1.94*** 

GLC 1.63* 0.95ns 0.81ns 1.04ns 1.23ns 

R2 0.77 0.79 0.77 0.85 0.82 

CV% 17.54 16.63 19.25 13.94 13.78 

Stalk height 

G 8.24*** 15.03*** 9.87*** 6.02*** 7.23*** 

GL 0.85ns 0.83ns 1.13ns 1.22ns 1.10ns 

GC 1.27ns 1.17ns 1.11ns 2.57*** 1.08ns 

GLC 0.65ns 1.38ns 0.82ns 0.91ns 1.00ns 

R2 0.90 0.89 0.85 0.92 0.85 

CV% 10.70 10.03 12.51 9.63 10.72 

Stalk diameter 

G 13.80*** 15.73*** 5.75*** 14.14*** 8.45*** 

GL 0.72ns 0.44ns 0.83ns 0.79ns 1.01ns 

GC 0.82ns 1.47* 1.20ns 1.10ns 1.19ns 

GLC 0.73ns 1.32ns 0.88ns 0.94ns 0.97ns 

R2 0.82 0.83 0.74 0.81 0.82 

CV% 7.55 6.45 10.05 7.56 6.89 

ns = non-significant at 5%,   * = significant at 5%,   ** = significant at 1%,   *** = highly significant at 0.1% 
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than for agronomic traits. The CV values for TSH and stalk population were larger than that of 

other traits, indicating larger variability for these traits. 

 

 
 

Figure 1. Trends in TCH across ratoon cycles. 

 

 

Conclusion 

 

The GC was the largest of the GxE effects highlighting the importance of ratooning ability for 

the coastal short cycle breeding programmes. The larger GC compared to GL highlights the 

need to test across more crop-years or ratoons than locations. The significant GC was 

associated with cross-over interaction suggesting harvesting trials for more ratoons could 

increase discriminating ability and simultaneous selection for high yield and ratooning ability. 

The non-significant GL indicated that the two coastal short cycle breeding programmes could 

be merged because elite genotypes at both locations were similar. 
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