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Target Population Of Environments

• Comstock (1977) defined the concept of a target population of environments (TPE) 
as the complete set of "types" of environments in which cultivars can be grown within 
the geographical area targeted by a breeding program.

• Variable performance of genotypes in different environment types causes gxe
interaction which in turn limits response to selection in plant breeding programs

• Greater response to selection should result from a more detailed understanding of 
genotype reactions to the TPE and the capacity to contextualize the environment 
types sampled by breeding program
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Defining Environment Types for a 
Breeding Program

Various approaches
1. Classical G x E analysis to group trials based on 

the way they rank the genotypes

2. Direct use of environmental data (van Eeuwijk et al, 2005)

3. Integration of environmental data via biophysical 
crop simulation modelling (Chapman et al,  2000)
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Classical G x E analysis

• Strengths
– Strong link to the “real system” we are interested in

• Weaknesses
– amount of trial data required 
– Trial sites may not be a a representative sample of the 

true TPE
– Lack of balance of genotypes across years complicates 

analysis and interpretation
– Changes in G responses due to selection and changes 

in management and GxM impact on relevance
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Biophysical Crop Simulation

• Strengths
– Permits sampling of large amounts of climatic data and 

locations
– Allows for control of management systems
– Sites can be selected to effectively cover the 

production area

• Weaknesses
– Critically dependent on the quality of the model
– Biotic factors are ignored
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Causes of GxE in Australian sorghum

• GxE in Australian sorghum is primarily 
caused by the response of genotypes to 
variation in the timing and incidence of 
moisture stress.

• This in turn is a complex interaction of 
climatic variability, soil characteristics and 
management

• Rainfall, temperature, radiation, soil water 
holding capacity, fallow, sowing date, row 
spacing, plant population
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EC Approach

• Selected a representative set of locations based on production data 
(soil characterization and historical climatic data) 

• Selected a representative of management systems

• Developed a set of planting rules

• Generated 46 location x soil type x management combinations

• Ran simulation  runs at each location using the APSIM sorghum model 
with 116 years of climatic data (standard genotype MR Buster)

• Generated a stress index the period around flowering for each run 
(ratio of actual vs potential Transpiration Chapman et al,  2000)

• Classified stress indices into groups



Representative Location x Soil x Management 
Combinations Used for EC Simulations 

Site Soil Weighting Management System Percentage (all 1m row s)
for Region Solid SS DS

35K 50K 35K 50K 35K 50K
CQ
Clermont Black Earth - 80 70 40 0 60 0 0 0

Black Earth - 120 30 40 0 60 0 0 0
Emerald Black Earth - 80 75 20 0 80 0 0 0

Black Earth - 120 25 30 0 70 0 0 0
Rolleston Black Earth - 80 25 30 0 70 0 0 0

Black Earth - 120 75 30 0 70 0 0 0
Baralaba Grey Clay - 150 100 0 70 0 30 0 0
Biloela Grey Clay - 150 100 0 70 0 30 0 0
SQ
Taroom Grey Clay - 120 100 0 60 0 20 0 20
Dalby Grey Clay - 150 40 0 70 0 30 0 0

Vertosol - 180 60 0 100 0 0 0 0
Pittsworth Grey Clay - 150 100 0 80 0 20 0 0
Goondiwindi Grey Clay - 120 70 0 50 0 50 0 0

Red Chromosol - 140 30 0 30 0 35 0 35
Miles Grey Clay - 120 100 0 60 0 20 0 20
Roma Black Earth - 80 100 30 0 70 0 0 0
NNSW
Wee Waa Grey Clay - 150 85 0 60 0 30 0 10

Vertosol - 150 15 0 100 0 0 0 0
Moree Grey Clay - 150 85 0 40 0 40 0 20

Vertosol - 150 15 0 90 0 10 0 0
Gunnedah Grey Clay - 150 60 0 100 0 0 0 0

Vertosol - 200 40 0 100 0 0 0 0
Quirindi Grey Clay - 150 15 0 100 0 0 0 0

Vertosol - 200 85 0 100 0 0 0 0
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How many ET clusters to use?

• The optimal number of ETs to large to be of practical use
• We decided to use a grouping level was feasible to apply in our 

breeding program
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Frequency of ETs

Region

Environment Type CQ SQ NNSW Overall

1 - No Stress 0.50 0.38 0.25 0.38

2 - Late Onset Terminal 0.13 0.14 0.14 0.14

3 - Late Onset Relieved 0.17 0.19 0.24 0.20

4 - Early Onset Relieved 0.09 0.12 0.12 0.11

5 - Early Onset Terminal 0.11 0.16 0.25 0.17
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Frequency of Environment Types Varies Between Locations
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How does changing management alter the 
frequency of environment types?
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What About Genetics?

• The stress index we calculated was 
using a single “virtual genotype” based 
on the commercial hybrid Buster

• Given that our ETs are sensitive to 
variation in region and management it 
seems likely they will also be 
responsive to changes in genetics
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Sensitivity to changes in G

• Ran simulations of all the combinations of M and 
E with multiple virtual genotypes

• 5 maturities x 5 tillering levels representing the 
genetic diversity present in our breeding trials

• Classified stress indices for each genotype into 
the five ET classification
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Trials are a mixture of ETs
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1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1889 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1890 1 1 1 1 2 1 1 2 2 2 1 2 2 2 4 2 2 4 4 4 2 4 4 4 4
1892 2 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1893 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1894 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1895 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1896 1 2 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 5 5
1897 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1898 1 1 1 2 2 1 1 1 3 3 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3
1899 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 4 4
1901 4 4 4 4 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1903 1 1 1 1 1 1 1 1 1 2 1 1 2 2 2 1 2 2 2 2 2 2 2 2 2
1904 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 2 2 2 2 2 2 4 4
1905 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1906 2 2 2 4 4 4 4 4 4 4 4 4 4 4 5 3 3 3 3 3 3 3 3 3 3
1907 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1909 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1910 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1911 2 2 4 4 4 2 4 4 4 4 4 4 3 3 5 3 3 3 3 3 3 3 3 3 3
1912 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2
1913 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1914 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1916 1 2 2 2 2 2 2 2 2 4 2 2 2 2 3 2 3 3 3 3 3 3 3 3 3
1918 1 2 2 2 2 2 2 4 4 4 2 4 4 4 4 4 4 4 4 5 4 4 5 5 5
1920 4 4 4 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1921 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2
1922 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1923 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2
1924 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 4 4 4 4 4
1925 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4
1926 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1927 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1928 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1929 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 5
1930 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
1932 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4
1934 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 2 2 2 2 2 2 4 4
1935 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1936 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1937 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1938 2 2 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 5 5 5 5 5 5 5 5
1939 1 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1940 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1941 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1942 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1943 1 1 1 1 1 1 1 2 2 2 2 2 2 2 4 2 2 4 4 4 4 4 4 4 4
1944 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 2 2 2 2 2 2 2 2
1945 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1946 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 3 3 3 3
1947 1 1 1 1 1 2 2 2 4 4
1948 1 1 1 1 2 1 1 1 1 2 1 1 1 3 3 1 1 3 3 3 1 3 3 3 3
1949 1 1 1 1 2 1 1 1 2 2 1 2 2 2 2 2 2 2 4 4 2 4 4 4 5
1950 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1951 1 1 2 2 3 2 2 2 2 2 2 2 2 5 5 2 4 5 5 5 2 5 5 5 5
1952 1 1 1 2 2 1 1 2 2 2 1 2 2 2 3 2 2 2 3 3 2 2 2 3 3
1953 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2 2
1954 1 1 1 2 2 1 1 2 2 2 1 2 2 2 2 2 2 4 4 4 2 4 4 4 5
1955 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1956 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1957 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1958 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1959 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1960 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
1961 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1962 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 2 2
1963 1 1 1 2 2 1 2 2 2 2 2 2 2 2 4 2 2 4 4 4 2 2 4 4 4
1964 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1965 1 1 2 2 2 2 2 2 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1966 1 1 1 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4
1967 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
1968 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 5 5 5 5 5 5 5 5 5
1970 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1971 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1972 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1973 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1975 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1976 1 1 1 1 1 1 1 1 1 2 1 1 2 2 2 1 2 2 2 2 2 2 4 4 4
1977 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1978 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 2 2
1979 1 2 2 2 2 2 2 2 2 2 2 2 2 2 4 2 2 2 2 4 2 2 2 2 4
1980 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2
1981 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5
1982 4 4 4 4 4 4 4 3 3 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1983 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2 2
1984 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 4 5 5 5 5
1985 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
1986 1 1 2 2 2 1 2 2 2 2 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3
1987 1 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 5 5 4 4 5 5 5
1988 1 1 1 1 2 1 2 2 2 2 2 2 2 4 4 2 2 4 4 4 2 2 4 4 4
1989 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1990 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1991 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1992 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5
1993 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5
1994 1 1 2 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1995 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
1996 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 4 4 5 5 5 5 5 5 5 5
1997 1 1 2 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5
1998 2 2 2 2 4 2 4 4 4 4 2 2 4 4 4 2 4 4 4 4 3 3 3 3 3
1999 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2000 2 2 4 4 4 4 4 4 4 4 4 4 4 5 5 4 5 5 5 5 3 3 3 3 5
2001 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2002 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2003 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2004 1 1 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 4 4 2 2 4 4 4
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Is any of this useful to sorghum 
breeders?

Do the ET groups explain GxE observed in breeding trials?
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Breeding trial data set

Trial mean yield vs repeatability

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0 1 2 3 4 5 6 7 8 9 10

Mean Yield/ t/ha

H
er

ita
bi

lit
y 

H

• 3 years of data (04/05, 05/06, 06/07) 
• 12 environments characterized
• ~2000 experimental sorghum hybrids at 1000 genotypes per year 

substantial genotype overlap between years
• Genetic variance =~2*GxE variance

Mean Max Min
Mean yield t/ha 4.59 8.75 1.31
Yield repeatability 0.42 0.62 0.21

Mean DTF 58.2 67.9 47.0
DTF repeatability 0.70 0.77 0.55



Vision:  Profitable primary industries for Queensland

Site Characterisation

•Water holding capacity

•Plant available water

•Nitrogen

•Water at sowing

•Water at maturity 

•climate data

•Quadrat harvests at flowering 
and maturity
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Validation Against Flowering and Maturity Harvests 
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Soil Water Can Be A Problem
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• In terminal stress 
situations APSIM 
is very sensitive 
to starting soil 
moisture

• Can be 
considerable 
variation in SSW 
across large 
trials.
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GxE Explained by Model Based 
Classifications

Strategy
% GxE 

explained
% of FA 
Model

FA Model grouping based on the loadings from the 
factor analytic model of the MET 

68

Average genotype
ET group for a virtual genotype which 
represents the average tillering and maturity 
of the genotypes at each site 

48 71

MR Buster
ET group for a virtual genotype based on 
MR Buster 

56 83

Vitual MET
Simulated yield data from the 25 genotypes 
(5 dtf x 5 tillering) 

62 91

ET Groups ET group data from the 25 virtual genotypes 
(5 dtf x 5 tillering) 

68 100



Vision:  Profitable primary industries for Queensland

Conclusions

• If the objective of the crop improvement program is to 
maximize yield there is a need to optimize combinations of 
GxM rather than just focus on the genotype.

• EC using APSIM does a reasonable job of explaining GxE. 
EC using based on simulated genetic variability doing a 
better job of explaining real genetic variation than a single 
simulated genotype. 

• Genotypes create their own environments and do not 
necessarily experience the same ET when grown in the 
same trials.
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Where to now?

• EC is expensive to conduct and sensitive to variability in 
soil moisture need to look at ways to reduce cost and 
sensitivity. Remote sensing technologies combined with 
characterized check lines may offer solutions

• Look at the potential to model out variation in simple traits 
(eg flowering)  to enhance selection for more complex 
traits

• Look at benchmarking each genotype with a simulated 
genotype with a similar leaf area development pattern

• Look at the potential to do analysis across trials using ET 
for individual genotypes
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Height vs Maturity Biloela DGP 05/06

R2 = 0.1377
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