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Improvement – Intentional

Improvement – Indirect 

No Change – Intentional

No Change – Despite Effort

• Grain yield

• Smaller tassel

• Resistant to root lodging

• Stay green

• Less protein

• Higher starch

• Leaf angle

• Leaf number

• LAI

• Number of ears per plant

• Yield potential per plant

• Heterosis

• Plant Height

• Ear Height

• Flowering



Sorghum Genetic Gain

Miller and Kebede, 1980      Monk et al., 2014



My Genetic Gain Study

Plant Material
• 60 hybrids

• 20 parental lines

• 14 Pioneer hybrids

Environments
• 3 full hybrid set

• 2 limited hybrid set

• 3 Pioneer hybrid  

Main Locations Minor Locations

Pioneer Locations



Yield

Source Variance Percent
Environment 4.36 81.27

Genotype 0.12 2.21

G x E 0.18 3.39

Rep(Env.) 0.00 0.04

Residual 0.70 13.09

TOTAL 5.36 100.00

r2 = .21
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Environment 4.36 81.27

Genotype 0.12 2.21

G x E 0.18 3.39

Rep(Env.) 0.00 0.04

Residual 0.70 13.09

TOTAL 5.36 100.00

+ .008 t/ha annually

r2 = .21



Grain Number per Panicle

Source Variance Percent
Environment 181312.90 28.72

Genotype 124215.34 19.68

G x E 66745.62 10.57

Rep(Env.) 14914.99 2.36

Residual 244060.12 38.66

TOTAL 631248.97 100.00

r2 = .32



Grain Number per Panicle

+ 13 grains annually

Source Variance Percent
Environment 181312.90 28.72

Genotype 124215.34 19.68

G x E 66745.62 10.57

Rep(Env.) 14914.99 2.36

Residual 244060.12 38.66

TOTAL 631248.97 100.00

r2 = .32



Leaf Angle

Source Variance Percent
Environment 41.18 52.16

Genotype 6.43 8.14

G x E 0.73 0.92

Rep(Env.) 7.56 9.58

Residual 23.05 29.20

TOTAL 78.95 100.00

r2 = .008



Leaf Angle

- .02 degrees annually

Source Variance Percent
Environment 41.18 52.16

Genotype 6.43 8.14

G x E 0.73 0.92

Rep(Env.) 7.56 9.58

Residual 23.05 29.20

TOTAL 78.95 100.00

r2 = .008



Plant Height

Source Variance Percent
Environment 19.88 12.84

Genotype 62.36 40.28

G x E 24.29 15.68

Rep(Env.) 3.73 2.41

Residual 44.59 28.80

TOTAL 154.85 100.00

r2 = .07



Plant Height

Source Variance Percent
Environment 19.88 12.84

Genotype 62.36 40.28

G x E 24.29 15.68

Rep(Env.) 3.73 2.41

Residual 44.59 28.80

TOTAL 154.85 100.00

- .14 cm annually

r2 = .07



Genetic Gain

Trait Slope r2

Test weight + 0.28 kg/m3 annually .16

Panicle size + .24 cm2 annually .13

Number of panicles - .015 panicles annually .00079

Days to flowering + .02 days annually .08

500 seed weight - .04 g annually .37



Yield – Pioneer Hybrids

r2 = .20

Source Variance Percent
Environment 4.36 87.73

Genotype 0.12 2.05

G x E 0.18 4.24

Rep(Env.) 0.00 0.04

Residual 0.70 5.94

TOTAL 5.36 100.00



Yield – Pioneer Hybrids

+ .008 t/ha annually

Source Variance Percent
Environment 4.36 87.73

Genotype 0.12 2.05

G x E 0.18 4.24

Rep(Env.) 0.00 0.04

Residual 0.70 5.94

TOTAL 5.36 100.00

r2 = .20



Genetic Gain Comparison

Gizza and Gambin, 2015, Field Crops Research



Genetic Gain Comparison

+ .008 t/ha annually + .008 t/ha annually + .008 t/ha annually

Gizza and Gambin, 2015, Field Crops Research



Relative Heterosis

(𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝐻𝑦𝑏𝑟𝑖𝑑 − 𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝑀𝑖𝑑𝑝𝑎𝑟𝑒𝑛𝑡)

𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝐻𝑦𝑏𝑟𝑖𝑑
× 100

Schnell, 1974    Duvick, 2005



Heterosis

(𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝐻𝑦𝑏𝑟𝑖𝑑 − 𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝑀𝑖𝑑𝑝𝑎𝑟𝑒𝑛𝑡)

𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝐻𝑦𝑏𝑟𝑖𝑑
× 100



Heterosis

+ 0.11 % annually+ .008 annually + .003 annually



Physiological Changes
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Physiological Changes

Improvement – Intentional

Improvement – Indirect 

No Change – Intentional

No Change

• Grain yield

• “Yield potential per plant”

• Heterosis

• Test weight

• Panicle size

• Grain number/panicle

• Days until flowering

• Plant height

• Leaf angle

• Number of panicles/area
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Conclusions

• Top-end yield potential only valuable if accompanied with 

strong yield stability

• Yield increasing at 0.3% per year in private & public 

breeding programs

• Relative heterosis continues to increase

• Many physiological traits have accompanied increases in 

grain yield

• Leaf angle shows no trend over time



“I believe the more you know 

about the past, the better you 

are prepared for the future.” 

— Theodore Roosevelt



Thank You


