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2x, 3x64 Mio tApple (Malus pumila)

6x69 Mio tGrapes (Vitis vinifera)

2x, 3x+1, 4x-389 Mio tCitrus fruit (Citrus spp.)

3x105 Mio tCormsBanana (Musa x paradisiaca)

8x194 Mio t sucroseSprout partsSugarcane (Saccharum
officinarum)

4x12 Mio tCormsTaro (Colocasia esculenta)

3x – 10x51 Mio tRoot tubersYam (Dioscorea ssp.)

6x124 Mio tSprout cuttingsSweetpotato (Ipomoea 
batatas)

2x226 Mio tWood cuttingsCassava (Manihot esculenta)

2x, 3x, 4x, 5x315 Mio tSprout tubers Potato (Solanum tuberosum)

PolyploidyWorld
Production 

Planting material Species 
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1. Definition of breeding objectives 
(we need to know what is needed)

2. Generation of genetic variation for breeding objectiv es 
(we need a population in which its merits to 
select individuals – high mean and variation)

3. Selection of individuals within the population, w hich match 
or are more close to our objectives compared to others

CIP Breeding
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1. Simply break normal clone propagation by a crossing step and to 
develop sexual seeds = genetic variation = new clones !!!

2. Genetic variation + select new clones (all propagation steps from 
the first to the last selection step are again by “normal” asexual 
reproduction)

The basis of an accelerated breeding scheme: - the fi nally 
selected clone is genetically absolutely identical with the 
original seed plant

=> Each seed plant is a potential variety

CIP Breeding
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Crossings

True seed plants

A-Clones

B-Clones

C-Clones

D-Clones

Propagation

Remember: the finally selected D-clone is genetical ly absolutely identical with the true seed 
plant the D-clone is tracing back to

CIP Breeding

Fig. 1: The general breeding 
scheme of clonally propagated 
crops (from Becker 1992)
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Rules: 1) early breeding stages: 1m row plots (thousands of  genotypes) everything what can be made 
simultaneously is made simultaneously at 3 (4) loca tions no replications

2) later breeding stages: 4-5 row plots (1st selection step: 300 clones, 3 locations, two replications; 2nd  
selection step: 40 clones, 6-12 locations, two replications

Year 1           Year 2           Year 3-4        Multiplication

CIP Breeding

Fig. 2: The Accelerated 
Breeding Scheme

Year 4
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Plot size: 1m row plot CIP Breeding
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h: Öheritability
Heritability a genetic parameter between 0 and 1: 

h² = s²G / [s²G + s²GY/Y + s²GL/L +  s²GLY/LY + s²e/LYR]

with s²G, s²GY , s²GL, s²GLY ,  and s²e the variance components due to 
genotypes, genotype x year interaction, genotype x location 
interaction, genotype x location x year interaction and the plot error, 
respectively; Y, L, and R the number of locations, years, and 
replications, respectively.

� better to increase no. of locations than no. of replications 

� s²GY is a critical term in ABS because the effect of this term on 
heritability can not be controlled in an ABS (all others can by using 

more L)
CIP Breeding
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The Experiment with Applied Breeding Material

• Population Jewel I (PJ I) in 2005
• In total 4243 sweetpotato genotypes PJ I were planted at three environments, 

namely LM, SR, and SRWF (+ one environment with high virus pressure) 
• 1 m row plots
• No replications
• Heritability determined by h² = s²G / [s ²G + s²GL/L]

note in such an experiment the s²GL contains s²GLY and s²e; the s²G contains s²GY

• Traits recorded: RYLD, FYLD, AGRO (1-5), DM, total carotenoids, Fe and Zn

Model Calculations

• Determination of the Response to selection: R = i h ssssG and Rs = R / ssssG with i the 
selection  intensity for different numbers of genotypes, locations for a given test 
capacity = total number of plots and Rs the response to selection in standardized 
units.

CIP Breeding
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N
Genotypes

RYLD (kg/m2) 3986 1.8 0 14.9

FYLD (kg/m2) 3985 3.9 0.1 20
Agro (score) 3905 2.2 1 5
 DM (%) 1946 27.7 13.6 51.1
TcDM (ppm) 1940 184 0 3313
FeDM (ppm) 1940 24 3.6 47.7
ZnDM (ppm) 1941 13.3 6.7 31.6

RYLD (kg/m2) 4080 2.1 0 14.9

FYLD (kg/m2) 4081 2.8 0.1 16
AGRO (score) 3978 2.3 1 5
 DM (%) 1929 32 18.2 54
TcDM (ppm) 1925 93 0 593
FeDM (ppm) 1931 20.5 10.5 33.1
ZnDM (ppm) 1931 10.1 4.7 18.8

RYLD (kg/m2) 4027 1.1 0 8.6
Agro (score) 4243 1.8 1 5

                                    La Molina (LM)

                                  San Ramon (SR)

               San Ramon without fertilization 

Trait Mean Min. Max.

CIP Breeding
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N N
Obs Loc

47.7 98

 (1  2.05)

237 349

 (1 1.47)

13.94 6.22

 (1  0.45)

33651 9539

 (1  0.28)

7.41 7.61

 (1  1.03)

3.1 2.92

 (1  0.95)

36.2 110.4

 (1  3.05)

FYLD 
(t2/ha2)

202 265.2

(t2/ha2)  (1  1.31)

14.13 5.01

 (1  0.36)

31518 11896

 (1  0.38)

7.39 7.6

 (1  1.03)

2.88

 0.94)

0.66

ZnDM 

(ppm2)

3.07                       
(1

5.28 2038 2 0.68

FeDM 

(ppm2)

7.45 2038 2

0.85

TcDM 

(ppm2)

5593 2038 2 0.84

DM (% 2) 11.28 2040 2

16.6 2718 2 0.6

0.68

                  Observations with Agronomic Scores 3 to 5

RYLD 

(t2/ha2)

23 3655 3 0.5

ZnDM 

(ppm2)

4.63 3872 2

0.88

FeDM 

(ppm2)

5.79 3874 2 0.66

TcDM 

(ppm2)

3453 3865 2

0.58

 DM (% 2) 8.18 3875 2 0.82

FYLD 
(t2/ha2)

52.1 8066 2

Heritability

                       Observations with Agronomic Scores 1 to 5
0.59RYLD 

(t2/ha2)

23.2 12093 3

Traits 2
Gs 2

Es 2
GxEs

CIP Breeding
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N N

Trait Genotypes Locations RS Rel. RS

RYLD 1    2.0 12000 12000 1 1.35 92

6000 2 1.46 100

4000 3 1.46 100

3000 4 1.43 98

1   3.0 12000 1 1.17 80

6000 2 1.31 90

4000 3 1.34 92

3000 4 1.32 90

1   2.0 4000 4000 1 1.09 75

2000 2 1.1 75

1333 3 1.03 71

1000 4 0.95 65

1   3.0 4000 1 0.94 64

2000 2 0.98 67

1333 3 0.94 64

1000 4 0.88 60

: Plot 
capacit

y

2
GxEs2

Gs

CIP Breeding
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N N
Trait Genotypes Locations RS Rel. RS

Quality 
traits

1   1 8000 8000 1 1.54 106

4000 2 1.54 106

2667 3 1.47 101

2000 4 1.39 95

1   1 4000 4000 1 1.33 91

2000 2 1.27 87

1333 3 1.15 79

1000 4 1.04 71

Quality 
traits

1   0.5 8000 8000 1 1.78 123

4000 2 1.69 116

2667 3 1.57 108

2000 4 1.46 100

1   0.5 4000 4000 1 1.54 106

2000 2 1.39 95

1333 3 1.23 84

1000 4 1.09 75

: Sample 
capacity

(i.e. iron & 
zinc)

(i.e. dry 
matter & 

carotenoids)

2
Gs 2

GxEs
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• The proposed accelerated breeding scheme (ABS) clearly reduce 
the time needed for breeding (for early breeding stages only 2 years 
are needed – 1 year crossing + multiplication & 1 year testing)

• It is certain that ABS will lead to significant breeding progress for 
quality traits in sweetpotato (and it is nearly certain other clonally 
propagated crops)

• ABS might also be a very attractive breeding scheme for yield
(nearly certain) at least in sweetpotato; however …..

• The allocation of resources into two to three environments for yield 
selection in ABS might be optimal or very close to the optimum.

• The allocation of laboratory capacity in more than two 
environments can not be recommended in ABS 

CIP Breeding
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The genotype x year interaction (s²GY) –> all what was presented here is 
based on the assumption that s²GY is not very important.

Grüneberg et al. (2004). The ratio for :                           s²G : ssss²GY : s²GL : s²GLY : s²e

sweetpotato storage root yield (later breeding stages):    1 : 0.96 : 1.46 : 1.83 : 2.62 
sweetpotato storage root dry matter (later breeding st.):  1 : 0.00 : 0.04 : 0.15 : 0.63 

=> One or two experiments in early breeding stages could fill this gap.

CIP Breeding
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