
Solid evidence generated since 2005 in Peru and Mozambique has shown that the 

ABS efficiently reduces the time (8 to 4-5 years) from crossing to varietal release 

within a given sweetpotato population.

new variety with unique genetic content. From this 
point onward, there is no further genetic change 
and segregation among genes. Based on this 
understanding, Grüneberg et al. (2007) designed 
an “Accelerated Breeding Scheme” (ABS) for 
sweetpotato (Fig. 2) with the principle to do as 
much as possible concurrently, what is done in 
Figure 1 sequentially in several steps over several 
years.  Visual agronomic evaluation is also carried 
out to identify the worthy genotypes in early 
breeding stages (seedling nurseries and observa-
tion trials (OTs)). The ABS for sweetpotato requires 
1 year for crossings and multiplication of planting 
material (Fig. 2). In the second year, all genotypes 
developed from seeds that have been cloned in 
year 1 are planted concurrently in two to four 
distinct environments as observational trials (OT) 
in small plots (3 plants per row) without replica-
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The most important constraints to sweetpotato 

production in Sub-Saharan Africa (SSA) are shortage 
of high quality planting material and lack of 
improved OFSP varieties. The approach conventional 
breeding programs have followed for decades start 
with population development (crossings and 
generation of genetic variation through production 
of botanical seed) and end with selection of the 
“best” individuals in the genetic variation / breeding 
population and variety release. This conventional 
breeding scheme as illustrated in Fig. 1 takes 7 to 8 
years. Given our findings and the pressure to make a 
difference in farmer’s lives faster, this “conventional” 
breeding scheme is no longer adequate.

 The first step in breeding clonally propagated crops 
(Crossings in Fig. 1) is to break normal clonal 
propagation by introducing a crossing step that 
results in botanical seeds, each one being a potential 

Reaching 10 million 
African households by 2020

Fig. 1. Conventional breeding scheme for sweetpotato                        

Note:  Seeding Nurseries have 20,000 to 100,000 single plants derived 

from true seed; an Observational Trial (OT) typically have 2,000 to 10,000 

clones; a Preliminary Yield Trial (PYT) has 200 to 500 clones; an Advanced 

Yield Trial (AYT) has usually 20 to 60 clones and is entering into series of 

Multi-locational Trial(s) (MTs) with 15 to 50 clones, which is linked to 

On-farm Trials (OFs) with about 5 clones per farm.

Fig. 2. Accelerated Breeding Scheme (ABS) for sweetpotato

tion, and the Near Infrared Spectrometer (NIRS) is 
used to rapidly assess selected clones for quality 
traits (including protein, micronutrients, sugars). 

After evaluating the OTs, the best selections are 
entered into a series of trials across environments 
[multi-locational trials (MTs)] as before in the 
conventional breeding scheme to be evaluated 
again for storage root yield, upper biomass yields 
and storage root quality in years 3 and 4. In year 4, 



these are conducted concurrently with on-farm trials 
(OFs). Moreover traits are aggregated into an index.  This 
enables the release of varieties in second season of year 4.

 The ABS was first applied at CIP in 2005/6 in Peru, 
where variance component and heritability estimates in 
early breeding stages indicated that this new breeding 
scheme for clonally propagated crops can result in 
attractive genetic gains for yield and quality. In April 
2010, in collaboration with the national program INIA in 
Peru, the first four ABS bred varieties were released: 
Adriano (CIP- 105228.1), Alexander (CIP 105240.1), Arne 
(CIP-105086.1) and Benjamin (CIP 105085.2). All these 
clones entered the field for the first time in 2006 in OTs 
at several environments, in small plots without 
replications. 

 Using ABS in Mozambique starting in 2005 enabled the 
release of 14 varieties in February 2011: Tio Joe, Irene, 

Planted Observational Trial (OT) in Gurue (credit A. Abilio)

Crossing block to generate seed at Umbeluzi (credit A. Naico)

Bela, Delvia, Cecilia, Ininda, Lourdes, Esther, Melinda, Erica, 
Jane, Namanga and Sumaia. Since 2009, several NARS 
breeding programs in SSA have taken up ABS. Investigations 
of the efficiency ABS by selection theory (variance 
component estimations, observed and predicted responses 
to selection in early breeding stages) is still on-going. ABS for 
sweetpotato has the potential to be applied to other clonally 
propagated crops. Consensus exists in the sweetpotato 
community of practice (CoP) that ABS is indeed a powerful 
tool to generate varieties fast and enhance breeding 
efficiency. The latter appears to be due to its ability to capture 
the following traits early in the breeding cycle: yield stability, 
harvest index stability and storage root initiation stability as 
well as quality attributes such as dry matter, b-carotene and 
sugar content. However, ABS is management intensive, as 
more sites are managed concurrently.  Thus, very resource 
constrained breeding programs may not be able to adopt it.  

Accelerated Breeding Scheme in Sweetpotato Applied in 

Mozambique

Since 2005, two recurrent selection cycles have been 
conducted using ABS, with the release of 14 drought tolerant 
varieties in 2011 by breeding tracing back to true seed and 

Fig. 3. Map of Mozambique with the breeding sites highlighted in green



Table 1: The characteristics of the four breeding sites in Mozambique

Province

Maputo

Gaza

Zambézia

Tete 

Site

Umbelúzi

Chokwé

Gurué 

Angónia 

Type of Soil

Alluvial stratified soil,  

sandy loam in the top soil 

to sandy at 1.75 m depth, 

available water capacity 

of 200 mm at the 1.75 m 

deep soil profile

Silt clay loam, brown to 

dark grey soils, deep soils

Soils red to dark brown, 

clay loam, deep, well 

drained, good natural 

fertility.

Most soil heavy in texture 

and deep

Characteristics

26.03 S, 32.23 E, 12 masl, rainy 

season (23–26˚C),  dry season 

(17–23˚C), 2.8–7.2 mm/day of 

evaporation,  rainfall 679 mm, 

semi-arid agro-ecologies in class R1.

30 masl, annual rainfall 623 mm, 

perfect site for testing for  drought, 

R3 and the site’s semi-arid 

agro-ecologies.

Humid climate,  annual rainfall 

1,996 mm, the wet period 

(October-July), mean temp 21.9˚C, 

range (32.5˚C in November to 

12.3˚C in July),  altitude ranging 

500-1,000 masl. Site to test for virus 

disease in sweetpotato. 

Agro-ecological zone R10.

Rainy season (November-March), 

dry season (April-October), rainfall 

varies from 725 to 1149 mm, mean 

temperature 20.9˚C. The climate is 

humid temperate at higher altitude. 

Site to test for low temperature 

tolerance.

one additional variety (Gloria) tracing back to farmer material 
(Gloria was not bred). More varieties are in the pipeline for 
release in 2014 and 2015.  In the first cycle, four distinct sites 
have been used (Fig 3), with their unique characteristics 
described in Table 1. Four sites in Mozambique were classified 
as unique in terms of their agro-ecological characteristics 
(Table 1). 

Table 2: Trial established from August 2005 to December 2009 at Umbelúzi, 
Chókwè, Angónia, and Gurué

Locations

Umbelúzi

Chókwè

Angónia

Gurue

Total

Type of           
Sweetpotato Trial

Seedling Nurseries

Clonal

Preliminary Yield Trial (PYT)

Advance Yield Trial (AYT)

         4

N°. Trials

22

16

21

59

118

Number 
Genotypes/ Seeds

139,508

26,149

3,218

1,258

139,508

First Cycle of Field Experiments – Setup and Methods

From August 2005 to December 2009, a crossing block was 
established, several trials (118), from seedlings (polycross and 
controlled cross) using ABS gave rise to 59 different AYTs planted 
at Umbelúzi, Chókwè, Angónia, and Gurué involving the 
evaluation of a total of 139,508 genotypes (Table 2).

 From the selection process carried out, 64 clones 
from 59 AYT emerged for testing in series of variety 
trials [multi-location (MTs)] and on-farm trials (OFs) in 
four agricultural research stations and their 
surrounding areas, respectively.

 For MTs, the experimental design was randomized 
completed block design (RCBD) with four replications; 
net plots had one row with 23 plants. The attributes 
measured were: Root Yield, Dry Matter, and 
Beta-carotene in mg/100g (RHS Color Chart), Taste 
(1-5 Likert scale; 5 excellent taste) virus and weevil 
damage and vine vigour (1-10 scale; score of 10 being 
most vigorous). 

 To make sure that the attributes used in the process 
of selection account for the majority of the variance in 
the data set, a principal component analysis (PCA) was 
conducted. The 23 clones remaining after the 
elimination procedure and index selection were 
submitted to GXE analysis using AMMI models, to 
determine the degree of stability across the 4 sites. 

First Cycle of Field Experiments (Results and 

Discussion):  

Six clones showed tendency to be stable over the all 
the environments (Fig. 4). Another 9 were selected for 
specific adaptation. In Figure 4 red squares represent 
environments and blue triangles represent clones for 
variety release. Clones in the center and to the right of 
the center line (PC 1 = 0) are high yielding (response 
in t/ha) stable clones over all environments, whereas 
those clones close to at least one environment are 
specific adapted clones to the environment near to 
the clone(s).  For example, 42g and 30g are clones 

Fig. 4. The AMMI biplot of the 23 clones for variety release evaluated for 
root yield in 4 Sites 2009/10



Table 3: Characteristics of 14 new clones and one farmer variety released during the first generation (G2) recurrent selection 

Leaves and flowers of the genotype Ininda (credit A. Naico)

Name

AMELIA

BELA

CECILIA

DELVIA

ERICA

ESTHER

GLORIA

ININDA

IRENE

JANE

LOURDES

MELINDA

NAMANGA

SUMAIA

TIO JOE

Min.

Max.

Mean

Yield t/ha

17.3

25.9

18.3

23.4

16.7

18.6

14.9

22.2

19.6

21.2

18.3

27.1

19.3

21.6

20

14.9

27.1

20.3

Vine Vigour

1-None to 
10-Excellent

7

5

5

7

6

2

5

8

7

5

5

7

5

6

6

2

8

6

Biomass t/ha

40.1

30.3

39.0

37.8

44.0

5.1

16.8

48.6

30.9

18.6

34.4

41.3

28.8

43.0

37.5

5.1

48.6

33.1

Dry Matter %

31.7

26.8

27.5

32.8

24.8

26.4

31.5

27.4

28.6

28.5

25.5

25.2

26.1

25.9

25.8

24.8

32.8

27.6

Beta-carotene (BC)

mg/100g

Dry weight (DW)

15.9

29.1

21.4

5.9

23.9

10.5

24.6

13.1

7.7

26.8

30.5

10.5

32.8

28.2

38.4

5.9

38.4

21.3

Iron (Fe)

mg/100g

DW

1.8

2.0

1.7

1.7

1.7

1.6

2.0

1.9

1.9

1.7

2.0

1.7

1.9

1.9

2.1

1.6

2.1

1.8

Zinc (Zn)

mg/100g

DW

1.4

1.5

1.3

1.3

1.2

1.1

1.4

1.4

1.5

1.3

1.5

1.3

1.4

1.4

1.4

1.1

1.5

1.4

Starch %

61.3

57.7

64.0

68.3

54.7

53.5

62.5

64.2

62.4

62.3

56.2

61.1

56.9

61.3

52.3

52.3

68.3

59.9



Table 5: Summary of the most important results from the first generation conventional breeding release (G1), the first generation ABS (G2), 
the second generation ABS (G3).

with specific adaptation to the environment Angonia. Table 3 presents the overall results of the selected clones from the first 
generation (G2).

Second Cycle of Experiments and Comparison to Cycle 1

In 2011, the third generation (G3) was initiated, and up to 2014, about 30,836 clones were evaluated under ABS. Table 4 
presents the list of the selection trials established during 2011-14 selection cycle. As a result, 76 clones with potential to be 
released were selected. 

 In 2013/14, these 76 potential varieties are under 4 multi-locational and 88 on-farm trials that will lead to varietal release in 
late 2014 and another 56 clones are destined for multi-location trials in 2015. 

 A comparison of the most important characteristics of the clones from the first generation (G1) conventional breeding 
released in 2000, the first generation ABS (G2), and the second generation ABS (G3) is presented in Table 5. 

Main attributes

Statistic

Average

Min.

Max.

Total Yield 

(t/ha)

Beta-carotene 

(mg/100 DW)

Dry Matter Content 

(%)

Other quality attributes

Statistic

Average

Min.

Max.

Starch 

(%)

Iron (Fe) 

(mg/100 g DW)

Zinc (Zn) 

(mg/100 g DW)

Main attributes

Max.

Average

Min.

Table 4: Summary of the breeding trials established during G3 (second recurrent selection) initiated in 2011/12 cropping season.

Breeding Trials Planted from 2011 to 2014

Indicator/year

Nr of breeding established 

Nr of on-farm trials 

Nr of clones evaluated

Nr of clones to test for variety 

release in 2012 and 2013

2011/12

82

-

18,834

76 Identified

2012/13

68

-

11,926

24 +32 Identified

2013/14 under test

4 Multi-location

88

76 for varietal release

76 under test

Total

154

88

30,836

Indicator/year 2011/12 2012/13 2013/14 under test Total

Nr of on-farm trials - - 88 88

Nr of clones to test for variety 

release in 2012 and 2013
76 Identified 24 +32 Identified 76 under test

G1 

14.7

2.5

29.3

G2 

20.3

14.9

27.1

G3 

18.5

11.4

28.0

G1*  

-

-

-

G2 

21.3

5.9

38.4

G3 

29.2

13.8

68.2

G1 

23.5

17.2

27.5

G2 

27.6

24.8

32.8

G3 

27.8

21.0

33.4

Other quality attributes

Max.

Average

Min.

G1* 

-

-

-

G2 

52.3

59.9

68.3

G3 

54.2

47.2

69.4

G1  

-

-

-

G2 

1.8

1.6

2.1

G3 

1.9

1.5

2.33

G1 

-

-

-

G2 

1.4

1.1

1.5

G3 

1.35

1.0

1.65

* The assessment of other quality attributes started in 2011, only including the G2, G3. Varieties released under the conventional breeding scheme in 2000 are here called 
G1 generation.
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Storage root of the genotype Ininda (credit A. Naico)

Cutting vines from seedling nurseries in CIP Screen house IIAM (credit M. Andrade)
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Conclusions

In conclusion, the ABS clearly reduces the time 
needed from crossing to variety release and it is 
efficient. Further research to determine the 
magnitude of the efficiency of this breeding scheme 
is warranted. The likelihood is high that it will lead to 
significantly faster breeding progress in sweetpotato 
as well as other clonally propagated crops, provided 
it becomes known and adopted by more breeding 
programs. Finally, we want to note that ABS is 
enhancing the efficiency of selection within a given 
population. Note that ABS is not targeting directly at 

more elevated population means - see heterosis 
exploiting breeding schemes (HEBS). ABS and 
HEBS together appear to us currently the best 
tools offered by selection theory to enhance in 
this and the next decade to applied breeding of 
clonally propagated crops. 
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