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INTRODUCTION

Potatoes are widely grown from 0 to 4000 m.a.s.l and f rom 0 o to 50 o

of N and S latitude in rain fed and arid irrigated are as.  

Day length (DL) and temperature (T o) are main factors for potato 
production.  Night T o is critical for tuber set and yield with optimum 
of 10 - 16 oC.  In the crop season DL may vary from 10 - 16 hours.

Individual cultivars show variable sensitive to T o and DL.

Under the recent global weather change, climate is wa rming up and 
rainfall becoming erratic, deficient or excessive.  T his might affect  
production and food security particularly in developing  countries.

The stressing scenario requires varieties adapted to pro duce under 
To 3 - 5 oC above normal, shorter growing season and  increased 
pest and disease damage induced by rising T o. 





Genetic Basis of Breeding for Heat Tolerance, Genetic Basis of Breeding for Heat Tolerance, 
Earliness and Resistance/Tolerance to StressesEarliness and Resistance/Tolerance to Stresses

Mendoza and Rowe (1978) and Mendoza & Estrada (1979 ) proposed 
that the final yield (X) of a  genotype is a functi on of:

X = f (A + Y + R)

A = Genes for ADAPTATION

Y = Genes for YIELD per se

R = Genes for RESISTANCE or TOLERANCE to stresses

Mendoza & Haynes (1974) proposed that potato yield w ould be 
maximized by increasing allelic diversity provided tha t genes for 
ADAPTATION would be present.  Amorós & Mendoza, (197 9), 
experimentally sustained that hypothesis. 
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ADAPTATION, YIELD ADAPTATION, YIELD ADAPTATION, YIELD ADAPTATION, YIELD per seper seper seper se and and and and 
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ADAPTATION GENES (A)

Regulatory genes that control responses to day leng th (DL) & T o, 
main factors influencing tuber set, yield, quality and stability.

1). DL RESPONSE:  Controlled by a SINGLE MAJOR GENE .  Short day 
reaction DOMINANT over that to long day (Mendoza, 1 974).  

2). To RESPONSE:  OLIGOGENIC control. Cool T o reaction is DOMINANT 
over that to high T o (Mendoza, 1976, Mendoza & Estrada, 1979).

3). DL & T o reactions POSITIVELY CORRELATED. L. day adapted gen otypes 
tuberize under higher T o better than do S. day adapted (Mendoza, 1976).

4). S. day adapted S. tuberosum L. ssp. andigena, S. stenotomum and S. 
phureja posses ample genetic variability to adapt to L. days  and higher T o 

(Mendoza, 1974 and 1976; Plaisted, 1980, Haynes, 19 80, Hawkes, 1994). 

5). These genetic FACTS SUPPORT that S. tuberosum L. ssp. tuberosum 
evolved from Andean short day potatoes taken into Eu rope from Peru and 
Colombia (XVI century ) INVALIDATING recent arguments that it originated  
from the L. day adapted “Chilota Group” of southern Chile (Ghislain, 2008).



YIELD per se (Y) and RESISTANCE (R) GENES

As most of these traits are polygenic, their heritabili ty was estimated

h2 = σσσσ2
A /σσσσ2

P

Genetic mating designs used for estimation

- North Carolina Designs I and II

- Diallels

- Parent – offspring regression 



Heritability estimates (h 2) for 11 autotetraploid potato traits  
(Summary of research results obtained in Peru - Mendoza,  2007)
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Assembly of new genetic material for variety    Assembly of new genetic material for variety    Assembly of new genetic material for variety    Assembly of new genetic material for variety    

Selection in the developing worldSelection in the developing worldSelection in the developing worldSelection in the developing world



Breeding StrategyBreeding StrategyBreeding StrategyBreeding Strategy

Attaining the objective required  simultaneous acti on for:

1. Maximizing YIELD by using the wide allelic diversi ty contained in 
the  commercial, native and wild potato genetic reso urces,

2. Increasing frequency of genes controlling ADAPTAT ION to HEAT,
EARLINESS and resistance or tolerance to biotic and ab iotic stress.

3. Recombine genes for environmental ADAPTATION, YIELD  per se
and RESISTANCE or TOLERANCE to biotic and abiotic st resses.



Genetic Resources UtilizedGenetic Resources UtilizedGenetic Resources UtilizedGenetic Resources Utilized

S. tuberosum L. ssp. andigena (Native cultivars)

S. tuberosum L. ssp. andigena, the long day adapted (Neo-
tuberosum)

S. tuberosum L. ssp. tuberosum (Cultivars & breeding lines 
mainly from Europe and USA)

S. stenotomum and S. phureja diploid material (Peru & USA)

S. acaule, S. stoloniferum, S. demissum, S. sparsipilum, S. 
raphanifolium, etc .



Breeding Methodology FoundationsBreeding Methodology FoundationsBreeding Methodology FoundationsBreeding Methodology Foundations

1. Autotetraploid potato breeding is complex due to i ts tetrasomic
inheritance, high heterozygosis and asexual propagatio n,

2. Medium to low h 2 estimates for yield, earliness and resistance or 
tolerance to stresses add further difficulty for breedi ng, 

3. Improving varieties for developing countries requires a  multi trait 
simultaneous selection for which traditional breeding m ethods  
(complementing parental traits or  back cross) were no t effective.

Therefore, RECURRENT SELECTION with PROGENY TESTING to 
identify SUPERIOR PROGENITORSSUPERIOR PROGENITORSSUPERIOR PROGENITORSSUPERIOR PROGENITORS appeared the most effective 
and practical way to  manage the complex potato gene tic features.  



SUPERIOR PROGENITORS

What do we mean?

A SUPERIOR CLONE is the one having several good attributes such 
as high yield, good tuber quality, resistance to some  diseases, etc. 

A SUPERIOR PROGENITOR is the one showing high general 
combining ability (GCA).  This means transmitting its  good traits to a 
high proportion of progenies when crossed to several fem ale clones.

We find many SUPERIOR CLONES.  Several commercial variet ies are 
good examples.  However, only a few of them may be q ualified as 
SUPERIOR PROGENITORS. 

In our breeding scheme, we first selected SUPERIOR CLONE S.   Then, 
PROGENY TESTED them to identify those with a high GCA,  i.e., GOOD 
BREEDING VALUE and then, used them as progenitors.   



Selection of Progenitors
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Stepwise Breeding Strategy

1.  Evaluate a large N o of genetically diverse clones to select for 
heat tolerance in Peru in 2 semi arid and warm sites, La Molina and 
later Tacna, and 2 humid and hot, San Ramon and Yurim aguas.

2.  Intercross selected clones to build a base popula tion to apply 
recurrent selection for GCA for heat tolerance, earlin ess and 
agronomic attributes. Further evaluation in Africa and A sia. 

3.  After progressing in heat tolerance, resistances to viruses X, Y 
and PLRV, bacterial wilt and early blight were introdu ced using 
resistant and adapted progenitors,

4.  Increase testing and selection in warm environme nts of Africa 
and Asia to identify potential new varieties.  

5.  Use heat tolerant high yielding clones to improve  earliness of 
materials of other CIP programs as late blight resista nce.  



Breeding Results

XXXX



Progenitor Identification



By progeny testing many progenitors were identified :

DTO-28, Maria Tropical, R-128.6, 7XY.1,

LT-1, LT-7, LT-8, LT- 9, 378015.3, 378015.16, 

XY.4, XY.9, XY.13, XY.16, XY.20, 

TPS progenitors numbered from 1 to 15, 

The varieties Katahdin, Serrana, Atlantic, Monalisa , etc, 

All these were either breed or identified within th e heat 
tolerance breeding work.



Costanera - LT-8

(LT-1 x X+Y adg Bulk)

As a variety: 

Early maturing, heat tolerant, PVX + PVY 
immune,  yield of 25-30 t/ha in a 90 day   
period and excellent processing quality.

As a progenitor:

Transmits its good attributes to a large  
proportion of its progenies in crosses to 
a wide range of other progenitors 
increasing the probability of selecting 
new varieties. 

Example of an Excellent Progenitor



Selection of New Cultivars 

for Developing Countries



------REarly Bk.378493.915Uganda Kisoro

------REarly Bk.378493.915Uganda Victoria 

PVY---MR15XY.4SerranaTurkey Yayla Kizi

------RR128.8BL-2.9Rwanda Mizero

---RR378676.6MurcaRwanda Mabondo

PVY---MRYY.165-ZA.5Rwanda Kinigi

------R378015.16Y84.025Philippines Raniag

------REarly Bk.376724.1Peru Amarilis

------RN551.12Snow FlakeMadagascar Meva

---RMRWRF-1923.1BR-63.74Madagascar Kinga

PLRV,  X+YMRMRXY.4SerranaChina Cooperation

R866.1 x P2C6.25I-959 x XY Bk.Costa Rica Floresta

------REarly Bk.378493.915Cameroon Cipira

PVY---MR7XY.1RenskaCameroon IRA- 92

------REarly Bk.378493.915Burundi Ruzinko

------RDTO-2865-ZA.5Burundi Muziranzara

---RMR14XY.1CFK-69.1 Burundi Muruta

------REarly Bk.378493.915Burundi Ingabire

PVYMRLT-7SerranaBangladesh Chamak

------MRM. Tropical 377831.1Bangladesh Heera

VIRUSBWLBMaleFemaleCountryVariety

Disease resistant varieties derived from heat toler ant progenitors released in Asia, Africa & LA



Thank you for your attention!! Thank you for your attention!! Thank you for your attention!! Thank you for your attention!! 


