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Projected Climate: Andes

Source: Thibeault et al., 2010



Direct Effect: Stimulating radiation and water use efficiency

Indirect Effect: Affecting growing seasons, suitable cultivation
area, etc.
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Effects of climate change on agricultural crops
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Results

Crop Modeling

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.00
81510

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081510


Estimated yield gap for different 
varieties 
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Air temperature effect on dry tuber yield

Rainfed conditions
Open diamonds= irrigated conditions
30 years simulations



Rainfall effect on dry tuber yield

Rainfed conditions
Open diamonds= irrigated conditions
30 years simulations



Carbon Dioxide effect on dry tuber yield

Rainfed conditions
Open diamonds= irrigated conditions
30 years simulations



Changes in potential potato (improved and native) yield: 2000-2050



Scenarios for CC and common biotic stressors

Potato tuber moth Late blight control Potential spread of 
potato yellow vein virus

SusceptibleResistente
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CSA Starting point: co-learning with 
local experts

Local forecasts based on bio-
indicators



Understanding and systematizing natural 
indicators used for climate predictions



Bridging the gap between local and numerical 
forecasts 



Agro- ecolo-
gical zone

Communit
ies

Altitude 
(m) Potato Quinoa Fava bean Cañihua Oca Olluco Isaño Oat forage

% HH Ha % HH Ha % HH Ha % HH Ha % HH Ha % HH Ha % HH Ha % HH Ha

Lakeside
N=107 hh Juli

3835 -
3860 100.0 0.7 90.7 0.4 76.6 0.2 5.6 0.4 4.8 0.2 4.5 0.2 3.6 0.05 44.9 0.3

Suni A
N=86 hh

Vilque, 
Manazo, 
Atuncolla

3860 -
3890 91.9 0.7 91.9 0.6 24.4 0.1 20.9 0.2 4.0 0.04 4.0 0.04 3.2 0.02 96.5 1.1

Suni B
N=139 hh

Cabana, 
Cabanilla, 
Cabanilla

s

3890 -
3910 98.8 0.8 95.3 0.6 36.5 0.3 25.9 0.2 3.5 0.02 3.3 0.04 92.9 0.9

Altiplano
N=16 hh Achaya

3910 -
4000 85.2 0.6 98.1 0.4 11.1 0.1 33.3 0.3 87.0 0.9

Quinoa
Barley

Faba bean

Potato

Diversified agricultural 
portfolio

Diversified portfolio of Altiplano households by agro-ecological zones

Source: ALTAGRO 2009 and RTA 1998.



Use of very large mixture of 
landraces 

Potato variety mixtures used in 
the Community Churo
(lakeside) Potato 

Source: ALTAGRO 2009

No Variety 
type 

Variety name 
Household number 

Times 
varieties are 

used per 
season 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 

N
at

iv
e 

va
rie

tie
s 

Cheara Chok'e 
                

1 
2 Papa seca 

                
1 

3 Phinocco 
                

1 
4 Sutamary 

                
1 

5 Tollc'a c'oc'o 
                

1 
6 C'ac'a Imilla 

                
2 

7 Llujtapara 
                

2 
8 C'oillo 

                
3 

9 Huaycha 
                

3 
10 Wila Imilla 

                
4 

11 Lola 
                

6 
12 Janc'o Imilla 

                
10 

13 Sacampaya 
                

15 

 
Number 6 5 3 3 2 3 4 2 3 2 5 2 3 3 2 2 

 14 

Im
pr

ov
ed

 v
ar

ie
tie

s 

Florcita 
                

1 
15 Puneñita 

                
1 

16 Tomasa T. Condemayta 
                

1 
17 Alcatarma 

                
2 

18 San Juanito 
                

3 
19 Yungay 

                
7 

20 Andina 
                

14 

 
Number 3 3 2 2 2 3 1 3 2 3 1 2 1 1 0 0 

 21 

N
at

iv
e 

Im
pr

ov
ed

 

Ccompi 
                

5 
22 Peruanito 

                
7 

23 Chasca 
                

9 
24 Cheara Imilla 

                
15 

 
Number 2 2 3 3 4 2 2 2 2 2 1 2 2 1 3 3 

 Total Number varieties / hh /season 11 10 8 8 8 8 7 7 7 7 7 6 6 5 5 5  

 



Assessing the rationale of planting 
varietal mixtures
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Staggered planting

Agro-ecological zone Lakeside (Santa Maria) 52 hh Suni (Anccaca) 55 hh 

Planting stage Early Modal Late All Early Modal Late All 

Number of households 27 20 1 4 15 25 14 1 

High yield 21 12 0 2 9 12 5 0 

Intermediate yield 5 7 1 1 4 12 7 1 

Low yield 1 1 0 1 2 1 2 0 

 

Early 
quinoa

Faba bean

Modal potato

Tarwi

Oca

Early potato

Late
quinoaLate potato

Source: NOAA Project 2002



Strategic management of 
microclimatic niches

Distribution of plots in 
space and time



Upward 
movement 
of cropsPotato

Source: Roberto Valdivia personal field notes 2005-2010

 
Agro-

ecological 
zone 

Altitude 
(m.a.s.l.) Location 

Distance   
Lake Titicaca  

(Km) 

Observation 
time 

(years) 
Crops 

Lakeside 3847 Ilave 0 50 potato 

Lakeside 3845 Santa Maria 8 50 potato 

Lakeside 3850 Checca 12 40 potato 

Suni A 3880 Chijichaya 15 25 Potato + Tunta 

Suni B 3900 Chigarani 18 20 Potato + Tunta 

Suni B 3900 Quillisiri 22 15 Potato + bitter potato 

Suni B 3900 Jalla Milla 28 10 Potato + bitter potato 

DRY PUNA 4000 TITIRI 35 10 BITTER POTATO +  POTATO 

DRY PUNA 4050 UNTAVE 38 10 BITTER POTATO +  POTATO 

Dry puna 4020 Pairumani 35 8 Bitter potato 

Dry puna 4050 Sorocaya 55 5 Bitter potato 

Dry puna 4000 Condoriri 68 5 Bitter potato in  sheltered sites 

Dry puna 4070 Mazo Cruz 83 
 

No crops 

Evolution of the 
agriculture frontier in the 
Ilave-Huenque
watershed (southern 
altiplano)



Drought tolerance indicators
Leaf greenness
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UAV-based remote sensing for timely management decisions



Improving understanding and dignosis of diseases
Characterization and prospection of 

new and emerging diseasesAppropriate diagnostic 
methods Predicting risks

Diseases management 
Germplasm exchange
Genetic improvement



Plastic barrier for
Andean potato weevil

Btk powder to control 
potato tuber moth in 
storage

Attract and kill for Potato
and Andean tuber moths : 
(AdiosMacho-Po y 
AdiosMacho-St)

Practical, economical 
and ecological 

solutions for pests 
management 

Integrated Pest Management



Late Blight Characterizing the pathogen1

Población 
asexual, 
resistente a 
metalaxyl, razas 
complejas 

3Disease 
management
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A few Highlights and comments

• Climate extremes in the potato center of origin have been 
the norm and thus we can learn a lot from strategies 
developed here

• Higher temperatures and atmospheric [CO2], and 
uncertain rains will affect potato production and require 
more precise management options

• Validated coping and adaptation strategies to face climate 
extremes, developed over millennia, can be tested and 
adapted elsewhere

• Formal scientific findings, locally evaluated, might be 
channeled through existing informal climate information 
networks as a cornerstone for CSA
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