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Materials and Methods

Heat Stress

Germination test under growth chamber 
controlled conditions

Post experiment under greenhouse conditions

Objective
Evaluate the effect of temperature on germination on 5 quinoa 
accessions

Tested temperatures:
2, 10, 22, 30, 42 °C

Quinoa accessions
• Q3
• AMES 13749
• NSL 106399
• AMES 13757
• Q5

5 replications

Objective
Phenotype 5 quinoa accessions grown under 4 different 
environments and two irrigation levels

Environments
• Greenhouse cooled at 24 °C
• Greenhouse cooled at 29 °C
• Net house cooled at 35 °C
• Open air

Irrigation treatments
• 100% of full irrigation
• 50% of full irrigation



Air temperature

Results
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Germination parameters

Results

Germination rate



Germination parameters

Results



Plant architecture

Results

• Plant height

• Number of primary 
branches

• Average length of 
primary branches

• Main panicle length

• Main panicle width



Leaf architecture

Results

9 leaves per plant were taken from 
different parts (bottom, middle and top of 
the plant). Leaf length and width were 
measured.



Flowering

Results



Biomass and yield productivity

Results



Stomatal conductance

Results
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Stomatal conductance

Results

y = 3.6265x2 - 296x + 6244.6
R² = 0.8898

y = 4.9527x2 - 396.84x + 8086.9
R² = 0.9995

y = 3.8897x2 - 324.82x + 6832.1
R² = 0.9978

y = 3.7536x2 - 308.19x + 6523.8
R² = 0.996

y = 2.5897x2 - 231.1x + 5188.4
R² = 0.9789

y = 3.7625x2 - 311.39x + 6575.2
R² = 0.9905
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• The optimal temperature for quinoa germination was 30 °C where germination rate and 

velocity were the highest and the mean germination time was the lowest.  

• Increased temperature and water deficit affected plant and leaf architecture and reduced 

yield. Which is a adaptation strategy in order to survive under heat and water stress, 

• Q5 and NSL 106399 were the only accessions flowering and producing seeds under net 

house cooled at 35 °C. while under open air hot conditions all accessions were not able 

to produce seeds. 

• Stomatal conductance was affected negatively both by increased temperature and 

reduced irrigation with more pronounced effect under increased temperature. In order to 

survive under heat stress, quinoa closed its stomata and reduce transpiration.

Conclusions
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