
Trends in stay green (or any senescence attribute) and 
year of release of cultivars  
(12.20-12.45. JL Araus.) 
 



Mediterranean conditions  



Mediterranean conditions  





Post-Green revolution Mediterranean environments  



Post Green Revolution High yielding conditions (CIMMYT) 



• ‘Stay-green’ is a measure of a genotype’s capacity to maintain carbon 
assimilation over an extended period. 

• Plants (more specifically ‘canopies’) respond dynamically to environmental 
stresses, but the extent of this change during grain-filling varies 
considerably depending on genotype (e.g. Thomas and Ougham, 2014). 

• Differential maintenance of green leaf area through grain-filling has been 
associated with increased grain yield in wheat (Lopes and Reynolds, 2012; 
Christopher et al., 2014) 

• As demonstrated by Christopher et al. (2016), the value in stay-green 
across species is in improved genotypic adaptation to terminal drought 
 

Some facts: 
 



Some facts: 
 
• As a phenotype, stay-green can represent the underlying genotypic 

driver of assimilation, but can also simply reflect slowed water use, 
greater nitrogen uptake or slowed nitrogen remobilization, 







• Correlation between specific stay-green traits and yield varied with 
ET. In the studied population, SGint, OnS, and MidS strongly 
correlated with yield in three of the four ETs which included well-
watered environments (0.43–0.86), but less so in environments with 
only moderate water-stress after anthesis (−0.03 to 0.31). In contrast, 
Nmax was most highly correlated with yield under moderate post-
anthesis water stress (0.31–0.43). Selection for particular stay-green 
traits, combinations of traits, and/or molecular markers associated 
with the traits could enhance genetic progress toward stay-green 
wheats with higher, more stable yield in both well-watered and 
water-limited conditions. 



Stay green is an indication of higher capacity to extract 
inputs (water, nitrogen )  
SeriM82 (stay green) versus Hartog  

• Where the availability of deep soil moisture was limited, SeriM82 
failed to exhibit significantly greater yield or to express the stay-green 
phenotype. Thus, the stay-green phenotype was closely associated 
with the yield advantage of SeriM82. SeriM82 also exhibited higher 
mean grain mass than Hartog in all environments.  

• It is suggested that small differences in water use before anthesis, or 
greater water extraction from depth after anthesis, could underlie the 
stay-green phenotype. The inability of SeriM82 to exhibit stay-green 
and higher yield where deep soil moisture was depleted indicates that 
extraction of deep soil moisture is important. 



SeriM82 versus Hartog  



Stay green is an indication of higher capacity to extract 
inputs (water, nitrogen…… ) 
• There were significant genotype effects on the onset and progress of 

senescence. The early senescence lines (ES) in which leaf senescence 
commenced early had significantly lower root biomass and N uptake than 
LS lines.  

• The strong negative association between the extent of leaf senescence 
with root biomass and N uptake indicated that the poor root growth 
induced N limitation caused the early senescence of ES lines.  

• The leaf senescence development in ES lines was precocious and 
constitutive as the trait expressed even under optimal growth conditions 
suggesting they could be useful in understanding the genetic regulation of 
senescence under different abiotic stress situations. Accelerated leaf 
senescence in wheat could be a mechanism to compensate for limitations 
in the root system that tend to restrict nutrient uptake 





higher stomatal conductance - transpiration 

Roche 2015 Critical Rev. Plant Sciences 34 

Water use  



Other stresses: salinity 



High yielding conditions 
(CIMMYT) 



What about the high yielding conditions of UK? 
The results indicate that flag leaf longevity and operating photosynthetic activity in 
the canopy can be further exploited to maximize grain filling in UK bread wheat. 



 
Stay Green may be the consequence of stress conditions or due 
to remobilization of resources  
 
(different hypothesis: retranslocation of N of accumulation of 
assimilates in  the flag leaf during grain filling…)  

• The coincidence of QTL for senescence on chromosomes 2B and 2D 
under drought-stressed and optimal environments, respectively, 
indicate a complex genetic mechanism of this trait involving the re-
mobilisation of resources from the source to the sink during 
senescence. 



Additional considerations 

• The flag leaves of functional stay-green wheat could serve as 
potential –buffers- and/or –compensators- for ear photosynthesis, 
which is actively regulated by the antioxidant enzyme system and 
prevents yield loss.  

• Thus, a functional stay-green genotype could be more tolerant to 
environmental stress than a non-stay-green genotype. 



Conclusiones….. que no se si sirven…. 

• A delicate balance between senescence timing, grain nutrient 
content, nutrient-use efficiency, and yield needs to be considered to 
(further) improve cereal varieties for a given environment and end 
use. 



Muchas gracias 





Stay Green is not only related with grain filling but it may be a good 
character for selecting performance in early stages of the crop cycle 
(particularly for stresses such as salinity).  
But depending on the degree of salinity anatomical changes may affect the response  



In wheat seedling Stay Green under stresses such as salinity, is 
related with more activity of antioxidant enzymes  and more stable 
photosynthesis 





The results indicate that flag leaf longevity and operating 
photosynthetic activity in the canopy can be further 
exploited to maximize grain filling in UK bread wheat. 
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