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Global climate change 
 
High atmospheric CO2 and  
temperatures accompanied by 
high frequency in: 
 
 heat waves,  
 droughts and 
 intense rain events 
 
 

GLOBAL CLIMATE CHANGE AND ITS DELETERIOUS EFFECT ON CEREAL CULTIVARS  

https://www.eea.europa.eu/soer-2015/europe/climate-change-impacts-and-adaptation 

Spain, Portugal and Italy are the most affected countries 



Stay green allows plants to keep their leaves in the active photosynthetic 
state under high temperature and/or drought to maintain assimilation 
process and increase crop yield (Kumar et al., 2013). 

SEARCHING FOR STAY GREEN TRAITS 

Temperature and drought events 
commonly occur during grain filling.  
 
They affect grain weight and 
biochemical processes associated 
with carbohydrate, protein and lipid 
synthesis in grain.  
 
An increase in the mean ambient 
temperature of 3-4ºC could cause a 
decline in crop yield by 15-35%.  
 



QTL associated with dark induced senescence in seedlings 
 

Hanxuan (HX ,drought resistance) X  Lumai (LM, dark-green leaves) 
150 wheat DHLs, third-leaf stage, Darkness at 22ºC, Chl content, Fo, Fv, Fm 
Markers: 395 markers, AFLP, SSSR, EST, 10 cM 
QTLs: Composite interval maps. Significant if LOD >2.95-7.59 
 
Near normal distribution between the analysed parameters. Three groups. 
LM mainly conferred the favourable alleles for slower senescence and high A. 
 
The results are the sum of three trial : Low repeatability   
The QTLa associated with dark-induced senescence were in 11 chromosomes 
The collocation of 14 out of 43 QTLs associated with dark induced senescence 
were linked with QTL regulating: 
 Flag leaf senescence, (Certain overlap with Vijayalakshmi et al., 2010) 
 Tolerance to high light stress 
 Grain protein content  
 
Li et al (2012) suggest that these linked markers have potential for the selection 
wheat varieties with enhanced protein content. 
 
Dark-induced senescence as a model. There is no data on crop production 



QTL for stay-green traits in wheat and high temperature 

Ventor (heat-tolerant cultivar) X Karl 92 (heat-susceptible cultivar) 
101 F6:7 RILs,  10 DAA, 20/15ºC  30/25º, GLAD, Gompertz statistical model, SPAD, 
Fv/Fm 
Marker: 220 markers, Genetic linkage map, AFLP, SSR, EST, Mapmaker/EXP, 30 cM 
QTLs: Composite interval mapping . Significant if LOD > 2.5 
 
Three groups: Heat Tolerant: heat susceptibility: high heat susceptibility 
Poor correlation between Fv/Fm and other senescence traits. 
 
Ventor contributed the favourable alleles  
 
Genetic regions associated with QTL for stay green traits were distributed on most of 
the chromosomes under optimum conditions, but 13 QTLs were mainly mapped on 
chromosomes 2A, 6A and 6B under heat stress. They were collocated with genes 
related with grain protein content and LHC 
 
Vijayalakshmi et al 2010 concluded that the extended green leaf duration in heat 
tolerant lines could result in higher yield. 
 
No data is shown about crop production 
 
 



QTL for stay-green in wheat and water limitation 

SeriM82 (high yield, drought tolerant, SG and narrow root 
architecture) x Hartog (no-SG and wider root architecture). 
(Christopher et al 2018). 
77 F1 derived DH and 107 BC1 derived DH with Hartog. NDVI 
function, wheat PstI, SSR, 885 markers- GenStat 
 
 10 QTLs for stay green traits were identified in 8 

chromosomes  under  different water deficit . Positive effect 
contributed by SeriM82 

 
 QTL for stay green were co-located with QTL for seminal root 

angle, seedling root number and yield. However, other QTLs 
for stay green were simply co-located with yield or yield QTL 
were not associated with stay green traits 

 
 The correlation of the stay green trait such as thermal time 

from flowering to the onset of senescence (or mid-
senescence) with yield was greater in wet or dry 
environments that in intermediate ones. 
 

 It is difficult to take decisions when dealing with 
unpredictable environmental conditions. 

How do I know 
whether it will 
rain next spring? 



Traits that contribute to a stay green phenotype include: 
i) Traits that conserve water and reduce stress during filling, such 

as early maturaty and reduced canopy size. 
ii) Traits that enhance water uptake, such as a deep rooting 

system. 
 

Traits that contribute to stay green and adaptation to no-tilling may 
shift water avaibility from pre- to post-anthesis phase 

 
Across varieties there was a delay of senescence of 3 d and the 

minimum NDVI was higher in no-till systems; however, grain N 
concentration was not affected. 

 
 
More open canopy (lower maximum NDVI), greener leaves (higher 

minimum NDVI ) and faster senescence rate in modern cultivars 
may enhance RUE and be the reason for higher crop yield. 

Null hypothesis: 
Selection for yield improves equally under convetional and no-till systems 
 
Kitonyo et al (2017) find that the null hypothesis is correct. 2013 and 2015 
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