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OVERVIEW - Spring 2017 

 

In Alberta, drought stress has been identified as a future factor compromising the growth potential and survival in 
lodgepole pine (Pinus contorta var. latifolia), a key species from both an economic and ecological perspective. 
Climate projections for suitable habitat predict habitat loss both in the northwestern region (Boreal Highlands, 
Region J) and in the higher elevation Foothills region (Region A). An increase in extreme drought events has 
been stated as the main driver for this habitat loss. Therefore, a strong need exists to clearly identify adaptation to 
drought as a criterion in parent selections for future and existing production seed orchards. Existing genetic 
variation in drought resistance within and among populations of lodgepole pine in Alberta may hold the key to 
coping with increased drought stress. Additionally, it is of paramount importance to match such genetic variation 
to environmental gradients and conditions at the seed source location. Furthermore, lodgepole pine and jack pine 
(Pinus banksiana) ranges overlap in Central Alberta, where hybridization (i.e. introgression) can occur. As jack 
pine is a more drought resistance species compared to lodgepole pine, putative inter-specific hybrids may be 
preferred genotypes in order to increase drought resistance traits in breeding populations. 
Parents in two operational seed orchards, Regions A and J, were DNA fingerprinted for ancestry determination 
(99 trees; SNPs). Based on these results the proportion of P. banksiana (i.e. jack pine introgression) into the 
putative lodgepole pine parents was determined. Although present, results showed low levels of introgression, 
especially for Region A (Fig. 1). 

 

Goals & Objectives 
1. How much genetic variation in drought resistance is present in the breeding populations from Regions J and 

A? 
2. Are the environmental conditions in the parent seed source locations underlying potential patterns of drought 

resistance? 
3. Do inter-specific hybrids between lodgepole and jack pine show enhanced drought resistance? 
 

Expected Outcomes & 
Deliverables 

Obtained results will assist with selection, roguing and 
future planning of orchards for the tree improvement 
programs in both Regions J and A through an increased 
understanding of drought resistance variation in 
lodgepole pine and hybrid pine populations in Alberta; 
significance of elevation and latitude gradients in 
selecting for drought resistance linked to physiological 
parameters; and if early greenhouse screening of 
progeny can enhance early selection of parents for 
operational orchards. 
 

Greenhouse experiment Region J 
In order to delineate contrasting performance under 
drought stress for lodgepole and jack pine and their 
hybrids, 880 seedlings were subjected, over 9 weeks, to 
3 contrasting treatments of water withholding following 
re-watering: controls (watering every 3 days), medium 
stress (14 days of water withholding) and severe stress 
(21 days of water withholding).17 half-sib families were 
selected in both the Region J and Region P1 (jack pine), 
located in eastern Alberta, based on a latitudinal gradient 
within each Region. In Region J, 6 pure  

Figure 1. Percentage of introgression (% ancestry) of jack 

pine genes in the seed orchards of lodgepole pine for 
Regions A and J. Red colour represents the percent of jack 
pine genes present in the parent trees. 
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lodgepole and 6 hybrid families represented in the seed orchard were selected. In Region P1, 5 jack pine families 
were selected. As proxies for drought resistance and the ability to cope with drought, net photosynthesis and 
water use efficiency (WUE) were examined using an Infra-Red Gas Analyzer (IRGA). IRGA measurements were 
done after completing every cycle of water withholding. 

 
Conclusions 

1. There are low levels of jack pine introgression in 

both lodgepole pine seed orchards, especially 

for Region A (Fig. 1). 

2. Hybrid families performed similarly to lodgepole 

pine families under drought stress (Fig. 2), 

which was expected given the low levels of 

introgression. 

3. Jack pine families showed increased net 

photosynthesis when water was available but 

was reduced relatively more than lodgepole and 

hybrid families when water became scarce (Fig. 

3a). 

4. Lodgepole and hybrid pine families sustained 

net photosynthesis under drought conditions by 

increasing WUE (Fig. 3b). 

5. Intermediate photosynthesis under water 

availability with increased WUE under drought in 

hybrid families (Fig. 3) shows promising results in 

order to select families with an increased growth potential while maintaining the ability to cope with drought. 
 

 

 

 

 

 
 
 

 
 
 
 
 
 
 
 

For more information on the Industrial Research Chair Program please contact: 
Barb Thomas bthomas@ualberta.ca  

For more information on this project please contact: 
Raul de la Mata delamatapombo@yahoo.es  

Figure 2. Intrinsic water use efficiency (Intr. WUE) for pure 

lodgepole, jack pine and hybrid families after 1 and 2 cycles of 
severe stress (water withholding for 21 days). 

 

Figure 3. Reaction norms for net photosynthesis (a) and intrinsic water use efficiency (b) under well-watered 
(control) and severe drought stress (21 days water withholding) for pure lodgepole, jack and hybrid pine families. 
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