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DROUGHT RESISTANCE OF LODGEPOLE PINE 
SEEDLINGS I N  RELATION TO  PROVENANCE 

AND TREE WATER POTENTIAL 
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Drought r e s i s t a n c e  durjnk.i;Ejnd fol1owin.g  mbiSture stress was 
e v a l u a t e d   f o r  two-year-old  lodgep,4le  pine  variants:   from  diverse  origin.  
Shoot   height ,   root   voiume,   f resh  'weight   and  survival   scores   var ied 
among provenances  and tree water p o t e n t i a l s   w h i c h   i n d i c a t e s   t h a t  
d i f f e r e n c e s  ex is t  i n  drought   res is tance of var ian ts   ,wi th in   lodgepole  
p ine .   Fur ther   s tud ies   o f   phys io logica l   and   ana tomica l ;   <ar ia t ion   in  
r e l a t ion   t o   gene t i c   and   env i ronmen ta l   f ac to r s  will t ie lp j ' to   expla in  
t h e  variation in lodgepole pine. 

' 3 -  

69 
' '  634 09097 

11 
BCMF 
RES 
R N  62 E. P. 718 



- 1 -  

Int roduct ion  

The diverse  range  of climatic c o n d i t i o n s   i n  which  lodgepole 
p ine  (Pinus contorta Dougl.)  grows may p rov ide ,   t h rough   s e l ec t ion ,  a 
d i f f e r e n c e   i n   d r o u g h t   r e s i s t a n c e  among provenances. It i s  known t h a t  
t h e r e  are marked d i f f e r e n c e s   i n  morphology  and  growth among lodgepole 
p ine   p rovenances   (Cr i tchf ie ld ,   1957) .   Fer re l l   and  Woodward (1966) 
and Pha r i s  and F e r r e l l  (1966)  found s i g n i f i c a n t   d i f f e r e n c e s   i n   d r o u g h t  
r e s i s t ance   o f  Douglas f i r   s e e d l i n g s  f rom  d iverse   o r ig ins .  

Transplanted  lodgepole   pine  nursery  s tock may be   sub jec t ed   t o  
moisture  stress on c e r t a i n  sites and  during  cer ta in  times i n   t h e  
growing  season.  Because  moisture stress may reduce  growth  and  survival, 
t h e   s e l e c t i o n  of drought   res is tant   provenances may be   an   a id  on sites 
where water is a l i m i t i n g   f a c t o r .  

.Growth p o t e n t i a l  of trees during  and  following water stress 
has  been l i t t l e  s tudied .  Most of ten   d rought   res i s tance   has   been  
s t u d i e d   i n  a r e s t r i c t e d   s e n s e ,   i n   t h a t   r e c o v e r y  and  growth a f t e r  
water stress has  not  been  emphasized. The o b j e c t i v e   o f   t h i s   s t u d y  
was t o  compare the   r e l a t ive   d rough t   r e s i s t ance   and  growth of lodgepole 
p ine   s eed l ings   i n   r e l a t ion   t o   p rovenances  of d i v e r s e   o r i g i n  and tree 
water p o t e n t i a l .   I n   t h i s   i n v e s t i g a t i o n ,   t h e   e m p h a s i s  is on  growth 
po ten t i a l   fo l lowing  and  during  moisture stress, t h e r e f o r e   t h e  term 
drought   res i s tance  is used i n  a broad  sense as def ined by Levi t t   (1964) .  

Materials and  Methods 

The provenances,  used i n   t h i s   s t u d y  are shown i n  Table 1. 

Table 1 Lodgepole  pine  provenances 
~~ ~~ ~ ~~ 

Provenance - Latitude  Longitude  Elevation 

No. Name ON 

94 S i tka  57 04  135 2 1  100 

rrayana 158  Yosemite 37 51 119  40 7 900 

Zat i fo l ia  55  Telkwa High 54 38 1 2 7  26 3300 

ZatifoZia 22 Telkwa Low 54 39 127  03 1700 

ZatifoZia 15  Esperon Lake 50 03  119 39 35 00 

ZatifoZia 39 Redwillow R. 54 56 120  15 3130 

1. According  to   Cri tchf ie ld 's   regional   forms  (1957) .  

2. B.C.  Forest   Service,   Research  Division  provenance numbers. 
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This  greenhouse  experiment was conducted i n  two s t u d i e s  
because  moisture stress treatments  were imposed  by  two d i f f e r e n t  
methods. The seedl ings  were grown under   natural   daylength a t  
a temperature  of  approximately 72'F. 

Study I - Hopkins  (1971)  used po t t ed  t ree  seed l ings   t o   demons t r a t e  
s ignif icant   dif ferences  in   drought   avoidance  and  drought   tolerance 
between spec ie s ,  and e s t a b l i s h e d  a bas i c   app roach   fo r   s tud ie s   o f  
d r o u g h t   r e s i s t a n c e   i n   f o r e s t  trees.  Hopkins  method, s l i g h t l y  
modified,  i s  u s e d   i n   t h i s   s t u d y .  

Five 2-0 seed l ings  were p l a n t e d   i n   e a c h   p o t .  After t h e  
trees had become es tab l i shed ,   sunf lower   seeds  were sown in  each 
pot  and two sunflower  seedl ings were  allowed t o  grow t o  a he ight  
o f  s i x   i n c h e s .  The p o t t i n g   s o i l  was then   a l lowed   t o   d ry   un t i l  
t he   so i l   r eached   t he  permanent w i l t i n g   p o i n t  as determined  by 
t h e  permanent w i l t i ng   o f   t he   sun f lower   s eed l ings .   Th i s   p rov ides  
a f a i r l y   s e n s i t i v e  and e f f e c t i v e  method of   d ry ing  a l l  t reatment  
u n i t s   t o  a common water p o t e n t i a l .  

The fol lowing  t reatments   were  then  imposed:   (1)   control ,  
watered   da i ly ,  ( 2 )  permanent  wilt ing (PW) of  sunflowers  and 
rewater ing,  (3)  PW + 45 m l  Hz0 evaporation,  (4) PW + 90 m l ,  
(5) PW + 135 m l ,  (6) PW + 180 m l .  The dry ing   t rea tment  was 
measured i n  terms of  H 0 evaporat ion  f rom  black  Bel lani   plates .  
Eight  days  were  required  to  reach PW + 180 m l  of  H 0 evaporat ion.  2 

2 

Before  rewatering, a seed l ing  was taken  from  each  pot  and 
t h e   t r e e  water poten t ia l   de te rmined   wi th  a p re s su re  bomb (Waring 
and Cleary,  1967). The he ight   o f   the   four   remain ing  trees was 
measured,  the  pots  were  rewatered and t h e   s e e d l i n g s  were  allowed 
t o   r e c o v e r   f o r  two months. A t  the   end   of   the  two month pe r iod ,  
su rv iva l   s co res  were  determined on the   fo l lowing   bas i s :  5 p o i n t s  - 
t r e e   h e a l t h y ,  4 p o i n t s  - s l i g h t   n e e d l e  damage, 3 p o i n t s  - dead 
t i p ,  2 po in t s  - dead t i p   p l u s   n e e d l e  damage, 1 poin t  - t r ee   dead .  
Hopkins  (1971)  found tha t   t he   su rv iva l   s co res ,   a l t hough   sub jec t ive ,  
were  of  sound  precision when assessed  by s e v e r a l   d i f f e r e n t   p e r s o n s  
and that   information is l o s t  i f  some type  of   scoring i s  not  used. 

S i x   r e p l i c a t i o n s  were used  per  treatment  combination. 

Study 11. - In   t he   s econd   s tudy ,   t he   t r ee   wa te r   po ten t i a l  was maintained 
a t  a given  level   throughout   the  durat ion  of   the  s tudy.  The 
root  volume, shoot   height   and  f resh  weight   of   the   seedl ings 
were measured  before  planting. Root  volume was measured  by 
the  volume of   d i sp laced   water .  Plast ic  bags  were  placed  around 
the   po ts  and t i ed   t i gh t ly   a round   t he   s t em  o f   t he   t r ee .  The 
s o i l  was a l lowed   t o   d ry   ou t   un t i l   t he   des i r ed   pe rcen tage  water 
content  was a t t a i n e d .  The po t s  were weighed d a i l y  and  brought 
up to   t rea tment   weight  by the   add i t ion  of w a t e r   t o   t h e   s o i l .  
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I t  is  r ecogn ized   t ha t   t he   add i t ion   o f  water t o   t h e   t o p  
of  a s o i l   d o e s   n o t   b r i n g   t h e   e n t i r e   s o i l   t o  a given water 
percentage.  However, i n  a prel iminary st:udy, it was found 
t h a t  a given t ree  water potent ia l   could  be  maintained by t h i s  
method i f  temperature and i r rad iance   d id   no t   vary .   Mois ture  
t rea tments  were  imposed f o r  two  months  and then   roo t  volume, 
shoot   he ight ,   and   f resh  and dry  weights were measured.  Six 
r e p l i c a t i o n s  were used  per  treatment  combination. 

A l i n e a r   f u n c t i o n  was used   t o  re la te  shoo t   he igh t   t o  
water p o t e n t i a l .  A hyperbol ic   funct ion of  t h e  form Y = Bo + 
B1.X1 + B2 1/X1 was used t o   r e l a t e   r o o t  volume  and f r e s h  
welght  growth t o  water po ten t i a l .   Su rv iva l   s co res  were r e -  
l a t e d   t o  t ree  water p o t e n t i a l  by a function  of  the  form Y = 
Bo + B 1  X 1  + B2 X 1 2 .  Covariance  analysis  was used   t o  t e s t  
t h e  homogeneity o f  regress ion   coef f ic ien t : s .  The c o r r e l a t i o n  
c o e f f i c i e n t s  and s t anda rd   e r ro r s   o f   e s t ima te   fo r   r eg res s ion  
a r e   i n   t a b l e  1 of   the  appendix.  

Resul ts  

Study 1 - Tree water po ten t i a l   dec reased  from approximately - 2  t o  -27 
b a r s   i n   r e l a t i o n   t o   s o i l   w a t e r   t r e a t m e n t .  Shoot  height  growth 
(Fig.   1)  and  survival  scores  (Fig.  2 )  d e c r e a s e d   s i g n i f i c a n t l y  
i n   r e l a t i o n   t o   d e c r e a s e d   t r e e  water po ten t i a l .   Seed l ings  from 
provenance  158  had  the  highest   survival  score  at  a l l  t r e e  water 
p o t e n t i a l   v a l u e s .  The su rv iva l   s co res  at:  approximately  -25 
ba r s  are s i g n i f i c a n t l y   d i f f e r e n t  among a1 1 provenances  except 2 2  and 
9 4  which a r e   n o t   d i f f e r e n t  a t  any t r ee   wa te r   po ten t i a l .   Shoo t  
he igh t  growth was s i g n i f i c a n t l y   d i f f e r e n t :  among a l l  provenances 
a t  a l l  t r e e   w a t e r   p o t e n t i a l s .  

Study 2 - The m o i s t u r e   s t r e s s  imposed i n   t h i s   s t u d y  was no t   a s   s eve re  
as t h a t   i n   s t u d y  I .  "Tree  water  potentials  ranged  from - 2  t o  
- 1 5 . 5   b a r s   i n   r e l a t i o n   t o   s o i l  water t rea tment .  The r e l a t i o n s h i p  
of  shoot  height  growth among provenances  and t ree  water p o t e n t i a l s  
was similar t o   t h a t   i n   s t u d y  I and is  therefore   no t   p resented  
he re .  Root volume  growth (F ig .  3) and fresh  weight  growth 
(Fig.  4)  var i ed   s ign i f i can t ly   i n   r e l a t ion   t o   p rovenance  and 
t ree  wa te r   po ten t i a l .   Seed l ings  from  provenance  158  decreased 
t h e  least i n   r o o t  volume  and f r e sh  weight.  growth  with  decreased 
t r e e  water po ten t i a l .   Seed l ings  from  provenance  15, 2 2  and 
94 made t h e   g r e a t e s t   r o o t  volume  and fresh  weight  growth  at  
- 2  ba r s ,   bu t   dec reased   t he  most with  decreasing t ree  water 
po ten t i a l .   Seed l ings  from provenance 39 and  55  decreased a t  
an   i n t e rmed ia t e   r a t e   i n   roo t  volume  and fresh  weight  growth 
w i t h   d e c r e a s i n g   t r e e   w a t e r   p o t e n t i a l ,  Only seed l ings  from 
provenance 158 were a b l e   t o  grow a t  -15  bars .   Seedl ings from 
a l l  other  provenances  ceased  root volume  and fresh  weight  growth 
a t  t r e e   w a t e r ' p o t e n t i a l s   r a n g i n g  from  -10 t o  -15 ba r s .  
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Discussion 

Growth, d i s t r i b u t i o n   o f  assimilate and 
year-old  lodgepole   pine  seedl ings  vary among 

su rv iva l   s co res   o f  two- 
provenances  ranging  from 

Alaska to   Cal i forn ia .   In   th i s   s tudy   the   p rovenances   can   be   de l inea ted  
in to   t h ree   g roups   acco rd ing   t o   s eed l ing   r e sponse   i n   r e1a t ion" to   t r ee  
w a t e r   p o t e n t i a l .  The groups are, by  provenance: (1) 158, ( 2 )  39 and 
55,  and (3) 15, 2 2  and  94. 

Seedlings  from  provenance  158 were t h e  most   drought   res is tant .  
The a b i l i t y   t o  grow a t  -15 bars   of  t ree  water p o t e n t i a l  is  perhaps 
an adapt ive  mechanism of   ecological   importance  where  physiological  
dryness and s h o r t e r  growing  seasons are common. 

Provenances 39 and  55 are from  approximately  the same l a t i t u d e  
and  elevation  and  demonstrated a similar growth  and surv iva l   response .  
The close  re la t ionship.among  provenances  15,  22  and  94  cannot  be 
explained on t h e   b a s i s   o f   l a t i t u d e  o r  e l eva t ion .  

Phar i s  and Ferrell (1966)  found t h a t  Douglas f ir  seed l ings  from 
in land   sources  were c o n s i s t e n t l y  more d r o u g h t   r e s i s t a n t   t h a n   P a c i f i c  
coas t   sources .   This   s tudy  shows t h a t  some inland  lodgepole   pine 
var ian ts   have  a g e n e t i c   p o t e n t i a l   f o r   d r o u g h t   r e s i s t a n c e  similar t o  
t h a t   o f   c o a s t a l   v a r i a n t   9 4 .  The e x t e n t   o f   g e n e t i c   v a r i a t i o n   i n  
d rough t   r e s i s t ance   o f   l odgepo le   p ine   i n   r e l a t ion   t o   p rovenance  i s  
similar to   tha t   demonst ra ted  by growth,  photoperiodic  response 
(Jensen  and  Gatherum,  1965) and physiological  processes  (Dykstra  and 
Gatherum,  1967) of   Scotch  pine  f rom  diverse   or igin.  

Growth, d i s t r i b u t i o n  of assimilate and su rv iva l   s co res   va ry  
w i t h   t r e e  water p o t e n t i a l .  Shoot h e i g h t ,   r o o t  volume  and f r e s h  
weight  growth  decreased  continuously when t r e e  water p o t e n t i a l  was 
decreased from - 2  t o  -15  bars.  A t  -15 bars   seedl ing  growth  of  a l l  
provenances  except  158  had  ceased  and a l l  provenances  had  suffered 
needle  damage. 

Water s t r e s s  can  reduce  growth  directly by reducing  photosynthe-sis,  
t r a n s l o c a t i o n  and tu rgor .  Hodges (1967)  found  that   photosynthesis  in 
Douglas fir was correlated  with  changes i n  leaf water p o t e n t i a l .  Brix 
(1962) showed t h a t   l o b l o l l y   p i n e  had zero rates of   photosynthes is  a t  
-12  bars o f  po ten t i a l .   Ru t t e r  and  Sands  (1958)  found a l a r g e   d e c l i n e  
i n   t h e   t r a n s p i r a t i o n   r a t e  of Scotch   p ine   seedl ings   a t  a s o i l   m a t r i x  
p o t e n t i a l   o f   - 1   t o  - 2  b a r s .  Water stress may a l s o  have i n d i r e c t  effects 
on growth. Kaufmann (19681,  working  with  loblolly  and  white  pine,  found 
t h a t   r o o t   t i p s  matured  and became dormant  with  repeated  periods of 
s t r e s s   o r   a f t e r   s i n g l e   p e r i o d s   o f   s e v e r e  stress. 

Physiologicalprocesses,   growth  and  survival will undoubtedly 
vary w i t h  t h e  manner i n  which water stress t rea tments  are imposed. 
The use   o f   po t ted   seedl ings  will prevent   na tura l  root r ami f i ca t ion  
which is  an impor tan t   fac tor  i n  drought  avoidance;  Therefore, 
differences  in   drought   res is tance  can  only be compared  on a r e l a t i v e  
bas i s .  
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In  th i s   g reenhouse   s tudy ,   the  marked var ia t ion   in   g rowth ,  
d i s t r i b u t i o n  of assimilate and  survival  among provenances  and t ree  
water p o t e n t i a l s   i n d i c a t e s   t h a t   d i f f e r e n c e s   e x i s t  i n  drought 
r e s i s t a n c e  o f  var ian ts   wi th in   lodgepole   p ine .   Therefore ,   s tud ies  of 
physiological   and  anatomical   var ia t ion  in   re1at : ion  to   genet ic  and 
environmental   factors  will h e l p   t o   e x p l a i n   t h e   v a r i a t i o n   i n   l o d g e -  
pole   p ine .  
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APPENDIX 

Table 1 Cor re l a t ion   coe f f i c i en t s  and s t anda rd   e r ro r s  of 
estimate f o r  r eg res s ion   l i nes .  

Shoot Survival  Root Fresh 
Height s co re  vo 1 ume weight 

Provenance r S.E. r S . E .  r S.E. r S . E .  

15 .98 .71  .96 .52 .98 2.00 .99 2.30 

22 .99 .67 .95 .48 .99 1.51 .99 .87 

39 .99 .83 .96 .39 .99 , 8 2  .99 .52 

55 .99 .79 .94 .47 .98 1.19 .99 .54 

94 .98 .92 .96 .44 .98 1.65 .98 2.03 

158 .99 .66 .97 .37 .98 .72 .96 .64 
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Figure  1.  Shoot height growth of lodgepo le   p ine   s eed l ings   in   re la t ion  
t o  provenance and tree water p o t e n t i a l .  
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Figure 2. Survival  scores of l o d g e p o l e   p i n e   s e e d l i n g s   i n   r e l a t i o n   t o  
provenance  and tree water p o t e n t i a l .  
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Figure 3. Root volume  growth of l o d g e p o l e   p i n e   s e e d l i n g s   i n   r e l a t i o n  t o  
provenance  and tree water p o t e n t i a l .  
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Figure 4 .  Fresh weight growth of lodgepole  pine  seedlings  in  relation t o  
provenance. and tree water potential. 


