
UNITED STATES DEPARTMENT O F  AGRICULTURE 
F O R E S T  S E R V I C E  

IIYTERMOUNTAIN F O R E S T  & R A N G E  EXPERIMENT S T A T I O N  
O G D E N  I I  T A H 

-USDA Fores t  Serv lce  
Research Note INT-89 

ASPEN SPROUT PRODUCTION AND WATER USE 

Robert S. ~ o h n s t o n l  

ABSTRACT 

Sprouting r.esponse and s o i l  ~noisture depletion on aspen plots 
were compared under four experimental condit ions: f a )  clear- 
cut ,  ( b )  clearcut, stwnps sprayed wi th  sodiwn arseni te ,  f c )  
basal i n j e c t i o n  of sodiwn arseni te ,  and f d )  control .  Nwnbers 
of sprouts varied wi th  treatment for 2 years, but a f t e r  4 
years the nwnbers of sprouts on a l l  p lots  were about equal. 
Clearcutting the  aspen reduced s o i l  moisture depletion b y  3 
t o  4 inches i n  a 6-foot s o i l  prof i le  during each of three 
growing seasons. 

The ob j ec t i ve s  of managing aspen (Populus t remuloides Michx.) i n  t h e  Intermountain 
reg ion  can be q u i t e  d i v e r s e ,  inc lud ing  r egene ra t i on  of  commercial s t ands ,  r e v i t a l i z a t i o n  
of degenera te  s tands  and, i n  some i n s t a n c e s ,  s t and  manipulat ion t o  i nc r ea se  water  y i e l d .  
Regardless  of t h e  o b j e c t i v e s ,  management can be succes s fu l  only i f  both t h e  t rea tment  
e f f e c t s  and t h e i r  du ra t i on  can be p r ed i c t ed .  This  s tudy  was begun t o  i nc r ea se  con f i -  
dence i n  p r e d i c t i o n s  of t h i s  type ;  more s p e c i f i c a l l y ,  t o  t e s t  t h e  e f f e c t s  of s e v e r a l  
management t rea tments  on aspen sp rou t  p roduct ion ,  and a l s o  t o  eva lua te  t h e  changes i n  
s o i l  mois ture  dep l e t i on  fol lowing aspen removal. 

STUDY AREA AND blETHODS 

P l o t s  were e s t ab l i shed  i n  a  s i n g l e  aspen c lone  nea r  t h e  headwaters of Farmington 
Creek, Davis County Experimental Watershed, i n  Utah. The s i t e  i s  a t  7,800 f e e t  e leva-  
t i o n  on a  northwest-facing 15-percent s l o p e .  A t  t h e  t ime of t h e  s tudy ,  t h e  clone had 
a  two-s tor ied  aspen canopy ( f i g .  1) wi th  average he igh t s  of 48 and 17 f e e t  f o r  t h e  
dominant and codominant t r e e s ,  r e s p e c t i v e l y .  Basal a r e a  was 90 s q . f t . / a c r e .  The 
diameter  ( d .b .h . )  of a l l  t r e e s  on t h e  con t ro l  p l o t s  was measured. Only fou r  were more 
than  10 inches d .b .h . ,  20 f e l l  i n  t h e  5- t o  10-inch d .b .h .  c l a s s ,  and t h e  remaining 97 
averaged 2.4 inches  d . b . h .  A sampling of e i g h t  t r e e s  showed t h a t  diameter  was a  good 
i n d i c a t o r  of age ,  with stem ages varying from 29 years  f o r  a  t r e e  2  inches d .b .h .  t o  
88 years  f o r  a  t r e e  12 inches d .b .h .  

l ~ s s o c i a t e  Fores t  Hydrologist ,  s t a t i o n e d  i n  Logan, Utah, a t  t h e  Fo re s t ry  Sciences 
Laboratory,  maintained i n  cooperat ion wi th  Utah S t a t e  Un ive r s i t y .  The author  acknowl- 
edges t h e  work of John D .  Schu l t z ,  A s s i s t a n t  Professor  of Fores t  Science,  Utah S t a t e  
Un ive r s i t y ,  who planned t h e  s tudy and completed t h e  pre l iminary  t rea tments  while  he was 
a  Research Fo re s t e r  with t he  Intermountain S t a t i o n .  
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Figure 1.--A portion of 
the studu area " 
showing the aspen 
sprouts on some o f  
the treated plots i n  
the  foreground and 
undisturbed 
doub le-canopied 
aspen clone i n  the 
background. A 
recording r a i n  gage 
i s  i n  the  center of 
the  cleared plots .  

S o i l s  on t h e  s t u d y  a r e a  a r e  deep,  w e l l  d r a i n e d ,  and c o l l u v i a l .  They v a r y  w i t h  
d e p t h  from a  sandy loam t o  a  v e r y  g r a v e l l y  c l a y  loam. P a r e n t  m a t e r i a l s  a r e  s a n d s t o n e ,  
g n e i s s ,  and s c h i s t .  

I n  an a r e a  measuring 100 by 150 f e e t ,  n i n e  a d j a c e n t  p l o t s  were e s t a b l i s h e d  i n  t h e  
c l o n e  i n  a  t h r e e - b y - t h r e e  p a t t e r n .  Three a d d i t i o n a l  p l o t s  were d e s i g n a t e d  a s  c o n t r o l s  
a t  t h e  lower end of t h e  a r e a .  Each p l o t  was d i v i d e d  i n t o  16 s u b p l o t s  of  1  m i l a c r e  
each.  To i s o l a t e  t h e  r o o t  sys tems ,  a  t r e n c h  2 f e e t  wide and 3  f e e t  deep was dug around 
each p l o t ,  l i n e d  'with r o o f i n g  p a p e r ,  and r e f i l l e d .  An 8 - f o o t  f e n c e  enc losed  t h e  e n t i r e  
s t u d y  a r e a ,  t h e r e b y  exc lud ing  d e e r  and s t r a y  sheep .  

Three t r e a t m e n t s ,  each w i t h  t h r e e  r e p l i c a t i o n s ,  were completed on t h e  n i n e  p l o t s  
i n  t h e  summer o f  1963. Treatments  inc luded  (a )  c l e a r c u t ,  (b) c l e a r c u t  wi th  a l l  stumps 
sprayed  w i t h  sodium a r s e n i t e ,  and (c)  b a s a l  i n j e c t i o n  of  a l l  stems wi th  sodium a r s e n i t e  
u s i n g  t h e  " L i t t l e  Tree  ~ n j e c t o r .  l t 2  

Aspen s p r o u t s  were counted on each p l o t  e a r l y  i n  t h e  growing season  and a g a i n  i n  
t h e  f a l l ,  from 1964 th rough  1967. I n  a d d i t i o n ,  a  complete  su rvey  of v e g e t a t i o n  i n  1966 
q u a n t i f i e d  t h e  heavy ground cover  of  v e g e t a t i o n  and l i t t e r  on bo th  t h e  t r e a t e d  and 
c o n t r o l  p l o t s  ( t a b l e  1 ) .  The p e r c e n t a g e  composi t ion by s p e c i e s  i s  p r e s e n t e d  i n  t a b l e  2 .  

Table  1.--Ground cover  on c o n t r o l  and t r e a t e d  p l o t s  

Type : Cont ro l  p l o t s  : Trea ted  p l o t s  
- - - - - -  Percen t  - - - - - - - 

Vegeta t ion  
L i t t e r  
Bare s o i l  

2 ~ s e  o f  t r a d e  names h e r e i n  i s  f o r  i d e n t i f i c a t i o n  on ly  and does n o t  imply endorse -  
ment by t h e  USDA F o r e s t  S e r v i c e .  



Table 2.--Vegetat ive composition on con t ro l  and t r e a t e d  p l o t s  

Species : Control p l o t s  : Treated p l o t s  
- - - - - -  Percent  - - - - - - 

Hackelia f lor ibunda  (Lehm. ) 
I .  M .  Johnston 1 

Senecio s e r r a  Hook. 2  6  
Valeriana occ iden ta l i s  He l l e r  2  
Remaining spec ies  30 

lStems l e s s  than  6  f e e t  t a l l  

Two s o i l  moisture access tubes  were i n s t a l l e d  on each of t h e  con t ro l  and c l e a r c u t  
p l o t s .  With a  neutron probe,  s o i l  moisture measurements were made t o  a  depth of 6  f e e t  
a t  l e a s t  t h r e e  times during each of t h e  1965, 1966, and 1967 growing seasons.  

RESULTS 

ASPEN SPROUTING 

The e f f e c t s  of t h e  t h r e e  t rea tments  on aspen sprout ing  a r e  shown i n  f i g u r e  2. 
Although a  cons iderable  d i f f e r ence  i n  sp rou t  numbers i s  apparent  during t h e  f i r s t  2  
years  a f t e r  t rea tment ,  t h e  d i f f e r e n c e  r a p i d l y  diminishes t h e r e a f t e r .  A genera l  dec l ine  
i n  t he  numbers of sprouts  occurred each year  between t h e  beginning and end of each 
growing season.  During t h e  4 years  fol lowing t rea tment ,  t h e  basa l  i n j e c t i o n  of sodium 
a r s e n i t e  c o n s i s t e n t l y  produced t h e  lowest number of sp rou t s .  However, t h e r e  was no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  sp rou t  numbers among treatments  a t  any time, 
because t h e  experimental design was not  s e n s i t i v e  enough t o  revea l  it .  Sprout numbers 
f r equen t ly  ranged from 0  t o  more than 30 stems (0 t o  30,00O/acre) on t h e  mi lacre  sub- 
p l o t s ;  bu t  when ca l cu l a t ed  on a  whole p l o t  b a s i s ,  t h e  numbers of sprouts  never exceeded 
21,000 stems pe r  ac re .  

SOIL MOISTURE DEPLETION 

Clea rcu t t i ng  the  aspen not iceably  a f f ec t ed  s o i l  mois ture  deple t ion  ( t a b l e  3 ) .  The 
i n i t i a l  measurements were very s i m i l a r  i n  each of t h e  3  yea r s .  The d i f f e r ence  between 
i n i t i a l  and f i n a l  measurements each year  c l e a r l y  i n d i c a t e s  3 t o  4 inches l e s s  s o i l  
moisture consumption on t h e  c l ea rcu t  p l o t s .  Ra in fa l l  t o t a l e d  5.87 inches from J u l y  t o  
October 1965, more than four  times t h e  amount f o r  t he  same per iod  i n  1966. I t  i s  
assumed t h a t  both su r f ace  runoff and deep pe rco l a t i on  lo s se s  were i n s i g n i f i c a n t  during 
t h e  growing season;  t he re fo re ,  summer p r e c i p i t a t i o n  i s  added t o  t h e  s o i l  moisture 
dep le t i on  t o  es t imate  evapot ranspi ra t ion  lo s se s  ( t a b l e  3 ) .  Evapotranspirat ion lo s se s  
averaged 3.26 inches l e s s  from t h e  c l e a r c u t  than  from t h e  con t ro l  p l o t s .  



Table  3 . - - S o i l  m o i s t u r e  d e p l e t i o n  and e v a p o t r a n s p i r a t i o n  i n  c o n t r o l  and 
c l e a r c u t  p l o t s ,  1965-1967 

Figure 2.  --Aspen sprout 

Item 
:Control  C l e a r c u t  : C o n t r o l  C l e a r c u t  : Cont ro l  C l e a r c u t  - .  

numbers, 1964-1967, 280 

fo Z Zowing three 
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I n i t i a l  m o i s t u r e  
c o n t e n t  20.92 21.63 20.72 20.61 21.52 21.55 

F i n a l  m o i s t u r e  c o n t e n t  15.67 19.60 11.21 14.65 10.86 13.91 
S o i l  m o i s t u r e  d e p l e t i o n  5.25 2 .03  9.51 5 .96  10.66 7 .64  
Growing season  p r e -  

c i p i t a t i o n  5.87 5.87 1 . 0 1  1.01 2.47 2.47 
E v a p o t r a n s p i r a t i o n  11.12 7.90 10.52 6.97 13.13 10.11 
E v a p o t r a n s p i r a t i o n  

d i f f e r e n c e  3 .22 3.55 3.02 

l ~ a c h  s o i l  m o i s t u r e  measurement i s  t h e  average wate r  c o n t e n t  f o r  a  6 - foo t  depth 
c a l c u l a t e d  from two a c c e s s  h o l e s  on each of t h r e e  p l o t s .  
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Figure 3.--Moisture content i n  the 0- t o  3-foot and 3- t o  6-foot s o i l  pro f i l e s .  

The s o i l  moisture measurements a r e  s epa ra t ed  f o r  t h e  upper and t h e  lower 3 f e e t  of 
t h e  p r o f i l e  and presented  i n  f i g u r e  3. Each year ,  a t  both depth ranges,  t h e r e  was l e s s  
s o i l  moisture dep le t i on  i n  t h e  c l e a r c u t  p l o t s  than  i n  t h e  con t ro l  p l o t s .  The g r e a t e s t  
reduct ion  i n  water l o s s  from t h e  s u r f a c e  3 f e e t  occurred i n  1965, t h e  second year  a f t e r  
t rea tment .  The reduct ion  dec l ined  s u b s t a n t i a l l y  i n  succeeding years .  C lea rcu t t i ng  
reduced s o i l  moisture l o s s  i n  t h e  3- t o  6-foot po r t i on  of t h e  s o i l  p r o f i l e  by an average 
of 2 . 3  inches p e r  year .  Water content  was much more c o n s i s t e n t  i n  t h i s  lower po r t i on  
of t h e  p r o f i l e  than i n  t h e  su r f ace  s o i l s .  

Summer p r e c i p i t a t i o n  has t h e  g r e a t e s t  i n f luence  on moisture content  i n  t h e  su r f ace  
few f e e t  of s o i l .  In  both 1965 and 1967, s o i l  moisture increased  a t  t h e  end of t h e  
season i n  response t o  l a t e  season r a i n .  Summer r a i n f a l l  i n  1965 was above average and 
i s  r e f l e c t e d  by t h e  high water content  i n  t he  s o i l s  throughout t h e  season. 

DISCUSSION 

Although t h e  experimental design d id  not  al low t h e  de t ec t ion  of a  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r ence  i n  t h e  number of sp rou t s  a t  any time a f t e r  t rea tment ,  it is 
apparent  t h a t  wi th in  t h e  l i m i t s  of t h i s  clone t h e  var ious  t rea tments  do a f f e c t  t h e  
number of sp rou t s ,  a t  l e a s t  during t h e  few years  immediately fol lowing t rea tment .  
The genera l  dec l ine  i n  number of sp rou t s  may be a t t r i b u t e d  t o  competition between 
sp rou t s  and with o the r  spec i e s .  The r e s u l t s  i n d i c a t e  t h a t  aspen regenera t ion  is 
n e i t h e r  improved nor r e t a rded  beyond t h e  f i rs t  few years  by t h e  t rea tments  used i n  
t h i s  s tudy .  



The c lona l  growth h a b i t  of aspen i s  respons ib le  f o r  cons iderable  gene t i c  v a r i a b i l -  
i t y  among aspen s t ands .  This v a r i a t i o n  i s  manifested i n  t h e  a b i l i t y  of a  given s tand  
t o  produce s ~ c k e r s . ~  Study of numerous o the r  clones i s  requi red  before  t reatment  
r e s u l t s  such a s  those of t h e  p re sen t  s tudy  can be con f iden t ly  ex t rapola ted  over l a rge  
a r e a s .  

This s tudy con t r ibu t e s  t o  t h e  l a rge  number of observa t ions  concerning t h e  water 
savings t h a t  can be r e a l i z e d  by removing deeply rooted  vege t a t i on .  Here 3  t o  4  inches 
of s o i l  moisture were llsaved'l each year  i n  t h e  6-foot  p r o f i l e s  of t h e  c l ea rcu t  p l o t s .  
Although t h e  t reatment  e f f e c t  was reduced as  time passed,  4  years  a f t e r  t reatment  t h e  
reduct ion  i n  s o i l  moisture dep le t i on  was s t i l l  3  inches .  The reduct ion  i n  water 
consumption occurred mostly i n  t h e  lower 3  f e e t  of t h e  p r o f i l e .  We can expect t h e  
t o t a l  reduct ion  i n  water  l o s s  t o  be g r e a t e r  than t h e  measured 3  t o  4  inches i f  t h e  
water  l o s s  measured on t h e  cont ro l  p l o t s  from t h e  6-foot  depth t o  a  depth of maximum 
r o o t  pene t r a t i on  i s  included.  The maximum roo t ing  depth of aspen o f t en  extends t o  9  
o r  10 f e e t ,  but  v a r i e s  g r e a t l y  with s o i l  type and depth .5  

The t h r e e  con t ro l  p l o t s  could have been more app rop r i a t e ly  located throughout t h e  
s tudy  a r e a ,  r a t h e r  than a l l  placed below t h e  c l e a r c u t  p l o t s .  However, t h e  d i f f e r e n c e  
i n  p o s i t i o n  on t h e  s lope  between t h e  two t rea tments  probably has not  g r e a t l y  a f f ec t ed  
t h e  conclusions regarding water  consumption. The maximum d i s t ance  between s o i l  
mois ture  access holes  on t h e  c l e a r c u t  and con t ro l  p l o t s  i s  l e s s  than  150 f e e t  and t h e  
s lope  i s  moderate. Differences i n  s o i l  moisture a t t r i b u t a b l e  t o  s lope  p o s i t i o n  would, 
i f  anything,  have produced a  conserva t ive  measurement of s o i l  moisture use  between 
t rea tments .  

A minimum of 3 t o  4  inches of water  t o  a  depth of 6  f e e t  can be I1savedT1 on some 
s i t e s  by removing aspen. Theore t i ca l l y ,  t h e  water  saved becomes a v a i l a b l e  f o r  a  h igher  
p r i o r i t y  use a t  some f u t u r e  time and p l a c e .  This saving can be expected f o r  s e v e r a l  
years  a f t e r  t rea tment .  

3 ~ a r n e s ,  B .  V .  The c lona l  growth h a b i t s  of  American aspen. Ecology 47 (3) :439-447. 
1966. 

4 ~ a r r e t t ,  P .  W . ,  and R.  Zahner. Clonal v a r i a t i o n  i n  suckering of aspen obscures 
e f f e c t  of var ious  c l e a r c u t t i n g  t rea tments .  J .  Fo re s t .  62(1):749-750. 1964. 

5 ~ i f f o r d ,  G .  F. Aspen r o o t  s t u d i e s  on t h r e e  s i t e s  i n  nor thern  Utah. Amer. Midland 
Natur . 75 (1) : 132-141. 1966. 
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