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ABSTRACT.--An outline of the general problems involved 
with the propagation of elite conifer clones by rooted cut- 
tings is drawn from published reports. New approaches for 
resolving these problevs can come from studies of clone ?ro- 
duction through tissue culture methods. Probable extension 
of tissue culture techniques will permit the establishment 
of clones from adult, proven trees and may also provide a 
tool for in vitro propagule evaluation of disease resistance. -- 

Reforestation by vegetative propagation of select clones offers the 
possibility of rapid improvement of forest yield (Shelbourne and Thulin 
1974, Kleinschmit 1974). Clonal reforestation will require a fresh 
consideration of forest management and the implied biological risks, 
but the potential for utilization of non-additive genetic variance in 
trees and the benefit where seed production is slow or inadequate are 
both strong motives for operational vegetative propagation. Two 
methods of vegetative propagation offer promise: (1) rooted cuttings 
or needle fascicles, and (2) rooted propagules produced through tissue 
culture. The potentials and problems for these two apprcaches are 
compared in this paper. 

Rooted Cuttings 

A comprehensive review of the various reforestation programs using 
clonal rooted cuttings is presented by Brix and van den Driessche 
(1977). Clone production by rooted needle fascicles of pine was re- 
viewed by Girouard (1971). General review of rooting practice for 
horticulturally important species is treated in the book by Hartmann 
and Kester (1975).- Clonal propagation of Cryptomeria japonica has 

, been used for centuries in the forests in Japan and provides the only 
data concerning long- term benefits and problems. Major programs for 
propagation of Norway spruce with rooted cuttings for operational 
planting are underway in West Germany (Kleinschmit 1974) and Finland 
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( ~ e ~ i s t b :  1974). A major research e f f o r t  with r a d i a t a  p ine  i s  cont inuing 
i n  New Zealand and Aust ra l ia  (Sxeet and \$e l l s  1974, Shelbourne and Thulin 
1974) but opera t iona l  plar, t ings 2 - 2  not ye t  a r e a l i t y .  Research programs 
f o r  Douglas-f i r  (Ross 1975), l ob lo l ly  pine (van Bui j tenen e t  a1 . 1975) 
and western hemlock (Boyd 19-6) a r e  being conducted i n  t he  United S t a t e s  
and f o r  white  spruce and black spruce i n  Canada (Rauter 1974). 

The above programs-are new i n  terms of f o r e s t  t r e e  harves t  cyc l e s  and 
most of  t h e  information dea ls  wiih root ing behavior and t h e  e a r l y  f i e l d  
performance of  t h e  propagules. Long-term f i e l d  behavior w i l l  be f o r t h -  
coming. Production of rooted cu t t i ngs  i s  d i f f i c u l t  o r  impossible f o r  
many spec i e s ,  bu t  where problems can be overcome rap id  production of 
s e l e c t  c lones (1/2 mi l l i on  p l an t s  from one seedl ing  i n  5 years)  seems 
poss ib le .  Fu l ly  operationL1 cloned p lan t ing  s tock production could be 
implemented i n - 1 0  years  given I-!-ear f i e l d  eva lua t ion .  A t  t h a t  s t a g e  i n  
program development t h e  cos t  of propagules has been estimated a t  2 t o  3 s 

t imes higher  than f o r  seedl ings (Brix and van den Driessche 1977). Time 
1 
1 

and c o s t  values must be weighsd aga ins t  t r e e  improvement gains  through 
I 

cloning.  Such gains  can be g r e a t .  

The problems assoc ia ted  with the production of rooted c u t t i n g s  vary  
, g r e a t l y  with spec i e s  and even individual  t r e e  wi th in  spec ies .  General ly ,  
c u t t i n g s  taken from young t r e e s  i n  t he  juveni le  s t a g e  roo t  more e f f i c i e n t l y  
than c u t t i n g s  from o lde r  t r e e s  i n  the  adu l t  s t age ,  e .g . ,  Douglas-fir  (Ross 
1975), r a d i a t a  p ine  (Libby -- e t  a l .  1972), and white spruce (Rauter 1974). 
For some spec ies  t h i s  i s  not so pronounced (western hemlock,Brix and 
Barker 1975) and f o r  o the r s  even the  juveni le  s t a g e  shows low roo t ing  
e f f i c i ency  (lodgepole pine,  Longman e t  a l .  1972) o r  poor roo t  form (white -- 
p ine ,  Thomas and Riker 1950). 

The rooted c u t t i n g s  may  row i n  the  f i e l d  a t  r a t e s  comparable t o  seed- 
l i n g s  (Norway spruce, ~ e ~ i s t b  1974), o r  they may achieve these  r a t e s  a f t e r  
a l a g  period (western hemlock, Brin and Barker 1975), o r  cont inue t o  grow 
more slowly ( r a d i a t a  p ine ,  Sweet and Wells 1974). In  add i t i on  t o  d r a s t i c  
d i f f e r ences  i n  growth r a t e ,  rooted c u t t i n g s  may assume an i r r e g u l a r  growth 
form (plagiotropism) with age of parent  t r e e  o r  age and p o s i t i o n  of t h e  
shoot on t h e  parent  t r e e ,  e . g . ,  Douglas-fir  (Ross 1975, Copes 1976). On 
the  o t h e r  hand, rooted c u t t i n g s  from adu l t  t r e e s  may possess  some d e s i r a b l e  
a d u l t  t r e e  c h a r a c t e r i s t i c s  such a s  d i sease  r e s i s t a n c e  (Thuja p l i c a t a ,  

a Sbegaard 1956). 

Overa l l ,  propagation by rooted c u t t i n g s  v a r i e s  g r e a t l y  i n  t h e  roo t ing  
e f f i c i e n c y  and growth of cu t t i ngs  from spec ie s  t o  spec i e s  and from t r e e  
t o  t r e e .  Furthermore, t he  performance of  c u t t i n g s  may be a f f ec t ed  pro- 
foundly by t r e e  age, p o s i t i o n  of the  c u t t i n g  on t h e  t r e e ,  t r e e  v igo r ,  and 
the  season c u t t i n g s  were taken. Many of t h e s e  problems can be overcome 
i n  many spec ies  by r e f in ing  methodology, bu t  t h e  so lu t ion  of t h e  genera l  
problems summarized i n  f i g u r e  1 remain. 



The major dilemma with f o r e s t  improvement through vege ta t ive  prop- 
aga t ion  by rooted c u t t i n g s  i s  t h a t  cu t t i \ g s  propagate  b e t t e r  from 
juven i l e  t r e e s ,  but  s e l e c t i o n  of e l i t ecmothe r  t r e e s  must come a f t e r  
they  have reached the  a d u l t  s t age ;  by then propagation by c u t t i n g s  
becomes a  severe problem ( f i g  1 ) .  A p r a c t i c e  of  repeated shearing of 
juveni le  t r e e s ,  "hedging", has aided i n  r e t a i n i n g  t h e  juven i l e  cha rac t e r  
of c u t t i n g s  over a  longer per iod  (Libby and Hood 1976). Repeated cyc les  
using rooted c u t t i n g s  a s  t h e  source o f  new c u t t i n g s ,  "re-root ing",  has  
a l s o  helped t o  maintain j u v e n i l i t y  (F ie ld ing  1969). These p r a c t i c e s  
may be adaptable  t o  a  v a r i e t y  of spec i e s  b u t ,  f a i l i n g  t h a t ,  t h e r e  
remains t h e  p o s s i b i l i t y  of devis ing  more r e l i a b l e  s e l e c t i o n  procedures 
f o r  j uven i l e  t r e e s  o r  of using methods t h a t  can genera te  c u t t i n g s  of 
j uven i l e  cha rac t e r  from a d u l t  t r e e s  ( f i g .  1 ) .  

* 

Tissue Cul ture  Propagules 

The r e c e n t l y  emerging app l i ca t ion  of t i s s u e  c u l t u r e  techniques t o  
c o n i f e r s  provides an a l t e r n a t i v e  t o  rooted c u t t i n g s  f o r  c lona l  f o r e s t  
propagation. Present  t i s s u e  c u l t u r e  techniques can provide rooted 
propagules of f o r e s t  spec i e s  from mul t ip l e  adven t i t i ous  buds formed 
on embryos o r  on embryo and seedl ing  p a r t s  cu l tu red  -- i n  v i t r o  (blott e t  
a1.1977 and r e fe rences  t h e r e  c i t e d ) .  The p re sen t  t i s s u e  c u l t u r e  tag- - 
b i l i t i e s  a r e  s i m i l a r  t o  those  of  t h e  rooted c u t t i n g  methods ( f i g .  1) 
i n  t h a t  rooted propagules may be produced i n  a  s h o r t  time from juven i l e  
s eed l ing  ma te r i a l .  Re l i ab l e  and r o u t i n e  roo t ing  of t h e  shoots  produced 
i n  c u l t u r e ,  on t h e  s c a l e  needed i n  ope ra t iona l  p l a n t i n g ,  i s  d i f f i c u l t  
t o  achieve.  Cost pe r  t i s s u e  c u l t u r e  propagule i s  high and the  propagules 
a r e  j u s t  beginning t o  be f i e l d  t e s t e d  and a r e  not  ready f o r  ope ra t iona l  
p l an t ing .  

The only publ ished d a t a  on propagule product ion from improved t r e e  
genotypes (Mott -- e t  a l .  1977) shows t h a t  mu l t ip l e  adven t i t i ous  shoots  
can be obtained from nea r ly  a l l  s eed l ing  progeny o f  s e l e c t  l o b l o l l y  
p ine  t r e e s  from piedmont o r  c o a s t a l  p l a i n  s i t e s .  An average of 20 
shoots  p e r  c lone  can be expected on t h e  f i r s t  cyc le ,  bu t  methods t o  
r o o t  a  high percentage of  t hese  shoots  r e l i a b l y  and on a  product ion 
s c a l e  a r e  lacking.  As much a s  70 percent  roo t ing  of  t h e s e  shoots  has  
been achieved i n  some experiments, bu t  product ion of 3-10-rooted i n d i v i -  
dua l s  per  c lone i s  more common. Work i s  cont inuing i n  t h e  labora tory  
(Mehra-Palta -- e t  a l .  1977) and elsewhere t o  improve the  root ing  e f f i c i e n c y .  

The e a r l y  growth and form i n  s o i l  of such propagules compare favor- 
ab ly  with those  of seedl ings ,  and c lones  of  few ind iv idua l s  can be 
t e s t e d  simultaneously on seve ra l  s i t e s ,  t hus  mul t ip ly ing  the  in fo r -  
mation t o  be gained on genotype/environment i n t e r a c t i o n s  during t h e  
f i e l d  t e s t s .  I n  t h i s  way t h e  clones can a i d  e f f o r t s  t o  develop r e l i a b l e  
methods f o r  s e l e c t i n g  e l i t e  t r e e s  while  they  a r e  s t i l l  j uven i l e s .  
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Obviously, the tissue culture methods are at a much earlier stage of 
development than rooted cuttings. But all indications are that the pro- 
blems in rooting the adventitious buds from tissue culture will be re- 
solved. Furthermore, there are similarities between the two techno- 
logies that might help to resolve some of the problems encountered with . 
cuttings. Cuttings must be studied intact because they rely on photo- 
synthesis and shoot growth to support root initiation. Consequently, 
subtle influence of the mother tree on the shoot growth behavior of 
cuttings is inherent in the rooting process. Tissue culture procedures 
offer a more tractable system for the study of the controlling factors 
in rooting. Carbon source, nutrients, and growth regulators are sup- 

- lied in the culture medium and thus buds, shoots, stems, etc. can be 
excised and cultured separately to discover the influence of each on 
the rooting process. For ,example, growth regulators normally produced 
within the plant can be supplied exogenously in an effort to mimic the 
contribution made by the young shoot tip that bas been removed. Finally, 
the more extensive information on growth behavior of rooted cuttings 
may point the way for tissue culture studies. 

Some preliminary data from studies of basic rooting factors are 
summarized in table 1. Rooting efficiency in response to the growth 
regulators NAA (a-napthaleneacetic acid) and BAP (6-benzylaminopurine) 
is compared for seedlings lacking shoot and root -- "hypocotyl sections"; 
seedlings lacking roots -- "derooted seedlings"; the terminal growing 
bud of seedlings -- "excised seedling shoots", and for similar "adventitious 
buds" produced in culture. The rooting efficiency is affected by other 
factors including the age of the seedling and the culture environment, 
etc. These effects are reflected in the range of percentage rooting 
given for each growth regulator concentration in table 1. 

Table 1.--Summary of in vitro rooting efficiency to be expected 
for different seedling parts and tissue culture buds in 
response to growth regulator stimuli 

Growth regulator : Percent rooting 
concentration (mg/l) : 
supplied in agar : Excised . . Excised Adventitious 
medium : hypocotyl : Derooted . seedling : tissue culture 

NAA : BAP : sections : seedlings : shoots : buds 



Experiments of this type suggest that different exogenous growth 
regulator supplies are needed depending on which parts have been 
excised. Further experiments should define corrective measures to be 
taken when certain parts of seedlings or shoots are absent or function- 
ing improperly. This information should lead to more efficient methods 
for the rooting of cuttings from trees. For example, the poor rooting 
of cuttings taken from adult trees might be corrected by suitable treat- 
ments to improve the Vigor of the shoot bud on such cuttings. 

Buds of loblolly pine produced by tissue culture are adventitious 
and possess juvenile character. The adventitious buds may be obtained 
from seedling hypocotyl and stem sections and the adventitious buds 
themselves are capable of'successive rounds of new adventitious bud 
formation. The juvenile character of adventitious buds so produced 
holds great promise for vegetative propagation of adult trees. Proce- 
dures are now being tested for adventitious bud production from cul- 
tured parts of older trees. These buds develop on parts cultured after 
removal from influence of the adult mother tree, so they can be expected ' 

to revert to juvenile character. Once established, the adventitious 
buds could be used'in successive rounds of propagule generations in the 
short time and small space characteristic of tissue culture propagation 
of herbaceous plants (Ebrashige 1974). This would, of course, permit 
vegetative propagation of elite trees selected in the adult stage (fig.1). 

Adventitious buds can be obtained from continuously subcultured, 
disorganized callus cultures of aspen but there is evidence that clones 
produced in this way may not be uniform (Lester and Burbee 1977) and 
this might argue for bud production from excised tree parts rather than 
from subcultured callus. 

Propagule Evaluation in vitro -- 
It seems certain that the methods for rapid vegetative propagation 

of conifers on a production scale will soon be at hand. The capacity of 
rapid propagation brings with it the need for early and efficient testing 
for such-things as disease and pest resistance. An elite adult tree may 
have merely escaped certain diseases in its present site; the propagules 
may present a substantial hazard for other sites. Early selection for 
resistance in the laboratory on cultured tissues would permit tests for 

' 
disease resistance to keep pace with potential propagule production. 
Tissue culture may also provide a more tractable system for study of 
mechanisms of disease resistance, similar to the approach outlined 
earlier for rooting. 

We have succeeded in rearing southern pine beetle from eggs on a 
loblolly pine callus substrate (Mott and Thomas 1977). This system can 
now be used to study pest/host interactions and host resistance. Fusi- 
form rust resistance of young loblolly and slash pine seedlings and 



excised seedling parts can be identified in culture and the rust may 
also be cultured axenically (Amerson and Mott, in press). This opens 
the way for pathogen/host interactions and disease resistance mechanisms 
to be studied on this and other important diseases under controlled 
in vitro conditions. -- 
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