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ABSTRACT.--The e f f ec t iveness  of g i b b e r e l l i n s  a s  promotors 
of  f lowering i n  Cupressaceae and Taxodiaceae is  h i s t o r i c a l l y  
reviewed, emphasizing t h a t  t hese  groups of  p l a n t s  respond t o  
po la r  g i b b e r e l l i n s  and produce sexual  s t r u c t u r e s  a f t e r  exo- 
genous app l i ca t ion  of  GA3. Species i n  Pinaceae, on the  
o the r  hand, can be brought i n t o  f lowering wi th  non-polar 
g i b b e r e l l i n  t reatment$.  Admixtures of g i b b e r e l l i n s  appl ied  
with auxin; and s t imula tory  c u l t u r a l  t rea tments  such a s  - 
s t r angu la t ion ,  n i t r a t e  f e r t i l i z a t i o n ,  r o o t  pruning, o r  
drought s t r e s s  a r e  p a r t i c u l a r l y  succes s fu l .  Each spec i e s ,  
age, even each clone and each s i t e  may r e q u i r e  h ighly  

. " spec i f i cM t rea tments  i n  forms of  dosage l e v e l ,  frequency 
of  a p p l i c a t i o n ,  hormone mixture,  and adjunct  c u l t u r a l  
t reatment .  

In  t h i s  paper I  w i l l  d i s cuss  t h e  e f f e c t s  of c e r t a i n  o f  t h e  
g i b b e r e l l i n s  on flowering of young seed l ings ,  g r a f t e d  ramets,  and 
o lder  t r e e s  i n  t h e  Pinaceae. I w i l l  a l s o  g ive  you some h i s t o r y  of 
t he  work t h a t  went i n t o  obta in ing  t h e  r e s u l t s .  I do t h i s  f o r  two 
reasons:  One i s  t o  show you t h a t  t h e  induct ion ,  o r  promotion of 
flowering i n  Pinaceae i s  not  a simple procedure; g i b b e r e l l i n s  a r e  
not a pa t en t  medicine. You c a n ' t  j u s t  walk through a seed orchard 
and spray the  hormones on t h e  t r e e s  and s t and  back and wait  f o r  t h e  
flowering. I t  t akes  a knowledge o f  t h e  per iod  o f  "sexual1' d i f f e r -  
e n t i a t i o n ,  and may r equ i r e  o the r  c u l t u r a l  t rea tments  i n  add i t i on  t o  
t h e  hormones. Resul t s  from a given dosage r a t e ,  o r  app l i ca t ion  

l ~ h i s  paper draws heavi ly  on ind iv idua l  and co l l abo ra t ive  work by 
the  fol lowing;  A.  Dunberg, J ,  Glenn, G .  Kiss, C .  G .  Kuo, W. Morf, 
J .  Owens, R ,  M ,  Rauter,  G ,  Sweet, R .  Wample, and N .  Wheeler. 

2 ~ r o f e s s o r  of Botany, Dept. of Biology, Univ, o f  Calgary, Calgary, 
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STRUCTURES OF GIBBERELLINS 
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Fig. 1. St ructures  of 6 g ibbere l l ins  (GAS) known t o  promote flowering i n  
coni fers .  Interconversion occurs between GAS from a less-oxidized 
s t a t e  ( i . e . ,  GA7, GA9, and GA ) t o  a  more oxidized s t a t e '  
( i . e . ,  GAS) fungus, ( ~ i b b e r l f  l a  f u j  ikuroi  (Saw.) Wollenw. 
and higher p l a n t s  (see reviews by West, 1973, and MacMillan, 1974). 
A l l  except GA14 a r e  known t o  be na t ive  t o  higher p lan t s  and GA , 
GA , GA7, GA9, and GA14 can be produced i n  quant i ty  by G .  f u j i z u r o i .  
pathways of lnterconversion i n  t h e  fungus a r e  well-known, but a r e  
only now being ascer ta ined i n  higher p lan t s .  Figure taken from 
Pharis  e t  a l .  (1976). -- 



frequency may vary from year to year and from clone to clone. Each 
species may have specific requirements with regard to type, mixture, 
and dosage of hormone, timing of treatment, frequency of application, 
and best type of additional cultural treatment. 

A bit of history will also show that the hormones in question are 
discrete entities, not just a "class1' of chemical compounds called 
gibberellins of which 51 are currently known (for structure, see review 
by Pharis and Kuo' 1977) . 

Those of you who are not chemists or physiologists probably tend 
to think of auxins, cytokinins, and gibberellins as classes of hor- 
.manes, individual compounds within a class having the same effect. 
Especially with gibberellins, this is not the case, Different 
gibberellins have different effects, and it is probable that plants 
regulate growth and differentiation by controlling the level and 
type of endogenous gibberellin (and other hormones). 

The structures of six gibberellins known to promote flowering in 
conifers are shown in Fig. 1: Notice the presence or absence of the 
hydroxyl (-OH) group. The gibberellin that you can buy in the horti- 
cultural stores to put on your begonias is GAS; it has two hydroxyl 
groups on different rings. Another gibberellin, GAg, has no hydroxyl 
groups whatsoever. Gibberellins A4 and A7 (as a mixture) can be 
purchased in quantity from Plant Protection (ICI) Ltd., Fernhurt, 
Haslemere, Surrey, England. Gibberellin Ag is available in small 
quantities only for research purposes. The other gibberellins shown 
are not currently available. 

Gibberellins are either polar or non-polar, The polar gibberellins 
are those with two or more hydroxyl groups. The non-polar gibberellins 
have no (i.e., GAg) or only one hydroxyl (i.e,, GAq, GAS, or GA7) group. 
Hydroxyl groups are indications of the state of oxidation, Gibberellins, 
as potent hormones, may be !'gotten rid of" by the plant by oxidative 
metabolism. When you administer a gibberellin to a plant, one of its 
first reactions is to hydroxylate! The oxidative sequence goes from 
no or few hydroxyls to many hydroxyls--from a low state of oxidation 
to a high state of oxidation. 

Secondly, the plant may begin to conjugate the gibberellins with 
glucose and perhaps other sugars (or sulphur, or propyl or peptidyl 
groups). I think that many of our past studies on gibberellins in 
conifers have been failures, because conifers turn out to be extre- 
mely adept in getting rid of gibberellins (c.f, ~ H - G A ~  metabolism 
in Douglas-fir; Wample & a, 1975). 

Tree breeders need "sexy1I trees for breeding and seed production-- 
trees with lots of cones and lots of seeds. An example of this is 
shown for some ramets in a Douglas-fir seed orchard on Vancouver 



I s land .  These g ra f t ed  ramets flowered profuse ly ;  t h e r e  was only one 
t r o u b l e ,  they  died s h o r t l y  t h e r e a f t e r  from g r a f t  i ncompa t ib i l i t y .  
This profuse ,  o r  e a r l y  f lowering r e s u l t i n g  from s t r e s s  o r  trauma i s  
a  most important r e a c t i o n  exhib i ted  by most woody perennia l  p l a n t s .  
I t  (a) g ives  us  a  t o o l  by which we may study t h e  physiology and b io-  
chemistry o f  f lowering,  and (b) o f f e r s  u s  an ad junct  t reatment  by 
which we may "amp1 i f y l '  hormone-induced f lowering,  

The h i s t o r y  o f  g ' ibberel l ins  i n  t h e  f lowering of  c o n i f e r s  began 
with t h e  Japanese work ( Y .  Kato and H .  Hashizume; s e e  review by 
Phar i s  and KUO 1977) on spec i e s  of  Cupressaceae and ~ a x o d i a c e a e -  i n  
1956 and 1957. A s  examples o f  t h e  high e f f i c a c y  of  GAS wi th in  t h e s e  
f a m i l i e s ,  a  s eed l ing  of Thuja p l i c a t a  only 4 cm high can be made t o  
produce s taminate  s t r o b i l i ;  an ovu la t e  s t r o b i l u s  was produced on a  
3-month-old Sequoiadendron seedl ing;  and f o r  ~ u ~ r e s s u i  a r i z o n i c a ,  
'a 12-month-old p l a n t  sprayed with GA3 over a  'per iod of s eve ra l  months, 
produced 8,007 s t r o b i l i  out  of  8,090 meristems. These c o n i f e r s ,  by 
t h e  way, a r e  n i c e  t o o l s  f o r  t h e  p h y s i o l o g i s t ;  on j u s t  one p l a n t  
t h e r e  can be 8,000 t o  10,000 meristems, most of  which can be t r a n s -  
formed quick ly  from t h e  vege ta t ive  t o  reproduct ive  s t a t e .  

I n  add i t i on  t o  being llsexyrt hormones, g i b b e r e l l i n s  i n  c o n i f e r s  
do a  l o t  o f  o t h e r  t h i n g s ,  A s  endogenous hormones, they  a f f e c t  stem 
e longat ion  and diameter growth, and exogenous a p p l i c a t i o n s  of  var ious  
g i b b e r e l l i n s  w i l l  i nc rease  in te rnode  e longat ion ,  a f f e c t  t h e  a p i c a l  
form and a p i c a l  dominance (enhance o r  decrease ,  depending upon t h e  
s p e c i e s ) ,  and inc rease  diameter  growth and shoot  dry  weight (see 
review by Pha r i s  (1976a) and Phar i s  and Kuo (1977),  

Thus, we a r e  looking a t  hormones t h a t  a r e  n a t i v e  t o  c o n i f e r s ,  and 
do a  l o t  o f  t h ings  bes ides  making c o n i f e r s  In f a c t ,  t hey  
appear t o  do most, i f  no t  a l l ,  of t h e  vege ta t ive  growth "jobs" before  
doing any "reproduct ive work," One can perhaps gene ra l i ze  t h a t  
g i b b e r e l l i n s  a r e  Itsexy hormonesIt only a f t e r  they  have accomplished 
c e r t a i n  vege ta t ive  growth processes;  only a f t e r  they  b u i l d  up t o  
a  c e r t a i n  t h re sho ld  concent ra t ion  do they  cause sexual  d i f f e r e n t a t i o n .  
I propose t h a t  i n  t h e  juven i l e  p l an t  t h e  g i b b e r e l l i n s  a r e  preferen-  
t i a l l y  used f o r  vege ta t ive  purposes,  sexual  ma tu r i t y  occurr ing  when 
t h e r e  a r e  enough g i b b e r e l l i n s  l e f t  ove r ,  This  w i l l  g ene ra l ly  occur  
on t h e  odd meristem he re  and t h e r e ,  and only  i n  t h e  case  of  s t r e s s  
w i l l  a  young c o n i f e r  f lower p ro fuse ly ,  In  each case--normal maturat ion,  
o r  s t ress - induced  f lowering--I  propose t h a t  t h e  f lowering i s  caused by 
" le f t -over t1  endogenous g i b b e r e l l i n s  t h a t  have not  been used o r  cannot 
be used f o r  vege ta t ive  growth, 



We knew from t h e  e a r l y  work of  t h e  Japanese,  and from our  own 
work, t h a t  we could r e a d i l y  ge t  ~ u ~ r e s s a c e a e  and Taxodiaceae t o  f lower 
with g i b b e r e l l i n  Ag. We a l s o  knew t h a t  o t h e r  g i b b e r e l l i n s  were 
e f f e c t i v e  f o r  t h e s e  two f a m i l i e s .  But Pinaceae spec ies  would not  
flower i n  response t o  g i b b e r e l l i n  Ag. Furthermore, c e r t a i n  s t r e s s ,  
o r  c u l t u r a l  t rea tments  t h a t  a r e  successfu l  on Taxodiaceae and 
Cupressaceae work well  i n  Pinaceae (see L i t e r a t u r e  Cited i n  Phar i s  
(1976) ) , t hus  l e n d h g  credance t o  a  "common cause". Now. what a r e  - 
some b f -  t h e  p o s s i b l e  reasons f o r  t h i s  conundrum? 

F i r s t ,  t h e  growth h a b i t  o r  a  meristem product ion h a b i t  i n  
~ u ~ r e s s a c e a e  and Taxodiaceae spec i e s  i s  inheterminant .  In  o t h e r  
words, about every 15 t o  30 days a  new meristem i s  produced. Thus, 
10 t o  20 times a  year  each a c t i v e l y  growing meristem has a  "chance" 
t o  i n i t i a t e  a  reproduct ive s t r u c t u r e  from a previous ly  vege ta t ive  
merisfem (see Owens and Phar i s  1967, 1972),  

Thus, i n  t h e  Cupressaceae and Taxodiaceae, we have access  t o  
l a r g e  numbers of  meristems t h a t  a r e  con t inua l ly  t u rn ing  over and 
making themselves a v a i l a b l e  t o  poss ib l e  hormonal e f f e c t s  r e s u l t i n g  
from exogenous hormone a p p l i c a t i o n .  In  most Pinaceae spec i e s ,  on 
the  o the r  hand, meristelns can only be induced once a  yea r ,  and t h e  
per iod  of  poss ib l e  induct ion  t a k e s  p l ace  during a  few weeks. During 
these  few weeks, then ,  i t s  l a t e r a l  primordia a r e  t r y i n g  t o  "decide" 
whether they  w i l l  be l a t e r a l  vege ta t ive ,  l a t e r a l  " la ten t" ,  w i l l  a b o r t ,  
o r  whether t hey  w i l l  become reproduct ive .  This ,  then ,  i s  t h e  time 
one has t o  h i t  them with t h e  message, t h e  hormonal s i g n a l .  Perhaps 
many of our  p a s t  experiments with hormone a p p l i c a t i o n  missed t h e  
" d i f f e r e n t i a t i v e "  s t age .  In  essence,  an e f f e c t o r  t reatment  t h a t  w i l l  
induce sexual  d i f f e r e n t i a t i o n  i n  t h e  Pinaceae i s  doing so by a c t i n g  
upon p re -ex i s t i ng ,  u n d i f f e r e n t i a t e d  primordia (Owens and Molder 
1975), un l ike  Cupressaceae and Taxodiaceae whose reproduct ive 
s t r u c t u r e s  a r e  i n i t i a t e d  from previous ly  vege ta t ive  meristems. 

In add i t i on  t o  t h e  wrong t iming i n  our  experiments with Pinaceae 
spec ies ,  we may have had t h e  wrong g i b b e r e l l i n  ( i , e , ,  perhaps GA3 
was a "flowering" g i b b e r e l l i n  i n  Cupressaceae and Taxodiaceae, bu t  
not i n  Pinaceae) ,  We t h e r e f o r e  went back and looked a t  s i t u a t i o n s  
t h a t  would allow us  t o  determine whether we had t h e  r i g h t  o r  wrong 
g i b b e r e l l i n s ,  

We examined c u l t u r a l  t rea tments ,  which o f t e n  (but no t  always),  
when used a s  t h e  s o l e  t rea tment ,  cause f lower ing ,  There a r e  a  number 
of these :  s t a r v a t i o n ,  n i t rogen  o r  phosphorus f e r t i l i z a t i o n ,  g i r d l i n g  
o r  s t r angu la t ion ,  roo t  pruning, drought s t r e s s ,  n i t r a t e  f e r t i l i z a t i o n  
( in  Douglas-f i r ,  a t  l e a s t )  a r e  good examples, In t h r e e  sepa ra t e  t e s t s  
we appl ied c e r t a i n  of t h e s e  c u l t u r a l  t rea tments  t o  t r e e s  and then  
determined t h e  endogenous g i b b e r e l l i n s  of con t ro l  versus t r e a t e d  t r e e s ,  



In Cupressus arizonica we repeated (Kuo 1973) the classic work 
of Lyr and Hoffman C1964), inducing both male and female flowering . 
on Cryptomeria japonica by nitrogen starvation. In Douglas-fir, 
flowering can be promoted with either drought stress or calcium 
nitrate fertilization (Ebell 1967, 1972). On a low nitrogen site, 
Dr. Ebel fertilized a stand of Douglas-fir trees with calcium nitrate. 
Buds were sampled from treated and untreated trees, freeze-dried, 
extracted, analyzed for endogenous gibberellins, and the results 
correlated,with induced flowering. Finally, Douglas-fir seedlings 
were subjected to drought stress. 

In each experiment trees given the tfflower-inducing" cultural 
treatment had large ?mounts of non-polar gibberellins compared with 
the controls. Conversely, the later fractions, the GA3-like fractions 
and other more polar "bioassay active1' fractions, were lower in trees 
that flowered and higher in the control trees that stayed vegetative. 

So, three different cultural treatments produced similar results. 
Now, remember that trees that build up non-polar gibberellins are 
possibly trees that are not able to metabolize (i,e,, hydroxylate) 
these non-polar gibberellins to more polar gibberellins. Thus, 
there may be a blockage of oxidative metabolism (or else increased 
synthesis over and above the ability of the tree to readily inter- 
convert the extra quantities). 

With these results in mind, we went into the seed orchards with 
an increased spectrum of gibberellirs, We applied polar GA3 (which 
we knew did not work from earlier experiments) as well as a number of 
the non-polar gibberellins CGA4, GA7, GAgr GAS) to grafts and seedlings 
of Douglas-fir and seedlings of lodgepole pine, The results were 
spectacular, to say the least (see appropriate figures and tables in 
Ross and Pharis (1976), Pharis et al, (1975), Pharis et al, (1976), 
Pharis 1975), Pharis and Kuo (1977)), Non-polar gibberellins, 
especially the GA4/7 misture with GAg, and a low concentration of 
the auxin, NAA, causes highly significant flowering--GAS is essentially 
ineffective! These earlier results have now been extended to a number 
of other Pinaceae species (see review by Pharis and Kuo 1977). 

The strobili induced by the non-polar gibberellins can be manipul- 
ated with regard to sex. In Douglas-fir, high auxin concentrations 
promote male cone differentiation, low auxin increases females (just 
the opposite from what one would expect from work with herbaceous 
plants.). We don't yet understand why this is the case, but for 
Douglas-fir, at least, work by Dr. S. D. Ross of Weyerhaeuser has 
confirmed this phenomenon in many experiments. 



Thus, i n  t h e  Pinaceae we have only a  s i n g l e  per iod ,  perhaps 6 
t o  10 weeks, t o  l ' t e l l "  prev ious ly  undetermined buds what they  a r e  
t o  become, whether t o  be male o'r female, vege ta t ive ,  l a t e n t ,  o r  t o  
abo r t .  An e f f e c t i v e  t reatment  during t h i s  6- to-10-week per iod  may 
r e q u i r e  t h a t  a  c e r t a i n  threshold  concent ra t ion  of hormone be main- 
t a ined  during t h e  e n t i r e  per iod ,  and f u r t h e r ,  t h a t  photosynthate 
and o t h e r  n u t r i e n t s  be r e a d i l y  a v a i l a b l e ,  no t  only during t h e  6 t o  
10 weeks of  e a r l y  d i f f e r e n t i a t i o n ,  but  subsequently a s  wel l .  I f  
any of  t hese ,  "prom6tive f ac to r s "  i s  not  maintained a t  an appropr ia te  
l e v e l ,  sexual d i f f e r e n t i a t i o n  ceases  and abor t ion ,  o r  increased 
"latency" may occur ,  

Now, what about j u v e n i l i t y  per - s e ?  I n i t i a l l y ,  ou r  r e s u l t s  were 
bes t  on sap l ings  o r  p - i f t e d  ramets,  and n i l  on young seedl ings .  
Some of  Dr. .Ross1s e a r l y  work with 4-year-old seed l ings  showed only 
a  non-s igni f icant"  tendency" f o r  GA4/7 mixture t o  promote f lowering.  
But, when he used c u l t u r a l  t rea tments  i n  add i t i on  t o  t h e  GA4/7 
mixture,  flowering was appreciably enhanced on young seed l ings .  

I f  one wants t o  ge t  young seed l ings ,  o r  r e c a l c i t r a n t  g ra f t ed  
clones t o  f lower,  I  recommend most s t rong ly  t h e  use  of  a  GA4/7 
mixture with an auxin t reatment  and an add i t i ona l  c u l t u r a l  t r e a t -  
ment (such a s  modest water s t r e s s ,  n i t r a t e  f e r t i l i z a t i o n ,  o r  non- 
d e s t r u c t i v e  cambial g i r d l i n g ) .  I  f u r t h e r  recommend f u t u r e  l oca t ion  
of a l l  seed orchards i n  warm, sunny loca t ions  ( e spec i a l ly  during 
e a r l y  d i f f e r e n t i a t i o n )  where modest water s t r e s s  i n  spr ing  can be 
a l l e v i a t e d  by i r r i g a t i o n  i n  summer. 

One of our  more recent  s t u d i e s  i n t o  j u s t  how a  c u l t u r a l  t r e a t -  
ment may " a s s i s t "  t h e  GA4/7, o r  may cause f lowering on i t s  own, was 
done by D r .  A .  Dunberg, a t  t h e  Royal College of  Fores t ry  i n  urn&, 
Sweden on Picea a b i e s .  Grafted ramets o f  Picea ab ie s  can o f t e n  be -- -- 
made t o  flower by surrounding them with p l a s t i c  on a  l i g h t  frame. 
Dr. Dunberg a l s o  got flowering with t h e  non-polar g ibbe re l l i n s - -  
the GA4/7 and GAg treatment  being most e f f e c t i v e .  Thus, a s  with 
Douglas-f i r ,  a  non-hormonal l tflower-inducingl '  c u l t u r a l  t reatment  
ex i s t ed  f o r  P .  a b i e s ,  and P .  ab ies  a l s o  responded t o  t reatment  with - -  
non-polar g ibbere l  1 i n s .  

Trees surrounded by p l a s t i c  were given a  r ad ioac t ive  g i b b e r e l l i n  
(3H-GAq) of very high s p e c i f i c  a c t i v i t y  ( i , e , ,  t h e  a c t u a l  amount of 
G.A4 was so low a s  t o  be metabolized by t h e  t r e e  a s  if it were a  
' 'native" g i b b e r e l l i n ) ,  The GA4 was not  enough f o r  t h e  t r e e  t o  "see" 
phys io logica l ly ,  but  was r ad ioac t ive  enough f o r  us  t o  s ee  i n  terms 
of how the t r e e  metabolized i t .  Af ter  48 t o  96 hours of incubat ion 
in  the  f i e l d ,  e x t r a c t s  of con t ro l  and " p l a s t i c - t r e a t e d t t  branches 
were made and analyzed by gas chromatography-radiochromatogram 
scanning. Under condi t ions  t h a t  cause f lowering ( i , e , ,  p l a s t i c  on 
frames),  metabolism of 3H-GA4 t o  more p o l a r  g i b b e r e l l i n s  was depressed,  



r e l a t i v e  t o  metabolism i n  cont ro l  branches. Thus, a c u l t u r a l  t r e a t -  
ment t h a t  causes flowering, r e s u l t s  i n  a build-up of the  non-polar 
GA4, r e l a t i v e  t o  non-flowering contro l  branches--a s i t u a t i o n  analogous 
t o  the  work on endogenous g ibbere l l ins  of  Doulas-f ir  and Cupressus , 

ar izonica  given flowering promotive c u l t u r a l  treatments! 

Some other  examples of flowering promotion i n  Pinaceae species  a r e  
a s  follows : 

Pinus cdntor ta  graf ted  ramets. TRe GA4/7 mixture dripped onto the  
bud; Prince George, B . C . ,  N .  Wheeler, B . C .  Forest Service,  Research 
Division. For the  t r e a t e d  terminal shoot,  frequency of flowering: 

, .control-33%; low GA4/7--54%; high GA4/7--42%. Notice, the  supraoptimal 
e f f e c t  of GA4/7. I f  de look a t  t h e  number of  females: 0.67--control;  
1.79--low GAqI7; 1.17--high GA4/7. Again., the  supraoptimal e f f e c t .  
But, i f  we look now a t  females on l a t e r a l  branches adjacent  t o  the  
t r e a t e d  shoots: control--17%; low GA4/7--21%, high GA4/7--25. I f  
we look a t  number of females on adjacent l a t e r a l  branches: 0.17-- 
'control ;  0.71--low GA4/7; 0.67--high GAqI7. I f  we look a t  a l l  o the r  
branches on the  ramets, flowering frequency i s  control--25%; low 
GA4j7--29%; high GA417--38%. Number of flowers f o r  " a l l  o ther  branches" 
of  t h e  ramet: 1.08--control;  1.04--low GA4/7; 1.54-GAq17. And, i f  
f o r  t h i s  experiment we p u l l  a "sexytt clone out ;  (SK5) clone comes ou t :  
For t r e a t e d  terminals ,  con t ro l - - l l%,  low GA417--27%, high GA4/7--37%; 
f o r  number of  females on the  te rminals ,  control--0.18, low GA4/7--0.55, - 
high GA417--0.82. 

Picea glauca g ra f t ed  ramets. Work by G .  Kiss, B . C .  Forest Service ,  
Research Division, Prince George, B . C .  shows a female flowering f r e -  
quency o f :  control--0 out  of  48; low GA4/7--7 out  of  48 females; high 
GA417--5 out of 48. For number of female s t r o b i l i  ( t o t a l ) :  control--  
0.0; low GA4/7--15.0; high GA4/7--14.0. But, because of  t h e  adjunct 
g i rd l ing  treatment many branches were l o s t  t o  snow breakage. For 
example, cont ro l  without girdl ing--0 of 48 branches l o s t ;  cont ro l  with 
girdl ing--15 out of 48; low GA4 7--15 out  of 48; high GA /7--21 out  i f of 48 branches l o s t .  However, a though we l o s t  almost ha1 of the  
branches i n  the  high GA4/7 treatment,  we s t i l l  got reasonable flowering 
( i . e . ,  14 females).  

S imi lar ly  good r e s u l t s  on P ,  glauca were obtained by R .  M .  Rauter 
(using GAq on graf ted  ramets) Tn both 1976 and 1977, and i n  an experi-  
ment on 55-year-old P. glauca t r e e s ,  GA417 p lus  auxin p lus  g i rd l ing  
proved t o  be an e f f e c t i v e  treatment,  cont ro l  flowering being e s s e n t i -  
a l l y  zero. 



In summary, flowering promotion in many Pinaceae species is now 
a reality, using certain of the non-polar gibberellins, especially in 
admixture, and with an auxin and adjunct ''cultura1"treatments. How- , 

ever, each species, each age, each clone, and each site (i.e., geo- 
graphic location) may have to have highly "specific" treatments (in 
terms of dosage level, frequency of application, hormone mixtures, 
and adjunct cultural treatments) developed to insure success. Results 
thus far lead me to'strongly recommend the "hormonalf1 approach for the 
breeder, but it is still too early to make such a recommendation to 
the seed orchard manager--much additional research work is required 
in this latter area. 
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