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ENDOGENOUS GIBBERELLINS OF DOUGLAS FIR 
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vegetative shoots of coastal (var. menziesii) and inland (var. glauca) varieties of Douglas fir (Pseudotsugu 
menziesii). Chromatographic data suggest that GA3 is also the predominant gibberellin in male pollen cones 
of var. gluuca. Bioassays of fractions eluted from silicic acid columns showed that vegetative shoots from the 
coastal and inland varieties contained at least three GA-like compounds in addition to GA3. The male pollen 
cones contained at least four additional GAS. The faster-growing coastal variety contained ten times 
more W&))Le ZhaD time mire s>ow)v~rotin~I&~d YtieJv, S)xx& d BDZ~-&> trees oY t)x?jdmd vtie$y 
contairedfive times more GAEO&xn fjssue from $5~yr-olb frees. 

INTRODUCTION 

GIBBLBLLIIS +IX+Z 6~~1 +~tii-& in gg~H% and di5mwtikcim~ ~WCYSSS of a ‘IIsst^h d 
conifcq FEW&,’ -9 ?& $!%2?&%&!! V&YS+zi~~%S +&%x Q &.~~ x+&&2& & V3~~&~I %ZW.?& cslf 
larch (Larix leptoleptis L. and L. decidua L.), lo* ” Arizona cypress (Cupressus arizonica 
Greene), I2 Cryptomeria japonica, I3 Douglas fir (Pseudotsuga menziesii var. menziesii),14 
berries of juniper (Juniperus chinensiss), j5 &~&ping embryos of pine (Pinus je@eyi Grev 
and Balf., P.ponderosa Law. and P. lambertiana Dougl.)16 and pollen” and vegetative shoots” 
of pine (P. silvestis L.). Michniewicz” reports that there are seasonal changes in the levels of 

gibberellin-like substances in pine and larch, and that the period of intensive growth is 
associated with high GA levels and diminished inhibitor levels. Tree age and relative 
growth rates were correlated with GA levels. 

* Reseat address: -Dqattcneaf df A&cd[fura[ ~eaiist~,Xtilver&! o~-Na9sua,lua9sya,Sapan. 
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TABLE 1. ORIGINANDTYPEOFD~UGLASFIRTISSLESANALYSED 

Tissue Dry wt. Age Origin Variety 

Elongating vegetative shoots 
Elongating vegetative shoots 
Elongating vegetative shoots 
Male pollen cones 
Elongating vegetative shoots 

2.0 kg 
2.4 kg 
1.24 kg 
2.6 kg 
0.36 kg 

30 yr Vancouver Island menziesii 
8-10 yr Elko, S.E. British Columbia glauca 
45 yr Kananaskis, W. Alberta glauca 
45 and 80 yr Kananaskis, W. Alberta glauca 
80 yr Kananaskis, W. Alberta glauca 
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FIG. 1. BIOASSAYS OF A SILICIC ACID PARTITION CHROMATOGRAM OF THE PURIFIED ACIDIC, EtOAc- 
,SOLUBLEFRA(JTIONFROM~~~~~OFVEGETATMZTISSLJE FROM 30-yr-old D~UGLASFIRTREESGROWING 

ONVANCOUVERISLAND,BRITISHCOLUMBIA. 

Dilutions as follows: Barley aleurone bioassay-fractions 5-9 x 20, other fractions x 200; Rice 
microdrop bioassay-fractions 12 and 13 x 300, other fractions x 100; d-5 Dwarf maize bioassay- 
fractions 12 and 13 x 150, other fractions x 50; Progress No. 9 Dwarf Pea Bioassay-fractions 12 
and 13 x 240, other fractions x 80; Cucumber bioassay-fractions 1 l-l 5 x 100, other fractions x 50. 
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This paper reports the extraction and detection of GA3 and several other gibberellin-like 
compcounhs9rom eSon$a%w ~e~~,vesb~drs~D~~~~fu'~~~~03~~~~ages~~~~~~ 
different geographic locations. The endogenous GA’s of male Douglas fir pollen cones were 
also investigated. 

RESULTS 

Following methanolic extraction of the Douglas fir tissues listed in Table 1, the acidic, 
ethyl ac&&~e-s&Me &&c&n from e.~h tissue was puri&-d by corm&~c~rrt~& histrib~~iurr 
and G-10 Sephadex column chromatography prior to chromatography on a silicic acid 
partition column. Twenty-five fractions were collected and each was tested for gibberellin- 
Ii ke act+& in a number of bioassaiy systems. 

Barley aleurone bioassay 

C-10-2 

'-3x10-3 

C-10-3 
k-- Control 

I 3 5 7 9 II 13 15 17 19 21 23 25 

Fractian No. 

If FIG. 2. BIOAS~AYS OF A SILICIC ACID PARTITION CHROMA~RAM OF THE PURIFIED ACIDIC, EtOAc- 
~L~EL~FRa~ONFROM~~k~U~~~~~TTSFUEF1(CIM8-~~-~~-O~d~trmasRRTReESGRO~NG 

AT ELKO, S.E. BRITISH COLUMBIA. 
Dilutions as follows: Barley aleurone bioassay-all fractions x 22 ; Cucumber bioassay-fractions 

l-11,17-22 and 25 x 1.5. 

The results of the bioassays are shown in Figs. 14. In all extracts the main peak of bio- 
logical activity was detected between fraction 12 and 15. Gibberellin AS is eluted from the 
silicic acid column in this zone. It was further suggested that this compound was GAS by 
the fact that TLC followed by a barley aleurone bioassay revealed activity at an Rs similar 

to that of GAS, and GLC of the trimethyl silyl (TMS) ether on a 2 % SE-30 cohmm gave a 
peak with the same retention time as GA3. Attempts to obtain a peak corresponding to GAS 
on a 2% QF-1 column were unsuccessful. This was probably due to the small amounts of 
GA3 ;aod <be pa;rf4 d%g~&.a&~ of the GA>-TMS ether during its relatively 1~~s tetenian 
time con tie ctiumn. 

The GAS peak in each extract was tested at IOO-, 200-, 500-, lOOO- and 5000-fold dilutions 
on the barley aleurone bioassay. The quantitative GAJkg estimates for lyophilized tissue 
are as follows: 30-yr-old Vancouver Island trees-115 pg, 8-lO-yr-old trees from S.E. 
British Columbia&g J.L~, 45-yr-old vegetative tissue from w. Alberta-l-2 pg, 8@yr-old 
material from W. Alberta-g-8 pg and 4% and 80-yr-old male pollen canes from W. 
Alberta-l.65 pg. In addition to variation in GA3 levels, there were small, but noticeable, 
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differences in the types of gibberellin-like compounds present in the various tissues (Figs. 

l-4). 
The tissue from 30-yr-old Vancouver Island trees (Fig. 1) had a band of low activity in 

fractions 5-9 (barley aleurone), and peaks in fraction 1 (cucumber), fraction 3 (rice) and 
fractions 4 and 5 (cucumber). The extract of lo-yr-old SE. British Columbia trees (Fig. 2) 
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FIG. 3. BIOASSAYS OF A SLICK ACID PARTITION CHROMATOGRAM OF THE PURIFIED ACIDIC, EtOAc- 
SOLUBLE FRACTION FROM 1.24 ~~oF~EGETAT~VE~~~~ FROM 45-yr-oId DOUGLASFIRTREESGROWING 

AT KANANASKIS, W. ALBERTA. 

Dilutions as follows: Barley aleurone bioassay-all fractions x 200; Rice microdrop bioassay- 
all fractions x 100; d-5 Dwarf maize bioassay-all fractions x 50; Progress No. 9 dwarf pea 

bioassay-all fractions x 80. 

contained activity in fractions 1 and 2 (cucumber), and a peak in fractions 23 and 24 (barley 
aleurone) that was not detected in any of the other tissues. The vegetative tissue from 45-yr- 
old W. Alberta trees (Fig. 3) contained peaks in fraction 2 (d-5 maize) and fraction 4 (barley 
aleurone). The male cones (Fig. 4) showed significant activity in fraction 7 (barley aleurone 
and rice), fractions l-5 (rice) fractions 1-4, 6-10 and 20 (pea). The barley aleurone and rice 
bioassays detected only the GA, activity in fractions 13 and 14 in the extract from 80-yr-old 
vegetative shoots from W. Alberta. 
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FIG. 4. BIOA~~AYS OF A SILICIC ACDD PARTITION CHROMATOGRAM OF THE PURIFIED ACIDIC, EtOAc- 
SOLUBLE FRAC~ON FROM 2.6 kg OF MALE WLLEN CONES FROM 45 AND SO-yr-old DOUGLAS rm TREES 

GROWING AT RANANASKIS, W. ALBERTA. 

Dilutions as follows: Barley aleurone bioassay-fractions 5 and 6 x 20, other fractions x 200; Rice 
microdrop bioassay-all fractions x 100; d-5 Dwarf maize bioassay-all fractions x 50; Progress 

No. 9 dwarf pea bioassay-all fractions x 80. 

DISCUSSION 

The vegetative Douglas fir tissues were sampled at essentially the same stage of elongation 
after bud-break. Ignoring temporarily the age differences of the samples, it is of interest 
that there is a correlation between relative growth ratesrB* I9 and levels of endogenous GA3. 
Rapidly growing trees (var. menziesii, Vancouver Island) contained an estimated 115 pg of 
(t?A,)s, ihe s)DWH&T.Dti&‘,s Yar,&fl!.Q~FDm %% Bz?tjs)l co)lJmti& 4 tD ~,A&‘&_& Zd the 

very slow growing var. glauca from W. Alberta contained only l-2-98 pg of GAJkg. The 
only tissues from the same location that differed in age were the 45 and 80-yr-old var. glauca 
samples from W. Alberta. The older tissue contained 9-8 pg of GA,/kgand the younger shoots 
con@ ‘1% ,u>. T%s ‘1s Btitiar 10 resu’lls o%&neh b_~ M’xS~exhP w’itn Isinus $nm~fix 

However, there are a number of variables which should be kept in mind when evaiuating 
these quantitative differences in GA, concentrations. The trees from SE. British Columbia 
were sexually immature (i.e. juvenile), those from Vancouver Island were just entering 

18 R. E. MCCARDLE, W. H. MEYER and B. DONALD, U.S. Dept. Agr. Tech. Bull. 201, 74 (1949), cited in 
U.S. Dept. Agric. Forest. Serv. Agric. Handbook No. 21(1965). 

l9 R. R. SILEN and L. R. WOIKE, Proe. N. W. For. and Range Expt. Res. Sta. Res. Paper No. 33 (1959). 
155 
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sexual maturity, but bore few strobili, while the W. Alberta trees were flowering profusely. 
It is possible that the presence or absence of a heavy cone crop could affect the concentra- 
tion of GA’s in vegetative shoot tissue. A correlation does exist between heavy cone produc- 

tion and reduced vegetative growth of Douglas fir.*O 
There appear to be qualitative differences in GA’s with age, with locality sampled and 

with tissue differentiation. However, all determinations other than that for GA3 are by 
bioassay, and ihe presence of inhibitory substances may well preclude the detection of low 
levels of certain GA’s. 

The main GA in Arizona cypress is GA,‘**i4 and it is possible to induce precocious 
“flowering” in this confer with GA3 treatment. 6 The major gibberellin in both vegetative 
and reproductive tissue from 45-yr-old trees growing in W. Alberta, also appears to be GA, 
(Figs. 3 and 4). Gibberellin A, has been tested on Douglas fir in numerous experiments 
but no “flowering” response has been observed. 2’ It is therefore possible that unlike the 
situation in Arizona cypress, GA, is not intimately involved in strobilus induction in 
Douglas fir. However, the spectrum of endogenous GA-like compounds in the vegetative 
and reproductive Douglas fir tissues is somewhat different (Figs. 3 and 4), so perhaps a 
GA other than GA, is effective in the induction process. Alternatively strobilus induction 
could be brought about by an interaction between GA and other co-factors or hormones. 
More detailed studies will, however, be necessary before the role(s) of GA in strobilus 
initiation of Douglas fir can be determined. 

EXPERIMENTAL 

Tissue 

New vegetative shoots from the upper crown of Douglas fir trees were collected during the stage of most 
rapid elongation and before new buds were visible to the naked eye. The male strobili were collected 5 days 
before the shedding of pollen. Trees were felled, the tissue was cut and then frozen immediately with liquid 
Nz or dry ice. Further information is given in Table 1. 

Extraction, Purification and Chromatography 

A detailed description of the techniques used are reported by Crozier et aI. Each batch of tissue was 
extracted twice with 75”A methanol (1 I./100 g tissue). The methanolic extracts were combined. reduced 
to the aqueous phase in &uo and partitioned against EtOAc at pH 8.0 and then at pH 2.5. The crude acidic 
extracts were then purified by countercurrent distribution and G-10 Sephadex column chromatography prior 
to being placed on a silicic acid partition column. The column was eluted with a gradient of increasing con- 
centrations of EtOAc in n-hexane .23 Twenty-five fractions were collected and taken to dryness before being 
tested for gibberellin-like activity in several bioassays. 

Bioassays 

Eluates from the silicic acid partition column were tested for gibbereliin-like activity in the barley aleurone 
a-amyiase,zd “Tanginbozu” dwarf rice microdrop, d-5 dwarf maize,26 Progress No. 9 dwarf pea27 and 
cucumber hypocotyF* bioassays. The results are plotted as histograms (Figs. 14) and the shaded areas 
indicate activity that is significant at the 5 ‘A level. 

20 S. Ers, E. H. GO~MAN and L. F. EBELL, Can. J. Botany 43,1553 (1965). 
21 R. P. PHARIS, unpublished data. 
22 A. CROZIER, H. AOKI and R. P. PHARIS, J. Exatl. Botanv 20,786 (1969). 
23 L. E. POWELL and K. J. TAUTWDAS, N&e 213,292 (1967). 
24 R. L. JONES and J. E. VARNER. Planta 72.155 (1967). 
*s Y. MURAKAMI, Botan. Mag. Si, 100 (1968). ’ 
26 B. 0. PHINNEY and C. A. WEST, in Handbuch Pflanzenphysiol. 14, 1184 (1961). 
27 D. KOHLER and A. LANG, Plant Ph_vsiol. 38, 555 (1963). 
2* P. W. BRIAN, H. G. HEMMING and D. LOWE, Anal. Botany London 28,369 (1964). 
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Thin-layer Cfzromafograptly 

Portions of the biologically active zones from the silicic acid column were rechromatographed on @25 mm 
layers of Kieselguhr G with CC&HOAc-HZ0 (8 : 3 : 5). The plates were equilibrated in upper phase for 
36 hr, then developed in lower phase plus 20% EtOAc .zs Developed chromatograms were air dried, zones 
corresponding to @l Rf units were scraped off the plate and eluted three times with wet EtOAc. The combined 
eluates were taken to dryness, dissolved in distilled water and tested for gibberellin-like activity with the barley 
aleurone bioassay. For reference purposes standard gibberellins were run along side extracts and their loca- 
tion determined, after scraping olI the chromatographed extracts, by spraying with H2S04/HZ0 (?:3) and 
heating at 120”. 

Gas-liquid Chromatography 

GLC was carried out on 2 % SE-30 and 2 % QF-1 columns according to the method of Cave11 et aZ.30 
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