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Abstract-The summer bud exudate of two plants of P. lasrocarpa analysed by GC/MS lacked the flavonoid aglycones 
and substituted benzoic and phenohc acid esters charactenstic of other poplar species. Other compounds, such as 
syringaldehyde, syrmgtc acid and shikimic acid, not previously identified m bud exudate of other poplar species were 
found, as were catechin, catechol, qumic acid and salicin, compounds not normally present m poplar bud exudate. The 
exudates from the two sources differed considerably m detailed composition. 

INTRODUCTION 

The bud exudate of Populus lastocarpa Oliv. 1s unusual m 
that it lacks the flavonoid aglycones commonly present m 
poplar species [l, 21 Studies of the winter bud exudate of 
P lusrocarpa by Asakawa et al. [2,3] by TLC identified 
three novel phenolic triglycerides (lastocarpin A, Band C) 
as major components of bud exudate but did not report 
other components. We here report the composition of 
summer bud exudate of P laslocarpa as assessed by 
GC/MS and observe that the exudate is of unusual 
composition. Different plants appear to produce bud 
exudate which show not only qualitative differences but 
also large differences m quantitative composttion. 

RESULTS AND DISCUSSION 

Analysts of bud exudate by GC/MS showed some 60 
compounds, including sugars, aromatic acids, benzalde- 
hydes and aliphatic and non-aromatic cyclic acids. The 
major aromatic compounds identified in P. laszocarpa 
from Alice Holt and from Westonbirt are listed in Table 1 
and the ahphatic and cyclic acids m Table 2. A portion of 
the chromatograph which contains the majority of com- 
pounds listed m Tables 1 and 2, is shown m Fig. 1. 

The bud exudate is unusual in that whereas there are 
none of the characteristic poplar bud exudate flavonoid 
aglycones present [ 1,4-71, catechin [( +)- 3,5,7,3’,4’- 
flavanpentol] occurs m both plants examined. We have 
previously observed catechm only in bud exudate of P. 
yunnanensrs Dode, one of the Asiatic balsam poplars 
(unpublished data). The bud exudate of P. lasiocarpa is 
also unusual in that the substituted benzoic and phenohc 
acids found in other poplar species [S-7] are essentially 
lacking, although traces of prenyl (E)-isoferulate and 
prenyl (E)-caffeate do occur m the Westonbirt plant. 
Furthermore compounds occur in one or both clones 
which are either unusual (catechol, chlorogemc acid, 
quimc acid, sahcm) or which do not occur (shikimic acid, 
syrmgic acid, syringaldehyde) in the bud exudate of other 
poplars which we have examined by GC/MS [P. alba L., 

P. balsamlfera L., P. deltoides Marsh, P. heterophylla L , 
P nigra L., P. tremula L., P. tremuloides Michx., P. 
trichocarpa Torr. and Grey, P. simoni Carr, P. suavenolens 
Fisch., P. yunnanensis Dode (unpublished data), together 
with some of their hybrids, e.g. P. X euramericana (Dode) 
Gumier [S] and P. X interamerlcana Van Broekhuizen]. 

The bud exudate of P. Iuslocarpa is therefore distmc- 
tive, not only m contaimng the lastocarpins [3] and m 
lacking chemical constituents typical of other poplars, 
but also m containing compounds which have not been 
found in bud exudate of other poplar species. The Alice 
Holt plant was particularly distinctive in producing 
sahcin and chlorogemc acid. The comparatively low level 
of caffeic acid and of other substituted benzoic acids m 
this plant may be due to the mcorporation of caffeate into 
chlorogenic acid. Although the percentage of the total ion 
current recorded for chlorogenic acid is low (Table 2), this 
compound transmits poorly through our GC column and 
its true quantitative level must be much higher. It is also 
clear that, whilst the two plants analysed contam similar 
aliphatic and cychc acids (Table 2) these acids are quanti- 
tatively much higher in the Alice Holt plant. 

It has been previously established that the composition 
of bud exudate in mdividual poplars analysed is of a 
stable composition throughout the growing period [8,9] 
and that bud exudate composition is sufficiently charac- 
teristic to enable mdividual clones of P. X interamericana, 
which cannot be easily distinguished morphologically, to 
be identified [9]. 

The results reported here from two separate plants of 
P. lustocarpa indicate that, m this species at least, bud 
exudate compositton may vary considerably between 
different plants. The origins of the plants analysed are 
uncertain but we think they may have been derived from 
different areas of China. 

EXPERIMENTAL 

Plant material. P. lasrocarpa Ohv buds were obtamed in July 
from plants at the Forestry Commtsston’s research station at 
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Table 1 AromatIc compounds ldentlfied by CC/MS m bud exudate from Populus lawcarpn* 

Peak 

No Compoundi- 

Per cent total 10” current5 

Ahce 

MLJZ$ Holt Westonblrt 

3 Benzolc acid 123 
7 I, 2-Benzenedlol (catechol) 13 1 

12 3,4 Dlhydroxybenzaldehyde 160 
14 4-Hydroxy-3,5-dlmethoxybenzaldehyde 166 

15 

17 

23 

25 

27 

31 

32 

33 

42 

53 

57 

(syrmgaldehyde) 

4-Hydroxy-3-methoxybenzolc acid 

3,4-Dlhydroxybenzolc acid 

4-Hydroxy-3. 5-dlmethoxybenzolc acid 

(syrmglc acld) 
(,I$-3 (4-hydroxyphenyl)-2-Propenolc acid 

(Z)-3 (3.4-dlhydroxyphenyl)-2-Propenolc acid 

(t)-3 (3-hydroxy-4-methoxyphenyl)-2-Propen~~c acid 

(Q-3 (4-hydroxy-3-methoxyphenyl).2-Propenolc acid 
(E)-3 (3,4-d~hydroxyphcnyl)-2-Propenolc acid 

Sahcm 

(+)-3.5,7,3’,4’-Flavanpentol (catechm) 

3-Caffeoylqtumc acid (chlorogemc acid) 

176 

182 

18X 

19 2 

198 

206 

20 8 
214 

25 7 

29 I 
iI 8 

05 

0 9 

<Ol 

0 5 
0 2 

OX 

30 

02 

IX 

03 

15 
31 

01 

05 

12 

20 

06 

03 
23 

41 6 

03 

*The total Ion current generated durmg the chromatographlc run Includes current generated by solvent 

fronts and base hne notse The eon current generated by bud exudate compounds IS therefore only d fraction 

of the total ion current 

t The name given does not Include the trlmethylsllyl substltuents 

$ Methylene umts (MU) are defined by Dalghesh et al [lo] 

QThe ion current generated depends on the characterlstlcs of the compound concerned and IS not a true 

quantitatron (see [S]) 

Table 2 Ahphatlc and cychc acids IdentIced by CC/MS in bud exudate of Papulur lavocarpa 

Peak 

No Compoundt, $ MU 

Ahce 

Holt Westonbirt 

I 
6 

8 

9 

11 
18 

20 
24 

Ethanedlolc acid 

Butanechoic acid 
(E)-2,3,4-Trihydroxybutanoic I,4 lactone 

2-Hydroxybutanediotc acid 

(E)-2,3,4-Trlhydroxybutanotc acid 
3,4,5-Trlhydroxy-1-cyclohexene-l-carboxyhc 

dCid (slukImlc acid) 

2-Hydroxy-1,2,3-propdnetricdrboxyhc acid 

1,3,4,5-Tetrahydroxycqclopropane carboxyhc 

acid (qunuc acid) 

11 I 10 0 1 

13 1 31 03 

136 03 

150 168 13 

15 9 10 1 28 

183 XX 02 

186 12 

19 0 20 6 05 

1’ The compounds Lhromatograph as their TM% derlvatlves 

: Small amounts of dodccanolc, tctradecanolc, hexadecanolc and octadecanolc acids are also present 

Alice Holt, Farnham and their arboretum dt Westonblrt, Glos 

Sample preparatwn Exudate from buds was obtamed by 
dlppmg 4 buds m I ml freshly dust Et,0 m a 5mI \creu top 

comcal glass tube for 10 sec. The Et,0 was evapd under a stream 

of N, and the residual material briefly freeze-dried (5 mm) to 

remove residual H,O After addltlon of 50/J pyrldme and 100~1 

bls(trlmethylsllyl)tr~Huoroacetamldc (BSTF A). lncludmg I% 
trlmethylchloroszlane (TMCS), the tube Wd\ Fedled and heated 

for 30mm at 100 to produce trlmethyl~llyl (TM%) derlvatlves 

for gas chromatography 
Gas chromatoyraph~,‘mu1\ spectrometry The derivatlzed sam- 

pkS were separated and dndlybed m a Fmmgan 1020 automated 

GC/MS system (mcorporatmg a Data General Nova 3 com- 

puter) The CC system was fitted with a SO M, 0 3 mm Internal 
chameter Thames Chromatography slhca column. coated with 

05 nucron bonded phase OVl and a sphtless Injector with a 
flush 30sec after sample InJection to remove residual gases The 

end of the column was Introduced directly mto the mass 

spectrometer analyser chamber The system was operated under 

the followmg condltlons He pressure 701bsJ’m2, InJector tem- 

perature 310’. CC temp 85-3lcl’ at 3 per rn~n The mass 

spectrometer was set to scan 4G-650 AMU per nomlnal second 

with an jomzmg voltage of 70 eV The filament was switched on 

250 set alter the mlectlon ofthe sample (0 3-O 5/J) mto the CC 



Phenohc analysis of bud exudate of Pop&s lasrocarpa 

3.2 

23 

1600 18’00 2t 

scan 

3515 

25 

)OO 2200 2400 2600 

Fig 1 Reconstructed ion chromatogram (RIC) of bud exudate from Populus lasrocarpa from Westonblrt The area 

shown (MU 15-22), a portion of the total CC run (MU 1 l-36) contams the maJorlty of the compounds listed m 

Tables 1 and 2 In addltlon the followmg are identified, numbers m parentheses correspond to peaks so numbered 

C4 sugar alcohol (lo), dodecanolc acid (13), CS sugar alcohol (16), tetradecanolc acid (19); fructofuranose (21,22), G(- 

o-glucopyranose (26), sorbitol (28), B-D-glucopyranose (29), hexadecanolc acid (30), myo-mosltol (34) 

Identlficatlon of compounds. Peaks were ldentlfied by corn- 4 
puter search of user-generated reference hbranes, mcorporatmg 
GC retention times and mass-spectra Peaks were examined by 5 
single-ion chromatographlc reconstructlons to confirm their 

homogeneity, mixed peaks were resolved by a computer pro- 6 

gramme aimed at resolvmg the mass spectral data of one 

compound from overlapping mass spectra of another 

Wollenweber, E and Egger, K (1971) Phytochemutry 10, 
225 
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