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SUMMARY

Leaves of Larix leptolepis trees and seedlings were examined for flavonoids and for wax

constituents by high-performance liquid chromatography or by gas chromatography.
Within the species, due to differences in genotype, there is a great variability in the chemical

composition ofthe flavonoidsbut less in that of the wax constituents of the needles.

1. INTRODUCTION

The geographic variation was studied by Wellendorfet al. (1971) (unidenti-
fied phenols in Picea abies), by La Roi & Dugle (1968) (unidentified com-

Leaf constituents of species in the family of the Pinaceae have often been

investigated because oftheireconomic importance (soap and perfume industry),
their possible relation to resistance (Smelyanets 1977) or their possible use as

taxonomic markers. Especially the volatile leafoil components of a number of

evergreen species were investigated for the purpose of distinguishing between

species and for studying hybridization between species (Picea - VON Rudloff

1967 a and b, 1975 a; Von Rudloff& Holst 1968; Pinus - Mason-Joyce et al.

1972). Phenols have been correlated with resistance to insects such as the

spruce gall aphid (Picea abies needles, Tjia & Houston 1975) or to fungi such

as Guignardia laricina, the cause of shoot blight of larch trees (Nomura &

Kishida 1978 a and b, in press).
In all these investigations on leaf constituents care has to be taken because

of the rapid turnover of compounds within these plant organs. Thus, con-

siderable variation was foundin the volatileleafoil components (Von Rudloff

1972, 1975 b and c, 1978; Zafra & Garcia-Peregrin 1976). Also, in leafwax

of Picea pungens (Von Rudloff 1959), of Pinus sylvestris (Schutt & Schuck

1973), and of Picea abies (Schuck 1976) in fatty acids and paraffins a great
variation occurs according to the season, the leafage and even the exposition
of the branches. For flavonoids similarly large seasonal variationsin synthesis

(Picea - Dittrich 1970), composition and concentration were found (Picea

Forrest 1975 a; Larix - Niemann 1976, and Nomura 1976). In addition to

seasonal variation, Varaksina (1973) also found a diurnal variation in the

quantities of five flavonoids in Larix sibirica needles.
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pounds in needles of P. glauca and P. engelmannii), and by Forrest (1975 b)

(polyphenols of P. sitchensis needles). Forrest (1975 b) also found a marked

difference in the polyphenol composition of needles of plants from two dif-

ferent clones.

In Larix needles a rich array of phenolic glycosides was observed in all

species investigated (Niemann 1969-1976; Niemann et al. 1971-1977; Med-

vedeva et al. 1974; Tjukavkina et al. 1975). From the needles of L. leptolepis,

in addition to a number of glycosides and esters of hydroxybenzoic- and cinna-

mic acids (Niemann 1971, 1973 a, 1976) about twenty flavonoids were isolated

and identified (Niemann 1973 b, 1974, 1976; Nomura & Muto 1976). Less

work has been done on the leaf lipids; Goad & Goodwin (1967) isolated the

sterols (3-sitosterol and campesterol, the 4-a-methylsterols cycloeucalenol,

24-methylene-lophenol and 24-ethylidene-lophenol, and the triterpenols cy-

cloartanol and 24-methylene-cycloartanol from the newly opened leaves of

L. decidua. Jamieson & Reid (1972) found some saturated and unsaturated

fatty acids in needles of L. leptolepis and L. decidua with a seasonal variation

in concentration.

In a previous publication (Niemann 1976) attention was paid to the large

seasonal variation in a numberof main flavonoids isolatedfrom needles of one

tree of the species L. leptolepis. At present we are interested in the possible
variation of phenols as well as terpenoid wax constituents in needles taken

from different plants of the same species. Although some attention has also

been paid to components of trees growing at different sites, mainly seedlings

of L. leptolepis growing under the same conditions have been used, to avoid

effects of differences in environment.

2. MATERIAL AND METHODS

Needles were picked from two-yearold seedlings grown in the greenhouse. The

seed was obtained from the Dutch State Forestry Service at Arnhem, The

Netherlands, and was of West-German origin. In addition, needles were

collected from three fully-grown trees at Austerlitz, from one tree in the arbo-

retum “Schovenhorst” at Putten, both in The Netherlands, and from a tree

growing at Sapporo, Japan. In the latter cases needles were picked in August.

The seedling needles were either used while fresh or after being kept for a

short period in a deepfreezer. The wax components were sampled by treating

the needles twice for 20 seconds with chloroform. Hereafter, the needles were

extracted with acetone-water as described before (Niemann & Koerselman-

Kooy 1977) which leads to a butanol extract containing practically all the

flavonoids. Needles of older trees were obtained freeze-dried (Austerlitz/

Putten) or oven-dried (Sapporo), therefore wax constituents were not collec-

ted. Both the chloroform and butanol extracts were evaporated to dryness and

dissolved in methanol for a first screening by high-performance liquid chro-

matography (HPLC). The chloroform extracts were only partly soluble in

methanol. The methanol extracts were analysed by HPLC with a Dupont
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830 chromatograph on a Zorbax ODS column, 25 cm x 4.6 mm ID, at 50°C

and a pressure varying from 1100 3000 psi (flow from 0.6-1.2 ml/min.). For

the wax extracts methanol with 0.1% of phosphoric acid was used, for the

phenol fractions a concave (2) gradient programmed from 45% methanol-

water to 100% methanol, again with 0.1% of phosphoric acid. Detection

occurred both with UV at a fixed wavelength of 254 nm, and with a Dupont 837

spectrophotometer at 215 nm for the lipid fraction and at 360 nm for the

flavonoids. As internal standard uvaol was used for the lipid fraction, and

vitexin (V) for the phenols. In addition to vitexin, the phenol fractions were

also co-chromatographed with kaempferol-3-glucoside (KG) and kaempferol-

3-(p-coumarylglucoside) (KCG). In later analyses, the column was provided

with a 10 cm chrompack pre-column with Co:Pell ODS to avoid column

deterioration; a drop in separation quality was unavoidable.

Both total lipid extracts and the methanol soluble part of them, were also

analysed by gas-liquid chromatography (GLC) on a glass column, 1.20 m x

4 mm ID on Varaport-30 coated with 3 % SE 30, temperature programmed
from 240 to 320°C, or isotherm at 240°C. For further analysis the total lipid
fraction was separated by alumina column chromatography with increasing

concentrations of diethyl ether in ligroin, into five fractions (0%, 10% -

esters, 30% - triterpene alcohols, 40% - sterols, and 100% ether), which were

investigated by GC-MS in the untreated state and/or after saponification

(Baas 1977).

3. RESULTS AND DISCUSSION

Needles of Austerlitz tree number 3 were extracted by different persons in

fourfold, those of the Japanese tree (no 5) in eightfold. All twelve extracts

were investigated both by paper-chromatography and by HPLC. No differ-

ences between the four extracts of the Austerlitz tree, or between the eight

extracts of the Japanese one were found. When the Austerlitz needle extracts

were compared with the Japanese, on paper only slight differences, seen as

colour variation, were present, but with HPLC analysis a much larger differ-

ence became apparent; this can be seen in fig. 1 (no 3 and 4) which gives the

chromatograms of three differentAusterlitz trees (nos 1-3), the Japanese one

(no 4) and the Putten tree (no 5). Only in the case of two trees, nos 1 and 2, was

an almost similar flavonoid pattern obtained; the others were completely

different, especially in their relative concentrations. In some cases there was

an almost total absence of the vitexin-like compounds. Of course, it is not

clear whether climatological or genotype variation must be held responsible
for the differences found.

Notall compounds were identified, but in view of the formerneedle analyses
of different species of larch (Niemann 1971-1976), it is highly probable that

the same compounds are present and that the variability is caused by quantita-
tive rather than qualitative differences.

Of the seedlings eight plants, randomly selected, were analysed for both
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lipophilic compounds and phenolics. The methanol-solublepart of the total

lipid fractions was investigated both by HPLC and GLC. In Jig. 2 A and B

two extreme types of variation foundare shown; all kinds of intermediateforms

occur. In the GLC chromatograms only a slight variation was found, with

HPLC, however, rather a high variation occurred in the triterpenol area

(Niemann & Baas 1978) at peaks nos 5 to 7. By further GLC analysis of the

eluted compounds HPLC peak 7 co-chromatographs with the high peak at 12

minutes, and no. 6 with that at 24 min., and with triterpenols such as 24-

methylene-cycloartanol. Further GLC analysis of the chloroform-solublepart

of the lipid fractions is tabulated in table 1
,

from which only a slight variation

in the quantitative division becomes apparent. Fig. 3 gives the GLC chromato-

gram of the total lipid fraction of needles of plant no. 8. Column 2 of table 1

Fig. 1. HPLC separation of flavonoids from needles of Larix leptolepis on Zorbax ODS.

Needles picked in August from trees growing at Austerlitz, The Netherlands (nos 1, 2 and 3),

at Sapporo, Japan (no. 4), and at Putten, The Netherlands (no. 5). V = peak which co-

chromatographswith vitexin, KG with kaempferol-3-glucoside and KCG with kaempferol-
3-(p-coumarylglucoside).
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shows the fraction in which someof the major peaks occur on subdivision by

alumina column chromatography.

Although in the total lipid fraction co-chromatography indicated the

possible presence of traces of (3-sitosterol and campesterol, these compounds

were not found in the sterol fraction. Thus, contrary to the investigation by
Goad & Goodwin (1967) of needle extracts from Larix decidua, the free

sterols were not found in the wax of L. leptolepis needles. Saponification of the

10% fraction, on the other hand, yielded a new peak indicating a comparatively

high concentration. RT and mass spectrum proved this compound to be

identical with p-sitoslerol, which therefore occurs as an ester instead of in the

free form. The main peak in the 10% fraction (peak no. 3 of the total lipid

fraction, fig. 3) is unsaponifiable; main fragments in its mass spectrum were

C
20

H
41

O {mje 297) and C
29

H
58 {mje 406) which together with the peaks at

Fig. 2. Separation of the methanol-soluble lipophilic needle compounds of two Larix

leptolepis seedlings (A and B) by HPLC on Zorbax ODS (left) and by GLC on SE 30 (right).
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* Fraction or fractions in which the peak is foundafter alumina column chromatography.

Fig, 3. GLC analysis of chloroform-solu-

ble needle compounds from Larix leptole-

pis seedlings on 3% SE 30, temperature

programmed from 240 to 320 °C.

Table 1. Variation in the chloroform-soluble fraction of the needle wax of eight seedlings
of Larix leptolepis, screened by GLC on 3% SE 30, temperature-programmedfrom 240°-

320°C, figures in % of total peak area.

Compound Fraction* Seedling Number

1 2 3 4 5 6 7 8

1 30% 0.9 1.0 1.0 1.0 0.9 0.8 0.8 0.3

2 30% 2.0 2.5 1.7 1,5 0.5 1.4 1.4 2.6

3 10% (30%) 57.8 56,1 55.0 62.1 62.5 56.2 66.2 51.7

4 (10%) 30% 4.0 4.0 3.0 1.9 1.9 3.8 1.8 4.5

5 100% 14.4 15.3 17.7 13.5 14.4 16.6 3.1 17.1

6 10%/30% 7.7 6.2 6.6 5.5 2.0 8.4

6 10%/30% 7.7 6.2
8 4

6.6 5.5 2.0
Q 7

8.4

7 10% 5.8 5,8 3.4 3.3 2.1 6.4

8 - - 0.9 - 0,7 0.8 0,4 - -

9 0% 3.3 3.3 4.2 2.9 4.3 4.4 2.0 2.8

10 - 0.2 1.1 1.8 1.2 1.2 1.8 0.8 0.3

11 0% 0.1 0.3 0.6 0.7 0.2 0.3 0.2 0.2

12
- - 0.1 0.6 0.2 0.2 0.2 0.1 -

13 -
-

0.2 0.1
-

0.1 0.1
-

-

14
-

0.5 0.3 0.4 0.5 0.4 0.7 0.5 0.6

15 0% 1.6 1.0 1.7 1.3 1,1 1.7 1.7 2.2

16 0% 0.7 0.5 1.0 0.6 0.4 0.6 1.1 1.0

17 0% 0.6 0.6 0.5 0.4 0.2 0.5 0.7 0.7
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m/e 378, 278 and 157 and a very weak molecular ion peak at m/e 424 indicates

C
19

H
39

CH(OH)C9
H

19 or 10-nonacosanol (Beri & Lemon 1970).

Of the 30% fraction some of the minor components co-chromatographed
with P-amyrin, cycloartanol and cyclolaudenol respectively.

In fig. 4 the HPLC chromatograms of the eight butanol fractions of the

seedling needles extracts are collected. This figure shows the tremendous

variation in flavonoid composition in different genotypes of the species

L. leptolepis. Actually, not one ofthe eight extracts is similar to any other. Since

propagation of Larix in general only occurs by means of seed, the situation,

demonstrated in seedling variation must be present throughout the whole L.

leptolepis population. A similar effect was found during a simultaneous in-

vestigation by Nomura & Kishida (1978 a - personal communication) of the

phenolics of theannual shoots of eight different clones of L. leptolepis in which

a large inter-clonal variationwas demonstratedfor the compounds eriodictyol,

epiafzelechin, catechin, taxifolin (= dihydroquercetin) and taxifolin-3’-glu-

coside.

Studies on the effects of environmental factors or of provenance in connec-

tion with phenolics have often been done using only two to three trees (For-

Fig. 4. HPLC separation ofneedle flavonoids ofLarix leptolepis seedlings on Zorbax ODS.

V = peak which co-chromatographs with vitexin, KG with kaempferol-3-glucoside, and

KCG with kaempferol-3-(p-coumarylglucoside).
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rest 1975b, Wellendorfet al. 1971). In the case of L. leptolepis these studies

on phenolics of individualplants may give completely wrongresults because of

the variability within the species. Unless one is sure about the genetic homo-

geneity of its plant material, the use ofclonal materialor of statistically justified

numbers of plants is essential.

The interspecies comparison within the genus Larix given by us last year

(Niemann & Koerselman-Kooy, 1977) must now be amended, since inall cases

only one tree ofeach species was used for investigation. Actually, the variation

found in that investigation does not differ essentially from that found within

the species L. leptolepis.
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