
Phyrochemlsfry, Vol 22, No 1, pp I19- 124, 1983 0031-9422/83/010119-06$03 00/O 
Pnnted m Great Bntam Q 1983 Pergamon Press Ltd 

EPICUTICULAR WAX OF FOUR SPECIES OF CHIONOCHLOA 

MARION G COWLISHAW, ROY BICKERSTAFFE and HARRY YOUNG* 

Department of Bmchemstry, Lincoln College, Canterbury, New Zealand, *Dmslon of Horticulture and Processing, Mt Albert 
Research Centre, D S I R , Private Bag, Auckland, New Zealand 

(Reutsed recewed 11 June 1982) 

Key Word Index-Chzonochloapauescens, C ngtda, C macra, C rubm, Grammeae, eplcutlcular wax, shoots, esters, 
alkanes, aldehydes, alcohols, acids 

Abstract-Shoot eplcutlcular wax of four species of Ch~onochloa contained esters (21-38 %), alkanes (15-29 %), 
aldehydes (4-l 3 %), alcohols (8-16 %) and acids (1-5 %) The major carbon cham lengths ranged from Cz4 to C,? m the 
aads, alcohols and aldehydes and Cz3 and/or CJi m the alkanes MaJor esters ranged from C,,, to Csl with mdlvldual 
esters conslstmg of a rmxture of different chain length acids and alcohols The cham length of the alcohol rather than the 
acid appears to determine the chain length of the longer chamed esters The htnbutlon of the major carbon chain 
lengths m the lipid fractions, particularly the acid, aldehyde and wax esters of eplcutlcular wax, suggests that the hpld 
composltlon of the wax may be used m the chemotaxonomlc recogmtlon of species of Chronochloa 

INTRODUCTION 

The grass genus Chlonochloa Zotov, [l] tribe Dantho- 
meae, consists of 22 long-lived perennial species, all but 
one of which are endemic to New Zealand The species of 
Chlonochloa vary m size and habit from 20cm m the 
prostrate alpme C austrah to 2m, at flowering, m the 
stout eastern South Island C lqauescens Ch~onochloa IS 
one of the most ecologically important grasses m the 
South Island of New Zealand Trlterpene methyl ethers m 
then eplcutlcular wax have been examined but since. they 
only occur m certain species, their usefulness m chemo- 
taxonomlc studies 1s restricted at the specific level [2, 31 

In contrast, more detailed analysis of the composltlon 
of the eplcutlcular wax of some species of the semper- 
vlvold genera of the Crassulaceae [4], Ctstus [5, 61, 
Eucalyptus [7], Rhododendron [8] and Cortaderza [9, lo] 
has been successful m characterlzmg some of the species 
In this paper, the mam components of the eplcutlcular 
wax from four species of Ch~onochloa were also examined 
to determine whether then composltlon could be used for 
chemotaxonomlc ldentlficatlon 

RESULTS 

The yield of wax was 5 6 and 4 8 g/kg shoot fr wt from 
C Javescens and C nglda, respectively, which was higher 
than that from C macra and C rubra (3 3 and 3 1 g/kg 
shoot fr wt) TLC of the individual waxes showed that the 
maJor classes were alkanes, esters, aldehydes, alcohols and 
acids (Table 1) The esters constituted 21-38 7” of the wax, 
alkanes 15-29 “/,, aldehydes 4-13 %, primary alcohols 
8-16 % and acids l-5 % 

Mass spectrometry of the C macro esters showed that 
the carbon numbers ranged from 34 to 52 and possibly 54 
and that each GC peak contained ion fragments from 
several acid and alcohol components (Table 2) For 
example, the spectrum of the C,, wax ester showed a M+ 
lonatm/z536(11%) Ionsatm/z313and312(6’;/,)were 
attnbuted to a C,, acid and at m/z 224 (9 ‘%) to a Cl6 
alcohol, ions at m/z 285 (100 “/.) and 284 (29 %) were 
attnbuted to a C,s acid and m/z 252 (14%) to a C,, 
alcohol, ions at m/z 257 (65 “/,), 256 (19 %) were attributed 
to a C& acid and at m/z 280 (6’;/,) to a C,, alcohol 
Determmatlon of the amounts of each ester m the four 

Table 1 Composltlon (%) of eplcutlcular wax from four spccles of Ch~onochloa 

C ngtda 

Component C macra C rubra C J%wescens 
1 2 3 

Mt Ashburton Potts 
Barrosa River River 

Ester 21 29 34 25 38 32 
Alkane 20 15 29 26 17 25 
Aldehyde 8 13 6 7 6 4 
Pnmary alcohol 8 11 16 14 12 14 
Acid 5 2 2 2 1 2 
Unrdentlfied 38 30 13 26 26 23 
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Table 2 Esterlfied acids and alcohols Indicated by mass spectrometry of esters from C macra eplcutlcular wax 

Ester 
(carbon 

No) Acid component Correspondmg alcohol component 

34 

36 

38 

40 

42 

44 

46 

48 

50 

16~65 19) 18<1ca 29) 20 (I 6) 

16 (30 8) 18 (KM 33) 20 II6 6) 22 (12 4) 

16~100 36) 18 I68 20) 20 143 16) 22 (IO 4) 

16 (27 8) 18 20 (60 22 (100 32) 19) (9 3) 

16(62, 18148 II) 20(31 8) 22(72, 

16,631 18(165) 20(134, 22~144, 24711 I) 

16,127, 18133, 20(21, 22~236, 247~11, 

16(321025, 18(4537,,, 20~535, 22,62043, 24(126, 

- 18 16 

- 20 18 16 

- 22 20 18 16 

- 24 22 20 18 - 

- 26 24 22 20 - - 

- 28 26 24 22 - - - 

- 30 28 26 24 22 - - - 

- 32 30 28 26 - - - - - 

34 32 30 28 26 - - - - - 

The mtensltles of Ions (m order of decreasmg MW) responsible for each acid fragment are shown m parentheses as percentages 

species showed the malorlty (91-98x) of the esters as counted for 84-95 % of the fraction The percentage 
C,,-C,z (Table 3) The percentage dlstrlbutlon of the distribution of these aldehydes revealed three patterns 
carbon cham lengths was slmllar for C jhescens and similar to those found m the acid fractions C rtgula and 
C rtguia, wtth the majority of the esters havmg 40-46 C jfavescens had high amounts of Cz8 and C3,,, C rubra of 
carbons C rubra was different with a more even dlstrt- C,,, C3z and a major unknown ‘e’and C macra of Cz6 and 
butlon of chain lengths and C macra had large amounts of C 32 

C,,, and C,z esters Saturated primary alcohols ranging from C20 to C32 
GC/MS of the alkanes Identified cham lengths from 

Czl to CJ3 The relative percentage of mdlvldual homo- 
logues m the alkane fractions from the four species are 
shown m Table 4 In all the species Cz9, C31 and Cs3 
accounted for 81-967” of the alkane fraction C rlgzda 
and C flavescen$ were, however, similar m that the Cz9 
alkane was the major component whilst m C macra and C 
rubra, Cjl alkane was the maJor component 

were ldentfied by GC/MS (Table 6) In all species C24, 
C2*, C3, and/or C32 accounted for 79-94 % of the alcohol 
fraction The percentage dlstrlbution of these alcohols 
revealed two patterns, C javescens and C rlgzda with high 
proportlons of C24 and C,, and generally lower m C32, 
and C macra and C rubra with high C32 and lower t&, 
and C24 

GC/MS ldentlfied even-chained saturated aldehydes 
C24-C32 (Table 5) GC resolvedan unknown homologous 
series (b-f) elutmg between the even-chained compo- 
nents Generally, these were mmor components except m 
C rubra where the unknown compound ‘e’, running 
between C,, and CsZ, comprised 66 “/;, of the fraction All 
four species had substantial amounts of some of the 
following, Cz6, Czs, C3, and C3z aldehydes which ac- 

GC/MS showed saturated acids rangmg from Cls to 
CJ2 and the presence of a straight- and branched chain 
C25 acid, the branched-chain acid elutmg between the n- 
C24 and n-C,, by GC Both the normal- and branched- 
chain Czs methyl ester had a M+ at m/z 396 with a relative 
abundance of 26 % and 32 %, respectively In addition the 
branched chain acid showed intense ions at m/z 157 (35 %) 
and 101 (76 %) This Indicates a propyl side cham on the 
fifth carbon from the carboxyl end The relative amounts 

Table 3 Homologue composmon (wt %) of esters In eplcuticular waxes of four spenes of Chlonochloa 

C rtgtda 

Ester 
(carbon No ) 

1 2 3 
C macra C rubra C Javescens Mt Ashburton Potts 

BalTOSa River River 

34 t t 
36 2 1 
38 3 3 
40 I 26 
42 17 17 
44 9 9 
46 4 11 
48 6 13 
50 18 10 
52 34 5 
547 1 5 

t 
t 
2 

21 
19 
17 
22 

9 
6 
2 

- 

t t 
t t 
3 2 

17 19 
29 23 
12 18 
16 21 
I 9 
4 4 

12 3 
t t 

t 
t 
2 

18 
23 
14 
15 
9 
8 
10 
t 
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Table 4 Homologue composltlon (wt %) of alkanes m eplcutlcular waxes of four species of ChlonochIoa 

121 

C rrgda 

Alkane 
(carbon No ) 

1 2 3 
Cmacra C rubra C Jfavescens Mt Ashburton Potts 

Barrosa River River 

21 t 
22 t 
23 6 
24 1 
25 5 
26 t 
27 t 
28 t 
29 10 
30 3 
31 62 
32 t 
33 11 

t 
t 
t 
t 
1 
t 
t 
t 

20 
1 

66 
t 
9 

t 
t 
t 
t 
1 
t 
t 
1 

69 
t 

19 
t 
8 

t 
t 
t 
t 
t 
t 
t 
t 

58 
4 

18 
t 

18 

t 
t 
t 
t 
1 
t 
t 
1 

15 
t 

12 
t 
9 

t 
t 
t 
t 
1 
t 
t 
1 

51 
t 

28 
t 

16 

Table 5 Homologue cornposItIon (wt %) of aldehydes m eplcutlcular waxes of four species of Chzonochloa 

C rlgrda 

Aldehyde 
(carbon No ) 

C mama C rubra C jfavescens 
1 2 3 

Mt Ashburton Potts 
BalTOSa River River 

24 
b 

26 

2: 
d 

30 

3; 
f 

t t 
1 t 

39 4 
t t 

16 5 
t t 

12 10 
t 66 

28 13 
1 2 

t 
t 

14 
t 

34 
t 

44 
t 
4 
3 

t t t 
5 5 4 
6 6 10 
1 1 t 

20 29 24 
8 t t 

50 51 43 
t t t 
8 4 16 
1 4 2 

t, C 1 % The letters bf refer to umdentdied compounds 

Table 6 Homologue composltlon (wt %) of pnmary alcohols m eplcutlcular waxes of four species of 
Chtonochfoa 

C rtglda 

Alcohol 
(carbon No ) 

1 2 3 
C macra C rubra C javescens Mt Ashburton Potts 

Barrosa River River 

24 17 17 23 
25 2 t t 
26 10 3 5 
27 t t t 
28 3 4 17 
29 t t 1 
30 24 17 31 
U t 2 2 
32 43 56 14 

48 21 25 
t t 3 
3 4 4 
t t 4 
9 12 13 
t 1 1 

12 30 16 
12 8 9 
16 18 26 

t, S lx, U, unknown Traces of C20C23 were found m each sample 
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of each acid were calculated for the four species and m all 
instances, acids with even-cham lengths of CZ6, C2s, C,, 
and C,, accounted for 76-90 y0 of the acids The relative 
percentage of C1 S-C24 and all the odd-carbon chain 
lengths mdlvldually was not greater than 9 % The 
dlstrlbutlon of the major acids between the species 
revealed three distinct patterns C rzglda and C flauescens 
were similar with high amounts of C2s and CJO, C rubra 
contained slightly more C32 than C3,-, and C macra had a 
high proportion of CZ6 (Table 7) 

esters increased, the cham length of the esterlfied acids 
remained relatively constant between Cl6 and C&, whilst 
the chain length of the esterdied alcohols increased from 
C,, to CJ4 This suggests that the increased cham length 
of the ester 1s due to the alcohol and not the acid 
component 

Electron mlcroscoplc exammatlon of leaves (alcohol 
treated) from the four species revealed that all bore 
bulbous proJe.ctlons on the young semi-glaucous adaxial 
leaf surfaces These round outgrowths seemed to be 
covered first with sheets of wax In addition, long crystal- 
like tubes could be seen both on and m-between the 
bulbous proJections In contrast, the young abaxlal sur- 
faces showed no such structures 

Glaucousness has been attributed to /Sdlketones, hy- 
droxy /&dlketones and alkanes with 29 and 31 carbons m 
Brasszca oleracea (cabbage) and Pzsum satzvum (pea), 
respectively [lS] It IS possible that the high proportion of 
CZ9 or Cal alkanes m Chzonochloa wax contributes to the 
semi-glaucous appearance of the leaves as /3-diketones 
have not, as yet, been detected 

DISCUSSION 

Wax lipids are thought to be synthesized m the 
epldermal cells [ 1 l] by an elongatlon-decarboxylatlon 
complex forming acyl chains which are either decarboxy- 
lated to alkanes, reduced to alcohols via aldehyde mter- 
mediates, esterlfied with alcohols forming esters, or 
released as free acids [12] The wax 1s subsequently 
excreted onto the surface of leaves and other organs and 1s 
probably a metabohc end-point Although the acid and 
alkane components of a wax may be channelled back mto 
the epldermal cells and remetabohzed [13], such wax 
degradation IS unlikely to occur to any great extent [ 143 
The cham lengths of the hpld components of eplcutlcular 
wax may, therefore, be useful chemotaxonomlc markers 

In C rubra and C macra, the alcohol, aldehyde and acid 
fractions were rich m CJZ homologues, suggesting that all 
three hpld components are derived from the same cham 
length precursor The major alkane (66x), however, 
contained 31 carbons suggesting it 1s a decarboxylatlon 
product of the CS2 precursor This evidence suggests that 
m C rubra and C macra the elongatlonAecarboxylatlon 
complex 1s oriented towards syntheslzmg a Ca2 chain 
length precursor which 1s decarboxylated to the major Csl 
alkane In addition, the acids, aldehydes and alcohols with 
increased concentrations of CSO, C,, and C,,, only 
contained limited amounts of CZ9, C2, and CZ5 alkanes 

In contrast, m C flavescens and C rzgzda, high amounts 
of CSO were found m the acids, alcohols and aldehydes and 
CZ9 m the alkanes Thus, the elongatlon-decarboxylatlon 
system, m these species, 1s oriented to producing large 
concentrations of a CJ,, precursor, which 1s decarboxy- 
lated to the maJor CZ9 alkane Once again, acids, alde- 
hydes and alcohols either CSZ, C,,, CZ6 and/or CZ4 
contained smaller amounts of C,,, C2,, CZ5 and CZ3 
alkanes 

The eplcutlcular wax of Chzonochloa contained major The four species of Chzonochloa may, therefore, be 
chain lengths m the free acids, alcohols, aldehydes and arbitrarily divided mto two groups, one, C Jlavescens and 
alkanes ranging from CZ4 to CS3 and m the esterlfied acids C rzgzda, utlhzmg the C3,, elongatlonaecarboxylatlon 
from C,, to CZ4 It appears from the results, that the short system, and the other, C macra and C rubra, the C32 
acyl components of the elongatlonAecarboxylatlon system C macra can, however, be distinguished from 
system are used for the synthesis of esterlfied acids and the C rubra by large amounts of CZ6 acid and aldehyde and 
longer chains for the formation of free acids, alcohols, greater proportions of CSO and CS1 esters The four 
aldehydes and alkanes A C33 alkane was found but the species could, therefore, be divided mto three groups 
C34 precursor was only identified m the esterlfied alcohol based on the composttlon of the eplcutlcular wax 
fraction Table 2 illustrates that as the chain length of the However, C Jlavescens and C rzgzda are classified m the 

Table 7 Homologue composltlon (wt %) of acids m eplcutlcular waxes of four species of C/uonochloa 

C rzgzda 

Acid 
(carbon No ) 

1 2 3 
C macro C rubra C Javescens Mt Ashburton Potts 

Barrosa Rwer River 

24 t t 
25-br t t 
25 6 3 
26 48 12 
27 2 9 
28 14 14 
29 1 7 
30 9 22 
32 19 29 
U 1 4 

2 

3 
12 
3 

29 
2 

28 
15 
8 

3 6 
t t 
2 2 

11 9 
3 2 

28 36 
t 3 

42 31 
8 7 
6 3 

8 

2 
3 
3 

30 
2 

26 
11 
6 

t, G 1 %, U, unknown Traces of C1s-Cz3 were found m each sample 
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same group but this 1s not surprlstng because they are 
closely related [l] The composltlon of the eplcutlcular 
waxes from C rrglda samples obtained from three entirely 
different environments showed the same charactenstlc 
trends That is, CzB and C3,, homologues were higher in 
the acid and aldehyde fractions and C,, m the alkanes 
This illustrates that differences m the Ch~~~chloa ept- 
cutlcular wax are dependent prunanly on the genes 
controlling wax synthesis rather than environmental 
effects 

In some species, the composltlon of eplcutlcular wax 
has been found to vary m different parts of the plant 
[16-211, with theage of the tissue [16,18,20,22-241 and 
with growth condltlons [23,25,26] In the present work 
any variations m age and tissue were overcome by random 
sampling of 5-10 kg of fresh plant material This included 
blades and leaves from young and old plants Treating the 
four species of Chlonochloa m this manner ylelded an 
eplcutlcular wax which was characteristic for each species 

EXPERIMENTAL 

Plant mate& Leaf waxes from the four species of 
Chionochloa were extracted from S-10 kg samples of fr green 
plant material (bladessheaths, 3 1) collected III the field These 
bulk samples consisted of material from many plants m a 
population and describe the hpld composltlon of the plants at a 
site but not mformatlon on seasonal vanatlon Field collecuons 
were made m late spnng and summer The four species of 
Chronochloa were found m the South Ashburton Valley, the sites 
are generally representative of the grasslands m that area and 
none IS more than 2 km from the other Three samples of C rzglda 
were taken from three dlstmct locatlons to examme the effects of 
environment on the wax composltlon The species and locahtles 
were C jouescens, Mt Barrosa, South Canterbury, 1220m, 
sunny slope, C macra, Mt Barrosa, South Canterbury, 1220 m, 
shady, C rubra, Harpers Knob, South Canterbury, 640 m, wet, C 
rrglda (1) Mt Barrosa, South Canterbury, 9lOm, sunny, C qlda 
(2) Ashburton River, South Canterbury, 670m, dry, C rqlda (3) 
Potts River, South Canterbury, 640m, shady The samples are 
among those reported on by Connor and Purdle [2, 33 

Electron microscopy Shoots of the four species were prepared 
for electron mlcroscopy by freeze-drymg overnight or treatmg 
with EtOH The EtOH treatment conslsted of soalcmg the cut 
shoots for 1 hr m 40 %, 60 %, 75 %, 90 %. 100 % EtOH soln m 
succession, then overmght m 100% EtOH The EtOH was 
decanted and the shoots dried under vacuum 

Isolation ofeplcut&ar wax The shoots (25 cm) were soaked 
for 16hr m petrol (4&60”) at room temp, the petrol extract 
decanted and coned by rotary evaporation 

Separatzon of wax components SI gel G TLC plates (0 4 mm 
thick) were prepared and pre-run m EtOH Extracted wax (3 mg 
m 0 15 ml CHCl,) was apphed to two SI gel TLC plates The 
plates were developed m C,H6 and the five fractions, acid, 
alcohol, aldehyde, ester and alkane winch separated were de- 
tected by spraymg with an aq soln (0 I%, w/v) of Ultraphor 
(Badlsche Amhn and Soda Fabnk, Ludwlgshufen-am-Rhem, 
Germany) and vlewed under UV hght The hplds were recovered 
from the SI gel with 50 ml CHCI, contammg 1 0 mg mt standard 
octadecyl octadecanoate for the acid, alcohol, aldehyde and 
alkane fractions, methyl n-elcosanoate for the ester fraction 
After the acids were methylated (CH,N,-Et,O) and the alcohols 
acetylated (Ac,O-pyndme, 1 2), each fraction was analysed by 
GC The FID response for methyl n-elcosanoate and octadecyl 
octadecanoate was slmdar and consequently It was assumed that 
all other components had similar FID responses The areas of 

each GC peak were calculated by tramgulatlon and the amounts 
of mdlvldual components determmed by comparmg the areas of 
each peak to that of the mt standard [27] 

Gas chromatography The Instrument was fitted with an FID 
and a stamless steel column 1 5 m x 3 2 mm (o d ) packed with 
Chromosorb W-AW DMCS (80/lOOmesh) coated with 15% 
Dexsd 300 The oven was programmed from 200” to 360” at 
6”/mm The detector temp was 3lO”and InJector temp 275” The 
carrier gas was N2 (30ml/mm) The methylated acids, acctylated 
alcohols, aldehydes, esters and alkanes were dissolved m CHCl, 
(0 1 ml) and 2 ~1 ahquots InJected 

Mass spectrometry The gas chromatograph was connected to 
the mass spectrometer via a membrane separator heated to 230” 
The source temp was 250” and spectra were determmed at 20eV 
A 1 5 m x 3 2 mm (o d ) Pyrex column packed with Chromosorb 
W/HP (SO/l00 mesh) coated with 1% OVlOl was used The gas 
chromatograph was operated with an InJector temp of 230” and 
the column temp programmed at 2”/mm from 160” to 260” The 
carrier gas was He (25 ml/mm) The mdlvldual fractions of 
alkane, aldehyde, acetylated alcohol and methyl esters were 
analysed directly by GC/MS The esters were separated on a gas 
chromatograph fitted with an outlet sphtter (1 5) and a sample 
collectlon port The separated components were collected with- 
out coohng m glass capdlary tubes The appropriate sectlon ofthe 
capdlary was Inserted directly mto the mass spectrometer direct 
Insertion probe Tins method was necessary because the longer 
cham esters reqmred a temp above the temp hmlt (230”) of the 
separator 

Peak rdentlfcatzon The components of C macra were Identl- 
fied by GC/MS The components of the other species were 
ldentdied by comparison with the R,‘s of those of C macra 
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