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Abstract-Epicuticular wax was extracted from SO,-sensitive (S23) and SO1-resistant (BR) genotypes of ryegrass 
(L.&urn perenne) exposed continuously for 4 weeks to 0, 0.05 or 0.15 ppm SO1 under winter or summer conditions. The 
differences found between genotypes in the composition of the acid and alkane fractions of the extracted wax were 
further modified by season and exposure to SOI. Estimates of relative amounts of epicuti~ wax showed that both 
genotypes produced more wax in the winter experiment, with BR producing more wax than S23. Exposure to 0.05 ppm 
in the winter experiment had little effect on the amount of wax produced by either genotype while exposure to 0.15 ppm 
SO, greatly reduced wax production in BR but increased wax production in S23. These changes in wax production 
could have been due to a general effect of SO1 on metabolism regulating the flow of carbon into the pathways 
synthesizing wax components rather than to specific inhibition or enhancement at particular steps in these pathways. 
Exposure to SO1 in the summer experiment had little effect on the amount of wax produced by both genotypes but did 
have an effect on wax composition. 

INTRODUCTION 

The amount and distribution of epicuticular wax have 
been shown to modify the extent of damage sustained by 
leaves of plants exposed to gaseous air pollutants. 
Bystrom et ol. [i J found that the rate of wax extrusion in 
Beta wiguris did not keep Race with the rapid expansion 
of the epidermal surface of developing leaves, resulting in 
an incomplete coverage of the leaf surface that con- 
tributed to the susceptibility to damage from irradiated 
auto exhaust. The extent of fohar glaxing and necrosis in 
Piraseoius vulgaris exposed to gaseous HCI were inversely 
correlated with the amount of epicuticular wax 123; the 
observation of glazing in astomatous portions of leaves 
demonstrated that the acidic gas could penetrate the waxy 
cuticle. 

A recent study with astomatous cuticles isolated from 
Citrus auruntium has shown SO2 to be 688 times more 
soluble in the cuticular membrane (with waxes) and 843 
times more soluble in the cuticular matrix (waxes re- 
moved) than in water [3]. However, the cuticular mem- 
branes of C. auruntium were approximately 3500 times 
less permeable to SOz than a water layer of equal 
thickness, indicating that the permeability of the cuticle to 
gases is strongly influenced by its wax components. In 
cuticles of C. uu~~t~urn the resistance of the cuticular 
membrane to SO2 was almost compIetdy due to the 
epicuticuiar waxes which accounted for only 3% of the 
weight of the cuticle, while in Lycopersicon esculentum 
about SO’% of the resistance to SO2 permeation was due 
to the epicuticular waxes which comprised 66% of the 
total weight of the cuticle [33. 

While the composition of the epicuticular wax can 
affect the permeation of SO,, exposure to SO2 can also 
alter the amount and morphology of epicuticular wax. In 
Phuseolus vulgaris, exposure to 0.75 ppm SO, for 8 hr 
resulted in trichomes subsequently becoming encrusted in 

waxy concretions, and this effect of SO1 was found to 
precede the development of visible symptoms of SO1 
injury [4J. Koxidand Cowling [5] observed that leaves of 
Loiium perenne exposed to 0.16 ppm SO2 for 23 days had 
visibly more epicutictdar wax than leaves of control piants 
but that the wax morphology was not altered: waxy 
concretions were observed only over necrotic areas. 

In this study two genotypes of ryegrass (L. perenne), one 
sensitive (S23) and the other resistant (BR) to SOa, were 
exposed for 4 weeks to 0, 0.05 or 0.15 ppm SO2 under 
conditions giving slow (winter) or fast (surer) rates of 
growth, when plants are expected to be maximally or 
minimally sensitive, respectively, to the effects of SO1 161. 
The object was to determine the nature of SO1-induced 
changes in epicuticular wax and the existence of any 
interaction between growth season and SO2 on epi- 
cuticuiar wax. 

RESULTS AND DlSCUSSlON 

Epicuticular wax was extracted from mature leaves, 
saponified and analysed by capillary GC individual 
components were identified by capillary CC/MS. In toto 
28 compounds were identified: 13 n-aikanes (Cta-Cj,), 
one dicarboxylic acid, nine fatty acids and f&e alcohols. 
For semiquantitative analysis the peak area of each 
component identified (A,) was divided by the peak area of 
the internal standard heneicosanoic acid (A,,, represent- 
ing 100 pg) and by the area (LA, both sides) of the leaves 
from which the epicuticular wax was extracted. The values 
from the duplicate experiments at each growth rate were 
then averaged. Thus an estimate of total epicuticuiar wax 
@g/cm2 leaf area) was obtained as 

$, {[(4,/A,,* LA), + (4,/A,,* ~Q),l/2) 

415 



416 J. D. SHELVEY and M. J. Koztot 

where the subscripts 1 and 2 refer to the duplicate 
experiments conducted at each growth rate. Estimates for 
total epicutkular wax extracted from the leaf samples are 
given in Table 1. Led samples taken for wax anaIysis had 
similar specific leaf areas (specific leaf area = leaf area 
+kaf dry weight) so it is unlikely that the smaller 
amounts of wax on leaves during the summer exposures 
were the result of rates of leaf expansion exceeding those 
of wax extrusion [i]. Examination of the adaxial surfaces 
of the leaves by scanning electron micr-py (SEM) 
confirmed the data presented in Table 1. No differem in 
wax density could be seen between genotypes or treat- 
ments in the summer experiment, but both genotypes did 

Tabk 1. Seasonal and Sot-inducai changes in the &a- 
tive amounts of epicuticular wax (jig/cm’ leaf area) in 
SO,-resistant (BR) and sensitive (523) genotypes of 

ryegrass 

so, expoxure 
concentration (ppm) 

Growth 
Conditions Genotype 0 0.05 0.15 

Winter BR 103.6 117.4 39.3 
S23 57.1 528 111.1 

summer BR 11.6 8.2 8.1 
S23 8.8 7.9 6.8 

Epicuticular wax was estimated by summation of the 
individual values obtained from dividing the peak atea. of 
each wax component identified by the area of the internal 
standard (representing 1OOpg) and by the area (both 
skies) of the leaves from which the wax was extracted. The 
values listed above are the average of two exposure 
experiments conducted under each growth regime plants 
were exposed continuously to SO2 for 4 weeks. 

have visibly more wax in the winter than in the summer 
experiment. The enhanced production of epicuticular wax 
in leaves of L. pereme developing during the winter 
experiment agrees with the observations that the amount 
of wax produced by Prums domestica [7] and Brass&a 
oleracea var. ~emmifea [S] was inversely proportional to 
temperature. In the winter experiment the amount of wax 
on the adaxial leaf surfaces of BR in the control and 
0.05 ppm SOI treatments was easily dist~~is~ble from 
that on S23 when viewed by SEM, though within each 
genotype the only salient difference in wax density was 
that observed in response to exposure to 0.15 ppm SO1. 
The nature of the response to 0.15 ppm SO, is interesting, 
the amount of wax being decreased in the SO,-resistant 
BR genotype but increased in the sensitive S23 genotype. 

It has been shown that the synthesis of the components 
of epicuticular wax occurs in the epidermal cells [9]. The 
initial steps in the biosynthesis of wax components are 
similar to those in the synthesis of cellular fatty acids up to 
palmitic acid. In the synthesis of wax components, chain 
elongation then occurs to produce the longer chain fatty 
acids which can be reduced or decarboxyiated to produce 
Iong chain akohois or alkanes, respectively. Various 
effects of SOz on the celhdar synthesis of fatty acids and 
lipids have been reported [ 10-121 and several caveats 
suggested in assessing the results [ 13 3. In summary, SO2 is 
likely to affect only a few key steps in fatty acid/lipid 
synthesis [13], notably the Cl6 + C,s step in the elong- 
ation pathway and the synthesis of polar lipids and fatty 
acid esters [ 10, 123. 

Any major inhibition by SO1 of the synthesis of wax 
components at steps subsequent to the synthesis of 
pahnitic acid would be expected to alter the composition 
of the epicuticular wax. Focusing attention on BR, which 
showed a decrease in the amount of wax in response to 
0.15 ppm SO2 under winter conditions, Table 2 shows 
that SO1 had no effect on wax composition: this is further 
supported by comparing the profiles for the acids and 
alcohols (Tables 3 and 4) and n-aikanes (Table 5) for the 

Table 2 General composition of epicutkular wax extracted from S02- 
resistant (BR) and sensitive (S23) genotypes of ryegrass exposed to 
various concentrations of SO2 for 4 weeks under different growth 

conditions 

so2 % Composition 
Growth concns 
conditions Genotype @pm) n-Alkanes Acids Alcohols 

Winter BR 0 23.9 22.4 53.7 
0.05 25.6 28.3 46.1 
0.15 25.5 24.9 49.6 

S23 0 17.4 37.7 44.9 
0.05 26.8 38.6 34.6 
0.15 18.1 19.5 62.4 

Summer BR 0 29.2 17.7 53.1 
0.05 32.0 27.2 40.8 
0.15 33.2 21.3 45.5 

S23 0 27.4 36.7 35.9 
0.05 27.8 32.9 39.3 
0.15 28.7 31.6 39.7 

Values above represent the averages from duplicate exposure exper- 
iments conducted under winter or summer conditions. 
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control and 0.15 ppm SO2 treatments. The absence of 
dramatic changes in the wax components argues against 
direct SO1 inhibition of the synthesis of wax components; 
however, it does not preclude a more general effect of SO1 
on the metabolism of the epidermal cells that might 
reduce the total carbon flow through these synthetic 
pathways in BR. For S23, which produced more epi- 
cuticular wax in response to 0.15 ppm SO1 than in the 
control treatment, a general increase in carbon flow 
through the pathways of wax synthesis would be required. 
Altering the cellular concentration of acetyl-CoA is one 
way in which SO1 could alfect carbon flow into the 
pathways of fatty acid synthesis, as SO1 has been shown 
either to inhibit or to enhance the activities of phos- 
phoglucoisomerase and glucose-dphosphate dehydro- 
genase, thus affecting carbon flow through glycolysis and 
the oxidative pentose phosphate pathways [14, see 
Fig. 18.11. A difference between BR and S23 in the 
response of these enzymes to SO1 might be one expla- 
nation for an altered carbon flow through pathways of 
wax synthesis. Weinstein [lS] investigated the effects of 
HF on selected &enzymes in leaves of F--sensitive and 
F--resistant genotypes of Solanum pseudocapsicum and 
found that exposure to HF increased the foliar content of 
the isoenzymes of glucose&phosphate dehydrogenase 
only in the sensitive genotype. A differential induction in 
the transcription of isoenzymes of phosphoglucoiso- 
merase and/or glucose&phosphate dehydrogenase in BR 
and S23 in response to 0.15 ppm SOs might better explain 
the differences in carbon flow into fatty acid synthesis and 
subsequently into the synthesis of wax components. The 
rate of permeation and of entry of SO2 into the epidermal 
cells may have been too slow in plants exposed to 
0.05 ppm SO, for concentrations of HSO;/SO:- to 
reach the cellular threshold required for the induction of 
isoenzyme synthesis to occur. 

The general composition of epicuticular wax of BR in 
the winter and summer experiments was similar, with a 
slight increase in the percentage of n-alkanes and decrease 
in alcohols in the summer experiment (Table 2). In the 
winter experiment S23 in both the control and 0.05 ppm 
SO1 treatments had a higher percentage than BR of acids 
in the epicuticular wax, though whether these occurred as 
free acids or esters is uncertain as the extracted wax was 

saponified before analysis. At 0.15 ppm SO1 , S23 showed 
a marked increase in the percentage of alcohols: whether 
this was due to a stimulation of the reductase enzymes is 
uncertain. In the summer experiment carbon incorpo- 
rated into wax components in S23 was more equally 
partitioned among the three major fractions than was the 
case with BR: no detinite effects of SOs were seen. 

Seasonal differences were found in the acidic com- 
ponents of the extracted epicuticular wax of the two 
genotypes (Table 3). In the winter experiment, palmitic, 
oleic and stearic acids were the major components in the 
control treatments, representing ca 80% of the total acidic 
fraction in each genotype. In the summer experiment these 
acids represented only 51 y0 of the total acidic fraction in 
BR, with tetradecanoic, eicosanoic and hexadecanoic 
acids each increasing to co 10% of the total. In S23 the 
contribution of the Clb and C,, acids fell to 61 y0 of the 
total, with tetradecanoic and docosanoic acids increasing 
to 14 % and 11x, respectively. 

Palmitic acid increased and oleic acid decreased in S23 
in the winter experiment and in BR in the summer 
experiment in response to SOz. In both cases the per- 
centages of stearic acid and longer chain fatty acids were 
similar in the control and 0.05 ppm SO2 treatments, and 
actually increased in response to 0.15 ppm SOs, suggest- 
ing that exposure to SO* was inhibiting only the synthesis 
of oleic acid. 

In all cases n-hexacosanol was the major alcohol 
detected (Table 4) in agreement with the findings of 
Hamilton and Power [16]. The variations due to season 
and exposure to SO1 were relatively small. 

Seasonal differences and differences between genotypes 
were found in the hydrocarbon components of the 
epicuticular wax (Table 5). but the results of our analyses 
are generally in agreement with Hamilton and Power [ 161 
who reported a predominance of odd-numbered n- 
alkanes between Cs7 and CJl, inclusive, in the epi- 
cuticular wax of L. perenne. In the control treatments in 
the winter experiment the major hydrocarbon in BR was a 
CJS n-alkane (41% of the total), while in S23 Cs* and C,, 
n-alkanes accounted for 20% and 24%, respectively, of 
the total hydrocarbon fraction. As with the acidic fraction, 
carbon incorporated in the hydrocarbon fraction in the 
summer experiment was more generally distributed, with 

Table 3. Percentage composition of the acid fraction of epicuticular wax extracted from SOs-resistant (BR) and sensitive (S23) 
genotypes of ryegrass exposed to various concentrations of SOa for 4 weeks under ditferent growth conditions 

Winter Summer 

Homologue Genotype: BR S23 BR S23 

Carbon No. SO2 cont. (ppm): 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 

Cp dioic 2.2 1.1 2.4 3.4 2.9 1.0 5.6 2.6 1.9 0.8 0.6 0.6 

14:o 3.1 4.6 6.5 4.8 6.5 5.6 10.7 15.5 8.0 14.1 12.7 8.6 

16:0 34.7 32.5 31.9 20.9 31.0 33.3 15.8 27.7 26.8 36.4 28.8 29.6 

18:l (9) 15.6 27.2 13.7 25.9 17.4 7.2 19.2 12.2 5.6 12.0 15.2 10.5 

18:O 29.8 26.1 27.8 32.3 28.1 34.4 16.4 19.2 24.9 128 19.4 25.2 
20:o 2.2 1.4 2.4 4.2 2.9 4.1 9.6 5.5 3.3 5.2 4.5 6.7 
22:o 5.8 5.3 4.8 4.2 4.7 5.1 5.1 7.7 8.0 10.6 9.4 7.0 
24:0 0.9 1.4 2.4 1.6 2.3 2.1 5.6 1.8 11.7 3.5 2.1 1.6 
26:0 0.9 tr 0.4 1.6 1.8 tr 10.2 5.9 4.7 2.2 3.9 8.9 

28:0 4.9 0.4 7.7 I.1 2.3 7.2 1.7 1.8 5.2 2.4 3.3 1.3 

tr = trace.. Values above represent the averages from duplicate exposure experiments conducted under winter or summer conditions. 
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Table 4. Percentage composition of the I-alkanol fraction of epicuticular wax extracted from SGs-resistant (BR) and sensitive (S23) 
genotypes of ryegrass exposed to various concentrations of So2 for 4 weeks under different growth conditions 

Winter Summer 

Homologue Genotype: BR S23 BR S23 
Carbon No. SO2 cont. (ppm): 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 

20 1.1 1.3 1.0 1.6 4.9 1.4 6.8 1.7 1.5 1.1 1.3 1.8 
22 2.4 2.8 3.0 2.7 4.9 2.1 1.1 2.0 1.3 1.4 1.5 1.3 
24 1.9 2.6 2.0 1.1 5.2 1.9 7.0 2.2 3.1 1.7 4.3 1.8 
26 92.7 90.9 91.3 93.5 78.0 92.5 81.1 91.2 89.4 89.4 87.8 91.4 
28 1.9 2.4 2.6 1.1 7.9 2.1 4.0 2.9 4.6 6.4 5.1 3.8 

Values above represent the averages from duplicate exposure experiments conducted under winter or summer conditions. 

Table 5. Percentage composition of the n-alkane fraction of epicuticular wax extracted from SO,-resistant (BR) and sensitive (S23) 
genotypes of ryegrass exposed to various concentrations of SO1 for 4 weeks under different growth conditions 

Winter Summer 

Homologue Genotype: BR S23 BR S23 
Carbon No. SO1 cone (ppm): 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 0 0.05 0.15 

23 4.2 3.9 4.3 6.3 4.5 4.4 7.2 7.1 6.6 8.0 11.1 7.3 
24 6.7 6.7 6.7 20.1 6.0 8.3 10.3 14.3 12.0 13.1 11.8 14.3 
25 3.8 7.1 7.1 9.7 6.0 7.2 5.5 12.4 11.5 5.5 9.7 13.2 
26 5.8 5.9 6.3 6.9 5.6 6.6 11.3 10.9 11.8 11.6 9.3 12.9 
27 7.5 7.8 7.5 8.0 6.4 7.2 15.8 10.9 10.9 9.8 8.6 10.1 
28 4.2 7.5 5.9 2.9 12.4 5.5 7.9 5.0 6.5 12.4 11.8 7.0 
29 8.8 8.2 7.9 6.9 2.2 7.8 10.3 9.0 9.3 8.0 8.2 8.0 
30 2.1 2.7 4.3 2.9 0.7 5.0 2.8 3.1 3.7 2.9 2.9 2.4 
31 12.1 11.0 9.8 9.2 13.1 11.0 12.7 11.5 13.0 11.6 11.1 9.1 
32 1.3 1.2 2.4 1.1 1.5 1.7 0.7 1.2 1.2 tr 0.7 1.0 
33 40.8 34.5 33.9 24. I 39.7 33.1 12.7 11.5 12.4 124 11.8 9.4 
34 1.7 0.8 2.8 0.6 0.4 1.1 27 1.6 2.2 2.2 1.1 1.0 
35 1.3 2.7 1.2 2.3 1.5 1.1 0.3 1.6 1.6 2.5 1.8 4.2 

tr = trace. Values above represent the averages from duplicate exposure experimentsconducted under winter or summer conditions. 

no component accounting for more than’l6 % of the total 
hydrocarbon fraction. In both genotypes the components 
accounting for 10 y0 or more of the hydrocarbon fraction 
in the summer experiment were Cz.,, c26, c29, &I and 
Css n-alkanes; in addition BR had a C2, and S23 a C,, n- 
alkane. The most obvious effects of exposure to SO, were 
a decrease in C24 and an increase in Csl n-alkanes in the 
winter experiment, and an increase in the C25 n-alkane in 
both genotypes in the summer experiment. 

The results of this study have shown that exposure of 
L. perenne to a high concentration of S02, such as 
0.15 ppm, during the winter will have a greater effect on 
the amount of wax produced than exposure during the 
summer. Exposure to SO2 in either season can affect the 
composition of the epicuticular wax but the effects of such 
changes on the permeation characteristics of the cuticular 
membrane remain uncertain in the absence of research 
correlating wax composition with gaseous permeation. 
The composition of epicuticular wax can vary with age 
[ 161 and with changes in environmental conditions [7,8]; 
there can also be differences between cultivars [ 171 and, as 
this study has shown, between genotypes isolated from a 
commercial cultivar [18] previously assumed to be 
homogeneous. 

EXPERIMENTAL 

P&m mamiul. Tillers of a genotype of ryegrass (L. pereane L.) 
derived from the S23 cultivar and showing a high resistance to 
acute SO2 injury [18] were suppliai by Dr. J. N. B. Bell of 
Imperial College, London This genotype, named ‘523 Bell 
resistant’ [19] and referred to here as BR, was vegetatively 
propagated in a glasshouse; plants of the sensitive S23 genotype 
were similarly propagated. Thirteen uniform tillers were planted 
per pot (150 mm diameter and 210 mm deep) containing 4.5 kg 
(dry wt) of soil. The soil used was a sandy clay loam overlying 
chalk collected from the 0-15cm horixon at the Animal and 
Grassland Research Institute (Hurley, Berks., U.K.). it has been 
fully described elsewhere [20]. After planting, the pots were 
watered to a predetermined weight to bring soil water tension to 
field capacity (7360 Pa) and then transferred to a growth cabinet 
maintained at 23” with a 12 hr photoperiod and an illumination 
of 86 W/m* provided by fluorescent lights. During the last week 
in the growth cabinet the temp. was gradually adjusted to that 
which the plants would experience in the exposure chambers. 
After 4 weeks in the growth cabinet the plant shoots were 
trimmed to 50 mm above the soil surface and stripped of dead 
material. The pots were watered to field capacity and the soil 
surface covered with a 1Omm layer of white polyethylene 
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granules to nkimixe evapn of Hz0 from, and tbc adsorption of 
SO1 by, the moist soil surfacea The pots of grass were then placed 
in the exposure chambers 

Exposure system. The ~CLCchambcr exposure system, situated 
in a glasshouse and described fuRy elsewhere [21], was modified 
for these expts The perforated ceiling in each chamber was 
replaced by a perforated tube of Melinex extending from the air 
inlet port zross the width of the chamber. Beneath this tube was 
suspended an 80mm diameter axial fan which was used to 
increase the turbulence within the chamber. The air flow rate into 
each chamber was adjusted to 2OOL/min at a slight positive 
pressure. Under these conditions the leaf aerodynamic 
( = boundary Layer) resistance was 0.20 s/cm, as measured by the 
method of ref. [22] 1OOmm above the centre of a 15Omm 
diameter pot containing ryegrass with shoots up to 200 mm long. 

Concns of SO1 were monitored simuhaneously at the inlet and 
outlet ports of each chamber for periods of 6 min beginning at 
hourly intervals using 2 Mdoy SA-285 sulphur a&sets equip 
pcd with HIS scrubbers (Meloy Laboratories Inc., Springtield, 
VA, U.S.A_). The analysers were calibrated regularly using the 
West-Gaeke [23] procedure as a ref. method, and also against 
each other. 

Experimental design. The S23 and BR genotypes were exposed 
to 40.05 or 0.15 ppm SO, continuously for 4 weeks during the 
winter and early spring to give slow and fast rates of growth, 
respectively. Two exposure expts were conducted at each growth 
rate using a 3 x 2 factorial design with incomplete replication of 
the control treatment. In practice this meant that for each 
genotype one chamber was assigned to the control treatment, two 
to 0.05 ppm SO1 and two to 0.15 ppm So,. Genotypes and SO, 
treatments were allotted at random to the 10 chambers for the 
duplicate expts with these allocations maintained for the two 
gowth rates studied. The duplicate winter expts were conducted 
between 23 November 1983 and 1 February 1984 with glasshouse 
heating reduced to frost protection only (4”). To standardize the 
photoperiod to Ehr, supplementary lighting (mercury halide 
lamps) at 36 W/m’ at plant height was provided from 08.00 to 
10.00 hr and from 15.00 to 16.00 hr daily; natural tight before 
08.00 hr and after 16.00 hr was considered photosynthetically 
insignilicant. The mean leaf temp. over the duplicate exposure 
expts was 12.3 f 0.5” and the relative humidity 55 f 2 %. These 
conditions are referred to as winter’ in this paper. The duplicate 
springexpts wereconducted between 23 Marchand 25 May, 1983 
with the glasshouse ventilated to maintain temps as close to 
ambient as possible. Photoperiods were standardixed to 16 hr by 
providing supplementary lighting from 05.00 to 07.3Ohr and 
from 19.00 to 21.00 hr daily. The mean leaf temp. over the 
duplicate exposure expts was 24.9 f 1.1” and the relative hu- 
midity 44 f 1%. These conditions are referred to as ‘summer’. 

Plants had su5cient leaf material at the beginning of the 
second week of exposure to permit measurements of leaf temps. 
These measurements were made three times a week on five leaves 
chosen at random from each of the two pots closest to the 
chamber doors, using diffusion porometers with thermocouples 
that appressed leaf surfaces (model Mk2, Delta-T Devices, 
Cambridge. England). Plastic gloves could be atfined to the 
chamber doors and the sensor heads of the porometm inserted 
into a chamber through a slit made at the base of one glove. As 
gloves could be rapidly affixed to the chamber doors the 
disturbance to the atmosphere. within a chamber was minimal. 

Wax analysis. For examination of changes in leaf surfaces by 
SEM, 2mm segments of fresh, mature leaves taken from the 
middle portion of each leaf were mounted with adaxial surfaces 
uppermost on a stub using colloidal graphite. The stub with the 
segments was immersed in liquid N2 before coating segments 
with gold using a sputter cryo unit. The stub with the leaf 

segments was transferred to a microscope equipped with a liquid 
Ns cooled stage. 

For GC and GC/MS analysis, six mature leaves were selected 
from one pot of each genotype per SGs treatment, their surface 
areas meaaumd using an ekctronic planimeter and fr. wts 
recorded. The leavea were then cut into ca 80 mm lengths and 
dippcd sequentially into teat tubes containing 13 ml of solvent 
according to a schedule mod&d from ref. [24]: (1) MeGH, 
10-15 set; (2) CHCl,-MeGH, 2: 1, 10-15 set; (3) CHCI,, 
10-l 5 set; and (4) MeGH, 30 sec. The solvents from the four test 
tubes were combined and evapd to dryness in oecuo (< 40”). The 
extracted epicuticuku waxes were transferred to derivatixation 
vials with rinses of Et,0 and petrol (60-80”), evaporating each 
rinse to dryness under a stream of dry Ns. Heneicosanoic acid 
(100 pg) was added to each vial as int. standard. Chromatography 
of compounds greater than Cu, is not practical with capillary 
columns. Wax samples were therefore saponified with 10 % KOH 
in 90% EtOH, then neutralixed with 2 N HCI and subsequently 
freexedried. The methoxime derivatives of any keto-compounds 
present were made using 2% methoxyamine hydrochloride in 
pyridine. After cooling, samples were taken to dryness under Nt 
and derivatixed with BSTFA (N,G-bis(trimethylsilyl~ 
trilluoroacetamide). 

Derivatixed samples were analysed with a FID and a 25 m 
FSOT column coated with OV-1; the inj. and detector temps were 
kept at 350”. The temp. prog. held an initial temp. of loo” for 
5 min, incmased by 3”/min to 300” and was held at final temp. for 
15 min. For analysis, 0.1-1.0 fi of sample was injected. GCjMS 
analysis was performed on a quadropole automated instrument 
fitted with a 5Om FSGT column coated with OV-1. Samples 
(1 ~1) were injected at 300” and the injector gush/split valve 
opened after 30 sac; after 200 set the filament was turned on, thus 
avoiding the solvent peak. The GC temp. prog. held an initial 
temp. of loo” for 2 min, increased by 3”/min to MO” and was held 
at final temp. for 5 mitt; He, supplied at 1 kg/cm’, was used as 
carrier. The transfer line and analyser were maintained at 280 
and 80”. respectively. Other MS parameters were: MS peak 
detection threshold = 10.0 linear counts; electron impact energy 
= 70 eV; scan range = 40-650 u in 1.0 s, tuning was by auto- 
tune using perfiuorobutylamine. Compounds were identified by 
comparison of spectra with a usercrcated data file and methylene 
unit R, index. 
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