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Volatile Components from Bartlett and Bradford Pear Leaves 

Robert L. Miller,* Donald D. Bills,+ and Ron G. Butterys 

Eastern Regional Research Center, US .  Department of Agriculture-Agricultural Research Service, 
600 East Mermaid Lane, Philadelphia, Pennsylvania 19118 

Volatile components from whole leaves of Bartlett and Bradford pear were collected in a glass tube 
packed with Tenax and Carbotrap by passing a stream of air through a container of pear leaves and 
then into the trap. The t rap was thermally desorbed onto a capillary GC column, and the compounds 
were identified by means of mass spectral data and Kovats retention indices. The  compounds that  
were identified in all samples include (E)-p-ocimene, 0-caryophyllene, and (E$)-a-farnesene. Peril- 
lene and (&E)-a-farnesene were also found in all samples but were only tentatively identified. a- 
Copaene was a major component found in the Bartlett samples but not in the Bradford samples. 
Linalool (tentatively identified) was a medium to large peak and was found in the Bradford samples 
but not in the Bartlett samples. Compounds listed in this publication have not been reported previ- 
ously as volatiles from pear leaves. 

Psylla pyricola Forester (pear psylla) is an oligopha- 
gous insect that  is quite specific in the selection of its 
host (Burts, 1970). It is known to infest only pear, quince, 
and chess grass (Madsen e t  al., 1962; Glass, 1969). Pear 
psylla exists in two distinct forms, and the summer form 
is one of the most destructive insect pests attacking pear 
orchards in the United States and Europe (Butt  and Stu- 
art, 1986). Losses in pear production are caused by direct 
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defoliation, lower quality of the fruit, and “psylla shock”, 
Le., reduced quantity of fruit the year following an infes- 
tation. Psylla attacks most species of pear but with dif- 
ferent levels of success (Chang and Philogene, 1976). Some 
experiments indicate that  certain cultivars of pear are 
preferred targets for adult  feeding (Chang and Philo- 
gene, 1978; Westigard e t  al., 1970), while other studies 
suggest an ovipositional preference for susceptible pear 
trees and nymphal antibiosis (mortality) on resistant pear 
trees (Harris, 1973). Although nonvolatile components 
from pear leaves have been studied (Challice and Williams, 
1968a,b) and the volatiles from pear fruit have been inves- 
tigated (Jennings e t  al., 1960), volatile organic com- 
pounds emanating from the foliage of pear trees have 
not been examined yet. These may, in fact, play a role 
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phenylene oxide) to assure the purity of incoming air. The out- 
let port on the lid was fitted with an adapter for connecting a 
trap. The entire system was constructed of glass, Teflon, and 
stainless steel. Volatiles from the pear leaves were trapped in 
a Sylon-CT-treated Pyrex glass tuhe 6-mm 0.d. X 8-cm length 
packed with 50 mg of Tenax TA (35/60 mesh) adsorbent (All- 
tech Applied Science Laboratory, Deerfield Park, IL) and 160 
mg of Carbotrap (20/40-mesh) adsorbent (Supelco) plugged with 
approximately 5 mm of silanized glass wool (Supelco) at each 
end (Zlatkis, 1973). Traps were activated by purging them with 
helium at 20 mL/min while heiug heated for 24 h at 322 'C. 
After conditioning, the tubes were sealed with graphitized vespel 
ferrules and brass end caps until use. Traps prepared in this 
manner exhibited excellent absorptive capacity, and gas chro- 
matography (GC) analysis showed no organic background. 

Isolation of Volatiles. Collection of volatile compounds by 
purging was initiated within 1 b of removal of leaves from trees. 
The 2-quart jar held an average of 309 Bartlett leaves weighing 
an average of 145 g/jar or 209 Bradford leaves weighing an aver- 
age of 157 g. The system was purged with purified air at a rate 
of 25 mL/min for 72 h with three changes of leaves for Bartlett 
I, five changes for Bartlett I1 and Bradford I, and four changes 
for Bradford I1 at  24-h intervals. The jar containing the leaves 
was immersed in a constant-temperature bath at 29 "C. 

Sample Analysis. For GC-mass spectral (GC-MS) analy- 
sis, the volatile compounds collected on Tenax-Carhotrap tubes 
were thermally desorbed directly into the GC-MS system with 
a specially designed introduction device interfaced to the GC 
injection port (Hartman, 1987). The device allowed the glass 
trap to be heated rapidly to 250 O C .  Bartlett I was desorbed at 
250 "C, while the other samples were desorbed at 200 OC with 
a helium flow rate of 20 mL/min. The thermally desorbed vol- 
atiles were swept directly from the desorption heating zone into 
the capillary column injection port. Desorption was carried out 
for 20 min during which time the volatiles were cryofocused 
onto the head of the capillary column. To achieve the desired 
temperature of -80 "C for cryofocusing, a dry ice-acetone bath 
was used to immerse a few loops of the anterior part of the GC 
capillary column. After the desorption period, the GC oven was 
heated rapidly to 50 "C for Bartlett I(30 OC for the other sam- 
ples) and normal temperature programming was initiated. All 
experiment8 were conducted with a Varian 3400 series gas chro- 
matograph interfaced to a Finnigan 8230 high-resolution mass 
spectrometer. Data were recorded and processed with a Finni- 
gan SS-300 data system. Computerized mass spectral library 

Figure 1. Apparatus for collection of volatiles from pear leaves. 
Key: A, compressed air tank; B, Supelpure HC2-2445 trap; C, 
Tenax TA (2,6-diphenyl-l-p-phenylene oxide) trap; D, 2-quart 
jar containing leaves; E, Tenax TA trap; F, constant-tempera- 
ture (29 "C) bath. 

in the insect's identification mechanism. The  objective 
of this study was to isolate and identify volatile compo- 
nents from Bartlett and Bradford pear leaves. Com- 
pared to other pear species, Bartlett pears are produced 
in the largest volume in the United States and they are 
subject to psylla infestation. Bradford pear leaves, on 
the other hand, are resistant to pear psylla (Schalk and 
Ratcliffe, 1976). 

EXPERIMENTAL SECTION 

Materials and Reagents. Bartlett pear (Pyrus communis) 
and Bradford pear (4.w calleryam) leaves were obtained locally. 

Methods. The leaves were cut midstem, weighed, counted, 
and placed in a 2-quart, wide-mouth, glass Mason jar fitted with 
a specially designed Teflon lid (Berghoff America, Raymond, 
NH). The lid had two 6-mm ports: one for introducing and 
one for exhausting a stream of air. The inlet air stream was 
directed to the bottom of the jar through a tuhe that extended 
from the inlet port in the lid (see Figure 1). The inlet line was 
connected to a tank of zero-grade compressed air through an 
inline Supelpure HC2-2445 trap (Supelco, Bellefonte, PA) and 
a Pyrex glass tuhe 6-mm 0.d. X 10-cm length packed with Tenax 
TA (a porous polymer based upon 2,6-diphenyl-l-p- 
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Figure 2. Reconstructed ion chromatogram from the capillary GC analysis of the Teuax-Carhotrap trapped volatiles from Bartlett 
pear leaves. 
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Table I. Volatile Compounds Identified in the Atmosphere Associated with Bartlett I Pear Leaves Using Tenax-Carbotrap 
Trapping 

Miller et al. 

peak no. compound characteristic MS Kovats authentic re1 % 
myrcene' 41, 93, 69, 79, 53, 121, 136 980 1.00 

6 (Z)-3-hexenyl acetateb 43, 67, 82, 54, 69 986 985 4.6 
8 limonene 68, 41, 93, 136, 53, 79, 107 1020 1020 1.4 
9 (Z)-P-ocimene 93, 79, 53, 67, 121 1025 1026 1.7 

11 (E)-6-ocimene 93, 79, 53, 121, 67 1040 1040 9.2 

14 perillene" 69, 41, 81, 150, 79, 107 1110 6.5 
25 MW 164; 69 69, 79, 67, 121, 164 3.1 
27 a-cubebene 161, 119, 105, 120, 91 1350 1347 0.5 
29 a-copaene 105, 119, 161, 93, 81 1377 1374 9.2 
30 p- bourbonene 81, 105, 119, 133, 161 1385 1381 0.8 
31 6-cubebene 161, 105, 91, 119, 93, 79 1390 1385 0.6 
35 @-caryophylleneb 69, 93, 79, 133, 55 1415 1415 6.5 
37 humulene 93, 121, 80, 147, 107, 204 1450 1448 1.0 
41 (Z,E)-a-farnesenea 93, 69, 55, 107, 79, 119 1490 5.0 
42 (E$)-a-farnesene 93, 69, 107, 55, 79, 119 1498 1495 16.1 
43 A-cadineneb 161, 134, 105, 119, 204,91 1513 1513 1.9 
44 calacorene 157, 142, 200, 67, 77 1520 1525 0.4 

linaloold 93, 71, 41, 55, 80, 121, 136 1080 6.0' 

a Identity tentative. Used as internal standards to determine Kovats index. Identity tentative in Bradford I only. Identity tenta- 
tive in Bradford I and Bradford 11. e Approximate. 

searches were compared to the National Bureau of Standards 
reference spectral library. Gas chromatography was per- 
formed on a 60 m X 0.32 mm (id.) DB-1 methyl silicone capil- 
lary column with a 0.25-wm film thickness for all samples. The 
injector temperature was 250 "C for Bartlett I and 200 O C  for 
the others. Carrier gas flow rate was 20 linear cm/s (helium). 
The sample was not split. Column program temperature was 
-80 "C for 20 min (during thermal desorption), then 50-200 "C 
at 4 OC/min for Bartlett I (2 OC/min for the others), and then 
10 OC/min to  320 "C (final temperature). No components 
emerged beyond 200 "C. 

The MS was used in the electron ionization mode with an 
ion source temperature of 250 "C, filament current 1.0 mA, and 
electron multiplier voltage 1.2 kV. The mass range was 50-300 
amu for Bartlett I and 40-300 amu for the others; scan rate was 
1 s/decade, and interscan time was 0.8 s. 

Reference Samples. MS and GC retention data had already 
been obtained on authentic samples of sesquiterpene hydrocar- 
bons obtained from known essential oil sources (Buttery and 
Ling, 1984; Buttery et al., 1982). Myrcene, limonene, linalool, 
and 3-hexenyl acetate were obtained from commercial sources. 

RESULTS AND DISCUSSION 

Combined capillary GC-MS analyses were carried out 
on three to  five batches of pear leaves harvested a t  daily 
intervals in early and late summer 1987. Identification 
was made if mass spectra and GC Kovats indices (Kovats, 
1965) were identical with those of authentic samples. 
Kovats GC indices were measured relative to  three other 
components present in the mixture and readily identi- 
fied by GC-MS. These were (Z)-3-hexenyl acetate, (3- 
caryophyllene, and A-cadinene. 

A representative chromatogram for the volatiles (Bar- 
tlett I) collected at 29 "C is shown in Figure 2. Sixty- 
one peaks are labeled. Fourteen components were iden- 
tified, two tentatively identified, and forty-three peaks 
could not be conclusively identified in Bartlett I. Although 
Bartlett I was desorbed a t  250 "C, the other samples were 
desorbed a t  200 "C to  provide a more moderate environ- 
mental temperature. 

On the basis of GC peak area (see Table I) of Bartlett 
I, the seven largest components were (E,E)-a-farnesene 
(16.17'0), (E)-P-ocimene (9.2%), a-copaene (9.2%), P- 
caryophyllene (6.5% 1, perillene (6.5%), (Z,E)-a- 
farnesene (5.0%), and (2)-3-hexenyl acetate (4.6% ). These 
components comprised 57 7'0 of the volatiles collected. 

(E)-0-Ocimene, P-caryophyllene, and (E,E)-a-farn- 
esene were identified in all four samples (see Table 11). 

Table 11. Comparison of Volatiles Identified in Bartlett 
and Bradford Pear Leaves. 

Bartlett Bartlett Bradford Bradford 
T TT T TT 
1 11 I I1 

myrcene 
(2)-3-hexenyl acetate m 
limonene S 
(Z)-6-ocimene S 
(E)-p-ocimene 1 
linalool 
perillene 1 
MW 164; 69 1 
a-copaene V l  
@-car yophyllene 1 
humulene 9 

(2,E)-a-farnesene 9 

@,E)-a-farnesene VI 

Sb 
m 
S 
9 

1 vl 
1 

vl vl 
m 1 
1 
m m 

S 
S S 

vl vl 

a Sesquiterpenes that were found only in Bartlett I are not all 
included unless they occurred in one other sample. (I Key: s = small; 
m = medium; 1 = large; vl = very large. 

Perillene and (2,E)-a-farnesene, which were tentatively 
identified, also were found in all the samples. (2)-3- 
Hexenyl acetate was found in three of the four samples. 
A large component with an apparent molecular ion of 
164 and a base ion of 69 was found in all samples. a-Co- 
paene was a major component found in the Bartlett sam- 
ples, but not in the Bradford samples. Linalool was a 
medium to large peak and was found in the Bradford 
samples, but not in the Bartlett samples. 

This trapping method might be expected to  give a pro- 
file of volatile components similar to  what an insect would 
encounter in the atmosphere near a pear tree (Buttery 
et  al., 1982). Disadvantages of this trapping method 
include the small amounts of volatiles obtained, the pos- 
sibility of chemical changes occurring on the Tenax/ 
Carbotrap surface, and desorption in the metal-lined injec- 
tor port of the GC under high-temperature conditions 
(200-250 "C) (e.g., germacrene was not found under these 
conditions). Care was taken in handling the pear leaves 
to  avoid further damage after being cut a t  midstem. 
Although there was some damage a t  the point where the 
stem was cut, very little of the usual compounds, e.g., 
unsaturated aldehydes, etc., that  result from tissue dam- 
age was observed. 

Terpene and sesquiterpene hydrocarbon type com- 
pounds may be important as semiochemicals that  influ- 
ence insect behavior (Buttery and Ling, 1984; Buttery e t  
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al., 1982; Metcaff, 1987). Although there were differ- 
ences in the chromatographic patterns of the volatiles 
from psylla-susceptible and psylla-resistant species of pear 
leaves, gross differences that might account for psylla rec- 
ognition were not obvious. Establishment of any rela- 
tionship of these volatile components to the resistance 
or susceptibility of pear species to pear psylla infesta- 
tion and damage will require further study including appro- 
priate bioassays. 
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