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Plant wax and its response to environmental conditions: an overview
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Abstract: This paper reviews the current achievements on plant wax, and in particular on its interaction with the abiotic
factors such as water, temperature, CO,, solar radiation and pollutants, as well as the biotic factors including phytophagous
insects and pathogens. The wax coating occurs at the topmost surface layer of the aerial part in the organs (i.e. , leaves,
stems, petals and fruits) of terrestrial higher plants. This coating is made up of epicuticular and intracuticular waxes
featured by a three-dimensional hydrophobic organic micro-structure. Aliphatic and cyclic compounds are measured to be
the dominant organics present in wax coating. These organic compounds are demonstrated to vary with species, organs, or
even different parts of an individual organ. The adaxial and abaxial parts of the individual leaves are reported to show
different chemical composition in some plants. The leaves taken in different developmental stages are also found to be
different in the wax chemical composition in some plants.

The wax plays a vital role on plant growth and development, and is believed to be most sensitive in response to the
outside environmental conditions due to its formation in the most outside of the plant organs and its direct contact with the
environments. This provides us a window to explore the interactions between plants and environments. In some arid regions,
due to the absence of water, some plants are found to biosynthesize more hydrocarbons, aldehydes, and in particular the
long-chained alkanes, but others are not. Enhanced solar radiation will result in the presence of thick wax coatings, and
also the change in the chemical compositions. Temperature will cause the change not only in crystalline micro-structures but
also in chemical compositions. The average chain length of normal alkanes is found to increase in some plants due to the

elevated temperature. The wax content will increase in some plants but decrease in others when the atmospheric CO,
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concentration is promoted.

The wax coating will also affect the biotic relationship. The difference in crystalline micro-structure of the wax coating
will affect the adhesion and movement of the insects. The variation in the content of fatty acids, alkanes and cyclic
compounds (in particular terpenoids and sterols) in the plant wax will affect the symbiosis of insects with the plants. The
wax structure and chemical composition are also important factors to prevent the pathogenic bacteria from invasion into the
plant organs.

It is thus notable that waxes would change the crystalline structure and chemical composition due to the presence of
environmental stresses, including both the abiotic (i. e., water, temperature, CO,, solar radiation and pollutants) and
biotic factors (i.e. , phytophagous insects and pathogens) as shown herein. The environmental conditions will lead to a
change in the metabolic pathway of the organic compound biosynthesis in wax coatings, which in turn causes the change in
wax composition. The changes in both the physical structure and chemical composition constitutes the basis of the
physiological or biochemical adaptation or response of the plant wax to the changing environmental conditions, and thus the
basis of plant survival to deteriorating environments. On this point, the wax could be served as a potential record, in both

modern plants or in the wax-bearing rocks, to decipher the relationship between plants and environments.

Key Words: plant wax; wax composition; biotic environment; abiotic environment
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Table 1 Aliphatic compounds of plant cuticular waxes

4% Name 253 2 Structure ZH 8 Predominance 55K Carbon length
JGWiER Fatty acids CH;-(CH,) ,-COOH 18 C6-Cay
i %% Alkanes CH;-(CH,) ,-CH, % Cyy-Cas
— 2% Primary alcohols CH;-(CH,) ,-CH,-OH 13 Cp-Cao
4 1% Secondary alcohols CH;-(CH,) ,-CHOH-(CH, ) ,-CH, 2 Cy; -Cas
[ Aldehydes CH;-(CH,) ,-CHO 13 Cpy-Cag
2% Ketones CH;-(CH,) ,-CO-(CH, ) ,-CH,4 % Cyy-Cs
B-_MZ B-Diketones CH;-(CH,) ,-CO-CO-(CH, ) ,-CH, {1 Cpy-Cag
Fig 2 Wax esters CH,-(CH,) ,-C0-0-(CH,) ,-CH, 1 Cyy-Cer
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MR B A A BUE A S Y R I TS 2 SR AR S E TR K A s SR MBS I 0 R AR K
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Nordby ST B 2 BT B O b 25 W28 B S IR i I 2 A Citrus paradisi H 3% T 5 8 Z ARG 5, UL EH
W T2 A — s R B Ll DA AR ) S 2 AR Pl 3 1 P L B ) 2 1 RE B8 35 S AR ) S T R AR A A RO A
Armstrong 55 K B, W T AR SR TS FEIRLRE (A b kA Ei AL MR A R I AT S 22 S K S Tl A
HRCR AR T BE BRI, 8 TR 25 2 S e B0y (), AR IR . SSUIS AR A RIS AL 2 S e L o A
A BIANTE Citrus aurantium WAE RGBT, FRIREE TS, 05 0 BBk AR R IR S5 4 0 1 7 it
S RRAR ITAC W R 3 T, e A R LAY BN 5 i ) T R, Sheperd U0 R HAE KT S MW P A H K
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DL e Z R A N AN 1) 22 S AR T BB 1 U oAk 2 2H O R AR S AR LR RO TR B TR T
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(52 2 AN TRl BT BT BRI PR~ (14 i 1y RN AR BE AN (] A ) s A & B B A B 22 Sl 2 i A
[F)RE ) 1) 26 57 3R 3N
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AeAr AHERTRAHH CO, M BE R A IE B A5 A5, PR rh CO, e B 1 T3 AT LU PRAE 106 64 R
C3 ., C4 fHY CO, FME2 s ARLFN s A 22 5, PRI 2% CO, Wk B T A RO AN ] A L 2T, C4 A9 CO, #b
A% R RIRL I SRR AR, TR AR CO, MR BEFEATOL B AT, e C4 AEIXT CO, ¥k B2 TH i 149 S vy SUR 2 48 €3
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THPEHY CO, Uk B T ok FIEZIE ) Graham Z5W0%E T3R8 T CAM YA B 2= Agave deserti TEAN[F] CO, ¥k
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B AR B BT AT AR 05 F COLME R BIUERA R B , DR A ) 3 B M e B = Wk B O 1 COL R RIPERT N 2%
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R IR AL 2B A5 0 Percy S Y B 5T 45 AR B, M 0, CO, PR 2 51 M R Pupulus
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