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Histological Changes in Pjnus koraiensis Needles
and Ginkgo biloba Leaves Treated with

Simulated Acid Rain, Drought
and Salt Solution'
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ABSTRACT

Anatomy of Pinus koraiensis needles and Ginkgo biloba leaves was investigated after exposure to simulated
acid rain, drought and salt solution.

All of the stresses applied to the needle of Pinus koraiensis caused collapse of mesophyll tissues; epidermis
was collapsed due to acid rain, severe compress and transformation of epidermis, mesophyll, and endodermis to
drought, and collapse of phloem and transfusion tissue to salt solution.

Spongy mesophyll tissues, however, collapsed in the leaves of Ginkgo biloba; epidermis and palisade tissues
collapsed due to acid rain, compress and transformation of spongy mesophyll tissues to drought, and hypertro-
phy and collapse of endodermis and transfusion tissues to salt solution.
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Table 1. Qualitative characters between normal tissues and tissues injured by abiotic stress of Pinus koraiensis

needle.
Treatment Epidermis Mesophyll Resin duct Endodermis 'I:ransfusmn Vascular tissue
tissue Xylem Phloem
Control Red culticle, Fully turgid, Intact, Intact, Intact, Intact, Intact,
(Normal) intact, light green turgid, two turgid, light turgid, red cell light
turgid, light cell wall, layered cell, green cell light green wall green
green cell dark reddish light green wall cell wall cell
wall or green - cell wall wall
cytoplasm
Acid Some cuticle Severely Severely Intact, Some cells Intact, Intact,
rain & epidermis collapsed, shrinked, turgid, were red cell green
were dark dark light collapsed, wall cell wall,
collapsed reddish reddish green dark green compressed
cell wall, cell wall cell wall cell wall
reddish
cytoplasm
Drought Red cuticle, All of the Severely Compressed, Compressed, Intact, Intact,
intact, turgid cells were shrinked, dark reddish dark reddish red cell green cell
dark greenish  nearly collapsed & greenish & greenish wall wall,
cell wall collapsed and cell wall cell wall severely
shrinked compressed
Salt Red cuticle, Some cells One layer Intact, Some cells Intact, Some cells
solution intact, turgid  were collapsed, cells were turgid, dark were red cell were
dark greenish  dark reddish shrinked and  reddish or collapsed, wall collapsed,
cell wall cell wall, collapsed, greenish dark green cell
reddish dark reddish cell wall greenish or wall
cytoplasm or greenish reddish
cell wall cell wall
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Table 2. Qualitative characters between normal tissues and tissues injured by abiotic stress of Ginkgo biloba

leaves,
Treatment Epidermis Mesophyll tissue Endodermis Vascular tissue
Xylem Phloem
Control Intact, turgid, Intact, fully turgid, Intact, turgid, Intact, Intact,
(Normal) light green cell light green cell light green cell red cell ight green
wall, light green  wall, reddish green wall wall cell wall
or dark reddish plastids, dispersed
cytoplasm
Acid rain Some cells were  Most cells were
collapsed, collapse, shrinked,
reddish green plasmolysis, clumping —* — —
cell wall of plastids, most
cells relatively small
Drought Intact, some Mainly spongy cells
cells were were collapsed, most
plasmolyzed cells were shrinked, — — -
light green plasmolysis, relatively
cell wall small, dark reddish or
greenish cytoplasm
Salt Intact, trugid, Spongy cells were Hypertrophied, Intact, Compressed,
solution light green cell mainly collapsed, light green dark reddish green cell
wall shrinked, plasmolyzed cell wall cell wall,
hypertrophied hypertrophy
of transfusion
tissues

* Indicates that it was not observed.
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Photo. A. Cross sectioned normal needle of Pinus koraiensis: phloem(Ph), xylem(Xy), transfusion tissue(Tt),
endodermis(En), mesophyll tissue(Mt), resin duct(Rd), and epidermis(Ep). Cuticle and xylem were stained
red and the other parts of the tissues green. Most cells were arranged intact and turgid.

Photo. B. Cross section of acid rain injured, Pinus korainensis needle. Epidermis, mesophyl! tissue, resin duct,
endodermis, and transfusion tissue were collapsed. Xylem was turgid and phioem compressed. Mesophyll
cell wall was stained dark reddish and cytoplasm reddish.

Photo.C. Cross section of drought injured, Pinus koraiensis needle. All of the tissues, except for xylem,
were compressed and transformed severely. Mesophyll tissue and resin duct were collapsed, and phloem
tissue compressed.

Photo.D. Cross section of salt injured Pinus koraiensis needle. Mesophyll tissue, transfusion tissue, phloem,
and resin duct were collapsed, but endodermis and epidermis were somewhat turgid. Mesophyll cell wall
was stained dark reddish and cytoplasm reddish,

Photo. E. Cross section of normal Ginkgo biloba leaves: vascular tissue(Vt), endodermis(En), mesophyll
tissue(Mt), and epidermis(Ep). Most of the cells, except for stomatal cavity, were arranged intact and
turgid, plastids in mesophyll cells were dispersed.

Photo. F. Cross section of acid rain injured, Ginkgo biloba leaf. Epidermis and mesophyll cells were severely
plasmolyged shrinked, and collapsed. Plastids in mesophyll cells were clumped. Most of the cells were
relatively small.

Photo. G. Cross section of drought injured, Ginkgo biloba leaf. Spongy mesophyll cells were severely collap-
sed, Most of the celis were relatively small and plasmolyged.

Photo. H. Cross section of salt injured, Ginkgo biloba leaf. Mesophyll cells were severely collapsed and slightly
hypertrophied. Endodermis and transfusion cells were hypertrophied, and some of them were collapsed.



