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The Sensitivity of Chloroplast Ultrastructure of Two
Duckweed Species to Simulated Acid Rain
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Abstract: The membrane leakage rate and chloroplast ultrastructure were investigated in the fronds of two
duckweeds, Lemna minor L. and Spirodela polyrrihiza (L.) Schleid, cultured in distilled water and in different pH
values (5.5, 4.5, 3.5, 2.5) of simulated acid rain for 48 h. The membrane leakage rate and alteration of chloroplast
ultrastructure in two duckweeds were enhanced with the decreasing pH value. A different sensitivity to acid rain
and changing pattern of injured chloroplast morphology were found between two species. In L. minor, the damages
of chloroplast and membrane system began at pH 4.5, subsequently, severe plasmolysis, circular dilated
chloroplast and the confused structure of grana with numerous vesicles were observed, as pH value of acid rain
was dropped down to 3.5. However, inS. polyrrihiza under pH 3.5, less membrane leakage rate (17%) was
accompanied by partial break in the outer envelope of chloroplast, while the structures of grana and stroma
thylakoid showed no obvious change. The evident damage of chloroplast ultrastructure in S. polyrrihiza appeared
at pH 2.5, but no severe plasmolysis and chloroplast swelling were seen. It is postulated that in the freshwater
body, S. polyrrihiza may exhibite a stronger ability of existence competition to acid pollution than L. minor, and L.
minor may be used as a sensitive plant indicator for water body with pH value less than 4.5.
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Fig. 1 Effect of simulated acid rain on cell membrane leakage rate in the
fronds of L. minor and S. polyrrhiza after treatment for 1 day
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Explanation of plates

Plate 1

1-3. Showing the ultrastructures of (Lemna minor L.) cell (1), chloro-

plast (2) and grana (3) in control (H,0);

4-6. Showing the normal ultrastructures of cell (4), chloroplast (5)

and grana (6) treated by pH 5.5 acid rain;

7-9. Showing plasmolysis (7), chloroplast swelling with partially
broken outer envelope (8), and disorderly grana (9) in treat-
ment with pH 4.5 acid rain;

10-15. Showing the contracted protoplasma in the center of cell caused
by severe plasmolysis (10, 13), the circular dilated chloroplasts
(11, 14), and the numerous vesicles in collapsed thylakoid (12,
15) resulted from pH 3.5 and 2.5 acid rain stress, respectively;

Cell (Figs. 1, 4, 7, 10, 13)x2 500; Chloroplast (Figs. 2, 5, 8, 11, 14)

x15 000; Grana (Figs. 3, 6, 9, 12, 15)x60 000

Plate II

1-3. Showing the (Spirodela polyrrhiza) cell (1), chloroplast (2) and
grana (3) structure in control (Hsz;

4-6. Showing no changes in structure of chloroplast treated by pH 5.5
acid rain;

7-9. Showing slight plasmolysis and normal structure of chloroplast in

treatment with pH 4.5 acid rain;
10-12. Showing the outer broken envelope in some chloroplasts treated
by pH 3.5 acid rain;
13-15. Showing the disintegrated sticking thylakoids (15).
Cell (Figs. 1,4, 7, 10, 13)x3 000; Chloroplast (Figs. 2, 5, 8, 11, 14)
x 12 000-20 000; Grana (Figs. 3, 6, 9, 12, 15)x60 000
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