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Effects of Simulated Acid Rain on Growth, Pigments and Leaf Surface
Morphology of the Seedlings of Amarant hus tricolor L.
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Abstract

The experiment was performed to investigate the effects of simulated acid rain of several pH
levels (2.0, 3.0, 4.0 _and 5.0) on growth, injury, pigment compositions and leaf surface morphology
of the seedlings of Amaranthus tricolor L. by foliar application. The growth of the tops and roots
was markedly retarded below pH 3.0 and speck spots appeared on the leaf. Seven different peaks
were detected by the absorption spectra of pigments of the leaf. But cv. Early splendor did not
show the peaks at 473 nm and 535 nm, and nor did cv. Tricolor show the peaks at 476 nm and
546 nm. The pigment composition of leaves was affected by strong acid rain. As pH levels
decreased, chlorophyll content increased. Leaf surface was eroded by acid rain, and leaf surface

tissues were broken down and collapsed at the lower pH levels.
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Fig. 1. Growth response of Ameranthus tricolor L. treated with simulated acid rain.
A!pH 2.0, B:pH 3.0, C: pH 4.0, D : Control(pH 6.5).

Fig. 2. Injury symptoms of simulated acid rain on the leaves of Amaranthus plants. cv.
E | Early splendor, T : Tricolor.
A pH 2.0, B:pH 3.0, C:pH 4.0, D : Control(pH 6.5)
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Table 1. Effects of simulated acid rains of varying pH levels on growth and leaf injury of Amaran-

thus tricolor L. cv. tricolor. ¥

Plant No. of Fresh Dry wt. Root Root Root dry  Degree¥
pH level® height leaves wt./plant  /plant length wt. wt./plant of injury
(cm) (ea) ® @ {cm) ® ®

2.0 2.23a% 6.33a 0.16a 0.02a 8.30a 0.06a 0.01a 7
30 2.80b 8.00b 0.28b 0.04b 9.97b 0.22b 0.02b 3
40 3.63c 9.33b 0.77¢c 0.07c 11.70c 0.27b 0.02b 0
5.0 3.83¢c 9.67b 0.96¢ 0.11d 11.10c 041c 0.03¢ 0
Control 5.57d 10.35¢ 1.39d 0.14d 12.57d 0.33c 0.03c 0

ZMean separation within columns by Duncan’s multiple range test, 5% level.

YData were taken at 45 days after sowing.

XControl plants were treated with tap water(pH 6.5).
WDegree ; 0 : healthy, 7 : severely damaged, 9 :@ dead.

Table 2. Absorbance(O.D.) of pigments in the leaves of Amaranthus treated with varying levels of

simulated acid rain.

Absorbance (0.D)

Cultivar pH levels
Wave length (nm)
420 473 476 535 539 546 653
Early 20 1.605 - - - - 0.759 0.368
splendor 30 1.729 - - - - 0.894 0.394
40 2.093 - 0.273 - 0.499 0.498 0.451
5.0 2.168 - 0.251 - 0418 0417 0.466
Control 1.810 - 0.222 - 0.387 - 0.388
Tricolor 2.0 1.850 - - - 0.34 - 0.425
3.0 1.425 - - - 0.288 - 0413
40 2.091 0.221 - 0.307 - — 0.447
5.0 1.938 0.210 - 0.273 - - 0411
Control 1.852 0.169 - 0.269 - - 0.404

Control : Tap water (pH 6.5)
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Table 3. Effects of simulated acid rain on
the content of chlorophyll in leaves
of Amarant hus tricolor L.

Chlorophyll content (mg/g, F.W.)

pH level
a b atb
2.0 1.04 0.28 1.322°
30 0.97 0.27 1.24b
40 0.93 0.27 1.20b
5.0 0.94 0.26 1.20b
Control 0.53 0.25 0.78¢

ZMean separation within a column by Duncan’s
multiple range test, 5% level.

[ | 1Amax
I 420nm

I
- / I|I
\ a

L { /./-\\\ ,4 i
2

N \v/ k

600 70

400 500
Wave Length (nm)

0

Fig. 3. Absorption spectra of pigments in leaves of Amaranthus tricolor treated with acid rain.

A I pH 2.0, B: Control(pH 6.5)
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Fig. 4. Comparison of healthy and injured leaf
surface(adaxial) morphology of Amaran-
thus tricolor L. treated with varying le-
vels of simulated acid rains by Scan-
ning Electron Microscope(SEM).

Control was treated with water(pH
6.5). Leaf surface is very sharp and
pointed.

:pH 5.0, Leaf surface showed less

pointed and smoothed.

:pH 4.0, Leaf surface was rounded

and cracked.

:pH 3.0, Leaf surface was severely

cracked and collapsed(arrow).

: pH 2.0, Leaf surface was completely

broken and eroded the waxes.
S=stoma, V=vein.
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