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Effects of Phthalic Acid on Seed Germination and Seedling Growth of
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Abstract: Root exudates are one of the important sources of plant autotoxic substances. Studies have shown that phthalic
acid is a well known allelopathic autotoxic substance, and it is also one of the substances with higher content in rubber
tree root exudates. In order to explore whether phthalic acid has an autotoxic effect on rubber tree, the effects of differ-
ent concentrations (0.05, 0.50, 1.00, 2.00 mmol/L) of phthalic acid solutions on the seed germination and seedling
growth of rubber tree RRIM600 were investigated. Phthalic acid delayed the initial germination time of rubber tree
seeds, and reduced the germination rate, germination speed and uniformity of seeds germination. Compared with the
control, the germination rate, germination index, germination speed, and uniformity of seeds germination of
2.00 mmol/L phthalic acid trestment decreased by 23.60%, 42.75%, 37.18%, 58.69%. All concentrations of phthalic acid
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treatment inhibited the growth of shoot length, diameter of shoot base, root diameter, and reduced the seedling biomass
accumulation. In the concentration range of 0.05-2.00 mmol/L, the shoot length, diameter of shoot base, root diameter,
shoot weight and root weight reduced by 12.91% to 40.70%, 20.05% to 21.59%, 7.89% to 34.13%, 16.18% to 26.47%,
20.00% to 36.00%. The content of soluble sugar, proline and malondialdehyde (MDA) increased gradually with the in-
crease of phthalic acid concentration, along with the degree of cell membrane lipid peroxidation gradually increased.
The pigment content and catalase (CAT) activity of rubber tree seedlings increased first and then decreased with the
increase of phthalic acid treatment concentration, while peroxidase (POD) and superoxide dismutase (SOD) activities
decreased with the increase of phthalic acid treatment concentration. 0.05 mmol/L phthalic acid promoted the accumu-
lation of chlorophyll b in seedlings, decreased the content of chlorophyll a, increased the activity of CAT, reduced POD
and SOD activity. When the concentration reached 0.50 mmol, the content of chlorophyll a, total amount of chlorophyll,
and carotenoid accumulated to the maximum, and decreased the activities of POD and SOD, at 2.00 mmol/L, the activi-
ties of POD and SOD continued to decrease. In conclusion, phthalic acid delayed the initial germination time of rubber
tree RRIM600 seeds, decreased the seed germination rate and germination rate, led to the disorder of the physiological
function of rubber tree seedlings, and inhibited the growth and development. The results could provide basic data sup-

port for the evaluation of the autotoxicity of phthalic acid on rubber trees.
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Fig. 1 Initial germination time and germination rate of
rubber tree seeds treated with different concentrations of
phthalic acid
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Tab. 1 Germination status of rubber tree seeds treated with different concentrations of phthalic acid
Jb PR I KR 2R KR A KA
Treatment concentration/(mmol-L™") ~ Germination rate/%  Germination potential/% Germination index Germination speed

CK 80.00+£6.67" 51.11+5.09° 14.46+1.30° 1.91+0.18"
0.05 74.44+1.92° 34.44£5.09° 11.07£1.10° 1.58+0.13°
0.50 64.44%5.09° 36.67+3.33° 10.39+0.98" 1.4520.10°
1.00 64.44+3.85°¢ 25.56+3.85° 9.01+0.73¢ 1.31+0.09¢
2.00 61.11+3.85°¢ 21.11+3.85¢ 8.28+0.83°¢ 1.20+0.18°

T WS A /NG S R m A B 22 52 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Tab. 2 Growth status of rubber tree seedlings treated with different concentrations of phthalic acid

b3 9 g K A% ” .
Treatment concen- Shoot Diameter of leneth/ Root width/mm Whole plant Shoot weisht/s  Root weight/
tration/(mmol-L™") length/cm  shoot base/mm Root length/cm weight/g ght'e gnve
CK 14.91+3.30°  3.89+0.62° 4.33+0.92" 3.68+0.41° 1.17+0.10° 0.68+0.11° 0.50+0.05"
0.05 12.98+1.71°  3.11+0.57° 4.85+1.26° 2.95+0.47° 0.92+0.25° 0.52+0.12° 0.40+0.16%
0.50 9.35+3.51° 3.07+0.56° 4.36+1.35° 3.05+0.69° 0.87+0.12° 0.51+0.13° 0.36+0.09°
1.00 8.85+2.80¢ 3.10+0.28° 4.28+1.13° 3.39+0.37° 0.90+0.24° 0.57+0.15° 0.33+0.13°
2.00 8.8442.56¢ 3.05+0.37" 3.24+0.82° 2.93+0.39" 0.86+0.13° 0.50+0.09" 0.32+0.09"

T WSEER G AN 5 B3R m A PR 22 53 B 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Fig. 2 Pigment content of rubber tree leaves treated with different concentrations of phthalic acid
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Fig. 4 Activity of SOD, CAT and POD in rubber tree leaves treated with different concentrations of phthalic acid
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