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Effects of Pb, Cd, and acid stress on seed germination, seedling growth, and antioxidant enzyme activities of
Liquidambar formosana

CHEN Shun-yu', HAN Hang', XUE Ling-yun', ZHANG Yun', HOU Xiao—long'*", CAI Li-ping'?, ZHOU Chui-fan'?

(1.College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.Co—innovation Center for Soil and Water Conser—
vation in Red Soil Region of the Cross —straits, Fuzhou 350002, China; 3.College of Resource and Environment, Fujian Agriculture and
Forestry University, Fuzhou 350002, China)

Abstract: Soil acidification and heavy metal pollution are two major limiting factors of the ecological restoration of ionic —rare abandoned
land. Some special morphological and physiological mechanisms may exist in Liquidambar formosana Hance owing to its strong adaptation to
ionic—rare abandoned land in Changting, Fujian. A controlled artificial climate experiment chest was applied to explore the response strategy
of Liquidambar formosana to Pb, Cd, and pH stress. The stress treatments were conducted in triplicate. Seed germination status, growth of
seedlings, and antioxidant enzyme activity were measured. The results showed that there was no significant difference for seed germination
(P>0.05), but the growth of seedlings significantly decreased (P<0.05) under Pb and Cd stress. Superoxide dismutase (SOD) activity,
peroxidase (POD ) activity of the tenth day and catalase (CAT) activity of the fourth and seventh day changed polynomial, showing a

trend of decrease after increase, and then rising up again at the second inflexion, The activities of CAT and SOD significantly improved
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with the increase of Cd concentration. POD activity was inhibited in the early stage of germination (4 d) but significantly increased with

enhanced stress in the late stage. The pH levels of 4.5 and 5.5 had a promotion effect on the germination index and growth of seedlings.

With the decrease of soil pH, POD activity of the seventh day increased significantly, and the POD and CAT activities of the tenth day im—

proved obviously. With stress time increased, the results indicated that under strong acidic conditions, the activity of POD was increased and

the oxidative damage of H,0, to the cells was eliminated in the middle stage of germination. The malonaldehyde (MDA ) contents had an

increasing trend, with those of the un—germinated seeds significantly (P<0.05) higher than those of the germinated seeds, indicating

that the membrane lipid peroxidation got serious. To sum up, CAT activity was the main response strategy of Liquidambar formosana to Pb,

Cd, and acid stress. SOD activity played an important role in the adaptation of Liguidambar formosana to Cd stress, as did POD activities for

Pb and acid stress.

Keywords: ion—type rare earth ore; Liquidambar formosana; seeds; germination mechanism; antioxidant enzyme activities
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Table 1 Seed germination of Liquidambar formosana under different treatments

USLE) RZFHI% K% KEFIREL CIE R
Pb-CK 85.33+7.57a 82.00+6.00a 9.64+1.06a 48.63+8.30a
Pb-250 87.33+1.15a 84.67+3.05a 8.92+1.87a 22.03+5.80b
Pb-500 81.33+12.20a 58.01+2.02b 9.24+2.04a 19.77+6.28b
Pbh—-1000 83.33+3.05a 56.66+5.77b 8.08+0.52a 13.35+0.73b
Cd-CK 88.00+2.00a 82.00+2.00a 10.64+0.35a 57.25+1.38a
Cd-25 83.33+6.42a 76.67+6.11a 9.77+0.70ab 27.98+2.46b
Cd-50 80.00+6.92a 74.00+3.46a 9.44+0.22ab 21.69+3.10¢
Cd-100 84.66+5.03a 79.33+4.16a 8.55+1.18b 15.90+1.77¢
pH-CK 93.33+£2.30a 88.00+3.46a 8.64+0.97a 60.09+8.38a
pH-5.5 91.33x+1.15ab 89.33+1.15a 10.40+0.15a 52.99+5.33a
pH-4.5 85.33+1.15ab 84.00+0.01a 10.14+1.49a 60.56+1.54a
pH-3.5 82.00+7.21b 74.00+4.00b 10.54+1.42a 22.43+2.83b

T B AR 22 (n=3) o [RISNANIR) P RER R A ) e B AR B ] 22 5 2. 3% (P<0.05 )

Note : The data are average valueszstandard deviation(n=3). Different lowercase letters within a column indicate significant differences at P<0.05.

-

Pb-CK Pb-250 Pbh-500 Pbh—-1000

{
\

Cd-CK Cd-25 Cd-50

Cd-100
Sl — ‘
L \
pH-3.5 pH-4.5 pH-5.5 pH-CK

B RFE 10d FRLETHREDE
Figure 1 Liquidambar formosana seedlings growth at tenth day
with different treatments
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1EH.

R 2 RANH EEREYMACHIGI R TS5
Table 2 The regression equation for inhibition rate of

root and aboveground

[ 5 5 7 R?

/S IR =L kA Y=t

Pb R y=—5E-05x+0.070 7x+68.964 0.815 2
i 13 y=6E-05x>-0.052 8x+34.187 0.971 4
Cd G y=—0.007 9x*+1.377 3x+36.438 0.956 5
b y=-0.004 1x*+0.690 6x+8.721 5 0.884 5
pH e y=51.9022"-503.59x+1 211.1 0.981 5
Hh b y=13.807x~133.88x+325.19 0.804 7

ey AR, x S5 raa AL BRAHR Y Pb Cd ¥R EEEY pH R
Note:y indicates inhibition rate, x indicates Pb, Cd concentrations or

pH values.
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Figure 2 Effects of different treatments on morphology of Liquidambar formosana
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Figure 3 Effects of different treatments on biomass of Liquidambar formosana
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652

RAFRE RS2

R 3 PhMETREMFHLIERRSLEEENTL

FIEELIH

Table 3 Changes of antioxidant enzyme activities during seed germination in different Pb treatments of Liguidambar formosana

[y suxi

PR Ph 407 Hod Had 574 %104 REFEFIT
SOD/U-g"' FW Pb—-CK 502.16+14.56Aa 279.12+56.09Bb 411.9+43.13ABa 415.57+8.13Aa 260.09+50.88Ab
Pb-250 495.78+49.58Aa 389.58+41.13Ab 456.06+15.83Aab  487.98+43.53Aab 288.98+28.74Ac
Pb-500 471.04+38.64Aa 239.46+6.7Bc 380.27+18.08Bb 464.46+53.74Aab 277.81+34.22Ac
Pbh—-1000 489.66+44.33Aa 243.13+6.62Bb 412.45+44.39ABa 494.55+33.71Aa 266.64+40.06Ab
POD/U-g" FW -min™ Pb-CK 551.86+50.87Ab 660.00+8.82Ba 426.53+49.44Ac 100.33+20Dd 159.43+21.48Ad
Pb-250 576.85+58.43Aa 562.53+27.6Ca 584.19+73.8Aa 407.87+9.50Bb 195.92+18.05Ac¢
Pb-500 625.19+14.79Aa 650.67+28.27Ba 575.20+86.8Aa 234.39+73.13Cb 177.10+9.76Ab
Pbh—-1000 514.79+27.19Ab 753.60+14.51Aa 552.53+58.76Ab 580.67+41.93Ab 174.03+16.35Ac¢
CAT/U-g"' FWmin™ Pb—-CK 44.39+1.29Aa 7.04£1.29Bbc 4.26+0.46Bc 9.90+0.52Bb 9.80+0.95Ab
Pb-250 44.65+4.1Aa 8.15+1.56Bb 5.41+1.18Bb 7.01+0.6Bb 9.25+0.26Ab
Pb-500 44.49+1.01Aa 5.17+1.25Bc 4.56+0.31Bc¢ 33.17+5.08Ab 9.69+0.63Ac
Pb—-1000 44.83+3.1Aa 25.82+3.961Ab 13.99+1.73Ac 34.05+4.04Ab 10.01+£0.46Ac

TE B I AR HERE (n=3) . ARIKS G 7 ] — I [E] AN ) b B e 2 1) 2 S 385, AR [ /NG 32 B 3 7S [ — A BEAS [] S 1] 28 55 1.5 (P<

0.05), Tl

Note:The data are average values+standard deviation(n=3 ). Different uppercase letters under the same time indicate significant differences among

treatments at P<0.05. Different lowercase letters in the same treatment indicate significant differences among each period. The same below.

R4 CdMMETREMFHEATRFRANBEEEHNEL

Table 4 Changes of antioxidant enzyme activities during seed germination in different Cd treatments of Liquidambar formosana

[ipssuni
FrAE LRI Cd b3 Fou ma o S0 W T
SOD/U-g” FW Cd-CK 502.16+14.56Aa 245.78+18.83Cc 418.57+32.06Ab 422.24+13.60Ab 285.65+16.81Ac
Cd-25 495.78+49.58Aa 438.24+6.32Aa 423.17+£30.22Aa 487.34+35.75Aa 256.76+14.4Ab
Cd-50 471.04+38.64Aa 383.13+1.36Bb 443.27+41.90Aab 467.92+37.83Aab 263.31+x17.89Ac
Cd-100 489.66+44.33Aa 407.41+20.41ABb 434.36+14.19Aab 435.52+35.20Aab 274.48+17.87Ac
POD/U-¢g™" FW +min™ Cd-CK 551.86+50.87Aab 625.80+25.00Aa 465.60+41.60Bb 93.33+11.54Bc¢ 177.36+10.88Ac¢
Cd-25 576.85+£58.43Aa 513.00+27.00Ba 492.10£54.99Ba 176.53£39.71ABb 180.43+6.37Ab
Cd-50 625.19+14.79Ab 544.93+32.85ABb 501.60+19.99Bb 196.53+22.11ABc 198.59+15.09A¢
Cd-100 514.79+27.19Ab 361.33+49.42Cc 655.79+63.8Aa 261.60+30.56Acd 172.76+7.05Ad
CAT/U-g" FW -min™ Cd-CK 44.39+1.29Aa 7.71£1.35Ch 4.59+0.47Ac 9.91+0.52Cb 10.01+0.40Ab
Cd-25 44.65+4.1Aa 6.40+£0.66Ch 4.65+1.12Ab 8.80+0.21Cb 9.64x1.01Ab
Cd-50 44.49+1.01Aa 11.54+0.62Bc¢ 5.34+1.85Ad 25.67+2.19Ab 9.30+£0.23Ac
Cd-100 44.83+3.1Aa 13.96+0.48Ab 4.71£0.61Ac 14.70+2.81Bb 9.73+0.64Abc
PELE pH-5.5 2 pH-4.5 4bFH T & ZEi B Hh i B 22 57 P R T XTI (P<0.05) . Fifi pH (B /)N MDA 7 &
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Table 5 Changes of antioxidant enzyme activities during seed germination in different pH treatments of Liquidambar formosana
PUE AL HEE pH b3 = = DL - = A LR
H0d B4d 27d % 10d
SOD/U- ¢ FW pH-CK 502.16+14.56Aa 265.78+35.07Cc 445.23+19.16Ab 418.91+4.68Ab 263.10+17.89Ac¢
pH-5.5 495.78+49.58Aa 402.02+20.65Bb 403.55+4.32Ab 366.11+9.02Bb 292.31+16.80Ac
pH-4.5 471.04+38.64Aa 500.30+39.00Aa 436.47+46.01Aa 431.16+22.34Aa 274.48+17.88Ab
pH-3.5 489.66+44.33Aa 323.81+31.75BCb 421.01+12.25Aa 418.93+16.17Aa 263.42+14.4Ab
POD/U-g™" FW-min™ pH-CK 551.86+50.87Aa 615.80+£15.00Aa 465.60+41.70Cb 94.00+6.92Bd 110.79+£21.64Ac
pH-5.5 576.85+58.43Aa 382.80+29.20Bb 533.59+8.39Ba 245.98+39.57Ac 200.79+35.76Ac
pH-4.5 625.19+14.79Aa 601.60+20.80Aa 525.99+12.48BCb 131.19+4.39Bd 204.66+22.84Ac
pH-3.5 514.79+27.19Ab 565.60+45.60Ab 710.59+19.40Aa 155.20+30.07ABe 215.19+45.89Ac¢
CAT/U-g” FW +min™ pH-CK 44.36+1.29Aa 7.38+2.79ABbc 4.58+0.47Ac 10.38+0.98ABb 9.68+0.12Ab
pH-5.5 44.65+4.10Aa 10.36+3.5ABbc 6.12+1.09Ac¢ 14.31+3.70Ab 9.97+0.97Abc
pH-4.5 44.49+1.01Aa 6.05+0.62Bc 3.65+0.69Ad 11.35+1.39ABb 8.97+0.37Ab
pH-3.5 44.83+3.10Aa 13.03+£0.94Ab 5.14£1.97Ac 6.64+0.24Bc 9.39+0.53Abc

R 6 FRILETREM FIHZIED MDA FEMEML (pmol-g™)

Table 6 Changes of MDA content during seed germination in different treatments of Liquidambar formosana( pmol-g™)

[ipsuris

AR $0d FHad H7d % 10d ARG
Pb-CK 0.25+0.03Ab 0.69+0.01Bb 0.8+0.03Ab 0.88+0.07Bb 4.88+0.8Aa
Pb-250 0.24+0.03Ab 0.76+0.02Bb 0.07+0.01ABb 0.79+0.01Bb 5.11+0.59Aa
Pb-500 0.27£0.01Ac 0.84+0.09Bb 0.65+0.03Bb 0.83+0.01Bb 4.55+0.29Aa
Pbh—-1000 0.26+0.04Ac 1.05+0.11Abe 0.72+0.02ABbc 1.29+0.19Ab 4.98+0.78Aa
Cd-CK 0.27£0.03Ac 0.87+0.16Bb 0.66+0.18Bbc 0.8+0.08Bb 4.51+0.28Aa
Cd-25 0.26+0.03Ab 1.04+0.09ABb 0.63+0.10Bb 0.9+0.05Bb 5.08+0.60Aa
Cd-50 0.27£0.01Ac 1.13+0.06ABbc 0.89+0.07Bc 1.78+0.10Ab 4.88+0.72Aa
Cd-100 0.24+0.04Ac 1.45+0.18Ab 1.32+0.13Ab 1.70+0.37Ab 4.89+0.09Aa
pH-CK 0.26+0.07Ab 0.95+0.04Ab 0.93+0.02Bb 0.93+0.16Bb 4.89+0.72Aa
pH-5.5 0.25+0.09Ad 1.71+0.07Ab 0.95+0.06Bc 1.15+0.26Bc 4.85+0.14Aa
pH-4.5 0.28+0.01Ac 1.99+0.55Ab 1.03+0.17Bbe 1.55+0.27Bb 4.58+0.31Aa
pH-3.5 0.27+0.05Ad 1.90+0.34Abc 1.44+0.03Ac 2.43+0.41Ab 5.12+0.57Aa
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