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Combined Injured Effects of Acid Rain and Lanthanum on Growth of Soybean

Seedling

LIANG Chan-juan'®, PAN Dan-yun’, XU Qiu-rong’, ZHOU Qing'"*

(1. The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China; 2. School of
Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China)

Abstract; Combined effects of acid rain and lanthanum on growth of soybean seedling( Glycine max) and its inherent mechanism were
studied in this paper. Compared with treatments by simulated acid rain( pH 3.0,3.5,4.5) or rare earth La( Il ) (60,100 and 300
mg-L ") ,the decrease degree of growth parameters in combined treatments was higher, indicating that there were a synergistic effects
between acid rain and La. Moreover,the inhibition effects of acid rain and La( I ) were more obvious when pH value of acid rain was
lower or the concentration of La( Il ) was higher. The changes of photosynthetic parameters were similar to those of growth, but the
decrease degree of each parameter was not same in the same treatment group. The decrease degree of optimal PSII photochemical
efficiency (F /F, ) and chlorophyll content ( Chl) were 9.35% -22.75% and 9. 14% -24.53% , respectively, lower than that of
photosynthetic rate P, (22.78% -84.7% ) , Hill reaction rate (15.52% -73.38% ) and Mg’ -ATPase activity ( 14.51% -71.54% ) ,
showing that the sensitivity of photosynthetic parameters to the combined factors was different. Furthermore, relative analysis showed that
the change of P, were mainly affected by Hill reaction rate and Mg " -ATPase activity, and was less influenced by Chl and F/F . It
indicates that the effect of acid rain and La on each reaction in photosynthesis was different,and the inhibition of combined treatments
on photosynthesis in plants was one of the main factors affecting growth of plant.

Key words:lanthanum; acid rain; compound injury effect; soybean seedlings; growth indicator; photosynthetic indicators
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ZEHAOEA A [ s g PS I, 5
BCATP U/, TG i A 5 [ A i I S R
IO A2 B, A R AR B —La( D) &b BT ,5 1
oA BB La (I ) e BE A 435 T A8 AFS , s 522 B
SRR 6 R L IR RE, > RE, >RE,. £ &
ARBETR 4% 1 bR B AR 0 O S K T R R A B — b
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{EREAR, RE W FEHS 0, & & Ab BH2H B 5% i 48 K.
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Table 1 Combined effects of acid rain and La( Il ) on the growth of soybean seedling(n =3)
JUB: PR/ em I B/ em? WA HE/g T /g g H5e o
CK 62.5 +0.251 90.6 +0.237 0.105 £0.0107 0.125 +0.0178 0.054 6 +0. 068 7 0.590 £0.023 8
(0 mg-L°1) (100) (100) (100) (100) (100) (100)
AR, 60.2 +0. 162 60.1 +1.98 0.0922+0.0456 0.121 +0.056 2 0.0511+0.0000 0.538 +0.011 8
(pH 3.0) (96.4) (96.2) (87.8) (97.2) (93.6) (91.2)
AR, 61.9 £0. 165 58.8 £7.10 0.094 0 £0.054 8 0.122 +0.0332 0.051 6 £0.000 0 0.544 +0.047 3
(pH 3.5) (99.0) (64.9) (89.5) (97.8) (94.6) (92.2)
AR, 58.5+2.15 78.4 +1.30 0.098 0 £0.046 8 0.124 +0.089 0 0.053 6 +0.0000 0.556 +0.032 5
(pH 4.5) (93.7) (86.6) (93.4) (99.2) (98.2) (94.2)
RE, 56.9 0. 446 80.8 £0. 775 0.0952+0.0223 0.120+0.016 0 0.0528 £0.000 0  0.553 £0.021 1
(60 mg-L~") (91.1) (89.2) (90.7) (96.4) (96.8) (93.8)
RE, 56.9 +£2.04 70.8 +£2.89 0.092 8 £0.0454 0.119 £0.056 3 0.051 0+0.0000 0.548 +0.025 5
(100 mg-L~") (91.0) (78.2) (88.4) (95.6) (93.3) (92.9)
RE; 34.4 £1.07 65.0£1.14 0.0922+0.0332 0.118 +0.033 4 0.049 2 +0.0000 0.553 +0.016 2
(300 mg-L~") (55.0) (71.8) (87.8) (95.0) (90.2) (93.7)
AR, +RE, 56.9 +£2.04 30.0+1. 14 0.068 7+0.0351 0.0900+0.0145 0.0262+0.0145 0.591 £0.067 5
(3.0 +60) (62.8) (33.1) (65.4) (72.0) (48.0) (100)
AR, +RE, 55.5 0. 447 40.5 +1.91 0.080 0 £0.0455 0.101 £0.015 5 0.036 6 £0.000 0 0.581 +0.0350
(3.5+60) (88.8) (44.7) (76.2) (80.8) (67.0) (98.5)
AR; +RE, 56.4 +£3.12 52.6 £1.69 0.0920+0.046 7 0.113 +0.013 4 0.048 6 £0.014 5  0.569 +£0.022 7
(4.5 +60) (90.2) (58.1) (87.7) (90.4) (89.0) (96.5)
AR, +RE, 28.5+1.90 24.0+1.73 0.056 8 £0.0156 0.078 1 +£0.0144 0.0202+0.0146 0.578 £0.037 6
(3.0 +100) (45.6) (26.5) (54.1) (62.5) (37.0) (97.9)
AR, +RE, 39.8 3. 60 35.9+1.20 0.064 8 £+0.0147 0.0858+£0.0122 0.0295+0.017 8 0.562 +0. 0621
(3.5 +100) (63.7) (39.6) (61.7) (68.6) (54.0) (95.3)
AR, +RE, 55.1+1.60 51.7 +£2.48 0.0851+0.0578 0.106 £0.023 4 0.045 6 £0.000 0  0.561 +0.030 2
(4.5 +100) (88.2) (57.1) (81.0) (84.8) (83.4) (95.1)
AR, +RE; 22.1+2.38 16.1 +£1.99 0.030 8 £0.0158 0.0521+0.0188 0.004 5+£0.000 0 0.544 +0.0703
(3.0 +300) (35.4) (17.8) (29.3) (41.7) (8.24) (92.2)
AR, +RE; 35.4+1.42 31.4£1.63 0.048 8 £0.0456 0.0698 £0.0175 0.0212+0.0000 0.536 £0.051 5
(3.5 +300) (56.6) (34.7) (46.5) (55.8) (38.8) (90.9)
AR; + RE; 50.9 +£2.20 46.8 +0.597 0.069 7+£0.0222 0.0903 +0.0256 0.0388 +0.0000  0.540 +0.067 4
(4.5 +300) (81.4) (51.7) (66.4.) (72.2) (71.1) (91.5)
AR RE AR RE AR RE AR RE AR RE
(s D 22.8 9.30 27.0 9. 60 0.030 2 0.030 4 2.96 3.05 0.027 3 0.015 6
F 48.6 63.1 54.1 69.2 19.5 19.9 19.0 19.6 77.2 25.9

1) R 8l P B = bl 225 2) A F 3 A 4% F(0.05) =19.0
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Table 2 The correlation coefficients of some regression equations

from the relationship between Chl,Mg?* -ATPase activity, HRA ,

F,/F, and P (R*)

645 Chl-P, F /F -P, Mg*" -ATPase {if£-P, Hill {§ }1-P,

R* 0.836" 0.813" 0.957 " 0.960 ™

1) = XA FE (p<0.05), #km i 2 3% (p <0.001) ,n =16

Combined effects of acid rain and La( Il ) on the photosynthesis of soybean seedling

(1)AR (pH 3.0, 3.5, 4.5) 5 La(Il) (60,
100, 300 mg-L™") W W 52 4 J Ak B B — 4b B K
G AR A 0 B R SR A A A P R AR
HFf AR 9 pH (B A%, RE ¥ FE 34 I, 07 35 200 B
CERT

Q)NAIEHSESH AR ER R AR 5
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