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Toxic effects of antimony on rice seedlings under different pH conditions

YAO Lihua'?®, ZHA Jianjun®, LI Yali’, PAN Xiaocui®, YU Hongmei'', SHU Liangzuo™

(1.College of Geography and Environmental Science, Zhejiang Normal University, Jinhua 321000, China; 2.Taizhou Research Institute,
Southern University of Science and Technology, Taizhou 318000, China; 3. College of Life Sciences, Taizhou University, Taizhou 318000,
China)

Abstract: To investigate the effect of pH on the growth of rice under antimony stress, this study investigated the uptake of antimony in rice
under different pH conditions and the effect of antimony on the growth, chlorophyll fluorescence characteristics, light response curve
parameters, and antioxidant enzyme activities of rice by performing hydroponic experiments. The results showed that antimony stress
inhibited the growth and aboveground and root biomass accumulation of rice, reducing plant height by 4.30%-11.72%, compared with the
antimony —free treatment. The maximum photochemical quantum yield of leaf PS Il (Fv/Fm), actual photochemical efficiency,
photosynthetic electron transfer efficiency , and photochemical quenching coefficient were significantly decreased under antimony stress.
Initial slope, maximum relative electron transfer rate, and half—saturation light intensity also decreased significantly, whereas catalase,

superoxide dismutase, and peroxidase activities and malondialdehyde content increased significantly by 11.66%, 16.86%, 17.85%, and
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22.04%, respectively. Moreover, pH 4 and pH 5 treatments promoted the absorption of antimony by rice and increased the range of the

effects of antimony stress on the evaluated parameters of rice seedlings, while pH 6 and pH 7 treatments effectively alleviated the changes

caused by antimony stress in the indicators of rice seedlings. Therefore, under antimony stress, rice plants absorb a large amount of

antimony, which destroy the chlorophyll fluorescence characteristics and protective enzyme activities and subsequently causes toxicity in

plants. pH 6 and pH 7 treatments alleviate the effects of antimony stress on rice seedling growth by reducing antimony absorption,

maintaining cell membrane stability, and regulating heat dissipation mechanism and antioxidant enzyme system.

Keywords : antimony stress; pH; rice seedling; chlorophyll fluorescence; antioxidant enzyme
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F1 AEpHEZS THAE KFEEkRSE S 2NN
Table 1 Effects of Sb stress on Sb uptake in rice plants under

different pH conditions

Kb PE Treatment #R Root/(mg-kg™) Hb_F 3 Shoot/(mg-kg™)

pH=4 Sb 2 477.94+62.02a 167.00+7.81a
pH=5 Sb 2 666.76+119.77a 149.42+10.92a
pH=6 Sb 2 589.15+58.25a 66.35+4.18b
pH=7 Sb 1938.76+113.84b 52.49+3.50b

R P EUE N VI bR 22 (n=4) 5 W] — AN R /NE AL ROR
A A] () 22 5 3R 5 i 257K - (P<0.05, Duncan) . R [A] .

Note: Values in the table are means=standard errors (n=4) ; Different
lowercase letters in the same column indicate differences between
treatments at a significant level (P<0.05, Duncan ). The same below.

11.72% F19.16% . {H8HA0 RIS A -4 KR 58 A
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4.09% .4.42% , "t vE TR AR B E AR A IR
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FEGE AR, ARy B2 S MR LR
Fe? \Zn*  Ca® 3555 ia B 1l 58 552 5 45
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KO, H 2 0 AL, pH RIER X KRG b R AR KRR Y
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SR M A SPAD {1 88 086 kb B () R R 43 ) R R T
14.64% .15.15% . 12.73% F1 12.23% (& 2) . —J5 Wik
BR300 AT RE S A0 AT DG S 2R A B I TG P R
(B A2 BH 5 73— O T2 R 75 7 A I 1 1k AU AR
20 0 S 1) 45 44 5 T B fol I SR AR Bk o 24, 1T
B2 2 AR, pH 6 B pH 7 454 K AE I
SPAD B JC i 1k 25 5 AR LI (A% pH 45 (pH 4.
pH 5) @&, oy 225 Hras Rl 50, B AL FE A pH
{ELX KA - Fr SPAD fELAF TE AR S 25 19 52 BAE T (P<
0.01) , 7E1iK pH 414 F (pH 4 .pH 5) K & T rh ik pH
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Table 2 Effects of Sb on shoot growth of rice seedlings under different pH conditions

Qb Treatment #R Plant height/cm K Leaf length/cm 15 Leaf width/cm T2 Leaf area/cm’
pH=4 ShO 60.00+0.20b 38.33+0.19b 1.29+0.02ab 37.00+0.6a
pH=4 Sb 54.50+0.29d 35.20+0.27d 1.03+0.02d 27.05+0.58b
pH=5 ShO 60.75+0.14ab 38.13+0.17b 1.24+0.01b 35.39+0.4a
pH=5 Sb 53.63+0.23e 34.35+0.62d 1.11£0.01¢ 28.67+0.73b
pH=6 ShO 61.00+0.29a 37.95+0.21bc 1.26+0.03ab 35.95+1.09a
pH=6 Sb 57.96+0.10¢ 37.00+0.20¢ 1.31+0.01a 36.42+0.40a
pH=7 ShO 61.00+0.29a 39.50+0.35a 1.26+0.01ab 37.41+0.61a
pH=7 Sb 58.38+0.52¢ 37.43+0.26bc 1.31+0.01a 36.85+0.57a
UM Z 5 2250 H

pH {E 46.622%* 18.279** 27.000%** 33.142%%*

Sh ¥ 518.294%* 121.331%* 27.842%%* 79.818%%*

pH {ExSh ¥ J& 28.064+* 7.551%%* 30.930%** 28.241%%*

T A 2R 7E 0.05 F10.01 K- FHAER 2.

Note: The symbol of “*” and “*#*” indicate reciprocal significant at P<0.05 and P<0.01 levels,respectively. The same below.

1% WHART]
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Figure 1 Effects of antimony on biomass accumulation of rice seedlings under different pH conditions
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seedlings under different pH conditions
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Table 3 Effects of Sb on chlorophyll fluorescence of rice seedlings under different pH conditions
Ab B Treatment Fv/Fm Y(T) ETR qP qN NPQ
pH=4 ShO 0.828+0.003b 0.598+0.001¢ 33.096+0.318b 0.752+0.003¢ 0.539+0.004¢ 0.972+0.011¢
pH=4 Sb 0.741+0.002d 0.503+0.001e 27.363+0.232d 0.619+0.002¢ 0.757+0.002a 1.217+0.007a
pH=5 ShO 0.830+0.001b 0.605+0.004bc 33.100+0.204b 0.754+0.003bc 0.540+0.002¢ 0.970+0.016¢
pH=5 Sb 0.744+0.001d 0.505+0.027e 27.367+0.674d 0.620+0.002¢ 0.748+0.006a 1.182+0.023a
pH=6 ShO 0.844+0.002a 0.628+0.002ab 35.075+0.263a 0.762+0.002ab 0.512+0.003d 0.914+0.006¢d
pH=6 Sb 0.806+0.002¢ 0.562+0.003d 29.938+ 0.246¢ 0.680+0.002d 0.664+0.006b 1.088+0.021h
pH=7 ShO 0.847+0.03a 0.633+0.002a 35.625+0.310a 0.763+0.001a 0.511+0.003d 0.910+0.004d
pH=7 Sb 0.807+0.002¢ 0.567+0.001d 30.600+0.161¢ 0.683+0.004d 0.659+0.003b 1.041+0.040b
MR T5 203
pHH 133.833%#%* 137.064%** 35.608%* 109.299%#%* 106.923%%* 90.359%*
Sh e & 904.769%*%* 1 066.561%* 372.742%%* 1 986.096%** 2 722.508%%* 627.426%*
pHEXSh ¥ J& 53.347%#%* 14.210%* NS 50.915%%* 28.036%* 29.360%*
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Note : NS indicates non-significant difference. The same below.
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Table 4 Effects of Sb on parameters of chlorophyll fluorescence

photoresponse curve of rice under different pH conditions

S B R TR B B 2 KR (P<0.01)  (H I AR pH B

IR RO R RS A AL bk pH A iy R Teamen o Elfim K
115114, 1.07 {5, 3 UBRI A R pH 2 2 e pH=4 s‘bo 0.249+0.002c  72.997+1.131b  320.126+3.198b
U 0 R0 12+ ELBBHE pH=4 Sh 0.195:0.002¢  52.530+0.970d 266.192:1.748e
H e HREA S = pH=5Sh0  0.253+0.003bc  73.187+0.735h 325.331+1.568ab
ZAN {m

R pH AR I BB pH=5 Sh 0.199+0.00le  54.144+0.634d 272.646+2.883de
2.6 XPKFEHMENEFI MDA 2 EM M pH=6Sb0  0.259:0.001ab  80.313:0.848a 328.175:1.486a

WO SRS SRR AR N R | 3, pH=6 Sb 0.212+0.003d  62.628+0.659¢ 277.993+2.402dc
A wE R R N L 40 2 5 L VR T S A A pH=7 ShO 0.262+0.002a  80.870+0.875a 331.586+2.667a
HE KL MDA 4 535 FE S 52 240 TG R o) pH=7 Sh 0.21510};);75;3;;;&.8750 282.209+1.386¢
5 T 37 ke VR R 1 R B S R0, AR i 202355 - 60,6715 130065+
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E%igﬁ@)é MDA 5 i 0 T 28.27% , W14 Sh¥k 1 234 4455+ 942,754+ 1 030.216%*
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BT 13.20% .20.28% 1 21.73% (. 5) , #1%: T pH 4,
pH 7 244 T K A5 F 1 SOD . POD , CAT ¥ 1 43 51| [
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Note: a indicates initial slope of the curve; ETRm indicates
maximum relative electron transfer rate; IK indicates half-saturation light

intensity.
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Table 5 Effects of Sb stress on antioxidant enzymes and MDA content of rice plants under different pH conditions

Ab SOD i POD i CAT %1 MDA & it
Treatment SOD activity/(U-g™) POD activity/(A470-min™ - g™") CAT activity/(U-g™) MDA content/(nmol-g™")
pH=4 Sh0 97.367+0.143c¢ 30 704.183+265.239¢ 137.305+2.438¢ 3.620+0.079¢
pH=4 Sh 112.729+0.804a 37 759.341£410.290a 166.508+0.607a 4.805+0.096a
pH=5 Sh0 96.599+0.829cd 30 412.728+303.837cd 137.957+3.289¢ 3.490+0.088cd
pH=5 Sh 111.673+1.321a 37 086.963+376.154a 166.620+0.405a 4.635+0.052a
pH=6 Sh0 95.206+0.769cd 29 064.979+55.116de 119.683+0.147d 3.3400.111d
pH=6 Sh 105.751+1.002b 34 077.278+401.281b 146.865+3.062b 4.140+0.078b
pH=7 Sh0 94.344+0.378d 28 696.315+332.009¢ 119.527+0.049d 3.275+0.057d
pH=7 Sh 103.987+0.911b 34 064.124+286.126b 146.298+2.991h 4.025+0.036b

XU 2 T 22 53

pH{H 19.603 % 32.734%% 49.660%* 3.330%*
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