32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

ANIRES IR W A E T KRS R R A4S TS B Y
Sk, R

FIHASL:
e, BRRAR. SN XU B 3 T KA R 4 o AT ZS TR [0, Al EREERR 72741, 2021, 40(6): 1159-1166.

TEZR R View online: https:/doi.org/10.11654/jaes.2020~1453

AT RGBS B

Articles you may be interested in

BN S 7K R WA SR A B 52

X, B Ak %, O PR, SIS
LA IFETRLE2A4]. 2020, 39(10): 2172-2180  hitps://doi.org/10.11654/jaes.2020-0828

THAESETE R XK AE S B SRR 52 e
XIGEH, HIPENE, FE 0
LV FRBERF2A 3R 2019, 38(11): 2449-2455  hitps://doi.org/10.11654/jaes.2019-0429

TR AR A0 R K R i AR s e
IR, A, B, RIEE
LV IETRLE2A4]. 2019, 38(8): 1827-1834  hitps://doi.org/10.11654/jaes.2019-0114

B WG S XT A AE TR RS R G PR R LR
TkIegs, SKanth, VR R, REAEE, Vrii, RiE
LV FRBE B4R . 2020, 39(8): 17231733 https://doi.org/10.11654/jaes.2020-0110

IR MENEXS 52515 G AR FUK A As . CAM I 52

JEHUE, TR YW, TR, AR, BRI, 2R K%
My FREERLE 241 2020, 39(10): 2217-2226  https://doi.org/10.11654/jaes.2020-0573

KIEMFAAT, PAFEZFEEE


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1453
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0828
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-0429
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-0114
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0110
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0573

2021,40(6): 1159-1166 R W ®E M FE F R 202146 H

® Journal of Agro-Environment Science @&

i, A . AR R RPN B VA T KA AR ZE 4 PN AS (IR 5 (0], Al FREEREA2%4, 2021, 40(6) : 1159-1166.

MA Yong—jia, LIANG Chan—juan. Regulation of exogenous calcium on plasma membrane compositions and calcium forms of rice roots

under simulated acid rain stress[J]. Journal of Agro—Environment Science, 2021, 40(6): 1159-1166.

FEisRLE 0SID

HINIE §5 X B HAER RO BB T 7K F8 B BR 40 53 FnE5 L AR AU 10

Bk AR, RIRAR

(LTI E R EE YR T S SE60 %, VLR R 5 R TSR0, VL0 T8 2141225 2. VL9048 7K Ak B4 R 5 04 03 ) €187
dul, I 8 214122)

W OE TR IREE A RO RFKESEVIR T SMEES (Ca, 5 mmol - L) XHEEHURR TR (SAR, pH 4.5/3.0) il T
IR R 0 AR e 1 A L RS TEAS I FE R o 45 SRR B - IGAR % SAR (pH 4.5) % /K R AR 28 SR e 4 T S 25 5 W), i 8 5 )3
SAR (pH 3.0) {2 BEAR/K R AR 2 WA 8 1, EL/K RS 22 0 JEmt M (ol Mg Pk Rl A0 55 T el ) L S 0 R ST K O P 8 %t i 2k
A B KRS o AN, K 5 R AL SAR (pH 3.0) 4 _ERFEARA 0 K F X IR, 5B — SAR R — Ca® b BRAIAH L, pH
4.5+Ca™ 27K FE AR ZR AR P T b % 7284k o pH 3.0+Ca™ 2 /K AR 2R JoT AR e 1k (B i A g Tk ALl R ol Mg P 113l ) L RE288 11 Ak
VSR i S (T IR RS B — SAR (pH 3.0) 41, /KB R85 2 A7 S 2 o T % HEARAIRF SAR (pH 3.0) 41, ALK 5 dJ ik s
B YR BN K- o AR Ca 38 3R /K RE AR 28 5 BT 27 SAR W38 R 145 LA 43 K0 P 05— AR Mk 5 -1 B % A e M R 11 1
RS G, HL GRS 2 T W o B

RGEIR  SNBAS ; BRRN 5 KRS 5 OIS LE 4y 5 A5 T 75

hESESS511;X517 XEIRESG:A  XEHS:1672-2043(2021)06-1159-08  doi:10.11654/jaes.2020-1453

Regulation of exogenous calcium on plasma membrane compositions and calcium forms of rice roots under
simulated acid rain stress

MA Yong-jia'?, LIANG Chan—juan"*

(1. Jiangsu Province Key Laboratory of Anaerobic Biological Technology, School of Environmental and Civil Engineering, Jiangnan
University, Wuxi 214122, Chinaj; 2. Jiangsu Cooperative Innovation Center of Technology and Material of Water Treatment, Wuxi 214122,
China)

Abstract: To explore effective ways to reduce damage on plants caused by acid rain, the effect of exogenous calcium (Ca, 5 mmol L") on
the membrane stability, plasma membrane compositions, and calcium forms in rice roots under simulated acid rain (SAR, pH 4.5/3.0) were
studied through hydroponic experiments. Low intensity SAR (pH 4.5) had no significant effect on membrane stability in rice roots. High
intensity SAR (pH 3.0) decreased the membrane stability, contents of phospholipids (phosphatidylcholine and phosphatidylglycerol ), and
membrane protein in rice roots and increased the content of water—soluble calcium. After a 5—day recovery, the above indicators in rice

roots treated with pH 3.0 SAR were still lower than the control. Compared with rice treated with single SAR or Ca, pH 4.5+Ca” treatment
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had no effect on the membrane stability in rice roots. pH3.0+Ca* decreased the membrane stability as well as the contents of phospholipids,

membrane proteins, and non—water—soluble calcium in rice roots, and these parameters were higher than those treated with pH 3.0 SAR.

Water—soluble calcium in rice roots treated with pH 3.0+ Ca®™ was increased and lower than the pH 3.0 SAR treatment. After a 5-day

recovery, the above indicators in rice roots treated with pH 3.0+Ca* were close to the control. Briefly, exogenous Ca*" enhance the tolerance

of rice to SAR stress and that is related to maintaining the balance of water—soluble calcium and non—water—soluble calcium as well as

alleviating the degradation of phospholipids and membrane proteins. The alleviating effect is limited by the intensity of acid rain.

Keywords: exogenous calcium; acid rain; rice; plasma membrane compositions; calcium forms
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Figure 1 Effect of exogenous Ca’ on membrane stability index of

rice roots under simulated acid rain stress
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JEZERY S5 IhAERY, KAZ 5 d i, pH 3.0 SAR 4 /K Fi il
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IKAEAR R BENEAH E S HOMKE 2 CK(P>0.05) . X iH
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Table 1 Effect of exogenous Ca’ on phospholipid content of rice roots under simulated acid rain stress(mg-g™")

Y] Qb PR SR

Periods Treatments Total phospholipids Pe PE PG Pl Ps PC/PE
[/SER:Z! CK 10.16+0.19¢ 3.11%0.12¢  2.82+0.11c ~ 2.13%0.14b  1.07¢0.08a  0.48%0.11a  1.10£0.05b
Stress period pH4.5 12.61+0.46b 3.93+0.25b  3.51+0.24b  3.01x0.20a 1.12+0.06a  0.38+0.08a  1.12+0.06b
pH3.0 8.16+0.62d 2.02£0.40d  4.17#0.13a  1.10£0.09d  0.56£0.07b  0.21x0.07b  0.5120.08d
Ca™ 10.37+0.56¢ 3.25¢0.24c  2.96:0.12¢  2.34x0.25b  1.03x0.06a  0.42+0.07a  1.10£0.06b
pH4.5+Ca* 13.46+0.21a 4.42+031a  3.53:0.14b  3.270.14a  1.100.07a  0.40£0.06a  1.25+0.02a
pH3.0+Ca* 9.78+0.72¢ 2.64+0.33¢  3.93:029b  1.49+0.12¢  0.9520.05a  0.34£0.07ab  0.67+0.04c
52 1) CK 11.84+0.60A 3.76£0.45A  3.54x0.15B  2.24+0.17B  1.33+0.08A  0.48+0.06A  1.060.10A
Recovery period  yy 5 12.00+0.34A 3.73+0.52A  3.32+0.27B  2.44+0.16AB  1.25+0.08A  0.51+0.07A  1.12+0.12A
pH3.0 9.21+0.43B 2.82+0.15B  4.17+0.17A  1.22+0.13C  0.65+0.07B  0.1740.04B  0.67+0.09B
Ca® 11.42+0.58A 3.65£0.36A  3.45+0.30B  2.19+0.13B  1.36+0.09A  0.44+0.08A  1.05+0.08A
pH4.5+Ca** 11.95+0.36A 3.86+0.33A  3.55+0.25B  2.53+0.18A  1.23+0.07A  0.47+0.08A  1.09+0.09A
pH3.0+Ca** 10.93+0.85A 3.47+046A 3.22+0.24B  2.21x0.12B  1.29+0.12A  0.45+0.07A  1.07+0.04A

T AN RN TR PR 350 R e AR A2 A B ) 22 55 (8 2% (P<0.05) . R Tl

Note : Different lowercase and uppercase letters in a column indicate significant differences among treatments during the stress and recovery periods at

P<0.05, respectively. The same below.

1% WHART]
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Table 2 Effect of exogenous Ca®* on glycolipids content of rice roots under simulated acid rain stress(mg-g™")

Hif 1 Periods AL PRZ Treatments JEBEHE Total glycolipids DGDG MGDG DGDG/MGDG
iR ] CK 3.62+0.36¢ 1.49+0.03¢ 2.02+0.05b 0.7320.04¢
Stress period pH4.5 3.81:0.18¢ 1.59+0.03¢ 2.11:0.06b 0.75:0.03¢
pH3.0 4.29+0.07h 1.79+0.02h 2.06+0.05h 0.87+0.02h
Ca® 3.88+0.12¢ 1.59+0.04¢ 1.99:0.09h 0.79+0.03¢
pH4.5+Ca® 3.70+0.30c 1.55+0.03¢ 2.03+0.07b 0.76+0.05¢
pH3.0+Ca® 4.69+0.07a 2.2120.05a 2.360.05a 0.94+0.04a
52 1) CK 3.98+0.34B 1.79+0.15B 2.13£0.05A 0.84+0.05B
Recovery period pH4.5 4.210.07B 2.07+0.04B 2.14+0.07A 0.83+0.07B
pH3.0 4.73+0.12A 2.20+0.04A 2.26+0.10A 0.97+0.04A
Ca® 4.13+0.12B 1.88+0.09B 2.25+0.08A 0.86+0.04B
pH4.5+Ca® 4.33:0.07B 2.00+0.06B 2.22+0.05A 0.89+0.03B
pH3.0+Ca® 4.00+0.12B 1.85+0.10B 2.15+0.09A 0.86+0.04B
24 SNECaMEEMAME TKBRERBEESS=E 2 41O Wit Stress period
SEAD & O & E W] Recovery period R
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SR RAR 3 00 R 2K 11 % s T 45.1% , 1fi pH 3.0 ki
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0.05) . HL— Ca™ 4K R Z 19 oL AR 11 7% i 0 I 35
4k (P>0.05) , SR 11T pH 4.5+Ca> 2 KRR AR 22 1 5k Ji 4
F & s T CK(P<0.05), FL.5 pH 4.5 SAR 41 o B %
25 (P>0.05) . pH 3.0+Ca® 41 /K KL Z 10 J I 26 11
TR T CK 45.7%, H & F pH 3.0 SAR 41 (P<0.05) .
S5G K FEWE NG O A EASE AR A (R 2, BT 1),
AN Ca® 2 55 SAR il /K AR R LR 11 5 1, A
T SRR AG R, DA T g e R AR 1 e A S
EZE R BE IR . 33X ] BB i F AR Ca® Bl 8 T R I H
H 558 F Ca® (B4, L E Ca® 5 I IR i A1 26 11 A
A TR A R % Y, R 5 dJF L pH 4.5 SAR
K FEAR R TR 1 KA %2 CKKAF-(P>0.05)
I pH 3.0 SAR 2H 7K fF AR & T st 2 11 & =t 0 IR T
CK16.2%(P<0.05) ,SAR (pH 4.5/3.0)+Ca>£H /K FiiH £
J R 11 A e T CK A ] (P<0.05) . X I
fiff bR 38 5, K R AR 2R BT AR P ) H R A2
SAR 38 FE A BR 1 , AR Ca> AT LAZEHF SAR JHA J5 (17K
FEMR R R (1 & A TR K. XA RES Ca® 3
588 JUT S AR 11 A AT %, BT R 11 = R A ok 44 R A
Y R A 255

CK  pH45 pH3.0 Ca™ pH4.5+Ca’ pH3.0+Ca™
NbFE Treatments

B2 SNE Ca* X ERIERFAME TAKERAREER SENFIT
Figure 2 Effect of exogenous Ca’* on membrane protein content of

rice roots under simulated acid rain stress
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