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 E LIRR(ERIS)NEM, FRRFMGETHNRRMFHR. JEILYM(POD) EH. THHE
EA. WoM(MDA) S RARBAMENEM. ARER, F12mg - 17'# LaCL, BB A BB RMH FHR
Bt 2Lla(M)AEE, HFRFER, RESL, RFEBMENBRGRA—MRLEAA®, pH2. 58
WERYE; pH2. 00, MW ERAM TAREH, La(l) WMACEREZRRWIANGE WL
La(ID)AbBE, KRB (pH 5.03.5) MMRA T, FFi0 POD MEEE R —MWAEAR R, WiEE (pH
3.0—2.0) WHFEE; TRHEASERNA L MWLEAA R, MDA FEMARENRE —MFLERE
%, pH2.5—2.0 WZBRAAHE. KU La( ) "TE LA R RFF B8 POD FEHEREBRMMIAETI X
MR R, REXMFTHRAGE.

X W, MW, Maa, RR, ¥k

Hil, EAKRBHIRARVIRWESHEEADEAFHANBMREN TE, REEHERRERY
EUMETE, SHAMEEN, BN GEIGEARBFAMEMENR, 5IXRRIEAL, REE
RAREREE R, BFRRERER, ARBAFEVFERR, NMIEREDH THRNSEE
KU, e R R,

AEEMERMMEIBP RRMFHEOEW, THRENTHERELEPEIERK
P EPER— BT R, FREBBRFGE I EE LR, FBARH LR R ROV RE ) (9 1E
AYLERE—ENSE.

1 RS

1.1 LaCl, BRR R E

Fi0.1% HeCL A BHFHMMMER (B9 5) MTF 10min, EHFRBEEK. BT
SHFIEER 12em, B 2 BHRAKERNA, 4050 8. %EBO(CK), 1, 3, 5,7, 10, 12,
15, 20, 30 mg + 17'fy LaCL ¥k, T 28 +1°CEB# 10 h, MR FHB RIGHE, HITRENBEE,
gt B E W BN 12mg - 17",

1.2 AHFB:

BT (AE TR, UTHRMEH)OEHSECES], &y pHl. 0 MR, K5
MR FIRSRAR R AR L R 4. 7: 1. UK SRS pHE X 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 7
5.0 37 NREE, JH42 PHS-29A BEETH( LM mR NS ARA R Rk,

BATR: MAMELREE bR 7 A BRAAEAM 1 A0 B4 (CK, pH6.5), 7 12mg - 17
LaCLFH P RFAE 10 h 5, F28 + ICEBEHEESF, SRERMRENRE, HE1E
R)GR, BT RUERFER, RES. RFHBEMENEK, HE LS (POD) EH, F=
BE(MDA) & &, MANEASBNREEY.

HALK: BAMELRRE pHE%2.0, 2.5, 3.0 M4.0 L4 MEELABAN 1| A3 EA
(CK, pH6.5), #E12mg - 17" LaCLSWR i3 APAbIE 10 h J5, F28 + I CHEEBAMIEE, BERTHM
NREERRRIE, MBRTERNE 1d #2, HREBENE S/ 0H R FRFid ELYRs(POD) i, K
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B(MDA)SE. IFHEASRARESN, EHE 1 AO)ER, MEEHTLHTHLE.
1.3 Wik A
MFRFRGHNES (BTREFEAZEA) #17.
KHEE(GR) =(HEETREFHTHR/HZMTH) x100%
RFEH(GE) = (KR 3 REFEH/ LA FEH) x100%
RERB(C) =3(6/D,)
EHEH (V1) =5x3(6/D,)
AF, G IAFRBEEFR, D, FHMLFEAR, S h—EmPRsEEKY, Uk EPy#E
(Fw) ®n, TRERAE.
B & Td SRE R AT, SRR AERE POD Bk, A% D58 05 B 0 52 7T i it
EH, RARABLZMENE MDA 58, RABRSENEHEESM.

2 GRS

2.1 LaCl, BRABEIER

187, B LaCLAABMEREM, MR FHLER(RFR, REL. RERPENE
¥ HBEFFRESE, 12mg - 17" LaCl b3 /5 MIMEIR B A PIBR, SHBAE(CK)HELERS
#F, RPEZHRET, La(IDMNERMBTFHEESEEMH. POD EHERIL SHAMKIFHLINEL
¥, FELEKEN 12 mg - 1 EHABIRE, MDA A EFE LaCl YR B A AN ERESE 7, 12mg - 1 'R}
PEZRAE, N CKH60.7%, £RBE RY 12mg -1 ~'LaCl, LIRS FRAT 0 K AOGR3H M ORI
EWRELAENE, REHMTREMBREMF R POD FtE, ABRMMETHFERLEMLY-MDA
WSR, AEELERE.

#1 La(ID)MERAFHRETIEARHER

Table 1 Effect of lanthanum on several indexes in sorghum seeds germination

LaCly/mg - 17! RFER/% RFH/%  RFEHEYK EHRE POD &t/ AA470 - min~' - g~' MDA & &/mmol - g~
0(CK) 91.0bc  90.0bc  51.7(100.0)c 9.5(100.0)b 7.2(100.0)c 2.8(100.0)ab
1 91.0bc  90.0bc  52.2(101.1)c  9.4(98.8)b 6.0(83.3)d 2.7(96.4)b
3 91.0bc  90.0bc  53.0(102.6)bc 9.6(101.2)b 6.5(90.3)d 2.6(92.8)b
5 92.0ab  90.0bc  52.5(101.5)c 9.7(101.9)b 7.7b(106.9)¢c 2.6(92.8)b
7 94.0ab  91.0abc 53.4(103.4)be 9.6(101.3)b 8.1(112.5)ab 2.2(78.6)b
10 95.0ab  94.0ab  56.6(109.6)ab 10.1(105.8)b 7.9(109.7)ab 2.0(71.4)b
12 96.0a 95.0a  58.7(113.5)a 10.8(113.9)a 8.4(116.7)a 1.7(60.7)e
15 96. 0a 94.0ab  53.6(103.7)bc 9.8(103.4)b 6.4(88.9)d 2.1(75.0)b
20 92. 0ab 88.0c  46.8(90.6)d 8.1(85.2)c 5.2(72.2)e 2.6(92.9)b
30 87. 3¢ 81.0d  44.0(85.2)d 7.2(75.5)d 4.1(56.9)1 3.5(125)a

¥ RPWESHFHE, BERAEME AP RRAFERRARLRRE LR BEENOLET (P<0.05), FH.

2.2 BFWMNAT La( 1N ) X85 K 0 R Ah T BB S R0

2.2.1 XHFFIEREHRNET

#2875, B -MTWAT, HRFMERENEN, BTHEEE. RES, REERAEH
W (pH=4. 5 BB T CK, BHERMBERIE pH <4.5 BHEZE CK KF, M pH 3.0 FHAET CK
HERBE; BFHMNAE pH <3.0 BHET CK; BHHBIE <4.5 HET CK, 35 CK BEESR,
pH<2. 5B, ZTHEIHFBREME 0, HERLTM. La(ll) MMFE LI, HFRFEMEERK
F CK £S5 B EMBEIRE 502 pH 4.0 F1 pH 3.5; K HFHMT pH 4.0 BHkB K, M pH2.5
MABET CK, HXAEREE 5HBHEMBEMALL, 2 la(1)AEE (pH 2.5 &) TGS
P —pA A ERER T 10.00%, 10.00% , 10.83% #15.47%.
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Table 2  Effect of lanthanum on sorghum seeds germination under acid rain stress

RER/ % RER/ % RERN EPAE T
CK 86. 67¢ 86.67b 71.79(100.00) f 23.91(100. 00) de
5.0 86. 67c 86.67b 76. 67( 106. 67 ) cde 24.15(101.00) cd
4.5 88. 33bc 88.33ab 78.33(109. 110) bed 23.98(100.29)cd
4.0 86.67¢ 86.67b 78.33(109. 11) bed 21.54(90.07)f
B-MWHAT
3.5 86.67c 86.67b 78.33(109. 11 ) bed 20.07(83.93)¢
3.0 80. 00d 85. 00c 75.00(104.47) e 13.70(57.27)i
2.5 0. 00f 0. 00e 0.00(0.00)h 0.00(0.00)k
2.0 0. 00f 0. 00e 0.00(0.00)h 0.00(0.00)k
CK 93.33a 90. 00a 76. 11(106. 02) de 25.80(107.69)a
5.0 93.33a 90. 00a 79.17(110. 28) be 25.12(105.06)b
4.5 93.33a 90. 00a 80.28(111.82)b 24.58(102.78)be
La( M) #n 4.0 90. 00b 90. 00a 83.33(116.08)a 22.91(95.82)e
MW E AL 3.5 90. 00b 88.33b 80.67(112.36)a 22.27(93.11)f
3.0 86. 67¢ 86. 67b 79.56(110.82)b 17.11(71.53)h
2.5 10. 00e 10. 00d 7.78(10.83)g 1.31(5.47)j
2.0 0. 00f 0. 00e 0.00(0.00)h 0.00(0.00)k

2.2.2 REEHEM MDA &RHF

B 1(A) B, MFRIRELERFENEREMMIMAR. £ —RWHET, FTFREEED
®T CK, pH 5.0—4.0 if FUBLEM LV, pH <4.0 W RBEEHEE EF, pH 2.5 BEAE
91.89% , ELRERMEREEREMTIAR. La( ) MBRWE S LB, CK B RREMETBEEML, pH
=4.0 BYRER T CK, pH <4.0 Bf 2B EF, pH 2.5 B F1HiX 17.01%. SR —BEHEML, £ La
(I 435, BRETEEEEARRRERREMRK KKREN (pH 5.0—4.0) 25 THT 8.28%,
9.87%#19.18% , FikER (pH3.5—2.0)4 3 FHET 2.88%, 7.91%, 7.54% F13.75%.

B 1(B)¥IEER, fF MDA SRMEMFIEERHMTAR. L —-KMNMAT, fFMDAZTE
7E pH=4. 0 B4 AE{L V58, pH <4.0 WHARI L7, pH 2.5 B35 BB {4 8. 85 mmol + g™', pH 2.0 Bf
MDA SR TR La(Il) MMME AL, SABMEEAMAL, pH3. 5B EF, pH 2.5 BHABIRH
BEEDTRE. £ La(Il)ALHEJE, M7 MDA SEMEA—-BMWAHAMR, BHIERTE. HRERT
TRAZE, pH3.5—2.0 43I TFTHET 29. 1%, 28.2% , 41.4% F122.5%.
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Fig.1 Effects of lanthanum on the plasma menbrain permeability and MDA content of sorghum seeds under acid rain stress

2.2.3 %t POD Hy&m
A2(A)BxR, B—MWUHET, T POD EHHE T CK, pH4. 0 B 5 CK ABBELR, HA
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F POD & ¥4 BERR P A 3R BE (pH 5. 0—2. 5) K3 N3, pH 2. O B TR La(Il) IR E S AL
i, #F POD iEHES CK AXF BEKMNAEE R pH 3.5; pH<3.0 B, LAY 58— MWL H
ML, o B EFAREBITRE. SR —BAMaMEL, 2 La(ll) 4G, pH=3.5 i} POD FHEHLAR
K; pH<3.08f, La( ) AbEAB R —FRFHMAL POD GBS E TH, pH3.0, 2.5 f12.0 B¥ 35 F
f£24.30%, 32.83%F134.30% , ¥xXREFE, mEH, HIMWE 4L ES POD FEHET
MDA & E5REEN:, Vi8] POD TEH: X BRFN A + BUR.
2.2.5 XABHEASEMNER

HE2(B) M, B—-MWENAT, pH=4.5 A FAIRHEARES CK AKX, pH<4.5
B, EEEREEF, pH3. 06 KBIRK, FEEITH. La( ) MERWEAS LN, BEASEHNTILE
¥EHBE-BWEEMER, EXREENpHEX4.0. 5R—-BAEMAMAL, 2 L(0)LEE, T
EHSERREMWERE M MEERL—REAETYE, [KRE(pH 5. 0—4.0) WA, FFEA
SREHNE-RWABAABERR; pH3.5—-2.50, La(MH)ABAEASERE-BWLEA
BEf; pH2.0 6, B—-MFAEHEAERE, £ La(l)AHEETHREFEE/DN, SR -RELRAM
HERBE.
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Fig. 2 Effects of lanthanum on the POD activity and soluble protein content of sorghum seeds under acid rain stress

2.3 BFWMNAT La(D XA SR FHRZIER W
2.3.1 XEESENEM MDA S BHEM

B3(A)BR, B—MRLESHLENESAEG, WA KR F 5 B v R E A
RIERAELL: EFE, 4d EEABE. BRE, La(I)AEE, RESESETHEME S -RWLHE,
BB aHE B BRI i, A4, B—MITE 4d EREREBHEMAKR(pH 2.5 71 H),
La( ) Ab38)E, FREEEN DB T AR ERE N pH 4.0 F1pH 3.0, pH 2.5 48 6d A WA LTt

E3(B) @R, A—MAAESHIBRWESLEE, &RA T 5 EE M R i E I E ) E 4
Bl EFEH, 4d kR E. #B— La( )48, BABEIRP(1T7d) La(0) LB R T
MDA SE¥KT CK. B —MWHAT, MDA SEFHRE T CK BBARTIRI Y pH 4.0(3d) > pH 3.0
(2d) > pH 2.5 f1pH 2.0(0d), La( I )4L¥f5, MDA SBIFHA® T CK #RhEATEI g pH 4. 0(3d) >
pH 3.0(3d) > pH 2.5 il pH 2.0(2d).

Foh, La(I)AEE, EMREMTHNATHT MDA SENRTE—BRWAEH, mHEKME
SRR (pH4.0, pH3.0) T, HRAMIMMRKERER/DN, Mo EHREE AR, Rira®RE (pH 2.5,
pH2.0) T, MBMAS | XFFHh MDA SEMREEE, 25K 31.79%#129.86%. FH La(ll) K
#TBFSI AR MDA A5, EMHAEES, La(l)AAEARTMERH(1—4d) X MDA B HRRE
fEFSAE(5—7d) B 8.
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Fig.3 Effect of lanthanum on plasolemma permeability and MDA content of sorghum seeds under acid rain stress

2.3.2 %} POD fA] B HEER S BHNE W

K4(A)BR, B—-BAARSHRIREEALHE, #RMNERMF POD 15 M EER T i i E
MESHEML: pH 4.0 f0 pH 3. 0 L %R “F+-BE, ZEMBAR, pH3.0 EA"; pH2.5 M1 pH 2.0
£ “EA-2BEA-TR”. £—La(M)dEe, BHAEES(1—7d)La ) 4B /G POD 1541y
BT CK. xtF La( ) MBRFNE S 403, pH4.08f, POD MR T8 —BWALHE; pH 3.0 & POD 3%
W T E—MFLEA; pH 2.5 7 pH 2.0 5, La( ) AXBEHTHH:AMM POD EHR T H—R
ML, AT R —BEAEA POD &k

K4(B)Bxr, S —HMWARSHBIRWNESLEE, REMFIREEAS 2T aHE
WELMEL: BETER. B -BRRAEN, PTR%ES SRR RKH M8 E % pHe. 0, pH2. 0
(2d) < pH3.0(3d) <pH2.5(4d), HpH3.0#pH2.5 {tEF, AIEHEHSERT CK, HEMHaR
BTHE4 XGET CK, pH2.0 Bf A RBER CK 19 73.91%. #— La( M) AbEEAT, MFEHESER
BT CK La(ll) SMWAAAEN, BESEE pH4. O W LIBEBRA—MFLE/N, EHag:?2
Rt T H—BRFAE, EHKRESE CK KY¥-; pH3.0 f pH2. 5 i, AMHHAI RS La( ) bEH
BRTE-BWAENEASE; pHZ OHEASTEAS 2 X 2R LA, RETHE, AHAEE3 X
FHREASEE TR M.
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Fig.4 Effect of lanthanum on POD activity and soluble protein content of Sorghum seeds under acid rain stress
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PR, RIELEKRE N 12mg - 17"

(2) BATREY, BHERWIMEGREROREER, Mk —EaimEnt, FBEEM MDA
HSRAW BT, POD IEHMATBEHEAWAKIE. 12mg - 17 La( ) AL B AT BB T KA EAL R
G E, FRERBLEYEM MDA 4.

(3) shAERRYA, RRERT(pH 3.0—4.0)BHAT, FEEMFMMANFEIFIERK, MDA &8
MRREEAE, POD EHNEAR, EASELEA 2mg- 1'La() A5, #F MDA & &5
SN SE TR —RWaLE, POD BHEMAAREOSRE TH - MEbaARE.
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EFFECT OF LANTHANUM ON SORGHUM SEED
GERMINATION UNDER ACID RAIN STRESS

QIU Lin*  ZHOU Qing"®
(1 The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, 214122, China;
2 Laboratory of Environmental Science, School of Environmental and Civil Engineering, Jiangnan University, Wuxi, 214122, China)

ABSTRACT

The effects of lanthanum on seed germination, malondialdehyde ( MDA ) content, plasolemma
permeability, soluble protein content and peroxidase (POD ) activity of sorghum under acid rain stress were
investigated after soaked in LaCl, solution for 12h. Seeds were germinated in simulated acid rain solution in
culture container. The purpose was to provide method and technical guide for alleviating and resisting the
damage of acid rain to seed germination. A significant effects of La( Il ) compare with check groups( CK) was
evident: sorghum seeds were germinated best after soaked with 12 mg « 1 ™' LaCl, solution. After seeds treated
with La( Il ) , the damage of acid rain to seed germination decreased. Percentage of germination, germination
energy , germination index, vigor index were higher than those of treatment groups without La( Il ) , especially
for the treatment of pH 2. 5. La( ) couldn’t alleviate the damage of acid rain under pH 2. 0 for the internal
structure of seeds were destroyed. POD activity were higher than those of treatment groups without La ( Il )
under acid rain stress ( pH 5. 0—3.5), while lower when the pH from 3. 0 to 2. 0. The soluble protein content
was higher than those of treatment groups without La (I ) . And the MDA content and plasolemma
permeability of La( Il ) treatment groups were lower than those of treatment groups without La( Il ) , especially
for the pH 2. 5 and pH 2. 0. It showed La( I ) could alleviate the damage of acid rain to seed germination, by
adjusting the POD activity to decrease the membrane lipid peroxidation induced by acid rain.

Keywords: lanthanum acid rain stress sorghum seeds germination.



