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PR T TG Je RS9 Jr v, WFOE — ol B G BRI 2 S BN R I B T oK . KA . /NZ2 4% 8 WA AR bR
M sE . 25 B, 5ok BE AL A B T 21 B R B 4 B AE AT R0 AR R TR X 3 R W ik R O
(45.95%—54.22%) . A E 7 HH A H R (28.44%—4231%) . W& & (31.03%—
38.71%) . MR (36.23%—47.17% ) & it K @A WEETEE (48.3%—57.92% ) Mg, & A
LA BEHE M (29.43%—78.61% ) . M E &R (7.89%—18.76% ) MEACHTE (21.37%—60.63% ) .
R AT DL, R RREE BT RR R e N, VR R AR 0 B — e B i N, TS S B R A B P A
—EFRBE L YRR IR VS e VR 40

KEIR EILMEAW, B, RIEY, LIS

Effects of La(lll)-AA on Physiological Indicators of three crops under

artificial acid rain stress
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WANG Xia' WU Wei' ZHANG Huiyin' ZHOU Taotao' ZHU Haili'
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(1. School of Chemistry and Life Sciences, Suzhou University of Science and Technology, Suzhou, 215009, China;
2. GenChim Testing Technology (Shanghai) Co., LTD, Shanghai, 201403, China)

Abstract The impact of acid rain on crops is critical to food security, and reducing acid rain
damage to crops is a top priority. In this paper, the effect of a novel amino acid chelated lanthanum
La(Ill)-AA on 8 physiological indices of three crops, Zea mays L., Oryza sativa L. and Triticum
aestivum L. were studied under simulated acid rain pollution. The results showed that pre-application
of La(Ill)-AA could effectively reduce the plasma membrane permeability (45.95%—54.22%), ROS
production rate (28.44% —42.31%), malondialdehyde content (31.03%-38.71%), proline content
(36.23% —47.17%) and peroxidase activity (48.3% —57.92%). Meanwhile, catalase activity
(29.43% —78.61%), chlorophyll content (7.89% —18.76%) and nitrogen metabolism intensity
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(21.37%—60.63%) were increased. In conclusion, La(lll)-AA exhibits protective effect against the
peroxidative stress caused by acid rain, and pre-spraying La(Ill)-AA can reduce the damage of acid
rain pollution to crops.

Keywords La(Ill)-AA, simulated acid rain, crops, physiological indicators.

PR RN AR S Tl sk B A2 A PR TR R, OG- KRR . AR R FR 5 e K, 38 E I 40% 11 FRAZ R RN
1YY, AR A P fe FE A 2 L BRIAE R T, A H S R R PR R s A0 S8 TR
e, B HIER AL IRFE, B2 Y SO, £ S FLXS AR AR ™= A= 405 350 ). 4t M Ay P 40 Joit 58 Lol 20 e A T - ¢ 4
TSR AR, S B SRR DR S, W I SOG A VR TS5 8 W e 18 5 | & 1 1 4 2, 5 R 4 i
JEER Jo ik AR A A 45 7, A0l e AR A TR DR 3Rk S MRS, - e R B A PR AR R b A2 R RN T R
FR T B IR AL, i R s RS FE TR, MR R IEPEC O SRl AR R A K.
R Al E— 20 i B A ) 2 AR PR BOm MRS, BT AR KRB . KENFFE R, TR0 12 KA,
INFEU H A K B R R ) U S WOSOSCRAE pH AR T 5 ISR TN S B R3Z B, 24 pH #E— 25 B AIK 3
3 LU EY, ZFEY) 0 A BRAR A8 5 R ) IR A R 2 02, B A BRON 1 3, R RN B R 13 A 7= 2 4
N3 2 A 25 KA REBG s AR Py ot DU = s B A 45 07, XEREE AR B AE7E Bt IR, 7524 G
BRI WG Y K E U (R M) AR BLSE 55 T, SR — R IRI5 g . WAt . 2 3 B Ak 33
FAR G0, A TEJE .

Al 1 #i +ICEK (rare earth elements, REE ) g FH 732 1~ 170 H A7 KRS il FEs 4l it
HAbPRZH A W B S S e TR IR, AR L. ISR e R B AR IR R TS 1 SR ARG T
PG AL B . REE 42 S0kE EOK A1 PS T e Kt 7= & F i 1 38 58, 35500 & 18 5 Bt 8 AL B
P (P TR i 2R S gl i pasi MR AR 22 SE IR, La® g4t =y 1K | O PRE L SRAE T AE 0 22 Hrhma
RE T, BEAR KN /NAZ 04200 it J 2 o TR, B sl AB MR 08 M . AE A 53 Y 2 5L e, LR AW AR A Y
F2 47, ] SEIEK A BB J 1 XA 0 AR B AR T8 R 1 4 R L A a2 B R I P e 4 R K R S R SR A
T, 2 5 U R BT 1 SR T O P H R A NI SR AR T R R, B A R AR R R
i MOGAAE P AR N Fag R () B, A oA 4 2 BP0L i 24 2 e B2 v /KR 40 i e 4 Ak il 5
Kot SR RS S N2 S, W0 R R, B AR R AR T O T R e AR S R B AR
PR PR, S2 R ioet AR R B a2 4 2R B e M JE RN R I K L B L OSBRI RO IR
it 52 1k, T PR IG INAR AE 1k S A it 25505 , 445 ) 210 AR TG PR SEK T, S8 AR Rt ),

s 1 - MR G RN RERE . FRE 450 . JrURL AR U HE | 5 it RS M, A o it FH B A AR 3,
H LI PO e © O 32 s AR B PE L FHI& 12 077 i 2 —. Zhong ™ &I, BHES G 2 AR g
% Ft A S P K ARG b 38 5 ) 2500 TR Y IR AR L I BT A B, e AR AR L TR R
R RS T R T3, (R R 7 R A, A O E B S R TR A5 08K B i 5 2L

AR SR AR ™Y (pH3.0) 4b ¥ K (Zea mays L.) . )KFG(Oryza sativa L.) . /N4 ( Triticum aestivum
L) 45 3 FEW I SL g8zt is AR B AR AL SR HOR T B, WAL 9B AL S B R 25 5 B (La( 1 ) -AA) X R
T8 T A 5 B 1 (MP) | P48 Ak R 48 (i Ak i POD. 2o S fb & CAT. B & B+ A i &t
ROS /A ##E | N % MDA & i) G A EHRR I (4R &) . 2R (PRO) & & S A (FH R
W D NR) 5528 AR AR50, R IR W A N VR8I, DL KGR 7 i e R AR AR

1 FB A 5B (Materials and methods)

1.1 EFERREE A (LaC Tl )-AA) K A 7 7 14 T 1

%M ZHONG %5 N\ BHF5E iR, 78 60 °C Kz pH8 B 5514 F LL 10% Bt 25 1 it 7K e K 243 B A 1
(SPI) 2 h, B /5 £ 100 °C /&K 10 min, BEEWAE 4 °C. 10000 r-min' F &0 10 min. 50 °C 204
LR & WS La (NO3)36H,O DL 1.5 - 1R Ll b S hifil S B G WM. B EARE T 4 C.
10000 rmin™" N #5.0> 10 min, FIFEH A EIDIGE T4, R8BI 2 EE MRS 9 (La( 1) -AA) .
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SR AWESE LA, AR AR AR K R B ok AR b LR 4 2K i S N O S I AR OB, H AR TR
T Jolp 0 A R P AR A P I 2R R S B B A RIS, DR AR IR AR 25 S IR Zhong PV K
La( Il )-AA XF Cu* Bl i 5% DA K i 9 T 52 56 4 F X5 LaC T ) -AA X 3 FRAE Y i) W5 i J 2 3K R B 4% SR 25
HEH, B 20 mg- L' (14 FH Mk BE A A AR 6 0T 55 it FH MR 32
1.2 TP RV TR 174 T

DL W C 1) 225 V1 P b DX RR W R 7K 254, -5 BRI 46190 A O T 85 A AP 9 R S 35 FH 5 28 )
HEATEC ], S SO; :NO=4.7:1(V: V). SE5G o A v JE FL il pH oA 1.0 19 2 RN A% 48 W25 L 5 22t
b AR T FARHE B 5 T oK 5 D S B IR $h 2% vP IR A T pH A 3.0 BYBHAIR W, fift £5 W S ASE AU IR W 1Y) 1
£ AR YR FH pHS-29A PR EFT pH A HE.
1.3 AR R F b 38 K S 86 T

F oK (Zea mays L.) . /KHi(Oryza sativa L.) . /N2 ( Triticum aestivum L.) B AH B DX FP i 5 56 42
8 BB AR, S 2N 60 ecm, 5—6 M E 2K (Zea mays L) #H . = FE 20 45 ecm, 4—5 /K A6
(Oryza sativa L.) #1H A& 20 35 em, 2—3 5 /N2 (Triticum aestivum L.) %78 B Fh B F24%, Bifi J5 76 5K
B FE W 5—10 d DAIE W7 AR R SCIR 450, S U T SRR AR (2542) CP, L TS B4
B ITAE R 3R 9L IR (OPPLE, T5-1058-18 W), )t 11t 8 % B 15 04 2000 pmol-m s, JEIRFIES K 15 cm,
I B 1 A= AR T i 3 2 0 S O I e R 1 S sk AR v, SIS S 9 /15 W, A 3 d BEAT—IRARK,
H 5L 430 1 UK, SE gk #3421 Hoagland 35 57 W /K B35 57 LU I AE AR 41 i 9 2E KR R PO SE 46
AR AR 2 i T R 1 R TR

R 1 I H w2

Table 1 Spraying method of leaves before experiment

i 1) Xf RREH MR FZH IH-5E2H

Period BK Group AR Group BS Group
ERN ZEimK FEAIHK 20 mg-L™' La(1l)-AA
IR ZEIK & (pH 3.0) 2 (pH 3.0)

Shy K TITE t V YRCERE ) PrE TET ) B R T, A 28 IR K TR AR I 3—5 7 2R LU AL R -80, La( 1l ) -AA
20 mg L ¥ I B 2 T AL B P S I 1—2 35 kg R, S0 R DY A AR S SRR T 1S B (S
JE XK A 98 mmx75 mm) H, B 1 BRI LU AL B

PR bR 22 2 1 Oy AL HUS B 537 24 h TR IR HSE SC I I ], RS 7ESE SR RIS 1, 5. 10, 15 K4S
3 PR AR 40 1 A AL SR A T AR BRAR BRI, SR AR I R 25, AR S [ R RS R S8 B AL
B3 BRI TIN A , B —FEARTEAT 5 U e BT Y (B 1 Sy S 3 4540
L4 A SRAE AR P R vk

5 F 35 P 0 52 (MIP) , R L 5 3R 9 i S (L 1l (POD) | #8480 B 5 1 i 3 7= 4 i 2R (ROS) LU
AR A S (NR ) 15, 22 vk 2 R A 4 2F B~ S 30 48 5 (5 0RO P 7125 T I8 (MDA) 5 i,
KB 2R B I 2 By -4 255 i, il o SPADS02 T3 43 2 AN 1 42000 52 12 R 2R BY; I R
Tt (PRO), SR AR SE K 4 R - B — 7409,
1.5 BERES 50

WEFE D EE 73 A e H R ] SPSS 22.0 #AFH#EAT, V- YA | R 22 FUAHXHE, B R 7 22500 22 5+
PE, R /D i M 22805 (LSD), BILL P<<0.05 72 22 55 10 25 9 I b vf, 181 382K 1 Origin Pro 2017
HEAT 4.

2 5B 53508 (Results and analysis)

2.1 La(lll)-AA X5 R R M8 F HELRR 1) v 5T 52 PE (MP) 15 TR
240 5 SR o 200 Y PN BRI T e, A4 R A I ROR AR S T 1 S, BERR R M3 B ] S
FK KRR AN A B O IR AL (BKO M In (/M2 15 d BRAE) s UG LaC ) -AA 41(BS) Y
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3FEY), BB R S T RR T ZH (EoK 1 d R, H 2T BR A (EK 10d. 15d, 7K FF 10d. 154,
INZEH 5 d, 10 d. 15 d); BS 41X T AR A1 NPE BTSSR (F K 1 dBRAb), H 22 SR 5350 H 3R
TE 10 d(EK) . 10 dOUKAE) . 10 d(/NEE ), BS AL L FR (U AR 4111 51.42%., 54.22% Fil 45.95%. H
o G 5 1 5 SR 5 Ik A A 40 o A il e T T Pl e A v K RS &0 %) 7 B EL A AR RL R I OO, 3R B A
AR AR AR P B TR, R [l LIS TR AN TR R B T WU, 4 5 B 4k o it 2 2,
KRBT DR, Y6 S BOEA T &1 F0F 2 3 A A N IE BCR KmEIR 1, e 23 mlin il 4 i
JEE R 3k AU, % ST RS ol B ™ AR, AR PR AR B BE N R AL L R RN A R, TR M S AR X R
BN, AW 32 E AN, Prni i 5500, ik LaC Il ) -AA A4t inHEAE R 4 R 2 T AR I, L TR
B AE B AL SR 0 1 () B X R A B A B T R AT B 28 wp R, T Jo A 1) R A E e 7, AT O
ANFUHT SO, S5 F W I A & A RER A o AR R . LaC Tl ) -AA BT 3R30H 19 2% vh A
FH 58 S e ) R 1 Jr 8 1 1 88 v % b R 0 F T B TG R RN N SR BT Sl IR T2 . R aREs R ]
PR, T R M3 (S A BB 4 . o P R . LaC TIT ) -A A T FH I8 188 ik R ke 200 o RS i i, AR AR I S8
P, DT V8 2 T T 0 Xof e i o477 5

R * B 41BK Group
1 BEERR =7 41AR Group
E mHI4ABS Group
aag a
25 - .
b b
b
s be c
% 20 H de ‘
o € f e
g f i & . £ £
Qo
=
2 15 H i g
3 o g
h b b
= i
>} N
~ 10 H j
5 H
0 u 1] 1 n 1 1 n 1 1
1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. Bk Zea mays L. b. KFGOryza sativa L. c. INZE Triticum aestivum L.

B 1 La(ll)-AA XFHIFE MP BF 0
s 791 P AT R IR B RO 2% 535 51 25 K- (P<0.05) (IR
Fig.1 Effects of La( Il )-AA on Plant MP
Note: The difference between the values of different letters in the same column reaches a significant level (P<0.05) (the same below)

2.2 La(lll)-AA PR 0 F AR R4l B S8 A0 SR (CAT) 6 P 1 2

CAT M RETH BRI P N i S8 AL &, By 1k BB S Ak 10 0, SEZeAm . 5] 2 il OV R B,
/NAE CAT 15 PEARBE T TR ARAE, B A AR, G 5 e a5 L S K Bl B ZH 4 AR % 14 80.51%;
FRRIR Y CAT T AR 41K F BK L OKAE 1 d. 10d. 15 d BRAM), RUIRF X FAEY) CAT MG A %
M, ELEEE B RRE S, ZRGTR CAT Fh 4 1 3L 1 844 OKAF 10 d BRAM) 5 BS 41 CAT & P AL T
BK A 50 25 i 4R T, W] LaClll ) -AA XEAEYI RN CAT Rl i A fe BEAE ;5 10 BS 4L 2 T
AR 41, HL7E 3 FAEY) b 9 28 SR AR 00 B 5 d( oK) L 1 dOKAE) L 10 d(/hZ2), LaClll ) -AA ffi 4+
BS 21 M F AR 4150 CAT Jif Pk 1 35 $2 85 T 48.68%. 29.43%. 78.61%, 4 5 3% U W F 1 75 7 ¥ &
CAT MG L3240, 1M LaClll ) -AA BESSAR LAY TH BRER X CAT B Al 4 11, ELAEAT CAT M5 e J3E
TR, A7 R R R A P 7 A e S S B 7 4 VR, KA 1 P e 2 A S 7 A R O R E 1Y
K, BEAE M AR A KR T S A R
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CAT content/(U-min'-g™! FW)

FALARIA Y POD FEE M 2 2 TH 5 (BR/hEE 1.d); LaC Tl ) -AA WA RLREAR T B2 M BE R POD fi G, HAE
1d(EXK), 10dOKAR) . 15 dUNE ) BHEFSHS AR HAHZEEK, 70510 AR 21K 48.3%. 57.92%. 50.44%,

R A 41BK Group
70 - AT 2HAR Group

E= vrmeanBs Group
60
50

i
40 -1%
30 ™
20 ]
10
oY
1d 5d 10d 15d

a. EkZea mays L.

1d 5d 10d
b. IKAFOryza sativa L.

15d

Im

1d 5d

10d
c. INETriticum aestivum L.

15d

B2 La(ll)-AA XAtk CAT fU52IR
Fig.2 Effects of La( lll )-AA on Plant CAT

2.3 La(lll)-AA XS RIMME T HIER v I A AL P (POD) 5 4 1 52 1)

POD Jif{if 1 e 7] T 2 16 QS AW 20 R A G, JHCi 6 Bl AR AR 22 AL AN T . 140 3 %K
&m0, POD i 72 AN [F) A4 b 52 B MG B R 22 S, LA T KA A v 0 1 3 B A AV 7 /N 22 P 95 P e
7o 5 B — R AR ZEL ARSI X AN XE R B, POD {5 1 B 5 s 18] A 228 G A S B R e e 4, ELRR R it

PIZEFEAK1d.10d, 15d, KA 5d. 10d, /N 5d. 10d. 15 d i}, H POD MK T BK 4. k&R
FEH, TR W PO T AR AR PN A B S A R R AP 2, s A AR ) 4k T La( ) -AA F
R R A RS A T B A VR R, B SEALAAR O A A R, TR B POD % R KR RIS, R
e ] W FPRE B N RS S5 2% A I W Jolh e X VR AL (R IR, T EL X A A A B R B (i

YERL.

POD content/(U-min""-g”! FW)

160 -
150 S A HEABK Group
140 [~ - BRTHZ1AR Group
130 L E== vmt41BS Group
120 .—
110 -
100 :'—

90 -
80 -

1d 5d

10d
a. B KZea mays L.

15d

gh h

1d 5d 10d
b. KKEOryza sativa L.

15d

ap ab

1d 5d 10d 15d

c. INFETriticum aestivum L.

B3 La(lll)-AA X4tk POD HY5Z 0
Fig.3 Effects of La(lll )-AA on Plant POD
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R A b K bR BT SR 22 58 (CAT F1 POD) 145 SRAR AL R M1, MM 78 R Ge i A FE v, Myt
R B SR B 43 T R LA L R bE R, R B B R ALE R FEVE R, R B A AR Y U R AR, 4R
AR, ILAE I T 25 AR 2 CAT 1 PE7E B0 5K T BK LA BL G, 5 B hin4r 4609 /A2 bt
RGBT, AN TR S0 T AR P B = KBTS i AR 24 S B A A G R I s A R
AR Y 3 KR B T POD AR TAS R, 7 AL IS [R] PR 40A S5k H,0,, J5 38 8% CAT H1IK45
fift (CAT 36 P 3 K A7 AE — 2 SEIRPE ), LA RS WF 5 b CAT il i i IR (7] 0B 22 522 i k44 (1 2), i
POD i 7% 4 1 0] ] 8 iy (T 3). g ol CATT W ol B 3R 1) B0 G2 7 A G 221 o 25 46 1 A e 46 v aok
RS LU B MR L CAT M POD [ G AL, Ry H BALAE, AT B 435 1 /iR 9 e, hy F A
AR EERAREE. M@ A BS 415 AR A EdE BT 25 R0l UL T % 2), La( 1) -AA REWS A SR
R T JUIR 00 %o B B A T 7 A (RS2, DRI LaC T ) -AA X FE bt S8 AL il 22 21 1 B AR 4 A ).
2.4 LaC(lll)-AA X FR M8 B AR MRS i EU 2+ [ £ (ROS) 77 A= 3 238 (1) 5% 1

WBE AT, Y A 5 22 ROS A LA TS BAS v] b 45 5, IR K R B 22 ok KFE L /hE
YEWIA N ROS & & Q& 4 iR, B TYFh 25 5 ROS 77 48 3 287 oKk P i i Tk R F/NAS s TR FR e
T AR 41 ROS 7= A B AHE BK 4134 2 193 K ; BS 4174 La( 1l )-AA fEF T ROS #URAG DIBEA,
HIHMET AR 451 BK 4 (/NA 10 d BRAM), BS 4IAHE T AR 41, 75 10 d(F>K) . 1 dOKFF) . 15 dU/hEZ)
ROS FEAR R NI R, 73 BIFRAR T 28.44%. 39.47%. 42.31%. LA b E 3545 LIIE W R FR 4 AR R AR Al A K
B TR R T W E VR, LR R AR 1) I R AZ 15 DT I LA N ROS AN W T = R 2B, A
DA il e 2 25 3 WO AT 338 i 4 5, L5 B S0 X6 T K B TR T 0 9 LA A TR] A0 235 SR ke 34 T Bl
La( Il )-AA it FH I ROS 3 245 2] T30 A 8 I, AL RE 85 22 fff 12 W U300 265 A 00 4R ol R 1)
&%, T H BB XA MR AR A A Kk B IR LU B A 22 i, 9/ 40 Jr 32 3] 1) A 558 0 532

a
80 b
| THIT R 4 #E4IBK Group
7o H d B v i1 AR Group
B s Group
efe ¢
60 H M
E h
'en 50 [
=
£
g 40 I
3
g 30
5
20717
10
0 1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. TkZea mays L. b. KFGOryza sativa L. c. /NE Triticum aestivum L.

4 La(Il)-AA XffE Pk ROS (#5200
Fig.4 Effects of La( Il )-AA on Plant ROS

2.5 La(ll)-AA XM E T RIEZE 7T % (MDA) & & 15

PR AR it S Al A B 1 ) 02 MDA, L RE 6% A 550, Sz AR AR A 1 117 1 fg B K S0, 151 5 e el
AT LAVE W B, FOR AN VEY b MDA /K - Bl 15 5 B[] 1) 4 B R S 30 T R 3, ik
FERR ) MDA WIFE 5 d 35 3 fe i, B S 3225 109 5 Bl T W04 9 1 26 B ) 9 328 25 B G, FoR A NZE h
) MDA Y5 H B 22 1 SR, 33X 9 A VE 9 MDA 19 f5c i (B3 H BUAE 15 d 1 AR 4, i K REAE Y b i
MDA 7€ 5 d Ja 2 ¥A L Yk, B2 15 d HAl N 3 b3 77 /EY h MDA & & #:30, AR 2 % BS 411
A E 1E # K5 BROK ARG 15 d 4b, BS 41H MDA [ & AR T AR 4359 & W35 1 A%, FERFEAR 0 1A
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165 d(FK) . 1dOKRS) FI S AN, 20 BIFEAR T 31.03%. 34.78%. 38.71%. Hi&h J 5 A 2500 X2
JHE i B A B A R bR oY LA — 2 RO AR R . 7SN SRR I 38 T AR B 2% T SRR Y B 4
ROS 114 K f2 34 ) 1 ff o 49 5 1) 2ot S A, ol Ak 7= 4 MDA {5 2 80 38 ke 3%, b R VE 1
0 AL R, AR L S T E AR, AR AR BRI BE R WAL, R L ET AL, R RN 2 N MDA FEAE R (4
DAL ) 2B T Ko A A AR 7 A B SRV T 1T LaC T ) -AA X2 Bh3E T AR th MDA 1972 4= B A 25 i AE
FH, RERE 5 A A S Ik R PB4

60 m *FHEZABK Group
I T - BEFTHZHAR Group
; - rIEBS Group

50

MDA content/(umol-g~! FW)

1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. TKZea mays L. b. KFFOryza sativa L. c. /INFE Triticum aestivum L.

5 LaC(lll)-AA XKk MDA B0
Fig.5 Effects of La( Il )-AA on Plant MDA

2.6 La(lll)-AA X% R e T A AR 4D v i 4 25 55 i 1 5% T

W28 SR A YR GV FH R A A DG BETT A, A AE XA iR A Kk B R B o e HEVE . [ 6
A LLT f# 2, mSR AR 3 MR R i R B A R R I SR R I R i Fa #, BK 41
2 2t i A B BRAE 10 d(E2K) L 10 dOKFE) L 5 d(/INEZ ) 5 TR FRT G A 858 30 15 50 AR 1 7K e 4
PR R, H AR 2l A 2R 2R & B B KT BK 41, e Tk AN (A py Il B T 04k, ok
1 d B} AR M2 3 & 55 T BK 41 14.71%, SULFIE/NAZ 4L 1 d T 15 d PR 2 3 AR 415 T BK 41
4% B0 5 T BS 41 oK RS A B KR AEW i 2% 3K & A AR A3 — 8 i B B3 K, KRR
18.76%(10 d), EKH K 4.21%(10 d), MiZNEZ/ED Hh LaClll ) -AA Xof H -2 52 5 5 i 23 A B 52
M. & /N A VR LaC Tl ) -AA RIUAERY R 2 525 7 AR S8 W58 i S 4 vl i g it 7 Ll —
FRRRALLPE, LaC T ) f% 6] A AR P-4 22 1) SO0 50 SR 5 R A AR BT 32 380 1 o R 3 EL AT — o A G, A
ANFE ARG LaCll) (2247 BORMEAE BT — 2 22 55, DUH A S R AL R LaC I ) v 5 058 W R A5 A4
FRICAL. TR RN 38 S R i A 2R AR 254 32 5, (R B B AR 32 BHL, 2% 28 L Dl I TR Rl
SRR RO, B 0 I R A, 2 2 A B R (18] 6) I DR MR R AR R AR A BTG % T La( T -AA RS
P R HEA AL, HEAE P A A T T SO T 3R RAA T S SRR, DA I 8 A TR R ¥ Y T 20 B SR B 4R
Bl SO S E O Y Mg U, ST e OB G 1), 704 i i S 22 e M (], o (o AT AR 1 A
FE BRI R OB BIRE ) KR EE &, A B TG A RCRSE T, 5 X CO, ffbRe 77, & m LR B2t
Yy B R BRI, A [RIAR AR AR 6T R T A LaC T ) -AA (97 F R R[], {H A ok 38 LaC Tl ) -
AA RENEAT WU Ffk TR T Tty SR 1) 52



i

1t 42 %

3

3206 578

N S AH4BK Group
- BT ZHAR Group
- H-E4ABS Group a

(%) =
(= (=

Chlorophyll content/SPAD
5%}
[=}

1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. T2kZeamays L. b. IKFFOryza sativa L. c. /INF Triticum aestivum L.

B 6 La(ll)-AA XFHEAR M43 & 152w
Fig.6 Effects of La( Il )-AA on Plant chlorophyll content

2.7 La(lll)-AA X RN 38 T AH RS 1 i 24002 (PRO) 7% it (1 5% 1

EE5 25 PRO TE44 S AE 4 25 11 9 [R) B FE AR08 33 TR L R0 20 14500 L T 40 B ST el R i 1T s 2
HAFEAEAY. PRO B 2S5 AL W& 7 th 7, PRO TEA AT AR v i) & f daidota T8 4a, 3 4R
H1 BK 41 PRO ¥J4E 40 pg g 'FW | NI 2l 1582 R 1360 48 75 A% 400 (A A0 XoF 17 19 17 288 s i, 3 4 v
AR 4111 PRO F ¥ B T W& 55 110 BS 41 PRO & &AL T AR 43R B2 FRAIG, 3 FAED
BIFE 1 d I K AW B, 439008 36.23%(EK) | 47.17%0KRE) . 41.82%(/NAZ ), HLAE B K FI/KF5
i Z 0 B BS 411K T BK LAY 4. PRO FFA 20 7 A 7E A, AR AT R A 32 21 S SR 35 38 1)
b B 2 AT K R, KN PRO 5T A AL W G DR IR, 4 R A0 B AR S B Y SR Kk R Y
PRO & Fhm . WWEES A PRO JIZAETERT, SRRUE AU N Ko T8 11, FRARTI R AR (R i S8 a8 R
T i S5 AR A AR ) A P R 2, L R SR SR B, T B X AR A AR B A Ak A T M A T RN IR,
PRO TEAE P4 A R dt (1) FR 22 LS R AEL ) 4 240 R0 oy SR 114095 325 e DA T A A AR B - 1 2 R PR b B 25 1
1M LaCll)-AA I AEY)7E R TN W38 T $248E T 00 B A9 S v VR, (045 R TR 5 35 R B9 /b, WA R
PR HR AL 0 S ) SR B
XFHRLABK Group

70 - BRF4LAR Group
E==1 rw:41BS Group

1% P W [N}
(=3 (=3 (= (=

PRO content/(ug g FW)

3
(=3

1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. £ HZea mays L. b. KFGOryza sativa L. c. /INF Triticum aestivum L.

B 7 La(lll)-AA XJHE#k PRO & i 5
Fig.7 Effects of La( Il )-AA on Plant PRO




9 3 RO AR FIEIR B G0 (La(ll)-AA ) XPBHURR TR MM T =M fEY A4 BRI AR A 50 3207

2.8 La(ll)-AA X Pria T HE AR 2 B ARG 05 m

B R 30 i il (RS2 N JT 28 A R0OFI FH A9 G S i, JFLBE 02 40 1000 b, 2 e s AR 1A N AR aEg £ i 2,
NR G ANE 7 TR, BARE SR 3 FEY) F NR 36 PR B eI 5 3 a3, BKR 41397F 10 d H B i
IR, BEJS TH i AR 40 NR 3G M3 H BT R [R) AR B2 B A1G; BS 2 NR W M BT R B 4t v, Bk (5 d
10d, 15d). KFE(5d. 10d. 15d). /hFE(1d. 5d) 2% & T BK A, HE T ARYL, A 5d(EK) . 10d
OKAE) . 5 dU/NE NR 8 E R B2, /K T 21.37%. 60.63%. 46.50%, 5 AR 20T R B il 56 1L
TR W 3 T 5% P 5 2R 118 5 M 30 34 £ 328 - 2R 30 R B Ut AR 1) T4, I 3R S R (51 o) I R e
M) NR B . 32 PR R, NR g2 DL AH 6038 7 Sy RS, (8 3R 5 a2 B 5 1k NR £ 52 1 6k 55
(11 8), 4L NOy ik i il NO, B AR, FRARAE Y AR K . B SRR 7% 1k NO & Z A itk 12
P55 P00, AR R A L IR W R AT LR AU, A ) A A KRR, s A R R H, B
MRPLIs Ik, TR R R XS 3 Y EY 15

R M H4BK Group
350 - FRFI4LAR Group

a

% b - MBS Group
30+ d
25 g

20

15

NR content/(pg-min~l- g™ FW)

10 -

1d 5d 10d 15d 1d 5d 10d 15d 1d 5d 10d 15d
a. T KZea mays L. b. KFGOryza sativa L. c. /INFE Triticum aestivum L.

8 La(lll)-AA XS KR NR { £ R
Fig.8 Effects of La( Il )-AA on Plant NR
im7 LaClll)-AA 15 7T LAE75 ROS i — 2D 3i/b, 5 g [a] i Rde 1 4 i il AR a2, ol 4 ) 45
SAE R, AN SRR . AR S i S AN (R T EE T RB G T IR, DA NR B2 SO %)
JEHL T SR P, B AR NR B 5 400 Y NOsIE Ji i NO, 3 58, ZE R348 ) B ARBI K-, LU AT 5 ¥ a
NO 2 51 Z AR 2 DAY ZACH IE 5 X AR LT . PrliPEA T 4R, IF S LAY
WEKKRE, mafte.
IR EUEAMEE TR T AR AR B A RA B AR L, R TR ARG T LaC Tl ) -
AA RERE P 2 52 TF NR WG, S5 5RAR AR AO0 BR R Wl itk HOHTE — @ BB E e I b EY) A B i A
PR, S = B AR R, B EY) A KR B FEIE O 45
SR R R WL R, 3 TR A% I A BRAE AR AR AR X TR FR PN SR L IR AR 25 e O (BT 1—8), iR
I A B, 55 3 Fh VR R R B8 04 U E A O, ANTE TR R M ) A= AR5 1 b, K A PR R i T
ANFZ RPN YR RS 1) A SV AR A T, AR R B DR A A S e i B SR

3 2512 (Conclusion)
(1) PR RN Jofp e X 3 v 28 e A W i ol e 25 403405, VEP 1R ) MP, ROS = AE 3% | MDA . PRO &

ix ., POD 3G W3 T &, SICRIE, a5 CAT M. NR 15 PE) i 25 FAI;
(2) Tijs LaC Il )-AA ¥, 7T A SR IR S SHVEY) 7= A 1 P38 453, MP., ROS F=A4:#0%% | MDA &



3208 7N 54 1t

3

2%

i, PRO 2 [%{K, CAT Ml NR 15 PE42 57, POD {6 ME#a TR E;

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(3)FUiE LaCI)-AA P/ B3P AR R T A MBI B BT A0 T 474

S & 3Lk (References)

KT E, W, PN, A SRS X R R M0 T AR A 2l v AR BERRE RS 0 (7). 4B AR AN, 2019, 48(4) 1 54-57,62.

ZHANG X L, HU R, SUN Y, et al. Effects of calcium on the physiological characteristics of Arachis hypogaea seedlings under the
stress of acid rain [J]. Journal of Peanut Science, 2019, 48(4): 54-57,62(in Chinese).

TS s R Y 0 A A R e N B YA 6 SR (T]. 2 B R4, 2000, 19(S1): 1-6.

FENG Z W. Ecological Effects and control strategies of acid deposition on ecosystems in China[J]. Yunnan Environmental Science,
2000, 19(Sup 1): 1-6(in Chinese).

SREFE, EARLL, . BRI T BB BB R R A I A M s [T, B, 2017, 38(1): 1-6.

ZHANG X B, WANG L H, ZHOU Q. Accumulation of lanthanum in horseradish roots under acid rain stress and effect on cellular
structure [J]. Chinese Rare Earths, 2017, 38(1): 1-6(in Chinese).

WRIRFE, 105 R, < itk PR 490 X R W Mok 380 Tl o B B P LD). BRIRA 2, 2020, 39(10) : 2666-2672.

CHENJ T, XIE E Y, JIN J. Potassium pyridine-2, 3, 4, 5, 6-pentacarboxylate protects Artemisia selengensis under acid rain stress [J].
Environmental Chemistry, 2020, 39(10) : 2666-2672(in Chinese).

R SC, A B X O BT R W9 A B DD r s A Ve T (T0. T LR 4224, 2012, 30(3) 1 373-379.

WANG J W, BIAN C M. Strengthening effects of LaCl, treatment on resistance of Capsicum seeds to acid rain stress [J]. Journal of the
Chinese Society of Rare Earths, 2012, 30(3): 373-379(in Chinese).

WA DT, AT, AR A5 22, 55 IR I TR 00 100 I S R A 285 A X A DL T 00 SRR (0] Al SE BRI A ) 2 41k, 2005, 13(3):
217-223.

LIN Z F, PENG C L, XU X L, et al. The sensitivity of chloroplast ultrastructure of two duckweed species to simulated acid rain [J].
Journal of Tropical and Subtropical Botany, 2005, 13(3): 217-223(in Chinese).

B, U B, AR, A5 ORTBLAL S W0 S R R W B T e M A BRAR AR B2 (D). A E R, 2019, 17(5) : 1703-
1710.

XIE E Y, GU J H, RAO F Q, et al. Effects of new compounds on seed germination and physiological indicator of six plants [J].
Molecular Plant Breeding, 2019, 17(5): 1703-1710(in Chinese) .

ZHANG C, YI X, ZHOU F, et al. Comprehensive transcriptome profiling of tea leaves (Camellia sinensis) in response to simulated acid
rain [J]. Scientia Horticulturae, 2020, 272: 109491.

T W, 3K AL, B, A AMERR X R AR N T S R T SRS K52 (1], SRR, 2003, 24(4) : 122-126.

DING S M, ZHANG Z L, LIANG T, et al. Effect of extraneous rare earths (REs) on form of soil exchangeable REs and heavy
metals [J]. Chinese Journal of Environmental Science, 2003, 24(4): 122-126(in Chinese).

R X R e R A W R R Al v AR RS e (D] R a1 Al R 2, 2013,

WANG R. Effect of lanthanum, cerium on peas seeds germination and seedling growth under copper stress[D]. Yaan: Sichuan
Agricultural University, 2013(in Chinese).

B, S ER G L B BT A R EORCRAP RS i LU D] VIR RAE R, 2012, 40(1) : 74-76.

JIN J, ZHOU J. Cerium, anthanum comparing corn protective enzyme under acid rain stress effect [J]. Jiangsu Agricultural Sciences,
2012, 40(1): 74-76(in Chinese) .

ZE AR AR RN E R A2 X KR S 4 AR K S ma BF Y (D] M YL PE EL TR 2%, 2013.

LI Y F. Effects of light rare earth lanthanum and heavy rare earth yttrium on maize and rape seedling growth [D]. Ganzhou: Jiangxi
University of Science and Technology, 2013(in Chinese).

TSI, gk, F0 O R T M T KR 2N E 0 T sz (0], SE R4 2 5 R AR 902, 2017, 36(9) < 3893-3900.

XU Y Y, JIN J. Effects of rare earth fertilizer on rice seedling stage | under acid rain stress [J]. Genomics and Applied Biology, 2017,
36(9): 3893-3900(in Chinese).

FEMAL, 4% E 22, b e, 4 X T 2 WA T/ EZ 4t S R gy 0./ 1+, 2011, 32(1): 12-16.

TANG J H, YANG Y L, YUAN Z Y, et al. Effect of lanthanum on antioxidative system in wheet seedlings under drought stress [J].
Chinese Rare Earths, 2011, 32(1): 12-16(in Chinese).

TR, BOKAS, A SFAR. 4 130 T 598 X0 A e 4l v A A R B SR AR I R B S (D] PRIE AR, 2010, 29(5) 1 932-937.

ZHANG J, HUANG Y J, ZHOU S B. Effect of La** on growth and activities of antioxidant enzymes in rice seedlings under copper
stress [J]. Environmental Chemistry, 2010, 29(5): 932-937(in Chinese).

JURME, 5, 20 T4 Jm 4038 T 50 X 080 e AE 4 R AR MR i S (O], vb R 2% 3R, 2015, 33(4) - 487-493.
GONG D H, WANG Z Z, JI X. Effects of lanthanum on growth and physiological characteristics of Spirulina under lead stress [J].
Journal of the Chinese Society of Rare Earths, 2015, 33(4): 487-493(in Chinese).

SATTI Z, AKHTAR M, MAZHAR N, et al. Changes in selected elements of soils under simulated acid rain conditions [J].
Biointerface Research in Applied Chemistry, 2020, 11(4): 11737-11746.

SKITHE, UHE TN, SR e, S WA X S AN AR AR AT B R W RsZ e (1], bRl A= AR, 2003, 22(6) : 512-
515.

ZHANG W P, XU H L, ZHANG Y, et al. Effects of spraying Rare-earth elements on root activity and main mineral elements of
cucumber seedlings [J]. Journal of Mountain Agriculture and Biology, 2003, 22(6): 512-515(in Chinese).

AR, XIE, L. R IR L XG FOR GG AR LA A BHR bR 1Y 40T [I0. rh EIAR £ 248, 2011, 29(1): 119-124,


https://doi.org/10.14001/j.issn.1002-4093.2019.04.009
https://doi.org/10.14001/j.issn.1002-4093.2019.04.009
https://doi.org/10.16533/J.CNKI.15-1099/TF.201701001
https://doi.org/10.16533/J.CNKI.15-1099/TF.201701001
https://doi.org/10.7524/j.issn.0254-6108.2019061704
https://doi.org/10.7524/j.issn.0254-6108.2019061704
https://doi.org/10.3969/j.issn.1005-3395.2005.03.005
https://doi.org/10.3969/j.issn.1005-3395.2005.03.005
https://doi.org/10.13271/j.mpb.017.001703
https://doi.org/10.13271/j.mpb.017.001703
https://doi.org/10.1016/j.scienta.2020.109491
https://doi.org/10.3321/j.issn:0250-3301.2003.04.024
https://doi.org/10.3321/j.issn:0250-3301.2003.04.024
https://doi.org/10.3969/j.issn.1002-1302.2012.01.025
https://doi.org/10.3969/j.issn.1002-1302.2012.01.025
https://doi.org/10.13417/j.gab.036.003893
https://doi.org/10.13417/j.gab.036.003893
https://doi.org/10.3969/j.issn.1004-0277.2011.01.003
https://doi.org/10.3969/j.issn.1004-0277.2011.01.003
https://doi.org/10.33263/BRIAC114.1173711746
https://doi.org/10.3969/j.issn.1008-0457.2003.06.009
https://doi.org/10.3969/j.issn.1008-0457.2003.06.009

9 RO AR FIEIR B G0 (La(ll)-AA ) XPBHURR TR MM T =M fEY A4 BRI AR A 50 3209

YU H B, LIU Z, WANG B. Analysis of rare earths in agriculture on photosynthetic changes and physiological indicators in waxy corn
seedings [J]. Journal of the Chinese Rare Earth Society, 2011, 29(1): 119-124(in Chinese).

[20] BHG 0, AN, ik =, 55 IS TR AR T2 m [, PGAL Rl 24, 2015, 24(5) : 64-68.

JIAJT, YUY Q, WU MY, et al. Effect of lanthanum chloride on salt tolerance of maize seedlings [J]. Acta Agriculturae Boreali-
Occidentalis Sinica, 2015, 24(5): 64-68(in Chinese).

[21] sRFIEE, W W, Be/Ne, 55, b W38 B 95 P B R0 R 2R posg e (17, Fh¥°, 2014, 33(7): 78-81.

ZHANG L X, CHANG Q S, HOU X G, et al. Effects of La®" on germination characteristics of the Sorghum sudonense seed under salt
stress [J]. Seed, 2014, 33(7): 78-81(in Chinese).

(221 ATMGHE. T 56 £ 2 4 (La(NO3)5) % NaCUH 30 T 58 76 15 (Medicago sativa) 4= BT PE ) 5200 [D]. 4 22 PR ALARMBLE R
2017.

REN P H. Effect of La(NOs); on physiological activity in alfalfa(Medicago sativa)under NaCl stress[D]. Yangling: Northwest A & F
University, 2017(in Chinese).

[23] siify, XI0EE, s i, 5. GIEIR e EUSE IR 2 A M0 AR 4~ Th 3 iF o8 0 e (1. Wik Ak B2, 2019, 58(S1): 1-3, 6.

ZHANG M, LIU S G, SHI X Q, et al. Biological effect of plant amion acids and amino acids trace-element fertilizers[J]. Hubei
Agricultural Sciences, 2019, 58(Sup 1): 1-3, 6(in Chinese).

(241 FEBMAR, B ¥, iR 04, 45 ot 2 SR W HE T /Ml 238 A 1 M 37 43 BRI L], b [ bl 22304, 2016, 32(12): 53,192,
ZHUANG Z J, XIAO Y, CHUAI J F, et al. Effects of liquid amino acid fertilizer on growth and nutrient accumulation of rapeseed [J].
Chinese Horticulture Abstracts, 2016, 32(12): 53,192(in Chinese).

(251 WA, B/ e, 72 0. M i i AR 95 LOZE I = 1 (18 [I0. A S 2, 2014, 27(4) : 42-44.

HU X, CHENG X L, YUAN G M. Application of amino acid foliar fertilizer and agricultural resistance 9510 in tobacco [J]. Plant
Doctor, 2014, 27(4) : 42-44(in Chinese).

[26] 2%, S ALK IC XS B AR JARPE R 20 (1] Al BHE 515 B, 2021(16) : 42-44.

CAO Y. Effects of amino acid water-soluble fertilizer on physiological characteristics of strawberry [J]. Agricultural Science-
Technology and Information, 2021(16): 42-44(in Chinese).

[27] B, & 246, EALE, 55, MR V48 A8 IR0 T A I/ 4 58 0 32 B K AR il R Hoo ok st 1% 2 e a0 i 0] B A 4R,
2015,29(8): 1444-1454.

GUO L Y, ZHAO H W, WANG J G, et al. Identification of physiological race of rice blast fungus and disease resistance and genetic
diversity analysis on major cultivars in Heilongjiang Province [J]. Journal of Nuclear Agricultural Sciences, 2015, 29( 8) : 1444-
1454(in Chinese) .

(28] VM. A ECHERR R X/ FUSE AR AT M A 2 (D). bt o B0 R4 B, 2018.

XU M. Effects of a compound amino acid preparation on stress resistance of pak choi and cotton[D]. Beijing: Chinese Academy of
Agricultural Sciences, 2018(in Chinese).

[29] ZHONG Y Q, CHEN J J. Ameliorative effects of Lanthanum(Ill) on Copper(1l) stressed rice (Oryza sativa) and its molecular
mechanism revealed by transcriptome profiling [J]. Plant Physiology and Biochemistry, 2020, 152: 184-193.

(301 Jal2s. PEAE it R AL R A + OB RCR XS D], R BESE 5% 1, 2013(3): 20-22.

ZHOU Y. Effect of rare earth amino acid microfertilizer on peanut [J]. Agricultural Research and Application, 2013(3) : 20-22( in
Chinese).

[31] i, AR 4EFT. R0 X 435 0T R it S 38 & i ABGEME i 2 ma D). 4l 540K, 2020, 40(3): 25-27.

LUO Z Y, REN W L. Effects of acid stress on chlorophyll content and membrane permeability of Holly leaves [J]. Agriculture and
Technology, 2020, 40(3): 25-27(in Chinese) .

(321 ZE/NJr, skl R A A B2 S0 00 46 5 (M. SR JL 3T & %208 AL, 2016: 218-227.

LI X F, ZHANG Z L. Laboratory physiology experiment guide [M]. (fifth edition)Beijing: Higher Education Press, 2016: 218-227(in
Chinese).

[33] Bedr%k. W L& ARSI & W i il 2 S o HIRIE 9 [D]. V6% PRV R %, 2019.

RUAN F Y. Preparation and application of rare earth amino acids complexes[D]. Xi'an: Shaanxi University of Science & Technology,
2019(in Chinese).

[34] WeAs4E, S nfb. 80 BRI e KR4 i B S8 2 1 0], R84k sy, 2016, 35(12): 2553-2558.

YAO M J, JIN J. Effects of cerium on the protection and repair of rice seedlings under acid rain stress [J]. Environmental Chemistry,
2016, 35(12): 2553-2558(in Chinese).

(351 MU, k2400, #W5, 5. V(V). Cr(VDE— RIS G il X /N2 4y i Az R AR SRR PR s e [0, B4R 4k %, 2012, 31(7): 1016-
1022.

HOU M, ZHANG X L, LU C, et al. Effects of of V, Cr single and combined stress on the growth and physiological characteristics of
wheat seedling [J]. Environmental Chemistry, 2012, 31(7): 1016-1022(in Chinese).

[36] ZHAI J L, XU H X, CONG X L, et al. Ca®/H"+ exchange in the plasma membrane of Arabidopsis thaliana leaves [J]. Acta
Physiologiae Plantarum, 2013, 35(1): 161-173.

(371 Fhahse, EMLL, JH . BRFHA KRS AN [ A & 0 i SRR ATPRE (Y 520 (1], %2 4 5 PR 2441, 2017, 17(5) 1 1895-1899.

SUN J W, WANG L H, ZHOU Q. Effect of acid rain on chloroplast ATP enzyme in rice at different growth stages [J]. Journal of
Safety and Environment, 2017, 17(5): 1895-1899(in Chinese).

[38] EBNLL, JAF, & PCFy. 3FEPUIERN T & 1 2 rhoBie Al xo W W A g 157 [ PREE L7, 2008, 29(3) 1 799-803.

WANG L H, ZHOU Q, ZENG Q L. Reponses of sugar metabolism in seed germination of three various acid-fast plants to acid rain [J].
Environmental Science, 2008, 29(3): 799-803 (in Chinese) .


https://doi.org/10.7606/j.issn.1004-1389.2015.05.011
https://doi.org/10.7606/j.issn.1004-1389.2015.05.011
https://doi.org/10.7606/j.issn.1004-1389.2015.05.011
https://doi.org/10.3969/j.issn.1001-4705.2014.07.021
https://doi.org/10.3969/j.issn.1001-4705.2014.07.021
https://doi.org/10.3969/j.issn.1672-0873.2016.12.018
https://doi.org/10.3969/j.issn.1672-0873.2016.12.018
https://doi.org/10.13718/j.cnki.zwys.2014.04.023
https://doi.org/10.13718/j.cnki.zwys.2014.04.023
https://doi.org/10.13718/j.cnki.zwys.2014.04.023
https://doi.org/10.3969/j.issn.1003-6997.2021.16.017
https://doi.org/10.3969/j.issn.1003-6997.2021.16.017
https://doi.org/10.3969/j.issn.1003-6997.2021.16.017
https://doi.org/10.11869/j.issn.100-8551.2015.08.1444
https://doi.org/10.11869/j.issn.100-8551.2015.08.1444
https://doi.org/10.1016/j.plaphy.2020.05.004
https://doi.org/10.3969/j.issn.2095-0764.2013.03.006
https://doi.org/10.3969/j.issn.2095-0764.2013.03.006
https://doi.org/10.19754/j.nyyjs.20200215009
https://doi.org/10.19754/j.nyyjs.20200215009
https://doi.org/10.19754/j.nyyjs.20200215009
https://doi.org/10.7524/j.issn.0254-6108.2016.12.2016051804
https://doi.org/10.7524/j.issn.0254-6108.2016.12.2016051804
https://doi.org/10.1007/s11738-012-1059-y
https://doi.org/10.1007/s11738-012-1059-y
https://doi.org/10.13637/j.issn.1009-6094.2017.05.053
https://doi.org/10.13637/j.issn.1009-6094.2017.05.053
https://doi.org/10.13637/j.issn.1009-6094.2017.05.053
https://doi.org/10.3321/j.issn:0250-3301.2008.03.043
https://doi.org/10.3321/j.issn:0250-3301.2008.03.043

	1 材料及方法（Materials and methods）
	1.1 氨基酸螯合镧（La（Ⅲ）-AA）及其供试溶液的配制
	1.2 模拟酸雨溶液的配制
	1.3 供试材料预处理及实验设计
	1.4 生理指标测定种类及方法
	1.5 数据采集与分析

	2 结果与讨论（Results and analysis）
	2.1 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗质膜透性（MP）的影响
	2.2 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗过氧化氢酶（CAT）活性的影响
	2.3 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗过氧化物酶（POD）活性的影响
	2.4 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗超氧阴离子自由基（ROS）产生速率的影响
	2.5 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗中丙二醛（MDA）含量的影响
	2.6 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗中叶绿素含量的影响
	2.7 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗中脯氨酸（PRO）含量的影响
	2.8 La（Ⅲ）-AA 对酸雨胁迫下植株幼苗氮代谢的影响

	3 结论（Conclusion）
	参考文献

