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AR Z5 20 d 545 2 FF 4 25 A
PR R g A VE SR BRI 1
REMHE.
1.2 H &

+HER A I Ak K2 (4 pH 6. 2, 35K

A 16.2 mg » kg ' B 51. 4 mg - kg L AL
#49.2 mg - kg ', AHLE 10. 2 mg » kg )

WA Fad 2 mm FLAR G S B 8 53 - 1 30 R L B
1000 g ;385 Ok B R 0.1.2.3.4.5.6 mL
BE1ILEMAEDSERES S, R HE 1
JE S BRI E 423 pHL 2] 423 pH 2 4 il
28 I AR o 3 L AR TR AT 2 0 E R A
A R EHATHMR .15 5 pH Sy 6.2.5.6.4. 2 F
3.8 AMNKEEM L REH KB — R
K=t kE 5 cm L4 BH& B R4+ 4% pH 1
BFER A .12 em X 13 cm) FEE IR, B E TRk
oAk 1 ¥RIF N 300 g iZAb B 418, BN A B 8 Bk
HA 3 it 96 Bk ] RS HOI E 1
K AR TE 7500 22 47, AR 40 d I ERURE
FE AR .

1.3 WEHEREFZE

1.3.1 AKAaRen g  Z2H B ARK A
N 25 e S AN o WL = L v 731 B N
KT 532 — WA R #AT AR AR L= -
S SR ¢ ML S 0 R

1.3.2 AmALIARGNE  WRRIGHNE
KB AL = 2R DU R M CTTO) ¥ 5 Hx i § R 1Y
MESHTEE WL GER= bR S
R/ WG F) X100 Y0 5 Al I P 4 B0
SE 2 7% REDCIR 1 )7 1% s b 4 3 OR A 5 2 4
i A (SPAD-502Plus) Ml 52, 36 BT 2F

555 A M EEATINE s iR Y R (MDA it BE IR
Y AR 5 SR B A L L 2 TR VG 5 Tl 5 I = TR o
Eﬁ’ﬁﬂlﬂ’]‘i}”'*“%Eﬁzﬁﬂtté%-ﬁ’iﬁt%ﬁ%

Eﬁi(soDw%rimﬁHVi&%%% NBT 3 %2 ; i A 1k
S (CCAT) 16 P R 28 AW ek il s
1.3.3 k&eAHuME HE %uﬁﬁ Gene

A A R LI-6400XT Y6 A
ASCHEAT DU 5 o 00 2 B 3 BT 28 R 5% 5 iE kAT, 43
S e A R (P VRAL R E (GO R
AALIR W BE (CH L 28 1B 3 2 (T, AL BR il 8
(LHO=1—C,/C,(C, Aa=H CO, kE),
1L.3.4 i Lanx 565 HOR AMEE
Heinz Walz Company 2\ &) if 4 72 19 PAM-2500
HEAT I 0 A o BT 2 R 5 5 7 i AT, 15 2]

RIE(Fo) e K986 (Fo) LR b b #3008
(Ppsyy ) AEFE AL 2 K (NPQ) L b 228 K (gp)
Fld KOG =GR (F /FoD
1.4 HEBFHITS5HH

¥ Excel 2016 FiI SPSS version 22. 0 (IBM

Corp oration) %I iR 55 B 45 #F 17 B & M40 Hr (P <
0.05),

2 HEXREHRM

2.1 TEBRUNER=ZEEKOFN

IR SR = EAERK W 0L R 1, b
BRI, SR =L ay R ZEHL
PR R T L S A o AR 2 L AR U 1 s
HifE+3 pH 3.8 AR R R = LHyrtE,
ZEORLL PR ORI ML I B fE BT A 43 0 8 CKORE AR
31.7%.10.95% ., 42. 62% F1 61. 78%, H. 22 &
B,

Company Limited 2

1 ITEBUNSER=ZLEKHIEM

Table 1  Effect of soil acidification on growth in Sedum aizoon L.

R /em 2/ em B/ cm A/ em R 6 T i/ g Hiy b BT A/ g FL

pH L e"lf Stem Plant Root Fresh Aboveground Root
thickness diameter height length root mass fresh mass cap ratio
6.2(C CK) 0.082 a 0.347 a 10. 340 a 14.807 b 2.977 b 7.693 a 0.385 b
5.6 0.094 a 0.358 a 7.700 b 19. 257 a 4.417 a 6.730 a 0.668 a
4.2 0.093 a 0.290 b 6.067 ¢ 6.307 ¢ 1.637 ¢ 3.063 b 0. 540 ab
3.8 0.056 b 0.309 b 5.933 ¢ 6.623 ¢ 1.177 ¢ 2.940 b 0.400 b

TE <[R9 A7) 5% BE e 7 Ak B ) 22 57 |2 3% (P<C0. 05) . R K[,

Note: Different letters in same columns are significantly different between treatments(P<C0. 05). The same below.

H5Z MRS 1% pH 1 TR RE R
i i DL MR R Y SIS TR TR R A,
EpHS. 6 M EEPAKWER=ZEMREK R

B AR 9 H 4> W) He CKO4R B 30, 059,
48.37% A1 73.51% . TibEE -1 pH Bt —
M, 4% pH B %) 4.2 f1 3.8 J5. 5 CK # I,
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# 4R

27 &

MR AR 57, 41% F1 55. 37 % . A3 ek i & [ A%
45. 010 F1 60. 46 %0 . 15t B AH ) fE 3 3 39 in b
B A A R DL 6 A% B ) R B A L TR A
TR T 0 ) o AR AR 19 A K 3 A S AT
2.2 TERBUMNER=ZELREFTH HIESE
MABREERESBHNZN

2 nf LA BEE 5 pH MFEE, R
=LA RTE ) ST S REA T AR R ATV R I
TSP BORIAR ZR AR i e R R B A0 T i

fEpH 5.6 By HIEP, R =LWRARNE T
Fb CK #2585 32. 04 % .76 pH 4. 2 {3 A FRAR
RGNS CK LR Ex5R WA L5k —Lmit,
£ pH 3.8 iy 3 R BR 19 AR RIS T R,

I CK R&AIK 24. 73 %,

W& - R AL 0 L R = B AR R AT
Vo M IO A B0 G I DA KT 1 R P 38 L A
pH 5.6 fy 4= 38 b M 5 W] R OB B O A
T CK, bl % W 360 9 4k 22 Jin =, ) 95 M8 oL 1 20 4
e pH 3. 8 1y + 3 b ik 3 F KME, b CK $2 5
147.98%,

RAMA X B S 37 pH 5.6 i L3 5
CK 2R AR 7 pH 4. 2 i e ] 4 2%
T Bl - SR 3 o i, MR R Jo A Y 3 O P
AR FE pH 3.8 1y LR AR R F R 1k CK 42
81,19 %0 . B I ) 28 32 2| T T i 43

x2 TERBUNER=ZLREVRRZETN HNBESERABZEERES NN
Table 2 Effect of soil acidification on root activity,root soluble sugar mass

fraction and root relative conductivity of Sedum aizoon L.

HRER AR B 7R/ %

Root relative conductivity

wiR R AT/ (pg » mg™ 1)

Root soluble sugar mass fraction

o MEEH/Geeg b
Root activity

6. 2(CK) 32.107 b 2.723 ¢ 26.18 ¢
5.6 44.393 a 1.077 b 26.73 ¢
4.2 35.483 b 3.883 b 37.94 b
3.8 24.167 ¢ 6.573 a 47.43 a

£3 TEBRAMNER=LtHRAEERTYRENENEFEHZIT
Table 3 Effect of soil acidification on osmotic adjustment substances and antioxidant

enzyme activity in leaves of Sedum aizoon L.

w M AR/ wO RIHE R / MDA Jii i I A

, ) AL/ AT i/
u Gueeme D (g g ) e R/ B/ % S GOl
P Leaf soluble sugar Leaf free proline (pmol « g~ 1) Leaf relative SOD 'ftivit CAT '1§(ftivit
mass fraction mass fraction MDA molality conductivity h ¢ y . ¢ y
6. 2(CK) 1.763 ¢ 787.29 be 0. 805 ¢ 11.720 ¢ 570.85 ¢ 564. 36 ¢
5.6 2.670 a 1023.08 a 0. 946 bc 12.653 b 574.71 ¢ 637.40 b
4.2 2.293 ab 969. 62 ab 1.158 ab 12.840 b 586.13 b 734.71 a
3.8 2.177 b 699.99 ¢ 1.295 a 13.997 a 599.35 a 768.63 a

2.3 TEBENER=tHEFSEEITYWER.HA
MESRERAALEBEENZE

M % 3 AT LA L B R fb R Y n
SR AR P T P R S AR IO 4 K
STt 5 AR, T MDA A X B & % SOD
CAT 7 ) R BFFSE b T a3,

AR B I R R TS E A )
AT LA 3 9 4 B A xR e,
£ pH 5.6 (1 438 rfr, mF R v i) R 1 R R R B
JIF 25 i 43 e v B A A — 2 R Ak R
O BOEWT R e, 78 pH 3. 8 9 4 ok B wT
VAT IO A A B AR B 3 v T CK 23, 44 %0, 1 iF

M AR T A B B AT CK11.09%

MDA J2 g it i S A fE i EZ = 2 —,
S Jo B R VA B ) e AR TE — R B L S R Ao
AACAE HIKE RIS SE A i 32 EFL R . K% IR
e, i MDA it i 7R vk B 34 i 7 s 5 i
Fr R L R AR AL — B 7E pH 3.8 1 s
M MDA 2 B /R R CK 5 60. 91 % .4
SPHL SR CK #2585 19, 43% , W 5K =L
F 1R JE 25 0 78 1R Ak 1 1 vp 7 B 48405 o 3 1
3N

2 BE HIERR A (pH 5. 6) XA Bk SOD 1 1
WA WELW ., 75 T3 pH 2 4. 2 A1 3. 8 WA Ak



8 ]

L5, IR SR =K BUE LB T KOL & R PR B 0

+ 1205 -

SOD i ¥ 8 2 T+ = . 43 ) b CK 4285 2. 6826 Al
4.99% i CAT 1% Bl & 1 HERR 1k 3% i T+ 76
14 pH 3. 8 I CAT i&¥:AH . CK 415 36. 2%,
F IR BR T T 42 5 SOD Fil CAT 3 Mok 2/ +

ST 300 Xk HG i B A 458 £

2.4 TEBUNSER=EMHAXESHNTIE
MEANDEH. . R EDY pH 4. 2~
6.2 B, REHERRAL AT R = LG B R (P R
LS (G FEBE 3 R (T, | M ] — 5 AL Bk e
(CoOFIALBRHME (L) I T8 b & 52 o B KA 5
WP, LG8 G M T, eAEEREK. G
BRI . (HEEE 13 pH 3 — BRI,
RS -1 SERO B = N W iU p e (Y B9 A RTAE
WAEM. P..G..T..C 5 CK fHlL TF T
67.12%.80.44% .75. 92% F1 67.07% , fij L, I

BETE.H CK MR 69.03% ., F£H P, M
G. WA A A — B, Ud W Bl 98 8 £k 1 o Jl
P RFLIEARR L ARES . i C 5 L, 2k
PAHR R P, 1 F B 57 R HERRALAE T
SAILHER —E LR, XM R L pH LT
4.2 Ja R I N,

MR =L f k43 SPAD A 19 42 1k
5 P, AR fbAH— B0, 2% B B % 3R Ak 1 i e
R Sk 1 4% 2 SPAD {HR £ BB G RE T
DAHRPT T 3R e i 45 % . #F 4% pH 4. 2 BFnt
4% SPAD A Ik CK #5717 9. 88% . {4 24 + 1%
pH FEE] 3.8 J5, i i b Ay it 2 8 SPAD {1 JF
IR ERRAL. 5 pH 4. 2 M HLBRAR T 25. 6%, #
B 8% pH AR T 4. 2 LU, 1 3 mR b 3t 25 X Al
PR B S A i B P S P A ORS

F4 TEBRUNBR=EMHAXESHERMNEZE SPAD EH M
Table 4 Effects of soil acidification on P, ,G,,T.,C;,L, and total

chlorophyll SPAD value in leaves of Sedum aizoon L.

P./ G,/ T./ Ci/ nh-4¢ % SPAD {
pH (pmol *+ m™% « s 1) (mmol * m % « s 1) (mmol *+ m ? + s ') (mmol *+ m™ %« s 1) L. SPAD value
6. 2(CK) 8.579 a 0.077 a 1.857 a 199.084 a 0.494 b 52.633 b
5.6 10. 160 a 0.087 a 2.214 a 187.202 a 0.523 b 53.700 ab
4.2 10. 844 a 0.081 a 2.115 a 163.833 a 0.581 b 57.833 a
3.8 2.820 b 0.015 b 0.447 b 65.566 b 0.835 a 42.967 ¢

2.5 TEBRUNER=ZLRASHBHZIE
H1ZE 5 nl M. BB MR ALY IR L Sk =k
I DEE (F ) AT 3% 25 5 e KU (Fo) Vhie
RICAFA R (F,/Fo) WS S T w5 AR 60
o, L pHM T 4.2 LG F, f1 F./F, 3
BEMEW AR, RV pH 3.8 () L3 b ik R i
e L TR 1 B8 1 LA KOG RE B AL AR IT 1R &2 3 W

A

M2 K (gp) 5 T2 BRIEAL 2B (D ) Bl
# 4 pH MR A S A0 — 20 16 pH 4.2 19
®5 LHEBUMBER=EHARKSHHZM

Table 5 Effect of soil acidification on F,,F,, .F,/F,, ,q; and ®ps; in leaves of Sedum aizoon L.

TR B ET e L CKAEE T 5.91%., %W
+ R AL S0 PSR o0 1) HL A% 3o 305
TR . ARGk AR K (NPQ) I 2 3 1 48 7
G R 3, 78 pH 5. 6 (19 £ 3, NPQ ik 3
B R . He CK R 48, 18 %0 . 3¢ W8 B 14 1% 3 ]
B R =t i PSR 60 2 1 A FE . 78 —
SEAR I I 92 i+ e R B0 XL A E R R . Y
+4 pH K 3. 8 B, NPQ 5 CK # Lt & 3 % ik
64. 3100, W& A+ R M0 £ PST 32 3
W3R, B AR IR AE L e

pH F, Fn, F./Fun qr Dps NPQ
6. 2(CK) 0.597 a 3.891 ab 0.846 a 0.834 ¢ 0.631 b 0.504 b
5.6 0.612 a 3.997 a 0.847 a 0. 810 bc 0.584 ¢ 0.747 a
4.2 0.584 a 3.922 ab 0.851 a 0.884 a 0.684 a 0.366 b
3.8 0.629 a 3.628 ¢ 0.827 b 0.887 a 0.679 a 0.180 ¢
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SO 27 %

3 it it

30T R 3 AR AR 1 5 e T LR R L 2R R
5 b A5 T 25 22 46 b L B SR B R L AR
I R R R EM R ik (pH 5. 6) &3 5%
SR S EMRAMTE S AR TR A K, (HRE
EIEBREE I, £ pH A% 4.2 £ 5
3.8 R = LMkkm R AR K &2
1) B S5 7 0 0 i AR R T R R R
AEOGT R 8 I SR A MR R S EUR R
J1 88 FEAG L  R =B AR AR o ™ EE A L X
SRR ST B R R 24 Ly BB T 4 SR AR

W Bt A A il 2R 48 3% M 1) 2R Ak RS R i R AL
ER B &) 2 H T % #9386 55 I g AL ) AY B
G HERR b X K = b M b % R ) R AR
WE ERE (pH 5. 6) HERMBE F. SR =+t
ML A AL R G608 2. SOD #1 CAT 3 1 T » LA
TR A0 2 1 Pl SR R Y TR
AP R B 2 R I A A B T v
TS 3 R 0 T OR3P T % A AR R R IE
WHEAT 45 A B R =B PO S BOM 1 R AL 1Y i
N ZR 0T LATAO FE 48 5 38 T A b OB 5 TR M AR
R BBV WS PSILRESRE /b b A & 35 1E
FH DR E T A B 1 6BV G BEAT . 412 HE A A b
TE AR, AR 5 pH M REAC, £ 2 +
8 pH 5 %] 3. 8 B, SOD H1 CAT 5 1 11 3 14 o
BIE W R A A B R RE AR R
MAD Jii 5 B IR ¥k & 20 7t i i 4 2 SPAD f
ORI A, U8 B A0 P8 TR M W R TR LR R
G (135 bR BE 7 S 308 W % 45 #4 RN D) RE B IR
U S SIER (i I R S B
MR PG T, Co 2RI BEAG S R L, 2 3 7
ALK RETT

&% 2 9GS HM AR A TT DL R A VR Y
PIAEHLE . B 2 bl e 2 1 TR R e T AE Y
JeA i ma N AR 5 AL R R XT F, 1
M /N, Horh NPQ B T 54 PS 11 #E i
JERE N IE R BE S RGP RE S qe OB T
PS I Wz i i B 5 FH F 3 47 06 Ak 24 B R iy L B3], B
L 5 8 05 M 0 Y . 7E R E £ BERR (pH
5.0 N, m R =L ¢ FFELNPQ BT UL
HH R A 3 Ao AR IR R A2 36 3% P L 3 xR K
1 PAEFCRE 1 XA OL A WU AT PR A, HREE
MR Ak 0 HE— 25 R, R 8 pH ik #|

3.8 1F . NPQ Wy #AAE AR 1 20 T B, e Kot fk
SRR (F,/F) 5 35 A% F 4 b 3, 3 B ot i
PSTI & 452 B8R . (HE b 22 1 K () 5 52 Br
b 22 R (Dpsyp ) H 35 T UG F % 328 76
WL 25 G k&% SPAD DL K P, 1 20 T B
SKAAHT AT LAIA R TE pH 3. 8 (9 LR A T, 5
RK=tm PSII B4R WK HELE T 6k
N

g Lk, 5k = L8 T By e iE
N +3E pH 4.2 KDL E RS Hd E N+
AL (pH<T5. 6) W 5K =LA K DL K 2R B
Ty he s nC W A, e Rk b E AT
PN 2 S S o VAR S = N B w4 A
MK T pH 5.6,
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Effect of Soil Acidification on Growth, Antioxidant Enzymes Activities
and Photosynthetic Characteristics of Sedum aizoon

WANG Yiming, LONG Shengju,CHEN Yan,ZHAO Yingpeng,
YANG Luxi and HE Zhongqun

(College of Horticulture, Sichuan Agricultural University,Chengdu 611130, China)

Abstract Based on the trend of increasing acidification of arable land in China, the effect of soil acid
stress on the growth,antioxidant enzymes and photosynthetic characteristics are studied in the paper.
The growth, physiological and biochemical changes under condition of 4 different soil pH (6.2—3. 8)
were studied by simulating soil acidification. The results indicated that root vigor was enhanced and
the growth of underground part was promoted under mild soil acidification (pH 5. 6). With the degree
of soil acidification aggravated,plant height,leaf thickness,stem diameter and root length were signifi-
cantly decreased; soluble sugar mass fraction and relative conductivity were increased in root; the ac-
tivities of SOD and CAT, the molality of MDA and relative conductivity were increased in leaf; the
mass fraction of soluble sugar and free proline were increased under the mild and moderate soil acidifi-
cation,and were decreased under severe soil acidification in leaf. When soil pH<C4. 2, photosynthetic
parameters and fluorescence parameters had appeared obvious threshold response, P,,G,.T,,C;, F,,
F./F, .NPQ and chlorophyll SPAD value were decreased quickly and L, ,®psyy »qp were significantly in-
creased, the structure and function of chloroplast were destroyed which caused serious influence on
photosynthetic capacity of Sedum aizoon. Therefore, during the production and cultivation of the soil
in acidified soil,it should be noted that the local soil acidity should not be lower than that of pH 4. 2.
Key words  Sedum aizoon; Soil acidification; Osmotic adjustment substances; Antioxidant enzyme

activity; Photosynthetic parameter; Chlorophyll fluorescence parameters
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