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Effects of Potassium Levels on the Protective Enzyme Activities, Active Oxy-
gen Metabolism and Lipid Peroxidation in Roots and Leaves of Panax gin-

sneg C. A. Meyer
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Abstract: Effects of potassium on protective enzyme activities, active oxygen metabolism and lipid peroxidation in
roots and leaves of of Panax ginsneg C. A. Meyer were studied by hydroponics method. Four potassium levels of 0.0
mmol/L, 3.0 mmol/L,, 6.0 mmol/L,, 12.0 mmol/l. were investigated. Results showed that the responses of protective
enzyme system under the different potassium levels were different. The SOD activities of leaves in the P. ginsneg
showed an increasing tendency. The activities of SOD (root), POD (roots and leaves) in the P. ginsneg increased at
first, and then decreased with the increase of potassium levels, the highest activities reached at 3 mmol/L, and then
presented as passive tolerance. The activities of SOD, CAT and POD in the leaves were significantly greater than
those in the roots. The CAT activities were entirely different from SOD and POD, it decreased with the increase po-
tassium levels until 6.0 mmol/L, and then increased. CAT played the mainly role under the deficient potassium lev-
els and high potassium levels. MDA produced by membrane lipid peroxidation decreased with the increase of potas-
sium concentration until 6.0 mmol/L, and then increased. Protective SOD, POD and CAT enzymes coordinated with
each other to resist reactive oxygen species and promote healthy growth.

Key words: Potassium level; Panax ginsneg C. A. Meyer; Protective enzyme; Lipid peroxidation

W fs H #8:2017-03-17

E&WA : BHRAAREIA (3150111227) 5 3% A FHE & JETHRITUH (20140204056YY ) 5 i de G0\ 25 PERHIF BE T S A BHIF L 55 2% & 10
(1610342016018 ,1610342016010)

PEE B A XL (1979-) , 2, B3R 5E 01, A+, 328 DA S 24 FH AR P ok 5 0T s PP AT 5

BIEE KK, &, 4, 58 R, E-mail: 2yy1966999@sina.com



10 B | | A A 2%

PR A R B SRR Z—  EAEY
AR R AR REBEEEN, S 5k
P 60 22 i g A 3 25, REAKE HE AR ) A P4 1) 22 AR 38
SN, 8 AR ) )OGS A AN P, BAT (2 R AR
FARK ZE TR SRS E R AR SR R AR
8 7 R BT it I AT LA A v R AR
Yy 5 AL (SOD) 3 48 A AU (CAT) 1 4, BRI
AL (POD ) i 1 FlAS AR o S AR I

N2 (Panax ginsneg C. A. Meyer) 2 HImEA
ZIEMY, E SR B R Ry, HRAR
MR CAHME. BN AEZE,ASEM,
Xof B A W AT i I 2 R T UM B IE 2 e NS
RS SR EER R, AR CTHRERNA
Zx M PR 7 T F Y 3 AR TR A NS BT
LU O S (SN TR R7 D 0 N2 7 N Bl ol 19
G312 N A o i 9~ A R . 2/ O N8 O v B
I NS AT S KBRS, R 5 H A R [ 3t
BT B9 NS AR R A 5 DR 4 il 6 1 LA K i
HEAE R I\ R E RN ASERKRET
52 AIL ] o [6) I, A Sk B R ROIE 4 =
NS R AL ISR

1 MH¥EH*

1.1 RIEEE A

B T 2015 4F 10 ~ 12 H 76 5 [ 0l Bl 2 B
TS T 245 FHAR ) A B S0 56 = R AT K BE b 3R
SR E
1.2 R

PEPUCRK AR — 8 o REM 2EAE NS
B RS A kL
1.3 RWFITE5FE
131 KEEH

K BRI T 2015 4F 10 A 78 0 FE AR Bl 27 B
FEr=wEoE r 25 A ) A PSR AT K A K —
HM NS, B FK P T, H 500 75 2 1
RE WM 10 min, AL H T B R 12 emx20
emx16 em (JRAEX AR X&) By Rk E,
T 45K NS00 812 78 R O AR AR b R R AR
[F) e 2 1 8 R VR, R AR 5 bk il ki 4
WD AL I, A EREE 3R, N TR
TE 1 H it VR R A5 R X N S 28 ORI AR B A 1 AC
H S E SR WK H Hoagland 78 57 AR 58 478 5F
WHC T, X N F e A SR T . A E SRR
t KH,PO, 2k ] NaH,PO,, KNO, 2 Jif NaNO,, £ 7k
FLLKSO, T, KR e R ALy, Bk E

Hh, A E R T A B TR S R b &
BB SE AR o el e R AN 28 B R R
FABCTT o BRI K 5 8 1K . sk
(K ) B9 5E , 43 59124 :K=0(0.0 mmol/L) , K 4F K-2
(HR M B R 3.0 mmol/L) , 1E % #F K-3 (B B4 6.0
mmol/L) , & # K—4 (#1224 12.0 mmol/L) . X5
H 1] 0B 1) 55 5 9 AR 4 3 50 4 R A B 7 d e —
CE SR, T B SR pH N 6.0 ~ 6.9, B 3
EIR L Lo AKEG AL B 4 8, i B8 4 1 B0t Bl
IR P, 5 A0 BHER 10 Bk AT A I 2
1.3.2 RIxIE AR

A B B T R e | AT W B AR (SOD)
I it AL Y (POD) 15 PRI E T AL R
fiti (CAT) (il 1 M LA % 5 f6F 85 4F 5 1 min N 53
H,0, [ 2 S B0 R ) 16 PR 2 Bk S IR 2= 4 A4 4%
T A TR B E Y, TR TR (MDA & = E R
FRAR LY L Z B 58, MDA & & D)4 o i 5 2 4
MDA (1) B IR B R o
1.4 HiELE

K ] Excel 2007 # 17 Bl 3R 2311, >R 1] SAS 8.01
X 56 B A AT B R 5 22 (ANOVA) 43 Al R
X 52 #e 22 I 5 7% (Duncan’s Multiple—-Range Test)
AT B E RS (P<0.05)

2 ZERE

21 AEREHMASEESRIFHZMm
211 REVREATAASREAN & T~ LA
AR B T A R S B A T B AR R B
RZ— EHHEMNTHREAHEFHMHRE
(0,7) W= AL RN bR A T 8 i RS & i vk
JEARMEA S5 E . (HEA R M E T X Fhah &
IR X AR A A . B 1 RS R R
BN 450 T, NS AR Ol A B TRl
PR BRI M 2R R ZE A m B, 6.0
mmol/L i i i B A B B8 F 7 AR MR R L. A S
I e ) S BH T RUAR B R A G A A TR] Al 2 o
R A% )T T &, 7E 3.0 mmol/L 18 I i 48 & B0 & 177
A AR, A 12.0 mmol/L 1Y S5 14 R M A B B
T S R RG 0, B e B G G N S AR
o VLS RV A 26 00 T, 4R 9T B8 1 AR R
4 77 A T AR DR AR R SO i 19 8 e, BRIV A
M= Az i, i R e A R AR = At e
A, T BE R K U Ak B A% 1 T R 12 0 A N A B
BE 25 5, mT BB = — A R M T 5 #) M b
SR 25 S S T kb B 2 ) 22 5 2 (P<0.05) o



34 B A KX NSRRI il 3 4 S A B i S A A R R 11

,_
S
1

A ABHR

lil

’%EF//&}J_ (mmol/L)

—_
—_ Do
T T

e
o

~((nmol/min * g)
o

A T

0.0

0.35
ANZ0t A
0.30 |
m L 0.25
QT 5
M E 0.20
w3 B
BE015 | ¢
By D
551 . 0.10
0.05 |
0 00 1 1 1
0.0 . ) 12.0
A (mmol/L)

E1 #HAEXMASBERET(0, ) 8EHNRIT

22 ARRESET ASHRPEFEENI N
22,1 RERJEAT A AL SOD & W 64 % va
SOD J& A H S8 Ak AR 3 v — b b Ay o 2 1) il
REA R HL Y BRAE WK 2 A4 1000 MR 4R B i 3, B
ﬂ:oz S H,0, F1 O, , DT A1 0 1R £ 45 B g 1) 2B
K7 IWE 27 LLE Y, 2 8K, NS ER
- SOD il i A2 b HOR R, ASHRFM 0.0 ~
3.0 mmol/L &4 F SOD i) % & - Ft, 6.0 mmol/L 5%
PR e, Z Ja B A FHOKF B B2 5, SOD TR R . wﬁ

250

200

150
100
0

AP (mmol/L)

SODIF M (U/g « FW)

ol
o

B LA 4 T SOD YIS MR BGE T 40 i
YRR A S R Z B SRR R
1E B R A= BRI RE , DA T 28 455 AR PR % 1) AR 1K, AE
MR L ; AT 1 AN SRR BRI PR R Y BE
jJTF%,Mﬁ'ﬁFEﬁ'%I AR R SOD i M — H &

A U R T R O R ARG RE T R
T%‘E%iﬂt%ﬁ%ﬂﬂiﬁﬂjﬁfﬁi%%ﬁ*Kj‘(}?ﬁfﬁiﬂﬁﬁiﬁ
TEHL

250

A
Azt
200
B
C
D I
0.0 3.0 6.0 12.0

AR (mmol/L)

—_
ol
(=)

SODYEME (U/g « FW)

[
(=

El2 $RKkFEXAS SODFEMER N

222 REREATS AL POD &M H %0
POD 2 4 9 1A P 114 0 S8 Ak I 2R 496 1) 22
a1, 55 W g F B A RN R O SR A A G R AR
I PR3 e SO A0 R ) 49 DAL 3 RT AT B it
BOKSE B3, NSRRI Bk A — 2, POD
T 2 B S S B AR 8 3, 3.0 mmol/L £
HFEEmZE FBE,HAZSH A 0.0~ 6.0 mmol/L
1T PODTEMEZES AR E . NS0 PODINE
ilj’a%r—]?*ﬁiﬁ % 7 3.0 mmol/L, %f I i & 4 4
TR AR B AT LA L AR EAS R B KO S 22
SRR, Pk B i K

223 FRENREAT AL CAT EE ey o

CAT J&—Fl fE¥5 H,0, 43 f# i H,0 £ ozﬂﬁﬁﬁ
b UG, B0 T 0 3 8 3 A% R TR IS M AU
R EH EZEIEM . Bk H,0, 2N CAT
FPOD , HIf & AN 5 22340 I ) H B 3¢ 8 1) il 176 R
AR H,0, B9 35 A 8055 5 5 T A R R
W, O, R B E R MY, WNE 40T LR
NSRRI th CAT 7 P B 2 45 7K OF 19 32 5 2
B SRR, TS T i, = A 12.0 mmol/
L&A T 15 3 e KAH , AR 7E 6.0 mmol/L i 376 4 fx
5%, M 7E 3.0 mmol/L i 1% PR F A% .



12 B | | A A

2%

1400 A NS 2500
1200 L
~ 2000 B
= 1000 = B
= 200 F 1500 t
N c N
jam)
Z 600 D ~ 1000
+H
= +H
g 400 =
S = 500 |
g 200 8
0 1 0 1 1
0.0 3.0 0 12.0 0.0 12.0
AR (mmol/L) @ﬁaﬂ‘zf“ (mmol/L)
E3 $kEX NS PODE MRS
1, 000 200
AZHR A A&t
g0 | B B A
3 C ~ 150
=] o
< 600 | = B
o o ¢ D
S = 100 |
= 400 | =
H_n =
= H:E 50 L
S 200 =
< o
0 1 1 1 0 1 1
0.0 3.0 6.0 12.0 0.0 3.0 6.0 12.0

IR (mmol/L)

AP (mmol/L)

B4 $HKEIAS CATEMEMNM

23 AREREHTASEREEIELIERNZIE
231 FRRENREAT AL MDA 4 2 6% R
MDA JE s it Ak =z — & L E & &
A 40 W7 B B 2o AR A R FE B R b, SR IR R G2
F ) E E R & o A EH, NS rh
MDA 1y 48 {1 #a #5fa T — 20, B # vk B AR T 6.0
mmol/L B}, Bl 25 B & BE 1) B AR , MDA 75 1= & i 7+
T, G4 KT 6.0 mmol/L A I, MDA 75 & i
ETE . M MDA I & m T ASR, T
MDA 5 5 % A [a] £ Ve 174 i i 22 i T A 5% 5

B
I |

3.0 6.0
HRE (mmol/L)

0.014

0.012

BC

0. 008

0.0

12.0

E5 $HKEIFASMDASER

F8 W 7 5 E o NS i Ah B MDA 55 i B (i A
0.032pmol/g, MM #2 2 MDA ¥ £ {4 0.012pumol/g, I
H MDA 1 & &2 AR E Y 2.6 £ A2 4, W E 6.0
mmol/L B} , N5 By B g i A AL Ak . n] UL, 76 1%
PR R KT A Y 2H SRR R B 3 32 B AN TR
FEEE 4507, N 50K IRBR X N 2 200 15 17 454
P e T v OGS A0 L A ) R R, N S AR 2
22 fis B Ak PPy L AL, AEL X AR 1 RSB 4 47 AR

BT L /N TR iR T MDA B R R
1 ~ 2{F| 9H§#E%o
0. 040
0. 035 NS
= 0.030 2 ¢
< 0.025
2
£ 0.020
~0.015 D
= '
41 0.010
=
= 0.005
0. 000 '
0.0 12.0
AR EE (mmol/L)
E;ur]



34 B A KX NSRRI il 3 4 S A B i S A A R R 13

3 9 #®

3.1 TE—E Y & N, MDA J& 5 IS £ R
JE Y EEL AR bR, MDA J2 5 i Ak R & 7
Jig Bk AR AL R AT DL 5 MDA (R IR B e B,
MDA B R it 2, S SR B4 4, 4545 K4y T fiw
Y, 5l — &5 A H AL XAl 5 S0 W At
2" A g 245 SR R W, 6.0 mmol/L Y # 7K °F-
MDA 7 f 5 A%, B80T 3 A 1 FH SR A, B o 4
IKF- 1 B AIG, FBR K 19 T &, 2B 0 B R T o 4
A, B A BT 4 Ak ™ 1) MDA 75 &5 A5 34 i i)
oo PIHMEETEAS ARG RE SN, M
2 AR B b 28 R RS T R 9 kAR
S Bl FT B L AR T A R T P A n R B AR
SAALAE T, ¥ R MDA 25 HERY 3

3.2 SOD.POD Fl CAT J& A ¥ 44 Py 3 4 4 7 180 &R
G50 EBRY G R G, T LA RO bR 41 240 i R
4 3 P AR, U O M R R B A S B 1Y 43
S, DT ZE 2% 40 1 5 2 o 3¢ v i T A8 A0 O
AE A 2553 4I5S 1 800 R0 3 M 48000 7 A BE R ) TR
R RV R N W 7 e S 7 N K N T S A
NS SOD L POD i P4 Bl 2 4 v B 1% 385 4 I
THE BRI B3, CAT 2 BRI 2 )5 XTI &
“VIFIE H, SOD ., POD I P 14 39 fin & A 2 %t
AN RV B KT I 0™ A AR B VR L B — A 1 T
o, AR M A BRI R AR e S A s, R
Y 3K B A KT PR TS T R A
BT A SRR, £ oF TR i 1k, 145 MDA
(e 3. T REE PR A PR 6 I M ARV B R
I B B ORGSR B AU N % 5 i
B S ORI L g B A R T i —
A ARAT TR A A Ak Y R s S , MDA
FLZE XHNHI T SOD . POD H1 CAT (3% P, M i £
PG R G RTnRe , HE— N R gz i
33 MIRKZRE, AS AR KT, 0.0
~ 3.0 mmol/L B} &1 F , NS #8051 A b7 18 &
Si 1 B AR AP SOD . POD H G BR , k¥ T F 5
H e A4E H . SOD \POD 3 ¥ 5 TG T %, Ut
HH 35 o 3 it B0 A RE 42 = A S AR & SOD . POD 19 7%
PELREHE T ASdERAERK . 1 A A SOD L POD i 7%
3 AR, Bk B SoD — B AT BT

e, 1 AT AE 2 o AR S IR A B A R S B A A —
SEFERE L i NS 81 R P . CAT ZEAR AR A
- 4% 11 B S AR T e R e, BT CAT X i
IR AR AR B URR, 1 S SCHRIGE (9 CAT
A 30 S B B A A — 2

3.4 il i WA [R) B K F X NS AR A i
SRS L BB i AR AR TR S 45 2R R A
[7] $1 7K 1 25 T % N 200 56 B0 4 S AL DR 37 i T
P B i A A BAT R . R WA [ A K
25T NS R R PURAL BE B R AR T AR
KRS B AL R o IO (2 i NS filt B
ERAEREZEM.,

S UMk :

[ 1] Zain NAM, Ismail MR. Effects of potassium rates and types on
growth, leaf gas exchange and biochemical changes in rice (Ory-
za sativa) planted under cyclic water stress [J]. Agricultural Wa-
ter Management, 2016, 164(1): 83-90.

(2] & #ALGEL, & o), FKFEE AR+
BEER R RE W], 5 MRA MR, 2014,39(2) £ 3741,
56.

(3] #& W0 &, FYe, 5 A B I X SR A
SR ] 75 MRARAEBL 2, 2015, 40(6) : 47-50.

[41 EBOL,E &, 0,5 ARE I KW ARG i
A K A 4 I P 1 2 I [T, T R 27 4, 2010, 32
(4):512-517.

[5] #ambt, 5 O, %, & GBMEH X NS K ™ i
52 ma[)). NS 5¢,2016,28(1) : 38-40.

[ 61 2G4 Ay AL F0 AR AL 9250 R IR R M. JE 5t & 45 2L
i, 2000 1-278.

[7 ] MR Rl J 38 7K e 4 A O 3% P R TR A £
S & AL R, 2012,37(3) :22-24.

[ 81 SEAKTE KFEEE S GBI ME M AR R % 7 4k 5 it BT i
AHEFEID]. #M - 7 27, 2008.

[ 9] ALFHE, BSCHE, BB, 5 A G PR 7 A RO R
HLEIL. £ TR 24,2001, 17(2) £ 121-125.

[10] FIZ T, T e AR 300 358 A0 0 B A 3 (M. 3T IR
2 HHARAL L 2002 : 1-467.

[11] Gill SS, Tuteja N. Reactive oxygen species and antioxidant ma-
chinery in abiotic stress tolerance in crop plants [J]. Plant Physi-
ology & Biochemistry, 2010, 48(12): 909-930.

[12] B4R, BE 0 5, LRI, 45 R K 43 10 30 % B K AR
PR Bl e e NG 3 S AR A T RS2 R L), 1 574 DRI
J¢,2005,23(3) : 18-23.

[13] ¥ PRI L ol Xt SO, Mk im (4 2F 2R 1 WF 5% [D]. B
IR KA, 2015,

(THEHE 2 2)



