Kl HFREREFR
2015 4F 2 145 32 %55 1 19:40-47 February 2015+ Vol.32+ No.1:40-47

S E R G e NS B LR LA DR VAT B
Eoa KoL, E O, ZER”
(LRI R VERIRBEEBE, TP 4007165 2. BRHTILRF IS A Z B 25, TEHE 400700)

o OE N5 IR TS Y B R PSR ST, S AR R T 2 AR e R ORI IE A SR R A K AR
PR FIE AR s . BELERE, R S M b0 T b T S e B AR AR AR I8 R 435 T R 2.69% 0 19.8% , 7 S dmla T 435I
R 7.19%F0 45.5% ; ARFRAMIHA T, R HE AT 5 R 58 1 bR EE 4R &) 0.3%~34.0% , i T # S FERRAIK 1.29%~7.4%; = ikia T, 3
A AR 5 S8 L S T TG I B AR Ak, T B 41.89%~87.3%, [IRARMINA K FISENT Bt 4 a IR b S a
Fhs SEHEAILE e ER a SR BEF S, HERE b SRR SRPHa K A st 5 g R 4 S R AL, B s,
MR A B K ARSRINA R 32 F i 4L RGERE(CAT .SOD \POD )T MEIATR | Er4R a1 SEmM i & Hi A fL R SE
TEPERR AR, 2 FhERTS Y - SRR 4 A5 RIS 1k SL 4ot 3 . B TS Y G AT B AE AT AR R A o i 4l 26 C LB R
i, FROE R B A SR AL B (1 IR R SR R R E A TR AR A R E TR A A ORI RN SRR RS
Pe 5 FRERTIEREA BER S R SRS, AR IR Pt R S R E SR 0 i, ARFRINE T me Bl 2 200~400
mg-kg™!, FAAME T R AERIER EE R 400~600 mg-kg™,

SEFEIR 40 I RS 0T AR PR s AR

FE 425 :5143.3;0945.78 XERFRERD: A XERHS:2095-6819(2015)01-0040-08 doi: 10.13254/].jare.2014.0192

Effects of Potash Fertilizer on Cabbage’s Quality in Cadmium Polluted Soils
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Abstract: In order to further explain how potassium affect the quality of cabbage growing in cadmium contaminated soils, a pot experiment

was carried out to study the effect of different dosages of potash fertilizer on the cabbage yield, physiological characteristics (the concentration

of chlorophyll and the activity of antioxidative enzyme ) and heavy metal concentration in two cadmium contaminated soils. The result showed

that cabbage’s fresh weight above ground and underground decreased 2.6% and 19.8% respectively in low cadmium stress, while decreased

7.1% and 45.5% in high cadmium stress. After increasing the dosage of potash fertilizer in low concentration cadmium polluted soil, cabbage s
fresh weight above ground increased by 0.3%~34.0% and the underground part decreased by 1.2%~7.4%. At the same time, after application

of potash fertilizer in high concentration stress, cabbage’s fresh weight above ground had no significant change while the underground part

significantly increased by 41.8%~87.3%. The concentration of chlorophyll a and chlorophyll b in cabbage leaves increased slightly in low

cadmium stress, after application of potash fertilizer, the concentration of chlorophyll a increased greatly but chlorophyll b had no obvious

change. The concentration of chlorophyll a and chlorophyll b in cabbage leaves decreased greatly in high cadmium stress and it had no tremen—
dous change after application of potash fertilizer. The activity of antioxidative enzymes (CAT, SOD and POD ) in cabbage leaves were strength—
ened in low cadmium stress while the activity of kinds of antioxidative enzymes in cabbage leaves were weakened in high cadmium stress. Af—
ter application of potash fertilizer in two cadmium polluted soils, all kinds of enzyme activity had a trend to increase. Applying potash fertiliz—
er into the cadmium contaminated soils could effectively increase the concentration of vitamin C, reducing sugar and promote the free amino

acids transforming into crude protein. The concentration of heavy metal cadmium and arsenic significantly increased, but lead, chromium and

mercury universally decreased in cadmium stress. From this study we found that application of potash fertilizer could effectively improve the

quality of cabbage, especially decrease the concentration of various heavy metals in cabbage’s leaves and the recommended dosage was 200~

400 mg-kg™ in low cadmium stress and 400~600 mg- kg™ in high cadmium stress.
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FHLT 14.9 g-ke™, Blif# 2 79.5 mg kg™, 47 50 28.61
mg-kg™, HAH 148.7 mg-kg™ s M - 30 4 J 5
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JE 5 R P 2 M S e S R, B E Y 41.8%~
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Fb, FEIE A3 31K 5.9%~19.5%F1 13.5%~17.5% , 2558
T A IE 2R a ST EXT SR b S
SEMAK

M-2R 2R a/fH 23R b DR A i sz 5 4 g
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Table 1 Fresh weight of cabbage in different treatments in cadmium polluted soil

pUsLi Mo FEREEE /g bk T SXTRRAIAHIL /% MU REBEEER ook SXTRRAIAHIL /= % HUE L SR IREAR L / + %
CK 38.1 £0.76de — 1.01 £ 0.020a — 0.026 5 —
G1JO 37.1£0.74e -2.6 0.81 +0.016cd -19.8 0.0229 -13.7
G1J1 37.2+0.74e -24 0.75 + 0.009¢ -25.7 0.0202 -23.9
G1J2 46.8 +0.93ab 22.8 0.77 £ 0.015def -23.8 0.016 5 -37.9
G1J3 49.7 + 0.99a 30.4 0.76 £ 0.015ef -24.8 0.0153 -42.3
G1J4 42.4 +0.84c 11.3 0.80 +0.016¢de -20.8 0.0189 -28.8
G2J0 35.4+0.70e -7.1 0.55+0.011g —45.5 0.014 8 -44.1
G2J1 38.1 £0.76de 0.0 0.78 + 0.016def -22.8 0.020 5 -22.7
G2J2 43.9 + 0.87bc 15.2 1.03£0.021a 2.0 0.023 5 -11.5
G2J3 46.3 + 1.04ab 8.1 0.83+0.017¢ -17.8 0.020 1 -24.0
G2J4 41.2 +0.92cd 21.5 0.92 +0.018b -8.9 0.0199 -25.0

TE R BRI 7 WE R IE, ST AR R/NG 5 B3R Duncan's B R 22T 5% 82K F, T,

Note: Data in the table are averages of seven repeat and different small letters in a row indicate significant difference at «=0.05 by Duncan’s test. The

same as below.

R2 BERTEAFHIELEXRERMHERAE

Table 2 Chlorophyll content of cabbage in different treatments in cadmium polluted soil

Lb g 4% Z a Chlorophyll a 42 b Chloraphyll b 442 E & Chlorophyll contents BHEEZE of T b
Treatments St /mg-ke'  SXTERMLL /=% O mgekg!  SXTEREMIL /=% OR imgekeg!  SXTEREAEIL /=% B
CK 0.815 + 0.038 3cd — 0.267 + 0.009 9ab — 1.08 = 0.040 Oc — 3.05
G1JO 0.837 £ 0.039 3¢ 2.7 0.271 £ 0.010 Oa 14 1.11 £ 0.041 1be 2.6 3.09
Gl1J1 0.901 + 0.042 3ab 10.6 0.268 + 0.009 9ab 0.4 1.17 £ 0.043 3ab 8.3 3.36
G1J)2 0.852 + 0.040 Obc 4.5 0.276 £ 0.010 2a 33 1.13 £ 0.041 8abc 44 3.09
G1J3 0.922 + 0.043 3a 13.1 0.255 +0.009 4bc -4.6 1.18 £0.043 7a 8.9 3.62
GlJ4 0.769 + 0.036 1de -5.7 0.243 + 0.009 Ocd -9.1 1.01 £0.037 4d -6.4 3.17
G2J0 0.656 + 0.030 8¢ -19.5 0.227 + 0.008 4e -15.1 0.883 £ 0.032 7f -18.3 2.89
G2]1 0.711 £ 0.033 4efg -12.8 0.226 + 0.008 4e -15.3 0.937 + 0.034 7ef -13.3 3.14
G2J2 0.767 £ 0.036 Ode -59 0.220 + 0.008 le -17.5 0.987 + 0.036 5de -8.6 3.48
G2J3 0.719 + 0.033 8ef -11.8 0.224 + 0.008 3e -16.0 0.943 + 0.034 ef -12.7 3.21
G2J4 0.697 + 0.032 8fg -14.5 0.231 + 0.008 5de -13.5 0.928 + 0.034 3ef -14.1 3.02
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2.2.2 BrEAb I EREE T

FE A PN 104 88 SR A ) 15 b T ( Superoxide dismu—
tase, SOD ) .1 S fL S ( Catalase, CAT) i A AL W)
(Peroxidase , POD )J&—28 T BRI, 7ETEPRE 4
B SRR A A R ALY . IS
AL OR3P A e 1 3 T A TR A A
SOD F1 CAT &[] /£ F B4 - 0> HL0, 4L A% O, Al
HO, Jifil &5 16 P4 11 - OH ZF (W JE i ; POD A1 CAT Jj ]
AL H,0, TE A H,0, WA 48H 1 - 01 HL0, IR
B BRI e [ ph ST G o A A S B,

R TS Y - 1 T 1 B0 I B 2 3R R CAT 193G
P, BEWE A 3.6%~10.0% , 4 it £ it 35 F1] 400 mg - kg™
IR R CAT IS PEf R . mdmis g4 R H3E
i CAT 3G PRIk, M4 IS CAT 76 E 42 =
6.1%~17.7%, T8tk 200 mg-kg™ I 2 FRCRIEAR
(1),

F P 2 AT AR I R 1 S8 300 5 A 38 o
I, K TASEN: A SOD & MEHE B 1.9% , 4 + 1
ot Eer, RSz meE %™ &E , it SoD i
PEFRAG 13.7% 5 AR AC AR L 2 Rl e B8 e
ST AL EE S 100 mg kg™ F1 200 mg-kg™ I, K
St Fref SOD {EPERG R, IR 30N 3.5%~4.2%F
3.0%~5.7% , iR 1k 400 mg kg™ B, KIS0
' SOD & P R R

4.0 rJcd=2 mg kg
3.8 FECd=10 mg-kg™
36+ ed

34
32
30+
28 +
2.6+
2.4
2.2
2.0

CAT/mg-g™-min™" ,FW

0 100 200 400 600
K:S0/mg kg™
RNRFEFR 5%KFEFBE. TR
Different letters mean significant difference at 5% level.

The same as follows.
B 1 BRI R TERBRM A s CAT iE T
Figure 1 Effect of potassium treatments on the CAT activity in the
leaves of B.rassica cam pestris L.var. pekinensis. growing in Cd

contaminated soil

5% 38 T K B 3 e o POD 3& 1 T
11.7%, HnPfEHe E 2 100~400 mg-kg™ I it - rp
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i1 POD 354 55 18.6%~20.2% , LAJita 48 ik Bk 200
mg-kg™! HORRA (K 3),
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AR CR—FRJEH, BRI AN SODf
PR R, DT B2 = AL S 7, XF N2 W7 i L
A EEAER, SR (3R 3) MRS Y K 3%
Y2 C E T 12.8%, mnls e KITRGEA R CF
I 5.1% . SASMEAAEAR L, AR TS Y 1 S5 i
NERFIS4EA R C s A $Em 1IN 4.3%~9.9%,
Jiti B A 600 mg- kg™ BRI . S A4 AEAH EL
T Y A S R SRR AR R C RS

[C1Cd=2 mg- kg™
240 FCd=10 mg-kg™

220 be

c c
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Figure 2 Effect of potassium treatments on the SOD activity in the

CK

leaves of B.rassica cam pestris L.var. pekinensis. growing in Cd

contaminated soil
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Figure 3 Effect of potassium treatments on the POD activity in the
leaves of B.rassica cam pestris L.var. pekinensis. growing in Cd

contaminated soil
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0.5%~13.0%, jiti B i~ 400 mg- kg™ IPRCRFAL
232 iR SR

ESXT R L (3% 3) , (R4m e & ok g
B G IR & (W RN 33.4% ), s i XK 1
i B SRR S S E AN s ANt A
Ll AR T G 38 1 3 B0 I K 11 S v i 5 2 AR
IR E AR, FRIE R 8.5%~29.0% , B it FH 1 >A 400
mg- kg™ B R 30 H iR B 2 LR O b (. Nt
NEAH LG, T G 1 b 3t B0 A K =8 i 2
IR i s M E A — 2, P i 100 mg-kg™
K S i s e o e, A Ak F] 200
mg- kg™ B R 130 iR B 2 LR 1 LT IR IR, IR
K 4.5%~24.9% , JitE B 5K 200 mg - kg™ B 3% i
B2 LR S IR
2.3.3 Wl JEihE

EXF AR LG (32 3) , fIRAR e i 2548 S ok e rh
W JEE SR (B0 9.9% ), W 4R IA T K A SE Pk 5
BHALBEA T (Fh i 5.9% ) . SN IEAR L, AR5 TS
Y- 58t T X K 1 S T O i Y S i R
FHAR—3, At 4 2 (B I i 100~200 mg-kg™) T
KA IREHES TS 1.9%~3.2%, i i (e
FHE£400~600 mg-kg™) R P13 H ik JROpE 7 i FE AR
4.5%~12.6% , e AF it B £ 100 mg-kg™'o 5 At #H AL
ARG, TS Yl 8 E A IR P A SR 1 i
FALE RN 4.0%~8.3% et A 400 mg-kg™,
234 HEN

M 3 AT LUE RS e 3 3G e I e
R R RIS T & . X IRAR L 7EARGRTS

Yo 38 AR AL 1R PO 15 A BRI (B
ik 4.0% ) , 38t B AL J5 K P S 1S e 4.9%~
13.4% , 4 ite FHT 524 100~200 mg kg™ Ak (432 HopL
B S s TR AT e 4 F A AR e
FHEE (19 B BTG, 4R 8 4.0%~17.5% , ik 5| i
o B PO B It FH 5 400 mg -k
24 RN RESATERARESESENEM
2.4.1 7

12 4 AT 4TS Je i K SR e o SR
T RN 46.39%~271.5%., T, K AR —F 5
[ L TiOF e A OWNY N2 95 ¥ dbis o ik - (A1) S
ot it A0 A B R 100 mg kg™ #1400 mg - kg™ B, K
S v O EE A B IE Ak By B BE IR T 6.4% Al
7.8%; (e aAlaE T ALt A A 100 mg-kg™ AT 200
mg-kg™ BF, KSR S FA A A Ak R4
R T5.3%F 1.3% . B i B, Fis gy 1 F st
100~200 mg- kg™ B BEA R FEAR I M1 3R 5 14 WAL
2.4.2 4t

N 4T UE L, 5 CK AL, i LR H
S B B R, AR TS e S A BRI R 7.1%~
28.7% , i 15 YA AL R R A 3.19%0~23.3% ., §RIHhia
BB TR PSR M, F B K SR AT Y
WSO AE — 5 1 58 A AH DG, Bt BRI IS, K s v
e AR, IF FLAE AR R B e 1, R s
HR e S A A AR L, P R B AR B A T
Jiti B AT BE AT SRR 1 SREX B R I AL
2.4.3 4k

5 CK AHE, AR B T R S 85 i il

®3 BERIEAFRFELEXABREARRIERRE

Table 3 The concentration of nutrition quality index of cabbage in different treatments in cadmium polluted soil

Ve R AU R W Wi

1R B I ammee T gy T g g TR ag 0 SR
CK 322.5+6.19f — 291.3 £ 13.8d — 0.702 £ 0.009 le — 23.9 +0.179f — 3560 +59.3¢ —

G1J0  363.7+14.7d 12.8 388.6 £9.05a 334 0.771 £ 0.010 Oc 9.9 229 +0.172¢g -4.0 3478 £77.2d =23
GlJ1 391.9+491ab 21.5 355.6 +4.38b 22.1  0.796 £ 0.010 3ab 134 27.1 £0.203be 134 3311 +43.0e -7.0
G1J2 379.5 +5.07bed 17.7 296.8 + 5.86d 1.9 0.786 + 0.010 2be 12.0 26.8 +0.201cd 12.0 2595+ 13.7i -27.1
G1J3 393.8+25.1ab 22.1 276.1 £ 5.59f =52 0.674 + 0.009 8f -4.0 26.3+£0.197d 9.9 3030 +30.4¢g -14.9
G1J4  399.7+15.2a 23.9 291.5 +10.8d 0.1 0.736 + 0.009 6d 4.9 25.1+0.188e 49 2 848 +47.0h -20.0
G2J0  338.8 +4.40ef 5.1 284.7 +3.70de -23 0.743 + 0.009 7d 59 25.3 +0.190e 59 3 845 +45.9a 8.0
G2J1  340.6 +4.43ef 5.6 317.8 +7.13¢ 9.1 0.773 £ 0.010 Oc 10.1 249 +0.187¢ 4.0 3556 +£26.2¢ -0.1
G2J2  364.9 £4.74cd 13.1 2134 +2.77h -26.7  0.796 + 0.010 6ab 134 26.4 +0.198d 10.4 3649 +£47.4b 2.5
G2J3 382.7 +4.98abc 18.7 271.8 +£2.53f -6.7 0.805 £ 0.011 2a 14.7 28.1+0.210a 17.5 3037 +39.5¢ -14.7
G2J4 3444 +4.48e 6.8 253.9 £5.70g -12.8  0.793 £0.011 Oab 13.0 27.4 +0.206b 14.7 3222 +31.9f -9.5
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Table 4 Heavy metal content of cabbage in different treatments in cadmium polluted soil
5 Cd £t Pb % Cr 7K Hg Tl As
Jaiszil 5% B 55 %5 B Spaiis Spaiis Spayist
T imgekg UMM ERb/mgekg! HUMHLL SR mgekg! AL SR /mgekg! 4IMHEE S E /mgekg! 4L
I+ % I+ % I+ % I+ % I+ %

CK 0.0323+0.0011g —  0.0954+0.0031a —
G1J0O  0.0513+0.001 7ef 58.7 0.088 6 £0.0029bc -7.1

G1J3  0.0473+0.001 6f 463
GlJ4  0.0570+0.0019d 76.5

0.401 £ 0.013 2cde —

0.337+0.011 1f -16.0 0.004 53 +£0.000 2bc -2.9 0.0322 +0.001 Oabc 29.8
GlJ1  0.0480=x0.001 6f 48.6 0.0816x0.0027de -14.5 0.361 +0.011 9¢f -9.9 0.00500+0.0001b 7.2
G1J2  0.0550+0.001 8de 70.3 0.0838+0.0028cd -12.2 0.407 £0.013 4bed 1.5 0.004 41 +0.000 1be -5.4
0.074 6 +£0.002 5f -21.8 0.372+0.012 2def -7.2 0.004 69 +0.000 1b 0.6
0.068 0 +£0.0022g -28.7 0.437 +0.014 4bc

0.004 67 £0.000 1b — 0.024 8 £0.000 8¢ 0.0
0.0342+0.001 1a 379
0.033 8 £0.001 0ab  36.3
0.026 4 £0.000 8de 6.5
8.9 0.004 49 +0.000 1bc -3.8 0.0313+0.001 Oabe 26.2

G2J0  0.1128+0.0037b 249.1 0.0924 +0.003 0ab -3.1 0.370+0.012 2def -7.8 0.00590+0.0002a 26.5 0.0311+0.001 Oabc 25.4

G2J1  0.106 8 £0.003 5¢ 230.5 0.087 4 +0.002 9bed -8.4 0.360+0.011 8ef -10.2 0.004 88 +0.0002b 4.6

0.029 6 £0.000 9cd  19.4

G2J2  0.1113+0.003 7bc 244.4 0.083 8 £0.002 8cd -12.2 0.402 +0.013 2cde 0.2 0.003 97 £0.000 Ic¢ -14.8 0.030 2 +0.000 9bed 21.8

G2J3  0.1200+0.0039a 271.5 0.0732=+0.0024fg -23.3 0.448+0.0147b
G2J4  0.1148+0.003 8b 2553 0.076 8 +0.002 Sef -19.5 0.539+0.017 7a

11.6  0.00398 +0.000 1c -14.7 0.029 4 +0.0009¢cd 18.5
34.5 0.004 39 +0.000 Ibc -6.0 0.0314 +0.001 Oabc 26.6
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TR e, R T e I i AL e RO
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S EIEREATAL , KSR R AR R a RIS B
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PO iR T SR Y (S PN S B v s A 3
PIREAR, Ul R 1k 5 (0 TS G ik B 10 mg kg™
B, BNE S REAA R IR LA BEA 0
R IS A o i A S i e e 2 2 I
3.3 SRR R T EXRERRARRNIER
BRI S BUCR”, PO E RV IR P2
BEETE AL, S A AN B9 VE 2 AU e, e & 1R
JFH RIS P e B K A3 4 g 0 R 1 5 P 5 5
WOVR G, S 2 PEAL I R B0 R A8, TR 40
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