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Effects of humic acid nutrient solution on physio-biochemistry character-
istic and heavy metal accumulation of Sauropus androgynus seedlings un-

der cadmium stress
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Abstract: In order to investigate the effects of humic acid nutrient solution on physio-biochemistry and heavy metal con-
tent of Sauropus androgynus seedlings under cadmium(Cd)stress, pot experiments with humic acid nutrient solution(AF)
treatment and without humic acid nutrient solution (CK) treatment were conducted under different soil Cd concentrations
(0, 15, 25, and 45 mg-kg'). The results showed that the application of AF can effectively improve the total biomass, leaf
area and leaf number of Sauropus androgynus. At Cd45 the AF application promoted the accumulation of Cd in leaves
and roots and Zn in leaves of S. androgynus, which increased by 134.7%, 39.0% and 36.9%, respectively. MDA content in
leaves and roots increased by 7.0% and 19.6%, respectively. The AF treatment can effectively increase the activity of anti-
oxidant enzymes. Under no Cd, the POD enzyme activity in roots and leaves and SOD enzyme activity in leaves of S. an-
drogynus treated with AF application were 187.6%, 35.1% and 20.6% higher than those treated with CK, respectively.
And the CAT and SOD enzyme activity in roots increased with the concentration of Cd. Therefore, AF promoted the Cd
accumulation of S. androgynus under high Cd stress, but the growth of S. androgynus were not affected, mainly because
the protection system of antioxidant enzymes mitigated the damage of lipid membrane peroxidation and increased the Cd
tolerance of S. androgynus.
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Table 1 Effects of AF on growth of Sauropus androgynus under Cd stress
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CK Cdo 7.8+0.7 aB 2.9+0.4 cA 10.7+0.5 aB 9.9+1.2 aB 61.5+1.1 aB 32.1+1.8 aB
Cdls 6.4+0.5 bB 3.3+0.4 abA 9.7+0.4 bB 8.8+0.7 aB 60.7+0.5 aB 30.1+0.1 aB
Cd25 5.4+0.3 cB 3.6+0.3 aA 9.0+0.3 cB 7.9£1.0 abB 60.0+0.7 aB 27.5+0.7 bB
Cd4s 6.6+0.3 bB 3.6+0.4 aA 10.2+0.4 abA 7.7£0.2 bB 59.5+0.9 aB 26.9+0.9 bA

AF Cdo 8.8+0.7 aA 3.3£0.3 aA 12.1£0.5 aA 13.3£1.9 aA 103.5+2.1 aA 44.2+0.4 aA
Cdls 8.0+0.5 bA 2.940.2 abA 10.9+0.4 abA 11.1+1.0 bA 75.3£2.6 bA 36.0£0.8 bA
Cd25 8.0+0.5 bA 2.5+0.2 bB 10.5+0.4 bA 9.2+0.6 cA 73.0£1.9 cA 29.840.7 cA
Cd4s 7.9+£0.4 bA 2.4+0.3 bB 10.3£0.3 bA 8.3+0.3 dA 71.5+2.3 dA 22.5+0.9 dB
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Fig. 1 Effects of AF on the contents of Cd and Zn in
roots and leaves of Sauropus androgynus under Cd stress
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VB, A IR E FRIBON R R R Sl A B AR e T R AR R (R

XIS R 5T

TR RN FOK TR RSO 3, P TR B
JEFARR R /N KRGS H PR = T R RIS
DI —EMAEHER . TEEETIWEFH , Cd B
Nt R RS SR AR AT SR KRR L IR
1 Cd W E N 0~25 mg - kg I, i 6 UE FR S IR T
(TR AR 40 B e o0 o e o TR AR T B8 v
TXIMEH . (B2 T3 Cd Wk E N 45 mg-kg' I,
AR AF AbH R E e HE T Cd ERHTSERRER AR &,
AT SR AR AN 3038 T CKOAREE, SR ik s
HEFMT CK LB, A2k = 5 IR Cd & &
SEEFFAI, U T Cd fTEMAT SRR RE AT
RIS 2] LR, S EWAT A K Z 2] T i, =2
PRILE AR i L (B IR R RTS8 T B S
3.2 [BEBREFIRN CdIE THR{FR4HE CdFn
Zn ZEEMEN

2 Cd Bk IR R 45 mg-kg' I, CK AbHE
PAFZEIE B ) Cd Fl Zn 75 85 5 BRAK, AF 4B 5
PHF AR AT () Cd & B LA A [ Zn &
BT CK A, X AT B2 AT AE I FiE
158 Cd Witk B — R BE ) , AR 245, it
FOIE R I 2 [, T e FH J B R S IR VR A i
7285 8 Cd Al Zn S BRI . E LI
FEFR W, it R SRR X 3 Cd B — 2 S LA
Mo R MEEI R AR5 T IR AR LI H SR
(R B 45 5 e 1 BE 5, Re 4 = Cd BIAE A St .
TEAHFEH, 28 35 i R R B RR B TR 2 B N
TR IR (5 E=50%) , B8 IR A& — Fh 2 ¥ T BRI
JEHE T, ) RV 3 @ B8 T R B o I I 4 A
I, 7E2E 2 IR Ie  F JR E R E TR  E P
TRHAFEE Cd Firt | Zn IR R &, AT REAEAE 20T
JrH R, — R R R E TR e T LR E SR
(IR0 RehE , -3 Cd A Zn 5625 5 1 BTSRRI
IR s R IR E R AR T WA SR A 2 1R
L IR AT SR BB RE . BT RAT
S ULFr R ORS (BE 10 em) N, — &R RE 6 A A
JE 7 R CEE A A, A RIS M R AR K 2
AN H AT ST O AN B &, IRtk 7E Cd
JH 38 B T R B R T R E A X Cd BB ISR
Rk — B0 50
33 [RHEERE
SENEMN

TESEL ARG, ¥ Cd e i, it 6 B 2
IR R a ISR b S EH ST
CK AP, fH2E Cd BN 15 mg-kg' I, AF 4b#

Bt Cd B T TR mMH R R

P4 ER a ISR b SRS T, 4K ab
BN R 1l R A A I JE S B 4 S A R R (1) —
ANEFRIY, 7E Cd15~Cd45 AEFE R, AF M4 K a/
b BEMLT CK 4. MaE a FItS R b 85
7 MDA % & 2 B3 fAHK, 5 SOD iG 12 &
FIEAHSC, 5t F POD ¥ 14 2 W W 35 1EAH G, 15 B
Cd JHhia AT S B 2k 3R B A2 22 ff MDA &
RS M S5 A AR R AR A AR AL . A AR
IR, B Cd 38 o P 3G , R R 22 1) 5
& R WU AR L 4 M B R T, A O I R AR ) 5 4 5 T
B, FET SRR R Tk IAFERIE R, mK
FER) Cd e & B EMHIHE SRR 58, 7
M A #Ak, 5 AT 45 R 3.
34 [BEBREFRN CAIHE TRFRETRE (L4
(E3:0EA)

MAEBRAAL 0 R, TR TR S 77 W TT LA SR
FRPHATSE R B . MDA J2 I fig i AL i B 2%
IYFRFEN VR LT, 2% B R o R A AR R R v, 4
Ji A5 A ek e O PR AL L TE CK 4,
AN - MDA & & 2 56T & Ja BRI A2 1k
e, UL AT SEAE IR0 PR R, oy 30 2 B R i ) AT
S B R AE F IR BR J5 , A S B TR & &
NFEC A TR E TR AT AR TS MDA & &
BEE AR ES Cd 2 = I I & W It 5, X AT RS AF
Qb B AR HE AR AT SEAR BB FA I Cd BB 0, AT R
AR FA A 20 52 45 25 (R R B B ™ . i R
b SR 8 S5 B A R O R A P Bl P SR AL B
R IR Y R S PR R 2R A 2 EE I
B Cd ¥ S48 0, AF AL PR 4R CAT A1 SOD i
AT &, 7 Cd WRFEAN 45 mg - kg B, AR CAT
A1 POD ¥ 134 1 35w T CK O AbHEL, 6 B BHA 722 52 3
Cd e, BAE R RG] T — € MM H H
S F IR, TR 3877 A= 1 3% 1 S8 4 RE A
7K F . Garcia S5 L3 B, 5 5E IR 5 HE 4 (P AR
RGUATIE TLARAE A, 52 mm B FIAR S B AL 1 A &
ZiHt CAT F1 SOD vk, 5 AR AL 4E R —8. 1bAk,
TEZEH T T, I AR AR A 34 B\ 7T g
T R A 3 B A VR AR AL, R AR AL
BONBUR . XU T Cd Bha SRS P
th R G ER Cd %S ROS BE 1754 A%, HAEMH
A BTG, BRI SERT Cd 155 R JJ 50
XM RHAEEE Cd ERZ —.

g LR, 78 Cd Whie iR S TRl e T
PR E &8 R R, B R LA LR R R
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4G R AP AFSE T ROS FR &, 7E Cd WK JE N 0~
25 mg-kg' Y5 N, JE A R E IR AR (R BT S
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