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Effects of biochar on chlorophyll and protective enzyme activity of rape seedlings in red soil under copper
stress

WANG Xiao—wei'?, XU Jian—cheng'?, SUN Dan-ping'?, LUO Yu-hang?, LONG Chang—zhi, LU Mei—juan®, YANG Wen—ting"*

(1.Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education, Jiangxi Agricultural University, Nanchang
330045, China; 2.College of Agriculture, Jiangxi Agricultural University, Nanchang 330045, China;3. College of Territorial Resources and En—
vironmental, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: A pot experiment was carried out to study the effects of biochar additions on chlorophyll content, antioxidant enzyme activity[su—
peroxide dismutase (SOD ), catalase (CAT), and peroxidase (POD )], soluble protein content and malondialdehyde (MDA ) content in rape
(Brassica campestris L.) seedlings in red soil under copper stress(300 mg-kg™). The biochar was applied at 0, 2%, and 5%(m/m ). Copper
stress decreased content of chlorophyll a and b and total chlorophyll, but increased SOD, CAT, POD, MDA, and soluble protein content in
rape leaves. Compared with no biochar addition, applying biochar increased the content of chlorophyll a and b and total chlorophyll, but re—
duced the activities of SOD, CAT, POD, and MDA, and the content of soluble protein in rape leaves. In conclusion, biochar applications im—
prove chlorophyll content of rape seedlings, alleviate copper stress on rape seedlings, and maintain rape seedling normal growth under 300
mg Cu-kg™ stress.

Keywords: copper stress; rape; biochar; chlorophyll; antioxidant enzyme activity; malondialdehyde

YrfE B #:2015-09-29

EEWA : MK A AR ERESIH (31360108) ; V174 1 L5 RHFROL BT B 5 H (2015KY42 ) s L7 A0 K= 1 LRI E 2505 H (09005376)
{EERA . ek (1989—), B, AN W+, NFFRO A SR EEIFSE . E-mail ; sgwxw89@163.com,, 1A 5 25 —1E & W) 45 vk
*EIEEE HCE E-mail :ywt111@163.com



EBEE % BRI T LRSS R R P P 641

SR AE ) 7% (Biochar ) B4 A5 14 21 AL I T X
V. hfh b DX 4 Mk BT B 455K B & “Terra Preta”
FYBIFFEN, X T A AR OR R TR
HENE 7 o AR WA I AR TS ey H o)™, A1)
FHAE ) 1 66T B 4 S 175 % 'y TG R I Il Ao LA
MR TR SELE Y IS I 385, 7T LA 1%
PRACME BT e AR VR, R A A P LB
pH {EWFIBH & F A4 it 5855401, L35 4Ly
RS E T SRS A T oY, - B TR A TR A T
T RE 7RSI TAE . BF9EaRIT, A nl Dhadad 5%
TET e L W BT B 2 A2 46 R B — T e SR R AL e
D e g v < T (1] e 5 ey R R
H AT A= Wy e i) Sk AR B s e 4y
Wz F 45 AN [ SRR B A= 0 v i 4 I B
FARCRABA S AR R, WS HGE , KR FS FFLE 4 e vl
fREAR CaC D) A Ph( I )43 I FEAR 19.7% F1
18.8% , A ARV A ) CA( I FEAR T 5.6%", 383 ak;
A ST Wy e AT RRAR Cd A1 Ph A AR A 50kE, {H3E N
T 3% Cu F Zn WAERIAARPEY AL T A ) IR AT AL
B Cu {5 Y B HA B R RO HENE AR DL ARIE .

TSI VLI A ZE AR R T R, 2L
VU4 S SR E Y, R TP A G AR S
2013 AEVLPEA WEAME T AGS 54.8 T hm™™, 2 A B
FERMIVLPGA B TR B Tl DX 5 7K HE 8 3 BUR 7
BT AR A A - S35 e, [] IR i A A 2 A A
A UL it 11 380 A B v i Bl e B 1] - 398 G R 1 2R
AN STERINESS: K TP ¥ cit v ier ES o | @ e
710 5L, ik 548.30 mg-kg '™, - R4
b 2SR A P, R AR W o A5 R DARRAR 4
AR X YR SR 1 07 TR 32 M) 2 B 452 i Vs G P A R el 1
FEL A, AL B e S AT 2 BTS20, R B e
& Jm v B T S AR e, (HGE RS L B
SRS P DU T B, AR SC LA BT 42
Jiti P AE AR 5¢ SR B J5T 4 A ) R R AR 50 75 G Jih 3B T il
S Ve A A B ARRRAE , DU R B 5 el T L 21 S b A
ISR R —E S KT

| MRS

L1 fiiaaa

Bt FE Y - 32 (Brassica campestris L) i Fl Ay
IR QI = AN/ QD NE=y & T

P -3 R ATIVE AL R 2= A B e 21

B K 22 (0~20 em) 218, HIEMI AT TN
EARRT  BIBR AR 25 L 3 2 mm G5 525 1o 15
- AT MR . pH 3.96, A LR 18.18 g+
ke, 2F 1.74 g ke, WA 121.33 mg ke, 28
0.69 g-ke™, A RUME 31.68 mg-ke™, 44 5.02 g-kg™, 3
B 163.67 mg-ke™, 25~ 33.52 mg ke, A A
7 2.31 mg-kg™ (DTPA $2I, J5 1 W i 730 ' B T+
E ) o MRAEEZ T 3P HE(Cu 50 mg-kg™) , il £
SRS BT e

PR ¢ AW BT R R e = AT BRI A
FRAF], LR IEAE 5E , 28 350~500 CHAZL R B fb T
Ji, 2 A A B AR R JFUCA < pH 9.16, A HILIR &
i 323.76 g+-kg, &% 10.52 g+ kg™, 4 44.73 g-kg™!,
1551 g-kg™',

BRI B, BN 2% (98 %A1 1+ 2% LE )
BE)FN 5% (95% AR 1 5 +5% L Wy ¢ ) He 5 A= o 5
TR G AR IR 1 PR

=1 PR SR
Table 1 Physical and chemical properties of soil-biocher

mixture used

B pH HHL TC/ SR TN/ 4 TP/ 48 TK/

g kg g-kg! g-kg! g kg
2B 514 2335 1.96 0.97 5.46
5% s 529 3525 2.36 1.32 5.78
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Table 2 Design for pot experiment
Qb3 el e J3E AWk Al

Treatment Copper concentration/mg+kg™  Biochar proportion/%

Cu0-CO 0 0

Cu0-C2 2

Cu0-C5 5
Cu300-CO 300 0
Cu300-C2 2
Cu300-C5 5

1.3 H£BEELIERUE

A ALY AL (Super Oxide Dismutase , SOD )%
FH R A s il 7 | 3t A P (Peroxidase, POD ) T
PR AR AR By e |, 1) 4 A AU ( Catalase , CAT)
T R 22 AN 72 , TN % (Malondialdehyde,
MDA ) % it R A BRAC L L Z2 B i e , AT v PR 2R ok
2% s I, SR i A N i - 2T
(V1:V2=80%:20% IR G MFRI, 136 B Bl 2™,
1.4 #iEseit

i Excel 2010 JE1 4R E 2, FH SPSS19.0 4tit
BAFEAT PRI ZR T 225007, A Origind.0 2141
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Table 3 Chlorophyll content in leaves of rape seedling

— REAE
Sjﬁﬁgfme Chlomphyﬁ’iiii og FW Cu0-CO Cu0-C2 Cu0-C5 Cu300-CO Cu300-C2  Cu300-C5
30d %% a Chlorophyll a 050£0.01a  050£0.03a  0.54x0.09a  0.28+0.01b  030£0.01b  0.32+0.01b
442 b Chlorophyll b 0.16:001b  020£0.03b  027+0.03a  0.08+0.0lc  0.09:0.0lc  0.10+0.01c

JAT42E Total chlorophyll 0.66:001b  0.71=001b  081£0.06a  036x00lc  039:0.0lc  0.42+0.02c

60 d 442 a Chlorophyll a 035:0.01b  036x0.01b  04200la  0.16£0.02c  021200lc  0.22:0.0lc
442 b Chlorophyll b 0.18:0.01b  021x0.01b 0330032  0.06x0.0lc  0.07:0.0lc  0.09+0.00c

B4 Total chlorophyll content  0.54x0.02b  0.58+0.02b  0.76x0.02a  0.21x0.03d  0.29:0.0lc  0.30+0.0lc

T R BRI P EAREDR , [RAT AR/ NG 2R A R A 31 i) 22 57 1 25 (P<0.05)

Note : Values in table are mean+SE , different small letters within a row indicate a significant difference( P<0.05).
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Figure 1 Activity of SOD in leaves of rape seedlings
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Figure 2 Activity of POD in leaves of rape seedlings
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Figure 3 Activity of CAT in leaves of rape seedlings
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Figure 4 Content of MDA in leaves of rape seedlings
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Figure 5 Soluble protein content in leaves of rape seedlings
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