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IR ) o 30 3 2 i S P /R 3 X6 R T 4
MIfEHE, ERMA A0 T 20% A= 9 i A 33 G 4
iR TR 0,7 H,0, LA/ (MDA)
UL, JF HYUEABETE PR RS & 1Y)
TR AERE AR o A, AR kA AT i
TIEGE YRR AT, B G R  M TR J  2E A
FHREA YR, RIEYER, =REfE
Py e, [ ASBSREIAR ] TR it 15 2
MEAEMZ —, B THMRRE . Rk, xh
FCASRHUR, kA SRS R A R hE © Bk
S BT 0 At o ) S B BRI P 0, AR rhia )
o e o R R 5T Ak 18 DL R S AR B R Y
SR H R OC T AR Y 2 A et g SR A E ) Eh 38 1R
RO AARCAR ST BB =, [ SRR R ] At
FEVAHOTCA SR S , 38  5E o 20 A i o A AU 3 Jifp
IR, AT AR it FH R ER B R BORA K L B
SAALEETE PEFNG BT & R, LU A= ik
PERtGE AR T R %

1 MR5REE

1.1 s

BN e i SOl B 2E s Bed g, ik
Ttk 35 L SRl . AR 450 °C ~ 550 C &A%
TR BT AR A ek, EE IR
pH 8.60. B fi# & 116.5 mg kg'. 3 &L # 371.0
mg kg, A 1.10 g kg, AL 35.56% ., Rk
73 1340 g kg'. A 094%. 2 0.17%. 4 H
225%. JoHARIEEET (i A =2:1) WAL
IR RH R A BRA R
1.2 Rt

AR T 2020 4FEZE 3~ 6 H k8 ~
11 H7EdH Bl Bt R e g s iR = #17. FF
W TCEART, K fEAFe et 2 mm ff5, 4% HbBil—ik
PR IMBIR SR, MRS . SRABEPLIX 4 %
Th, AR bE A EE SR W8 A F T AR J 5 43 R
JnEfE L 0% (BO) | 3% (B3) F15% (B5) 1k
A5ea 6 ANMALEL, AENMEERE R 3 K. HIMRAR KT
IS BTy 52 R T R A5 02 () 7 kA 7 o

ERWIE A3 . VTR A S R 2 R —IR
1/2 Y B Bl i 7 78 R vk, #EH ECMHTE 1.2 ~ 1.3
FEAE 2 JEJE AR ER a3 ER AL IS HE

dsm™,

TR B kit BRI B 1 RE—IR
T NaCl (1 172 W B el i Be 77 8 R, BEARDE 1 L
NREGR IR N, NaCl ZbBEHE M 50 mmol L' F-4R
LA 50 mmol L' AL Z LB ZE 150 mmol L, I
ff %€ 4 NaCl ilE Zb 34, $hak 3 20 K5 &4~ 4b
HREALIE 6 BRIEATAERKIGb RS, MEMRS . M
B, ML Bt [FIR,  HREE TAE AR I
RS 4 R g A I R B A B AT
s ARV SS 4 S8 &R IT I i LI
HRAEEE 4 R E s TR i

1.3 #RGE*E

AR L dehs . ek B RWE, ZEHR
FHERs = RME , AR A I e 2 38200 40 4t
B ME . LRI, 43 UCR RS AL B HL4H 7 b
JN, B,

A I S AR AR TR T . 4
JNB RS A AR RN 510 10 AR B, 5138 5
FEPIRIMER (Vo) | MR A EEIE Y & & .
Hrr, FLIRimmR (Ve) &atRH 2,6- 5 HE Mk &
P E, FEERER & R KR e ke, TR
PEFETEY) & iR T A e

P LRI M - TS DU 0 B R A
BAEYRHEARAR, BHE kPt Ll (SOD) k
FH WST-8 kil 0o s %Ak (POD ) kAl
KB TR ED; N8 (MDA ) &5 R
U Ll Z Ryl g 0s),

8 ST 28 I S 2 B - 12607 (1 5 ik A T
BT it N &R E 2R E; Py
RSP L A E s KO Nat & 5k A OEG
FEBE 5 Ca il Mg iR FH R o e
ME
1.4 BUESH

FT A B S 398 = bRl 22 £k, R
Microsoft office 2013 #EAT SR B P MAEE . R
IBM SPSS 20.0 48 if #AF it 47 07 22 3, Ml H
Tukey HSD 5 (P <0.05) Hud4$-AbHa] i) 22 573 .
EZC
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2.1 MR ERBIERNE KN~ 2RS0T
iR BT STPE |5 B 127 A € B AV 2 56 7/P 7 L
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Table 1 Effect of biochar on the growth of cucumber with NaCl treatment
Ab PR
Treatment B (cm) LPIE 254 (mm) IR IR B (cm?)
NaCl g]gt[c@;jé Plant height Number of leaves Stem diameter Maximum single leaf area
Biochar
0 mmol L™ BO 135.67+881a 12.67+0.75a 8.45+043a 462.90 £46.80 a
B3 129.33+555a 12.38+0.53 a 8.36+041a 450.63 £38.53 a
BS 136.25+7.61 a 12.58 £0.36 a 8.23 £0.43a 454.65+54.02a
150 mmol L™ BO 100.92 +12.49 d 10.38+£0.93 b 6.97+0.52b 312.74+51.90 ¢
B3 103.82 +6.72 cd 10.68 £ 0.40 b 6.88+0.44b 336.87 +37.19 be
BS 109.92 +10.06 b 10.63 +0.83 b 7.00+0.60 b 35494 +42.48Db

e WA AR RN G P FRR 2R B3 (P<005) , Tl

mE 2 fin, JEERRALIET, HRGOT X
R ETURSER = R B & 25, mitkZs BS AbH
AT, N IR ™ 2 3 2 5 T B3 A B
Q=N STER 2 o N (1B NP S |5 7] S

R2 EYREAIE

AbPHEAH LG AR . B2 AR SIS R WS A ) ke
Ab B TSRO = i i 3 v T R Bk 2= BS 4
PRACPETR, BN IAREOR P~ i & = T I, 1 B3
AT T B TURSEON™ 556 B L TE B 25 22 57

(IS EESC N\ Wag3: DAL

Table 2 Effect of biochar on the yield of cucumber with NaCl treatment

Qb HFZ &S

Treatment Spring growing season Autumn growing season

NaCl i%ﬁ JRAREK _ Fﬂﬁ (kg) JRAREL . Fﬂﬁ (kg)

Biochar Number of fruits Yield Number of fruits Yield

0 mmol L™ BO 113.33+5.13a 15.93£0.06 a 38.67+4.16b 5.00 £0.44 b
B3 10333+ 451 a 15.92+020a 37.5+436b 499+0.40b
B5 103.00£2.00 a 15.11+049 a 52.00+7.81a 726+133a

150 mmol L™ BO 18.00+1.00 d 1.70+0.07 d 767+1.15¢ 0.82+0.13b
B3 30.33+£839¢ 3.03+£0.76 ¢ 11.00 £ 1.00 de 0.92+0.15b
BS 44.67+321b 5.05+028b 18.67 £2.08 ¢ 211+035a

2.2 HEYIRIERKIERTNR SRR

WA 1a FE b 7R, Joi 7 R e i 2
TEERE AT, SARRIMAYRME, Bty
A R v TR S Fp IR IR 5 e RN, A
FiR £k O i i A . AL BRA R T TR S AT
B & S A L T 3 225 (& 1c) .
23 EWMRERFBIERLHAERESLAEEEIAR=

[0

wnE 2a FE 2b Fros, dEER M &R R
TN INAE W) e A 388 AR MR SOD . POD i 4 5%
MR L T i 25 22 5. $hiin 2T, SXTRRARLE,
FE o A i A= 4 e A BRAB BRI SOD Al POD 3 P
s, JUHOE BS AbEAEARM - SOD i POD {4 i

R TR R DY S A SN ) A R AR
LR 38 5 0F T & A BRI MDA SRR EE5,
AR A S5 S U A W) R AL B AR I - MDA & i
IR MR TR (F 2¢) .
24 EYRMERBERINMHAFERATZIEN

=21

el 3a FE 3b s, EKBEEAH R N, P&
BEE TR o 3BT, st ]
SR ETAE AR A N &R SR e R
SRR a2, AR it S B TR R I R
P & i 50 A EL 35 B B AR

Az W it P AT HG I R - K& it BR B3 Ab
FRR I 22 b, AEER b0 AR Whan 20 N AR o
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B 1 AEYRsIERpEmBm B &G TERKIERE/NREIMA
RAVEZN
Fig.1 Effects of biochar on the quality of cucumber fruits
without or with NaCl treatment under substrate cultivation
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Fig.2 Effects of biochar on the antioxidant enzyme activity and
MDA content in cucumber leaves with NaCl under
substrate cultivation
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Fig.3 Effects of biochar on the mineral element content in cucumber leaves with NaCl under substrate cultivation
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FRRALPRAR, WESRAED AT SR RE Syie 82, AR
AR A SRR, AR R A B TR MR R A A K 3%
2 5 AmE, (HRSEAA IEH LS INRE S, B
Z P i e TR, DERA TR A AR

ERME T, BT P b 3R R BT 4 TR 2
BT RR R G0 ST RN 2 1A
B ERNE S, BN A LA OCHE, W SOD .,
POD. % LA (CAT) ZhiE Lin st
LR RV B A3 i 2 B T R R ien,
FrPAEC G, Rl AR e R IR R A AR R
IR FP BT AL BTG M 2 A, R, 2
0700 R R, WO e o T R AR
g 3 A AR N . AFSE Y, #E 150 mmol L
NaCl Jifpift 25 T AN 0 A 4 oAb B8 I |- a4k
T P AT, T 232 5 R VS im A 4 e Ak B S AR R I
SOD #il POD {ifi ¥ 5 X} BeAH b, JUHJE BS 4h#
FERERT B SOD F1 POD M i 3 55 X HE, MDA %
D ERAL, X—45 8 5 Hasanuzzaman 2520 YE 75 R
( Corchorus olitorius L. ) | F1 Mehmood %527 ¥E K &7
( Glycine max L.) I HJHiEAH—2, Mehmood &1
WF 5T e 30 A 0 o e SR o 1k A 0 e 241 ] 42 55 80
mmol L~'NaCl il £&44 T K G HU IR iR 1 S 1k it
(APX) . SOD. POD HI CAT HiefblimtE, HE
RUEUME Y AL PRI E RS CAT. APX. POD Al
SOD FEH VL P Tit $h 3L GmSALT3 F1 CHS /)3
ik. SR, Farhangi-Abriz %50 #2if, EhMra b4
HRE N 10% B35 20% B9, G A B 1
FEA, X—BRn e S AR HEA C, R
B S50 B AE YR AE BRI (1% ~ 2% ) B RT3
JnER T ML B SOD H1 POD 1 1 M HoB B 6 Wy i,
fem VY POEERE S, MTER SR (4% ~
8% ) B} SOD F1 POD & M) i 2 A% .

WA AR, MRS S IR R BRUKIE,
A A R Natfil CL, 1 KSRk, RS 8u
MRAR BB ZAMHI B B E R, AR S

FE, WP AP % ] 2 e AR AR K
M, BB R Nar B, T2 i b ki 41
T, ARBRIEH, At R B AN AT K
SRR P A Na S iR, 1A N A KRR
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e Rt ST
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Effects of Biochar on the Antioxidant Enzyme Activities and Mineral
Element Contents In Cucumber Leaves under Salt Stress

ZHANG Gong-chen, QIN Yu-hong, WANG Bo, ZHAN En-jun, LI Lei, ZHANG Shou-cai”
(Qingdao academy of Agricultural Sciences, Qingdao 266100, China)

Abstract: [Objective] The aim of this study was to explore the effects of biochar application on the growth and
physiological characteristics of cucumber (Cucumis sativus L.) under salt stress. [Method] Pot experiments were
conducted using the greenhouse cultivar ‘Cuilong’. Peanut shell biochar with mass ratios of 0% (BO0), 3% (B3) and 5%
(B5) was added to the cultivation substrate (peat : vermiculite = 2 : 1) with or without 150 mmol L™ NaCl,
respectively. The cucumber growth, yield, fruit quality, antioxidant enzyme activity and leaf mineral nutrient content
were investigated. [Result] Results showed that biochar application could significantly improve the salt tolerance of
cucumber. Under NaCl stress, the plant height, maximum single leaf area, yield and ascorbic acid content of cucumber
treated with BS were significantly higher than those without biochar treatment, and the nitrate content of cucumber
fruit treated with B3 and B5 was significantly lower than that of the control under both non-salt stressed and salt
stressed treatments. The cucumber yields of B5 treatment in the spring and autumn cultivation experiments were 2.97
times and 2.57 times than those of the control treatment under salt stress, respectively. Higher levels of antioxidant
enzyme activity were observed in biochar-treated cucumber leaves under salt stress. The activities of SOD and POD in
cucumber leaves of B5 treatment were significantly higher compared with those in the control, while the content of
MDA was significantly lower. Under salt stress, the contents of N and K* in the top leaves of biochar-treated cucumber
were significantly higher compared with those in the control, while the contents of P, Na*, Ca*>* and Mg* were
significantly lower. In the bottom leaves, the change of the nutrient elements content was related to the biochar
application rates, except for the Na" content which was significantly higher in the bottom leaves than that of the
control. [Conclusion] Appropriate biochar application to the substrate can alleviate the salt stress of cucumber,
evidenced by enhanced growth performance, antioxidant enzyme activities, and higher N and K* accumulation coupled
with lower Na* accumulation in the top leaves. The application of 5% biochar is recommended for substrate
amendment to alleviate the salt stress in greenhouse cucumber production.

Key words: Biochar; Cucumber; Salt stress; Antioxidant enzyme activity; Mineral nutrient element
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