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Effects of biochar addition on soil microbial biomass C, N and enzyme activities in cucum-
ber continuous cropping. ZHANG Zhi-long', CHEN Xiao-min'", QU Cheng-chuang', CHEN
Can®, ZHANG Jun®, HUANG Chun-yan®, LIU Yun-mei’ (' College of Resources and Environ-
mental Sciences, Nanjing Agricultural University, Nanjing 210095, China; *College of Applied
Meteorology , Nanjing University of Information Science and Technology, Nanjing 210044, China;
*Rugao Institute of Agricultural Sciences, Rugao 226500, Jiangsu, China).

Abstract; The objectives of this work were to clarify the effects of biochar addition on microbial
biomass and enzyme activities in continuous cropping soil and to provide scientific basis for allevi-
ating soil continuous cropping obstacles. There were six rates of biochar application (0, 5, 10,
20, 30, and 40 t - hm™*, designated as CK, C,, C,, C,, C, and C,, respectively). Soil sam-
ples from 0 to 20 ¢m layer were collected in the third season of cucumber ripening to measure soil
microbial biomass and enzyme activities. The results showed that microbial biomass C and N
increased at first and then decreased with the increases of biochar addition rate. C, and Cj treat-
ments significantly increased microbial biomass C by 70.62% and 81.09% (P < 0.01). Mean-
while, significant increases in microbial biomass N were observed in C, and C, treatments ( P<
0.01). Soil enzyme activity was increased first and then decreased with increasing biochar appli-
cation rates. C,, C; and C, treatments significantly increased the catalase activity. Meanwhile, C,
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treatment significantly increased the urease activity by 84.08%. The alkaline phosphatase activi-

ties in C,;, C, and C; treatments showed significant increases. Results from the cluster analysis

revealed that the six treatments could be classified into four distinct groups (CK, C,, C,C,, and

C,C;) when the Eudidean distance was 1.01. Furthermore, the highest values of microbial bio-

mass C and N, catalase, and urease and alkaline phosphatase activities were obtained when the

application rates of biochar were 20, 20, and 30 t - hm™, respectively.

Key words: biochar; soil microbial biomass C, N; soil enzyme activity; continuous cropping

obstacle.
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XFEMPAE L, HREEARMAAET Y. A E
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HERAE W R R TE 500 C B iR, #AL R
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Table 1 Effect of biochar addition on physical and chemical properties of continuous cropping cucumber soil

A7 AH (g om™) SALBRIE (%) pH 2% (g kg™") HABE (mg - kg™')
CK 1.25+0.03 a 5291+1.11 ¢ 7.06+0.02 d 1.56+0.07 d 79.06+9.11 d
C, 1.19+0.02 b 55.12+0.86 b 7.11+0.04 cd 1.69+0.10 d 107.76+10.29 ¢
C, 1.17+0.02 b 55.73£0.74 b 7.14£0.02 be 2.25+0.05 ¢ 129.20+2.74 b
C, 1.13£0.02 ¢ 57.55£0.72 a 7.23+0.04 a 2.59+0.06 a 130.14+15.04 b
C, 1.09+0.02 ¢ 59.03+0.85 a 7.19+£0.04 ab 2.43+0.07 b 152.22+6.75 a
Cs 1.08+0.03 ¢ 59.15£1.06 a 7.12+0.03 ¢ 2.30+0.09 be 102.98+£12.45 ¢
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Fig.1 Effect of biochar addition on microbial biomass C in

continuous cropping cucumber soil
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Fig.2 Effect of biochar addition on microbial biomass N in
continuous cropping cucumber soil
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Fig.3 Effect of biochar addition on microbial biomass C/N
in continuous cropping cucumber soil
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(P<0.05) , XFF L IENREG IS4, C, i CoAb B L CK
Ak 3 IR B T S A T 57.32% 1 61.78% , C,
AP FE CK AbPEEER T 84.07%, C,.C, Al CAbFAY
- SR W R UG M S CK A HE 38 iAW S 2 K T
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Table 2 Effect of biochar addition on enzyme activities in
continuous cropping cucumber soil

E LRICAN W LR

(mL - 100 g™ (ug - 100 g (umol - d7!

<20 min"") <24 h7") cgh

CK 8.93+0.15 b 15.69+0.89 d 11.73+1.48 ¢
c, 9.40+0.25 ab 20.28+1.40 ¢ 14.14£1.58 b
C, 10.12+0.31 a 22.38+1.12 ¢ 14.39+1.32 b
Cs 10.47+£0.39 a 24.71+1.14 b 17.38+1.28 a
Cy 10.07+0.29 ab 28.87+1.07 a 19.88+1.18 a
Cs 9.65+0.25 ab 25.37£1.95 b 18.02£1.25 a
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Fig.4 Cluster analysis of six treatments
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Table 3 Correlation between microbial biomass C, N and soil physical and chemical properties and enzyme activities

MBC MBN CAT iRt ALP foxiiy FLBRE pH e A
MBC 1
MBN 0.841* 1
CAT 0.687 0.919** 1
i3s3 0.134 0.454 0.753 1
ALP 0.008 0.364 0.666 0.978** 1
H 0.005 -0.377 -0.649 -0.958** -0.973** 1
FLBRAE -0.005 0.377 0.649 0.958* * 0.973** -1.000* * 1
pH 0.607 0.822* 0.946**  0.784 0.745 -0.670 0.670 1
25 0.380 0.778 0.927**  0.869* 0.832*  -0.836" 0.836* 0.889 " 1
A 0.488 0.614 0.852" 0.839* 0.741 -0.656 0.656 0.870* 0.778 1

o FEEAREE(OU) 2 0.01 If ASEMER W, AEEAREE (XU 0.05 I AR B/,

B CK A B, 38 b A 1 i UK
439 JE 83.84 F119.52 wg - ¢, AW B A LN
9.01, TSR LB IR R | IRt 1 4501 S 1Y) T R
A3 11,73 wmol = d™' - g7 [15.69 pg - 100 g™' -
24 h™'f18.93 mL - 100 g™' - 20 min™", JALFHL
AR IAEY) BRI 25 Fe b A5 (E 3 ik AL A1, W] Ay
At A 2 B LA

HE C AR A Y s A L CK X R4
B AR, 20 2 128.10 Fll 14.60 pg - ¢, Ak &
RN 8.92, T Hh G ME LA T LR 4,3 Fh
it 5 1 0 2 14.14 umol - d7' - g7 .20.28 g - 100
g_' <24 h™ 9.40 mlL - 100 g_l - 20 min™',

B I C, M C AR 3k AN H T -3 i
A R A B R RO B B 3 (P<0.05) , 5 CK &b
FRAA HE 42 7 T 70.62% ~ 81.09% #i1 161. 03% ~
221.95% B A R 4.95~5.96,3 PG TEH T4k
Jetls Hb A 35 (P<0.05) |, 2 FHIE FE 43 3 2 22.70% ~
48.24% A42.68% ~57.32% 13.33% ~17.25% .,

FEPUZEE C 1 C LB X Kb PN F 358 = Fb
il 1 4R LA 3 (P<0.05) , 55 CK AbBRAR HL )
SRS T 53.70% ~ 69.50% . 61.78% ~ 84.07% F
8.1% ~12.77% , T 1 48 b sl A= Wy 2 e 260 A9 A HH
BRI T 1.55% ~ 21.46% F1 67.86% ~
79.73% .,

R I B

3.1 USHNAE W B A R AR A S ) R i ALY
Al

- A e AR R SR My A I AR
JO A5 ] ) LR s (RO AR S, 20145 Galvez et all.
2014) . BINAE) e T LA B S 3G 0 A e A W

B & B (S, 20125 T 1) 4, 20155 1 A 4,
2016) . AiE 1) 8 TG AR L33 b3S n A= 9y
HRAIEEN T R ROCR , SR AR W B LA e
J7EACHIAZ D EE R AN [ R BEFN (0 5 S S5 K A2
(Lehmann et al. ,2005) LA K F KA 2R R FLURI £ FL4F
P | X SEFIR I TIOUL S 14 0 2 WL 25 R 1 7 2 ) Joie o
TEHR: B 35 A B ( Brodowski et al.,2006) 44 5iE X}
T IEK 43 F A B ) W B BE 7 (Chen et al.,
2009) K0 4 457K P BE ( Chen et al., 2008 ) Fl
A W (Deluca et al. ,2008) 55 5 1H BA B KIE
JH R A et 7 R A g B AR SRS, 1
A YR A B 5 A WA B S 53 ( Brewer et al.,
2008 ; Novak et al.,2009; Lee et al.,2010) DA K = W
B PR BT [ 2 114 % 70 1 1 38 vh G248 BRI ( Steiner et
al.,2007) ARUEYE KARHE TR AR IR 53, P21l
AP B s IR R E Y R M)
AN, SOAT LI -3 oG AL R 20k, £ i )
BRI I, WSO 8] 5 SR TsCR 4 , 1 T ek  4E +
S PRAL AR FNREAR 1= e Eh i Ak, 22k - i A P15
(JAITREE 55,2007 ) o AWFIELE SRR, B A= W) 5
BSR4 e, B I A 33 rh B W
S ISCH NN B AR 3, 3k ] BB i T A= 1 BT ok
R U E AR TS A HLER , AR T
TOC &% (1 AN 5, 2015) , AR 1 Al Bl A= 1
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