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Abstract: The effects of addition of biochar on the matrix enzymes activity, microorganisms popula-
tion and microbial community structure were evaluated under cucumber continuous cropping for 6
years (11 rotations). Cucumbers were grown in pots in greenhouse with 5% or 3% of medium ( by
mass ) substituted with biochar. The control consisted of medium alone without biochar. The results
showed that the activity of peroxidase was significantly improved to the level of the first rotation crop
form 30 to 120 d after planting in both biochar treatments, with the effect of 5% biochar being more
significant than that of 3% biochar. However, the neutral phosphatase activity was markedly re-
duced after biochar treatment. The addition of 5% biochar had significant regulation effect on the
activities of invertase and urease from 30 to 90 d after planting, while the addition of 3% biochar
had little effect. The populations of bacteria and actinomycetes were increased and the fungi popula-
tion was reduced in both biochar treatments from 30 to 90 d after planting, and the effect of 5% bio-
char was more significant than that of 3% biochar. Meanwhile, the addition of biochar significantly
increased the diversity of the bacterial community structure. In summary, biochar had obvious regu-
lation effect on soil enzyme activity, microorganism quantity and microbial community in continuous

cropping nutrition medium.
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I ( Fusarium oxysporum) Kig BFHg | WAL H
FivEE , DT 35020 TR 28008 00 R TH e ) RS A
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AR, R R AR R R B 0 B
W FENED A T S R Bl A ) DX 2R il 1 e ) 4 e i
G AW AR i 1 2 T Be 2 — AR 8 TR R
BrRefE—E R E bR AR AR
BB A ARG W o TR A, &
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RURR AE e R B 2 07 A VF 200 R AR,
A ERAR A R S A AR O R R
BB EY) AR i HIRIE AR M ez R
GEWETE el e XA W 78 5 ik o A R s b A B R
TR 2 AR R B R L8 AR SC DL H R % N EAE
11 FEE Y E SRR S 5, R A W AR h
B BFFEA W Rt B I VR 3 35 B o h fUE
Boim BRSBTS B AR, S AR
WG S 5 B T3V i 7 55 T i (A B AR

1 #R5E7EE

1.1 kit

RIS T 2012 48 B AE DL FHAR ML K 2 BHF 2 Hh
) HOGIRE N AT R 2RO =0, 45 1 EAR 33.7
em, FHE# 30.5 cm, 55 32 em. i 5 K 5 AR
“HML 307 B SRR HE S vk RIS 5 1D

x1 EFERKREVRHELER

R 2 - 1IRE, IMAAL 3R 15 kg - m™, o
RAE,60 CTFRMEBE A | TN 2012 F 5%
IR IEHER I A TG 0 SR AL 5 11 AL
h 2006 AF-F ML AR FE A B, 2011 4R Rk
AT RN 8 TR T g T P AR | R AR 11 ZEWR
I 3% F1 5% = (3 e A e 5 R T R 2
o) A0 DAFRAE 11 FETCAE W R s i R % BR(CK)
R 4 REE B NY A B P — OB e, B
EM 1 RR, FRIBRREE 45 em F7HE 60 em BYARUETE
IO 4. 2 AL SR R EE ()45 B A o Ry L T
BHEY I TREORE R Ot B SR 5L LAY
ARIRAL BTN 1.

JEFEJERERR 30 d BURE R 4 IR AR 2 R
B TR 8 ] 0~20 em FE )57, S BR A B AN A 4 % i
G4 AT ENR AR LR — B E T 4 C
UKFEPRAT , BERE W 8k B PR AT s — B B T
=20 CUKFEIRAT , U A ) Z 1 2 HT
1.2 ek

IR T T 000 >R FH A T3 M b €, v P IR Tl
T PRI A R B R R — 4l Lt ik | o AL T
N R FH B = 8y Eb 272, A 397 A T 0% 1 D0 2 oR
FH 3,5- KA R b (k. T 85 37 A 4 8k
R R FH B B R A, At P R e SR A B
HE MRS FR L OO R B T R i [C— 5 35 5%
FIhFRE  ERAGE I E R B T RS ARG AR

- ERE A S DNA A48 BCR FHRE 2 20 w4
HERI I & 40 16S rDNA PCR ¥ 14 i o [ 7%
PCR ¥ DNA A Bt.PCR 4 38 LIZ BT DNA Ry 5
M, K 41 # 16S rDNA (138 JH 514 F341-GC Fl
R519 #4749 34 5197 51Nk 2 i, PCR [ 2
J¥h 95 C FAEYE 4 min, $RJ5 94 °C 30 5,60 C 30
$.72 C 30 5,9 MEH ;94 °C 30 5,60 °C 30 5,72 C
30 s, 9MER , BEATEARFEAR0.5 C ;94 C30 s,

Table 1 Physico-chemical properties of nutrition medium and biochar

FEJ5T AL 4N &P £K BB N P K pH e

Medium Organic Total N Total P Total K Available N Available P Available K EERCE
matter  (g-kg™') (g-kg') (g-kg') (mg-kg™') (mg-kg') (mg-kg™) EC

(g-kg™") (mS -+ em™)

BB IR 47.06 2.07 1.46 11.59 210.20 352.72 308.94 7.25 1.028

New nutrition medium

1 HEE TR 45.35 2.21 1.59 20.47 225.01 350.40 320.85 7.2 1.063

Nutrition medium of 1 rotation

11 HE SRR 34.12 2.39 1.02 16.89 218.12 354.10 206.15 6.29 1.265

Nutrition medium of 11 rotations

W - 2.53 0.78 1.68 136.08 311.91 324.15 9.05 1.652

Biochar
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Table 2 PCR primers FHANIEL 1 o, M 30 d I, 25 Ak B8 AT B ( CK) 3
o b TR I 5 AL R 2 T 3 92 5 3 E 60,90
F341-GC CGCCCGCCGCECGCEEEGGGCEEEEECEE- 120 d WF, FhAl 1 AR 11 ZESG BRI 5% & 3% &

GGCACGGGGGGCCTACGGGAGGCAGCAG

R519 ATTACCGCGGCTGCTGG

55 °C 305,72 °C 30 5,9 PMEF;72 C 8 min, 10 C
#4720 PCR WK Z } DNA 7 pL, F341-GC 1
pL,R519 1 pL,Taq B#AR 25 pL, EZERKHNE 2
50 pL.

PCR 7*#J¥) DGGE X DGGE system( D-Code,
Bio-Rad) , DGGE i L& F /K NI BERK R K |
Tris \EDTA | Z, 12 . 2% & W Wt % . TEMED | &2 8 /iR
Jli .Genefinder ¥R Yk} PCR 724 FAEER N 40 pL,
1E 60 °C 1XTAE ZZuPi 180 V HLJE FHLYK 6 h )5
P B R Genefinder $E47 Y40, FH%E e W% &
B3 M, WSS BE R i 1 FL UK 25 JT 40 B DGGE 4§
SUETE R Quantity One FAF 477347

2 ERENH

2.1 AEWIRNS B I A 8 R 2 o i T A ) 7Y
YEH
BRI 11 ZERNS , JUR B L

Py 1 A PR I I v ik S A Y TS T Y S B
F T CK, U8 5% J2 39 MW o b B35 R 49 42 R
TERRRE 1 3B KT, BLES I 5% A= 9 ¢ ) 355K o
U0 B TCE 7 6 O 3 A T R AT 5 5 v o ARk )
PG M 280 11 FEEAE S W 5% K 3% A=) 5 ]
—E PRV AT 3 AL P

FEAE 30~ 120 d, CK 5T v i) P e 1 1 3%
BIm TR 1 28 HRR B B KF  Fil 11 %2R
TN 59 A 49 e Ak B4 S e g vl P B I 0 P A S
FART CK KFE 1 26, T8I0 3% 44 i b R ot vh
(R P R RS M5 CK Je R 1 ZEA] e th Ay BT
% H2E 5 AN B3 M I T A E K, 5% J 3% 424
HALBRE CK Y 25 5 087N, Ut B B 0 5% 38 o 14 1
AT R 3 T A Pl R O P, T AR R IS 5%
e 391 ¢ nT AR LT 4

FEAE 30~ 120 d, CK 5T r 14 Bee o it 3% 12 Y 3
TRl 1 78, Hob 60 K 120 d i} 25 ik B0 . 2
IR FAE 11 FEJF AN 5% 4P m AL B | 56 5 rp e b
il 15 Pk 7E B AL 30 dBT 5 CK M 1 7E T 22 5 5 a2 Al
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Fig.1 Regulation of biochar on soil enzymes in continuous cucumber cropping nutrition medium.

I : 5% WAL 5% biochar treatment; I ; 3% 4= 5 AL 3% biochar treatment; I ; X 08 Control; IV 1 #E F# 3L The nutrition medium of
1 year. [a]—HURER AR R/ING 70 3 R AL P E] 22 53+ 8.3 (P<0.05) Different small letters in the same sampling date meant significant difference

among treatments at 0.05 level. T [A] The same below.
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60 d B 2 3 = T CK, WK BRI 1 #E7K 5 2 48 90
d B B3 B T CK, S5FPRE | #EJ0 25 5% 8 120 d
A AR 8 AT CK AR 1 2E.FP R 11 57N 3%
AR AL B R IO v M A 4 AE E A 30 d BT
CK J 1 #TC I 3525 5% 8 M 60 d A5 CK Jo i 32
S AR AR T A A 1 A EAE 90 d B I 2 IG
T CK KRR 1 26 ; A 120 d B4 i A% Tl 1
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Wy A 8 I AE A BB Xof e e M B S i 9
YEFT, TS 0 3% A 90 e Xof TR M Tl 0% 2 1 8 8 0
YEHI.
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B2 s, FEAE 11 285 5 95 58 0T 40 T | ik
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Fig.2 Regulation of biochar on microbial quantity in continuous
cucumber cropping nutrition medium.
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Table 3 Similarity of bacteria in different treatments ( %)

A B C D E F G H 1 J K

B 91
C 86.3 86.7
D 82.7 85.4 84.8
E 59.4 55.7 55.8 60.9
F 61.1 58.8 60.6 61.8 90
G 62.7 62.2 56.1 55.6 78.0 81.5
H 49.0 50.7 43.1 42.8 79.0 76.6 76.0
1 88.2 87.5 82.3 80.4 52.6 55.1 59.5 46.7
J 83.5 84.1 77.6 76.0 50.7 54.3 60.4 46.3 90.1
K 85.3 81.3 80.1 75.2 52.0 54.7 57.2 43.0 88.9 88.2
L 55.7 51.9 53.8 50.3 72.4 77.8 71.8 64.5 56.5 58.8 62.6
A~C:30d5% 3% .CK; D~F; 60 d 5% 3% .CK; G~1: 90 d 5% 3% .CK; J~L: 120 d 5% .3% .CK.

3 CEFRILFANE 16S xDNA 1y PCR-DGGE i
Fig.3 PCR-DGGE atlas of nutrition medium bacteria 16S rDNA.

A~C:30d5%.3%.CK; D~F: 60 d 5% 3% .CK; G~1: 90 d 5%
3% .CK; J~L: 120 d 5% 3% .CK.

(23~27 Z5) MLL, FRFE 11 FEL 5% Je 3% 4= Ak
FRIS LR A K 16S tDNA PCR-DGGE Hiyk 4%
W (26~31 25) BA TG Are 11 3R 2 5% I
3% ARG CK A=A T 22 4. o,
FEME 30 d B, CK BRAE 4541 25,21 ,22 24, Hid 41
2 A BRAE 5% MWy Ab B 72 A 60 d B, CK Bk
JA5H 10,15.22 24 P 454 10,22 AU HIAE 5%
WA H R ERE 90 d B CK R 4577 2.10.,19
21, Hor 2535 10 19 AU BRTE 5% LW R AL B, 2%
2 AU BAE 3% A=Y A B rh ; EAE 120 d B, CK
B 4547 2.5.10,19 .23 .25, Hi 447 19,25 U
PRAE 5% WAL P | 5% K 39 A ) b B B
45 24,

W 3 69 DGGE Kk, {di FH Quantity One [&]
PRI BT IRA AT 240 R ARARU: 23 AT, 15 3 5 R T 4
ABAPETE £ (3R 3) A5 3R W], A= W) e Ak 38 22 [) A

RIPEE S ¥I7E 60.9% L) L A=W AL B CK 2 [7]
ARRIPE A IG. DE AFPAR 11 7678 37 25 0 P s I A= 40
AEFRJE P AN TR BEVE 4500 5 CK =R B 22 5 H
A e S TN i o) A TR VR 45 R 2 AR R T B
.
3 i it

Wil % 2 7 A 2 T 80 RS PR R AR U
FER A S — 1L A E e R 2 AR
o fit R SR R R B I AR AR 11 2R [R5
RS B A B | EVEE R I P A
TETE S5 B B LR 2 BTG P8 % A i S iy
i3 SR I T IR A B A ROk

1 TRt AR R T It AE i 3k i A
YEHAEIE A, e iR & B A R T i+
e pH RS HCEHERRIL ™, i R AL X AR AR
R MMAER KR E RS X R E Y
PR 2 A P i R ARG s R R TGEE 11
TEIG , A0 ER AR B A 24 0 I R R 1 2, L
bt i E S TR | I E RS, BT AR B
A R B e A 1 4R R pH Y, T LA
—E TR G A A TR AR Y, 01 200 B AN ik R
o W E I, R BRI 1 FE R K R B
2t pH WTHR WA B LI A= Yok )5 8
I TP A TR AR A R R B A 1 AR IKOE
T34, RIERE LB AR TR R4 A BEAE SE e
E Y A SR A5 R ) AR I v A A VR N BE %
ARSI AL, R By s
FI %A%

DGGE s3#ra S R, & Wm A B | EVE S
FRILR AN R TE 45 8 Ak 5 Kim 257 B 98 45 51
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