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I T 2018 4F 5 H £ 9 A fE#ga A Filifa
PR ARG v (44° 26' N, 85°95'E) H
Heil = h AT, g R R SRR EE 17 ~ 33C,
23 AR B R 60% ~ 80%., LR H %G 5 by
—AEAE IR A AN . A R A AT R
A EBER IR A I RZE (0 ~ 20 em ), KK
4, i 0.425 mm G, H A A Y 77.28 me/kg,
R 261.91 mg/kg, H B0 42.64 mg/kg, HHL R
13.61 g/kgo AW A ILARKEAEY AR, PR
AR 2 iR AR L), H pH 8.56, H ZLHE 186.67
me/ke, HALH 376.98 mg/kg, 4WE 15.3 ghkg, 4
6.6 grkg, EWRIETER = 50%,
1.2 Ak
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15 30 em, EFHATEEAEE L 8 keo RGPt A
HRGmw R R E S A Rt s (X
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.3, 5- TREUKEIR 6k . RN - AR
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(D5625-01 ), 452 ALK DNA, i B AR I Ha
VKRGS MG TGN BT S AN B, Bl G S
an TEROAE T, HCRUKH R, ROy 520 m
HETRE, i 520F (57 —~AYTGGGYDTAAAGNG-3)
F1802R (5" -TACNVGGGTATCTAATCC-3") 514 M
NEB Q5 DNA m R FLER AT V3, V4 KB R Bt
) PCRo PCR ¥ 34{AFR W3 1. PCR W AT H: 98
CHEME 30s; 27 MEMELRE (98 CAZEME 1555 50 C
Bk 30s; 72 CHEM30s), 72 CLEM 5 min, 4°CHF
ffo ZJE#E1T PCR =Wyl & s AR, 1RFES
AT SCRE R R IRS, XG4 SCE ALY

F 1 PCR¥IEGHR

% R (uL)

Q5 high—fidelity DNA polymerase 0.25
5 x Reaction Buffer 5
5 x High GC Buffer 5
ANTP (10 mmol/L.) 2
M DNA 2
EMGIH (10 pmol/L) 1
514 (10 pmol/L) 1

7K 8.75

L4 A5 B oA S B ab 3

UL AR LU TR, A gy
Wral IRy . TEE, XA FLASH '
I QIUME ' BEAT BRI 8, 1524 808 . &
J& #A 0F 50 AR RLUEE S 97% 1) 7 5 R 25 3R
OTUs, BJG2:% Greengene 4l i - HEAT R iE
R, JFRZHMERRE. WiFh i35 & RDA TUR ST,
I X} Unweighted [ Unifrac #5255 B4 3 47 NMDS 43
Frfll UPGMA B34

I ] Excel 2007 A7 4048 ge it 515, R
SPSS 19.0 #EAT 4R J5 227347, Duncan 2 A
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AT ZE R BAE TR, WEMKPFREN «=0.05,
2 HRESH

2.1 AN[EAE A H 36 BT S TR 1 5
mFE2 AT LUAE WL, EYiRi (HA, HB) J7
KT, HHEAPUR, HRER & AR Y st &Y
Rehnmsghn, b HA KbEE AP R
B FEH T CK (P<0.05), 79 H CK & 53.7%.
19.0%. HB Ab3 A HLT . B0 & R i 3
BT CK, 439k CK & 73.7%. 20.8%, {H HA 5
HB b P (A A AL, A & EER A T

(P>0.05 ), +IEIUMEA . A3 500 & ot bl A= 4 5 it
TR s, Hoh HB AR IR A . A
Wk R W = T CK (P<0.05), 439 b CK &
19.2% ., 42.3%, HA ZbB+3E0iR A . A 808 & &
HCeKMIEREXES. /Ul (JA. IB) T, A
BUTE 45 T2 03 o e A IR AR B, [5mal fidt 2
HMERE T CK, Horh sl . sk o i R B
Jiti o bk AR I I, A ML . A R e B
AR A, e — i & TR i Ab 2 1 A L
Fi. AR, B, AR R T U 4
B, AWmont +38 pH A B IEN

R2 AREEYRLEN THEEVRRFZHZIME

AHHLR Bl ffp G

A A

i (%) (mg/kg ) (mg/kg ) (mg/kg ) (g/em®) e
CK 1.90 £ 0.17b 104.0 + 4.57he 60.68 + 2.32h 65.98 + 1.21¢c 1.46 £ 0.04a 8.35+0.04a
HA 292 +0.07a 111.62 + 5.46b 69.00 = 1.57b 78.50 +4.90a 1.36 + 0.05ab 8.06 £0.11a
HB 3.30+0.34a 12393 £5.21a 86.37 £ 6.21a 79.71 £ 3.05a 1.44 + 0.07ab 8.33+£0.10a
JA 2.16 £ 0.23b 75.64 +2.18d 66.70 +3.91b 71.23 +3.05b 1.34 £ 0.07ab 7.80+0.61a
JB 2.12+0.17b 96.67 +4.95¢ 62.32 £ 8.75b 76.08 + 4.26ab 1.32 + 0.06b 8.23 +0.30a

T RPEAAFSE + bR FPVEORE AR TR BT 0.05 RP E2ER B, TR,

2.2 A[a) AW A BT A SRS A () 5

i 3 AT, ANTR) AR W e A BT - S R P 1Y
WRE, R (HA. HB) 70T, T ret G
ik ST ST 4 i A 4 o it P 2 1 185 I g 2 o
LA HA Ab 38 - SR Al A AR L SR D
F CK (P<0.05), 435 CK 5 8.2% . 6.7%, HB
Ab B S AR Al A S A R TS RO 2 S T CK,
I3 CK 5 10.5% . 8.6%; i (JA, JB) 73k
T, S R i R o A SR T A B i e Y 1

IR, 5 CK AR EL, TA Ak B - S A A A A
AL B PR RN 6.6% . 1.9% (P<0.05), JB
A T A S8 TR A il R o AR A S T S RN 7.0%
3.8%. [a]l—jifi FH & T, VRt Ak B - 458 7 il 2ot
AL RGO AL B 4% A B A R Al S
A A B A HB &b 23 i il 7% P 5K T CK 18.8%
(P<0.05), HA. JA b PR B 1% 1 & F CK, (H S
CK [BIJCiE 25, 1M B AbFRIREHSG M B & =T CK
6.3% (P<0.05), =X FRMEBERREGRZ M4/

F3 AEEWRSE T IBEFENZ N

e IRt iR R A TR AR
[mg/ (g+24h)] [mg/ (g-24h)] [ml/ (g - 20min)] [mg/ (g-24h)]

CK 0.160 = 0.003 9b 50.17 + 1.862h 2.10£0.010 4e 1.13+£0.017 4a

HA 0.165 £ 0.004 Oab 5428 +1.011a 2.24+0.010 4b 1.09 £ 0.053 4a

HB 0.130 = 0.000 6¢ 55.46 + 1.281a 2.28 +0.010 Oa 1.04 £ 0.060 2a

JA 0.160 = 0.007 8h 53.46 £ 1.010a 2.14 +£0.005 0d 1.10+£0.115 5a

JB 0.169 £ 0.006 1a 53.69 + 1.053a 2.18 £0.027 5¢ 1.16 £ 0.014 3a

2.3 AR[AIAEYHAL BT IR0 AR ) AR R R i)
23.1 4iE OTUs FB
YITE OTUs 3= b il 2% 3¢ W Bl 25 00 e 2 ) L

Tt st LR AR BRI, T E R 2k 3
A, LTI R A i B b A
fiE, (EARIRA /INE T E R BB s (1 1),
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232 A BAENT I Alpha ZAETS
AR

4 38 40 A F 5 B 48 5L Chaol . ACE 43 #T 3
M, [Al—Jifis% &~ Chaol Al ACE #ZEF1H HB>JB .,
HA>JA, H v HB 4t B Chaol F1 ACE 1§ %t & T
CK, 79I CK & 1.06%, 1.02%, {H25% K 5%
(P>0.05), 1M HA, JA, JB 4k BE Chaol I ACE $§
BOAS [ B2 BE HL I F CK; [/l — i F 5 20 R, Chaol
FACE il s ¢ 5 1) 384 I 34 . 2 FF 1 f8 4L
Shannon 73T 2B, TR b #1557t &b B[R] 1 338 20
WP T 2R (F4),

F 4 FEEWRSEI TIBME Alpha SEFEREEASN

*“"HB =]JA ®]B

S Chaol $5% ACE 5% Shannon $5%%
CK 3798.11 +178.41a 4 048.89 +202.33a 10.52 +0.11a
HA 3534.11 +472.68a 3661.16 +453.54a 10.44 +0.16a
HB 3838.20 + 121.20a 4090.23 +241.07a 10.53 + 0.09a
JA 2 798.00 + 36.05b 2 887.35 + 189.66b 9.29 +2.24a
JB 3761.06 +314.83a 3935.90 + 288.84a 10.55 £ 0.10a

233 YR FEVE 4L 8 NMDS 3 #7 &2 UPGMA 2K
ST

NMDS 43 #ff % B}, CK 5 HA, HB, JA. JB[f]
PEBSE R P HASJASHB>)B, Hit JA 5 JB AH
1M HA 5 HB #4231 ( B 2), UPGMA 2
SrFTRM, CK 5 JA. JB#ER A —A433, 1 HA
—A3 (E13), Ut CK 5 JA. JB[H]
B R 2 SARIPE R T CK 5 HA . HB [l 4 e

i,

HB #EH

JRAR M

10| 1o
0.5
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X
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CK
[ ]
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CK \ _
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= m — g
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0 02 0.'4 06 08 10
VAT e
B3 TkE _ERIRE AN E B A
2.3.4  FBEEPACIAH G JE XA W % A e

s (JAL IB) R, H5EAREAH X HE IR
TSR TE TR 8 ( Nitrospira ) WA= 9y 5 i FH - B34 A0
misen, iR (HA. HB) HXF 52k, H
1 HB A PR A0 SR TE P AS R R B M AIG T CK B

TAM I, I CK A 20.1%; HA. JA. JB &b FR 6§ 1k
IRTE R JE = T CK, (HERAEE (P>0.05), 5
Tl AR AH G T I 1T A B R (Arthrobacter ) 7E P Fl
Jiti FH 2T 359 3 B+ I A 400 i P £ %) 348 Jon i 34
hns A —he 8T, AL BRAY 0 R T Uit
AR, Hob HA. HB. JB 4B 40 JE W T CK,
O3 91 CK 35 2.6% . 10.8% . 9.8%, 4% &b H ]
5 CK A Z S AR, JALHEY ks D ERT
CK 32.6% (P<0.05). 5#ACIAH ¢ & B e
J& ( Pseudomonas ) & Ii]— it FH 7 =0 N K/ANHEF R
HASHB. JB>JA, [l —jifi H & T, TR Jifi &b 2 {7 5
MBI & T/t Ab 3, o HAL HB. JB &b # i
HEE & T CK, 439l CK & 160.2% ., 73.2% .
16.8%, HA 5 JB. CK 4bHi[a]22 5% B3 (P<0.05),
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{25 HB Ab # 6] 22 5 A % (P>0.05), JA 4b B
e & H CK 1§ 34.7%, (HESREZ . &4b

PR 24 P A L & ( Sphingomonas ) | 4% %5 1 J&
( Streptomyces ) ¥IToREZER (£5).

RS RBEHRACEESCE R X A4 A IR O i R

e T P AERTE  J REE T e L R RS R [EE U
(hEfeanT ) (filei ) (filkis ) CHiest ) (fs)
CK 0.004 97 £0.000 7ab  0.004 27 x 0.000 4a 0.026 9 +0.009 8a 0.005 61 0.003 1a 0.003 69 + 0.002 Ob
HA 0.00537+0.0008ah  0.004 38 x 0.000 3a 0.016 5 +0.001 5a 0.002 04 £ 0.000 3a 0.009 60 + 0.003 2a
HB 0.003 97 = 0.000 3h 0.004 73 = 0.000 8a 0.0159+0.002 5a 0.004 11 +0.002 4a 0.006 39 + 0.003 4ah
JA 0.006 14 0.001 5a 0.002 88 = 0.000 1h 0.015 8 +0.002 9a 0.003 77 + 0.003 9a 0.002 41 + 0.000 4b
JB 0.006 18 = 0.001 Oa 0.004 69 + 0.000 4a 0.017 3+ 0.004 5a 0.005 37 +0.001 4a 0.004 31 £ 0.000 2b

2.3.5 RDA TRt

RDA TUAY 53 M e W st 27 H A4 5% (R -7 X A 5
XM REREEE, 2R Z A Je ARSI ER
Z I AR DGR RN, FLrh B A SRR A R R IE A
K, HAFRAER, HiMFRAAC, MHLn
KA FLIRBE N T X HF 5 X G A i R T, Bk
MK, R K. R 4T, i
Bl A (AN) . AL (OM) . R (AK) K&
pH JZFZ0A -+ A R AR S5 P OGS 50

P=0.057
4 T T
T
s 1o
] : oCK
N/ : AJA
9 | ‘b
ok + =
a 2 JB2 ©HB
-4 Jﬁz 1-1
: X
-6 1‘21 HA2
1 1 1 Il 1
-4 -2 0 2 4
RDA1 (11.66% )
B4 TEMAFEEBEREHSIERETR RDA 947
3 g

=~

IR ALBREE R ik . RIEAK P, [
AR AW I PE AN B AR RE 1. BRSO BEseA:
AR T R L A LT A
P, AR IUEAEYI R IG 1A HUR o it

A

i

mE

o, —Jrm, AV RA S E—FE S A YUK Y
[, 7, Al LR s S A i W
AE 1o AWEIEIR LI, it A= W) e 5 1 HE 25 A
pH 2 TR, Wae 5 E Y B 2L K5+
BN R R A G

B, FROCRME MY E KD ESFRTTR,
e FE LR LA AEE T, Vanek
2 SRR AR N, A S P R A LA A
W AEAE, MAME ORI A . 21 2280, R
s 2 20 S A 11 2R A O R S 3R 43 R
M, ZH X AR AR B A BB . BN 3R
S 61% F1 66%, SR . #1553 1 F H #4
8% F146% ., AiXEAIEAG Y, AEYIKRE,
5 CK M E, HA. HB. JB AZbFRAR R R BE A4 5 T
Sk, B CHE BT EE (Arthrobacter ) Fl
BHMEE ( Pseudomonas ) BYTEBEECE, RS
TEMEE RS SR E, LI . AR
B BT LK I S . B L e
AT RO AR . B B S R
HB>HA>CK>JB>JA, RGALIL T/ itab 3, HA
Wy S b AR, XS T TR VY s
SERA—EL, ATRESEAS IR A A R A 25 Sk F A
TARFRZER A5, R BE R A Y5 ik
. R R AR

AR FLAT W B, BRREAE TR BT S IS A i
PR SR, 46 R A s AL RB A IR B R4 B S
SEAOLE, IMHRIEE R, MRS . AT
SER I INA Y o b 2 4 v 1 490 Ak SR R R
WEREIETE, SAHISEZE FAIRL, BIgEEss Y g
FERVD L Pt A= ok e SRR . AL A
M, PTRER RN AE R T I & T 1
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AL, BEARMUEYRG SR TRRESI T, Woh
e R o N S i )it 7/ N T(TE 1 = e wt - SU K 2
AR A TS o DR MR Ak 5 i AL R e T
JEARFE AL, JB &b BT DRl 5 P A L0 R TR
B, HB AP N WH A, HAEEGIE Y 11
AR =, B A Y AR A AR A,
A=W Wit T O 2 e T B AR 2 T A [E) 4 A
IRMAL RS IR, EAtE2E, RS 1L
WRTERE & ( Nitrospira ) VEN—FUF SR AN 1L i ik
R R TR AEAL B

5 F 9% 2 W A= 0 Do 118 22 LA Sk 7 IS 18 Wi o
PE R BRI B KOS SR T R R EREE
Shannon $8 % 3k i i 41 56 B 75 10 2 BE %, M0
Chaol F1 ACE 48 £ F >R Al 1+ 4 31 B 25 rh W Fh i) =
W, AR, A JA A3 chaol A1 ACE 45
B F AR T CK AL B, H: A A4b # chaol . ACE FlI
shannon 8405 CK #H ¥ L o & 22 5%, {HAER—
Jiti 1530 F Chaol . ACE 8 5 bifi A 4 5 it -2 1 188
PRGN, A W e 2 T 2 R T T RE L A v]
DL S0 B 2 0 A A BLER R NH,', S A P e 1t
FEREME YRR, MR R g L
FEI P B SEAS RN A W AR G TR T A
AW R RS R Z AR . ARWF ST HEAT NMDS 43t
K UPGMA R4, CK 5 JA . JB [l AH L
PR T CK 5 HA . HB [BIAARRUME:, ULEAZE P iR
Jite T A AR M AR - A B RIS 25, PTRESE
TARMRMT, IO, 2 T HEENES
PE, MRS RAREDE A, T R R
BX, diEsR, HRRERARRE—P.

PR B e 2 U S RE, BENS
Jit I+ 1837 0 . pH SEANFL AR AR A, AT
J2 e M R A A4 T it A e T AT L
Herh AR R A5 A AR, T HANA R 451 5
3 pH B IRy WEMIDE N AHST R B
fif A . AP, S & pH 5 1 BEAN TR R VR 4514
B VIRG, S AN R S50 K AR AR 3
BRI T

4 Hig

TEEANA R IN T AP AR AL
P RO . AR, BRI T LA
HA pH. £ 6 HUR A My it 5 2Rt A A5
HB (IRt 5% A=Wyrx ) AL+ SEA LRI 3R o

(O 2. AR . BURCEP ) & MORERERE . AR
b SR I PEAS [ R B ) v T LB AR 2, HB Absn]
DISR S AN R, (X ZREMER AN, ik
WEE AT TR A it AL B AR v IR A B, i
1 2 AT R R P i TR AR A R TR Ak 3
T UL EL, UPGMA JE2E50 4T % RDA TUA
FEUATR A= 1 ¢ I AR B - St A= Wi AL R AN 25 4
BB H BN, A . AL,
B K pH 5 AN R TR S5 F A AL B VA 2K .
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Effect of biochar on nutrient, enzyme activities and microbial diversity of rhizosphere soil of grape seedlings

HE Xiu-feng', ZHAO Feng-yun', YU Kun', YANG Xiang’, WANG Jun-wu', YU Song-lin'"" (1. College of Agronomy,
Shihezi University, Key Laboratory of Characteristics of Fruit and Vegetable Cultivation and Utilization of Germplasm
Resources of the Xinjiang Production and Construction Corps, Shihezi Xinjiang 832003; 2. Institute of Horticulture,
Xinjiang Academy of Agricultural and Reclamation Science, Shihezi Xinjiang 832000 )

Abstract: The objectives of this experiment were to study the effects of different application patterns and amounts of hiochar
on nutrient, enzyme activities and microbial diversity of rhizosphere soil of grape seedlings. The experiment was done by
taking I-year old “Frey” grape seedlings as test material in pot cultivation, and five treatments were set up according to the
biochar application pattern and different soil biochar contents. The results showed as follows: Compared with the control
(CK), biochar mixed (HA, HB) and hole application (JA, JB) patterns increased the contents of rhizosphere soil
organic matter, available phosphorus, available potassium and invertase, catalase activities, but soil bulk density and
pH were decreased slightly. Under the same application pattern, the contents of rhizosphere soil alkali hydrolysis nitrogen,
available potassium and invertase, catalase activities increased with the increased of the application amount of biochar; under
the same application amount, the contents of rhizosphere soil organic matter, available nutrient ( alkali hydrolysis nitrogen,
available phosphorus, available potassium ) and invertase, catalase activities in mixed application pattern was higher than
those of hole application pattern, and among the HB treatment ( mixed application of 5% biochar ), the extent of increasing
of rhizosphere soil organic matter, available nutrients contents, invertase and catalase activities were the largest, which
were 73.7%, 19.2%, 42.3%, 20.8%, 10.5%, 8.6% higher than that of CK, respectively. Alpha diversity analysis of soil
bacteria showed that HB treatment improved the abundance of bacterial community. However, it had little effect on bacterial
community diversity. The number of Nitrospira in hole application pattern was higher than that of mixed application pattern.
However, the number of Arthrobacter and Pseudomonas in mixed application pattern was higher than that of hole application
pattern. UPGMA clustering and RDA analysis indicated mixed application pattern had larger effects on microbial community
composition and structure of rhizosphere soil. The alkali hydrolysis nitrogen, organic matter, available potassium and pH
had great influences on the variations of bacterial community structure. In summary, our results indicated that biochar mixed
application pattern was better than hole application pattern to influence the rhizosphere soil nutrient, enzyme activities and
microbial diversity, amongthem, HB treatment was better.

Key words: biochar; soil nutrient; soil enzyme; microbial diversity; grape



