H41% 1 [ T S 2 & Vol.47 No. 1
2018 4£ 02 H Journal of West China Forestry Science Feb. 2018

doi : 10. 16473/j. enki. xblykx1972.2018. 01. 012

- SR e 4 DR R 0 4 0 4 R R R

Ramgr', FRAE, pPEFE, A&, F4
(1. mrEmlEERE, =m B 650201; 2. mmEMlbA E LY AKRER, =/ EW 650051)

FEE . ERITR ARG 2 20 D R L S REE PR (W AT, DL B SCIB IRl 6 1 b ) B 4 0 S B IR
BTG MR AT S, SR R B T RIS P A 1 53 2 MO R R R F T, A TSR LR
Tif A4 A1 P9 ) - S TIR B A DGR AL R T, IF 4007 T 385 DG IR b Ak B JE b B 55 vl JUR Bl 035k 2 T R R 2 R R K
BN, SREW, TSR, AP, BA& . C/N, fERIRE T TOHLES iR T R T iy SCHB
HZE, HEHEAEVUR, C/N M ENREE A R E B MR R, i 2R 50 2R 165 tRNA W7, L3 e
201589 PIRTGTE AN, JERER T TR AR, TIESCRMREEIT A Rt rh 2 B0 3 177 8 J& 9 FlJIRTEG 1% 4 40
B, AIET TR, P T M SR I 2 FhAm A 7E 2 FhATRE (B 4 3 Je 1 S G R IR BTG P AR v
SSE Y 2

IR . AR REEIEE; RN TSR N

FESES: S154 XERFRIRAE. A XEHS. 1672-8246 (2018) 01-0065-09

Regulatory Factors of Soil Urease Activity and Phylogenetic
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Abstract; To explore the feasibility of using urease activity bacteria to control soil urease activity, soil, urease ac-
tivity materials related and non-related soil were used as materials, soil physicochemical properties analysis, ure-
ase activity bacterial isolation and phylogenetic analysis were used to analyze soil physical and chemical properties
including soil urease bacteria and the diversity of soil urease activity bacterial. The results found that the effective
facters of soil urease activity were the number of urease-active bacteria, the content of organic matter and total ni-
trogen, C/N, et al. Especially, the number of urease-active bacteria, the content of organic matter and C/N
were directly effective factor of soil urease-activity. The diversity of urease-active bacteria was studied based on
16S rRNA BLAST and phylogenetic analysis. The results found that there were 9 species of urease-active bacteria
in soil, and belong to 5 genus and 2 phylums, the majority of urease-positive species were in the Firmicutes. In
urease activity material associated with soil, 9 species of urease-active bacteria were found which belong to 8 genus
and 3 phylums, the majority of urease-positive species were in the Proteobacteria. Only Alcaligenes faecalis and
Pseudomonas aeruginosa were found in both two materials.
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I, SECEFRERBURY S DIk, fa e 45 1
JIR B A AR 55 AR AL PRI

LRI - SR P 1R A BIF 5 22 4 v 1 i) - 3 v it
FIAE AR RG], Rl ZE R BEBGE L , 2R
T3 22 P B 2 7™ A BRI 3 e el R A,k
WADLE, R, &, EmRA ., B, 1R
pH FIEE 4 Ja 25 ¥ 55 1 48 BLIL P 5T © 1 2 ORI 5T ik
W2 LSRG P S e R TR R A AE
ek N T SR TRy e o 7/ B R d e = L
PR e, WWHA BRI BRI, R
1713 1 AR % P4 200 - SR 05 P P S BB i A
WA, JORIG A 20 0T - SR At A AL S i O B
FUM B 25 o 20 A L A B B R M T 1P
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AL ) S DR TR 2 5, BERE TR IR 2 I
WAV eSS, RET BUENAE R ETE, HEnT
T AN AN AR P 135 11 200 1 901 L SRR P T A
P, DR SRR TR B R A, AN, HE—
AT - SRR P 200 T 2 A A At A 85 1) JOR R
ARV AL, RE DR AT ST A T R A P i 55
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1 BRI 5 B R T %

1.1 ks

(1) B3 TEmmpma R RN XK R
(26°19'28"N, 102°53'21"E) B#HLEEH 20 B4k H
[ BUFEVEY) F 2 MBS (Lathyrus splendens) . 3 |
( Raphanus sativus ) LA ) 3¢ ( Brassica chinensis
var. oleifera) ], HEHRACH R 538 Xk, #HEHLS
AFERL, B RIRE AR Sem 28, HJEHIZ O
~20cm YT SFERE S T SRR vh S R A 2 LR
HREa, A 20 BIfE, B BHMAEL 4

RIFE (500g) ETHRLEH, A7 N SC % 5T
4CHURAE P ARAE

(2) THOCHAIRBEIG EA R TEn M E R
BT )X R R (26°19728”N, 102°53'21"E)
WRAGE (5 1) . Sh3&fE (X9, M. 93,
FFEFN I 5 ) L RHEME (5 ) FIRIE
(517) .

(3) TIFETCOCHRMR B IG PR AR SRR T R
AT D B 1 TR LL AR A0 TR I IAYE Hh 2 P DR 1k
AT R, 325 iy AFFZERER i
ZEE [ FEE LY. K% (Elephas maximus) |
FU (Vicugna pacos) . $BE (Ursus arctos) . Hk
AE ( Helarctos malayanus) . #< At 8 ( Panthera ti-
gris) . i ML FE ( Panthera tigris) . & ( Pan-
thera tigris) . KB E ( Giraffa camelopardalis) . B
RE ( Elaphurus davidianus ) . 46 R ( Cervus nip-
pon) FLiF 101437,

1.2 TEBEAERSHT

R I R W bk e 0
AN IE S HELIRIE AL, SR )5 NaOH HE17 2518,
He il ad 25mmol/L 1 H,SO, #1762 (IR TS =~
U RS FORAN S ZUH 2mol/L ¥ KCI 3
PRI, JE b T AR s R LT &
28 FHEE A MR 25 itk s 098 pH W2 R pH
THETER ™,

1.3 REGEMARES BREMTSEEST
1.3.1 i3k

LB }E S 5t EELRERIRY 10g, & MM Sg,
NaCl 5¢, 7K 1L, pH 7,

PRVEF- B s IR HE R 3g, A KE 20g,
KH, PO, 2g, NaCl 5g, MgSO, 0.1g, Na, HPO, 1g,
JRZ 10g, IRHEIZI0.1g, BifE 30g, pH 5.5,

PR R R R R 2g, #IAHE 10g,
KH, PO, 2g, NaCl 3g, MgSO, 0.1g, Na, HPO,1g,
JRZ 10g, HEBERLT 0. 1g, Bl 30g, pH 7.0,

BRPEEAR AR 2g, HIEHE 10g, KH,PO,
2g, NaCl 3g, MgSO, 0. 1g, Na,HPO,1g, JRZE 10g,
HHEEER 0. 1g, 35 30g, pH 10.0,

NH,*-YE ¥ 37 4 BBk 3g, 4 M 10g,
KH, PO, 2g, NaCl 3g, MgSO, 0.1g, Na, HPO, 1g,
NiCl 0.01g, JRZE 10g, A HEBIBK 0. 1g, Efk 30g,
pH 6.0,

1.3.2 GRRIITE
SRR St R i 9 A TR O R SR R RO
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WL FRE g Bt R AERESL BT 10mL 70% FERE
W, 30°C, 180rpm 2% K5 9% 30min, J5HUH B
L> (500rpm, 1min), B VS KEKFRREE 107,
WRATRYE . R FNERM AR, AP, RS SR
FeUrA 3 1L, 30°C SRy sF R E RIS SR 7d R EUE
G €8, B 2T 5 2 Bl 1 TR 95 Rk, T PR IS €8 TR 95 A
LB 5555k Ftfraifh, aifbimyg e NHY -YE 55
FRIE LA — A e, A A I e AR A R
A 10 41 BT D) 65 2 O R TS P A A S R
TR G - /NS I 4 AR 4 N R i
(CPU) = X EIx500,
1.3.3 R T8

R 3% PR 40 B B9 16S rRNA I 2 FH LB SE-#
I Ak K B 05 PR B AR, R EER R LB E FR W,
180rpm/min 5Z3% 15 5% B X EY, B 2mL B O
WCHE AR, AN LN 2 DNA $2BGR ) & e e
VRIS EUAHTR S DNA . 478 & DNA 4 78 ]
5191 (27F & 1492R) #47 PCR ¥4, ¥ BIAERN
50pL (10 xPCR Buffer 5. 0pL, dNTP Mix 4.0pL,
Primer — L 2. OpL, Primer - R 2.0uL, 14t DNA
1.0pL, rTaq fif 0.5pL, DD H,0 35.5upL), W
252 95°C WS Smin, 95°C 281 30s, 55°CIE k
30s, 72°CHEMH Imin, 35 MEFR, 72°C ZEfH 10min,
PCR 71 1% BB B RE I o Uk o8 LA, 2
MY PCR 7“9 F DNA BEARHE Rl e, [kt DNA
HEHE PMDIS =T Jiiki, Jf# 1L =2 Escherichia coli
DHS« Jii, #Edbatfe IR SE s e "), 4
JRAE NCBI AT HEXE, DA% a2 MR B 305 1 40 1 %)
%,
1.4 Hit4ABRREEEEARSISREYFHESHE

54

BEFIEE S ERIFRE 1g BT 10mL 1% R RIF
B, 30°C, 180rpm/min E3% & EEESE 24h, BUH
JERE 5], W ImL BE S R AT B0 (500
rpm/min) , B VSR ImL K EKEBEZE 107,
B 200 YR AR . v e A, AERRAR A
FERPIEFRFERAT 3 ML, 30°C WS S HE IR G 3% 7d
&, PREASAEETALE LB B R i Taiqk, gk
FITEVEFE NH, -YE 5373 LB 9% 3d FR%EE, 7~
A A ()T 72 A R 5 2 A 1) 240 7 D) 48 7 A i il 1
PEANGE, IR M 40 B 20% -30% B H R T
“20°C #1795 A H

JIR S AN ) 16S rRNA I 5 78 7 B4 IR A

L3RR TR TE
1.5 HiEsHh

T A BB AR ST o A R T IE AR S
AT 25 MR I, AT A IE A5 10 0 50
log (x+1) FEATPRUEILALEE SR SPSS 16. 0 # 4
SEREUIE )5 22 70 1 . SNK 23 #r . A& B,
AR E B AT A BT 55 e 1150 1. 16S tRNA J3 57
BRI F ] EzTaxon F1 BLAST %4347 78 28 4 {1
PESHT, SR Clustal X #8172 250 L i, It
FH MEGA 4. 1 A7 R Gk G 3 Hr

2 HREHH

2.1 TERMEMMXEER

SRR O B IR B TS A B A R SR 1, R
1 AJHn, SR MRS T A 4. 43-45. 70U, P34
16.64U; T3 HLET & &2 21. 24-73. 58mg/ g,
)R 37.68me/g; HIEM)EA SRR 118 -
1.75mg/g, ¥ & 1.45mg/g; +HEM C/N &
14.35-42.05, V¥ E 2524, +IEMNEE o5&
£ 10.69-16. 44ug/g, R 13.07png/g; HIER
TSR AR B T & & 02 5.61 - 44. 77pg/g, T35 02
17.75ng/g; T HEMY TCHL A & i J2 20. 06 - 58. 72
pe/g, P& 30. 82/ g; 438 A DR TG 14 41 R £k
& 3.24-18.15 x 10°CFU, FH¥ 2 7.82x 10°
CFU; 30 pH {HJE 5. 60-6. 54, FHJ/E6.09,

H 2 AT, SRS PR A R A L
(r=0.747"") , LMOAGHE (r=0.985""), -
HEC/N (r=0.624"") | TIERNBRARES TIRIE (r=
0.914" "), HIETHATE (r=0.862""), 1%
IRBES PEA B (r=0.976° ") H AN B EIE
FeME, F+3% pH (r=-0.606) 1+ 355 11
E (r=-0.114) EHAMLCR, HARBEEFH
IKF

HH 3 AT, - SF DRI M 5 e PR A R
By, LEAPREE (17577 ), BASE
(=0.105). C/N (=1.370"") . %M B 7 e &
(-0.506) . EMRARES HE (-4.324)  TCHLA
T (4.071), & B0k Mg ME AW &=
(0.835° ") FI+3HE pH (-0.056), Hih+HEAH
Jr o, C/N R - JE DR T 05 1 200 T 45 o o - 4 ik
it A ) L ) 38 A i 2K
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Tab. 1  Soil physicochemical and biochemical properties

o UA oM SN NH,"-N NO, -N MN Bacteria

=] -1 -1 C/N - _ -1 3 pH

= /U /mg - g /mg - g /ugc g /uge gl /Bt g /10°CFU

1 45.70+3.15 73.58+4.73 1.75+0.13 42.05+0.46 13.66+1.05 44.10+2. 11 57.76+3.16 18.15+1.41 5.60+0. 08
2 33.62+2.29 67.51£2.48 1.67+0.13 40.43+1.56 12.83+1.11 43.01+2.17 55.84+3.28 16.25+1.26 5.79+0.08
3 25.93%1.75 65.99+3.83 1.72+0.13 38.37+0.66 13.95+1.06 44.77+2.15 58.72+3.21 11.35+0.96 5.76+0.06
4 24.14+1.32 56.89+3.55 1.65+0.12 34.48+0.44 12.14+1.06 41.37+2.92 53.51+3.98 11.12+0.94 5.92+0.07
5 22.26+1.14 51.58+3.74 1.6120.12 32.04+0.08 12.34+1.17 16.80+1.15 29.14+2.32 9.52+0.81 5.83+0.06
6 20.24+1.49 45.51£3.55 1.57+0.12 28.99+0.09 13.03+1.20 11.79+1.95 24.81+3.14 8.12+0.69 6. 14+0.07
7 19.95+1.47 37.17+2.48 1.5020.11 24.78+0.21 11.21+1.26 17.30+1.99 28.51+3.26 7.83+0.66 6.25+0.04
8 17.60+1.12 23.52+1.74 1.53+0.11 15.37+0.02 12.38+1.92 10.23+1.07 22.61+2.99 7.15+0.65 5.90+0.08
9 16.37+1.59 28.83+2.48 1.54x0.12 18.72+0.21 10.69+1.13 16.55+1.54 27.23+2.67 7.65+0.48 6.29+0.05
10 14.47+1.11 21.24+2.48 1.48+0.11 14.35+0.60 13.12+1.23 15.37+0.53 28.49+1.77 6.17+0.66 6.37+0.03
11 13.65+1.01 39.45+2.47 1.45+0.10 27.20+0.33 15.63+1.19 11.77+1.51 27.40+2.71 6.79+0.64 6.08+0.03
12 12.60+1.51 23.52+2.73 1.37+0.11 17.16+0.71 14.06+1.51 9.20+0.73 23.26+2.25 6.52+0.68 6.43+0.03
13 12.49+1.61 32.62+2.46 1.42+0.10 22.97+0.02 16.44+1.48 12.76+1.37 29.21£2.85 6.97+0.51 5.92+0.08
14 10.58+1.06 33.38+1.36 1.35+0.10 24.72+0.89 11.96+1.18 10.88+0.97 22.84+2.15 5.23+0.57 6.21+0.02
15 10.41£0.91 30.00+2.73 1.31+0.10 22.90+0.37 11.65+1.14 11.72+1.13 23.37+2.26 5.88x0.56 5.98+0.05
16 9.44+0.78 25.79+2.48 1.27+0.10 20.31+0.43 12.37+x1.24 8.46+0.89 20.83+2.13 5.73+0.40 6.43+0.02
17 7.1420.58 22.76+2.55 1.20+0.09 18.96+0.71 13.02+1.20 8.14+0.84 21.16+2.04 4.14+0.42 6.49+0.03
18 6.19+0.54 21.24+2.48 1.23+0.09 17.27+0.72 11.80£1.25 9.03+0.92 20.84+2.17 4.33+0.41 6.54+0.05
19 5.52+0.73 28.83+2.45 1.24+0.09 23.25+0.26 14.45+0.98 5.61+0.86 20.06+1.83 4.16+0.41 5.98=0.04
20 4.43+0.58 24.27+2.31 1.18+0.09 20.57+0.56 14.77+1.15 6.14+0.98 20.91+2.13 3.24+0.32 5.97+0.03
A 16.64+1.29 37.68+2.76 1.45+0.11 25.24+0.47 13.07+1.23 17.75+1.39 30.82+2.61 7.82+0.68 6.09+0.05

e UA A HIERYIREEG M, OM M AHLR &R, SN MEASE, MN N EHIA &, Bacteria JIKEHGMEMEEE, TR, «=0.05,

®2 TEAFURATEREEEEAEXE

Tab.2  Correlations between soil chemical property and urease activity

E3 UA oM SN C/N NH,*-N NO, -N MN Bacteria
oM 0.747""
SN 0.985"" 0.758""
C/N 0.624"" 0.963"" 0.624""
NH,"-N -0.114 0. 029 - 0.086 0. 092
NO; =N 0.914"" 0.751"" 0.914"" 0.638"*  —0.167
MN 0.862"" 0.750" " 0.856"" 0.653"" 0. 060 0.958""
Bacteria 0.976" " 0.791"" 0.977"" 0.662"*  —0.095 0.916° " 0.869 "~
pH - 0.606 -0.735 - 0.650 - 0.687 -0.266 - 0.568 - 0.630 - 0.645

T WBRGMRREL, = *« FRBEMKF a= 0.01,

x3 TEMERMNTRREEENERRY

Tab. 3  Path way coefficients of soil properties about soil urease activities

HE OM SN C/N NH,*-N NO,"-N MN Bacteria pH r
oM 0.181""  0.753"" 0.039 0. 368 -0.302 0.058 0. 009 1.755" "
SN 4.4427" -3.385"" -0.365 -3.114 2.864  -0.119 -0.081 -0.105
C/N 1.307°" -0.240"" - 0. 060 -0.562 0. 482 -0. 068 -0.017 -1.370""

NH,"-N 0.339 -0. 129 -0. 301 -8.648"" 8.626°" 0.046 -0.067  -0.506

NO;"-N 0.042 -0.014 -0.037 -0.113"" 0.996" " 0.006 -0.007 -4.324
MN -0. 035 0.013 0.032 0.114"" 1.002"" -0. 006 0. 007 4.071

Bacteria  3.116 -0. 008 -0.265 -2.143 0. 286 2.833 -2.754 0.835""

pH 2. 005 -0.727 -2.106 - 1.705 -12. 813 12. 817 -0.032 -0. 056
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Fig. 1 Component plot in rotated space of effective factor

TR TR 1, BE AT, R
PURS R, BASE ., /N, WREE TIkE, T
LR S, SRR I 40 B 5 0 1 3 pH 7R 2R
— T (B — RR) EABRKRNE
faf, AP SR, BA SR, C/N, MR
HRE PRI | TOHLAL S R A IR MR 15 2 200 o 4
RIE#EAT, 148 pH A AT BB R TS
ZOAHETF (BTSSR B BRI IE R,
SERULIA AT LUEA ML & 155 7 A HEREGE G
WRHEFZEER2 KEER, 128 (B1PgE— W
SRR ENREG G P R R, R AL A
., SATE ., ON, MRRETFIRE, TILA.

100| KF 208487 R
mDI,"ﬁ'nibaa’Eu s fusiformis IARI-DHD-45" KF054798

KF208472

29
KF208471
i *%| [KcF208475

14 pH A IENREG TS R A AR S, X ERE
HRE R LR B TG S 2 2K (1 R TR
M) ZRBEMNF R, MR FkE, XEHRR
FHRE A PR R AN T 1 Sh AV, i s E
SR LSRRI
2.2 TEREEMHAERZXESN

K 16S rRNA J351 7347 17 206 - SRRt 1
AT S o 13070 Bt b SRRt T 7 4
ETIEEBERE ] (Firmicutes) FZZIEF T ( Pro-
teobacteria) 2 RIEHE, JERER ] Z AT HEE (Ba-
cillus) . ZFHI/\EEREIE (Sporosarcina) FIZEIATIH
J& (Lysinibacillus) 3 J&, HAFF#E (Bacillus) A
2, YR ZE AT IR (B. litoralis) | ZEAUFTTA
(B. tequilensis) ; “F AT W J& ( Lysinibacillus) A 4
Fir, ar Al o0& RO A W (L fusiformis ) |
L. macroides . L. parviboronicapiens . L. xylanilyticus ;
FHNEERE R (Sporosarcina) H 1 Fij& /NS BRI
(S. pasteurii) . 5T 11 52 B0 WA BB (Aleali-
genes) FUECHABUTE R ( Pseudomonas) 2 &, #BJ&
R EARR, BRI AT (A. faecalis) FZRME
R  (P. aeruginosa) (12) ., 255 WIR 13K
PRI P TR P S AR SR BE R ), ) o A R T
TR, BAYRIRERN,

Lysinibacillus parviborenicapiens BAM-582T AB300598

Lysinibacillus macroides LMG 184747 AJ628749

Firmicutes

100 I ysinibacillus xylanilyticus XDBoT FJ477040

KF208477

100 KC456544

EF208474

9L Bacillus litoralis SW-2117 AY608605

10\ $porosarcina pastenrii NCIMB 88417 X60631

Bacillus tequilensis 10bT HQ223107

100 KC456582

L Alcaligenes faecalis subsp. faecalis 1AMI23697 D8S008
KC456531
100 Psendomonas aernginosa LMG 12427 276651 —

Proteobacteria

Cap

005

2

ytophaga granulosa LMG16022T CGU41347

TEFUSEREETEERNRELER

Fig. 2 Phylogenetic tree of cultural urease-active bacteria in soil
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WA, S FEE, REAEHRIE) h B9 Fi
HREEETEEAN T, AR T 1 Fh, IR
BEFFE  ( Corynebacterium glutamicum) ; JERERE [ T4H
W28, nl AR R BK A (Staphylococcus coh-
nii) FIRMERZERE (Staphylococcus xylosus) ; 7
T T LSRR LRI, LB i 2™
BRAT R . BEIREE SRI T ( Moraxella osloensis) FllZgk

JHeAB BA BT 45 6 B, S AL, iR R B
BTN, JEERE B T S UK B 20 B 10 £ S P
3 R 2N TR VA U 2 A R N SR AT A 7 R, (A
PERA I 1 8 X 4 3K B 0 A W A 4 K B O R &
B, MR AR T TR 1T 357 BT R AN e M1
BT 2 FRANE

F4 BREEEEKERSITR

Tab. 4 Basic message of urease active bacteria

ML BHLFEL
§ H R R G L X THOGR
) L SZE S S
Arthrobacter creatinolyticus ALK631 KC456596 99. 56 - - +
L E ] Arthrobacter crystallopoietes ALK041 KC456536 99. 49 - - +
(Actinobacteria) Corynebacterium glutamicum ALK415 KC456545 98. 94 - + -
Kocuria marina ALKO12 K(C456518 99. 02 - - +
DT T
¢J\ﬂ:[ﬂ K Mpyroides marinus ALK427 KC456556 99.35 - - +
( Bacteroidetes )
Bacillus litoralis fwzy4 KF208474 99. 17 + - -
Bacillus tequilensis ALK414 KC456544 99.91 + - -
Lysinibacillus fusiformis fwzbS KF208487 99. 86 + - -
NN Lysinibacillus macroides fwzyl KF208471 99.79 + - -
JEEER] I G
. Lysinibacillus parviboronicapiens fwzy2 KF208472 99. 57 + - -
( Firmicutes )
Lysinibacillus xylanilyticus fwzy21 KF208475 99. 85 + -
Sporosarcina pasteurii fwzyl4 KF208477 99. 41 + - -
Staphylococcus cohnii ALK007 KC456513 99.03 -
Staphylococcus xylosus ALK625 KC456590 99. 24 -
Alcaligenes faecalis ALK513 K(C456582 98. 88 + +
Klebsiella oxytoca ALKO33 KC456572 99. 16 - - +
Moraxella osloensis ALK412 KC456542 99. 14 - -
Morganella morganii ALK031 K(C456521 99.78 - +
s Proteus mirabilis ALK428 KC456557 99. 31 - - +
AL HI .
. Proteus pennert ALKS515 KC456568 99. 34 - - +
( Proteobacteria)
Proteus vulgaris ALK037 KC456524 99. 30 - - +
Providencia rettgeri ALK417 KC456547 99. 58 - - +
Providencia vermicola ALKO59 K(C456565 99. 30 - +
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Fig. 3 Phylogenetic tree of cultural urease-active bacteria in 16 genera
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