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/K (34°5'N, 105°82°E ), *2JH (36°0'N, 103°57'E)
5K (38°43' N, 100°40" E ) Z& A A Bk iR 56
X, MRIERURAED:, WS SRR, Bl
TR 5 AR Z A i IR FH O 431 PR B 1) A it o
AW HELehiz b Lm s #1758, KK, =
M RICREEX 0~20 cm )2 HIERN SR S 55
B4 0616, 0.356. 0.284 g-kg ', FHASE &R
“h 247.00, 28.80. 26.05 mg-kg ',
12 #ilREE

KB ( Botrytis cinerea Persoon ) ( Bc ). A
22%% % ( Rhizoctonia solani Kuhn ) ( Rs ). 224
JIW@ ( Fusarium oxysporum Schlecht) ( Fo ). J& %
B ( Fusarium solani (Martius) Sacco ) ( Fs ). jiii
B (Alternaria solani (Elliset G. Martin) Sorauer )

(As) HHIME L FE I B PRt

2 Rk

EREMSESER
TR A 55 AR R A 1R 9 53 B R FH B AR BT
MR AT IETE Ashby 355 5E EilbAT . MR A
IE . BURRZ) 1~10 mm IR, BT 3~5 cm Y
Bt, FEFAKMEE 1~2h, fETXEIRESTH 75%
PR RM | minJ5, JRRKUEGR 3~5K, HH
0.1% M THRIZ UL 3 min J5, JCRI KRR 3~5 1K,
W T2k, VI 5~8 mm F/NEE, AT Ashby
Rigpdk, 28°C, 1HEHETR 5~7d, FEOEmmERK
U AR 2Rk 4k 2 #E Ashby 55756 Tk 74l
b Faifbar bk A LB R b, 557 3 d
Ja BT UKFE 4°C {98
22 ERENEERRERESH

WS DAV B A 2R E . AR 41 TR 5L [ 41 DNA
PEPGAF A (AU ZEEERHCARA R ) BEIHEE
PATHVERL N DNA, XA TR ( L) BRhA
FRZF] 16S rDNA MIF, 45545 NCBI GenBank H-
(A EL 60 A A T R EE R, 0 A B o 28 3R
Ay FE R, N MEGA7.0 8, SRR B
B, MHERG K EM, Bootstrap {H 4 1 000,
2.3 IEFRUZE

[it] SRt 0% P e HRAZE ) [ AU (NITS ) ELISA
A& CTLIRE S S0 A BR A /) Ui B A5 4
FE 5 TRBERE TR FH e RV A RUE S b E =
o (Bl s 5 20 TAA BE 1R A e M B o sk Al
Salkowski i g Fb (7055 P

2.1

24 EBEREXEYREERMNERE

K RIS ARARED A58 53 2 I A 1 R R AR
JRECTE PR ST . ] LB WA RS R 5L 55 0 B 15
I E AR, PRI INE] ODgoo = 1 B, B
WS o 7€ PDA KR PAl h s 82 M A2 7 mm
AR W0 D TR T 22 8, A AT TR 3 Al Ak B
a XHE (JCARBE ); b oK IEACHFX IR (R £
PP 1.5 om 7 B HCE IR K IR WA IEARAR )
c FEPTIE (FEPA 22 1.5 om {0 B CE R E
RAFE W IEANSE ). 3 LI 28°C 15 5% 7~10d,
SREAMBE R . FRALFE b J J5 B e 45 A A st
e IEACA Ty 1A AL BE b S5 AT ¢ R R R Y TE
HAR, R, MR = (A2 b wiE 5
AR ¢ BYR ELAL ) JRbBE b YR HAR x 100%.
2.5 HHRAFHESE SR

KFREGES X532 SRR BE T T2 AP .
2.6 HEALIE

XTARAS BRI F SPSS 19.0 B3R 4T B K 25
F 24508, FEH Duncan [REEHT 2 E LK,

3 R E50H

EREEENSBREE
2% 16S rDNA PP LU AL, M 3 Al X 4%
R AR BR A 4 B 2 10 #R VA, A S HREN
3G, srEE 1 EHR (K1), H5iZEELE
Wk B s AR B AR Y 16S rDNA JE [R5 51 #4 2 1)
R EM (K1) £ 10 ¥FREsYE 8 1N&E 9 1M,
Horp, 3 ILA T HTZ1, HTZ2, HTZ3., HTZ4,
HTZ5 53 59\ iR R FF & ( Agrobacterium
tumefaciens (Smith et Townsend) Conn ) ( [A]JFAH 1L
£ 98.16%, T ). PN EMIEE (Sinorhizobium
frredii (Scholla et Elkan) Chen ) (99.82%). Bil-fiff1434s
¥R (Mycolicibacterium arabiense Zhang ) (98.88% ).
A5 VY RHB B PR P ( Pseudoxanthomonas mexicana
Thierry) ( 97.87%) 1 H A & #& 5 g &
( Pseudoxanthomonas japonensis Thierry ) ( 98.13% ).
MR KGR B X A A v 53 A o B AR B A 2 bR
TS2. TS4, )ELr4Eiliw s ( Cellvibrio ) FIE A
W& (Azotobacter ), $HINIE R Cellvibrio fibrivorans
Mergaert ( 98.17% ) 1[5 #5 [ % W ( Azotobacter
chroococcum Beijerinck ) ( 99.73% ), M == MM i 4R
F AR 53 Sy B AR EIAY 2 #Rk B HPS . HP10
5y @I FF B ( Enterobacter ) F1¥H 2 BEAT 17 &

31
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F1 ZEXHUMRRERESBEERSEERS
Table 1 Results and colony morphology of root-bound nitrogen-fixing bacteria from hybrid Broussonetia papyrifera

SrEML Wik R W& AR PR RIS
Collection sites Strain Separated position Colony dia-meter/mm Growth rate Colonial morphology
_ TEEY, RN, BEEF, FARIE
©2®  HTZI U 20730 ' Colorless and transparent, convex surface, neat edge, fluidity in later period
. Tt EFEY, Kihk, LSRN, JFHE R
o L2 1L 20730 =+ Colorless translucent, convex surface, irregular edge, fluidity in later period
_ AEFEY, RN, LGS
0®  HTZ2 e 05~1.0 =+ Milky white translucent, convex surface, neat edges
_ AANEY, KM, D5
o i 1L 05~1.0 =+ Opalescent opacity, concave surface, irregular edge
- TREAEY, RN, 25585, FEKIEREE
@ Lilss 1L 1.0~20 * Orange and opaque, raised surface, neat edges, very slow growth later
_ WREEEY, KIEOE, AR, BEARN, JEIREh R
O@®  HTZ3 e 1.0~20 T pale yellow and translucent, convex surface, viscous, irregular edge, strong fluidity in later period
. WHCRIEY, RN, AR, 8, RISk
OO®  HTZ4 e 05~1.0 T pale yellow and translucent, convex surface, viscous, neat edge, strong fluidity in later period
_ WEAGEY, KM, AR, DA, JEInRsh kR
O@®  HTZs e 05~1.0 T pale yellow and opaque, sunken surface, viscous, irregular edge, strong fluidity in later period
_ FLANEY, KEMKE, BEARN, JFIEEE
® L 1L 05~1.0 =+ Opalescent opaque, surface sunken, margin irregular, brown in later period
® HP10 S 0.5~1.0 - AAREY, KEWH, BEAIN, 50

Opalescent opacity, surface pleated, margin irregular,brown in later period

TE: O @ @2 RERAK, 2. IR X 2B EBA TS FRSZAAEME £ iRty EREE e+, .+ BR B R AT KB dg
AEL R, 48 hA RN KRR, 72 hN A4S, 96 hA S

Notes: @, @ and ®) represent Tianshui, Lanzhou and Zhangye experimental areas respectively. TS and FRS represent root topsoil and far rhizosphere soil,
respectively."+, ++, +++" respectively represent the slow, medium and fast growth in the early stage of the strain, the fast growth within 48 h, the medium growth within 72 h,
and the slow growth within 96 h.

91 |TS4
100 [14zotobacter chroococcum Beijerinck AZES [HM236046.2]
Azotobacter chroococcum Beijerinck subsup. Isscasi P205T [MK567896]

Cellivibrio fibrivorans Mergaert R-4079" [AJ289164]

100

60 TS2

76 LCellivibrio fibrivorans Mergaert 199SA03-N-12 [MN540796.1]

100 Enterobacter quasihormaechei Wang WCHEs120003" [MK567958]
HP5

95

98

99 |Enterobacter tabaci Duan LUPR60-15F1 [MN004841.1]
Pseudoxanthomonas sp. [MH703443.1]
100|_ 7ZY9

Pseudoxanthomonas japonens is Thierry 12-3T [AB008507]
86 [|HTZ5

86| Pseudoxanthomonas japonensisv Thierry NBRC 101033 [NR113972.1]
— HTZ4
75| Pseudoxanthomonas mexicana Thierry HX-NO1 [KF501482.1]
Pseudoxanthomonas mexicana Thierry NBRC 101034 [AB681338]
99~HP10
100 Sphingobium abikonense Kumari MS64 [MK696981.2]
Sphingobium abikonense Kumari NBRC 16140" [AB681054]
95 % 100,4grobacterium tumefaciens (Smith et Townsend) Conn GAU-00412 [MK611736.1]

HTZI
Agrobacterium skierniewicense (Pulawska) Mousavi Ch11T [KC442340]
99{Sinarhizobium chiapanecum Rincon-Rosales ITTG S70" [EU286550]

100

Sinorhizobium fredii (Scholla et Elkan) Chen CCBAU25509 [CP029451.1]
89lHTZ2

Mycobacterium fortuitum da Costa Cruz CIP 104534 [AF547924
100 [ [ycobacterium fortuitum uz [ 1
100 HTZ3
Mycobacterium arabiense Zhang YIM 121001 [KC010491.1]

0.02

e RS P OHSCAIEE Y GenBank 55, 43 XA E H IEFE SR Boostrap L FFR,
Notes: the GenBank login number of the related bacteria is shown in brackets. The number of the branch position indicates the support rate of Boostrap.

1 ETF 16S rDNA EEFFIHEM 10 &M RREREK R XL B

Fig. 1 Phylogenetic trees of nitrogen fixing strains from rhizosphere constructed based on 16S rDNA gene sequence
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(' Sphingobium ) , # I\ % & M = i ¥ &

( Enterobacter tabaci Duan ) (99.53% ) #l1 Sphingobium
abikonense Kumari (98.70% ), MIKIIEAR + 7055
1519 ZY9 WE TR PMEE ( Pseudoxanthomonas
sp.) (199.38% ). Lk b TR Bk 7 202 52 14 B AR B 11 43
MR AL L > mR+, WA REERE
(A M B BB TR R, 3k 3Bk, AR 37.5%,
3 AR X A SRR AR A 28R A A 3 PR
32 EBER.VEBREEFERESITMN

2R BRI 10 R A A

PeArfE2E 5, Horb, HTZ4 /Y [ 200G 0 M AR

(130.41TU-L™"), TS4 Mtk (184.511U- L),
TG T 4R 38 TO VA R T HLBE D RE 1, X HTZ2 i
TS4 fEZ & MAPIBER R L BLA BRI, DI 2
MR EA —E A PE (BBERS ) mRes) (&2,
#2), BoHEERARE, WAEKER AL
)3 5 R B TS4 W 3% K F HTZ2. BEH% 4 W
IAA IREIERAT 8 K, 5 B RS TARE 1Y 80%.
HTZ4 fl HTZ1 7= IAA BN AR, BiHEA
BEUR Y o W TAA MY RE T, 4 W i 43 3k 44.62
36.52 ngmL™', 5HAFE M2 SR E; HTZ4 W
W TAA 943 WA L HP10 U 29 20 /% (£ 2),

*®2 BERFEEREEE AP IAA BENHENER

Table 2 Results of activity, dissolved phosphorus and IAA production capacity of nitrogen-fixing bacteria

=N It A T RA LI BB FEIAA RO R IAARY &
Nitrogen fixing Nitrogenase activity/ Soluble phosphorus Organophosphorus increment/ IAA chromogenic TAA Increment/

bacteria (Iu-L™h reaction/ (mm-mm ") (pg'mL™ reaction (pg'mL™)
HTZ1 139.53 £+ 1.09 E 0.00+£0.02 B 0.00+£0.12C ++ 36.52+£0.69 B
TS2 137.40 +2.05E 0.00+£0.05B 0.00+0.02 C = 0.00 +0.00 E
HTZ2 163.08 +1.06 C 1.18+0.02 A 1.60+091 B ++ 8.47+0.29C

TS4 184.51 £0.66 A 1.37+0.06 A 315+0.31 A + 3.84 £ 0.24 DE

HPS5 153.05 + 0.60 D 0.00+0.01 B 0.00+0.22 C + 1.73+0.08 E
HTZ3 177.52+0.91 B 0.00+0.02 B 0.00+£0.17C = 0.00£0.09 E
HTZ4 130.41 + 1.61F 0.00+£0.05B 0.00+0.04 C ++ 44.62+0.70 A
HTZ5 166.58 +1.32 C 0.00+0.11 B 0.00+0.02 C ++ 7.74+£0.31C
Y9 155.64 +0.52 D 0.00+0.08 B 0.00+0.00 C + 526+0.17D
HP10 182.84 £ 0.55 AB 0.00+£0.10B 0.00+0.00 C + 226+025E

T RPHEEOTIE £ fRfER. FISIARRE P REERERREE (p<0.0D

A, M, 4.

3 PEIAARBRPIF . +. + 4+, ++ PR RRERL A, K

Notes: Data in the table are mean + standard error. Different capital letters in the same column indicated significant difference (p < 0.01);In IAA reaction,

"—, 4, ++, + + +" respectively represent non-discoloration, light red, pink, and red.

B2 HE#HTZ2 (A) F1TS4 (B) EREIENREESR
e-Sal: )27
Fig. 2 Phosphorolysis ability of strains HTZ2 ( A ) and
TS4 ( B ) on Montana organophosphate medium
10 [#] 280 BRDX A [ 4 00 5 DL T A A e A A
A (%3, B3, 4), IrfEEXS Be ¥l
FI, Bk HTZ2. TS4 1 TS2 %5341 4 Fh st 5w

W TEAM ORI AN, HA 7 RR B 2 B %
/0 2Pl R R R AT —E A RIER,
HP5. HP10. HTZ4. ZY9 % As. Fs. Fo ¥ 15t
fEF, HTZ4. HPS 435X} As. Fs B R Kk,
4 59M 50.00%. 47.37%, H:IK A HP10, X} As.
Fs 418505l 45.83% . 44.44%; HP5. ZY9 X
Rs WA HEHIER

WX B AR 10 AR A TR A B
B, WA RIS R . A5 AR
XPARMHAFE AR R IS 5, Hr, TS4, HTZ2 A
BEAE . W W IAA IEE S, (B EH A&
ML R T B BE /73 HPS. HTZ4. HTZS. ZY9.
HP10 BRICiwERE 15, BAARRIBRENEA . 77
W IAA . NIRRT Fs. As. Fo. Rs FIVEH, 1M
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Table 3 Results of antagonism between nitrogen-fixing bacteria and plant pathogenic fungi

Gl M Antibacterial rate/%
Nitrogen-fixing bacteria Fs s Fo Be Rs
HTZ1 0.00+0.12F 18.37+0.02 F 28.57+0.02C 0.00 0.00+0.11 D
TS2 0.00 +0.02 F 6.25+0.02G 0.00+0.11 E 0.00 0.00+0.19 D
HTZ2 0.00+0.11 F 0.00+0.10H 0.00+0.05 E 0.00 0.00+0.10 D
TS4 0.00 +0.08 F 0.00+0.02H 0.00+0.13E 0.00 0.00+0.01 D
HP5 47.37+0.76 A 40.00+0.44 C 11.73£0.25D 0.00 37.58+0.29 B
HTZ3 0.00 +0.05 F 21.55+0.32E 4878 £1.01 A 0.00 0.00+0.02 D
HTZ4 42.85+0.31C 50.00 +0.54 A 1176 £0.12 D 0.00 0.00+0.04 D
HTZ5 2519+ 045E 0.00+0.05 H 0.00 +0.08 E 0.00 40.74£0.13 A
ZY9 27.27+0.18D 37.50+1.65D 30.30+0.09 B 0.00 34.61+£0.96 C
HP10 4444 +0.77 B 45.83+0.76 B 26.82+1.33C 0.00 0.00+0.05 D

M ad B E XTI bR E KT o E A WAL E (T E). 7 Note: A: Fusarium solani; B: Alternaria solani
A: Rhizoctonia solani; B: Fusarium solani B 4 HP10 %**5%“%%@%?%%&3@%%
Notes: a: Pathogenic bacteria control; b Sterile water control; c: Nitrogen- Fig. 4 Antagonistic test results of the HP10 strain against
fixing bacteria liquid treatment(The same below). A: Rhizoctonia solani; some pathogenic fungi
B: Fusarium solani
B3 HPS Bk SHARERNERARER TS2 AA BRI EIARE S . Mith, XF 10 #RIE A
Fig. 3 Antagonistic test results of the HP5 strain against Bk 4 DT TESTEN (£ 4), HE4H
some pathogenic fungi 5 (LAUTEME s TS4. HPS. ZY9, HTZ4 Fl HTZS5.

F4 EREFUEEATEMNER
Table 4 Comprehensive evaluation results of nitrogen-fixing bacteria characteristics

B 4Ehr L FE{H Specific gravity value of each index
[l 3 345 Hi4

Bacterial strain e ALY & IAAB & I Bacteriostatic activity Score  Ranking
Nitrogen fixation ~ Organophosphorus increment ~ IAA increment Fs As Fo Rs
HTZ1 0.0318 0.000 0 0.330 7 0.0000 0.0837 0.1809 0.0000 0.0788 8
TS2 0.024 4 0.000 0 0.000 0 0.0000 0.0285 0.0000 0.0000 0.004 1 10
HTZ2 0.1140 0.336 8 0.076 7 0.0000 0.0000 0.0000 0.0000 0.1042 6
TS4 0.1889 0.663 2 0.034 8 0.0000  0.0000 0.0000 0.0000 0.1862 1
HP5 0.079 0 0.000 0 0.0157 02532 0.1822 0.0743 03328 0.1317 2
HTZ3 0.164 5 0.000 0 0.000 0 0.0000 0.0982 0.3088 0.0000 0.0555 9
HTZ4 0.000 0 0.000 0 0.404 0 02290 0.2278 0.0744 0.0000 0.1183 4
HTZ5 0.126 3 0.000 0 0.070 1 0.1346  0.0000 0.0000 03608 0.1063 5
ZY9 0.088 1 0.000 0 0.047 6 0.1457 0.1708 0.1918 03065 0.1305 3
HP10 0.1830 0.000 0 0.020 5 02375 02088 0.1698 0.0000 0.084 4 7
J#{H Entropy 0.868 8 0.4252 0.677 7 0.7090 0.7873 0.7353  0.5570

L HE Weight 0.058 6 0.256 6 0.143 9 0.1299  0.0950 0.1182 0.197 8
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Isolation and Investigation on Properties of Nitrogen-fixing Bacteria
from Rhizosphere of Broussonetia papyrifera Hybrid

ZHANG Jun, PENG Yi-nan, GUO Qi, WANG Pei-ya, LI Xin, YANG Hui

(Institute of Biology, Gansu Academy of Sciences, Key Laboratory of Microbial Resources Exploitation and Application, Gansu
International Science and Technology Cooperation Base of Microorganism and Plant Germplasm

Resources & Genetic Improvement, Lanzhou 730000, Gansu, China)

Abstract: [Objective] To obtain strains of nitrogen-fixing bacteria from Broussonetia papyrifera (Linnaeus) L’
Héritier ex Ventenat hybrid and determine their functional characteristics. [Method] The Ashby medium was selec-
ted as separation condition to isolated nitrogen-fixing bacteria from the roots and rhizosphere soil of B. papyrifera hy-
brid in Tianshui, Lanzhou and Zhangye experimental areas of Gansu Province. In addition, identification and phylo-
genetic analysis were carried out on the isolated nitrogen-fixing bacteria. The nitrogenase activity, phosphorus solu-
bility, properties of IAA-producing and inhibition of plant pathogenic fungi of each strain were determined at the
same time. Entropy weight method was used for comprehensive evaluation of the features of the strains. [Result] A
total of 10 nitrogen-fixing bacteria was isolated from the soil far from the rhizosphere and topsoil, which belonged to
8 genera, mostly Pseudoxanthomonas. Each strain showed nitrogenase activity, among which the nitrogenase activity
of the strains TS4 and HP10 was greater than 180 IU-L™". Only the strains TS4 and HTZ2 had certain phosphorus sol-
ubility. 8 strains could secrete IAA, among which the strain HTZ4 demonstrated the strongest secretion ability, with
an IAA increment of 44.62 pg-mL™". All strains showed no antagonistic effect on Botrytis cinerea Persoon, 7 strains
showed inhibitory effects on at least two kinds of plant pathogens. The strains HTZ4, HTZ3, and HP5 showed the
strongest inhibitory activities against Alternaria solani (Ellis et G. Martin) Sorauer, Fusarium oxysporum Schlecht
and Fusarium solani (Martius) Sacco, respectively, with inhibition rates of 50.00%, 48.78% and 47.37%. To sum up,
the strains with strong comprehensive properties were the strains TS4, HP5, ZY9, HTZ4 and HTZ5. [Conclusion] The
results of this study can provide data and references for further developing nitrogen-fixing strains with excellent com-
prehensive performance, multifunctional nitrogen-fixing bacterial fertilizer for Broussonetia papyrifera hybrid, and
promoting the yield of Broussonetia papyrifera hybrid in semi-arid area of Northwest China.

Keywords: Broussonetia papyrifera hybrid; nitrogenase activity; phosphorus solubility; I[AA-producing;
inhibiting plant pathogens
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