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B E:RAARRRARTHL . EXALAERAE/IXABATEARBE(FEH BH XG. 184
ACCCIOION) B AR (FHA ML 0.3 gN/kg LI)XNKRE EXEKRRAKERRANE N, 2REXH . 8 H
XCIEERGTHRINARRAERAER LA THLARB 19.5%F 131.6% ., AT HL I £E 174.1% %
205.4%;XC3. 1 A ABKREFEXRAFAMN AL A THIAEERRA MK & H AR T ACCCI6101; # # XC3.1
HEAARHEATHINEKURTAEA B TEAAREAPIXNAKARARAEA . HE EAGLHRT
HRE2.0%0% 128.1%; L46hRTHINAREARAARTFHEN R E BT AERINLHEH T
HEEEATTNEE, PHEKI3.T%: B/ XN FEBEATHAKAFEXNESL Y TEABRINEXNES
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Y RABHFEYELTE E SENT LR EENE
HEEDEEREESR, —BREATRENFEAEN
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RIE WS FEE T HHFRT -,

AR URAEMREE, UHAES EXEERR
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SaFAER LS. HHIKERRT B PERLA ¥
B Aol 1 A By o A R R R L (LR BT FR 8 ACCC) B9
BT AR B B Bk ACCC16101 (R, ) I 3 J7 0 3% 9 3
OB E B XC3.1(R,y), IR ERER L,
BEAEXR, LN EABLERIEIK 16.8
kg, R 0.64 g/kg, HAE 1.24 mg/ke, HEXR
9.46 mg/kg, L E 2B 0.75 g/kg, B BE 40.0
mg/kg, TR 280 17.68 g/kg, R 136.1 mg/kg,
pH7.5, X TG 2 mm FHEEH,

1.2 REHZE

1.2.1 HEAHE HRBEEEA YMA BEER
WREETER, BEREA YMA BIBIERE, BETH
120 v/min B 28CRIBER P IG5, W & BB E
B W 6 B 8 (ODgoonn TH) o 2 FRUBLIR T BR3E 7
ZH B A ODgoonnfB 0.5 LA L, EABEAK ODgo,n 1 B8 K
HERE BEHBENMEEKTBAREEEMA K
k=3

1.2.2 #7482 KENKEHTFEEAI%2Z
B3 10 min, B 0.1% HgCl, 2638 5 min, TH K
W T~8KE KR FEHETHEEHESHALR
FHAKMKEEFOP,28CTHRE, #BONE
Fo BefaiE dm b BB BT R /Nt AR R B 3B 3
FHAEBRRBRMNF, REMLBERT L/
AEEKBAMT,

XL2TE “+—E"EFE & 2 H (2007BAD8IB17) ; H R 4 B R B 54 (325061 - A25 - 079)
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1.2.3 #B##+ BRRFEERE AHEFINER
RER=NRRBER, HABRRFENKE, 25H
AR (N,) JER 0.3 gN/kg +(N,); TR E
KATHAERMP) . EXBEM) T T EE
PE=AHHAERERRABRHREE R EH
R, EEF R, =R EERE S, St 4 EE(RE L),
BABER 3K, BEHHES,

AEFHAAZ%E N300 mx350 mm W +4, 84
LR+ IR 15 ke, B FRAKITE, HHiR BN 2
BHARE LS HME, LR AERN 0.2 g P,05/
kg + FGIERERES B —KlA. B
KREBABRAEEN LK RERTBARLEH R
SHEXRREIE SRR EH N LB EXRERRS
BAEGERAR., B . EXANE BHEYNTH
BA 35, 200043 A 10 HEMBE,3 H20 B
MEX,SH 18 B (WEBRAEH)RE ERKHE L
REKBEEHEHRARZ KRN 5055, EHARK
BEHNE,

®1 SBELE
Table 1 Experiment treatments
MEN R REELE
LRSS Cropping Nodule bacteria treatment
N level
pattern Ro R, R,
M NoM
No p NoPR, NoPR; NoPR,
MP NoMPR, NoMPR, NoMPR,
M NM
N P N,PR, N,PR, N,PR,
MP N,MPR, N,MPR, N,MPR,
1.3 MEHEKREFE

VEHEEAREE . RENERER RS
FEMELEHET, SR (UBLE KRR E
HAERE, HEHa s TRRAY) 3 HFE;

HEEYR: EX BHERBEERTEEERK
H; :
k& BB RA H,S0,-H,0, &, LK E R %
mg[n]o
1.4 BEKLBSSH

BHE = A Excel2003 F Spss13.0 B4 Sk 1740 2
MG,

2 BRE5HK

2.1 BRI T EERR MR
BRBUEEEER A RENREARRERNK

BMER(K2). & N KFRERGT,EM R
MR BHREANBEHE S REMERIFIHMT
67.6%F 102.3% , H K IRBES KM 77.2%
208.8% , S E 4> B 46.7% 1 175.7% ; %
No KFMESBES EF R, HI R, GHEAHNR
BHREGREMMLLD H M 48.7%F 123.1%, A
HARBESr B0 66.2% 1 281.1%, BRREE L
S0 18.9% 7 120.4% ; R BER R ESHKE,
R EE, BEf SR B A SRBERNEIET
ATERRBEMEE, N, KEEERGT, B/
R, 5AZEMEL BEARBRAMNEENER S
B 56.0% 54.3% ;{H#EF R, MALEE, HABE
BAEERBERTREMWLE, XTERES #
ERMEMENNBRARENENEET R, “&
A" RABERBGEAHEP ERR ARG,
A RHE RS KRB A M 4 HI 1M 155.0%
#225.0% , BRI ESHIIHEMN92.6%F1129.6%,
EMRSEMERERERARE HANEEREY
B ERR 0.3 gN/kg T &GT, BRI
RENRARIEE EBRAERGERHEY - R
RHEEAKR.

F—MEKERSHEMGBERL, RARE
LEENEEERRERENERNBSE, N
FUT EEERRS Ry R, AR, L BRI HHRE
BB A RN 14.7% \1.7% 71 26.1% , 5 5 4R
MBS BN 29.89% .21.8% F1 60.2% ; A fE & &
HERLGERAEETE T RIEMBE, B R R EH K%
HEEGEFHEN MR EFERE LR, #
N RUT KRB AAREHAERINWAR
HGERABREREELR BEWR AR EHHRE
B4 B3 hn 410.0% 1 66.7%,, B AR & 4 518
11 940.0% 1 14.8%

HMARENH THIWEE, N FHT,. 5L
BHRAEFHMETHIN 13.6 my/tk BRBEELY
K 19.4 mg/Bk, T N, FAETAND 5K 3.9 mg/HRA
5.7 mg/#K o

ZREULAW AREASE, B/ R, B
TARAMEATHEN AR SR EENER B
EREABED AREHRAHELHAL N, T
N HBESEHR.REAUNEHRBREHR
REHHE SRR FHMNEE,
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Table 2  Effects of nodule bacteria inoculation on nodulation conditions of pea (in full flowering)

No N

R B (A /8) RESE (my/1R) WEB(CA /B 158 8 (mg/ BK)

*Ef‘*iﬁ Nodule number Nodule fresh weight Nodule number Nodule fresh weight

pm‘:::*; AR BY AR BE ECE: 4 B £ ¢ BE

Effective Total Effective Total Effective Total Effective Total
PR, 3.4:04d 58205e 57:0.6d 107:0.6c 2.520.3d 5.92z0.4c 3.520.2c 9.7:0.6a
PR, 5.7¢0.5¢ 9.0£0.7d 10.1:0.8c 15.7%0.9b 1.020.2¢ 2.3:0.3d 0.520.04d 1.420.1¢
PR, 6.9:0.8b 12.3:x0.5b 17.6£0.7b 29.5:1.2a 3.920.3c¢ 7.120.5b 5.4:+0.3b 6.420.2c
MPR, 3.9£0.7d 10.3:0.9c 7.4:0.4cd 13.7£0.8c 2.0£0.2d 9.120.7a 2.720.1c 3.7£0.2d
MPR, 5.8:0.6c 10.321.1c 12.320.6c 16.3£0.7b 5.120.4b 8.620.8sb 5.2:0.3b 5.7:0.3¢c
MPR, 8.7¢0.9a 14.1£1.0a 28.2:0.9a 30.2:1.6a 6.520.52 8.3:0.6ab 6.220.4a 7.2¢0.3b

-4 Mean 5.7 10.3 13.6 19.4 3.5 6.9 3.9 5.7

HBRERE—1TH A—-FIPRRAMEFELANRFLBRLRBE(P<0.05),

Note: Letters in the same column mean significant differences among different treatments at 5% level, except the last line.

2.2 EAREENRE.EXMEEYROKE

ERREE FMEESAEAYEERWHAE
MERMB LAY E(EI).

BEMIRRE R .R NRTAEYBRAEMHESR
VEEGETAMMIMT -5.8%M 10.2%, EE 4K
BPAREMT 10.2%% 33.7%, BAEFH SN S
¥ BEABRPLUEMHR, MHERK, ERHE
ZUT EMBRREYBEHN TR —-MEERT
REOMEYR ARG T, RAEM R, FHAHE, 5
INAYBRBER TR -HEEITRAERNL

B AEHERKEREGRMERRBEENARER
FBRRER, B/ R, MBI AEHENREER.
BERREEREEN EXEYENE RS K
HELYENEHEARE. £ N &HT, B
ROEXKEYEZHELEDHIRM 129.4% .
116.7%F 85.7% , s BEWER KT EMHR HE
KAEY RS FIE M. MPR, 310 23.5%H 16.7% ,3&
BEEERKE, UBERERAXGT BAEEHTE
XEAFHBEMRERE.R WREEHAEERT
R;MBRAEGT , EMEXHEMREER,

R3 BEUAMENRE EXiG L TEAOKS
Table 3 Effects of nodule bacteria inoculation on biomass in aerial part of pea and maize

A YR Biomass (g/plant)

A
Cropping BE Pea FEK Maize
pattem No N T Average No N 3] Average
PR, 1.38+0.07 be 1.18:0.06 b 1.28b
PR, 1.41£0.06 b 1.00£0.04 ¢ 1.21¢
PR, 1.47£0.08a 1.35£0.05 a 1.41a
MPR, 1.18:0.044d 0.780.02d 0.98d 0.90:0.04 cd 1.10£0.09 a 1.00 b
MPR, 1.2920.05¢ 0.87+0.02 cd 1.08d 1.05£0.05 b 1.05+0.05a 1.05b
MPR, 1.43£0.06 b 1.1920.04 b 1.31b 1.95£0.09 a 1.1520.11a 1.55a
M 0.85+0.06 d 1.15+0.06 a 1.00b
£ Mean 1.36 a 1.06 b 1.20a 1.10b

H:BE-TPAAZSNEZRBE BB -4, A—FIPARFEH P XRLHEAZREE(P <0.05). 4 5RMM,
Note: Different letters mean significant difference in the last line; letters in the same column mean significant differences among different treatments at 5%
level, except the last line. They are the same as the following.

EERGT &R B EXARINEDE
EBEXLERHR G, EXNEIHENE DT
SEHHEM 55.0% 1 33.7%, B EEMHERRE
BWRERIEVRBAMETRT 7.1%, MERE

BEMAKETFANTHET 10.8%F 30.6%, BIERYK
BEMNAHTREFREAYETERNEEAER
N EAERGS/ EXREAERLES EMH R, BETH
AREPEXRNBSHEINARBRETHAEXN T
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KR/ T

R—StEKE T, SRMEMK, MR ENTED
AYEHBERE MEXRNEYENEARARABEHN
REENKET,EAEMREEDENEREMNE
KEYEMRERBYNENAR, RARLEHS
B, EXRMEBEERERARLRAALHER,
2.3 EMBREENEKM IS SNERNRE

B4 A, BB E T F— 88K
BRHEEXTHEH LI SRR, FlAH,
BERGT HOEMH R, AR WHEKERAERA
BEMEET 30.1%M18.1%; EEARETERT
12.6%M4.0%; EARGTHRINSEERER
FHMAAE, REMGCHEYIMERK, N 32.1%.
BEAHT ELABRMERES R RN LE—
B EEEAERLEEM R SARMLEEZ /K
FRABERAEE WHAEKABREMNAET, &
MRAFA - CHERRBIHEKSAR, REEMH
EENBREEABRECYEENE S, BRE
EYBRREMNEM,

MEXRME,ABARE, B R, MR, FHEKS

EEAFLEAEMBET 2.8%832.3%, kA4
K7W MPR, BB T 11.3% M 30.6% ; ER &L T,
BEMR AR MEKSEESSHLEEMERT
8.6% M 19.2%, L Ak A M MPR, R& T
-1.7%M7.9%. MEEEXMAL, SHTERE
ERARMEAKRARPHBFELEMHTT UL —ER
B EREERNBAEERRE.

BE FEERXREHTEXR LR SEEN
RS EEMER—B. Nt LBk AR
AUEH , EESFEEX BEN RIS AR
o 7% M 5.9%, I EXNERAINKHAL
Ko RMEAMGTHEMG, EX . BGHM LB A
BV 11.1% M 4.2%, R REEMHBREE
AREAERETRHATNBRERRE, M E
ABEREFREMAEEARL. BHR, 5, 6E
REPRUASNERSREXREER BHME
EHR B, EERE P ERNR LS REDFIH
i 18.1%# 10.2% ,R, M EMER A B R EFRREL
REBEAKT R,

R4 BHREAREXNHET/ IANAREB LB UKL ARNER

Table 4 Effects of nodule bacteria inoculation on N content in aerial part of pea and maize

MR

B 5rH S BB N content of aboveground shoot(g/kg)

Cropping B Y Pea FEXK Maize

pattern No N 45 Average No N 1 Average
PR, 20.96%1.6 ¢ 27.78+2.8 ¢ 4.37 ¢
PR, 24.76£1.8d 25.21£2.74 2%.9 ¢
PR, 27.26+2.1¢ 30.08£2.9b 28.67 b
MPR, 27.69£2.3 ¢ 28.97£2.5 be 28.33 b 23.55¢2.1¢ 28.68£2.7b 26.12 b
MPR, 28.8022.0b 26.86x2.4 ¢ 27.83b 26.22:2.2b 28.20+3.0b 27.21b
MPR, 31.17:£2.6a 31.27+2.64a 31.22a 30.75+2.7 a 30.94+2.4a 30.85 a
M 23.25:2.5¢ 25.9622.8 ¢ 24.61 ¢

F¥ Mean 26.77b 28.36 a 25.94b 28.45a

3 W ® EMRAENARES LA RASRERENM

SREYNEEEERE N EREEERNR
FmAFERAZ R, SHEK XC3.1,HEH
28 BRABRBBERTREMM A B/ AC-
CCI610l MHEBRERREEKEARHERE
RENERRR FEEXAFAMEEER BEME
BR XC3.1, I B AR 45 B AR S7,XC3.1 %
FAERBMRHEERRA ZRENE, BHHR
i F ACCCl6101,

SREYMEERMR R ARESR LA
HESEOEWR), EHRESMIRREN, KL

X;MAERB LEE RAGHHYERENNEE
HEERMRE, BREDELELESRFE
PYAERBEER, KEABHNSRNEEZE
asaMmEY, AFREV, BEHHEREX
BRLEAA—-EHMHRR, EEZREEE S
MENESHEENER, EARRATHNERS
HEBAEEER URRIAB RS SEER
SR EI R, > R, 52 EMER EKEH B
EREREYWRIFRER R, > R, WS, 60 241 7%
EREK XC3.1 HEHEMBRHEDTF AC-
CCl6101, EZ A BRHEM AL THAABRTNA N
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L R

HEREREN

SRAYEREAESN A BERRASZ
FEAE G REPHEY R G 29 R A BI85
SRHEY A T RENTE D T X E R ARHE
YREKARNESEY @ RABEDHER,
HEKEZP RIMEXMEHEIHNETESINK
FHMMRE, REMAGT IEERIN SRR
TN 18.2% , ER AR E XC3.1 L EH
WIERA, LB 25.8%, EHEERESHKER
FOHTFERREMBRMEERKBERIFBERT
HERRHEARKE BT REREARNHEIR
980 B A B9 40

M E R PR MIERZHMMEY L RF
BEAGHE S0 iy ORI R,
S AE A B ) 4 K 7 G D PR R R IE X K A R
ERMN, NEMAKENESFMBHUREERE, &
BaEE B/ ERERP, EXRNERNER, &
MXCAAREH—EMBTEEHEPEXRNRE
SN MERENERNEARA N LHABRS,
BP7E & 28 (8] 45 4k 7 ob B 0 0 7T LUERABLE T

4 & #®

EMREEX AR REFERATBLS,
W E XC3.1 EFM BRI T ACCC16101, FER 0
o Rt E R MR, XC3. 1 5 R E BB
f&F ACCC16101, Fii i =X 5 e 4578 R S A4 B B 3K
R EAGEREPER BEINAZERRAHRTH
AR B RAREE XC3. 1 BATHE/E
KkERPEXRNES S, FARRENERN TS
HAOWHBER,
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Study on physiological and biochemical characters and numerical taxonomy of
rhizobia isolated from Lespedeza floribunda in Shangluo Region of Shaanxi

JI Yu-liang''?, ZHAN Jun-peng’, WEI Ge-hong’
(1. Department of Biological and Medical Engineering , Shangluo University , Shangluo, Shaanxi 726000, China;
2. College of Life Sciences , Shaanxi Key Laboratory of Molecular Biology for Agriculture ,
Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: 59 unknown rhizobia strains isolated from Lespedeza floribunda in Shangluo, Shaanxi Province and 15
reference strains were analyzed with 125 phenotypic features and numerically classified. The result showed that the un-
known strains could use the majority of all the carbn and nitrogen sources and adapt to a wide range of temperature and
pH. The proportion of unknown strains which could be resistant to antibiotic, dye and heavy metals and could produce
oxidase was relatively high. Some strains had endurance property to high concentrations of salt or alkali, in which about
67 % strains could be resistant to 3.0% NaCl and 25% strains could grow in YMA medium with pH12. Numerical tax-
onomy showed that, in addition to strain CCNWSX0922, other test strains were clustered into 8 clusters at 80.5% simi-
larity level. Clusters I contained 6 unknown strains and 3 reference strains of Mesorhizobium. Cluster [I had 19 un-
known strains and 6 reference strains of Sinorhizobium. Cluster [l consisted of 1 unknown strain and 3 reference strains
of Rhizobium. Cluster [V and V all included reference strains of Rhizobium. Clusters VI, VI and W may be new
groups, which were not clustered into the reference strains, and their taxonomic status must be confirmed by further mea-
surements .

Keywords: Lespedeza floribunda ; rhizobia ; phenotypic diversity
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Effects of nodule bacteria inoculation on growth of pea/maize system

ZHANG Hu-tian', GUO Li-zhuo', CHAI Qiang', HE Ya-hui', HOU Li-juan’
(1. College of Agronomy, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2. College of Plant Protection
and Shaanxi Key Laboratory of Molecular Biology for Agricultrue, Norhwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: A pot experiment was conducted to investigate the effects of nodule bacteria inoculation ( Non-inocula-
tion, Inoculating XC3.1, Inoculating ACCC16101) and N application levels (Non-N, 0.3 gN/kg soil) on pea and maize
growth and N content in different cropping patterns (pea and maize sole, pea/maize intercropping) . The results showed
that inoculating selected strain XC3. 1 increased effectively nodules number and weight by 79.5% ~ 131.6% and
174.1% ~205.4% respectively, and improved N nutrition status of intercropped maize and pea in two cropping pat-
terns. The improvement of N nutrition resulting from XC3.1 was better than that from strain ACCC16101. Inoculating
XC3.1 promoted pea biomass in mono- and intercropping system by 22.0% , so did intercropped maize under non-N ap-
plying condition by 123.1% . More effective pea nodules were formed in intercropping system than that in mono-cropping
system. Intercropped pea accumulated less dry matter than mono-cropped pea at the same N level, and the average rate
of decrease was 13.7% . Inoculating XC3.1 increased significantly not only the competition of maize to pea, but also the
resistance of pea to maize.

Keywords: inoculation; nodule bacteria; pea; maize; nodule; nitrogen



