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2. mHEEHEHRIETIEGE, s R 650212;3. PHRMRFEBERIP 2B, =R 650224)

WE . FHAZ MM RILE 3 2R 45 X5 85 B = ma A8 1 f5 72 S Hb 1) SWF67523 \SWF67409  SWF67456 45 12 BRAR I 1R
WIARIEAT T B R RO BT . 45 R W] AT i bR, BBk SWF67523 \SWF67409 ,.SWF67394 FRIE ML K , 459
FILE N H MR 2 SWF67523 . SWF67501 . SWF67394 HI SWF67350, 4598 3R 24135 3 95% LA b ; i i Ak SWF67523 . SWF67409 F
SWF67394 SHE R 25 50 K ; B bk SWF67409 SWEF67523 FI SWF67394 S48 iy A Ak T 3 Shk i ok, Hoh B bk SWF67409 128
G B 7 106. 5% 5 HE AR T & U 1952 M AR o 32, 2Rl B bk SWE67409 . SWF67523 FIl SWF67394 11 1 75 AE 4 & S i AH L
H AR R, ZRA UL SR RICRIET UL & 18 0 AR 8 R Pk SWF67523 B H A T bk F L 2E 1, [F] A & BUAR
9o DAL PRI R ISR A2 3 TR B2 A, 7 1% A AT v A 0 0 SR 1T b BRI e A T o 0 00 T Ak o 1 At
PN A5 o i S AR ey 9 0 AR R B B PR S5 1 RN R IR AR B VI R RS A I 18 AR TR IR O S BRI R 1
A B EAEH .
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Screening of highly-effective rhizobial strains on Alfalfa ( Medicago polymorpha)
in soil

LIU Xiaoyun'*,GUO Zhenguo', LI Qiaoxian®, LIU Guixia', XUE Shiming®, WANG Yipeng’

1 College of Life Sciences, Key Laboratory of Microbial Diversity Research and Application of Hebei Province, Hebei University, Baoding, 071002, China

2 Yuannan Academy of Grassland and Animal Science, Kunming 650212, China;
3 School of Conservation Biology, Southwest Forestry University, Kunming 650224, China

Abstract: Alfalfa ( Medicago polymorpha) is an annual herbal plant in the pea family Fabaceae, has the highest feeding
value as forage for its soft and highly digestible fiber and high protein content fiber up to 24. 5% . Therefore, it
recommended to cultivate widely and productively as an ideal forage plant. Inoculated with rhizobia, alfalfa ( Medicago
polymorpha) can formed effective symbiotic system to fix nitrogen, and subsequently produce high plant growth dry weigh.
The inoculation effect on alfalfa ( Medicago polymorpha) was performed in three different type of soils from Yingjiang county
of Yunnan province by using twelve distinct rhizobial strains such as SWF67523, SWF67409, SWF67456, SWF67394 ,
SWF67501, etc. respectively which were isolated from root nodules of Medicago polymorpha, M. sativa and M. lupulina
from Yingjiang and other area of Yunnan. The results showed that the rhizobial nodulation rate, plant height, dry weight
and total nitrogen content of plant were all increased significantly after harvested in condition that plant were inoculated with
rhizobia (P<0.05) , the rhizobial nodulation rate are up to 98.41% , 97.78% , 97.50% and 96.56% by inoculated with
strain SWF67523, SWF67501, SWF67394 and SWF67350, respectively; Contrasting to the control, the plant height
increasing 40.2% , 27.3% and 25.0% by SWF67523 , SWF67409 and SWF67394 respectively; The dry weight per plant
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was raised up 106. 5% by inoculated with SWF67409 and raised 100. 1% , 78.3% and 74. 3% by the other strains
SWF67523, SWF67394 and HBUO7001 respectively; Besides, the inoculated strains increased the nitrogen content
obviously as well, the alfalfa plant have higher nitrogen content by inoculated with strain SWF67409, SWF67523 and
SWF67394 than other test strains. Among 12 strains grew in three types of soils revealed by the whole production of the
plant inoculation, strain SWF67523 ,SWF67409 and SWF67394 were more effective than others; Of the three strains, the
performance of indigenous strain SWF67523 from its host of alfalfa ( Medicago polymorpha) grew in Yinjiang exceeded the
other strains estimated by plant growth. From this result, we could concluded that high effective nodulation and nitrogen-
fixation rhizobial strains could be screened from indigenous strains associated with its host legume; on the other hand, we
also confirmed that there exist a great specificity between rhizobia and plant of alfalfa ( Medicago polymorpha). Moreover,
we founded that rhizobia strains were interacted with soil. This conclusion was revealed by the fact that the inoculated alfalfa
plant grows in high potassium content available soil as Pingyuan town Il obtained high plant dry weigh than that grow in other
two lower potassium content available types soils. In future, the high effective rhizobial strains obtained in this study will be

applied in fields for widely cultivating alfalfa ( Medicago polymorpha) and will greatly improve agricultural efficiency.
Key Words: rhizobia; Medicago polymorpha; soil; screening; plant dry weigh

FAHAE & 1 AEAERUR GRMEY) , R 52 0 R & B mT ek 24, 5% , BT 80m i iR A (B, J2 R
ET FPAE R R AL R BRART 52 . BRI, X R A8 AR BRI TR A T BORN B TR TS AR R Dy T AR Y
5T KB, B 15 R B ( Sinorhizobium medicae) W] 576 B 45 (M. polymorpha ) A %A 6 R F 5 i, R
4N Charman'>' Fl Denton > 25 AT 50 FH T 42 R, A SR RO IR 181 T LA of e 7 7 -5 MR TR T A sk A
PRZR FEA] R m A T FREXS T HA S RMEY AR R FHIF ST 20 % SR A6 B 7 MR o o R
AT 5 A1 L LA 710 T e A AR B RS TS 1 R O A K R e R e A T A R i
BB, B = SEAT R AR R AN R TR B AR 7 I 10 e ROHR I8 TR T R B B R B I, AR b [ SRR AR R
TR TR 14 SR A9 B R 5 oy o oA X i 0 AR TR R R I I o 1 S o, AR S X o e A I A
T Hb DX R A AR TR SRR T 0 A | e AR TR TR R %) A B A D) R e RS IR O TR R
19 BRI B H R R BRI AR Dy R A TE AR, R L 3 bR B B S AR R RN R R A A AR A
AR LEABOAN R 18 FE R IR AR T T vk i e 2R vk, X0 R me B A8 1) b s R PR 2 BT B 3 AN ]
b A48 e AE AT R R AR AR T R R B I | itk — D AT DR R S SR R AR
1 #RERZE
1.1 BEAR EAE b b R IR

XA B A = A A E B M IX Y EE B 75 ( Medicago polymorpha) SRAEE T8 (M. sativa) N KWK H 18
(M. lupulina ) HIE TR0 BS IRAT , LA RCBRRRIA A A AL Paditk DL R A5 e il , 265 1 12 PRI T T
HEAT A3 I TR G SORIR LR 1,

F1 HINIRBEEARS KKIR
Table 1 The test strains,its host and origin

Witk 6 1Y e Ui b TS 5 489 K F i

Strains Host plant Origin Strains Host plant Origin
SWF67501 M ETE M. polymorpha =M SWF67523 B E %8 M. polymorpha PR
SWF65100 M E TS M. polymorpha =R SWF67524 FETE M. polymorpha PLEETN
SWF67340 B 1% M. polymorpha 2P A SWF67350 B 5 M. polymorpha 2P A
SWF67456 B 1% M. polymorpha P A M SWF67450 LWEHTE M. sativa BRI
SWF67394 B M. polymorpha 2P A I HBU07001 LWETE M. sativa PN
SWF67409 R 5 M. polymorpha = P A SWF66437 KEEHE M. lupulina PNpell

http ; //www. ecologica. cn



4036 A E = 31 &

P ETE SR N FE B TS (M. polymorpha) , WY Fh T == Fa 4 W Mo s Rl A 0 5 B A8

TR A RS BT R R S SRR, PR R 3—5 em HIEJE HEATIORE 8 5—30 em HYHF
YE)Z, e RU AR I 4 P Rt T 5P g I 3ok |7 JRla, B 1 M 2R IR 30 km,

T ORI N B PR IR 2,

F2 TEFRBEREBAER

Table 2 The soil sources and its properties

K 1 EZ) 45N W /m pH {i AL/ (o/kg) @R/ (g/kg) AR/ (mg/kg) B/ (mg/kg)
Sources Longitude Latitude Elevation pH Organic matter ~ Total Nitrogen Available P Available K
Tl 1 97°54’ 24°42' 825.6 5.62 57 1.403 37.75 91

TR I 97°55’ 24°44' 825.8 5.51 52 1.073 32.70 120.5

Fr B 97°53' 24°39’ 804.8 5.31 48 1.003 33.45 76

1.2 Rk

1.2.1 FRRESF

PR T YMA 355535 (H & BE 10 g/L, BERE83 0.8 ¢/L, K, HPO, 0.25 g/L,KH, PO, 0.25 g/L, MgSO,
0.12 g/L,NaCl 0. 10 g/L,BilEH 15 o/L,pH {8 6. 8—7.2) 3% , A KL alifl , Bt ol BE S48 o, Pk BT 75 4%
T YEM MR SR IR 3L, T 28 CHEFRfaT R 72 h, & H .
1.2.2 +iEhbsg

W AR L%, FE AR AT PRI 2. 0 kg B T REALA T, PR S DK, 8 38R AR FE— e e
1.2.3  FhAb3 S 4% R

KSR B A B S R T 1 S5 95% ZBEALBE 5 min, B 0. 19% FHoRALH 5 min, TCH K Mk 7—8 1k
J& KPP & O 2D A A S T K B KB G SR L 28 CAEZE 1—2 d, IR K 2 1 em 247 BT R
AIFfAE

JFH K T BB T e P T TG B B 3R 0L FH B VROR0 15 min, SR )5 AR T T 5B K e 2 b, A8 2 i
10 Bk , 15 0 4% T VBC0E T 7 51 PR AR 2 T OD L. ( N =600nm ) , R I A IE A AR b 1 42 A H A %) 1. 0
x10° AN DAE AN R 028 FIX IR,
1.2.4  ZASERwI

AREFEFI 3 Fh RIS S 12 PRV TR AR R 58 2RISR 5, LUBA 2.0 kg TIEAEZ N
FRRE AT, B AT 3 Uk, 3 39 AN LA

KSR EIRE A (2243) °C JE5E 7000—8000 Ix JEHET[E] 14 b MRHE AL 7 P AR ACKR I 2 K
1.2.5 W

KR 2 40 d oAy, nl ARSI TTAE , ST AL A B2 30T S A it 1) — 2F B T 4 OR300 &5 5%, ORI 3t H 4 45
V45968 10 2 R 8 ) U TG M ( PRI Bk ) ke (DA PR Ak 2 g A K i e ) JRe T I T ), 3000
AT EDEE 1 P HRAE ) R R S S ZE MR T 120 C AT 40 min, J5 T 60 CHET &
fE ), H - E A RIRE Y 2 U (PLRE AT &
1.3 KR 55300

IS G SPSS 13. 0 X S2 50 B8 754 T 5K 32 AR 3R 77 254387 (One-way or Two-way ANOVA) ; 7E 1§
JET5 2R BL R, BRI Tukey K330 17 22 T HUAES , 02 45 TR 1 PN ) K-S 8 22 ) 1) 22 57 b 2 bk
2 ZEREHH

I FE A EAT 3 R 40 12 RRARIR TR PR R A 00 2k RS T R B T AR D S5 R ke LT
B B S IR X e A BT R AR R 1 [ UG AT T I, 280k X AR | SR R 3R DA B B R R
R R Ty 265307, AT 2253 I R (3R 3) o AR TR TR PR | - 398 K — 35 (%0 R B A DK A Y 78 A e 2 R PRIk
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*3 RERE#.TER-ENHEEERANEEEERERERZINST Z5H
Table 3 ANOVA analysis of the growth of M. polymorpha affected by rhizobial strains,soil and their interactions

A5k BBk Strain 3 Soil I EBR Soil xStrain
Variable F P F P F P

4591 Nodulation rate 37.80 <0.01 1.41 0.25 4.07 <0.01
TS Plant height 7.96 <0.01 4.73 <0.05 4.42 <0.01
TH Dry weight 16.32 <0.01 38.96 <0.05 4.48 <0.01
AUk Nitrogen content 18.09 <0.01 2.14 0.13 7.69 <0.01
& U Nitrogenase activity 4.56 <0.01 8.71 <0.05 2.72 <0.05

2.1 HYBH BT R B 1S R KRR 52

WIS YE AT, AT T HEAIARIRE DA TRAR (%) A 0 A I R, PR DL 3R 4 A R AR I TR TR AR
JE A5 M BBk T RS A RN [ RS . F AR 3 IR MR TR TR RO A 2 A bR e
T A A S A S S YA B3 (P<0.01), 7E 12 MR bR 4598 SRAE T 1 AR SWEF67523 |
SWF67501 SWF67394 F11 SWF67350, 43514 98. 41% 97.78% 97.50% F196.56% |, [al b T —AGe 0¥t i 3%
PEFAE S A T bR B AT W3 M 25 5, SWF67409 W& AKX, S 84. 59% ; X AH Pk Ak =5 52 M 85 f 35 Y TR bR 2
SWF67523 .SWF67409 Fll SWF67394 43 Sl i bk 34111 40. 2% 27. 3% H1 25. 0% ; X AH Ak B 52 M 55 1 35 A0 7T
MR SWF67409  SWEF67523 SWF67394 HBU07001 .SWF67450 K SWF67456 , Hoh [ #k SWF67409 #H 43
PG BRI P2 35 5] 106. 5% , HAt 20519 110. 5% 100. 1% [78. 3% H1 74. 3% %5 ; HEa bk & & i 1Y S ma o AR
W3 TRk SWF67409 SWF67523  SWF67394 117 A it AH L LA PR MR ER &7 , 1T TR B HBUO7001 ,SWF67450 {LIK
Zo AR, [E A B S 5 M L3R T i M SR s LN AE LR A OC, AHOC R B3 i 2 0. 044 AN
0. 0098. Ui HITESEAT S5O RE B O A T, [T R0 TG Pk U RRAE R — D28 4845 , bk 0y [ /S PR A T Pk

R4 EMTRAREBEEERESFER M ERIURS TEZEMHSRENEREE

Table 4 Nodulation rate, plant height, Dry weight, and total nitrogen per plant inoculated with different rhizobial strains

—_— B oS S TR A [ (AR
Strains Nodulation rate Plant height Dry weight Nitrogen content ) Nitrogenase activity
/% /(em/Hk) /(mg/#R) /(mg/tk) /(nmol-g™"+h7")
SWF67523 98.41+1.59a 23.27+1.41a 74.19+7.75ab 17.87+3.31a 13.55+3.57a
SWF67501 97.78+2.22a 19.88+0.922b 53.18+10. 22bcde 11.24+2. 64cde 12.58+2.98h
SWF67524 51.11+14.20c 16.65+0. 89cde 35.11+4.55¢ 5.90+0. 86f 12.33+4.45h
SWF67350 96.56+2.29a 18.56+0.97bed 47.55+3. 19cde 8.73+0.61def 16.86+2.35¢
SWE65100 53.10+7.22¢ 16.06+0.95de 41.81+7.09cde 7.91x1.31ef 16.87+3.72d
SWF67340 30.47+2.97d 16.87+0. 74cde 41.92+6.34cde 8.67+1.54def 8.44+3.68e
SWF67409 84.58+6. 18ab 21.13+0. 62ab 76.58+3.8%a 19.20+1.05ab 8.27+3.43e
SWF67437 21.96+3.95d 15.20+0. 83e 38.86+3.07de 7.02+0.49ef 15.50+3.37f
SWF67450 70.25+6.41b 19.84+0. 64b 61.07+2.96abcde 14.59+0. 80abc 13.54+3.05a
SWF67456 78.57+8.25b 20.14+2.10b 55.45+3.91abcde 13.77+2.01bed 19.46+1.72d
HBUO07001 76.25+4.11b 18.81+x1.44bc 64.83+3.97abed 14.77+1.42abc 22.62+0. 15¢g
SWF67394 97.50£2.22a 20.74x1.11b 66.12+4.25abe 17.38+2.39ab 14.58+3.35h
CK 28.83+5.12d 16.60+0.90cde 37.08+3.29¢ 6.02+0.90f 1.53+0. 12k

HRAE Tukey #5658 B9/ 5B R [ — S A [ b BE , 77 16 1835 22 5% (P<0.05)

M T T o o 42 o R A AR AR R W A B e A AR, 20 A R EAE 9 R PR SWR67523
SWF67409 SWF67394 KB T H AL TR PR , LIRS R i 3L A 9 ARRT T T bR SR BRI TR R T HeAth i 32 A o
FERYTE M, X BE IR TR 1075 32 L — PR 2 LR A= 2SR SE NP L 0B L R R S AR T A Y TR
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Bk HBUO7001 FI43 55 [ 25 i A MESE 40 & 15 1O bk SWF67450 7E32 Sy T EM & A E L, Wb THAHE K,
R S5 A =, T REHEFP X PIRR BRI a2E T - 408 vl MR8 A1 10 A B A FH R 25 A8 T 114 225988 T Ve, A
T30 T AR 1 A A R R, T R B R A = BOARHE SR, MR8 TR P 4590 2 — N AR B A FE b, TR
TP o B R A R B A A AR TR TR ) TRTRR MR A T A 7
2.2 MR RERES T B X R B A KR

BERPRIR BT, AR TR A 3R 12 RRAR IR T e b 0 e T A AR RR A0 B AR R R LT B R R Y (B
T 45980 R0 3 U RE AR B35 (P>0. 05 ), UL 3, B BHARRE TR R AR 153X 3 R - 38 HLAT ALY SE F g L X 3
i A SR A AR TR A B AN A - B i AR AR B i (E R — B AEAS R R T E A R
AT 25, 3% 5 B R [RIARR 1 R AR5 78 3 R 48 AR K A e e A A T, KR L R 2 TR — B
PREEFIAG 251 T 3 A HIEP A K A G T H R I EAT B 2 22 5, AN R Ak SWF67523 )5 M) T2
WZ W R T 48 1, R 122.6% , 5 A AP + 3 AT 8 3822 53 (70 51128 105. 6% F167.07% ) ; MMl 4%
FITR SWF67409 J&5 , AHY) T H 46 & i e 2 WO R AE T I B 1T 5850 178. 5% 7V | 02 84. 1% , R fH
1 78.0% ; Hikk SWF67394 tAFIA1, Hofh B bk K 280 =70 5 1T RS ik )+ 8 57 58 1 57
ol T AP 2SR 35, Ui I - B8 S R A S AR, BT a R U 3 S Rk B AR R

Hi 3 A RS A BRI AU ALET S AR (R 2) PR AP J5EE B IR B o f ER s = T sl
FEERE A B BY B I TR RO R I S A A AR e, W) e T A 2 -
REIHAE YIS CO, 1 [k A, REAR HERR K Ak & W 10 e B B8 11 0 04 ORI 200 BRI 4 24, an SR AR A e AR R
AR SZ B R & B W RG], AR AR B S A ) R AR SR T A B
522, N g S0 1 200 43 2RI R A W i A o

x5 BEMARRBEEKEEIMIEFEKNEEER EHSHTE
Table 5 Dry weight obtained in three soil sources per plant inoculated withdifferent rhizobial strains

AN 1 R YR A AR AR T (B (mg/ BR)

FESR5 Strains

TR g FIEEL

SWF67523 60.53 +3.36abc 59.08 4. 66ab 103.00 +8. 15a
SWF67501 30.43 £1.54fg 38.08 6. 2bc 91.03 £11. lab
SWF67524 26.97 7. 66fg 31.77 #6.95bc 46.59 46.09d
SWEF67350 39.8 £3. 5defg 52.78 +4.91abc 50.05 +6.26¢cd
SWF65100 21.65 +3.52¢g 39.27 £7.98bc 64.52 £10. 23abed
SWEF67340 24.96 +4. 18efg 55.42 18. 8abc 45.38 £12.11d
SWF67409 64.49 +1.42abc 80.04 £5.38a 85.21 #4.85abe
SWEF66437 31.87 £2.96efg 35.32 £1.54de 49.39 +4.00cd
SWF67450 51.42 +0.26bcde 67.26 £2.95a 64.52 +4.97abed
SWE67456 43.6 +4.73cdef 54.73 £2. 04abc 68.01 £2. 77abc
HBU07001 52.32 +0.78bed 71.21 £3.28a 70.97 £7. 79abed
SWEF67394 57.39 8. 68bed 68.20 +7.51a 72.77 +4.85abc

Xt AR CK 36.23 4. 6defg 28.74 +4.80c¢ 46.27 2. 84d

MY Tukey K58, A /ING F8EFRIR 7] — SN R AL B, A7 7 .3 22 5+ (P<0.05)

3 iR E&ie
3.1 i e R S P e

P T LA I AV B Ry M DA, (EL7E R R 0 AL e A B, — 6 A R A M X AN REAR
WM A U R 3 R M B T B 2t DX 3l SR ALK A K A W DR G it S 422 3 N5, 8 1 s e 7L
RS B WO W 2 B R IRAE RO 2 M R SR A — Al Y (B T Z R
S B ML ARDR —— 7, Ll SR8 g LRI PR B T B T g B8 ok i b, s 2T
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Fig. 1 The effects of Alfalfa plant ( M. polymorpha) Dry weight by inoculating different rhizobial strains in three distinct soils
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