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Abstract: [ Objective | Faba bean is an important legume crop which is used as grain , forage and fertilizer.
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Symbiontic rhizobia not only allow biological nitrogen fixation but also increase stress resistance of plants.The
dry environment can breed the drought—tolerant rhizobia which can grow and reproduce, at the same time, they
can form nodules and fix nitrogen in the adverse conditions. This study was to explore and discover faba bean
Rhizobium resources of drought—tolerance in arid region in Qinghai.[ Method ] The drought resistance of 49
strains of faba bean rhizobia were evaluated under the condition of artificially simulated drought stress.[ Result ]
There was a significant difference in growth and survival of faba rhizobia under drought stress (P<0.001).The
average linkage method (UPGMA ) was used to divide the drought—tolerant ability of the 49 strains from arid ar-
eas in Qinghai into three groups. At the same time, the strains showed three growth patterns under different
stress conditions.In the first growth mode, the growth of the three strains under the low concentration PEG condi-
tion was not inhibited, but the turbidity value was higher than that of CK.In the second growth mode, six strains
had an intermediate lethal osmotic potential under medium PEG concentration , but the number of viable strains
increased under higher PEG concentration.In the third growth mode, the turbidity value of the culture medium
decreased with the decrease of osmotic potential of 32 strains under high PEG concentration. [ Conclusion ]
Those used strains showed a diversity of drought tolerance in the arid regions.Those different strains isolated
from the same region but different soil environments showed a diversity of drought tolerance. The different
strains from the same soil under different tillage and fertilization pattems had different drought resistance capa-
bility.In the end, five drought—tolerant strains were screened to provide strain materials for the next stage of sym-
biotic nodulation experiments.
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Tab.1 Rhizobium strains isolated from faba bean and information of their source

RS SRAE M aL 13H/m 72 L SRAE LA L
Strains Site Elevation Longitude Latitude Sampling
HD-1 MR Ak B 5 2637 102°03'27.9"  36°09'54.5" el
HD-2 R AR B B R Z R B A 2752 102°04'56.1"  36°11'04.2" i
HD-3 AR T AR BT 5% 5 B 28 2981 102°11'23.6"  36°03'13.6" fhae
HD-4 AR TG AL B AR & Bl A 1887 102°22'6.5"  35°52'25.2" Wi 5 7
HD-5 AR TR AL B AR & BT A 1887 102°22'6.5"  35°52'25.2" Wi 57
HD-6 T AR TG AL B AR 2 BT A 1887 102°22'6.5"  35°52'25.2" TS A
HD-9 TR TH RAE B SRR A% 2069 102°48'12.2"  36°56'47.4" Hb A
HD-10 VAR T PR B YA AR S A = 2310  102°45'25.0"  36°58'58.4" HIE
HD-11 TR AR T BRI B PR A A 2403 102°45'20.9"  36°06'07.5" ANTEAL
HD-13 AT AN B P38 £ 3K R A 2333 102°43'08.2"  36°08'12.1" b Rl
HD-15 2R T ORI ] & 0ot [ 2399 102°32'22.0"  36°14'59.8" ZTE, MR b
HD-19 TEARTARER I & £ 458 1 A 2043 102°29'51.6"  36°24'16.5" LAt
HD-21 T ZRTIT SR AR IX PR SRS S 4 2441 102°17'57.2"  36°21'05.0" e
XN-22 PO s BRI R 2619  101°32'54.8"  36°47'28.9" i f5
XN-24 PO TR o B2 EVEPHRRSE R 2421  101°30'40.2"  36°41'38.6" s
XN-25 PO TR T B2 BV BRI R 2369  101°32'54.4"  36°39'36.7" el
XN-26 U TR 2 RS 2412 101°31'30.8"  36°42'59.9” N
XN-29 PO B R A G 2412 101°31'30.8"  36°42'59.9" AU
XN-30 PR B RS 2412 101°31'30.8”  36°42'59.9” AP
XN-31 AT A R A 2412 101°31'30.8"  36°42'59.9" e
XN-32 [ERNTRE LR 3ER U V7 2412 101°31'30.8”  36°42'59.9" aia
XN-33 AT iR A R R B 2412 101°31'30.8”  36°42'59.9” (qs!
XN-34 o A R B 2412 101°31'30.8"  36°42'59.9" i
XN-35 o B RS 2412 101°31'30.8"  36°42'59.9" e
HD-38 WARTEIE TS SRR G 2429  101°48'26.1"  36°50'40.7" e
HD-39 AT H B RS N & 2590  101°56'01.9"  36°52'01.9" i
HD-40 AT H B AT 2 iRk 2691  101°51'53.3"  36°49'57.9" AHLAE
HD-41 TR T B B B A 2347 101°54'04.5"  36°43'07.5" AHUE
XN-42 FAT i i A K T E R E 2382  101°45'45.7"  36°49'18.9" A

HN-43 TR N AL B R B L R R 2865  100°39'30.8"  36°12'07.2" R N
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%5:2% Continued tab.

B S RAE b s, 54K /m 2353 g SR
Strains Site Elevation Longitude Latitude Sampling
HN-45 T MR BT ATL B i 2865  100°39'30.8"  36°12'07.2" HHLAE
HN-46 T MR B SRR L B b 2865  100°39'30.8"  36°12'07.2" HILE
HN-47 T MR B SRR L B A 2865  100°39'30.8"  36°12'07.2" e
HN-48 T MR B RS ATL B R 2865  100°39'30.8"  36°12'07.2" it AT
HN-49 TR ML B AR A -E 5 R 2865  100°39'30.8"  36°12'07.2" T A
HN-50 TR A RS B A 2865  100°39'30.8"  36°12'07.2" fehe
HN-51 TR A RS B A 2865  100°39'30.8"  36°12'07.2" F
HN-53 R M B b3k £ £ Bk E AT 2873 100°16'12.2"  36°15'53.5" WA
HN-54 TR AR B VPR £ Bk E A 2873 100°16'10.5"  36°15'69.3" it
HN-55 HERE NI BBk 2 BRER 2874  100°16'28.4"  36°15'29.1" e
HN-57 HNeap) B R= U R N (I (TR o) 2884  100°11'44.9"  36°15'33.2" FAE
HN-58 T MR B VbR R S LA AR 2877  100°11'44.9"  36°15'33.2" Fs
HN-59 TR MRS SR BLARAR AT 2981  100°11'44.9"  36°15'33.2" THARA
XN-88 PO TR B S R A 2765  101°11'31.5"  36°44'16.5" B
XN-89 PO TR IR o S R B 2762 101°11'40.0"  36°44'04.3" AN
XN-90 PO TR A B S R R 2762 101°11'40.0"  36°44'04.3" i
XN-92 PO iR a2 R 2762 101°11'40.0"  36°44'04.3" fehe
XN-95 P HRE A S R 2762 101°11'40.0"  36°44'04.3" AL
XN-98 P97 TR IR B BN 3099  101°05'26.3"  36°38'57.6"  FEEIRFEMH,AVUE

1.2 RKIEit

Xof SR B A 8 Al AL 5 1) A AR IR B UEAT T R PR, AR YMA B IR PO AR R R R 2
(PEG-6000) A\ TR+ L4608, B 4 DA [H 1 PEG-6000 38 333K« (DALHE ] YMA WK 750, B
K 0 mPa; (2)10% PEG-6000 ) YMA AR K 2K , 124 -0.2 mPa; (3)15% PEG-6000 1) YMA
IRBFR U, B B HN-0.4 mPa; (4)20% PEG-6000 i YMA K 1E 351K , B 1B% N -0.6 mPa, LA 0 mPa PEG—
6000 X HE (CK) , 7K P 3R EH .
1.3 HARAX
1.3.1 AREEZREE BRI T 10% H P i s R A YMA [ {47 # 35% 552 36 16 A 85 5%, 20 51 PR
1 FRAEFP 2 E KR A YMA AR S FR 7, BT 28 °CL 160 r/min 4% 3 15 5% 72 h, I AR 8 8 0 M O 3%
JEH (0D, E 29 0.8~0.9) o AR OD g, [ BRIVE A FEHE , Ft 45 TR VRN TG B 7K A o il o't 2 8 i — 380 TR 2
T, B A 6 b o TR AT o
1.3.2 @f-FpmlE DIBERRE B BT AR 750 5 o ) J AR R B i AR v o IRBC0.1 mL s v P B V4 A
AN[F PEG-6000 ¥ BE 1 YMA AR R 2 3 vp i 7 45 9% 7 d R IR SJEUEE , 78 600 nm | & H: OD A, L OD{H
B AR/ INEEA A K BRI, 100 52 i FH AR R 9 PEG—-6000 8 YMA 5 32O 25 HEAT VR 22 b 2
2 ZBRESH
21 EZREEMEENSHESHT
2.1.1 BEARBAGTIRSV IR PEG-6000 12353 N g A1 5 A %] 43 M I8 T T ool , it i
BRAEALILT 2038 0 ~ —0.6 mPa | £-38 i H KT B 1ok B SAH X (R4 TR AR 7E 45 7K T 1Y 0D, (5
AHIE O mPa [ OD o fE 1Y H AR SEA T8 3B (6 2) .
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Tab.2 Turbidity of the tested strain under simulated drought conditions

—— AR EH(MPa) ) OD fH 0D, of different osmotic potential TEEFAXTE/% Turbidity relative
Strains 0 o2 Ve /% 04 [ /% 06 [ e/ % 0n 04 06
Decrement Decrement Decrement
HD-1 1.37 0.15 89.38 0.52 62.33 0.56 59.01 10.62 37.67 40.99
HD-2 1.26 0.57 54.75 0.50 60.06 0.23 81.49 45.25 39.94 18.51
HD-3 1.28 0.62 51.63 0.48 62.48 0.38 70.52 48.37 37.52 29.48
HD-4 1.46 0.53 64.01 0.49 66.35 0.56 61.91 35.99 33.65 38.09
HD-5 1.06 0.15 85.94 0.29 72.45 0.29 72.73 14.06 27.55 27.27
HD-6 0.99 0.02 98.38 0.45 54.18 0.35 64.54 1.62 45.82 35.46
HD-9 1.15 0.02 98.32 0.33 71.30 0.30 73.97 1.68 28.70 26.03
HD-10 1.17 0.16 86.50 0.65 44.39 0.29 74.96 13.50 55.61 25.04
HD-11 1.56 1.07 31.65 0.99 36.47 1.07 31.37 68.35 63.53 68.63
HD-13 1.29 1.31 -1.52 1.25 3.74 1.06 17.94 101.52 96.26 82.06
HD-15 1.65 1.27 22.56 1.03 37.47 0.77 53.33 77.44 62.53 46.67
HD-19 1.92 1.75 8.55 1.19 38.05 0.99 48.56 91.45 61.95 51.44
HD-21 1.62 1.46 9.62 1.02 37.18 1.16 28.63 90.38 62.82 71.37
XN-22 1.44 1.35 6.81 0.89 38.52 1.00 30.58 93.19 61.48 69.42
XN-24 1.80 1.49 16.93 1.10 38.47 0.83 53.69 83.07 61.53 46.31
XN-25 1.48 1.87 -26.05 1.18 20.42 0.68 53.91 126.05 79.58 46.09
XN-26 1.55 1.35 12.99 0.76 51.25 0.51 66.93 87.01 48.75 33.07
XN-29 2.18 1.76 19.57 1.48 32.07 0.94 57.03 80.43 67.93 42.97
XN-30 2.11 1.62 23.31 1.16 45.32 0.90 57.39 76.69 54.68 42.61
XN-31 1.42 1.31 7.83 1.01 28.82 0.78 45.02 92.17 71.18 54.98
XN-32 1.70 1.50 11.71 1.17 31.07 0.85 49.94 88.29 68.93 50.06
XN-33 1.35 1.31 3.40 1.18 12.68 0.83 38.55 96.60 87.32 61.45
XN-34 1.96 1.67 14.60 1.22 37.79 0.81 58.73 85.40 62.21 41.27
XN-35 1.56 1.13 27.77 1.20 22.85 0.90 42.47 72.23 77.15 57.53
HD-38 1.76 1.42 19.29 1.36 22.34 0.90 48.86 80.71 77.66 51.14
HD-39 1.57 0.88 43.89 1.05 33.04 1.01 35.45 56.11 66.96 64.55
HD-40 1.64 1.44 12.26 0.93 42.94 0.71 56.37 87.74 57.06 43.63
HD-41 1.47 1.12 23.90 0.79 45.99 0.53 63.97 76.10 54.01 36.03
XN-42 1.61 1.34 16.80 0.91 43.40 0.70 56.62 83.20 56.60 43.38
HN-43 1.73 1.74 -0.56 1.27 26.61 0.90 48.04 100.56 73.39 51.96
HN-45 1.67 1.44 13.74 1.10 34.14 0.79 52.66 86.26 65.86 47.34
HN-46 1.71 1.44 15.90 1.00 41.54 0.93 45.37 84.10 58.46 54.63
HN-47 1.98 1.51 23.97 1.22 38.53 0.87 56.30 76.03 61.47 43.70
HN-48 1.63 0.99 39.36 1.25 23.30 0.80 50.51 60.64 76.70 49.49
HN-49 1.58 1.15 27.47 0.99 37.24 0.98 38.08 72.53 62.76 61.92
HN-50 1.57 1.38 12.28 0.97 38.19 1.08 31.41 87.72 61.81 68.59
HN-51 1.67 1.00 40.31 0.99 41.08 0.91 45.84 59.69 58.92 54.16
HN-53 1.85 1.52 17.97 1.10 40.42 0.92 50.62 82.03 59.58 49.38
HN-54 2.14 1.29 39.74 1.10 48.57 0.77 64.12 60.26 51.43 35.88
HN-55 2.20 1.96 11.19 1.51 31.59 0.80 63.70 88.81 68.41 36.30
HN-57 1.55 1.14 26.90 1.06 31.86 0.83 46.67 73.10 68.14 53.33
HN-58 1.35 1.22 9.89 1.04 22.94 0.82 39.40 90.11 77.06 60.60
HN-59 1.96 1.72 12.19 1.12 43.06 1.33 32.30 87.81 56.94 67.70
XN-88 1.68 1.33 20.79 0.92 45.12 0.84 50.13 79.21 54.88 49.87
XN-89 1.84 1.28 30.37 0.99 46.16 0.60 67.29 69.63 53.84 32.71
XN-90 1.58 1.40 11.28 1.13 28.33 0.88 44.02 88.72 71.67 55.98
XN-92 1.58 1.34 15.30 0.92 41.73 0.79 49.83 84.70 58.27 50.17
XN-95 1.40 1.00 28.59 0.93 33.88 0.86 38.74 71.41 66.12 61.26
XN-98 1.54 1.29 15.81 1.14 26.11 0.84 45.25 84.19 73.89 54.75
TP 3 AT

Date are means of three replications.
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ZMEN BRI ODME T MR AR RR 22 5, Horbok B T SO0 1 S A0l DX 1 7 T AR 8 1K 5 L T
5o HD-21 Fsk A 78 777 i v B 22 R I B RSO0 XN-22 19 OD T B R B AL T H e Bk, e
IX 2 MRARE TR RBAZ i 37 — 8 B EE I T 52, W LAVE R F — 2D i 52 G R 4 w2 4 s i SR 1 S 30 A A ) o
212 FRMEOTRIMRBEH LKLV FARF PEG6000 5 17 Kk T I 5E A4 b B ik 2 (i 347 7 2%
SR, EE T G T B0 49 0y A AR TR R AR T SR 0 R E M 22 R (R 3) . T EAITERL L
PEG6000 #45l 1 2 38 2508, LAASINE 0% hXf B, BEE 10% . 15% 20% (8 56 B R 7E 1% K- 25 5
e 5235, U6 B AR 8 R () 38 A6 38 BB ARSI X 43 B RR B T SR BB ) L, 25 SR T 5 . Rl O 2200 Wil s+ 5
Xof i 1 MR PR A AR A B R 22 S A 3 (P<0.000 1) 6

3 FEEMEGTHRERERNTEST

Tab.3 Variance analysis of rhizobia growth under drought conditions

75 S A il A ¥15 FAE K
Source Sum of squares  Degrees of freedom Mean square F-value Prob.
Fbk Strains 113 206.893 4 48 23701757 213.326 2 0
BB Potential 42 164.359 1 2 20281.3378  1828.874 1 0
B RXB B StrainsxPotential 49 655.791 3 103 517.247 8 44.700 9 0
W2 Error 3575.4570 296 12.184 5
SRS Total 213 562.242 0 463

(IR, FHP 25732 B3 (UPGMA) X 214 49 5 e AR IR 1 TR R T 572 RE AR AP EA 7 2R 2 o, 3R 2K
SRR R AT S X R 49 03 bR B0 R SR8 0 T 23 D 3ZRBE (I 1) o S —2efE il 8 IR PR AL,
ok B A T R X, Ho 6 Mok R AR RE AL EL L 2 ok 1 9 2R T ROMIEL 5 28 26 A 38>

il I I

I
O
T M X MMM T IM DN DI X XIT XIE mK XX OXD X XXEIE KD DX TS ITE =
ZZ 22522 2022 22 222200 22 5222 222 2 225022 22 2220 TEE OS5 EE S
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Fig.1 Dendrogram showing relationship among rhizobia strain of dry—tolerant
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PRIPRZE AR, Hr 38k AU AR T BRI L 2 ok AUV AR T SR AR L 10 Mok | 0 T il s v L 4 ok BT AR T
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BLPEREAE .
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PEG-6000 A5+ 52 £ 44 T A B ik 1) A KA S AS IR A ], LA 09%PEG-6000 15 77 Wk X ], R[]
30 21 N BERE bR S RN 3 R A KAt
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