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Screening and identification of symbiotically efficient and stress—resistant rhizobia of

wild Medicago lupulina in Gannan
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730070, China

Abstract: This research investigated the rhizobacterial resources of wild Medicago lupulina in alpine meadows, by
screening for strains exhibiting efficient symbiosis with host plants. YMA Congo red medium was used to isolate
rhizobacteria from wild M. lupulina, and strain identification was carried out through colony morphology observation
and assessment of acid and alkali production, combined with 16S rRNA gene sequence analysis. Growth-promoting
properties were verified by back-inoculation to the original host, and strain resilience was determined by evaluating in
vitro acid, alkali and temperature tolerance. Four strains of interest were isolated from wild M. lupulina in this way,
designated GNT1, GNT2, GNT4 and GNT6, and the colony morphology and acid and alkali production results
were consistent with the characteristics of rhizobia. Strains GNT1 and GNT6 were identified as Sinorhizobium

meliloti, GNTZ2 as Pararhizobium giardinii, and GNT4 as Pararhizobium herbae. Compared with a no-inoculation
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treatment, rhizobium inoculation increased the number of plant nodules by 2. 06—3. 64 times, the plant height by
0.75—3.17 times, the root length by 0.21—0.38 times and the plant dry weight by 0.55—2.82 times. The
effective nodule number and nitrogenase activity under inoculation treatments were 11. 33— 18. 00 nodules per plant
and 5.71—10.97 pmol C,H,-g '-h™', respectively. The nodules under the non-inoculation treatment were
ineffective nodules and did not have nitrogenase activity. The four strains could grow at pH 11, and the strain GNT2
grew best. The strains differed in their tolerance to NaCl. Strain GNT6 could tolerate 5% NaCl, and only strain
GNT6 could grow at the low temperature of 4 ‘C. Hence, strain GNT6 was determined to have potential to be
applied in alpine grassland, and is identified in this research as a candidate strain to provide improved rhizobial strain
resources for the restoration of alpine grassland.

Key words: Medicago lupulina; rhizobium; strain resilience; efficient symbiosis
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Fig. 1 Colony morphology of different strains

A Bk GNT1 B 7 JE 4 Colony morphology of strain GNT1; B: B #k GNT2 1 #JE 4 Colony morphology of strain GNT2; C: B #k GNT4 H K TE &
Colony morphology of strain GNT4; D: F#k GNT6 [ 7% JE % Colony morphology of strain GNT6.

x1 BHREERESRETRTHEE

Table 1 Colony morphology and acid—alkali production capacity of strains

T PR 2 LERESI 2 J R R RE 1
Strain number Colony morphology Acid and alkali production
GNT1 KA ERIE B i R, %S5 LB A KB R . Grayish-white round ; colony convex, +
slimy, neatly edged, translucent; growing fast.
GNT2 FLA A B ; B R R RN G ST RSB W] B K. Milky-white round ; colony convex, ++
slimy, neatly edged, opaque; growing faster.
GNT4 FLEA A B ; % Ol AN G 5T RE W] B RK R, Milky-white round ; colony convex, +
slimy, neatly edged, opaque; growing faster.
GNT6 AERATEK PR B R R TR RS AR E Y, Pre-growth grayish-white, later yel- +++

low; colony convex, sticky, translucent; growing faster.

TR 02 B GNAR R R AR S H m L 5 3 F B T RR 1 B K 514 o Strain number: the first two letters GN represent the sampling
site Gannan, and the third letter T represents the host plant M. lupulina. F[i] The same below. =8R8 b, “+ "R ¥, LR IRAE 5+ +7
W, RN RRBE ST+ U A, FOR PR AE 158 o In the acid and alkali production reaction, “+ " light yellow, means acid-secreting weak

“++7 yellow, means acid-secreting good; “+ + 4" orange, means acid-secreting better.

CK GNT1 GNT2 GNT4 GNT6

2.2 AHER

MNBF AR K W ET AE AR R A B R 4 bk T Bk & 16S
rRNA %22 (% 2) , [FE P 50tk e A 2 30 (& 3) L 1
Bk GNT1HI GNTG6 (5 16S rRNA % [H 551 5 H 75 h 48
W (Sinorhizobium meliloti) TMG-6311 B A1 0L &
539 R 99. 41 % F1199. 48 % 5 W #k GNT2 i) 16S rRNA
S ¥ 5 5 3 KRR B (Pararhizobium giardinii) T T ——
H152 AR RLEE Oy 99. 8556, W Mk GNT4 19 16S rRNA  Fig. 2 Bromothymol blue detection of strains
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Table 2 Molecular biology identification of isolated strains

23 B E I 524 B v 7 90 1) TR R HAALEE
Strains Length (bp) Strains with the highest homology sequence Similarity (%)
GNT1 1359 B G P ERRI S, meliloti LMG-6311 (X67222) 99.41
GNT2 1374 HIRRIMIR & P. giardinii H152 (ARBG01000149) 99. 85
GNT4 1346 SR BRI B P. herbae CCBAU 83011 (GU565534) 99. 62
GNT6 1377 A5 P AERURTE S, meliloti LMG-6311 (X67222) 99.48

GNT6
GNT1

G MR B HR 9% B P. herbae CCBAU 83011 (GU565534)
00| GNT4
GNT2
991 <& (% 5l L9114 P. giardinii H152 (ARBGO1000149)

L | R Wi B Phyllobacterium ifrigivense STM 370 (AY 785325)

100| B g AR S, meliloti LMG-6311 (X67222)

94

0.020
El3 HEFEKISRNAEHEFIHMBENREEZELEH

Fig. 3 Phylogenetic tree constructed based on 16S rRNA gene sequences of screening strains

N 1 45 M @ AR 98 8 ( Pararhizobium herbae) CCBAU 83011 HYARLE K 99. 62 % .
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Bl 14~21 4 B RS TRBON 11~184, Hivh | AT bk GNT4 3t 4 4598 ROR e A3 5 AR F500k , T B3R OE 9F: 2 BRIk
Ky (F5) . X IR R IR A5 IR 4, SRR S5 B0k 44 ARR SR IR, (1, T ARG TR R o 45 B TR b B R
B AR 9 ] S B T PE N 5. 71~10. 97 wmol C,H,-g '-h ', Hod, DUBE #k GNT4 32k [ 8 8508 & 4, B Ak GNT1

Ykzo
2 = 20 157
a = 2 2
. i .
< 20t g 16} g 12} 5
[ TN
= 8 b w2 b %=
=y 15| b Eelz_ b g+, 9 b
- =5 5
§E #®/e %DI*' be
E =2 ER
w10} =2 8t ZC 6} i
E = 42
o T
S ¢ =z 4l AT
Z St g 4 & 3
0 0
CK GNTI GNT2 GNT4 GNT6 CK GNTI GNT2 GNT4 GNT6 CK GNTI GNT2 GNT4 GNT6

Kb Treatment

B4 EHROENREEFAHEEY FUEBERERBEEENZIN

Fig. 4 Effects of strain treatment on nodule number, effective nodule number and nitrogenase activity of M. lupulina

A /NG ) 32 7R 7R TR) B Ak b B ) 22 5 1 3 (P<<0.05) . Different lowercase letters indicated that there was a significant differences among different
strains (P<C0.05). F[i] The same below.
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CK GNTI1 GNT2 GNT4 GNT6
Kb Treatment

E5 BEHGNT4EIZELEBE(A) ENRBAN(B)ER
Fig. 5 Nodulation (A) and single nodule size (B) of strain
GNT4
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Fig. 6 Effects of strain treatment on plant height, root length and dry weight of M. lupulina

AL UL 78 TC AR KA T 2 R AL TR X A PR 1
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2.4.1 B FEX NaCl (i 52 fig PRI PR T R 1
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o, B Bk GNT2 R GNT4 i % 1% ~3% NaCl, H #¢
NaCli Bk 1% B AE K g 5 B AR GNT 1A GNT6 i
% 1%~5% NaCl, H# 5% NaCl¥k T, Wk GNT6
BMGNTLIEAEL A K G (7)), vl it 45 78
MR e — 25 D LS £ fig
2.4.2  BE BRI AS [ IR i 57 AE A Bk TR T 52
PRI A B, A [R) TR A AS [R]BE A= KT (3R 4) .
I GNT1HIGNT2 BB 7E 16~40 “CAE K, H L)L 28 °C
Az B AR 5 TR AR GNT A AR K IR B2 90 16 AR 6 35748, X g
TE 16~28 CI il N 2B K 5 T Pk GNT6 BETE 4~40 CIg
JTZ MR EE VL B A K, B AR 4 CCIRIR T MR A A 4
KBSy, BA T ey ZE I 9 )
2.4.3  BEPRXTAS A pH i 52 BE ) 1 7% it e 3 4
RI(E ), AR fEAE pH  S~11 0 A K . 1A
Pk GNT1EE pH 4 11 B ODy, (5L 58 B, 158 BH B ik X6 Bl it

#3 HEH NaClt = M
Table 3 NaCl tolerance of the strain

R4 G4 L8N BE NaCl concentration
Strain number 1% 3% 5%
GNT1 +++ + +
GNT2 +++ + —
GNT4 +++ + -
GNT6 +++ +++ +++
C=URRAER CCHTRRER - HTERRERRE R
K B — 7 indicates no growth, “+ " indicates growth, “ -+ "

indicates good growth, “ -+ " indicates better growth. T [ The

same below.

7 BB GNT6TESY NaClEHTHAERKRKE
Fig. 7 Growth status of strain GNT6 under 5% NaCl stress
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ZHE B . Wbk GNT2BE# pHAEM K, OD, fH  ®4 HHBEWFH

LR R R HLAE pH 3580 110, ODy, CRER= Table 4 Temperature tolerance of the strain
T HAl 3 bk bk (P<<0. 05) , % W1 1 14 b FL AT 4 U i) R O e
it T LR 1 . Stran nomber
GNT1 - + +++ +++

3 it GNT?2 -~ + 4+ +
3.1 FAREHERAENGFRER Zzi‘; . i ii L

ST 3ot % AR T 2 T RO BT 9T 4 % 03 0 0 52
TPl RE A A HUHE B0 T A% L T O 58V T8 G 2 4 i
5 2 SRR 7 O R R T e a
T A AR 110 A R T B — (1 T L 24} 2 @,
R 35 2 AR VE 2 AR L B ap e ol de
U A R A 4 S O i B KRR 1 L o AR 1.8 i c
S BB (Sinorhizobium) ML HEJE , B T 1L % 5 D§1‘5 ;
SR, A BT IE 45 55— B WU R B A S s b
A AR A TR B SR b L 6 T G A o c
WU I R R R AL 4E 2 A8 B 8 (Medicago ‘;j
varia)™" % K ¥ (Indigofera amblyantha)™ 3 5. .O I'g'
(Phaseolus vulgaris)"™ % 5 %F & A @I AR 98 1 09 15 £ 48 3 7 pn ? i

Yy 1038 32 B 40 5 5 (Onobrychis viciaefolia)'™ Fl 8 7 [E pH Xt B #k ODy,, HI 5 M
1 5 (Medicago ruthenica) ™ , % 4 WAk 75 £ J . Fig.8 The effect of different pH on the strain OD,
WEETE BAOCHE 5 . ABESE RN R IE E 7 o B AR
1) 2 AR AR R TR QORI AR R TR [l ST, TR R B RB IS S R T AE AR NI R T L BV . B, R
G AR A AT RE R MR R AR R TR R TG R AR R TR Y — R AR R G — 2 R AR R 2L i e A IR E

AR, X AR IR AT v A TR R A R 28 0 1 e I e U AT IR 2R M S O NG 1A R AR R T 4 B 4 S
(Astragalus sinicus) (5 45 . =W % ( Trifolium repens) MR 5. ( Glycine max ) 4 F G B} AE Py M2 BrAs I 27 3298 [l 45
RER A R 6 5 R g E AR NS S H A 3R R 40 . A B S B 0 i — 20 T UE AR R TR
B fE Ao (B AR P ] AR BE A, I O R Y PRI Y LT A5 R I RURE O s AR R TR S S R AT o B T
P55 At 2 B A ) S A= DT IS A F 5T

3 0 B OR B2 ) B & A T 259 B4, o8 SLIR R, AT 8 5 R 1 P A AR TR AR OG0 o7 17 2% I IR AR
DAL 20 422 fink A A AR T8 BAT DT 52 T &/ V5 AR TR BT 422 P s R 7 o IR I X A B R AU JES T BB R P A AR T S e
Az 59 0 D TR 22— s AR S B 2B 72 e B2 bl 0 - R R AT T B A B, LA B9 2 B, B 1 N AR ARV TS AL )
SR> B S R A B TR P RO G S G4 b AR R A
3.2 AR HEARMG R G- A S G

T BHA A R TR BT (0% AR VR PR R SRR S RS B ARl PT RE S Jr Y2 AR R v AT E AR Sk S e
) A A R i 1 B SR bR 2 — AEAS ST, 5 AR Rl A JAR L SR R TR XA 4R T . SRR A AR R T
3T B R R A ) ZEER O A% AR T R ) AR A 5 TR s AR RS TR A L 8 43 WA 5| Ik £ TR (3-indoleacetic acid , TAA) (S W FI
P LR A5 22 Al AR A e, DT 88 o Ak ™ a2 I U Dl e U A 0 — SR 1 R AR T S R
A RGE AT BB — 5y o ABEFE T, 4 BRAR R B ] 2 S B RE 5 K WE EAE AR 4R, b L AR R R T
GNT 4 [ 0 16 M $5c A, 28 B AS ) AR JR0 T 5 0 A AR 1) 2B 58 PR A7 AR 25 5 . 3K 50 BB 45 I AR 98 45 21— B
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