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Studies of the difference in symbiotic interaction between Sinorhizobium meliloti
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Abstract: Inocculum of Sinorhizobium meliloti strain QL2 was applied to plants of eight alfalfa varieties (three
imported varieties: WL168HQ, WL298HQ, and WL319HQ; three domestically bred varieties: Gannong No. 3,

Gannong No. 5, and Gannong No. 9; and two local varieties: Qingshui and Longzhong) to clarify the differences in
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nitrogen fixation effects, with a view to improving the nodule formation and nitrogen fixation capacity of alfalfa and
the efficiency of natural nitrogen utilization. Indicators such as nodule formation, nitrogen fixation, forage biomass,
and nutritional quality were evaluated to study the differences in symbiosis, nitrogen fixation, and growth-promoting
effects after inoculation with S. meliloti QL2. Results demonstrated that in domestically bred varieties, moculating
with S. meliloti QL2 significantly increased the weight of individual root nodules, as well as the root nodule diameter
and the number of infected cells in the root nodules of by over 70% compared to both local and imported varieties.
Regarding nitrogen fixation efficiency, the imported varieties (52.62% to 63.49% ) and domestically bred varieties
(53.30% to 62.41%) exhibited significantly higher fixation rates compared to local varieties (43. 05% to 46.72%).
Hierarchical segmentation analysis showed that nodulation factors (the number of infected cells in the root nodules,
the number of effective root nodules per plant, the single effective root nodule weight and root nodule diameter) and
nitrogen fixation factors (nitrogenase activity, nitrogen fixation percentage and nitrogen fixation amount) explained
63% of the variation in the above-ground dry weight. Of the explained variation, 89.56% was contributed by
nitrogen fixation factors, and only 13.55% by nodulation factors. A correlation analysis revealed that after
inoculation with S. meliloti QL.2, the nitrogen fixation percentage of different categories of variety was significantly
positively correlated with above-ground dry weight. That is, the growth rate (as reflected by above-ground dry
weight) of imported varieties was the largest compared with CK, of which WL319HQ-QL2 had the highest growth
rate of 48.08 % , followed by domestic bred varieties and local varieties. The nitrogen fixation percentage was also
significantly positively correlated with the forage nutritional quality. Inoculation with rhizobia generally increased the
crude protein yield of alfalfa with the highest increase being 51. 08% (P<C0.05), while reducing the yields of neutral
detergent fiber and acid detergent fiber by 40.55% and 53.96%, respectively. These changes in nutritional
composition resulted in an elevation of the forage quality score by 1 to 2 grades. In summary, a high nitrogen fixation
rate has a significant positive impact on both above-ground dry weight and forage nutritional quality, meaning that it
plays the critical role in improving the yield and nutritional quality of alfalfa. This study lays a foundation for
development of materials to optimize nitrogen fixation efficiency in legume-rhizobia symbioses and improve alfalfa
forage quality.

Key words: alfalfa; rhizobia; nitrogen fixation percentage; alfalfa variety effect; forage quality

KA HETE (Medicago sativa) J& 240 A FEARLY) , LA @ LB & d0 A O X2 RS0 8, A o
ZEIERR . B R ZARA A K S PRI FR AR AR R A A L AR AR SRR AR B A K AR R g AR
K b PRI IREE S 5 RS E W R A VE R o T S8 A T R R AR T 2CAT L 4y Sy Ml O R R L A0 5 |
ol R IR B R R =2 R [ Ml SR A R L AR A RT R PR b I PR BE R AR AR R S R A TS
]2 o by 58 A0 Y A ELA 35 N M B R O G A R R T A R L SR € A5 R A [ AN TR Y SR
st R R 22 RN T 5 AE AR R, 0 R GE R B T ORI PO P AR A, O BRI N R A
A SR it L B 6% R I P 5 A A PR AR TR R R SR AL A T R E R R AR T A iz A
[F] 149 5 46 B 4 B AR A Ty AP ER A I RO R SFE O SRR A RL B N TR M T B I A A
O B MRRIVRE 22 FH 3% 14 58 6 7 4 P 35 RF (9 0 8 S EL AT B 5 A 7 o T R P M R T DR G 1 3
7P, BB % il 2 S [R] 0 Al A0 3 Il 75 ok

AL T (rhizobia) W] 55 58 18 B 4 e A2 1 BRI L 4 A 9 TE AL 48 11 e A g A L AR, ik A4 o AR A B ik ol 2E
PR TS S B R A MR B L bk S BT LR S T 38 7Y b A R R T 44, 2% H R
AR T 99. 7 0, ARJR B | RS PR AR LU BRI 4R R T 76. 0500 22400 M1 34,5700 AR AE S AL
PRI A [ G0 R VE FH R 418 v S8 A0 T 7 R B A [T RE R AR A 7 AR AR T AT O A R R



134 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 10

ML H T SRR R RGN — D E ARG £ % — R, RS ERE R RAN R 2%
A 2 b 5 2 RH D C A AR TR, 70 O A LR A R L IR B B . AR SE L R [ R ) A R
— MR TR R, DTS BT T A A R AR A A [ A B AR RO B R 2 R AR R FEAR A B AR i AU
PR PR 5 50 A6 B A R AR 7 R LG AR R LA Y i R 63, 1001 A R R TR TR R DA B 2 () Y
SRR YE T AR T S R SR OR R 4L A i 2R 25 S e AT S A AR Y TR R 4y A B 306 .26 %6 36 %61
R A 2 46 X R W], 4 5L S e A o AR DT C 9 AR R DS, L0t b T RORL AR PR TE B 106. 3% 113,500, WA
SEUIE Y e BT AR 345 4 R 17581 AR IS & A SR A BB AR A R 17581 TR MR O 1A R B A TR 9 £
B P, HA e 500 RO R B AR DR IC A AE R R ELAE TN B S BR AR e b, R AR R T AE L Y
SV A AR SR AR o AR AR TR R QL2 2 MV KSR AR A AR BTk Y, A B R 35 SRR E A
Ji e AR DTG RN IE N RE T 8 B A E AR B M AR

DAL, AR AP 5 AR 41 L A T 8 O 0 B SR, R B 3 AN 2R, e 8 AN SR A R L S T 5 R TR R QL2 R A 1 2
9ed 141 20 LA B A A 2800 45 7 T 1) 22 S R AR, R T [R] S AL 28 46 B A i A 55 AR TR A B 4 TR DL S K R R AR
Xof A T [ 0B AR 1 1 FH A Y S e T S
1 MRE5FE
1.1 AFRAHH

L1 fESEREAME BB SN PUIL L X ) 2 Rl 0 1 P A0 58 A8 B A A O BEUE AR AR R O ANk 1
JER o

F1 HIKEEEERT

Table 1 Test alfalfa varieties

Gt i 4 4 B 7 P/

Number Variety name Scientific name Type Habitat Source

WL168 WL168HQ M. sativa ‘ WL168HQ’ [E 5051 B ah Ff EqE| AU AT IE B A AR BR A 7]

WIL.298 WL298HQ M. sativa ‘ WL298HQ’ Foreign introduced  America Beijing Rytway Ecotechnology Co. , Ltd.

WL319 WL319HQ M. sativa ‘WL319HQ' ~  varieties

QS WK B 18 Qingshui M. sativa ‘ Qingshui’ b7 b A i [ Hol gl Rl A R G E S L=

1.7 [ i £ 4% Longzhong M. sativa ‘Longzhong’ The local varieties  China Key Laboratory of Grassland Ecosystem of Ministry of Ed-
ucation, Gansu Agricultural University

G9 H 4 95 Gannong No. 9 M. sativa ‘ Gannong No. 9" F& [H & a5 Fl i FF A Al R B A 28 R G R T R S

G3 4% 345 Gannong No. 3 M. sativa ‘ Gannong No. 3’ Varieties bred in China  Key Laboratory of Grassland Ecosystem of Ministry of Ed-

G5 [ 4¢ 54 Gannong No. 5 M. sativa ‘ Gannong No. 5’ China ucation, Gansu Agricultural University

1.1.2 L wk 12 06 16 FH 0 AR JR3 T8 Bk O A B MR R B AR QL2(Sinorhizobium meliloti QL2) , BUARAE T H R 4%
WRFENAESREBE B ESLRE,
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#,105°41" E,34°05" N, 4K 1595 mo AEYSU 9. 7 °C, F 4 FE K & 451. 6 mm, 4F 28 & #1664 mm, H FEEF 4
2446 h, 2 AFTCAEIA 210 d, J&@ WAt 2 T R RhME AU, DX 330 N0 35 RIS A 1
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W :0.9% JC T AALIIE 0. 5% I 80) 3 1 min (ST VR AT 5 5 11 75 T A 28 10 75 Mk, 38 5 7 2 508 ) 5 G i
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Tryptone yeast:5.0 g*L "BEE A WR,3.0 g-L "IEREH, 1.3 gL 'CaCl,-6H,O, B fig 16.0 g-L ', ZZ 1 7K 1000
mL, 495 pH="7. 0~7. 2) #A7T% 1k , 7E A AL BE TR A6 N 28 “CHEFR 24 ho JH IO TR 42 Fh B Pk IRCER T8 7% % 32 A\ & A7 400
mL YMA K 55 3% 3 (B HE 22 2R3 IR 85 9% 3, yeast malt agar: 0. 5 g- L~ ' K,HPO,* 3H,0,0. 2 g+ L' MaS0O,-7H,O,
0.1g-L'NaCl,10 g-L "H 88,1 g- L '8, 1000 mL 8B4l , 84 pH=7. 0~7. 2) f) = i, 28 °C 180 r-
min Y& 55 3% 18 h, W i 2 1< 10" cfusmL ', 7€ 25 °C 10000 remin ', B> 10 min, 37 _F 15, J5 A %5 5 JC 1 K b
PR A, I IR BE R % 2% (MS 3 basic, 8 &) % HATHE S
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1.3 EAFEKXE
1.3.1 FhrabmH M 1.2.2,

L.3.2 #hiiE KR EREY, T 2023 4F 5 A 7E3E 57 2 W EAT OB IR 28 °C/14 h, 1K 20 *C/10 h, LR
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ME .

1.3.3 PN [FILE 0 in Ak 2 RURZE CO(PNH,), (HH IE 2 "l 42 B A9 =F B2 o 1026 19 "N IR 2D OE =X
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THE BT . B H (erude protein, CP) 2k HIEL IR E BE W ZE 5 o PR VR U £ 4 (neutral detergent fiber, NDF)
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1.4.5 5 1 ] &b B2 VF AR GI (] 753 9 46 %L,

grading index ) iz 7 {2 iy A 4 3 ] 4Rk 20 AR B2 H A ®2 HEANRESRRE

PEETEAR (2 2), HAe B fe 2 .CP .NDF Ml ADF 454 Table 2 Grade standard of roughage quality

R L A 4 S WL R 9 R 6 (. LA PR Grade CHALGLvalue (M- D
FH U?Z\ﬁiﬁﬁﬁi‘kﬁmz 23] g Extra grade —>53.68
VDMI= 1.2 X BW/NDF 1% First grade 33.50~53. 68
Ny :[1.085—(0. 124><ADF)]>< 9. 29 2% Second grade 19.20~29. 29
Rt VOMI % F 90 57 B B8 R £ 5 Noy 4 72 5L 0% 49t Fourh grde 5.2510.67
s BW R4k, )L 600 kgﬁ‘%o 5 %% Fifth grade <6.28
L5 MBI FE HEBR A L — 0 R

Note: The index level that does not reach the upper level is classified as

K Microsoft Office 2019 4k 4 47 % ¥ 4% 7
& Al SPSS 26.0 (IBM Corporation, 32 & ) # {4 #F 17
J7 240 A (P<<0. 05) FAR M 4 A 5 FH R 7 647 )2 K 43 #] (hierarchical partitioning) 438 #1 Mantel 53 #7 ;12 H
Origin 2024b(OriginLab, & ) & F1EE .
2 ERESW
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2.1.1 RFEMAGAEEEIEE 257 WEL L s F2 R Rk QL2 J5 AN [R] i R 1 B bk A R0 9 H5ORn B0 2%
MRS B B AP AE W3 22 5, b WL319HQ i A i B MR A SR R B i 22, 38 31 9. A7 A (H L B0 50 S5O 9 J e /)
XK 0. 20 mg, H i % I F H A5 A (P<<0. 05) 5 1Ml H 4% 55 Hubk A ORI 5 2 (5. 924 ), H i BiA RO 98 &4
JESE A F 150 mg. I3 H A 35 1Y FLINUA JONE B R L GA B 164 mg. RRAKCEFE IR IEF LA R A

this level.
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2.2 xm%ﬁ%%ﬁ%g*g@%%iéﬂé\@ﬁﬁgﬁ combinations was different
25 G3: H &35 ;G5: HK5%5;G9: H4&9IS; WL16S: WL168HQ;

WIL.298: WL298HQ; WL319: WL319HQ; QS: i /K 15 ; LZ: B b 1
2.2.1 AFILAHE N E & B R RS &2 T AF/NG FHFRR2E 5 B3 (P<0.05), TR . G3: Gannong No.3;

jE1'1 ﬂu IEI 3 }?yfﬂ? , Tﬁﬁ*ﬁ@%‘ﬁg QL2 E , %%XEE‘ G5: Gannong No.5; G9: Gannon No.9; WL168: WL168HQ; WL298:
A O Ny B AR A 52 5 (P D e e e st e
0.05), By Pl 3¢ AT A1, [ A0 51 3 i B 30 &R Y (P<<0.05), the same below.

A % B 4 50% LL b, B B S WL298HQ, ik %
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A% A 13,3704 A 1y 5 2 ity Fif 14 161 280 36 I F 50 %0 , e vh i /K 8 A6 e IR, A 43. 0506, He [ 4 i 0w iR (5. 94
mg-pot '), H i F K T HAb & A (P<C0. 05) ,{H H % "Nyp e 5 , 35 %1 20. 86 % .

2.2.2 AREEAAEHE B FABEREES F I da o AT, SRR T QL2 G, 45 b Al st B 3 R B4R
AR 2Z 5 W%, K35  WL298HQ 1 WL319HQ # B £ i . | 2R £ it i 2% i T H A4k 1 (P<<0. 05) , 43 5
ik F] 146. 35, 145. 35 A1 122. 39 mg- bk ', B CK 43 B #& & T 39.85%,26. 87% H1 51. 05% (P<<0.05) , 1 H 4 95

B M b AR B A CK O B 38 BRI, R A 31 28, 38% . Hb A AL B & i I /Y M i 7K B 48 X IR 41, /LA 56. 82
mg-kk o

1 & 4b e T, A ) 4b B T AR R W AF R 3 25 5, R 35 \WL168HQ . WL319HQ G /K & 15 H2 18
4 F AR E R EE T CK(P<0.05), K HA& 35 F AUBUR B3 06 i 3% 159 78. 28 %, R, HA& 55
H5HA& IS HERE T AR E B EMT CK(P<0.05), 4 BIFFEL 44. 66 % F141.28% , Horp H & 55 1 F A
BRRMK, A 13. 38 mg- ¥k .
23 FESMERLERERBALEARAGH L WTANFT L7

n1&l Sa.c i 7s , B Fh QL2 J5 , AN [l i Pl AS [v) Ak 3 ) A 4 o 22 53 8 38 (P<<0. 05) , M | T EOR A, R 35 .
WL298HQ 1 WL319HQ # B 41 (b -+ E ¥4, H i % & F CK, Hoh WL298HQ fe 7 , i5 1] 5. 37 g #& ', il
AR 35 B3 e B (3, R 2 24. 99 %0 5 Hoftn S R BRE T A b b T U H CK B4 BT R AIG, i R 9 S | T EH CK
B A, BB g 27, 22% (P<<0.05) .

WE Sb e iw, R FEFmbAEREES, HR3S WLI6SHQ M WL3I9HQ W4l F T H B & H
T CK, 73 il 4 5 54. 1206 .55. 97 % M 45.91% . H A& 55 HA 9 S FBE b 15 i T+ H8 CK B R (P<
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Fig. 2 Differences in the number of infected nodule cells in nodule sections and nodules of different symbiotic combinations
(a) NANTR AL 20 4 B AR B LA AR P R e i 2 (0 U0 5 () S AN R 3 A 5 BUORE BLAR 5 (o) AN RG220 4 OB rh i (R e Al I B H 5 (d) AN TR

Az 41 A (1 B AU IS P . (2) shows photos of root nodules of different symbiotic combinations and toluidine blue staining sections of root nodules; (b) is

the root nodule diameter of different symbiotic combinations; (¢) shows the number of infected cells in nodules of different symbiotic combinations; (d)

shows the nitrogenase activity of different symbiotic combinations.
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FLORA KA — FHR A H AR 9% — M b U FIHFERL HAR 55 (B B4 — b RN FERL .
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2.4.1 REEAEAGHEAGRES WK 6afrw, A M 5 55 A & 1 & ol 14.69%~18.44%
Hy Pl 6b T, B H AR 95 A0, LAy Sl R TR A ML AR 1 B CKT A 4 7 o ik 345 L H R 55 \WL168HQ.
WL298HQ WH /K B fg fbe h B A5 WA M &E A& & W F & T CK(P<<0.05) A RBEN I HKS S
(16.34%) , HK B HA& 35 (12.01%) .

WA 6¢.d Iz, T A b A b BE A HLEE (774 0 416. 46~914. 71 mg- bk ', 2 5 B F (P<<0.05), HiH %3
5 WL298HQ Al WL319HQ 4 Hoxh ¥ i & 48t oy, Hop HR 35 7 i fe i , 15 8 914. 71 mg- ¥k ', WL319HQ #2
ThHi kw3 iR F 51,08 % , 1 H 4R 9548 CK B 3 FRAIK T 28.39% , 7 508. 16 mg-#k ' (P<<0.05),
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Fig. 3 The difference of nitrogenase activity and nitrogen fixation in different symbiotic combinations

(a) R AT A 1A PN B (58 D S ) 10 A bk AU L (D) AR I3 PN R 7 4 40l 5 (o) R AN Al 26 A4 414 (9 8 UK () AR SR 415 1
il % fF . (a) is the whole plant nitrogen content of different symbiotic combinations after N treatment (indoor sand culture) ; (b) shows the atomic
percentage excess of different symbiotic ’N; (c¢) shows the nitrogen fixation percentage of different symbiotic combinations; (d) is the amount of

nitrogen fixation in different symbiotic combinations.
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HA4 95 WL16SHQ FIBE ff B #5 , 24 i F AR (P<<0. 05) , Hirp H A 9 S IR i K, 155 53. 96 % (1 7h) .
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W 8a fir sk , Afal il Fp 5 QL2 P AR Ay BRI AE RN A B E X R, R3S (H K S5S  WL168HQ.
WL298HQ . WL319HQ F3# /K & & g 1E 80, Horb WL319HQ $ b 3% % fi 5 (834. 23) 5 1l H A< 9 5 A Bl b i 7
A RO A RN, HLH AR 95 (—11.09) 8 3 I T Hifth 5 Al (P<<0. 05) &

W& 8b iR, AN ] ah A 5 QL2 7™ A Y b R FB Az O A7 AE 3 22 R, H A 35 \WL168HQ . WL298HQ.
WL319HQ i /K B 15 #49 4 IE RN, Hoh WL168HQ M WL319HQ & 25 & T Hofth 5 Fh , 24 190. 31 A1 201. 60 11 H
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Fig. 4 The difference of aboveground and underground nitrogen accumulation between different symbiotic combinations and CK
(a) F IR AN [ 5 il 5 A6 17 76 He B A 3R 0T 1R 2 1 Z60RR B2 k5 (b)) 7R A () i il 5 46 157 76 e 81 A 28 15 08 IR 2 1 280 BR 3R a5 (o) 3 73 5 T Ak B ) TR
AR T A B A K R (a) shows the above-ground nitrogen accumulation of different varieties of alfalfa and CK; (b) shows the under-

ground nitrogen accumulation of different varieties of alfalfa and CK; (c¢) shows the growth rate of above-ground and under-ground nitrogen accumulation

in the inoculated treatment compared with CK.
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Fig. 5 The aboveground and underground dry weight of different symbiotic nitrogen fixation combinations and growth rate
difference compared with CK

(a) PR AN [R] 5 Rl 28 A 1 5 2 B A0 3 5 %) HRZH b, 11 T 5 (b) 3R S [R) i 58 48 7 e 42 17 A 9L 5 0) 2Lt 1 5 (o) 3RS 2 B b A0 0T R ZH (9 b 1
W F T EH A KR . (a) represents the above-ground dry weight of different varieties of alfalfa inoculated with CK; (b) shows the under-ground dry
weight of different varieties of alfalfa and CK; (c¢) shows the growth rate of the above-ground and under-ground dry weight of the inoculated treatment

compared with CK.
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Table 3 The change types of aboveground and underground biomass in different symbiotic combinations

Eii EEa R (TR S )

Type Feature Varieties (after inoculation)
M AR A Above-ground accumu- M [T EIE N, MR T HE T R #E 2 5% . Above-ground dry weight increased signifi- W1.298
lation type cantly, while under-ground dry weight showed no significant difference.
M I bR LR A Above-ground Ml MR T E . The dry weight of both above-ground and under-ground ex- G3,WL319
and under-ground accumulation type  hibited an increase.
MR R A Under-ground accumu- s I THIC W 22 5, MR T H W FH . There was no significant difference in WL168
lation type above-ground dry weight, while under-ground dry weight increased significantly.
TR A Zero-growth type Mo b MR FES R 225 . The above-ground and under-ground dry weights QS

did not exhibit any statistically significant difference.

M b HLR I AE Y Above-ground i b MR T E 4> . The above-ground and under-ground biomass demonstrated G9
and under-ground depletion type a substantial reduction.
H R IH #6784 Under-ground depletion  #b I+ THJC i 3% 22 57 , M F T &>, The above-ground biomass did not exhibit G5.L7
type any significant difference, whereas a notable decrease was observed in the under-

ground biomass.

I3 GO O 5 T I 20 6 005 A A 15 T S5 R0 ] R0t A7 7 T 35 AT DG P 10 T [ S i 1 7 L BE 7S [ R0 ), T R e
77 #0585 8 A7 A AW A 3R B 52 0 5 b b T R R B R AR O R T b AR R N AR L
LB IR il 5 AT AR 3 IR A e
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Fig. 6 The crude protein content in different symbiotic combinations and growth rate difference compared with CK
Ca) AR RS Tw) ity ol 28 76 1570 0 v A 360 15 ) R DR B 7 % s (b)) 28 7 442 A7 A B8 X R L A ML 0 5 A 005 0% 5 (o) 7 AR ) it o 5 6 1 A0 o T Ak 7
550 AR R 1 A 5 (d) 2008 2 1A A O IR ZE (R 1 9 B K % . (a) represents the crude protein content of different varieties of alfalfa
inoculated with bacteria and CK; (b) shows the growth rate of crude protein content in the inoculated treatment compared with CK; (¢) shows the crude
protein yield of different varieties of alfalfa inoculated with bacteria and CK; (d) shows the growth rate of crude protein production in the inoculated

treatment compared with CK.
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Fig. 7 Difference of NDF and ADF content in different symbiotic combinations
() FRFRAN TR 5 il 58 46 1 76 1 A1 A 3155 00 IR 2 b e e 020 2 A 5 i 5 () 375 4 AT A FL A0 0T R 10 b R R A 4 4 8 i B K85 (o) RO R TR) T A 28 4k
T 2 TR A 3 o R T T R AR A A 5 () 3RS 0 A Ak A R A ) T M R AR T A i A B B 5 (e ) AR TR R R AE 1 A AL B R R 4
o Yk R A A i 5 () 208 2 DA AL BT IR AT (1 P U VA A 2 ™ e W R R 5 (@) R AN ) it R SR 6 1 A 42 T b 3 5 % T AL 7 P O VA A A 7 5 ()
2% $5 TR Ah B 0 HE A 1 TR M R U T A 7 e Y S 4 R L (a) represents the NDF content of different varieties of alfalfa inoculated with bacteria and CK

(b) shows the growth rate of NDF content in the inoculated treatment compared with CK; (c) shows the ADF content of in different varieties of alfalfa

inoculated with bacteria and CK; (d) shows the growth rate of ADF content in the inoculated treatment compared with CK; (e) represents the NDF

yield of different varieties of alfalfa inoculated with bacteria and CK; (f) shows the growth rate of NDF yield in the inoculated treatment compared with

CK; (g) shows the ADF yield of different varieties of alfalfa inoculated with bacteria and CK; (h) shows the growth rate of ADF yield in the inoculated

treatment compared with CK. NDF : Nuetral datergent fiber; ADF: Acid detergent fiber.
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Fig. 8 Differences in symbiotic effects between aboveground and underground parts of different symbiotic combinations
(a) FOFRA S A 2045 b 1 3 A 8400 () AR RN R 2 A= 41 45 9 M R 2L 2B 200 . (a) represents the above-ground symbiotic effect of different symbiotic

combinations; (b) shows the under-ground symbiotic effect representing different symbiotic combinations.
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Fig. 10 The difference and evaluation of forage quality of different symbiotic combinations compared with CK

Ca) AR AN TR] ity e 25 78 1 0 0 v b 3H0 55 00 B 2L 090 1 400 0 B R £ 5 () 7 AR [R) it o 58 6 1 05 442 7 Ak 0L 5 X MR ZEL 1) ™ ZLAA BB A 5 (o) FRm AN [R] it i
SAE 1 15 12 A BE 5 0 BE 4 %) 1) B4 90 F8 30 (a) represents dry matter intake of different varieties of alfalfa inoculated with bacteria and CK; (b) shows
the net energy for lactation of different varieties of alfalfa inoculated with bacteria and CK; (c) shows the forage grading index of different varieties of alfalfa
inoculated with bacteria and CK. VDMI: ¥ i Fifi & % £ & Voluntary dry matter intake; Ny, : 7 3L i {f Net energy for lactation; GI: 1 %% 43 4% 4§ 5
Grading index.
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oM T R T A G, X A Table 4 GI grades of 8 symbiotic combinations

{4 B GE T, R BN A IR B T B R i oL ool

Symbiotic combinations  GI value (MJ-d ") GI grade
S S 8 0 R 5 R A AR IE T e R AR o — EEE—
W s R 5 -3 G5-QL2 55.47 FE9% Extra grade
AN AL FH B g AR R A A 9 A o 3 25 R A T G9-QL2 55. 22 4% Extra grade
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Fig. 11 Correlation of symbiotic nitrogen fixation (SNF) effect indexes of alfalfa inoculated with rhizobia QL2
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ek 3 Gl 7R 7E 0.05, 0.01 A1 0.001 7K 3 F 22 573 5 3 . (a) shows the correlation analysis of symbiotic nitrogen fixation effect indexes of all tested alfalfa
inoculated with rhizobia QL.2; (b) shows the correlation analysis of symbiotic nitrogen fixation effect indexes of alfalfa varieties inoculated with rhizobia
QL2 in China; (c) shows the correlation analysis of symbiotic nitrogen fixation effect index of alfalfa varieties introducted from abroad and inoculated
with rhizobia QL2; (d) shows the correlation analysis of symbiotic nitrogen fixation effect indexes of local alfalfa varieties introducted from abroad and
inoculated with rhizobia QLL2. NFP: Nitrogen fixation percentage; SNF: Symbiotic nitrogen fixation; NERNPP: Number of effective root nodules per
plant; SERNW: Single effective root nodule weight; RND: Root nodule diameter; NITC: The number of infected nodule cells; NA: Nitrogenase
activity; NFA: Nitrogen fixation amount; AGSE: Aboveground symbiotic effect; UGSE: Underground symbiotic effect; AGDW: Aboveground dry
weight; UGDW: Underground dry weight; AGTNA: Aboveground nitrogen accumulation; UGTNA: Underground nitrogen accumulation; CPY:
Crude protein yield; NDFY: Neutral detergent fiber yield; ADFY: Acid detergent fiber yield; GI: Forage grading index. In the figure, *, ** and ***

represent significant differences at 0.05,0.01 and 0.001 levels, respectively.
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