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as an efficient nitrogen-fixing association. To clarify the effects of nitrogen application rates on the productivity of this
system, four nitrogen (N) addition treatments were established: 0 kg=ha ' (R), 35.09 kg-ha ' (NR,), 46.79 kg*
ha™' (NR,), and 58. 48 kg-ha ' (NR;). Corresponding non-inoculated controls at each nitrogen level were included :
0 kgrha™' (CK,), 35.09 kg-ha™' (CK,), 46.79 kg-ha™' (CK,), and 58.48 kg-ha ' (CK,). Measurements were
conducted at the branching, budding, and early flowering stages. These included the number of effective nodules per
plant, effective nodule weight per plant, nitrogenase activity, plant height, root length, aboveground and
belowground dry weight, crude protein (CP) , ether extract (EE), neutral detergent fiber (NDF) , acid detergent
fiber (ADF) , and forage grading index (FGI). This study evaluated the effects of nitrogen addition on nodulation
and nitrogen fixation, plant growth, and forage quality in the Gannong No. 9-LL1.2 symbiotic system. The results
showed that in the NR, treatment, the number of effective nodules per plant in the Gannong 9-1.1.2 symbiotic system
was 22, 32, and 35 at the branching, budding, and initial flowering stages, respectively. Effective nodule weight
per plant was 0. 0353, 0.0745, and 0. 1013 g-plant ', and nitrogenase activity was 4.79, 26.51, and 28. 13 pmol-
g '*h ' at the same development stages, displaying an increasing trend as growth progressed. At the early flowering
stage, the plant height was 51.92 c¢cm and CP content was 20.42%. Root length and both aboveground and
belowground dry weight were significantly higher than those of other nitrogen treatments and the controls (P<C
0.05). Meanwhile, NDF and ADF contents were significantly lower than those under other nitrogen addition
treatments and the control (P<C0.05). The strong nodulation and nitrogen-fixing responses and the growth-
promoting effect of NR, occurred mainly at the branching stage, where the number of effective nodules per plant was
84.44% higher than that of the R treatment, and nodule weight per plant and nitrogenase activity were 2. 5-fold and
3. 1-fold higher than those of R treatment, respectively. Increases in root length, aboveground dry weight, and
belowground dry weight were also greater at the branching stage than at the budding and early flowering stages. At
the budding stage, fiber fractions were reduced in NR,, with NDF and ADF contents reduced by 3.82% and
6.03%, respectively, compared with R treatment, and this effect was strongest than at the branching and early
flowering stages. At the early flowering stage, crude protein was markedly enhanced in NR, where CP content was
increased by 9.04% relative to R treatment. Similar, but smaller effects were observed at earlier growth stages.
During grading at the early flowering stage, the FGI value of NR, was 54.91 MJ-d ', corresponding to a premium

" was identified as the optimal N

forage grade. To summarize, the NR, nitrogen application rate of 46. 79 kg-ha™
level for maximizing the productivity of the Gannong No. 9-L.1.2 symbiotic system. These findings provide research
data useful for development of cultivation practices aimed at improving the productivity of the Gannong No. 9 alfalfa-
LL2 symbiotic system.
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417,626 347057 ) L iE 4Kk 1595 mo J& Tl Ay 2 T 5 R Rl M S X, AR 2 A RN AR B K A 43 i R 9.7 "C R 451, 6
mm , 4E 7% & 1664 mm , 4 H BN 8 2446 h, TCRE I 210 d, L3RR #4081
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HAR 9GS LW HTE (M. sativa * Gannong No. 97) Fl F | 48 MR 981 B #k LL2(Sinorhizobium meliloti 1.1.2) ¥ H
HR A KA R AR S R G E W E AR = 2 IRE[CONH,), I b it it A Wy BB AT BR 2 v I K
1.3 RBF*
1.3.1 Fhyabs HROSSAEEAE RN R HIJCROK e BT RE I o SRR A B A S RN — B 554
B S A7 1800 AL, B T R WEAEF & b B BRAF 09 Fl 7 A © 5 iR K B /9 50 mL = M A AR VR =3 5
min, S k40 -t IR (sodium chloride-Tween 80 solution, ST) V& (0. 9% EALFNE W ,0. 5% & 80) & #U 1 min JH
B, 2 L BR A1 34 LUTC B /K G % , B Ja H TG T 08 2R W2 o~ 3 T K 4 i A T
1.3.2 [ [a) % Fl AR T 2024 4F 4 F 27 H#EATH Rl . i A A F il KR S 1LY L BHR S AE
A B 2 (polyethylene, PE) F B4 YL 5 N (L B A4 25 em . F ELAR A 20 em L& 30 em) K 46 752 31 A 4 1€ 20
em K. BAEMAFRCHENM T, ROEE L LERUEA YD F=1:11RE)2m AL . LR, 5a5R
B A K — B0 A B AT O A 20 A 3 TE) AR 4 T B AR RS 1~2 d PEUK 1R, BRIR A4 500 mL, i 56 b 22 (8] BEE 0. 3 m
AR, DU JE 0. 3 m AR 1T .
1.3.3 R Y 1 & W — 80 CORAT 14 AR 3 T Wk Rl £ 42 b T 28 141 1B 1 5B (tryptone yeast, TY ) [ 485 5%
e EIE TR AL . B R LB Ok 2R (B B IR (tryptone yeast, TY) :5.0 gL "B A MR,3. 0 g+ L' FERE By,
1.3 g-L ' CaCl-6H,O, 358 16. 0 gL ', FIZ& /K 25 % 1000 mL I 97 pH=7. 0~7. 2, G fbJ5 Wk T 28 °C
A AR FRAE T R % 24 ho 25 e T JC TR B 2 Bl B Pk IBCERL T 9 % 42 B B A 400 mL [ B 1 % B (yeast mannitol
broth, YMB ) ¥ 1A 8% 77 5& [ F £ H #8 % ( yeast mannitol broth, YMB) /A& R: 783 .0.5 g- L' K,HPO,+3H,0,0. 2 g*
L ' MaSO,:7H,0,0.1 gL ' NaCl,10 g- L " H#E &, 1 g-L "B REF, 1000 mL B 4l K , 3895 pH=7.0~7. 2] 1y =
MM ,28°C. 180 r'min ¥R IEFF I8 h, B iE E 1 X10° CFUmL ', 7£ 25 °C 10000 r*min ', &> 10 min )5 , {8
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(NR.) \N 58.48 kg-hm *(NR,) , Jf- 5 & 4 4> Ak A A $fp b A8 AR T LL2 40 #E 4 %F BR4H - N O kg-hm *(CK,) .
N 35.09 kg-hm *(CK,) \N 46. 79 kg-hm *(CK;) \N 58. 48 kg-hm *(CK,) , &AL F % 9 N H AL (94 /NX) , B4
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1.4.5  E A 1 ah BOREAR T B3 9 46 $4 (forage
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o, W4 T s R f R g%‘?{ﬁ{ﬁ , /ﬂ;l+%‘ Table 1 Grade standard of roughage quality(MJ-d™)

106

A F 5 GobR M (GB/T 23387—2009) % 1 ok PR
. Grade Forage grading index
1R
89 Special grade =>53.68
VDMI=1.2XBW/NDF
14 Grade 1 33.50~53. 68
NE,=[1.085—(0. 124X ADF)]Xx9.29 )
2% Grade 2 19.20~29. 29
FGI=NE X VDMIX CP/NDF 34 Grade 3 11.10~16. 44
A VDMI g B 3T 99 R £ 8 (voluntary dry 49 Grade 4 6. 28~10. 67
matter intake) ; NE, & 7= L ¥ fig {6 (net energy for 5% Grade 5 6 28
lactation) s BW Ay 3 4= { ., A 600 kg JT5¥ . VL WA b A bR I
1.5 HESH Note: Failure to meet the criteria for the next level shall still be classified

4% S H] Excel 2024 ,SPSS 27.0. 1, Origin 2024 under that level.
K Graphpad Prism 10. 1. 2 #0458 BAS B 92 19 245 Ab
Gt b B R .

2 HBREHGH

2.1 HRIF-LI2EAZRLARRAREZRTFTHEBEASS
2.1.1 559464 WK la FE e s, ZERE B IS 30~50 d B, 45 Ab B oA Rk A 50 9 50 2 et | Tt 94, 50~
60 d 45 4b H 5 BR A ROHR IR B b T A Bl 2, 60 d B FRAR A SUR B B B e £, 5 30 d A AE B 2 5 (P<<0.05) .
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16 30 d ), NR, Ab B i) B Rk A ORI B0 2 (224 ), RAC BB 0 (124Y) ,NR, BB A SO 98 50088 35 7 T NR, (P<<
0.05) . 7E50 d i, NR, &b H 1) Bk A7 AR B Bt 22 (324 ), R Ab B i) BBk AT 385 AR IR B fe 20 (244 ) NR, B R AT
MR IR B B T T NRARFE (P<C0. 05) . 1F 60 d i, NR, &b B4 BBk A SO 8 B0A B e £ (354 ), R 40 B A4 # bk
A RO B A (26 1), NR, 1 SR AT ORI B0 25 T NR,(P<<0.05) o 5 R AL FEAR HE, NR, Ab BB B AT S50
P63 B4 B 19 K R AE 30 .50 160 d 4391 by 84. 44 % .33.38% A135.13% , ¥ B3 & T NR, AL FE(P<<0.05)

WA 1b A 1d B 7R, 30,50 160 d Y BB AT ROH IR E1 53591 24 0. 0143~0. 0353 g+ & '.0. 0448~0. 0745 g- ¥k
F10.0660~0. 1013 g- ¥k, 30 d [ HL Bk A RUOAR R 51 4% R Ab B A9 3% KR B 3% & F 50,60 d, [RI B 60 d (14 Bk A 35 AR
Jo B = T 30,50 d(P<C0. 05) . NR,7E 30,50 F1 60 d [ HL kA SRR 9 H 45935 B 45 K, 43 1l 0. 0353.0. 0745 1
0.1013 g+ #k ', Hi¥k A NR, NR,, R &b ¥ f/)v , H NR, 5 NR, NR, R f77E 2 & 2 % (P<<0.05) . 5 RACFAHIL,
NR,7E 30,50 F1 60 d 1y 5k A &4 AR J88 J 38 4 3238 B &, 49 00l o 146. 3506 .67.01% F153.98% , H ¥ W 2 & T
NR,(P<<0.05).
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Fig. 1 Nodulation difference of the Gannong No. 9-LL2 symbiotic system under different nitrogen levels
TR KT A 3 7 ] — b B AE A (W) b i) g 22 57 35 (P<C0.05) , A8 TRl /NG A 3 7% ) — Ik 401 9 AR ) 4k 381 7] 22 % &8 3% (P<<0.05) s R: N 0 kg-hm “4b
s NR,: N 35.09 kg-hm >4k B 5 NR,: N 46.79 kg-hm *4b B ; NR,: N 58.48 kg-hm > &b B, 4 4> b Fi ¥ g 45 Ff o 4B AR L2, T [A . Different

uppercase letters indicate significant differences within the same treatment across different time periods (P<20.05) , while different lowercase letters
1

SR SCBR A%
Increase rate of effective root nodules

indicate significant differences among treatments within the same stage (P<C0.05); R: Nitrogen 0 kg+ha ' treatment; NR;: Nitrogen 35.09 kg*ha
treatment; NR,: Nitrogen 46.79 kg-ha ' treatment; NR,: Nitrogen 58.48 kg+ha ' treatment, all four treatments were inoculated with rhizobium LI1.2.

The same below.

2.1.2 [ ASE R (76 SR AR % P AT A DU S B H AR 95 -LL2 3 A R G0 M A RE S 8 b o f & 2a FTIEL 2b AT
AL H AR 95 MR T LL2 3h A R G AE 30 d A [ Z&URE I PE3S K RK T 50,60 d, 30 d 1 [ &SI 1 5 50 F 60 d B AE
135 2 5 (P<<0.05) . £ 30,50 F11 60 d B, NR, 1% [ 20 g 1% 1 #0835 2 i , 40 51 o 4. 79,26 51 F1 28. 13 pmol -
g "h', H 5 NR, NR, .RfF% % 2 5 (P<<0.05) . NR, Y [# & A %tk 2z, 43 %1k 3.35.22. 81.,25. 62 pmol-
g "vh 'y NR,4b B i [ 2 T 00 A A, R 2. 11,17, 66.19. 52 pmol-g '~h ' R Y [ G IS M S AR L AU
1.56.11.37.12.40 pmol-g "h ', 5 R AL BEAH L , NR, 7£ 30, 50 F1 60 d 0 [& % 86 36 PE K R &, 20N
221.67% .134.91% A127.92% , H¥ % & T NR,(P<<0.05) .
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Fig. 2 Differences in the nitrogen-fixing capacity of the Gannong No. 9-LL2 symbiotic system under different nitrogen levels

30 50 60

2.2 HRIF-LI2EAZAERRAEKRF FHARE T

2.2.1 FRESRE R R A, ASF AL B AR S AR K A N R R AR . R 3a R 3e AT,
1630 d I, NR A HE R H 4 9 %5 - MU0 T LL2 22k R G2 9 bk i B s (26. 55 em) , 5 Ho Al 2% A b B 22 5 W 35 (P<<
0.05) . H KA NR(25.57 cm) , 88 J5 J& NR,(24. 49 cm) , e J5 A R(23. 74 cm) o 5 RA E , NR, BB 5 389 4K 5 5t
i (11.83%) , 8 3% i T NR, f NR,(P<<0.05) . Fi &l 3g &l 3k Al 1, 78 50 d i , NR, A9 Bk &5 % = (46. 38 em) , 5
H A b P 25 % (P<<0.05) , #1#8 T NR, \NR, R, CK,.CK,,CK,,CK, 7 #l # % 4.22% . 7.69% . 12. 41% .
23.35%.28.12%.31.39% .36.41% . 5 RAHLL , NR, i #k & 38 4 R 05w (12,44 %), 2 3 & T NR,(P<<0.05) .
1 [#] 3m AL 3q AT A1, 78 60 d I, NRL AR B 5% 55 (51. 92 em) . NR, \NR, NR M2 R 1.07.1. 13, 1. 044% . BR
2z 4 ,NR, NR, NR, [ ¥ 55 5 9 & CK, .CK, .CK, 9 1. 31.1. 36 1. 21 /% , CK, ¥k i MK (36. 4 cm) . 5 RAHIL,
NR, % = 38 K R e (12.95%0) , 2 2 5 F NR, I NR,(P<<0. 05) .

&l 3b A A 3e s 78 30 d B NRAG R H A 95 MR i LL2 4 RGE MR KR (26,76 cm) , 5 HAh 4%

A GhHE 22 5 R 2% (P<C0.05) o £ 30 d i, 55 RAEL , NR, A9 MR K 36 K R 5 i (16. 94 %), 3% 5 T NR,(P<<0. 05) .
F & 3h ATIE] 3k AT AT, 78 50 d B, NR, A9 AR K f2 4 (30. 79 em) H & 3 5 T H AR 4 AN 4 B (P<<0. 05) , M5 T NR, .
NR;.R.CK,.CK,.CK,,CK, 45l & & 2. 98% .5.09% .9.11% .16.50% .14. 50% .20. 89% .23.75% . 5 R#H I,
NR, AR K8 KR8 (9.11%), B3 = T NR,AINR,(P<C0.05) . 1Kl 3n F11& 3q 7T %0, £E 60 d I, NR, 19 H K &%
£ (33.82 cm), H i 35 i T H A 4 A 40 3 (P<<0. 05) , #H3 T NR, \NR;.R.CK; . CK, .CK, .CK, 5 7l #& = 4. 67 % .
6.55%.9.84% .19.76% .15.39% .23.84%.29.08% . G RAHI ,NR AWM KM K R HEm(9.84%) , B &S T
NR,(P<0.05).
2.2.2 M BT EMMNTE A P&l Sc AP 3ERT L, 76 30 d B, NR, AR B H A 95 MR B LL2 4k R 4000 b
P EA&ATE(0.35 g bk ), 5 HAb AL BE 2% B B F (P<<0.05) , R A% T CK,.CK,.CK,,CK, 4> % &  53.33% .
35.29% .15.00%.9.52% . 5 RAHL ,NR, (¥ H T HH KR i m (51, 64%) , 3% & F NR,(P<<0.05) . Hi &l 3i
A 3LAT N, 76 50 d B, NR, [y i I H e (1. 01 g+ 4k 1), 5 Mo Al 4b 31 22 5 | 35 (P<<0. 05) ,R#HE T CK, .CK,.
CK,.CK, 43 5l4& 1 100. 0096 .65. 226 ,22. 58 % 7. 04% . 5 RAH I, NR, A1 b T H MK R 5 (32.98%) , B 3
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Fig.3 Phenotypic changes of the Gannong No. 9-LL2 symbiotic system under different nitrogen levels

IINE FRE 7 [ — I A S [ Ak B 1A] 22 5 2 3 (P<C0.05) s CK,: N 0 kg-hm ™ ? R4 R HUR B LL2 4b B ; CK,: N 35.09 kg+hm ™ * A 3 F HUR B L1L2 b
B CKy: N 46.79 kg-hm™ A #22 Bl MR B 112 4b 5 CK,: N 58.48 kg-hm ™ * K # MU 3 LL2 4b B . F [dl . Different lowercase letters indicate
significant differences among treatments within the same stage (P<C0.05) ; CK;: Nitrogen 0 kg+ha ' without inoculation of rhizobium LL2; CK,:
Nitrogen 35.09 kg+ha~" without inoculation of rhizobium L.1.2; CK,: Nitrogen 46.79 kg-ha~" without inoculation of rhizobium L.1.2; CK,: Nitrogen 58.48

kg-ha~' treatment without inoculation of rhizobium LL2. The same below.
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61.97% .180.49% .238.23% . 5 RAI,NR, A T THEIK AR 42,040, & T NR,(P<<0.05), & 3p
FIE 3c ] 1, 7E 60 d iF , NRALHE R H & 95 AR B LL2 A R T T E A (1. 26 g- 0k ), 5 H kb3 2%
S W (P<<0.05) , M1 % T NR,.NR,.R . CK,, CK,, CK,, CK, 43 ¥ #& 5 9.57% .20.00% . 35.48% . 65.79% .
53.66% .121.05% .193.02% . 5 RAHE ,NR, fHh T T B KRN 35.43% , B % 5 T NR,(P<<0.05) .

2.3 AAREARFTFHRIFT-LIL2EAZANAEBRERSD E

2.3.1 HEASE s da FiE de fros , 76 30 d B, CK AR AR 1 & f e ik (12. 28%0) , CK, .CK, .CK, i HL &
HEEMET CK B/ 0.73%.1.47% . 1. 79% , R (ML B & # M T CK, . CK, .CK, 2 Bl 42 7 22.18% .
21.30%.20.91% . 5 R ,NR, NR, NR, L& 3K R 50508 4. 58% .8. 71% .2. 40% . W&l 4g F & 4k fip
7N, 55 50 KB, NR, KL (& & s (18.66% ) ,NR, \NR, R .CK, .CK, .CK, .CK, i HL& 17 7 & A % F NR, % 7
R T 3.27% \4.66% .5.68% .25.83% .24.87% .22.99% .26.26% . 5 R ,NR, NR, NR, i HLE H 36 KR
G35k 2.53%.6.06% 1. 14 % o WA 4m FE 4q 7R L 565 60 K EF, NR, R (% 5 05 (20, 42%0) , 5 HoAl 4%
b 22 5 g 3 (P<<0. 05) ,RAME A CK, \CK, . CK, .CK, 20 4 5 T 27.07% .25. 28 % .21. 62% .27. 68 % . 5 R
Ft , NR,, NR, . NR, i ML & (A 8 K K40 51 8 3.94%.9.04% . 1.88% , NR, iy #l & A 3 K F 8 ¥ & T NR,
(P<<0.05),

2.3.2 HEM &&= i 4b B Ah FIE] 4n s, 7E 30~60 d W], 2 AN Ab BRAGHL IR 7 & A £ R
2.3.3  rPPEVRSE R R VR AR A FH P& de R AL AT 0, 7655 30 KA, CK, Y rf o v 4 41 2 5 o e K
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(37.57%),CK,.CK,,CK, [ i M e 7 27 4k & B A HF CKr R E 17 2.00% .2, 58 % .3. 46 % , R 4 v 4 1k ¥ &1
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4.28% . 5 RAL,NR, NR, Fl NR; [ 1P PE £ i3 K H8 00 51 o — 2. 9490 . — 3. 27% Al —0.31% ,NR, 5 NR, .
NR TR 3 22 5 (P<<0.05) .

F P 4d FN R ALRTAT, 78 30 d B, CK, B R 1 1k ¥4 21 4 75 = fe AR (26. 87 %0) , R Y R 1k 1k ¥4 &1 4t 7 = HE CK, .
CK,.CK, .CK 4l #2817 4.54% .3.81% .2.52% 1. 19% . 5 RAHH ,NR, . NR, Al NR, B 2 1 Uk 75 27 4 14 1 %55
R —0.44% . —0.58% F0.05% . Il 4) FEl 410] 1, 7 50 d B, CK, 9 2 1 BB i £F 4 & i e IR (31. 01%0) , R
1) TR P e 4 £F A 5 i e CK, L CK, L CK CR A R T 11, 77%,10.45% 8. 75% .7.47% . 5 RMI L ,NR, NR,
FTNR, 1Y B2 1 7 41 i 38 KR 40 51 —4.33% . —6.03% A1 —2.05% ,NR, & & & T NR, fl NR,(P<<0.05) . H
P&l dp Fi L Ar W] 50, £E 60 d B, R R MV 4 2F 4 % o fie = (35. 77%6) , 1 CK, .CK, . CK, .CK, 407l #& 5 T 8. 53% .
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RE I MR R K E AR W R G 2 4 it R 5% ®2 PRMITLEHFAES RISHRI
P T NR AN FH & 92 LL23 4k ZREH Table 2 Forage grading index grades of 8 treatments

BRSO R B B MR AT R T I R T 8 e i PR R R
TR . 25 1 U B 3 2 2 B W A 980 2 % AR Treatments Forage grading index (MJ-d™ ')  Forage grading index grade
GRS R 1L 25 2= W A e PR X

CK, 42.67 1% Grade 1
1 45 AR 2K T O . . e 1
SR AT K BN RO B R AR, bk CK, 43.30 19 Grade 1
A BT B R A RO 9 T T R T PR R 2 B CK, 42.21 1%% Grade 1
ma R X R E A R AT RS CK, 42.25 14 Grade 1
X AR W OR K, 5 45 R A AR A L NR, ol 12 14 Grade 1
48 % SR 0 . N, 0 S0 BR A RO 2 N o o Special grede
NR, 47.46 1% Grade 1

A O i B T RS MY E R T RONR,
NR,, Ui 38 B AR 7T LML Ab AL A= 3 40 i 45 98 e
PR R T o
3.2 AAREKRPFTHRIFT-LI2EARAA TSRS AU ST

REMBAEY MR EAR R AEERERSNELZ TR — MUY AEREATREA T EEN
T TE AT AR R BA T LA AR R AR AR AT R R TR R R A R S R T R A R
F T R A0 B B3R T ot G 1 88 v 2 o (DA ) A TR 40 T 22 ) 0 B 450 o T 385 3 ) I e A o 5 4K BT A
J Y T G AR, b CP & & &, NDF R ADF & B 4 B 3 0 19 38 3200 (8 AH B, 78 R (I A
W58 R BITERE T S 30~60 d, 2% it A Ak B0 LR F1 S5 AL IR D7 & & 5 B W s e 3 R 1 SRR I & AE 60 d
IS B, R R A AT 4 5 R PR VR U AT A R R R I A F . Lamb 5 B R I . AR IE & BLTE R
5 30~60 d,NR, NR, NR, 1K H [ 5 it 30 H At b 3 57, 3 AT A 5 A4 [ AU Bt i A0 R 5 4N AU D Il 42 1 2 1
A RA & g REINRMME A& &5 T NRUONR,. B, E 2t 2R AR E A & & T AR,
T 5t i FH 20 I8 204 A= iy R RORL AR 11 A B AR B AR X S5 AT AR g5 R ATl x H NR, 5 R AR
BT LM TR A A A R R PR R A AT AR i, 3R WIS i UNE P DA A5 kb A AE PR AR A B i, BRI NDF R
ADF [ & /™ A g5 5 H—30
3.3 RRAKEARPFTHRIF-LI2EAAZARAZRG DS ZF

b b A W R A A A AR T M AR A T B AR AR AR AT R I b A (NR AR HE L 46. 79 kgehm ) i
PEHET HA 9% -LL2 3 AE R m bk m MR AVEY EFLR . 76 30~60 d A= F WP, NR, AL A9 B & R 4 3% 1]
RHH RS, B S5 Ay e R T A A H] . X — #3455 Herridge %5 A B 97 45 S — B0, R WIS
HARTESRHERRLET, MR ERE SRR R R & 0F . BEE S ERE 1 038, A= 9 & 15025 19, 3 a7
A ARG R S P AR R SR R

&®ie
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P E bR B AR K T B AR R T B 2 b A 1 o (R AR P MR S IR M R AR AT A L 4R e ) B BT NRL A AR
55 [ K A 3 R B i Ol 9 T A 2T A o R AR g R R 1 RO o i AR B A A I B . AR
O RS BOR BV YK T HAB AL IR . 46. 79 kg-hm 2R AL H 4 9 5 -LL2 34 R 554 7= 1 1938 Bt (i
Shy R v AN A — AR TR AR R G AR T R O B Kl

el
He

[N

2 2% 3k References:

[1] He L. Study on the symbiotic nitrogen-fixing effect of alfalfa cultivars and rhizobium strains. Lanzhou: Gansu Agricultural



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 10

[2]

[3]

[12]

[13]

University, 2023.
fol Je . SRR A A — AR R AR A R AROW IS . 2 HOR Ol R, 2023.
Yang QY, Jie XL, HuaD L, et al. Effect of B, Mn and Mo combined application on grass yield and mineral element absorption
of alfalfa. Chinese Agricultural Science Bulletin, 2009, 25(5): 182—185.
k=, A, LSS, S5 AR SR C i X 55 AR B AR R i AT BT R Wy 2w . b E R A i, 2009, 25(5)
182—185.
Zhang C M, Wang C Z, Hu X F, et al. Research progress on the nutritional value and applications of alfalfa. China Feed, 2005(1) :
15—17.
A, T, BRI, 5 RIEE R A E IR DY RS R e . P ERDRL, 2005(1) 2 15—17.
Zhu T Q. Study on establishment of alfalfa phosphorus efficiency evaluation system and difference metabolism in nitrogen and
phosphorus. Lanzhou: Gansu Agricultural University, 2018.
RRFTG . SRR BERCRIPAN A 5 5 B LA WA 22 AT 28 . 2200 - TRl 2%, 2018.
Yan W. Screening of rhizobium strains matched with Medicago varia Martyn cv. Caoyuan No. 3 in three pilot planting areas.
Hohhot: Inner Mongolia Agricultural University, 2018.
. BOJR 3 S AR A A 3 1 DO B AR T PR OB G . R AR sl ol ke, 2018,
Pavlo A, Leonid O, Iryna Z, et al. Endophytic bacteria enhancing growth and disease resistance of potato (Solanum tuberosum
L. ). Biological Control, 2011, 56(1): 43—49.
Miliute I, Buzaite O, Baniulis D, ez a/. Bacterial endophytes in agricultural crops and their role in stress tolerance: A review.
Zemdirbyste-Agriculture, 2015, 102(4): 465—478.
Liu R, Li C, Zhang Y J, et a/. Enhanced biological nitrogen fixation and nodulation in alfalfa through the synergistic interactions
between Sinorhizobium meliloti and Priestia aryabhattai. World Journal of Microbiology and Biotechnology, 2025, 41(6): 180.
Provorov N, Saimnazarov U, Tanriverdiev T, ez a/. The contributions of plant and bacteria genotypes in the growth and nitrogen
accumulation of inoculated alfalfa. Plant and Soil, 1994, 164(2): 213—219.
Kassaw T K. Molecular genetics of nodule number regulation: Cloning, characterization and functional studies of the root
determined nodulatorl( RDN1) gene in Medicago truncatula. Clemson: Clemson University, 2012.
Shi M L., Deng B, Liu Z K, er al. Inoculation effects of five rhizobial stains to alfalfa. Pratacultural Science, 2015, 32(1) :
101—106.
AR, A, RUBTE, AF . S MRMUR B H A AL B RO BOCR . BB, 2015, 32(1): 101—106.
Qu X Y, Kang W J, Guan J, er al. Differences in leaf characteristics, photosynthetic characteristics and yield traits between
different varieties of alfalfa and rhizobia strains under symbiotic conditions. Grassland and Turf, 1—30 [ 2025-09-10].
JEIAG , FESCHR, SCHE, S R IE] G AR SEAE B A S R AR L AR TR THRHE DB S AR S R 22 . BRSO
1—30[2025-09-10].
Yao Y B, Zhang S Q, Chai Y S, ez al. Study on nitrogen accumulation characteristics of soybean varieties in different growth
periods. Soil and Fertilizer Sciences in China, 2021(5): 169—175.
T, SRR, Skl S ORI AR E R S A A R BURAE RS T E RS R, 2021(5) 0 169—175.
Kamran M, Yan Z G, Chang S H, ez al. Enhancing resource use efficiency of alfalfa with appropriate irrigation and fertilization
strategy mitigate greenhouse gases emissions in the arid region of Northwest China. Field Crops Research, 2022, 289: 108715.
Wang Q, Ji SR, Shen Y X. Interactive effects of soil moisture and nitrogen application rate on seedling growth of alfalfa. Acta
Prataculturae Sinica, 2017, 26(12): 48—55.
S R, VRAR R . MK O3 UG AT X S AL A A I B BAE RO S AT . k2B 4R, 2017, 26(12) : 48—55.
LvY R, Wang JH, Yin M H, ez al. Effects of planting and nitrogen application patterns on alfalfa yield, quality, water-nitrogen
use efficiency, and economic benefits in the yellow river Irrigation region of Gansu Province, China, Water, 2023, 15(2): 251.
Tong C C, Liu X J, WuY, et al. Regulation of endogenous isoflavones on alfalfa nodulation and nitrogen fixation and nitrogen
use efficiency. Acta Prataculturae Sinica, 2022, 31(3): 124—135.
BHRE, XL, R55, % IR B R 5 4R B A S5 1 R S BACRYIRREIESY . WOlke i, 2022, 31(3): 124—135.
Gao L. M, Su J, Tian Q, ez al. Effects of nitrogen application on nitrogen accumulation and root nitrogenase activity in
Medicago sativa at different soil water contents. Acta Prataculturae Sinica, 2020, 29(3): 130—136.
o AR, O AR, TR, A5 RO AN R R A3 S 10 TR S AR B R O B AR AR I RS R S L Bl 2R AR, 2020, 29(3)
130—136.



5 35 B 10 1 Fll2F 3 2026 4F 59

[19]

[24]

[28]

[29]

[30]

[31]

[32]
[33]

Ma X, Wang L L, Li W J, ez al. Effects of different nitrogen levels on nitrogen fixation and seed production of alfalfa inoculated
with rhizobia. Acta Prataculturae Sinica, 2013, 22(1): 95—102.
EE, EmW, 22 T%, & AREEE KT T He A A w0 8 T B AU R R A g L sl AR, 2013, 22(1)
95—102.
Neumann U. Soil factors exhibit greater influence than bacterial inoculation on alfalfa growth and nitrogen fixation. FEMS
Microbiology Ecology, 2011, 77(3): 590—599.
Kang W J. Biotype classification of Medicago sativa rhizobia and its transcriptome analysis. Lanzhou: Gansu Agricultural
University, 2019.
FESCHR . 58 A8 08 AR R A W B ) 03 B LT e L2 0 i . 22 M TR R 2, 2019,
MaC, LiuCY, YuYY, etal. GmTNRPI, associated with rhizobial type-Ill effector NopT, regulates nitrogenase activity in
the nodules of soybean ( Glycine max). Food and Energy Security, 2023, 12(4): e466.
Zhang 1. Y. Feed analyses and quality test (the second edition). Beijing: China Agricultural University Press, 2006: 1615—
1622.
SREETE AL AT B A B G B AR (5 2 0. dbat: b AR KA R, 2006 1615—1622.
Zhang J K, Lu D X, Liu J X, e al. The present research situation and progress of crude fodder quality evaluation index.
Pratacultural Science, 2004, 21(9): 55—61.

FRG, E AR, QR A ORLIRDRE G T I R O W S IR B LR . B RS, 2004, 21(9): 55—61.
LiJ, CuiJJ, YuL L, eral. Research the quality on whole-plant corn silage in Jidong area. China Feed, 2021(7): 131—134.
IR, AT, TR, AF . SURMIX SR TR IR BTG . E AR, 2021(7) - 131—134.
Bushby H V A. Colonization of rhizospheres by Bradyrhizobium sp. in relation to strain persistence and nodulation of some
pasture legumes. Soil Biology and Biochemistry, 1993, 25(5): 597 —605.
Liu L, ZhouJ C, Chen H K. The effect of different compound nitrogen concentration on the nodulation and nitrogen fixation in
soybean. Scientia Agricultura Sinica, 1998, 31(4): 87—89.
XA, JARD), BRAeSE . AR Al G 2 Rk BE 0 R SRR T 45 A A e . b R A, 1998, 31(4) - 87—89.
LiuXJ, Ye F, Zhang X L. Effects of exogenous nitrogen forms on root characteristics of alfalfa at different growth stages. Acta
Prataculturae Sinica, 2015, 24(6): 53—63.
X ew, MY, sRIER . AMRARTE X S AL B A A A T IR RER R . Kl 224, 2015, 24(6): 53—63.
Ci E, Gao M. Research advances in the effects of environmental factors on the symbiotic nitrogen fixation of legumes. Acta
Botanica Boreali-Occidentalia Sinica, 2005, 25(6): 1269—1274.
R, m . PREE R o SRR [ EGE N BRI SO . TUAEAE Y A= 4R L 2005, 25(6): 1269—1274.
Yan Y H, Yang W Y, Zhang X Q, er al. Effects of different nitrogen levels on photosynthetic characteristics, dry matter
accumulation and yield of relay strip intercropping Glycine max after blooming. Acta Prataculturae Sinica, 2011, 20 (3) :
233—238.
EIH LT, b SCEE, BT A, L A RN EARE R EAEE e R T R B K RS R . B AR, 2011, 20(3)
233—238.
LiuY H, Chen Y, Li H G, et al. Regulation of nitrogen application rate on nodulation, nitrogen fixation, yield, and crude
protein content of different alfalfa varieties. Soil and Fertilizer Sciences in China, 2024(6): 186—198.
XITEE, Pt , 2ite s, 45 . il 280k b A [R] o b 8 A 4500 T8 80 RN ™ ik B HLAE | B R AE . b R R S IR, 2024(6) -
186—198.
Wang Q, LiS S, LiJR, et al. The utilization and roles of nitrogen in plants. Forests, 2024, 15(7): 1191.
KouJ T, Shi S L, Cai Z S. Effects of ridge and furrow rainfall harvesting on growth characteristics and quality of Medicago
sativa in dryland. Scientia Agricultura Sinica, 2010, 43(24): 5028 —5036.
VLY, WAL, #0028 96 R T AR X SR SR AR 8 AR KRR R TR S b AR RE 2, 2010, 43(24) : 5028 —
5036.
Ma H X, Jiang P, Zhang X J, er al. Effects of nitrogen fertilization combined with subsurface irrigation on alfalfa yield, water
and nitrogen use efficiency, quality, and economic benefits. Frontiers in Plant Science, 2024, 15: 1339417.
Lamb J F S, Sheaffer C C, Samac D A. Population density and harvest maturity effects on leaf and stem yield in alfalfa.
Agronomy Journal, 2003, 95(3): 635—641.

Silvente S, Blanco L., Camas A, et al. Rhizobium et/i mutant modulates carbon and nitrogen metabolism in Phaseolus vulgaris



60

ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 10

nodules. Molecular Plant-Microbe Interaction, 2002, 15(7): 728 —733.

Kozyreva M Y, Basieva L Z, Nagham A N, ez a/. Growth and development of alfalfa depending on the type of nitrogen
nutrition. BIO Web of Conferences, 2020, 23: 03007.

Hakl J, Kunzov E, Tocauerov S, ez a/. Impact of long-term manure and mineral fertilization on yield and nutritive value of
lucerne (Medicago sativa) in relation to changes in canopy structure. European Journal Agronomy, 2021, 123: 126219.

Liu X J, Zhang J X, Li W Q, ez al. Effects of fertilization and mowing on alfalfa yield and quality in arid regions. Journal of
Desert Research, 2014, 34(6): 1516—1526.

XU R, SRIEES, 253, A5 IE KON FIX 1 52 4 DS AR A )7 B A BTS2 . R R VDR, 2014, 34(6): 1516—1526.
ZhanJ S, Liu M M, Zhao G Q. Effects of flavonoids and their application in ruminants. China Feed, 2014(23), 13— 15.
di A gk, XUBISE, M E BT B AR A A s B . B E AR, 2014(23) 2 13— 15,

Herridge D F, Peoples M B, Boddey R M. Global inputs of biological nitrogen fixation in agricultural systems. Plant and Soil,
2008, 311(1/2): 1—18.



