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Nitrogen utilization characteristics of alfalfa at the seedling stage and screening of
nitrogen—efficient varieties
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Abstract: To screen nitrogen-efficient varieties of alfalfa, the nitrogen utilization characteristics of 20 alfalfa
(Medicago sativa) varieties at the seedling stage were analyzed in a hydroponic experiment. The 20 varieties were
grown in modified nitrogen-free Hoagland-Arnon nutrient solution supplemented with nitrogen at a low level (N,,, 20

mg-L ') or a normal level (N,,, 200 mg-L '). The growth traits, key nitrogen assimilation enzyme activities, and
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nitrogen use efficiency (NUE) of the alfalfa plants were analyzed. The growth parameters determined were plant
height, biomass, root length, and root volume; the physiological indices were nitrate reductase (NR) and glutamine
synthetase (GS) activities, as well as whole-plant nitrogen content, nitrogen accumulation, and NUE. Correlation
analysis, multiple linear regression analysis, and the membership function method were used to compare the
performance of the 20 varieties. We detected significant differences in nitrogen utilization characteristics among the
20 varieties. Under low nitrogen (N,,) , the NUE of alfalfa varieties ranged from 2.71% to 23.66%. The variety
‘Benchmark’ (MX13) exhibited higher biomass, well-developed roots, and stronger nitrogen assimilation capacity,
while ‘Northern SLT’ (MX9) showed weaker growth performance and a lower nitrogen assimilation ability. Under
normal nitrogen (N,,) , the NUE of the varieties ranged from 2.71% to 22.36% , with ‘Benchmark’ (MX13),
‘Rock’ (MA16) , and ‘Knight 2” (MX19) demonstrating significantly higher NUE compared with those of the
other varieties (P<C0. 05). Correlation analysis indicated that plant height, root length, and nitrate reductase activity
were significantly positively correlated with nitrogen content. Multiple linear regression analysis revealed that NUE
was significantly influenced by nitrate reductase activity and aboveground biomass. Using the membership function
method for comprehensive evaluation, the varieties ¢ Xiongyue’ (MX2) , ‘Salt-Tolerant Star’ (MX5), ‘Radak
Star’ (MX7), ‘Benchmark’ (MX13), ‘Peru’ (MX14), and ‘Knight 2” (MX19) exhibited composite scores of >>
0. 50 under both N,, and N,,, conditions. In contrast, ‘Crown’ (MX3), ‘Rock’ (MX16), and ‘Reindeer’ (MX20)
showed composite scores of >>0. 50 under N,, but <C0. 50 under N,,. Based on the comprehensive analysis, one high
NUE variety, four normal NUE varieties, 13 low NUE varieties, and two nitrogen-inefficient varieties were
identified. These findings provide a theoretical foundation for breeding nitrogen-efficient alfalfa varieties and
optimizing nitrogen fertilizer management in field production.

Key words: alfalfa; nitrogen use efficiency; screening; correlation analysis; membership function analysis
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Table 1 Alfalfa varieties under study and their sources

AR, PR IR 1.

%5 Code i Bl Variety ## AR Source of materials
MX1 H 4 35 Gannong 3 Hlr Al K 2% Gansu Agricultural University
MX2 A& Xiongyue o Ak B2 B BT Grassland Institute of Chinese Academy of Agricultural Sciences
MX3 51 Crown 5295 K (b0 B SR BRA 7 Crawford (Beijing) Ecological Technology Co. , Ltd.
MX4 NY1 T B K% Ningxia University
MX5 it #5 2 f& Salt Tolerant Star w55 TR (b 50 A= A RHE A BRZA 7 Crawford (Beijing) Ecological Technology Co. , Ltd.
MX6 ) 4 F] Hungary Hlr Al K 2% Gansu Agricultural University
MX7 ik v 2 A Star of Radacor i 97 K (630 4= SR A R 7] Crawford (Beijing) Ecological Technology Co. , Ltd.
MX8 WL366HQ Jt 5T IEI# Beijing Zhengdao
MX9 Jt75 SLT North SLT K35 A P RHE A7 B2\ B Mammoth Biotech Co, L.
MX10 48 A3 Hunter River N 521 4l K 2% Inner Mongolia Agricultural University
MX11 N4 15 Gongnong 1 4E T Jining
MX12 4 Dryland i 97 K (630 A4 SR A R 7] Crawford (Beijing) Ecological Technology Co. , Ltd.
MX13 F5AT Benchmark At A A4 AR B2 F] Beijing Zhengdao Ecological Technology Co. , Ltd.
MX14 & Peru Ht £l K 2= Gansu Agricultural University
MX15 B - Warrior T B R T /E 35 Ningxia Grassland Station
MX16 ‘741 Rock 7 B T AE 3 Ningxia Grassland Station
MX17 F fi£ 6 Giant 6 T2 95K (AL 50 L S RHE A BR A 7] Crawford (Beijing) Ecological Technology Co. ,Ltd.
MX18 FNHE Jinneng T % AR T AE3 Ningxia Pengyang Grassland Station
MX19 %+ 2 Knight 2 T B R R T A 5 Ningxia Grassland Station
MX20 YIJEE Reindeer 557 IR (b0 A S RHE A R 7] Crawford (Beijing) Ecological Technology Co. , Ltd.

1.2 It
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AR T 2024 4F 75 7 5 o222 % 11 K¢ K Rk 45 Bk Table 2  Nitrogen-free Hoagland-Arnon nutrient solution
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+ 3450 Bl AE AT T 2 0T D8 AR B B R L CELAR A 90 CaCl, 444 H,BO, 6.2
mm) FF BRSP4 B SR, 7E 25 “C/18 C(H K /2 K,SO, 435 MnSO,+H,0 16.9
&), 14 h/10 h(OG /) (A X518 BE 60 %0 Ot B s B R KH,PO, 136 ZnS0, TH,0 8.6
160 pmolem *+s {5 I 57 32 46 o 3k AT 15 3,@ LR MgSO, 241 Na,MoO,  2H,0 0.25
T~10d 5 (M K% 3 em ) . 1k BUV 24 3 4 — 30 1 FeNaEDTA 36.7 CuS0,-H,0 0.025
48 Fil Hoagland-Arnon & 7 i 96 . K % 15 em 1 KI 0.83 CoCl,6H,0 0.025
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BIRW, LA NH,NO, A ZE , 3E 47 A [ E0K - 5 Ak B 152 B 300 A 1A BA 26 194 20 (20 mg- L") (IE % % (200 mg-

L OB, 230 Noy No R o 20 S AEH A di Bl , 36 4040 B, 45 b BHUE &2 3 0, 4 J) B 46 1 OB IR AL

Bi 37 40 d 5 WL AH A5 A
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SHEEEMAMIER AT SERERAAEZSR (F3) . REKFT A AL H 5 R0k &l
19.10~25. 63 cm, # | #b F 24 4 8 5 25 43 5~ 367.18.229. 18 mg- #k ', #b b Hb R+ 53443 B 4 55. 67,
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SAH A F RS AR OCSE BE IS M AAE 22 5 0 IRAI(NL) AR R[] 58 46 1 A Rl 04 4 12 348 it
fitg 35 M 7E 8. 16~14. 69 pg-g '-h ™', F &AWL & BHE % 5 0 0. 05~0. 10 pg-g '~h™ ' (U IE & A AL # 1) 56. 387,
A 2 W R o5 I AAL BT 61. 1800 o FEARAEALBER  ARAT (MX13) 14 i 12 340 Ji i 11 2% 2 I e G G I 0% M 2 1 3 v
FH Al &R R IR R AT, BE R (MX2) (1) fil§ R 3 J5 I 06 M 2w 1 HoAt 5 b, A e 2 2 (MIX9) B+
(MX15) f Bl R A0 Ji i 0 Pt 35 I T A S R (R 4)
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ARAE R AR R E 2R A &t AFZ R AR RS 106 %~3.93% .0. 54~4. 47 mg-
BRO2.71%6~22.36 0 (3R 5) , SIEH AMIL , A& & AR RER T, 25 0 EH &MY 56.38%6.20. 78% , &
3% R IE AU 2. 085 o ARAT (MX13) fEMR A MNIE % A A& T a2 A &8 AR B R 8 E w7 HAl
Bl FRFF(MX13) 8 A (MX16) S5+ 2(MX19) AR A S T 09 2R FE 203 1 35 8 T A f .
2.4 CEAH I RA S48 L 5 A

WAL AT 124 K B S HRFE A RN A R A B R B A SE M & 30 IR AR T R L RAR R AR AR i R 8 i
fitf AR B A RES SRR S B R R MG, AR LAY AR MRARR AR IR R AT 8 A
it 5 AR AS B B AR B DG B AT AR S AR AU SRR IE A DG OC R b il R A i il RN A
G N B U 5 A R A B A A O A S R B S D 0. 73 0. 81(E 1) .
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Table 3 Differences in growth characteristics of different alfalfa varieties under different nitrogen levels

i Pk &5 Plant A4t Biomass (mg-plant™ ') FH Dry weight (mg-plant ') EAREK Total root MR Root

No. height (cm) . I- Aboveground 1R Underground i1 I- Aboveground 1R Underground length (cm) volume (em®)
N, MX1 23.80=£0. 80ab 345.33+34. 78cd 289.00£11. 14be 52.53£0. 70bed 23.60+3. 12ab 196. 17+ 34. 84ghi 0.35%0. 02ab
N, MX2 25.63£0.12a 364. 004+ 36. 29¢d 307.33+11. 24b 53.69£0. 75bed 22.87+3. 45abc 379.83+8. 45ab 0.38£0. 08ab
N, MX3 23.53+0. 95abe 340.67+34. 21cd 291.67+10. 69bc 69.05+29. 79ab 24.07+1.40a 284.5748. 45cde 0.26=+0. 04ab
N, MX4 20. 37+ 1. 36def 267.33426. 84efg 229.33+8. 62efg 39.73+3.86¢cd 14.3340. 76def 222.8448. 45efghi 0.31£0. 08ab
N, ,MX5 23.90-£0. 44ab 359. 33435. 73cd 229. 30+ 6. 84efg 56.731. 15bc 13.67+0. 42def 323.97+15. 65be 0.40=£0. 10ab
N, MX6 21.63=+0. 80cdef 308. 00+ 31. 00def 264.67+9. 71cd 43.73+3.36cd 18.00+0. 72bcd 271.01+8. 45cdef 0.34+0. 09ab
N, MX7 24.7340. 72ab 262.67426. 27clg 304.67+11.68b 39.33+4. 11cd 24.87+0.42a 374.11+15. 65ab 0.3940. 10ab
N, MX8 20. 43+ 1. 65cdef 319. 33432, 13cdef 246.00+9. 17de 48.13+3. 75bed 15.33+0.90de 253.70412. 25defg 0.39+0. 10ab
N,,MX9 19.1040. 951 205.00£20. 42g 163.67+6.11i 30.67+2.16d 9.80+0. 40ef 164. 48+ 30. 20i 0.21£0.05b
N, ,MX10 20. 274 1. 02def 387.004+38. 94¢ 215.00£8. 19fg 57.87+£4.09bc 14.47+0. 50def 243.22413. 09defgh 0.2740.07ab
N, MX11 22.80=£0. 78abed 321.67432. 52cdef 181. 33+ 6. 66hi 48.07=+3. 53bed 13.40+0. 60def 283. 15432, 32cde 0.34=£0. 09ab
N, MX12 19.43+1. 71ef 256.00£25. 71fg 208.33+7. 64gh 38.33£2.73cd 13.80=0. 35def 186. 90+ 13. 09hi 0.2840.07ab
N, ,MX13 25.73£0.40a 594.00+46. 03a 344.00£12.77a 88.27+6.17a 25.40£3.70a 390.20£8. 45a 0.48=£0. 06a
N, MX14 23.60=+0. 75ab 349.33+27. 21cd 259.67+9.71d 51.80+3. 49bed 17.27+0. 70cd 273.43413. 09cdefl 0.35=£0. 09ab
N, ,MX15 19.87+1. 66def 330. 33+ 25. 48cde 129.67+5.13] 49.0743. 37bed 9.20£1.04f 169. 85+8. 45i 0.2440. 06ab
N, ,MX16 22.37£0.49bede  576.67+44.88a 129.00+4. 58j 85.60£5.92a 9.80+0. 80ef 293.92417.77cd 0.36=+0. 09ab
N, MX17 19.13+0. 151 358. 00427, 78cd 224.67+8. 08efg 53.33+3. 95bed 17.53+1. 29¢d 168. 62+8. 45i 0.26+0. 03ab
N,,MX18 20. 03+ 1. 08def 349.33£27. 21cd 240.00£9. 17def 51. 80+ 3. 49bed 16.80+1.74d 211. 67+8. 45{ghi 0.2640.07ab
N, ,MX19 23.93=£0. 76ab 571.00+44. 31a 212.0048. 19fg 84.73+5.69a 12.87+3. 52def 294.99447. 24cd 0.35%£0. 09ab
N,,MX20 22.03%1.42bcdef 478.67+37.07b 114.33+4.04j 71.13£5. 00ab 8.93+1. 10f 368.57+17. 85ab 0.39£0. 10ab
N, MX1 28.43+1. 79abc 564.33454. 23abede  402. 67+ 23. 67ab 78.27+23. 7lbcde 78.80£6.52a 388.98+4.42a 0.37£0. 07abc
N, MX2 31.87+1.22a 629. 67+60. 92abc 432.00423. 00a 107.20+17. 34abed 79.07+7.57a 378.80+12.25a 0.37+£0. 10abe
N, MX3 27.63%0. 86abc 504.00£48. 57abedef  396. 33+ 24. 00ab 85. 60+ 14. 4bede 70.20+4. 36abed 329.17£8.45bc 0.2740.07bc
N, MX4 25.17£0. 25be 490. 67447. 39bcdefg  296. 334 14. 33cde 88.93£0. 46bcde 65. 73+ 1.42cdefg  274.18+9. 51de 0.37£0. 06abc
N, MX5 28.53=+1. 53abe 627.33+60. 74abc 294.33+13.67cde  100.60+10. 26abede  66.93+£2. 20cdefg  303. 564 3. 39cd 0.46+0.07ab
N, MX6 26.97+0. 8labc 433.67441.88cdefgh 340. 00+ 18. 00be 147.27460. 64a 68.67+0.92bede 388.77+15.55a 0.4540. 07ab
N, \MX7 31.50£0. 44a 628. 33+60. 74abc 390. 33+ 24. 67ab 96.74+13. 48abede  77.0042. 16ab 290. 9848. 45¢d 0.45+0.07ab
N, MX8 25.57+1.77bc 345. 33+ 33. 20fgh 319.00+15. 00cd 57.80+9. 34cde 73.53+2. 8labc 176.89+18. 65¢ 0.45+0. 07ab
N,,,MX9 24.93+1.07be 268. 67+ 25.87h 214.004+9. 67fgh 44.2044.45¢ 60. 60+ 3. 47defg 273.86=+9.93de 0.24=+0.04c
N, MX10 25.07+0. 46bc 353. 00+ 34. 04fgh 278.67+14. 33cdef 59.27+10. 13cde 67.40+1.39bedef  323.76416.53¢ 0.32+0. 05abe
N, ,MX11 28.10£2. 36bc 504.33448. 72abedef  237.00+13. 33efg 88.67+16. 9bede 63.93+0.50cdefg  221.52418. 99f 0.3940. 06abc
N, MX12 24.13+0. 84c 289.67+27.87gh 271.00+13. 67cdefl 51.73£14. 63de 65.00+ 1. 3lcdefg  410.4749.75a 0.30£0. 05be
N, (MX13 28.67+5. 17abe 701.00+13. 89a 442.00+25.67a 114.40+18. 2abc 78.87+1.30a 233.63+6. 22¢f 0.514+0.08a
N, MX14 29.63+1.69ab 412.3348. 11delgh 395.67+17. 33ab 63.53+4. 94bede 76.8040. 92ab 244.51+25. 49ef 0. 3740. 06abc
N, MX15 25.15£0. 05be 389. 3347, 5defgh 191.67+9. 33gh 66. 13- 1. 90bede 59.07£0. 92efg 314.59+17. 73cd 0.31£0. 05be
N, MX16 27.27+1. 23abc 612.00+12. 17abed 165. 67+10. 00h 102. 3346. 27abced 58.47+2.761g 243.80£8. 45ef 0.2740. 04bc
N, MX17 24.90=£0. 89be 334.00£6. 66fgh 287.67+17.67cde 50. 602, 27de 65.93+ 1. 60cdefg  209.9949. 20fg 0.2840. 03bc
N, MX18 24.93-+0. 80be 412.33+8. 11defgh 210. 67+17. 00fgh 65. 20+ 1. 59bede 60. 87+ 1. 42defg 315.56+12. 57c¢d 0.30=£0. 05be
N, MX19 29.40=£0. 62abe 674.00+13. 32ab 266.67+13.00def  119.07=43. 50ab 64.20+1. 64cdelfg  272.83+12.57de 0. 38£0. 06abc
N,,,MX20 26.63=+0. 40abc 519. 004+ 10. 44abedef  166.67+8. 67h 84.00=£1. 11bede 57.53£0.70g 368.57+17. 85ab 0.41+£0. 06abe

e [ R R R 22 53 3% (P<<0.05), R,

Note: Different letters in the same column indicate significant differences (P<Z0.05). The same below.
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Table 4 Differences of nitrate reductase and glutamine synthetase activities in different alfalfa varieties under different nitrogen

levels

Gt NR (pg-g '*h™") GS (pgrg “h'")

No. Ny, Ny Ny Ny
MX1 12.0340. 30de 19.0740. 15ef 0.0440.002cde 0.0640.014ab
MX2 13.1240. 26b 23.01+£0. 16a 0.05%+0. 003ab 0.09+0. 020ab
MX3 11.8140. 30e 16.34+0. 11h 0.05%+0.003ab 0.06+0.014ab
MX4 9.7940. 20gh 14.10£0. 10i 0.04=40.002cd 0.0740.015ab
MX5 12.7840. 25bcd 19.61£0. 13cd 0.0540. 003ab 0.0940. 020ab
MX6 10. 0640. 20fg 17.9240. 15¢ 0.05%+0. 003bc 0.07+0.015ab
MX7 13.00£0. 27bc 19.9640. 13c 0.05%+0.003ab 0.09+0. 020ab
MX8 10. 81+0. 22f 16.58+0. 11h 0.0540. 003ab 0.0940. 020ab
MX9 8.21+0.17j 12.6040. 09kl 0.0340.002e 0.0540. 012abc
MX10 9.18+0. 19hi 14.104+0. 101 0.0440.002cde 0.06=40.014ab
MX11 12.3540. 25¢cde 18.9540. 13ef 0.05%+0.003b 0.08+0.018ab
MX12 8.43+0. 17j) 12.9540. 09jk 0.03%£0.002de 0.05%0. 012abc
MX13 14.69+0. 30a 22.554+0.15b 0.06=40.003a 0.1040.023a
MX14 12.56+0. 25bede 19.2740. 13de 0.0540. 003ab 0.0940. 019ab
MX15 8.164+0.17; 12.5340.091 0.0340.002de 0.0640. 013abc
MX16 12.36+0. 25bcde 18.9640. 13ef 0.05+0.003ab 0.09+0.019ab
MX17 8.23+0.17) 12.64=+0. 09kl 0.0340.002de 0.0540. 011abc
MX18 8.64+0. 18ijj 13.264+0.09j 0.0340.002de 0.06=40.013bc
MX19 12.894+0. 26bc 19.7840. 13c 0.0540. 003ab 0.06=40.014c
MX20 12.2440. 25¢cde 18.7940. 13f 0.05+0.003b 0.09+0.019¢

NR: fil§ i it iU Nitrate reductase; GS: 2% & Bt A W Glutamine synthetase; F [i] The same below.

R(DIER AR &, AR KT 206 1 T8 A K A8 br OCHERE 6 br A0S SR B AR i, 04T R P 45 1l U 4347
SR BLH R ECA B F (P>0.05) A 7, 3 B R AL H A A AR TR (K6): D=—8.390+0. 487X+
0.476X, , MR %4 0.912,R*>H 0. 813, F W [nl 4 )y #& vh 2/~ H 28 52 7T P s D SV 519 81. 3% .
2.6 ERILHIE RN R KA 6 X 5

38 3 AN T] A R AR 2 (N, ) AR IE 8 260 (Nooo) 2518 N VA — A5 09 UM R B0HE 47400 43 (T 2) R A S8 00
T 0 R A2 WM AR AT (MX13) 7E Ny Al Ny, F 5 — 465 19 ZUR 2051 =0, 55 5 308, 8/ (MX2) L &) 5 F
(MX6) H ke Z 2 (MXT7) AR 15 (MXTDTE Ny 2518 T 1 — 405 89 AR IR <0 5, 78 Noy 58 >0. 511K
BB, H AR 35 (MXD) V2 (MX3) NY1L(MX4) (fif £ 2 & (MX5) \WL366HQ(MX8) dt 77 SLT(MX9) 4 A
(MX10) i (MX12) F & (MX14) .5+ (MX15) (B fig 6(MX17) .2 fig (MX18) I (MX20) £ N, Fl N, 55
PER LA <0, 5 RRBOW , #47 (MX16) A+ 2(MX19)7E Ny £ 44 F 1 — 4k J5 59 B AR >0, 5, 76 Ny 55
R <<0.5(1# 2),
2.7 EBRBELEASSN

i 3 % UL AN A B E AN 8 AR AR AR (3R 7) o 38 A SRS R B0k A B G2 S A BIUOR R 546 8 1 i R i 20R
BRI (ES) . FEMMA (N, KM, BBE(MX2) , brkF (MX13) 1) 3 8 o6 5028 & 48 %0>0. 70,6 7 SLT
(MX9) 54 (MX12) 5 4 (MX15) T 0. 20 76 1E A (N ) 544 F L B8 I (MX2) (A5 2 & (MX7) 54
(MX13) 193R I8 o Bk 25 A 35 805 1 0. 70, 46 7 SLT(MX9) i (MX12) 19 35 8 eR 5025 & 48 BUIK F 0. 20,
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Table 5 Differences in nitrogen utilization of alfalfa under different nitrogen levels

i AMREE R TNC (%) REB AR NA (mg-plant ') FRHR%E NUE (%)

No. N, Ny, N, Nog Ny, Ny
MX1 1. 63£0. 00g 3.610. 00h 1.24-0. 00fg 5. 680. 00hij 6.2140. 31fg 2.840. 42hig
MX2 2.8740.01b 5.9340.01d 2.1940.01c 11.04=+0.01cd 10.97+0. 42¢ 5.5240. 46¢cd
MX3 1.54+0.02h 2.46+0.02] 1.44+0. 02ef 3.82+0. 025k 7.2042. 48ef 1.9140. 23jk
MX4 1.41+0.011 3.5740.01hi 0.76+0.01hi 5.5240. 01hijj 3.8040. 28hi 2.7620. 02hij
MX5 2.7440. 02cdef 3.6040.02h 1.93+0. 02cd 6.0340. 02hi 9.6640. 17cd 3.0140. 19hi
MX6 1.52+0. 00h 5.7140. 00e 0.9440. 00gh 12.35+0. 00be 4.70+0. 30gh 6.17+1.78bc
MX7 2.7940.01cd 7.96+0.01b 1.79+0.01d 13.83+0.01b 8.9540. 65d 6.9240.62b
MXS8 1.58+0.02gh 5.7840.02e 1.00£0. 02gh 7.5940. 02fgh 5.01=£0. 35gh 3.804+0. 35fgh
MX9 1.34-+0.00; 3.5240. 001 0.5440. 001 3.6940. 00jk 2.7140. 121 1.84+0.03jk
MX10 1.12+0. 01k 4.62+0.01g 0.81+0. 01hi 5.8540. 01hijj 4.05+0. 25hi 2.9340. 22hjj
MX11 2.6840.11f 6.94+0.11c 1.65+0. 11de 10.60£0. 11cde 8.2540. 73de 5.30=£0. 59cde
MX12 1.06-+0. 001 2.5040.00j 0. 55+0. 00i 2.9240. 00k 2.7740. 141 1.46+0. 17k
MX13 3.93+0.02a 9.214+0.02a 4.47+0.02a 17.8040.02a 22.36%+1.99a 8.9040. 8%a
MX14 2.7440.01def 6.94+0.01c 1.8940. 0lcd 9.7440.01def 9.46=0. 44cd 4.8740. 15ef
MX15 1. 36+0. 00ij 3.5040. 001 0.79+0. 00hi 4.39+0. 00ijk 3.9740. 30hi 2.1940. 04ijk
MX16 2.79+0.01cd 5.89+0.01d 2.67+0.01b 9.4740.01def 13.33£0.75b 4.7340. 25def
MX17 1.3440.04j 2.4740.04j 0.95+0. 04gh 2.8840. 04k 4.76+0. 34gh 1.44+0. 05k
MX18 1. 374+0. 00ij 2.4640.00j 0.94+0. 00gh 3.1140. 00k 4.69+0. 36gh 1.55+0. 04k
MX19 2.80%0.00c¢ 4.69+0. 00f 2.73+0.00b 8.60+0. 00efg 13.6440.74b 4.3040. 11efg
MX20 2.71%£0. 00ef 4.62+0. 00fg 2.17+0.00c 6.55+0. 00ghi 10.8340. 74c 3.27+0.03gh

TNC: £t % & & Whole plant nitrogen content; NA: & R 2 & Nitrogen accumulation; NUE: %UF| %4 % Nitrogen use efficiency. T [f] The same
below.
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Fig.1 Correlation analysis of each index of alfalfa seedling stage under different nitrogen levels
PH: # & Plant height; AGB: M1 7k %) i Aboveground biomass; BGB: # T 2= % & Underground biomass; ADM: Hi |-+ %) B Aboveground dry
matter; BDM: T+ % i Underground dry matter; TRL: &M1& Total root length; RV : #4&F Root volume; NR: filf fik iff i fiff Nitrate reductase;
GS: 7 & LM A LB Glutamine synthetase; TNC: 4z ¥k & & f& Whole plant nitrogen content; F [ The same below. *: P<C0.05; **. P<C0.01; *%*.

P<20.001.
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Table 6 Multiple linear regression analysis of alfalfa nitrogen use efficiency under different nitrogen levels

4 ¥4 7% & Retain variable F M Coefficient &b # 14 Significance VIF r R’ S B 7% & Remove variable
3% Constant —8.390 0.912 0.813 X, X, X, X X X0 X X
T 2 1 JU A NR (X) 0.487 0.009 2.724

A AGB (X)) 0.476 0.010 2.724

X,: Bk & Plant height; X,: 3 12 A= #) &t Aboveground biomass; X;: T A= #) fif Underground biomass; X,: i I T %) Bt Aboveground dry matter; X;:
MR T4 % Underground dry matter; Xg: B4R Total root length; X, : #RAAF Root volume; X : fil§ i i Jififf Nitrate reductase; Xo: 7% 2 Wb & Wl

Glutamine synthetase; X,,: 2% % & Whole plant nitrogen content.

3 R :z“éi%ﬁ?gstzﬁg;z‘;‘;?;;sm
BT G S AT E 5 |o o Aot stheioncy i
Bl SUAT LR S B RE AT RO IR PP iR
ML P, SR T 0 R R AR~ B 7
HR R TAEMEER W AR EE T
PR P (20 mg- 1 IRAR 200 mg- L EH ) S5 Qs | o
BRI RS 20 A SEAE FRE SR 0B BRI TR 2 M |
GUFf . BRICAR SR KRR AR JE A o
%zwﬁmmﬁﬁ%z%ﬁm%fmmwm@%zﬂ% EN A%iilg‘“‘“
St bR (MXL3) % 6 400l R A0 2030 3F B 173 e[ MW ,
5 T 1 M R LR Hﬂj‘ﬁ/ﬁiﬁ;z g ° N — B B 1
25 b I 5 H 3 BR 0 LI AL G R 4 i — % 5 Nornf‘lized nit‘roge{l'use f:ﬂiciency under N, treatment
NP G5 AR G o B TR, A AL 2 gﬁgﬁﬁ%mﬂ%%ﬂﬂﬁ- ;
Fig. 2 Classification of nitrogen efficiency of alfalfa
7 1E B AUBE I 2% AR [A) AR SR B 00 S 19 R R
R7T AREKETEREESENERNERREMNE
Table 7 The variable coefficient and weight of each evaluation index of alfalfa under different nitrogen levels
HIKFN level 745 Parameter PH AGB BGB BDM TRL RV NR GS TNC NA NUE
Ny, A5 5 Z ¥ Variable coefficient 0. 10 0.29 0.28 0.33 0.26 0.20 0.18 0.20 0.40 0.61 0.61
A Weight 0.03 0.08 0.07 0.09 0.07 0.05 0.05 0.05 0.11 0.16 0.16
N0 AR 5t Z 4 Variable coefficient 0. 08 0.28 0.29 0.11 0.22 0.21 0. 20 0.22 0.41 0.54 0.54
L Weight 0.02 0.08 0.09 0.09 0.03 0.07 0.06 0.06 0. 06 0.12 0.16
*8 ARAKETEREERFNAUERERHAEGEY
Table 8 Comprehensive index of membership function of nitrogen efficiency of alfalfa under different nitrogen levels
4% No. Ny, Nogo %% No. Ny, Nogo %45 No. Ny, Nogo %% No. Ny, Ny,
MX1 0.44 0. 56 MX6 0. 36 0.54 MX11 0.47 0.51 MX16 0.58 0.44
MX2 0.70 0.76 MX7 0.65 0.75 MX12 0.14 0. 20 MX17 0.23 0.22
MX3 0.50 0.45 MXS8 0.38 0.48 MX13 0.92 0.85 MX18 0. 26 0.21
MX4 0.27 0.40 MX9 0.03 0.13 MX14 0.55 0.56 MX19 0.65 0.54
MX5 0.58 0.55 MX10 0.26 0.31 MX15 0.13 0.22 MX20 0.51 0.41
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PERE , W AU AR B A SR B RR e e . 5 8 U BT L A, AR 375 (MIXD) AL 56 (MIX3) A8 AR 808
AT U 85 v 2 30 T S A R R Bt X R A0 3 1 B D BN A B . ZEAR AR T, AR Ao 9
ARG R 2 TR A0 AR A S 1 o o 26 W, - U i B A A IR A DL R IR i AR KRR B AR R i
A Ve, SO B A T30 IR, 2 55 48 ) (A AR B At A= A A I 3 0 T 1) 6 A5 20 o Fly T L el ZE AR R 2%
PR AR I3 A KR B R AR R

MG T R AEAR AU T R AR AR R ARl R 1A i (NR) A 20 Ik e & il (GS) 5 e HR A
FHBERFEEMEE ). Hd NRAGS 5% & 0 M ik 38 A0 M 1 — 25 560F 1 20 8] 4k i 78 2R 2405 4 1
SCHEAEFH o 3K — 25 5o ME AR A5 A W SR AT, RV 8 R ek R A 1 AR R RIE BR 1 AU R SR T AR
WS AN A AR . eAh R RTE S S8 (SR KRR AR 5 2 & A5 AE et >0, 7) R B, MR R A A A Ak 2
LA E AR AR B T L AR RR(CV) R T A bR e AN ] R A A A R AR L R IR &
T A B (NA) A M HECE (NUE) B 48 532 80385 853k 0. 61, 28 B3k 9 98 ol 0 10 60 1) o 17 552 Ay #0RR , g
AT X A AT b b A RUR AR 22 57 . BBA  NR ORI GS 89728 5 2 505090 R 0. 18 A1 0. 20, i W 4[] 1 2 S il 1)
T VEEAS TR S R R B A 2 25 . AR A M i — 2B R NR AT GS 78 EUR R8O PR i B A 38 i AR (4351
70.09 0. 08), WA EAT#ERACE WA VE T o 83t 10 20 B b g 1 S AR A S [ AR R [l A
T REAERE T 81, 3% MR S, 3 B AN IR A SR AR MR AR AR R bR E AR TR PR AN v B AR

R T) R P 20038 2 700 1 58 A B 4 LA R TRD A A BIURR Ao R0 3R A L 7 /K T T 5 T 0 1 A K SR 2
B TEARE RN AH Y R I A ROR 2R i R B Ak (B URE IR ) RAE W) B AR . AR 9T P SR TR 1 T AE AR
R (20 mg- L) £ FF B Bk A A 9 2 35 MK T IR R0 (200 mg- LD AR B R0 A AL R 7K ST S SR i A 420 ) R
AL I S U R ) iR L A R R A Ay B LB o AREU A T Y S A IR R R AR R,
D38 i S 3 A TR 7 DR AR R 5 SR A L ) (RR Sed L ) AR A3 . AR T R L AR AE (MXI3) ZEAIR A4
6 B HR AR R AR R v AR AR AR L ) HL S e 0 AR R 288 I R B T AR OE R AR R R
R AR A Wy i B SR R R SRR E AR E R AU R R R N 3026 ~40% i B AR AR R 5000 DA I,
X5 XA A RS — B ARESRAE R A A 1] TR T 2 WU A A AR AR L DAY R R F WO AR (AR 5
S HTETEARR KM T T A s b & T IR /KA.

R W TR A R R R A A R R R R R R ML R R A B S
5o ARBFSE F W 38 5t 0 EONE ) L R g AR e e e it o e U 2 0 o S M . Singh AFYY R R
SR R B 22 A B 9T R PR AU A0 5 B GS TR PR R AR, (R G0 AR DR AT R DR A Y GS TE M . IR S
AL 23 O RE A R R AR AL AR B ST AR AT (MX13) FEIR A S T 1 NROFTGS 16 #8251
fib ity P, 22 B B B i ARG RE ) o ZAUF ST A AE — i 3 TR P 8 e R B 23 B IR NUE, A5
FE A R R AU S G  NUE . ASAF 5% & B, Bl & it 0t 10 34 00, NUE 32 W7 AR . AR 0 2% 1 43 1 35 90 il A
(R W H % . AR AR B T, R 43 08 Bl — R 9 38 B 1k o 2k 5 R R R . AR BT 5T B, 50 46 E A% 7 20
mg L AR AKN T AR B R B IE W RS T 27%~45% o 33 Rl S 6 32 2208+ A J7 I - — 2
Ao 5 P AT R AR B R AR, BB D TR AR R A L S s TR AR SR S R s P (A NRT1. 1,
NRT2. 155) 0y &Ik FIGEPE

) R R AR 00 25 5 0 8 32 AL 15 SR PR 358 DR 38 A B e g s o R, R R AEAR RIS, T
TR (58 R 1R G o0 I TS i et AR X e e 5 B 1 I T R SRR KO LR R e R R I B AR . ORI
V) 5t B A P B3 (10 355 o7 Mk A A 3 22 1 BT SR B SR BT L ARSI ST K 20 A SR AE B A R R 4 ol AR
AR IS - 1) 1o 008 5 A 7E AR RURN IE % RS T 3R BL 5 2) 3 08 S R e IE W RS R R R 45 3)
RS 5t b E 1 R K7 R BB AN BAR  4) RO R ZEAR LA R R TR H A . X RPN R
B 1E B 2R GRS BE TR0 S K o AR R AR AT (MX13) ZE IR AURNIE 3 R &4 T R R,
W ATER R Z M X HE R AL . F O R AN BE R (MX2) g 5 I (MX6) 25 78 1E 3 R4 1 T £ 80 R4 (H 7R {I%
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RSN T ROR R, T A6 IE 78 2 0 XS0 A o AR 8 b 77 SLT(MX9) (B g 6(MX17) (938 i PR3 22, il fig A
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*EF%E‘?L?EZ%,IﬁlEﬂ“iﬂﬁﬂﬁ/\ﬁ’ﬁﬂﬁ%ﬂﬁﬂfﬁﬁ%EEEM%U%’%H%TEE?E%E{o il T EE TR TR X )
o A5 AT e D EIE B A AT A P A o A i R R 0 ARG R 1 T BE S R A 1 A G ROk T
SR e A N TR 1)) W= I LB o i B X N

4 &R

fﬁ+’\ 2

AW T A %] 20 173 58 A8 BT A v 0 AT O 8 28 A, AR SR AR O B A b 9 22 5 OF AL RURI AR R
A 1 S RO AR 1y, SR OB R 40y, RARSS B R RE 13 4y, SRR R 2073 ol 2o ok AN [] 5 4 T A i o 2%
PEAR AR SCE 73BT, A5 PR AR AR AR T TR I i il A4 S T P 5 PR 5 A S B A R R AR O T AR
R R R A B o 46 A

2 % 3L References:
[1] LyuHG, KangJ M, Long R C, ez al. Yield evaluation of 22 alfalfa cultivars in Hebei area. Acta Agrestia Sinica, 2018, 26(4) :
948—958.

B Wl R, JesA, A WAL HIX 22 A AR A R 2R R R LB ST . R, 2018, 26(4) : 948—958.

[2] LiYZ,WuF, ShiS L, etal. Evaluation on production and nutritional value of 13 introduced alfalfa cultivars in Hexi Corridor of
Gansu Province. Agricultural Research in the Arid Areas, 2019, 37(5): 119—129.
BEBR, RI7, WAL, L WTGE R 1351 RS E AR R AR PR REAVE SR RN . TR RIS, 2019, 37(5)
119—129.

[3] Wang Y, Cui G W, Yin H, er al. Effects of different fertilization schemes on alfalfa performance and nutritional quality.
Pratacultural Science, 2019, 36(3): 793—803.
EHE, HEDC, T, AF L MRS SR A P R R SR A B R . LR, 2019, 36(3): 793—803.

[4] Zhang T J, Zhao Z X, Long R C, ez al. Study on effects of N, P and K fertilizers on alfalfa hay and recommended fertilizer rate in
Huang-Huai-Hai area. Acta Agrestia Sinica, 2019, 27(1): 243—249.
SRERAE, BDAE, Tedm A, AF . BRI M XS AR ET A SO B IR AN A5 HE i AE A 5T . R M eE A, 2019, 27(1) . 243 —249.

[5] YanY L. Biological nitrogen fixation: Promote the reduction and efficiency of chemical fertilizers and help the green development
of agriculture. Biotechnology Bulletin, 2019, 35(10): 6—7.
MERTE . R S BEANE IR A%, B Aol sk R R . AR EOR R, 2019, 35(10): 6—7.

[6] 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.
W, R, Sk, 4 ANEAEF PR EMA AR R EREN Y. hE LS5 IER, 2021(5): 169—175.

[7] Tong C C, LiuXJ, 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.
WA, XIWEH, ROT, 45 RS R X 5L B A 4R T8 R B A RCR I AR DAY . Bl AR, 2022, 31(3): 124—135.

[8] GaoL M, Sul, Tian Q, et 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.
I, IR, FAE, AE M AU AR TR K A3 AR TR S AR A AR R AR AR T O M Y S L Rk 2R, 2020, 29(3)
130—136.

[9] Cherney J H, Duxbury J M. Inorganic nitrogen supply and symbiotic dinitrogen fixation in alfalfa. Journal of Plant Nutrition,
1994,17(12) : 2053—2067.

[10] Li Q, Ding G D, Yang N M, et al. Comparative genome and transcriptome analysis unravels key factors of nitrogen use
efficiency in Brassica napus 1.. Plant, Cell & Environment, 2020, 43(3): 712—731.

[11] Shi W M, Xu W F, Li SM, et al. Responses of two rice cultivars differing in seedling-stage nitrogen use efficiency to growth
under low-nitrogen conditions. Plant and Soil, 2010, 326(1): 291—302.



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 4

[19]

[20]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

LiuCJ, Gong X W, Wang H L, ez a/. Low-nitrogen tolerance comprehensive evaluation and physiological response to nitrogen
stress in broomcorn millet ( Panicum miliaceum 1.. ) seedling. Plant Physiology and Biochemistry, 2020, 151: 233—242.

Liu Y N, Liu X J. Effect of fertilization on production performance and quality of different varieties of alfalfa. Journal of Gansu
Agricultural University, 2014, 49(1): 111—115.

XA, XUGE T . AL X P> 508 A R A P P R B R A BORYSE A . H R RO R AR, 2014, 49(1) 2 111—115.
Erley G S A, Dewi E R, Nikus O, ez al. Genotypic differences in nitrogen efficiency of white cabbage ( Brassica oleracea 1.. ).
Plant and Soil, 2010, 328(1/2): 313—325.

Balint T, Rengel Z. Nitrogen efficiency of canola genotypes varies between vegetative stage and grain maturity. Euphytica,
2008, 164(2): 421—432.

Zhang H, Xue Y G, Wang Z Q, e al. Morphological and physiological traits of roots and their relationships with shoot growth
in “super” rice. Field Crops Research, 2009, 113(1): 31—40.

Worku M, Baenziger M, Erley G S A, er al. Nitrogen efficiency as related to dry matter partitioning and root system size in
tropical mid-altitude maize hybrids under different levels of nitrogen stress. Field Crops Research, 2012, 130: 57— 67.

Zhang P'Y, Wang D Y, Gao T M, et al. Difference in nitrogen absorption, transportation and utilization of sesame varieties
with contrasting nitrogen efficiency at seedling stage. Acta Agriculturae Boreali-Sinica, 2023, 38(6): 134—143.

TRMBEE, EARE, mAAE, & SR SRR RR AR 2 SR 22 5 . AR E A A, 2023, 38(6): 134—143.
Zhang N, Guo R F. Advancements in nitrogen efficient screening of germplasm resources and deficiency tolerance mechanism
study in rice. Guangdong Agricultural Sciences, 2014, 41(5): 66— 70.

KT, FRR A AR i SO B R O 0k B G I I U 38 AL BRAR ST R T AR A A, 2014, 41(5) : 66— 70.

Sun H N, Cao X, Shen Q, ez al. Effects of planting density and nitrogen application rate on yield components of soybean variety
Zhongji 602. Journal of Inner Mongolia Minzu University (Natural Science Edition), 2024, 39(2): 26— 31.

IMIEAR, BEE, WG, S R BRI 2 X 602 R S R A G IR ZR Y RE A L N B ROER 4 (B AR B
2024, 39(2): 26—31.

Zou Q. Experimental guidance of plant physiology. Beijing: China Agricultural Publishing House, 2006.

ART . AW AR PR SLR R T b At P EARO A, 2006.

Song X, Zhang K K, Huang C C, ez a/. Selection of nitrogen-efficient wheat varieties based on principal component analysis.
Journal of Henan Agricultural Sciences, 2020, 49(12): 10— 16.

RME, SRBIET, BARR, AF . T R T SR /N A2 R R 2 TR AR B, 2020, 49(12) 2 10— 16.

WuZ S, Luo C P, Li H, ez al. Screening of high-quality conventional rice varieties with high nitrogen efficiency. Journal of
Southern Agriculture, 2021, 52(1): 63—69.

KT, PR, EFE, AF L BRSO R RO . T Ak A4, 2021, 52(1): 63— 69.

Zhou N N. The research on the nitrogen’s effect on rapeseed yield and quality and relevant analysis. Wuhan: Huazhong
Agricultural University, 2005.

JRVARAR U ZR kil 3 i A A S R S AR G MY . iDL AP RO R, 2005.

Zhang H, Forde B G. An Arabidopsis MADS box gene that controls nutrient-induced changes in root architecture. Science,
1998, 279(5349) : 407—409.

HouY P, Kong L L, LiQ, ez al. Effects of nitrogen fertilizer management on nitrogen absorption, utilization and soil inorganic
nitrogen content under film mulch drip irrigation of maize. Chinese Journal of Eco-Agriculture, 2018, 26(9): 1378 —1387.
B MG, FUMN TG , 200, 55 . 2 B0 B A5 1F T FUIEAE 25 % oK B R WA A AL B e s . AR RO AR,
2018, 26(9): 1378—1387.

LiuL H, Fan T F, Shi D X, er al. Coding-sequence identification and transcriptional profiling of nine AMTs and four NRT's
from tobacco revealed their differential regulation by developmental stages, nitrogen nutrition, and photoperiod. Frontiers in
Plant Science, 2018, 9: 210.

Huang M, WuJ Z, Li Y J, et al. Effects of tillage practices and nitrogen fertilizer application rates on grain yield, protein
content in winter wheat and soil nitrate residue in dryland . Scientia Agricultura Sinica, 2021, 54(24): 5206 —5219.

W, REX, BRE, E L OBHE DT AOMEAE R G N A e R A A A R B e b B R R
2021, 54(24): 5206—5219.

Sun M, Yan A, LiJY, et al. Effects of different water and nitrogen treatments on growth, quality and water and fertilizer use
efficiency of alfalfa. Xinjiang Agricultural Sciences, 2024, 61(6): 1512—1526.



5535 B 4 W Fll2F 3 2026 4F 123

[30]

[31]

[34]

[35]
[36]

[37]

[38]

[42]

NG, B, B0 E, & AFUKEAL B SR E A R KR H b B MK BRI R RCR RS2 R OB SRR B2, 2024, 61(6) -
1512—1526.

Liu DM, Liu Q, Rong X M, ez al. Studies on relationship between the characteristics of root and coefficient of nitrogen use
efficiency of oilseed rape. Hunan Agricultural Sciences, 2008(2): 64—66, 70.

XUFEWL, X5, SREMIE, 25 . AR R RS ARCR BB SC R BESE . BIRARL R, 2008(2) : 64—66, 70.

Qu Y L, Xie C, Liu XY, er al. Effect of nitrogen fertilizer reduction on peanut yield and nitrogen use efficiency. Chinese
Journal of Oil Crop Sciences, 2023, 45(2): 1—8.

HhHE T, W, XURT, S5 FUIEIRORE X A8 AR R AR B™ B psg e . P EMDRHME Y 4l , 2023, 45(2): 18,

Singh P, Kumar K, Jha A K, er a/. Global gene expression profiling under nitrogen stress identifies key genes involved in
nitrogen stress adaptation in maize ( Zea mays L.. ). Scientific Reports, 2022, 12(1): 18.

Huang G B, Zhang E H, Hu H J. Eco-physiological mechanism on nitrogen use efficiency difference of corn varieties. Journal of
Plant Nutrition and Fertilizer, 2001, 7(3): 293—297.

B, SRR, WIE S . IR K A R R E SRR 25 R AR SR BIAL] . R E SR SR A4, 2001, 7(3): 293—297
Zhang R Z, Zhang E H, Sun C Z. Study different genotype maize variety on diversity of nitrogen nutrition efficience. Journal of
Jilin Agricultural University, 2003, 25(2): 183—186.

SREGE SRR, IMK L AN R AL K i i K B IR R 22 S IS . ARAR L R R, 2003, 25(2) : 183 —186.
Bittsanszky A, Pilinszky K, Gyulai G, er a/. Overcoming ammonium toxicity. Plant Science, 2015, 231: 184—190.

Pradhan S, Chopra U K, Bandyopadhyay K K, ez al. Effect of water and nitrogen management on water productivity and
nitrogen use efficiency of wheat in a semi-arid environment. International Journal of Agriculture and Food Science Technology,
2013, 4(7): 727—732.

Ye T, Ma J, Zhang P, et al. Interaction effects of irrigation and nitrogen on the coordination between crop water productivity
and nitrogen use efficiency in wheat production on the North China Plain. Agricultural Water Management, 2022, 271: 12.

Cui Z, Zhang F, Chen X, ez a/. Using in-season nitrogen management and wheat cultivars to improve nitrogen use efficiency.
Soil Science Society of America Journal, 2011, 75(3): 976—983.

Si Z Y. Effects of water and nitrogen on yield and water and nitrogen utilization of winter wheat-summer cotton. Beijing:
Chinese Academy of Agricultural Sciences, 2017.

Alfem . RER AN 2 — BARAE P UK AR B . dest: s E RO RABE, 2017,

MaY M, Feng Z Y, Wang W, et al. Genetic diversity analysis of winter wheat landraces and modern bred varieties in Xinjiang
based on agronomic traits. Acta Agronomica Sinica, 2020, 46(12): 1997—2007.

LhHE ), I, BB, G BTERAC /N AR R MR R Z AR E AT . AEEE R, 2020, 46(12) : 1997—2007.
LiSS, FuC, SunlJ, et al. Effects of nitrogen amount on root physiological activity and grain protein quality in spring wheat.
Journal of Triticeae Crops, 2012, 32(6): 1139—1143.

ZEUO, A5, Ak, A it SR X AR /D 22 AR R A I T BOREREER 1 A BRI R R . 22 AR AR, 2012, 32(6) : 1139—
1143.

Stahl A, Pfeifer M, Frisch M, er a/. Recent genetic gains in nitrogen use efficiency in oilseed rape. Frontiers in Plant Science,
2017, 8: 13.



