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1.1 R A R

M MR B S ol K2 i 1 e X
TR A AL A 21.98 g/ke;
FHEFE SR AR 0.99 o/ke. BALA 68.95
mglkg. AR 28.62 mg/kg. LA 239.67 mg/kg;
+3% pH {H 8.09,

EREAEHE R 104 (£ 1), KERER
EEAS Y. AR ASPLIRE, HAFE:
KH,PO, 659.34 mg/kg. K,SO, 335 mg/kg,
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RIGF 2021 F12022 41 5—9 HENZ IR
KR P X ST RANEE T, o AT A 48
A& 4598 B AR TR e R TR 2, 821k
PR, BUER X 0 ~ 30 em BUFFE L, TRAT.
B, KT IEERZY, iF 2 mm 0, 2021 4F45 752 1
2 kg, 2022 4EFFEEHE A+ 4 kg, ZIRIS R KR,
HWEJERKF, BETSMHABE (N0, 25,
50, 100, 150 mghkg), ic fENO, N25. N50. N100
HMINIS0; HFR 2 2&mflh, 10 NEfEmFr (R 1);
RIS 4 K, BEEIER 166, THTE 3 8
Wi 2R 4 0. MRETHEERA, HALE
FROMEIRIL— R AMER AR A L3 X T2 i
B DARIRER 3 MR Rk SR i
4WER, ER—ABR RS . EfE S
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SREEY R EE, A PR A FAR ], AR B 7
IS F T AR FH %) 4 5 AR U B s 2 45—
i L ERCRFEYS T E AT, 2021 45 H 23 Hi%
P, AR, [CREE 1R, THME 100 d #5175
2022 4% 5 A 25 HiEFP, FiA 60 A1 100 d 435RFE 1
Wo MYRERFEET 100 d b EFCRFER U T
122 fbnleE

W EE A R, B R 3 em BY FHL
ERSy, BHEEREDEST 105°C AT 30 min, 1HIE 65 C
W ZEEE, FRE.

HOJR BRI T . AR R BT A0 bk, 4
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WE (P<001), AFEAEAIET, Ay
AR g hZ AR b, NSO ZbFRIAIE(E; AW
RS YR AR B E (P<001), MFEA AL
T, HEREEAREY, 3 AR,
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PrE A, [W—mF R EEAE I N, AR
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i, 7605 ~ 11 o BRZI); MRy NS EE, N
02 ~ 05 ¢/ #ko 2021 4F 9 A 12022 4F 9 H /it A i
AL AR IR E S A 2 i 2 (P<0.01),
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WEMWIA XL, 20224E7 AN 47% ~ 11.0%, 258F
Z UL RALR N100 ~ 150 40P T B 22 6 = T
NO ~ N50 4b¥; 2021 429 H 5 04% ~ 1.2%, 2022 4
9 A1 160% ~ 167%, %2 U RFESTE 2 IR 78 5 A
FICE AR AL BRI i 35 25 57
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W3E (P<0.01), AREAELHET, HEASE
FEARFFE R A AR AR, 2021 4F N25 b3 T
HrE, N150 Zb BN Fefil; 2022 4F 55— = AL
T T AR A AL B, N150 4b R £, NSO
WY R R OB A AR, AR R
Gy B T B it ZAU R N S S 0 S BEAR A R
N25 4 B R e i, N150 feff. 28 & M, N25 4k
PHEE A FF A AU A & m RIS
B HEA T EZET BE (P<.01), HIFjE
AEAHT, @HE. AH202, HLT. HE
341 AR 5 AR (LUF PR B R S 5 AN )
FH AR % 0 45 AURE 3 3 v T A A, AE
18.0% ~ 23.2% Z [0, HAth 5 Fh7E 15.2% ~ 20.2%
Zlie [l FA AR TS, & A E
B AR R AL EAR 22 HTE 0.1% ~ 54% Z 0], 22(H
BWRMSMESRE. B, 2510 0.1% ~ 54%
0.6% ~ 4.6%, HHESES M 0.3% ~ 3.6%
Z TRt AR it R X R R R Y 38 B )
F (P<001), HEASTENESE, BHE%Es5 4
iR 73.3% {ENO ~ N50 AR 3R45, HoAth & b
H 66.7% {E N100., N150 4b B F 345, & Ffk 2 4
AP PO A A i 25 R LA, 2022487 AR
18.0% ~ 19.2%, ZEMRAHEIZ I FAEIT TG 1. 25 Ak
2R 20214E9H K 7.8% ~ 12.9%, 2022 49
HHR123% ~ 19.1%, X 2 PCRAEZEBEN £ 053 R
NO ~ N50 4P T & 35 T N100 ~ 150 kb3,

2.2 il R R A [t A R R TR R R AU R
P

2.2.1 AN [ R E AR R S )

T ANV R BRI B (P<0.01 ),
WK 3 R, AREE R, N25 Fl NS5O Zb3
TSI AR, N100 A F T 05 X 2598 r= AR ], AR
T AR 2, BOREE S, FREIEER,
PP . MO 25 A i (P<0.01),
() it 220 £ Ab 3L, AN (] R 5 R e B AN ], NS0 4b
PR, MEA . A 202 %+ T A9 AR R BOR R
A, M 41.0 ~ 5614/ ¥k F10.21 ~ 0.51
of M N2S AL BRR, fH H 341 Mg B AR A,
103 ~ 3744~/ ¥k F10.08 ~ 0.40 o/ £k, FidS5A
a2 R T A A, e, BT (AE 202
B+ T 46 N100 1 N150 &b 3 R A5 4 45 9% .
ol 60 it 20 o X 45 980 1) A8 RS R A 3 (P<0.01 ),

— 190 —

A, HE 202, BT, HE 341 fsg R
FE 25 Tt UM BT AR IR BORD AR R T ) v T At
i

2.2.2 GRS R A R USRI 5

MR2AH, AFEEAEAIHT, 2021 49
A, fEE 202, #H 2%+ T 12 FETE NSO 40
PR R, Hofth i R N25 Ab R T R H NSO Ab R
W FRE; 20224E7 A, 10 A NO AR
T, BERGEEIINZE TR, NSO AbFE R 4
P8 MR T 5 2022 4F 9 H 88 WAk, T
B A 341 FE B 202 78 N5O 40 BT f g,
AP AE N25 Kb FT S, A5 AR R A A AR
T —AE, H N25. N50 AbHE iR oK.
& I, NO AbBE[E A UK T N25. N50, N100 F
U= A A, N150 Ab B R K8 4 i A 2R A
0. H R il S0 = AL F R, 5 (R 7E NSO Ah BT 2%
SOk, PR, AE 202, BT, fAH 341
SRR 5 A R [ R T A S A, 2021 4R
H 55.6% ~ 82.3%, H At Fh R 23.1% ~ 40.0%;
2022 4F 55 — #E N 34.2% ~ 60.2%, H A5 FhoN
157% ~ 43.3%; 2022 4555 %0 79.8% ~ 100%,
HAth A K 65.1% ~ 70.2%,

2] 2R 7 S [R) it 28 AR B R DL N25 Ab B B
(%£3), HT 2022455 7 W & (58—
B4 20.0 ~ 34.7 mg/ Bk ), N50 4b i [E A AE
2022 AEEE—F (BR%+ T /Y9 N50 & F No 4h ) & F
NO, S FE T NO. MRS T, BHA.
fEH 202, Bt T, fHE 341 FSEEIR S AP
FETHAN A, REFE AR N25S 2T, 24
R I [ A 22 (L AE 2021 4E 9 H 115 ~ 157
mg/ Bk, 2022 4E 7 [l 42.4 ~ 59.8 mg/ K, 2022
4E9 H M 30.8 ~ 75.0 mg/ Kk eIk &L 9 N100
WP, EETRE . A 202, Bk TAA S5
PAORR B = E 36.3% . 32.2% . 29.7% I [ A B, A
2, R R 2 S G R O [ R A A
I R (P<0.01), BERSCREERmAY)
SRR AR P et RO X Tl L ek i o, A 4 UK 1]
ZS WA, B NOAH T i, 5 s
A1 FERE N25 . NSO A FE R iess, MIEAHSESZ
SEIEA AL, 7ENO ~ NS5O PR T, 5 A%
i A A 4 i RO 1 e AT 61 R0 i e 43 31
12% ~ 16.7% 1 12.9% ~ 19.2%.
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PZ: F=103.09, P<0.01
TD: F=16.20, P <0.01
PZXxTD: F=8.03,P<0.01

PZ: F=88.73,P<0.01
TD: F=19.25, P <0.01
PZXxTD: F=534,P<0.01
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0.6

HYRE (g/ik)

0.6

HRE (gtk)

NO

PZ. F=67.95,P<0.01
TD: F=21.64, P <0.01
PZxTD: F=7.73,P <0.01

NO

PZ: F=180.07, P <0.01
TD: F=44.78, P <0.01
PZXxTD: F=8.13,P<0.01
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%2 AEHRELENARMMEENERE (%)
IR [H] i NO N25 N50 N100 N150
2021 4£9 A cY 61.3 = 1.8ABe 65.4 = 1.9Ad 33.1% 1.6Bde 11.5 + 1.8Ced 0
AH 68.8 £2.3Ac 62.4 + 1.9ABde 23.1 £ 1.6Be 0 0
M 64.0 = 1.6ABde 70.2 = 1.8Ac 36.2 +2.0Bde 20.5 +2.0Che 0
B341 75.4 +2.0ABb 78.2 + 1.6Aab 55.6 + 1.9Bhe 12.5 £0.5Ccd 0
B202 77.6 2.3ABa 80.2 +2.0ABa 82.5+2.4Aa 45.5 +2.2Bab 22.2+0.4Ch
JH 65.3 + 1.8ABd 70.3 +2.5A¢ 30.1 + 2.0Bde 152+ 1.9Ce 0
TZ 65.5 = 2.0Acd 663+ 1.9Acd 40.0 + 0.3Bd 243 +0.5Ch 0
LS 72.0 £ 1.7ABbe 75.1 = 1.8Ab 56.5 +0.6Bb 20.0 = 2.2Che 0
cX 77.4 £2.5Bab 79.6 £ 2.2ABa 82.4 + 1.8Aa 55.5+22Ca 30.0 £ 1.2Da
QS 76.4 +2.1ABab 79.3 = 1.8ABab 80.2 + 1.8Aab 472 +2.5Bab 28.4 +2.0Cab
2022 47 H cY 47.8 + 1.1Ade 36.4 + 1.7Bde 20.5 + 1.6Cde 0 0
AH 431+ 1.3Ae 322+ 1.5Be 19.2 +0.5Ce 0 0
M 57.7 £ 1.8Ac 482+ 1.3Bed 15.7 1.5Ced 21.3 £2.2Dbe 0
B341 68.4 + 1.1Abc 66.2 + 1.7ABab 48.0 = 1.6Bb 7.4 £0.3Ded 0
B202 783 = 1.3Aa 65.4 = 1.5Bb 53.1+0.5Cab 32.3+0.2Da 145 +0.5Eb
JH 523+ 1.8Ad 40.7 + 1.3Bd 25.6+1.5Cd 6.8 +2.2Dcd 0
TZ 57.7+ 1.6Ac 50.2 + 1.6ABe 432+ 1.8Bhe 142 +1.3Ce 0
LS 73.1£2.1Ab 72.5 + 1.8ABab 34.2 £ 1.6Bed 19.0 = 1.7Che 0
cX 76.1 = 1.6Aab 75.1 = 1.6Aba 41.1+1.9Bc 23.0 £ 1.7Ch 16.7 £ 1.7CDa
QS 75.4 + 1.3Aab 70.7 +2.1ABab 60.2 +2.4Ba 31.1£2.1Cab 10.1 % 1.6Dc
2022 4F 9 H cY 65.9 + 1.5Bde 74.4 £ 1.6Ac 67.6 + 1.4ABcd 8.8 +0.4Cde 0
AH 734+ 1.7Acd 70.2 = 1.6ABed 65.5 = 1.8Bd 10.9 = 0.3Cde 9.0 +0.3CDc
M 75.1 £ 1.9Ac 68.2 +2.4Bed 70.2 + 1.7ABc 17.4 +2.0Cd 0
B341 89.5+ 1.7ABa 90.7 + 2.1ABab 983 + 1.3Aab 23.7 + 1.4Bc 0
B202 79.9 + 1.0BChe 86.2 + 2.0Bhc 100.0 + 0.6Aa 42.9 +2.0Cab 30.6 + 1.9Dab
JH 68.7 + 1.8ABd 76.7 = 2.2Abc 68.1+ 1.9Bcd 19.2 £ 1.7Ced 0
TZ 65.4 + 1.5ABe 68.2 + 1.0Ad 67.1 = 2.1ABed 8.2+0.1Ae 0
LS 85.5 + 1.4ABab 93.3 + 1.9Aab 84.4 +2.0Bb 435 +1.9Ca 23.8+0.3Db
CX 84.8 + 2.0BCah 86.6+ 2.1Bb 99.6 + 0.9Aa 42.0 + 1.8Cab 334+ 1.4CDa
QS 80.7 = 2.0Bb 96.3 + 2.0Aa 78.7 +2.1BChe 30.8 £2.0Ch 19.0 = 0.9CDbe

VR BRSNS RS AR | ARG TR AR 22 5 B3 (P<0.01) 5 TSRS AN RS 5 R [ — A [ it
I 2ERRE (P<0.01). T,
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*®3 FEERELENAEEMEEERE (' mg/ ¥k )
i8] e NO N25 N50 N100 N150
2021 49 H cY 27.5 + 2.6Bhe 33.6 + 1.4Abc 17.9 + 1.5Cd 7.1£0.8Dd 0
AH 13.6 + 1.5ABe 15.8  1.8Ade 6.6 +0.7Be 0 0
M 17.1 + 1.6ABde 20.8 + 1.7Ad 11.2 +0.8Bde 6.2 +0.6Cde 0
B341 31.8 +3.3ABab 35.7 +2.6Abe 252+ 1.8Bed 5.6 +0.7Cde 0
B202 29.7 + 2.1Bhe 413 +4.6ABb 43.4 + 4.5Aab 19.3 + 0.8Che 0
JH 20.7 +2.0Bd 30.3 +3.2Ac¢ 11.1 + 1.1Cde 5.1 £0.9CDde 0
TZ 253 2.0Ac 25.1 + 1.6ABed 16.0 £ 2.0Bde 8.9 +0.6Ccd 0
LS 31.4 +2.8ABb 31.5 +3.6Abc 26.5+2.1Bc 8.9 +0.8Cc 0
cX 36.4 +4.2Ba 45.1 +3.2ABa 50.4 + 4.3Aa 319+ 1.6BCa 142+ 1.0Da
0S 29.5 +2.5BChe 33.8 + 1.8Bhc 39.8 +4.2Ab 21.1£1.5Ch 12.3 = 1.1Dab
202247 H cY 512+ 1.7Ac 43.7 + 1.1Bde 28.4 +2.7Cde 0 0
AH 24.2 +2.0ABde 27.5 £2.6Ae 20.7 + 1.7Be 0 0
M 51.3 +4.9Abc 45.4 +5.0ABde 39.3 +4.4Bd 12.8 £ 1.5Ced 0
B341 55.8 + 4.9Bhe 69.9 + 3.5Ac¢ 55.2 + 4.9BCe 7.9 £0.5Cd 0
B202 87.7 + 8.0Aab 80.5 + 7.7ABbc 75.0 = 6.8Bb 34.5+3.2Cab 13.4+1.2Db
JH 28.3 + 2.8ABd 30.6 = 1.2Ade 22.7 +2.2Bde 4.0 £0.3Cde 0
TZ 56.6 + 4.7Abc 52.4 + 4.0ABd 48.3 +4.3ABcd 12.3 + 1.7Bed 0
LS 65.0 + 6.4Bb 81.8 +5.0Ab 40.7 £2.2Ccd 18.5 +0.4Dc 0
CX 95.9 +9.4Ba 112.2 £ 8.5Aa 62.0 + 6.7Che 30.0 = 2.7Db 19.6 = 2.3DEa
0S 88.6 + 7.8Bab 105.9 + 9.4Aab 95.0 +9.5ABa 39.1 +3.2Ca 11.2 £ 0.6Dbe
202249 A cY 51.3 +4.5Bde 71.7 = 4.8Acd 68.9 +7.1ABd 9.1 + 1.4Cde 3.8 +0.1CDde
AH 55.0 +5.3Bde 71.8 £ 6.8Acd 52.6 + 5.0BCde 9.2+ 1.0Cde 7.1 £0.4CDd
M 64.5 + 4.9Ad 64.2 + 2.9ABd 62.7 + 4.6ABde 16.7 + 1.4Bd 0
B341 99.6 + 8.7Bab 135.2 + 6.8Aab 119.5 + 8.0ABab 29.4 +2.3Cc 0
B202 85.4 +6.5BCc 88.5+9.4Bc 120.3 + 8.7Aab 45.9 +3.9Cab 29.6 + 1.2Db
JH 50.0 = 5.3ABe 577+ 6.3Ae 47.5+4.5Be 16.1 +2.1Cde 0
TZ 53.7 + 1.5Bde 60.1 + 6.0Ade 55.0 £ 5.5ABde 6.3 +0.5Ce 0
LS 96.8 + 5.8Bb 111.8 + 11.9Ab 98.0 + 4.9ABc 46.0 +2.7Cab 22.6 +0.8Ded
CX 106.5 = 10.2Bab 109.1 = 8.9ABhc 129.5+7.7Aa 51.4+4.2Ca 35.6+ 1.0Da
Qs 113.6 £ 6.9ABa 146.8 + 4.2Aa 112.6 = 10.8Bb 39.2+2.7Ch 23.7 £2.7CDc
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* P<0.05, ** P<0.01, *** P<0.001
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Regulation of nitrogen application rate on nodulation, nitrogen fixation, yield, and crude protein content of dif—
ferent alfalfa varieties

LIU Yu-han, CHEN Yang', LI Hai-gang, LU Yong-xin ( College of Grassland Resources and Environment, Inner Mongolia
Agricultural University/Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resource/Key Laboratory of Agricultural
Ecological Security and Green Development at Universities of Inner Mongolia Autonomous, Hohhot Inner Mongolia 010018 )
Abstract: Understanding the response of different alfalfa varieties to nitrogen fertilizer application for nodulation and nitrogen
fixation, and enhancing the synergy between alfalfa nitrogen fixation ability and yield and quality, are crucial for the
production practice of alfalfa nitrogen conservation and efficiency enhancement. In this study, ten alfalfa varieties were used
and five nitrogen gradients were set up. By measuring the aboveground biomass, crude protein content, root nodule number,
root nodule weight, nitrogen rate and amount fixed from the atmosphere, the effects of nitrogen application on the biomass,
crude protein content, and nodule nitrogen fixation of different alfalfa varieties in the year of establishment and their mutual
regulatory relationship were explored. The results indicated that there were significant differences in aboveground biomass
and crude protein content among different varieties and treatments. The nitrogen fixation efficiency of varieties with higher

aboveground biomass and crude protein content, such as Chaoxinxing, Baimu 202, Qishi T, Baimu 341 and Lvsile, was
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significantly higher than that of other varieties. The response of nitrogen derived from the atmosphere to nitrogen application
rate showed significant differences between two alfalfa cuts. The first cut had the highest response under the NO treatment,
and the second cut or only one cropping had the highest response under N25 and N50 treatments. The crude protein content
showed a positive correlation with it. Under NO-N50 treatments, the biomass and crude protein content of high nitrogen
fixation efficiency varieties were 1.2%-16.7% and 12.9%-19.2% higher than those of low nitrogen fixation efficiency
varieties, respectively. Compared with N100 and N150 treatments, except for the first cut with lower nitrogen derived from
the atmosphere, the biomass difference was basically the same, and the crude protein content difference was significantly
reduced to 7.8%—-12.3%. The crude protein accumulation of low nitrogen fixation efficiency varieties was more dependent on
nitrogen application. There was a significant positive correlation between biomass and crude protein content and nodulation
nitrogen fixation indicators. In the year of planting, appropriate nitrogen application was beneficial for the coordinated and
efficient nitrogen fixation of alfalfa. Five varieties with higher nitrogen fixation efficiency, such as Chaoxinxing, could
achieve a balanced increase in biomass and crude protein content under lower nitrogen gradients, and were significantly
higher than other varieties. They could be used as excellent varieties for nitrogen—saving cultivation.

Key words: alfalfa varieties; nitrogen application rate; biomass; crude protein content; nodulation and nitrogen fixation;

"N natural abundance
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