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Detection and characterization of nitrogen efficiency in alfalfa
LIU Xiao-jing , ZHAO Ya-jiao, HAO Feng, TONG Chang-chun

College of Pratacultural Science, Gansu Agricultural University, Key Laboratory Pratacultural Ecosystem, Ministry of Education,
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Abstract: It would be beneficial to the livestock industries to develop and utilize the potential for improved forage
quality and yield in alfalfa in order to achieve gains in production efficiency. This study planned to establish a nitrogen
(N) efficiency evaluation system and screen alfalfa germplasm at the seedling stage for N efficiency. In this research,
28 alfalfa cultivars from a wide range of sources were investigated, and parameters linked to alfalfa N efficiency were
evaluated at the seedling stage, based on variation coefficient, correlation analysis and subordinate function analysis
of the morphological and N—related parameters. Seedlings were grown in sand culture in a greenhouse using nutrient

solution with either a low N level (2.1 mg-L. ' N, designated N, ;) or a normal N level (210 mg-L. ' N, designated
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N,;0). N efficiency was assessed from the multivariate response of cultivars to N application. It was found that the
plant height, shoot dry weight (SDW ), root dry weight, plant dry weight (PDW ), shoot N accumulation (SNA) ,
root N accumulation and plant N accumulation (PNA) of LW6010 were significantly higher than other cultivars.
The SDW of Gongnong No. 3 was significantly lower than that of other cultivars under both N, ; and N,,,. The shoot
N content and plant N content of Giant 601 were significantly higher than those of other cultivars. Under N, ,, the
root length (RL.) of Gannong No. 9 was the longest, and that of Longdong was the shortest. Under N,,,, the RL of
Crown is the longest, and Gongnong No. 3 is the shortest. Under N, ,, the root volume (RV) of Xinjiangdaye was
the largest, and that of Longdong was the smallest. Under N,,,, the RV of Gannong No. 7 was the largest. The
parameters used to screen for N efficiency were SDW, PDW, RL., RV, SNA and PNA. The multivariate scores of
LW6010 and some other cultivars were greater than 0.5 under N, ; and N,,; the multivariate scores of Gannong
No. 3 and some other cultivars were less than 0. 5 under N, ;, and were greater than 0. 5 under N,,,. The multivariate
scores of Gannong No. 7 and some other cultivars were greater than 0. 5 under N, ,, and were lessr than 0. 5 under
Nuyo; and those of Longdong and some other cultivars were less than 0.5 under N,; and N,,. In conclusion,
differences in N efficiency among alfalfa cultivars were found. SDW, PDW, RL, RV, SNA and PNA were adopted
as the evaluation parameters for N efficiency screening of alfalfa at the seedling stage. By quantifying the multivariate
score, alfalfa cultivars can be grouped into four N efficiency categories: very efficient, efficient, semi-efficient and
inefficient.

Key words: Medicago sativa; N efficiency; differences of cultivars; characteristics of N efficiency types
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Table 1 Alfalfa cultivars and their marked numbers

s TS [P Fris R 24 B s i 24 B 5 il 24 B
Number Cultivars Number Cultivars Number Cultivars Number Cultivars
1 ‘H4< 35 Gannong No. 3 8 B A Xinjiangdaye 15 LW6010 22 i fiE 2 Giant 2
2 H 4 445 Gannong No. 4 9 B 15 Xinmu No. 1 16 9 i Reindeer 23 FEi 7 Sadie 7
3 H4¢ 55 Gannong No. 5 10 Ji 4% 806 Longmu 806 17 256 Crown 24 F&3 10 Sadie 10
4 H4¢ 7% Gannong No. 7 11 Je 4 801 Longmu 801 18 4 85 Goldqueen 25 %% Tourists
5 ‘H 4 85 Gannong No. 8 12 A4 1% Gongnong No. 1 19 [5. BE 551 Giant 551 26 F5 9L Elite
6 H 4 95 Gannong No. 9 13 5 4¢ 345 Gongnong No. 3 20 [F BE 601 Giant 601 27 BT 5 W eston
7 [ %< B % Longdong 14 %/ B 7% Zhaodong 21 5 fi£ 6 Giant 6 28 BT 7K X 4= Algonquin

1.2 Xkt

R T 2016 4FE 76 H o 4l R 2F #0628 N #E4T OB B 28 °C/14 h, B85 20 °C/10 h, % IR 38 J¥ 260~350 mol-m *-
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2.1 EILH W IR 5T
2.1.1  R[EEKE X bR @ T 5T Y 5 e LW60107E N, Al N, KR (R 2) , Hobk s (i B T4 i i
T REMERT YR EY &R T HAM S (P<0.05) . WELEN,, F, HIkE 825/ HA S A2
BTTILE Ny, B Hobk 5 35/ T =AD& A (P<<0. 05) o AR 3SHEN, FIN,, MR b - T¥ i 8N T
HoAth & A (P<<0.05) 0 AR 3FIEN, FHRASIEN,, T, HH T T4 5 & 82/ T HA & A (P<<0.05) .
THEN, | &, HARRT Y 0 E AT A A (P<<0.05),
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Table 2 Differences of plant height and biomass of different alfalfa cultivars under different nitrogen levels

75 /3= o 1T B R T B LT YR E
No. Plant height (c¢m) Shoot dry weight (g-plant™') Root dry weight (g-plant ') Plant dry weight (g-plant™!)
N2, Nz N2 Naio N Naio N Nzio
1 2.4740.21defg 15.1740.21g 0.3840.021 0.37%+0. 02kl 0.7440.03mn 8.00+0. 20f 2.23%+0. 22¢ 0.24+0.01c
2 2.33%+0.09¢g 15.9040.15¢f  0.7140.09ghi  0.40+0.02ij 1.1140. 10 4.97+0. 210 2.1940.09¢ 0.14+0. 02ijk
3 2.44+0.07efg  17.684+0.15b 1.0740.09bc  0.474+0.01h  1.54+0.09de 9.72+0. 15¢ 2.25+0.07¢ 0.20+0. 00def
4 1.53£0.04n 14.824+0. 15h 0.94+0.09cde 0.44=+0.01h 1.3840.091fg 8.9040. 20d 1.34=+0.03k 0.19+0. 00efg
5 1.35%+0.09 14.804+0. 15h 0.5540. 04jk 0.3240.01lm 0.87%+0.03klm  6.5840.20klm 1.154-0. 091 0.20+0. 01def
6 1.62+0.03mn  13.7240.15g 1.01£0.09¢cde 0.4140.01i  1.4340.09efg 7.5740.21hi 1.4340.03k 0.19=+0. 00efg
7 1.88+0. 031k 13.384+0. 15k 0.6540.03hij  0.27+0.02n  0.9240. 05kl 8.80+0.20de  1.7240. 04hijj 0.15+0. 02hi
8 2.5940.03cde 15.6540. 211 0.9040.08de  0.83+0.02b 1.73=+0.08¢ 6.7540. 15kl 2.4240.03bed  0.17+0. 02gh
9 2.75+0.10b 17.35=+0. 21c¢ 0.8540. 03ef 0.5240.02g 1.37+£0.05fg 6.55+0.15Im  2.53=+0.09bcd  0.2240. 01def
10 2.37+0.091fg 15.98+0. 21e 0.9640.09cde 0.47+0.01h 1.42+0.09efg 6.88+0. 20k 2.2540.09e 0.1240. 00jkl
11 1.96+0.09j 16.35+0. 21d 1.03£0.09cd  0.51£0.02g 1.53%0. 10de 7.2240.15j 1.84+0.09fgh  0.12=+0.01kl
12 1.80+£0. 045kl 12.5840.156m  0.74+0.04fgh  0.3340.00m 1.0740. 04jj 7.337£0. 15i] 1.66+0.03jj 0.1440. 01ijk
13 1.09+0.09p 14.7240. 15h 0.244+0.01m 0.0740.000 0.314+0.01o 8.8540.15de  0.9740.09m 0.13=£0. 00jkl
14 2.5740.04cde  15.0040.15gh  0.9640.09cde 0.5940.01f 1.54=+0.09de 7.924+0.15fg  2.33%+0.04cde  0.24=£0.00c
15 3.30+£0.05a 18.10+0. 21a 1.3340. 04a 0.944+0.02a 2.26%+0.03a 10.77+0. 12a 2.8440.07a 0.46+0.02a
16 1.78=+0.09kl 16.48+0.21d 0.82+0.09fg 0.46+0.02h 1.284+0. 10gh 6.83+0. 15kl 1.6640. 09 0.114+0. 00kl
17 2.72+0. 16bc 15.9040. 15ef  1.00£0.09cd  0.6840.02d 1.68=40. 10cd 6.6340. 15klm 2.4640. 16bc 0.2540. 00c
18  2.12+0.07h 16.48=+0. 21d 0.5940.01jj 0.58+0.02f 1.17£0. 03hi 6.3740.21lm 1.9740. 06f 0.15+0. 01hijj
19 2.0240. 04hi 14.7040. 15h 0.95+0.09cde 0.36+0.091 1.3140.09fgh 7.87+0.21fgh  1.91+0. 04fg 0.11+0. 001
20 2.50+£0.17def  17.1740.21c 1.18+0. 15b 0.84+0.04b 2.0240.17b 10. 30£0. 20b 2.314+0.17cde  0.194£0. 00fg
21 1.83+£0.09jkl 15.6740.15ef  0.7040.03ghi  0.63+0.0le 1.3440. 04fg 5.9740.21n 1.6240.09j 0.21+0. 01def
22 2.61+0.08bcd  14.35+0. 211 0.89+0.09de  0.71£0.02¢c 1.6040. 10cd 6.62+0. 15klm  2.26+0. 09de 0.35+0.05b
23 0.78+0.04q 12.30£0.15m  0.43=0. 03kl 0.254+0.01n  0.69%0. 04n 6.86+0. 21k 0.57+0.03n 0.21+0.01de
24 2.11+0.09% 14.2740. 151 0.9940.09cd  0.45+0.01h 1.4540.09ef 8.5240. 15¢ 1.9540. 09f 0.16+0. 00gh
25 0.817%0.04q 15.98+0. 21e 0.5440. 09k 0.2840.00n 0.82%0.09Imn  7.3340. 15i] 0.64+0. 04n 0.1740.01gh
26 1.71£0.03Im 13.03=40. 151 0.7040.03ghi  0.28+0.00n 0.97+0. 04jk 6.88+0. 20k 1.59+0.03j 0.1340. 00jkl
27 1.68=£0.10lm 13.0340. 211 0.9240.09de  0.46=£0.02h 1.3840.10fg 6.07=+0. 15n 1.35+0. 09k 0.3340.02b
28 1.93£0.09ik 16.47+0. 15d 0.7540.09fgh  0.39+£0.01jk 1.1340.09i 7.6340.15ghi  1.7840.09ghi  0.15+0.01hi

O SRR /NG P08 2258 3 (P<<0.05) , T Il

Note: The different small letters in the same column mean the significant differences at P<Z0. 05, the same below.
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Table 3 Differences of root length and root volume of different alfalfa cultivars under different nitrogen levels

5 K Root length (em-plant ) MK Root volume (cm?®)
No. N, N N, N
1 90. 134-18. 66abc 40. 02+ 13. 88bede 0.0840. 02abed 0.04=40.02cde
2 71.79+£9. 69bcdef 46.02+4. 45bcde 0.04+0.01hi 0.02+0.01de
3 75.13+5. 71abede 39.72+7.67bcde 0.0840. 0lab 0.0240.01e
4 78.25411. 62abcede 59.89410.45b 0.0640. 01bcdefgh 0.0940. 04a
5 80. 14+8. 15abed 37.14+10. 18de 0.0540. 0lefghi 0.03=40. 02cde
6 98.9748. 7% 45.97+9. 29bcde 0.06=40. 01bcdefgh 0.03=40. 00cde
7 30.11+0.96¢g 50. 11+ 1. 37bcede 0.02+0. 001 0.05%+0. 03bed
8 79.93421. 0dabed 45.58+4. 25bcde 0.0940. 04a 0.0540. 00bed
9 61.6447.03def 46. 094+ 14. 95bcde 0. 05%0. 00defghi 0.03%0.0lcde
10 54. 674 14. 0def 49.34=+11. 10bede 0.06=40. 02bcdefgh 0.0540. 02bc
11 64.07414. 23def 36.83+17. 14de 0.06=40. 0labcdefgh 0.0340. 0lcde
12 81.77+22. 32abed 47.344+16. 0lbede 0.0740. 03abcde 0.03=40. 00cde
13 66.61418. 22cdef 30.0240.95e 0.0540. 02defghi 0.0240. 00cde
14 77.53+£7.73bcde 55.23+13. 00bed 0.05%0. 0lcdefgh 0.08+£0.02a
15 70. 37+6.99bcdef 37.28+10.08de 0.0540. 0lefghi 0.03=40. 02cde
16 61.87+11. 34def 33.2043.97e 0.0640. 02bcdefgh 0.0340. 00cde
17 95.0147.23ab 80.11+3.19a 0.06=40. 00abcdefgh 0.0540. 02cde
18 61.68414. 92def 43.13+8. 69bcde 0.06=40. 02bcdefgh 0.04=40.0lcde
19 54.7147. 21ef 32.82+5.80e 0.04+0. 01fghi 0.03%0. 00cde
20 78.64416. 63abede 44.13+17. 64bede 0.0740. Olabcdef 0.03=40. Olcde
21 62. 05+ 3. 52def 62.05+3. 52def 0.04+0.01ghi 0.04+0.01ghi
22 69.9740. 63cdef 69.97+0. 63cdef 0.0740. 02abcdefg 0.0740. 02abcdefg
23 75.68414. 86abcde 75. 68+ 14. 86abcde 0.07%0. 0labcdefgh 0.07=20. 0labcdefgh
24 62.53+7.97def 32.57+11.04e 0.0440.01ghi 0.0240. 00cde
25 50. 144-13. 40fg 50. 14+13. 40fg 0.0740. 0labcdef 0.07=40. Olabcdef
26 75.58=£2. 32bcde 75.58=£2. 32abcde 0.07=£0. 0labede 0.07=£0. 0labede
27 71.56+17. 20bcdef 71.56+17. 20bcdef 0.0840. 02abc 0.08=0. 02abc
28 77.90+16. 46bcde 77.90416. 46abcede 0.0540. 02cdefgh 0.0540. 02cdefgh

2.1.3  R[E AKX R R FBEGOLFEN, AN, F(F4), Hih AT EAMSKASTEY R ERT
HoAth it Bl (BR LW6010) (P<<0.05) o N, F, H A& 95 M N A% &t i 35 K T IHAB M AN, B, A% 15 BEKTIH
il A (P<<0. 05) ¢

2.1.4 ARFEEKEXFEABBROEE  LW6010ZE N, AN, F(F5), Hibh FRFR R E W FARERMe
PRA R B KT HALSF (P<<0.05). N, &, HR 35 AR RE R E/NFHASF N, T, 357
FE e b AR R A /N T H AL S A (P<<0.05) 0 N, BB AR B A A4 15 B8l 7 RO e it T AR R Y
/N T HAl SRR (P<<0.05) o N, B4R 35 M N, F &l 7 FiF % 09 4 bk 2B B2 5/ T H At 5 A
(P<<0.05).
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Table 4 Differences of nitrogen content of different alfalfa cultivars under different nitrogen levels (%)

F5 I &% & Shoot nitrogen content T (7% & Root nitrogen content 4= PR & % & Plant nitrogen content
No. N,, Ny N,, N N, Ny
1 1.05£0.01q 2.1440.020 1.2540.02j 2.78+£0. 05]] 1.16+0. 02kl 2.2140.02mn
2 1.18+0. 00n 2.96+0. 15gh 1.2540.01j 3.4940.01c 1. 1840. 03kl 2.99+0. l4gh
3 1.71+0.02¢ 3.36740. 04bc 1.42+0.01d 3.10%+0.07gh 1.62+0.01a 3.3440.03cd
4 1.46+0.01f 3.2540. 0dcd 1.48+0. 00c 3.2440.02¢ 1.46+0.01d 3.2540.03de
5 1.36+0. 01hi 2.2840.08mn 1. 28+0. 00h 3.4540.02¢ 1.3340.01g 2.4540. 081
6 1.34+0.01hi 3.1940. 02de 1.74+0.00a 3.3040.01d 1.45+0.0lde 3.20740.02e
7 1.2340. 00Im 2.1240.020 1. 28+0. 00hi 2.644+0.02k 1.24+0. 00h 2.1740.02n
8 1.05+0.07q 2.80+0. 055k 0.9740. 050 3.1540.01fg 1.01£0. 06n 2.82+0. 04jk
9 1.214+0. 00mn 2.48+0.021 1.14+0.011 3.444+0.06¢ 1. 1740. 00jkl 2.55+0.021
10 1.33+0. 021 3.36=+0.03bc 1.21£0.01k 3.59+0.00b 1.3040.01g 3.3740.03bc
11 1.40+0.02g 2.8440. 07hijk 1.3640. 00e 3.33+0.03d 1.394+0.01f 2.8740.07ij
12 1.184+0. 02no 2.8740. 04hij 1.1040.01m 3.69+0.01a 1.154+0.011 2.9340. 04hij
13 1.654+0.01d 2.8240.03ijk 1.26=0. O1hjj 2.8240.051 1.56+0.01b 2.8240.02jk
14 1.14+0.0lop 2.9640. 11gh 1.28+0.01h 3.30+0.01d 1.19+0. 01k 2.9940. 10gh
15 1.854+0. 05a 3.44+0.03b 1.3440. 0lef 3.65+0.04a 1.64+0.03a 3.474+0.03ab
16 1.464+0. 02f 3. 1140. 05ef 1.31+0.01g 3.55+0.04b 1.42+0. 02ef 3.14+0. 05ef
17 1.1340. 00p 3.2440.01d 1.32+0. 00fg 3.2340. 04e 1. 21£0. 00hij 3.2440.01de
18 1.30£0. 02jk 3.03+0. 05fg 0.94+0.01p 3.3340.03d 1.10£0. 04m 3.05+0. 05fg
19 1.6440.02d 2.7240. 04k 1.32£0. 00fg 3.10%0.01gh 1.5540.01b 2.7440. 04k
20 1.79+0.05b 3.5740.03a 1.43+0.01d 3.6940.01a 1.64+0.02a 3.5740.03a
21 1.25+0. 00lm 2.93+0. 04ghi 1.06+0. 05n 2.74+0.01; 1.16+0. 03kl 2.9140. 04hijj
22 1.3340.01jj 3.3740.02b 1.09+0.01lm 3.56+0.04b 1.22+0.01hi 3.3940. 02bc
23 1. 1440. 00op 2.4540.021 1.31£0.01g 3.4740.01c 1.2140. 01hij 2.7240.03k
24 1.384+0.01gh 3.1640.03de 1.21£0.01k 3.0540.03h 1.3340.01g 3.1540. 03ef
25 1.360. 01ghi 2.1940. 02no 1.514+0.01b 2.65+0.02k 1.42+0.01ef 2.2840.01lmn
26 1.3540. 02hi 3.1440. 17def 1.2540.01j 3.2340. 0de 1.3340.02¢g 3.1540. 16ef
27 1.264+0. 02kl 2.38+0.01lm 0.9740. 000 3.1840. 02ef 1.15+0. 01kl 2.544+0.011
28 1.544+0.01e 2.9440. 17ghi 1.35=+0.01e 3.1540. 05fg 1.51£0. 04c 2.9540. 16ghi

2.2 RIHREEEKRG L F oM

28 AL E A BRI TE N, RN, B AR RIS SR A 22 R (R 6) . N, T, 460728 B REBGER N
10.8%~29. 1% , Horprtth B AR R E K, Ry 29. 170 AR A & BB/, B 10.8% 0 Noy T L, S 84748 57 REGE
Fil 9 9.4%6~29. 400, o il B8R R 5728 S R A R, O 29. 406 s M R B0 B de /N, 8 9. 40400 I 7E N,
N, B F AU R AR AU R AU B AT AR b AT AR T E MR K 8
AFEBR AR S R BRI (CV =205 ) 5 1B 8 bR 30 20 & ik AR 0 o Mt b R0 i 4 N R AR 1 AR R R UK
INCV<L20%) o BEAM M B3T3 8E bk s T A S 2 T AR BRREEN,, FHESREIK
F Noy, HARFEBRA I
2.3 MK HESH

N, R B AR T E ORK R i AR R AR R AR AR R R
FIEA K MK RHL0.522~0. 950058 7)o Ny F L4 BT 8 bk T8 bk AR ARIRE b AU Bt
PR AR B 2 ) R B E AR G A DG R %10, 538~0. 996, TEARAURIEH A ST M BT E AT E R
KRR b 3 AU R AR A R R B AR B B R
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Table 5 Differences of nitrogen accumulation of different alfalfa cultivars under different nitrogen levels (mg- plant ')

F5 M EA AR R Shoot nitrogen accumulation  #F & B 2 & Root nitrogen accumulation Ak A L8 & Plant nitrogen accumulation
No. N, , N, N, , N, N, , N,
1 0.39=£0.02m 4.78+0. 48ghi 0.46+0. 020 0.67£0.03fg 0.86+0.04m 5.4440. 471k
2 0.8440. 10jkl 6.49+0. 26de 0.50+0.02mn 0.4840. 05jklm 1.31+0. 121 6.9740. 271g
3 1.8240. 15¢ 7.5440.23c 0.67+0.02gh 0.61+0.01g 2.49+0. 15¢ 8.15+0. 23¢
4 1.37£0. 13ef 4.364+0. 111 0.6540.01h 0.6140.01g 2.0240. 13defg 4.96+0. 12k
5 0.74+0. 05kl 2.6240. 211 0.41+0.02p 0.6840.03fg 1.1640. 041 3.30+0.22m
6 1.36£0. 12¢f 4.57+0. 11hi 0.72£0.02f 0.62+0.01g 2.0740. 13de 5.1940. 105k
7 0.7940. 04kl 3.66=40.08j 0.3440.02q 0.4140. 05lmno 1. 14+0. 061 4.0740.071
8 0.94+0. 09ijk 6.78+0.08d 0.80+0.02d 0.53+0. 06 1. 754+0. 08hijk 7.314+0.07ef
9 1. 03=£0. 04hij 6.2740. 21ef 0.6040. 02 0.7540. 04def 1.61+0. 065k 7.0240. 25fg
10 1.2740. 1lefg 7.56=+0. 30c 0.57+0.01jk 0.4440. 01klmn 1.8640. 12efghi 8.00+0. 29¢d
11 1.44+0. 12de 5.2340. 25g 0.69=£0. 02fg 0.38%0. 04no 2.13+0. 14d 5.61+0. 27j)
12 0.8740. 055kl 4.7740. 10ghi 0.36=40.00q 0.5040. 03ijk 1.2340. 051 5.2740. 12ik
13 0.40+0.01m 2.73+0. 241 0.09+0. 00r 0.35+0.01o 0.4940.02n 3.08+0. 24m
14 1.09+0. 10ghi 6.90+0.11d 0.7540.02e 0.8040.01de 1.84+0. 11{ghi 7.70£0. 11de
15 2.45+0.07a 9.77+0. 23a 1.2540.02a 1.69+0.07a 3.71+0. 05a 11.4640.17a
16 1.2040. 13fgh 5.164+0.27¢g 0.60=£0. 02i) 0.41%+0.0lmno 1.81£0. 15ghij 5.57+0. 27j)
17 1.13+0. 10gh 7.98+0. 52bc 0.9040. 02¢ 0.8240.01d 2.0340. 13def 8.8040.53b
18 0.77+0. 02kl 5.99+0. 19f 0. 54+0. 02kl 0.49+0. 05ijkl 1.2940.031 6.4840. 22h
19 1.560. 14d 5.21£0. 10g 0.4740.00no 0.3340.01o 2.0340. 14def 5.5540. 10j]
20 2.12+0.27b 8.2540.61b 1.2040.05b 0.6840.01fg 3.31+0. 28b 8.93+0.62b
21 0.88+£0. 04jkl 4.75+0. 27ghi 0.67£0.01gh 0.57%£0. 02hi 1.5540. 05k 5.3240. 261}k
22 1.18+0. 11fgh 7.6240.29c 0.7740.02de 1.24+0. 16b 1.95+0. 13defgh 8.8640. 26b
23 0.50=£0. 03m 1.3940. 08m 0.33+£0.02q 0.73%£0. 02¢f 0.83%+0.05m 2.124+0. 10n
24 1.37£0. 12ef 6.1740. 27ef 0.55+0. 01kl 0.5040. 01ijk 1.92+0. 12defgh 6.6740.27gh
25 0.73+0. 121 1.40=£0.08m 0.42+0.00p 0.4540. 02jklmn 1.1640. 131 1.8540. 10n
26 0.94+0. 0515k 4.99+0. 11gh 0.34+0.00q 0.40+0. 0lmno 1.29+0. 051 5.3940. 101k
27 1.16+0. 11gh 3.2240. 21k 0.4440.020p 1.06+0. 06¢ 1.59+0. 12k 4.2840.271
28 1.1540. 13gh 5.2240. 25g 0.52+0. 02Im 0.47+0. 03jklm 1.7240. 14ijk 5.6940. 281
2.4 RN IEARE B AR S AL T

o WA AR 20T A 18 Ar A A (3% 8) o T8 A SR B eR B0 RN & G4 AT BIUR [) 55 46 B 4 i i ) U0
CEATRR(ER ) . N, F KM 6645, LW6010, FHAE 601 . HAK S SLEATREK T 0% Ny, i KA 14
£, LW6010 . F fE 601 . H 4 55 . Ju 4k 806 K T 80% . ENz_ﬁnNsz,ﬁjﬁzLo% DL 9 6 A i il 43 300 2 Bl AR
i BTN CELRE 6 VAR 15 liE K RN AE 7,

2.5 RAFEAX S
TEASTR] A AE N, FNL, TR ZE S 18 80 1), D 5 A8 B A i A o g 4 28 i A8, LW6010  H R 55 g
806 \FLAE 2 . FfiE 601 7E N, M Noy FLEA IR T 0.5 BN, HA 35 HAR4LS Hrim kM Bl 5EN,,
TLAME/NT 0.5, 7E Ny, TR T 0.5 &, HA 7% HAKR S JeH 801 A4 3% Kide FEil 10 E BE 55118
N, FERAMEKT 0.5, 76 Ny F/hF 0.5 IRBOR B AR E g H A8 AR 15 YIRE 485 U JiF%k (F e
6 BT /R IXI 4 FEH 74E N, FIN,, FEREE/NF 0.5,

v
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Table 6 Traits variations of alfalfa cultivars at the seedling stage under different nitrogen levels
N K- EE=E7N SDW RDW PDW PH RL RV
N level Parameter (g+plant ) (g-plant ) (g-plant ) (cm) (em-plant ") (em’-plant™ ")
N, , 5 Range 0.026~0.058  0.013~0.035  0.039~0.084 4.93~9. 67 48.31~98.97  27.67~87.33
¥ Average 0. 042 0.024 0.066 7.38 68. 49 56. 90
BRFECV (%) 22.3 24.3 20.0 15.2 20.0 23.6
Ny 25 I Range 0.061~0.125  0.006~0.012  0.071~0.136 12.27~18.03  30.11~55.72  23.00~55.33
Yl Average 0.097 0.009 0.106 15.20 42.39 36. 82
WREBCV (%) 20. 8 21.2 20.0 10. 1 20. 1 28. 4
Nk LN SNC RNC PNC SNA RNA PNA
N level Parameter (%) (%) (%) (mg-plant ") (mg-plant™)  (mg-plant™")
N, 25 I Range 1.12~1.64 0.92~1.74 1.07~1.55 0. 34~0. 90 0.17~0. 52 0.51~1.27
M Average 1.35 1.26 1.32 0.57 0.30 0. 87
BRZRBCV (%) 11.5 14.0 10. 8 29.1 27. 4 25.1
Ny 5 1 Range 2.11~3.58 2.64~3.69 2.15~3.58 1.34~4.45 0.20~0. 46 1.68~4.80
¥l Average 2.88 3.25 2.91 2.82 0.29 3.10
S RECV (%) 14.8 9.4 13.7 29.4 24.6 27.9

SDW : #i | T # B T Shoot dry weight; RDW : #ii F T ¥ it T Root dry weight; PDW : 4§k T #) i T Plant dry weight; PH: ¥ & Plant height; RL:
MK Root length; RV : H{A&F Root volume; SNC: Hi I %%t Shoot nitrogen content; RNC: # F & 7 i Root nitrogen content; PNC: ¥k & & &
Plant nitrogen content; SNA: Hi - & F1 2 & Shoot nitrogen accumulation; RNA: #i T % F1 2 & Root nitrogen accumulation; PNA: 4 ¥k & 1 & &

Plant nitrogen accumulation. T [i] The same below.

KT AREKFTEREEEHSETRNBRESNT

Table 7 Correlation of different alfalfa parameters at seedling stage under different nitrogen levels
EEEan SDW RDW PDW PH RL RV SNC RNC PNC SNA RNA PNA NUE

Parameter
SDW 0. 356 0.996%*  0.538**  0.708%k 0.799%* 0.342 0.235 0. 336 0.869%*  0.451* 0.867** —0.292
RDW 0.416* 0.435* 0. 160 0. 454 0. 394+ 0.175 0.089 0.193 0. 349 0.903**  0.408* —0.139
PDW 0.907** 0. 758%** 0.539%*  0.728% 0.812% (.344 0.233 0. 340 0.868**  0.520%  0.872** —0.291
PH 0.385% —0.186 0.190 0.549*+  0.610%*  0.370 0.129 0. 363 0.573%x  0.272 0.570%* —0.332
RL 0.642%% 0. 358 0.626%%  0.422* 0.825%*  0.540%%  0.260 0.536%*  0.766%*  0.560%F  0.775%k —(.482%*
RV 0.950%%  0.447*  0.890*%*  0.371 0. 695%* 0.426*  0.307 0.433%  0.791*%*  0.539*%*  0.798** —0.358
SNC 0.352  —0.001 0. 259 0.604** (. 443* 0.371 0.499**  0.997*%*  0.750%*  0.375* 0. 746%* —0. 987+
RNC 0.275  —0.100 0.141 0. 454 0.328 0.251 0. 392% 0.559%* 0. 444* 0.470% 0.463* —0. 564%**
PNC 0.416% —0.091 0.257 0.652%*  0.477* 0. 409* 0. 888** (. 761%* 0. 748*x  0.412* 0. 747%% —0. 990%**
SNA 0.917+x 0. 307 0.802%x  0.563**  0.684** (.885*x 0.688%F 0.362 0. 685%* 0.529%%  0.998** —0. 706%*
RNA 0.549%%  (0.833**  0.775%  0.094 0.522%%  0.568* 0.194 0. 447 0.321 0. 486%* 0. 586** —0. 360
PNA 0.902%*  0.552%*  0.903**  0.460* 0.716%*  0.885*%*  0.594%* (. 449% 0.642%%  0.941%*x (. 752%* —0. 703%*
NUE  —0.401* 0.093 —0.244 —0.641% —0.449* —0.389* —0.871** —0.780** —0.996%* —0.665%* —0.326 —0.628%**

F B R HE AT A EE, 22 M AR E KSR AT & . The upper right corner shows the correlation under normal nitrogen level, and the
lower left corner shows the correlation under low nitrogen level. NUE: %( % | H1 % Nitrogen utilization efficiency. **: P<C0.01; *: P<C0.05.

3 itit

TEAWESE rh AN ) 58 A6 A Bl i 309 A ik AR R 2 00 R0 AR R 0 5 08 IR AT G SR AR A A8 1 35 22 S b, X
HANEH KRR B R IR EL(Glycine max) ™ S RTS8, RIS AE A R B R R

BRI A BORA 8L

< Bl
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BTt o ) 7 A KR 22 5, L 45 SR AR G b EDAE 1 A P BA 1 i S A T R BT
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Table 8 Weights of evaluation indices of different alfalfa cultivars under different nitrogen levels

N KN level 16 b5 Parameters SDW PDW RL RV SNA PNA
NP R FZKCVY) 22.3 20.0 20.0 23.6 29.1 25.1
KLF AL Weight 0.159 0.143 0.143 0.169 0. 208 0.179
Nuo LRZFBCV(N) 20. 8 20.0 20. 1 28. 4 29.4 27.9
KLF AN Weight 0.142 0.136 0.137 0.193 0.201 0.191

K9 AREAKRFTEREBRVNERERABEEGEY

Table 9 Integrated values of nitrogen use efficiency under different nitrogen levels

75 LA HREL 75 LA HREL 75 LA HREL 75 LA HREL
No. Comprehensive index No. Comprehensive index No. Comprehensive index No. Comprehensive index
NZY 1 NZI(] NZY 1 NZI(] NZY 1 NZI(] NZY 1 NZI(]
1 0.214 0.711 8 0.296 0.773 15 0.910 0.967 22 0. 548 0.747
2 0. 384 0.769 9 0.438 0.714 16 0.426 0.276 23 0.179 0.183
3 0. 866 0. 840 10 0.510 0.814 17 0.535 0.798 24 0.579 0.420
4 0.593 0.267 11 0.754 0. 346 18 0.214 0.468 25 0.033 0.255
5 0.135 0.068 12 0.281 0.247 19 0.617 0.339 26 0.770 0. 326
6 0.711 0.286 13 0. 604 0.166 20 0.998 0. 980 27 0.399 0.216
7 0.015 0.169 14 0.558 0.766 21 0.331 0.285 28 0. 400 0.329
1.0 O F M Very efficient A i 25 Efficient O J %A Semi-efficient © %% %Y Inefficient
— o <&
2 0.9 Je806 LW6010™  Fge01
L P riyNGe Hikas Longmu 806 o Giant 601
= 0.8 Xinjiangdaye Gannong No.4 © o Rt Crown W
Z A A : <>()0 [FfE2 Giant 2 Ganl:rtloziggo 5
5 0.7 I35 A A : HEARIETHE Zhaodon, .
o S Gannong No.3 B = : e €
<o § 0.6 Xinmu No. 1
N A
2% #5250 ) JeHiso1
> [OFNEER 910 Fifigss1
}-LE L 0.4 W Goldqueen Fifk6 Algonquin Sadle IOD Gla}ilt 551 Longmu 80l
2% 03] Touas Giant6 O O O #53¢ Blite
5 7| o i o © ® i | mitkrs  Bipgos
S 0.2 W Sadie 6 A1 O ) Remdeel‘i Gannong No.7 Gannong No.9
a Longdong Gongnong No.1 I : O a3
£ 0.1 N o ‘Weston ' Gongnong No.3
a8 v o H#&85S :
&) 0 Gannong No.8 :
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

N, , F 1%¢ 4 18 Comprehensive value under N, , level
1 SEHEBFRLELRBR S

Fig. 1 Classification of nitrogen efficiency of alfalfa
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Ry A X 43 BE R RE X 25 i E AR X R T a4 N K (Hordeum vulgare) v W & 5 SO T H8 bR . 2 ZA
HR RIS E B bR MR L E R AR W B AT AR A /0 B 2 R AOPE AN A B R A lﬁlﬁi,ﬁ%ﬁ%ﬁ*ﬁ%ﬁﬁ
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1o T AR i, 3 b i — 25 Ul B A8 A B B AR SR WIS BUSCR I (e A o L RO W TR SR A AR
FZEAE Y RIS R RUIE W 05 R0 3R 25 7 Tt 2 B T S8R 200 o B e P (. MR FAR R B 26 T 1
Wyt A 2R WBCRE F 1V A A K T 2R3 A WS RE O SO AR K R R DGR T . RIS AR K AR
RS T 0T E R N B B R R S IR AR DG X AR R I AUROR L A B A AR R
R B e AE X KRS M ATF 5 AL AR R 0 R ) R RS e R R i S, PRI M BT R R A
BT Y AR AR B b b UR SR R A R OB B O T O O I A SR A B

Xt 28 AN AN Tr) S T 5 A6 7 it Bl 1) U803 O A v 3 o) SR i R AR AT 25 A SR RT3 5 A S LU
RBEATAGVEY) BACR M L — S0P ¥ RIS, b TR AR AR AR #5224 JE47 58 4 100 b A7 9P A1, ]
DAAS S0 T A A 25 0 o B AT, (8 9% 0 v R AT RS0 i o e Bk A 2 A B ST T AR B R, SR A
B8 AR RN LUFRRAE : LW6010 FUH 4% 55 45 fh Fh J0 18 PR 58 S 70 2 0 J2 e = Y R oM AUE FR sl Hk 3
T UH AR 495 5 SRR R B EUK T T I SR R U IR AL, Bz i SR B RUE SR ARA R 75 R 801 A
Tl 2 PR 5% 0 70 A B 2R R U IR AR, B = B A R O 0B SR G B AR B A S R C IR M A R i R B = 1
FEI R FUE SRR, R )G AN R T B AN T A U R 25 L PR AR AR F 5 P SR AR A T R L AL
FRAFAE AR [ B H e BURORARAE R 43 Ry 4 2 I 43 Sl i 44 R - R O L RUH AR L LR RO R AR AT
ANFEEY B BCR K TG AR B 5325 10, Tsai %708 T K 43 3Fh EUSCR IS T, U RY | v (] 7 1 F SO
FEIX — 3 v, SRR AR T AR 3 A ) % BR 5T 000 o 1z BE 7, 10T R REAR VB M AR . Kumar 557 % oK AR
(18 4328 S e A6 e i R LA v A e R A v A A e A R A S AR e N AL . He S5 UK IS &R 4k 4 Fh AR
IR ST < G0 o7 TR ARG ) O R R v A TR R AR R o 3k S 2K TR ) Rl S A 359 S A TR A 9 R OW LR R
[ 0 137 o Chen 55, I RHCIR 45 FEX 7 D 55 43 3D R OK 38 38 A8 IR ( Cucumis sativus) 530 A2 im 08 8 A
RO AR U R IR, e T SRR R R SEM R R . AR T ABCR A B R T E S 1A
RO IR oy Rt 45 0 B o TR B AR 906 S A6 B 8 ARBCR BEAT T ik, Bl i T R Ak TR
R AR M b AU B R A bR AU R 6 PR 7E AR AR BUA R AT LA BT Rl KR G AT
4y BMIE A A P HGAMEY KT 0.5 M AR MEA F /AT 0.5, i H A F KT 0.5 0 & F 5% KA
TRFO0.5, & HA N/NF 0.5 0 AR ARAMIE T A FE/NT 0.5 R ZAREL . A AT A58 5 (LUAR TR
st Al ) X 2 3 o 7 4 2 S R L R ) 4 SRR 28 Y ) L AR F 95 ok i R i X R AR AT R 4 B Sk UL i
0 HL AT v 1 T EE A M TR X B SR K A R T DL GE A 1y AT R ORI A E

N T) R 2 R S8 A6 1 A AN TR) 9 AE JURE e, AR A 7 o 9 SR T AN [R] o AT AR I 4 46 A 1
R AVRRAEAT B0 1 it FH UAE L DA 30 e 7= R 5 1) B 0, 2 o RUIE R %6 /b TR 9 FEAR IR 9 b
R B AE A R ELAT SR 3 M R A R A . PR, LW 6010 A AR 55 45 b i L At 5 b T 2D i
JIEL T i 2 B0 4 A B 10 7 A B . Chen 5517 %2 B0 1o 200780 T K R A1) SF 249 7 i 0 T 0T A 2 30 Rl 7R AR AL L
TR AR v RO o 7= ek 4 300 L i A (3K B ) o1 35 7 i 15,0094 6. 62 % R 7. 57 %, T TE 1 AL
YR 25.2%~15. 9% . Worku %51z 38 2 B, = &R FOK &R AT RERS = 10. 7% A EIB A 12. 7% .
W, R R S AR A T T T A A R e, T HBEAR AU M T o X T &R 5 48 4 Rl A I ST g AT S
I T 2 K B g A AR 35 R AR 495 A5 L A T BRI A O kB U L AR 35 R Bk R L R
P T O AR B U R RO R LA B IR R R . Chen 55 BIFSE 2R B, 0 S AE AR AL A AR AL b X
7 FH g 20k RN /Bl S R R OR A PR R 10%~15 %, BB B A AT A 109 ~20% o R R R 2R AR TS A
FiH A 75 FH A4 945 Xt - AR A TR 22 ki T LA SR R B AT T AZE U R D R b AR X
FUARALAL L B T8 R R L RURORAR AR 03 R SRk R L 5 Al T 4 34, ) an Bl AR R LR
A BRI BT O I R M T R SRR B SRR A 43 R ACRT LK i s AR RN B B R i HL AT L
6 3 2L A A 7 AU R S B PR
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