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Abstract: The genus Elymus is an important native grass species for ecological restoration. Screening low nitro-
gen-tolerant germination germplasm and improving nitrogen use efficiency are one of the effective approaches
for near-natural restoration of degraded grasslands. In this study, twelve indicators during germination and seed-
ling growth stages of 60 Elymus germplasms were measured under low nitrogen (0. 01 mmol-L."") and control
(1.00 mmol-L.~") conditions using the petri dish germination method. Their responses to low nitrogen were
explored, and comprehensive evaluation of low nitrogen tolerance was conducted by combining membership
function and systematic clustering analysis. The results showed that under low nitrogen stress, all the indicators
of the germplasms were decreased. The average germination rate, germination vigor, germination index, seed-
ling length, root length, seedling fresh weight, root fresh weight, total fresh weight, seedling dry weight, root
dry weight, total dry weight, and root-shoot ratio decreased by 5. 95% , 12.07%, 8.21%, 6.40%, 14.80%,
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29.04%, 36.28%, 25.54%, 30.00%, 40.74%, 28.77% and 8.08% , respectively. There were significant
differences in low nitrogen tolerance among the different germplasms. Seven germplasms, including E22,
E58and E47, had a comprehensive low nitrogen tolerance coefficient exceeding 0. 850, while E32 and E49
were below 0.66. Based on the low nitrogen tolerance coefficient, cluster analysis divided the tested germ-

plasms into six categories: super-strong, medium-strong, low-strong, low-weak, medium-weak, and super-

weak. Among them, 10 materials, including E47 and E22, were classified as super-strong low nitrogen-

tolerant germplasms, and 3 materials, including E49 and E32, were classified as super-weak low nitrogen-tol-

erant germplasms. This study provides excellent parental materials for the mining and functional research of can-

didate genes related to E/ymus low nitrogen tolerance, genetic improvement, and breeding of new varieties.
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Table 1 Basic information of the tested Elymus

45 Number 4 Species KA AT Collecting site M4 Elevation/m 2 Longitude/° 4 Latitude/’
E01 P Elymus dahuricus P AL IR 1999.5 84.367 849 43.359 101
E02 Pk E. dahuricus JE W X 5 95T 2664.6 84.453 481 43.777 318
E03 Wi E. dahuricus i 2 N X 2152.8 93.747 984 43.337 439
E04 W E. dahuricus i G B v H R B 1555.7 93.003 891 43.620 053
E05 WS E. dahuricus I B T G % 5T IR B 1530.4 92.791 861 43.606 084
E06 Bk E. dahuricus EHAasR 1631.2 89.616 873 43.631 564
E07 P & E. dahuricus I 2 L B % v R B 1941.8 93.520 273 43.467 780
E08 P E. dahuricus W 5 7 B 1847.0 94.239 368 43.356 950
E09 Pk & E. dahuricus 5L A 2420.6 84.152 001 42.954 686
E10 Wl E. dahuricus AL 95 B 1978.0 80.884 214 43.145 178
Ell P AL E. dahuricus L@ ARG 5 X 887.5 87.308 283 43.658 558
E12 Wk E. dahuricus TR BLJE v B 2002.1 83.923 846 43.723 808
El13 Wk E. dahuricus a2 N X 2277.6 93.785 150 43.351 460
El4 Pk E. dahuricus AL I3 B 2097.3 81.190 265 43.252 668
El5 Pk E. dahuricus 0 i L 2419.0 83.709 482 42.883 333
E16 W E. dahuricus LE AR 2028.1 87.175 829 43.470 283
E17 Bk sE E. dahuricus LE AR 2201.3 87.126 281 43.526 304
E18 P E. dahuricus I 25 T X 2141.2 93.774 200 43.344 184
E19 PR E. dahuricus LE ARG R 1616.3 87.426 943 43.487 298
E20 Wt E. dahuricus [ A L 2454.1 83.796 049 42.921 056
E21 Wl E. dahuricus LE AR 1079.0 87.636 714 43.604 974
E22 PR E. dahuricus PRALE i L 2271.3 84.355 301 43.654 372
E23 Yok & E. dahuricus FPRLIE 5 B 1588.4 80.967 026 42.973 131
E24 Wk E. dahuricus LE AR 2352.0 87.122 885 43.456 609
E25 Wl E. dahuricus [ A L 2369.6 83.873 528 42.828 882
E26 Wk o E. dahuricus B E RS E 1885.2 87.178 136 43.481 162
E27 P E. dahuricus PP AL v S L 1800.0 81.996 009 43.248 373
E28 W E. dahuricus [ e L 2400.0 84.161 727 43.028 812
E29 W E. dahuricus M R P 1807.0 81.838 082 45.222 177
E30 BB E. dahuricus T R P 1763.0 81.843 850 45.225 426
E31 YWk E. dahuricus [ B R 7 L 1789.0 81.889 754 45.254 768
E32 Pk o E. dahuricus LE AR 2475.0 87.210 777 43.260 203
E33 Pk E. dahuricus TN =R 7 1805.0 81.838 492 45.223 529
E34 Wl 5 E. dahuricus B3 N 2111.0 81.334 630 44.635 232
E35 Wl 5 E. dahuricus Tl 38 5L 2207.0 81.031 766 44.546 581
E36 Wk E. dahuricus Tl R B 1019.0 81.530 258 44.911 237
E37 Wk o E. dahuricus T 3 SR B 1029.0 81.315 799 45.024 756
E38 P EE E. dahuricus TN 5 BL AW 2217.0 81.237 688 44.998 767
E39 [l FE B B E. cylindricus B B R 1252.0 88.642 336 43.993 444
E40 [ AE B E. cylindricus T R T 1829.0 81.642 284 44.550 259
E41 [ B 0 E. cylindricus T SR T 556.0 81.884 084 44.921 072
E42 BUAE % 5 E. cylindricus TN o 637.0 81.763 839 44.963 692
E43 BB 085 E. cylindricus T FE LA 2051.0 81.150 012 44.520 107
E44 WA B 0 E. cylindricus [ 1 % B R I8 2072.0 80.899 010 44.565 112
E45 A AE 4 B 5 E. cylindricus Tl b 1K R L 1703.0 82.747 222 45.645 833
E46 BB 08 5 E. cylindricus N LR 7Y 1708.0 81.860 343 45.230 477
E47 BB 0 5 E. cylindricus TN B R 74 2250.0 81.816 288 45.228 472
E48 BAE 4 B E. cylindricus P AL O3 2005.0 80.975 728 43.157 350
E49 BAL % G5 E. cylindricus Iy 2 P 2008.0 94.378 947 43.296 231
E50 TP E. nutans B BT 1819.0 88.162 489 43.940 053
E51 TP E. nutans T B8 5L A 2107.3 81.159 015 44.585 612
E52 T E. nutans TR K 7Y L 1900.0 81.838 082 45.222 177
E53 R E. nutans i BT 1803.0 88.122 576 43.888 526
E54 PRI E. nutans AL 95 1880.0 80.929 869 43.087 372
ES55 FRD I E. nutans TN R DY L 1773.0 81.860 516 45.225 455
E56 B E. sibiricus Bl BT 1811.8 88.147 629 43.917 528
E57 B4 E. sibiricus B BB 1987.0 88.146 667 43.869 722
ES58 B84 E. sibiricus Bl BB 2459.0 88.099 658 43.872 975
E59 [F 214 E. sibiricus B RLIE F5 S 2060.0 80.883 545 43.146 411

E60 IR 95 &1 % E. sibiricus AL I3 B 1979.0 80.834 128 43.378 093
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Fig. 1 Germination indices of tested E/ymus seeds under low nitrogen stress
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Note: In all charts of this paper, ‘significant difference’ refers to the significance of mean differences based on independent samples t-test, The

Low nitrogen

violin plot shows the distribution of germination-related traits of 60 E/ymus (wheatgrass) germplasms under control (green) and low nitrogen

stress (pink) conditions. y represents the population mean, and o represents the population standard deviation, each point represents a germplasm ;

purple points indicate the mean, and the width of the violin plot reflects data density. The same as above
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Fig.2 Seedling indices of tested El/ymus seedlings under low nitrogen stress
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GI Gl 043 048 0.30 027 0.20 029 ]0.043 | 0.19 |-0.066 0-6 GI Gl 048 048 0.28 0.18 0.11 0.29 0.15 015 |-0.0097 0.6
SL SL | 058 | 024 0035 | 019 | 034 00073 023 |-0.16 0.4 SL SLo| 051 | oo [-0015 | 07 | 018 0013 | 023 | -017 0.4
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Fig. 3 Correlation analysis of various indices of seed germination and seedling growth of Elymus under control (A) and low nitro-
gen stress (B) conditions
I GP R ZF A GE R 2P H G G & ZF 48 80 SL BT R G RL R K SFW, W i 1 REW AR SE T s TFW 48 (R fif i s SDW, 1 RDW AR 1
TDW AT RS MR L . #3808 835 K7 (P<C0. 05) , #+3 /s il @ K7 (P<<0.01) . T 1A
Note: GP, germination percentage; shoot length; LR, root length; FWS, shoot fresh
weight; FWR, root fresh weight; FWT, total fresh weight; DWS, shoot dry weight; DWR, root dry weight; DWT, total dry weight; R: S,

GE, germination energy; GI, germination index; LS,

root-shoot ratio. * represents a significant level (P<C0. 05) and ** represents an extremely significant level (P<C0.01). The same as below
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Table 2 Low nitrogen tolerance coefficient and comprehensive low nitrogen tolerance coefficient during seed germination of

different E/ymus germplasm number

i G 280 2 505 2545 THHIK % 2 5L Niitrogen tolerance coefficient and comprehensive nitrogen tolerance coefficient HEF
Number NTC1 NTC2 NTC3 NTC4 NTC5 NTC6 NTC7 NTC8 NTC9 NTCI0O NTC11 NTC12 CNTC Order
EO1 0.98 0.97 1.00 0.94 0.99 0.84 0.14 0.87 0.86 0.74 0.66 0.86 0.822 21
E02 0.91 0.84 0.88 0.72 0.84 0.82 0.85 0.85 0.87 0.73 0.74 0.83 0.825 19
E03 0.97 0.98 0.97 0.96 0.93 0.85 0.72 0.91 0.52 0.33 0.77 0.64  0.796 35
E04 0.77 0.70 0.77 0.87 0.92 0.79 0.81 0.86 0.83 0.45 0.39 0.54  0.725 55
EO05 0.84 0.94 1.00 0.80 0.89 0.76 0.69 0.89 0.72 0.77 0.34 1.07 0.809 27
E06 0.94 0.85 0.92 0.95 0.97 0.54 0.68 0.78 0.69 0.53 0.39 0.78  0.751 48
E07 0.98 0.99 0.99 1.00 0.75 0.78 0.77 0.79 0.78 0.78 0.79 0.99 0.866 4
EO08 0.96 0.87 0.88 0.98 0.95 0.74 0.77 0.75 0.74 0.76 0.75 1.03 0.848 15
E09 0.98 0.92 0.94 0.95 0.82 0.84 0.83 0.07 0.83 0.82 0.07 0.98  0.755 47
E10 0.93 0.81 0.92 0.94 0.90 0.60 0.63 0.79 0.60 0.63 0.79 1.05  0.800 32
Ell 0.63 0.53 0.62 0.90 0.76 0.54 0.93 0.79 0.54 0.63 0.79 1.16  0.735 53
El12 0.93 0.94 0.95 0.99 0.91 0.69 0.42 0.85 0.69 0.43 0.85 0.62  0.772 43
E13 0.97 0.68 0.92 0.96 0.86 0.53 0.61 0.71 0.53 0.61 0.71 1.15  0.770 44
El4 0.92 0.89 0.90 1.00 0.74 0.68 0.63 0.82 0.68 0.63 0.81 0.92  0.802 30
E15 0.97 0.95 0.96 0.89 0.70 0.77 0.62 0.82 0.77 0.61 0.82 0.78  0.805 28
E16 0.99 0.83 0.90 0.85 0.71 0.64 0.69 0.45 0.64 0.68 0.44 1.07  0.740 52

E17 0.95 0.95 0.93 0.95 0.66 0.66 0.57 0.76 0.66 0.57 0.76 0.86  0.774 42
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4k 2
ke I 80 &R 505 25 A T 20 R 4L Nitrogen tolerance coefficient and comprehensive nitrogen tolerance coefficient HEs
Number NTC1 NTC2 NTC3 NTC4 NTC5 NTC6 NTC7 NTC8 NTC9 NTCI0O NTC11 NTC12 CNTC Order
E18 0.96 0.93 0.97 0.99 0.97 0.60 0.57 0.82 0.60 0.57 0.82 0.94 0.812 23
E19 0.96 0.96 0.96 0.83 0.58 0.71 0.68 0.67 0.72 0.69 0.67 0.96  0.782 41
E20 0.98 0.95 0.97 0.93 0.93 0.57 0.58 0.75 0.57 0.56 0.75 0.99  0.795 37
E21 0.98 0.89 0.92 0.96 0.68 0.78 0.64 0.77 0.78 0.64 0.77 0.82  0.803 29
E22 0.98 0.84 0.86 0.97 0.94 0.82 0.82 0.83 0.82 0.83 0.83 1.00  0.878 3
E23 0.78 0.94 0.90 1.00 0.89 0.71 0.56 0.08 0.71 0.59 0.08 0.83  0.673 58
E24 0.97 0.93 0.96 0.96 0.89 0.50 0.74 0.81 0.50 0.73 0.81 1.46  0.856 9
E25 0.98 0.99 0.95 0.95 0.98 0.79 0.49 0.75 0.79 0.49 0.75 0.62  0.794 38
E26 0.99 0.94 0.97 0.99 0.89 0.57 0.56 0.88 0.57 0.54 0.88 0.95 0.811 24
E27 0.98 0.72 0.93 0.93 0.76 0.58 0.62 0.84 0.58 0.64 0.84 1.10  0.794 39
E28 0.80 0.75 0.82 0.98 0.82 0.58 0.58 0.78 0.58 0.56 0.78 0.96  0.749 49
E29 0.83 0.93 1.00 0.97 0.75 0.63 0.81 0.84 0.63 0.82 0.84 1.29  0.862 6
E30 0.98 0.94 0.90 0.99 0.76 0.80 0.51 0.57 0.57 0.51 0.57 0.89  0.747 50
E31 0.94 0.94 0.88 0.99 0.96 0.62 0.68 0.92 0.62 0.68 0.92 1.09  0.852 13
E32 0.91 0.94 0.97 0.96 0.82 0.62 0.53 0.07 0.62 0.54 0.07 0.87  0.659 59
E33 0.96 0.85 0.91 0.96 0.81 0.71 0.63 0.76 0.71 0.63 0.76 0.89  0.799 34
E34 0.96 0.87 0.93 0.93 0.75 0.41 0.73 0.64 0.41 0.71 0.63 1.76 ~ 0.810 26
E35 0.94 0.62 0.77 0.98 0.97 0.68 0.88 0.79 0.68 0.88 0.79 1.29  0.855 10
E36 0.96 0.88 0.91 1.00 0.73 0.66 0.75 0.75 0.66 0.76 0.75 1.15  0.831 18
E37 0.83 0.86 0.81 0.98 1.12 0.77 0.48 0.45 0.77 0.42 0.45 0.55  0.707 56
E38 0.89 0.91 0.92 0.97 0.93 0.87 0.68 0.85 0.87 0.69 0.85 0.80  0.852 12
E39 0.87 0.81 0.91 0.77 0.78 0.76 0.63 0.85 0.76 0.62 0.85 0.82  0.785 40
E40 0.95 0.95 0.96 0.98 0.82 0.67 0.74 0.09 0.67 0.74 0.09 1.11 0.730 54
E41 0.89 0.69 0.81 0.92 0.87 0.79 0.72 0.78 0.79 0.75 0.78 0.95  0.813 22
E42 0.84 0.87 0.84 0.99 0.85 0.80 0.71 0.67 0.80 0.69 0.67 0.86  0.799 33
E43 0.95 0.83 0.89 0.95 0.97 0.73 0.71 0.72 0.73 0.70 0.72 0.96  0.823 20
E44 0.81 0.98 0.91 0.96 0.92 0.57 0.74 0.86 0.57 0.75 0.86 1.33  0.854 11
E45 0.86 0.89 0.98 0.91 0.81 0.82 0.64 0.92 0.82 0.64 0.92 0.78  0.832 16
E46 0.93 0.82 0.81 0.93 0.89 0.51 0.67 0.75 0.52 0.67 0.75 1.29  0.795 36
E47 0.90 0.84 0.85 0.91 0.91 0.90 0.85 0.76 0.90 0.85 0.76 0.94  0.865 5
E48 0.99 0.97 0.97 0.96 0.87 0.65 0.80 0.84 0.65 0.82 0.84 1.26 0.885 1
E49 0.99 0.68 0.92 0.84 0.81 0.81 0.57 0.09 0.81 0.57 0.09 0.70  0.657 60
E50 0.93 0.91 0.99 0.92 0.73 0.96 0.62 0.87 0.72 0.61 0.87 0.84  0.832 17
E51 0.91 0.75 0.80 0.94 0.96 0.78 0.61 0.85 0.78 0.61 0.85 0.78  0.801 31
E52 0.96 0.94 0.93 1.00 0.93 0.79 0.52 0.86 0.79 0.51 0.86 0.64  0.811 25
E53 0.99 0.86 0.88 0.99 0.95 0.63 0.62 0.08 0.63 0.61 0.08 0.97  0.691 57
E54 0.95 0.92 0.97 0.94 0.92 0.67 0.43 0.79 0.67 0.43 0.79 0.64  0.759 46
ES55 0.96 0.96 0.97 0.93 0.81 0.80 0.75 0.73 0.80 0.77 0.73 0.97  0.848 14
E56 0.94 0.77 0.98 0.82 0.72 0.57 0.59 0.84 0.57 0.57 0.84 1.00  0.769 45
E57 0.97 0.62 0.77 0.74 0.86 0.80 0.59 0.75 0.80 0.57 0.75 0.71  0.744 51
E58 0.98 0.95 0.94 0.95 0.99 0.75 0.78 0.82 0.75 0.78 0.82 1.04  0.879 2
E59 0.96 0.94 0.97 0.87 0.75 0.71 0.79 0.83 0.70 0.81 0.83 1.15  0.859 8
E60 0.96 0.94 0.94 0.93 0.95 0.79 0.71 0.86 0.78 0.71 0.86 0.90  0.861 7

Y{H Mean 0.93 0.87 0.91 0.93 0.86 0.71 0.66 0.72 0.70 0.65 0.68 0.95
SR 7.44 12.01 7.90 6.92 12.02  16.15 19.79 3247 15.75 18.46  34.88  23.69
Coefficient of
variation/ %
HENTCL, RZFRNTC2, Z2FHGNTCS, & G NTCA, B K NTC5, MK NTC6, i 8 5 s NTC7, R s NTCS, & 1k i i
NTCY,# TH;NTCL0, AR THE ;NTCLL K T8 NTCI2, 56 1 ONTCL 2R A MR R E. CNTC BT, Fi 157 e 401 i 1% 2 1 B i
Note: NTC1, germination percentage; NTC2, germination energy; NTC3, germination index; NTC4, shoot length; NTCS5, root length;
NTC6, shoot fresh weight; NTC7, root fresh weight; NTCS, total fresh weight; NTC9, shoot dry weight; NTC10, root dry weight; NTCI11,
total dry weight; NTC12, root-shoot ratio, CNTC, comprehensive nitrogen tolerance coefficient. The larger the CNTC, the greater the nitrogen

tolerance during seed germination
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Table 3 Coefficient and contribution of each comprehensive indicator based on principal component analysis

Zi45 1648 Comprehensive indicators

185 Indicators

CI, CI, Cl, CI, CL
GP —0.176 0.607 0.215 0.212 —0.093
GE —0.301 0.748 0.241 0.182 0.173
Gl —0.242 0.814 0.262 0.222 —0.187
SL 0.038 0.443 —0.193 —0.172 0.696
RL —0.272 —0.091 —0.124 —0.299 0.731
SFW —0.719 —0.333 0.403 0.302 0.088
RFW 0.579 —0.398 0.251 0.405 0.18
TFW 0.147 —0.062 0.768 —0.583 —0.021
SDW —0.653 —0.446 0.381 0.373 0.152
RDW 0.481 —0.071 0.441 0.635 0.280
TDW 0.218 0.026 0.763 —0.561 0.000
R:S 0.904 0.248 0.054 0.221 0.099
FE{E Eigenvalues 2.652 2.334 1.966 1.747 1.244
ik % Contribute rate/ % 22.101 19.451 16.385 14.555 10.369
Zi5t#k % Cumulative contribute rate/ % 22.101 41.552 57.937 72.492 82.861

T CLLZA R IR 1;CL, 88 1845 2; CLy, 28 5 545 35 CL, SR B 48 b8 45 CL L R 1845 5
Note: CI;, comprehensive index 1; CI,, comprehensive index 2; CI;, comprehensive index 3; CI,, comprehensive index 4; CI;, compre-

hensive index 5
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AR 0P R 5 o 60 7 48 B 5 b S b R AE I EE G
fit I & PEA {1 D M 0. 822~0. 413, H v Fh 1 1 &
99 AR AP B s R O B B CE22° TE477 CES8T,
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Table 4 Comprehensive indicator value F' (X,), membership function value ¢ (X,), D value and comprehensive evaluation of

low nitrogen tolerance of different E/ymus germplasm number during seed germination

P -2 2545 HE ARl Comprehensive index value

S Jm pE #X i Membership function value

Za T DI R

Number F(X,) FX, FX, FX) FX) pX)

u(X,) p(X) u(X) wu(X;) Comprehensive evaluation D value Order

EO1 1.229 1.491 —1.018 0.338 0.854 0.874
E02 1.662 —0.652  0.757 0.448 —1.936 0.963
E03 —0.033 0.583 —1.628 0.729 0.483 0.614
E04 1.253 —2.595 —0.881 —0.245 —0.159 0.879
E05 0.554  0.259  0.620 —0.301 —0.931 0.735
E06 —0.457 —0.296 —0.723 —0.460  0.689 0.527
E07 0.588 1.353 1.121 0.300 0.071 0.742
E08 0.367 —0.052  0.998 0.197 1.086 0.696
E09 1.169 0.700 1.603 —2.798 0.015 0.861
E10 —0.865 —0.197 —0.229  0.418 0.202 0.443
E11 —1.465 —4.420 0.560 0.356 —0.590 0.319
E12 —0.047 0.447 —2.042 0.706  0.739 0.611

E13 —1.651 —0.419 —0.364 0.026 —0.102 0.281

1.000 0.262 0.831 0.730 0.757 9
0.637 0.698 0.860 0.129 0.712 14
0.846 0.112 0.935 0.650 0.630 34
0.309 0.296 0.677 0.512 0.548 48
0.792  0.665 0.662 0.345 0.673 28
0.698 0.335 0.620 0.695 0.566 44
0.977 0.788 0.821 0.561 0.797 4
0.739 0.758 0.794 0.780 0.747 10
0.866  0.906 0.000 0.549 0.681 23
0.714 0.456 0.853 0.590 0.600 40
0.000  0.650 0.836 0.419 0.413 60
0.823 0.011 0.929 0.705 0.610 37
0.677 0.423 0.749 0.524 0.515 52
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24

ot 2 25 #8H5{ Comprehensive index value S8 B%{E Membership function value 2P DA HeJE

Number F(X) FKX,) FX,) FX) FKX) pX) pX) pX) pX) uX) Comprehensive evaluation D value Order
El4 —0.327 0.175 —0.190  0.442 —0.023 0.553 0.777 0.466 0.859 0.541 0.641 33
E15 0.609  0.884 —0.460 0.479 —1.333 0.746 0.897 0.399 0.869 0.259 0.674 27
E16 —0.570  0.143  0.232 —1.148 —1.719 0.503 0.772 0.569 0.438 0.175 0.527 51
E17 —0.485 0.704 —0.749 0.230 —0.991 0.521 0.867 0.328 0.803 0.332 0.590 41
E18 —0.776 ~ 0.606 —0.696 0.543 1.093 0.461 0.850 0.341 0.886 0.782 0.643 32
E19 0.068  0.950 0.182 —0.199 —2.532 0.635 0.908 0.557 0.689 0.000 0.614 36
E20 —1.006 0.735 —0.745 0.283 0.308 0.413 0.872 0.329 0.817 0.613 0.600 39
E21 0.529  0.604 —0.087 0.225 —0.816 0.730 0.850 0.491 0.801 0.370 0.678 25
E22 1.123 —0.141  1.520 0.493 0.964 0.852 0.724 0.886 0.872 0.754 0.820 2
E23 0.094 —0.426 —0.505 —2.681 1.017 0.640 0.676 0.388 0.031 0.766 0.507 55
E24 —1.858 0.698 0.978 0.453 0.455 0.238 0.866 0.753 0.862 0.644 0.648 30
E25 0.918 0.771 —1.425 0.313 0.862 0.810 0.878 0.162 0.825 0.732 0.691 20
E26 —1.155 0.845 —0.899 0.809 0.589 0.383 0.891 0.292 0.956 0.673 0.621 35
E27 —1.191 —0.066 —0.229  0.578 —0.905 0.375 0.737 0.456 0.895 0.351 0.564 45
E28 —1.139 —1.478 —0.801 0.322 0.259 0.386 0.498 0.316 0.827 0.602 0.503 56
E29 —0.769 0.469 1.468 0.542 —0.153 0.462 0.827 0.873 0.885 0.513 0.710 15
E30 —0.441 0.634 —1.107 —0.561 —0.091 0.530 0.855 0.240 0.593 0.526 0.560 46
E31 —0.636 0.077 0.294 0.940 1.299 0.490 0.761 0.585 0.991 0.826 0.702 18
E32 —0.742  0.551 —0.962 —2.727 —0.056 0.468 0.841 0.276 0.019 0.534 0.447 59
E33 0.014  0.158 —0.203  0.238 —0.087 0.624 0.774 0.462 0.805 0.527 0.647 31
E34 —3.013  0.399 1.083 —0.343 —0.691 0.000 0.815 0.779 0.651 0.397 0.509 54
E35 —0.228 —1.650 1.985 0.313 1.120 0.574 0.469 1.000 0.825 0.788 0.704 17
E36 —0.535 0.420 1.011 0.125 —0.074 0.510 0.819 0.761 0.775 0.530 0.681 22
E37 0.820 —1.361 —1.805 —0.969 2.104 0.790 0.518 0.069 0.485 1.000 0.556 47
E38 1.492 0.044 0.338 0.639 0.915 0.928 0.755 0.595 0.911 0.743 0.796 5
E39 0.635 —0.571 —0.508 0.677 —1.972 0.752 0.651 0.388 0.921 0.121 0.607 38
E40 —0.331 0.781 0.942 —2.724 0.258 0.553 0.880 0.744 0.020 0.602 0.580 43
E41 0.784 —1.346 0.674 0.331 —0.006 0.782 0.520 0.678 0.829 0.545 0.679 24
E42 0.844 —0.721 0.418 —0.181 0.734 0.795 0.626 0.615 0.694 0.704 0.690 21
E43 0.384 —0.243 0.461 0.099 0.828 0.700 0.707 0.626 0.768 0.725 0.702 19
E44 —1.186 —0.169 0.990 0.672 0.960 0.377 0.719 0.756 0.920 0.753 0.675 26
E45 1.010 0.213 —0.256 0.974 —0.486 0.829 0.784 0.449 1.000 0.441 0.725 12
E46 —1.670 —0.792 0.273 0.205 0.271 0.277 0.614 0.580 0.796 0.604 0.548 49
E47 1.841 —0.585 1.672 0.235 0.353 1.000 0.649 0.923 0.804 0.622 0.822 1
E48 —0.484 1.035 1.486 0.553 0.420 0.521 0.923 0.877 0.888 0.637 0.765 8
E49 0.971 —0.363 —0.811 —2.640 —1.531 0.821 0.686 0.313 0.042 0.216 0.476 58
E50 0.996  0.825 —0.343 0.758 —0.960 0.826 0.887 0.428 0.943 0.339 0.721 13
E51 0.752 —1.223 —0.457 0.671 0.708 0.776 0.541 0.400 0.920 0.699 0.662 29
E52 0.794  0.490 —1.210 0.745 1.023 0.784 0.831 0.215 0.939 0.767 0.708 16
E53 —0.602 0.014 —0.186 —2.688 0.997 0.497 0.750 0.467 0.029 0.761 0.502 57
E54 —0.146  0.509 —2.086 0.479 0.252 0.591 0.834 0.000 0.869 0.600 0.581 42
E55 0.843 0.914 0.961 0.089 —0.210 0.794 0.902 0.749 0.765 0.501 0.769 7
E56 —1.116  0.082 —0.867 0.647 —2.169 0.391 0.762 0.299 0.913 0.078 0.512 53
E57 1.075 —1.709 —0.986  0.303 —1.935 0.842 0.459 0.270 0.822 0.129 0.547 50
E58 0.582 0.598 1.133 0.525 1.057 0.741 0.849 0.791 0.881 0.774 0.805 3
E59 0.046  0.827 1.238 0.514 —1.128 0.630 0.888 0.817 0.878 0.303 0.730 11
E60 0.877 0.489 0.465 0.700 0.605 0.801 0.830 0.627 0.927 0.677 0.780 6

A Weight 0.267 0.235 0.198 0.176  0.125
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Fig.4 Systematic cluster analysis based on comprehensive
evaluation value (D value) of low nitrogen tolerance during
Elymus seed germination
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Table 5 Classification of relative low nitrogen tolerance of different E/ymus germplasm numberduring seed germination

%5 Number

R ARG 201 55 4% Relative nitrogen tolerance levels

D {4 D value

1 HBSE I % Super strong nitrogen tolerance D=0.747

Il H1 5 i I 2 Medium strong nitrogen tolerance 0.641<<D<<0.747
Il K i fiX &0 Low strong nitrogen tolerance 0.600=<D<0.641
v I 55 M K & Low weak nitrogen tolerance 0.547<<D<20.600
Vv b 55T Ik 0 Medium weak nitrogen tolerance 0.502<<D<20.547

VI 8 55 it IK A& Super weak nitrogen tolerance

D<20.502
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