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Abstract: To provide a foundation for planting and selecting seed of Medicago ruthenica in alpine areas, the ag-
ronomic traits of 23 M. ruthenica resources were studied. The results showed that the sample Jingtai had the
tallest natural height (27.7 cm), while Huining had the shortest height (6.0 cm). The highest and lowest abso-
lute heights were observed for Meng99-102 (47.4 cm), B-509 (26.7 cm), and Weiyuan (26.7 cm). For yield per
plant, Zhongxu545 showed the largest value of 2.57 g per plant, while Weiyuan showed the lowest value of
0.62 g per plant. Zhongxu545 showed the highest underground biomass (1.32 g), followed by Zhenyuan (1.31
g) and Meng99-102 (1.32 g), while the lowest value was observed for Weiyuan (0.52 g). Regarding nutrition,
Huining and Yongchang-2 showed the highest crude protein content of 15.81% and 15.76% ., while Q8508
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M. ruthenica showed the lowest crude protein content (10.02%). The highest acid detergent fiber(ADF) was
observed for Tumote (35.16%), while the lowest one was observed for Huining (21.24%). Yuzhong showed
the highest neutral detergent fiber (NDF) (43.07 %), while Huining again showed the lowest value (26.83%).
Integrated analysis revealed that the Meng99-10 and Zhongxu545 germplasms of M. ruthenica showed the best

performance, followed by Ningxian; the erectness of Jingtai was the best in all tested germplasms. Huining

ranked the 8th in all 23 tested germplasms and showed a good value for nutrition index. The Weiyuan and

Q8508 M. ruthenica germplasms showed relatively lower performance among all the tested germplasms.

Keywords: Medicago ruthenica; germplasm; planting; selecting seed; agronomic traits; alpine region; grey

correlation analysis
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1 23
Table 1 23 germplasms of Medicago ruthenica and their sources
Annual
G hical Elevati
Collecting or introduce site Habit eogra'p ea evation/ precipitation/
coordinate m
mm
) 182.4
Jintai, Gansu Terrace edge, roadside Unknown Unknown
37°04" N
. 2 598 416.0
Tianzhu, Gansu Terrace edge, roadside 103°00" E
\ 35°42" N
- 1 840 350.0
Huining, Gansu Terrace edge, roadside 104°59" E
8 . 37°40" N
) o 2 960 154.6
Optional 8, Gansu Terrace edge, roadside 102°32" E
. 35°42" N
. 2 150 537.4
Linxia. Gansu Side drains, north-facing slope 103" 08" E
. 35°08" N
o 2 000 145.8
Longxi, Gansu Roadside, north-facing slope 104° 24" E
35°33" N
, 1220 572.1
Ningxian, Gansu Terrace edge 107° 49" E
34°27" N
, 1 360 491.7
Tianshui, Gansu Terrace edge 108° 12" E
56°26" N
‘ , o 2 780 525.7
Weiyuan, Gansu Alpine meadow 104° 03" E
35°14" N
, 2 510 516.0
Xiahe, Gansu Roadside, side drains 102° 49" E
1 \ 38°16" N
o 2170 185.1
Yongchang-1, Gansu Terrace edge, side drains 1017 39" E
2 38°11' N
) ) . 2 800 185.1
Yongchang-2, Gansu Roadside, north-facing slope 101° 35" E
. 35°51" N
o 2 280 350.0
Yuzhong, Gansu Terrace edge, roadside 104° 01" E
35°32" N
o 1170 594.0
Zhenyuan, Gansu Terrace edge 107° 14" E
. 34°59" N
., 1363 600.1
Longxian, Shaanxi Side drains, roadside 106° 33" E

Tumote( )

Inner Mongolia

CF009614(B-509)

CF021286

(  99-10, Meng 99-10)
CF021287

(99102, Meng 99-102)

Cultivatable wild variety

National grass mid germplasm repository

National grass mid germplasm repository

National grass mid germplasm repository
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. . . Annual
. . . . . Geographical Elevation/ .
Collecting or introduce site Habit . precipitation/
coordinate m
mm
o ' 182.4
Jintai, Gansu Terrace edge, roadside Unknown Unknown

CF021284
( 545,Zhongxu 545)
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1952 35
,  6.00 cm,
g (P<C0.05); 99-102 ,
2.1 N N 47.4 cm, (18.5 cm) , (P<<
99-10 ., 27.1 0.05)C  3), s
99-102(20.7) 545(16.0); 0.70, 545 NM63-079
(8.5). (8.2), 99-10 s 0.27.,0.26,
(P<C0.05C 2), o045 2.3 N N
> 5.65 5.63 mm, 545 ., 2.57 g,
) 3.63 mm, , 0.62g, (P <0.05),
545 , -1, 99-10(1.32 g, 545
> (P>0.05), (1.32 @ . (1.31 g, (P>0.05),
(P<C0.05), (0.52 @) (P<C0.05)(C  4);
2.2 N N , , s
, 27.70 cm, NM63-079 o
2 N N
Table 2 Number of overwintering buds, rhizome thickness, and branch numbers of different M. ruthenica germplasms
Germplasm Crown bud Rhizome thick/mm Branch number
Jintai 13.30+0.64cdefgh 4.84=+0.33abed 4,1040.75j
Tianzhu 11.4040.811ghi 4,1540.29de 4.90+0.06fghij
Huining 10.7040.98hij 4.0340.24de 10.70+0.17a
8  Optional 8 13.50+1.1cdefgh 5.10#%0.12abc 5.10£0.75fghij
Linxia 10.3040.521; 4,8140.02abced 4.40=£0.35hijj
Longxi 11.60+0.12{ghi 5.10+0.20abc 6.2040.12cdef
Ningxian 13.104+0.17defghi 5.3340.05abc 7.304+0.17bed
Tianshui 12.4040.92defghi 5.63+£0.27a 5.60£0.35efgh
Weiyuan 8.5040.52j 3.6340.06e 4.1040.40;j
Xiahe 8.200.69j 5.354-0.38ab 4.80+0.23ghij
-1 Yongchang-1 14.60+0.35cde 5.28£0.09abc 7.90£0.06b
-2 Yongchang-2 13.1040.17defghi 4.45+0.58bcde 5.3070.75efghij
Yuzhong 12.0040.23efghi 5.3340.25abc 6.5040.64cde
Zhenyuan 11.6040.23fghi 5.18+£0.20abc 5.50£0.17efghi
Longxian 14.1040.52cdef 4.3940.21cde 6.2040.12cdef
Tumote 13.60+1.04cdefg 5.0940.08abc 8.20+0.12b
B-509(CF009614) 15.0040.92cd 4,6740.07bcd 7.00£0.81bcd

99-10(CF021286) Meng 99-10
99-102(CF021287) Meng 99-102
545(CF021284)Zhongxu 545
NM63-079 (CF021289)
Q8508 (CF021291)
812(CF021294)Zhongxu 812

27.10+2.48a 5.227+0.50abc 6.1040.64cdefg
20.70+1.10b 4,49+0.21bcde 6.2040.35cdef
16.00£0.92¢ 5.65+0.28a 10.30£0.17a
10.4040.12ij 4.44+0.54bcde 7.4070.00bc
11.2040.81ghi 4.0240.17de 4.20£0.12jj

14.0040.23cdefg

5.2540.13abc

6.00£0.00defg

(P<C0.05),

Different lowercase letters within the same column indicate significant difference at the 0.05 level; similarly for the following tables.
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8 1953
3 N N
Table 3  Absolute height, natural height, and erectness of different M. ruthenica germplasms
Germplasm Absolute height/cm Natural height/cm Erectness
Jintai 39.40+0.23abcdef 27.70+5.37a 0.70%0.13a
Tianzhu 33.8040.46defgh 16.35+£1.13b 0.48+0.03abcd
Huining 18.50£0.75i1 6.00+0.40c 0.3340.03cd
8 Optional 8 33.4040.92efgh 18.93+£0.33b 0.5740.01abc
Linxia 33.40+2.08efgh 16.1040.67b 0.4840.01abcd
Longxi 37.40+1.85bcdefg 13.3741.16bc 0.3640.05cd
Ningxian 37.80+1.50bcdefg 17.0741.99b 0.45740.04abcd
Tianshui 32.50+0.17fgh 11.4340.95bc 0.3540.03cd
Weiyuan 26.70+0.52h 16.8040.06b 0.634+0.01ab
Xiahe 33.00%1.62efgh 15.43+2.80b 0.48+0.10abcd

-1 Yongchang-1
-2 Yongchang-2
Yuzhong
Zhenyuan
Longxian
Tumote
B-509(CF009614)
99-10(CF021286)Meng 99-10
99-102(CF021287) Meng 99-102
545(CF021284) Zhongxu 545
NM63-079 (CF021289)
Q8508 (CF021291)
812(CF021294) Zhongxu 812

43.00F0.12abc
32.40+2.77{gh
42.00+2.66abcd
30.60+0.35gh
36.0041.04bcdefg
34.80+4.27cdefgh
26.7040.40h
41.10+2.02abcde
47.40+8.78a
43.8042.89ab
43.7041.79ab
33.104+0.75efgh
43.30+0.87ab

16.5743.37b
13.231+2.68bc
14.83+4.35b
14.07£2.96bc
13.00£0.85bc
19.40+£2.39b
14.13+1.97bc
15.17+1.53b
17.3742.65b
11.67£0.90bc
11.63£1.57bc
16.73£2.00b
14.43+£5.69bc

0.39740.08bcd
0.40£0.05bed
0.37£0.13bed
0.46+0.09abed
0.36+0.03cd
0.59740.14abc
0.53+0.07abed
0.37740.05bcd
0.42740.14bcd
0.2740.04d
0.26+0.03d
0.5140.07abcd
0.33+0.12cd

4

~ ~

Table 4 Stemr-leaf ratio, yield per plant, and underground biomass of different M. ruthenica germplasms

Germplasm Stenr-leaf ratio Yield per plant/g Underground biomass per plant/g
Jintai 0.7240.03defgh 1.66 +0.37abcdefg 0.6740.07def
Tianzhu 0.9640.00bcd 1.28+£0.07cdefg 1.1940.03abc
Huining 2.17£0.09a 1.23+0.22cdefg 0.6740.02def
8  Optional 8 0.67+0.05defgh 1.1740.12defg 0.9840.01abcde
Linxia 0.89740.14bcde 1.14+0.27defg 0.90+0.16abcdef
Longxi 0.86+0.15bcdef 2.18+0.32abced 1.0440.12abed
Ningxian 0.67+0.08defgh 2.34+0.05abc 1.1740.08abc
Tianshui 1.08£0.09b 1.86+0.04abcdef 1.24+0.14ab
Weiyuan 1.0440.13bc 0.6240.04g 0.5240.05f
Xiahe 0.8840.08bcde 0.9940.19efg 0.87=40.08bcdef

-1Yongchang-1
-2 Yongchang-2
Yuzhong
Zhenyuan
Longxian
Tumote
B-509(CF009614)
99-10(CF021286)Meng 99-10
99-102(CF021287)Meng 99-102
545(CF021284) Zhongxu 545
NM63-079 (CF021289)
Q8508 (CF021291)
812(CF021294) Zhongxu 812

0.7840.10cdefg
0.85+0.04bcdef
0.69£0.13defgh
0.90£0.14bcd
0.56--0.071gh
0.70+0.12defgh
0.6940.01defgh
0.69+0.03defgh
0.52--0.10gh
0.57+0.10fgh
0.43740.05h
0.59+0.05efgh
0.57-0.02fgh

1.95+0.09abcde
1.38+£0.55bcdefg
1.83+0.22abcdef
1.75+0.03abcdefg
1.30£0.05cdefg
1.47+0.48abcdefg
1.19+0.28cdefg
2.207£0.49abed
2.527+0.99ab
2.57+0.33a
2.02+0.37abcede
0.76+0.00fg
1.7740.22abcdef

1.04+0.01abed
0.91+0.23abcdef
1.04=40.18abcd
1.31+£0.03a
0.8140.03cdef
0.694+0.05def
0.79740.10cdef
1.3240.26a
0.9540.12abcde
1.32+0.24a
0.85+0.05bcdef
0.5840.03ef
1.27£0.20ab

http://cykx.lzu.edu.cn
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Linxia 34.1+1.4defgh 26.9+0.0jk 14.1+0.2cdefg
Longxi 36.2+0.2cdef 29.1£0.7ghijj 12.44+0.1;
Ningxian 30.5+2.8ghi 26.1+0.8k 14.740.2bcd
Tianshui 32.5+1.6efgh 27.6£0.7ijk 15.3+0.0ab
Weiyuan 36.5+1.3bcdef 32.440.1bcd 13.7+0.2fghi
Xiahe 38.940.5abced 31.940.1bcde 13.2£0.1ghij

-1 Yongchang-1

-2 Yongchang-2

35.1£0.5defg
33.3+2.0efgh

29.6+1.3efghi
25.740.5k

14.140.6cdefg
15.8+0.2a

Yuzhong 43.142.9a 32.9740.7abc 13.3+0.3fghi
Zhenyuan 35.641.0defg 26.0£0.5k 14.80.0bc
Longxian 37.0£0.2bcdef 30.97£0.5cdefg 13.7%+0.7efgh
Tumote 42.0+0.0ab 35.240.5a 14.240.2cdef
B-509(CF009614) 31.73.9fghi 27.840.3ijk 13.7+0.7defgh

99-10(CF021286)Meng 99-10

37.1%0.5bcdef

32.0+1.8bcde

13.440.1{ghi

99-102(CF021287) Meng 99-102 37.7%+1.3abcde 31.8+0.5cdef 12.84-0.0hij
545(CF021284)Zhongxu 545 41.6+1.9abc 30.7+£0.4cdefgh 13.240.2hjj
NM63-079 (CF021289) 39.5+ 1.4abcd 34.440.5ab 13.0+0.2hij
Q8508 (CF021291) 39.7+1.1abcd 30.5+1.5cdefgh 10.040.2k
812(CF021294) Zhongxu 812 29.44+2.7hi 28.341.0hijk 14.47+0.2cde

2.4 . C 6),
-2, . 99-10, 545 ,
15.8%, Q8508, 10.0%( ,
5, . . 99-10> 545> ;
21.2%., . 35.2%, 22,Q8508 23,
. 26.8%, . 5 .23 4
43.1%, , 99-10, 545, . 812,
(P<<0.05), I . . . 99-102 -1
2.5 nm ; N -2,
, 11 N 8 N . ; B-509. .
( . . . . . NM63-079 . .Q8508 6
. . NDF,ADF,CP) N C D,
5
Table 5 Nutritional value of different M. ruthenica germplasms
%
Germplasm Neutral detergent fiber Acid detergent fiber Crude protein
Jintai 37.2=+1.4bcdef 30.2+0.9defghi 12.54+0.2i)
Tianzhu 37.37£1.0bcdef 29.7+1.2efghi 14.240.2cdef
Huining 26.8+0.51 21.24+0.81 15.840.1a
8  Optional 8 33.3+1.4efgh 29.340.2{ghij 12.740.3j
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Table 6 Comprehensive evaluation of different M. ruthenica germplasms
) Equal relational Weighted relational
Germplasm Rank Rank
grade analysis grade analysis
Jintai 0.637 2 5 0.642 3 9
Longxian 0.523 1 21 0.542 1 21
Tianshui 0.630 0 8 0.663 9 5
Zhenyuan 0.620 4 9 0.648 9 6
Huining 0.635 4 6 0.645 0 8
Ningxian 0.657 1 3 0.685 3 3
Yuzhong 0.573 7 13 0.599 2 11
Longxi 0.575 7 12 0.596 2 13
Linxia 0.560 8 17 0.581 9 17
Tianzhu 0.566 1 15 0.584 7 15
Weiyuan 0.514 4 22 0.523 6 22
8  Optional 8 0.576 3 11 0.594 6 14
545(CF021284)Zhongxu 545 0.659 3 2 0.689 6 2
812(CF021294) Zhongxu 812 0.640 4 4 0.672 8 4
B-509(CF009614) 0.550 9 18 0.568 8 18
Q8508 (CF021291) 0.488 3 23 0.497 4 23
NM63-079 (CF021289) 0.536 3 20 0.557 4 20
99-102(CF021287)Meng 99-102 0.632 3 7 0.646 5 7
99-10(CF021286)Meng 99-10 0.676 6 1 0.691 3 1
Tumote 0.565 2 16 0.583 6 16
-1 Yongchang-1 0.609 8 10 0.6357 10
-2 Yongchang-2 0.572 9 14 0.598 2 12
Xiahe 0.540 4 19 0.563 4 19
2
3 N ~ (sl ’ ’ H
o s ,
(2ol o s 99-10 s
, ; 545
s H o s 545 s
N s s s 99-10 99-102 R
s s N s
, tetl 545 °
t22] , NDF ADF ,
37.2~85.7 cm, , s NDF ADF ,
s teal y NDF
, ADF o s
. 17%~20%,
, 22%(
) ) il
. . 545 . 10.0 %~
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1 23
Fig. 1 Cluster analysis based on 23 tested Medicago ruthenica germplasms
15-8% b b ’ Al A A
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