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Abstract: A total of 143 germplasm resources in the Agropyron genus, which were collected from 10 cities and regions in Inner
Mongolia, China, were studied for phenotypic variations at 17 traits. Statistical analysis were performed using the coefficient of
variation, genetic diversity index, correlation, principal component, clustering and grey correlation analysis, and elite germplasm
resources were identified. The results showed that the 17 phenotypic traits had great variation and rich genetic diversity. The
coefficient of variation ranged from 93.92% to 11.47%, with an average of 42.80%. The coefficient of variation of leaf width was the
highest, and the dispersion of seed length was the lowest. The genetic diversity index (H') ranged from 1.279 to 2.025, with an average
of 1.72. The diversity index of glume length was the highest, and lowest for spikelet length. Significant or extremely significant
correlations were observed among various traits. The contribution rate of the first six principal component factors was 5.934% ~
20.885%, with the cumulative contribution rate of 69.866%. These germplasms were divided into three groups by cluster analysis.

Cluster I had the best comprehensive traits, with prominent spikelet number and floret number, and high yield potential, including 27
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accessions. Cluster 11, containing 23 accessions, had general traits and higher seed traits. Cluster III was poor in general character with
higher plant height, containing 93 accessions. By taking use of the grey correlation method to evaluate these germplasm, these traits
including the 1000-grain weight, spikelet number, leaf tongue length, leaf width and leaf area could be deployed as indexes in
germplasm evaluation. Elite germplasm resources showing coordinated comprehensive traits such as A.cristatum accessions A-24,
A-23, A-25, A-22, A-35, A-43, A-18, as well as A.cristatum var.pluriflorum accessions A-142, A-92, and A-136, can be used for
genetic improvement and breeding of ice grass.
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Table 1 The selected material and country of origin
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No. Species name Collection places No. Species name Collection places

A-1 VKEL A.cristatum A3k 1 [ BB KT L B 5 A-73 YA VKL A.desertorun PR TR B 2R S

A2 VKHE A.cristatum L 22 52 A T RN B L A-74 WHIVKEL A.desertorun AR B i e H
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A-4 VKHE A.cristatum PRS0 W IR A R R SR TR || A-T76 VP HE VK A.desertorun bR S I A R
A-5 VKEE A.cristatum BARER R R LR R E R A-77 VP HE VK A.desertorun B PR T 350 R A8 AT o 5
A-6 VKHE A.cristatum B PRI 8 A T 1 R R A S A A A-78 WA UKEL A.desertorun ARS8 IR A HER DT RBA
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Fig.1 Tassel characteristics of 4 species of Agropyron Gaertn.
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Table 2 Analysis of variation and diversity of 17 phenotypic characters

4R Character A5 5 [ Range “FYI{E Mean FrifE 2= Std. B RECV% WL Z PR
2T % NSS 1.8-4.2 2.86 0.51 17.83 1.938
&K LTL 0.27-2.57 0.97 0.50 51.55 1.623
/NEEA NS 8.88-98.4 47.40 20.43 43.10 1.351
/MK SL 1.1-35.7 10.97 5.53 50.41 1.279
/N{EHL FN 4.4-56 25.92 12.02 46.37 1.517
K GL 1.88-20.30 8.48 3.12 36.79 2.025
FRKE CL 4.85-15.96 7.45 1.82 24.43 1.846
PR PH 25.46-88.08 57.59 15.27 26.52 1.999
K BL 4.53-23.13 11.10 3.53 31.80 1.959
e BW 0.34-7.65 1.48 1.39 93.92 1.333
ML LA 1.12-25.87 6.07 5.36 88.30 1.854
RS LSI 0.01-1.55 0.25 0.14 56.00 1.741
A& LC 10.02-92.10 25.44 14.93 58.69 1.651
& 98 B LLWR 4.33-29.03 15.77 5.29 33.54 1.367
FhFH SL 4.16-7.60 6.19 0.71 11.47 1.960
FlF 5 SW 0.32-1.43 1.11 0.14 12.61 1.865
THIE TGW 0.98-5.48 2.76 1.22 44.20 1.956

NSS: ZETFI98; LTL: MK NS: V%G SL: MEK; FN: MEXG GL: B CL: BURKE; PH: Mk BL: MR KE; BW: My
FERE; LA: WAL LSI: HR4R%EG LC: A, LLWR: HKUEH; SL: fyk; SW: fyg; TGW. THE; [

NSS: Number of stem segments; LTL: Leaf tongue length; NS: Number of spikelets; SL: Spikelet length; FN: Floret number; GL: Glume length; CL:
Caryopsis length; PH: Plant height; BL: Blade length; BW: Blade width; LA: Leafarea; LSI: Leaf shape index; LC: Leaf circumference; LLWR:
Leaf length to width ratio; SL: Seed length; SW: Seed width; TGW: Thousand grain weight;

The same as below

2.2 REWERIIMERE DT

ST UKE R R AR AR SNE (& 2) RWT, 17 SRR A A FIREEE A, HORHR 70 ik
FERFE KT BT SEMEE B DM, R KR S/MES R B IEMR; HERESH K
FERTH AR AR R 25 IEAH G i K B 5 B RE R PR v M R 35 Tk o0 NS UL . TR fa ot
90 L AR IR, S IR AR R 25 R O NV S RS BE AT K B A R 2 IR A
Ko H/AMEBIHACTE B 2 AR R ARG ANMEB S I R T R TR R AR O O B
FESFURK MM A B BB B R, BRKE S R KRR ZIEMK; a5 KREHERE
FHIEMR, SHmARENREE TS HRAKRESH AR, M. K. My, Ay s TR E
P EMREIEA S, iy 98 RS R AR BON TR B ) AR R 2 ARG, i AR 5 i AN Tk 8y AR R
FHIEMR, SHRGEHEREZEFM HERKSM K. My TR R R IEMR, 5K
PSR 2 AR O A S R TR TR EE Y R AR R IR OC . o T AR K AT SR R B R
(0.81) , MFAJEEFUKLE M FAHC REUR K (-0.48) o LA b7 T DTGB UK B & 3R B MR 1] 2 4 T 5e
Wi AR ELAR LI, AR5 G R I N AT SR A A



2.3 REMERE E RS 27
AR5 KMO i 0.588, Bartlett’s BRIZALLG 24N p = 0.00, df 24 136, UiEHZAE R LU F B 40 #r

* Rk ARIFIR 0,05 A1 0.01 KPR RE.
* and * * means significant difference at 0. 05 and 0. 01 level, respectively.
P 2 17 AR BPEAR AR S 43 B
Fig. 2 Correlation analysis of 17 phenotypic traits
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RALE B R . g5 R RN (R 3), A 6 DR FIRHIEE 7370 9 3.550. 2.413. 1.818. 1.744, 1.342 Al
1.009, TTHRZH 7514 20.885 % 14.197%- 10.692%-. 10.262%-. 7.897% F1 5.934%, Z it 5ikFik 69.866%.,
FKHIX 6 NEA R TREBETEIR LI HERRE. £ 1 ERO R/ MEK, FRKE. A KE. i

L R ORI TR0 E AR ) B, U B AR 1 32 s nT AR e BRI M- R 7 AH G I 2R B FR b
52 FR RS FUSEERN AR R RHIE R ROR, UEIHEE 2 R RS B A AR
MIZEE s 25 3 o ik m A 58 U IRARFAE I 0K, B 28 3 o IR B2 R R 15 2 4 &
B R ZE T BRI INE SR AE 17 R, VR SR 4 Al AT N ZE T BN N B R IR 25 A 48 bR 56 S

E RS R R BE A A B P AR [

HURFOL R RO, BEWIER 6 £ 2Rl T IR & Sk
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Table 3 Factor loading matrix and contribution rates of principal components for each trait

BEOR, UHIE 5 BRI IER T 5 6 AT

F A FAMEAR
Principﬁljzjfj;ctor Phenotypic ! 2 3 4 > 6

FFAE{E Eigen value 3.550 2413 1.818 1.744 1.342 1.009
TTHkZE Contribution ratio (%) 20.885 14.197  10.692  10.262 7.897 5.934
Z3+ Tk % Cumulative contribution ratio (%) 20.885 35.082 45774  56.036  63.932  69.866
FHIEM & Eigen vector LT NSS -0.137 0.097 0.090 0.491 -0.362 0.363
5K LTL 0.305 -0.494  -0.175 0.288 0.522 0.229

NE%NS -0.423 0.492 0.093 0.323 0.055 0.122

M SL 0.436 0.005 0211 -0499  -0.174 0.350

MEHFN -0.384 -0.091  -0.490 0.572 0.058 -0.088




K GL -0.101 0.730 -0.430 -0.044 -0.315 -0.229
FURKE CL 0.410 0.356 -0.420 -0.421 -0.175 0.036

i PH -0.142 0.010 0.623 -0.245 -0.190 -0.131
K% BL 0.741 0.046 0.182 0.038 0.185 0.003
T 9EE BW 0.322 0.417 0.180 -0.213 0.639 -0.037

AR LA 0.780 -0.172 -0.238 0.333 -0.055 -0.292
HIE %L LS -0.133 0.749 -0.309 0.086 0.396 -0.141
MK LC 0.759 -0.072 0.006 0.399 -0.268 -0.267
KT L -0.459 0.262 0.443 0.211 0.117 -0.046
ff 7 SL 0.429 0.425 0.316 0.285 -0.208 0.280
T3 SW 0.397 0.356 -0.055 0.168 0.066 0.534

THE TGW 0.562 0.320 0.467 0.148 -0.002 -0.256

2.4 KERBMREERER MR RES T

WA 17 AR AR SR VKR Pt BRI T SR i, 143 M BEURHE 40 3 K. I 3 Ik 4 W]
BB T REE 27 M BHIR, 2SRRI L BRMIE N 2T B (2.988) NEEEL £ (81.422) /INMEHZ (32.435)
KK (10.032). M TEEK (1.434), MIEFERGR (0.287) FIMKFELLE (18.783). I 2KEE 23
PR, IZRRER) BB NG (1.213) /MG (12.714) FUREK (8.152) MR EHK (14.605).
HARECOR (16.606) MK (54.632) K. T TR EHAE R (6.683). (1.153) Fl (4.039).
IR 93 M PE iR, IZ28RHI E BRI AR SR (61.008) . BRI LE L 5 Mok Y5 TE BH S AR OG E
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Fig.3 Cluster analysis in 143 Agropyron Gaertn. germplasm resources map
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Table 4 Statistical analysis on 17 agronomic traits of materials after cluster analysis

PR il A

Character I I 111

¥ H Number 27 23 93
T HNSS 2.988 2.843 2.826
K LTL 0.856 1.213 0.948
/N NS 81.422 31.722 41.403
/MK SL 8.300 12.714 11.322
/NEHT FN 32.435 24.148 24.464
B GL 10.032 7.816 8.190
FRKE CL 6.910 8.152 7.439
Wi PH 52.839 49.332 61.008
KB BL 10.390 14.605 10.444
-} 55 BW 1.434 1.296 1.405
AR LA 4.485 16.606 3.923
RS LSI 0.287 0.021 0.127
MK LC 21.904 54.632 19.243
& B B LLWR 18.783 10.296 16.247
i SL 6.256 6.683 6.043
FhF9E SW 1.103 1.153 1.095
THiE TGW 2.639 4.039 2.486

2.5 VKB AR IR R BRI ER & VR

AR K €5, 5% G0 B2 V8 R 2 FH K51 [ 7R R ABA R 82 R 4 W 1 A 28 0 B0 458 o 1) 7 A BT 3 2 ) DR B 2 1) J
B, MR OCHEEE AT SN, SCHREE R IS S ARSI BRI 2, X 143 oK B8 BEUR 1 17 SR AR
ITEREVN . SR WAR 5, 143 UK )8 BRI QIR K/ANHRAL AT 20 KON A-24>A-23>A-25>A-22>
A-142>A-35>A-92>A-43>A-136>A-18>A-9>A-48>A-139>A-8>A-34>A-13>A-2>A-19>A-17>
A-91. RWIRE T8 B00 55w RS /R i Ta UK RS (A-24). ARS8l B VT S L g 70 2 B
UKE (A-23). AR FRHN IR (2 2 BIVK S (A-25) >4 80 P01 EHERIUKE (A-22) FIVERETA
SLYD L IR SR SR AR M ZAEIKE (A-142) MILEERIVENT; ik T B2 ER TS R PR v 4
UKL (A-79)  EHAREE S0 R S BRABID AL 1 B (A-62) A5 PR3 i) B3 1E 48 11 79 T o (1 b 2R UK (A-87)
By R B IR A H RV AR (A-50). ARETTEMI R AR R X I ZAEKE (A-129) LG RIUAHXS
WP AERKEKRECES T, REREEM RN T & P R 2 R P, AR 6 AT H, & HIROCERE
(R RANIGE g s TR > /N > i K B > Iy B B > TR > /N R H > K 59 b > R 38 50> Bk >
T HC MK S MK S B > K> BURK >R >MFoE. wlimik TR E . /NEEL
MR A B AT AR AE UK B @ M SR FE A
#5143 BroKE @ TP 5T SR AL G BRE 5 P AL

Table 5 Weighted correlation degree and sequence of 143 Agropyron Gaertn. germplasm resources



Hi il IR E JFAL i GilE4 TIAL IR 2 FFASL i GilE4 TR FFASL
No Species Weighted Sequenc No. Species Weighted Sequence No Species Weighted Sequenc
name correlation e name correlation name correlation e
degree degree degree
A-1 VK 0.484 103 A-49 W EL 0.5 69 A-97 ZACVKE 0.505 63
A2 VKB 0.547 17 A-50 WP 0.445 140 A-98 ZAEVKE 0.493 81
A-3 VK 0.524 34 A-51 VP 0.473 117 A-99 ZAEVKE 0.496 75
A-4 VKB 0.51 55 A-52 VP 0.475 115 A-100 EZ I &1 0.493 83
A-5 VK 0.512 52 A-53 WP 0.47 124 A-101 EZ I 1 0.493 84
A-6 VKL 0.498 73 A-54 WPEE 0.505 65 A-102 EZ I ! 0.528 30
A-7 VKB 0.521 37 A-55 WP 0.474 116 A-103 EZ I 1 0.459 134
A-8 VK 0.552 14 A-56 VP 0.456 136 A-104 EZ I ! 0.504 66
A-9 VKB 0.558 11 A-57 VP 0.488 94 A-105 ZAEVKE 0.493 86
A-10 VK 0.536 22 A-58 WP 0.469 127 A-106 ZAEVKE 0.489 90
A-11 VKL 0.518 43 A-59 VP 0.467 128 A-107 ZAEVKE 0.481 109
A-12 VKB 0.511 54 A-60 WP 0.518 41 A-108 ZAEVKE 0.496 76
A-13 VKB 0.547 16 A-61 WP 0.495 79 A-109 EZ I 1 0.469 126
A-14 VKB 0.505 64 A-62 WP 0.441 142 A-110 EZ I ! 0.475 114
A-15 VKB 0.535 24 A-63 VP 0.48 110 A-111 EZ I &1 0.47 125
A-16 VKL 0.531 27 A-64  VPPEE 0.486 96 A-112 EZ I &1 0.496 78
A-17 VKL 0.543 19 A-65 VP 0.461 131 A-113 EZ I ! 0.5 68
A-18 VKB 0.559 10 A-66 WP 0.46 133 A-114 EZ I 1 0.486 97
A-19 VKB 0.545 18 A-67 WP 0.488 92 A-115 ZAEVKE 0.484 104
A-20 VKB 0.525 33 A-68 VP 0.508 61 A-116 EZ I &1 0.495 80
A-21 VKL 0.522 36 A-69 VP 0.49 89 A-117 EZ I &1 0.484 106
A-22 VKL 0.598 4 A-70 VP 0.484 102 A-118 ZAEVKE 0.483 107
A-23 VKB 0.608 2 A-71 WP 0.484 100 A-119 EZ I 1 0.493 82
A-24 VKB 0.629 1 A-72 WHEUKE 0.485 99 A-120 EZ I 1 0.471 120
A-25 VK 0.603 3 A-73 WHEUKE 0.499 70 A-121 EZ I ! 0.47 123
A-26 VKB 0.539 21 A-74  WHEVKE 0.461 132 A-122 ZAEVKE 0.49 88
A-27 VK 0.477 111 A5 WHEIKE 0.456 135 A-123 ZAEVKE 0.518 42
A-28 VKL 0.51 57 A-76  WHEVKE 0.488 91 A-124 EZ I ! 0.484 105
A-29 VKB 0.529 29 A-77 WHEIKE 0.472 119 A-125 EZ I 1 0.476 113
A-30 VK 0.521 38 A-78  WHEUKE 0.514 50 A-126 EZ I 1 0.496 77
A-31 VKB 0.517 44 A-79  WHEVKE 0.427 143 A-127 ZAEVKE 0.521 39
A-32 VK 0.53 28 A-80  WHEUKE 0.453 137 A-128 ZAEVKE 0.47 122
A-33 VKL 0.515 48 A-81  WHEIKE 0.452 138 A-129 EZ I ! 0.451 139
A-34 VKB 0.548 15 A-82  WHEUKE 0.498 72 A-130 ZAEVKE 0.514 49
A-35 VK 0.571 6 A-83  WHEUKE 0.535 23 A-131 EZ I 1 0.484 101
A-36 VKB 0.51 56 A-84  UHEUKE 0.473 118 A-132 EZ I ! 0.498 74
A-37 VK 0.515 47 A-85  WHEUKE 0.464 130 A-133 EZ I &1 0.517 45
A-38 VKL 0.493 85 A-86  WHEUKE 0.504 67 A-134 EZ I &1 0.512 53
A-39 VKB 0.492 87 A-87  WHEIKE 0.442 141 A-135 EZ I &1 0.483 108
A-40 VK 0.52 40 A-88  IHEUKE 0.485 98 A-136 EZ I 1 0.563 9




A-41 VK 0.507 62 A-89  IbAvKEE 0.464 129 A-137 ZAEVKE 0.516 46
A-42 VK 0.527 31 A-90  PbAvKEE 0.508 60 A-138 ZAEVKE 0.509 59
A-43 VK 0.565 8 A91  ZIEUKE 0.542 20 A-139 ZAEVKE 0.552 13
A-44 VK 0.509 58 A-92  ZIEUKE 0.569 7 A-140 ZAEVKE 0.498 71
A-45 VK 0.532 26 A-93  ZIEUKE 0.526 32 A-141 ZAEVKE 0.487 95
A-46 VK 0.513 51 A-94  ZIEUKE 0.488 93 A-142 ZAEVKE 0.581 5
A-47 VK 0.522 35 A-95  ZIEUKE 0.471 121 A-143 ZAEVKE 0.532 25
A-48 VKHE 0.555 12 A-96  ZALIKE 0.477 112
# 6 17 NRBUIRIB IR RBREE B 507
Table 6 Correlation degree and sequence of 17 phenotypic traits
PR KHREE AgA
Character Value Sequence

LT H NSS 0.057 10

&K LTL 0.076 3

/NEESE NS 0.081 2

/MK SL 0.05 12

INERCFN 0.063 6

HKE GL 0.049 13

FRKE CL 0.042 15

PR PH 0.061 9

M KB BL 0.049 14

I 55 ¥ BW 0.065 4

IR LA 0.065 5

MRS LSI 0.062 8

MK LC 0.052 11

K 9 Lk LLWR 0.063 7

FiFH SL 0.039 16

¥ 98 SW 0.037 17

ThiE TGW 0.088 1

3 i
3.1 KERM B RERI S

FAIRSZ FE IR IL FMEH, R ZFEVE AT R TS % Z R TR, AR 2%
FBAE 2 FEVETREOR VPO M5 BE R R Y 0 A ZAEVE I B R AR . R R IIR I A e REGEOK,  HE s BRE
FERER R o 22 W M Fa 508, 2R B IR 2 A PR AR BBk 3= 5 20 AR 7 b KR R A8 S RO 93.92% ~ 11.47%
Z 18], 35109 42.80%, B S HOIR A AR E B 22 5, Ferhit 96 (93.92) | rHTHIAR (88.30) Al i K (58.69)
(78 51 BB R, R IIIXEVR S R FEROR, B R = , IX 51T A Fi 4 REEA — B 27280, Fh7 K (11.47)
AFF9E (12.61) [MESEFERE AR, BEAHIX 2 MR BUE R RS E o AR FLh UK R & I R B MR s 2
FEPEFRE (HD VBN 1.279 ~ 2.025, P304 1.72, H BLBUHCE (2.025) 2R E0R K, /MG (1.279)
I ZREPETREUR /N o IX 525 B A2 WS AT F0 45 B AR [R] 24250 S oK Ja Ao o B R AT R T AR 201
ALY AN [ b e K 2 Ja8 b 5T B VR AN [ 26 2R 1R ) PR A% 22 e, A B T 0 02 LR 2R B R AU IR A S R P i
ko
3.2 KEREMREBERBMREAEME. ERSEREI T



e TUMECIR IR FRAH SSHE 73 M7 5 R PRAS DCE RO 2 BRI AL I 25 A5, B b 2R A 2%
AR MEIR S H D0, AT 143 Gy UKE R TR B SR 17 ARAVEIREAT AR M, SRR, 17
AN RBEAR A A R R EERIAE SR, BRIk S 28 B SR 25 7K1 o e rp IR 5 K A A 5% SR i
K081, MEKESHUCE MM R RER AN (-048) o ZORFESEHTFURIL, 35 A5 IKEEREM
R, RRTE. NS NERL. BRI 5 AR AAIER, AR R REONER AL 2 BV SR B AR BOR AL
5 Mo SR LR BAPRIR A AF AN FIRE RE A S, Horh b 50 8. MR 5 . e 5B aE ik
REREZ EHXK (P < 0.01); PR S5/EE . H R H05 /Ml SRR R 25 UG (P < 0. 01) B,
AHFFCRIR MRS BRI N EA AR, S5 RNy OKE @ F 5 SRR R MR 102 R A AL, RN AIT TG
UKL J& PRI R AT FT ANTR] o 2 1807350 A 38 T P 248 10 5 92w A7 WA bt s AL ol b A 22 5 (1 T2 2 J PRI, AR X 143
UKL JE T BRI 17 AN RAVEIRFEARHEAT R 734, S5 RORIUAT 6 A~ oy 1 R TT kR X 69.866%.
RHYIX 6 DMraRbr AR 2 MBI L K2 E SR, SPESEut g R, Ay B Ol s e
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UK R B REAT R O, 3 NSRRI R A MR R, W] DLW BRI AR KB
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