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Screening of Germplasm with Low Seed Shattering Rate and
Evaluation on Agronomic Traits in Elymus sibiricus L.
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Abstract : In this study,28 E. sibiricus accessions were selected and evaluated by 15 agronomic traits in 2013 -
2014 ,with the goal of screening the materials with low seed shattering rate and excellent agronomic performance.
The cluster analysis, correlative analysis, and component analysis were conducted by SPSS 19. 0, and the subordinate
function was also used for the comprehensive evaluation of agronomic traits. The results indicated the higher seed
shattering rate were found at about 31 days after flowering. Seed shattering variation varied among tested accessions.
Great variation exsited in ZhNO3 and MQO1. Meanwhile, seed shattering variation greatly varied among individual
plants of ZhNO1,HZ03 and LQOS5. Based on two years’ data, XH09 had the highest seed shattering rate , followed by
XH03,LQ03 and LQ04;ZhN03 and MQO1 had relatively low seed shattering rate. The correlative analysis revealed
significantly negative correlation was found between seed shattering rate and flag leaf width, as well as internode
number; Length of the second leaf from the inflorescence is highly significant negative correlative with seed shatter-
ing rate. Phenotypic variation were also found in other traits, of which tiller number has the greatest variation with
the CV of 17.07% . The subordinative function showed ZhNO3 had the best comprehensive performance with subor-
dinate function value of 0.73. These screened materials with low seed shattering rate and excellent agronomic per-
formance are important materials for future breeding programs.
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Table 1 The source of all the materials

g ok 5 Hb % (E) i (N) TR (m)
Materials Origin Longitude Latitude Altitude
LTO05 LSRR R RE R PIP S 103°29’ 34°56' 2336
LT02 HA A T L kR A 103°37’ 34°45' 3010
LT04 R 2 I P 2 AR L A SRR AP X 103°39’ 34°55' 2571
LT03 HREEELED S 103°39’ 34049’ 2434
ZhNO3 N e B bk 103°34’ 34°35" 2605
ZhNO5 HR A sLe B H A 103°36’ 34°34' 2501
ZhNO6 R 5L B kit 103°37" 34°46' 2678
ZhNO1 Bk e B5EE & 103°01’ 34051’ 3218
ZhNO7 HiEs e LE " & 103°01" 34°51' 3218
ZhN04 Hol sl BoRE4 103°32" 34°33' 2586
ZhNO2 ot e BB & 103°15’ 34045’ 3037
LQo3 A iy S B H 102038’ 34033’ 3032
LQ10 HoR A ikl B RS 102°37" 34°05’ 3389
LQo4 HikEmErEe s 102°39’ 34030’ 3023
LQO6 Hikamih e s 102033’ 34034’ 3095
LQO5 HA kM Bhf X % 102°39’ 34°31’ 3030
LQ09 ok Rl B RS A 102°21" 34029’ 3481
HZ02 ol G E LR 102°54’ 35°03" 2900
HZ03 HlEGETRE S 102°55' 34°55" 3011
HZ01 HoRAE e TR 102°52" 35°06' 2715
XH02 Hok B B & 102°49’ 35°13" 2510
XHO3 Holra Zi Bk & 102°33’ 35°11" 2896
XHO09 HR A S B BA LT £ 102°33" 34°45' 3171
XHO6 HRE MBI % 102032’ 35°12’ 2916
SC02 PuiaE R w B L 2 102°46' 34°07’ 3126
SCo1 PNBEEREBLARS 1A 102°46' 34°06' 3140
SCo3 PNEE R AR S 102°44" 34°05' 3175
MQO1 R A 3 B 102°06’ 33°59’ 3475

R 754545 b 10 e B B R (A, X, 35 0% J9F 0 45
FRIGT-H0, X, 72728 BTO045 4R BF A 16 19 /s
8, X, 27 FEIAE B0 BT AT (1R 0 i A fi
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%, 4351 53.25% 52.76% F1 52.37% , Hrh LQO3
2 BRRIA] ISR AR K, 1LQ04 IR, TR R AR AR
BT R ZhNO3 , &R0 K 30. 10% , BARk 0] 9% ki A8
S/, MQOIL P8R 3%T ZhNO3 25, 9 32. 50% , BA Rk
] Y5 R AR SRR
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Fig.1 The average seed shattering rate of 28 E. Sibiricus accessions
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Fig.2 The dynamics of seed shattering rate of 28 E. sibiricus
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Table 2 The results of 15 morphological traits from 2013 to 2014

HJE M REOE FERE VR R 2 IV RS

ZhNO3 | iX {3 A1 BHEER R i A PR R B R 1,

A R 2 ZE T ROM o3 BER, B AR B R A v R,
RS HAR BRI, v LR AR, 00T A Rl A9 I R

foELEAS

PEAR Traits Fe/IMH Min. e RAH Max. SEHIE Mean brifE2E SD 5 R B % ) CV
MK (em) FL 12.46 18.79 16.10 1.56 9.71
HETFE (em) FW 0.73 1.26 0.97 0.16 16.55
8 K (em) LSLI 17.43 24.32 20.97 1.71 8.16
18]~ 5 (em) WSLI 0.73 1.33 1.04 0.16 15.76
¥R (em) PH 51.81 96. 85 71.46 11.27 15.77
Z5H1(cm)SD 0.22 0.29 0.26 0.02 7.72
RN 2.00 4.00 3.05 0.49 15.93
ST BEL TN 89.00 181.00 128. 89 22.00 17.07
K (em) PL 16.86 23.49 19.94 1.96 9.83
RS %L FN 20.00 31.00 24.25 2.60 10.74
THIHE (g) TKW 3.16 5.28 3.84 0.54 14.08
FRIIMFK (em) KLL 1.03 1.16 1.11 0.03 2.78
FHRIMEFE (em) KLW 0.15 0.20 0.16 0.01 6.64
FRIHMEEK (em) KLAL 1.07 1.48 1.25 0.11 8.45
TERIH (% ) SR 30. 10 59.91 44.20 6.44 14.58

FL: Flag leaf length, FW: Flag leaf width, LSLI: Length of the second leaf from the inflorescence , WSLI: Width of the second leaf from the inflorescence,

PH: Plant height,SD; Stem diameter, IN; Internodes number, TN: Tillering number, PL: Panicle length, FN: Fringe number, TKW : Thousand kernel

weight, KLL: kernel long lemma,KLW : kernel lemma wide ,KLAL; kernel lemma awn length,SR: Shattered rate. The same as below

R3 2013 -2014 FEEZHRPEXED T

Table 3 The correlative analysis on the traits of Elymus sibiricus L. grown from 2013 to 2014

IR Traits FL FW LSLI  WSLI  PH SD IN TN FN TKW  KLL  KLW KLAL SR
J#EHHE FL 1.00

JEEH 58 FW 0.67°" 1.00

8 4 LSLI 0.70°" 0.57°" 1.00

8] — I $E WSLI 0.65" 0.9 0.64”" 1.00

Fems PH 0.12  0.23 0.22 0.2 1.00

2541 SD 0.45° 0.53"" 0.25 0.5 0.02 1.00

ZETHCIN 0.12  0.54" 0.28 0.52"° 0.44" -0.04 1.00

JYEEH TN 0.06 0.01 0.28 0.05 0.01 -0.04 -0.02 1.00

& PL 0.22 0.09 0.15 0.04 0.52°° 0.03 0.09 -0.01

FETH PN 0.42° 0.21 0.37 0.25 0.5l 0.27 -0.03 -0.15 0.63"" 1.00

TR TKW 0.08 0.43° 0.19 0.47" 0.19 0.2 0.25 -0.26 0.19 0.31 1.00

TFHRISMEK KLL 0.15 0.31 0.26 0.36 -0.1 0.32 -0.02 0.09 -0.12 0 0.23  1.00

TRIAMFSE KLW  0.24  0.17  0.40° 0.29 -0.09 0.05 -0.08 0.04 -0.33 0.25 0.09 0.12 1.00

FHRIMES KLAL -0.03  0.06  0.09 -0.04 0.47° -0.14 0.36 -0.06 0.49° 0.29 0.1 0.05 -0.27 1.00
PRI SR -0.25 -0.47" -0.29 -0.50"" 0.11 -0.11 -0.44" -0.22 -0.02 0.15 -0.26 -0.12 -0.02 0.03 1.00

T ARIRAE 0.05 R S, T FORTE 0. 01 K- AR B3

" show significance at the level of 0.05, *" show significance at the level of 0. 01

H

>N
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Fig.4 The cluster of E. sibiricus L.

based on seed shattering rate

R4 BUNERER T HFEE T EN R s E
Table 4 [Eigenvalue and accumulative contribution rate for
Elymus sibiricus L.
F

Principal com-

FMTTHR(% )

Accumulative rate

FHIE(E TR (% )

Eigen value Rate of variance

ponent of contribution
1 4.531 30.206 30.206
2 2.532 16. 881 47.088
3 1.702 11.349 58.436
4 1.375 9.169 67.606
5 1.097 7.311 74.916
6 0.960 6.398 81.315
7 0.786 5.241 86.556
8 0.631 4.204 90. 760
9 0.402 2.682 93.442
10 0.329 2.191 95.633
11 0.230 1.530 97.164
12 0.187 1.248 98.411
13 0.131 0.871 99.283
14 0.090 0.602 99. 885
15 0.017 0.115 100
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Table 5 Principal component matrix among for Elymus sibiricus L.

PR %1 B 952 FWSr 53 B 94 F oy %5 By
Traits 1st component 2nd component 3rd component 4th component Sth component
MK FL 0.929 -0.253 -0.114 -0.100 -0.034
T 5 FW 0.905 -0.167 -0.171 -0.117 0.031
8 =K LSLI 0.759 -0.11 0.154 0.415 -0.120
B —n 58 WSLI 0.748 -0.126 0.314 0.233 0.093
Pk PH 0.538 -0.235 0.311 -0.284 0.454
25H SD 0.293 0.778 0.137 0.108 0.266
280 IN 0.175 0.722 -0.232 0.059 0.093
Sy BERU TN 0.383 0.717 -0.033 0.123 -0.146
& PL 0.505 0.212 -0.695 0.009 -0.283
FETHFN 0.489 0.527 0.596 -0.007 -0.101
TR E KTW -0.469 0.284 0.565 -0.104 -0.058
FAIIMEK KLL 0.059 -0.205 -0.137 0.781 0.277
FARIIMETE KLW 0.502 0.112 -0.086 -0.576 -0.161
FHRIIMF A KLAL 0.263 -0.407 0.424 0.142 -0.638
KR SR 0.348 -0.305 0.052 -0.204 0.402
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X 1527 A5 MR TR AR (A SR SR T pR A, SRR pR
B A KN TR B4 o SR pR Rz
U1, UL Z R R B 5 s SRR R B T 0,
UERHIZ MR R B 22 . X AR MR TR AR i SR
J& SRBUE R30I iz b B 27
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Table 6 The subordinate function analysis for studied traits

KL Materials R1 R2 R3 R4 RS R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 S1
HZ01 0.62 0.43 0.79 0.68 0.33 0.42 0.42 0.45 0.00 0.55 0.41 0.81 1.00 0.14 0.50 0.50
HZ02 0.65 0.29 0.5 0.33 0.16 0.46 0.00 0.76 0.43 0.32 0.22 0.51 0.23 0.42 0.48 0.39
HZ03 0.58 0.58 0.80 0.72 0.32 0.43 0.58 0.36 0.32 0.27 1.00 0.74 0.18 0.28 0.79 0.53
LQO3 0.92 0.39 0.74 0.37 0.64 0.52 0.11 0.33 1.00 1.00 0.21 0.39 0.35 0.65 0.24 0.52
LQO4 0.54 0.27 0.65 0.35 0.22 0.04 0.39 0.25 0.60 0.36 0.29 0.62 0.02 0.64 0.25 0.37
LQO5 0.69 0.35 0.27 0.42 0.54 0.49 0.39 0.56 0.59 0.66 0.19 0.36 0.13 0.68 0.52 0.46
LQO6 0.25 0.31 0.39 0.47 0.00 0.36 0.29 0.81 0.11 0.25 0.12 0.96 0.25 0.00 0.50 0.34
LQO09 0.43 0.11 0.43 0.27 0.37 0.04 0.67 0.59 0.52 0.33 0.00 0.56 0.28 0.49 0.51 0.37
LQ10 0.59 0.57 0.52 0.62 0.19 0.30 0.61 0.38 0.06 0.00 0.15 0.44 0.33 0.44 0.80 0.40
LT02 0.86 0.91 0.84 1.00 0.74 0.71 0.79 0.39 0.59 0.8 0.84 0.36 0.42 0.37 0.58 0.68
LTO3 0.84 0.40 0.67 0.60 0.42 0.41 0.42 0.37 0.62 0.66 0.31 0.68 0.18 0.14 0.76 0.50
LT04 0.57 0.32 0.60 0.46 0.34 0.97 0.08 0.80 0.5 0.27 0.10 0.84 0.14 0.16 0.50 0.45
LTO05 0.29 0.00 0.30 0.28 0.12 0.50 0.37 0.41 0.26 0.12 0.30 0.64 0.16 0.47 0.58 0.32
MQO1 0.51 0.81 0.40 0.78 0.27 0.71 0.71 0.23 0.79 0.60 0.80 1.00 0.16 0.78 0.92 0.63
SCO1 0.57 0.41 0.40 0.47 0.59 0.40 0.63 0.35 0.90 0.49 0.71 0.59 0.07 0.54 0.51 0.51
SC02 0.00 0.04 0.09 0.00 0.45 0.00 0.63 0.37 0.22 0.00 0.13 0.22 0.00 0.50 0.59 0.22
SCO03 0.70 0.26 0.45 0.35 0.40 0.52 0.66 0.52 0.29 0.33 0.10 0.78 0.10 0.68 0.45 0.44
XHO02 0.46 0.53 0.27 0.57 0.54 0.07 0.76 0.00 0.70 0.31 0.28 0.39 0.20 0.54 0.54 0.41
XHO03 0.64 0.13 0.42 0.18 0.50 0.13 0.32 0.26 0.19 0.25 0.02 0.61 0.21 0.09 0.22 0.28
XHO06 0.54 0.22 0.15 0.29 0.31 0.64 0.29 0.13 0.82 0.43 0.29 0.48 0.07 0.14 0.54 0.36
XHO09 0.12 0.02 0.34 0.13 0.78 0.49 0.42 0.02 0.49 0.63 0.39 0.8 0.17 1.00 0.00 0.39
ZhNO1 0.26 0.09 0.39 0.19 0.46 0.19 0.71 0.79 0.52 0.21 0.11 0.00 0.13 0.38 0.37 0.32
ZhNO2 0.29 0.55 0.00 0.56 0.59 0.49 0.39 0.41 0.07 0.14 0.62 0.79 0.14 0.19 0.33 0.37
7ZhNO3 0.75 0.76 1.00 0.76 0.99 0.11 1.00 1.00 0.8 0.39 0.32 0.91 0.17 0.94 1.00 0.73
ZhN04 1.00 0.91 0.61 0.81 0.02 0.8 0.50 0.35 0.09 0.06 0.14 0.8 0.25 0.29 0.64 0.49
ZhNO5 0.77 0.94 0.73 0.99 1.00 0.93 0.8 0.55 0.92 0.62 0.28 0.75 0.10 0.61 0.47 0.70
ZhN06 0.74 0.82 0.73 0.91 0.52 1.00 0.8 0.22 0.14 0.39 0.22 0.46 0.17 0.28 0.75 0.55
ZhNO7 0.90 1.00 0.83 0.97 0.42 0.64 0.8 0.48 0.37 0.36 0.44 0.8 0.24 0.52 0.42 0.62
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R1 ~ RI15 represent respectively the subordinative function value of flag leaf length,the flag leaf width,length of the second leaf from the inflorescence,

width of the second leaf from the inflorescence, plant height, stem diameter, internodes number, tillering number, panicle length, fringe number, thousand

kernel weight,kernel long lemma, kernel lemma wide, kernel lemma awn length and kernel holding rate ; SI represents the mean subordinative function val-

ue of every trait
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