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95 B2 FR ETRe) R R EIRe R4 B
1 TWXB—1 10 TWXB—10 19 X—143
2 TWXB—2 11 TWXB—11 20 % —46(J—46)
3 TWXB—3 12 XJ— /R 21 % —18(J—18)
4 TWXB—4 13 HN— /B2 22 Y —47
TWXB—5 14 X—515 23 L 5
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Fig. 1 Germination traits of four triticale germplasm materials under different NaCl concentrations
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Table 2 Analysis of variation in germination indicators of 25 triticale materials under salt stress
. CK 150 mmol/L NaCl
ERAN X R - R R %
AR A5 e 24 1 A S F AL 72 e A5 e 24 1 A S F A
GP/% 57.78~94. 44 75.87 0.164 1. 11~80 28. 82 0.731
GR/% 81.11~98. 89 90. 89 0.052 3.33~92. 22 44. 44 0.563
RL/cm 11.13~13.93 11. 84 0. 060 1.20~7.98 4.13 0.470
SL/cm 10.62~13.08 11.48 0.039 1.63~9.88 3.87 0.545
GI 40. 04~56. 56 45. 54 0.111 0.64~38.7 15.01 0.674
VI 454. 67~634. 28 520.79 0.103 1.69~292. 23 78.91 1.021
#3 NaCIppET 25/ NEEZMBBEAERERSH
Table 3 Analysis of differences in germination indexes of 25 triticale materials under salt stress
A 5 R R R R RAFIRHL R RIS AR RS
Ak 74 1] 96.97" 76.80" 176.03" 323.607 286. 20" 502. 84"
4 K1) 20. 38" 51.117 32.93" 17.717 9.48" 11.02"
Ab B R 6.87" 15.73" 4.94" 8.38" 17.65" 8.32"
T 2R B KA (P<<0. 05) 5 R il i 3 /K- (P<<0. 01)
5 i A R B R /N BB W B T R 2R R
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(55.92% ) ¥ K e o
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Y HES B JT>SD>]—18>HN>X—516>T—8
>T—2>JIN>X—143>X—520>T—3>]—46>
J—47>X—509>T—6>X—522>X—515>T—4>
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R SR JE YA 0. 19~0. 63 22 8] o JE i £ A, SR &
BHETE 0. 00~0. 05 Z [A] g Fh BURAY . Hy b, = itk 7Y
MR 30y, hE S K18 A R—5% Hi A
K—5 5% — 1858 W EAMIF , i H — SR8 Y E
B, oA 0,955 W BE TR £ B A B 17 4, B, X— 515,
X—509, X522, X—143, X—516, % —46, X—520,
TWXB—11, TWXB—3, TWXB—6, TWXB—4,
XJ—/NEBFE TWXB—2 HN—/NEF TWXB—8 %
— A7 FE R R E R M B Sy TWXB—
1.TWXB—7. TWXB—5.TWXB—9#1 T—10.
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W & R A ) AR i i S R SRR L A e 5 1 B
W, R B0 A5 T AE AR R A — SR 3R
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HE S o B & I R O R R ST A ) 4L
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&4 NaClipiB TARE/NBEMFAEEHEXIER
Table 4 Relative germination index of different triticale materials under salt stress
s AAX R AR % LRS- = Y X ARA /24 AR 2K/ 00 AAXF A 2 KL/ 0% ARG JI 38 8/ Y
1 4.550+0. 045" 8.940+0. 045™ 5.20040. 033 14. 400-+0. 006" 16.960-+0. 410" 0.980-+0. 002"
2 64.750+0. 125"  74.550+0.132"*"  48.100+0.101™*  39.400+0. 022"*  30.030+0. 255 14.910+0. 045"
3 48.7304+0. 114“%"  65.510+0. 048 37.890+0.087"!  34.99040.073"  23.70040. 422%  9.830+0. 052%"
4 39.770+0. 064" 47.05040.039¢"  31.340+0.022%  28.600+0. 015" 16.800+0. 337" 5.19040. 002¢"
5 3.030=£0. 030" 12.970+0. 013" 5.470+0. 008 15.800+0. 007" 17.530+0. 337" 0.86040. 003"
6 26.39040.025%9  44.70040. 001" 26.380+0. 004"  27.630+0.088"  27.680+0. 344" 18.43040. 034
7 2.540+0. 006! 10.710+0. 021" 5.80040.017¢ 13.980+0.007¢  18.690+0. 407" 1.110-+0. 004"
8 45.81040. 036 57.320+0. 02" 40.560+0.014"  30.28040.075""  46.03040.239""  23.44040.039°
9 1.960£0. 020 5.960+0.026™ 2.640+0.021" 10. 680+0. 029' 14.870+0. 134 0.57040. 005"
10 1.59040. 016’ 3.85040. 022" 1.510+0. 012 12.430+0. 002" 14.460+0. 124 0.360+0. 001"
11 25.88040.032¢"  40.820+0. 046"  26.170+0.039“"  16.260-+0. 002" 14.940+0. 173 3.93040. 007"
12 30.88040. 285  40.480+0.285"  42.710+0.376™  20.11040.009™  19.590+0. 198" 0.81040. 002"
13 51.85040.019%% 76.61040.021"" 48.4104+0.014™" 46.890+0. 048"  53.250+0. 168" 26.040+0.056°
14 21.28040.037"  34.870+0.022%  22.000+0.014""  46.260+0.027"*  31.14040. 177" 6.030+0.009*"
15 39.940+0. 045" 41.670+0.043%7  32.100+0.016  47.820+0.011""  36.520+0. 133"  9.330+0. 014"
16 60. 12040. 050"  64.660+0. 024" 52.320+0. 013"  48.670+0. 044"  32.980+0. 269" 17.13040. 022
17 37.78040.035"%  44.90040.026®7  34.930+0.029 42.870+0.002"** 50.5304+0.188"  17.940+0. 033"
18 21.010£0. 042"  31.310£0.008"  22.25040.026""  43.490+0.009  35.81040.181*"  7.94040. 008"
19 53.930+0. 049" 77.840+0.062™% 49.220-+0.029™ 37.860-+0. 064" 21.36040. 147% 10. 7504 0. 030*"
20 63.40040.054*  86.750+0.029"  48.16040.039"  25.4104+0.018"*  23.120+0.202%" 11.180+0.013"*"
21 95.71040. 025" 98.770+0. 012" 69.20040. 005" 51.820+0.018" 55.730+0. 331" 38.200+0. 016"
22 29.080+0.021¢"  53.000-+0.026%"  31.52040.023“  49.200+0.044"  34.080+0. 135"% 10.66040. 007"
23 82.160+0. 092" 96.150+0.022"  65.28040.063" 64.5304=0. 066" 83.800+0. 372" 55.640+0. 115
24 72.870+0.124"  82.140+0.090"  64.100+0. 061 64.340+0. 054" 87.310+0. 147" 55.920+0.051°
25 56.330£0. 110" 60.790+0. 089"  44.760+0.067"  35.270=+0.040"*"  46.350+0.395""  19.87040. 006

T« R BN 6] NS 5B 3R 22 5 .3 (P<<0. 05)

#£5 NaClihiB T&HEITFEIEIRZ B RIHEXHE

Table 5 Correlation of each relative germination index under salt stress.

Eh v B2 0% 3% I £ 200 mmol/L 3
H*ﬁ*%ﬁﬁﬁié@ﬁﬁﬁiﬁ?ﬁﬁ
e B XF 30 1y £ 48

mmol/L /& h

R, A

ERGECE RN

[7] ity b EY

bV WA Ry /N B
o MR BN A 4
, Al 150~200
1 6] B & 48 b 22 5

B ARBFITIA R 150 mmol/L £ ¥k BE X} 25 £ /)N B 32

FA ko Pk 3k

B 4 0 4 B K 28 M ke 2F R R 22 S B

I8 b VT B fE

A RE 1] B AR TR B LB . LI,
mmol/L (¥ £ ¥ BEVE g A BE5E 25 173 /1y
S SO vt 6 1 4 R Ik aa e R

L A XT A 2 34 X % 2 AR K A XT 2K AT & 248 H AR X% 1 $5 5
RGP 1
RGR 0.895" 1
RRL 0.658" 0.741" 1
RSL 0.579" 0.680" 0.685" 1
RGI 0.974" 0.920” 0.689" 0.629™ 1
RVI 0.702" 0.789" 0. 664" 0.823" 0.738" 1
Tl A G (P<0. 05) , i i A1 56 (P<<C0. 01)
B o 3 R B o AT TN T AR 4D R R S 0 /N B 3 A Rk RV R AR B A R Y R 2RO, AR T

% $E 150
PR B BLFP T

FE W) BT 3 PR A2 A A 2R PR 7 K A TR

T8 AR AT LR WA ) B £ 8L 10 22 48 R 25 5 A LE S 0
YA if 4 T M S R AR ) i A R R0 <

1E
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150 mmol/L 54 & 25144 F , Br A At A Bk 59 A X &% 25
BOMX EZER KL FHRBEEFMRT R (P<
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Fig. 2 Cluster analysis of salt tolerance of 25 triticale germ-

plasm materials at germination stage

*6

P R AR M H KRG AR RO B T AR R
JE A BE(P<20. 05) , i ELAS [R] 415 5 1) 722 5 F1 722 57 28 %X
25 W ARG bR 2 18] 2 A B R 3 AR OGPk o iy gl
L AN TR 8 s AP /1 38 22 T 3y 78 5 555 28 Ak 3R B AN —
B, AR B AT PR AR S il 2585 3P /N R &2 B T R 1
Wt H RS AN R oy BT R T R R R OF

BB T 2SN EBEMREMAZEANERREEREZSHS

Table 6 Membership function value and comprehensive ranking of each relative index for 25 triticale materials under salt stress.

W0 T 2% 5 R AGH R (E

o - - - R HE 44
RGP RGR RGI RRL RSL RVI

23 0.91 0.99 0.95 1.00 0.88 1.00 0.95 1
24 0.77 0.76 0.83 0.97 1.00 0.96 0.88 2
21 1.00 1.00 1.00 0.89 0.56 0.83 0.88 3
13 0.63 0. 80 0.71 0.65 0.51 0.49 0.63 4
15 0.62 0.70 0.69 0. 69 0.30 0.33 0.55 5
8 0.58 0. 65 0. 64 0.34 0.42 0.48 0.52 6

0.65 0.72 0.63 0. 50 0.21 0.26 0.50 7

25 0.51 0.62 0.54 0.46 0.45 0.32 0.48 8
19 0.55 0.78 0.66 0.52 0.10 0.19 0.47 9
17 0.40 0.50 0.42 0.54 0.53 0.31 0.45 10
3 0.55 0.66 0.58 0.44 0.13 0.21 0.43 11

20 0.49 0.92 0.57 0.25 0.14 0.18 0.43 12
22 0.29 0.57 0.43 0. 64 0.28 0.20 0.40 13
15 0.31 0.42 0.36 0.72 0.32 0.17 0.38 14
6 0.31 0.47 0.34 0.30 0.17 0.31 0.32 15

18 0. 20 0.31 0. 26 0. 54 0. 29 0.12 0. 29 16
14 0.17 0.34 0.26 0.59 0.23 0.11 0.28 17
4 0.32 0.49 0.37 0.30 0.03 0.08 0.26 18

12 0.30 0.38 0.42 0.16 0.07 0.01 0.22 19
11 0.26 0.39 0.34 0.10 0.01 0.07 0.19 20
5 0.02 0.11 0.06 0.09 0.05 0.01 0.05 21

7 0.01 0.08 0.05 0.05 0.06 0.01 0.04 22

1 0.03 0.05 0.04 0.06 0.03 0.01 0.04 23

9 0.00 0.03 0.01 0.00 0.01 0.00 0.01 24

10 0.00 0.00 0.00 0.03 0.00 0.00 0.00 25
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reached the maximum value when the seeds entered the middle stage of germination. [ Conclusion] In conclusion, al-
though ABA and GA; are the main endogenous hormones involved in regulating seed dormancy and germination,
they do not always play a decisive role, and other endogenous hormones, such as IAA, ME—IAA,JA,JA—ILE,
H2JA and ZR,also play an important role in the germination process.

Key words: alfalfa;endogenous hormones;seed germination; UPLC—MS/MS
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Evaluation of germination characteristics and salt
tolerance of 25 forage triticale seeds under NaCl
stress

LI Xue-ying, GAO Zhi-hao,[LAN Jian,HU Hai-ying"
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: [ Objective] The aim of the study is to investigate the salt tolerance of different forage triticale germ-
plasm. [Method] The germination potential, germination rate, germination index, shoot length, root length and vigor
index of 25 forage triticale materials under 150 mmol/L. NaCl stress were compared and analyzed. [ Result] The ex-
periments showed that the germination rate, germination potential, germination index, shoot length, root length and
vigor index of 25 materials were significantly lower (P<Z0.01) at 150 mmol/I. NaCl concentration compared with
the control (CK) ,and the difference between materials was highly significant (P<C0. 01). The 25 materials could be
divided into three types after comprehensive evaluation by the membership function method and systematic clustering
method. The first type had three germplasm materials (Ji Forage No. 1, Shi Da No. 1 and Jian-18) , which belonged
to high salt tolerance type. The second type was made up of 17 germplasm materials (X—515, X—509, X522,
TWXB—6,X—143, TWXB—3, Jian—46, TWXB—11, X—520, XJ—triticale, TWXB—4, X—516, TWXB—2,
HN— triticale, TWXB—8, Jian—47, and JIN Forage No. 1), which were moderately salt—tolerant. The third type
consisted of five germplasm materials (TWXB—1, TWXB—7, TWXB—5, TWXB—9, and TWXB—10) , which
were salt—sensitive. [ Conclusion] This study could provide a basis for the selection and utilization of new salt—
tolerant forage triticale varieties.

Key words: forage triticale ; germination characteristics ; salt resistance ; comprehensive evaluation



