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8.31%. FEIA B I A8 1 A0 3 30, FFbn 40 36 1 1 s BE AR 4-29
2.2 HEREZEERHAEELER 5 4-30 HFAEWEHTE 6 B 19-20 H , # #k By 2 A
2.2.1 FAHH@WAREERAE XNEERH TE 8 HA);rhia] 232 5% 3 JFAE M g . I 7E 6

BT BIRAA ISR 2 PR, O & B2 i B
BB EHERTZ) 10~14 d, 5 4-31 # &

H20 HZ)5 . aARE 9 Hyl . sk
2 17~20 dAEFHE.

F1 RETEESHEH
Table 1 The preparation of hybrid combinations
s A AC TR B B FeAREE LR
Hybrid combinations Hybrid spike Fruiting spike Seeds number Hybrid seed-setting rate/ %
] 232 4L Bk 74 30 130 13.70
K3xX&BE 18 38 280 25,51
1-29% 4 Mk 37 32 163 17. 50
1-30 X & Mk 67 53 327 23. 36
1-31 X 4 Mk 180 62 200 8.31
®2 EEXAMHEHEBEFTHREE (H-H)
Table 2 Investigation of parental materials in field growth period (month-day)
e % & b 11 H 4y BE il b F 6 g N
Line Sowing Seedling Tillering Heading Flowering Maturity
KBk 03-30 04-07 05-04 06-02 06, -2 07-22
i 232 03-30 04-20 05-04 06-19 06-23 09-05
% 3 03-30 04-17 05-04 06-24 06-27 09-10
4-29 03-30 04-16 05-01 06-04 06-20 08-01
4-30 03-30 04-21 05-06 06-15 06-19 07-28
4-31 03-30 04-17 05-03 05-31 06-10 07-20

T = A T 303 2 0] O 7 2 H

Note: Fertility period survey time is the average date,

Xif SR A B AL MR R A 5 R 2 3 BT
TR FRAH R BR B AE 69. 93~137. 97 em, H
4-31 BRI A 69. 93 cm, B & AR, R T AR
AR L 1E 73 BE 5 MR B e & B3 BE T IR AR 24
80 KLAP T 5 %5 3 FI ] 232 AU RIS BB 55, Bk
2 120 em, NEETE 28~29 4, " BR/NMESK

AR ] 22 5 42 38 A1 oAt PR 2% S B AN S 3 5 4-29
1 4-30 S KRR 24920 90 em, ¥ 4> BERCA ] . 24
WA 9 4, BRI AORLRCAE 56~ 65 ML, —F K1
WRIE] TG . 35 1 2 S B R AC AR A KRR A S
B,

®I3I FEAVMBEHBERZHEREAE

Table 3 Investigation of agronomic traits in parental materials

o R i R NFERL TR EL Ty BERL
Materials  Plant height/cm  Spike length/em  Number of spikelets Number of florets  Seeds of spike Number of tillers
Amok 137,97+9,31 a 13.004+1.13 a 27,3341, 25 ab 2,00%0.00 ¢ 35,67+7.59b 12,33+2,87a
i i7] 232 124,5748.27 a 11.40+£0.45 ab 29.00£3. 74 ab 5.00£0.00 a 50.67+6.34 b 8.67+1.25a

%3 125.33%=5.45a 10. 004 0. 57 be 28.6713. 30 ab 3.331+0.47 b 36.33+4.19b 7001763 @

4-29 90.57+2.29 b 11.5340.54 ab 26.3340.94 ab 3.331+0.47 b 56.00+9.00 b 9.00+1.63 a

4-30 90, 63+3,06 b 12, 774+0.39 a 30,00+2,94 a 3.33::0.47 b 65,3318, 18 ab 9.0040,82 a

4-31 69,8355, 11 & 8.90+1.14 ¢ 23.671+0.94 b 5.00x0.00 a 79.67+2.87 a 12.00£3.74 a

I WA BARE AR NS F R RR 2R BEM(P<0.05). FM.

Note; Different lowercase letters after data in the same column indicate the significant difference (P<Z0. 05). The same below.
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2.2.2 HAMWERLHKAE 20184 9 H
AR A FuAC 393 WA 32 o 5 48 i T I % 4E AL A
FE] B AR . IR 220 R BP Foo UG
151 #k; H ] 4% Fh 173 R Fh Fo, @1k 2018 4F

et 3

10 16 A BEAT, 2L 66 #k (B 1A-C) i
HEEEESmE 1D R, i H i E N
38.15%., H 50%/NE S O A4 BES] . Z4fh F,
P S LAFETE 155 BRAKER.

,-;.7» a"‘-,_ 3 -

A.F118]3-D-2 H#i#]; B F1 18429-D-5 H ¥ #]; C. F 18430-D-6 Hi i #]; D k4B E FH;E. F1 18]3-D-2 IR H #; F. F118429-D-5 iR &

H:GF18430-D-5 R s HL F 18430-D-6 3% T 1

A F18]3-D-2 emergence stage; B: Fy 18429-D-5 emergence stage; C; F| 18430-D-6 emergence stage; D: After autumn sowing, it is

covered with snow; E:F;18]3-D-2 green stage; F: F;18429-D-5 green stage; G:F;18430-D-5 green stage; H: F; 18430-D-6 green stage
BT B AR Ty R T R

Fig. 1 Investigation on emergence stage and green stage of Fy hybrids after autumn sowing

2019 4 4 A4, HE F, 3 4 {44 %} F,18]3-
D-2.F, 18429-D-5, F, 18430-D-5 #1 F, 18430-D-6
A B4 (& 1E-HD A ETE R R 6. 1040, X8
AZF FoE BT A, R B PR AE
BH,2018 4£ 9 B 21 H#EFr, BB ¥ TE 2019

£ 7 Hp FA(E 2A-D), F,18430-D-5 43 BE Y
7E 2019 £ 5 A 12 H , H A1 78 B0 & R #F A4 BE
W5 A ZaFp FoREBR K S dh , ) BERUE £+
4 #F R T 5 T IR A A AL, A N AE 5 IS A
6 HI0 HAHA.

A:F118]3-D-2;B:F,18429-D-5;C: F,18430-D-5; D: F, 18430-D-6
B 2 RRIE AR Fo B

Fig. 2 Investigation on the mature stages of F; hybrids after autumn sowing

XA R R FoR ZHARIE A ANk 4 B 3R
1% F. U2 R 821 ki, F, 18J3-D-2 i bk &% & &Y

134 cm. 5 HA 3 AR 25 B3 B BERGAF
96 4>, LR LS. Fi18430-D-6 #k#544 115 em,
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EHHK K, N 17,23 con, BUB R & iy, 58 A
4-30 FETE AHALL, A & o BEBL 28 A, 45 9L B M AL
ZeFh F,18430-D5 RS 24 78 cm, A B 4 BE S

O FHEEBAMBSERER. SLRBT
50% ., #Fh F,18429-D-5 /NEEEL 5 /NEB B M
32 f1 5 4, FHGEER 2,.32%,

R4 EMEPREERBEER

Table 4 Survey results of agronomic traits on I, hybrids

HOrEESL AU RN

7= i /B INTERL AR S
¥ Total Elfective "
Plant Spike Spikelets Florets Seed-setting
Materials tillers tillers
height/cm length/em number number rate/ ¥
number number
F118]J3-D-2 134.08+11.84a 12.10%0.61 b 96 0 - - 0
F118429-D-5 97.73+14.64 ¢ 15.98+0.73 a 58 36 32.33+3.50 a 4.67+0.47b  2.3240.01 b
F,18430-D-5 78.024+5.89d 13.72+1.46 b 10 9 26,00+2.52 b 4,674+0.47b 59.3240.13 a
F;18430-D-6 115.25+8.30b  17,234+0.94 a 16 28 30,005, 45 ab 5.50+0.76 a 1,80+0.01 b
R R AL RIS /NG B R 225 5 1 25 (P<0. 05)
Note:"“-” indicates that the trait doesn't exist;different lowenase in the same line indicate significant difference( P<Z0. 05),

¥ 2019 45 7 HAE IR S AR 23 i 4 Ff F.
FAORRH [ W3R B9 8 {3 A% Bl Fs b BT 2019 4
9 A18-19 HEKHE . ST A ER I . 2020 3 A
JE S5 T I ) Bk 4 9 4 b F BHAE 8 . B 9E FS
18431-D-24 ,F, 18431-D-40.F, 18ZS-D-1, F, 18] 3-
D-4.F,18430-D-8, F, 18430-D-22 . F, 18]3-D-2 I
F,18429-D-5,

2.3 FZZERVMEGARLAEBBERE

X A9 Gy Bh Fy BT 0 20 M 3 B4R ] A, o
ERAAFEGES ., Hpdf Fi18]3-D-9 e fa
¥ H H 28 %& (B 3A), F, 18429-D5 fl F,
18430-D-5 fY B¢ o (A % H ¥4 42 & (& 3B Al
3C) .7 F,18430-D-6 et iR 450 H 9 25 4 (&
3D)., it AR B R EAELH 1E 256 ~42 Z&,
Hep 2l fp bkl R 42 Z P 6 &, 9 404 62
28 P fh, Fe A S AU R L 6 (R B0 B 722 5= 0
BR.

2.4 EZERVMBIEREARRB S HNE

Xf 3 iR AR P Fy 76 by £ 4 B 0 B 4
TIWEE, G R R, bR p R AP E R R CR A
i3 VERIR M R (2L ET ) FERIR A R (4
B k), Hotp 4 fh Fy18]3-D-2 1 6~9 4~ —#
.6 ~10 AR (B 4A) s F18429-D-5 AL $E
3AEFRAR AR 3 S ERAR k. 29 16 R
ik (& 4B #1 4E) ; 238 Ff F,18430-D-6 &4 3~
4 AR 5~6 HDR R B RS E
7E 6~10 M (E 4C F 4F),
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Table 5 Observation on the chromosome

number of hybrid F, cells

ok %EW&H #E %éﬁ:&ﬁ
isechale Chromosome Shhierale Chromosome

number number
F118]3-D-2 2n=42 Fi18Z5-D-10 2n=33
Fi118]3-D-2 2n=27 Fi18Z5-D-10 2n=42
F118]J3-D-2 2n=42 F,18Z25-D-10 2n=40
F,18)J3-D-2 2n=42 F,18429-D-5 2n=42
F,18]3-D-3 Zn=238 F118430-D-4 2n=28
F118]3-D-3 2n=42 F118430-D-5 Zn=42
F118]3-D-3 2n=234 F118430-D-5 2n=42
F,18]3-D-3 2n=236 F,18430-D-5 Zn=30
F118]3-D4 2n=42 Fi118430-D-11 Zn=236
F118]3-D-4 2n=42 F;18430-D-12 2n=33
Fi18]3-D-4 Zn=42 F118430-D-16 Zn=42
F,18]3-D-5 2n=28 F,18430-D-21 2n=28
F118]3-D-9 Zn=28 F118430-D-23 Zn=40
F118]3-D-9 2n=28 F118430-D-24 2n=28
Fi18]3-D-13 2n=28 F,18430-D-26 2n=41
F11825-D-1 2n=42 F,18430-D-26 2n=28
Fi1825-D-1 2n=42 Fi118431-D-8 2n=40
Fi18Z5-D-6 2n=40 Fi18431-D-11 Zn=236
F;18]3-D-2 2n=42 F,18Z25-D-10 2n=33
F118]3-D-2 2n=27 F118ZS-D-10 Z2n=42
F118]3-D-2 2n=42 F118ZS-D-10 2n=40
F118]3-D-2 2n=42 F,18429-D-5 2n=42
F118]3-D-3 2n=238 Fi118430-D-4 Zn=28
F118]3-D-3 2n=42 F118430-D-5 2n=42
F118430-D-6 2n=25




W A B A0 4] ] R e i AR AT ST

A 9-1(F;18]3-D-9) (2n=28) ; B: 31-3(F; 18429-D-5) (2n=42) ;C: 36-1(F118430-D-5) (2n=42) ; D: 37-2(F, 18430-D-6) (2n=25)
Bl 3 i BRI (R 20 M 2 15 (A LB

Fig. 3 Observation on chromosome number in root tips cells of F; hybrid material

A:F118]3-D-2;B: F118429-D-5;C. F118430-D-6,; D: F1 18]3-D-2; E: F1 18429-D-5; F: F1 18430-D-6
Bl 4 ZF Pk Sor R

Fig. 4 Observation on meiosis of F; hybrids
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A;F:18]3-D-2(2n=42);B;F;18429-D-5(2n=231) ; C; F218430-D-5(2n=42) ;D; F2 18430-D-6 (2n=29)
5 ZeFh FoGISH %45
Fig. 5 GISH results of F; hybrids
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Creation and Cytogenetic Research of Overwintering
Triticale Material

YANG Jun-li' , LANG Xu', ZHANG Yan-ming' , ZHANG Ju-mei’ , ZHAO Hai-bin®, JIN Hui®,
WU Yu-¢* , WANG Xiao-ping'

(1. College of Life Science and Technology, Harbin Normal University, Harbin 150025, China; 2. Institute of
Pratacultural Science. Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract: In order to select the middle material of winter rye that can survive the winter successfully in Hei-
longjiang Province and other alpine areas. In this study, field agronomic traits and cytogenetic analysis were car-
ried out on five small hexaploid rye cultivars of Zhongsi 232, Jian 3,4-29,4-30,4-31 and Russian winter rye (R,
Ry ,2n=14)by remote hybridization. The results showed that for two consecutive years from 2018 to 2019, with
a total of 406 ears and 1 100 F, hybrids were obtained. The average hybridization setting rate ranged from 8,
31% to 25.51% ,with low seed fullness. The hybrid F,-F, were planted in the field,and a total of 12 materials
were obtained for successful living through the winter in Harbin. Compared with the parents.the hybrids had
more agronomic traits, which were characterized by lush growth in the field, strong resistance to stress, multi-
ple tillering (the most effective tillering was 36) ,large panicle (the longest was 17. 23 em) and multiple flowers
at the bottom of the panicle. The chromosome number of hybrids F, cells ranged from 25 to 42. 21 hybrids F,
cells contain 42 chromosomes. Meiotic observation of pollen mother cells shows that 6-9 divalent bodies and
6-16 monovalent bodies were common, The chromosome number of hybrids F, cells was mostly 42 ,Genomic in
situ hybridization (GISH) identified 14 winter rye chromosomes in 4 hybrids F,.

Keywords: triticale; winter rye; cytogenetics; In situ hybridization

B OE &

AELRBGZELAR. T AAFNAEEZ 2 REELRARAE , ARAAE(PE AR A M
BHMEAEIR CNKIF 27 KEERF, A FHFIFZEREANF S AN ABM — RS 4.
e H AR ELFHMRR, FAERBE FA, KA FBE S s,

€2 A e e A5 ) % 35 35

]

e S e e S i e S S e S et S e et S e At s



