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Evaluation of forage yield and quality traits of 113 forage hexaploid triticale
germplasm lines
WANG Shan-shan, GU Hai-tao, XIE Hui-fang, HE Shao-dong, GAN Chang-bo, WEI Xiao-yong, KONG Guang-chao

Agricultural College of Shihezi University, Key Laboratory of Oasis Ecological Agriculture of Xinjiang Production and Construction
Crops, Shihezi 832000, China

Abstract: Germplasm are important resources in genetic improvement and breeding, and forage yield and quality are
key characteristics for triticale ( X Triticosecale Wittmack) varieties for animal feeds. In this study, 113 triticale
cultivars from 15 countries were planted in two years, and their forage yields and quality traits (fresh forage weight
per plant, dry forage weight per plant, fresh-dry ratio, forage crude protein content, neutral detergent fiber content,
acid detergent fiber content and relative feed value) were investigated and a comprehensive index of these traits was
evaluated. It was found that forage yield and quality traits of the tested triticale germplasm lines differed significantly
between cultivars and years. In two consecutive years, the range of values for measured traits was: fresh forage

weight per plant, 36.000—111. 560 g and 36. 310—159. 780 g; dry forage weight per plant, 12. 000—27. 000 g and
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9.150—30. 150 g; fresh-dry ratio, 2.380—4.370 and 2.610—6.210; forage crude protein content 6. 894 Y —
13.259% and 6.680% —14.304% ; forage neutral detergent fiber content, 48.480% —74.850% and 53. 850% —
67.980% ; forage acid detergent fiber content, 26. 600% —42. 780% and 29.000% —39. 280% ; and forage relative
feed value, 69.650—128. 150 and 79.840—113.170. The comprehensive index for the seven tested traits ranged
from 1.974 to 2. 075. The forage fiber quality factor, forage yield factor and comprehensive quality factor were the
three most important principal components, with eigenvalues of 1. 894, 1. 618 and 1. 419, respectively. These three
principal components explained 82.198% of total data variation. Based on the dry forage weight per plant, crude
protein content, and relative feed value, the 113 triticale germplasm lines could be placed into three groups: a higher
forage yield and better forage quality group with 17 cultivars, a lower forage yield and good forage quality group with
50 cultivars, and an intermediate-yield and quality group with 46 cultivars. These results indicate that the 113 tested
triticale germplasm lines exhibited rich genetic variation in yield and quality traits, which will facilitate forage triticale
breeding and genetic improvement.

Key words: triticale; forage; yield; hay quality; principal component analysis

B o 3 [ 7 O 08 & i, e P A B AR R T oK H AR 5 22 o D B AR Y B = 1 BR AR A A R A Kk R Y
HEzZ—"" /INBFE (X Triticosecale Wittmack) J& /N2 J& ( Triticum ) F1 232 J& (Secale) e N T 458, Y o fk
A B TR AR VR B RRL T v S R UTE B IS R E ST RO R N R AR 7 e AR
ot JEw R, AW & & T/ 2 (Triticum aestivum) M 222 5 (Secale cereale)™ ™, 8 ) 1z HIAE i 5 AE ¥ ok Fi
Mo AINBEM B E SRS R GE O O EE R CRCOh R EEE N ERMEY Z —.

TE/N B R KR T SR, BEE X 0 338, AR B ™ AR AL AR, — A 3 4B 5 10 N Y A 1] B =
SRR AR R T ATV SR L A A /N PR S R O IR A R Y 3 S T (Avena
sativa )", H AR BORLEE 1 (crude protein, CP) & &t i 3 & T 222 |, b M PR M £F 4t (neutral detergent fiber, NDF ) #l
2 M Uk U< 2F 2 (acid detergent fiber, ADF) & it i AL TR EN . AEFRAERMITIG G /N RE AT IERES,
T B CP & A BT IR AR HLAF 2 & i . NDFE A ADF &5 i 2 3 R /)N 2 22 ) 808 5% o O A0 7 22 46 A, JF
TEIT 1) /)N BB 27 A B () NDF -3 & i 28 57. 35% , ADF P35 & it oy 34. 5206 0 N[l /N 22 Rl ], HLAe) 0 ) i
an T ME R 25 AR

e B A R 0 B RN RS A R ] B RN R AT E A bR BB IR A
FERR OCHE . A AT RTINS B2 S A PR X1 S A [ DX B A A A 7 e B R A O T A R R A
G0 B R A R R /N SR A BT 2R 5 A 5 T R . Kuleung 558 38 o SSR AR 10 %] 3 [ Al 5 o 5T
J2E v 80 173 /I P 22 i I 1) 35t A 2 BE PR EAT TIPS s % 2R 0. 07~0. 86, F- 212 0. 540 F Hi 1 55 %k
A KA AR T T B L 59 103 A R 7S A5 A /I B 22 108 ) B 7= i S MOIR AT T VEAN DA R ik SN R i T
PR S

A B AUXT [ PN Ah 113 43 4 1 ) B 0 /)8 S8 22 o ot % 0 1) B ok i B 7 5 (fresh forage weight per plant, FW) (fi
PR %77 4t (dry forage weight per plant, DW) (i T [t (fresh-dry ratio, FDR) \CP % #& \NDF & &t \ADF % it J 4
X4 A {E (relative feed value, REV) #E47 20 8 BF A, B B HL gt 4 22 R0, DLIT O /DN SR 22 Bl R4 (1 5 2% A
WA

1 MRS
1.1 KA
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Table 1 The name and source of the tested forage triticale germplasm
4i 5 No fin B Variety KR Source 45 No. fn B Variety KR Source
1 B-4081 Fi# %E Argentina 58 CXST-56/212 Fii # Sweden
2 Presto £ A . Bulgaria 59 Triticale C i fi Sweden
3 Pshero 16 LA Bulgaria 60 Triticale H Hit M Sweden
4 LT 259/72 i >4 Poland 61 Triticale L. Fti i Sweden
5 LT 344/72 I 2% Poland 62 Triticale N i fi Sweden
6 Kiskum i 2% Poland 63 Triticale P Fii # Sweden
7 Lasko 1 2% Poland 64 Triticale R Fii i Sweden
8 Ugo # % Poland 65 Hybrid 46-131 Fii -+ Switzerland
9 Riebesel 47/51 ¥ Germany 66 Odesskij Kormovoj 55 >% Ukraine
10 Riebesel 47/52 1% [# Germany 67 ADL 2 13 5 2% Ukraine
11 Salzmunder Bartweizen 8 & Germany 68 AD 19 1 5 2% Ukraine
12 Riebesel 48 5 Germany 69 Zitnica 1 13 3 > Ukraine
13 8A221 188 Germany 70 Dneprovskij %0 2% Ukraine
14 71/2956 P Wi Russia 71 NAD-762-7 L75¢ *% Ukraine
15 223/845 &% i Russia 72 Triticale 9 PUPE Spain
16 38 &2 Russia 73 6TA386 9 4 F] Hungary
17 539/1549 % i Russia 74 20 ) % F] Hungary
18 Wheatgrass Hybrid 599 &% W Russia 75 WH10-4 1 [E China
19 AD 114 P Hi Russia 76 WHI11-4 [ China
20 NAD 236 2 Hi Russia 77 WH13-4 "1 [ China
21 1 AD 545 %% 1 Russia 78 4R 1048 Zhongsi 1048 1 [# China
22 2 AD 325 2 Hi Russia 79 WHO08-2 "1 [ China
23 Spontanyi Kanova 1185 &% W Russia 80 WH12-1 1 [ China
24 Oktoploid Derzhavina P 1 Russia 81 WHI12-2 1 [H China
25 STNIISM-1 P 7 Russia 82 WH12-4 "1 [ China
26 71-1795 2 Wi Russia 83 WH14-2 11 China
27 PRAO 6/1 R Hi Russia 84 NTH1933 "1 [ China
28 Kazanskij 4 %% i Russia 85 ik 15 /NBF% Shida No. 1 triticale 1 [# China
29 Oktoploid Derzavina % 2 W Russia 86 WHI17-1 F [ China
30 PRAO-5/2 % W Russia 87 WH17-2 "1 [ China
31 Stavropol'skij T 2 Russia 88 WH17-3 1 [# China
32 PRAG-119 % Hi Russia 89 WH17-4 "1 [ China
33 8A-91 Jn%z K Canada 90 WH17-5 "1 [ China
34 TF 2 % 0, J¢ 7. Romania 91 147 237 Zhongsi 237 # [ China
35 6TA203 % [ America 92 4 345 Jisi No. 3 1 [ China
36 Morrison % # America 93 th 4 1257 Zhongsi 1257 *f [ China
37 M85-7050 % [H America 94 H A 1877 Zhongsi 1877 *F [ China
38 Eve 2 [E America 95 NTH1888 1 [ China
39 Mammoth 2% E America 96 147 1640 Zhongsi 1640 * [ China
40 KT941276pb003 2% [E America 97 H4¢ 245 Gannong No. 2 7 [ China
41 6TA131 315 America 98 3LH 245 Jisi No. 2 "1 [ China
42 AM 2147 ZE[E America 99 NTH2736 [ China
43 OK 78828 % H America 100 WOH939 11 China
44 8A-148 % [H America 101 2R 3000 Mule 3000 *F [ China
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%3¢ Continued Table

4i 5 No. fin i Variety K Source 4i 5 No. fin B Variety K Source

45 Newcale 2% E America 102 1 4A 3297 Zhongsi 3297 " & China
46 Breaker 2% E America 103 147 2712 Zhongsi 2712 * [ China
47 Gaucho & [# America 104 H 4 C6 Gannong C6 1 [# China
48 Triti-Gold 22 F[E America 105 H 4 C10 Gannong C10 1 [# China
49 UCRTCL2-2001 & [# America 106 H 4 €23 Gannong C23 1 [# China
50 UCRTCL3-2002 F&[E America 107 4 % 34 4 jian 34 1 [# China
51 KT941256h003 £ [E America 108 5% 54 5 jian 54 71 [# China
52 KT941256h3066 3% [H America 109 5% 2 5jian 2 [ China
53 Salmon H 7k Japan 110 AMYP # & China
54 18 H 7% Japan 111 ADMII *F [ China
55 87 H 7% Japan 112 5% 64 5 jian 64 * [ China
56 Triticale A i fit Sweden 113 5% 50 5 jian 50 1 [# China
57 Amphydiploid O i fit Sweden

1.2 K&t

4390 T 2018 — 2019 4£ F1 2019 — 2020 4K Z il b B A A T A 1) R 2 il B sl o % 67 T R 1L AU RE o W) 7K 728
MR %%, dLEh 44717 R4 86°03" MFHK 461 m. %M JE T WAL A R Bl e S, T 50 R, AR FE /K 52 206. 0 mm, 4F
SRR K 7.4 CL TRy 166 d, B R 3457. 8 °CL A 4E H B Bk 2797, 5 ho iR 56 FH 4 HE S K 4 IR
VLR

IR AL % AR ESE . /N 447, 47K 2.5 m, 4706 20 em, S #ERIIE 5 em. 24E BT 10 H %) 4%
oo e M b ey 7 R BR AT B
1.3 &5 & AR

A3 BIAE A5 RN R ) FRAE BRI, 14> /0N X 18 J 5 fk ELAT AR 3 M 9 A bk B IBCH b b 840 A Bk L D FW, &8
105 CAH 30 min, 65 CHET =46 &, I € DW, fif T it B AN FDR = FW/DW.

T RE S 2 T A FENL(RT-04, 415 ) B RE G FLAE R 0. 42 mm B9 57 J5 26 A [ 3548 L 77 LA A& 00 22 4] 3 I o
T CP & &S M GB/T 6432-2018 17 %R JH 4 F 2 9L IC & A (BUCHI K-375, % 1) il & , NDF 5 ADF % &

DY - e ) P N 17 yH 4= N NN 120 1
oK FHYE EC 4 2l g ik R AT AR A A A A A R :RFV:W X(88.9 — 0.779 X ADF)/1.29"%

1.4 HAESH

Xl Microsoft Excel 2016 #4750 $i %% 3 I 34580 4% otk 28 B 22 8 (coefficient of variation, CV) Fr#EZ . K
SPSS 19. 0 #4740 1k 5 F 20 % 43 H1 . 2R ] Origin Pro 2021 B4 % K 85 1k xF S8 A gk 47 26 . I H
Shannon— Wiener $8 £ H ' X /IN 2 27 fi] B0 7= i A1 b 53 M TR 1) 38 4% Z2 AR PR 2R AT DPA0 0, e ek B0 Motk R 17 B it 1 ik
B DLAS PR 22 1/10 Ay [ BE 6 B A PR 047 4028 0P TR <<X—2S, 10 4 =X +2S, [ BRI fR 0.5 S, X Ky
SEEH, S bR  H PR AR IR

B SRS (H )= —3P, In P,

Ao PO S — PR AE S A B R
2 HRE5HH
2.1 NEEMFGREFFL S RER

2 1 113 0y 4 P ) B 80 /)N RS 9 A R 7 i 5 0 MR A0 2R 2 TR, FWOTE 2 4R BE 4303 Dl 36. 000~
111. 560 g 5 36. 310~159. 780 g, DW 43 %24 12. 000~27. 000 g 5 9. 150~30. 150 g, FDR 435 4 2. 380~4. 370 5
2.610~6.210,CP & #4334 6. 894 % ~13. 259 % 5 6. 680% ~14. 304 % ,NDF % 43 51}y 48. 480 % ~74. 850 %
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5 53.850%~67.980% , ADF & 1 4% Il b 26. 600% ~42. 780% 5 29. 000% ~39. 280% , RFV 43 %l 7 69. 650~
128.150 5 79. 840~113. 170,

®2 MNEEREFESRRAMKRRAESN

Table 2 The yield, quality traits and variance analysis of triticale forage

AR gE| LIRS LS fEFH MEASE PSS MR AAE IR
Year Item bia i« FDR CP content {4 NDF con- % ADF con- {8
FW (g) DW (g) (%) tent (%) tent (%) RFV
2018—2019 K {H Maximum 111. 560 27.000 4.370 13.259 74. 850 42.780 128.150
% /IME Minimum 36. 000 12.000 2.380 6.894 48.480 26. 600 69. 650
- #4718 Mean 60. 252 18.686 3.233 9.672 64. 834 35.198 89.110
BRFFCV(%) 18.798 17. 660 10. 450 12.076 7.706 9.762 11. 963
20192020  #% K {H Maximum 159. 780 30. 150 6.210 14. 304 67. 980 39. 280 113.170
/M Minimum 36. 310 9.150 2.610 6. 680 53. 850 29. 000 79. 840
- 24 {8 Mean 67.821 16. 296 4.187 10. 448 60. 461 34.109 96. 307
THRBECV (%) 30.813 26.939 15. 690 11. 960 4.725 6.368 7.242
- KA Maximum 113. 390 23. 950 4.780 12. 802 68.750 39. 370 112. 930
Average 5/IME Minimum 37.210 11. 340 2.730 7.684 53. 920 29. 000 79. 240
- {l Mean 64. 037 17.491 3.710 10. 060 62. 648 34. 654 92.709
BRFRECV (%) 21.274 17. 941 10. 296 8. 449 4.565 6.262 7.018
F{l f il Varieties 5. 282%* 2. 174%x 1. 473% 4.298%* 15. 839+ 8. 705%* 13. 533
F value A Year 47.480%%  32.071%% 253,342+ 97, 436%* 1015, 712%+ 51.894%% 441, 373%*
il X AR JE Varieties X year 2. T14%% 1.108 1.175 4. 307 16. 756%* 6. 436%* 12. 743%x*
ZRERE R 1.974 2.037 2.057 2.042 2.006 2.075 2.059

FW . Pk 55 7= 5 Fresh forage weight per plant; DW : #i#k F 57 & Dry forage weight per plant; FDR: fif T [¥ Fresh-dry ratio; CP: #1#& 4 Crude
protein; NDF: 1 ¥k % £F 4 Neutral detergent fiber; ADF : FR1E ¥k ¥4 4F 4 Acid detergent fiber; REV : #0% 4d] F #i {E Relative feed value; CV: 7F 5
Z 1 Coelficient of variation. **: P<0.01. F[i] The same below.

5 22 43 W7 28 W 85 PR AE 5 ol ] 25 53 3K B T MR B 35 (P<<0. 01) 7K o PR B 0] 4% PR 38 F6 30y 22 S b B 3%
(P<<0.01), Hirh 2018 — 2019 4E B 1 FW V- BI{# (60. 252 @)% T 2019— 2020 4E & (67. 821 g) , il NDF & V- ¥
(64.834% ) i T 2019— 2020 4F &£ (60. 461% ) o £ b B 5 4843 BAERON B DW R FDR 22 58 & 2 40, A
PRI R R 22 F 4 e 2 (P<<0.01)

MR 2 4E S AR S R BUN 4. 565% ~21. 274 %, -1 10. 829 %, Hor ) FW 928 5 R Bt ok, Hikoh
DW (17.941% ) F1 FDR(10. 296 % ) ,NDF & f& (948 5 R/ o S/ JE 22 B T 04 ) 2 7= it 55 0 T MR 1 2 0
PEFE BN 1. 974~2. 075, 7 A i) B 7= 5 55 5 o2 PR IR 19 2 A PR 48 B0 IK O : ADF & & (2. 075) >RFV (2. 059) >
FDR(2.057)>> CP & (2. 042)>DW (2. 037)>NDF & #(2.006) >FW(1.974)

2.2 REKRBRHNEEMETZTE ZRERSH

B /N B 2 Fh BT, o [ AR BT S 34. 513 %0, MR 2 T Al BT 5 16. 814 %6, 36 [ A BT (5 15. 929 %, Fig MR BT 4
7.965% , HAIUABE KA AL 5 24. 779% o AS[R] B SR TR CP & it 25 57 1 3 (P<<0. 05) (58 3) ,ADF & it
25 5k B B3 (P<<0. 01) K7, Hoh Sl i vp [ /N B 22 R CP % i F ¥4 o 10. 330% , ADF & & F- ¥k
35.213% ; & & 17 Fl 5 A9 CP & & SF- 4 9 10.100% , ADF 5 48 5F ¥ Jy 34.792% 5 26 [H Fh B A CP & & F 449 K
10.063% , ADF & & V-8 33. 716 %0 s B B0 A i ) CP & 5P 3°8 9. 239 % , ADF & 5 318 35. 964 % s Ay E &K
FRBR ) CP & H R 9.914% ,ADF & F 44 33.971% . SR Fh 5 E &K M 1 FW 25 5 2B R K, Pl
20.098% ; NDF & & 1978 5 250 e/, F ¥ R 4.192% , Hip B NFM R CP & &, EEM K NDE 5
ADF & i 8K, REV 5 5 , CP & it b 45 H 4y [ G R0 5T 9 1) B0 )™ B 35 i
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Table 3 Variations in forage yield and quality traits of triticale germplasms from different sources

[EIN 1 [# China &% 7 Russia 5 [H America it #t Sweden H 4 E % Others F 1Y
Traits TR ERFE OPHME OERR OFHE ERR FWME ERR PME oagx  [ale
Mean %(CV Mean %(CV Mean  %(CV Mean Kt CV Mean %(CV
(%) (%) (%) (%) (%)
LB S 57 FW () 62.223 17.930 64.276 29.905 62.793 15.248 60.809 14.500 68.438 22.908 1.319
PR R E DW (g) 17.653 16.872 16.873 22.383 16.424 13.922 17.243  9.688 18.526 19.327 1.897
i 1 FDR 3.589 10.371 3.830 10.315 3.915 9.030 3.558 10.029  3.705 9.449 1.879
HLZE 114 4k CP content (%) 10.330  7.728 10.100 8.938 10.063  7.959  9.239  9.503 9.914  7.616 3.070%
PR AR 4E S B NDF content (%) 62.402  5.275 63.218  4.597 61.845  3.285 64.670  3.607 62.491  4.198 1.378
Pk e VR 47 46 4 B ADF content (%) 35.213  5.283 34.792  6.586 33.716  5.855 35.964 4.132 33.971  7.211 3.514%x
HX A JH 405 REV 92.527 7.791 91.769  6.870 94.760 5.375 88.182 5.142 93.700  6.973 1.666

*; P<C0.05.

2.3 DNEEREFFL BERGARE LR RS 5

XiF 2 14 /) PR A T ] 7 S B AR B AR DG M A T R T (R 4) ,FW 5 DW (FDR 22 [H] 5 4% & 35 1E AR ¢
(P<<0.01),DW 5 FDR Z [] 2 #% & 3 £ 41 & (P<<0. 01) ,NDF 5 ADF # & 2 [8] 5 # i 3 1 A 26 (P<<0.01) , 5
RFV Z [H] 2 4 & 3 51 A ¢ (P<<0.01) ; ADF 5 RFV Z [A] 2 8 W 3 A0 ¢ (P<<0.01) . DW 5 FDR.CP .NDF
RFV ], A J CP & & 5 NDF \ADF \RFV Z [A] W /7 7 ) @ & (P<<0. 01) B¢ 8. % (P<C0. 05) A ¢ , 48 AHH ¢ &R 8K

ENCE

x4 MEREWMREEFES RFEKEHEXE

Table 4 Correlation between forage yield and quality traits of triticale germplasm

620N BAPR B R PR T R fief F 1 RIE A& PR A g S h MRV IR 4 &
Traits FW DW FDR CP content NDF content ADF content

bR R R DW 0. 667

i [l FDR 0. 312 —0.433%*

HL8 (% 4 CP content 0.008 —0. 120%+* 0. 190

bR AR 4E & B NDF content  —0.019 0.103%*x* —0.205%* —0. 254

FR PE R ¥ 2T 4E & 1 ADF content 0.048 —0.055 —0.057 —0. 194+ 0.716%*

X A REV —0.007 —0.084* 0. 151%* 0. 247%* —0. 959** —0. 869%*

e b eear R IRAE 0. 05 (R ) 55 0. O1CRUM ) /K - L B 25 A1 56 o

Note: * and ** indicates significantly correlated at the 0. 05 level (two-sided) and 0. 01 level (two-sided) , respectively.

JIN PR A T 0 ) R 7 5 R R 0 32 A A A R T (3R 5) LT 3 E LA RIT DTk 82, 19804, A
1 053 B RFAEAE g 1. 894, W i B A8 5 1Y) 31. 573 %6 R AiE 1) 2t b 5k EW By 2 £ O 40, LR 35 9 0E , 3m7 40 5
I PEAR i NDF 5 ADF & & FRAF ] {85 45024 0. 957 F10. 963, AT WL &% — 3 4 M A B4R 4 i . 38 — oy
FROEAH 1. 618, AT i B A8 5 19 26. 97020 , B 852 i 9 HEIR g FW 5 DW  FRAE [ 38 {6 43 531 2 0. 900.,0. 886, AJ
DA = W3 S B A o B = O IR AR B 1. 419, T iR R SR S 14 23. 655 %0, BT K MR AR K
CP & 5 REV, HARE [ 5 (B 5390 4 0. 821.,0. 842, b, 55 — W4 W L5 A di Il il o
2.4 DEEMRFTRGRE

MR 2 153 43 B 5 2R 5 ] 7 kR JP IR ] 9 A DG M L BE R TG T e ST MR Y DG B R AR B DW
CP & & \REV K 113 653 /N3 Fh T b A7 R0 (B 1) FE BRI 0 15 B 8 Sl Rp i B oy =28 Horpsp 1 2%
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Table 5 Principal component analysis of forage yield and quality traits of triticale forage

PEAR L4 b SN i 77 gk R T

SR AT

Comprehensive quality factor

Traits Fiber quality factor Forage yield factor
BABR G 277 R FW —0.003 0. 900 0.049
R T R i DW 0.157 0.886 —0.036
FLAE H & & CP content 0.152 —0.063 0.821
P PR 4T 48 75 B NDF content 0.957 0.081 0.154
PR VE e V% £F 4 25 i ADF content 0.963 0. 080 0.091
A X FAA (E RFV 0. 060 0.075 0. 842
$5AFEE Eigenvalue 1.894 1.618 1.419
1k % Contribution rate ( %) 31.573 26.970 23.655
S BTHL % Cumulative contribution rate ( %) 31.573 58.543 82.198
= o
s = 2
% T = 2
= 7 % g =
o = g £ £
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° E g ¥ 7 ==
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ettetve § FeE¥LSE 0 &
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