e & Crops 2026 (1) : 225-230

DOI: 10.16035/5.issn.1001-7283.2026.01.028

AEEFHNEINHIL N EZE~E,
m A BN & B R E RS2

ZP4E EAME K4 T =2 Fp oE 134
A MG 134 kpmdk 134 Iz 134 ZsqE s 134

C RN K BB 22, 450046, TR AN 2 R RH A B s AL % 24P, 453003, TR 2
3 9] g A A R Y A R P S S, 450046, TR 4T R A HOE TRERRBE A AL, 450046, T[EEERI)D

H FE ONAHBARR D BERAS S LETF X R R, 2L AR Fo CEAYT 2 AN Bk S A A XA
A, REAARL. TR BERAILA 4 AXNEL, W TFHR 2, ThORAFTE AR FH517.
BREY, THRAEAMEHELRYERGASHALY, KERTHEILRIMAZEME, 55% 15.64
Fo 16.67 tthm?; FAX|F|BIEE, SRS, MEORMRSEZRBEMN, THEEF LA LT LEEEL
G, b AR T A SR R SN EIHF R pH A 4.05~4.50, SLERAEH 2.11%~4.00%, KA H
TR Wik EFEMERRI., FAPERI ZRRPAATE, AFLAHRZEST. 5L, Rt T 5
& T AT AN E], W ZEF TR FERS, ThSMSFLABRERE.

KEEIR DB NEH; FE; THASRA; ABAE

/INEFE (X Triticosecale Wittm.) 1EN/NE &
(Triticum spp.) 5 HF )& (Secale cereale L.) i
& 18]G 1t e A8 I 45 G B AR TR 8% B T R AR
Yk, MEANESBENRREE, A& ES
Ayl kg LA, AT ARG 2R, ATH
FEAN L TR, R R R W
TR AN NEaR I B B =P N UK W i
B R R MR N IR o E VAT B A AR/ JR 22 AR R O
A0 DT ) e L e L ST AN A RO AR
RIS 0T /N FE 22 1 = B 55 B R M A R B4, /N
FHEKKEAEEAOCE YR R EZEIE N, X
SIS [ R R D = bk vy, H L BT RS HAT,
BRI B2 S N B BT 7S AL, R 1048
ARG AR 2 5 AR R B U b X T Fl AR X
FBY; rh i) 1048 FNFETE 2 5 LI B X T-E SR X
N 11 AN R R AEH R E U X T IH )
NFIRF, BRERERETE>ES MR, 22X
A SR A AL ot 22 S S DR RS, & HB X /N R
7 SEL e AR B AN R I A G — . R,
75 i DX AE AR /) BB 22 I 75 6 X AT A 7T

FEV B, ANEBRZEN T 4 S, 5 AX)
F, TR B S S R RO, 45 U ) B R X

fro 7 AT R AR R T, IEREA &K
P/ E TR R ) o T IR I T R 2 N S
& ARy, N BRSO 'R &
Uk 2% LR B R B R AR RN pH R BRIE ), TR
FORYCN T I et AT = I, R B ERtE; o1
e SO i H R — FLAIU O S LE X B a8
A7 2 I Dy ity AU X 1) B 008 1) Bl 5 1 ot R S e
ME R BAT, ST RMEIR A X /)
T R W O ARG I A AR TE . T
AHEFTLL “Lhe” A EM 7 2 AR MO
FO R, BCEMAY. PR BERIA LY 4
ANNIE], WA FIR N B TR R E
T b it AR W I o B A AR AR KRN, S AR T
B/ BR 2 AE TR AL X A& BN Y], DI Rg  /
RS BT R SR B S

1 MRE5RE

1.1 RXIE L5

T 2020 4F 10 H & 2021 4F 6 HAER ALK
SR PHACE A (35.11°N, 113.96° E) #HTi56 .
ZHL X B SIR L 15 °C, SEEMR IR (—14~
-8 °C) HIAE 12 ABRWRFE 2 A, T LfE M

YEBA: £, E2AFREAL T 5F AR, E-mail: sangd950@163.com
BN BIEEE, T 2AFREFEL T 5H RN R, E-mail: Leadephone@126.com; L&A ER@EHE, £
2MEREFEA F 54 FHF R, E-mail: ms0321021@163.com

A B M EERA f RAT AR E KRR Ak = b AR R (CARS-34)

NAE B HA: 2024-08-28; 14 E H #7: 2024-09-26; P& rg B #7: 2025-03-14



226 RZET

Crops 2026 55 1 H

225d, FEFEKE 550 mm DA ko iR R Hh 1 gk
RSB+, BB B A LT 15.35 g/kg.
w== 0°CLL_F AR Accumulated temperature above 0 °C

—— “F¥Ji5iR Average high temperature
50 = i =i Extreme high temperature

SEYCER 105.08 mg/kg. JEALBE 18.83 mg/kg. TR
& 73.65 mg/kg. pH 7.2, I HAMRI SR LK 1.

=== 10°C LA A Accumulated temperature above 10 °C

SFHIMIGIR Average low temperature
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Fig.1 Temperature and accumulated temperature at the test site from October 2020 to June 2021
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BURARL N “fRAE” A “TEAR” 2 /NS,
B, HAEROEEMO A R A R SR AE . B E A
FEAEHT. FESRW (TE)5 7 MR (FE)5 14 dD
4 ANAEF AT AE], X E 0 [ 1L #ARE A 50%1E
PRI ZAEBN AR HIH. 2 AR T 2020 4
10 H 24 HEEFH, KA E2HLIXHAEY], 4 A E
5, 32X, AXE 30m? (3mx10m)
64, ATHE 20 cm, $EFPE 150 kg/hm?, FEFRRSE
3~5 cm. FEHTHE A E A I (N:P20s: K20=15%:
15%:15%) 450 kg/hm? /£ AN, -4 757 S8 i R
F 150 kg/hm?. T 12 H _BA) . 0707 R0 Z A v
o 320 B AR E WA T E S 0=, NE] )/
RAEANZIEWEEH RN, KE 2~3 cm, K
FEZEHL, 45 2.0kg.
1.3 MEERSHE

F 2020 4 11 H 29 H (WIFEWD) , &/NXBE
LGP 1 4TFRIE 1 m, IE W E My T 2021 4E
3HSH GRERD , #ZHFRici /N B2 5E BE
M, THEBAR (N) : N (%) = (My/My) X100,
5390 T RE SR 32 5 AE /N X RE T 1 21 B AL 12
HY 20 tR/NBEZ, WIE Rk B8RS, THESF (A
BB A E WX E], RN X BENLER 4 m? (5
17, am ) FEJ, BAE S em XE], FREffEH (&
FIPEE) , B 1 kg A A BFRRE, TSR0 105 °CA
Hla, 65°CHtTZfEE, FRETHEIFHE, BT
BTN, TETEL, R TR E. TE
B EKE: HEKE (%) = (BERE~E-T)
JRPEED) MR AR X100, FR, SAS/NXBENLIE
20 MEAGE, MEFEARL0T = NP

IR R SS, SR A ITLLA M I T
MERE A (crude protein, CP) . FH7K4) (crude
ash, CA) . FHEPEERL4E (neutral detergent fiber,
NDF) FIRVESEER A4 (acid detergent fiber, ADF)
FE, THEAXHCE TR (relative forage quality,
RFQ ) 3141, RFQ=1.9499x{ [(120/NDF)x(88.9—
0.779xADF)]/1.29} —67.03. &~ 60 d J5F&f, ME
pH {H, KA EEEPSNE AR (LR, &
IR, WRRAMTIR 5.

1.4 HIEAIE

KJH SPSS 26.0 B AFHEAT R K JT b, R
7 3 AR R AT X i 2 AL, X & E T80
MF WK EEFRFREAT F R b, FRHE FE 15
5y o R IRERE S HIER TV = & B IR
JR R I R I o B iR AT 2R A vRAR T,

2 GFRE57H

21 2NN ERSMEBEMSEERFR
HEREFNER #if KB 2 Z2 53 31 67.0% 1 84.6%,
TR TR AE . L RERN TR R A 1T 20 BE XL 43
3132, ZHETGREESR: BTG5 EER D
Wiz 5.8 f18.6, HMEE S TIAE GRD .
#x1 FRNEBZSZMHSEHSHEER

Table 1 The tiller number and winter
survival rate of different triticale varieties

o ¥ BESL Tiller number . WA .
. R A BT A5 Winter survival
Variety . . 0
Before winter After winter rate (%)
.f% Youneng 3.1£0.2¢ 5.840.6b 67.0£2.2b
&1 Leishen 3.2+0.4c 8.6+1.7a 84.6+9.1a

ARNGFRRRERRE (P<0.05) . FH
Different lowercase letters indicate significant difference (P < 0.05).
The same below.
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22 FRNEFHNEZHRZEMR, EFEME  HHEKRS2H08 1.32 /1 1.58 m, TH5 8535

Fr R
2 AN/INRZE b R (AR e A T S R A BE X
WA IZHT F, TAAME R Eem, SRR R RER

N 15.64 A1 16.67 t/hm?, 540 5% & THuhe (£
2) o fUAEATE #R IR AN B IS B R Hy
oK 209 A1 216 d, F5 FHAH X6 i 24

®2 TFENEENBEEOREIRTE =8

Table 2 Agronomic traits and forage yield of triticale in different mowing periods

s XIIE]HA pUEI gk 731 fief B T & FEL
Variety Mowing period ~ Mowing time  Plant height (m)  Fresh forage yield (t/hm?) Dry matter yield (t/hm?) Dry to fresh ratio
g i A 4 724 H 0.97+0.06¢ 42.30+1.58¢d 6.39+0.24f 0.15+0.00e
Youneng FFAEHA 5H4H 1.27+0.02b 45.00+1.06bc 10.48+0.25¢ 0.23+0.01d
HEH I 5H11H 1.32+0.02b 41.25+1.77d 11.76£0.50d 0.29+0.02¢
FLEH 5H18H 1.32+0.03b 44.67+1.41bcd 15.64+0.49b 0.35+0.01a
T qft i P A 5H1H 1.32+0.03b 55.60+1.48a 12.194+0.33d 0.22+0.01d
Leishen FFAEH 5A11H 1.51+0.03a 46.75+1.77b 13.20+0.50¢ 0.28+0.00c
R sH18H 1.57+0.04a 46.36+0.27b 14.88+0.09b 0.32+£0.01b
FLEAH 5H26H 1.58+0.03a 45.06+0.38b 16.67+0.07a 0.37+0.02a

BEXIENAHEIR , 2 AN SRR CP & &M BRI,
NDF Fl ADF & & 56T = 5 B AG LRE ) RFQ M i 3
AR SR > JF A6 3 > FLA 0 > S 5 o
RN A > FLBM > BER A > R (R 3) .
X E I S AR AR AT R, SRECH 2 AN TR

4, ADF. NDF 1 RFQ X} £ i /313 43 I ok (%
4) , FHEMRE RS RERS S R NEEE
WIS B2 AT TR R 2, AR R F R 22 L 2 4y
BIN—H . SR =2 T AR 2 L AU
IRIN—R . = g,

®3 AEXFHNEBZNEFRS SENERSES

Table 3 Nutrient content and principal component scores of triticale in different mowing periods

A pAIEAIE: HEA FHAR 5> PRI AT ERPESRIR AT E MR R R ES Wisc iy e
Variety Mowing period CP (%) CA (%) NDF (%) ADF (%) RFQ (%) Principal component score Grade
fILRE i P A 15.76+0.34a  11.08+0.11ab  51.63+0.88d 39.5140.72b  137.16+0.38a 2.46 —%
Youneng T AEH 11.7040.11c ~ 13.01£0.63a  56.10+1.08¢ 42.18£0.70b  114.17+3.42b 1.25 %
HERIN 11.63+0.38c  11.36£0.64ab  60.47+0.20a 45.93+026a  92.31+3.11c 0.17 =%
FLEH 9.55+0.26d  10.37+0.35b  58.53+0.39ab  41.63+0.03b  107.97+0.59b 0.81 =%
T A 13.07+1.07b  13.35+1.54a  53.45+0.61d 40.67+1.10b  127.14+2.18a 1.85 —%
Leishen FFIEH 11.93+0.47bc  11.81+1.16ab 59.21+1.50ab  45.2242.00a  97.39+4.39¢ 0.43 =%
HERIN 10.22+0.42d  10.97+1.51ab  57.65+0.63bc  42.29+1.71b  109.03+8.94b 0.83 =Y
FLEH 8.79£0.53¢  10.38+1.32b  55.01+0.20c 41.99£1.55b  118.25+3.23ab 1.18 "y
i‘?r“bl ’i‘*ﬁﬁgf*g*ﬂ'ﬂiﬁﬁﬁ S H1 88.2%F1 75.6% % i A K 71.4%F1 64.4%. 11
aole rincipa component analysis e - e s e S T A -
of nutritional indexes of triticale AE% A B IR 75 I A pH IR % 57
EON AR, ZRERTE 0.74%~1.45%, HAREIIAT I H
febr inci s ; " , N
Indox Principal component IR, &R TER. e Ea xXE
T el he J& T AR pH FLSLIR A7 5 43 5 4.05~4.50 Al
PSR 4T 4E ADF 0.956 -0.030 N N VTN
2.11%~3.78%, pUIE-p:! R EERANLE, ]
HE I 2T 4 NDF 0.953 0.235 ‘ % > %, J:'J i LRERERANDE, i
A5 5 RFQ 0.950 0293 FE AN FL A B I R 25 & 43 0 0.13% A1 0.15%,
A cp 0.446 0.716 FHEBWRGMETER (&5 o X pH FAHLER
SH I 4% — e L M 4 Y b N N =
e ea 0020 09N BT R R AT, LR AN 5 T I A
BT ETTERR 58.474 29.804

WA AR T R TR AT
24 AREXEIE/NEZNEETEN

K IR KB BE e ATk AT 55V (R 6,
R, XEIRFRIIAUOCEE BT HET, ORI

Cumulative variance contribution rate (%)

23 AENEFHNEZNENLERE
BE X RIS , D REANER A I I8 K &0 )
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x5 TRENZHNELZNEISKE. pH MBNNEBRSE

Table 5 Silage moisture content, pH and organic acid content of triticale in different mowing periods

A HLER & 8 Organic acid content (%)

R A RLSCES . ERI 5
Variety Movslmg Silage moisture pH AR 7% WR T Principal
period content (%) Lactic acid Acetic acid Propanoic acid ~ Butyric acid ~ component score
e Fih ALY 88.2 420+028b  4.00£1.20a  1.45+0.21a 0.49+0.69a — 0.89
Youneng  JFAEM 76.2 4.10+0.00b 3.94+0.19a 1.06+0.22abc — — 1.50
TR 74.6 4.15+0.00b 3.88+0.09a 1.12+0.03ab — — 1.41
LA 71.4 430+0.00ab  3.74£037a  0.74+0.14bcd — — 1.18
B Ejiip i 75.6 4.05+0.07b  3.78+0.58a  0.55+0.08cd — — 1.52
Leishen  Ff7% 1 70.5 420+0.00b  3.43+026a  0.48+0.11d — — 123
RN 66.0 4.20+0.00b 3.18+0.63ab  0.83x0.17bcd 0.13+0.00a — 1.04
FLEJH 64.4 4.50+0.14a 2.112041b  0.4120.02d 0.15+0.06a — 0.35
Fz 6 ARXNIBIERNEZ A KB A B EF MM KERE
Table 6 Correlation coefficient value and weighted relevance degree of triticale in different mowing periods
s R EIHA T =5 el R R JIVES AL Herp
Variety Mowing period Dry matter yield Nutritional quality Fermentation quality Weighted relevance degree Sort
g A 0.333 1.000 0.478 1.558 4
Youneng AR i i 0.454 0.486 0.967 1.785 1
TR 0.511 0.333 0.842 1.593 3
LI 0.833 0.410 0.632 1.730 2
i Eili= et 0.534 0.652 1.000 1.989 1
Leishen FEAE 0.597 0.361 0.835 1.685 2
RN 0.742 0.413 0.549 1.562 4
FLEJH 1.000 0.472 0.333 1.621 3
#*7 NEZESEENFICLBENMNERY
Table 7 Equal-weight correlation degree and weight coefficient of indexes of triticale
T H T 5= 5 B IR TR I
Item Dry matter yield Nutritional quality Silage fermentation quality
SRR E Equal weight correlation degree 0.209 0.172 0.235
AUE R 5L Weight coefficient 0.919 0.758 1.035

R i B 5 i e FE R A R Bk g o DL RETTAEIYILR
BRI, HIOFLEIY; B AR I R A,

PSRRI B 5 TR b e o SRS 7 BT iR
RE, AWETCRBRREETTAEN . TP AE AR

HIRAITAEH - FITT LU BT e % T R IR X 2019 R0
3 e 2021 FHAMRAF A S A AL, JLAT T 46

/N B T SOIR 7 e AR R s e S R A R
F i . AR R I, BEXEIIHER 2 AN/ R E 5
P 0 7 B R IEE T Ea s, HEr A8
WL R EHEFEAEKREERES, a5
JR AR AR S, 5 A A R B I 32 B
K09, Fk, FESLBLE = S0 P, TRiERRE
BIXIEACRO, H a7, M/ B 22 B X
WP R T KEHF 7R, Hi A, XS
SRR, BAEXNBIHF LS —irdE. AR
B, BB X E AR, NI CP & &KW %
ik, ADF A1 NDF & &JeT s bk, H 2 AN mfh

SS9V 1S /)N B S 7 R 5 FR) e N S 0 S el
A FFAEIA, 3R TR R A8 A% 45 A T L DX Rl A /)
SRS [ B RN R — B

ANTRVAE B /N B K B 22 SR KUY, K
A RN T R T I LR 3 2 — 5], A g [2627)
WoN, IS KR &, F i 5 5885
Wik FLASYRET I BN B K B E T,
A EDE B K BT, T2 4] LR 1 A 4 (2801,
FLER & RO E T, IR PUE B pH, 0
A EEAEK, WD,

AR, NEFEEKETE 64.4%~88.2%, H
Wi AR IR SIS s ERh AR S R, AR
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SEES, pH REMRTIAAM. LB aTHH) 5H
LI, WO E SR ORI, B R m i
WO, T2 R SRR T 2%, AR
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TESERRAE =, NEFER TR E IR
JR 5 T T R o M DA R B A B R IR S P3 hy
I, ARG R FH K BOCER S, X /N B2 AN [ RI )
W TR =8 IR R R R R R TR
WA SRR, RREFEIFACHA . T # 7E R 2t
TR EN R, e =3 I B Bk 45.06
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Abstract
fermentation quality of triticale in Northern Henan. Triticale varieties ‘Youneng’ and ‘Leishen’ were used as

In order to screen the suitable mowing period with high forage yield, good quality and good silage

experimental materials, and four mowing periods were set up to determine the dry matter yield, nutritional
quality and silage fermentation quality. The results showed that from the heading stage to the milk stage, the dry
matter yield of triticale gradually increased, with Youneng and Leishen reaching the highest of 15.64 and 16.67
t/ha, respectively. The whole plant moisture content, crude protein and crude ash contents all decreased with the
delay of mowing period, the neutral detergent fiber and acid detergent fiber contents increased first and then
decreased, and the principal component analysis of nutritional indicators indicated that the nutritional quality
score peaked at the heading stage. The pH of silage was 4.05-4.50, the lactic acid content was 2.11%-4.00%, with
no detection of butyric acid. Youneng and Leishen had better fermentation quality when mowed from flowering
to filling stage, from heading to filling stage, respectively. In summary, Youneng and Leishen are suitable for
mowing at the flowering and heading stages, respectively. At these stages, both varieties achieve high dry matter
yields along with excellent nutritional and silage fermentation quality.

Key words Triticale; Mowing period; Yield; Nutritional quality; Fermentation quality
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