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Studies on the mixed effect of triticale variety Gannong No. 2 and
vetch in alpine pastures of Gannan
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(College of Pratacultural Science, Gansu Agricultural University / Key Laboratory of Grassland Ecosystem of Education Ministry /
Sino — U.S. Centers for Grazingland Ecosystem Sustainability, Lanzhou 730070, Gansu, China)
Abstract: The aim of the current study was to determine the best sowing mixture and sowing ratios of triticale
(x Triticosecale Wittmack ‘Gannong No. 2°) with common vetch (Vicia sativa). The production performance and nutritional
value of three vetch varieties (i.e., Lvjian 1, Lvjian 2, and Lvjian 431) and the triticale variety Gannong No. 2 were tested in
different mixed sowing ratios (0 : 100, 20 : 80, 30 : 70, 40 : 60, 50 : 50, 60 : 40, 70 : 30, 80 : 20, and 100 : 0). A spilt-plot
design was used in the experiment, where sowing mixtures were assigned to main plots, and sowing ratios were assigned to
subplots. The results showed that the sowing mixture of Lvjian 431 and Gannong No. 2 triticale scored the highest
performance for hay yield, nutritional value, and the comprehensive evaluation value (0.941 6); the sowing ratio of 50 : 50

had the best mixed broadcast effect among the mixed sowing ratios. The interaction showed that the mixed sowing treatment
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of Lvjian 431 and Gannong No. 2 triticale at a ratio of 50 : 50 scored the highest hay yield (11.15 t'hafl), the highest
comprehensive evaluation value (0.832 1), high crude protein (CP) content (13.25%), and the highest mixed broadcast effect.

These results will assist the scientific establishment and management of grass—legume mixed grasslands in Gannan alpine

pasture areas.

Keywords: alpine pasture of Gannan; vetch; triticale; mixed sowing ratio; production performance; nutrition value; grey

correlation analysis
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x1 RBAS. BRBHAKAEXEERMFEST (FE)
Table 1 Analysis of variance on the mixed component, mixed sowing ratios, and the interaction between
the mixed component and sowing ratios

A2 SRR ANBAEMRE ETEBIE R BokH TErE HEM TPESLERAT4E  BRIEVRRATYE
Variation Plant height ~ Plant height Number of Hav vield Crude \ro tein Neutral detergent  Acid detergent
source of triticale of vetch vetch branches vy p fiber fiber
YET%ZH% ek ek ok *ok ek *
Mixed component 8.59 14.15 6.95 8.78 0.02 11.39 3.24
VEL ek ok ok *k *k ek ek
m"% Lef) . . 27.80 40.35 37.44 23.99 59.07 152.76 70.61
Mixed sowing ratios
B x IRIE H b . . . . . .
Mixed component x 9.58 14.12 14.39 9.22 18.68 48.97 22.25

Mixed sowing ratios

*, P<0.05: **,P<0.0l.
®2 REBEASEESMENERNENESR

Table 2 Difference on the production performance among the mixed components

REEAy NBEME  SEBEAS EVNITT 5 FHE HEH HEGRER AT YE  RRIEVEVR AT 4
Mixed Average height Average height of  Average numg)er of \ Average ha;g yield/ Crude protein/ Neutral detergent Acid detergent
component of triticale/cm vetch/cm branches per hm’/ (x 10°) (thm ) % fiber/% fiber/%
Ay 80.93£6.63b 69.37+5.87b 45541 +30.01a 6.74 £ 0.33b 14.03+0.42a 47.24+1.22b 36.23+0.54b
A, 87.41+£747b  70.96 % 5.89b 387.30+£31.91b 6.92+0.47b 14.06£0.49a 45.71+1.13a 35.48+0.6la
A, 102.52+7.58a 88.59+7.24a 422.52 £27.21ab 8.18+0.47a 14.00£0.50a 47.65+1.22b 35.95+0.57ab

A AFIAI BIRRER T 1S . G525 MSH431 0 5 H RS /ANBEIRIE: B EAR/NE FRERORA R AR 40 2 7 35 (P < 0.05); TR
A, A,, and A; indicate Lvjian 1, Lvjian 2, and Lvjian 431 mixed with Gannong 2 triticale; different lowercase letters within the same column indicate significant
differences between different mixed components at the 0.05 level; this is applicable for the following tables as well.
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Figure 1 Production performance and nutritional value among the mixed sowing ratios
Biv By Byv Byv Bsy Bgs By Bg Ml By 20 I 7R i 5 B BN H AR 2 5/ B B A% B LB D9 0 1004 20 804 30: 70, 40: 60, 50 : 50,
60:40. 70:30. 80:20. 100:0; N[. A& mAHH FY)F A 50 55 Ho 9] 18] 22 57 & 2% (P < 0.05).
B), By, B3, By, Bs, B, By, Bg fll By indicate the ratio of vetch and triticale were 0 : 100, 20 : 80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:
20, and 100 : 0; this is applicable for the following tables as well. Different lowercase letters within the same species indicate significant differences

between different mixed sowing ratios at the 0.05 level.

(G 3). BT VR % AL B I A BT Ak Y T
UL R . A TRFEAL B, & AR A) /N A
M Em Gk LR EZER P>0.05). A, BIE
AEFE, A,B, AT A Bs /)N B 3 bk i 2 3 T A,Bg A&
B (P <0.05), HAREFHFOIETEZEZR; SBF
MEPFERECREDITLEEEZSR . ARG,
b HEA] /N B S MR R E R 3 s ASB, I B
PR T ASB, A0 EE, LA VR A0 B (A G W 2
Fo 3MNBIEA T, AB, AL FE N B FE BT (127.67
cm) 5 F, A,Bg A0 H A A3B, b3 5 B T bR
(117.33 cm) # 1, A,B, A BRI .

WAL 2% R, B 5% B 15 AN TR 5 21 43 1) 5 %
IRIEAZ AL, P A TR 3% A FE A b 6 B TN B
T, mTWHEma k. A JRIEA D E, AB; FIH
B R T B ABy A Bs SN S IR FE AL EE, A B,
BEET AB; AL HE, ABg B F KT ABg SN
BIEAHE (P<0.05), ABq5 AB, L& ER (P>

0.05), HoAth kb B B] TG 2 35 22 s A, IR IR AL 18], A,B,
(R 2% B 2 25 v T LA VR R A0 38, A,Bg 1K T LA IR
oAb 2, FCAh VR 16 A B R O B 2 s A TR IR 4y
6], AsBs MR SR 500 3 5 T BR A3By AsBy SR A
TRAB A B, AsBg B KT AB,, HAh VR 75 4b 2 7] E
REES.

T TR R S, A HAEHRY (R 3), 34
RAEHE S, TARFBLEY TE B ES T
Wi AR, IR AR AL T A,Bs. A3By. A3By AyBs All
AB, TR BRES T/ PNEERTE. ABs T
HPE R, RS ABss AsBo AjBy Al AjB; C
R, BEm T HALG . A RIEA ST, A Bs
1 B = i e (VR A B )T R R G R
Fo A RAFA S, ABs TR B EE TR
A,By A A VR 47 A HE, I VR 9 A R )G W 2
Ft (P <0.05). Ay IRFEH 73, AsBs BT 57 & [
5 A;By. A3B, Il AsB, TG W3 22 J4b, B3 | T HAh
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Table 3 Production performance and nutritional value for each mixed component and mixed sowing ratio treatment

o VEERE  GEmORA P TR BER DGR R
Treatment Plapt. height of Plant height of Number (%f bramihes Hay y1§zld/ Crude protein/  Neutral detergent  Acid detergent
triticale/cm vetch/cm per hm/(x 10°) (thm °) % fibe/% fibe/%
AB, 93.33 + 18.56abc - 651.33 +37.49ab 6.62+0.12def 11.21+0.16jk 5545+ 1.16a 0.54+0.6la
AB, 90.00+ 17.56abc ~ 78.33£15.90defg  571.33£21.09abede ~ 7.16 £ 0.43def 12.72+0.61ghijk 53.67+0.57abc  39.17 +0.39ab
AB; 90.00+ 15.28abc ~ 78.33+£19.22defg  617.67 +20.37abc 7.65+ 1.10def 12.65+0.16ghijk  52.51 +0.34abcd  38.18 + 0.35bcde
AB, 91.67+9.28abc  80.00+ 10.41defg  488.67£39.35defghi  7.92 +0.66cdef 13.58+£0.70fgh  50.32+ 1.31defg  37.21 +0.83fbcdef
ABs 103.33 £ 15.90abc ~ 95.00 + 13.23abcde  511.00 £ 16.46cdefgh ~ 8.32+£0.07cde  13.59£0.93fgh ~ 49.13 £0.5%fgh  36.39 £ 0.60efgh
ABg 83.33 +8.82bc 75.00 £ 7.64defg 331.00 + 24.58jkl 6.36 £0.8%f  14.22+0.78defg  44.49 +0.83j 35.58 £ 0.86fghi
AB,; 88.33+4.4labc  81.67+6.67defg 440.00 + 40.04fghij 6.74 + 1.12def  14.66 £ 0.87cdef  43.09+0.555kl  34.13 £0.53i]
ABg 8833 +4.4labc  75.00 +2.89defg 304.33 £ 29.69kl 6.68 £0.69def 1536+ 0.57cde  41.13 +0.60kI 33.88 £ 1.02i]
ABy - 61.00 £ 0.58fg 183.33 +26.85mn 323£0.19¢g  1827+0.77b 36.19 £ 1.15m 30.99 £ 0.16k
AyB, 100.00 + 16.07abc - 670.00 +9.82a 6.63£0.25def 11.15+0.38k 5521+0.73a 40.60 £ 0.37a
A;B, 97.33+3.71abc  68.33 £ 11.67efg 585.67 £ 20.22abed 6.57+0.58def 13.07+0.34fghi  54.50+0.61ab ~ 39.00 + 0.95abc
AyB; 100.33£5.77abc ~ 81.67 + 6.01defg 327.00 + 12.55k1 7.12+0.19def  12.49+0.29ghijk  47.83+0.64gh  37.57 + 0.58bcdef
AyB, 108.00 £ 7.27ab 95.67+7.22abede  404.33 £ 5.93hijk 7.87+0.16cdef 12.69 +0.20ghijk  46.60  0.81hi 36.80 £ 0.23defg
AyBs 108.33 £7.27ab 85.00 +2.89cdef  398.67 + 8.6%hijk 10.80+0.97ab  12.96 £ 0.58fghij  44.78 £ 0.35i] 34.93 +0.39ghij
A,Bg 68.33 £34.40c 81.33+ 14.11defg  363.33 +26.85ijkl 564+ 1.18f  13.71+0.3%fg  44.14+1.24i)k  34.41+0.57hjj
AyB, 101.67£4.41abc  88.67+4.67bcdef  374.33 +87.01ijkl 8.84+£0.54bcd 14.61 £ 0.44cdef 4339+ 046jkl 3330+ 1.33j
A,Bg 102.67+6.36abc ~ 85.00 £ 10.41cdef  255.33 £4.98Im 6.00 £ 0.06ef  15.98 + 0.64c 40.49 +0.551 33.03+0.28
A,By - 53.00 + 6.25g 107.00 £5.77n 281+00lg  19.83+0.64a 36.93 +1.38m 29.69 £ 0.41k
AsBy 106.67 £ 4.41abc - 570.00 £97.13abcde  6.64 £0.47def 1133 +0.31ijk 5546 +0.81a 40.75+0.61a
AsB, 104.00 £231abc ~ 87.00+ 1.73bcdef ~ 446.67+24.0lefghij  7.33+0.19def 11.80+0.10hijk  54.83+0.76lab ~ 38.83 +0.37abcd
AsB; 122.00 £ 11.85ab  114.67 + 12.46ab 337.67 +33.79jkl 9.88£0.36abc  12.55+0.82ghijk  51.98+0.75bcde  38.28 + 0.61bcde
AsB, 122.00£529ab  115.00 +2.89ab 430.00 + 28.5ghijk 9.93+0.13abc  12.80 + 0.24ghijk  51.17+0.59cdef  37.02 + 0.81cdef
A3Bs 122.67+3.71ab  112.67 +4.81abc 560.33 +£95.28abcdef  11.15+0.15a  13.25+0.51fgh  48.56 £2.03fgh  35.72 +0.63fghi
A3Bg 113.67+13.04ab  100.33 £ 11.55abed ~ 413.00 £ 15.59ghijk 829+ 1.86cde 14.67+0.33cdef 46.78+1.77hi 34.15 +0.55i]
AsB, 127.67+4.33a 11733+ 1.45a 533.33£31.79bcdef  10.11+0.51abc  15.47 +0.24cd 41.79+093jkl  33.48+0.35j
A3Bg 103.33+8.82abc 9033 +3.18abcde  325.00 £ 36.94jkl 6.59£0.94def 14.17+0.51defg  42.90+1.20jkI 3421 +0.81jj
AsByg - 60.00 + 1.16fg 186.67 + 10.84mn 3.68£027g  19.98+0.38a 36.57 +£0.45m 31.13 £ 0.40k

Rl BYAN R /NG - BE RIS AN RN R 2H 43 R LG 1 18] 22 57t 554 32 (P < 0.05).

Different lowercase letters within the same column indicate significant differences between treatments at the 0.05 level.

HAbH
2.3.2 VREAH 5> < IR LA <2 B4R R E SR E
75

3R B E AR CP S BN R E S TIRE
b B Jz /N B SE B (P < 0.05); #7 5 B &5 7F NDF
FIADF & &K TR B AL J /N B k. M CP
TERE, AREH ST, AB; 1 CP & EEEMK
T AB,» A\Bg &b 7, A\Bg Bk 5 A,B, fl A\Bg & &%
7E 5 (P> 0.05) #b, 2 35w T HAh VR 15 Ab 2R, AR R
Fhab o) 2 F AR A IRFEA 7, AB, M

CP & & B EMT ABg b3, ABg bR 5 A,B; 4b 2
TR EZ A, BT HAN R Ay R4
g3, AsB, 1) CP & & W E (KT A3Bgs A3B AsBg &b
P, A3B, B 5 A B Al AjBg 4b B & 3% 22 74k, B
T AR AL

M NDF & &K FE, A, IRFE 4 58], A,B, ] NDF
FEBRSAB LEEZER (P>0054, BE&T
oAty #E AL FE (P < 0.05), ABg 5 AB, B 3 %
SFeAh, RS T AR SR AR AL EE A, AR 4 (A,
A,B, ) NDF & & & 3 5 1 H A 7R 4% b 21, A,Bg 1
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NDF & &5 A,B, L& & 2 74, 83K T HAh
TR AL B Ay VR IR A 3 18], AsB, ) NDF & & R 5
AsBy W E T4, WE T R 5 b B,
AsB, [l NDF & &% 5 A,B TG i % % J 4, &A%
T HoAth VR 3 AL HE

M ADF & &K F, A, IR H 78], AB, 1 AD
FEEMRS AByAB, LREEZR (P>0.05) 4, &
Fm T HABRIE AL B (P < 0.01); A;Bg ] ADF & &
Bk 5 A By A\Bg 035 72 A0, WK T A VR 4
b . A, VR BE A 4 T, ALB, [ NDF & & [ 5
AB; i 2 R Ah, BE ST HARREALE, ABg
Bk 5 ABi AyBgs A,Bs G IE 3 22 J 4, BERTH
TV AL B . A R HE 4L 70 |, AsB, 1 ADF ¥ & [
5 A3Bs. A3B, B3 % R, 0 E & T H AR I A
H, AsB; bR 5 ABgRI A3Bg C 2% % R4, BEMT
FoAh VR b 2
24 RBXREESHT

I AR DR TR 43 M B0 7 VR TR A O A
P E O PR A Y BRIV A 4 5 AR
TR AR 7 T I K B DG BB, tH R 7 NS
MRS T KRB . T TEZ 8, HEA.
P e % 2T - TR P T % AT 4 RO B BN, T
PR R R R A PR R BRI, CP SRR R
M 55 5 () B[R &K, ADF. NDF & &8 2 1k G 4 5
& F VRO R R BN R, R EAR R 4R
s 1 B BRI T BCE A, R EOIN BB, AT
B UL M P A A 7] VR % 07 X R AR 7 MR S R
P, % 45 b BORCE M 5 R TR R R 0.6,
CP 4 0.2, NDF 5 0.1, ADF & 0.1, 5 Ji #R 4 hn A 5%
B 10 /NS AN [ VR AR AL B 34T HE P (BR 4). IR
IRIKFE 43 v I U], O 1B 8 e O, D) VR 4% 7 =X 4 3l
S M 5, H R G VR VP R IR s JCBR B2 DN,
FUNRIE T RRIT B SH A G, o bR,
ALV 1, A T AyBs TR A% 7 2 IR SR Bt A
K (0.8321), LA MR BAR

3 B
31 BBESEEFMEMERRRES TN
WA PR R v A 2K B0 ER G A R R A SRR

KA LR YU, s I SE S I B )
TR, A% MR M A 4y B R g () — A R

Il

T4 KBERBRKKEHR

Table 4 Association coefficient and relevance ranking

o BRIy Ty MRKE
Treatment Oé—éeﬁtéve Rank || Treatment Codr;elraetelve Rank
g g
A 0.5459 3 A By 0.5590 14
A, 0.6393 2 A,B,; 0.4898 26
A; 0.9416 1 A,B, 0.5019 24
B, 0.4956 9 A,B; 0.5280 19
B, 0.5269 8 A,B, 0.5640 12
B; 0.6044 4 A,B; 0.7166 3
B, 0.6407 3 A,Bg 0.5065 23
Bs 0.8344 1 A,B, 0.6480 6
Bg 0.5550 7 A,Bg 0.5541 15
B, 0.6823 2 A,By 0.5910 9
Bg 0.5667 6 A;B, 0.4907 25
By 0.6000 5 A;B, 0.5207 21
A B, 0.4897 25 A;B; 0.6762 5
AB, 0.5205 22 A;B, 0.6861 4
A B; 0.5429 17 A;B; 0.8321 1
ABy 0.5663 11 A;Bg 0.6079 7
A Bs 0.5894 10 A;B, 0.7541 2
A Bg 0.5267 20 A;Bg 0.5422 18
A B, 0.5513 16 A;By 0.5984 8
A Bg 0.5627 13

o A, PR A A 2% B2 R i P R I (Y A
o VRHEH 43 B 2 WA [R] B E] R 2P IR 2 7 A
KRBT 3 MR b, BAR A A FR
B2, H A Ab B N SRS R 4R T 431 R
BiETFHMEHEERT A A A, Tl T 5~ &
B A ERBA ST AR, A, &
D ETFEFEE A, A &, XATREZECY A B/
S R A I, TR N B R S 22
R DR . RO B v 1B R L, AR LT
DATE R — 7 8 7% o 0038 08 B 5, O IR T I 2
P 40 R AN () B BRI R . 4 CP R
%5, NDF Fll ADF 8 R, 5 i 4 A1 ik o
IAMNBRIBADMTHCPERLEEZER, HA, &
P2 [f) NDF. ADF & & MK, U8R IR A, 18 F= M
EEq/
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3.2 CREBLLBIEE~MHEMERRRER TN
R 6 L 91 52 w0 R T TR
B, 06 9 T B AR A 20 AN STT DA v A B 3 1
AR ST N, I AT BV AR AL 23 TR R LA B o0 PR 8
PR 0K #e 06) BRI 2R AR, Bk
7 35 B0 VR AR BB R G, /N PR S R bR
BRI TH m JE AR 5, TRk B D Bs I fx
15, X A] B A R D i B LN T R4S AR AR BT AR O B
VR LA/ R 22 B L 2 O B R AR ) ARG, 1 S A ) T
i X Ot BRI 3 S T 3 B0 o A PR v A S
fle 4t /N R 2 ) B e Ab ARG, PR, MRS AR

B 7, 0 1 I L ) 9 G L9 A R g 2

/I B S b L B KBS, B AR BUR R B 2, X FTRE
S R Sy % J5R 2 ) PR Ak, b g AR R SE R, S
BN S A BERIR /D 1 AP VR R 4 B AE Bs
B By F B, A BTG N, ATRERZ TR R 20 & B, R
HET M B By kLR TR R R, Z AR
TE B & BREUIRZ, X EEE F N R-E 4K
i 28 R R T S B Y, Lt B AN,
TRFELLA Ay 8 : 2%, 4« 61 I, VA B M 1) B 7R B 0
f1 o X T BE 5 AN [ PR AR a8 b DX K B
LN )R LS5 % V) L & . CP. NDF Il ADF &
TR B T A R AR GRS R AR R
PR AR IR M AR B - &
o, TV AL HLA R M 8 e BTN AR g,
b & A7 5 Wi L A i, TR AR AR CP SRR E
F+ 7, NDF 5 & M1 ADF & & I 3 (R (%, 5 5%
AR T R
33 BAS x BEBLLAZEIEREE = RE
MEFRRERSW

73R 0, i Wi R TR A% P I L E 30%~
50% I, PP R B AR A IR SR Y 2 E AR
SEIR KM, ABs I, TR 3B AR (1) T B e, B
Z R 5 A B AR P BE AR U, ALBo b B T R R B

£ 2 Y #k References:

6, U0 B B o B R R R TR £ T
TRAE ABe 1T H 77 BB, X 5 8 5% LB AN 38
MoERUR A 5, AR OSES B RE Y, Y R-EIRE
HERY, W BB A KRR B RaE t
EREMRTRENS . REED HaiE
FENRIX /N TS | TR S R e S B3 1) 2B 7 Ik R 4
AR L BRI N 4 H 15 H), BN BEE TR R
4 12.96 t-hm °, A WF 70 A T8 7R R NN 1115
thm *, 1% 7] BE A& B AS 0F 90 VR 35 55 4% ) 4R
(G H6H) mHMEAKITRERZ, 2 TR
PR 0 A K, S SO I R R A R AR
CP & Pt vh & W 1 SR, 2 Y 58 HOHE 8 37 0 5
) E Z e br, NDF & & 5 T9 R 1R & & 2 A
5%, ADF & B B £ 5w i 25 i o 1 =2 ™, &gt
o, RIR D) CP RN T/NEE RS A i
GOHLRE 2 1], VR4 EL ] 7] NDF F1 ADF 4 & Bt % 7
A % Rl LA £ 38 0 S5 3 BRI, U B YR T L
G RO R R R R I

4 4

1) 5% Wi ORI/ TR R R, R B AE R
Y3 v, AT AE v FE X SR TR A7 11 o p AR R R v

D)L A S R 25 NEBEEGFH 15
(VR 1 8 R 22, A HERE T R SR R H R
2 5/NBE S 2 SIRMER, BAL MR, H
HEFMAER &, B R = A8 =0 2R
i, TR SRR IR AL . ERBIRARLLG: Hk 2 5
/N B3 5 i R A% LLATI DR 50 : 50 B, YRR RO B
T, 3 15 B 12 VR A7 L A8 T YRR 7 A 180 1) B R P AR

3) Bk 2 5N B 4RET 431 5 B 2RI L
159 50 : 50 I, V% 55 b (4 - £ 77 B (11.15 thm )
5% =, AH B/ BRSO I A R 40.62%, CP F &N
13.25%, 256 VR 8 f v, 18 B 7R TR v AR X K&
AU IR FPREHE .
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