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The Effects of Intercropping Ratio and Cutting Period on the Forage
Production Performance of Rape and Oat Intercropping

ZHONG Jia-yi', Saimaocuo ', LIU Yong', LUO Sheng-hu*, MA Xiao-ping®, QIN Yan"
(1. Academy of Animal and Veterinary Sciences, Qinghai University (Qinghai Academy of Animal Science and Veterinary Medicine) , Key
Laboratory of Superior Forage Germplasm in the Qinghai-Tibetan Plateau, Xining, Qinghai Province 810016, China; 2. The Grassland

Station of Menyuan Hui Autonomous County, Menyuan, Qinghai Province 810300, China)

Abstract: To investigate the effects of intercropping ratios and cutting periods on forage production performance
in a rapeseed-oat mixed cropping system, this trial measured and analyzed forage yield and quality indicators
across nine mixing ratios and three cutting periods for the rapeseed (‘Qingyou No. 21’ )-oat (‘Lena’) system.
Results indicated that dry hay yields at the late rapeseed flowering stage (A,) and the rapeseed pod milk stage
(A, were significantly higher than at the peak rapeseed flowering stage (A,;) (P<C0.05). The relative feed
value at A, was significantly higher than at A, and A, (P<C0.05). At A,, the 5: 5 rapeseed-oat mixture
(A;R;0;) exhibited the highest land equivalent ratio of 2. 21. TOPSIS multi-criteria decision analysis indicated
that during A, the 7: 3 rapeseed-oat mixture (A;R;O,) achieved the highest fit index of 0. 75. This treatment
exhibited comparatively high hay yield (454. 16 kg-hm *) and land equivalent (2. 16), with lower acid-deter-
gent fiber (69.19%) and neutral-detergent fiber (38.64% ) content. This constitutes an agronomic practice
suitable for promotion within the study area.
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T VA b Ak 7 R R T AR A, 2 T ] Y A 4K
Mp A= M . H AT, S MK (Brassica napus L.)
Tk T R R AE 14. 6 J1 ~15. 477 hm?, il 38 #
MRS — KA TR ELAE R i 3™l i A 0
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(s REOR . 2 P I 9 R B, PN 58 oty B2 R
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F R A5 B IR R 4 85N AT B 2 R G
5% WIS R, H I 215 B 7 W E b
() OR A i A e 7, MR BLAT A M T TR
PSR SRR S PR AR 3 50 6 > A O RS AR
W F I 215 RN ARGy S b R BRI A
B YRR L A5 X6 i S - e 22 TR AR AR e ) AR PR
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1.1 RIE R

UGB TR A TR B R CE S 1 R G
X (37°23'25" N,101°50' 23" E, ¥4k 3170 m) , 4E 1
H RE RS £k 2575 h, AR FE T & 350~550 mm, =10 °C
A BB N 530°C~710°C , S A& B, JC 46 % G 7R
W, FHEAAES L LEAINESTER
5.76% , - HEpHHE R 7. 88, Ri#HAEY IHFRR.

1.2 REHBEFE

PE I 3 C o 215 ) e CbRgl D Rl
T-hiF 509 R 2.8 g M130. 3 g, K2R N 97.80% Fil
98.80% , 43l ¢ IV B 4 Y5 Bl - 22 75 3R N 5 A
B R B R L

RIGIE O MBAE B (R D b 3R E R,
K FBEHLIXAHES], ANX A 20 m* (4 m X 5m). H#§
F oy O AT IR  3E IR N 3~5 em ATHE R 12. 5 em.
FENE A PRZR 40 kg-hm °, BER —#% 180 kg-hm %, Hiil
BT —R N TR 2% 50T 5 0 4 Hifff7 /i, 500 T
TR MR IRATHICT H 6 B, AD HEEIFIEAR] |
MEAZZPREWICT A 21 H A IRSE AR ALY e P L
W H 15 H , ADFEAT 3 UL HURE

®1 RBE

Table 1 Experimental treatments

b 3 45 ?F’M’ELE@J o A it ,
Treatment number Mixed sowing ‘befidmg rate/(kg-hm™ %)
ratio i 2E Rape HeA Oat
O 0:10 0 225
R 10:0 30 0
R0, 2.8 6 180
R,0. 3.7 9 158
R,0, 4:6 12 135
R.O. 5:5 15 113
RO, 6:4 18 90
R,0, 7:3 21 68
RO, 8:2 24 45

1.3 NEHRRREESIT ST

e & E TP PR T AT 4E (Neutral deter-
gent fiber, NDF) M Fig M ¥k ¥ £F 4 (Acid detergent
fiber, ADF) &35 b5,

AW AT AL AL AL SE 3BT AR AR/
DX BEHLICAR 54> 1 m kL BOAE MK , B 7 3~5 em, 73 9)
PP o i 5 5 BT AR FT T, THEAE 65 “CHET 24
HGidg T HEH,

PR TR LT 4E (NDED /TRYVEVE TR 27 4E CADEFD -
BRFRI 1 g W) Ry BR R i, 5 0. 425 mm i J5 & T 58
R A 100 mL A Gl D ke 3% 55 RS 1 & Ak
Z5 0.5 g K WA R B s Fr et HiR B T
W8 IR R 60 min J5 , R B B B A P,
FH At 0 2 R AT 3 5 P R T R v 1 W K b Ok B
HE HE 5 5 5% 5, BE A 20 mL 7R b e T UK R AR
Te 5% B oF B TR E T 105 CHUE Pt 2 h )5 L 7E
TR Th e 20 30 min IR, 2 4E H A i s AU .

AH X} A # {H (Relative feeding value, REV) Jx
W TR S SR A B AR XS AR . R AT
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Oat suppresses rape

FHEAAH X4t Relative yield of oat(RY )
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AT Relative yield of rape(RY)
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Fig.1 Model diagram of experimental results of competition

between two species
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TR AE A3 Bl VR 9 5T T % 19 A 9 2 7 Ao £
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P VR TR Y LU A B, SRR VR WD TR A L SRR A
FGPLER /N TIRAEAR &R b /R W e o 10 A 5 TR AR &

T AR LB RN EV IR AR L sl R #
T 4 b R (Competitive ratio, CR) : F§ F 744 17

IR GRS AR (R 2) o HHEAXT
e _ PLER. g
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Fig. 2 Graphic representation of the outcome of a competi-

tion between two species in mixed-sowing
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1.4 HiEAIE

F] FH Microsoft Excel 2016 #1755 4 ) % ¥ | {ifi
HI SPSS 25. 0 X 4] F A8 7 1 B 3k 47 XUIH 36 07 22 7%
B, X Y i AT AR A R g . SN L
T A8 N o W e A W e R 3R
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PHE G # AT R ER 00 o 55 R Origin 2024 & R
EE K BREEE NP AR R

2 ER5H5H

2.1 En4EY=E

D5 253 M 2 B (3¢ 2) IR AE Lo ][] A1) 1 i 19 i)
AR AR Eb A8 <R 1) B 390 52 B AR R 8] 24 47 76 A B 3
ZF(P<0.0D).

R Ao =i M T 28 T AR AP<<
0.05) ;A B Ay T B it i 2 5 T A (P<<0. 05) (3R 3D,

A B R AL B 6 BT 7 B G T O A B (P<<
0.05), %8 O #5583, 87 % 5 A, B} RO, &b #f fif & ;=
B T H A AR BE(P<<0.05) , % R Fl O 43 Wil 452 &5
15.78% ,27.99% 5 A i R,O, Jz RO, ff B = 5 i) %
T H A AL B (P<C0. 05) , 5 R 43 B4R 1 49. 67 % Fi
31.74% , 8 O 43 B4 31. 83 % H116. 03 % (£ 3) .

A B R:O; T HE 77 5 5 3/ T O(P<<0. 05) , 8¢
O $ 5 48. 52 %0 5 A, 45 Ab B 7= B 0 1B 3% 25 595 A
i R, O Fl ROy &b B - % 7= 57 @ 25 A% T Ath 420 34
(P<<0.05) , RO FRAE RGN TR m B m
466.87 kg -hm *, % R fil O 43 5] 2 & 105.68%,

®2 RERZEVMERFHNAESN(FE)

Table 2 Analysis of variance of biomass in mixed systems

Ab 3 Treatment fif 5 7= & Fresh hay yield  F % 7% Dry hay yield £+ [ Fresh-to-dry ratio
IR AE H B Mixing ratio 135.56" 9.41" 8.51"
X% iF ) Mowing period 32689.58" 235.07" 156.32"
A L A1) < X E B Mixing ratio X Mowing period 163.38" 4.847 8.74™

T *#3RRTE 0. 05 7K F T 22 57 .35 (P<<0. 05) , *+3& IR 7E 0. 01 K- F 2 57 2 3% (P<<0.01), T [l
Note: *indicates a significant difference at the 0. 05 level (P<C0.05), ** indicates a significant difference at the 0. 01 level (P<<0.01), the

same applies below

#3 TEBELRGIEXE BT BEREEMENZ N

Tab. 3 Effect of different mixing ratios and mowing periods on biomass in mixed cropping systems

Jb 3 Treatment fif 57 4 Fresh hay yield/(kg-hm ™ FEF P24t Dry hay yield/(kg-hm ™ %) fif F o Fresh-to-dry ratio

Ay R 1316.90+23.78* 133.86412.99*F 9.9041.00"
¢} 716.234-82.68C 117.48427.26" 6.224-0.82""

R,04 684.70=54.10°° 128.72413.31"¢ 5.3340.19""

R,0, 1046.77445.4"¢ 168.344-24.01™" 6.284-0.71""

R,04 954.934-35.11¢ 161.3549.45™ 5.934-0.47""

R;0; 1136.074£31.49*¢ 174.48426.74" 6.60420.91""

R0, 943.23415.08" 142.89419.04™" 6.6940.95""

R0, 955.93+82.62¢¢ 161.79+54.24*F 6.32+1.95"

R;0, 1094.07 4 36.44" 153.53424.68"" 7.2741.30"
F-HI{E Average 983.20+28.59¢ 149.16+17.01" 6.7340.69"

A, R 1993.47+47.78® 369.54+57.13 5.4740.77
0 1803.404-51.06"" 344.05464.66™ 5.354-0.88"

R,04 2185.934-43.19" 392.71436.42*" 5.5974-0.39"

R,0, 2136.10443.80" 371.8474-29.66™ 5.764-0.38"

R,O; 2141.80424.00" 379.474-30.94** 5.67=40.44"
R;0; 2308.13423.30"" 392.27448.42* 5.954-0.85"
R0, 2209.63463.83" 389.69414.97 5.6740.10"
R,0O, 2126.93+43.36"" 386.99435.05" 5.5340.50"
R0, 1989.87+139.09" 355.78+61.84"* 5.7141.00"
SFIMH Average 2099.47+11.37" 375.824+9.28" 5.6340.13"

A, R 3550.00430.00¢" 226.98+65.68" 16.47+4.33"*
¢} 4033.33464.29°* 194.98450.46" 21.5144.75"

R,O4 4680.004+62.45" 272.7374-35.86"" 17.3642.24""

R,0, 5313.33461.10* 431.23466.55** 12.514-1.88%*

R,04 4150.004-62.45™ 432.48+74.96** 9.7741.47%

R;0; 3680.002=20.00" 466.87449.90** 7.9440.80"

R0, 4596.67455.08"* 448.75463.74** 10.4041.70"

R,0, 4413.334+40.414 454.16+42.51" 9.7740.79"

R;0, 4065.00435.36%* 414.74+30.57*4 9.8440.75"
SERII Average 4275.74+15.01" 371.44+26.16" 12.84+1.75"

T = [ G 6] NG R 3R [ — X B ik R TR AR LU0 T 2 4877 &k 22 53t 1 3 (P<<0. 05) 5 [} 91 AN [R) K5 5 1 3R [l — TR AR L 4810 AN ) X1 1

WY R4 i 2 5 2 3% (P<<0.05), T [l

Note: Different lowercase letters in the same column indicate significant differences (P<C0.05) in system yield at different mixing rates for the
same mowing period; different uppercase letters in the same column indicate significant differences (P<Z0.05) in system yield at different mowing

rates for the same mixing rate, the same applies below
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139.45% (£ 3,

A B R &b B & T B E S T A A B (P<
0.05) 3 A, I 4% &b B[] fif - L TG i 2 25 5% 5 AL IE O Al
R,O; 4b H & + b B % & T HAb & B (P<
0.05)(%£3).

2.2 AEEFMKR

J7 24 AT R (R O, Bk NDF & &2 £ R AE i
TRAT HG A1) > X3 B 28 BLAE R AR 3 25 R (P<<
0. 054, H A H8 A A2 1R AE Eb A1) X1 0 o 30 7 2 32 4
N M A8 HAE R R AR B 3 22 R (P<<0. 0D,

x4 WEEFRRREFHAESWN(FHE)

Table 4 Analysis of variance for forage nutritional quality

Jb 3 Treatment B E Ve 4 4 Acid detergent fiber FPEPEAEF 4E Neutral detergent fiber AHXT 47 ME A {H Relative feeding value
R AE H B Mixing ratio 5.40" 2.62" 3.88"
X1 Mowing period 41.277 134.40™ 116.81"
TRAE H A >N 0 1071 3.41" 1.95° 3.55

Mixing ratio X Mowing period

AL BRI ADF 75 it bl A B 300 4 0F 5 R AIG e 3
H A B9 ADF & & 58K F AT AL(P<T0.05), A,
A R, RO F RO, 1 ADF & & B Z KT O F1 R,O4(P

<<0.05) 3 A, B £ AL BE) C g 2 25 5% 5 AL B R,O5 /9
ADF & &8 i & 5 T HAb AL B (P<C0. 05) , ADF & &
AT R R 49. 78 %6 (R40O,)~69. 19% (R,0,)(FE 5),

x5 AREIBMELLGIRXE AN REEFRRPFM

Table 5 Effect of different mixing ratios and mowing periods on the nutritional quality of the system

AE P Treatment  FRVEVEW LT 4E Acid detergent fiber/ % HHPEVE ST 4k Neutral detergent fiber/ % H 4T 4R WA/ {4 Relative feeding value/ %

A, R 62.054£1.77"4
0O 72.83+5.57
R,04 73.51%£2.12*
R,0, 69.814+7.57""
R,04 64.77 42,59
R;0; 66.7944.22"4
RO, 67.05+8.36™4
R,0, 56.9840.83""
R 0O, 61.8244.15"
SF-H{E Average 66.65+1.97"
A, R 54.2444.7148
0] 63.7243.40"
R,O4 64.65+4.66*"
R0, 63.934£1.70*
RO, 61.214£0.75"*
R;0; 53.7241.88"
R0, 60.0945.69"
R,0, 56.914 2,74
R O, 53.2941.38%
SEXIE Average 59.08+0.95"
A, R 51.7242.65""
0 51.02+44.00"¢
R,O4 49.82+3.36°
R0, 49.7843.70"
R0 51.9143.38"*
R.O; 49.9545.51®
R0, 58.1441.42"
R0, 69.19+2.32**
RO, 53.6345.12"
SEHI{E Average 54.03+0.94°

54.094 222"
59.0143.174
54.8943.29""
49.08+6.03"
52.1344.66™°
51.8543.39"4
56.7545.27A
59.654-1.98"
52.004 1,774
54.5242.41%

44.80+2.64
41.3642.06™"
40.5940.71"8
37.41+0.66""
39.29+3.76"8
41.064+2.23""
40.6443.56"
44.09+5.50""
42.80£4.70""
41.3440.78"

44.95+1.62"
32.8344.30°
33.1344.59°
35.1341.49""
38.1143.49"
39.184+2.69""
36.46+5.47""
38.64+1.15"8
38.8843.520
37.2541.35°

69.7740.50"
50.8541.87°¢
53.8646.19"¢
65.4743.73"¢
69.17+2.18"
66.4345.51"
59.80+4.87:B
69.44+1.30%"
72.8443.31"
63.4343.07"
97.3544.85""
88.58+1.81"
88.3243.44"
97.2944.86"™
98.14+1.72"*
106.71£3.14™
96.534+5.27"*
95.1243.94"
103.825.08"8
96.87+2.43"
100.74+0.83"*
141.8344.59""
143.1141.85*
133.02+£2.62"°
119.35£7.45"
119.50-+4.30™A
113.03£2.08"A
84.23+1.85"
113.91-+6.88%A
119.13+£6.92"

AR VER & () NDF & & W & KT A, A,
(P<<0.05). Ay, A, I 125 TR AF Ak B 8] O Wl 35 22 = o
A BF O Fll R,Oq4b B NDF 5 H I 35 % T o Ath 4k 28
(P<<0.05) ,NDF & & 48 fk i [ 2 32.83% (O) ~

44.95% (RI(F5),

AIRIEIR R B RFV B 2 5 T AL A (P<
0.05) . A} O J& RO 4b # RFV i 2K T At 4b
L (P<<0.05) , RFV 748 4k yu [l 24 50.85% (O) ~
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72.84% (RO, 3 A, B 45 4b FH [H] RFV JC I % 25 7,
RFEV 722 fk & B R 88.32% (R,Oy) ~106.71%
(R;05) ; A, Bif R, RO, R;0;, RO,, R,0;, RO, 1Y
RFV & Z % F HoAth 4b 3 (P<<0. 05) ,RFV 28 4k 75 [l
S 84.23% (R,0,)~143.11% (R,O)(FE 5) .

2.3 FEIXHR

2.3.1 B&EAFEER A E3A B4 KA,
(J 3A, 40 B R,04, R:0,, R,04, R;0: ) AG {8
I F AG>0, AG, 0B X N, H CR>1,0<<
CR,<<1,Misksa g H R T#ETH T, ROLRO;,
R:0, 1) AG HI T AG,<0,AG, >0/ X I N, H.
0<<CR,<<1,CR,>1,#E& w4 I K Tilizee 4 1.

RO

674

0.
-4 R,0

—4

AG

r

AL CE 3A,  E 4b)R,04,R,0;,R,04, R0, 1Y
AG I T AG >0, AG, <O X5 P, H CR>
1,0<<CR,<<1,{l3R3EF I R THAE TS J1 o R:0s,
RO, RO, 1 AGE I F AG,<<0,AG,>0 [ X 35k
M. HO<CR=1,CR>1, 8% 5 % ) K T il 5% 5%
VI

A CE 3A S E 40 R,04, R,0;, R,04, RO, Y
AGE N T AG >0, AG, <0 IX I N, H CR>
1,0<<CR,<<1,{l 338G+ ) R T#HAE 5w 4+ 1 o RsO.,
R;04, RO, AG H I F AG,<<0, AG,>0 [ XI5k
W, HO<CR<C1,CR,>1, #2384 ) K Tl 3¢
R 5E 4 77 o

82 0.6
* RO,
* RO,
O: T T T R-l 1(} R Ck T T
< 06 e, 0.6
E3O7. R70§
-0.6-
AG

B3 TEAEMNBEEMRE SN

Fig. 3 Effects of different treatments on the aggressivity of mixed grasslands

2.3.2 A EE A CE Sa) U RO 4L FERY,
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