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Effects of nitrogen fertilizer application and mixing ratio on grass forage
yield of oat-pea forage crops and interspecific relationship
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Abstract: To determine the optimal nitrogen fertilizer dosage and mixing ratio for oat-pea mixed grassland in
the suitable habitat of Horqin sandy land, a field trial was conducted using a two-factor randomized block design.
Four nitrogen fertilizer ( pure N) application levels were tested: 0 (NO), 70 (N70), 140 (N140), and 210
(N210) kg - hm®, along with six oat-to-forage pea mixing ratios: 100 : 0 (WO0), 80 : 20 (W20), 70 : 30
(W30), 60 :40 (W40), 50 : 50 (W50), and O : 100 (W100). The effects of nitrogen fertilizer rates, mixing
ratios, and their interactions on yield and interspecific relationship in the oat-pea mixed grassland were analyzed.

The results showed that: with the increase of nitrogen fertilizer, the total yield of oats, forage peas and wheat beans
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gradually increased. The hay and fresh grass yield of N210 treatment was significantly higher than that of NO and
other nitrogen fertilizer treatments ( P<0.05), and the total yield of wheat beans was increased by 24.33% ~
48.24% for fresh grass, and 56.91% ~111.16% for hay yield, in the N210 treatment compared with the other treat-
ments. With the increase of forage pea mixing ratio, the fresh grass yield of oats showed a decreasing trend, the
fresh grass and hay yields of forage peas showed an increasing trend, and the total yield of oat-pea showed a trend
of increasing and then decreasing, of which the W40 mixing ratio treatment had the highest yield of oat-pea forage
crop, which was 29.79 t - hm™ and 9.06 t - hm™>. The interaction of nitrogen fertilizer and mix ratio showed that
the fresh and hay yields of oat-pea mixed grassland were highest under the N210W40 treatment, with yields of 34.4
t + hm™(fresh grass) and 10.53 t + hm™>(hay grass), respectively. These values were 1.42% to 89.32% and
0.38% to 255.74% higher than those of other treatments. The land equivalent ratio under different mix ratios was >
1, with the highest land equivalent ratio of 1.19 under the W40 treatment. Relative yields of oats > relative yields of
forage peas in the mixed-grassland, oats’ aggression intensity >0. Therefore, it is recommended to use 60 : 40 oat-

pea mix ratio and 210 kg » hm™> N fertilizer dosage for oat-pea mix grassland production in Horqin sandy land.

Keywords : oat-pea mixed grassland ; nitrogen fertilizer; mix ratio; yield; interspecific relationships

HEAZ (Avena sativa ) JE RAFIHEA J& (1) —4F A B
A, PUH P 5y, o B 3 N PR 5 7R 3R E L
Iz R AR B SR Al A
ORI ) S it , 3 Ml PR R e | 3 7 AR 4% 1 AR
FMERE N SR A A K 3 1 2 S B e AE
BRI B TR RS ) AFSE SR
& 5 S RHHYIR RS 7T A RO D R R R[] I 42 5
e e A B L ( Pisum sativum ) 35 F
RS, SN R R R
— o 22 SR B b ) PG Jo e 7 S ) VR R
A DA JGE B TR LU ], 38 B A TR LA T R AR TR
T4 ) A G UR T 47, A 0 IR X 5% 40 A W i
TR A% o BEOR A B A 7 Y T A RHR %
F I A 5T 32 A v TS BATR AR AL A N LA
Y% B A X 3O ], 3 B Y 22 TR A L B
M, Baem&N e =R X R £, EORIR
L7 « 30 BB 4R B> i 3 v T AR R T
1] A S AT R R B A Y R e
SRR Ll 8 ¢ 2 B IR O R R
XA AR T Y A VR X A B 5T R TR, /N P
22 55w 90 LR B A LU B2 40 ¢ 60, AU B
ARG R R AR R IEEE ) R TR XY
BINE)] 00w <07 N 1 DR (10 A A d Y U N B 2 8
X EBFSE 20 i A 450 kg - hm 2 0] B E B TR
TRAR R 0 77 i = BN AR 7R I IR &
PR, TEA 7 b, R 7 A K T 1 B v 4R o it
A 150 kg + hm b B A ROR SR AR, 7T 0, DRI b
HITE 3t ZUNE J2 VR 7 b ) a4 Y
B

BRI VD bbb b P 30907 S Jirt, 2 3R ] 78 4 >

FRBEBAOL X SARR, LA S 3 (14 v Hh 3k
e rpe Al K SR AV VR N T A R A AR I a4k
B SEEFE BB 10 000 hm® ") AR AR T
TRy, e 50 B E B AT 1 O R SR
(B R B e S50 I i & R AT R AT TR %, H
PRI HE 1 FH AR L 24 o 5L = e $ot Bl A
RURI R 5 BOGHRGEUR, B o R B I RR
M2 SRR I R 2 B E T FE T AL R
HX P TR RIDH X A iRGE A £, AT A
LT FE 7K S X6 2 i X 30 R Y 47 5 b 5 W) 4 O 5 R
AL, FETF I, AT 4 At Z K F 6 A4
e 27 Vi FH 90 S TR A% A1) 3 AT 0 BT VR 49 R b 1 1)
B KRR AL DG AR O e R R Y0 Ml X 2 G TR %
B4t ) RN P B TR A EL B, DA Ry 2 (X IR
BRI AR R S

BRSO

1.1 i 5e Hu e 5

TR H A T N ST B A XOE AL T P 5l RO
KR PO R RV R X (43°69'N, 122°06'E, 4K
183 m) , J& LAY IR A7 KBl Ze WU, 8 B, 7
LN BEKER T E R, EHRR 6.8C, =10C
TGS ARIREY 3 200°C , JTCFE I 145 d 247 4FE 34 H I
BFE] 3 000 h 2247, AF 47K & 350 ~ 450 mm (1 [E
K%M http ://www.weather.com.cn/) o 1% H X i #
S MER R+ 0~20 em )2 HIEFRARME
BURAE LR & 4.87 g - kg™, AU i 94.51 mg
- kg, LR A R 10.48 mg - kg, TR A S
11.18 mg - kg™ ,pH 1H M 8.2,



555 3]

XA - RN FH R RTRARG L f91) Xk A2 TR o ) e 7= i S o [ 5 2% Y 52 ) 111

1.2 A

MR SR N ¢ 5 444 SRR FH B S0
Fick Hwi 15 YA LB,

1.3 Rt

R T 2023 4F 4—12 A 7EP 50 ROE KA
PR 7R I DX P TF R SR BUOX R 2 BE B IX 4 %
e AR BRI E, &E 0,70,140,210 kg -
hm 23 4 ASEEESEE, 4 31 H NO N70 N140,N210
FR ;B O NIRIE L], 15 B 6 AR M FH i v
TRARERN LB (2 1), o g 35 45 L A1) TR 495 Ao 47
A H AR R Y 80% ", Fk 24 AN A AL,
BAAAAIE 3 WES It 72 /MK, DX T
12 m*(4 mx3 m) ,&/NX[E] T 0.5 m 438,

e FR B & T 2023 4E 4 A 15 Hi&Rh 3%
Ty 3R 4H%  ATHE 20 em, T3HE 22 BB (2023 4F
6 J 20 H) #ATIR, BRIE (I BERR S, &% P, 0,
=46% ) FIFPIE (FALER, & K,0=50% ) 1E M JEEHE —
WHERGA | AR 23 514 150 kg - hm™> A1 100 kg -
hm 2 BB (SR E, & N=46%) 30% 1E AR, 70% 1
B, A 43 ) T 8 22 AT S0 R S ) 4 e U
FEAN A T ISR FE YOS S8 A7 0 T, JFL Al P (] A LA e
55 Y b ez e I —3K
1.4 MEBHRR A X

TR I, A/ N XBEHLIER 2 4~ 2 mx2
m PRE T HEAT X F 77 ) A AE R B 3 om B R
Wiy B G 4y M PR I S e | Wi KA 7
SR 25 ALY BEHLER A 500 g A A1 ST
K, R 65°CHET Mt 518 &, R T 5= o,
B L (TR R/ R )

1.5 HESITSSHT

M4 b (land equivalent ratio, LER) FH F1F
SERFERM S FoR 22 TIRHE 2 58 P Fowt 9% U5 R
R 2 iy N4 NN = I = 7= W (1

LER=LER +LER =(Y,/Y,)+(Y, /Y ) (1)
A, LER IR FEHER A £ M0 2 LU LER A LER,
O3 ) 3 /R e R FH B B A L Y B L Y, R
BRI (WO LB 1y 7= 65 Y, R R SR ] JH 9
(W100 4b3) Fy ™5k ¥, 7R 22 IR BRI e &2 1 7
Y, FR A GIRE I FHBE A EE

T B A P (relative yield , RY) B AN =4
S F (total relative yield , RYT) T UNTT .

RY,=Y, /Y, (2)
RY, =Y /Y, (3)

po

RYT=LER (4)

T, RY, FRY, J3 311 26 78 FHEEZ 0 R) 90 S A8 ARG 7
(8 1) ; RYT Fon IR #E R 504 T AHXS P~ &t S
RYT>1 Ul TR A% 2 G0 b 6] 0K T A0 A3, RYT
= 1 LB TR R 55 b e 22 A i) i &2 ] L B i RYT
<1 U W VR K 5 Hb M8 22 AR B TR) AE AE 4 L
PEHIZY
1R WE R (aggressivity ,A) T FH T8 22 P 4 1 6]
ME R IR AT .
A=Y, /(A Y)Y, /(AY,) (5)

op © oo po = pp

A=Y, /(AY,) Y, /(AY,)  (6)
A FI A 3 AR 3R 36 22 R0 ) ] i 2 ) A i 5
5 A, R T o R L, A A T 1 R
LB 25 A, >0, FoRFEENBAEY) 45 A, =
0, &M S My O BAMEIRTE R 1545 A, <
0, Fm I g A e >
B4 % (competition ratio, CR) J& [z B IR #%& R
gAY AR s AR b HO R AT
CR,=(LER /LER )x(A, /A ) (7)
CR,=( LER /LER)x(A /A,)  (8)
1, CRFI CR, 73 i AR A A ] FH 38 52 1) 5 4 LU

x1 REBEHGRAEEME

Table 1 Mixed sowing combination and forage sowing amount
R/ (kg » hm™)
Ab 3 M A WS Sowing amount
Treatment Oat : forage pea FEH il FH B
Oat Forage pea
WO 100 : O 180.0 0.0
w20 80 : 20 230.4 72.0
W30 70 : 30 201.6 108.0
W40 60 : 40 172.8 144.0
W50 50 : 50 144.0 180.0
w100 0: 100 0.0 225.0
5
!
EHs | o%
e £33
2501 2%
£z <=
EE <
<® 2
& <
S
£
S [ ARIBIZ ]
= BothA and|B are ABEF”bFHJA
inhibitdd Binhibits A
0 1 L 1
1 2 3 4 5

Yy FBI AR X 7
Forage B relative yield (RY,)

Bl WmYHHESEERENX

Fig.1 Competition patterns between two species
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Table 2 Significance test of forage yield indicators under nitrogen fertilizer,

mixed sowing ratio and their interaction treatments ( F value)

(GRGELES EfELY

Forage type Indicator

i 5= Fresh grass yield

0
jcft% FH 7= Hay yield
TREL Dry-fresh ratio
Ltk A @iﬁf;i FEresh grass yield
Forage pea IEFEE Hay yield
Tt Dry-fresh ratio
FEE A BE fitf R i Fresh grass yield

FE =4t Hay yield

Oat+Forage pea
er F#ELE Dry-fresh ratio

A TR7% L AL xR L]
Nitrogen Mixed sowing ratio  NitrogenXMixed sowing ratio
22.58"* 128.58 " * 36.25 "

1639.12" ~ 1976.39 " * 81.98" "
919.00" * 2671.19" " 64.06" "
72.87" " 4553.40" " 17.22* "
32.18" " 2057.29* " 13.09" "
171.74™ ¢ 2951.54* " 36.07" "
828.24" " 367.90" * 12.68" "
1357.98" * 430.73" ¢ 62.87" "
447.03" * 110.54 " * 68.59 " "

W+ FoREFBE(P<0.05), * * FRZEFWEE(P<0.01), T,

Note: * indicates significant differences at P<0.05 level, * * indicates significant differences at P<0.01 level. The same below.
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Table 3 Forage yield and dry-fresh ratio under

different nitrogen treatments

L Ao ST
Forage Nitrogen vield Hay yleId Dry'-f resh
type treatment /(4 hm™) /(t - hm™?) ratio/ %
NO 15.68+0.03d 2.97+0.33d 17.73+0.39d
HEH N70 20.61+0.18¢  5.69+0.64c  21.50+0.28¢
Oat N140  22.56+0.24b  7.30+0.62b 25.31+0.44b
N210  23.53+0.21a 7.91+0.82a 26.30+0.19a
NO 5.69+0.02¢  1.71+0.04b  32.69+0.42a
lEl:E A N70 5.96+0.03¢  1.71+0.04b 30.98+0.41b
Forage pea N140 6.99+0.25b  1.79+0.07b  29.38+0.25¢
N210 8.15+0.02a  2.06+0.03a 25.73+0.24d

NO 21.37+0.04d 4.48+0.09d 22.28+0.42d

MEAMBT N0 26.57+0.20c  7.030.15¢  26.61+0.35¢
Oat+Forage pea  N140  29.55:0.34b  8.630.03b 28.66+0.40b
N210  31.68+0.22a 9.46x0.14a 29.66+0.40a

TE : [RISAS [a) /NG T RERR 7 AR [ 45 B A28 TR Ak B ) 22 5 (.3 ( P
<0.05), TR,

Note: Different lowercase letters in the same column indicate signifi-
cant differences between different nitrogen treatments of the same forge
type( P<0.05). The same below.
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Ab B f ,ﬁ WO W20 Fl W100 &b 353 1 2 4 /& Table 4 Forage yield and dry-fresh ratio under
11.66% 3.19% #11 47.72% ( P<0.05) , 5 Hi% e 3 different mixed sowing ratio treatments
= =] N=} T T =
(W0 ﬁi‘fﬂ) @i% A FH 8 52 (W100 &b 41 Fb itb AR lf‘fﬁhzi FeE THEL
fl% ﬂﬁ% T%I%AE\@EF%H Ll W40 ﬂ‘fﬂfﬂ%ﬁ%% s Forage Treatm;fnt vield Hay yielle Drx—fresh
AL BT 60 © 40 10T Ho i i A e IR IR
FHERILLA A W 26.00:031h 70000128 26.0640.27¢
FHESZ 1 B 7 MG T R A B R 9 R ’f W30 247140.3lc 6.89+0.13b 27.11+0.46b
16 L1 E 8 2 S 180 1 5 A B 2 AL e 3, FL I 7 W40 24.03+0.14d  7.18+0.11a  29.33+0.30a
: e s L R e W50  22.16£0.25¢ 5.720.09¢ 24.94+0.35d
W40 AbHEF fe ey, AHEAZ T 57 R AR T R 4 ) W20 2.86:0.02¢ 0.82+0.0lc 29.830.27¢
< Ve B2 - W30  4.42:0.01d 1.390.02d 31.78+0.45h
B ARG I B4R 55 2.57% ~25.529% 1 9.42% Fﬁﬁﬁ'ﬁ W40 5.76:0.03c 1.880.0lc 33.06+0.16a
~91.54% ; {7l FH 8 7 () T 5 7=k i ) ) 9 0 TR 446 1 OraBe Pl Wws0  6.98+0.05b 2.08+0.01b  30.22+0.20c
X NN SR WI00  20.17+0.36a 4.73x0.16a 23.58=0.68d
] 22 5% .2 ( P<0.05) . W20  28.86x0.33b 7.82+0.12¢ 26.37+0.23c

DI ‘ o fekelUNBET W30 29.13+0.32ab 8.28+0.14h  27.80+0.45h
BER 2 SR A LE I A B I, 62 R BESL OueForage pea W40 20.79:0.16a 9.06+0.12a  30.03£0.26a

A 5 00 815 T B 1 S
e, HITE WA0 LEFE R fen, 490K 29.33% \33.06% 71

x5 AREASRENAESEMTELL
Table 5 Forage yield and dry-fresh ratio under different combination treatments
HEHE Oat TRAIF¥EE. Forage pea HMEF +IA B, Oat+Forage pea
W AR PR TEE BRSR  POSR TEIL BRCR FROR TR
Treatment Fresh grass yield Hay yield Dry-fresh ~ Fresh grass yield Hay yield Dry-fresh ~ Fresh grass yield Hay yield Dry-fresh
/(t-hm™2)  /(t-hm™) ratio/ % /(t-hm™2)  /(t-hm?) ratio/ % /(t+hm™2)  /(t+hm™?) ratio/ %
NOWO 20.16+0.21k  2.96+0.13kl 14.67+0.72j 20.16+0.21jk  2.96+0.131 14.67+0.72m
NOW20 19.86£0.34k  3.31+0.16jkl  16.67+0.54ij 2.16+0.03k 0.74+0.011 ~ 34.00+0.98ab  22.02+0.34hij  4.05£0.17k  18.37+0.53
NOW30 19.13+0.24k  3.63+0.05jk 19.00+047gh  3.61+0.03jj 1.21£0.03jk  33.67+£0.72ab  22.74+0.27hi  4.85+0.00hij 21.33+0.46jk
NOW40 18.92+0.31k  3.99+0.16ij 21.11+0.83g 4.59+0.04ghi  1.6+0.05ghij 34.89+0.68a 23.51+0.33h 5.6+0.21h 23.8+0.83ghi
NOWS50 16.01+0.501 2.76+0.151 17.22+0.42hi 5.61+0.05fg 1.95+0.04efgh 34.78+0.57a 21.62+0.55hij  4.71x0.18ijk  21.78+0.27ijk
NOW100 18.17£0.05¢ 47420.13b  26.11+0.79de  18.17+0.05k  4.74+0.13ijk 26.11+0.79g
N70WO0 26.29+045fg  6.660+0.26gh  25.33+1.19f 26.29+0.45¢ 6.66+£0.26¢g  25.33+1.19fgh
N70W20  25.68+0.34fgh 6.79+0.14g 26.44+0.31ef 2.39+0.03k 0.78+£0.021  32.67+0.54abc  28.07+0.37fg  7.57+0.14ef  26.98+0.24ef
N70W30  24.82+0.53ghi 6.01+0.17h 24.22+0.16f 3.94+0.01hij  1.26+0.02jk  31.89+0.57bc  28.76+0.53f 7.27£0.17fg  25.27+0.18fgh
N70W40  23.78+0.55ij  7.85+0.30ef  32.85+0.54a 4.93+0.04gh  1.67+0.04fghi 34.00+0.98ab  28.71+0.58f 9.53+0.30bc  33.17+0.35a
N70W50  23.10+0.30j 4.62+0.13i 20.00+0.72g 6.32+0.14ef 1.97+0.06efg  31.11+0.79¢ 29.42+044ef  6.58+0.15g  22.39+0.67ij
N70W100 18.18+0.08¢ 4.58+0.14b  2522+0.87¢f  18.18+0.08k  4.58+0.14jk  25.22+0.87fgh
NI14OWO  29.04+047bc  8.32+0.05de  28.67+0.54de 29.04+0.47f 8.32+0.05de  28.67+0.54de
N140W20  28.37+0.19cd  8.26£0.22de  29.11+0.68cd  3.08+0.05jk 0.99+0.04kl  32.11+0.68bc  31.44+0.22cde 9.25+0.21c  29.41+0.58cd
N140W30  26.96+0.56def 8.71+0.14bed  32.33+0.47a 4.56+0.05ghi  1.51£0.03ij  33.22+0.42abc  31.52+0.6cd ~ 10.23+0.17ab  32.46+0.46ah
N140W40  26.43+0.18efg  8.46+0.19cde  32.00+0.54ab  6.10+0.02f 2.14+£0.04de  35.00+0.54a 32.53+0.19abed 10.49+0.16a  32.56+0.34ab
N140W50  24.54+0.71hij 7.31£0.25fg  29.78+0.68bed  7.49+0.13d 2.01£0.10ef  26.78+0.87de  32.03+0.80bed  9.31+0.26c  29.08+0.37de
N140W100 20.73+1.41b 4.10+£0.37¢  19.78+0.68g 20.73+1.41jj 4.10£0.37jk  19.78+0.68kl
N2I0WO  31.20+0.92a  9.01+0.27abc  28.89+0.57d 31.20+0.92de  9.01+0.27cd  28.89+0.57de
N210W20  30.10+0.74ab  9.63+0.23a 32.00£0.27ab  3.82+0.08hij  0.78+0.041  20.56+0.87g 33.92+0.82ab  10.42+0.27a  30.71x0.33bed
N210W30  27.93+0.25cde 9.18+0.26ab  32.89+1.03a 5.57+0.04fg 1.58+0.01hij  28.33+0.47d 33.49+0.29abc  10.46+0.27a  32.13+0.91ab
N210W40  26.99+0.13def 8.43+0.22cde 31.22+0.96abc  7.41:£0.06de  2.1+0.02de  28.33+0.27d 34.40+0.17a  10.53+0.23a  30.60+0.81bed
N2I0W50  24.98+0.39ghi  8.19+0.15de  32.78+0.42a 8.50+0.05d 2.4+0.07d 28.22+0.68d 33.47+0.43abe  10.38+0.13a  31.62+0.14abc
N210W100 23.60+0.13a 548+020a  23.22+0.83f 23.6+0.13h 548+02hi  23.22+0.83hij

T : BN R NG SR 3R b B E] 22 57 3% (P<0.05)

Note: Different lowercase letters indicate significant differences between different treatments( P<0.05).
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S FHAB AL (P<0.05) , ¥ 1K R 3.65% ~94.88%;
N210W20 #b 3R e+ Fi = i ey, 35 51 9.63 ¢t -
hm ™, .35 5 FF N210WO F1 N210W30 ~h i) HoAth b
FH(P<0.05) , B4 lE N 4.90% ~248.91% ; 4 T-fif [t
TE N210W30 AbH T f 5 (32.89% ) , 5 H: Al Ak B3
H0.12% ~ 124.20% , i) 1] 59t &2 10 8 5 0 B 7
¥1 N210W 100 Ab 3 fe 5, 43 512 23.60 t + hm ™ Fll
5.48 t - hm2(P<0.05) . N210 &b3H T 5 i o e 2
7 R R i A R FHE S R ] P W T A M A
N210W40 B fif 77 7= 5 f R 5 8 i i 0 5l ok
34.40 t - hm™H110.53 t - hm > H.7E N210 AbBE K %%
TR FRR) 22 AN 3
2.2 RBLLOINHELEF R ESIERIOZME
TEHE Lo B0 A g = 1l > o EE ) sE i A2k 6 Al
2 iR, AS[RHR R LGl xd LER, FI LER A5 B . 3%
S (P<0.01) , % 0 Y 5 b A 23 5 e (P <
0.05,% 6) , WK 2 fii7n, LER, £} W40>W50>
W30>W20, % Ab BRAE 70 5 R 1.18 . 1.17 . 1.14 [ 1.11;
LER 33N W50>W40>W30> W20, #5 4k F i 53 5
9 0.34,0.28,0.22.,0.14, LER {8¥4J7E LER, = LER,
Ze M, B LER >LER,, 3 W13 1 1R il BE A7 AE
Do LER (6T F 50 T2 IR 4% Lo 491 020 1 AR
LER (B4R T 1, 156 WITR #6 2 ] (9 B AME FH R T
e, H W40 ZbBRAY LER {5, Ui 4% T
BEIEIN 18% 1y - M 1T BR A AE 3k B TR HE H 4h 11 BT
i
*6 AETMEFARESIEFNEZERE(FHE)

Table 6 Significance test of productivity and competition
indicates of forage land ( F value)

iH Item FA{H F value
TP L 0 L B
Partial land equivalent ratio for forage pea (LER) 40.97
FHEAZ I it - 3 2 B L 555+
Partial land equivalent ratio for oat (LER,) 75.
b Y L 15.79 *
Land equivalent ratio ( LER) :
P A 7 10"
Relative yield for forage pea (RY,) 9.
ek AR 7 Rt B
L 247.53
Relative yield for oat (RY,)
AR 77 2t SR 15.82°
Total relative yield ( RYT) :
1511950 F 2 .
Aggressivity for forage pea (4,) 87.53
e AR W iR i ,
AL 287.53" "
Aggressivity for oat (4,)
T 2 8 4 LU 417.84%
Competitive ratio for forage pea (CR,) 17.8
M s LA ,
AN LR 883.56 " *

Competitive ratio for oat (CR,)

2.3 RO EESIEIRARNE

W 6 Frzn , AN [ERAE Lb 50T e 22 1) 40 X 7= i
RY, W . 5200 (P<0.01) | %45 FH B 5 59 AH % 77
#RY A BEZW(P<0.05) . 1 RY {H53 4 DX 3]
L HEE SN T B A, HLE R | T
ez (18 3A) . ilE 3B~ D s, IR 3% B HL A
R SR (A ) Fe I M7 11 4= W 5 18 > 0> 1) F i v
ISR (A, >0>A ) , 76 W50 B ) 4= 6 3 32 0 K
(1.47) B2 & T HAAL B (P<0.05) 5 36 LR R
RFEFE B e A HL > 1> 1R B 10 56 4 FL & (CR, >
1>CR)) (RBIHE =S IR TR S, e b
HEHHA s AT W50 B (58 4 L i o i 5 i T
HAbALFE (P<0.05) , fi) FH 9 0 00 52 A0 f2 i) 22 Ak
POAE W50 AbFET 54 LR AR ; W50 FT W40 b3
B R G A= 880 (SPD) B35 %5 T W30 Fl W20 4k
B (P<0.05) .

3 W ®

3.1 RIEXZERBEMAESSMNZIT

e EIRE R A Ko R b B R
VEFE™ WFoE R0, RUIE AT LA 22 S TR A% 5t vh
e W A PO AR g K B, B EIE A 1
T, 2 IR AR e 5 TR, N210 Ab B
o) R 7 i e e L e T RIS A B B A2
TEA v it T DA S S R T R, XS R
VAR DU AR T A AL, A AR A AR
DA TR 0 L E B YR 476 7 b ™ I i 2R 2 1) 34
JnE F IR 180 kg - hm *EHEHE F ok,

1.5

z
~ ©
=210
N Q
j? 4&?‘ * W20
5 < e A W30
5 2 v ® W40
HE ¢ = W50
E3505
o=
R
@S

5

~ 9 L I

0 0.05 0.10 0.15 0.20

il P 3 R0 R e Y R L
Partial land equivalent ratio for forage peas (LER,)

TE : PR AETR Sf B152 3 43 T AR ELAME RN T 38 4 4F
P A b A FOREAME R T38 S+ I IX 3

Note: The area of the shadow in the lower left corner of the
figure is the area where the complementary effect is less than the
competitive effect ; the blank in the upper right corner is more
complementary than competitive.

B2 AEBEEGIFELESS
Fig.2 Partial land equivalent ratio of different

mixed sowing ratio
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T B.C.D AR [EING TR R — 1R R0 R AN ) b B ) 22 57 .35 ( P<0.05)
Note: Different lowercase letters in figures B, C, D indicate significant differences among treatments of the same forage specy ( P<0.05).
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Fig.3 Forage competitiveness index

Rk FEAE O FERHRID VD U oT R I, TR A% B
B 5 U FH B 3 S S s n 5 BRI R B, S5 AR5
A3, AT RE SR R T TR R R 3k R Y RO W)
B, AW EEH I R I 87 5 OE 3G K
{8, BAR N BB AT 2 ik — 2RI 50 E
3.2 REBLAIMESREBEEMEESEMXNE
SRHE D ) LA SR 5 e TR R b R 7R 45 4
DIRe ) OC B R R, P 5 w0 b 19 A 7 ) MR
PR SRR S A B BRI R A g R,
SEHE RIS TRAR LB A 3 ¢ 1 B TR = i R
G ETER A, AT e R SR X A B g R
WY, LA 7+ 3 22 IR LU B A i N T bl ] e i
e, ARBFFEEE R R BHRID X 22 SR H ]
6 © 4( W40 LbFE) B, ] R g T LY G e T
b TR L9 b P 5 B 0 7 LG e 2 A HL , W40
SRR RS BB S 47.65% 1 11.66% . ASTR] X 4858
HATERRE LU A AS [ ] fig 2 A4l f A A [ DL R 45
SREEYI R AN A 2257 . T AE SR e i 9E
Hi DX B TE 2 B I ) FH 90 2 TR LU A 38 o, ] R
P R SRR ALE ROk X S AR A SR
ANTR), P RE TP e B 2 6 ) P A R i, R
TRABAL A AR X = B T o X Y
3.3 RIBLLGIX Z 2R IBE B =R AR
b Y b (LER ) S A i - WA 7 T AR AR,
AT PR 2 A R 5 20 B A R R

25 WA S AR 8 A 5 JEOG R [) YR AR ) AL R
] 5 A WFAE KB, Tk b7 1 GR AR AT Hb 2S
N L3 IR F R, S8 AR R R
eAE 55 1A P SR IG AL B LER {50 1.26~1.74,
FILH B AR AR S, AW, 22 SRR AL
M) LER> 1, Ut B HL A TR FE A e, Horh w40 4k B
LER (B (1.19) , LA™ T8 19%; H LER, >
LER,  UiWEL ARG R G PRI 7 AL X
2 L A R B AU BB g A5 SR — 5, B
MELAEE GIRIE G RN - AR LER (AFAA1E %
ST R A A AS R TS,

FEIRRE L b rpr | S Fh P 55 40 5 T 8] 55 4, 55
Gl — IR YR RE A I A7, I R AR B AE K A1)
AR RIS R R ) T BOR S 7E D 1]
Se AV E I e 22 5, R VR b 18] 56 R R TR
AT, TR 4 B b AR X 7 i SR (RYT) KT
1.0, B 22 W7 TR 4% 50 b () 9 36 4 TR ) 5 5, 36
AH3HE A2 5 1) FH o 2 TR A9 5 o DD 25 1 e 0, RO A
TE U A7 TR 0 (] 2A) o #2238 5 Ay
S GIRAR RGP I EAES Y AT,
TRIGE A IRUESRIE A, > 0 a4 R CR,> 1.0, 1}
WL TR IR G R b s P S A, 58 H R
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5% IHE A o PR YR Y AR BURE o TR FH B 5 4R
FHBE GG A 7= 45 54 52 2 o 5 i BR A1, S O
A (ERS),

4zt B

i RN it FH e 14, HE S AR R B R
PR PR BTG N AL, 210 kg - hm T AR
AR PR 6 R o G R T O I A B L
F O RERT PR 24.33% ~ 48.24% ; i T Bi
TRRE LU 35 I, 22 o807 o 2 5 1 s AR R
A TR B 60 ¢ 40 TR 3% 1L ) 4b BE Z T
Fri e . 210 kg hm ™ ZEUNE + 7 22 R FH B
60 : 407 % Ab BT, 27 W VR 4K b fef R (34.4 ¢ -
hm™) A5 (10.53 ¢« hm™) PR, S0l BEH Al
AEFPAR S 1.42% ~89.32% F11 0.38% ~255.74% ; % AL P
T, Y LER (8.(1.19) 55 , TR 5 i AR %
P RYT> 1.0, RAE R HL A ZBETR AL (A) FIR S
AR IFREL(SPD) 43 Bl A, >0>A, .CR,>1>CR,,
UEHAMERZ (12 7 1 R T B, 3862 i LA fr

LR 5 IR BRI VR R 1, R 60 = 40
f1%)3HE 22 F i) FH 0 2 TR A EL 81, T 4 FH 208 210 kg
- hm ™ ATVE A R R U0 U i 27 SR A R T
A7 DI HERER it

2 % X k.
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