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Fig. 1 Schematic diagram of oat/pea intercropping
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Table 1 Experiment design
e/ i/ (kgehm ™ *) STt A/
AR 4h U e -
(kgehm *) — — (kgehm *)
SYEE/OMRN JTAE
ONO NO 0 0 0 0
ON1 N1 20 20 60 100
M (O
R (O) ON2 N2 20 30 50 100
ON3 N3 20 40 40 100
PNO NO 0 0 0 0
PN1 N1 20 20 0 40
B (P
) PN2 N2 20 30 0 50
PN3 N3 20 40 0 60
WETT OPNO NO 0 0 0 0
X OPN1 N1 20 20 60 100
(A £
(O/P) OPNZ2 N2 20 30 50 100
OPN3 N3 20 40 40 100
1) A R (30 A5 e ) e R (i S S ) R 990 22 71 W 2 AE 6] AR A0 B I b ) R Yio

BT (50 5 ) 7 4 /N X BEHLIR 1 m AT AR B,
FF 4 A 0 I 90 ff L 1 F 105 °C R 4E 30 min, % % 80 °C
PAR P EEE R TE, 3IRER .

1.4.2 #HH5% ME . WERAG SR ™
(B 25 BRURE AELBR BT o 10 AR B0 KL gt IG5 PR o, 3 S50 K

L AR S B
AR TR B =L y= = /A W re (1)
1.4.3 3% %k (land equivalent ratio, LER)
LER=(Yip/Ysp)+(Yio/Yso) (2)

P Yip Y sp 43 5 3 R B 5 AR R AR L VR B A

W), Yio Al Y so 43 i) 2 7 e 22 7 [ /E A B

B ML b3 B R, Y LER>1.0 W, 678 47 W AE L

P LER<CTL. O I B )4 45 109,

1.4.4 Fb1a) 4835z 4 7 (Aggressivity , A)
Aop=VYio/(YsoXZio)—Yip(Ysp X Zip) (3)

A, Aop Sk FHE 22 H G T B S0 5E S 1, Yip A Ysp 43

F Y s0 43 53] 3 735 e 22 A [A] A/ FN BAAE 1) 1) 1l = 1 4 o
i, Zio Fl Zip 43 1) 3 7 e A Mg SR 7 ) A BT AR
MR ], Aop=>0 K IHMEEL T I R TFHIE, Aop<<
O J) 2 W] i &7 5 S ) KT e
1.5 HiEAE
K M Excel 2007 # 47 £ 48 % 3 or e 5 AE IR, W
SPSS 23. 0 JAF 4T 7 2243 M . 22 T LU 4K L [ U A 3
AH 53T o

2 HBREHW

2.1 FERGEXNEERSH FEYERZIE

Jit SR i) R R AR A 2O e S | i L R e
S 35 3 & 3 (P<<0. 05) 5L ik i 3 (P<<0. 01) K -
I LA X e 27 e AN S AR R R
A=) 2 I A B (P<<0.01) (% 2).
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Table 2 Variance analysis of above ground biomass of oat and pea under different treatments

F1i
-7 i
b2 - b b 78 A ) _ _
LR Eilk e AR A
e A7 Wi . e Wi ez Wi 1. e A7 Wi 5
A =X 195. 63" 19.49” 122.77 36.42° 241. 417 389. 86" 86. 74" 451.01"
HIKFE 10. 50" 9.56" 15. 24" 4,52 26.78" 15.74™ 4.18' 19.81"
ok 7 28 X EK 2.05 2.86 5.43" 1.61 2.50 8.00" 2.10 9.29"

T R 25 S 3 (P<C0. 01) 33K 28 7 b 35 (P<<0. 05)
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S0, THE 300 RS ) £ N2 JKSF R 3RS i KR i
BN it & Ab 3 4y B B T 48,479, 29.40% 1
11.34% . BAEHE 0 Hh b AR W ikt B B A 8 300 0 4
T, £5 B HA 3 SR B N2>N1>N3>N0, & 17
W, AR T A N2 /KO T i B AR R 0. 94 /hm?,
B AN i 8 Ak B N T 62,07 % (P<<0. 05) ; 1 il B 3
N2 4h 3 ¢ H b AR H R R 1. 98 t/hm?, # NO N1 I N3
Ay BN T 62.30% (14.45% F126. 92% ; A B N2

b PR b B AW R T NO LN AT N3 (43l 1
T 46.67% .22.87% F132. 38% ,P<<0.05)

FE M B0 T AR AR R b, 8E 52 o5 M 6000, B 0 o
Mo 40% o 25 AEH W, BRAK I N3 AL FRAL A ] L T
BT I 1 b 22 1) b b 2B 4y i 289 v 1 R R 0 B4R (3%
3), LU AE NO N1 N2 Fil N3 Ab # R B A7 B A 1Y
M b A B T 11.68% ,20.00% . 31. 64 % F
18.27% . [AIVEMEZE b b Af 4 it BBl 56 1 A T & 1
BN SR 5 98, AE N2 AR A B K, 40 A NO N
N3 7K -7 2 30 5 63,826 . 14. 49 % A1 27. 33% , 1E
A = 31, 23%6 . 18. 47 %6 M 22.03% . [A) A i 7 7E
HESR I NO N1 FI N3 /KP4 Ay 68 /N A
P, 50 SRR T 18.97% 2. 16% Fn 4. 25% , Hifli £ &
P 309 349 5 R R BANE L 4% I I ) A B A R ] Rk
T B A E R B N2>N1>N3>N0,
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Table 3 Above ground biomass of oat and pea at different growth periods t/hm”*
e P79 1 L) 3 A
‘ WA WIE AR S BT MEYE Mk BT REWR L B RAEYR
ONO 1.15 - 2.29° - 4.83° - 5. 82¢ -
ON1 1.31% - 3.06 - 5.78 - 6.00° -
ON2 1.37" - 3.40™ - 6.25™ - 6.48"™ -
ON3 1.43" 2.76% - 5. 437 - 5. 91°
PNO - 0.58¢ - 1.22¢ - 2.76% - 3. 15°
PNI1 - 0.85™ - 1.73" - 3.78™ - 3.76
PN2 - 0. 94" - 1.98" - 4.26" - 4.62
PN3 - 0.78% - 1. 56° - 3.19% - 3. 49
O/PNO 1.19"  0.68“ 1. 86° 2. 64% 1.22¢ 3. 85" 4.92% 2.32° 7. 24¢ 6.50"  3.24% 9. 74°
O/PN1 1.42" 0.97"  2.39" 3. 85" 1.90" 7.04 3.70™ 10. 74" 7.20 3. 98" 1.1

O/PN2 1.65° 1.16° 2.81° 4.19° 2.02° 6.21°
O/PN3  1.43" 0.84"*  2.27" 3.13 1,50° 4.63"

8. 06" 4.52° 12.°% 8. 53" 5.32° 13. 85
6. 33" 3.06 9.40° 6.99" 3.70 10. 69"

T < S M b A i D A O () A A A ] 45 T BT 9 48 AR5 [ 50 (] 7 B 22 5 8.3 (P<<0. 05) . T[]

2.2 MEREBHEMNEBEREHFAFTEMRRELD
A
T A5 X A0 it S0 ) JE X A A2 L B R R Y
2553 W B W, A R R R 7 S 14 5 0 38 K B A 53 K
- (P<<0.01) , (B H 22 5.4 F W Ot B 2 82 g (P>
0.05)(£4),

AT o5 i T RRUAS [R) it o B, M / /9 L R A
AR TR AR (R 5) . 7ENONL.N2 M
N3 /KT, 54 R B4 b A B, ) R 3 22 F L™
Ay T 13.56% .22.01% .21.56 % F117. 25% ,F

F4 AEVBETHRZEBEFHUTENFTEDN
Table 4 Variance analysis of grain yield of oat and pea un-

der different treatments

F1H
A% % TRy
Tl =X 85. 70** 124.49"
RAIKT 15.59™ 9.19"
oA 7 28 < 'K 0.07 0.56

YRG0 R 18. 60% 5 5 AH R HAEAH EE , 18] 4 B G AL =
Bl i L A B T 26.95% . 36.24% .
33.67% F18.77% , vl U [a] VX $8 &5 7 kL = o R R
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[T CO/PNO  EO/PNI
W O/PN2 W O/PN3
[F] — o AR XA ) it 60 BT, B0 R ) AR e 42 14
R i 4 N2 b S 3K Ak 42 B0 3 048, 1 oo ]
3705. 3 kg/hm”, 5 N1 &b #J¢ i % 25 % (P=>0.05) , {2 ﬂ? 08 |
=
T NS R it A B L B A ) 4 B 7E N it gj i
TRV AR A B KAFRL ™ 1, 40 o8 1522, 1 kg/hm* il 02 |
0.0

2 073.7 kg/hm’,

W 3 i BRI A A 25 AR SR A T B R Y 3R 4 )
kiR 5% 32 BE 1 RO AR B 0 R [ e A BT 1] AR
A W R N B Y AR e RO B 2 (P>
0.05) , [] — Pl b A5 2 A [] it 260 1 B2 R, B L I) A e 22
FE N1 N2 Fl N3 KN By gk 48 ot 1 3% 25 7 (P
>0.05)(F5),

x5 AEAVBETHRZ REIMFA~E . THLHElt
T gk 45
Table 5 Yield,land equivalent rate and harvest index of

oat and pea under different treatments

FFRE = i/ (kgehm ) W Bk %%
R MK ;ﬁ; B HER Mk By
ONO 2259. 2° 0.39"
ON1 2889.1° 0.48*
ON2 3048.1° 0.47°
ON3 2580 0. 44™
PNO 1028. 0¢ 0.33"
PN1 1522. 1% 0.41"
PN2 1384. 8« 0.30"
PN3 1285. 7% 0.37"

1305.0 3870.5° 1.19° 0.40" 0.40"
O/PN1 3525.0" 2073.7* 5598.7° 1.28 0.49* 0.52°
O/PN2 3705.3" 1851.0® 5556.3" 1.26° 0.44™ 0.35
O/PN3 3025.1" 1527.0" 4552.1° 1.27* 0.43"™ 0.41"

O/PNO  2565.5"

2.3 #ZE | MEEMERSGEH T EEEER
2.3.1 # % |smamfey s Tk MEHEH
VEZ G5 138+ 9 5 i 1 Y E R 2R 0 NO
NHAEERANT 1A, KR T LER¥ KT 1, 7
FERATWINO N1 N2 M N3 /KT LER 20414 1. 08
111,121 /11,03, MBI, LER N 1.06~1. 19,
R WINO AL FE R LER<T1, 1 HoAth %0 4b 3 F B 4MME
FHWI S, ¥y R B0 VR AR 45 o UM LER 75 25 it (0 b
R F 1,NO N1 N2 Al N3 &b B R 4351 4 1. 08
1.14.1.25 A1 1. 13, 4 M A FH AR BEAE Y A= & i
Jiti 7K - B AN [ W A S ) {ELZE ] A 2R 4 o e it 3
RUNE AT LA v 18] p 3 R0 - 2t A1) 2R (1 2) .
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A
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Fig. 2 Land equivalent ratio under different treatments in

each growth period
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Fig.3 Dynamics of competitiveness of oat relative to pea in
oat//pea intercropping systems under different nitrogen

treatments
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Fig. 4 Relationships of the average competitiveness of oat to

pea with grain yield of the intercropping system
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Table 6 Correlation coefficient of competitiveness of oat to
pea at different growth period with grain yield of oat and pea

in intercropping system

POV BRI RESRH AN Rk
P 1 0.847 0.875 0.779  0.902
iRl 1 0.503  0.866  0.605
AR 1 0.861  0.980°
LA 1 0.922
KR e 1

3 Wit
3.1 AEBEAFSETRZ/BREEIERE EEYE
EEEms

[F1] A4 36 3o A ot A ) A 2L, 4R e A Wt
A R IR R T A B R
T AF ST BT IR S, G R R TE] A SR SR Y A T
R A 2 R . ARWE ST R B, e/ /9 SRR &R
e, TR glE A2 | 9 W R ) Ml b A e ROk R 8
[ R VA (S U e 2 T (B % 7o o L D
AE B R AR SR Z A ROR A A [F] 55 B 5w 200 A

FAFR 45 Ko RO 0 IR A 56 s th 5 =3 % 8 IR 0 7
RE AN M, FEREE /G AR R R b VR K
5 7 (10 MO 6 R B A I ot A 3 e )
VR0 3 BAAE 4 W3R i 50T T B AR 4k, 3R] 8 5 Al
Py Fp A
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FIRTR SEAE P A, B 7 i 4 e 1 U B it X
A ) 53 B RERCA 3 A R 1 L (R U i £
Sl O AL oy BERG 22 RAE G, 14 AR e ol Y & R
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NE 32 5 % B8 i A e L T KRR R R R G E
TV, BRI W oY e W e 2R o A [ B e
7 M T A A A A O TR X U
O T HE S T IE s 0T A 48 5 00 R Y 3 BE M) 22 i AU
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W R A R SR E S W T E &
220 I 30 3 R0 v S 3R K R A S PR /N 22
IS I N v N oA B 28 G BIE N ol b SRAR S
AT G o B ] R M A7 A b AR W R P AR R [
AT ¥ B N2>N1>N3>NO, W1 4r BE#  JF
AE 338 T 5430 o S U Y 3026 50 0 S e B
A it T B 35 R AR R SO 0 B
ARRIDKE 2% 32 75 S BE R - AL I K 6.4 47 BT A [H], 7T i 5
TEIRN S B R S S R A E R R A G, £
K//BG ARG = REZ — REAREE, M
KW 5 e BB R 1 R SR I ) KT B ) A i
L bR AR N2 JKOE TR SR K TRFRL S B E N1
KT Bk, 1 Wi 20 kg/hm? B 280 58 I 123 A% 39 18
FUitE 30 kg/hm* A Al F B E b TR R HA
T W I3 1) AL 1Y) 5 S
3.2 AEAMEHETHRE/ME EENTEZSEH
-+ MY (LER) 2 97 & ) 15 2 A5 B A 3 1
— AT BEAR AR, T LA )R Y B b R AR
1728 71 (Aggressivity,, A) J& F R PEH [0 7E & 42 v — Fb
VB W M T AR S8V B %t B K o 3% o R KT TR
BEUR Y T A RE 0 e 2 R X B L b R) SE 4 )
(Aop) KT 0, 7R M /E 5 4 rh e 22 MR F 30 & B A 5
G, 2, W3R B 5 0 AT 5 A O 3, FL R ] A
XF 35 4 S5 (A) R Ah T LER oK % 38 % 15 9 o5 Hb 1 AR
BB o AR R GE R 0 AR O BLAE X 3R A
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W B 2 BE 7 R I Y S A — K SO0 | i AL TR )
FH R R w5 RS o3 0 A7 RO A 2l A ) v 4 S E b
P e IR A RCR ) R EETES
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ghum bicolor) ¥ 4 B AR b, A8 1 3% 8L 58 4
& ARAFH AL T35 e e H o, H& R
T LER ¥R T 1, 4 B ] 7 458 00 7 5 88068 s T 2R
PESY S /N2 /g LI AR A S ] 5 4 3
L, FELER/NT LiAERKPFEH LER KT 1,8
W /N BN BE A, O AR 7 R A ) i LB T
e, A SR MRES D, L R KT
1, R WA MRS A I | B e 22 W 3K
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Effect of nitrogen application on interspecific compe-
tition and yield of oat—pea intercropping system

ZHNAG Li-rui', CHATI Ji-kuan',ZHAO Gui-qin',LV Ying’,

WANG Miao-miao', SUN Lei-lei'
(1. College of Pratacultural Science , Gansu Agricultural University,Key Laboratory of Grassland Ecology System ,
Minisity of Education,Sino-U. S. Centers for Grazing Land Ecosystem Sustainability,Lanzhou 730070, China;
2. Grassland Working Station of Inner Mongolia Autonomous Region ,Hohhot 010020, China)

Abstract: This research was undertaken in 2019 in Tongwei County, Gansu Province. Under the same total ni-
trogen application, four different N application regimes were set, including NO: without N3 N1: 20% basal N +
20% top dressing N at tillering stage + 60% top dressing N at flowering; N2:20% basal N-+30% top dressing N at
tillering+50% top dressing N at flowering and N3: 20% basal N+40% top dressing N at tillering+40% top dress-
ing N at flowering. The effect of different nitrogen treatment regime on the yield advantage and interspecific relation-
ship of the oat/pea intercropping system were investigated. The results showed that both above ground biomass and
grain yield of oat//pea intercropping system were higher than those of corresponding monoculture, and the LER based
on above ground biomass was greater than 1 under N treatment. The LER calculated by grain yield was greater than 1
for all treatment, the intercropping advantage was obvious. The grain yield and above ground biomass of intercropped
oat were the highest under N2 treatment, which were 3 705. 3 kg/hm” and 8. 53 t/hm”, respectively. When compared
with those under N1 and N3 treatments, the grain yield and above ground biomass increased by 5. 11% and 22.48%,
18.47% and 22. 03% , respectively. . Intercropping pea had the highest grain yield (2073. 7 kg/hm?) under N1 treat-
ment with top dressing 20 kg N/hm” at branching stage. In the intercropping system, the interspecific competitiveness
of oat to pea increased first and then decreased with the growth period and nitrogen application. Oat was at a competi-
tive disadvantage at the jointing stage, but restored its competitive advantage with the extension of the growth period.
Its average competitiveness of the whole growth period relative to pea was greater than 0, and became a competitive
advantage plant. There was a quadratic correlation between the grain yield of intercropped population and the average
competitiveness of oat to pea. The high yield of intercropped population could be achieved at 0. 14 competitiveness.
Grain filling period of oat was a critical period for regulating interspecific competitiveness and yield improvement.

Key words: oat;pea;intercroppin;nitrogen treatments ; competitiveness.



