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Fig.1 Schematic diagram of oat and pea planting
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Table 2 Effects of root separation on components of oat yield
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M 80.01" 3. 20" 2. 40° 13.23" 13. 60 27.00" 1.03" 31.47°
1 85.54° 4. 00 2.90" . 167 16. 50 38. 80" 1.27° 30.73°
NS 80.61" 3.50" 2.70° 13.82" 14.80° 31.10° 0. 84¢ 30. 04*
PS 78.53" 3. 40" 2.40° 12. 95 13. 80 27. 40 1.06® 30.31°
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Table 3 Effects of root separation on pea yield components
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PS 57.98° 4.20° 3. 94 5.20" 0.91° 16. 62"

2.2 RESBEAXNREHRE L HE BN

AN B AR RN JE e D) B A Ak P b b Y b A3 O R
1.16 71 1. 08, B HAR AR HAT 7= B AL H , RE W% B AT At
IR b b B 5 (L 2) o 98 BB R A 31 1 4 b > 3 L
094, REA AR HE . FEARRAR . JE T2 M FE AR Al
A} I AR Ak R HE 37 0 O Y R E S R 0. 82
0.72F10.58, Bi 54 0. 34.0. 36 1 0. 36, [AI/EK & h
MEAZ (1 7 B DTRR IR K o

2.3 RESEAXNHREZHEIME TSN N
R Z G B O 2O0F i ) 5% 4 ) A 3 R e (181 3) .
M7 Wil W7 (] VEAS PR AR L2 T I Rl AR A0 o Ak JEE I AR Acb 3
(8] 5 4 143900 R 0.52.0. 30 F10. 07, #B K T 0, Ut
ATE 34 22 40 W b 3 v | JHE A2 B 02 5 4 A 3 A 40 L AH
Fb T 9 B R A R R SE R RE T .
24 RESBARAMKEZHTRSENZM
HEAZVE SR N I B R A BB AR Tk, K
R AR RIAR (I 4) o A AR S B AR A 3 1 e 42 1



BOJE 5O PR 2025 4F 145

14 - Bla  OLb
12 |

08
0.6 —
04
02 ¢

Y4 HL(LER)

L N s
AbHR
B2 RESBEAXNEELBLESLF N
Fig. 2 Effect of root separation on equivalent ratio of inter-
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Fig. 3 Effect of root separation on interspecific

competitiveness
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Fig. 4 Effects of root separation on nitrogen content of oat at

grout stage
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Fig. 5 Effects of root separation on nitrogen content of Oat
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Fig.7 Effect of root separation on nitrogen content of

peas at pod stage
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Table 4 Effect of root separation on nodule nitrogen fixation characteristics of peas

] A

i RS HR T /g IR R R R /g R R

(pmol.g "h") (pmoleg'sh™")
M 314 0. 18" 4,508 340 0. 16" 12. 26"
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NS 48" 0. 20" 10. 00 46" 0.22" 8.58"
PS 26" 0.12% 5. 528¢ 218 0. 15" 15. 542

TE AN K G 52 AR 3 ) — Ab B R] — 46 b S [ 630 =2 8072 0. 05 7K 57 22 57 b 28, AN TA] /NG5 2 B AR 3R ] — It 309 AN [ Ak B4 22 ]

0. 05 /K22 5 W 3

3 itig

N6 1 £ 984 96 1, 1 JE DAL T 43 S ML 35 1 8t 366 1
05 T, M AR 2R e O v AR RIAR R I
P T 5 W0 72 o PR 75 A6 09 BF 5% o 8 e B B AR A
B T K 7 T AR K . ABEGE R e R
i 7 0 1 M R B R > T8 T P I AR > B4 1 > 8 e
R, T PR AT R 2 AN W) 420 ) A bR 35 5 b b X ™ i
SRR R R AR I PR AR 4 ST L
AT REAT MR W AR, 2 M L 5 kAR S g
0 , 8 e % R Ak B 7= e gk 5 T B4 L 2 TG T

AW TE R, R R AR A BE A 3 Y L
T T ax — s HU, BRI B AR 2 — 5 T 2
@WANAITEYR AN E R0 R R AT, i
CADiSE G P*?*Efﬁgmr%ﬁﬂff’iﬁ?(}\j‘]$4/ﬁ>
J& T 150 I AR = SR AR > ] A AN B AR, 33X 55 o
A I RAN R o HRBRAR I, e 5 TR R
T a8 5 e K, BB 06 1 AT 8 IR W RS K o 9 5 4 5 58
e, MY 5 AR T B B, DY AT L SE A 3
22 9 LR AR 5 [E] ME R W B, DAL T a4 BT e 22 1 7 e
B, B R R AR . e e R AR I SRR AR TR R
HAEERMRARZEIBA TR B MES, d@

AR



Pask HoW

WOE 5 BB 2025 4F 147

WD TS e A T B A 4 A B AR K IR S8 T 1 T R
AR 2 K A T T 9 e I B R o R AR R 2 ]
AL AR BN T AT AR R KPR KA
] o DRI, JE e 9 B AR Ak B ) B 7 R T VR
AL 3 ¥ IR A A A b M S S YRR T
T 1 /N R TR B B B ok i JHE A /K L TR A 4
YNNI EOR Y 3:8  GE (: YA SN/ -8 A S < I YA
XA S5 A BT 25 R AR R T M Y bk
B R /INERB R B RO L (HBH BRI T B
AR R B ORI X T g R R [ B A
Py K R B R R, 5 e 2 ) 1R I LR 7= 1 ik 42
2 A r 2 5, R B 5 S 80w /b, BT RE = IR 9
BF I RGR , — S G i S8, I AR Rt —
SE [ 5

YR N A RSB K & E B & AR
PR A e A I ) (i T A e ) R B e
AT mEERTHMNE, 8 7R Ak R 2%
FERIAR 2 09 R0 & f A0 AT — 8 R B B R AIC, b i
R e K, A 50. 87 % ~68. 39 % 1 3HE 22 AR AL A fik
ETE S NGO E Ry AT AR AR
Frm IO AR . B RO R Y B 5T 4 SR AR AR B
ML/ EEEBAERE T RENERET , HX
AR R T BB Y L% W RIS T 58 K R 250 AR
RIA G A K, TEMR R SR Ab 2 82 S
H AN o R Ak L % o S Rk A Rk B DR AR 1S i T
20. 41% , T Z5FF .o i AR &R 09 20 & A & e
T T R R I AR Ak B 0 P AR R AR SR R OR R
FLFMY AT RBYARERBE L, HiT 4 We
T I B AR A B 5 ZEFE R A R B A R
I o AR b B4 BB AN T 11. 7% 8. 89% F119. 90 % ; 4
TR R R B AL T 54.60% ; 5 RFEARAR L, H T
FEMEHAGRLHEZS MR ASEINT
19.77% AR M A F MK T 80.63% . SRHMEY R
R E AR AHEENARE LS A SR RAE
(4 50 %6 ~65 % , A5 i #b 78 41 I8 ZUOK i 2 A B AR KT
SR, A 3 58 A it AUAE T DA B S A YRR —
YRS ML L, 53— 3 Bl TE A 0 A Wi, R
I BA TEAR R I B

bR B RE A% 42 R SRIME R G h S RHEY

i

&

PS5 RE 1. IRV R B, 5 BRAE A L, TR AR
AN AR e e I B AR SR R AR Ak R B S 2
B MG T 120% .82. 5% M 22.5% . KK/ 5 [H]
Ve, B0 B0 5 993 o ek 3% B A G B AR Ak B> 2 T 1)
R > ARk R AR, 45 98 A 4 R o i AL — B0 3k
HH [ — [ 1 A 3= v, ol ) AR 5 RH B T i, A
FHi TR, XE5ARARKBER -, YRR L/FEM
B HEXM AR T L iR AR D,
R 59 5 AR B 2 I O I 1 08 i, 41 30 T AR 1 2
K&FD ikt F R AE Sy, E R/ A ] A
o, BRAE S Y AURE ) 1 2 R R B AR AL B I
e, LR T e B AR Rk B R AR Ak 2R ) SR A1, SR A
B AAE AR R AR iR, HES
AR BF 5 45 SR AN [R) 4 2 AR FR B i S 00 R R
PEAT T R AR, L — T BB J2 X Oy Bl 5 e 22 ko 1 1
B KOG A TR A e A T L DU R R £ Ok
AE T AI0 fh) T HF AR R A 2B K R UG IS [ e
55 Y658 o 1A R PR T R 4R a0 MR R [ AR
B BRI 2 #5100 R B e v D S 0 R O
BEAR . R REEDAREY, hTFHEX A RN
it R D B R K AR HE B AR R A
T I G BEL 3 B0 5 i fF T e M PR AR

4 28

1) HRZR Sy A (a5 AT 2 e [l AR e
F18 7 e AR 2R TEL A R ) 96 o 9 S T LA AR
PR P i e o TR AS B AR R 8 7 25, i 2 R AR
AR H T AR R B A e /B KL A 4
7 R

2) MEDWEZFEZR T ARXHRE. RAZEE
fEBR AT ™ ERRZ AR E S 2 A R R
TE AT, JE i 190 B AR ) HE 22 R T2 4% A DL S A vk
ARXMRTZ,

3) AR AR, e E R Y R oK g AR AR AR
RPOF RGN T B 5 45 9 BE T MO SR A [ E L (R
58 TR SR B4 [ RURE T 052 B T ]

e

[1] Willy R W. Intercroppingis importance and research needs.
Part Il . Agronomy and research approaches [J]. Field
Crops Abstract,1979,32:73—85.



148 GRASSILAND AND TURF(2025) Vol. 45 No. 2

[2] Vandermeer J H. The ecology of intercropping[ M ]. Cam-~ S B la) AR R R WS S AR [T]. A
bridge : Cambridge University Press,1992: 90— 112. Rk, 2015(81) : 32— 39.

(3] XUV, PN, AR, 5 B OR R X I 79 X AR 9 A= [18] Li WX, LiL,Sun JH, ez al. Effects of intercropping and
KA R LT, RERFA,2011,30(2) : 224 —228. nitrogen application on nitrate present in the profile of an

[4] Bhatti I H, Ahmad R, Jabbar A, ez al. Competitive behav- Orthic Anthrosol in Northwest China [J]. Agriculture
iour of component crops in different sesame — legume inter- Ecosystems & Environment,2005,105(3) :483—491.
cropping systems [J]. International Journal of Agriculture [19] Eaglesham M, Ayanaba A, Rao VR, et al. Short commu-
and Biology (Pakistan),2006,8(2):165—167. nication improving the nitrogen nutrition of maize by inter-

[5] Skelton L. E, Barrett G W. A comparison of conventional cropping with cowpea [J]. Soil Biology Biochemistry,
and alternative agroecosystems using alfalfa (Medicago sa- 1981,13: 169—171.
tiva) and winter wheat (Triticum aestivum) [J]. Renew- [20] VET7, XUBEH, AR, 5 AR W U R4 15/t
able Agriculture and Food Systems,2005,20(1):38—47. 2 T84 0 R F T K i B] L R AR AT SE LT ] Bk 2 4,

(6] FBanE ,1m 7, #WH . K& & O HAE R IR o [T]. 2021,30(8):73—85.

KAERF,1995(4):17—18. [21] BRAGZR, Sedk 5 @XH B3R, 4 it U X e 22 1| 3 I

(7] B, AR BT 5 . ok — GRMEY IR R 2 1R X 37 45 PEMR Z2 77 5 B Fh s 4 s i [ ). 0 1 R R, 2022,
W R B B R AR s [T ). 2= 4, 2022, 48(6) 42(4):106—114.

1476—1487. [22] E3F B, i, 4% MRS 20 ) 4E £ KK

(8] Whh e X0, A & Jo . 3 WL | oK 7 o % I A A 480 MR B 21 S 4 o Bl W e i S [T ] 7 i Rl 2 I
AKAF- B 2 [T ], e e 2 @ 4, 2021, 37(25) : 11— 16. 2021,34(12):2604—2612.

(9] ThWR¥E, L L AR, % . LS CRMEW AR/ = i (23] F—M, B3, ke, % . BIFE/NE GG HEREST b - 1
ZeTE AL EE L Ay BT[] i E Ak K AR 24, 2021, 26 FOEVE RO R [T, FE W2 L, 2021, 47 (5) ¢
(8):23—32. 929—941.

[10]  FF U7, k5 . AW B AR J7 2 AR /N 22 K56 4 ) [24] WKEE,GH ,#H 4% AR R EAEX ) EE K KR
Ko p= ko B[], v AR S Ak 24 4, 2010, 18 (1) - 5 W AR 1 5 e (). 7 ol R AR 3R, 2016, 39
31—34. (4):611—618.

[11] A7 BT AT FE 55 R 4598 5 R 55 4 2R 0 B X K [25]  JA5F. 6T T oKk — KGR 200 T oK 7= B R 21k
TG E R AR BT s [T]. KRR, 2016, Ry s B [T]. A REE Z A4, 2018,585(16) : 74.
35(3):428—435. [26] Z=>24Jp Il #0585, 55 . B b IXOAS [7) 1) R 1 7%

[12] ZEEHE,PEAEFE INEL . MR AE AN &7/ A 2% b ] 56 &R A S [J]. R ML 2# 3, 2021, 29(6)
K] VR AR AR F o AT AR A W52 ma [T, o [ Al K 2 1318—1326.

247 ,2010,15(4) : 13— 19. [27]  TRamAe 4200, Bribis 55 . IR RRAR X K/ KEDEE

(131 R H Y . a4 A0 0%t 5 2K 628 Ak &7 4 A0 41 % B 7 B - MR AR PR R e [T ] A Al 2R L 2020,
SRR [D]. FFr AR WG KA, 2022, 35(11):1280—1288.

(141 TEMGHL . 5K IR 5 0 A 7= dak A K 40 ) FF 2080 38 A i 8 i [28] ZE&AN 2R VLA 5 R/ RHME IE R G
T B ()45 4 R Ry [T]. 4k BHE 515 B, 2016, 483 T T AR DR B A B [T ] Rl A 4
(10):66—68. 2020, 35(6) :582—590.

(15] BV HF RS, % RR TAER X K/ RUEER [29] M #% P, 2F0E, skt . AR AL 2R ~ (15) N B2 3% Fl i) 422
G FAEYIIR o0 A5 Bt 138 A sz [T 1. 00 )1 4l IRWFFE/NZE / F ) A PR R R LA G R ) 5 4 R
K2R, 2018,36(1) : 28— 37459, MR mCl/stMa ARB RS % ARiIR X

[16]  Z=UA, 12 3Ch , &0, &5 . MR PR 2 b Xt oK /5 5 ) 4 Ff ) £ . 2005:367—373.

T A B W S R T AU S e [T]. T SR X Rl B 5T [30] %, skamt, e . Fok /NE KL SR SRR

[17]

2016,34(6):177—183.

AR e AT D 45 ek || KRB M | kG R

AN TR AR 2R 43 B Oy O0S i A5 s [T ). A R IR

2009,44(2):197—201.



WASHE H 2 BOE 5 B 2025 4F 149

[31] BREHR, Sk . AR R 53 e FIAE A KO X K 8] 7E 3 2 HLERRFSE [ D], 53 B« 53 JH K%, 2008.

HERUREACREAE A sz i [T ], PE bl 2% 4, 2013,22(12) [37] Michele Monti, Antonio Pellicano. Yield components and
25—30. nitrogen use in cereal—pea intercrops in Mediterranean

[32] HIped. M || KRG MR || 50 R g4 B A B HLH AT environment [J]. Field Crops Research, 2016, 196:
FELD]. dbst: PE ALK, 2015. 379—388.

[33] Z% . HWi G —ME RERE WA I 5 EFEA A [38] AR . HEZK AR ] B A X 3 K B T AR Z R K 4 F1
BOR[D]L 2290 2290 K2, 2020. B2 (D] 220 Hfr gl K2, 2011,

[34] SRR, RV AL75 55 . FOK/REL K/ AEAE B4R AE [39] BAHEMS . AL H A& /AR ARE M o ) 1 A0 44 S H R0 sl
Yy B R WM e R s [T, b A A Al % 3 PRFD A HE R ARV AT S (D], 220 HOl Ak KA,
2019,27(8):1183—1194. 2020.

[35] BUHERE, XIWEH, 28K AR, 45 SRIE A/ TR MMEXT 257 [40] sy XV m R PhE LR, 45 . R~ (L5 NARIC TR A R
G S B AR ERY M [T]. B0k 2441, 2020, 29(1) KT X K AR AR s (], ka8 57 5 R 24t
95—105. 2011,17(4):985—988.

[36] XK. R/ KRG AR T AR ER IR 20w 20k

Effects of root separation on yield, nitrogen fixation
and accumulation in oat/pea intercropping

DU Wen-pan, CHAI Ji-kuai,ZHAO Gui-qin", YANG Li,ZHANG Ning,
ZHANG Jian-gui

(College of Grassland Science , Gansu Agricultural University,Key Laboratory for Grassland Ecosystem ,Ministry
of Education , Grassland Engineering Laboratory of Gansu Province,Sino-U. S. Centers for Grazing Land

Ecosystem Sustainability, Lanzhou 730070, China)

Abstract: [ Objective] In order to analyze the effects of subsoil interaction on yield, nitrogen fixation and distri-
bution in oat and pea intercropping system. [ Method] five treatments were set up:oat single cropping, pea single crop-
ping, oat and pea intercropping without root separation, nylon net root separation and plastic film root separation, and
the yield and composition of the intercropping system were investigated. The responses of nitrogen accumulation, ni-
trogen fixation, nodulation and nitrogen fixation to root separation were analyzed. [Result] The results showed that
the soil equivalent ratio of oat/pea intercropping without root separation and nylon net separation were 1.16 and
1.08,and the yield was increased by 16.93% and 9. 05% compared with single cropping. The soil equivalent ratio of
plastic film root separation treatment was 0. 94, which did not have yield advantage. Root interaction promoted the
plant height and ear growth of oat, and decreased pod number per plant and grain weight per plant of pea. At the fill-
ing stage, the nitrogen content in the leaves and roots of oat without separate roots was significantly higher than that
of other treatments (P<C0. 05) ; The nitrogen content of pea pods and leaves with nylon mesh was the highest, while
the nitrogen content of the root treated with plastic membrane was 21.54% ,22.08% and 120. 51% higher than that
of the single cropping, non—isolating and nylon mesh, respectively. The number of nodules, the weight of nodules
and the activity of nitrogen— fixing enzyme in nylon mesh were increased by 84.62% ,66.67% and 81.16% ,respec-

tively, compared with plastic membrane, and 54.84%,11.11% and 122.22% compared with monoculture. In the
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mature stage of oat, the nitrogen content of panicle, stem, leaf and root of oat without root separation was 16.99%,
68.01%,3.47% and 14.18% higher than that of plastic film separation, respectively. The nitrogen content of pea
pod, stem and root treated with nylon mesh and leaf treated without root separation were the highest. The number and
weight of root nodules in descending order were: root system was not separated = nylon mesh partition root >
single production > the plastic membrane separated the roots, and the order of nitrogenase activity was reversed.
[ Conclusion] It can be seen that the yield advantage of oat and pea intercropping is mainly due to underground contri-
bution. The highest yield was obtained when no root time was separated. The pea with nylon mesh could fix more ni-
trogen at pod stage and increase the nitrogen absorption and accumulation of its own organs and oat. The high nitro-
gen demand of oat was stimulated by root interaction and increased nitrogen fixation in peas. Root interaction in under-
ground part was the main reason for the yield increase of oat/pea intercropping.
Key words: oats; peas;root separation;yield ;nitrogen absorption;nodulation and nitrogen fixation
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