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x-S E AP N R AREBEM

N 1,2 2 vl . 2 22 w1 1 o 2
T ? A, mAERE, WERES, KRS HAE BEW, YwE
YU L R 7 4G A L R B v R RE A T, AT 030600; 2 [ Al ok R 2 B, AR R AR B AR A ) B st db
100193; A3 HT &AL B 2 F%, AR 137000

BWE AR HTE(Avena sativa)-4¢ F.(Phaseolus radiatus) {208 & & & FE R, 78R &0 5 K 1R 2614 T,
BEE SRR R (e AE . G E A E MR T RME), RAME SIS REA N A AR Lk AT O At . 45 R, e
RGP HRERBIETRY, BEAEKZISG . BNMEEH, FEREZ LT R R = EIERIN14.9%-33.1%, 2
A AU 1AV T 2 R R B B H B ) 4R 5153, 1% M144.8%; [EER/D T I & EWG TR EH ER MR E R, %
KT ENEEMR, SENERSRETYEK23.7%, EWERE TR 11.66%. [HIES G HMENI R RERR2
IR 31.7%, REHEH 212,16 kg-hm ™, 35— 5 1E BEAR T JF A6 55 3 1458 55 Ao R JRg 18] R0 7% 1 A 18 SRR,

H4E AR P B Z RSN T #E3 6 AU WCRI F, SCBL 7 Hb b3 5 0 3 A K R L R, Ak TR AR S R 4
R R,
REiE EE-G T NME, BRER, ONELER, AR, AEER

DR, M, Bk, WERE, EKE, MESE, BRW, GRE (2023). M5 RN AR ERAE. Y

R 58, 122-131.

V] A o 3 1 A e A Nl A 7 v B S () 22 J0 B AL AR
X, SERE—FEME, EERAHER7 &R . K
ARG GRMEVIANE, iR AV 2, 1
IR = S AU A 7= 0, e KRR B R R R AE )
XA RO B 5 R 8 0 (545 5%, 2022) 0 RAF} -
GARHEEBATER E S Z R, Wk K(Zea mays)-
4% 17 (Phaseolus radiatus)[{E (£ & 0%, 2008). H
J (Saccharum officinarum)—4¢ & 8] 1 (He et al.,
2018). Z= T (Panicum miliaceum)-%¢ = [i]/f(Gong et
al., 2020). H#1t(Gossypium spp.)-4¢ 5 [H 1 (Liang
et al., 2020). #3(Avena sativa)-7t 7. (Vicia faba)
B 1E (f] 22 Ml &5, 2022). i -4 16 B 7 (Medicago
sativa) /8] /¢ (V£ 5 %%, 2021b). % -k 5 (Glycine
max)[f] 1 LA & e 2 —1¢ 2E (Arachis hypogaea)f]{f (%
PRIERE, 2021). EARAELE ZRIAE RS, ZRMED
L5 MR8 B (Rhizobium) T SRR il 2 KU, AT 9 /b
AL, B IA A Aol o] RS e () B B A 2 —

Wik H 39: 2022-07-31; #2532 H 11: 2022-10-30

(FRINERSE, 2012). RAFLS GRHEME RS H, SRHE
WA I B P RS T AR IR R R R, A
FIF AT R RS ERA, AR ZAEEN
(26 AF T S8 D= RS m VEP b s, i L IR R
BT R AP R A SR thARH R . R, ©
FHEVI R AR — 2 BN A=, RABHEYIX A
1) 5% 4 AF LA S RHEYIAR R 545 A n, A2 s
S RHE Y (1) [E % %% % (Chapagain and Riseman,
2014).

REIEAED RN IO e B B B R 1 77 i
AR %, N AL 2R AR T SR Ve &
WRRES B TR, R WAEYIRT ZE R
MG, FNERERERFEEAEARER. M
I o 57 25 R P E SR HE 420 b ol B) A A 4 TR A7
RRZER . AR R ONIE A 2 bR ic 0T 50 R B,
M7 A0 A= (AR T A AR]85 0 IR 00 R FH 46 8 kb
FALH, ERE T ENRERE, fehnid
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RAEREHBE (DRSS, 2015b). 0F 7t KK
(Hordeum vulgare)—%i & (Pisum sativum) &) {f % 4t
L, BEE RN MR R A 1% %R B OK M k
(Chapagain and Riseman, 2014). 7£/A [ EATE
T, AN NEEREDNE.93%. 5.65%. 4.22%%;
% E|/KFE(Oryza sativa)fEfk(#4 o085, 2003). FIH
NG R E BT RRI, - KE ARG,
Wil 5[ R N 55.1%-66.7%, KEREZH A RN
1.9%-11.1% >k ¥ T % & 4 ¥ [E & (Hauggaard-
Nielsen et al., 2009).

TR I X T ML ) R MO R AT, #ESE K
B NTT RIEFRFEMR S, WD & HFET R R S
NS o AFZ X IG5 B AR T e
JRIRIEAN . e AR AKIEAEEE ., Prdi ik KA R A
18 %5 J5 i (F B %%, 2009; Neugschwandtner and
Kaul, 2014; D%, 2015a), 1 #E 2 G875 i
TR TR g S B, S P [ E 1
BB [0 e S A e B, 38 T 4 v T R R FH 23R 4
HIE > o H KSR T R 7 2 4 TR R SRR (UL
AUBESE, 2022) koAt (eft e s, 2022)%, sk
7 R AE B FLAE A R G0 b B R R P ARG B A
WD . N, AT L -2 AR R G0 i
FON G, E K H B IR S, AN A E bRl
AR, W5 FAE IR AE R G0 b 4k 52 PR R 98T [i] S0 i v
AT R, PRI ERATE AN (A o 20 3% W SOR FH R 5
Wi, 5 AE I AN it R A T TRD A 2R e v 4 2 ) 2] 0
RE1 5 B EWWCR B R, N7 1288 SRHA
RIS VPR T A 2 Hh 4 56 e 22 B0E 7R 10 DTk DA
RARAGTRE R G B3R E TR AR AR

1 #MR5EEE

1.1 IR HEtR

W o A7 T 3 AR R T O B 2 B (45°37'N,
122°48'E), %X A MEEA @i Kt ZE XS %, 545
F$/KE407.9 mm, F35 HIERE$2 919.4/N i), 4F1S
R4.9°C, TRAEIA157 K. il L amEE -, #ERN
0-20cm. TIEFEHILMER: pHE.9, AN S &N
13.30 g'kg™', 4%1.85 g-kg™', THARE117.40 mgkg™,
1 %0£95.90 mg-kg™', 5 A4H93.30 mg-kg™' . BT AE

R MR EIR RN LR R Rt 123

1.2 R
ARE R HBENL X H i, L3 BE, AiEwE
BE, 4T BRI -4 S ME, NXTEIFI36 m? (6
mx6 m), FAAFEEE4R. NRIESEE TE 04500, Fh
T AR R (BB T 2SS AR HEM . S A
TR, HE3EAE55 kg-hm™ P,0s, 45 kg-hm™ K,0,
4.5 kg-hm™?FeSOy, 1.0 kg-hm™?H3BO3, 1.5 kg-hm™
Na,MoO,. HfElEs 4 4%, & 150 kg-hm™>, 17
#i30 cm. H/ELR G IEFI1TIES0 cm, #kFE8 cm, JUH
2%k, TEMAR R PRE LL B 3:2 (34T HEZZ AIfE24T 4%
), MEMGGIAIFEA0 om, [A)1FE AT EEA3E Fh & [
TE(ENM).

R WA A#2E, SE RN A48,
By B3 ROk B e . e 5 g T A I R,
FERhIS RN REAES B, M RN SE S 1] 43 531 A
8BHRMOH . HHHMEFH, BN KEINMUKX,
B S X R TR A 0,54 m? (0.9 mx0.6 m), EAff
G MX T N0.8 m? (1.0 mx0.8 m), #MEMEG T
] ERIX 9152 mP, X Y Fl R o T el
FREER B M40 cm. "N[Ffr AR (R 410.02%)
FIE%1913.5 kg-hm™ N (Neumann et al., 2007).

1.3 RHSUZE
1.3.1 FEEMNZESES
ol ) K 55 4 0 A2 17 S — AR D AR T 55 — FRAE D)
TR RE I K/ TR bR (Willey, 1979).
Aom=Yoi 1(Yom*Po)=Y mil (Y om>*Pm)
KA, AonERIEL AN T ERMED TS S RETT . Py
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Figure 1 Schematic diagram of oat-mungbean intercrop-
ping in the field
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P73 73 2 735 3 22 A G BHE Y AE 18] /F 4K & i T AR
I B e Aom>03R B 1) 52 4+ HE V1 5 T~ B RMEY,
Aom<OE WIS )38 4+ e 71 95 T L RHMEW) .

132 MEMEELEYENTRSE

SrITEMEZZ PR AR . S A AN A oA R 4
40 cmBEEL; B E 3 (EN6KK), LR R K28,
T105°CF #7307 4, 80°CHTEIEH, ETY
Ji KRR S, SRAH2SO04-H,0.7H %, YLK
S8 IE I A R IR

1.3.3 WRENHENEE

TELR G5 IE A, KA FEPE WL EL6 K, 2 b I
HRFNH B, HEHL30 cm (K)*30 cm (5E)x30 cm (¥4)
AR, RN, IEUR R R HDR IR
FAWR K AR MR R THI K 43, PR

1.3.4 REEITEEMY

) 03 J v 0 5 AR 98 ] 50 8 % P (Bellenger et
al., 2014). {EJFAE4SE JEHIREMIE, BRI PR E 5 5L
BI3EAN50 mL=fiffH, hnfk D2 . S 3EE A5
mLZFR, T27°CIE KA T RPN, 4hiH5 mL
RN SAREN2S mLE S BET, FE, 5.
HHEL100 pLFFI S A%, FIGC14B (FID)R S AH (it
WsE 0@ & . WE &k HEIR80°C, JEFE R %
100°C, & M 2% & B 150°C, #H A (% <) & 50
mL-min™", & <% &50 mL-min™', % % & 500
mL-min~",

1.3.5 HE¥NEE

I3 IFRECZE M AFFAL0.2 g, K5 mL HySO4. 0.15 g
CuSO4M11.5 g KSOMAZEFFEMmIIHEE, &
SEWESR, WERIER, AIEEEEAR. K
K45 23 mL, i Isoprime100 &4 2 5 i 30 &
ONFSE, MBI 4R ES

1.3.6 HHEGZE
FELBR N T 7 438 (atom% excess, A%E)=Fxic
RO Bt B PR TONE P

4 5 8 %60 4 % (%NDFA) (K4 5874, 2003)
g G [l R T A

%NDFA (F1E 43 5 )=(1-A%E ¥.1F 4 G /A%E #

{E#eZ)x100;

%NDFA (1A]1E 4% 5. )=(1-A%E [l {F 4% 5. /A%E [A]
E#E3)%100;

o [ W =2k G AR B Ex%NDFA/k .

4% 5[] 3 3 1) B B (%N transfer) (%NTFL)
(Neumann et al., 2009)FI & % B & i E AR

2% 5[] e 37 1 UL F% (%NTFL)=1-A%E [ {F 3
FIA%E FRAE M

BT & (g-plant™")=(1-A%E 1] /£ #E % IA%E .
PEHEE ) x DA T B (EHE).

14 Zitoth

X HMicrosoft excel 2010% {4 4b ¥ %45 . I SPSS
1308 AT Ge it o b o RIS R 3R 7 2 o0 Wik
(One-way ANOVA)FDuncanfi3i(Duncan’s multiple
range tests, P<0.05)iF 4T FE 4% (7] 22 S W E VLT -

2 ZR5iTe

21 FhiEHENTES

FAE R G 2R EAALERI MR E S e 4 0 R 2
— P VR AT TR RN IR 4y S5 1 S 4 e ) R I L AR A
Wi, RICAI AP —FEYE K S22 . TERPRL
W7, 20134ER120144E 3 2 — 48 G AE Aom fH KT
0, 73 %1°50.82710.65 (K2), £ WML KR IET
g, MG AEKZEE . XERTERE-4E
FE RS, MESREHHNAESNESRK, B
MEBHIHENKE - ERmTSY, FEGEEREE
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Figure 2 Interspecific relative competitiveness of oat-mung-
bean intercropping system



Z WD TR S R IR RUK 7y, HISS T 2 EERBOE
MERIRE ), s G A2 BH] .

2.2 [EEREI TR BRI

i =Ra S i K el - a7 | e S Siaf M i e )i
i RPURET N (E3). HREREML, 1
fEfR s 7 #EM TR MR RE, 20134/
20145 BN 2 B (AME RS b 3T AR R 2 b
BAAE 2y 3R 5 21.5%—33.1% F114.9%—25.4%, H.7E
PR HA R A 5 08 2 72 7 (P<0.05) (EI3A). 4RTM,
XS4 TP B R e 5 A AN, 55

TR MG A R R R R 125
VEAHLE, TEIVERERAR 7 SR AN o 2 4 5 9 i 10 AR
B, 201 34 FI20144F BAIE S & 0 TP i AR 2R
B 5 L 5 T %515.5%M123.8%, SR #H %
5+(P<0.05) (EI3B). VL 45 FEKW], ALk & AERE
e A, (HAE—E RS b T 4o A K.

b A B AR R, MG T TR AR
R 3R T R 328 36 0 P B, TR BB Ik B B KA
(K4). Sp/EMLL, TR R ERE T RIS A
R R E(P<0.05), 20134 H120144F 73 714 1153.1%
144.8%, HFFE T k5 B AR B&E, HAFE
AR 5 S0 3 7% 7 (P<0.05).

A 400
8§ 350 a a a
s 300 i a
S i a b b b
S 250 - _I_ b _I_ -I-
3
EE 200 - b
3o
® 150 - a a
o) a a
B 100
1S
> 50 -
o
0 I
Seedling Jointing Heading Mature Seedling Jointing Heading Mature
stage stage stage stage stage stage stage stage
2013 2014
OO m MO

g 40
3 35 - a a a
g a
g 307 a ]L : ]L % b
S 254 ‘} a
c
oL
TS5 20 aa a
> a
Eo 15 a
8 a a
® 10 | a
[J]
B 5 ’-hi
1S
fa
(=)

Seedling Jointing Heading Mature
stage stage stage stage

2013

Seedling Jointing Heading Mature
stage stage stage stage

2014
OM 1 OM

B3 AFEFH R TR (A) ML E (B) &4 & b E TR iR 2 &
O: HAEMZ, M: BIEG T, MO: 5 TIRMEN#EZ; OM: 5HEZFENG T . AFE/NGFRERR & LB R 2 7 2.3 (P<0.05).

Figure 3 Dry matter accumulation amount of oat (A) and mungbean (B) in different growing stage under different cropping

mode

O: Oat monocropping; M: Mungbean monocropping; MO: Oat intercropped with mungbean; OM: Mungbean intercropped with
oat. Different lowercase letters indicate significant differences among different treatments (P<0.05).
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Figure 4 Effect of the intercropping on nitrogen accumulation of oat (A) and mungbean (B)
O, M, MO, and OM are the same as in Figure 3. Different lowercase letters indicate significant differences among different

treatments (P<0.05).

2.3 EMEMRESEEERNEE

W]V BRAR T T A6 45 35 14 & AR B8, 20134E AN
2014 4 43 5] % A% 34.9% F1 28.3%, # 7+ & & (P<
0.05). [AIfFERRAR T &% & 1) SR o o ] 60l v 1 (3R 1),
20134F F120144E 43 5 B# K. 27 .2% F125.1%, 1£2014
T2 5 .35 (P<0.05).,

] 2B VS S I R AR — BT ZI IR, %
IR AR o T [FA =AM RE e R AN E
TR FR(RY). 28R 4R R, 5 9/EMLL, fER
I T ISR S ] 00, [ U 53 i) 6.3 % A1
9.7%; H1E20144F, S5HAEFL % 5 2% (P<0.05).

FE4 T AR BN, P ONRL A AR IE T E T 4%
FEERE, 4REY], SHREMLL, RERKT2E
A R, 2470 7 F% 1 20.93%/12.4%, H.7E
20134F % 7 . E (P<0.05). X & i T 14k & 532 )
TERCT, SR E AR B BRG], Se&1FH2M
i, R R A R i T R R, (H A T
FARFMR BT RESR Y, B A EEE R
FILTHiEga.

24 EEMFERREBNRM
2013 4F F12014 4% [] 11 746 32 19 N i &8 340 v T A



fedz, HIE20144 7% 5 3% (P<0.05) (¥£2). 20134F
12014 4 0] 1 #e 22 2R 73R 15 1 & &= 43 1 N 215.28
#1209.04 kg-hm™, e M4 53R IO AR & H A A
EEE132.2%F131.2%.

25 tig

251 FEHEY#EERSEEREIXR
VEVIAMELE R 2 [ A G R b= AR 56 4, (Rl TR
P B0 AR BRI 203, (619 BE VR M 2,
T 77 A4 B AN, R I 5 4 R B D[R] B 77 AE (T R S 2%,
2016). BEEIEMIMIER, M E IR 2 SR (B
S5, 2015). FEREAN AR WlE e AR K, (R
T[] 8 4 KT LAY, VEVIRE A BT IR R H g 70 FRAK,
BRWESRH; Rz, BT EIEIR G 1g6E, 2
] fE fL # (Ofori and Stern, 1987; FF|37 %,
AL s IeR et A ANt AL

Table 1 Effect of intercropping on nodule and nitrogen fixa-
tion of mungbean

Year Treat- Weight

Nitrogenase  %NDFA Biological

ments of nodu- activity (nmol nitrogen
les (g) CaHo-h™'-plant™) fixation

(g-plant™)
2013 M 3.29a 1.64 a 66.23a 19.68a
OM 2.14b 148 a 62.04a 15.56b
2014 M 3.89a 3.11b 64.89b 17.05a
OM 279b 255a 58.56a 16.64a

%NDFA: [F%&E % . MAOMFE3. RF/NG FREFRR S
b B ) 22 57 ¥ 3% (P<0.05)

%NDFA: Nitrogen fixation percentage. M and OM are the
same as in Figure 3. Different lowercase letters indicate
significant differences among different treatments (P<0.05).

R2 ([HMERFTEARNRGAHE NS
Table 2 Nitrogen translation from mungbean to oat in the
intercropping system

Year Treat- "Natom 'N uptake %NTFL N transfer
ments  percent (mg-plant™) (kg-hm™)
excess
2013 O 0.5720 b 0.36 a - -
MO 0.7563 a 0.39a 32.2 215.28
2014 O 0.6102 b 0.40b - -
MO 0.8010 a 0.54 a 31.2 209.04

%NTFL: % HE 5% . ORMONH K3, KF/NG TR R
b B ) 2 57 ¥ 3% (P<0.05)

%NTFL: %N transfer. O and MO are the same as in Figure 3.
Different lowercase letters indicate significant differences
among different treatments (P<0.05).

R M-Ik SRR LR R e tE 127

2016). AWFFEH, #MELRE R EFREREZ ST
LA, 24F Py e -2 G E Ao B YK T-0, #EZE M)
PR T Ak, MG TR,
BREMRERK, EKZMEH . A, RAFHEY
FAEMRR m, R, A KEE, 5 Xt ek Eis s,
A 4% AN 5y FREUBH A 2 ) B IR, 3K 2 3 A IR 5%
22 T F R (Willey,1979). [HEIR R T, 2F1E
YIR R DL R AR, BAES, HEARI i
TER KT 3e4 . IR AR PAFEYF w45
WA BORAE, EE T HEE - G R R
NEAE, FEEERARICNEERS, HLdgieE
AL (ZE WM, 2015; EFISLEE, 2016). K,
396 FF T B A0 b ol (A i B ) 5 5 B B TR, AT DA B AR
B ARV AR K SRR 5 oK, 3 75 i) EL R A
R TFe4r o0&, 4 e 2R 748 SRR 280, 3 m
ARV EVI R &

252 EfEFEMRRRFIREDRBEZLN
LAl

MEMBR T E RS T, MEEMEBNEA XN REN
BAEE W T 80AE, R -, (A
VERHA RN EILHy, #es 0 50 2% 58 R 10 ) A F
M EAE N2 00 . HIEE, — R TR RIE R
IR, #RAE#E 22 ORI Fl (Hauggaard-Nielsen
etal.,, 2009); 24t RIH A &1L EEEH, ¥
] 58 R R B2 40 #He5E, Neumann5(2009)HF 7%
Mg o AE AR AR R, =R IEREIAE
WIN 5 G IR R OAEZE R, H Rk R
W, MEWRTHFRY R, AR THREZSHES
IR, EFEE 2 MER(ES S, 2021a). EHE-
GO EERRF, SENERERF LT 5, H
o E3AYE . AR R EMREEEYERIH THF
@, AR, RS T RER LG ESE,
KT RGO EEE, FHG O R AR TR,
HIk LA RS R AR RE R, BRI Tk
B AR A L (S RS, 2015b). BT AT
FRM, [AERG AT m AL R A BHEYI I )
SRHEVIE BOERER, (13 SRMEMET LI
NGEUE Z (6T Rk, RS i R I A
PN B, 2011), X5 AT T4 B — 2 (H A
REH, ER-BEMER-GERERG T, RRL
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PE(RdE 7 SARMEYIME K &, MR HE 380 (51
&5 2005; ZEEEE, 2009). 8 R E A 4H 2 A K
LR [ ZUAH T TR R, B Re S e KA HING,
RFERHEMA BOSRAF R . AFFTRI, AR (2
SRR R [ U ) B, G o SR ] SRR
(£ IcHEE, 2003; EEEE, 2021a). 5 iR
I, AR, [EAVERRAS T 4% S 8L o i AR IR
] U S v, LR R RARS RHAE R4, R
AEMEVIRE S, A SR EY A T B, WO
B AL, & F1m) T iz KA & Y EUE
A, WA 75 AR e ] 20 i 1 R R (s 1
2004). Hu%%(2017) 78 £ K-8 S [A/E RGirh, KIBi
G E R RESR T 35% . Rusinamhodzi%%(2006)#f 7
T >K—HI & (Vigna unguiculata) &) {F &4, %8 A {F
U1 [ SR s TR . SR, 7R M -2t EAE
R, BARGEREZRSER R, HEBERRE,
WA 32 B, HE A ST AR .
ICAE R R Gk B B A 2R 5, BEWT 3G n S Rt
PEYD B[ B, ST 3G Ak |) ELAE, R 52 s R AR
TEMEZEM R

253 EMERGHAEFHETRENER

A SRMEDI R A ), RAR-SRHEERfA 2
JrT AL, Horb A EE R 2R AR A R GBS HE I 4
2020). Li%(2009)#f 5T &M, RAFR-ZRHEEE R
HERMEMIRE AR, il B AR A R
PEARARHE ALK . GRMEDEDE AR IR AF
EWEH, Bl e SRIAME R Gih A & = 80F H
) —FpE ZHLR (0 P ESE, 2011). —&KIAN, UK
ARt SR AEAR F it B KPR, RTINSk}
TEVIRIR R i, 48 m S RHEY AW A Re 70 (7 F
&, 2021). ChapagainfliRiseman (2014)#f 571 % 1,
GRMED IR RAFHE 7% — € BINA R, RAFHE
VI B S S AR S S RME AR B A LG,
M i ERHMEPD I [ B % . AR s RS A I,
JR PR AT B A EARHEY i [ E i EE R B i R
BRUTAR AR BT BHCRAE K g il v 55 A L9 B A 3 rp )
PR EAE, FEC TR R RE R 2 R 1%
FIGER AR (B 4%, 2012). PN IR 2R AT [
Bl e A R WA, ©oaE) 2 M OH (Ledgard,
1985; Van Kessel and Roskoski, 1988; 1 #k i,

2005; Xie et al., 2015). 20134EF120144E [ 7t 45 5
KW, LG MERF PR G ME RE T RE
HF%, X 5Zang%(2015) 8 H] PN Al fr 2 24T R i br
AR 9T e 2% L E R A B R B s 45 S A
Bl iR, SEMEYAEGRMEM BB AR TR
AR, — e R A R R BAER RAEM
iR, 2 IR E AR A KE g
MG RHEY R A%, =T —Z=1E
WS A B R R B R I TR e R (SRR AR
2017). A AP LR IR 12 1] BE 2 CRMEY R R
BRI B (LANH, . NOs™. LR
2 WV A P RR W T ) S5 T S ) DU TAE AR B, 7E
R IT R AR AR RHED USRI R o« FT A #HeE
HeEMU sk G 5 e EYER AR BB
WA R . 55 9145 (2003) % H NI F A0
FOKFE-LREMERA T IR ER, RIKE-45
[EEAEAE X ) B, (HUAS S KBRS N E.
R, ERARI-SERHNEE RS T, EYRZE. ARY
FhIRAR R 5E5+ 77« AFEYD B AP 2 e A 2 2 R
FRAE DL 33 FBR 85 IR 3R 1) 2 X R AR - RHANE &
RINBRE TR AR KW, Fik, HFEEAF
X3 AT 2 4F 0 i ilie, DASRAS H 2508 .

3 4ig

M-S G ERG T, EOMERAMEEN, 8
WRIEHER T 584, sxERMERBER,
HERR IS, MM BME R REL LR
FiwE. RN, RAREEREERS, RARHE
Ykkm B, S ARMEMAL TR A8, IS sk S
MR E R R [ RS BRSO B R =
MY EHAPFEK. Bk, EAERARS ER}HE
TEOL S B [T, 258 18 3 6] 4 2 ¢ oh 11400 i b 10 38
e K RRE B AR (A Ja) A SR e 2 P 55 )
o HAREARAR R AN 7804248 SRHMEYI A4
VI BT 7, A RESE BN 2R I v 80R] 5 i
PRERE T, e gt Ak AR A AT R Bk

SEH

A INERE EOOR, BfF, AR, KRG KE, BR, A\
FHE, BRH (2022). ILPGHT5 X E R KT X R



PR ROK R s m. R ERIES S 43, 551-562.

SRR MR, BREESE (2017). R E A& E &SR AL
AR RA TR, P EESRI R 25, 19-26.

HoH, WHR, E4&W, X, % B (2003). 7
YEKFE S AR AME R G R R K B 8 55 R L x - s
JIEEA. AR 40, 717-723.

AR, N, B, FBIRT (2012). SREERMIEDST R
b R L AR R 2 R . R 49,
130-138.

BEHE (2004). GRYARABHAME K EE T80 B v 45 98 il
BRI, e, dbst PER K. pp. 65-66.
BHE, L, ZE, REH (2005). TR-TEARMEX R
GNFEFRIIMTT . P EAESRILEF®R 13(3), 63-64.
B, WKRE, KEE, YHE (2015a). AEEEHEMS
HEF MVEX B SRR AR BR AU AE YnifHSE
FERERIEm. P E AR %A ——20154E % R E SR N B

. IR REEYES. pp. 222.

AR, Bk, £KE, HRKE, YHEE (2015b). ER-#E
I X6 4 B R Ik BORT R P= RS MR 44,
1426-1434.

WMUREK, KRR, MR, R, HEE (2012). M8 HEM
Xt B L FOK EAE RGMEM A K RERE FIR M, Tl
% 21,43-49

fTEEm, S, |ER, YR, B4F, Sk HEE
(2022). wFEM X #e 2 5 % HA AR EE KRB Ko™
s, BHZAR 30, 2514-2521.

LR, IKESL, M, FH (2022). iR EX S EICEE
P B E RN R B, BRI\ Rk RK A
% 34(2), 1-9, 31.

R, BE, THE, BEE NES, FHEE, FREWN
(2008). K- A R4 4 4 7= B R0l A 11 FE Sl e L 1) 5
W, A SER 19, 981-985.

ZERE, R, TFES, &, B, KEM (2009). A
b 2 5L K T R G028 W AR MR B S R (s L A
ER Rl 42, 3467-3474.

XEE, HE, KEKE, B%, BXXE (2011). KT HIZE
ot T Wz 36 i 7 1 AR BB AR A L RME ) R 33,
141-146.

FRER, ERRE, AXE, AR, 2R, RF4E, R,
B1E (2021). AR EEEI S~ KA 56 SRR R R I
PR . Y E TR SRR 27, 1560-1570.

Ok, £F, BER, SRS, GEE, £KE, mEk, 3
BRE (2021). #FES GRMEMRMER =B, &3R5

=
==N

R M-Ik G LR R e 129

SRS, AR ML RS R 26(8), 23-32.

R, FEFISL, LE58, BROC (2015). KZERMESE G IF R 5
G )y B B A R W R R IR 36, 482—
487.

W, kEH, EW, EE, BRA, KR, EB, HK
¥r, BaE, RIBAR, HEE (2022). LR TR 20
UL S E Rt BRI k. M AE R AR 23, 1660
1669.

FEFISE, SRkK, BT, FFMEME, SR (2016). K Z/wi S 1AE
RGP E) 5 G 7 J 8ons H T 1R F RIS B HLAR B L. o
AR R 24, 265-273.

T8, GmeE, ki SRR, WHE, B Fedk REX
(2009). e 5 & 5 B A [F) VR R 2O AR bR - R A= )
R, Bl 18(6), 151-157.

EE, XIBe#, SRR, F# (2021a). L0 E 1/ Ex
M. BACH XY PR R BT, B AR 29,
2258-2264.

TF, xR, 8B, E# (2021b). WA R T LE
B AE e TR R R A OPh () ELAR R AE T A . Bl 2R
30(8), 73-85.

W gk, 2R, TRAESN (2005). /N3E/E SRR & AR
A EAEH KRR . T ER R 38, 965-973.
BC, B, TEE, 8., WRE, BE% (2015). fiffit
FH J5 2D B0k /N 22 1 K T 1 28 45 v Fo (8] 58 0 11 B b 1D 5% 00

TER)ZR 41, 633-641.

AR, XIBEr, EKEF, BF (2020). LAeEH/ L KEME
X SRR A AR [ BRI . Rl 4R 29, 95-105.
EIuHE, XIKFE, EH (2003). 5 EKRIMESGETR AL S
FEhI HARJR TS 50 S LM 20 B B & R sEIm ., R4 A B

574 aEik 29, 33-38.

Bellenger JP, Xu Y, Zhang X, Morel FMM, Kraepiel AML
(2014). Possible contribution of alternative nitrogenases
to nitrogen fixation by asymbiotic Nj-fixing bacteria in
soils. Soil Biol Biochem 69, 413-420.

Chapagain T, Riseman A (2014). Barley-pea intercropping:
effects on land productivity, carbon and nitrogen transfor-
mations. Field Crops Res 166, 18-25.

Gong XW, Dang K, Lv SM, Zhao G, Tian LX, Luo Y, Feng
BL (2020). Interspecific root interactions and water-use
efficiency of intercropped proso millet and mungbean. Eur
J Agron 115, 126034.

Hauggaard-Nielsen H, Gooding M, Ambus P, Corre-Hel-
lou G, Crozat Y, Dahlmann C, Dibet A, von Fragstein
P, Pristeri A, Monti M, Jensen ES (2009). Pea-barley



130 AR 58(1) 2023

intercropping for efficient symbiotic N»-fixation, soil N ac-
quisition and use of other nutrients in European organic
cropping systems. Field Crops Res 113, 64-71.

He TG, Su LR, Li YR, Su TM, Qin F, Li Q (2018). Nutrient
decomposition rate and sugarcane yield as influenced by
mungbean intercropping and crop residue recycling. Su-
gar Tech 20, 154-162.

Hu FL, Zhao C, Feng FX, Chai Q, Mu YP, Zhang Y (2017).
Improving N management through intercropping alleviates
the inhibitory effect of mineral N on nodulation in pea.
Plant Soil 412, 235-251.

Ledgard SF, Freney JR, Simpson JR (1985). Assessing
nitrogen transfer from legumes to associated grasses.
Soil Boil Biochem 17, 575-577.

Li SX, Wang ZH, Hu TT, Gao YJ, Stewart BA (2009). Ni-
trogen in dryland soils of China and its management. Adv
Agron 101, 123-181.

Liang JP, He ZJ, Shi WJ (2020). Cotton/mungbean inter-
cropping improves crop productivity, water use efficiency,
nitrogen uptake, and economic benefits in the arid area of
Northwest China. Agric Water Manage 240, 106277.

Neugschwandtner RW, Kaul HP (2014). Sowing ratio and
N fertilization affect yield and yield components of oat and
pea in intercrops. Field Crops Res 155, 159-163.

Neumann A, Schmidtke K, Rauber R (2007). Effects of
crop density and tillage system on grain yield and N up-
take from soil and atmosphere of sole and intercropped

pea and oat. Field Crops Res 100, 285-293.

Neumann A, Werner J, Rauber R (2009). Evaluation of
yield-density relationships and optimization of intercrop
compositions of field-grown pea-oat intercrops using the
replacement series and the response surface design.
Field Crops Res 114, 286-294.

Ofori F, Stern WR (1987). Cereal-legume intercropping
systems. Adv Agron 41, 41-90.

Rusinamhodzi L, Murwira HK, Nyamangara J (2006).
Cotton—cowpea intercropping and its N, fixation capacity
improves yield of a subsequent maize crop under Zimbab-
wean rain—fed conditions. Plant Soil 287, 327-336.

Van Kessel C, Roskoski JP (1998). Row spacing effects on
No-fixation, N-yield and soil N uptake of intercropped
cowpea and maize. Plant Soil 111, 17-23.

Willey RW (1979). Intercropping—its importance and re-
search needs. Part Il. Agronomy and research approac-
hes. Field Crop Abstr 32, 73-85.

Xie KY, Li XL, He F, Zhang YJ, Wan LQ, David BH, Wang
D, Qin Y, Gamal MAF (2015). Effect of nitrogen fertiliza-
tion on yield, N content, and nitrogen fixation of alfalfa and
smooth bromegrass grown alone or in mixture in green-
house pots. J Integr Agric 14, 1864—1876.

Zang HD, Yang XC, Feng XM, Qian X, Hu YG, Ren CZ,
Zeng ZH (2015). Rhizodeposition of nitrogen and carbon by
mungbean (Vigna radiata L.) and its contribution to inter-
cropped oats (Avena nuda L.). PLoS One 10, e0121132.



R M- G RN LR R R 131

Intercropping Effect and Nitrogen Transfer Characteristics of
Oat—Mungbean Intercrop

Xiaomin Feng1’2, Xiang Gao', Huadong Zangz, Yuegao Hu?, Changzhong Ren’, Zhiping Hao'
Huiging Lu', Zhaohai Zengz*

!Institute of Sorghum Research, Shanxi Academy of Agricultural Sciences/Shanxi Agricultural University, Yuci 030600, Chi-
na; ’Key Laboratory of Farming System, Ministry of Agriculture and Rural Affairs, College of Agronomy and
Biotechnology, China Agricultural University, Beijing 100193, China; 3Baicheng Academy of Agricultural
Sciences, Baicheng 137000, China

Abstract To explore the intercropping effect and nitrogen transfer characteristics of oat and mungbean, three planting
patterns, oat monocropping, mungbean monocropping, oat-mungbean intercropping, were investigated with both
root-digging method and °N isotope labelling method. The results showed that in intercropping system, oat displayed
higher invasiveness than mungbean, whose growth was inhibited. The dry matter accumulation of oat shoot was
14.9%—-33.1% higher in intercropping than in monoculture in the whole growing stages. Compared with monocropping, the
nitrogen accumulation of oat at two year mature stages was increased by 53.1% and 44.8%, respectively. The intercrop-
ping system reduced nitrogen accumulation, nodule weight at flowering and pod stage, and nitrogen fixation efficiency of
mungbean. The total nitrogen fixation efficiency of mungbean decreased by 23.7% and the biological nitrogen fixation
decreased by 11.66% on average for two years. The nitrogen transfer rate of intercropped mungbean to oat reached
31.7%, and the nitrogen transfer amount was 212.16 kg-hm"z. The oat-mungbean intercropping decreased nodule
nitrogenase activity and nitrogen fixation efficiency of mungbean at flowering and pod stage, but nitrogen transfer in
mungbean increased nitrogen uptake and utilization of oat, realized the mutual regulation and promotion between the
growth of above and below ground, and meanwhile, optimized the nitrogen management system in farmland ecosystem.

Key words oat-mungbean intercrop, nodule N fixation, N isotope labelling, N uptake, N transfer
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