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ABSTRACT

An eco-supplement research of maize and soybean standing plants in their
mixcropping systems was conducted in plot and potting experiments using *N iso-
tope dilution method. The results shown that the %Nun and %Ny of the maize
plants in mixculture had a decrease by 9.13%~24.58% and 7.15%~22.52%
repectively compared with the monoculture. The Nyp of soybean plants in the mix-
culture could be transfered to the maize plants and the %Na. was 18. 44 %~
35.32%. The 8.75%~24. 05% of nitrogen of the maize plants in the mixculture
were from the Ngr, of soybean plants. It is one of the reasons that the %Ny, of soy-
bean plants had an increase by 29.10% ~32. 69% in the mixculture of maize and
soybean plants. A mixcropping field demonstration was done. The output value per
hectare had an increase by 43.12% compared with soybean monoculture and
33.44% compared with maize monoculture. In the soybean and maize mixcropping
system in which the ratio of standiug plants is 2 ¢ 1, the plant nitrogen content of -
two crops is higher and the consumption of soil nitrogen is lower than in the other

mixecropping system,

¢ Contributed by the Chinese Society of Nuclear-Agricutural Sciences (CSNAS).
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RER—HEERFEY, EREEANEFRAESAREETEERER. BET
1B —H P SR E ERHED B R A ALY A A B R VIR M. P2
—BEELERHMEY S REBEYEN T N2 0 LN & BB, FREMNFRAEDER
R, FANKRBAMEUHRERHREER. UKEXERANHKRES EXER
FRERS PR KRG E A RERN — T EH SR BHE R, EERERABANRSE
m®, BRI ZEEATREES S, BETEEEARESET TN RERSME R
B5, HM¥RKEMEXREREPEREBSRTINPEMERLS, AR AN R
EREEARLE T RENRERETAEERE. ARSUEE. EREKRERERRE
AP BB . HEE KARM LS T AR R REELHEEE, K
S5 EARUARMHELAASHREFRLGEETHT. AdRBEIBERT EXNXE
ERERGEHRIT HNESTIMEM, MEPXEMEXRMORERY, SEBRRHERS
R

1 #RS5HE

BERENK K SC704, KEHEAR 8 5. MHEHKEMHFHBMME (Rhizobium meliloti)
R REH (PNHO SO, B E¥ L THF3T B8, "N E£HHR 5. 20% . RBAAHKES
FRBREM 3+ 1, 2 1A 1 1 WREMERRRFE LS BRIk B, 1B
BEAT R, RN TR E AR BN LT B (RE + K H
A A0 341, 241, 141, 1+0H1 0+1) &4tF, AHBRUB EHRPLEREELRE
AN EHEWE . ALK E FE R R L AT & /AT, SN EEBREAR
W RBRIERGEM AT AMBIERSE WA DN ESEIMER.

1.1 hERR

1992 4 IR EHT M A = AR B EARANME P G317 . BHE LA FHLR 11. 69 g/
kg, £AMEBSF1H 0. 656 g/kg # 0. 619 g/kg, FAFHEBES 5K 45. 5 mg/kg F15. 71
mg/kg. pH 8. 34, 1993 FFIRB N IEFH BA M FR L HEFOCHT. WWLHETHEILHR
88.2 g/kg, 2 3. 45 g/keg, £B% 1. 13 g/kg, pH 8. 02, WM 4 191. 0 mg/kg, HBE 25. 3 mg/
kg, IR¥R AV AW, TR 4 K. AETERER 3.60X8.00 m?, 6 17K, 0.60 m %4
1TH. BRI AN BN 432 g =R BERRYS . KT 367 ¢ %, AREEHIR
RE MR IT (2.6X2.3 m®) PUEERIH (NH),SO, MARE, BIMA S5 14 ¢
(*NH,),SO0, ., {8 S Am4HE . )

1.2 AR

1992 4 1993 4F BEF M AR BRI ME RIS . BT, R% 33 cm,
¥ 29 em, BEIK G KE/NKIRIEANE . FHIAL L 10 kg, Hef 2T I /)N 8L 5T F
Hi. X 10K, B HEACANEE B %R D RiRE .

1.3 KHEFRE

B R LA F LR 13. 0 g/kg, MR MA R BESH1 4 41. 3 701 22. 6 mg/kg. 1994
iE 4 H 25 HAFF, KEMEXRGANEHHNE 3, MR 5~6cm, R 58X12 cm A
TR Fh . RERMI Y RE =0 BERL 5 240 kg/ha A BERR 4% 315 kg/ha, EX 0t — 05 &
[]RG 10~15 RABPEBRIL 1K, 3t 3 K., FERE— R P HERERE ST, GoBRKERE
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375 kgo 6 A 10 BH#AK. LUSERE 15~20 XK 1 K, SEFPHMAK 5 K. KE9 A
PABOR. Ek 10 AWK,
L4 tEARKD .
ERR RN FESRAFEMREIENN FTESE, AXE
(1 ERAEHRAER RN RS MR E T

N AREGEYD o
%Ny = A”——V:E(iiﬂ) X 100%

(2) EXRHEHENLRFERARSHBELENEIE
%Ny =1— %Ny
3) EXMHENEZREHRKEAR=YTHREBARIHEKRNET 2L

_ 1 AUE(EX, B
Y% Na = (1 A%E(i*#?&)) X 100%

(4) KEEHEFHEBASZRENERERNAS KEHRLERN T

%N _ ARE(EXRE) — ARECEXREIE)
0T ARECKE RIS — AYECKEEMS

2 SGRMSH

2.1 EXEKELBEEPHIRR

REHIE GE D R, EXHEAREERE LM, MEMERRD HBEERMAK
S H LA RS BIE 90. 36%~92. 88%F1 62. 33%~87.20%, FHMEBMENSE 7.12%
~9.64%F 12. 80%~37. 67% . EIFHT ERALHEA B ERAN L a0 /T3 L R ERR R T
7.15%~22.52% 1 9. 13% ~24. 50% . Rerkasem % A (1988)™ e 2 E AL #3447 Y ER ML
SEEREYS, WL EEERFAATMEERMNLMFEFREBERRSAAR. &
BERKFREAEHRAES RS RENEXMEREAA, ATTERZET EXAHT -0
AMENES, MRBEARAT X GTRMREXEDH BB EFR AR T CHEIEM

F1¥EEERY, ERXERER, EXMEMERES LMIEESL, BT 5 3 A
T, BRRETBRFUHES. 2 Ofori £ Stern (198D HME, BRHBREHER
P MREFEDHBERTIN —FESEIAR, KPEEREEFERMED I EE
HAoMERERKZEMZETF LR P ERHEYERT YR EAEEERY . XEHEAR
REMERBEZHZENERES. WENZRNIRREERY, BEEXRAKRTIER
YRR 8. 75% ~24. 05% (1, Patra 28 (1986)RIMIBEIRW A, EXMEAEN
EZ RIEMLEHBRR KR 2%, KARBTERTBARBREET 21. 2 kgN/ha,
Martin A (199DPHH AN A ERBEEAMRRESEXRARER, RABERKE
HMAMAHEAXETEREAREDS, BRESVHER=YHB L 3. 99 kgN/ha, Hell-
reigel (1988) WEMRBFREYATRKE ZEENTREDRERAETHEE. Stern
(1993) A m e E e, (AR AE ML A LK, B AT EREM AL AR ERY,
HEREANERRTRERENERED RS ZEENREBED BRI, 1R
AR ER U EYERERET —RBAIANR, HRTHMAMHRARE, THEIT®sI
SFREERZ ., EITEMMEARERR.
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1 EXRAKESBOERREPHRRER

Table 1 Nitrogen source of maize plants in monoculture and mixcropping
Kl E 2k soybean t maize

43  Treatment

311 211 1:1 011
M plot 1992 4.95 5.65 4.97 7.12
1993 6.58 9.20 8.02 9. 64
HWHIEM Y  Decrease » 31.21 10.92 22.49Q
BEE &R Potting 1992 9:80 11.62 11.298 12.80
% Nay 1993 33.69 37.15 35.38 37.67
WA % Decresse : 13.83 3.37 7.53
FH GRS %  Decrease in average 22.52 7.15 15. 01
HMX  plot 1992 64.52 73.67 64.88 92.88
1993 61.72 86. 99 75.22 -90.36
AN XA Decrease » 31.11 12.32 23.54
BN &R Potting 1992 66. 80 79.18 76. 93 87.20
% Nu 1993 55.75 61. 46 58.54 62.33
HHUERS Y Decrease 18. 04 5.95 9. 40
FH MRS Y%  Decrease in average 24.58 9.13 16. 47
AR plot 1992 30.53 20. 68 30.14
1993 31.70 3.73 16.76
H¥EBXE AR Poning 1992 23.40 9.20 11.78
% Na 1993 10. 56 6.39 6.08
EH]  Average 24.05 - 8.75 16.19

» in mixcropping compared with monocutture.

2.2 KRHHEABORBRETHERENER~HinH
EUTHERAEDA EEANVRBRERES, ANERREFTECRMEUFIEEN X
K&, THAREMENE. REANBENERIHRY, FNEMFIENR, THRMH
WWAERMELBR. EEFREMNE, Ofori # Stern (1993) M A0 S RMEWH B RIEH M
REEYEKNAREBEREELNTHE LY EE P RERTETERRLEEY
fER. MBI (R 2) R, EUXRKEAFEAIPAEEXRBEREPXENERB L
BENFRIEENES, MRBRERT 24.92%~48.22%, ZRRABVE®T 17.15%
~33.27%, FHHRF 29 10%~32. 69% . BEKREH S M AR 5 ZBIEHN ERTIHREG L it
G RKEHEESEN Y%, PRIRB N 23. 08% ~43.81%, AHIKXIEH 13. 23%~26.83%, T
3% 18.44%~35. 32% . RUAERIERGE P, KEH bR E & 87T F WK E At 5
5ZBENEXEBERRATR, ERERRENFRMENSE. B TFXWEBNLNES
MAERMIHGER, SETREAZEARGER. AREFS Qo) g HialFHEA v
HEMERARES KA EETERIENRET 12. 21%~35.87% . LFHPFREH,
ERERSS, REBMERHYHFEXRRHEWMENY. B, REREY—FE
EUTFERHY, AL ERRERAE. H—rERAE YA S 14 WPIRT N TR
P, HREHEYELESRERETEFERARRETBEYH S ETELA
AR AEFRE, BEERENNERAETEAYERENER. B=, ESRHEYNE
RS2SR E , IR 14, BRI S RAK P2, BRETE RS, &
AP RRAF Y AW HE, BET SR EDREFEFEKT, FHNTERHYER,
REERRRLRER. HREREREPTIMEDEAENEEVESFREATR.
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¥2 ATHEARHRZPHEREATRRY (1993
Table 2 % Nu, and Yincrease of N,-fixation in soybean in mixcropping

KEHENR soybean: maize

43  Treatment

311 211 11
AEEARFEHEY % Na
MK plot 43. 81 31.04 23.08
@44 potting 26. 83 13.23 13.79
Y3  Average 35.32 22.14 18. 44
AEERERERY N
MK plot 24.92  40.85 48.22
£/ potting 33.27 22.11 17.15
¥ Average 29.10 31.48 32. 69

2.3 EBERELRETRCER~E
%3 KXRBEERXKATE~ELE GTHEE., 1994
Table 3 OQOutput value of soybeon and maize jin mixture comparing with monoculture
(XinJiang Changi, 1994)

R £t A B/ AH | BRBGOR RGO BRRE ([PRyied| =M (RSN «
ears or pods| kernals/ [100—kernal output value| increment
culture crops ha |plants/ha| per plant | ear or pod | weight | (kg/ha) {(yuan/ha) # ¢73)
Ik E soybean 26.7 145,980 26.3 2.5 20. 4 1958.0 8920. 8 30. 51
B |Ek maiz "7 27,480 1.0 764.0 29.8 6256.0 ) 22. 60
mixculture [k, soybean 22.4 288,000 29.2 2.8 19.0 4473.9 10454. 8 52.95
E 2K maize ’ 7,500 1.3 690. 0 28.0 1883.7 ) 43.69
H{E  [KH soybean [13. 3| 286,815 26.3 2.3 19.7 3417.8 6835. 6
monoculturd® 2k maize  [20. 0} 56,400 1.0 560. 0 28.0 8843.5 7276.2
(ck) K maize 26.7) 62,370 1.0 541. 0 27.7 9346. 9

s R EHEXA R4 5] 2.0 # 0. 8 5T/kg. The price of soybean and maize is 2. 0 and 0. 8 yuan/kg

* % in mixculture comparing with monoculture

FIRWERY, KEEEXBEN, BAMRRKRKEMERT S PE L KT R IEHY
I 30.51%~52.95%, HFERFIEMIL 22. 60% ~43. 69%, FEB T EFMNRIEE. H+
BAER TR B LA IE R T 8. 70% ~21. 74% , TRAE T 40 TR 3 T8 Lo P B4R 10 25. 34 %
~38.78% . FFRAE R H WA, 22308 (1990WHIRIR R, M EKX 5EEIRE
i, BHMEESERERK 3 1M 2: 10, ARTFHMEDHERERK, TEIZEF
RAEERE . BEHERE, KESEXRBENESTIMERRBERZENHERF™
VB, THIESHE. M, REMHFERLER, BRETEDSEARNTFHE A
BRI BN, EEXDER, SRS REE. REXFHEY, SIBLAGK
BE, BRK, BREEFAERMERA KR, HERMNRELREE, BXER
KR, MEIANPAMEERE, S3ERSREBRE, MXEFREERK, B
WBERMKHEREGHRETED TERRHER, ARATRENIRAR. MEEERZ
bR AT ARG, B TR R, WA R A MK R . Hilhis
REIEEI R RE = EXG . SC704 EACYERSF, IHESEH, —REA X 60000
Bk, SC704 EXRZEAFE R, AR, UEXIENREREP, KEHERER LAREIER
AREE, MUKERENERRELES, EXRHENE, HEFEEXNESE, FHEHS
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FE4r, XATHRME 3 RE. RHRREH, FRMREWN, RadR, BREREEEAE, K
UFRBAHRERBREREERFTRA. Park-Hurst (19860 AN, ASHISHTEHE
FBUNFREHFANEPGEMRLE R, IRVEEFESHT, NEEFAREEK
R, HELERRBERRS, EXNRRERAREYEET T ERMEYEEHRARE
BRBREFNHBR. EXENNNE. ZEEHSEER, ToFALL, KRR
R, ARFRBHEFE, FHRKEEREERX TR, EHHEN WRIEME, &
RN ERRRTRASME, BHES IR BRESEFEDRE L B3P
SRFHBFRKXP LV AL SBEE, HREBURET

2.4 BERKEPERNAGTHENHERE

T4 BBMEROAZHFETER o/kgd

Table 4 Total nitrogen content of maize and soybean plants in maturity

KB+ EX (B soybean s maizel (plants)
4  Treatment
311 211 1:1 110 0s1
/MK plot 0. 399 0.233 0. 207 0. 464
1992 #542 potting 0. 637 0. 884 0. 612 0. 887
-3 average 0.518 0.599 0.410 0.676
Ex X plot 0. 703 0.999 0.497 0.612
maize 1993 X4} potting 0. 803 0.878 0.502 0.708
F-#4 average 0.753 0.939 0. 500 0. 660
SEIH Average (1992 and 1993) 0.636 0.749 0.455 0. 668
4 {f{ Ratio £4.91 100 60. 74 89.19
/X plot 3.26 3.33 3.13 3.48 0. 464
1992 £ 4R potting 2.22 2.39 2.09 2.91 0. 887
IE#J average 2.74 2. 86 2.61 3.20 0.676
xE MK plot 3.732 3.759 3.301 3.499
soybean 1993  ZX# potting 1.255 1.394 1.168 2.105
3 average 2.494 2.577 2.235 2. 777
SEH Average (1992 and 1993) 2.617 2.719 2.423 2. 989
E fi{ Ratio 96.25 100 89-11  100.93

R G4 RW, ERERL P, KEMEXKD 2+ 1 SEHRIER, WHED
P RS AR KPP REHENSRARLEEHAGH S 3- 75%~10. 89%, EkAtk
&R R HEEA SR 15. 09%~39. 26% , "I A BR3¢ YBERW, X
EHEXRMU 2 1 BREELFRE, EXMESAMRLEFEERMERY 10.81%, RPEX
MHREZRLREREFTREFEERERKESEE. BE5REREHE, FHRLNE
ERYH, KREMKE S ERML SERTHMKME, BRIRERERET, KEMHk
KR RREBE S Z RN TR,
2.5 ERUKFEFEMLEAROZE

RBRYIE (5 XY, BERSPINERSREHBAHRSHETRELBLRE—
By, KEGEHKRM 3+ 1801+ 1 BREHBER, AN LR A MRS 2 1 &
WHBEMNRE 4.54%F 11. 20%, X LWHEBRAGEESEL 2 1 BERENEY
4.80%F 6.18%, WFIMM 2+ 1 HAMEERLYE . Martin ZFA (199DPIEEI P KT
S5EXAMERERRPURAKRTEEKL 67% + 33% =21 1 FRIHLFR, UM PR
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MRS R SRR . RRSEERY, FaRM RN RS RAE A WS
TRERERSE, BREERNLRERGNENETRERL, MREEXXNLELE
FIEENRTRERS, B rHEHEREUHERFEER.

s RREBRBNOREELIRAEERER
Table § N centent in potting soil before seeding and after harvesting

4B Treatment KE + EX (BRYD soybean : maizel (plants)
311 281 1:1 1:0 0:1
AT before seeding 2.37 2.42 2.32 2.23 2.26
1992 )G harvesting 1.99 2.02 2.00 1.89 1.59
ox R decrease, % 16. 03 16.53 13.79 15.25 11.85
0T before seeding 0. 749 0. 720 0. 726 0. 740 0.733
Total N . :
1993 G after harvesting 0. 707 0. 690 0. 659 0.778 0. 657
(g/kg) ER{E decrease, % 5.61 4.17 9.23  +5.14 10.37
I} RE (& average decrease, % 10. 82 10. 35 11.51 5.06 11.16
W {4 ratio ' 104.54 100 111.20 48.89  107.83
{587 before seeding 79.7 83.1 92.8 79. 4 78.1
1992 WS harvesting 36. 6 35.0 36,3  44.4 36.6
bLE S B decrease, % 54.08 57. 88 60. 88 44.08 53.14
Quick-acting B before seeding 11.7 106.9 105.0° 109. 7 107.8
N 1993 WS after harvesting 9.0 102.0 99.3 94.0 99.7
(mg/kg) R decresse, % 11.37 4.58 5.43 14.31 7.51
FHRE{E Y average decrease, % 32.37 31.23 33.16 29. 20 30.33
[* { ratio 104. 80 100 106. 18 93.50 97.12

£ F X M

(1] X3, Mg, HASMMAE. L3, R, 1980, 52~83
[2] &3, MEEXRBHASEXNFR&EUAES. S50, 1994, 5, 1~4
(Bl RWFE, XD REENSEERRBRPHFR. PERLHS, 1992, 25 (6), 63~68
[4] Swaminsthan M S, Sinha S K. Global aspects of food production. International Rice Research Institute (IRRI), 1986,
200~201
[5] Rerkasem K, Rerkasem B. Yields and nitrogen nutrition of intercropping maize and ricebean. Plant and Soil, 1988
108 (1): 151
[6] Ofori F, Stern W R. Cereal-legume intercropping aystem. ADV. Agri., 1987, 41: 41~90
(7] Patrad D, et al. !3N studies on the transfer of Jegume-fixed nitrogen to assocciated cereals in intercropping systems.
Biol. Fertil Soil. , 1986, 2: 165~171
[8] Martin R C. et al. Nitrogen transfer from nodulating soybean to maize or to nonnodulating soybean in intercroppings
the N dilution method. Plant and Soil, 1991, 132, 53~56
[9] Mohapata B K. » Pradhan. Energy relationship in intercropping of maize with cowpea and ricebean. Indian Journal
of Agri, Sci., 1993, 63 (6): 581~583
[10] Stern W R. Nitrogen fixation and transfer in intercrop. Field Crop Research. 1993, 34; 335~356
[11] Parkhurst A M, Franccis C A. Research methods for multiple cropping in; C. A. Francis (Editor) , Mutiple cropping
systems. Macmillan, New York, 1986: 285~317
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