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Abstract: [Objective] The aim of this paper was to study the mechanisms of interspecific nitrogen facilitation and transfer in
the relay-planting systems of wheat/maize/soybean and wheat/maize/sweet potato. [Method] The methods of root barrier and
5N-isotope dilution were used to investigate the nitrogen transfer, nitrogen uptake and utilization in the two relay-planting systems.

[Result] Comparing the no barrier with solid barrier, the results showed that the **N total uptake and crop recovery rate of wheat
were highly remarkable and ®*N% abundance and N% content of soil was lower obviously than that of solid barrier. In the
wheat/maize/soybean system with no barrier, the N total uptake, **N grain uptake, °N crop recovery rate, soil *®N% abundance and
N% content of maize increased by 17.62%, 24.52%, 17.63%, 13.9% and 10.1%, respectively. But in the wheat/maize/sweetpotato
system with no barrier, the value of above index reduced by 50.19%, 42.58%, 33.42%, 29.6% and 5.2%, respectively. For soybean,
the N total uptake, *N grain uptake, and °N crop recovery rate reduced, but the soil N% content increased by 6.06%. For
sweetpotato, the N total uptake and crop recovery rate increased, but soil **N% abundance and N% content reduced by 0.9% and
4.95%. [ Conclusion] There existed nitrogen interspecific competition and facilitation and nitrogen transfer in the two
relay-planting systems. In the wheat/maize/soybean system, the nitrogen uptake from fertilizer, soil fertility remaining and
sustainable crop production were better than the system of wheat/maize/sweetpotato.
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Table 1 Effects of root barriers on nitrogen acquisition of relay-planting crops (g/pot)

sl F&FF Straw ¥ kL Grain (MeAR Earthnut)
Treatments A K AR5 P AW Ao P
Solid barrier No barrier Mean Solid barrier No barrier Mean
RN N -N 0.142a 0.164a 0.153Bb 0.247a 0.279% 0.263Bb
Wheat/maize/ Wheat 415y 0.551a 0.509a 0.530Aa 0.475Bb 0.645Aa 0.560Aa
soybean #{H Mean  0.346a 0.337a 0.361Bb 0.462Aa
Kk -N 0.415b 0.520a 0.468a 0.640b 0.990a 0.815a
Maize 415\ 0.330a 0.390a 0.360b 0.790b 1.050a 0.920a
Yt Mean 0.373b 0.455a 0.715b 1.020a
PN -N 0.793a 0.677b 0.735Aa 1.795Aa 1.500Bb 1.648a
Soybean 115\ 0.270b 0.387a 0.328Bb 1.910Aa 1.590Bb 1.750a
¥J{E Mean 0.532a 0.532a 1.852Aa 1.545Bb
EJENE N -N 0.163a 0.191a 0.177Bb 0.231a 0.275a 0.253Bb
Wheat/maize/ Wheat 115y 0.538a 0.507a 0.522Aa 0.482Bb 0.649Aa 0.565Aa
sweetpotato ¥{H Mean  0.351a 0.348a 0.356Bb 0.462Aa
Tk -N 0.350a 0.285b 0.318b 0.380a 0.290b 0.34Bb
Maize sy 0.410a 0.360b 0.385a 0.930a 0.660b 0.79Aa
Yt Mean 0.380a 0.323b 0.650a 0.470b
¥ -N 0.343a 0.290b 0.317Bb 0.080a 0.073a 0.077b
Sweet sy 0.623b 0.720a 0.672Aa 0.493a 0.207b 0.350a
potato
Yt Mean 0.483b 0.505a 0.287a 0.14b

-N FI+ON 4 SRR A RN [ A7 250 R e 3 RSP, A7 R NS T B4 IR 2 3 191 5% 5 57K, P38 51 ok
ELAL

-N=No nitrogen applied, +"°N=""N applied. Data is mean of three replications. Values followed by a different lowercase or capital letter within each row are
significantly different at 0.05 and 0.01 probability levels, respectively. Different letters within the mean column indicate a significant different at 0.05 and 0.01
probability levels, respectively

#2 RESBHEERRTS/EMLIES "NEBNEZN
Table 2 Effects of root barriers on °N left in soil of relay-planting crops

Iy bR Ak BE N9 =% **N% abundance N & Total N content (%)
Root barriers treatments eI FIEE FIEIG EIENE
Wheat/maize/soybean Wheat/maize/sweetpotato Wheat/maize/soybean Wheat/maize/sweetpotato

N EK K& hE EXK e N EK S RE N K e
Wheat Maize Soybean Wheat Maize  Sweetpotato = Wheat Maize Soybean Wheat Maize Sweetpotato

BNW.C  SEa4rkE 0.534a 0.734b  0.503 0.497a 0.858a 0.479 0.079a 0.069b 0.099 0.084a 0.077a 0.098
Solid barrier
ANy 0.498a 0.836a 0.509 0.495a 0.709b 0.469 0.069b 0.076a 0.103 0.078a 0.073a 0.095
No barrier

NSy, SEASHE - - 04742 - - 0.442a - - 0.099b - - 0.101a
Solid barrier
ANy - 0.409 0.453a - 0.372 0.438a - 0.077 0.105a - 0.073 0.096a
No barrier

FPEAE N 3 IRES P [F— I h PR T7 30 N AR TR R OR AL PR 7 B AR BE R 22 ik 5% /KT “RoRoARIlE, N
Data is mean of three replications. Values followed by a different letter within each column are significantly different at 0.05 probability levels, respectively.
“-" is no mensuration, the same as below

TERILIEDEH BN, PNwFEL 041%, BHE 5 XRBCRAH T REIEEA LB A, 0 SR #
KAEE N, KERIVERR PSS S0 E  PolcR3EmmEn, JEOREE T TR AR mL ). X2/
T, — O THREE TANER B E R, 55— E KRR, EhRdNE . TRk N P R
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®3 MESRIEMEERTEIEY "NEE R NIFf B9S2

2.3 RESBHAREEERRT ZIEMWIL "N B5

i

M 3 ATLAE H, MR FR BT 20 SAE RS R
FERLRIRR R PN E J2 N WIS H A S, LA
L RIAR A BB, XN, PR R 1)
FEFE FPRORTAR R NG 8 35 LA Sy B s Bt s MR
BT PN IR R, Soe A ARG, AN 2B
BRAR T ASFERIAR 1) °N WOc:, (B4R T PRI N
W, ik 63.31%F1 54.10%, FAEKAT BN R
R b 5E 4 43 B R 28.809%6411 26.07%, PN AEKE B [
R L5240 W 28.80% 81 26.07%. 454115
HE) N BRI T R, NS ERIER, &
KA I AR AR FH AR 1 T 75 22 11 S IE IR s R FH 2
2, FLRTTREE B BRI RS AR R A AR
e T /N2, R R IL R AT /N2 R RS 32 e

XEK, EEIEIGAARSY, GRS AL
(PNW.C) [AEFT FPRIRITRR A PNOo=F AR X 58 42
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e 1 24.52%, AERTERT TN R ORI T 24

Table 3 Effects of root barriers on *>N% abundance and Ndff of relay-planting crops

S BNooF=FE **N% abundance FIBR I N R Ndff (mg/pot)
Treatments FFF FFh I RFF ¥ i
Straw Grain Root Straw Grain Root
FI BTG N 5E4247 & Solid barrier 4.185 4.758 4217 213.095 211.269 8.580
Wheat/maize/  Wheat A5+ K@ No barrier BNW.C 4351 5.648 4312 205409 345021 7.193
soybean EX'S 54243 Solid barrier 5.201 6.071 4,003 164.591 456.429 11.786
Maize A3k No barrier BNW.C 4,506 5711 3.443 163.509 568.362 12.464
NS, 2.119 1.667 0.554 79.873 123.155 0.646
K 52443 Solid barrier  NW.C 0.45 0.399 0.55 2.283 6.287 0.390
Soybean NS, 0.989 111 0.729 22.067 132.909 0.661
A4 No barrier BNW.C 0.501 0.444 0514 5.272 12.480 0.418
NS, 0.761 0.737 0.832 17.580 57.038 0.943
AR N 52427 b Solid barrier 4.264 4.998 3.957 212.372 226.098 6.182
Wheat/maize/  Wheat A5+ K@ No barrier BNW.C 4.403 5.667 3.816 207273 348.410 4.891
sweetpotato
EX'S 544 Solid barrier 4.36 6.033 4.88 165.831 533.736 12.8
Maize A3k No barrier BNW.C 4,665 4,951 4151 156.729 306.454 11.116
NS, 1112 1513 0.679 29.069 91.734 0.981
H# 52443 Solid barrier  NW.C 0.852 0.787 30.634 20.996
Sweetpotato NS, 1.833 1.028 101.000 28.139
43K No barrier BNw.C 1.045 1.079 49.478 14.938
NS, 2.183 2.586 139.823 42711
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17.63%; 44 &5 Tk LR AN B Ab B PNoEFE J s N
RIS TR, RS E MR I AN
JEMEE B G AERBOR B Ry, K H - A
YR RIR, BT Re R A T K SRR,
AT BRI, Bl bR L K ORI
KAERRA F IR RS BN, SRR, ok
(% 2) FRMIIRME] T AL KE M PN (R 3,
HARFEAE . APRCRIARXE PN R R L 203.674
mg/pot, 7 T K SRR 16.24%, XK PN fH]
WRIE 29.73%. 5 &I EIGARRAF, ZIEZE kAT
ARG B F T RAEAT . KFRORR ) PNY%EE & Ndff 3
T840, kPRI Ndff ik 42.58%, i N
TR o W S R ARG 50.19%, AELARGT N [l ] 2%
FAG 33.42%; JE—D M HEhrid g FokE, BRE
FETRAEFE FPRL. MR AR A T PN, %
WA T KRR T Fsicd H 20 BN, (E R H 2 PN
(R B RLIG, AT 121.78 mg/pot, % H 2 N fx)
M EBA Y 17.31%., S5/ RIGAARML, /5]
FRRTH KT IEN B S BN R, 2
MHZ g PN R BRI, 43000k 36.28% 1
40.21%.

XPRE, BT R RS PR, Ao b b3
(NS [IASFE FPRCRTR A P N% 5 K& Ndff 2
B#A%, LAk kLAY Ndff fik 57.08% (3 3) , fFREREGS

x4 MESBAEMEERRTEED "N EKRAZM

N SRR 51.45%, % N [N R) P 2R B
51.45% (£ 4) . LN nmmit /g PN 1
BRI FRW], KN /INEE N R R i 8.96 mg/pot,
KGRI R K 0.4%, (5 /hEE PN [EIKCR ) 0.66%:;
N T U F RS K TR, EEE T A
B /N T K RRIC R (K PN, g5 REm, K
SXF BN R R EA 18.17 mg/pot, T KX N EE
R U S L SN R [ o S 2N O L
WIEFIR T KRR PR, FRAT Al et K
RAETEHDERLRS . W, Ao TRFR
AR PN 18 & NAff, ffERERE X N R B R it
P 41.35%, X N ISR R e 41.35%; 15
KE—FE, HE B /EE PN G T T Wk,
MU 51.63 mg/pot, i H S R R Y 4.63%,
SR XN BN AR K 4.76 1% [, H 2t
ANy B Kb B /N F2 ORI BRAD T IR B TR A 64.42
mg/pot, i TXF/NEE PN IR ER AR, I H
TR T FORARD AL, FOKRE TR kR
£TRMDERR . F N, KE LR
XFES PN ISR, B ERNE . K PN IR
R THE, HREHEENEREER T HE,
K G 5 2 R R 18 BSR4, AR 000 oK
S, T H EARBCR A T H SRRV, @A
X 5 22 MOBCR FH T /N3 L B s R R K IR

Table 4 Effects of root barriers on *>N% recovery rate of relay-planting crops

Kb #1E/5. Wheat/maize/soybean #1515 Wheat/maize/sweetpotato
Treatments IR it Bk EE R I it
Straw Grain Root Total Straw Grain Root Total
NE 5E4247 B Solid barrier 15.554 15.421 0.626 31.602 15.502 16.504 0.451 32.456
Wheat AN43B% No barrier BNW.C 14.993 25.184 0525  40.702 15.129 25.431 0.357 40.918
ESP/S 5e4247 & Solid barrier 6.007 16.658 0.430 23.095 6.052 19.479 0.467 25.999
Maize AN43B% No barrier BNw.C 5.967 20.743 0455  27.166 5.72 11.184 0.406 17.31
NS, 11.66 17.979 0.094 29733 4.24 13.392 0.143 17.779
K (H#E) F2424> b Solid barrier ~ *NW.C 0.167 0.459 0.028 0.654 2.236 1.533 3.769
Soybean NS, 3.221 19.403 0.096 22721 14.744 4.108 18.852
(Sweetpotato) - r./5i No barrier NW.C 0.385 0.911 0.031 1.326 3.612 1.090 4.702
NS, 2.566 8.327 0.138 11.031 20.412 6.235 26.647

T W D
3 it

3.1 ZREMEARZRPEME RN EDERE

KT ERHGRARHI B R R AR RN
¥, — HAMENERAAE . ZHNBTITEE Rl K 5]
R e RN RARHO R Z T ov s, g —
oML KRR R AR DB R AR,
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B R R AR L Fe RS b, S DA R B,
KRG S AEA M AE RGP ARE R #4675, BIRA
FHE S R R R . AR, PRiRRIK
ETRBELR, HoAXUN, AAEYRI R i A —
H; R 5 o NNENERERE, WRERD
KR 22 52 AR, 40l /N2 R =) 10.64%
A 9.91%, (HiFHE RN, #£IEITDA 1315
mg/pot, Z/E/% % 115.92 mg/pot. FiFfiAk £ 1) £ K 1)
HBEERBK, FILKIEPRAGNERNERE, X
HRKGRMN LR, —FH Rk 315.20 mg/pot, &
KW AR 21.89%, o LIRS ) FOKE# N 3,
mTE R ST 64.62%, {54 181.31 mg/pot; 1M

x5 EMEAEZETIEMEMNERES

RIRIBR R T A HE N SRR THE, BB
dT SR A 10.10%, L/ E/SAK 61.36%, Hifi:
it —6.92 mg/pot. AN IA R )RR ) KGRI
HERAETOERZEE, AnHEEBRIEAY S
38.82%. {EAMITLH, “FIKIG” BIAERR T/ E.
TRMAEMRR (ON Bl HE3 TR,
KGMIBEAG, 10«22/ R BERRMRI A N E
AHENARZRARER S, KFR. X—0W%s
R AL, U0 A R R 53R R 4
MR E N RKEREBEDIAG, el A =B
M, T8 TR T HIBRAMERIES, HSCRAEm
At XFERIECSE S TR TR A5

Table 5 The nitrogen transfer between crops in relay-planting system

HR e RAEEH R GRS B R 1 E A
Transfer path Amount of N transferred (mg/pot) N transferred as % of total N acquisition (%)
RIS HIEIE RIS HIEIE

Wheat/maize/soybean Wheat/maize/sweetpotato Wheat/maize/soybean Wheat/maize/sweetpotato

INFE 1) K From wheat to maize 111.529 7.536

TR /NEFHF From maize to wheat 124.681 115.921 10.638 9.908

FK K E R From maize to soybean 9.210 12.785 0.459 1.379

RE(HE) W FKER 203.673 121.785 14.353 10.098

From soybean (sweetpotato)to maize

G, 3k B ERER R I3 =
3.2 =BAEMMKRMFLWULAIFEERHLE
CAWFFCRM, MEEAR TR, %
R E IR R . RSO, GRS AE
BORARRHMED R EVER, RN R A R R
B AR AR AR AR A BRI AR = =, R
HARARHARVERS, RARHE S KR EZCRRIHOE
Perm SRR AR, Sk T MEE AR T SR
B AVE o /N 5 2 7 TR A ) i /N 2R
T 67%. AR R B I 79%7, NFZRIK A R BE
ANz P 1N 28.00%~30.00%C],  /KFE 48 A= 1A 4
Rl K R 2L M) ) 18.00%~30.00% - 41 2% W Wi 2 1
i 3281962, KA 24 A 4 T A R K 54.00%-
HAW RN 57.53%0), RAR S RAFR £,
HRGE ) SRS AR AREISRE I8 ok Ff 18] 5 e 3 5
AR A SRR ) R R, (H R AR 4R
T7AE . W/ TOKIAERE, /N0t R RL U
TP IR T K, NN RIES, A R R
BRI, TARARBLE, e B A R R R,

AWFFREN, “FEILRIE” 5 “FZIEIE” ik
REDVHRFE R EAE PR (R 60 SR EWICR
Rt “ZIEG” hF T, BTAhE. £k K
9 3AMEW AR AN, HRETRNERE, &
AT VR RO I 5 2 R I AN [R] (o 1) 4
KR, WEKNE, LRERSE, RERNBE
YEAR# (NCRye<<0, NCRy>0) , RIENI L4+ e )1
TANEGKG . BARAEUAERRIE g 0, Tkl
AN REAERT, FOKIE b TAX a4 3. (AT
FOP KBRS AR T TRPR I A R e F KR,
TER B EASZ BN W 5a4, R3] T KM
AMEERIER, FEFTERSR T FR ARG RHA
— 5T R N, WO N x4
HRERMA o, RILAEA 7 B AL B /N2 1
BN K e N SRR, PN [RDOR] R 48
i 28.78%; H—iii, S RKGEEE, KE L HE
KL 2 AR, HHaEA 203.67 mg/pot, ¢
A T KRS B 0 S W R AT N [ R K KR
e RORMIE AR E B EADUE ZBA N
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KFFRLF= S35 RESG I A7 AR, 2 BB U A5 LA
KIVREWHE S e KGAER B RWERAEY, @
ok ] U e R0 R OK S A RS 1 5 B R U 22 e
BT EK, BB NHARN 64.6%, LLiER S,
HFKML, FEFETEG U THH (NCR>0) , i
W SR RV RUIE R R A s 1 AR Py, N
H&EGREARRS, BEERRZOAEMmE, &9
il 0 RE ) AT B . ABFRAUFSE TIX s, 78 “Z/
K1 BARA RS, BEAE RS EORE R KRR RA
MR, B 5 TR R A 20N, AR A
FEARAERE (9.31%) A T6F N MRS ) B A R 2
(51.45%) , ik 81.90%, [RIHZIE A T A7 B Ak 2H [ 20
RE I 20 m, DR SR I 2 IR B A 21— 4 b
o “HIKIE” KR, PNEEREEBOBCR ST
ANHE 5, 5 R KA, AT 584+ (NCRy,>0)
T R R U T A K AT /N 22 SE 4RO A, AR
JE A H A, OGOk
BURINAE, HH—AWRIMHE RS SHE, BIREERMN
FIEFI A, AT “ZZ/E9” hFk. HE
EWEFEARRT, BRIV TR (NCR<
0) , (HALAAR G, HARHRTE F KGN R
Gr AN IR R, HLG I ) K G AR e ] a1
PR R a4 S BN A Z IR, BBV it
R 34.59%.

#6 EFURRTHERAMEFRZSFIER

Table 6 Nutrition competition ratio of relay-planting

b3 -N +BN
Treatments NCRwe NCRs  NCRye NCRg
FITIG -0.293  0.581 -0.166 0.374
Wheat/maize/soybean

FIEIY 0.421  -0.081 0.361 -0.064

Wheat/maize/sweetpotato

4 g

ASCEIAR R FRA N SRR bRC VR, B
L B s T R = VAR R R T R IR RO AR
FRFE . WHTRETRARN], R A RIYIAAER R IR
AIUBH ] 815 T 5 (HAC R 9 58 5 P R] SE 4 0im FE A — 28,
“EIEIE” PR ARG R R E TRAT A A
XPANEE S FORIGEREAET,  BLRCR G [ M R R e
BAE, BT “ZIKIE” RRTEDFHE R
SR WA ke, A <RIBS KRR

AR BB RS B ol ) e 0t o 38 R SR 3 WA T 2
it “RIBIE o CRIEIE” NS BORRI
NEAS, KEAEHESY  “ZIRE” hhE.
HERDUON BRI, KRN ERSSH. “LIRE”
B CRITIE” EAR AR AR T3 v A A
BRI S ) AR o
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