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efficiency in maize-soybean relay strip intercropping system

YONG Taiwen'?, LIU Xiaoming'?, LIU Wenyu'?*, ZHOU Li"*, SONG Chun’®, YANG Feng'?, JIANG Li'?,
WANG Xiaochun"?, YANG Wenyu'> "

1 College of Agronomy ,Sichuan Agricultural University, Chengdu 611130, China

2 Key Laboratory of Crop Physiology , Ecology and Cultivation in Southwest, Ministry of Agriculture, Chengdu 611130, China

3 Institute of Ecological and Environmental Sciences,College of Resources and Enviroment ,Sichuan Agricultural University, Chengdu 611130, China

Abstract: To investigate the N uptake difference features between crops in the relay strip maize-soybean intercropping
system, and reveal the efficient N utilization mechanism under reduced N application condition, the *N isotope tracer and
plot location experiment combined with micro plot test assays were employed in the present study. Two field experiments

were performed to analyze the biomass, N uptake, N use efficiency and soil N content of maize and soybean with 3 planting
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patterns, including maize monoculture ( MM ) , soybean monoculture (SS) and maize-soybean relay strip intercropping
(IMS), under 3 N application rates, including no N application (NN) , reduced N application (RN: 180 kg N/hm”) and
conventional N application (CN: 240 kg N/hm’). The results showed that the biomass and N uptake of maize stem and
grain with IMS decreased, and "N% abundance and "N uptake increased, compared to monoculture system; the biomass,
N uptake and "N uptake of soybean grain and plant with IMS increased significantly; and the N fertilizer utilization
efficiency, soil N contribution rate, and soil "N% abundance of maize and soybean with IMS reduced. However, the "N
recovery rate of maize and soybean increased. Comparing N application to no N application, the total N uptake, N fertilizer
utilization efficiency and soil total N content of maize and soybean with N application increased, and the soil N contribution
rate reduced, both in monoculture and relay strip intercropping systems; Furthermore, the "N% abundance, "N uptake
and the recovery rate of maize aboveground plant increased significantly, but those indices of soybean decreased remarkably.
Comparing reduced N application to conventional N application, the total N uptake of aboveground plant of maize and
soybean with IMS raised 13.4% and 12.4% , and N fertilizer utilization efficiency raised 213.0% and 117.5% , and the soil
total N content increased 12.2% and 11.6% , but the soil N contribution rate decreased 12.0% and 11.2%.In addition, the
“N uptake and recovery rate of maize plant with IMS increased 14.4% and 52.5%, for soybean, correspondingly reduced
57.1% and 42.8%. "N abundance of maize soil with IMS dropped 6.3% , but that of soybean improved 9.2%.There were
quantitative and morphological differences of N uptake in the maize- soybean relay strip intercropping system. It is conclude
that reduced N application was not only benefit to the N fertilizer efficient absorption and utilization for relay strip

intercropping crops, but also achieve sustained crop yield and soil fertility.

Key Words: Maize-soybean relay strip intercropping; reduced N application; N uptake and utilization; "N

TR SN A B AR B BRI B 5z — Y ey & Bt T U0, @7 s e AR ™ A ARAE
A TICTG YR ANCAE PR Oy 7R R BTHR AR R S, WFFER I i M B R A UR 2 5 Y™
R A B R A T ELI T AR B ARCR B 2 42 i ZUIE R st LM e v 4 1R
A HAE S R G RGREIR , M TR T8 8, (VR AP M T ARSI I A R B , 35 30 1 6 b i
B TR R AR A Y R SRR RARH I RO A L BT B RORL Y
K- RGAPRENEAE TR R I R A 1 —Fh BRI A 7 S R W e B T &
GeLRE A RO RERR AR B R A S KRG TiRe . A M EEERS D, L
S LR RAB A T VR AR RE R PR BB SR A AR HE VR Bl ) 26022 A 0 AL 1 AF 5 113 s )
FA SO0 Je B R B R 2 A e FoR- K G IR R G N AR AR WO A 350 22 57 4
PEbE DLARIE . AT R IIAE TOR- K SRR P EIXE N AW AE S 4 S A2 (IR N A
PEHE R SR N RWOE 522 52 A R A7 AR SCIUE B PN R 07 R B R BT s i it 0 B &
K-KREEAERG YR N RWAIE 225, JE M AR 207 I BER )ik TR - R B EAE R R R AL
B BN A1 2 G R R ) B U5 5 A M2 IR B SR A BRI 228 05 38 K- R i — A Al Tt N A4 1 52
BRAHE

1 #R57F*®

1.1 RG] H e

I T 2012 4F 3 —2013 4F 10 H 724 AU E 70l (2 4F) /R B SR 64T, 2012 48 5L fifs - 2T
J1:pH {8 6.8, ALK 17.26 g/kg, 4= N0.90 g/kg, 4> P0.50 g/kg, 4> K14.28 g/kg, Wi % 77.35 mg/kg, R4
22.83 mg/kg, HALHH 196.63 mg/kg.
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1.2 R R

HE K TR BRI 6057, i LLAR BRI FI0lL B 1 A BR 2N R4 s K A S m =2 127, U1 /e
TR 5T BE K G ATHEAE ) P NH, "NO, JERE (PN B EBE R 10.02% ) H_EIfE TR 5E B A=,
1.3 Bk
1.3.1 /PXAEBRIT

FHZHRAXBGT, ERR AT I, FRBAE(MM) R G HAE(SS) | EK-REEE(IMS) ; &l K
ZREK KT N SfE i N(NN) 86 N(RN: 180 kg N/hm? , HEHE 24 4 F K it N S50 ) i =i N
(CN:240 kg N/hm® M5 24 3 1K 5K G A9 BitE N 62 ) , oKk R0 N FLfilh 3:1, 542 3 ik, ARAbHlE
SR 34T, K 6m A TE 2m, N ARt i IR

Tk KRS HAER ST IERAE , FKATHE 100em . K G ATHE 50em, E2K RS 7UE 17em, 7 1 Bk £ K-
KT ENER R SEAEATRE , F KR FEAT 160em , 54T 40em , EKFEFTNFP 2 47K 5, K GATHE 40em, B 5 KT
[#E 60cm, 7CHE 17em, FOR7CE 1 Bk, %8 5.85 Jibk/hm? , KELICH 2 K, %8 11.7 T #E/hm®, B2k K
YESEAEMZ AR, F2K N AESBEUE A, BY KR AR ARl Wl s AR, K e N B — WP . Bk
R AAEFERRIR] 7t 7 2 AT , FoK- RGBT R R TR AEE Jr 2, B KA SE — 2 N 72 ke/
hm? , KA WU T 09368 A0 5 R 5 U AT At , 76 oK RG22 (8], 5 2K 25em AL FFIAGAE , % VEY &
Rt 2 R it P R DL 1 B A T oK R B R Pl IS D A i D 2 B K it FH A P, O, 105
kg K,0 112.5 kg, BAWUR S5 P,0; 63 kg K,0 52.5kg, 2012 4F, £k 4 7 1 HEEF,7 H 29 HikHk;
K6 H 10 HIEFR,10 H 31 HIER;2013 45, 1Kk 4 H 3 H#EFM,8 H 1 HUAk; K& 6 A 11 H#EF, 10 H
29 HIEk,

®1 FEAMEAXTHRIEERE

Table 1 N application rates under different planting patterns

/NK/ (kg N/hm?) X /g NH, " NO;,
a Plot Mic: lot
*FME*%JJ?C Wi N kb ——— o _ — icro plof _
Planting N applicati Jifi N A JrAE e it N i e e
application
pattern Total N Base Top Total N Base Top
application rate fertilizer fertilizer application rate fertilizer fertilizer

MM RN 135 72 63 29.30 15.63 13.67
CN 180 72 108 39.07 15.63 23.44

SS RN 45 45 0 9.77 9.77 0

CN 60 60 0 13.02 13.02 0
IMS RN 180 72 108 97.67 39.07 58.6
CN 240 72 168 130.22 39.07 91.15

MM ; £ K B Maize monoculture ; SS; K HLME Soybean monoculture ; IMS ; £ K- K HEAE Maizesoybean relay strip intercropping; RN ; Y f2:Jifi %
Reduced N application;CN;ﬁﬁﬂﬁffE—L Conventional N application

1.3.2 X5

ik NN ZbFHA RN 5 CN ABFEER FH/NX ERIX 7=, BE X 18 4, BE (MM ,SS) (EAE (IMS) Ab3#
TR TR A 430 R 0.76m> A 1.9m?* it FH EUE R iERR 8- N, (P NH, " NO, ) , i &K - an e 1, fa ML, 4
PR - NV T 28 ARK I S5 i P T 45 A 38 B R, i FH 7 =0 5 /MK — B0, SUXAR AR /N X ] 7, /)
SO HICHE T AT X R 0 9 20T, MM SS AR F 32 ALK X FE X TR 2mx0.38mx0.6m [ 4, IMS 4B R 2
B X FE XK 2mx0.95mx0.6m A 4 SRRy 0.7m B TR Bk K BT R Ok IR RFFIZ H A 5
A A AT T e BT 0. Tm S5 FEARIX AR AR AT SE R O F RZ R 35T, E AR ANE T )
A AT AR I, DA bR B Bl B it A KT [R) /N XS
1.4 FEERFE SR AR & w il e

AN T BB R AAE Y AR ARAE . VS AR AL 3 AR MR BBURE 5 i AR ], /S X AT 35— 3
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FEBEWT B, B BCHUOGFR 2 AT HESE 2 7, FRAEFIEAEAL B TR0 8 #k, FRMER TG 8 Bk \EB1EKE 16 Bk, ¥
FEREFE b SRS FF AR AL R AR R 0T, 105°C T4 H 30 min JG 4R ZE0E 75°C HEZ &, W T4 B 8 BE
Wit 60 B i 5 A TR, H FOSS 42 A sl A& £k RGN RET AN S ITHAR
WEICR I
MR EWRA R (kg/hm’®) = KRS EEYE (kg/hm’®) x RS S EEZERE (g/g)
SUBTRICRIFZ (UE, %) = (E‘rﬁﬁEi@i*ﬁ*%ﬁ%ﬁ;’é%—jiﬁﬁEi&i*ﬁ**ﬁ%ﬂ;’é%> <100
it R

1.5 fRIXHERR N Wl B +- 465N R 81
1.5.1 oK R EAEMREURE K No% 3= 2

XIS T ok KRB ERE , oK 4 #k, KE 8 Bk, MRS ARZ ), B SR R 45 A 10 158, MR T%
H A FE FERL A AR 240 TF, BI7E 105°C F A% 30 min Je2kEeqe 75°C ot B & @ T4 R E BB
WEJE Lk 60 B, M2 N SR AEN%FERE, H K-05 Hoha @A 68 N & &, IR ZUG I8 ok 4 2
1 mL, F R & H R %Y ( Thermo-Fisher Delta V Advantage IRMS) M€ "N £, &R T A 28 (atom% "N
excess ) S THRCFE M I N% 5 ARARICHE S (A N AAFE) I N% 2 2%

AR AN BE 0 %Ndff = (FERET PN B3 508/ IERH PN L+ 50 H) x 100;

FERERT N B ICR (mg/ Bk ) NAff = A RRE E R x%Ndff / 100

FEARXT A N ARIC AR EIE % NUR = FEHXS N BRI (NAFF) /FR1E N B3 x 100
1.5.2 Bk KEWHHEN &2 KN RH

BAEYMOR 5 P 48 07 R A R HERE S (0—20 em) o AR FOKRFIERAE R G HAE 5 43 3 o 2 B B R AT
SR EAT Oem T KATIE] 25em BE KRG ATIE] 25em, 3 3 AMRE S ToK- R G EVEAFE T FORAT + HERE & ATk
2y R A 0 O B BB R T B R GATEEAE AT Ocm \20em, FEFEAT 20em 40em , 3t 4 EE S REREERE T
HRURAHRE N3 2 — IR 20 ¢+, PFHCEAE B — 3B VEEEREI NO,-N FIl NH,-N & &, 55— KT 5
ME BN FEMCN FE, L5 N SFEACN F BN E kR, FRICS.00 ¢ &+ &5 0 T, 1
mol/L KCL ¥k 50 mL, TH IR IBHE R LIAEE 120 v/min, #8735 60 min Ji5 , BOEW T 8RB T, 4°C ¥, 7F 1
JE P FH 4237 31 730574 ( ALLIANCE  INTEGRAL Futura ) #ll 2 3242 1 #Y NH,-N F1 NO,-N &,
1.6 ZHdEab

K H Microsoft Excel 2003 4 23 ; 5k H DPS7.05 FAFXHR S £ i 4777 22 34 F LSD i 35 P 565

2 ERAW

2.1 A SRR T O EY AR O N SR
211 AYsE

TR SMAE DT X TAEY R AR (R 2) . 5 MM AHLEL, IM R R 25 Kok Rz 4 o o [
i, AR AR A FIR8 12.9% 3.3% 1 3.2% ., Jifi N AHXTAE N B m T ERAR 250t Sobpki+
Y 0 RN 5 CN [B7EAS R R T 0T AR LA AR —0G MM R, RN 5 CN [RIBRZEM- 5 22 50K 1 341,
CN AYH FIAFRL 1 285 T RN, BIAESE 3415 20.5% 1 3.2% ;1M B CN 5 RN AUAR # 22 3R W2 4, RN
RN KPR Y B35 = T N, P34 6.4% 1 7.9%

XK, SS AR ZEMFE BT IS, {H IS AR E HL SS AU 15.0%, BE/E T, KEAREREGE N &t
FIBEINTATRE N, L RN 55 CN i) 225K 3 5 K G 250 FArR B 0 RN A9 3% 7 NN 5 CN, H#p,SS F RN
HFFRLE [ NN CN “F-1 %5 20.0% 1 19.2% ,1S F RN FrRFER: B 43 501 5 45.7%F1 11.9%

212 W NH
5 MM AL, IM ) FORAR 25 SR N S B E 3 FLrobrhi g N i P3G 5.19% (3% 3) s /R
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1S NAR G ZEM A N AN SS B S MRS (5 1S MkFRI N BB 55 T SS, X E 15.1%, RELE
Tt N ARFRE K K EARSZEM A N & 825 & T N 3, Hrp2Ert e N 2 2L RN B9 &, R N &=L
CN P f s EARAPRIE N A MM R Bl N 035 mmisg i, Bh CN 5%, B RN 915 5.4%,IM T L RN
M ER i, B NN FT CN 143501 44.2% F 11.5% ; K GAFRIN N 78 SS 5 1S LU RN 155 ,SS T L NN Al
CN (435155 28.2% F1 22.3% ,1S K 4395 46.6% F1 12.3% , #k— 407 £k K ARk HD F 308 N 2 af
HLIM BOAIET MM, IS #9755 T SS; 450 N 7K-F ) FRE/E T ¥ DL RN B & s, JUHUE IMS T R B0 2 RN
B K R M AR AR S N 2050 e CN 1975 13.4% 1 12.4% .,

£2 FRBNKAKESHEAXNTHER XEENE

Table 2 Biomass of maize and soybean under different N rates and planting patterns

N 4 T K Maize/ (kg/hm?) K& Soybean/ ( kg/hm?)
R Root 2Lt Stem FERL Grain #R Root 20t Stem FERL Grain
N Treatments
MM IM MM M MM M SS 1S SS IS SS 1S
2012
NN 428.2¢  440.4b  6524.1b  6374.5h 6174.8¢  6095¢ 217.0a 152.5b  2254.6b 1551.8b 1552.1b 1567.3¢
RN 552.7b  533.0ab 6760.4a 6798.3a 6914.3b 6790.5a  221.4a 193.8a  2775.6a 2297.6a 1888.4a 2364.1a
CN 707.1a 631.0a  6608.0ab 6621.1ab 7187.3a 6346.5b  246.1a 201.0a  2205.5b 2250.0a 1471.7b 2176.8b

V-5 Mean 562.6 534.8 6630.8  6598.0  6758.8 6410.7" 228.2 182.4 2411.9  2033.1 1637.4 2036.1"
2013

NN 1151.3b  955.2a  6349.6a 5190.8¢c 6291.3b  5630.8¢  639.2b  433.5a  2322.1b 1904.7b  1675.1b 1594.1¢
RN 1292.2ab  1040.6a 6742.2a 6877.8a 7903.7a 8534.4a 693.7ab  507.3a  2985.3a 2236.2a 1981.0a 2224.1a
CN 1462.0a  1092.1a 6425.6a 6245.5b 8101.7a 7837.6b  747.6a  447.9a  3080.3a 2001.7ab 1800.7ab  1947.0b

4% Mean  1301.8  1029.3  6505.8  6104.7  7432.a 73343 693.5  462.9" 27959 2047.5* 1818.9 1921.7
MM ; K BAAE Maize monoculture ; IM; T K ZE4E Maize relay strip intercropping; SS: K & #4E Soybean monoculture ; IS; K & Z/E Soybean relay
strip intercropping; NN : NJifi%& No N application ; RN : s ftjifi % Reduced N application ; CN ; % 2 iffi % ; Conventional N application [ 51 %4 J5 A~ ] 74
FRAL BRI 22 5 B 35 (P<0.05) ;IM(S) A B BE S 125 ( + ) F/R IM(S) 5 MM (ZK SS) 2257 i 3 ( P<0.05)

£3 FRABNAESHEAXTER KERNE

Table 3 N uptake of maize and soybean under different N rates and planting patterns

N b %k Maize/ (kg/hm?) ‘ K& Soybean/ (kg/hm?) :
N Treatments 1R Root =0t Stem FFAL Grain R Root 250t Stem FFKE Grain
MM M MM M MM M SS IS ss 1S SS IS
2012
NN 1.77b 1.70b  49.35b  47.17b  65.10b  62.45¢  1.65a 1.31a  20.69¢  12.66¢  96.50b 103.54¢
RN 3.08a 2.80a  5537a  60.92a 77.92a  76.05a  1.9la 1.49a  28.38a  22.12a 130.19a  160.55a
CN 3.17a 3.52a  50.55b  51.04b  79.85a  68.12b  2.16a 1.74a  24.08b  17.99b  100.31b  144.51b
S Mean  2.67 2.67 51.75 53.04 7429  68.87" 1.91 1.51" 2438 17.59* 109.0 136.20 "
2013
NN 4.27b 4.29a  44.04c  34.77¢  75.16b  71.22¢  4.38b 2.44a  29.66b  18.17b  134.61b  128.86¢
RN 6.12a 490a  56.83a  60.49a 110.44a 118.70a  4.83b 327a  32.43a  21.90a 163.55a  178.10a
CN 6.58a 4.95a  51.73b  53.42b  119.53a  106.56b  5.87a 2.87a  3224a  19.16ab 142.48bh  156.85b

15 Mean 5.66 4.71 50.87 49.56 101.71 98.83 5.03 2.86" 31.44 19.74* 146.88 154.60

2.2 Jiti S R T RN IO R R
221 MFREN &M UNw

AFPNH, "NO FRic XA FFAE G 2T B K ERRS A E AR N & LN EEA B g (#
4,%5), 5 MM AL, IM F TR N S8 "Nw £ B F A%, B IM F ERZEMN AR A BN &5
AR 1.8% M1 3.3% fHN FJE i Z 100 18.6% F1 15.8% . 455 N /K F-1a] , MM K FKAR  ZEM- Kok iy s
N &84 RN>CN>NN, IM F it N ARBR 9280 58 N S 85 T AN N A, B SFR A S N S N 5
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A N 2257 AL 0 N G, RS AT N9 + B B35 5 TAE N HARAY N9 [ S8 F B2, RN 55 CN A
o, KRR A N 5 25 ARG, TR 2R SRR Y N9 1 B2 25 58

x4 TRBNKESHEARTER KREEKRNENSE
Table 4 Plant total N content of maize and soybean under different N rates and planting patterns( g/kg)

F K Maize K Soybean
N 4ba TS FEST— S T—
R Root 221} Stem ¥ Grain 2 Root Z£1 Stem ¥Bi Grain
N Treatments
MM M MM M MM ™M SS IS SS 1S SS IS
NN 5.58b 5.29a 8.56b 8.18b 11.40b 11.78a 9.25a 11.59a 12.08¢ 10.34b 71.01a 70.88a
RN 6.80a 5.17a 11.45a 11.02a 12.99a 11.72a 7.21b 8.49b 16.51a 13.92a 66.25h 67.55ab
CN 6.49a 5.10a 10.80a 11.07a 12.43a 12.10a 8.14ab 8.73b 14.72b 13.91a 73.91a 66.25h
-] Mean 6.29 5.18" 10.27 10.09 12.28 11.87 8.2 9.6" 14.44 12.72 70.39 68.23

®5 AEMENKESHEARXTER KXZEHRHNDEE

Table 5 'N% abundance of maize and soybean under different N rates and planting patterns ( %)

N b F oK Maize K& Soybean
R Root 250} Stem AR Grain R Root 250t Stem FFHRL Grain
N Treatments
MM ™M MM M MM ™M SS IS SS 1S SS IS
NN 0.371c 0.374c¢ 0.376¢ 0.373¢ 0.372¢ 0.371c 0.373¢ 0.377¢ 0.373b 0.370c 0.369b 0.368¢
RN 2.288hb 2.314b 2.252a 2.718a 2.303a 2.726a 0.538h 0.480b 0.436a 0.514b 0.424a 0.503b
CN 3.354a 2.664a 2.155b 2.583b 2.184hb 2.532b 0.720a 0.798a 0.461a 0.789a 0.481a 0.795a

44 Mean 2.005 1.784 " 1.594 1.891" 1.620 1.876 " 0.544 0.552 0.423 0.558 " 0.425 0.556 "

AR IS 25 SFERIA N S AT SS BT, H 1S F 250 SRR N B B0, 45 N b
] AR N BB N S BRI TR N6 = U Nk R i 1 A 5 k52 250 B4 N A Bk e
S8 % 1S T 1L RN AJ: 7 ; K TRPRLI N & FEFE SS FBL RN AOREIT, IS TUILL RN A9 500 ; K 520k SOkE A
N F FZREE N R g A, SS K& 1S FHILL CN iR
222 N Wk

15 MM (SS) FEL (3% 6)  IM(IS) F ok 5250 RTRERLAG N WRCHE S, JEsft | IM IS (9 RERL N IR
L MM SS 1953515 12.3% 335.5% , FRRPN SRR 535 i 5.6% F1 255.1% . RN 5 CN AL, FoKZEm
PR BT BRSNS I 2 2 T 2 9 U0 S A 5 ey, SEOKAE IM T RN (9 1L CN (943 B 5 12.2% |
17.3%F11 14.4% , FECRN T FRMGRN Wt BB A4 N DO 77 40 L S35 405, MM 5 I 43 575
4.5%F17.2% K TAE 1S T RN B9LL CN B9 5 BIFEIR 54.5% 57.5% il 57.1% 32 RN TR SLRBR N Bolicit
R bR B N IR 40 H B PRI, SS 5 1S R BIREAIE 43.8%F1 67.8% ., LTI UL, 55 CN ALL, RN FE(E T
EAERG RGP IERE N A, (3 0 T ESVE R G b R RE KL N A

®6 AEMENKFESHEAXTER KEEKRNHN RS
Table 6 The '°N uptake of maize and soybean under different N rates and planting patterns ( mg/#%)

a3 N 4b R Root 25 Stem FPAL Grain B3 Total

Crops N Treatments MM/SS IM/IS Mean MM/SS IM/IS Mean MM/SS IM/IS Mean MM/SS IM/IS Mean

F K Maize RN 18.17b  11.12a  14.64b 330.19a 326.78a 328.48a 354.52a 388.79a 371.65a 702.87a 726.69a 714.78a
CN 23.86a 12.54a 18.20a 275.62b 291.32b 283.47b 286.95b 331.49h 309.22b 586.44b 635.35b  610.89b
T 21.02  11.83" 302.90  309.05 320.74  360.14" 644.66  681.02"

K H. Soybean RN 0.18b  0.14b  0.16b  2.13a  3.41b  2.77b  2.92b  9.43b  6.18b  5.24h 12.98b 9.11b
CN 0.39a 0.57a 0.48a  22la 7.50a 4.85a 4.34a 22.18a 13.26a  6.95a 30.25a  18.60a
I 0.29 0.36 2.17 5.45% 3.63  15.81" 6.09 21.62"
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2.3 NEFHIES 11 N srEkse
2.3.1 NIAEFIHZE

MM 5 IM [H[ B F K N BAHR2ZE S AR E (R 7) B 1S TR N BRI HZ L SS iYL 46.7% . RN
5 CN AL, B KR N AERI R 2w Hodr ) FOKAE MM 5 IM T 233048 & 40.2% 1 213.0% , K5
TESS 5 1S Narale s 455.2% M 117.5% . FKR-KEEERGH RS N AR 8 & F TR REMEE
BT —1ERY N BRI, BB 5 146.5% ;456 N ZKSE[] 4 RN B2 & T CN, #E—44)
FrPN B (K 8) , 5 MM(SS) AHEL, IM(IS) T Y Eok R GAEAR N ISR B 548 5 5.3% f1 241.4%, 5
CN FHLE, MM \IM T RN (% ERAFRR N [0 248 55 59.8% F1 52.5% ,{H IS ™ RN (R GAHMESN [l
B AR 42.8% ,SS F RN 195 CN (I FA 53,

RT FR-AEEERZNREMAER

Table 7 N utilization efficiency of maize-soybean relay strip intercropping system( % )

2012 2013

N 4b 3 " "
Ak F K Maize K Soybean EXK-KE F K Maize K Soybean EXK-KE
N Treatments
MM ™M SS 1S MS MM ™M SS IS MS

RN 14.0a 15.1a 88.7a 36.9a 52.1a 35.6a 37.6a 64.6a 29.5a 70.1a
CN 8.9b 3.2b 12.0b 19.3b 23.3b 28.9b 24.4h 17.4b 12.1b 34.6b
SE-14 Mean 11.4 9.2 50.3 28.1° 37.7 32.3 31.0 41.0 20.8" 52.4

®8 EXRK-AEEMERGHIEWHN Bl

Table 8 SN recovery rate of crops in maize-soybean relay strip intercropping system (% )

N AbF F K Maize K& Soybean

N Treatments MM M Mean SS IS Mean
RN 27.429a 28.358a 27.89%4a 1.225a 3.037b 2.131b
CN 17.160b 18.591b 17.875b 1.219a 5.307a 3.263a
-4 Mean 22.294 23.475 1.222 4.172"

232 3N STECR

5 MM(SS) #HEE, IM(1S) T K KRG 58 N STHRCRFEAR 6.2% F1 15.6% (% 9) . RN 5 CN # L, Bk
MM T F K4 N TilkoR 22 5 A B340, g A HE R 355 RN A9 5K F CN, Hof IM 5 1S ' RN i 2k |
KT 4N TR IR 12.0% 81 11.2% , #EL: 2 TG, H TEERGRE N IR HRERE (£ 7),
FOR-KGEERGAFE L N TR 2 RGES, AEERS N 15 N TR T AE REMEERT
H—fEY), Horh RN R IMS (596 MM I SS A9 5IMIE 12.0% 1 12.6%

RI EX-KREEERGETEHEUHLIERTHKE

Table 9 Soil N contribution of crops in relay strip intercropping system( % )

2012 2013
N 4 - — - —
i F K Maize K Soybean EXk-KE £k Maize KE Soybean Fok-KE
N Treatments 8 .
MM M SS 1S IMS MM IM SS 1S IMS
RN 86.0a 80.0b 74.0b 63.6b 70.7h 71.3a 59.1b 84.3h 74.1b 66.9h
CN 87.8a 92.0a 94.2a 71.6a 80.2a 70.0a 66.3a 94.1a 83.5a 75.3a
V-1 Mean 86.9 86.0 84.1 67.6" 75.4 70.7 62.7 89.2 78.8* 71.1

24 HIENEFEENGEE
241 TIEIHLN i

Tk KT HEMTCHLE N 5 NO,-N & w28 — 20 (3R 10) , Fivkia 21 IM>MM, 1S<SS; 45 Jifii N
AL, B 1S N R E AHEAY NO,-N K JEHLE N & mrbit N & A8 inmip#ER s, MM (IM 5 SS F £k KRG+
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B NO,-N S EHLE N & R N a8 i, AHxF MM (SS) 4b ¥, IM 5 1S ' £k R E -5
NH,-NF i SRS b N A ARE N 25 1 F oK L5 NH,-N S i (8 EFRR 7RS4 NH,-N &4,

F10 EXR-KEEMERZEFEHLENO;-N.NH,-N 22
Table 10 Soil NO;-N and NH,-N content of crops in the relay strip intercropping system ( mg/kg)

F K Maize K Soybean

N 4b3 - T ; = T .

NO3-N NH;-N Inorganic total N NO3-N NH} -N Inorganic total N
N Treatments

MM ™M MM ™M MM ™ SS IS SS 1S SS IS

NN 41.19b  42.79b 24.49a 25.18a 65.68b 69.96h 58.77h 42.83a 20.05a 30.04a 78.82h 72.86a
RN 49.15a 55.77a 25.57a 25.33a 74.72a 81.11a 64.67a 42.25a 18.91a 25.68a 83.58ab 67.93a
CN 52.38a 59.71a 27.16a 26.96a 79.54a 86.67a 68.20a 39.26a 21.19a 29.35a 89.38a 68.62a
-] Mean 47.57 52.76 " 25.74 25.82 73.3 79.2a 63.8a 41.45* 20.05 28.36 83.93 69.80

242 HHERNEHEONGFRE

5 MM(SS) A, IM T K 138N T BEFEAIL 2.0% , T4 8 N A8 34 m 7.8% 1 1S Ko 148N =
FEFNEIE R N Sl FRAIK 3.0% 71 13.8% (& 11)  Jifi N 54N N A EL, R H4EE N S EMNG £
FPEE MR A A N S EFEL, 1N FHE MM 5 IM R BoK R N & i RN>CN, i 4 4
PNFERENH RN<CN,SS 5 1S FRE RS N S 5 N%F YN RN>CN, Hd IS '~ RN Lk CN (1943 31
5 11.6%F1 9.2%,

Rl ER-AEEERGEFENTIEZRIERNDEE

Table 11 Soil total N content and *N% abundance of crops in the relay strip intercropping system

F K Maize K Soybean
N 4k 15 15
Total N/ (g/kg) N abundance/% Total N/ (g/kg) N abundance/ %
N Treatments
MM M Mean MM ™M Mean SS 1S Mean SS IS Mean
NN 0.803b 0.909a 0.856h 0.379¢ 0.382b 0.380c 1.061a 0.961a 1.011a 0.380b 0.379b 0.379¢
RN 0.972a 1.036a 1.004a 0.469b  0.461a 0.465h 1.012ab  0.885h 0.949h  0.460a 0.451a 0.455a
CN 0.886ab  0.923a 0.905ab  0.515a 0.492a 0.504a 0.988h 0.793¢ 0.890¢ 0.443a 0.413b 0.428h
-] Mean 0.887 0.956 0.454 0.445 1.020 0.879 " 0.427 0.414

3 Wit

31 ER-KRUEMERGNEY R Z W2 5 Rk

HRAR A A B, A SR R R R AN [ % AL s 2 [) — T oK, i G RHER AT N, , JE S RMEYFIHINO,-N
i NH,-N, % A (59 AR B9 S0, IR At SR R SE R/ IR v B i - HEJC ML AU mT RE BHLAS & ) [
R, AAE SRS SRNEE , A SR AT BE T 4 2 5 2 10 I HLAL, [ 4E SRR A Az 40 16 L L BB o2
F5AE S RHAER, GRS AE GRI N BT RECKAS B — @ B L A6, A7 76 1 R ) R TR 58
SRl RETE U A A RO R, AR, RIS KRG A S5 & 1 07k, e s T &
K-KGEMEERZTEYX N RS SIEAMZER 5 MM AH L, KBRS T IM T E KRR PRI N
BT (EAIXE M N K b [ 3 BAR AR N9 3= B 5 N W Ac ot Sk 35 3, L rhokeh S N IR s 1S
12.3% , N2 14 N STlRFEFHAK 6.2% , (R T oK-KR G EVER R F KX NO,-N NH,-N I3, ik N
WS (7 A N IR HR: 1) 23.9% 5 D it N A HE T EVERE AR XN A, IM R RN 9 B RAFF R N Wi L
CN 15 17.3% 11 H RN F IM f9 Lt MM 4155 9.7% ; B FABFSY & B it N A R T2 dEE1E F KRR RS,
PR 2T R B PRL EDRLE 3 R K- K T A ) FORRE N AR e A B S XK,
PERERR N W B PN DA B B AR o (ERE AR N AR i 55/ A 5 R R s N IR 7Y 0.6% —
4.4% 1S T HYREL N JEFI AL 1L SS UK 46.7% , D8 it N 5 i FEARAICR TE W] . 31K 2% NO,-N NH,,-N
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Wi gy e N W B R A N 32 D N AU R R AR AR AR NI, B A TR AR
o T 480, U N 18 %48 i T A1 K O AR UR8 [ RO 0

RIFFHRCREZ IR T N RS, KZHH YW I Y N E22 NO; NH; & 1, Ju 2 RARHEY)
Wiy N EECRTOHLAS R, AU, BAR IM T £oK 158 NO,-N K TEHL N B & s AHXT MM $2 15, H RN AHX
CN FFAIG ; EA1 , 227 K - 6000 N 2K 1 3 AR ) 0 B, oK R AR REA AT oK Y et ik N
BRSO, S R BRI T 8 N R 03 BE VA A, 4R R -8R 7, NO,-N NH,-N 230 ] [ S0V MR 98 781 1)
2GR BTG PE AR T AL S5 AR LA A B AR gE R, BT R NOAR Y 5 4 e A B K
B RE A N B [ FORFERS ™ AR T 0 N v B, BN 2 T AR & B 75 B9 Ja ol N7 Sk N i i
AR A RN K E 43 NO,-N K JCHL N & e ik, AR A & N Rl 74404,

3.2 U N X K- G R G A Y A kR

RNEXSHE AR ™ e 5 FE AR A R e it FH RG5O 2 1 0 TR 9% R V5 g R Al mT
e Y TE MR R A AT Y R A B E AR AR T, IM B TR AR A R R
FEARARNS MM AR, (RN A7 5 A WA CN AR S S 0 , SXstk Ah T BAE S T B E R i 3,
2013 4%, IM F RN £ K7 b MM T CN (8 fm EK 7 55 5.3%, IO, s it N & 7 KR EOEA1EH
KGR R AR T TR-REEER R R RTE A B S T e R T RO &, R g e
15.0% , A FI T FK-KGEAER R TEYIMIE ™, AT & B N 18% A 88 = T £ RAL 5 MR A6
TR R R HR SRR PR SRR S AR ST A3 P ki 4 — 3K, (R SRRl N F &
K-KGEAER R TR AL AR R N WSO 3= I i skl A Rtk — 0%

RARL S GRMEY ARG A RS e NG Tk K R R Rt AR B 5 o
RIR GRS ACAE G , Tk SR A AL, KO T 3a 44 32 So/EM L, BER R T TR
TR WO B R R R | T R X U AR PR AR 51.45% " R AT B4R R G-l ik
Gy KATESSERIHFE 7y, AHIF ST R I8 — IR S5, A MM BR SS, TMS RN I 3 520 FOR AR N I
R TR N 2 RO, MR T FOR-REEERGEM N & K84 N BRI R LR ;RN 5 CN A
o, Tk R G RER B ZEnE g N B ff IMS R RN 9 T2k R B EEBARR S N & CN 19 12.4%
1 13.4% AR R E N X EK-KREEERG N R H8800 . A, RN AHXF CN B FEE T 4 N
RothR R T RS N A E, 5 MM A SS A, IMS R ZAEY) +HE N K 5Tk R 0 91K 6.2%
15.6% , T4 RGABR AR MIFEAS 12% 2547, H 2B ARG S L ENH T RN B85 T IMS T £k
AR AR N AE R R 43 3% CN B 213.0% 1 117.5% , B 2B AR infa#, S5 RN F R4 F4E N P
FIHZAE R 113.0% , 458 N ROTHORIER 11.5% , 44 17 R 7, JUHOR 2548 & T REHVEY) oKk 1)
MON SR IM 9 MM A9 7.8% RN I HE CN BOTE 10.6% . X S5 FHFES!  Constantin 2512 HFFE I8 Rl N
BT AR, — B, (R il N T EoR- R G EAER R N P[] 58 A ML e 35 N R0 51D N Z il
] () 6 RIB A R — 2P

4 Lt

FR-REEMERG PRI N R R0 SOE 2828 5 AR AR BT FORARPRL A A R S N
AR, R E AN ; TR £ NO,-N i B N S, RS A AR K RS N AR A R &
PN R, 13 N ST S NG F AR . R ORAF AR NO,-N  NH, -N A WSO 3, SR 5 U Sy W i
FHHG LY N S, I N A TR R BRI RAEYIRrEE 7 e 4t L3I )1, IMS R RN B %
K RGHFRL™ 1 SARMR N 035 = T ON, RGEAAE N LA R BN, 158 N STk Rz AF AR
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