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WM NAEE, EARMR AT DL 6 S R 2 6] 0 A S AR A1 B )4 K 0 1 2 ], R R 5 3 T R AR
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Effects of interspecific interactions and nitrogen fertilization rates on above- and

below- growth in faba bean/mazie intercropping system

LI Yuying'?*, HU Hansheng®, CHENG Xu’**, SUN Jianhao*, LI Long’
1 College of Life Sciences and Technology, Nanyang Normal University, Henan Nanyang 473061 , China

2 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China
3 College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China
4 Institute of Soil and Fertilizer and Water-saving Agriculture, Gansu Academy of Agricultural Sciences, Langzhou 730070, China

Abstract; Plant root systems play an important role in uptake of water and nutrients from soil. The spatial distribution,
morphology of plant roots and above-ground growth can be influenced by interspecific interactions and N fertilization.
Legume/ cereal intercropping is broadly recognized as a sustainable production pattern because it can offer improved
productivity, more effective utilization of resources, and reduce industrial N input by exploiting biological N, fixation as a
more economic and environmentally-friendly way.

Little is known about the effects of below-ground interactions on the root morphology of intercropped crops under field.
In order to verify the effects of legume/cereal intercropping and N fertilization on the root spatial distribution of cron root
systems and their root morphological characters, as well as above-ground growth, a plot experiment featured by root
separation by means of barrier and different N fertilization experiment were conducted at Wuwei Experimental Station
(latitude 38°37'N, longitude 102°40'E) of Gansu Academy of Agricultural Sciences in 2007. Both experments were
designed as 2 x 2 two factors block design with three replicates. The roots of both crops at 0 — 120 c¢m soil layer were

sampled at the harvest stage of faba bean by auger, i. e. at the tasselling stage of maize. The spatial distribution and
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morphological characterics of roots, above-ground biomass and N uptake of both crops, and nodule biomass of faba bean
were analysized. Furthermore, the correlationships between above- and below-ground growth parameters were also
analysized.

The results showed that interspecific interactions and nitrogen application increased the root bulk density, root length
density, root surface area and root volume of faba bean and maize in the vertical and horizontal dimensions. Root average
diameter was reduced by interspecific interactions, and increased by nitrogen application. Root length density and root
surface area of both crops were positively correlated with grain yield and N uptake, while the relationships between root
length density and surface area, and nodule biomass of faba bean were negative. And the soil moisture at the tasselling stage
and grain yield & N uptake of maize showed the significant negative correlations. The roots of intercropped maize could
extend into the space of intercropped faba bean, whereas the less roots of intercropped faba bean expanded into the space of
maize roots, suggesting the intercropping extended the root ecological niche of maize in the horizontal dimension. The roots
of faba bean and maize mainly distributed in 0 —40 cm and 0 —60 c¢m soil layer, respectively. It was found that the roots of
intercropped maize at 60 — 120 cm soil layer were more than that of mono-cropped maize and maize with root barrier, and
the deeper distribution of roots of intercropped maize should be in favor of competition-recovery growth at the later growth
stage.

In conclusion, both intercropping and N fertilizer expanded the root spatial niche of intercropped crops in the vertical
and horizontal directions, and changed the root morphology of both crops. They increased the water and nutrient uptake,

and the productivity of intercropping system was thus raised.

Key Words: faba bean/maize intercropping; row root barrier; root morphology; N application rates; above-ground growth

R AR SEH KA FFE W B4, R R A K E B ROE AR IE R 130 = 5 il 2 DA O
2R 5 LA LA A I ok i 2 i Z R AL AR R I 58 E B B AT BB 2, AT
e R R, IR E N, R ATt A AP 1 T B0 K AR &R, 7 35 5 K A9 1A
LT A AR ) B R 0 e R, AR R AR AR K AR 2R 5 - M A 42 i 1 L, AR N 55 4 R A 0
PR PN AR R AT RE S L AR AR X EURI B (AL 0L 70 K A - mT LRI AR A & AR R A B R
HEZ AT LIS R LR AR BIAMEAEH] . (BAFERN 52 i 25 T R R K AR K B F A R el
AR AR SCE O AR R TEAS S BN AR 25 B RIAR 26 1 B UG S A BB A AR 2R A IR 4 35 40 RUbE B B
SEVEMER . 2 PRI 9T & BRI AR B AR F X VEVEDAR RIE A =R ma 75 ) e K &R, BEH%H
S AN A TRV EAE AR 2R 2 (0] A0 A b AT TS5 ERh ) B 0 0 U6 B 78 1 TRl R 07 5 1F R EAE S R 4
TR AR RIEASWESEGE IL  ASWF 70 R B S5 T BFGE M ) R AR 2R 2 B AR Ao =X B A 0o B o
G/ ERBEAES RGAEYAR R 20 A ARRIEE KM 3B A K (520, #8578 A 5/ 5K A R 5 2 A AR B A
AEENLR, B 78R A A T A= 4 206 v 4 v 2 BE A 1 280 % 35 T R o 8 42 1 T A 3R 40 % 00 5 S B AL 3 i
et
1 #HE5EFZE
1.1 X5 XA

T 2007 FAEAE HR B AL B A0 7 B Jak e P Al iR B0 64T, 12 b DX 0] PO 7 JBE A v, Ak
K45 102°40" 646 38°37" i34k 1 504 m, AE /KA 150 mm  AEYSHR 7.7 °C A ZE K 2 021 mm, LR
1 170—180 d, H FEHIEL 3 023 h, =0°C Fl 10°C AA RIS 30 3 646 “C 13 149 °C ,4F K FHAR ST B i 5988
MI/m*, HEZNID B ZH TR R IR KR T RS,

2R I B i g A O a0 B RV E 4 43 0 Ry BRA R 2 AR /N2 sl T S Sy A IR PR B - K D 4
B, HEE AP BN SR 1 Fis, #&HT 0—20,20—40 ,40—60 ,60—80 .80—100,100 cm L) T )+ 3
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N RIS R 11,26 1.47 1.52 1.44 1.30 F11.37 g/em’®, BACIREE /0904 1.47 1.57 .1.58 1.53
1.48 F11.55 g/em’,

F1 BEHETIE0—20 cm) HARIBIL 4

Table 1 The basic physical and chemical properties of the soils (0—20 cm soil layer) before sowing

e HOUR M e 1 B WA "
- Organic matter Olsen P Extractable K Total N NH;-N NO3-N P .
Experiment (H,0,2.5:1)
/(g/kg) /(mg/kg) /(mg/kg) /(g/kg) /(mg/kg) /(mg/kg)
N AR
*E/%ﬁ‘ﬁmﬁtﬁ . 2.16 28.00 166. 38 0.11 3.12 6.23 8.04
Root partition experiment
{4A i W)
RIEE 1.51 22.72 55.05 0.13 1.41 10.13 7.71

N fertilizer experiment

1.2 BT AIA R
1.2.1 U FERA IR

KA 0/ KRR R R > R 2x2 BN R X BT, BV EUK AR R b=t %2 A4
R (RFE, F R 46% ) :0 F1150 kg/hm? , i@t ( = RLd BERRFREYS , & P,0,44% ) N 75 kg P/ hm®, HRFR
S BRI AT o BB PSR R, (1) i A KRR R Z [ R A B (2.0 m &, AR )t | 5%
4) 5 (2) UM EKMWRZEASE (3.0 m &, B A B ERAHL T 55 R FE) . MRS RERH 0. 12
mm SRR I, KB R 2.0 m, TREE R 1.0 m, T 2006 4F & o T J5 HEA THEAR (5] 1a) .

ANy B DR PR AR TR , B/ NXCA 3 AN Gl Horp — AN Gl W IROREAE 5 — A VR AN i 7
o ATE1.20 m, BT AN 2 A7, AT MIEE Y 0. 20 m BRI 0.20 m; &4 £ K 2 47 478 0. 40 m, BREE
0.3 my AHARIY FRAT A AR SATIIIER R 0.3 my, /NXTHAIR 6.0 mx3.6 m,/NXHIHEFE 0.5 m LI k&K
R, T RIEEK IS FE 0.5 m, i 3 IREE

PTG AN I 7R 5 5 (Vicia faba L. cv. Lincan No. 5) , #Fp AR H 1205020 3 A 19 HAI7 A 29
H., EXRSFHILE 16 5 ( Zea mays L. cv. Shengdan No. 16) 3&FF AR H 55 4 H 15 HF1 10 A 1
Ho PIYERILAEI (TR R ATk ) 86 d.

RIABARFNE, 25/ NX B HENL 777 LA — R VoI A . ZERRIE S 12, KA 12 TR
AR WU 9] (255 KO AR B AL r PR U EA o HoAb A W] — R A7
1.2.2 AL

I 2x2 PR R BT, BV EUKFRIFP AT X, UK R R ik, 3 FhAh e s = /R & e
AR FOKR (AR TES ) Filds B/ B K AR (B )b _L 5BF0 kR H58 4 RIREAEAE ) o /NIX TSI DX N R
A BEHLHES

FAAEFITANE A R AR 7 A R FoAE Dy 2 )4 B ) A R 0 PRl 0 B AR 23 B X, A 4 S R B oK
SRFAR 20 TR0 10 47 /NX IR H 22.8 m*, &L/ FKREES 4 DA DX 27.36 m*, %3
WHEE
1.3 FERCRAEFMAL B
1.3.1 MR AR AR AR A FIAL B

T GWORET (T2 110 d, FRAEE ) FHRETEIOE . AR HAR 5 em, K 25 em, 20510 T
R 2243 il 56 v B AN 43 B A 570 P (faba bean with no partition, NF) AN43F# K47 4 ( maize with no partition,
NM) Agrbade SRR (FE 1 AKX kb G5B K (maize with partition, PM) (&l 1 43RaIX) B
FE AR Y (B VE 4 5H7 N (intercropped faba bean, 1F) | [BIfE £ KH7 N (intercrop maize, IM) | [A[{E# 55
[EIVE B KA (1 BIADRRIX) BAEAR & (sole faba bean, SF,E 1) F1HAE 2K (sole maize, SM, [ 1) BUEE
WA 1 R B PR BI85 0 RO RO — S0 UG TE 4 BREEY) A0 A 2 rbos (TRIME 2Z [R] P 4G
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PIEUREATIE R 172 4b) , 85— NE— T+ ERE .

¢ ¢ 00 o ¢ OO0 o ¢ 00 ——
FER ET 0120 em £, 520 cm 2,366 4 o ¢ 00 o 6 20 4 4 00 I
R EEREEONIA BB CET 020 g 0 L, S0 L L e%0%e, 85
A (PRI R ) FAE T 3 5k e 0 00 4 e 0o e 00
e R R R R R EE AN ?L
Ay B MRRR ERR AV R, e 3 o]0 0 o o2 2 e vl00
R R O ORI R RAUNAR, REEH e ¢ |0 0| e |20 6% |0 0
KB A LR EEA L o 5 00 o 920 o 300 1
o RS, TG 0 AR BT e
IBSEILE, T 6 5 FEN-20CRIEIIG. £ 0 0 0 o0 DRI
AR T EORACVER F B AL 0 O 0%0 o o oo e
BT JFEA S mm 2 ARIK, BT Epson BESHE © © 0 O O M

ACE AR 2430, 33485 P WOK 400 26 K 73 P i
& TEE AT 10T 70 2 — KPR e 55 AS [F] -
JZ 500 em’® LSRR T 5 AR H 85 (2/500 em® ), Jf
JH Win-Rhizo R £ 43 #1 %84 ( WinRhizo Pro Vision 5.0a)
XA R K EAT 25 SRR PR WA ZIE SSEOHAT oA TS AR B B AR R A AR AR AR R B AR
IR BRI RHIE S S8
1.3.2  {EWRE SR AL B

THRBEMERES  REPIFVERIRE

A G RE  FTRIAZEZ) 0. 50 m BRIBUH Bk A 2 5 Bk, DUORIIE T A AR BB | B T4 K 40 1 0l | 3
TR, b B ARRE S AR T AR T RS FE MR G 50 LA GE R RR AL A R AR AL B R
AR L VR 7R AR L A HYIR SO i AR — I A 8 5 B EAE N, T 1 mm 80 i /K whsk, 4 7T DLAR
AT R,

FORFE A AEBOREDCRAE 5 #k, HILAI E bR TP o AR &

VEVI AN TE B AAT 0.5 m 508 PP I HAR o 7 i OFPRLP™ B A
1.4 Bk HAg it
1.4.1 Hnibs

Fofr )t b AR A R DT (% ) = (AR -2 B ARRT ) 100/ A8 73 AR R B
Pl I) ML B TTHRAR (% ) = 1-3 AR EARE STk

+ #1245 1 (Land Equivalent Ratio, LER) WWOH TR E A LER 8% 5E N3RS 5 R /EAH R 7~

TR SRR R A, AR .
LER = [AJ/ e 527 8/ AR 2 5 i+ A K™ i/ A K ™

4 LER>1, 7R [ L AAERCR &

R H % (Root bulk density, RBD, g/500cm’) , J&3& 500 em® A FH +IE MR T 5,

HR 2 (Root length density, RLD, ¢cm/500cm’) , JE48 500 em’ AT -3 AR A4

MR F (Root surface area, RSA, em®/500em’) , J&48 500 cm’ {RFH + 3 AR O R AR

HAEFA(Root volume, RV, c¢m’/500em’) , J£48 500 cm’ AFH 135 PUAR AR FH

-2 EH 42 (Root average diameter, RAD, mm) , J&3§ 500 cm’ (&8 138 A9 AR + 2R 542 B F 4418

SR B (MR AR AR, HUARAR) | 4 SRR -3 N AN ) R AR R AR S A
1.4.2 Sitabr

BEREE FH Microsoft Excel 2003 225 | SR I SAS K14 ( SAS Institute, 2001 ) #4751 70H7 .

E1 RESRXEMEELERNIRGEERERETEE
Fig. 1  Schematic diagram of root samples in root partition

experiment and N fertilization experiment by auger
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2 HRE5HMW
2.1 Fba]EAR R R IR 28 2 ) 234 (4 52
2,11 Fobfi] B AR A 200 T R AR R4 ) 23 A B 5 )

TE T RAMAERD] , 5 BAE TR (RN 5E 4 ) SR R 70 B FOK (AURR I L ER5E 4 ) AL, EAR S R EMR R
VB CRhTa] 3t L R0 M B85 4 [R] A7 7 ) (88 1)/ TR AR T3 B AE DM 1) (0—120 em )2 ) A [i] ( I F KA
P DS [RGB e i S P ) XA A # (e 2 1k 3) o

®2 MEEEMNRENEEREMEXRERENZMN

Table 2  Effects of interspecific interactions and N fertilization on the root bulk density (g/500 ¢cm®) of intercropped faba bean and maize

rB@i5: Root partition experiment FALIALE N ferterilizer experiment
WK CRREE el A R Xbp
ﬁiﬁ N level Soil depth l?nftitifli? Strip between VEIHT N l?nf';r{:iﬁ:;z\] Strip between VEHIH N
/(kg/hm?) /em strip intercropped Associated strip intercropped Associated
crops crop’s strip crops crop’s strip
E¥N 0 0—20 1.16la 0.020 0.002 1.472ab 0.040 0.014
Maize 20—40 0.103b 0.042 0.007 0.064b 0.026 0.068
40—60 0.081b 0.057 0.009 0.060b 0.022 0.071
60—380 0.033b 0.052 0.020 0.029b 0.021 0.013
80—100 0.018b 0.031 0.019 0.110b 0. 060 0.009
100—120 0.038b 0.031 0.003 0.008b 0.010 0.003
150 0—20 1.448a 0.022 0.010 1.026ab 0.074 0.030
20—40 0.083b 0.045 0. 060 0.071b 0.042 0.026
40—60 0.080b 0.041 0.009 0.045b 0.018 0.049
60—380 0.024b 0.017 0.002 0.029b 0.016 0.037
80—100 0.011b 0.027 0.002 0.043b 0.036 0.033
100—120 0.021b 0.009 0.001 0.068b 0.031 0.045
352 0 0—20 2.806a 0.012 0.001 0.349 0.036 0.017
Faba 20—40 0.047b 0.012 0.000 0.017 0.018 0.006
bean 40—60 0.030b 0. 006 0.001 0.004 0.010 0.009
60—80 0.009b 0.004 0.000 0.011 0.005 0.000
80—100 0.004b 0.002 0.000 0.008 0.003 0.000
100—120 0.003b 0.002 0.000 0.000 0.002 0.007
150 0—20 3.689%a 0.015 0.009 3.148a 0.070 0.007
20—40 0.048b 0.007 0.003 0.272b 0.015 0.008
40—60 0.021b 0.007 0.001 0.058b 0.013 0.002
60—80 0.007b 0.001 0.000 0.008b 0.012 0.003
80—100 0.010b 0.001 0.000 0.008b 0.002 0.000
100—120 0.014b 0.001 0.000 0.010b 0.002 0.001

] —FA A T 2om [fl— RUR P TR R L2 A R 225 (n = 3, P < 0. 05)

FER ST, T ddiad 77 20 (AR  AVESORR R0 , EAMR RZEREERT AT R IA 120 em, 7£ 0—
60 cm T JZAUMRE I 1 88. 6% , 5 A AR R HAEA) TR I % 8 JL-F-7E 451 + )2 3 H A 1R AR R 43
B E KA ,0—60 em 1 JZ A F K AOHL E 2% B LU AR R 43 B BV E B 43 535 i T 64. 0% F1 7. 0% ,60—120
em TJZ5BEINT 39. 1% A1 137. 1% , A E KA AR 0—60 em )2/, LUAR & 43 B8 AERAE £ oK
M B0 T 17. 4% F130.9% s (HIE A1 T 60—120 em + )2 HIMR E 8B | AR 240 B A8 AE ok AR
BEREST N T 7.8% F118.7% (F 2 TR 3) (HBGAF] B E KT,

2 AR WIR TR R EAEMENER F KA R ALK REERZm , /R AR MR R R Z, 15 82. 1%,
MU kg A 5 B K AR [ RN AR 28 S0 1 EORAR R L 4318 10. 6% F1 7.3% ; BLAh, BRI RERZHEA R T
WHAR D TEIe i 515, ()RR 8] 28 70 IR 2R R 40 FU AR D v )2 2 (& 2) s /B (150 ke/
hm? ) FFBA A HE [ FOKAR 2 7L [ TR N R RIVE S (] 1 40 AR 5 Z VR 2 G P il 284 2 1 iR
}27.3%
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*3 AEMRESENEEEESERREZENZMN
Table 3 Effect of N fertilization on the root bulk density (g/500 cm®) of faba bean and maize in sole system and root barrier treatment
FUKF N level/ (kg/hm?)

LR

£ Soil depth 4y i 5 Root partition experiment AR N ferterilizer experiment
Crop Jem 0 150 0 150
E5P N 0—20 1.255a 0.422 1.601a 0.871
Maize 20—40 0.093b 0. 100 0.152b 0.201
40—60 0.061b 0.067 0.091b 0.091
60—80 0.023b 0.121 0.091b 0.063
80—100 0.014b 0.053 0.015b 0.048
100—120 0.0154h 0.033 0.022b 0.016
A 0—20 3.842a 2.617a 0.698 5.953a
Faba bean 20—40 0.153b 0.025b 0.032 0.133b
40—60 0.025b 0.020b 0.021 0.039b
60—80 0.006b 0.009b 0.040 0.015b
80—100 0.002b 0.006b 0.002 0.050b
100—120 0.010b 0.007b 0. 006 0.011b

i) —BIA Al FRER R [/ — FUKF R AR LJRRA B 2% 5 (n = 3, P <0. 05)

2.1.2  Fpfa]EAE R RO A AR R A5 (8] 43 A B 5

FEA 5N AR R FR i A AE RS A5 R o TR GAR R FEAE A K E 120 eom 12 (HFEEERLE
0—40 em + )2, IZZHRE B 5 98.2% (2 MK 3), HIERE FAMEDR G AR R 0BE I & B8R R 7E%
A 2RI W B 225 AR G B EE 0—60 cm + 2B MR F A —  FIEH T 60—120 cm
TR E L, AR R B A A A AR 25 B o B3 N 1 33.09% F143.73% (F2 FEK3) .

2 G5 RN TR R BEAEMEAC X f GAR R 22K ROE 52, R 1E AR G5 N | Ta] 4y (8] F0 R oK
)2 G AR E B4 97.0% 2.4% F10.7% . SIRME F KRR R AH b, [RIFE AR 2k A F KA 3/ JUIE B
AR T A A R AE RV AR A R () AR AR 2 B A I N T 121.9% #129. 8% .,

2.2 FolA]E AR A RO YIRS 2RI 2 B R
2.2.1 PRI EAE R RO A R OR AR 2 5

FERHFMET, TR 5% 2 AR AL T KA 25 5 70 A ) VR ) A RUEE 359 38 35 b 344 Jn (161 2
Kl 3a.b), TEHEE 7], 7E 0—60 F160—120 cm 12 1Y B ARARI 25 BE 430 i B 26 B 19 69. 9% F1130. 1%
)1 AR TR 12 J2 2 FE B FORFIAR 22 73 B8 oK 19751 ,0—60 em + 2 E/E ERIR K E LA
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Fig.2 Effects of interspecific interactions and N fertilization on the root length density of faba bean and maize
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Root barrier and cropping systems and N application rate/(kg/hm?)
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Fig.3 Effects of interspecific interactions and N fertilization on the parmeters of the root morphology in 0—60 and 60—120 cm soil layers
vertical dimension (A) and 0—120 cm soil layer horizontal ddimension ( B) of of faba bean and maize
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9% ,15.9% Al 14.2% ; HeAh, 51 T KA A T BURRL, 3 06T I HE KA KPR |- R A R LA 7
IR, OIS 7 5 K PR sl T A0 1 6 20 740 P S B 5 R 34 (LA 28 43 B e
RS, T 0 A 0 B S P | AT B 2R 5 AT LR IR RS BRI (1 3)

RIS A B g6 45 0 s A BARIARUTE 0—60 em )2 7 94.2% , R R EAER & GARRRL ([ /4
LAY B ) 5 A RIAR R B i Z [A) JC .35 22 5 (181 3) o AE/K-F RUBE b Ta)# A nly P | I 2 ] ]
VE T KA R TR AR 915 84. 2% (13. 7% 1 2. 2% ; 5 KA P Y e T ARAR BURDGE S 15 388 hn [ g b
HE SR NE SN T 2 R AR IR P S804 149. 2% 5 45 A S80I 4 e AR H B 2 ) £ 2 2 AR AR RSP 34 38

http ; //www. ecologica. cn



6 1 BEY AR M)A AN RO T L TR AR AR 2 AR e b A AR A A K AR R 1625

90. 6% ,{H 5ARF AL, 76 F KT N [V A G AAFR A PR (3)
2.2.4  FhEIEAERIEAE X oK R AR SR8 BAR A IR

Bl - JZ IR G T A 10 T K A AR Z8 2 ELAR B TR AL

£ 60—120 cm +JZ M) E KRR HEE 0—60 2 ML, Bl R 20. 3% ; [1/E B RARSEH HARTESA+
JEYHAR R BRI BAVE RO SR 6.0% (- 3) o /KSR B | TR B N | 22 5 T K ()1 18] el 1 22
G Y T RAR R EARMKIK N 1.93 1,59 A 1.38 mm; HEAM , RS A (150 kg N/hm®) X 44N [A] 7 £ oKAR
FOFY EARTC R 5 H N T R FOKTE MR A G N AR BAR PR T 24.1% (K13),

i G EARAE 0—60 F1 60—120 em /253051 2.78 A1 1.73 mm, WE&RZRFEY HERESD T2
FU R 2223+ 4 R B (O A SRR g 14. 9% (K1 3) o /KB RUBE I TR 2 5245 P | T AR () ] 1 5 K
A AR Y AR S 0 2,07 (1.34 0. 69 mm,, JEANE AT N5 LR R HAR TR L EIRK 2,
SEHRENE R 13.8% (K3) .
2.3 R EAE R O A EARR Y R )

F T A AU, F A AR iR | A 5 FOKAR R AR HEVE T TR A 01 R soR 101 3R B G | B 0 5 b
PETE SRR A0, (EAE AR 2R 43 B A RO 6 v A 1) A £ 7 AR EE AT 4 BB N T 17, 7% A1 23. 0%
(P>0.05,3% 4) , 1 TR R B AEXT A 54598 1 DTk %N 85.5% .

R R A AR (1) 5 Wi e 3 — B0, X e AR R B AR G B e 3 (RS R B R
HYJRE BAMEIVE . S5 AR H , 7EAR R PR e A ZUIE 58 150 ke N/ hm b B (1) 7 5 AR 988 51 431 P A1
T 23.7%H139.1% (P>0.05,%4) .

R4 FhiEEAEFHE R E EARE R RN (A
Table 4 Effects of intercropping and N fertilization rates on the nodule biomass ( g/plant) of faba bean at the maturity of faba bean in root

partition experiment and N fertilizer experiment

Ay BEik S Root partition experiment AR N ferterilizer experiment
HKF Hi R TR e o
N level ] N -1 Contribute rate %ol Intere -5
/(kg/hm?) Solid barrier No barrier Mean /% of root o'e niercrop Mean
) X faba bean faba bean
Interactions
0 0.707+0. 120 0.867+0.112 0.787 X 81.58+11.03 0.473+0.073 0.653+0. 157 0.563 X
150 0.567+0.052 0.633+0. 127 0.600 X 89.47+9.41 0.340+0.110 0.347+0.117 0.343 X
-1 Mean 0.637 A 0.750 A 0.407 A 0.500 A

(] — S8 Hp R () RS R 7R 20 B 7 SN 5 SRl EUKFAE 0. 05 JKF E2Z AR B M#SE, n=3

2.4 iR EARFE SO VR e AR

b TE) ELAE A 3 M4 v T A S R R W PR s AR R WO (L 4) | FERR R A R 5 5 4B
A AR YGRS R 44.3% 51.8% F146.0% (P<0.0001) , H T # AR R TAER T X 5T 53518 69.3% |
68. 6% F1 66. 2% ; FE RN -5 BAE A SAH G, 308 23 514 62. 0% .92. 8% F175. 1% (P<0.0001, & 4)
T ZRUNE X e 5 - 3 A K S AN B35 (P>0. 05, &1 4)

FE 0 Fi1 150 kg N/ hm® BBEEUSAE R, b ia) B AR X 35 2K b 358 A= 9 0 R 220 28 WA ) 5% i 340 S I 2 ( P>
0.05, & 4) ,{H B0 38 i A kA, i R EAE A K M LR A e ks =t R 28 IR AT i Eb TG ] 1 T 350
Y (o Ba R ) 1 T K B EI3EIN T 3. 7% 0. 7% F112. 4% , FEHR 2R 4Bl i v 5 AN it 80 KA 1L, 150
kg N/ hm? 203 K Hb_F- #8480 AR Wy it TR ™ R R WO SIS I T 82. 8% (128. 8% Fi1 108. 6% ( P<
0.0001) , i FHBHE 2R HAEAYEAL STHRER 390 96.3% 85.6% F190.9% , FERNEIRIG |, i 00 F K M F 35
SN TOEAR 22 43 PRl e B 4., 1) BB 4 398 5 M 23 18] 57 1, 150 kg N/ hm A0 B oKt B350 8 4= i FF R
FE R AR R WS I T 32.3% (P<0.05) 34.7% (P=0.057) F146.2% ( P<0.05) ,

B2 BE/FORBVEAES RGE A BEWRIERS, TRASE, L S & L (LER) R T 1, (iR
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Fig.4 Effects of intercropping and N fertilization on the above-ground dry matter and N uptake of faba bean and maize in root partition
experiment and N fertilizer experiment
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JERIEASE(P>0.05) 5 55— 5 11, e 0% K P8 AR 2R 0 K S5 B 3% 4 R Sop 22, 7R TR )2 (60—120
em) MR R A SEE FOR BGRB8 B 2 EAR G, BB R IR 2R AR K 3 T A R KR 43 I,
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Fig.5 Effects of intercropping and N fertilization on the soil water concent in 0—120 cm soil layer of faba bean and maize at the tasselling

stage of maize in root partition experiment and N fertilizer experiment
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BRI T AR S Ayl ] L 2 R (B 5 BN AR 225 DT I i 122203
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SRRSO N T A AR B ARR AR IR RIS SR IR BE T IR R O, AR R
P O VA I T w4 SO S LT 1 R (Y A E D Sl M w28 o 1 R (T i 2 - N I E
AR 45 R R B, e WA AR B X i T2 A A B 2 MR T 2 L Kb ) B AR B ol T AR R
AR IO 1 e SR AR R A A A AR R B FOKA P (L) TR AR s (B A 25 A0, A5 g [R] e fi ie
SRR AR T, (R AR AR B S a3, RUE AR S i A B 7 45 5 AR
FAER BTN EAR R AR R F et T e aUR W, T AIVE 2 GE G5im R A 3t_b wiesi , Sk T )
A I R O R R R PRI T i M R A A A ] DI Ty TR TR R AR AR
FAEAEM,

x5 EMRRESEMIMTERKE(0—120 cm) St EABE KB X
Table 5 Pearson’s correlations among the root parameters and soil water concent in 0—120 cm soil layer, above-ground growth of faba bean

and maize (n=24, including NO and N150 treatments in both root partition and N fertilizer experiment )

%% Faba bean F K Maize
o gy S e L . R - S e L .
S8 K kL= AFE WU Nodul K kL AFE W
Parameters N level Grain yield N uptake b'o we N level Grain yield N uptake
2 N 2 2 10mass N 5 5 2
/(kg/hm*) /(kg/hm*) /(kg/ hm”) /(&/plant) /(kg/hm”) /(kg/hm”) /(kg/hm”)
+HE Ak -0.129 -0.147 0.024 0.323 -0.232 —0.445 -0.437
Soil water concent /% 0.547 0.492 0.911 0.124 0.275 0.029 0.033
MR 0.358 -0.222 -0.233 0.173 0.245 -0.115 -0.091
Root bulk density
s 0.086 0.297 0.274 0.420 0.248 0.593 0.672
/(g/500cm” )
R %R 0.472 0.130 0.040 -0.273 0.162 0.087 0.168
Root length density
s 0.020 0.546 0.853 0.196 0.450 0.685 0.433
/(em/500cm”)
LEESITIE A 0.437 0.078 0.156 -0.117 0.017 0.001 0.059
Root surface area
R s 0.033 0.718 0.467 0.585 0.936 0.999 0.783
/(em”/500em’ )
AR 0.354 -0.192 -0.250 0.053 0.261 -0.152 -0.127
Root volume
R s 0.089 0.369 0.239 0.806 0.219 0.479 0.556
/(em”/500cm”)
VY EHAZ 0.256 -0.396 -0.384 0.237 0.395 -0.294 -0.322
Root average
o0t average 0.227 0.055 0.064 0.265 0.056 0.163 0.125
diameter /mm
MR -0. 660 0.298 0.391
Nodule biomass
odule biomass <0. 0001 0.110 0.033
/(g/plant)

EATAMIRRE r, TATMRENE P, RMCHRISCEIE. FRUBTHRTAR A AR 28 28000 5 /K kO 2 SOOI A9 T R AR 22 A0 - 1 %

=]

K

AHFFE R ERAR R AN AR TR IR Li 5 B A AR e T2 B/ Z ., i
TR BLAE G/ T K TR PR AR 3 R e ARG B A FR 40 2, Sl s 2 M S AR RLR AR A S R 4
T H AR N 186—200 kg N/ hm™™) | AR R 3Bl g it &4 150 kg N/ hm® 1 Li Z P AR R 5
B T AU R 225 kg N/ hm? | BT FOKJE R BVEY , W RE R T35 40 AN R AH [RIVE FOKAE G W AE Ko
RE 00 I A A T L = i 5 BV RAR R 0 B 9 oK B g, th TR S A KA A R & T A FIF
HE R IRE , 7E IR0 70 2 45 0F F o T AW RO S RERE I i A ME AU R 25 S Wi 22 + 38R R, Tl
o B AR A Z AR
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