2016 4 24 4
Chinese Journal of Eco-Agriculture, Apr. 2016, 24(4): 403-415

DOI: 10.13930/j.cnki.cjea.160061

%

i

100193)

FEERKREMG AR LN, LHFEE2000 245, CRBEEZARFFE, TEOFRRALD
ik REERBENT B, T HES T2 F A LM RREIR, £o88 AR AT HAS T TR,
BAREESRAERS 6. LER, BRI FFERIANANFRIAGT BFOH#S, FITHTHER
BBRAME . AXE KGR THRFARAGHR: HEEENEMREESRAEN S HENEZRE, A
EEMNASYE, wREGENTE, EinEWET AR, TOMNAB EH /T RMLE AL, LM
JERr A E R URMETEF. MG, dEEFERETRMNAKRE NN HTT 0N, BEAL>FRE
et Ao ] £ S E A, ER/ARAREERATH IR ENENEARAAEN S LEAFAH LSO E
ARt 1E R B VE fh Rl 7 R B BL AT (AR AR R B, R UE AR 7 R B 1R A xS fb RR T 9 B 1E A e (R R R
WFvetfmE T EER, REXTHEAE Fe. In ERETENSES. RE, dEAEF#—FHRT
MM ARE T —LEERE. AT E, GEENSHEESRETRELRE, T HENMERESHE
i, W EMTHEHENEREGRE TN, UREDEKRER S, ENATE, G8F LAHED AN Rk & 74K
REBEESEANR L, AR EEELEAIR L, A A E A B AR & &5 A R 3 4038 otk 9T &3 2
WRHETESES. HANEEEFNIMRL. FREEAGRALANTHEENH - FLE.

EEEM L HEE FESRAR £757 HEEHER #HEL BRETE

1 S344 tA : 1671-3990(2016)04-0403-13

Intercropping enhances agroecosystem services and functioning: Current
knowledge and perspectives

LI Long

(College of Resources and Environmental Sciences, China Agricultural University / Key Laboratory of Plant Soil Interactions,
Chinese Ministry of Education / Beijing Key Laboratory of Biodiversity and Organic Farming, Beijing 100193, China)

Abstract Intercropping is one of the traditional farming systems practiced by farmers in China for more than 2 000 years
with some intriguing ecological principles. Previous studies have shown that intercropping enhanced not only crop
productivity, but also the utilization efficiencies of resources, including above-ground (e.g., land, thermal, radiation and space)
and below-ground (e.g., water and nutrients) resources. Recent efforts have made some progresses on intercropping research.
Here, we reviewed the potential of intercropping to strength ecosystem services and functions at the agroecosystem level,

prospective research directions and highlight practical uses in modern agriculture. Intercropping increased biodiversity,
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productivity and stability of agroecosystems. At the same time, intercropping enhanced water use by isolating the time for
maximum water requirements of one species from the other, and spatial complementarity by hydraulic lift of water. The
enhancement of nitrogen acquisition was attributed to niche differentiation of N resources in which cereals acquired more mineral
N from the soil, while legumes fixed more N from air N,. This was because that cereals was more competitive than legumes and
mineral N competition increased symbiotic N, fixation of legumes. Some P mobilized species facilitated the conversion of soil
unavailable P into available P, which benefited not only the species but also the neighboring immobilized other species. E.g.,
the roots of faba bean released carboxylates or proton to dissolve sparingly soluble P in soils. Also the roots of chickpea released
phytase or phosphatase to decompose organic P in the soil, which increased available soil P. There were interspecific facilitations
of iron (Fe) and zinc (Zn) nutrients in intercropping of dicotyledonous or non-graminaceous monocotyledonous (strategy I for
Fe acquisition and non-Fe or Zn mobilization) species and graminaceous monocotyledonous (strategy for Fe acquisition
and Fe or Zn mobilization) species, which benefited micronutrient availability in intercropped non-Fe-mobilizing or
Zn-mobilizing species. In the paper, I also identified some important future directions of intercropping research and practical
uses. The research directions include crop diversity and agricultural sustainability, signal-controlled interspecific interactions
between intercropped species, linkage interactions to above-ground and below-ground diversities, functional, structural and
empirical models for intercropping, etc. In application, intercropping can be used to develop ecologically intensive agriculture
and organic farming, to enhance fertilizer recovery, and to enrich the contents of microelements in edible parts of crops.
Finally, it will be useful to further develop suitable machinery and breed newer crop varieties for intercropping.

Keywords Intercropping; Crop diversity; Efficient utilization of resources; Productivity; Symbiotic N, fixation; Phosphorus

mobilization; Microelement

1 BEESHARIL ;

1 1980
6 419.7  hm’, 57.1%,
(Vigna radiata) (Vigna angularis) 74.4% 20 70
(Setaria italica) ; ’
(Hordeum spp.) (Hordeum >
vulgare) (Gossypium spp.) , > /
(Vicia faba) ; )
(Glycine max) ; R (Zea mays) / )
(1] )
, 667 m’
1 000 kg « 741996
“ 2 10 ;
, /
20 80 0.17  hm? 43.3%,
025 ~028 hm? , 53.8%" , ,
1972 /
13 hm? 1981 340  hm?, 90 ; (Pisum
, 3300 hm2® sativum)/ ,
( ) b b
( 3 _ _ 99 113 _ _ ”’ 350
) , s , «
Bl - , 2013
40 BI 2008

http://www.ecoagri.ac.cn



4 : 405

147 hmZ’ « o> “w [18] ,
2 (13 — 2 [6] 9 b
,2008—2010 3 120 1l
) , ( )
b [8] ( ) b
/
\ s B 4% TH 4E
2 IE—J §1lﬁg§1‘tﬂ:_lh HEJJ Ij] Be , 4.6 t~hm72,
2.1 73 kg(N)-hm 2, 15 kg(N)-hm ™",
/ ,
, [20] /
1 , (Desmodium spp.)
, S11.1%%Y ,
(Cajanus cajan) , R
i /)
s 5 R 2 815 kg~hm’2[22];
, / 60%!*)
[9-10]
, 4
, 43%,
26%*% / / ,
, 40%~70%  28%~30%,
, , , (Arachis 19%~32%, 0~12% (Brassica campestris)/
hypogaea) , , / (Cicer arietinum)/
, / /
, (Solanum  tuberosum) 30.7% 24.4% 44.6%  39.1%1"
b b B / b
30%~197%, 0~
31%%7
, 2.3
, (Lumbricus spp.)!" (28]
[12]
2.2
150
’ [28]
(13] B B
[14-15] [29]
Ul Cardinale U 44 , 94 /
(Meta-analysis), 79% , ) 5 1
1.7 (i , 8 1 ,
36 1 (301 /

http://www.ecoagri.ac.cn



406

2016 24

(Manihot esculenta)/ / /

(Vigna unguiculata)

2.4

(Lolium multiflorum)

albus)

2.5

[32] 4

/
, 9%~16%,
17%~30%"3

E

(Trifolium alexandrinum)

E}

B37 (Striga spp.)

(hydroquinone)
(sesquiterpene lactones)

(strigolactones) ,

> B

Desmodium uncinatum/

Striga hermonthica
[38]

2.6
D

94%, 89%

[39]

2)

, (Nicotiana alata)

[35]

20 t-hm>,

1980

1999

(Avena sativa) ,

>

17.0%~19.7%;

>

, 30.4%-~

32.9%~39.4%

b

(341 (Saccharum officinarum) ,
) 55.9%~49.6%,
23.1%,
(Lupinus
, (8]
561 ’ 3 EEERLESRS AR

3.1
3.1.1

1990 5

1980 )

4  hm’ /

http://www.ecoagri.ac.cn



4 407
; , 8PN ,
, 8%~33%( )
, 54%~61%( ) 18%~50%( ) =7%~72%
( )]
, ’ [40] 3
3.1.2 , / / 36%
43%  34% , / ,
, , 87%, / , 29%
, 120 kgN)hm? | / ,
, , (hydraulic ~ 109%, / , 18%44
lift effect) , «“ ) ) )
R (hydraulic
redistribution) ,
, 41] 3.2.2
3.2 PN
3.2.1 ,
« s ISN ,
, , ( ) (
Salvagiotti ¥ 1966— 2006 )
630 , ( ),
’ . . ’ EN
, , 80.1%,
” , , 150 kg(N)-hm™ , ,
225 kg(N)hm™ 300 kg(N)-hm™ ,
6.6% 16.6% 21.8%, 75 kg(N)-hm™ “N 79.29%4]
7.6%*; , 75 kg(N)-hm™ ,
150 kg(N)-hm™ 225 kg(N)-hm™ 300 kg(N)-hm™
8.8% 32.5% 42.3%  3.2.3
53.8%* « » N(99%)
, 4%
’ / ’ [45] / ,
, 22.5%!#! / el
, 15 kg(N)-hm™ 75 kg(N)-hm™? 150 kg(N)-hm™>,
, 14.6% 11.9% 6.4% 5.5%
7%~58% 8%~72% 4%~73% el
7%~62% ; / ,

(Ndfa)

http://www.ecoagri.ac.cn



24

2016
(D

408

(RS o LB AR T
ik =Rre i
Intercropped faba bean

fixed more nitrogen
than monocultured fab

g
‘ )
(AU T $3
Nodulation of . faba §’ =z
bean was enforced in §&
\ N S
%~
zé
S8
5% s
X 52 &
IS
5§
g

T
v

S

Decgeasing of
N content

]
\ Intercrgpped

! TN
faba bean
BE/EREAE@QUERSEEO)RENF(C)

Morjocultured ‘
Faba bean/maize intercropping (a) improves the nodulation of faba bean (b) and underlying mechanisms of the improvement (c)

fgba bean
1
( Fe-P Al-P)
[27,47]

B

Fig. 1
33
3.3.2 /

3.3.1

26%,

43%,
[24]

B
E

4
[48-49]
2a),

1~2 ™

http://www.ecoagri.ac.cn



409

{C R e PA L DL

Species with strong
P-mobilization ability

WS L RE 1 55 B FD

Species with weak
P-mobilization

RAFL BT HAEY)
Fe/Zn-{& 4L Fp

Fe/Zn-activated species
(monocotyledon species

XA HFIHER AR B A
AEFe-/mZn-1G LA

No Fe/Zn-activated species
(dicotyledones sepcies and

ability of gramineceous) no-gramineceous
monocotyledon species
[IE(E [IE(E
Intercropping Intercropping
r\ W53
movement
’ / e/Znk= MR
v .1 Deficiency Rhizosphere
Pip; of Fe/Zn i
X i / HEPTHEAR A (PS)
o R (PS) Phytosiderophores
WAL Phytosiderophore
Fhosphatase A HLA A[R)=> 70
fii Soil organic P s '3
Phytase FePS, 7nPS
HRBRRRAE ZnP$ FePS. 2
l Rhizosphere acidification Fe"'-PS €= nn -} = re
BT - A
Proton Xty g—#%ﬁﬁp(f e-P, o fﬂiﬂlﬁ o fﬁﬂlﬁ Cytoplasm
i e -P, Ca- asmalemma asmalemma
A it A LR Insoluble soil P (Fe-P,
Low-molecular weight s— Al-P, Ca-P) b

organic acids

B SR SR ITR N Fe, Al or Ca) Rl
Releasing P through chelating metal elements
combining with P (such as Fe, Al, or Ca)

a
2 [EMERRFSFELFEREAIERNEITEE
Fig. 2 Schematic representation of mechanisms underlying nutrient mobilization-based facilitation in intercropping systems
a: >
, b: ( )
( ) [50] Figure a shows interspecific

facilitation of phosphorus (P) acquisition by association of P-mobilizing and non-P-mobilizing plant species. P-mobilizing plant species (left)
can mobilize either sparingly soluble inorganic P in soil by exudation of carboxylates, or organic P by releasing acid phosphatases, which
hydrolyze soil organic P into soluble inorganic P (Pi). The solubilized-inorganic P can be utilized by both P-mobilizing and non-P-mobilizing
plant species. Figure b shows possible mechanism of interspecific facilitation of iron (Fe) and zinc (Zn) nutrition in a plant community with
dicotyledonous or non-graminaceous monocotyledonous (strategy for Fe acquisition, non Fe-or Zn-mobilizing) species and graminaceous

monocotyledonous (strategy ~ for Fe acquisition, Fe-/Zn-mobilizing) species. Translated from the reference [50] with permission of the publisher.

>

51-52
R , Zuo L !

3.4 [53]

(phytosiderphore)

>

( 2b )

[54]

[53,55]

http://www.ecoagri.ac.cn



410 2016 24

3.5 ( 3P

[25] ( 3)[56]

(o

e

o
2
3

2
2

[a)

._300
(%007
. N300
§ 70 10 20 10 20 30
=
5
= MK
A Root length density
i [cm-(500cm)™]
B
_H
0—T
Z_/\O
—-80 . @

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
7K Horizontals distance (cm)

3 EMEFBRIEEMIRASHEGT A3 B)
Fig. 3 Root distribution maps of intercropped and monocropped crops (July 3)
a: ; b ;c ( ); d: ;e ; f ( ); g
[56], a: intercropped wheat; b: sole wheat; ¢: maize intercropped with wheat; d: sole maize; e: faba bean intercropped with
maize; f: maize intercropped with faba bean; g: sole faba bean. Modified from the reference [56], with permission of the publisher.

4 [EEFHAREE

4.1 ,

http://www.ecoagri.ac.cn



4 411
[64]
4.2
71 Gersani  [*% 4.4
85%, ,
Falik B ,
, , INTERCOM / (63-¢0)
(FSPM)
[60-63] , 20 90 ,
(67-68] , FSPM
, /
b > /
, 23%,
’ ’ 36%,
64%1  FSPM
4.3
[70]
( ) , ,
’ [71]
[64].
, APSIM ,
[64]

http://www.ecoagri.ac.cn



412 2016 24
\ e 5.2
5 [BIEVER A 8975 8 FA R F5 RRR B 5K 52 (a1 R
( 2015 59 )
5.1
’ 53
[3]
s en
> , / /
, / / 4
N 5 3 5 5
/ / / / 10
) / ) / [26]
; / ; 5.4
(13 _ _ ’7’ / ,
’[51]
, , /
, 143,
b / b
(Melilotus suaveolens) (Vicia villosa) G 282 B
(Vicia sativa) ) )
, s 26.3% 12.8%  15.4%; ,
10.6%  7.5%"
5.5

http://www.ecoagri.ac.cn



413

5.6

B

B

“100-100” ,

[5]

Sk References

(1]

[M]. , 1994
Liu X H. Farming System[M]. Beijing: China Agriculture
Press, 1994
R . [M]// , .20

, 2002

49-51

Zou CY, Li ZJ. Crop intercropping[M]//Shi Y C, Zhang X Q.
Chinese Academy Ceremony: Agricultural Sciences. Fuzhou:
Fujian Education Press, 2002: 49-51

[M].
: ,2013

Li L. The Ecological Principles and Applications of Biological N,
Fixation in Legumes-Based Intercropping Systems[M]. Beijing:

China Agricultural University Press, 2013

(4]

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Li L, Zhang L Z, Zhang F S. Crop mixtures and the
mechanisms of overyielding[M]//Levin S A. Encyclopedia of
Biodiversity. 2nd ed. Waltham, MA: Academic Press, 2013:
382-395

[J1. , 2015, 31(Supp. 1):
1-7
Wu W X, Luo X W, Yang W Y, et al. Review on
mechanization of system of

strip compound planting

wheat-maize-soybean[J]. Transactions of the CSAE, 2015,
31(Supp. 1): 1-7
( ,2010(5): 1-2
Zhou X A, Nian H, Yang W Y, et al. Developmental situation
and countermeasure of intercropped soybean ( )[J]. Soybean
Science and Technology, 2010(5): 1-2
[M]. ,2011

Zhang M P. Relay Intercropping[M]. Nanning: Guangxi
People’s Publishing House, 2011
Li CY, He X H, Zhu S S, et al. Crop diversity for yield
increase[J]. PLoS One, 2009, 4(11): e8049
Giller K E, Beare M H, Lavelle P, et al. Agricultural
intensification, soil biodiversity and agroecosystem function[J].
Applied Soil Ecology, 1997, 6(1): 3-16
Tilman D, Cassman K G, Matson P A, et al. Agricultural
sustainability and intensive production practices[J]. Nature,
2002, 418(6898): 671-677

[D].

: , 2006

Li Y. Earthworm diversity as affected by intercropping
systems[D]. Beijing: China Agricultural University, 2006
Song Y N, Marschner P, Li L, et al. Community composition
of ammonia-oxidizing bacteria in the rhizosphere of
intercropped wheat (Triticum aestivum L.), maize (Zea mays
L.), and faba bean (Vicia faba L.)[J]. Biology and Fertility of
Soils, 2007, 44(2): 307-314
Naeem S, Thompson L J, Lawler S P, et al. Declining
biodiversity can alter the performance of ecosystems[J].
Nature, 1994, 368(6473): 734-737
Tilman D, Wedin D, Knops J. Productivity and sustainability
influenced by biodiversity in grassland ecosystems[J]. Nature,
1996, 379(6567): 718-720
Hector A, Schmid B, Beierkuhnlein C, et al. Plant diversity
and productivity experiments in European grasslands[J].
Science, 1999, 286(5442): 1123-1127
Loreau M. Biodiversity and ecosystem functioning: A
mechanistic model[J]. Proceedings of the National Academy
of Sciences of the United States of America, 1998, 95(10):
5632-5636
Cardinale B J, Wright J P, Cadotte M W, et al. Impacts of
plant diversity on biomass production increase through time
because of species complementarity[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2007, 104(46): 18123-18128
Eisenhauer N, Reich P B, Scheu S. Increasing plant diversity

http://www.ecoagri.ac.cn



414

2016 24

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

effects on productivity with time due to delayed soil biota
effects on plants[J]. Basic and Applied Ecology, 2012, 13(7):
571-578

Hauggaard-Nielsen H, Ambus P, Jensen E S. Interspecific
competition, N use and interference with weeds in pea-barley
intercropping[J]. Field Crops Research, 2001, 70(2): 101-109
Hauggaard-Nielsen H, Ambus P, Jensen E S. The comparison
of nitrogen use and leaching
intercropped pea and barley[J].
Agroecosystems, 2003, 65(3): 289-300
Khan Z R, Pickett ] A, Wadhams L J, et al. Combined control
of Striga hermonthica and stemborers by maize-Desmodium
spp. intercrops[J]. Crop Protection, 2006, 25(9): 989-995
Sarkar R K, Pal P K. Effect of intercropping rice (Oryza

in sole cropped versus

Nutrient Cycling in

sativa) with groundnut (A4rachis hypogaea) and pigeonpea
(Cajanus cajan) under different row orientations on rainfed
uplands[J]. Indian Journal of Agronomy, 2004, 49: 147-150
Ghosh P K, Mohanty M, Bandyopadhyay K K, et al. Growth,
competition, yield advantage and economics in
soybean/pigeonpea intercropping system in semi-arid tropics
of India: . Effect of subsoiling[J]. Field Crops Research,
2006, 96(1): 80-89

Li L, Li S M, Sun J H, et al. Diversity enhances agricultural
productivity via rhizosphere phosphorus facilitation on
phosphorus-deficient soils[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2007,
104(27): 11192-11196

Li L, Sun J H, Zhang F S, et al

wheat/soybean strip intercropping:

Wheat/maize or
. Yield advantage and
interspecific  interactions on Field Crops
Research, 2001, 71(2): 123-137

Xia H Y, Wang Z G, Zhao J H, et al. Contribution of

interspecific

nutrients[J].

interactions and phosphorus application to
sustainable and productive intercropping systems[J]. Field
Crops Research, 2013, 154: 53-64

Mei P P, Gui L G Wang P, et al. Maize/faba bean
intercropping with rhizobia inoculation enhances productivity
and recovery of fertilizer P in a reclaimed desert soil[J]. Field
Crops Research, 2012, 130: 19-27

Tilman D, Reich P B, Knops J M H. Biodiversity and
ecosystem stability in a decade-long grassland experiment[J].
Nature, 2006, 441(7093): 629-632

Proulx R, Wirth C, Voigt W, et al. Diversity promotes
temporal stability across levels of ecosystem organization in
experimental grasslands[J]. PLoS One, 2010, 5(10): e13382
Rao M R, Willey R W. Evaluation of yield stability in
intercropping:
Experimental Agriculture, 1980, 16(2): 105-116

Jensen E S. Intercropping field bean with spring wheat[J].
Vortrige fiir Pflanzenziichtung, 1986, 11: 67-75

Dapaah H K, Asafu-Agyei J N, Ennin S A, et al. Yield

stability of cassava,

Studies on sorghum/pigeonpealJ].

maize, soya bean and cowpea
intercrops[J]. The Journal of Agricultural Science, 2003,
140(1): 73-82

Snapp S S, Blackie M J, Gilbert R A, et al. Biodiversity can

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

support a greener revolution in Africa[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2010, 107(48): 20840-20845

Giambalvo D, Ruisi P, Di Miceli G, et al. Forage production,
N uptake, N, fixation, and N recovery of berseem clover
grown in pure stand and in mixture with annual ryegrass
under different Plant and Soil, 2011,
342(1/2): 379-391

Kontturi M, Laine A, Niskanen M, et al. Pea-oat intercrops to

managements[J].

sustain lodging resistance and yield formation in northern
European conditions[J].
Section B-Soil & Plant Science, 2011, 61(7): 612-621

Azo W M, Lane G P F, Davies W P, et al. Bi-cropping white

lupins (Lupinus albus L.) with cereals for wholecrop forage in

Acta Agriculturae Scandinavica,

organic farming: The effect of seed rate and harvest dates on
crop yield and quality[J]. Biological
Horticulture, 2012, 28(2): 86—100

Jorgensen V, Moller E. Intercropping of different secondary

Agriculture &

crops in maize[J]. Acta Agriculturae Scandinavica, Section
B-Soil & Plant Science, 2000, 50(2): 82—-88

Hooper A M, Hassanali A, Chamberlain K, et al. New genetic
opportunities from legume intercrops for controlling Striga
spp. parasitic weeds[J]. Pest Management Science, 2009,
65(5): 546552

Zhu Y Y, Chen H R, Fan J H, et al. Genetic diversity and
disease control in rice[J]. Nature, 2000, 406(6797): 718-722
Mao L L, Zhang L Z, Li W Q, et al. Yield advantage and water
saving in maize/pea intercrop[J]. Field Crops Research, 2012,
138: 11-20

Sekiya N, Araki H, Yano K. Applying hydraulic lift in an
agroecosystem: Forage plants with shoots removed supply
water to neighboring vegetable crops[J]. Plant and Soil, 2011,
341(1/2): 39-50

Salvagiotti F, Cassman K G, Specht J E, et al. Nitrogen uptake,
fixation and response to fertilizer n in soybeans: A review[J].
Field Crops Research, 2008, 108(1): 1-13

Li Y Y, Yu C B, Cheng X, et al. Intercropping alleviates the
inhibitory effect of N fertilization on nodulation and
symbiotic N, fixation of faba bean[J]. Plant and Soil, 2009,
323(1/2): 295-308

Fan F L, Zhang F S, Song Y N, et al. Nitrogen fixation of faba
bean (Vicia faba L.) interacting with a non-legume in two
contrasting intercropping systems[J]. Plant and Soil, 2006,
283(1/2): 275-286

Xiao Y B, Li L, Zhang F S. Effect of root contact on
interspecific competition and N transfer between wheat and
fababean using direct and indirect '’N techniques[J]. Plant
and Soil, 2004, 262(1/2): 45-54

Chu G X, Shen Q R, Cao J L. Nitrogen fixation and N transfer
from peanut to rice cultivated in aerobic soil in an
intercropping system and its effect on soil N fertility[J]. Plant
and Soil, 2004, 263(1/2): 17-27

Zhou L L, Cao J, Zhang F S, et al. Rhizosphere acidification
of faba bean, soybean and maize[J]. Science of the Total

Environment, 2009, 407(14): 4356-4362

http://www.ecoagri.ac.cn



415

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Li L, Tang C X, Rengel Z, et al. Chickpea facilitates
phosphorus uptake by intercropped wheat from an organic
phosphorus Plant and Soil, 2003, 248(1/2):
297-303

Li S M, Li L, Zhang F S, et al. Acid phosphatase role in
chickpea/maize intercropping[J]. Annals of Botany, 2004,
94(2): 297-303

Li L, Tilman D, Lambers

overyielding:

source[J].

H, et al. Plant diversity and
Insights from belowground facilitation of
intercropping in agriculture[J]. New Phytologist, 2014, 203(1):
63-69

Zuo Y M, Zhang F S, Li X L, et al. Studies on the
improvement in iron nutrition of peanut by intercropping with
maize on a calcareous soil[J]. Plant and Soil, 2000, 220(1/2):
13-25

Zuo Y M, Zhang F S. Effect of peanut mixed cropping with
gramineous species on micronutrient concentrations and iron
chlorosis of peanut plants grown in a calcareous soil[J]. Plant
and Soil, 2008, 306(1/2): 23-36

Zuo Y, Zhang F. Iron and zinc biofortification strategies in
dicot plants by intercropping with gramineous species. A
review[J]. Agronomy for Sustainable Development, 2009,
29(1): 63-71

Xiong H C, Kakei Y, Kobayashi T, et al. Molecular evidence
for phytosiderophore-induced improvement of iron nutrition
of peanut intercropped with maize in calcareous soil[J]. Plant,
Cell & Environment, 2013, 36(10): 1888—1902

[D]. : ,2015
Wang Y. Effect of species allocation on productivity and
microelement uptake of crop intercropping system under
different phosphorus levels[D]. Beijing: China Agricultural
University, 2015
Li L, Sun J H, Zhang F S, et al. Root distribution and
interactions between intercropped species[J]. Oecologia, 2006,
147(2): 280-290
Callaway R M. The detection of neighbors by plants[J].
Trends in Ecology & Evolution, 2002, 17(3): 104-105
Gersani M, Brown J S, O’Brien E E, et al. Tragedy of the
commons as a result of root competition[J]. Journal of
Ecology, 2001, 89(4): 660—669
Falik O, Reides P, Gersani M, et al. Self/non-self discrimina-

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

tion in roots[J]. Journal of Ecology, 2003, 91(4): 525-531
Aphalo P J, Balaré C, Scopel A L. Plant-plant signaling, the
shade-avoidance response and competition[J]. Journal of
Experimental Botany, 1999, 50(340): 1629-1634

Walker T S, Bais H P, Grotewold E, et al. Root exudation and
rhizosphere biology[J]. Plant Physiology, 2003, 132(1): 44-51
Dicke M, Agrawal A A, Bruin J. Plant talks, but are they
deaf?[J]. Trends in Plant Science, 2003, 8(9): 403—405

Bais H P, Park S W, Weir T L, et al. How plants communicate
using the underground information superhighway?[J]. Trends
in Plant Science, 2004, 9(1): 26-32

Wardle D A, Bardgett R D, Klironomos J N, et al. Ecological
linkages between aboveground and belowground biota[J].
Science, 2004, 304(5677): 1629-1633

Zhang L, Spiertz J H J, Zhang S P, et al. Nitrogen economy in
relay intercropping system of wheat and cotton[J]. Plant and
Soil, 2008, 303(1/2): 55-68

Zhang L, van der Werf W, Bastiaans L, et al. Light
interception and radiation use efficiency in relay intercrops of
wheat and cotton[J]. Field Crops Research, 2008, 107(1):
29-42

Sievdnen R, Mikeld A, Nikinmaa E, et al. Special issue on
functional-structural tree models: Preface[J]. Silva Fennica,
1997, 31: 237238

Sievdnen R, Nikinmaa E, Nygren P, et al. Components of
functional-structural tree models[J]. Annals of Forest Science,
2000, 57(5): 399-412

Zhu J Q, van der Werf W, Anten N P R, et al. The contribution
of phenotypic plasticity to complementary light capture in
plant mixtures[J]. New Phytologist, 2015, 207(4): 1213-1222
Meinke H, Sivakumar M V K, Motha R P, et al. Preface:
Climate predictions for better agricultural risk management[J].
Australian Journal of Agricultural Research, 2007, 58(10):
935-938

Whitbread A M, Robertson M J, Carberry P S, et al. Applying
farming systems simulation to the development of more
sustainable smallholder farming systems in Southern Africa[J].
European Journal of Agronomy, 2010, 32(1): 51-58

Brooker R W, Bennett A E, Cong W F, et al. Improving
intercropping: A synthesis of research in agronomy, plant
physiology and ecology[J]. New Phytologist, 2015, 206(1):
107-117

http://www.ecoagri.ac.cn



