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Assessment of competition for water, fertilizer and light between components in the
alley cropping system

ZHAO Ying,ZHANG Bin" , WANG Ming-Zhu  (Institute of Soil Science , Chinese Academy of Sciences , N ying 210008 , China ) . Acta Ecologica
Sinica ,2006,26(6) :1792 ~ 1801.

Abstract: Alley cropping systems can positively utilize deep soil water and leached nitrogen in the dry season, and help prevent
soil and water erosion in the rainy season. In the surface soil, however, competition for nitrogen and water, and above the ground
the competition for sunlight between the components may occur. The objective of this paper was to assess the alley cropping
system, consisting of Choerospondias axillaris trees and peanut ( Arachis hypogaea) plants in subtropical China in terms of uses of
soil water, soil nitrogen and light. '* N injection experiments were carried out to determine N use by tree and crop. Spatial
variations of photosynthetic available radiation (PAR) were measured to determine the shadowing effect. Spatial and temporal
variations of soil water regime were monitored to determine the competition for water between the trees and peanut plants. In
addition, crop and tree growth were also recorded.

Compared to the tree alone systems, alley cropping systems encouraged the fast growth of the trees, and depressed the
biomass and yield of peanut by 20% to 50% . The impact of PAR was profound and had a negative relationship to the biomass and

yield of peanut plants. The spatial and temporal variations of soil water regime indicated that the tree utilized soil water beneath the
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surface layer and alleviated the seasonal drought. Competition for soil water between the tree and peanut plant occurred at the
beginning of the dry season. Compared with the mono — peanut cropping system, the alley cropping system decreased >N recovery
by peanut plant and increased "° N recovery by the tree, indicating that the tree utilized soil nitrogen leached to 60 cm depth. The
yield and biomass of peanut plants were influenced mostly by light, but also by fertilizer and water. The results suggest that these
competitions for resources must be taken account to optimize the alley cropping system.

Key words: udic ferrosol; alley cropping systems ; competition for water, fertilizer and light

KPR REFFREAEX BB TAKRESELE EdARYMEKMESTRIIEE, T ACH 5
Btk £k FEAFMAKELREE BBREETAWEENE" Y, ENEE AT ERXERALRELA
Z B TRAEAEESEETH TR, AHE S 0BHR A V& KX H EEL RO E LR AR R
SMZHBEEMEENFER LI NRE, HTBREVHETENRAEREDENTERREY , R, K
HEAEHYAZRAIGFEKEATRERES, SBEYE SEEW T X — b F 7R LM,

RERKESHEBEA, TRGEESHEMRS REERAKNRS . BT, RESHEETREREY
FAEFXARBTRANER AESEEEERRMLE LHEEE LR, MEH#— S FLS Y kbkmE
ERGKENBERINUEREER RSN EEZRBBH THEZSEEY ", KPUR ZXTEF
BTEBRESHEAEAGZE BXEASHERZARININ. AR, FRAFNBERES LR SR
EHSEHAR , FITEESFIE, I RBEADR A EERAYARER, AMLHRAERAESEXAEREE
B, AXMBEERMBELTBERESREAE F0 KOHHATEN—EBIRE R HayehaE
KIBXREVE AL RWZEFINEETHIN  BITEESEWMBEENN, LRI EREELEE S REX—
EBEAME RES SN, W RRE S EARWWET R A L E B XK R RAESHERIREME
WK,

1 MRWRSHRA X
1.1 KX

R SEARIEETPER 2RI EES LRI K L FFREX (28°15'N, 116°55'E) , /& T ## 18
HRE. FHKE17.6 C, =10 CHEB N 5527.6 C, EHME/KE 1794 mm, R B 1318 mm; IR R K L5
W, ER3I8~45 m BWES~8°, DIEAF WA L AFTHHRBIE PELBERESREL N L ERHILIEHE
B L. BRSNS R (Pinus massoniana L.)F AR E M, 1999 EH W B R AR /MK ,9 BN (XY F
1999 £ AR M4 BWEBRENCMDBEESYE 3 ABA 4 A LAEMEE, FFEAE LB LW, %
A AR X S8 A 80.5 kg hm™* N A .43 kg hm™? P AIBFI 112 kg hm™? K A, Bg B 2 (8] 4 Ab BB 75 A= 207 1 A5 e R 2
S58EREMER, SREBRA, SHEMASERE 0.5 kg, BHRUE, R R B ELH A FEEE, [44SR
EBEHET 1.3 mBERNAEHE, AXSEH 4500 0" (BFEK 75 m x B60m) WHEBEHRR I NMXHAG K
HE),ARE 6 m;BXAHAR S NPIX,XBEFEFF 6 m. HREHEHN 120’ (K 20m x % 6 m), MEFKIE
B (4 A £ 50 em, 78 i #13% 30 om, AR X I AME R ASHL) , 0 B M6 4 B4 (R FR P, T 1R)) (BB R/
AR (T FI B BR AR R B AF (T2) BI BR H/ VRS 78 48 18] 15 (T1P) il Bg B K4 78 4E [|] 4 (T2P) 3£ 5 4~ 4b 38,15 4~
NXFEHLHES . BB XKW 34T 478 8m, BAT 3 B, BRI 2m, MR SL4E 5 17,4786 4m, BT 3 ¥k, bRIE
2m, 5% 2 FHHN 31T 30k, BRW . WX S AT R B 1 B 1E BRI 1T,

1.2 K5

T RE i i B 33K 43 B B 252 4 (2000 ~ 2002 4 ) , 43 FIE B A /N X A RIR AT o A A B A 50 om b2 %
kAP FE, HPEUITFE K20, 85 MR EEBFERX IR AWK 418, & EHHS FRIT,
EWITOm. 1m2m5 4 m, ;THEA L+, H LNW-50C B b F{X & 10 cm(20 ~ 100 em) .20 em( 100 ~ 200
em)S d —RFWHBhFEEH, T ERBRABTFENE, WHAMKATEESR, KES 5N 10 cm.30 cm.,
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100 cm.150 cm 1 180 em fA L ,BRICTHK S HER . HEBER LR AN E
1.3 FH0E

2000 % 4 AFB N MERAK, B, BEREREAEELTHRNBR R, K ERBEEBRERE 0~ 70 cm
+BRE,EPTIPH TP /MRPAE N MK, EEMXBEREFM 70 cm &b, 75 BEHE (A £ 10 cm,
BUHME 10 c mHEREME (K05 mxR05mx 0.2 m)MERBERENA, AN 21.50% F E 8
(NH,),S0,. EREREFMFAEEES 20.38% FFEH KNO, # A 35 cm & 55 cm HF + 3, BB # A ZK
BREENEE., BERBY NP ERE BT FRER AL LSRG, ET0CHK 24 h 5, B
i 60 B AR ZTCERIEHITN 8
1.4 XREVERNE

A TG TR (2001 48 7 A) FIMAHITE CID 2 B 7= B9 CI301PS 6 & FE FI U 52 % B 3% 47 I 58 76 4 ok
SHBEH (R PAR) , ABAE A E AR VIBFE R 100% i1, HHEBITHA B FHHEX N EH BB
SE, AAPHAENEEREEYE™  HTWEFMTMELEE=BSEYE., FE,2003 F4 A
HUXAR R 53 0 AT T 4047
2 ERE9Wm
2.1 YFREKIEXTE S 587

MNE1IEBH  E4RFPTHBRENNAER, E6KHEE R MR S5 RE XK B, KR /AR 18
BTk, HMESHEAEIEMEASEEBEERAE, SRELRAHEL, E4FBEE MK, FBRESH

F1 HREHER RHEEHFHR SRR EYRTL
Table 1 Growing and developing of tree and peanut plant, yield and biomass of peanut plant

AR WEWmA £ Year
Plant type Ttem 1999 2000 2001 2002
Bk B Height(m) 1.84£0.09 2.17+0.11 3.39:0.36 3.86 £ 0.47
Tl 4% Stem diameter(cm) 1.25+£0.15 2.74+£0.19 3.74+£0.41 4.99+0.63
¥ 5if Canopy size(m) — — 2.53+£0.26 3.2:0.31
Bk B Height(m) 2.94+0.12 3.25+0.08 4:0.15 4.56+0.22
T2 K42 Stem diameter(cm) 4.79 £ 0.47 6.51+0.23 6.72+0.06 7.56 £0.05
W 5if Canopy size(m) — — 2.97£0.33 4.19+0.12
## Height(m) 2.1£0.20 2.43+0.12 4.02+0.21 4.57+0.28
TI1P 4% Stem diameter(cm) 1.43 £0.13 3.16 £ 0.26 4.57+£0.20 6.11 £0.30
5 Canopy size(m) — — 2.6+0.34 3.81+0.37
Bk B Height(m) 2.94 £0.01 3.62:0.16 5.35+0.40 5.73£0.35
2P H94% Stem diameter( cm) 5.92+0.67 7.76 £ 0.34 8.81 +0.55 10.66 £0.76
W 5if Canopy size(m) — — 3.6£0.22 4.75+0.20
+ 2B Main axis height(m) — — 28 £0.41 42.2+1.3
P 43 B $X Branching frequency(IX 4§ ~') — — 5.1+0.1 5.7+0.5
it K 3 Number of leaf( - ') — — 63.7+0.6 61.9+1.0
F 2 H Main axis height(m) — — 29.5+0.3 35.8+0.8
TIP 43 B K $X Branching frequency(IK # ') — — 3.920.2 3.2+0.3
- #{ Number of leaf( F- 18 °') — — 61.3£2.9 67.11.5
FEE % Main axis height(m) — — 30.8+2.6 33£3.2
T2P 43 B K B Branching frequency (3K # ~1) — — 3.5£0.4 2.8+0.0
M} # Number of leaf( - ') - - 59.4+0.4 72.8+1.5
P A= & Yield of peanut(kg hm~?) 1390.5 £ 24.2 1587+ 112.9  2360.9+104.7 2289 + 126.9
BEFTE Y B Biomass of peanut(kg hm™?) 2473.3+118.08  1101.7+113.78  1870.4 £ 110.5 1779.5+£76.8
TIP A= & Yield of peanut(kg hm~?) 869.1x73.5 1451.3 £ 113.2 1235.1£50.3 876.8 +97.3
BEFT A W B Biomass of peanut(kg hm™?) 2179.5 + 108.4 1073.3£65.1 906.1 +34.4 986.8 +45.9
T2P A= &’ Yield of peanut(kg hm~?) 1097.5 + 109.8 1468.4 + 52.5 1513.2 + 50.9 1288.7 £42.8
BEFT £ Y B Biomass of peanut(kg hm™?) 2342.5 £ 226.5 1119+ 18.8 1170.7 £ 56.2 1133.4 £55.2

* 3NEH TIME + FrHEIRZE Mean £ standard error(SE) of 3 separate experiments
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EBEL, FHEMEmMEFENEE, EREEEEELAGT  EFREFESAFRXETEAX 7.4% ~
62.0% . LA 2001 £ 16, BIE AT b A EEAM S, 5 P AL, TIP AP A B ANEY R 77 B
& 7T 35.9% .37.9% ,T2P A B h 3 BIEAR T 44.6% 43.2% , FEBWHEEBE, EA 4L KEBE, KW HET
PR RSN R EAETEA ) 78.3% .77.6% , T B 3 ~ 4 T4 = BMAEY RO AAERAR 35.0%
~52.0%,

HEERREMBIEME 1~ 4T(BT Wi A SERBERBREN TR, BN, 1708 1417
AEEMEEHAE RELXE)LEMNCEEREEATARE (B 1),8:00 41 EISE 12 ~ 14 FTFKH
58 9~ 14 FTHEAEMTAEHRBIME <50%;12:00 KWEM 2 77(1~27F 13~ 4 ARG FRNEH
H<40% , PRFEMUB 1~ 21T REH A RBHIE <40%;16:00 EHEH B FHR, EXSHEREHEE
K, i E 1~ 6 FTFIRWIEISE | ~9 T IRAEMMN S AREHME <30% ;48 3 MRHZPETEELASER
BHHEX >90%. AIREESTHNAEGERERFEFTESERRERTELERANBE X, E 45T EMER
MBI ER T = ENENE,

120

r 120 r
CTip 8:00 12:00 120 16:00
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Fig.1 Variation of relative PAR of intercropping peanut plant

EEERREBE, EREMAEE, SEREME =B EES TEEEA R (F2), REMAE,
TIP F1 T2P AL BB IEA =B 3 5 N B A 62.9% .40.4% ; B I MEAE 2R FE 35 em F1 55 cm #7, TP 1 T2P &b
BB A HIEER 47.6% 48.8%F129.7% 30.6% , AT B L, EIEEEEWHIEAE =R, HE™
BT EE MMM R ER AR S KA EE S cm IS5 em “RBAREER, ZTEM
BEYER AFRBEAERERETREEEER BAEES TR B ERKRE,

RAEAEEERFRBREENFREOFAR, MENBAKREHMAE(K2) ., ¥AXZHEELET,PAE S
A RAER M AN 24.7% , TIP F1 T2P &3 H 764 3+ RAE A A R BB K 15.1% .9.9% , 7] W5 Bk
RERERHFEE - ENERRES. BREMIFMARSNZSMETHEFHABEEX 9.7% .30.2% W5
FE,BBMARWNETEANREHNAAEEERTHLEA S XTESHREREI A X, 1 0-~100
emfa20em 2 SAHMER IHBRENBRASAESREMNEEZI (X 3), HREHR R EE 80 cm(P ) ~
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100 em( AP TE  BELEBH LW FEB., MIBES 1B 52.0%~57.5%,F2F 4 24.0% ~36.0%;
AHBREL 1R 43.0%~45.6%,B 224 17.0% ~27.3% ; MAELERBILF2HEFF 122,454
96.3% .3.5%, HMEEASHRIELE, /M S RKWRESHHE 30.2% .81.5% ; FF & M E M 573 o,
RHAESMEREERKAARHAER EARMNERE T ES THEEEMAE, X 57080 AR X7
HBRRAMERK, MIBRERRSHTNENHE B EMRTAN, BESBUMINRBERR QM RRME, ¥
BELMBRERE, KA E35~40em £ 55~60 cm T EHNAE  EEERMAEANHETHR, KW
FRAARENER, MIIBEN 1507 40~ 60 cm +2; T KPR E M 20% 537 40 ~60 cm £ 2
B, RN ERREZE 55 om THELRZMFHEMNN 0.87%; MERERMNAFIX 14.74%,

£2 TEERRENEERAAETARSRAKE
Table 2 "N recovery, yields of peanut plant and biomass of tree in the micro-plots as affected by depth of fertilization

5 HEAERE (cm) PR Yield(g m™?) TE4 AR A WEy’ w BUAE ) A
Treatment Fertilization zﬁiﬁ*ﬁ LN (%) Fkg tree ™ ') £ (%)
depth Peanut grain Peanut straw N recovery Biomass of tree N recovery
10~ 15 103.51 £ 9.89 66.01 +2.68 24.26+1.33
P 35~40 81.45+£2.02 42.87+2.88 8.10+£0.84
55 ~ 60 71.15+4.63 37.49+£3.35 091+0.14
10~ 15 65.06 +1.86 45.69+2.52 15.09+3.18 4.42+0.16 9.66 +1.40
T1P 35~40 38.77+4.59 30.00+2.41 4.52+0.11 4.56+0.39 2.29+0.47
55 ~ 60 34.71+3.33 33.49+3.35 1.22+£0.38 4.69+0.44 0.87+0.22
10~ 15 41.80+3.09 36.85+1.08 9.93+0.81 15.06 £ 0.58 30.15+6.74
T2P 35~40 24.18 +2.01 20A30:0A‘96 0.79+0.08 16.77+0.34 33.79+6.74
55 ~ 60 21.79+1.34 19.42 £ 0.52 0.47+0.10 15.03+1.64 14.74 £ 2.95

* 3INERFHHE + bR#EIRZ Mean + standard error(SE) of 3 separate experiments

£3 THEHRRSHESRENE
Table 3 Roots distribution and weight of Choerospondias axillaries tree

e +REE HE BT E Root weight in dry matter (kg) FRE M Bt T B Tree weight in dry matter (kg)
Treat- (cm) (<2 mm) BEHHE(Q2~ 10 om)BHHE( > 10 mm) BE FiF {LE53 - BE
ments  Soil depth Fine root Coarse root Skeleton root Total Stem Branch Leaves Total
0~20 0.15+0.05 0.16+0.02 3.33+1.35 3.64+1.41 6.87+1.49 8.56+0.71 2.70+0.35 19.48 + 1.57
20 ~ 40 0.11+0.04 0.27+0.06 2.15+0.72 2.53+0.77
- 40 ~ 60 0.16+0.06 0.17+0.09 0.31£0.09 0.64+0.10
60 ~ 80 0.07+0.01 0.09+0.03 0.04+£0.04 0.20+£0.02
80 ~ 100 0 0 0 0
Subtotal 0.49+0.12 0.69+0.13 5.83+1.03 7.01+0.95
0~20 0.16+0.03 0.32+0.06 4.77+0.90 5.25+£0.94 9.73+0.59 9.38:+0.85 3.08:0.48 23.72+£1.52
20 ~ 40 0.16+0.04 0.27+0.12 1.78+0.84 2.20+0.94
T1P40~60 0.14+0.08 0.25+00.08 0.93+0.51 1.32+0.65
60 ~ 80 0.18+0.13 0.10+£0.05 0.07+0.07 0.36+£0.26
80 ~ 100 0 0 0 0
Subtotal 0.64 +0.28 0.94+0.20 7.55+0.56 9.13+0.66
0~20 0.16+0.04 0.21+0.06 5.63+0.86 6.00+0.87 22.20+1.41 12.53+0.82 4.88+1.33 37.07+£2.40
20 ~ 40 0.22+0.05 0.38+0.06 1.64+0.70 2.24+0.79
40 ~ 60 0.18+0.07 0.42+0.18 34121.92 4.01+1.73
60 ~ 80 0.18+0.03 0.35+0.07 0.25+0.02 0.78+0.10
80 ~ 100 0.07+0.04 0.07+0.05 0 0.14+£0.07
Subtotal 0.81+0.14 1.43+£0.32 10.93 £ 0.61 13.17£0.27
0~20 0.19+0.08 0.22+0.08 9.87+3.32 10.28 +3.39 28.90+3.41 26.52+4.00 12.00+3.75 63.41+9.48
20 ~ 40 0.19+0.07 0.44+0.05 5.90+0.89 6.53+£0.96
T2P40~60 0.19:0.12 0.54+0.31 3.92+1.94 4.65+2.36
60 ~ 80 0.12+0.05 0.24+0.04 0.15+0.04 0.51+£0.07
80 ~ 100 0.03+0.03 0.2120.13 1.69+1.66 1.93+1.82
Subtotal 0.72+0.28 1.65+0.31 21.53+5.74 23.90+6.25

* 3N EEVIE + rHEIR % Mean = standard error(SE) of 3 separate experiments
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TS EREREO0~30cm)EHBK(E2), MERERFENREL MEFLHKIAR DT
25% ., WM E MARKXTE 100 cm U TR LEAR T ZRARAFTHTRERK FHRAESTHETERG AT
A ~9 AK)—HRFEEAHEEOSKE R AROET AN RRE LR KRS MEAXRE B
MARRREMA, B2 WEARELIETEN7~8 AR EEBENESLABREL R K EREE
RE/NMUEHEREIEMNATELREKPERTERE, SHEEMNREKINZFAHE . THEERRE
HTHAAFEARMEKE, HRESH LK) KKy SRR T REFRT., 52 50 ~ 100 cm +
BrEgks &R 2P TIPABEHBRKTFPARE RO RHESGRETIEMATHXMNER I HAKTHFA,
X EHRERNOBRRREM K, Bl THRESHERXNEROR R RN E/ME DL, B R KR4k
THANEREMETRERNEZIAN IR K TREARE -, EW b TE S FAE B HE (100 ~
200 cm) KR AA R, FIHE, B3 #—5R 2P 4B EERWNERRIMK, LHKT & BEEKER
N BEBRARBAR R IR T XK 1 m EEMKDEFA, THIERERAZABKEERBNEH 1 m, KF 1
m B@Eiﬁo :

—&— P —0— T2 —v—T2P

40 - 30cm a0k 60cm
36 - 36
32 o o TojWsrie 2
28 28 ¢
=
gg 24 § 24
E5
S
=8 20
E
12
?,2 E 250
: :
—_ 200
150 €
2
100 1w
i3
so %
20 | i i P W | 20 | o
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
i} fE] Time (d)
B2 2000 4 P,T2 fl T2P &b BB FEH 1K o S BB =T
Fig.2 Variation fo soil volumetric water content at Om distance from tree in P, T2 and T2P treatment in 2000
2.2 HEHHHE

WARREDERULBEAN REEERSNFSONTRERAET . REIWEH, E40em U LT
BAREERMRARRAES O EA LB, NIRRT RIEV S RARBE K FAMESREBEh THR
BEMKT 40~ 100 em PABRKMESHEE, IANEFREERSFPERME MAE—EBE L OLER
THEEEMMRIZESFXR, KR PSS RPAB(E2), MFEEFE, 0 en LRI BAIEBREREL
FOHERTERNE S cm LT LZE, XRUEEMRR, T F A TZE KA, TR 1F /B 83 R AR
Brksa BREIRE TR RERBEMEEREANA. TAYHERRERFEEEMNXR. 28K
FARERA, FEEREMA T 50~100 cm LELEKSOAR, XEHRERNOBRES MR —BH.
OB EEFER, RE T HEAREHEKYSE MEERSZLUG, LTERBEHEERLEBOK, XA RHM
BIYERK S BRI FR L T ATRE . I RABFRHR AR ABR R ESMUER/MIBFE S, W X F AT R
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- 30cm -O- 60cm —& 100cm - 180cm
40 40

36

W%WE‘%” JW TWY“%W

36
32 G o Q0
28 28 |5

24 24

20 20 -

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

AR & KR (cm? cm?)
Soil volumetric water content

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Bt 18) Time (d)

H3 20004 2P L BFLRMAITEEEN0,1,2,4 m WEHL

Fig.3 Variation of soil volumetric water content at 0,1,2,4 m distance from tree in T2P treatment in 2000

AEKM AT,

LR EPERKFFTO RSO HEBREATEPRETR, R LRRET BEMKR S REVH KSR
FERR, B2XHA, T HAKITERFHRBIZINEHEELE 6 AW, IR BHEHR ML FF LG W B (B4
B ERSHH, L EAKSERETALARP TEME 0.2l v’ m 7 (FEETLEMBEKSSE), I IEE
AL BENBR (LN ), HHATR ,4~6 ARKRELTKISBHE0%ESL , REMEA M A K&
TEEWH;MERLEKIEEA LOFRRR . EEEEZWEE LK., Bt RIES B4 S/ELEKS
EEABRAHABXS ,RARERXRBE LB KT RAEVEREATHE SESEYEEESEANER. M
FEHRARWSIABEREW, AT RAAREES BRSO EZERMARRAEREEAR BRELEFENEER
A,

EEEMER S A AR THSEANARE, SRELR=, RARS TSN EELE-BER —EE W,
R, FERS BRIV X FREMIBEE3S cem M 5S em L ERIEEZMARMN G5 H 2.29% .0.87 % &4 T,
BIYER LIRS AL BAERIKT 52.4% 51.2% , RAFSEFARUEFETRIOEIERE (X 2),
HERAEMNARAE A EBREESR R T R, MR &5 8K EME R SR, B &g o
BAK, MEERAUS>I0m EHBHIE, LERIL82.7%~90.1% , HERKFSHAR ETomss,
AR FREOKEE HEEZ (60 cn) B30, BB FO LA AR, YR, MERSE P ERERK T T HE
FEA B RERE AR FE A S, X 8RR A AT 280 10 3 (] VAR K B B AT 8 SRS 0, RE B IS X, MR ARSI ABTIE AR
B3R S RN A B AT AR EE ol , T BT AR B e R 2R

HARASHIFUEEIRANEUERHEL EREUSSK AN REANGNEER T . 4 AR5k
R AR R H MR K, RIEA TR0 B KR IR A RE 7 BE AR, X R KR X i Y B P R A S e R K
MEERHE, Y ESIHAEKENEF KHABERAY 65~ 70°, KA MR EW 0.5 1%, B et 2| KA B
AE <2, BKARBER 1 F. ATAKBANSREANSA, HEHUES AR HTREETS KK
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70 FE WENEREEYHELRRENXLERNBMNKE., RIMEREAESHE"R £YES
AR EEEREMEREEEHXE(RH 7 0.836" 7 .0.691" " ,n Ky 420) , AL AER S R FREMEL L
BTHEMNFERHA,

3 itig

EREARARZEPTIA TR T I~-2  WEN, UEBRESHENB T K EESETEENEHM2~3
FARER, KRB 3~747 PRBEMI~-5SITTHEFESEYR TREERLESARHTE. mRESHA
EEFEYMEIKIEE 3 B FREEH, RARE G RGE T HM X BRI AR RE . LR AR E
ma R ARG A EZE LEKAFARH A, SR T EY R EA AR, B X506 b E A R e RmmR .,
MKW E, EXEYREBMANBRETTENERE (YR REMEREREYX KR F HRE, &
Bk T RE M 250 S HEREN TS HIIREHTA", REESHEL, S NEBENEEFANA
RSN - MLELG FEEH S - ELARNES, AAERGHEARN A RHES. AREXMSA
0.3~0.5 cn HLEIMH 5~ 18 FHPAAELET 20cm LtESHAERIX N4, UM EZEBEREELESMNE
B HEMNKDHETUREHAFEHEZS AREFTVTHTREREN T EHEKISERB TR, K
BEZ YMEEE—EKAESR, RMEALEAELER NESGHMERTHENESR. ARBWRNBF
MAEENREAZERAS RE SBHREM A 50 ~ 100 cm HHK A FABRE, RFTUIRHESERES
SRR AETE 7.8 AR R4 i BB R KER " 51 B 1393 F P BBk 2 B B e £
BMAESARYE  ZHENTHETER KB EERKEE, SLRZXEBENEREEEESREEKSFS
hEFHEEATREEN -1 EE S EH.

EY =B EPEBES NEAAEEAA - ANV AENSHRKFESWRE BRI GIFERX;
RZ,FAHWAABSRERZRMWER , REKSAANEE, 2HEEEY, SRS EERIEDZEE
EESEHES THEASMEYRBSESI A SHWAEYEEEABELARTRY , AR PERENE
ErRERNZLFIBEARTHAAMAEENRY . REE—MHIEEERLENHA ERBOE HAH58R
ARERENELT , IMANEFEEEAR. RN, EEXNBEEERITHEREBRELEREZZNT E,
R T IRy S . B, 770 0 P R bR (a1 4R AR Se R B AR R, 8 a3 3 () VE R K B M AR , 8% sl B ok
MEAETBEERNI A, RAEEKMBRERER  BOESAEREYNRIZSE MABREEREANEZ 2N
YERD, W FR AWK R" . FIRE  RAKEFES LAt S sk 0 R KRR AT 7 B =S
MERMEHBFERS KIERHHARBRNR, FEAREREZH, TAALNELORENERR
EEMNRHEE., Willey S T ENVE BB R, IEEM S ( Pennisetum glaucum ) 1A VE T B %0 L b F (9
ERERNEE, YA CEE LREEMBEEEEN LS AR, BEHETR, BUHRNAEY FREL
K 58.1% ~68.1% ., FIREE HREYH @& HEEE M SR, 1657 f 958, FiFH/ER T
BHERE SR L, MA LB ARED=ENRBENRRK. B, E5SEREAXUNTARIRERRE S
RSB MM B REY M P MR E LY EURESEELREY N FTELTEH
i, L e R R BEEABASTA, LR EET . AR E5HEE &M KRN R R IE17H (FT5E
6 m,%REE 2 m) ,WITRIE G MAEEA 2 BRI EE LR KXIBRE, MR AR a8, B EAER 0.5~ 118
W R AR, 4 (8] 38 BA A6 A 3 5 e o AR U RT RN o )

GERR, YMEKELINTEEEHE T, KA ESARMBEELERKYTEEBE T R ES M
HERA—ELW,BAREEFETHNEREERE AN EATE AVENREHE AR, TR, &
HEFR AYVEZEEHEREZSKEREHEFH, UERAK FAHK KSR, B, A THROHT
FEMNASREVBRENZSRE, A AL EARE R L TR, L FEFER R 06T B K
SREVERKPEER/NRAEENMNM ., ETH ERE, Z 008 M &SR NN FAL L3508
B EFEMEREVREBEABRTEAR, AR ATEMAES UBRONAEES, BXRKESELNR
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W REATEN T E, ARARFHERINE ENESTFHNE T EE BT XBNTHE , AHRBEREE
AHB A ETINFERBT —SHE AEHSLFREMNM T EH FTRBORGERES FEH—F
MM SR, UENES 2F Ao EXESEMUEL, XEFERHPEMBROTEE, Z4REN TR
BE, NESHBERFRBRE BRE-REFNERE, RFALERSHASHREER, BRRIEL
HAEZERERM 'YW BA EAREMNREFEL=E TR, ERFEEFN K5 MEEHERK, 8HIELE
BRMEEEAR - AR AREEER, AR ESE L, EUUET R F RS TR MG E &S0
REBA;RERHF BE MEERBBRAMNFAREAIAAEARERYEANFARELEESN ES
YA ZHEREZSE AR E S A ZR2 HT %,
4 it

(1) HRE-LEESREEB N H LS50~ 100 cm +EHIKS ZHK D 60 cm LM A R, BERSF
RKIEXFHEMIBPHFEERS FIBRELB ™, XHEFRRTESAS LW ERNTSRE. ERAME
FetEP AR, MRS R FEN, FT K EEFRKRERN,

(2) BFERARER ZXBIEA-BRERMKEGESAERA —ENESHE, Hh TEREMAAR
I EARHAETAE, BEZFR B BMK, X MEAARERAHE . NN EHEEFELTE
BRBORREREDES, AEREIBDITTAYHEAREAANNSZR BZUSENEEER. K
B,

References:

[1] XieJX. Survey in agroforestry . Transaction of Beijing forestry university, 1989,10 (1):104 ~ 108.

[2] Zhang B,Zhang T L. Hydraulic ecological characteristics of alley cropping systems and its productivity in low hilly red soil region. Chinese Journal of
Ecology,1997,16 (4):1~5.

[ 3] Zhang B,Zhang T L. Cause of seasonal drought formation and strategy of the eastern hills in southern China. Acta Ecologica Sinica,1995,15 (4) :413 - 419.

[4] LiW H,Lai Sh D,Luo Ch J, et al.Agriculture management in China. Beijing: Science Press,1994.1 ~ 8.

[ 5] Zhang ] S,Meng P,Yin ChJ, et al .Summary on the Water Ecological Characteristics of Agroforestry System. World Forestry Research,2003,16 (1) :10 ~
14.

[6] LiB,Chen]J K,Watkinson A R.A literature review on plant competition . Chinese Bulletin of Botany,1998,15 (4):18 ~ 29.

[7] Szott L T,Fernandes E C M,Sanchez P A, et al . Soil plant interactions in agroforestry systems. Forest Ecology and Management, 1991,45:127 ~ 152.

[ 8] Chen W,Xue L.Root interactions: competition and facilitatio , Acta Ecologica Sinica,2004,24(6) :1243 ~ 1251.

[ 9] Huang X L,Ding R X.Microclimate characteristics of tea-arbor complex garden in subtropical hilly area.Acta Ecologica Sinica,1991,11(1):7 ~ 12.

[10] Ye Ch,Xiong G G,Huang Q H, et al . Study on intercropping of Paulownia and Tea in low hilly red soil . Acta Agriculture Jiangxi,2001,13 (1):1 ~ 8.

[11] Akinnifesi F K,Kang,B T,Sanginga N, et al . Nitrogen use efficiency and N-competition between leucaena hedgerows and maize in an alley cropping system.
Nutrient Cycling in Agroecosystems,1997,47:71 ~ 80.

(12] Wang X X,Zhang T L,He Y Q, et al.N recovery in Choerospondias axillaris and Peanut ( Arachis hypogaea) alley cropping systems on Udic Ferrosol in
subtropical China.Acta Pedologica Sinica,2003,40 (4) :588 ~ 592.

(13] Wang X X,Zhang B, Wang M Zh, et al . Competitivity for light and crop productivity in Agro-forestrial systems in hilly red soil region — a case study of
Choerospondias axillaris intercropping with Arachis hypogaea . Chinese J.Ecology,2002,21 (4):1 ~5,11.

[14] Feng Z W,Wang X K, Wu G.Biomass and productivity of forest system in China.Beijing, Science Press,1993.13 ~ 14.

[15] Wu G,Li J,Deng H B. Primary research on interface ecology in agroforestrial ecosystems.China J Appl Ecol,2000,11 (3):459 ~ 460,

[16] Zhu Q K,Zhu J Z. Study on Niche of agroforestry systems in the loess Plateau. Science of Soil and Water Conservation,2003,1 (1) :49 ~ 52

[17] Ong C K, Wilson J, Deans,J D, ez al . Tree-crop interactions: manipulation of water use and root function. Agricultural Water Management ,2002,53:171 ~
186.

(18] Caldwell M M, Richards J H. Hydraulic lift: Water efflux from upper roots improves effectiveness of water uptake by deep roots. Oecologia.1989,79:1 ~ 5.

[19] Rowe E C, Hairaih K, Giller K E, et al . Testing the safety-net role of hedgerow tree roots by **N placement different soil depths. Agroforestry System, 1999,
43:81 ~93.

[20] Willey R W,Reddy M S.A field technique for separating above and below-ground interactions in intercropping:an experiment with pearl millet/groundnut.


http://www.cqvip.com

£ 00O http://www.cqvip.com|

6 BE FRAEEGRETYHEKETESVED TS FH 1801

Exper. Agric,1981,17:257 ~ 264.
[21] Pei B H,Yuan Y X,Wang Y. The effect of simulation tree shading to wheat growth and output . Journal of Agriculture University of Hebei,1998,21 (1):1 ~ 5.
[22] Zhang J L,Liu L D. Intergrated evaluation of the effects of agroforestry ecosystem on the river beach. Acta Ecologica Sinica,1995,15(4) :442 ~ 449

BEIW

[1] BER AHRESESRAHRHMR LRI K¥ ¥ ,1989,10 (1):104 ~ 108.

[2] &, KB REARKRABERENKSESHFERE™ N EB¥ERE,1997,16 (4):1~5.
[3] &M . FHFABEREREFHTERERREMRHR AB%M,1995,15 (4):413 ~ 419,

(4] ZFE0% BihE.FHE. S PERMEFSE . JLF MBI, 19%4.1 ~38.

[5] ¥ 27, FER.C. AHESRENKSESHERFTAE. HF AW, 2003,16 (1):10~ 14.
[6] ZW BEE, REXARMYESFHRHER . HWEER, 199,15 (4):18~29.

[8] BiE B .BEBNHEEEA—ESFSEMN . ESH¥M,24(6),2004,1243 ~ 1251.

(9] ZHBM , THRMX. ERFEBXEMAESRFEDSEFENRR ESER,1991,11(1):7~12,

[10] I, SEEW, BKE, %, KEORRHE- RN EZ SRR . IR % ,2001,13(1):1 ~ 8.
[12]  FH, 36H IR, % L4 -FMERERERRFA AR, £ WFEHR,2003,40(4) ,588 ~ 592.
[13] FEXN, %68, TUH. 4 REAREERNRANRESF SET H— UL BRERENG . B ¥HRE,2002,12 (4):1~5,11.
[14] BFEF, EZHF,RB HERKESRENEDBME 5 dbat BB R, 1999. 13~ 14,

[15] KRB, Z8H VAKX KKESRERAESEWE. NAESEMR,2000,11 (3):459 ~ 460,

[16] k&R, KK HALEEMRHESREMNESAFE. FEAKLFRHFB¥,2003,1 (1): 49~ 52,

[21] FBE ZBER IR EHURAELN DEEFTH=RAR R TR KFEER,1998,21 (1):1~5.
[22] Pk XEIREKHESESREGSREN TN . LT ¥R,1995,15(4) 1442 ~ 449


http://www.cqvip.com

