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MEREBIESHRKITURLERRER-NEESRAERAMEPERG SPAC KA4EBERY, SR/ PRR Y- 55 E
EAREMERRERB BREBRAN LIRS HHSTAE ATAIFESREKSIESHE SENZHERBRERES
RARK—ENBRKE H UM - P FEEERNLUKDETERARAE. ERERIT. OMHKBEENERE. HARE
HAR R R /NERBETKBFEKREMBRN, HESH 0% 18.0%# 16. 8% : ERXBER L . EAREPHEDMRMEMEK
BRHEN L7, HAPERKERGRERKNEERESRN. QOFHGHRFZIEYXAERB KRNG5 RERNEN
WAKBER 47. 6700 52. 4% IR AHEAN LRKIZELH SOUU LR BEYE G EEDSREBRNITER N,
PRAKERS R BOK R AR 82.0: 1, AN, NEESRNBARKNEERSF IR HLAEXT EFHMHBA. GPEFERY
-ERAREHBEA . ESREF 0~80cm T EXKBEFHEMNTBAYRKBERDERIE HHEENERE. ESRE LN
Koy BAERF B 2. 7% .
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Simulation on water ecological characteristics of agroforestry in the hilly area of
Taihang Mountain

ZHANG Jin-Song, MENG Ping  (Research Institute of Forestry, CAF, Beijing 100091) . Acta Ecologica Sinica,2004.24(6):1172
~1177.

Abstract: Based on the well-verified models on water transfer in SPAC of Apple-wheat intercropping and wheat monoculture
(as control) system in the hilly region of Taihang Mountain, simulation of spatial and temporal variation of transpiration,
water uptake by roots and soil water content during the period of from wheat jointing to wax ripeness was conducted for both
the intercropping and monoculture system. The water ecology of the intercropping was then characterized by quantitative
analysis. This study was intended to provide theoretical basis for developing fruit tree-crop intercropping in the region. Results
showed that: (1) The intercropping significantly reduced potential and actual transpiration of wheat by 18. 0% and 16. 8%
compared with monoculture system respectively. The average wheat to apple tree ratio of actual transpiration was 1. 7 in actual
area of the intercropping, indicating that water consumption of the intercropping were dominated by wheat transpiration; (2)
The water uptake by apple-tree roots in the apple zone and the wheat zone counted for respectively 47. 6% and 52. 4% of the
total water uptake by tree roots. The wheat to tree ratio of water uptake by roots was 82. 0 in area where occur roots of trees
and crops, indicating that the wheat was dominant absolutely in competing for water with apple directly. (3) The soil water
content at the depth of 0~80cm varied with the distance from the tree row in a parabola trend in the intercropping , reflecting
an average increase of water content by 2. 7% compared with the monoculture system.
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RHE S R Y (Agroforestry) N T R E G R BEE —FEHET XU MR T BR-TTFHNUZXERAE
R, B I0SR.EEAQEE EER . RRAEN.FHEEA"SERERNFEWH R R, RKEERZEANZIAE R
RAERAMMXOERLENTEEN M- LEIEF MEE XE RAATSEHENERRAL S R %0
KU KA ESRERE-ERKERERBEAEAKESGRENEEWRRARTZ — T ES REMEK. LBk BERK
FKOGESHTFINTSEAAR EWYBEALSSEEDRENERFMESRETE., b FEMEK BERKLRKSHNIB
BRI ERN. AABRSNYESENEAHESE A  EEAEEHPASARAENKSESHEND, L RLE % E
HY KRS BHGFEESER. BEERMNEN T H-HY-KKEZESPACOOKFTEBRHEIE RESEBBR, 0 ik 8] &K
prREfTTHEERE. BRRARESRASHHRERERSZEYR SYSERNLBEME S . X T SPAC KrE2BBB R
RPBRE  ZRABBREARKIEBHFERNE, ZSRLAFHFER O CRIRE.

EERNERKITUHEMEZRTERRINEENEZ — REAEAEARHP—KTERY BZHBR AL ETER
BEHEX.BELEWHE, LRMBKEAE KT RREACRBRWRESHERBENFIEELESHF. B .EHBEH BT ARER
RAKMRMIARFEENRBESRE, AR RS K" 5K A S RA] B RSN RETESEAH L NE
MTRUZELBE T REAESFE. HH, TR 22 E S KBRERR, IMTRAEE IR INBAKI AR, R EBEX
ERARAGRABHBRAETERELER . VK . TN RREAGEAFT N KSESHEHTERN .S HBYTER, URRE
BSHHE ., FFLL KB FEREHF AN BRI RAESEERAENEENELHESIEN . A XEBIERIEEHER -
NEREBGRAERBHENERFESPAC KA ZBHURE REH BT S REREERERMEK B RRA N WA %K
A KM HRKTURLERERESRAKFIESRE . EBENZHBRXEABRAESHABH - S WERKE, U —
PFEBHEEGRAIWAKSESHIEHWRAE.

1 RREBAERTRTR

BRMRENHAFENTEN “RTLURLUERBXESKARLYESHFR"REEAN(35°11'N, 112°03'E), RBRX ALK
HEABEABEHE 160’ , AR FEEANEREE. A5 60%. RRXHAXTILEREE. BFABHEBRSE,LE
H eS8 R 2367. 7h, E H BE N 54%, HTEF YK R 641. Tmm,6~9 B BE LMK E X 438. Omm, £ 4E 68. 3%, 3+
EFERFET~8 AR . HEEMN 44.3%, RBRX TMUAKERNAERKBHB LI E, L2BEE R 50~80cm;pH & X
6.8~8.5; AT RANION~18N . FHIEFTELE 1. OXAEAR . BB A 21. 4~80 mg/kg; B BE 5. 4~ 16 mg/kg, & 3
50~103mg/kg.

FHRMABMRAKERBRGTHER- NEESRENHET BEBEILE 36m, RTGK 200m, -3 Fi . U R-2H,
TREBEN 80cm, K 0. 72hm®  FHE M KM SERW BT 1992 4F, Zifp N B (Starkrimson) , B BT NEKBLT B
{|EHZEN 80cm, &% 2. Im, BIL M| 1. 4m; K /PFATHE 20em, S “8 87 ,BFhH1.1097 &£ 9 H 25 B . AT 248.0 Fik/
hm?, BB 1998 ELX/NERFTH~BBEMUH1H~682H8),

2 BN

EEGRANPHiEE - RBERFOE/EEE B RRTH-RBEHN @R RELE, mE 1 R, AT risy
KFBEH DT B T RZR G RERWITHTAG y TR HERE AYESER P SBEREET Y —% . #2
B 1 SR B X LK Sz s, B REB R L =0 FERXFURMFE DL =L) BB RIR (L HHEE, PHREH
BE), MEANT .

Sh _ o oh Kl oh] 9K(h)
Ch > Ox [K(h) 8x]+ oz |:K(h) az:l oz

HKHFCHHKEE R ALBKEK HERMBKE;  INEMEZ VLT EEE.X HERBEIE;SWCR.SWTR 4Bl %
YW RRAR R K&, 2 5 R A Silem B Delong WK REBOER, it BEKXL M T .
TRCR,(t) X RDCR(x,z,t) X K(h)

J:zRDCR(:r,z,t) X k(h)dz

— SWCR(z,z,t) — SWTR(x,z,t) (D

SWCR(x,z,t) = k, (2)

TRTR? t)RDTR(x,2,t) (3)
Lr flx
j RDTR(xr,z,t)dzdx

0 0

SWTR(I;zqt) = ks

KA TRCR, TRTR, AR AR RS ERB R, K3 B0 57 WS CERE 1, RDCR.RDTR 4 51 3 ¥ Hy fi1 B

WO AR B K RS LR Lz AR KR b I LKA M8 R85 TRCR, TRTR, # T8 4y $14E 4
MR LIRS E,
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BRA(DRKBRASEITTE S, AR+ 38K 5 %3
BRAEZHEMR. A, Z08RAXERR £4 (ADD, 3R H
EAREFETREAL T, BT E PR AR Z B KXER 0.01, g
S FRE AT B R AR ST AR B R AL B . ELHOR AR 9 R i copzone | cropzone S/
LI RARSKBMNERSFTRIE. SR EW,168 MERHE s/ < ¥
S5 iEHMMRENTEHEN 6.89%, . B A{EN 16.19%, B/h
HA0.09% RHAEXFEL » 73X 0. 8367(n=168), t=0. 197<
t5:0=2.568, ABIBNESLRHELES EHER A FLRAS
B HYRBEKSRERKEXRIAIBSHKEHT 1 RRTE-R BT &

BLTLL, 2K AR RIEEREL2PTLIEIEMBIE TR RM®AK  Fig.1  Sketch map of section plant of farmland-fruit tree belt
MR SEE N, TURARRINRE BT BESREPEY S RA B RBEA R ERK RT3k
SAHNTEAR. HEMNRARY RBRIESBETRIMY . BEEYERLE SPAC K EBHEMTATENNE SR SHEB M E L
.

3 HMBNEBRKFESHESIN

RAMBINESRENRERG SPAC K S EBHENER M AEASRERBERRRBEEK B RRA R+ WK
HEKIBF BTSN ESRAENKIESKHE. IETOW EETILRENH K 0.40.80,120,160cm & [B]4E 040 4> BT
F4S0”.“S40”,“S80",“S1207,“S160” , “N0”, “N40"“N80” “N120”“N160” & “SN200”,

3.1 EERGRBOBRENESRENTS AN XER

HERN,1998F4 A1 H~6 A4 BHAIUMNERYT ~BB . ER-NEESGEREFNEANRNBEXERTEKENH
F¥ 258 1.9 mm/d (4. 6mm/d, —FHHN 0.4 1;EREBEKBYBEHESHNHN 1.7 mm/d 3.9 mm/d, —F X
O.4: 1, Bl . EHRNVER L, EEREAERBTKE CRLGFABEKE . ANERTER, 2 FIME 59.96%F 57.0% . /B
REBHKREKRTREN RBAEYERNEGEBESHENZRITREN.

K X E AR E(EEH 7200m?, P /NEME R 5760m® B AL 1440m?),1998 £ 4 B 1 H~6 B 4 H#a . 54
AELEBTEKRREMSEDBERBEZMN 1125 1m®, Hh/hE Y 61.6%, 8 692. 6m?, B4 5 38. 4%, % 432. 4m?,
“EHKERNL6: 1 ERBEKXKBRWSEYDIHFEMEZ )R 1000 6m®, /pEFBER B & 63. 2% 1 36. 8%, 4 %l K
632. 7m°.367.8m*, —HHMEN1.7: 1. AR NEFREBAR LEY SRR EBLHAETS EFUEABRESREBATK
ALK EERESFX TUACEARKERAENS EATURUEBRRZBRREE A2 BRIATITH,

3.2 MNESGRMBABKNSHHERER _FE HAXE
321 NERABKENSHHRE EXEFE L. EERFEPIERRBKBERT ~BRME LGB BHRMELS. B
MERERBAZAH—EHMU T NOFEL BERAEASHAETHNTATAERE 2). REF ~ R LE 3) L4 0BG

v
i 8]

soil section plane
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—— S BEF ~ 2BH] Wheat jointing ~booting stage -3
—— pEZEE ~HIEH Wheat booting~flowering stage
—a— /MR ~ BEW Wheat flowering~grain filling stage
e PNERE ~ A A Wheat graing filling~milk maturity stage 12 L
—D— /NFEAW ~ B RY Wheat milk maturity~wax ripeness stage ' S12 N N120 N40
S80 S160 N160 N80
NAR B EGRENERFE B BKBKF5 1T 3 BHBMEGRENDERRBEARSEFLKE D RE
Fig. 2 Horizc tribution of water uptake by wheat roots in the Fig. 3 Horizontal distribution of the average of water uptake by

tinter-cropping per day in different stage wheat roots in the inter-cropping per day in all stages
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EFEHME RAKBHAKFSHRFESLIAR . CBHRTWR D PEX. DEFENTH KBREFOE FHMBER T,
B KAE F B /ME 4y B FE BIAE PO (BF AL AP EE R 200cm 4) \N40, 2318 3B - BB ,S40~N40 JEE NI R K B F 5N
1. 6mm/d, SN200 1 N40 2L B AK B4 81% 1. 9 mm/d. 1. 3mm/d, 43 S L EH{E B 7. 9 % HI{E 20.0%.

322 RWMBABAKENTHHRE KFHFEALE DAERT~HBERYPSHBER  RWNRKBEKEFMEHAFHIMNE
S5 A REE (B 4) , B KETE 0~40cm HEEEE N, B/METE 160~200cm HEHEFHE RN . £ E/PERY-HRALSHEEAN, EH
FE SO~NO LR AWK B &% 289. 36mm, H 43+ 75 ZE K HF X (S0~S40,N40~NO) i X 137. 78mm, B ¥ 2. 1197mm, 5 8 B 1
47.6% ,» A HEEW KX (S40~N40) K 151. 58mm, H BB M 52. 4% . —HEHH K 0. 9, 5B . RWAHEN T RAKHSELEH
504 LA B3R BEMX A,

EEYXHRMBEKER, TEER 40~120cm HFEBEN A SEYRXAK 74. %, BKERA 38.8%,160~200cm T H K
WK BHEMEK NSEVEAN 7.3%0MEBN 3.8% ., Bt . ARFBBEKBKFED GRS 40~ 120cm H B8 B £ &
WESEYRABRKNFTEZRHAX AR FHNFTERXIE,

3.3 ESRMBERAKEY HERU-EEYRRAEDSERBRKEBLME N 251.6, BI/PEFRARITELATER
TKE. T, RERNREARKBE SONEAXRBEYRAN BEEEYXANESERBAESERD.NESLETES
R NERKERESREAEYRENLIRAFB O EREFA .

H/hERRRKBE S 3 HIFMEATH,40~120em HFEHEEEEERMSEYRARANTIESTHAR BASESFHEIER
B. 278 - ZXENEYSRMIRZ KRS 82. 0, H ik, I#EF % Bk X R R K 4E 0T 88 5 303 5 + 3K 400 1
BERTX BEFEYX L RKIBOMEEERN BA PFEERRSEYRAEFRBANERAPERBERKWEE
BEHX P REBARRKNEEZSIBP . NFHLEBHMA.

3.3 1MWK 5B A 43 AR RRAE By A K 4 B

3.3.1 ARINFHNESHHFE LRI KEHEBULEREINEZHRHE S NERVT~BRHSHEBEN, BRESEHFH0~80cm
TR KBETENEABEARBYERYRRSA BRI RA, £t B K 0~80cm + BT BREHE AR W) M (X)
ZEEARFHERKXR BHXER r=10.9599 . XBZRZXAWT:

W(X)=—3X107'X% + 0.1065X + 146.45 0 =< X >= 400 (4)
)
S
2.0
E% 16 170 -
=D 1.2
o> -
¥y 0.8 7 160
2 i 0.4 S
1::g .0 1#5 | ® 150 f\\o
o oo @ L o = = = )
oo o~ o < 8 o 00 b
B i 2 a ;n: E E E z z g 140 ] ] 1 1 1 ] | i | | |
2 2 4 4 @ & 8 d 3 S0 $80  S160 N160 N80  NoO
“» & 8 & 8 & Z Z S40  S120 SN200 N120 N40
“w = z Z —h— T;g;ﬁg?ﬁg Wheat jointing~booting stage
—0— /NEHRY ~ Z M Wheat jointing~booting sta o " Wheat booting~flowering stage
m— AEBA_TEN Wheat booting-flowertag stuge ¢ ARAEE ~ MEB] Wheat flowering~grain filling stage
—a— DEWIE ~MEY Wheat flowering~grain filling stage —— PRBE ~ AW Wheat graing filling-milk maturity stage
~>¢— PR ~ LMY Wheat graing filling~milk maturity stage —O— HRAM ~EMN Wheat milk maturity~wax ripeness stage

—O— MRAR ~ KWW Wheat milk maturity~wax ripeness stage
| Bs5 EEREAFREYE 0~80cm 1 2 + E sk & (W) KK F4)
4 HERAEWBEABRAKEKFESHIEE K

Fig. 4 Horizontal distribution of water uptake by apple tree root in Fig. 5 Horizontal distribution of soil water storage capacity (W)at

the inter-cropping per day 0~80cm soil depth in the inter-cropping in different stage

3.3.2 RBRATLWKABMEITEESHT Ll o~80cm tEL M KBAFRME M UEERGHEEH (B ). 854
RO WK B KT B A B 802 R ARIE , 0 (8 AR “l8l 4t bk, VTR A /N7 B 43 A5 R 3 B 7E R IR AR B I 38
RS TR BRA —E B E 22 5 8 0E 10 31 7 — ZU R0 1) . £ 9K 4} 3 RE {76 S100~N40 P 75 B N 0 IE . 75
S0~8100 & N DEEA NG R~ EEBE, LKA ERBRCT KRBT A RSN AL B R ~ L 0Et, 757
AL BB % 0~150cm ¥ BBl Xt B8 5 3% 107 0B, TE 48000 K AN 43 45 S150~N150 3 Bl p , T BIRL B~ B BR B0 F 20007 (R 3 — 25 48 /s
2 S160~N160 il L T ~ BB 20 B MK 5 PR 5 .S20~N40 1K 43 2% IF 28 X ,S0~S20 1 NO~N40 X 71 3%
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R X
THKDERNHAFE RETEAGRAGS/NDERNAER B TEDEBEKARBRERKRE.RETHRELE
oK B 7B X, X R PR AR B FE K AR RRK RN, A B H RARIB R K X R B KB

T PERT~2BY ER~HER HE~EEY EE AN LR ~BERNBERESRERE LRI
REATHR 0.5%0.5.4 %6 \10.7 %, —1.1 %.—2.1 %, BE&ERHR 2. 7%, L WAKFIBNEXRTRHRALARRER RS EL L
WOKGESHE, A AKERAEMNS . KT IURUEBRREBRER- NEHSLEBEERE LAETHE.

10~ NEEY ~ZWH Wheat jointing~booting stage 12 - MEFW ~HIEN Wheat booting~flowering stage
51 8-
g | | ~_ o ) ‘A
= .5 59 Go o s:zosmgﬂzoosmmzomo N4 N o

S0 S80 S160  N160 N80 NO
S40 S120 SN200 N120 N40

M~ MWW Wheat flowering~grain filling stage HERE ~H AW Wheat graing filling~milk maturity stage

15 2
S'é\ 10 —m
;’ 0 \ | i | I N
y Sk SO S80 S160 N160 80 NO
ol ooy Ll S120 SN200 N120
S0 S80 S160 N160 N8O NO
S40  S120 SN200 NI120 N40 y
HEAN ~FEWY Wheat milk maturity~wax ripeness stage NEEH ~ BEWB Wheat jointing~wax ripeness stage
2 8 —
0 | ] | 1 | | |
p——
& [s0 s80/ S160 N160 X\ N80  NO 4r
& 2f S120 SN200 NI12 N40
h.) 0 L | | ] L | i | i
-4 - S80  S160 N160 N8O 0
; Py S40  S120 SN200 N120 N40
. -

B6 ARRBEESRLELRAKDIBE(EW) K410 R

Fig. 6 Horizontal distribution of effect of the inter-cropping on soil water storage capacity at 0~80cm soil depth(EW) in different stage

(B4 T 3R ~ BRI 1) 3Bk 4 R S 0, B LA /DN E = BT M8 L BN N ERM SRR HASEHE,
50 R 40~80cm HREW Bl /DK, HIEAL MK 43 AN X, BN FIEX—5.40%, ESNTEETH,

5 #i5itie

DX HREDIZRRE, PERT~BERWE, ER-NEFZAGREERAVB N/ PERBEEM N TREBER L,/
RMABRKBOLWKES 1.7, NEREKRESREHE KN EERTESFR.

(DN REEERNBER RRIEEN T IRKIZELE SOKU L RARYK N ENESERBENSERKN . ES R
R K B B9 LR 82. O, i N A H BEHRFR EM B KEATNSB AL LB L MEABERFR . BLA, NEESERBE
BRAKMEREES IR BFLEXNFFHHAL.

GPAEEERKNBEN . EERHEY 0~80cm LER KB HEWEMNTAIABRBMYBRAG W HLEEINERE . ELE
KEBKRGEEFHHBAEE, BAFKRRERARSBARE LML ESHE, KSR ERE PRI NE, AR
wME EARE. A THNEENE=BER AR TUERRPEEYX K.

DETHEERAPEEBENNBER PERARESRERANTIERTFR NFEREABEBR KN EES S

FRAL o483 £ L MUK BB BERF AN EME TUAIKRTUBLERRERER- NEE SRS AHB L2 AH T
T,
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