e ey A s — S
Sk > = A
—— RS o i
=y ek AN AU e :
t=f 2 30 I I 22N
e — = e 20
— = s e <
== 8 = o
= - = o X
-

&, ﬁb‘mﬁf"" I%

WATER-SON~CROP RIZLATION AND ITS OPTIMUM

REGULATION IN ARID AKND SEMIARID AREAS

; mj )’%’k
A

—_—

S formy e P e Actr
EBLER RiEan BT R

e bl & b Mg R




s

k>

=
glx,g
e

P VAl 1% B fﬂ_

WATER—SOIL—CROP RELATION
AND ITS OPTIMUM REGULATION
IN ARID AND SEMIARID AREAS

I__|

BBY RHm BRBRAF F

o &k R AR




BXAKR—— xR EARK EARIFIE
AR REwW FEHRARF F

* * *

HiEWE LHE BRWE

FERHBA R (ERTHHRRBELSE 2 100026)
FHEBERXRRTHKRT X ARG L T R
787mmXx 1092mm 16 FF&  19.5 1%k 430 +F
1998 £ 3 A 100 1998 45 3 AJLEEE t IKEDRI
EI¥ 1~500 M EM 75.00 50
ISBN 7-109-05139-0/S-3256
(LA R4 L BEN R . BITHR, W A R 17T 8R%)




A—t—HHXREAL. LK. E¥, AKEEEZEAHIEA. REVHHER,
WET - MELREEWHAAHEIRBRESRAL. HARARECEE TRARREHE
Ao LR LR N R B AT ORI AL, Bk, RIS R KRR W
RELEA—LI—UXAERRABRES L REF I ED~ERNE HESRR, U
AAAH, BX—L—HUXRARERAAEZRRET A, KEREARESTFFRLE
RERRFIBANESRK, ERALHLEINLHARLIE—ATEXE, EH—K
AAFKRFR LRA—HRER. FH—KAXR, BEAAELEN. AN, FAHI
R ENFTEFRA—L— WX R ERAABREARL T AL KL FRHTESTE
BB, REFFHNBEIXX, BR, RRFWEREKE, ERFHANATEEN A
“MARFENEREBEEF EHM %, BINZEWAKLXR, ROALHE. &
RAAKLFHE. REKGEHTE, FARINBFER L RAE RIFOR L FETELH
HHB, AREEEAK HRLET AP AL RETERS ‘

Bax— B, KMNAFRWHEFHHTU T T HARBREBIHFHE L.
HIOREXRRNEZIRNALEFREREAHFEL KXY TAE 6, EXREL ]
B AMBAFAEHFESTE 15, FER¥ER “GATX” ABHHAE 15, BEK
XREFEWAGFE I0RTA, AEEEAFTERRELAFERARS, PEHFRKK
EAREY, ZEXLRBEAARY. TERL, ARFRFHESRATT HHF0R
BAUAR BRI KAFNERARAR 92 FYMNAXARIEHRT IS RE &
AFBHEEEFLRE LN ERFD TEARNET HBRHEBKRT (LE—HH—AREE
ARG ERERRENA) —H, ERNLE, EFEHER “TASFX” AEXHT, £
PEMER. AfIBAKLIEHERALAPELREAFFINARAEGEXHT, 4XTA
FPERER. AABALRBEARH “BLERLRR BT ERRLEARERALRE"
BRRYAFRY AL THRARFTHMNEM, FRELALTE, HEELS. LEY
B RLER. AL RFEFHARNIORLFEHHARNFALER. XHE T CID301
BEHEAXEHE AL, DX100 B EF ¥, TDR LR AL M E K AG B S Ao A E
% E X GUELPH B4 F X F £ #t W AN H . T RFABBTTEWREN REHFRE,
ENESRE W TILFE:

(D +—H—KEZGRALPEHURKE, AABLEBHNXRAR. TEEHRKRE
WERE, ATRBEEFKALASARTAXRR. EXRENARTH LR SHLE
3 (FEHEL, Bt B L) WALRERNREN I RASBELAE WA NE; AKX
REABATHEREIEARTTERAGTARIHERE A ERREAR AR WAL £
ATRBEENEERTT2HLE. SHAZEREFTALRAS A BT L REEAA

a1-



BREASBERERANKERE, APESFERUNARAR, EXREAHRTT 1005
BBEENLEAD B S YA LEASBIE WA RE. HER Gk (NHY,
CITVNO;) E# LML WA B FTARTTREFAR, AR ’J’«}ﬁ‘éiiﬁ‘?%%ﬂf
BAE CRMERZ); 5Lt BFER ) EHHAF A RREE, URLE
Fd. RE. BRKEFPAREBEFAAG I ERHALNB IR A WETANEREAKE
BTAER i) G HER LR HEHAE, FHEATTRERL XFER
A LRI BRARGRBEHRT TS KBHAE.

(2 EABATIRBEERHATT AR CO, RE N v xt 4 K518 7 Fo K2 K| L& o
HHBRAE. RBREH., ¥, KR3IALRALLAE, EHLRAPNERZAKEL, KT
A # 40cm, B 20cm AR KBS, A THRLRHNT LA HANEL, ZRETH
2 33cm, B Im WM LA, FREDHENEX, T RAEFKE, RE 350ng/g #
700pg/g 2 M CO, KERE, ELLFHARMBEA LI-6200 HEFA LS HEANT AL
MELELBEFEHrHRE. RAMEA. ZABER, LERER, HRABEFHCO, KEF
ARG EEL, ATRBREHERALHRREALR, BE, wxXXBEENEEKL, A
HEZMTDR #ME L RS KR EAARBARELEE, ANTAHBSEHEKRRL
%, AHTHRT LRAL FMF KA CO, K ZH v o3t B x4 1E 4 K 218 50 fo £ AL oy
L 2

) Y—AA—HEXEREABREAR. ERXEAUPHRA R T RE, £
FRAHFRT I0NME, FRAFANBZERTRZEATFHAE, EEAMAIRHA
M B CID30L EMRAEANE A AN FRASZAEH-TR, SAMY . EHEE, K&
HREFEHE KL, ZOHAH, FAAGHESEALOAMNENMNELEXTERENE X
e, B #F AR E 0~200cm F th + AL K, & 10m E—K, ELEFHANE
HEFHRE. tERER, REMCEXAFERREMR. EFNHRLAFERKLLHS £
EARTINLBASAENRR, HEABRFTERKASARH AL, BLX LKL, 7
RELEMAS . 2. KF. PREELHDPETENTENEDR KB %, £ F
BAERE., XABKLREARFTEARRIRT T LRAL TRPVARERKIEAY
KE, REFENIREARIBE. B#AF, UARTRLERALFHTAHTHESE
KPoREFENEAAE, U BLHFEE, RYIGHEOREAEHN, REFEH AL
FIFKRE ¥,

W HERTRAABEALRBEBEARBEAELAX AR THRABRAR. £HNEK
THRANRBAT TR TRES S AL REBESAEANE K. DA LBAR
WA 15. 2km?, L EMEA 10m UL, EAFREBH#TT LRALBH SR HKE
FR; EFMRELE. F. THERRLHAARS TR T LRNSREAGF R, HiHtfT
T3R248K%, SAWKEL, H#A TDR AP MENEERAAN SR FHLEAL L
i WEEAIBEAR (20, 407 60m 3 M K. RAEH, R, HEHR. D17
HE R K PFRERERE) #TTRARK. FRTREAGHRRABANSTZRF D5
AU BAM. AL KRR ER L, ARTEESm AEH TDR K 5%, KFHBKEA 15,
30,45, 60 1 70cm & S MNEK, AT ESENARABAEATHELRACENINBH LR

e 2.



URRFANBE LRALBELARL. ERELERKAABREIRAPAEL L, #. THF
REHARAG TR T LRASANBREI A H KR, HHTT 26 MAHKE; BHAT
TREFRAAEP IR R EAE TURKERATERHETNS, TR S5 LR
AR BAFLROUR . HAMFT 2EREDAEEMN. FRTER (BEEE) P #%
BR&KA AL, RENRARDREREHREKE LMK RPBTHARE S 65
# o

5) RABAFUHTIETLEXREADXREZRAAENRALAL. EEEMXRES
HARTHENERYT, EFXRELSAFN BRI N AR LECAERHERRSI O
A, CRANEAFRE, ARNEEE S APZESARABTAGTHERES I LK,
RGFAFHR, Hxthd, Kb (BF. BF). ERH. FEREHER—RHE—LHEK
AHATTRAM, EREH AR DOAERAHY AT TRBAN, HRHA S HHEW
(E®H%. U—0—M, &O—U—>0, U—5—H8, H—U—H).

A LREARE. ATRRERLR, BAXAXRPERIRI AR, RET 20487
ALRAREHEYH, REKS, BEEUALRAKEH Y H, TR MR EER
() B8, CO, RER Wk AL BEAFEHAIAAKRGYH, TR RFETH
BERASENHLEGER. EHER, SHLEN. BRERE. AP RAKE. EXEABE
HHH, RENBUENZE 4, BANSERT LN URRAEAF K, R4~
V. ERFERTREAMBE. HRET - LHFHRALHR, EAPTILFE:

D EHRE, HARRREKIBET, 2XKERE, RREHNETHERERBEH
REPBTHK. RAKSE, B REBBUTE-THZAER, T—RALAHK
RBEHATBERELR, THFE-EHRARM (H—A—F), HEHRAFARELTER
o, BE—RELEAKEAEA. RHRRANFAAL RO TFA R ERAHT TR, RE
AERT. 5 RAESAMEEMARBRRA, IHRRRKENERPL—REEITH
MERSHABUNENRR. EAIBET, EARASLRLAIIHRETHR
FREDHER G DM ERFF, R T A EHRZNE AR,

(2) BAFRBRALE-BAIFHT, X, WEENRRAASEFHR—LH SR
B mmm, KA EESENETRBRAX, YN EER—IHFRER T 35C,
EXETICH, ARAXKQCFHEREITRE EEREREEARRKIERH
EEBPERUELE LRADRA AP N, SREAKSBE+LZER, REFFHR
AAGESRTUETREA G, ERAQFETHRVEERAARNEAIRAREEH
MEEME R AR MEA R ERS,

) RRCO, KEHMWANIE., EX. REEHAAYHETFA LR AL AHTAE
TR ERASFRT, BFTAKCO, RERE, FIRHTHAAEIEMHRENTE
KEFBHTH: RAIREFGTHH BRI NEENTFHEAI AU T TERENAR
ERASFAUTETHAI £, TEE-SLBENELURBAL KU AT EAS
FUH; LEERHWHBBBRAIAEAEARTHALSLE, TELAHERBRY
MU ANTFHAIRESN; RERABERDNBENRRASFGHARDTH ALK
B %, TERERXE P HULABRAIXREREATEASAESN, KK CO, REH W

3.



MAEEEPAEKNEREREGELABYITHERN ST A EF R e £ K
FEENTRE S, ERAPEETEDKIFARERE GO KT E., P A2 R4 K
BAERA, BCO, WETURAKIHELGTRALTHILZH ALK,

4) BETARHBEFMTEARES A EDAF LBHREFERHNETEXRRARE
EVHELR AR EXSEHARPRANER, RAT EHRABREHHELEEER, X
BERZEARENOXRAR, BLTENTERETFNBRASBRE, LEERARE o R
EHGFEREEMARENLRADTREXAE, ERAKFHTHEGHELEFHHRMN
HEEH, BHSHEETAXEGFYHEF " EHURERINETNRESRE AL F
WRE, WR—EHARIBE, EREEH2EK. RERRERL, WELESWAHFH
BRRIHMKERRAMBRRIEGRA, URBARAKNRALEFZANRKE T &, Bt
AAEERERKFREANBERE, RAEABREMAATENRCAMUHEMXER, @
KEERHEAMNEAAFELE —FEEZHOARES, B, AELSFHHAAEFHL
FERREHBED AL, THAERREFET A, B UTHEHEEH A CO, th
REERKKABD E kD HHE, REBEASAFKE, REABA (RER) LA %
MAIHENES, THABAWKREMTELRRTE v, CH MR LK P A HA
B, AERBLATRAAETATCH AL HAE, B, TURBIRELEAPFH K
REMREELRBENTREEH T AAERATH. Bk, KNTEARE T “BHH
RHEBBR” WHBRES, FARBUFRARERRNEEF " ETENEHT T ARRE#,

) BRTELETRAALRBBHEATRERANLRANSHRE. NELBE Y L8
AR AFNERELRAFBELALHE, RETRABALG TAEALGHEHEMEK
REIEABT—LRA—FERRZEAHRERMRARBRABLIRP N LEAL S
APWEARFAGTLRAIHE RANE, BT AR H I EAREHERTRIE
AU THRAAXEL A KELE, TUENRABT BRI RE AR L ENLRNE. &
H WEAR, RERM, EREANERAPHASVEAHEARE, FHEAENTL
HHEE. RUHARALEEBRBORERBT B R LA AR A BRI EE
URGREFHEEL, TEERNEROEEANRE.

(6) MELXFHERBAY T LRADPHSHLIRRBAFAENRHERERNOY
WEE A - LHHAR, BRTRLHERBADXRARENE, RET TRRET £
WAL NFEFTRAAE, BANBEHIAINE. L7 RAE A E AT FRARART LK
RODHFREHRAXREF.

RUARLERENE L TELR R E, EERPFTALHARAE, Y RA¥ERKX
A—t—hHXEFRREAEHERE F %, REASPHAARRIRS LRER, KEL
ATE, RERLFERENTAZHXT —F,

(BRA—— KX ARERAALRE) - RN AR FERE N L ARTRE
UHHARGAZEREE . 2HANE, BEA—L— X R FH LN EREREHFE,
FIE M ALY ThNEBRNEAE, ACERELHEHRARAHFAR, LB
MY —KAESERAXEBEEH WPEEB, KK CO, 3k Z M Av 3t 4 My K 2 £ A A9 & B K
XEAE O EBRFAR, REIRTRELFHOALIREFEA B A ER MR ROV AR

o4



HHEHEYN, BAERXRFTARLFED A KR BAENA, ELRLE-AATEFER
GRMAHRABEEYN  EIR R T I EER RSB A—LBEABEOHEIEAENE,
ABUAELRBENARKRIE, EATA4H, P BIFATHAELECHERR
BEARER, FPURRRES N E, ELAET IV ENKREMB KL —FTEXE S
EHHRER. -

APHEESL, BEW. BEA. ABF. KEL., #URK, I EL. kB5F. T#F
A XNRA, ARAEE. LENBRBHEESPHALN. 2 FHREREER. 48,

ERA—T—hUWXZREZRAZNANARRE T+ 2 ELHE2H5 TR, FH6
AREBABRRZFABEFHELNTE, HATRREEZWS o, X ELEHHARTR KK
Ry, THETER-—FHZHFEL, PPFRE2L, RERTERMITHE.

HEEARERK—L— WX ZRERZRALE LN FEISHRLHEF, B4 EE
THEEWNEHER. ASWXFHEURRZNHAES, TEBRHF IR EKR. AFH
RERFBAR, BLRYAFAXFEIHABATPAIXIHRELERE L REMS R
HRLERELZREASHTE, PERERKREARKBS. TELAKBN. AL
RURFEFRBH, NBGTEAR KRB ERRA GBI HF., KA A RBW
RRIHERELRSY, BARLEAEREE. KEIRFFRIAHELHRABELEFE
B, BE¥FR. Kik®E, e, BRE, L XHE., MFa. X E, kAR, TXE. %
W, OKER, FNF, FE, EFESEHNFH LY., BREEEE, F2E L. Lo, FEH,
FEM. . BXAW. BEBELEEEA RN TENFER.

: F3
1997 £ 8 7 16 H FHERFHR



H X

)
B

*ﬂ“#

RK—t— X RPN BRI EBHAR -
# . EL)
%£—

|

N1 SR PN LT TETL L A
LI SR E R R RO
HHK ST A BB B RO R HRCE A -
LSRR DU P LR Ve T 7

. EMKAHEBHELSF -

L'H}E!llll

BIE ﬁFﬂVﬁiﬁKﬁEﬁﬁﬂﬁ%%i%%%ﬂ% R R

—. REANANE -

= EBMES YR MR

=, BEMENERSHEERAF - ‘e e eetraeanes
F=F +— ﬁﬂﬁ*ﬁL@&ﬁmW@ﬁﬁﬁmm :

— t—BEEKRSEYHHSHE - o S

=L - BEGEBAARSEOELRRR AN EEHAREER -
aﬁiﬁ reeveeresreeen et resaeanes

| b iiEﬁ%ﬁ*ﬁ?ﬁﬂéﬂﬁE%ﬁﬁ SRR

WE (P, £ seaee
B ﬁ&%#ﬁﬂ%ﬁ&
— ﬁgﬁ&# coee
- BRI
. MERH - o
% bl W%ﬁAﬁﬂﬂBéIk&ﬁ%iﬁ*ﬁﬁm%@i%%%
—. FARAEERBRAGERNEL -

= FRARKEGFTHREERSY B EL -

- RRRSEMGMAKS GBI EERHESER - seeevenes
i) Kﬁﬁﬁ*ﬁ%kﬁﬁ%iﬂﬁﬂﬁ?ﬁ%%m

—. KA K - “er .
=L KB E Y A ER -

=, KarEax ey Ry Em

= b

— K FEFRPEHABLER -

( ceens et et e st e s s sae ensae are e seb e
5] ﬁgﬁig*ﬁhmﬁﬁﬁ%m%ﬂﬁ.Mmmmwmwmwmwmwmw

HEN [
I

veeee 13
creeenens 18
.19
- 24
- 24
- 25
e 26
29
esers 29
e 31
veeee 34
e 37
- 37
verseecss 38
- 38
veree 38
vennee 39
veereees 39
: Kﬁiam%&#?#%ﬁAﬁ$mE/§kﬂﬁ Ceseeseseenersanasasn e atsnesnessas st ie
e reeerananes v 43
e 45
- 45
veever 45
e 46
- cererreverseneresenees 47
FEY ﬁiz#%*ﬁiF&ﬁ5%@*%&@%&?%%%%%&-wmwmm

essnes 48

40

48



o B RE S S B IIRE KR oo
=, HRAK RIS & E R BT oeeeere e
PO, R KA R R -

l

BHEY m%%k%#Tﬁﬁﬁﬁﬁwfiﬁﬁﬁ 7B R K5 PR

151-3 ceeonas
— iﬂ*ﬁﬁ%ﬁﬁ%ﬁ$iﬁ?i&%ik%%m

e

. RBEEAKEGTHKEREREFE -
23 AR~ -
F=W ﬁiﬂﬁ&ﬁﬁw’mﬁ*&&mﬁﬁ?ﬂ
WE (P, X o
B ﬂ?%ﬁ%’ﬁﬁ%ﬂikﬂﬁ
lﬁjﬁgggfg‘{j]—% tesescesnecerisanaresenanns
= ﬁ%ﬁ%ﬁ&%%&@?Z@%%% .
=, AREIMAKFIFETEDETZRENE L
BV HAHARBESKEZL ﬁﬁ%ﬂm&ﬁ
—. FE R B2 R B KR 4 5E B e -
Z. MA T.—To LWEDHERAKRR -
%:—:ﬂ? ﬁ%‘rf’ﬁ%ﬂﬁﬁﬁﬂé@f’ﬁ%ﬁk* ffﬂz‘é
Z. H ldso 32 fE KR - e e
=, A Jackson £ M EW B KIERSHIEBRACIKREL  ooveeeer
W, —FFATEEDBKEER (CWSD MRILTETR -
B R

wHE (P, 230

—. RRHE -
= BAEREITEGHIE crrereernorneene
= K HGERBEBIRREE cererrrreerreniesnorernnnnones
W EYERREEESRERKER .
. EHEBBAR SR -
— . B RS MRE R
=, EUREARKEANHRE - -
B HEKTRRELEDL e
. EBENTREEECER oo

#
[

|

— . SAEAEANTFRERE e veveenees
Z EEREREANFRESHE -
e 2.

wl w
—_

[SV]

« 53
vssesssses st acnuesvsr st oarrianssessies 53

R EMK A TREFST RS /NEEEE BRI BI BT coecerrerr s,
serersssesnissessestsoncrarsnaseasaarnrnensenrense (4

58

.e 64
ceeeee 67
v 67
e §7

- 68

- 68

- 71
vereee 79
—

- 73
- 74
- 74

- 75

v 78

- 80
- 1rh ig ﬁqgg j;qgggiﬁgykﬂg Egg@ﬁﬁmm
oy ﬁ%m%fgﬁigmﬁhﬂﬁﬁmﬁm e ees et et s e e e e e
veeeen 86

- 87
ceees 90

- 90
ceeer 92
seeese 93
veeer 93
. ﬁ%ﬁggﬁgailﬂ%g\m%i—fﬁﬁﬁﬁ €0t teeten eaevaseseeatns e eeeeatansaescetotsresere s nesres

. 96
veeves 0f
cerniee 97

84

86

94



EHY Ef*ik%%ﬁiiﬁ E— R EZERK BB G EHH
. kamu f}ﬁ’%’?ﬁﬂmgi 100
%ﬁﬁ j(ﬁ. CO; &Ei"'bﬂﬁf’ﬁ%*ﬁ*UFﬁﬂKE#)’Cﬁﬂiﬂl‘]ﬂﬁ

=, ﬁggﬁmﬁrﬁg B ceeeetire e e 121

B xxaxmﬁmmﬁwwmﬁigﬁﬁﬁé&kﬁimmmh-mwmwlm

— . KK CO, WIS OF B S TFLE FRGIEIE v e verrorenene v eerneecnsaenene 122

= K5 CO, WX BRI R A BIIE  oeeeervereresessersrsrorsasnnnssneeessesossnscssnnnne 128

=. j(—\.COZ%UE%DUXWE%Ek?‘i"ﬁ'?ﬂfﬁ%ﬂ(ﬁﬂfﬁ;&$é’]ﬁiﬂﬂ revreee s e 131

— . KK CO, RN E R EBEE A RITFLT e errneree retesaseseseseeneenns 143

T, KR CO, WEE M3 e YR R B AKFIR X EF F K SIS REHIBTFF eovervemrernmeenees 147

=. KK CO, WM K F KR PRI 2 BAL oo eereenone rerreeneeereeeevenee 147
P iizTﬂm%#ﬂmiﬁﬁ#mﬁummlﬁm*%mwn&x

=. j:i!ﬂ(ﬁl_zsbﬁﬁﬁ??ﬁlﬁ rreverareeeesesaneveesenaneoes 162

— ij%)\%ﬁﬁg&ﬁguﬁgi ceersereerenressessarasnaaesess 163

N P CLET DOE S Y S VRS DU 7L e R

% i) Tﬂ*iﬁ%?ﬁﬁﬁﬂﬁk%f*?ﬁﬂﬁﬁ%m)\% f‘tﬁhﬁ]’“ﬁﬂf 172

. EREAGTHBETAL. ERASEE-- e v 172

. RS T T AR A vrereesreneessnenssresneneeane seemeesessesnrssiensenes 178

- %Fﬁ%#—pjﬁﬁﬂ(g%k%,@g@ﬁﬁﬁm 191



B - . 208
BtE Eib%Eﬁ*&ﬂq’ﬂﬁfﬁw*ﬁﬂﬁﬁlﬂﬂ e 212
WwE (P, X0 - 212
L ﬁﬁ*ﬁ‘ii‘iﬂﬁ‘J?L‘lﬁ&E&ﬂ%ﬂ(E@ﬁi@ seeeee 213
—. RBY KA R A KRV FF R R AR A B eee 213
Z. PO R KR LR K SR R R WK AR sreeneereeneenene 216
B mt%lzvmmﬁﬁﬁmﬁﬁq:mn/\gz::zmwa R . 28
. REKS LR R AR . - 218
= B SR A 5 A R B L e e 218
= KR TS A HLIE S8 R eerevrreesreereronnonnes veeens 219
V. YEMK S B IR EE B T AT R B A SR e - 220
. KK EFELXRSKAEER. - serneenenseis 221
B=F 1’5%7}(5}&9: '3j’ﬁAf’Eﬁ§BﬁﬁA9€§&E*ﬁ7KﬂquﬁB’]7kﬁ?ﬁt
— *ﬁgﬂ}jw%%Aﬁ}ﬁﬁfl%1¥m*&*,T TR ¥
I XA A B KA BRE KR RS F BB seersessaieeiens 223
= WK A E K A R T i A et et naen sarerneene 925
ﬁ/\i i:tlZ:l:ﬂ *ﬂﬁ‘?@)ﬁ (#6}) EEM*‘JEK&{E&M sevenssensennes e 228
B :i:iii’é)ﬁ GR4 L@ﬁﬁﬂ‘ﬁﬁl%bﬁf% - 229
—. WA N FEHAKHEFR - -+ 230
- 3'5’@*!17](7;1171%&%&&9?!!%@??{ servee 233
Bt R R i ﬂ(%b%*%%ﬂﬁt#ﬂim O
— TEEE () B TR B A A I AT OO TR T T4
S, FERMEREETER Ge) EBHEEHM-- - 252
B=Y @ﬁﬁiﬁ@ﬂﬁiﬂiﬁﬁ@@%&ﬁﬁm sessenns 255
e IR IE A B A B IR TBARBL ove eve ver seroneonemensnesenes e cnsusia sens veeree 955
T L T ———— e 260
WAk i:tumiaatm&'m* AR AATTIGTOBEIL e 260
ey ) ﬁiiﬁﬁl‘Kﬁﬁ’@.ﬁﬁﬁﬁﬁf‘ %?&ﬁmﬂ srenssesse s e 27]
— . WE B AR R A AR O X 87
= EF R A R Y8 e v crete e se st steste e sesnane 273
- ﬁmx?"ﬁﬂ’fﬁlﬂlﬁﬁf"ﬁﬁ%iflﬂ(ﬁﬁfﬁﬂ@ teereresinossierrrnrersssorssranssseeses 275
. BRERMAHTRE FRRMH LKA - 276

4.



=, BESMAS TIHE LKL S reer e ans sonaee senne
W, EHREHFRBR. P3N T HRENFEXANSER--

— BEERFE S E AR EAN S R TR

:\mmgmgﬁﬁmgmﬁgggm%gAgmym.mmmmm..mmm...
=, BT T B R S EEAK AN B BB S BT eee ee rvs ot erennnsae cnsmensnesns vensasss vt ne sne esns snssanvs

« 279
vee cereressesarcneenes 28]

%mﬁ Eﬂ%#']:‘%nﬂﬂmﬁ* i&ﬂ(%k%iggi&ﬂ;mm@ cosrerscscenanssan
e cssesscssssccnances D8R4
- 285

283

286
287



aeb ese

Contents

Foreword
Chapter 1 Study on the Several Basic Theoretical Problems about
Water—Soil —Crop Relation
Abstract
1.1 Effect of Temperature on Soil Water Movement and Retention
1.1.1 Effect of Temperature on Soil Water Retention
1.1.2 Effect of Temperature on Hydraulic Parameters of Unsaturated Soil and Its
Mathematical Model

. 1.3 Effect of Temperature on Soil Water Infiltration and Its Mathematical Model

1
1. 1.4 . Effect of Temperature on Soil Water Evaporation and Redistribution Process
1.1.5 An Analysis of Energy Barrier of Soil Water Movement

1.2 The Hysteresis Effect on Soil Water Redistribution and Crop Water

Uptake by Roots «overneneee
1.2.1 Experimental Materials and Methods
1. 2.2 Mathematical Model with Hysteresis Effect
1. 2.3 Model Testing and Results Analysis
1.3 Water Movement in Scil-Root Interface and Its Differences of Various
Crop Varieties
1.3.1 Measurment and Computation of Hydraulic Conductivity in Soil-Root Interface
1. 3.2 Changes of Hydraulic Conductivity in Soil-Root System and Comparative
Importance and Its Differences in Crop Varieties
References «eceereeeceerereenes
Chapter 2 The Respondence and Adjustment of Crops to Soil Water Stress
on Loess Platuea «-::ccoooveeee
ADSLract seeeeevscecrscecorsersencnns
2.1 Experiment Conditions and Study Methods

2.1.1 Experimemf Conditions seseveerer

- 13
- 18
+ 19

.24
sane 24

. 25
seee 26

- 29
- 29

sosesse 31

- 34

sresess 37

< 37
veer 38
veee 38

2.1.2 Study Methods +oceerevesenreecosoesssorraterasssectrasecrsressctntescrrarasserraserrrasssssssnsarooreneses
- 39

2.1.3 Measurement Items
2.2 Daily and Season Change of Crop Photosynthesis and the Relationship
between It and Soil Water, Climatic Factors
2.2.1 The Season Change of Photosynthesis
2.2.2 The Daily Change of Crop Photosynthesis Rate «ss«sveeee

38

+ 39

saseese 30

+ 40



2.2.3 The Change of Crop Photosynthesis Rate under Different Weather Conditions «ssesssseeseees 43
2.2.4 Comprehensive Effects of Different Weather and Water Conditions
0N Photosynthesis Rate «++«s«+se et s reesteresarenesveersssessnssereesses savessson sosses san sonss . 45
2.3 The Effects of Different Water Stress on Crop Physiological Activity
and Yield - 45
2.3.1 The Effect of Water Stress on Crop Growth - e 45
2.3.2 The Effect of Water Stress on Assimilative Matter Distribution s 46
2.3.3 The Effect of Water Stress on Crop Yield «++e+ - 47
2.4 Crop Water Production Function and Optimum Distribution of Limited
Water during Crop Development Stage on Loess Platuea -+« ceeenes 48
2.4.1 The Experimental Results of Crop Water Production Function + 48
2.4.2 The Relationship of Water Stress Sensitivity Index and Crop Physiological Items «t+esseeeesse 49
2. 4.3 The Optimum Distribution Method of Limited Water during Crop Development
Stage =+ 51
2.4.4 The Optimum Model of Crop Supplement Irrigation «=«sseeee veee 52
2.5 The Adjustment of Nitrogen and Phosphorus Supplied on Physiological
Items - 53
2.5.1 Effects of Soil Water, Nitrogen and Phosphorus Supplied on Root Physiology
and Growth of Wheat - 53
2.5.2 Effects of Phosphorus Supplied on Adjusting Physiology and Growth of Wheat
Under Limited Irrigation «ee+ sessee 58
2.5.3 The Optimum Adjustment Programme of Water and Fertilizer under Limited
Irrigation ceee 64
References «e-eseesesnecrecance . 64
Chapter 3 Canopy Temperature as an Index of Crop Water Stress T 4
ADStract seecereenctcesieissnccncsosrasrnesncses .67
3.1 The Pattern of Canopy Temperature Fluctuation s« . 67
3.1.1 Material and Method «++=seeseversaes + 68
3.1.2 The Relationship between Canopy Temperature and Environmental Factors seveer 68
3.1.3 The Pattern of Canopy Temperature Fluctuation under Different Soil-Drying
CONAItionS e+ seeessssosssessrsrrsorsseessennsrsneeonesns comenee 71
3.2 Using Canopy-Air Temperature to Evaluate Crop Water Deficit ceee 72
3.2.1 The Opportune Time of Using Canopy Temperature to Evaluate Crop Water
Deflclt D L Y R T TR TR Y PP PP PRIy saes 72
3.2.2 Using Canopy-Air Temperature to Evaluate Crop Water Deficit - ceee 73
3.3 Using Crop Water Stress Index (CWSI) to Evaluate Crop Water Deficit ceee 74
3. 3_ 1 Material and Method B eS8 008 000 00s 60 SR EPN ONC 000060 600 #0000 IOS RO BEE . 74
3. 3.2 Using CWSI Developed by Idso to Evaluate Crop Water Deficit veee 75
3.3.3 Using CWSI Developed by Jackson to Evaluate Crop Water Deficit sesseesreesssaceriscessscences 78
3.3.4 A Simplified Method of Calculating CWSI s+cesesteeretosssssenurnesnssseraniasnnnnsnsaessesssnssnane 80

. 2.



References L R R R N T T Y TR

Chapter 4 Modelling of Coupled Water and Heat Transfer in
Soil — Crop—Atmosphere ContinUUI s+cceecerererrscassrsrennsisesns

AL DSETACE serscecresessensecceccassasvsensesssnssasessssessnscnscss soessenaesssasssnssnsessansse

4.1 Experiment Method and Determination of Soil Water and Heat Movement

Parameters 98 00000000 600000000000000000 000000200 000000e0ansaneoteoecsrsoassee

4.1.1 EXperiment AITangement stoseesesecesesacseesacsanearesnssnssnssssnssnssonaesseeses

4.1.2 Observation Item and Its Method 900 008000 00caneaeenes 000t cantes ot ettsea st sossetareeet sitonnsen

4.1.3 Estimation of Soil Water and Heat Movement Parameters

4.2 Models of Evapotranspiration and Water Uptake by Roots --essieeeesirennian

4.2.1 Crop Transpiration Model and Its Parameters Estimation sssssseersresinninanaa.

4.2.2 Soil Evaporation and Heat Flux Model under Crop Canopy Shading

4.2.3 Model of Crop Water Uptake by Roots e stssesssssesseeressaesscosstoronsasosssssasansass

4.3 Simulation of Summer Maize Canopy Temperature t. eosetessessenssssnnens

e 82

« 84
« 84

- 86
ceee 86

s 86

cees 87
+ 90

e 90
+ 92

eeee 93

4. 3.1 Theoretical Model of Simulation Canopy Temperature ...... seesereseaensre sensirnes ancsts reesasees
cene 04

4.3.2 Empirical Model between Canopy Temperature and Meteorological Factors

4.4 Calculation of Leaf Stomatal and Canopy Resistances in Summer Maize
GIOWING SEASON  tsevse st ssnereassuesses sonessnssasansus st snsns ss sun sosvosans enssne sresessosne
4.4.1 Leaf Stomatal Resistance Model seeeecoesseessessensscsecsesessassensssseesessassesosssesssssssessons
4.4.2 Canopy Resistance Model «sstesssesessesssssnstostassersassesansanssossssasenrensssonsnsanns

- 93

93

ceees 0B
+ 96

< 97

4.5 Numerical Simulating of Coupled Water and Heat Transfer in Soil—Crop—

Atmosphere Continuum in Summer Maize Growing Season «eeecerrenesreseisninnesrennns
+ 100
- 102

4.5.1 Numerical Model s+eevesereesssarenresstererssersarecressseesaressnsessessessasansses

4.5.2 Simulating Results and Discussion sesessersssrccicscccsscrnisncctntienaiceioniiecse.

References ««vee 000 800 008 1ot 08 800 000 000 000 S08 N0 ON00NEosE Haa 0es0as S0t S08 000 800 NS TEs eesate hte 000 NSl Hus are st ses aee bor

Chapter § Effects of Increasing Atmospheric Carbon Dioxide (CO,) on Crop
Water Use and Field Hydrologic Cycle -« seeesrsemssesrrensroenstinnsensaansrseene

ADSEIACt  soestseennreansnerconnsnacrssssresesscencssessessesssscssensessessessonsessessesons

5.1 Research Advances and the Contents of This Programme «eseeoeeeseeeseniraiiinieianian

5.1.1 The Significance of This Research =eseeseessescerscssesareantniearsesuuniniinsnnniiennisnsinie
e 113

5.1.2 Research Advances in This Area ssseesessesseeceeresssssrnsnsosssessensessassas

5.1.3 The Problem Existing in This Area and the Contents of This Programme

5.2 Experiment Method ereeevmricnniticineniestninncnrsssscecrnenensvoenerssssessessossensesssssneses

5.2.1 Experiment Arrangement 080 800 000 100000 100 000 0000000000000 000000 V00000 0cs 00000t anrees Boe

vse sssasscsesssren

5.2.2 Observation Item and Its Method secsessescesrssessescccesccsscncsorsenasnsassssecscnsssscansesssnasvas

5.3 Effects of Increasing CO, on Crop Physiological Index and Growing Status ««s-eee.

5.3.1 Effect of Increasing CO; on Leaf Stomatal Resistance terseesecrneaniniiiiin

5.3.2 Effects of Increasing CO; on Leaf Temperature and Canopy Temperature
5.3.3 Effects of Increasing CO, on Crop Growing Status and Water Use Efficiency

5.4 Etfect of Increasing CO, on Field Hydrologic Cycle

caes

LETRTT R TR

100

108

= 111

111

112
112

118
119
119
121
122
122

- 128

- 131
+ 143



5.4.1 Effect of Increasing CO, on Evapotranspiration  se«eeseeseesssssserssisesstosenesnesseneesasensnee 143
5.4.2 Effects of Increasing CO; on Water Uptake by Roots and Water
Dynamics in RoOts ZOmne se««+sees seesesssssresre sasrnessasesans sassesanssrenesasssesnssssessssonsnnnse 147
5.4.3 Simulating of the Effect of Increasing CO; on Evapotranspiration eess=cessseseeescscscnnnnees 147
Chapter 6 The Influence of Soil Water Conservation Measures and Surface
Conditions in Loess Area on Hillslope Water Exchange and Its
Numerical Modelling ««--«ererseerserseerensseerenreetestesie s e s s e s esaensee 156
6.1 Experiment Method and Observation Instrument «ssssseeteesmimeeeernierescnineseninnn 157
6.1.1 Experiment Arrangement and Observation Method «t+e«ssesssereesessenrsesarnsaravenssrsensens 157
6.1.2 Measurement Precision Analysis of Time-Domain-Reflectomtry -«-seseeseeemeereririenriniases 159
6.1.3 Measurement of Soil Water Movement Parameters +erseseeeses sesseecssrnesossaseesnsvenssnesesses 162
6.2 Pond Infiltration Characteristics under Different Soil Water Conservation
Measures and Surface CONdItions +s«e«es«esseeeeseessrsesses sussessesssssnssrssssnssreeseeresorns 163
6.2.1 Soil Infiltration Capacity and Its Influential Factors s»«ssseseessssetrrinniineiittiiiniinrsinnnc 163
6.2.2 Soil Water Dynamics Under Infiltration Condition and Its Redistribution «ssssceesesrrcssisee 168
6.3 Natural Rainfall Infiltration and Runoff Formation Characteristics under
Different Soil Water Conservation Measures and Slope Length «:seeveeecenesiinincnenees 172
6.3.1 Natural Rainfall Infiltration and Runoff Formation Characteristics under Having
RUNOIE CONAItion s +seses saetssnennnenensenarensrunnnssnssnsaesnsssnssesssssasssnsessssnsssnsessessns |72
6. 3.2 Natural Rainfall Infiltration Characteristics Without Runoff = s»»ecerereccssnciiniiiiariainnnis 178
6.4 Hillslope Water Exchange Relation and Its Numerical Simulating «eeooeeeverenninnen 186
6.4.1 Hillslope Water Exchange Mechanism Analysis s+s«ssse et sareesasnessencsnnencsnnesnssensenses 186
6. 4.2 Numerical Simulating of Hillslope Water Exchange under Natural
Rainfall Condition  ===ess+essseeesvernssretsnseeeasssensssnssnesersossassonsesssesssssssnnsensosssonneses [9]
Chapter 7 Optimal Regulation of Crop Water State in Water-Saving Agriculture
Of NOFthWESEErn CHIMA  cccosvessesereeremereresueresresncn st suesnesonsessns sessessesssssnnnssns 212
7.1 Urgency Developing Water-Saving Agriculture and the Measures
7.1.1 The Fundamental Way to Develop Water-Saving Agriculture in
' Northwestern China  sesseeesesessss soretenetvse st seunttacssnscnsosesnesesscsncsssssrsnesnrssnsssnnssses 213
7.1.2 Several Kinds of Water-Use and Water-Saving in Northwestern China s+«ssssseresecessecnss 216

7.2 Theoretical Problem about Crop Water Regulation in Northwestern China «+-+s:+- 218
7.2.1 Field Water Exchange Laws and Water-Saving Regulation Mechanism s eresereeccesccennnes 218
7.2.2 Effect of Water Deficit on Crop Growth and Water Use Efficiency Improvement  «sssereee 218
7.2.3 Mechanism and Index of Regulated Deficit Irrigation under Limited Water Supply ++¢+e+« 219

7.2.4 The Measure of Optimal Regulation to Crop Water — sseresssesesesssssinsiininnnisinssinseninnns 220
e g e



