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1 AR ETE

ARRETEMERLRESRBRITHT. ZWHNTIAERILBEHA(166°55 E,28° 15 N), F
HRE17.6C, FHREKR 1797.7mm, B 50% EHEFE4—6 A, RUKEER KL, ZHSBRMLE
B ROWAE R HIAE R,

ERYE X ERESARR DEMA, BE 7°, B B E 45m &4, T 1992 R BN 100m brHEE
BNK, RB LI NKA AT RARE AR, SR H RO S R E MBI, 1995 4 11 A
LRIV R LR | HEFHEHEAEEERMR, B L EERE T RAREY. L4 A s RS
ERAEEERY M AEBMD: HEREKRSTGEEFFE, LFEYWHME, LE B HEMME 42D
Hest M 4B CHE HEREREGHEL YR, LB CHEZHE, LB EREEHE. H
& B K G (Glycine max), @M F; EK (Zea mays), B8 4 5; H ¥ (pomoea batatas), W H; F &
(Fagopyrum esculentum), B 3%; W3€ (Brassica spp.), 7% | 5 4 (Arrachis hypogaea), B 551,

R1 SEHIHES ELEN TNBANER

Table 1 Some physical and chemical properties of the soils under five treatments of farming systems

i TRER BN RPN R AR 2R R pH
Treatments Soil Clay Silt Sand OM. Total Available
tillage <0.0020.05— 0.05—2 2% 28 28 KEE EN ZERH KQ HO
0.002
mm mm mm N P K N P K 1:2.5
— glkg— g/kg—— mg/kg

A HAEHEE b fESEBHE 408 332 260 144 084 105 948 524 11.89 1051 6.06 4.38
B EX+KE-Ff&~ WHBHE 381 345 274 9.0 0.56 0.77 11.55 351 295 1660 5.66 4.1
i F2
C HE+KE—~ME EZHE 420 341 239 140 083 0.96 1045 643 7.53 1025 6.20 426
D EX+KE-FE—~ SHEE 408 349 243 122 076 098 9.74 474 655 1799 579 4.18
t:ES
E HE+AKZ-M¥ F2E 409 357 234 138 081 1.13 1024 59.5 938 141.1 6.20 426
19954 7 8 7 BHIEEKEY 79.7mm. HEMELE 1995 5F 7 A 8—20 H, RIEHEK. B/HXFHE
BE—ARET, BEEE R 10,20, 30,40,70,90, 110,130, 150cm. THREFLH URAEHWE. -
BERLANTRR A AE, HREERKBEETRNY, LEEEHRO0,5,10,15,20cm. B H¥RM 1
5 B (8100, 12:00, 20:00) , 132 ¥ (8:00) 5, ZE ML H ] 4 G1FE 1h 2K 2h W — K L WARERER L
BERPFMIWEE. 7E 8:30,10:30, 12:30, 14:30, 16:30% 5 46 R K AR EHRE R SIRE. B, if K
BRI EEERE KSKEEXATEREHAE. BEEHRESHEYEEN S22 —4. XA
ZLZ-AZ Y K 4R O E A (FE T ) W A A K 8, LI-16003 A A S AL I E v A S ALEE A, 78
EEEAHERES. REERP, EE&PEHNREISITET, BIETREERE 23KUE, X
BT 3—4 m EMERH A, KERETURER 3—4 S8 EWIERH F, 8. BERTKE
KEXWRBRIF A, &/ XY E 2 AL A K3 R E A V8, AR R ] K2 B8
FE 10 FMESILEAMABERE, REFEAR VY, ARH R B Y SILE MM ER, Sk
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W8 T E 4 B A /B Y, A R R R BEAL B P R R — FRE Y R R e
KK KSR E SR, AT RSB A xR T, B

RT
5”,,=7 InRH = 4.6182 X 10°TInRH )

AP, REAEESEEE 83127Pa m* / (mol « K)s THRSHFHRE (K)s V, 97K 46 B8 /R (em® /
mol); RH A B E.

2 ZRE5iTie

21 i EY KSABHETERE
211 EMEFHHAEML  TEREVHALE 40cm 1204 E L3308 B ]R3
E BRE BB S EFAEE SR, T 70—150cm + 28 138K SR IE % /D (G 1
FimbE A), ARLLHETERARAHE H KB RAR: LE B, C N 0—20cm, &
#®2 MNEABCHEMEFREGB:30)70cmREL LT REINEFLRER
Table 2 Vanation of soil matric potential in the soil layers above 70cm between treatments C and E at 8:30

p4S::] H#(A/H) e P38
Soil matric potential MPa

Treatment Date (m/d) 10cm 20cm 30cm 40cm 70cm
C 7/13 —0.04622 -0.03702 -0.02423 —0.01748 -0.01173
E 7/13 —0.06489 —0.04293 —0.02243 —-0.01757 —0.01183
C 7/14 —0.06268 -0.04177 -0.02937 —-0.02005 —0.01276
E 7/14 —0.06476 —0.05682 —0.02602 -0.01963 -0.01259
80
- T2

——10 cm ——20 cm
60 —&—30 cm —¥—40 cm o
—¥—=170 cn ——90 cm /1
50 —+—110 cam —=—130 cm " ’
—==—150 cm

40

: -,

20 ‘“

1 KR 51 Soil water suction (kPa)
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1 ALLER 3K S8 H A4 (7/8—7/15/1995).

Fig.! Diumal variation of soil water suction in Treatment A from 8 to 15 July, 1995
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B AN 0—30cm. [A]—H}EIA[FL2E 95 i #8 EE R & 10cm. 20cm. 30cm 12
13, D > B; 10cm. 20cm £k, C > E; 30cm £k, E > C; 40—70cm BA T, x4 o7 &b ¥ [6] 4 2 7
B/ (N 2 FiR43 C A E).
212 KREARBMEYHKEMWBEZL TEREEWVRKSKABHREABERMN HEL(FEI).
BRREKBPHEIE - 60~ — 80MPa, BEE—EH TF, £ T4 1630883 — 120~
— 160MPa.

3 SHAEbASKBNERHKBHBEEL

Table 3 Diurnal vanation of water potentials of air and crop leaves under five farming systems

Y LS A (A/B /%) bS] Btf  Time
Crop Treatment  Date (m/d/yr) Water potential (MPa) 830  10:30  12:30 1430  16:30
7/11/95 REKHE —67.82 —130.56 —112.07 —118.86 —124.96
EX B 7K # -122 -1.58 -1.68 -172 -1.58
o7k -135 -168 -1.73 -1.77 -1.58
7/12/95 REKE —-87.41 —129.36 —12549 —133.09 —157.03
xg B K % -138 -150 -198 -197 -1.90
o7k -168 175 -172 -190 -185
7/13/95 RSk —82.85 —116.82 —144.38 —131.66 —146.61
C ok -1.70 -185 -198 -220 -2.03
E w7k -1.77 -19 =203 -200 -213
7/14/95 KEK#H —104.39 —124.00 -118.41 —132.01 —138.97
¥ C K & 110 -137 -142 -127 -145
E oK -1.07 -138 -138 -135 -1.70
KEKE -80.79 —108.86 —117.88 —121.18 —127.33
*AE A 7/15/95 oK -127 -1.8 -200 -228 -—1.97

Y KEABASASKE A BERHFA -3, BRAEEEYFHIBHH Y
AR, XFRESEYHKERX, BEMETER L AKEBRKAD, BT AL E M H 2k £
S5RSAKREHEBAMHEN—B. EXRMHKFEF 1030 TREEIEA LA, HKEEE LR
B> D;B.D.CCEHZAEPRGHKENEREEBRATHE TRBE, HKEIEHLE
BB>D>CE 4BABANHKEERTHREEHME 163088 LA BT/ BY: HE
mK$ B AN, KERT HMEY, v K TR MR C < E. 43 EHERES A K
AHFEVENER. SRBVEE EAMERERBN KB ATRER ) HEHREAR
RO BES, MAKIHKEHKENNBRAPTREEY. S840 % 4B EED
IKEFEAR, AR TREHAE™E, M4, RIET B miE g k.

2.2 SPAC HKFZHHHAME

HEA4TIL, SPACHHSERTHKERERM L RAKEBERN 100 5EL, T
HIRRKRBBENE 70cm LEH TRBERFBEEN 1005 L44, FELETEYHK
B AEAH. DAEPMERMATHH LKEERTF BLAE: MEABHKIHHTE
MK ERTF CAB: SEXREEMRKZH TEEFESEE/NT 5HEREMNKE
KRB BN KRB ENR T EHEREMKE. KESERK, HHARE
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BRAFENEESHEE ATENAZHOMEETE. 5RIAVKRE SPACHER
o, HEEREEWAREHSAE XRANEZX —RAP KA RETHE X—~L3BER
FHEYNEZTKLE: RRERETIRAE, X—dBEFEEYR EHRAK, KRBT
HY Bk R AR R A REIRE AT,

R4 SHLBTW—EW—KKPKBBE

Table 4 Differences of water potentials between soil, crop leaves and air under five farming systems

ey P43 H#(H/H/E) AP,+SEMP2) AFws+SE(MPa) A Fs+SE(MPa)

Crop Treatment Date(m/d/yr)

E*k B 7/11/95 109.25+24.82 1.55+0.20 0.018+0.0012
D ' 109.28+24.93 1.61+0.17 0.018+0.0006

X3 B 7/12/95 124.58+£24.89 1.74+0.28 0.030=0.0011
D 124.85+24.98 1.77+0.09 0.025+0.0007
C 7/13/95 123.06£26.32 1.94+0.19 0.0360.0019
E 121.95+25.69 1.96+0.14 0.054+0.0014

HW C 7/14/95 122.13£13.10 1.31+0.14 0.049:+0.0006
E 122.29£13.12 1.36+0.22 0.056+0.0028

HE A 7/15/95 109.33+17.93 1.87+0.37 0.049+0.0043

. AF, , HEUKEE; AT, , L (10cm) K #2542, 705 10cm LIN# R H-£; SE, iR R L.
23 T —@EWkBEKXE

ERSEKEEGT.EHKkEZRHERSREN, Y LK ZAARBE, Y
BMEABKBRRATEBETEN, HAKL ST HEFRAAFYRHERX. 8:30,10:30, 12:30,
14:30, 16:30% 5 /B 18] P9 W 5 45 /s KA 4y (B 5@ L 7K 35 5 38 B2 B+ i ) 438 2 SR 3 1
XRAUAHATBRR(EKS):

P =+@P ~-b¥ +0) )
A, O, O, 505 AEYH KA LT Mpas a, b, c ATBRELHARTE. £fa
BT EE RS0 R LB X E KRR,

HBREV EFXABREGT, B WMERER /D, HKHERE KEBEGH KBNS
40cm TR £ HIWEREMEX. AEAAGT X T AREDHKESAFHEEK 3L R
PAX, MERHEEYRERKEENAHE. &4E B.DFEYHNRKBERE, FEL4
EEEREITHEGOecm Y E), L BRAHEDMBEE; LB C. EFEDHBKBRRTAE
70cm, A CEAR ER: LB C.ERAKERABKRE KR FLE B.D. 4E DK EH
FREXRBRHESLY, ZHEEMTHLATEEE, ARSEFTRXEHEYREI G EE,
HMAETRESHRNUXBLAGT, SBEARARLE T HREEY ZAREE 8K 8
A,

24 THMAEMAKBEREAHXRE
241 THERHE LWRE FTEFVYLWBEE KT 25CH, FiA 42 10cm 5
20cm 2R TR A S T RRERITUALEFBREG)RIE;20em LELER N E L3
BERAFRETE GBS MXABHLAKHEFENEERT(XRS).

S=a+bt (3)
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£S5 HHMHASE (MPa) 5LRERE MPa) HIX R

Table 5 Relationship of water potentials of crop leaves (MPa) and the soil matric potentials (MPa)

g 4b3H H#(A/H) T2 HX T8 HMEXRK
Leaf Treatment Date(m/d) Layer (cm) Relation Coefficient
yi e A 7/15 10 ¥,=11717 T +1525.9 Ts+47.561 0.9627""

20 ¥,=3037.1 ¥ +423.17 ¥s+12.643 0.9544""
30 P,=70573 ¥s'+4766 Ps+78.135 0.8450
40 ¥=5% 10° ¥s*+213669 Fs+2309.4 0.9315™"
- B 7/12 10 ¥,=148278 W'+ 12102 ¥s+244.96 0.9308""
20 P=74542 F5 +3984.9 P54+ 51.292 0.8844"
30 ¥=—2x10" P — 562036 Fs—4930.5 0.9838""
D 7/12 10 ¥=—157337 W5 — 11036 P5—195.22 0.8607"
20 P,=—296126 ¥ — 12839 ¥s—140.85 0.8609°
C 7/13 10 ¥,=34393 ¥ +3406 ¥5+82.185 0.9274™"
20 P,=3777 ¥s'+400.58 ¥s+7.9163 0.9842"*
30 P,=149912 ¥ +7819.2 ¥5+99.749 0.9902""
70 ¥,=3x 10° ¥ +67979 ¥s+408.08 0.8648"
E 7/13 10 ¥,=422931 ¥+ 55779 ¥s+1836.8 0.9392""
20 ¥,=39132 W5 +3548.6 ¥5+78.367 0.8482°
30 ¥,=117935 %' +4837.5 ¥s+47.369 0.8460"
40 P=—3x10° P — 115185 Ps— 1013 0.8785°
EXk B 7/11 10 ¥,=332709 ¥s'+ 13678 s+ 138.85 0.9974™"
30 P=3%10° ¥5 +87329 ¥s+ 678.03 0.8630"
7/11 10 P=101117 ¥+ 3417.7 ¥s+27.126 0.94137"
H¥ E 7/14 10 ¥,=—4292.3% —516.85 ¥s—16.548 0.8933"
20 P,=80142 ¥*+9582.8 Ps+284.65 0.9764""
30 ¥, =—53529 ¥s'—2515 ¥s—30.392 0.8702"
70 P=10° P+ 27101 ¥+ 178.62 0.8767"

e R FROOSHOOUK P EEM: A KERERERLES, TRAEIAEHTREREE.
S=at’ 4
A S LHEE S, kPa;r, TIEEE, Cia. b, FTEEEK.
TR FERZEREAERT U PEERABRE SR SRR E—F

AR T RAR AT R R R R AR, B (3) A (4) BB
ds
= -F=-h ©)
dy
a5 = —E}ditg=—ab><t”‘l (6)
W& SHR,b > 0, B MRS BRI AFE. SREVFRAHFAT 8
S B SR PO T BRI, TR 0 TR AR IR, TR T I K
S HERBERIA TR, T FBHER R, A RS RIS 10cm 44678 B AT 46

D, 20cm AR NA; AbH A KT LR B.D; Hr/> HIEEERR, Gi4LE E %R,
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Mi4bE CHATHELR. hik 6 &R RARLET L3815 B 2R R e 8 iR
BERRE, + 3R BB MR BRI R R R B R {E 8. LSk, 20em 1R L
BHOBEREAREHE, SRRVAEE LT RBEAR, THEFTLBEREEELR, T
fB5 20cm TERRASABFEEAX. ZLEBERMEKR, T8EFREEEYRRTK
BB, BTl LR R RR B BEIRE TR T K.

#6 TIBN (kPa) 5L IMREE (C)MIMX XK (n=58)

Table 6 Relationship of soil water suction (kPa) and soil temperature (C) (n=58)

4bEE 10cmiE 5 2 10cmA X R ¥ 20cmii iy 2 20cmig X R
Treatment Equation in 10cm  Coefficient in 10cm Equation in 20cm Coefficient in 20cm
A S$=3.873:—-73.381 0.3899°" S<12.548¢~310.28 0.6326""
25.5<1<328 Ss=2x1071 1% 0.7184""
25.0<:<30.0
B $=2.55851—42.156 0.3490°" 5=5.3678:—42.156 0.6329™"
25.4<1<35.5 59107 /%7 0.6845""
25.7<1<31.3
C §=5.5029¢-118.13 0.3942"° S=2x1072 /Y 0.4993*"
25.4<1<31.0 $=8.0981:~192.37 0.5671°"
25.0<1<29.2
D §=2.47891—39.047 0.3003" §=6.73141—162.65 0.7396""
26.0<1<34.0 s=6x10"" " 0.7973""
25.0<<29.2
F $=1.3507—14.943 0.2876" 5=3.0285:~73.221 0.7043""
26.0<1<36.5 257<1<324
G $=11.602t—274.08 0.5756"" $=17.0631—425.9 0.7288""
25.7<1<29.5 S=107% /7% 0.8154""
25.0<<28.0

I SbEF G B VMBS, MBI, S IF B ATARI RO s+, #+ - B 0.05FI0.01 K FH B EH#.

EXHERENEZREAMERS -, IEBENHREREZN. EHEAXGHT L
R EBAR (4—28C) B, TMEREMBERL N EME, ERVAERSKEN LRER
PR RN 2 TR EA RN K. B bk, 1B TR A {URRR A 4 B R R R
KA RE WA, ¥ LAKRGETE LHEF A K ER B, KEERE, LIREFRL
MRS AEME. HREEAXFHUMHELEPN—MERRESKETEME. A0
RPTHEERS, TEK(Q5—36C). BIRATREMEYEEM L% 2 RE0m, L%
SAKERETR, SR LEETH TR R SRYITESBLE K BHHERE, B
KAV BREY, iU L HERREE R ENE R, BRI . ok, mEt+
BERDWBOERKBT LHERSY, BT LR 5 4088 X 59818 B %t 48 2 B 9 52 0
EREMBAREFEARR.

242 HYMHKHEERE BEMNXE
WER7 PR BLEEDFRIHLEE CHHHEIN Y AESKKBE HEE
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R7 WBHKY (MPa) 5RE(C)HXR

Table 7 Relationship of water potentials of crop leaves (y, MPa) and air temperature or leaf temperature (x,C)

Hynt Ab3E H#(A/B) HAXRHTBEHXRK
Relation and its coefTicient
Leaf Treatment Date (m/d) SBAir temperature 8 Leaf temperature
riZy A 7/15 ¥,=0.0207/—1.63891+29.896 ¥,=0.01887—1.57591+30.481
0.9982"" 0.9985""
Ex B 7/11 ¥,=0.12017—8.7498+157.66 ¥,=0.1274/—9.755¢+185.06
0.9466" ' 0.9553"*
D 7/11 ¥,=0.03287 ~2.46501+44.582 ¥,=0.0395/—3.1016¢+59.072
0.9999°" 0.9997"*
X8 B 7712 ¥,<0.05621—4.15271+74.767 ¥,=0.0542F~4.21751+79.979
0.9463"" 0.9510""
c 7/13 ¥,=—0.009/+0.5583/—10.361 ¥,=—0.0089/+0.584r—11.318
0.9507"" 0.9681""
E 7/13 ¥:=0.0215/—1.6102r+28.03 ¥,=0.0217/—1.7063+31.422
0.9383"" 0.9387""
HE E 7/14 ¥,=0.0436/—3.0004r—50.163 ¥,=0.0376/-2.76171+50.163
0.8504" 0.9037"
. o+, +*5r BHLF0.05H0.01 K 49 F Fhk.

£R8  WPH KB (MPa) SRR (%) MRS KBHXR

Table 8 Relationship of water potentials of crop leaves(MPa) and air relative humidity(%)

and air water potential (MPa)

"y p43: ] B#(A/B) HHM4BERNAERMHXRE SXSKkEOHXIBERXER
Leaf Treatment Date Relation to RH and its relative Relation to ¥, and its relative
(m/d) coefficient coefficient
yi A A 7115 ¥,=0.002x'—0.1556x+0.9231 ¥,=0.0002 ¥’ +0.063 P,+2.19333
0.8871° . 0.8923"
EXk B 7/11 ¥,=0.0024x —0.2293x+3.7532 ¥,=0.0003 ¥’ +0.0627 P+ 1.6854
0.98717" 0.9863""
D 7/11 ¥,=0.0019x’—0.1799x+2.5345 ¥,=0.0002 ¥,*+0.0483 ¥,+0.9117
0.9367"" 0.9330""
p ) C ¥,=9"10"° ¥’ +0.0267 ¥,—0.1009
0.8110°
E 7/13 ¥,=—0.0005X+0.0628x—3.7022  ¥=—3"10"° ¥ -0.002%,—0.7173
0.9690"" 0.9765*
HE E 7/14 ¥,=0.0532x—3.6065 ¥=—6"10"" ¥, '~ 0.0004 ¥,—0.4406
0.9034" 0.8973"
o, e B FE0.05H0.01 K B B EHE.

BERMAX MBEARHKH TR METH _OAT7REE K—-BIETET), &
ALY K S VR B R

dy,
W= 2at—-b

(7
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ZRRVTERBREY, HYKRRBEHREEBI R TR, HY KRS RS
T #Y TREBAEEEA RHRRUEFTHTRAOREZ—. FHEEEYELEN
BIE PRI RATEH KB ER[BE. RIKBEEMX, RAMXR WA H I E
R (RS, BRXY, TREW, h TRRREA B EE BN TR, Bl kK&
&, H SRR AKEBEOEK, FECEY AR IR, S H K S0 BESUR T &AM
9T BE . M xR, A R EE PR Y H A EERBELEEMRXER.

3 4 &

1. SPACHM S AR PHKERERM L RFEKEHEN 100 FEE, MH LRE
TR 6B R T0cm 2 A TREFREBEER 100 24 A RBHE G BE# ma K $ 1 B 22
16, B EE B, E R REN LKEETH, KoM E#R; KA ZBEERRALEN
RN RH B, KEMERSNBS.

2. MAABHRE TREVEYGH KSEE5 LRERE BEMX, LRERLTREHK
PR ZELEPEYH KL SREBRRN T RETLEMEX; LB TRE T REST
FEMAKENERE LREFTHH K.

3. TR, ARIBHERE T, 1908 R %5 9038 F 6 7 & R ARAA TR
B o 3 R R R B R, BB 22 K S TR SR BE R (R /) 20em SR B TR B
T, 2B LR R B R K,

4. MK B R BE Ft R T R BRSO T AR M RE AR N R R BE, AT R B 4E
BT EY RN KEERIBERASKELEEMRXR; BEFEKTRBA TR, K
YR BEBRAE T R, B Y T R b R R .

G LR, B OREE RN K e SRR FBECE T R A, &R mE
T k5Bl ; M H R ABHE T SRR MY S T 2E R m e £ B RAEEWR R H
NIRRT, BEXN LRERLSR T RHENEEAFREANR.

B PR oTHT I B, O B B - 7E F (B 30 A PR R 4R 6 Bl TN A - 5 fn I R 4 R
TAEFH RO LM B8, TR — IRt
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RELATIONSHIP BETWEEN WATER POTENTIALS OF RED SOIL
AND CROP LEAVES UNDER FIVE FARMING SYSTEMS AND
THEIR RESPONSES TO DROUGHT STRESS IN DRY SEASON

Zhang Bin Zhang Tao-ling Zhao Qi—guo
(Institute of Soil Science, Academia Sinica, Nanjing 210008)

Summary

Seasonal drought is one of the main constraints to agricultural development of
upland in the area of red soil of China. The responses of crops under five farming
systems to drought stress are reported in this paper. The differences of water
potentials between air and crop leaves were about 100 times higher than those
between crop leaves and soil in the surface layer of 10cm. The differences between
the latter were around 100 times higher than those between soils in the layers of 10cm
and 70cm as well. The differences of water potentials were lower in the treatments of
minimum tillage and narrow ridge tillage than those in the treatments of conventional
tillage and wide ridge tillage respectively, indicating the serious water stress in former
treatments. The results of diurnal variation of water potentials in soil-plant—atmosphere
continuum (SPAC) indicated that peanut is more tolerant to drought than soybean and
comn. Leaf water potential decreased with the increase of soil water potential and its
relationship could be expressed by binomial equations. In the treatments of ridge tillage,
leaf water potential was more related to the water potential of soil in deeper layers
than to that of soil surface in the treatment of minimum tillage. Water potentials of
soils or leaves increased with the increase of soil and air temperatures respectively.
The effect of temperature on water potentials of soils and leaves were affected by
farming practices and crop communities. Results showed that seasonal drought in the
region is caused by integration of water stress and high temperature.

Key words Soil water potential, Leaf water potential, Effect of temperature on
water potential, Red soil



