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Water Consumption Properties of Some Upland Field Crops Estimated
from the Decrease in Soil Water Content in a Lysimeter

Harunobu Takeuchi, Tadashi Miyawaki
Hokkaido Prefectural Kitami Agricultural Experiment Station
(Yayoi 52, Kunneppu, Hokkaido, 099—14 JAPAN)

Summary

Water consumption of spring wheat, potatoes,sugar beet,and onions grown in a lysimeter placed inside
of a green house was measured using the change of soil water content profiles.

The results obtained were summarized as follows :
1) Water consumption per day of each crop gradually increased with crop growth up to August. The
increases of water consumption pattern and their volume, however, were different among these
crops. Spring wheat showed the largest water consumption,and it reached 12mm-+d™! on July. An
irrigation after water stress increased water consumption of potatoes.
2) Total water consumption from initial stage to August showed following order : spring wheat>
sugar beet=<potatoes>onions. Water consumption of potatoes grown in Volcanic ash soil was about
10% more than that grown in Brown forest soil. There were no differences in water consumption
between the wet and dry soil water treatments.
3) Soil chemical properties influenced dry matter production of crop and top—root ratio. And it is
considered that increase of top—root ratio increased evapotranspiration. That may be one of important
facters to explain the difference in total water consumption through the grown period and Apparent
Water Requirement (defined as amount of water consumed to produce unit dry weight) between soils.
4) Apparent Water Requirement was higher in the dry treatment than the wet one. Therefore this
suggests that the crops wasted water in the dry treatment.
Key words : Lysimeter experiment, Water consumption, Apparent Water Requirement,

Soil water conditions
(Soil Phys. Cond. Plant Growth, Jpn, 70, 3 —12, 1994)
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Physical properties of the soils filled in
the lysimeter

Table 1

+ 1B AXE 21K &7 29 FEAREH (m s™)
®rE B OHBER faf AR (kPaby)

5" (m) kem?) (107 m' m™®) (—6.23) (—98.8)
0~0.1 912 64.3 214

& 0.1~0.2 892 66.4 15.5 5X10°° I1X107® 1X10°

& 0.2~0.3 1106 57.2 16.3

# 0.3~0.4 1094 58.1 15.7 1X10™ 4X107°

#

+

1X10°*
0.4~0.5 1040 59.5 17.7
0.56~0.7 1099 57.5 17.8

CU0~N0.0 T 749712 240 4XI0T 2X10% 2K10°
0.2~0.3 636 74.8 19.6 5X107° 5X10™ 8X10™

0.4~0.5 647 75.0 19.3 3X10”° 3X10™ 5X107"

*—6.23kPa(pFl.8) ~—623kPa(pF3.8)

F-2 FERLELIBEOLFE (1989FRIER)

Table 2 Chemical properties of the soils filled in
the lysimeter

ES ] pH AGE VY8 AC-N
(H:0) U vB BIEE (mg ke™)
wEsdEht 5.5 62.4 480 57
BRrs4 5.4 21.0 1060 65
*Truogthk (P mg keg™")  **#kihpsE®

JERZ AR CHME LI, FaaAFidLE, SvMva
AR, TYYA, AR FAEBHERTE -1, &IF
HOFEEEIIR— 3R Lo MEL HEHCIE
AEEZT, BYREZRD T, X HRI990EI&RFHE
EE D ORI AR L AROLRET AV, ¥ 2 2R
L, £BRFOEYELZHRELL (X—8) .

3) KGHEBEEOWE

FHRETHOEAIHEREE, ROTRLELSE,
—ERNCRENREE (0~0.9m) »bhbhizK
SEEUUEHEOBR CBRLTCAGEIBDO 1 DY
FEE Lo BTTRINZBFEHOKFGHEBRELT
Lo W THERBRTOEHORRKEL IR > T
Wb,

c= (£ (@-Q) /d (1)

P KGHEHER (mmed™)
n Bo¥ n=7
Q: 1 iR1~7DfER LD, ETEEX0~0.1,
0.1~0.2, 0.2~0.3, 0.3~0.4, 0.4~0.5,
0.5~0.7, 0.7~0.9mDOEH LB ORIEEAA B
CHEF5KTEE (mm) o
Q' kREAKE, FEBOMEKTHEL RT3
Ko&g (nm) .
d :HEAH
MAKEO L EEEAREY R0, PAKEAL
LE BB X10.01~0.02kg# L L, 1056CT—RBEF
HLEKRERD, FEMBIBEOHMES» H0.1m
¥FCEEMLRELLE,, RERNUED, HEHS
0.15, 0.25, 0.35, 0.45, 0.6, 0.8mDABRHIF i
ALY, BEHEEHCTERE L, Jlic100miE L&
THERLEARL SR LBOAFELXEML, £+ L1z
BACET3E5EtBIOKRGEBA RO, RREX

£-3 FURECBIIBERE

Table 3 Outlines of cultivating for crops

REEE 731 INEEHE HifE &
"z L] i it md ER B N—P,0s— K0
Yoo ()=E:#Ecm (B.R) (B.H) (10~kg m™)
(19894)
N A4Ya BBV 168k 4 B (50) 5.1 9.1 8—22—15
Faasx N RS 44g** 8 EE(25) 5.1 8.18 10—15—10
5V YA £/ k<UL 20k 4 B (50) 5.1 * 10.23 16—25—16
2T ¥ Jed AU 91#k 7 ®:(30) 5.13* 9.13 10—20—10
(1990%)
RNy va BRI 168k 4 BE(50) 5.15 8.28 8—18—13

RN E
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Table 4 A period for measurement of soil water content

(B. B)
19894 19904 BHEAR TR
18 6. 3 ~ 6. 12 I# 6. 5 ~ 6. 11
I # 6. 20~ 6. 29 —#&F6. 26% T* IT #A 6. 12~ 6. 18
I #4 7. 5 ~ 7. 14 —&B7. 10F T** M #A 6. 20~ 6. 25
Vi 7. 21~ 7. 26 VA 6. 26~ 7. 2 6. 20~ 7. 2
v # 8. 19~ 8. 22 FVYHALA DA Vi 7.4 ~ 7.9 7.4 ~7.9
VI 9. 22~ 9. 29 o VIH#A 7. 10~ 7. 16 7. 10~ 7. 17
VI £A 7. 17~ 7. 23 7. 17~ 7. 23
VI $A 7. 24~ 7. 30 7. 24~ 7. 30
*BagHhtoEaL ¥, RV X# 7. 31~ 8. 6 7. 31~ 8. 6
BrstofFar¥, Svl4va X# 8. 7 ~ 8. 17 8. 6 ~ 8. 20
ML EOFaLF, ALy X1 8. 21~ 8. 27 8. 20~ 8. 27
-5 NMAKBEDMAKE
Table 5 The date of irrigation and watering volume
1989% | 5. 25| 6. 2| 6. 19| 7. 4] 7. 20| 8 5| 8. 18( 9. 4] 9. 13] 9. 21 (B. B)
Auq4val 10 20 20 40 47 33 7
FEan¥ 10 20 20 40 47
F VYA 10 20 20 40 47 33 40 20 17 50
ETRF 10 20 20 40 47 33 7 ' (mm)
1990% | 6. 4| 6. 11| 6. 18| 6. 25| 7. 2| 7. 9| 7. 16| 7. 23| 7. 30| 8 6] 8 20| (B. H)
1 10 10 10 45 10 30 30 (30) | (40) 20 30
wRNE 20 30 (30) | (40) (mm)
( YEATY v 75—k bLEHKCEERE,
0.5m& W TOBI>W T, 0.5~0.7m, 0.7~0.9m 4) hAKFE

DO.2mDEXH S > T—2DEBE Liz,
FUERAMIZFE — 4 R Ui, 19894842 6 At b 9
ATHEcoOMBRCSEt 6 BT -7od, 8ATHE
IATHRT YY1 DHEIT- o BIEETT - LRH%IR
wI~VIHE LTREI L, BIEdiiiz 3~9 Bl &
ot HMEMBEOKRT AR, BX0.3mETHOLEN
DR RT v v+ A H—623kPa (pF3.8) #HYDE
KEEZB2IBEOAUEEEZ S > TIhEd T, #->T
B l-THEDThEE L. FERARIEFEDE
L 2RETIT oo TLEKRDAEL TLTHROBRT
2R AL, FOFHEEREE L.

19904Eit, +EASEE*BESIURRO2AER
FH i, BEAEE S TRBIEEEKTREEZTE,
BIERIRNE 5 ~10BTH » oo BIRMETIREBROE
A6 BEELRE 8 BIRAIEZTTY, HikNZ5~148H
THoir, HERFOEEUTHIE L RARC 2 RETT >
feht, BERBRIIERBE TIT-T. fHTLT, EED
MBELTI - e BT 2 HBERT, Ty v A — 2%
FLULEADET V> v VERIE LT,

MAKE, KB 2REFILEK/ ANVTERLRAK
Lico MAKERIE ANVETCHBI 286 L THERL
Tro 1989 IX20mmBE R MAK LR, HAKEBRT
LZEE0.3MUENDKGRBB BTG TR K>k,
7 AL b A KE Z40mmBE P L, &REH
M3 3rAKBRE- SR L, DAKBORE
BRTHOPAIL»SDOKDTHHIZR L hich > T,

1990F (3, BEMAETIR6, 7, 8 ADHEHEIO~
20mm#%»AKL, 0.15m& 9 TEOTEAGRT V¥ v
N —49.5kPa (pF2.7) L DEBRTI LI LBERIK
D AKBECI0mmE DR AKE Lo, BERAETE
6 BEDIAKT, (FOXRGHERREL 5 7 AL,
B 20.5m%F TOLBOLEKG RT V¥ v /v H53—49.5kPa

(pF2.7) X DEBR LT3 X 5 I lim e iRRIc20~
OmmE M AKLE, 7 ATHRRETORTRIRICE
BBEATEDT, ATV VI S5S—EERARCEHE
BAET>Tco COBELHRIAPLOHKZZEAE
Rbhihs oo,
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Fig. 2 Daily water consumption of potatoes, spring wheat, sugar beet, and onions measured at

different growth stages (I to V) in 1989
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HEEHOKGHERL, MEZBDIHLONHT
P TEBRCHFWRLENLE: (B—2) ,

RUA Y aTiRels LTEFOES KT BR OB
iEdich -t BRI & MO KRG HEBROZEIN N
Ehr -k OPEBE T -1, LEALVHCRES
Immd"BE LK -7

FEaLFXOKGTHBEBIERA LA FHOFTRLE
Mole THRAVA Y a LARED 4 mm-d B TH -
foo U LITHILIRRIZMEOFS & 0 & 1 mm-d 'Ll E%
<HEB L, VTR ASHEEN 12mm-dCE LT
FLLERRE - TLFEILFOKGHEBRRLF DR
R DM K & ik e h - T,

FYHA DKGHEBENRIC L - TEILLTH
MR EEC L > TREVWAROh, B, Bkt
CEIAH7T VYA DOKGHBRL, £BH-VHET
WmZEHEG, BAI0mmd " BE Lt -ho VIHIIZV
BEobTrET Lich 9 ~10mm-d' O W Ex #
Fll, ChitH LTRE 7L K357 VY 1 DES
HEEE, NHERADOIImm-d'2m LEE, K& <
ETLT6mmd ' BER -7,

ZTXFOKSEBREITIAVA v a - HETHE
Lico £FTHITORPIBTH -1, VHERK
Immd ' DKRGHEEB L T FRBABEHKRLTD
KAEBREOFNREBRA 7 LOFES L LKL Lo
iz,

O L HERCHES KGBIEY ITHCRUE L&
ZAhH, BEHENKLET2.4mm-d™, BX L+ TR
2.0mm-d" ' DER B, ChIEIHcET2HEYLD

KGHERELAUL T, BEH2VIBEEKL ~ A
HBERERC X 5 KGHBREN DI Z EHRE R,

2) NUA Y aDKGHEBEBOHB L IEL I UKT S
HoRE (1990%F)

H— 3RI1990FED SV ¥ a DAGHEBEROER LT
Lic, BEABYT-LBAEOKFTHERIL6 AADIC
3mm-d'BET, TOREFEOERBTES THINL,
7A%ah5 8 A LA H3TI~10mm-dicE LT,
COFERIBAERL BRI/ omMEEL VAKETD
D, MEDABREREBE—HKTILDTHoT, T
8 AP LD K HERIT 4mm-d'BEE TETL
oo CARZEEOHEE, MEAKIZLOEELDND,
BRI, —BOCKGHEROE B TAL,
HE0.9mF COLEH—98.8kPa (pF3.0) MM L0 %
HRLTHEYGKRGIELS -1 EBEZDRBH, AL
1 v aDKGHEBRIIFE, LtBAKFIISEED L,
ZOBMTORKSEERIZ4~6mmd"TH 5Tz, X
LEEBRIFAEL EBEFRLETIAVS v 2 DKFER
Bl 2mm-d"BiETCET L, 25 LEKFA L
ARDGHOREBETEHAKET > TG LR GHE %
15 &, 10~15mmd"DFEVKFHBEEZR L,

3) RAROGHEEBRLRWEER L OBE

1989 E DD EEHEF 2B L (5 H298~8 A
4 BH) LEEKSBWABA AR - KT RO LHEKS
BROENLRD, ThEEHNAKBEMZ ERE
KGHBEE Lz, ZOfEIR, BEaFKLTRELF
MNE&EL32mmiIcE L (RB—6) o AvAfva, FV
FANEEHEE, ZIXFEEFEILFDOI/ABETH -
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Fig. 3 Daily water consumption of potatoes grown at different soil and different soil water conditions
measured at different growth stages in 1990

F—6 {FHORKFTHBRELEWEER L OB

Table 6 Relation between total water consumption and dry matter products of several crops in 1989

+EN & & K5 1 B WERZT ® W AEngo
+ v X & AT HEE Wi OBKTHE  EER BEAR
WA iy SRUE F ¥y BREHEHE
(mm) (mm) (mm) (mm d7") (mm) (kg m™® (mm kg™ m?
\|EHEHKL Srvfva 141 127 268 4.0 380 1.27 299
Far¥ 185 127 312 4.7 377 1.61 234
F VYA 122 127 249 3.7
” 39 160 199 3.6 }' 534 2.50 214
I RE 9% 127 223 3.3 356 0.5 698
TEEZY T Ruvqva 1680 1277 77 295 4.4 TT4187 77 71200 T T 349
FaLF 231 127 358 5.3 433 1.83 237
F VA 178 127 315 4.7
” 18 160 178 3.2 }' 570 2.40 238
BT RE 80 127 207 3.1 331 0.42 787

BASEBEERNET, 582980¢ 884D 0~0.9mtBh ARG EOEC ZOMEIF O M AKELR M

Z2leb Do KELFVYHADOTRIZ8H4 AL 9A298 D%,

IR % TORKSHBREEMEE, SRS EBREENED 1 A4 v FY, 885 HLUMRRER X cOR
BAEUTHL, 2R LT Y9429 A298 ¥ TRENFMELZB, 9 A0BLREC >V CEARDHERXT->T

HHE LT,
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o BRIETREEZXFZRVLTOThBAEEKL
LHBWEE LT,

ChbE1ABLEHEBRET S EL3.1~5.3mmd™ &
b, SAEBRIECRIhT [Fas¥>FV/¥(~
R va>aTx¥] EWHHHEE—FKLE (F—6) .
BB bHOfEE, THMUBRCRE LK HEBELD
DD/ Ehots, ThiEEANERRUMAGEZER
Bedy, b3WUEHPOKRT »SROBEEEE Tk
PAKET > TuiWiDLBREERREBE L), =
OEIDIEHOKGHBRERE D -Td & Bbht, #-
TZOHWMEBECE - LBER, KFHBENILI
BTl ERFRENS,

KEAEHOKRGHBROE 2 EHEER - OBE L
LHERH L. (R—6) o LTEKFGORKAEETH
58R48 (Fvy4i298290) L&, WHREE T
DORGHBRE, *hETD1HEILHFEHAFHEER
CL-THE L, TORR, ENDTHOKSTHER
BEMRI TR ERE Uk, 42 2C, BEHbi-
DAZHERREYAMPGOEKREE LIBE, EWEER
DRKED ST VY4 Tk Z DEH214~238mm kgt
mERSBEVEZRRL, BEEATEIFTIEKIHE
BV DO bbb TEPEER LDl
», 700mm kg™ m’ LU EDOEFVEEZR Lz, XFTHE
BORLE» - I2E 2L FORNMT OBEKEIL240mm:
ke "mBETT YA KA~ VA Y aDRM
BOEKBIFEILFIDXEL{ERZR LY, EED
EMEXYEALTo\WZ & &, EERENLREDOAS
HEEZBRKCAEL > TV AEENSLZ & EH
b, RrJOEKRBENRE2VBACFHHEE L TH2Bbh
%,

1990 D A L A & a DB, O U F co4FIR
R E LK BOEEHZ490~550mmT, 1 B
H DFEHIE5.9~6.5mmd k-t (B—T7) , 2O
EIBEFERL IV BRI+ TAELhoTe LIPLE

WEERIBEBHLOTNRE L, H-TRITOEK
Bi2EE 7 +040lmm kg e m?ix L THRFEK L
322mm kg lem’E 7t 5T, X O PR LAGOFIAA
REhizbExbhb, ¥i, ERAETLEFHES
DARGHEHEBOKEIBENE L X EEDT, ERK
EYAERNET Lickd, RAJOoEKEOEIEHE
MBE X D H40mm kg mBEAXES KT (E—-7) o

4, ¥ B

TEMDET DERICH 5> Ky EREOBINMER HBE
RS &, YORMEHOBRC L - TRGTHER
DR RL->ThitELOIRBRIEX LT, HEOE
CLAENEBHNE ool W) Z &id, B—OBEE
Tk, KFHEBRESREEL LTREDEKER L1FY
DEECRBLL - TEAIRBVWEVWI T EHERLT
Wb, ZIZTEIFYORRBIL, ZWECEDMBEHERK
HHEVEREVDOERNEVSLERIOEH ST B L
NTEBEEZDND,

H— 43198950k BT 5 RS BOKFHEERES
RLIEbDTHE, CORMS, KFEBREOEL 10
HFEAL¥TCRAGHBERDO VPRSI 22 F LKL
T, 0.2mEFCORBLEAKOANI Y TOEL S HHE
THERNRER ST bR B, FYHATHTRBTR
ChiGEWERA%2R L, Thbb, EEBOBREELR
BOBIHFEKGTHEBCEEL TV I RS
h3, SERBEERYSHAOREIT > T, K
HERBOEWEYL, tREA»SFANALLKS%:
HEBIT2EREDEEEZ DR,

TBF, B TRBOBKENLEOKSHBELER
LTWBZ L2 - KT (1969) RHEARS (1975)
BEELTVWS, Thitk b s, —BEIHAKLIEE,
BEHKIHENES TECRELTEADR, £0OHOK
FOBSEIEICHETT S, FOLDEBNTEBLY
BECRBCS3HRITEANOKGTBELEYOTER

x—7 A4 Y a0ORFWRILNEE CTORKSTERBRLEYEER L OBIF
Table 7 Relation between total water consumption and dry matter products of potatoes in 1990
+EH & &t K5 1 H A Ehrdo
+ ®m Y. 7 S »AK HERE Lien EER HEKE
L] BB = KR E FE B
(mm) (mm) (mm) (mm d") (kg m™) (mm kg™ m?
wEZH®Kt B H 241 255 496 5.9 1.54 322
___________E?Z__P'E______}Zl%_ ______ 120 493 5.9 1.36 363
HE7 £ ' H 291 255 T546 6.5 136 T 401
A 420 120 540 6.4 1.23 439

BXOHEBREREDX, 6A5HL8A2HD0~0.9mEBFAGEDOERL ZOHBIFDOESTMAKERZM

Zldb D,
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Fig. 4 Water consumption of crops in every depth of soil profile at growth stage Il in 1989

B L 3RS HBIERETT 3, 20 ELLTRE
DORGHBFIHEh, ZROERNBRTHEALTITL, &
LTWw3, HEENELLEBETE, FPETRED
KonEBrBE (EFLR) LTL30%/F24LD,
TEROKGZBEEHERTHAHIYRISAkGEFIBETE
BTHD D, FOBE, BOENRSEE LTEL, L
LTRBRLDEL AHTHREMFYOKFHBIE T
ERleinbbELbND,

wic, TEEOAGTHEBRBOEL SV TR L, B
K7 LEHNBEFERLT IO LEL TR KFHERELS <
ottl, ChiZtEOEENORCK LZIEHOEE
EREBBCHEYE X L EDE-EEL LRI, L
»LERBR TR E I L F RV IBAEKLK DA HE
WEERII EE>TED (F—6) , 4T LIEYWEE
BEOEFECHI TR, 1990ED VA & a DAEHR
HER (F—-8) T, NEHOBEYERIBEHEMAL
RTEL, HEORBEELR V. EHT, RIEIEEFTH

K-8 NS v aDEYEOHB (1990F)

Table 8 Dry matter products of potatoes at some
growth stage in 1990

HER EHEQ ke m™)
AR 50 B WE IR
BEaHEHht 88 6.25 90 16.8 — 5.37

” 7.2 230 22.0 86 2.13
” 7.30 311 19.3 789 0.39

» 828 127 — 1416 0.090
________ Wk 8.28 126 — 1238 0.102
HRy+ ®#E 6.25 97 16.2 —  6.00

v 7.2 201 20.2 68 2.28
v  7.30 383 17.9 652 0.57
97 — 1260 0.077
Wi 8.28 127 — 1099 0.115

*Briaxtavszal

BEOWThOBACEWTLERI LBy, #iE
MOBHENERTH 12 LR AbE %, ¥— 9 T,
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Table 9 Inorganic nitrogen content in surface

soil in 1990
+ B Bl fE e ERT i 30
wBEEKE Far¥ 67 13
FVHA 21 14
AT X ¥ 41 18
e Y 8 15
Byry4 Far¥ 53 30
FVYA 44 21
2T R ¥ 40 69
F B 46 40
BT : (mg kg™)
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