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Sampling Methods of Soil Solution in Fields.

Nobuharu Kinou,* Hisao WATANABE** and Kouichi Yurra*

*National Institute of Agro-environment Sciences

**Tropical Agriculture Reserch Center
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F-1 F—=5RAAyTFZICHE T 2ZBIRBRITEDNS % - EROLE
FR - HEE E B ) Bt
. EE T & E CHEEZ & HR PRI Bk HEZRFOTEES D
. RMBORMN—E
i BT EEIHE (FER Y 7 CEHRETRE) L L D EREATK (BRIENE LEE)
AR ERELE BT & L0 FRUEAS IR ICE A REED
gl | BRIPLAGROEAOTEE | REEARIEERI KT 2
U mERIOE | BRURIEADSE dAE L CIRIT & VT B 1
BOEKREEIES BiRFEORIE O R
rﬁ“cBE B HEOEMILATES FE#)E T TIRRIUASHE EE
HH% e FEWBFTORD LR EH 5 IE R BB A T A~ T BT et S 1
* AT A THRANESTHERLY TV
BIFLSNC BB OBAZET S
n| TRVITE | £ Y Y BROBHE D B
;u s46®2 ]
| T A 7y T b ORESERBL v B\ pF CORBUIAF]
Ml anzsry | 44 kmuasvhsn
{E’% HEHE A e G %1’5%’5_’&}1‘”% whetEHy
% | A BAEBEIZHS S IO LA\ TR LIS L
%-2 EEXKICLDBHORTERE
B W IL=fA77 242 IW=fF75 A1 0. IL=FB75 A1
o FBETHEE ELE EEE
TRE s — 2 hr. 2 hr. 6 hr.
79 AONEEE — FHIE 60 cmHg 73 emHg 72 cmHg
PAtERA R — 50 ml 50 ml 50 ml
RTHEE — 50 ml 43 ml 48 ml
BEEL» S5 DBRHEE — 100.0 116.3 104.2
Cl IR HEE 100.0 100.1 114.8 103.6
() HiEE (10.00 ppm) (10.01 ppm) (11.48 ppm) (10.36 ppm)
BriffE 100.0 100.0 114.0 102.0
() HigwE (0.100 ppm) (0.100 ppm) (0.114 ppm) (0.102 ppm)
NO4-N i 100.0 100.4 115.3 103.4
() PR (100.0 ppm) (100.4 ppm) (115.3 ppm) (103.4 ppm)
SO,-S s 100.0 100.1 114.3 103.6
() MigsE (5.000 ppm) (5.005 ppm) (5.715 ppm ) (5.180 ppm)
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FEARE LCIERICR D, MEEBICERY 7H5
WA ARy _RPEZLNBE, BEMICIZ10m ULED
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LRELXHFTHIECLY, RNTELREIRRTILLD
EEZIOND, BEREONEET AL HVIZHEICHE,
BELXRKEOTEOBML 2 CIENTEL, TOMRE
ENBROBTKUELTOBREZERLL ) ET555
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WOBAZH I ENTELIE, BIUSERILOB
TR EIERE ) B 5720, BIEEAISKEOR
BERBUCEETAZE2EZ LTI VI EDFIA L
LTHiFohnsd,

R=FAH 9 T7OEMEITNVIFEI 2T OEEE R
EDXT Iy s MOLON, EMTHEILbH-TH
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DREeFWHRIL ST, FNIPH»5 ) 2 HEEL 0K
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2o Thbb, Ho7EHZTVIFEERY, NVF
FYIVTH 72 7URECIRIE 2 A L TRE LI TR
FERY THIZLDBRTREAR T2, £OoN/-138
BT DEPRIENICRE L%, FEIINER Y 74
WKEBMEZRAOTERNT A2 R 2BA L THRELT-
720 LFIZZFDOREHERICOWTH~NS,

3. KR=5ZAhv7&EBL LRBRO(FHEE

BWR—9 Ay TRF I F A= FIfFHENRT
Whbo (KEEMLAE) LEUT, £ 60mm, #AHE
18mm DT NIFEDL DB, EMIETRRELT
Al0390%, SiOz 5%, CaO+MgO 4 % &% b, Th
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PV ) ayTaEry v STHU -, 1 ROES
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F— 3 ITKHOES 50em DWEIZ 4 £HEHF L TL
BABIEREIT > TERF—F A A v 72 LT, RE
KEOEBIER G OBRRBR LT L > TR ETT,
ERABRIIKEKIZ) VBT v €T B L OHEBET b
Ny AR BB KFIIERREDOE -5 X » TEL
FERL, AMEREL TR KT EBSEL I LICE
DT o7z, EMOBFIEBELRDL, F—F A0y
T BB OB P BT B ATE BT O %12 % o T dp
T, EARBRICHEALI-BNESF0T I RES
#, BEFKIZBLTC, BHLTE-RSBELROG
WR L7z D ABERR LERGOR—F A0 » T2
Y AWED L OEHIL, ppb LAV EFHIEDGRE L
WIRY, RERY » 7TOBSPRBICEN LMEDE

WZ eSS o7,

TIEE R OBAE WS 15 & EIETIT 2 W L 74
RER-AIIRT, ROBREB L CLEOEKREIBV
EBREMFEOREETH LA, WHIEEELEE TIHERS
NBBRICKERBEEZI R P o7

RS IFE 2B LS EHEOREDENES ) T L
D WTH~N, HSREZORKIZ.3%THY, ¥
TNDREG—P % EEIZAND &, MR IEORE T
HHREL VI EIEZ LR,

PlE & 0 %EH 5 o7 CRELL - 2SR 0 RE
B, tROTERHEEEZ LA TV O LRELR
ELLRWLOTH L LEEINI,

%-3 EWR4EERR—-5 2 Hy TER - BHER

B Ww = Oml 60ml 120ml 160ml 220 ml Oml 65ml 120ml
B g " = 56.2 59.1 34.9 12.4 58.4 60.8 50.0 34.9
Ba% f(é Jﬁ) (%) (%) (% (%) (%) (ppm) (ppm) (ppm)
ppm
1 sio,-si 85 | .o 97.9  99.3 100.2 96.6 99.2 | .. — — —
| PO,P  0.65 28.4 749 90.4 871 99.3 || 0.120 0.066 0.065
b Cl 43 100.3 100.0 99.9 100.0 99.9 " 2.10 0.23 0.13
w SO4-S 7.1 & 101.1 100.0 100.2 100.1 98.5 0.346 0.045 0.031
i NO3-N 0.28 106.2 100.2 100.4 100.7 100.5 - 0.016 0.001 0.001
NO,-N 0.10 102.1 101.5 100.2 100.2 100.7 0.000 0.000 0.000
| NH,N 0.55 " 104.1 101.3 100.2 102.2  98.4 . — — —
B Na 25 99.4 100.0 100.0 100.3  99.2 1.47  0.37  0.20
;3 K 6.5 98.0 99.8 98.7 100.6 98.6 0.59 0.20 0.13
Ca 17 92.2  95.8 96.7 — 98.4 0.59 0.11  0.11
Mg 7.0 94.6 98.4 98.6 — 98.8 0.26 0.07 0.07
F-4 WEIEEEOEEODINBRFEBERFOHE
2 5 & Ko&® 41.9% AoEE 50.1% (EKIREE)
a
w5 & = L 1 S B - S b I N -~
Cl 30.6 ppm 32.4 ppm 33.6 ppm 36.1 ppm
NO3-N 68.4 75.2 52.7 54.0
S0.-S 5.23 4.99 6.11 6.80
Na 29.2 32.1 27.6 29.1
K 43.2 47.1 38.4 41.2
Ca 40.5 43.3 32.2 32.8
Mg 14.1 15.0 11.5 11.4

LR HEARL (EBREEEFRs )
B A . FIRIELZERE 40 cmHg (pF 2.74 fH4)

Bl ELBEMNOREHIBRK pF 2.74 QT 5 & 5 ICiE L T6053 a4
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B— 1 IORTEETCOEKBHBIIOVWTRI I ARE
BET-TRD, I TRIEOWHIRSE (LROF
BEOWSH) THRATEER KOBEFNHY T » L8
pF DFEKME% maxd, HAFEDO T pF % d, HAKDOH
BER COWS|H (P gf/fem® &3 5) 12X DERKTHE
BAKDRFECHL T 2 18 pF O KBS x (maxd=
x2d) £T5h, BADpF IZHETHTBOKSES
Onaxa 04, 0, ET B (Oraea 20,5 0,)0 v (em®) 2R
KE (BH), v, (em®) 2HEBHFEKE, A (em®) %
EXRBOREET L, BREORF NP LFAEOL
BOZIMNIZRA - BTy vV 10¢ EOEICHYE S5+
BHOKG FRBEINEEL VIBCEDL LV RES
ThHE, BEE (0, =0,,., = const.) T,

100w
A= 6d_ Hmaxd (1)

A D Lo, BETEECEHRIUEORE S P idiEk
EOMBLELTREIIRIT 5. BROBKE o D
99% T HRAKT 2 REDEKIEOBE Ag (cn®) KR T
FE 5,

_ 0.99v, 100
A= fa— 0, (2)

MO DOLR% 0.9y, TlhH-DIZv=y, T, HEFHN
DEFEBRIZZ>TLE) 20T, EREN% DL
BROEKBOWETC I THLLEELT DO TH b,

BWEORF N P IIKFRE (Pagl/em® &3 5) b
BWERADOES (Pgi/em® & 45) LRS- FIBE
WX BKEE (rhgf/em?; &2 Tygf/em® xR
WOFE, hem BAHBE S ET2) 25|50 TH
o YR 1TELTHE,

PP=Pa—P—h (3)
ml cmHg
507 50
404 40
R o
30 30 g
©
20 20 %
10 10
]
0 + + ; 0
0 10 20 30 40"
#oaE B min

E—2 KiEKORKEESEIL

PHATEDOT IR - RFV I vV 100IZELL R
TR ICRIVE T B PACIREBIE L, kIR
B, PRHRKERIZHRES L DEEDOHEAD BV IZERMAED
BEFEVEEICE, oL LTUR (KM Vi
HI) TRENBDT, BRFEHKES L, (em) B
LERTHE U .
v
V—v
Pa—-Vszo—hL—]Od=0 (5)
ZZTV (em®) RREEOER, Py (gf/em?) 133RK
IR DRIENDOENTH 5, FRELFEr O
b -

P= Po (4)

vy = 7rlhy (6)

Tharho@Ridv, D2RFBAEMDY,

_ V+ ar¥(Pa — 10%)

%9 2

A% 2 Pa—Po—10¢
mr? x/(—z + Pa—10° —43—0219— \%
ny nr

VL B

PF— KM L Y Oraea 55 & UV 0y R FARI o 22181
0, %10 T74bbL P OB E LTELT I LT
Eho IITpF—KRGHMA L RRIZEMTE S L5
BHIBEHTH D, SHEBEHITH, 5HE—4 DESR
£, maxd=2.5 &k LTEZ, d=0.5L%2%, O
=20%, 0,=40% % pF—KOHE L NV E-LT5, B
BHEDAEr=0.65cm, B V=136.7 cm® (& E 103
em WA H) &L, WHWEIE 40cmHg (P, = 489
gf/em?) TORTEEIZL B 99% £KIE Ag 12 361 cm®
(BRERELZHEOLEL.42em), BEIOTRKE v,

ml cmHg
50 r50

r30

WA HE Ik St g

I ()
o : T
= R | RN 20

+ 0
0 25 50 75 100
OB B M min

H—3 LTIEAEORAREREL
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i168.4cem’® EEHEINEG, FL v CTOEEFEDEKE
A 342 cem® (BRZRELLBAOEEL.34em) TE
Tl s,

RICBAKEEILOVWTEEZT ). R—TF A A » TiE
D, R—FAH v TORBIRKOEEERI 25
EEZ LN, MAPOVEEIRERT ALY, KEKFICR
WEREALLEEIZ, B—FAh v TIINn—r v R
7T AL ZDOREDHTIED, BAREOBRRHE/LOEMR
(B—2Df#g) #EHZENTEL, TORE-FA
By TEREREE LIBORELELR -SRI 97O
WESLEELAOR LS HEEL (8.98X10 %cm),
EMEOH % 1.2X107 L BWTEMNE (R—20X
El) i2AE 7, WAKEOEHMEICTRIVE OBERSIZ
FHRELAC =V EREWT, BHEOARE S 2HE
L, #hzAEeg L 2ErHviz, B—2OKEKRD
BYIZEAR 4% OBEAELCRIE 2 ANEE
2E—3IR L7, B—3 iz tiEo~ ) 7 A -
RBFr e VEEEL CTHOLEFRIRUTEHELZLD
Thb, SOBEETEPFIZ1.0 DEZE H Wz, KR
DOEAEIIE—3 OXEITRENLH, FAEETEFE
LY bR ot ZOTEYHOVIHEORKE
BOENL, F—9 20 v TEAOTIEKOE X HEF]

depth 20cm _ 3.0

Vo3 10 TR
’“LO depth 60cm 5 o
257
2.0 &
1.5 PF
o 1.0

9 10 11 A

HM—4 i s 3Kk E pF OREEFEL
O . #Xx® X:pF
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ml 80,

BIUTBRNBKBEROTEEZZTHI &, MLkt
R=F AN » TORBMIMNE LT, ILOBRFELELIHD
TWAHIEHIREATAEEZONS (5HIBH), K
—2BLUR—3 0OHEIREOEZEEOENME, +
FUIFABOERNE L AR X D EH LIRS DREZEE
OFMEMETH Y, Kk, HEAEREDBV—BERE
770

5. BESTOKRE

BRFHEAEMN (BEA1E, 0~-240cm v — 458,
240 cm LT H#HF LB, HTARMIGES 240 cm 258
BEW) T REBHRNEEY, E20am OV FFY
b CHIE I WS BE 72 ISR L = VB < TR S
W b2 10~30em ZBHT L ARITHME LA LCREL
 (B—188), 77F 77V —HFEICLHTIE
KOBEBWERTTH BHLH S, WIEORE
& %1 20, 40, 50, 60, 80, 100, 150, 200, 250, 300
em WEE L, HEES ~7TEREREL, 47 A3
EORKES & UCHRKBEOEZEONELITE »72 &
WEHRTIX70cm MEOER FICERT L CERL, SEH
DOERRIEF OEARIE A 300 cm~500 em 370 MK HE
LT L7z, B PEECR » 7 & ) EZEE 40 emHg
(pF 2.74) T4T%\V, 0.5 ~15FME L%, MLz
BB AZERANIZE DTV, IRREEBERE A XY
)Y FTE, BEEOZEEFEAR Y TICHBE LT
WAL FVEREZEFIC L -7, TGRSR
HTIEDF I AXA—FHZEL, pF % 3 7 AM32
EHlE Lo

250 cm F THRHTBICW ISt - TIHRKEIBML (£
¥3 20 cm 4 ml, 250 cm 103 ml), F—R S OEEMIC
BIUFARABEOEHEIRA T2 (CVETFH 20 cm 101

0 N N
0 7.5 15 day
WED SRR E TORE B #
H—5 ¥5+M (EHEE 300cm) TORBARER
K BROBE
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BI85 BB OTRKE

%, 250 cm 18% ) fHIHHAH - 720

R—S5IIFT L ITRKE L T pF LB OHEND
RIZHDH, B—4 2R E 20cm LIES 60 cm DEFEKED
FH & T oA A= THE LT pF OBEFBTRL
720 pF &L 2B ERBABRIZLRE I DD LD, E
2 60cm TEpFIZ2.5 LT THD, TIBBEBRFREM
FHREICERINT & 72,

Bl— 5 {THERES 300 cm DRED HITAK T TIIHE
L7-RBEBRKEEDEFRER L, KB BIMIZE
THDOICET L AR I4A0BRE LM, SHEARN, H—
3ORLTICHTAMB LAV L HOHmBENB SN
A, BRAKEE X 2HDE D 5720 300 cm DFEEITII,
HEKEOKGRARBOKLBIEEL, FOMHNE
KEEEAT 10 "em/sec DA — ¥ —T, FTL LD 2H b/
B R COBUOKEGZEREENSLD,
300 cm ZERWTiR, ARHE (H<COBE1ALUALR
b)) THRAKESSBIAIGETSLEL LN, B—5
THREBBEELFRKED 1 ROMEBEEDT 300 cm 2RV
TN IBEOEERTI L, 1 ERIGERICEES L
e, HANEIDINREY»SDEROMAILL
LEZEEETICL)HBECE 2o L #EE SR,

FERAY IS T AR S K A B RO SE R IR R I
ELLHE, QRoOP REEoO M) 2R - RFv
*V10IZHELL ZBDT, #OBOTE R, did

d=logyo{Pa—P—h) (8)

WEWHEETE L, B—5IIRT LI, ERpFEE
BpFL 3T RTS%KETEEEL Y, HEEKRR
0.50~0.81 THh o 7o REHIZEN-HEOREDL L
UCEZEOHEENESE L D HBREN 1 IS Wiz
FiTiE, TEATRIEE F TEOKGHREOEE L L
THHETEZMREIEZ ON5,

6. KEMBTORE

KHBEBGRERICBVT, BRVFEROMELAEIC
HEBF OB L ITIZE CESICRIEY 2 ~ 64, 536
AER L7 WERNy FURBEBERY AL P EZ
60 cmHg (pF 2.91) TAT7%2 Vv, 0.5H~15HKE L7
%, BiLzBIZ2EBNTHEIZBER VANFT AL T
ol MEREIFFEALLEETIR-5ZH v 7D
HEZVPERNTRIARE L 2o TWAH LD 2o
72

-5 TRBHERERICELESET - 2MOBEN

WERE S om

(&ﬁ)@jn‘ gmm) EP pF—HRIE | FRESEEEREE | KEHERNE FER pF—EHE pF
20 r=—0,441 r =-—0.033 r=—0.134 r =0.497
(=5) n =27 n =38 n =38 n =20
40 r =—0.575 r=-—0.321 r=-—0.382 r =0.774
(~5) n =27 n =38 n =38 n=19
50 r =—0.914 r=—0,837 r=—0.159 r =0.499
(—4) n =30 n =38 n =38 n =23
60 r =-0.923 r=—0.821 r=—0.102 r =0.812
(—3) n =31 n =38 n =38 n =31
80 r=—0.125 r=-—0,392 r=—0.434 r =0.496
(—4) n =30 n =38 n =38 n =30
100 r=—0.346 r =—0,090 r =-—0.649 r =0.806
(—4) n =28 n =38 n =38 n =31
150% — r =—0.469 r =—0.421 —
(—4) n=38 ‘n=38
200* — r=—0.118 r =—0.439 —
(—4~—6) n =38 n=3
250* _ r=—0.512 r=-0.216 —
(—6) n =38 n =38
300* — r=—0,738 r =0,924 —
(=7) n =38 n =38

U KM (TREFA LSO S % KkETER)

n o JRE RS

*5150 cm LT TIT > o F A — S IZEEEADH ) pF i3Sk #5750
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TR OYHEEE ST

B—6 I KEHDES 100cm BT HEEA L+ VBE
OIFRREBFEORRELEER TR LIz, BHRTRL
OHEEARDOERA T VBRETHY, BRI BRE
DEFEAF H10em TEL TRV LEERL,
HEBEICN o RAKE RV EEZ SN, L L
SREEASEKIRBE DS &1L, BEREIR - R AKIRD
LB LAMOBTRELTEBY), FEEILETS
b

BWHEA A 2O 6 EOEOEHII BN E VD, B—
TOLSICHBESERACELSD 6 ENEOEE)ITX
A, TRIZIONTIVFOREIEL 7

F—6 IZFA—ESICER L RIESE 4 DLEOBE
DO#%FES ORIGREOTFHEOHMMTHE S L EHA
BOBBE LR LS. PP ORIEEIIKBTEC
BWTIii 8 ~11[E, WMIEcBTIz2~9@TH -

Too BEMRBMEEAL v L hF A+ THEL, MRS
* v BLUTEEA A TREDP T2,

7. XRETORE

WA EAERILEOKE (Ailks LU=, BERRE
BRI BIEEBGERs L, MEL LEBRSD
200 $ & 07300 em F TRANNEHERY 2584 118
BHRISEEYRE LT 2E b ) TEEREHRIL
LA, BEEIS0%LU DA THRIBEIZBANT
LIRADTRETH B Z L b o727,

8, HHIC

B BT 5 HRBRORIUCHG BT AVA Z & ik
KBS D/35 V%, EHERIC L BRSELOTREN
EDMBERITET o L L oA R b

ppm
100 o
4
! —e— ; 100cm
i P RH
. ! e K i
% “t £
i % 2
* % 4
- 50 i #1.5¢
i P K
Wi R —
.I: = J-./
i ek oo —— e
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Summary

Various types of suction methods using porous cups which are widely used to extract the soil solution in
fields were compared. The authors adopted the following type which can be used where electricity is not available
and which is associated with minimum disturbance of agricultural practices, such as cultivation or fertilization.
Alumina ceramic cups attached to pipes made of polyvinyl chloride —sampling tubes — were vertically inserted
into holes previously drilled in using a manully-operation. The soil solution was collected into the sampling tubes
underground by a system in which the vacuum established initially in using a hand vacuum pump was gradually
released at the same time as soil solution was drawn in. After then the soil solution was lifted up to the ground
surface with a hand pressure pump or a nitrogen tank.

In the case of the method used by the authors, the chemical and physical characteristics of the soil solution
upon extraction were studied in the laboratries, in upland fields, and in paddy fields. The changes of the chemical
properties of the sample solution during the passage through porous cups and the variability of the composition of
the sample solution in the same series were examined. In addition the porous cup method was compared with a
centrifugation method. The sampling environment of the soil solution in soil, the sampling rate, and the
relationship between the amounts of the solution obtained and the soil-water tension were analyzed.
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