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Successive measurement of water retention curves for relativity dry soils using “Aqual.ab VSA”

Kunio WATANABE !, Yurie OSADA!, Masaru SAKAI! and Nobuo TORIDE!

Abstract: The Aqualab Vapor Sorption Analyzer (VSA)
is an automatic isotherm generator to measure water po-
tential for a sample with a chilled-mirror dew-point sensor
while gravimetrically tracking the sample weight during
wetting and drying processes. In this study, we applied the
VSA to measure water retention curves for relatively dry
soils ranging from —7.2 x 10* cm to —3.2 x 10° cm, and
investigated the accuracy of measurement and properties of
the VSA setting parameters. We confirmed that soil water
potential was equilibrated with air humidity for the DVS
method with 0.01 % h~! of the weight trigger. The equi-
librated water content by weight was almost identical re-
gardless of the soil bulk density since the surface retention
was dominant in the dry range. The newly developed DDI
(Dynamic Dewpoint Isotherm) method was validated with
the DVS method. The DDI method could accurately mea-
sure successive retention curves for 50 h measuring time
with the flow rate of 100 mL min—!. Hysteretic retention
curves as well as scanning curves in a dry range could be
also observed in a repeatable manner for Fujinomori silty
loam soil, Tokachi Andisol, and Tottori dune sand using
the DDI method.

Key Words : water retention curve, soil water potential,
chilled-mirror dew-point potentiometer, DDI method, hys-
teresis
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JT4E, Decagon £1:00 WP4 (2R3 & 2 SEiRi i Al#E =X
KART > % /LE (Chilled-mirror dew-point potentiome-
ter) 23K L, KEEEAL T —5000 cm FREELL T DK
SRR D L OKRT o VIEIE S Tnd. 2
DKRT 2 VEHTUEESND LHFDKET v v L
X, EEOWEREOHEATIIV N vy 7 RT vy
IZZ L\ (Jury and Horton, 2004). % Z C, HIED R
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ﬂf(i LEXHDYo2H D5 (Kirkham, 2005; Watanabe
etal., 2012).
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Wk O = H R CIERngalel o B K & 0 3082 (ER T
LRENRSHD. L L, RKSHEIBKORE T, ERRE

DFEHE M 720K oy AL OFREE, Ko D HIE
7o &, JBREE PRI Lt‘iﬂ;ﬂ*ﬁ#%ﬁ LW, FE i, K
DRI O KGRFFERO E ATV ZADRER T E A

Elpnie s, IO B O K RFEFEARIC KT T HED
TR TH D
Lz %T B O EE SRR DK KIE WL D

BIESTIE, #HE ORI RHE FE % A ZhiiC ﬁ%b [F] i
WCERB DK ART o vy VEERN AR RAKRT v ¥
NVEITCHIET 2 BEVK WA R EEE LAV ST
W5 (7= & z213 Barbosa-Cénovas et al., 2007; Oliver and
Meinders, 2011; Barba et al., 2013). AKRT > ¥ /LD
BRI, —EREDER & 2 COKEKDRAET D
WFR DR H R A d#HRE S S DVS  (Dynamic Vapor
Sorption) SR & DT NRMELE(LE 5 2 2205 6 i &
FRIRTIRRT i b LB O B & 25l £ % DDI
(Dynamic Dewpoint Isotherm) 5238 5. DVS 10K
"HOREFHXTHY, DDI L Decagon £1:0> Aqualab
VSA (Vapor Sorption Analyzer, LA N VSA) 2387128
Hﬁ L7255 T& 5. DDI %, DVS (b ~HIE R 238

, G ORGSR FIRA G ON /AR, &
uuﬁ_/)b \TiE, VSA % 7= DVS HIE & ool E vk &
Dk (Shands and Labuza, 2009) <° DDI & DVS Dkt
S (Schmidt and Lee, 2009) HiEH S TW5. L
22U, VSA O3 EA~DIEAENEA 72 <, DDIRIEIZ &
5 EOKRGEEFFHRICR LT, Bk RZER O
OV T OB LETHD.
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Water retention curves for three types of soils measured with

hanging water, pressure plate and chilled-mirror dew-point meth-
ods.
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YU MVIEDRERRET S, LT, BAL Mo
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2. VSA 0 RIERE

21 KRFUoOwILEKDPEDEIE

Fig. 112, VSA OBIEOME AT, REEOAH
X 1I5mLBETH S, WBE BICIIvF =BT &
Y= I RAX A28, FRINEERE, LT 7 on, R
BHE TEICIZREE 0.1 mg ORERNTNZREE Sh
TWD. 05~5g DB ZNE3ITmm DAT L2k
NVNIZIRS, R LICiHET 2. RE=R2HMA%, &
EREICROGRN /T 7 2R/ L, BEEOZEKD
FHHE B & 3B 2 T S 5. i, b—V—tE 8w
WCHRE L2 s, SE0REEELZ ~NT 2R FICEIVE
fb&®5. 2L, KEBEoMmEZEL) LS OR %
HEL, BEHFOEMRELF—IAXTHETS. £
7=, RELORFE L EE A RINEEG ERERTENER

HETD.

AELOKRZEIZHONTIE, P (b DV ITEAL) 30k
OEKRE IR L LT, REBEEOMEMNELILLE
KEbAERD L. REOKRT v v LKEE b (em) 13,
FPRBHRE T (K) 1Zxhsd 2 fafikZ& 5t P* (Pa)
EEBREIRE ICXE T ik ERE P (Pa) 22 Eh
B L, MHANEE ay = P/P* ZRD 5. 2O ay 13K
EEE B XiEN 5 (Stokes and Robinson, 1949; Campbell
etal., 2010). =L T, %&k® Kelvin TR ESX ht &
B4 % (Schofield, 1935; Kirkham, 2005) .

Tzzﬁggiqﬂnaw (1)
Z I, RIFRETER, pw TKOEE, g 1ZHINHE,
MIZAKDSFETHD. hr ik, ~ NV v I7RT Ty
NVh ERBRT N ORITHD. 7k, AW T,
RT3 % WITIIAKRBENL (em) W5,

(1) RITHEZIE, 25°CITHBNT ay A 0.600, 0.950,
0.995 LI+ % &, hr id —7.03 x 10°, —7.06 x 10%,
—6.90 x 10° cm & HEEPABAICHINT 5. 72, (1) K
D ay & hr OREEIL, BICHRMEEZICLDS T O
ERIE KT S, £, aw DEIFNZITVEEIE L,
T ORERHBEOREEZITS. 21X, T ORENRN
+0.012 °C THiE, hr OFEEE £1000 cm, +0.12°C
ThiE £10° cm &72%. T, WP4 [ZFRINEEF O
FEEE &2 £0.01 °C (2w B S, fHxHEE o H|E Rl e fE
% 0.1 <ay <0993 (—3.2x10° < hy < —1000 cm)
KT, —J7, BUED VSA OFRIMNEEZFORSE T £0.1
°C Thsd. VSA ORIEFREMFEIE, R ZER O E
FHEE O EIZ BB LT, B E 0.03 <ay <
0.95 (—5x10° < hr < —=7.2x 10* cm) IR S 41T
W5,

2.2 1HxtE E O HIHH

VSA TiX, HZEREBHERORAICE VHEE
IZER T B EROWELREST S, ZOMEzEROMmE
DOFIFENZIX, DVS & DDI D 2 FELHBIRTX 5. i
KFHATHD DVS 1L, —EREDOEREZERL, 3k
i m EHXNRE ay, ZWE Lizth, EEZER[OME %
BefEMIC AR S CHIEZ 0 IRT. HEICBET 5% E
HEX, WEMBBLIOKT (BA2WEIVELE) ©
aw, AREFEOIRE T, step & Xidn 2 ERZEKOMED
ZN 8 Adgep, trigger & XIFn 2 FHEPHEICBE T 5 ALY
1 myig, event & KIEN 2D myig OFIER: Y K LI nyg,
HBPEOIRKFHAFFF O Atyax TH 5. DVS TiE, 2£Ja
FRmOTENLTE R, myjg DILUEDFEMILAREE 21X
BRI TR, AEEEOME(LRIZE S K
WETHVEMIZ %h™ THDH. PEEROHRIZLE
RANERE LT nyig 18] myig LUFIZ2R 2 TR RT m 2 HE
L, EAEROWEE Adgep ZILE D, myig 3/ E L
Nyig PN ZNT L ay (V-6 L7z m OHEEREE TS
K720, MERMITRLS 5. £72, myg OFRIFEEI
oS Th, FHURERED Atnmax ([T D &, ROBTE
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Fig.3 DVS & DDI CHIE L7z (a) FHXHEE ay & (b) HEtOEREZE( Am.

DVS vs. DDI for (a) relative humidity ay, and (b) sample weight Am as a function of relative time.

BEOHEIIBITT 2. DD, KRER myyy, Fio/h
ST Nyig & Atmax 13, HERFH 2 853 2 23 m OF o
FHEEZETSE5.

—J, VSAIZH7ZIcBH &7 DDI 1%, #Ea2EK o
TR A2 IS L S B Ra R, Pl H2 T m e ay
ZEIFFICET 5. JEICET 2R EHA X, MERLS
BLOKTD ay, REED T, resolution & LiEN 5 ay
DL E Adres, BALFERE 872 0 @%Wﬁ% Quirs &
BE O B KEHRIRFE O tmax T %. DDIIZET D Adyes

DOFEAMIAREBITREN TR, Agres /N EWVNE
E, TN ERABIET ay DELT D, Adgs % 0.01
1501 FTREL LTS, HERMIX 3 BIfEE L
MESNRNDT, LUT, ABFE Tl Eser &
FERA ) TE DHLEED Adges = 0.01 Z H U=,

SRR DK AL DIRFIR, B DFEED KA T v
T LDOKRSEEGDHITITIDVS NELTEY, HEL
Te KGR R AR OWE I 1Z DDI 233 LT\ 5.

3. VSA O ~m:EFAHI

3.1 M

DVS iZ2oWTIEEDO A&+, DDLIZOWTIIEO&A T,
FHERA 7+, BB RO 3O+ %5IZ VSA O
WHEZRS T, BOKFRLIL, AEMEZIZEASEERD
TREETHY, Kt 24% %5053 /L b —AT
H5. THEARZ X, dREREETE R o ¥ —FE
JEHLS O MR A B O RSB G L. Fig. 21%, %
FIE, INEMHRE, WP4 CRIE LIBERO & (Rl g
ppb=118gcm™3), FHERZ + (o, =0.95gcm™?),

SIS B (pp = 1.45 g cm™3) DB TR D /K 45 {55
R cH 5. P DFEMEIE, van Genuchten (1980) D=
WL DHAHRETHD.

VSA ORIEIZIE, +olcig L-gifREs LT, &
F2A%\Z 2 mm ffiEm OO/ L L BA 7 &, KERITIF
HER U BB A V. Tk &, B R KSR
Frilli#Ro pp, TV (Fig. 1) ICHEET S L, HEBRLGD

LHBIAEM T S E COREMMBREL 2D, ZOMoD
DITHOENKREL o=, BOKLDEE, RE%E
@5<JZ/DV KT % & 912 pp=0.84gem™> THIEL
=l EE, pp=1.18 gecm ™3 DBA TR THIER LD
aw I[TET HETICET AREMA 23 h E<, ZOMD ay

i%O% BAENRRE L otz —JF, BIEBIMED ay
BB ICEBID b 1T, pp DEBIERD bR -
7o, Zhi ;t AR 43 fE Sk C I AR 722 1 O PRk 23 FL S
L7 ThHD. £ T, w?ﬂ@%ﬂ%2gﬁf%@é
EBNMEIZED IHIWDATF TR Lz, EEE (L)
5REDEKE Wi, ZRERORED py & F LTI
FEHE KR 0 [THE LTz,

3.2DVS & DDI OFBRFE/INT A —4

72, WFhotl _Ob\f%ﬁk{ﬁ’;{—ﬁ B T <
(EC15s <85mSm™Y), hr ICHT 2RERT v b
oy D FH5IX 571 _/J\éb\k%z%ﬂt FZT, UF

D TIL, VSA THIEEND hy Z~ Y v I KT~
Ty VKB h LRI L, KO PRERIAR (0-h BAFR) 2R
Wiz, B, TRTOWMEIX25°C OEEET, RE=E
DR TEIREE 25°C L LTITo 7.

Fig. 312, DVS & DDI (2 X % BEDO#R O K% Bt /K
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Water retention curves for Fujinomori silt loam measured with
DDI with different flow rate Q..

FROFEXHEE ay &FEIOETEEZN Am ORERF ZR~T.
YN ay = 0.1, FTVIK LI ay =0.95 TH5. DVS
DIFELIE, Adgep = 0.1, Mmyig =0.01 % h~!, nye =
3[E, DDIE, Qur= 100 mL min~!, Afmax, fmax (L7
HIRRZ2 L& Lie., E£7o, WERIIFRIC L Bz s 7
W, MEORRIE, 2WERMZ 1 & L3RR
L7z. DVS Tliday & m BEEERICELT D DIZRIL,
DDI ® ay, & m I2EHEICZET 5. DVS OFBEEIC
BT, ay & m OBAB+RINSLS ol b x, 28
LROWSE L B ORGP ENTHINCE LI e e T 2 &N
T&5. £ZC, DDIWEDZ LM%, +oI LT
W% DVS JIE & Ol S L=,

Fig. 4 1%, myig & Atmax O E72 % DVS HIEIC L 57
D7D BLABEE DK RFFRR CTH 5. ik
SMF3Fig. 3 L% L <, ay=0.11Th=—-32x10°cm,

aw =095 1T h=—-72x10*cm (=T 5. REHOMRIE
HHEO—FF LGl & LTH 72 myig =0.01 % h™!,
Atpax OHIRRZ: LORPEMEEERTRHEATRL, LTFO
TR bEEEOEWT —& LA Uiz, WoKibfE
WA TIHKETE DO KSR PRI IR X 72k & 0 &R
L, EXFUUZARRSNTE. h=—-25%x10 cm ffiL T
WK & AKEEO 0 OZEITRKIC/ZR Y, A6 =0.008
mm B BEThH-7. 77, ZORBABRESERON
EICIL 842h 2B LT,

myig % 0.1% h™ ' IZKR&E < F 5 &, WEKRIL422h
ECER L7228, WOk TR 2 2 RRIC AG =0.002 mPm 3
FREEM/NREAT L7=. W01, myg 7 0.01 % h™! X 0/h&
<T25L, WERMIZIAKIZELS RoTen, WESND
KA R AR TIEE Lo T,

—J5, Myig = 0.01 % h™! ORERFENL, Atmax = 1 h
TIZ 10.8 h, Afmax = 0.25h TIE52h L4 757278,
h SR EWVIE EWABRED 0 2@/ il L7z, Atpax &
wETHE, PrvIRLOBKBELERE (aw =0.95) @ 0 7
INENTE WD, Atpax PHIFR72 LIZEE~TREK BRG] D
0 &/ NHE L=, LA L, h<—10%cm TiZific 0 %
WRFEAM L72. ZAUT, Afmax 2VNETE D L, RO
Tlzxt LT, BRI Bk IS IR O R B~
T327DThH5. 2gBREDOHEDHRLTIE, Atmax DOl
B2 LA, FEMEORTEICIEN10h 23 L7~ B
OREIOEE, DVS IZBT 2 m OEFEEORIEIZIE,
Amyig = 0.01 % h™ ! T2 T Atmax > 10 h OFESLET
b5, Filz, FERFEOBEDT=DOIZ/NE 72 Atpax DEXIE
INLBEIRIBENE, Fig. 4 1R L= HIEIC K B HIEREE D
RN VETH D

Fig. 51%, #7222 AFE Qu @ DDI HIEIC & 5k
D LOARS R TH D, WBAKDEIEE, Fig. 3,
Fig. 4 L LW+ P L2 KR fRFrdhft & L C,
Fig. 4 {278 L72 myig = 0.01 % h™!, Aty ORI L0
DVS OfE#R %2 7w ~ L7z, DDI &L, Qi = 500
mL min~! TIZHABRD 0 200/ NHE L. W
D Qi ITBWNWT Y, BiAKER TIX0m KEHM O 7]
DR O, 2T DVS O ERR L L <
—% L7-. DDI ®#IEMRIE, QOu = 500 mL min~! T
1X49h, Qur=100mL min~! TIZ54h THY, Qu =
25mL min~! TiZ408h &R <ML, £/, K
IR L TWARWVA, E5I1T/MER Qu = 10 mL min~! T
%, h=—1.6x10° cm LA BT AR TE R2hv o7, o
THEORERRLBET D &, BFOIEOREHIBT
LREE DO E DDIHIEICIE, Qair = 100 mL min~! 2%
WERANESZD.

33 LDKARIFHMBMEERTY IR

FEDOZR LTt L TIE, Quir = 100 mL min~! @ DDI i
K0 B DYV LU EOKSREEAR S HE L7z, Fig.
6 (a) IE, aw=0.1 2BDOWK%E, BRIV IKLA
(ay =0.95, 0.9, 0.8, 0.6) 7°5 ay = 0.1 ~DPiKiIEFE,
Fig. 6 (b) 1% ay = 0.95 75Ok, HisHViEL
A (aw =08, 0.6, 0.3, 0.1) 7°5 ay = 0.95 ~DWK
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Fig. 6 DDI Txkiz (a) WAK%GBABEEL (b) BAKZREAGERERDEROR L0 EA .
Scanning curves for Fujinomori silt loam measured with DDI for (a) wetting and subsequent drying,

and (b) drying and subsequent wetting.

WRTHD. ay % 0.1 75 0952 EF#%IC0.1 ~FF
M L7= WK BLKIBFE &, aw & 0.95 205 0.1 12 T4
12 0.95 ~FF R 5 U7 Bk WK R 0 K o3 PR Rr b A1
—HLTEY, e 27V U RAWEOHHRMEITE . F7-,
ay = 0.1 |38 ORELEME X v iRiElch 5. 207
W, aw=0.1 700EKMEHL, WAKDOITEMR L it
5. —J7, EBKBRETERFI S OBk TH DO T
ay = 0.95 1 HOBKHRE, BAEEIRTHS.

Fig. 6 (a) OW/KBEBABERED K RFFIAIE, £
KEFREF VR LEETEE272%, aw =095 6D
i dERR T A Bk ERMBEEZ R Lz, LT, &
KBTI D ay = 0.1 ® h=—3.2x10%cm T L 7-.
Fig. 6 (b) OBABEABIRICENTSH, ay = 0.95 7
LORAKEEMBET-E 728, ITVIRLEAND ay =
0.1 725 DO EWKEIRIZHNE T 5 & 5 Rk EA iR %
RL, BRED ay =095 D h=—-72x10*cm TH U 7-.
PLED X 91z, DD, kA 72U ik ie o £ iR %
EOHBECHERTRETH 5.

Fig. 712, Fig. 6 £ L DDI Z/i\ T, ay = 0.1 7
B ay = 0.95 ~OW K%, K S THIE LZBEORL,
+HER 7 1, BB ED KRR EZ RS, KT
1%, Fig. 2 1R L7 WPA I X 2 MER RO L. B
b RS IZ DUV TR, o HICHART 0 /&=,
Fig. 7 (b) IZHthZIE R LR ZR L7z, WTEoaE
b, WK BAGRFE DK PREFEHR 2 50 h F2EE CHIE T
7.

E AT U VAN, BOZRLE RTINSV,
HAR 7+, BERBEBICBWTHBIE SN, ZORK
DFEE, HHBEARZ 1T A0 =0.005 mPm 3, EED T
WTIix A0 =0.0005 m*m 3 ThHo7=. =5 LIAEAS
RO AT U R, DRTERmICIT 5 KOHEEA
D AT U A, FHHESCHKMEDZYE (Israelachvili,
2011) NEREEZHND. 2D, BRKEEHD
THEREN NS WERR BT, B AT U 2R3/
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Fig. 7 DDI & WP4 TxR&7= (a) 3 FHIED LOKD K REF
HifR & (b) BHEUD RS ORI PREFIIBROILRIX. X i VSA,
A, @, Vi WP4 ORIEME.

(a) Water retention curves for three different soils measured with
DDI( X) and a chilled-mirror dew-point method (A, @, V).

(b) Enlargement for the Tottori dune sand.
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SV, L, VSAIZEAMEREXEm<, 295 LF
WINE e 27 Y A BAERGETH S (Fig. 7 (b)).
DDI JliEIE, Wiho Lt WPAIZ X HHIE & I1FFE—
FL7. 72720, WokoEBRCW MK O &R #RRr i,
VSA # AW diEllEic £ 0, L0 BEOSEWHIEN
AHEE 2D, —J7, VSA @ 0 OffEkHElE, —i#d VSA
BE L TRNZINE T 2B O & 2 WITERE T RED
Gt w 2R LTGRO S, BBV 2 g OFE
DA, VSA ORERHATEENLKGOEREIT0.2 ~
002gRETHL. 2L, REOEAL~DH LANR
FREE BT O, KRKORRSCHRORELZIT D
BEThHD. 207D, VSA ITBITAIEAKMEEED 6 D
BWVREEOHEEICIE, LT w ORIEICEE D LE
ThHD.

PERMD, PRED b SEIBITIIMERLHW ST
XA, BRIT h < —1.5 x 10* cm O FEF o A 23
HDTREL, HEORKESHEN, frARMICHEN
i & T\W2 (Campbell and Gee, 1986; Madsen et al.,
1986; Cresswell et al., 2008). Z D 7=, MEHRDHEIEIT
h>—10% cm OFIKICIRET 5 HBLEE L. h> —10°
cm IR L EOFF L EMEREOMA G DY, £z
h < —7.2x10* cm {Z VSA (T X 0 A9 E 40,
TEEFEEORE MR L TIE, BB ORI B 72K 5y
TREFIIAR A, RIS, JRWEIKCRIEF R THDH. =6
12, —5x10* < h < —5000 cm DJEFEDH & 72 #UEHT
WP4 % Vi, VSA ENNEBIEORIEZMTE T 5.

4. hHYIC

I AR B S 7z B B K 43 W 35 I E 25 18 Aqualab
VSA IZ2oWT, YLihe—2oomt, +HBER
7+, BERERYO 3 T O -2 %I, KK o
RO REEFHIAR DB EREE L BRE/NT A — X O Z TR
7=, GERIED DVS TH myjg = 0.01 % h™", Hi7=I B
ST & BRI AKART v v VBRI E T S DDI
TIE Quir = 100 mL min~! FBEDZEENZ Y TH - 7-.
VSA ORIEITIX, FLIREE py OEWILFAE KL w iz
WL RIE 200, K py OFERD J5 A3 I E B 4h D
aw \TET HETICET RMINELS, 20RO ay OE
/NI hote. 20D, w5/ LEREE 0
Tw OZbEHEL, KORFFHBRO p, 25 U CTHRE
GKER O ITHE LT,

DDI Cif, FrEf SOh T~ b w7 RT7 v vy
JVKBERERK —3.2 % 10° < h < —=7.2x 10* cm D LDKSy
TRAF IR 2 mRE EE DD g B CIE T & 5 2 & % DVS
ORI I VER L. &6, DDIJIEICLY, &
RO EiAR & ATE O WIS SR 9~ D Wik D A2
HiRz B E OB RmCETE LB R L.
EAKRDERICBIT D AT Y VAL, Vb he—LAaeHR
R L0Hp 6T, WREFED/DS < KERAK R
B/ S W EICB W TCHLFEET S 2 L2 50
L7-.

DDI % fv 7z VSA 12 X 28K S5 fiEdek o0 ifge ) 7 7K 5

FREEEROWPET, LORmFFECLREEORT, ~
FU w7 R T vy VEIZE b e D R O AL,
k7 PR EEE b D~ Y v Z KT Ty LI RIE
R PO BRSO ERHIfFENS.

51 RSk

Barba, C., Marti, M., Carilla, J., Manich, A.M. and Coderch, L.
(2013): Moisture sorption/desorption of protein fibres. Ther-
mochimica Acta, 552: 70-76.

Barbosa-Canovas, G.B., Fontana, A.J., Schmidt, S.J. and Labuza,
T.P. (2007): Water activity in foods. Blackwell Publishing Pro-
fessional, Ames, IO.

Campbell, C.S., Cobos, D.R., Riveras, L.D., Dunne K.M. and
Campbell, G.S. (2012): Constructing fast, accurate soil wa-
ter characteristic curves by combining the Wind/Schindler and
vapor pressure techniques, Unsaturated Soils: Research and
Applications. pp.55-62, Springer, New York, NY.

Campbell, G.S. and Gee, G.W. (1986): Water potential: Miscella-
neous methods. In: A. Klute, editor, Methods of soil analysis.
Part 1. 2nd ed. Physical and Mineralogical Methods. pp. 619—
632, ASA and SSSA, Madison, WI.

Cresswell, H.P., Green, T.W. and McKenzie, N.J. (2008): The ad-
equacy of pressure plate apparatus for determining soil water
retention. Soil Sci. Soc. Am. J. 72: 41-49.

Israelachvili, J.N. (2011): Intermolecular and surface forces, 3rd
ed. Elsevier Academic Press, Burlington, MA.

Jury, W. and Horton, R. (2004): Soil Physics, 6th ed., John Wiley,
Hoboken, NJ.

Oliver, L. and Meinders, M.B.J. (2011): Dynamic water vapor
sorption in gluten and starch films. J. Cereal Sci., 54: 409-
416.

Kirkham, M.B. (2005): Principles of soil and plant water rela-
tions. Elsevier Academic Press, Burlington, MA.

Madsen, H.B., Jensen, C.R. and Boysen T. (1986): A compari-
son of the thermocouple psychrometer and the pressure plate
methods for determination of soil water characteristic. J. Soil
Sci., 37: 357-362.

Shands, J and Labuza, T.P. (2009): Comparison of the dy-
namic dew point isotherm method to the static and dynamic
gravimetric methods for the generation of moisture sorption
isotherms. IFT annual meeting poster. Anaheim, CA.

Schmidt, S.J and Lee, J.W. (2012): Comparison of water vapor
sorption isotherms obtained using the new dynamic dewpoint
isotherm method to the standard saturated salt slurry method.
Food Chemistry, 15: 236-248.

Schofield, R.K. (1935): The pF of the water in soil. pp. 37-48,
Trans. Int. Congr. Soil Sci. 3rd. Oxford, UK.

Stokes, R.H. and Robinson, R.A. (1949): Standard solution for
humidity control at 25 °C. Ind. Eng. Chem., 41: 2013

van Genuchten, M.Th. (1980): A closed-form equation for pre-
dicting the hydraulic conductivity of unsaturated soils. Soil
Sci. Soc. Am. J. 44: 892-898.



WF9E 7 — b o AR ELEE “Aqualab VSA” & FI 7 AR /3 SEIEk oD 1 00 7K 3 R i o0 I 49

Watanabe, K., Takeuchi, M., Osada, M. and Ibata, K. (2012): Yuan, X., Carter, B.P. and Schmidt, S.J. (2011): Determining the

Micro-chilled-mirror hygrometer for measuring water poten- Critical Relative Humidity at which the glassy to rubbery tran-
tial in relatively dry and partially frozen soils. Soil Sci. Soc. sition occurs in polydextrose using an automatic water vapor
Am. J. 76: 1938-1945. sorption instrument. J. Food Science, 76: E78-ES89.

= =]

K55 W B T FE 3 AquaLab VSA (F, BEJRZE& 0 HIM & SEmm @t o —Ic kv, e
WK, D WIEHABEOKRT oy Vv ERBOEREL AENIET 5. AFFETIE, v bhr—
LAOBEOHKL, TBBRRY L, BEE RO 3 FEO &2 R, VSA 2T —72x 10* cm 205
—3.2x 10% c DHIRFEIR DK RE R Z T L, ZOHERHERCRE T A —Z DML T~
0.01 % h™! LUF DIEAEE myig % V72 DVS TR TIEL, LHKORT v v )b & 22500 D +4y 72 P
DR SN, £z, KRS CIERERANEET 5720, P Lo EmREG KT, LomEE
LSBT —ETho7. HIchi S/ DDI SO XY M%, DVS FX L DIz L0 i L7z,
DDI 5T, ERZEKOME Qu 2 100 mL min~' ([ZRET D 2 & T, R Ao HE R4 50
hFEECHRERHECTE /. DDI FXXEHW5 &, FREROKS RO e 27 U o 202
MAEBBMERS METE 5 Z LRV MHR SN

F—D— K KGRI, ART Lo, SIEARIAERG, DDI R, AT YA



