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Section 1. Effect of soil matric potential on the soluble solids
content, acid content, Brix/acid ratio in the fruit juice,
and fruit width



SUMMARY

This study was conducted to determine the effects ot soil moisture on the
soluble solids content (°Bx), acid content, Brix/acid ratio, and fruit width in
Early Satsuma mandarin (Miyagawa) during the period of fruit enlargement
and maturation in plastic house. Trees of Miyagawa were examined at the six
different locations of non-volcanic ash soil (soil-1, -3,and -5), dark brown
volcanic ash soil (soil-4,and -6) and black volcanic ash soil (so0il-2). At the
different soil depth (5, 10, 15, 20, 30, 50, and 80 ¢m), soil matric potential
were measured by tensiometer at high potential and by gypsum block at low
potential.

Gravimetric water contents of volcanic soil were about twice as much as
those of non-volcanic ash soil and volumetric water contents of volcanic ash
soils were similar to those of non-volcanic ash soils at the same soil suction.
Soil matric potential at main root zone (0 ~ 30 c¢m) of soil-1 and -2 reached
around -3.0 bar at 90 days after full bloom, that of soil-3 and -4 at 120 days
after full bloom, and that of soil-5 and -6 did not reached untill at harvest.

At 90 days after full bloom, there were differences among the soil matiric
potential of soils, however, there were not differences soluble soilds content,
Brix/acid ratio, and fruit width. From 110 days after full bloom, soluble
solids content and Brix/acid in fruit juice were higher in soil-1 and -2 than in
soil-3, -4, -5, and -6.

At harvest, soluble solid contents and Brix/acid ratio in fruit juice of

soil-1 and -2 were above 12.5 °Bx and 15 -~ 16, and those of soil-3 and -4
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around 10 °Bx and 10 ~ 12, and those of soil-5 and -6 about 9 °Bx and 6 -~
12, respectively. Soluble solids content in fruit juice was negatively correlated
the fruit widths; Soluble solids content of fruit widths below 60 mm was
above 12.5 °Bx, while that of fruit widths above 75 mm was below 10 °Bx.
Increase in fruit width and increase in soluble solids content in fruit juice
during the period from 90 to 180 days after full bloom were negatively
correlated. Fruits harvested from soil-1 and -2 were included fruits of

delicious juice, but those from soil-3, -4, -5, and -6 were not.
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H##2) A)4dzhul(polyethylene film house) HEAAM Alzggden, 2|
UeldME MRS dF Aol 19883 X 2QulEl7] Al3ste] vl AHo]
FAsA 27193 Atk #HilS VAL &3 JHE Alole] EQeEol R
xe) RE Bxo] 2 Ad%g niAE o gA glou, x| AujeMe
EQzAT Nzl o3 B4Rl AYE U Wi EQFEL 23U
717} @8t AL3He o|Folx]] Eatdrt. 2y Al Mulelde AHHL
2 EQ4E @mEol 71ty el 2ol Y WMol FUEE AVA =
QP4Eg EEstd $%7) el MEE wold e IAJE 2] AT
#R7t A== dch

+ol M 42 2@zl gatrte] FFel Eah3ln], 2F-<(Potential =
0)Ec} 2 ARFEF D glo] XAl w2HRoN WEFHOE EQFE|
ST EQ4E THYAAL negative bars® JAFD, ELY ¥ £+EXZAN
(Yw)S MER potential(¥n), B potential(ps), ES potential (¥p),
X} potential(¥g)2 FHEHD, dRELE MUY YUELAME Yv = Yo
o} A} UctHDonahue 5, 1983). metd EQ4E EUUS HEY XAP {3
o8 7hsdich
B x| o]y EQSES HBY 43l 2 98 A, EY
4% ®Aol 0.1 bar 2l FAE A4 U4, 71X, BEo] Folxjo], thd)
FA2t7h FolATh (HK T, 1967). HBMES MEE 6 - 14 °Bx Hsle] 2lon,
S, welatel, A 4=, AA H2, Au) 2AFo] wiel chETh HER
o] MR Aol BEEES} Ml M A= o, WEE Brix AAF °l 8§
3ty 71874 8B Y3 (soluble solids content, Brix)& &¥3to] WHE(°Bx)
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2 FA3H= wdo] gutyog xol3 gt} (Chichester, 1959).

e A AMuolM BA7TF EYS4E AL Ao MES} YT ¥
A7t QoA BAVINE EQFRel ARG FAUFS AU WES w2
o, TS 2AYSS MEE Woldch duiA Al uljodMde 129 - 14
Atolo 712 1o BATER Al7lol, e #Eo| 30 m} 7l EXS4E
o] 22 Aelg #R3n 2 ol FREE WKE T3l EdTEE LA
e BAE dAst MEE ®ol Alth

EX4E J/Aol pF 2.0 (0.1 bar) Uig]e] ZsjolM A Gx=7} el
ol2m, Ao Bk, A2 W4 5 ML F4NMA U S o
£o] golAct, uid, EQ4E FhHol F4F FUYY =& AN, A9
JEARE A3t AFUo] M FHPgo]l Uyt MEIH wolxA U
¥, 1982 a).

WAL EF4E EHE 0.4 bar FEZ FANAZ B¢ +8A 244
BEL 10 oBx AEF UEhioi, 0.6 bar o] 2 RX|BAL ZF Al ME
= 11.5 °Bx o]4 & UEhiE Reg 23 glrh. weld, #ES Exkt 244
S MEssohs R AL ZE oz oA UcHKM, 1983).

48713 MRS W F 115 - 1454738 EFSE 3] I¥E U
o, o] 7|3 B¢ EQFE €0l A4S AFY AMES UL JAeE ¥
E o chJIIgF, 1982 b).

BEo¥4H mijo] 4£3%o] 200 cm (0.2 bar) 0|32 FAH AFAIEN 3¢
2 HlAuiol A WBA% 859 Al7|HE +¥717H2] MeEE S/ de Ao
2 o3lA QITHUIE, 1982 a). AHHAQEQ 392 HiliEolN 2T WAH
Eq¥4E pF 2.7 (0.5 bar)o] E@st=d] £ 10 ca ol 30, 40 co AN E
500 oo, EA 10 ~ 40 cortx] A2 Yol J7t2 FEFE 72 =€}



suEs 2793 ZAch = AEZel (pF 2.7 (0.5 bar) o|3HE A% #|
¢ REME 487 24 MEE 10 oBxo|3td R, A2PehE RAIY RESY
U MEE 12 oBxol ol AtH B e} F R, 1990).

ANEsolM e Adxue EQ FFol Fol A U4 HAAE o v
HAE A o4 o]Folx|2 Art EFFAN £EY Y EQY BE
B, R®E, WK, DLEERR KSHTOE 5 E9 203 4 23id
A uj ¥} =l (Donahue §, 1983), #itilk Aldxhul7} ol Fol2 Sl B F2lH
AL ol $ Aoldin, 47|t 5 ol EQAN EQFEY MY ol Tl
g 4 9a 2 Azt EQSEo] B BE uXes 8= t1E JHeEol ®
t}.

whebd 2 FRE #HiE Ad iz} o] FoAn e HIHAIHE, I
FANE W TN HANEM EQY FelY S L ¢ FEL w4 dE
o] Wik7ItE LBl ulel EQ4E HHE 2RI, EYSE 20| ME.
ME MM 3 Ao HKE Bkl ol d8E W37l w3t +¥Edct
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1. LM _

pREme " #HECEI) A st e ARE tIULE e
o, £ Bad d3o] Aol FAWKE 3 71 XY (EX 1, 3, 3 5), WA
B kLKL 270 A (EQ 42} 6), B KIWKE (B 2) 170 21904 |
#F3tAch

BREM 4254 IHS FAAA 2 mAME FAYL HREE SIS
pressure plate extractor(Soilmoisture Equip. ol F3taith #tiltme] &3
UE, QAUE P FIFEL coret3} pycnometerd (Klute, 1986)22 F3tal

=2

2. Gypsum block2] 3}

Gypsum block] A3t Feje} #4423 35 mesh Y& 712 12 mn, A8 13
s FHECHE 1.9 me wire (Ze}RE 0.12\20) of GH2iA 5 mo] FAAHE 2
BExg B Alolo] FAAH AIg BEAch. HLESF §2 acrylE AHEIA
A @o] 22 mo, Zo)7} 36 m2) FE VEALH, njg] g ¥ VIUX &
of WA ¥ Mot B 1:1 v &2 TYPAY A Fell Fol 82
3 22 F AHg3talct

Gypsum block &3] pressure plate extractor (Soilmoisture Equip. )23
o] &3l EUSE nE A BAYCh Gypsun block FFA| 2t EQF
2 mEe ¥uazie] @A 24 1 A3ych



3. B4, o] K&, ME, MK % MR 53

Ed4Ee] 23S 2 A3 MaEgFE £H S 10, 15 20, 30, 50 R
80 cmol B3 ¢ 10 UPe2 we EYFE IZUAL tensiometer
(Soilmoisture Equip.model 2725)2, W& EJ4E WAL gypsum blockd
soilmoisture meter (Soilmoisture Equip. model 9510 A)2 &33ldcl.

H&7\F A4 HERLE EQSES FAT #lxe A =Ho de U
BolM 10742) AL My} 109 NFoz FPioch MWME ME U MM
e #ES F3T VR HdolM 27 R AMIET 2ET 2 SU1R A
At FAE T A AFE Fol 2F U¥E Abbe FHA
(Atago. Typel )& o] €3lo} 7184 ¥ EY (Soluble solids content)F 78}
o] BEE ( Degree Brix, °Bx )2 EA|3ld3, MEE 2&el d¥& NaOHE A3
sto] PR Pttt e ME, BME U HEiE UWAF 90UNEH
&3 3tdcth

ke el #imo)l o 30 mmoldlg wf AAAon], EGS4EL e
Ao WEE, ME, WML W &S 1990d 495E 1991d 9¥WTbA] Apsial
th.



L #% 9 %%

1. gttt §el3 433 ¥ K
]3Pt E o] HRMBEE ALY Eo] vidte] w2 Holden], YU =2
ujsjol ozt wiolth BpAlES] MFWEL uUHEe] vl ot Wgto

o, FLPREE 70 ¥ 1S E v Eo] v|3le] wolrt (E 1).

Table 1. Physical properties of soils in polyethylene film house

Soils Bulk Particle  Porosity Gravimetric water content(w/w)

density density
0.1 abr 0.3 bar 15 bar
——g/cm3)— (cm3/cm? x 100) —(g/g x 100)————

Soil-1 0.99 2.49 60.2 40.2 33.1 11.7
Soil-2 0.72 2.38 69.7 3.9 59.1 27.2
Soil-3 1.04 2.61 60.2 40.4 33.7 15.3
Soil-4 0.66 2.34 71.8 82.8 67.6 26.3
Soil-5 1.05 2.50 58.0 39.9 33.3 12.0
Soil-6 0.75 2.38 68.5 62.7 53.6 24.1

ZAES] KR 3 Fk 42U EQSE THAY BA 2H 2 o
o] 2t B4 FolMe] HEk $EUVS JUNEI} v E u]dte] &
2u) uioton], UUEAME EQT Aolrt 3 glolth WA, i EZ4E
Aol Bk $EUALS A E} RV Eo] u]3le] A Y Holad
ov} & ol gdch EQ4E S IFHE 1} LWMEC] N ZA
d8rg wech Yurdoz AEHYo UKSEF FY BHAM 2 RIS
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Gypsum block reading value
80

70

60

50

40

30

20

10

0

’

-0.1 -1 -10

Soil matric potential (bars)
Fig. 1. Relationship between soil matric potential and gypsum block
reading value of gypsum block used in this experiment.
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Uolz|nl, EQGIZI} ZYYESLF $EUUYS Aoz e ¢gx drl
(Donahue &, 1983). 28u, FAIERES L#o] ¥x3tdey 2t EholM B
U K&k ¢EUPo] xjo]7} E ZALoR Hol AFE HAUEL} v Eo]N
EQSE 54 JME teuc Mg oo o IA YL Y& e
42ty

3% 3 & AME} 0.1, 0.3 ¥ 15 barg] EQ4E BhHolM ERkSE €Y
23] BAF Yehd Zlolch 0.1 barojM EEk4¥ P FFEol 60 xo|3to]
AE o 40 xolglon, EE +EURE TIE F4F AAN IIBol T0v
o]4dof = 80x L2l @ UEhAST) 0.3 barg} 15 barol M) Bk $EUPY F
FE2te] BAE 0.1 barg] izt P2 AYolgrh ojt S A FIFEoI
48 EQFZIL WYl uldF3e Po| Wyl dioletn Pzt

2. 1B EQ4E XA ERY ML

2y 4, 5 9 62 WAF 65UNE 180U7IA L] FAIERS ZUolE EQ4E
Zeisre] Hitg Jehd Zeolth. EQ 134 29 EQ4E EWEE ¥ 804
7Hx 2GY Zel2 fAEdeY, 7] Pl whel A=xF o HAF 1804
ol E4A 50 cm 7128 EQ4E EXMAo] ¢f -6 - -8 bar 2 AXY Al
2 FA%deh. S 33 4= WAF 80 7l EQ 12} 28} vyt Aelv)
A= o], 7go] Faigte] wel Fap AzHAou A J|NE T EY
T8 Zugo]l EQ 12 20 Hidle 4t wolth EQ 59 EQ4E EUALS
WAF 6SYFE 140U7HA] A EFolM ERE4Y 499 AT Yel2 £
¥loon, £ 62 E 50 uldle] 4 A=Y Jefst K== At

EQ4Ee] Bt EQo] w2l € Aolg HAd R 2L HER #R
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Grav. water content (g/g x 100)
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Fig. 3. Relationship between porosity and gravimetric water content of solls.
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N8 7\1t2 2HAle] wE W= 2y 73 Yo wAlF 90 P MY W
e 25 7~ 8 oBx Helo Al HAle MEE JZ7|0o] ool uie
Z7t=lo] £ 13} 298] Al MEE WY 120876l 10 °BxF UehAdleni,
471 (NAF 180947 )ol 12.5 oBx o]At& UEhAch £ 33 49 24
BELS DA% 170970 10 oBxolglen], $¥#7lole 11 °Bx W& Yehiad
th. EY, £ 52} 62 A MEE AZIUNF MAMEe] I3 oo, +
7)ol = 10 oBx ©|5HF UEehAdch $87] 2}l MEE EQ A2YHE #
2§t 71%e] H4F wolch

NL7\NE MEE 23 82 Yo) wsR¥ 9047l 3.5 ~ 4.5 x Apole]l aldd
on, 4£Y¥Jlojs Zt BN 0.95 ~ 1.2 x4 2 Wojct AxAel&E A%
£2¢ B 137} 2= AGAENE AL EQ 59 634 ME 2ol HE oA
on, $47)of TN EQF 2ol BAYl AU BEE Holxle 38 E
B oct

A&7 3 BRI A= 0y 99 Yok WAF 90UZ e MRt 2 |
gl2 Bzt ajo|7} glont, WAFE 110YFE & EQT AolF B £H7|oe
S0 13} 20l4E 15 - 16, £ 32} 4= 12 U2}, 9} 59} 62 10 olstaich.
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Soluble solids content ( Bx)
14
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Soil-6
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Fig. 7. Changes In soluble solids content In fruit juice during the period

form 90 to 180 days after full bloom.
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Acid content (g/g x 100)

8oil-1
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80il-3
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8o0il-6
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Fig. 8. Changes in acld content In frult julce during the period from 90
to 180 days after full bloom.
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Brix/acid ratio

20
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—+ Soll-2
61 % son-a i
- soll-4 .
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Fig. 9. Changes In Brix/acld ratio in fruit juice during the period from
90 to 180 days after full bloom.
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atol oF 3 oBx Fxololrh #EY A7 EYTE EVLY HE4 K Kol
33, B Tdde]l ¥&4F HEY AA MELE AYYTE UYehidde
o, o] W] WMEtE 4.2 ~ 7.8 M EQ4Eo] J2Y EQYSLE wolrh
JIEF(1982, a)e HH Aldzlulol A WIAFE 115 ~ 1459 8] Eot4Eo] Ao MW
Bol 78 2 % nlAn, o] 7Y I EFTE EHIE 0.6 bar oY
23 & o, MEL AT Y2 KAY EQo] vigld ¢ 1.5 oBxFE @
otdrta 3fHcl

33 132 ¥ 180Q0] ZAstel %] EQSE BT HE KE »
BELE Ueld 2los EQ4E EXIUYS EY 12 2, EQ 324 4, B 521 6
o «ME Jolch MEE £ 12} 271 ¢F 12.5 °Bx o|dx ¥} 32 471 10 -
10.5 °Bx o]glon|, E9} 52} 6& 9.5 °Bx o|3t2 Wittt ME LS £ 13} 2 o
ME 60 mm Vi), EF 32} 4& 63 ~ 67 mn, £ 52} 60lME 70 m ojA}L R
£H71%F EGTE EXO] WA RAY EQUSF KES AU MEkE
Eor 13} 2004 15~ 16, £ 33} 4014 10 ~ 12, £} 52} 6ol 6 ~ 12.5
& Uehidch

5. R XK WKzl BA

2l o] #kEol 30 mm FEo)oUE wl FAlol WKE A3t TAAF 90 ~ 180
d Atole] 244 IBAEL WES FUietY VA I¥ 149 o] A X
4% MEES lch (Y=31.2-3.84X, r =-0.893 **), o] 7] F& EQL A
2 A2 /2 710o] Z4F EARS Aoton], MMEALS 2 Aoz e
yich o] 71tF 2 BE BBAZE 14 mo 2] 24 2] BEE= 8 oBxollA 12,5
°Bx o] 22 ¢} 4.5 oBx MME|Th UMY HKE IEAIE o 20 mm A A

-25-



Increase in fruit width (mm)

40
*  8oil-1
35 + soil-2
* 8o0il-3
X
30 x o O soil-4
X o o X  8oil-5
25 O  soii-8
¥
20
Y » 31.2 - 3.84X (r=-0.893++) PG
161 .- .
10+
+ ++
5 1 1 1 1
0 1 2 3 4 5

Increase in soluble solids content (°Bx)

Fig. 14. Relationship between increase in soluble solids content in frult juice and
Increase in fruit width during the period from 90 to 180 days after full bloom.
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ME= 7 oBx uiejollA 10 ~ 11 oBxE ¢} 3.5 oBx ®&ol@crh e, o 7/ §
¢ B DR fAA72] Rojel A4 HeiE RIS o, A
HE JEARS 30 m o]Ao|gon], MEE 10 °Bx o3 RoiFch WikAA
2719 HES < 30 m £ ¥%oioy, EQ A2AE Q7% ulel 447
o 244 A7) o 20 m FE Apol7} Qg on], WMEE o 3.5 °Bx o|7}t AA
th. QA2 ezt fAY 713 A KE EAE2} AMEe 2 498
nlAs, EQ4E EHo] 0.8 bar o] LT RAH 7|3o] 80U o4 AIsAZ
29 WES 12 B Uehdnl, 10 - 200 $ RAHAE A MES 9 oBe
A=zt 3tgch (JIIEF, 1982 a, b).

3 158 EQ4E 20| hE Bl £uY i wE} MEte] B
A Uehd Rolth, B AzAel 2| 7o) A £ 13 2004 ST A
o] HMELS ¢ 60 mn o|3tlony, BE= 12.5 °Bx o|4dolqlct. B 33 4olA
£ e KBS ¢ 65 m oo, WEE 11 oBx WielAdrh. £ 59 60)
A 4oy e KBS o 75 m AE o|don], MEL 10 °Bx o]slelc).
o]} Ze AzHe JIF(1982, b)7t $%7) AN IJ7 S48 AU MEs)
oo, A Avie MEets 9] WAV Atk Y Fzte} Kabshadch
2Hale] 2ot WMot VAL RR 2717t 4% Mol HMHAI} 20, B
45 M S3A}s 2 Ao B3 Qrh KM, 1983 JIIEF, 1982 b).

33 162 487 pael MEst MEste]l RAE Urehdzlolch MEES)
FRE 2HEel MES MEA oA uiEol, Y MWEFES ME(Y)S ME
(X)) BAZL6X + 8 2 Y 2 6X + 6 o] WS YalA UK BEMKKRHHK
AMEBF, 1983). B 14 28] EQ4E Aol U 2 MEL BE
& A R Yool ddden], ot kAl BE 3o uiste MEE <
2.5 °Bx &3 MEx o 0.5 % W& ZojrhH} x, 1991). E4 3, 4, 5 UL 6



ol 48yt 2ol ML MEE M 71X HHol =] dotch
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Soluble solids content ( Bx)

16
*  Soil-1
+  soil-2
4r * soil-3
+.y O soil-4
+ . X soil-8
12+
O soil-8
a EFI * *
g
X X
8 -
Y = 21.3 - 0.169X (r = -0.839¢+)
6 1 1 1 1
65 60 65 70 75 80

Fruit width (mm)

Fig. 15. Relationship between frult width and soluble solids content at harvest.
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Soluble solids content CBx)

186
= 8oil-Y
+ soil-2
13r ++ .. + * soil-3
: O soit-4
11 X  8oil-&
i @] O 8oil-8
O
* * =
o *
or O
X
X X
7»—
5 1 1 1 i 1 1 1 1 1

06 07 08 09 1 11 12 13 14 15 16
Acid content (g/g x 100)

Fig. 16. Soluble soilds content and acid content in fruit juice harvested from

trees grown In ditfferent soil moisture conditions.
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E Fite E¢ a1y 43o] i FALKE(ER 1, 3 2} 5), RERE
KIUKE(ES 49} 6) W B KILKE(ES 2)2 HE(EI) AdxRulodM
47113 EQ4E 2dol AL ME, ME, WELE R HKE EX ulA:
od8rg w37 fisted $3Pstact B4R XdUMS LR 5. 10, 15, 20, 30,
50 @ 80 cuoll M At on, #e& EYFE XL tensiometerE, W E
o}4H ERNARS gypsum blocko2 & sigdch EX4E AL Y A7t
30 o PR E 3B $EALEl(-0.3 bar o]) 2 RAFLon, I o]FFH
£ 290 e} WAKE g2t EQ4E XA tiEA KA Ach

1. 2 EQ4E BhHAN HAHES HE KFSES v R H|3to
o} 2uj7} woton, Bk A 2 Ao|st glArh LW 30 cnd] EFFE
Eeiado] o -3 bar o3t HE A7l EQ 12 27} 2AF 904 WY, B3
2} 47} DA 1209019 en, B 59 6& £ -3 bar o]l alrh.

2. 97l ¥ 909 AAHLL o EA 0 - 30 cud] EF4E XYL -2 -
0.1 bar2 E 7 xlol7} alelon}, HAle] ME, MM W WES Aelst &L
olth wAFE 1104 REE EQSE Exiygo] W EkU4% BME U MM
= wolch

3. 4%7)o] 2pale] MES MMt £ 13} 2(LMWKS EXA -10 bar o]
#})7} 12.5 oBx8} 15 ~ 16, £ 33} 4(<} -5 bar)7} @} 10 °Bx2} 10~ 12, £
o} 52} 6(<F -3 bar)o] ¢ 9 oBx} 6 ~ 12 o] gTh.

4, &%) Aol HES ME (Y=21.3-0.169X, r=-0.839**)s}, Wikt +%
7N Y A EAxES HEE A LBBAS Adch (¥=31.2-3.84X,
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r=-0,893**).

o] /INE¢ HEEAEC] 15 m HAA EF 13} 2] AL 4.9 °Bxo]
2 9 20 m}l £ 32} 42 HMEL 3.3 oBxo|glon, 30 mn o]} E 59
&S 0.5 °Bx o|glch.

5. 4$%7] A MEE < 0.8~ 1.0 2 E4E Tua 9 #h&e 37|
she ¥AZL glglenl, AZRE B 12} 2004 UL 2] MES) BMEE 3
2 i Eelol lolch
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Section I1, Effects of soil matric potential on the leaf water
potential, diffusion resistance, and transpiration rate.
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SUMMARY

This study was conducted to estimate the effects of soil matric potential on
the leaf water potential, diffusion resistance and trnaspiration of satsuma
mandarin (Okitsu) trees grown in pot, under plastic house, and field. Leaf
water potential, diffusion resistance and transpiration measured at trees grown
in pot controlled soil matric potential.

Leaf water potential was positively correlated with leafy shoot water
potential. Leaf water potential highest at before sunrise and lowest at 2
p.m. both in plastic house and field. ¥max at soil matric potential of -1 bar
was -4 ~ -5 bar, and while that soil matric potential of -5 bar was -21 bar.

When soil matric potential at the 10 cm depth in pot was -0.11 ~ -0.14
bar, Ymax was -2.8 ~ -4.0 bar and ¥min was -12 ~ -16.5 bar. When the
soil matric potential was lower than -15 bar, ¥max was lower than -33 bar.

Ymax was related to the soil matric potential in the main root zone
(Y=2.53 + 1.68X, r=0.959**). Soil matric potential positively correlated
with transpiration rate and negatively correlated with diffusion rsistance.

Diffusion resistances measured before sunrise were 53.7 ~ 68.6 sec/cm
and transpiration rates were 0.14 ~ 0.15 ug/cm? sec. There was very little
difference in leaf diffusion resistance and transpiration with soil matric
potential before sunrise. At 13:00 -~ 14:00, diffusion resistance and
trnaspiration at soil matric potential of around -0.1 bar were 5.2 sec/cm and
2.2 ug/ cm? sec, respectively and those at soil matric potential lower than

-15 bar were 14 sec/cm and 0.20 ug/cm? sec, respectively.
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L § @

B AdAuidN EQFES AT 0dFEH $£HF o 5043 niy
Az Ael2 fA"Uch BRIT FUY EGARE BES w°17] #Y Ao
o, $¥FE EQAZ JelF A% FAAIIE A2 Mol UM thEs) EF
Sest AAlo] A8 F7] dBo|ct. wtd VL LY EJFE A2 H
B 48 2E29} Ao E VL A 4 rh

Mol $8 AEYAE F2 U4E (YR VebAch. BHAT #
e Ad4E XA Ynx) S EG4E TS YA BA7L dlon, BH
o] 4 IS ¥M, AT ni7id 21 o BHEe wiep E] OE
of 3tRFe W Fo| uiwts] Ach uleld, &MY v EQFE 2 9
3 A uiE AT, WL Yy EQsE ZJABc ¥ U BHE &3t VS
e Aeg RastgcHETEt MFEH, 197).

Scholander(1965)5©] pressure chamber& ~A}83} gy b G-l
negative hydrostatic pressure® <&73ldon, ETE} PMFEHF(1974) ol
pressure chamber§ ©o|&3te] SFUzte] U4 EHAAE S v} alrh

EQg-nelAs} AEMY £8 £2EdA, AR € 2EdH L0 BY FHREIL
o]fojAMon, tensiometer& o|§ 3t EFFE EWAZL MW AT XY
of BY @27t B1® up AchJIIEF, 1982). EXE, ¥ HAIFel &3 &=
Aol E4E HFE(V.S.D), HAUJXND.P.D)FTY ol A& HArk
(Wiebe, 1966: Yuda%} Okamoto, 1967).

gurz o ¥R £E potential(PL)S MENo] a3t FAUale] ¢t
osmotic potential(y z )2t ¢}doll 2]¥ pressure potential(yp), ZAHY=}e]

2] %} matric potential(¥m)e] Y22 LIER Tt & YL = ¥x + ¥p + Yn
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olth, 28U Yol UG MEL vhf AZY F9E AstE - 0.1 bar W)
Sl2 1 A7 Mo B Y4 doemg HAI yL = vx + Pp ol ¥ A
t}{Wiebe, 1966).

Qlo] &8 AEYAL Q48 ¥eIAE Lehgo], pressure chamberg A1 3}

o ZAY P4E EUALS Yx ¢ Yp ¢ Yo} WE Yebdcl (TEY MFEF,

u Eole] Q4R EuIAL 25, AUFE, FE T ol7|Y 2 4
A dYg vk KEAS BEAND XETFEE S+ BHRE 029
Qsre zotony WEFHE 1500 y E/w?.sec (RREE 100 Klux, B LH) 2=
25 oC ~ 30 oCol M= CO%s 57} 2500 u L/t BE7IA] FPEL F7Ista, 300 4
t/t whe] o 5 uf AS¥ch o] fE#FolME 2500 y L/t M7} COMEFARCl 2t
stedch (%, 1991).

25 zAzte] BAAME BYE A2 B9t o AT FYE SR
7} wQt3, BRER-S C0z7F 1000 g4 t/to]AtolHR slolxln, o] wlo}d FEE 2
& Y45 AN wE AEE Pl FPA W=t 1000 u4 E/m? sec oj3E

2 zAslolM €0, o] FIFL XFR U WFRE AR FYEY B
247t Qe Reg BuE Aok #Rk, 1991).

S U4E 2EdAE Yo Aol ulste] 2t Bk o UHA 2
g oAt JAe IBAE Ynax©l -8 bar, Ymino| -17 bard wl FRo] F
oElol, Qo] MAL Ymaxo] -15 ~ -20 bary wh ZFe] FTHUCHMTR §.
1977).

AEae] ERH 42 potential FHAIZ (Acevedo F, 1971 Gooded}
Higgs, 1973: ETEHS} RMIZEE, 1974), AW (MFEaet BTH, 1976), A8 FF

(Frank %, 1973; Rudich 5, 1981), A EN|e] ¥¢| (EyHS MFEF, 1974), 7|
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A} (Rudich %, 1981), ¥4~ Atel (Elfving®} Kaufmann, 1972: Bi2Sze} By
B, 1976: Rudicn ¥, 1981)5ol wlebq gelxcia sttt Boyer (1967)& &
UL XA +F potential & B7] #13 M= pressure chambero] 2% FHAF
thermocouple psychrometer (psychrometric method)& R sejo} Rtz 3t
tl. 22y Kaufmann (1968), RTEHS} BAFEA (1974), Roo (1969), Waring2}
Cleary(1967) $2 23x], 234U, 44, I+ XAR4+E potential
pressure chamber2} thermocouple psychrometer® Bl AZY Azt Fuhy Ao
o xto]7} girix 3t

MR uiclrId 79 Se¥E 987 EY4E A= ulE d4E Az
[EE FYY MR I ded Exado] - 20 bars F=7 HE 3} IBAE
AAH =] 7] Al33}o], - 25 bars o]3}7} HH 2} IBAE BA3L - 30 bars o]
32 2093 KABAE ABS F 104 ol FAANE XER =& ot AF
et H2 ¥ o] TERici tach( ket #E, 1991).

MBES] f2E o U4E EsMAo] - 30 bar A RE UE}D ojA]7]g
FYAEEE deMe)AZ|H (Fd ¥ = -10 bar L8]) of u]3} 30 x2 FojAcr}
k@t W, 1991). A #HEL A0 e B £ WY 90dHR
B +8¥ 504712 & 5~ 67143 vi¢ A=Y Aelg KWt olgt Po] F
718 EQ4E d2E #iE k2 % X2 Frod ¥ vlAM & 254
2§ oW1 7Hs’de] Ach

w2t & FRe Hil Adauloly EQ AZIN U BEUsE E
Balo] Ql4-E XA, 713 HAAY 3 FAtge] niale S Wiy At
o 48 qct
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1. E¢4¢ A 2 &3

2 RBol ALY il FIzRYoR kx| Y HBAGAAE 1084 oL
oj, potolde 4d48 oldich #ie A=l e 1MW v Eo|gTh

pote] EdFE ERAS A 1oM AEY WYz Y8 PHeE
tensiometer2} gypsum block& EA 10 cmoll o] &Rl o, 2] W HHA
£ EA 30cmoll €0 &A3ich oluf EF4EY 2VL EGE 83 £EL
2 EA F AHeEE 34U sty B A2AIIEAM 4B EQTE
Relito] ojl2x & sttt EYsE EXES -0.7 -~ -0.1 bar7lAEe
tensiometer® JAslPon], -0.7 bar Hr} W2 EQFE XIS gypsum

blocke 8 &As}drc].

2. ¥ WA, YAy U FiEge] &I

Ql4-¥ XA pressure chamber (Soilmoisture Equip. Model 3005)2, ¥
A8} 2} ZAL&S porometer(LI-COR Inc.LI-1600)2 #Asjadch 42 X
AL Ay FAEE FAT ¥ d¥ MAo FAE SHY F &4
pressure chamber® At83tod 2H29 M2 negative hydrostatic pressure®
ZAstden], &AYAE -33 bar o|2t]. pressure chamberi Y] UY FFHhx
£ 0.2 ~ 0.3 bar/sec® s}t (FTEHSL} MFEH , 1976).

HEHS $E TUAS d5E TRy 3 i S #8dct
U4 Y2 AFE ZUAS YL F 60 oCollN o 24 A% F¢ AR}
Fetdch. A4 TG, HiAY o 348 dF 1A AREH 2% 3
o2 Y8 ¥ 3 A7tA] &Yt
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1. EMAD EDQ A48 ZAUA3A BA

28 18 RRENS] EQ4E S4J3MeE it AFE uHiEY EY
S8 HEFA vy 3% vehdadch

QLY EuA Q4E EHAe] BAE 1Y 2 o Yol EYSE =W
Ao] g4 U4E THAL o} Eo FBBAT AAL0{(Y=-0.89 + 1.85X
(r=0.969%*)), Q4% Telifo] -33 bar o]l A pressure chamber &Y
& 23} 3o &3 ¥4 ddrh

EE MES (1974) E93 448 Xty ddes ES5E EX
-0.1 ~ -0.9 bar HslolE Y42 EeMAF -2.5 ~ -5.2 bar FejollA 2d B

n

A7} don, EQ4LE EHA -1.0 bar oj3jolME EQFE MY UF
ZARL F43Q BAZL At spalch

a9 32 E94E Telyo] -1 bargl -5 barg ZAUY WHEA EF3 -1 bar
2 23Y kA BYIA g4 Triare] gmtE vehd Zojct. EA 30 co
o] Eo}4¥ Eeiao] -1 bar Y E RAY kAl U HWHEA ELXAH  Yoaxd
-4 ~ -5 bar o] o™, Ymind -17 bar Ugloldict. EY, BHN} BEKS
QA Yol Aol agton), WMel y& UL Ho|zt At US4E EAE(Y)
& EQ4E, ER U ANl gt A YL Lon, FUL EFFE 2
Astold v Bao]l ¥g4S ANl WMol po AN Aozt T RE A
29 nj7)Ae] W2zt Ao, U BAHES Molst AM FAEY Aelst 27
wjEolet ¢3AA AcHMFEH} BTE, 1976).

A
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Grav. water content (g/g x 100)

50

44

30

20

0 1 | ) e e Tacher LR A i 1 1 j IS IR W N o I

Soil matric suction (bars)

Fig. 1. Soil moisture retention curve of soil.
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Max. leaf water potential (bars)

0
o O
Y = -0.89 + 1.85X (r » 0.969++)
O
- 10 -
o O
m)
O
-20
0
m}
O
-30 [5]
~-20 -1§ -10 -5 0

Soil matric potential (bars)

Fig. 2. Relationship between maximum leaf water potential and soil matric potential.
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Leaf water potential (bars)
0

-15._

-20

_25»—

= 3 L
3:00 8:00 13:00 18:00 23:00

Time of observation

Fig. 3. Changes in leaf water potential at different

soil moisture in P. E house and field.

—+= -8bar (P. E. house)
—%— -1bar (P. E. house)
—— -ibar(field)
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2. WA kol T AR U HUAT o Fa&2e] BA

a3 4E potof M EQ4E 2ol thad UYF dFE EUE [{UAMY
QN Fahge] WLE JElA Zojtt. EQS4E Eyo] -0.14 barZ #X/¥ pot
oMo Q4E EwiAle] W= HMOl -4 bar® 7HY S EWAUL HAR
(Pmax), ¥ FelE -12 bar2 7P walchrl (Ynin) BEHE FEl= BHM
2} Z& -4 ~ -5 barZ AHEATL, EGSE EWyo] -7 barFEE FA|E pot
AN Ymaxe -13 bard L, Yaind -26 barE o} Mol FE 2Ed Lo
A% U AE don, ARENEE -20 barZ EobA H¥3}7] A2 3ct
Y Eo4E Eelydo] <15 barFEE #A|€ potell M BHAAIE -30 bar o
3jel Ao Mo} 3HFEYU Mol 48 AEd2F U2 drix Y Yok E
¥4y Ewiifo] -5 bar o|3t2 KXY WA EUXIM Ymax -21 bar Fxo|
o oul, YminE -28 bar o|3& Lehialch U4E Erlaro] -20 bar =7}
Y REEAE QM5 7| A24}e, -25 bar o|3jo|d REIEXE FA|Tci
stdch(#k et MHE, 1991).

EQeE 2o & Yuay g FAZFLES BEMKAE EQTE U
BAGol vlE APolLt, HAAMYL W Ao Y wAon EQFE XY
Aol w&4+E gtk FAES AN oy FYE Bt

3. 48 X3 A4 U3 BA
a3 5t Qe 4EHRI d4E Tuiaate] BAE JEid Aoz A4
Zeiado] w48 U4 E ©3S yakch (Y = 74.6 - 0.308X, r = -0.761*%).

a2y 62 $U U URelAd o3 QALY s £ TS UERd Zo]
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Leaf water potential (bars)
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Fig. 5. Relationship between leaf water potential and leaf water content.
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Leafy shoot water potential {bars)
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Fig. 6. Relationship between leaf and leafy shoot water potential at same tree.
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Th Q4 Eeac HEES] 4£F EWAS 1xe EY AvdA dden
(r=0.991*%), o Xwlare] 37l 1:1 ojdlth ol& Ue) 48 AEH2S} 7ix|
o 48 Axgar} Yrhs A& Yuisie, dol Usht 48 A=A 2 8
po) 48 AEdAg Uthie Zies Hzuch WHL MEF (19742 44
¥ Emelado] -3.8 ~ -14.7 bar®] HslolA 7lxe) WA EiS U4E Ty
o] 53 Weiaelo] glckn spach

4. +WkS XA d4E TR 2 FAEGe] BA

o4l gzl Fahge BAE ¥ 72 Yol BHM FiUE&ES
0.12 ~ 0.15 ug/cn? sec® Z Aoj7} gAY, W 5 EFFE X w2
ZUoM FZALZEL 2.60 ug/cm? secE wotowW, WS EYLE X
AHgS HHEOl wisted 3A  FII8tA] dalch

O 82 U4E ZuAbz FARg e BAZAM BHA FAES d5E EX
Aol BAGol Watoy, o Fole d4E Yol 8T FAUEE wol
A M PYminol -15 bar ¢ Wi 2 pg/cm? sec ol golth. olg} UL Ade EY
+8 xazt vt 3% ot

23 9= HaA 3 FAge] BAF Uehd Zo2 s JRAAT A
th. Yatagto] 5 sec/cn olBtol A& Wl FAIEE 2 ug/cn? sec o]’golgl o,
galA go] 70 sec/cm o]0l & W FAHEE 0.14 ug/cn? sec g]olgict
olgt @& A 7B HiAYo] F4F FUELS WolEe Aoz B
c}.

23 102 BN BEg HAuAY BG4 TN BAE UEhd

£

Ziolth, HHME B/ALA L 60 ~ 100 sec/cn® EQFE TRk g IA



Wz o ZoT uebdth WEL] UYL EFFE EXYl HETH
wolon, EQ4E Euio] wolU4E FUoE yolAM EQS4E XU
o] -4 bar ool M o] AA YL 10 sec/cn o] 3tol ATt

a3 1S BHm BEC] VUYL d4E ExAe] BAFE e
ZHolth HHAS YAAL U4F Euie] g8 IA ¥x ko, ¥
Qte] UALMEL Yaminol HE4F EUOW, Yninol -25 bar o]FedME 10

sec/cm ©]3}olgitt.
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Fig. 7. Relationship between 8oil matric potential and transpiration rate
at 05:30-06:30 and 13:30-14:30.
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Transpiration rate (ug/cm sec)
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Fig. 8. Relationship between leaf water potential and transpiration rate
at 05:30-06:30 and 13:30-14:30.
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Fig. 9. Relationship between leaf diffusion resistance and transpiration
rate.
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Fig. 10. Relationship between soil matric potential and leaf diffusion

resistance at 05:30-06:30 and 13:30-14:30.
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Diffusion resistance (sec/cm)
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Fig. 11. Realtionship between leat water potential and diffsuion resistance
at 05:30-06:30 and 13:30-14:30.
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2 HRE HE Aol EQ4Ee] d4E EAN(Y), ¥y R
&l vAe 8L W] flto suHACh EG4E EAAS MY 13
UYL Yo FYsgon, d4E XU, WUANY 9 FAge Y EQ
T EXNZ F2H ER, 2] 9 potod JA3tAct.

. d4E XU AE¥EE] 48 XU EY B BAoldct
(r=0.991%*). |

2. Q4 EUAL XA Y HHEAANA cido] BHAM(Ymx)oll 7HH woLe
o, 2F 2A7(Yain)o] 7HF Woltlh EG4E Ex4do] -1 bar U2 K=
A 3 BRA EYAM YmaxS -4 ~ -5 bar ojglen], BEY4E Ielito]
-5 bar W E R2H Al EFNM YmaxS & -21 bar o]t}

3. potollq EQ4E Exlgo] o -0.1 bar2 FAHY Z¥  Ymaxd -2.8 -
-4.0 bar o]2len, Ymin & -12/~ -16.5 bar o|gcl.  E4E Xeliko] -15
bar o|3lo|A¥ W PmaxS -33 bar o|3}E pressure chamber?] JAVAF 2
23t

4, EQTE ENE3 Yoaxd EY 48 BAJ 220 (Y=-0.89 + 1.85X,
r=0.969**), EQTE EUVAUL S48 Y JuBAF, HUAY} AY A
dBAE vepfAdct

5. BN o) RAMLE W 53.7 - 68.6 sec/cn, FAEE B 0.14 ~
0.15 ug/cn? sec & EQFE Xlato] atel zlo]7t Ia] ¢dglet. ¥ 1 ~ 24
73 EQeE ExAo] ¢ -0.1 barofl M 2] HAtMES BF 5.2 sec/cm, FANES
B 2.2 ug/cn? sec o] o], EolsE Xelto] -15 bar o] AlelAle] Hata

8t2 14 sec/cm, FAMEL ¢ 0.20 ug/cm? sec o]grth.
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