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GERANL A, REBEZENI 2N, RAKICREEXEZMH LZD, XEKRE
BHETIES. Yo auI AL IEDNTIE, TBpF 25U T CEOAESREENE
BiZEA L, TBpF33 TEERENEN A ML ARENBERINS UNEF, 1983).
IDEDBBNERA N L ZAZEMBIIZFIRNVE, VoY avIh 0aBEREEL
EIR#ETHS.

BABOKHARTIE, REREERRBICL TREZEXNH 30 BAMIFEAEEILEL
FARLVAEZHIZBNT, REBEIREMLAED, 1RELLZDVOEBSEIL, MHBX
EOMTHEREZRIBD . ZOKRIE, BKIZESIRHOBENIR (BEH - B
B, 1976) #XH L. —H, EIBEOBEH N FREAR TR, HR, BE, Pl
ITRBEHAGHENRDOONTZEE, INFHEERDODIRELEZDOLESEIL, &
MBEERLOAEICEMLE. ZoBRIE, #HAKS (1969), #EE (1971) BLUAR
H- Al (1972) OBEELFEKRIC, RHOYVENBEBEOANEELSOER TRV E
WHIRBT—RL TV, ZNSDHEERMNS, D22 aU I REBEDOERTEMN
TRBICIE, BEEHRGHEDOEHFITMA T, #ENBRREERMILETHSZ LER
BT 3.

D2 aUIACOREDR, TOREERBBRBICBVWTHICESRRLLENOKRE
BROIVBETHS (RM - S, 1973 RIS, 1975 Kk, 1999). #“EI ML X
NEEEOERZEZMAEL, REBENEMTZAMES DS DA, EROREEEEMIC
X, REANOXAEGRFELEY OEIR - "EEEROEMNLVEELZEZSNS. #AS
(1991) &, " CONNVREBAARARRT, ERANLZAEZF /Y av3Ihy
RECTHEARFRMLENOSREOMEEREL TS, LML, ERAMLAICHEIR
EOBEEMENXSREILEDOET - FEOBEFRIZDODNTIE, BE LRIV TOKS HiE
REDWTIFEAERFTINTARN, 8IZ, REDI D VJIZEEHETSZELEEZI SN
LRBEMEEELAERFILED ORI - HE & OBBRBIAIZDNT, FHALHEIT
BRI TV,
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ZIT, AETIR, ERANVZAZZIARVWEMR, VI FHEERUBELRL
BEVNBERERRDNSDIBEBA L AKX, RERRNMRETHEIND L S52RE
BAMVARZ, RNy bEITHERZASZ. KOBREOHBENS, LRI NV AITHT
HEDHEMBFHEIZSNT ¥ CINIVRBEAZMARRED S HEMELEY DER - 7
Ref@irL, REERMOEELACGHECENORENOEFDAIRER 2RI L /.

F2E MHEBLUVOAHE

A

RARIZIE A 4 F (Poncirus trifoliata (L) Raf.) BRICEERINIZIELET >
2% 257> (Citrus unshiu Marc. cv. BIER %) Z#H L7z, ThoOw a9 h>
i3, 20 lier DRLEZRY b TEH (£ N—JHBE=1: 1) HEL, EMBOHSX
ZENTEMRLE. FRALAZ 1SRy MIHLT, 1BBZITEKLENENKSERRIZR
S5k Szl 5 g DB (16N-10P-14K) EHMEBERZSALZEBEFERZ, £
ZrRVWAELEFTHHEFIC2~3EMBEICHRELAL. ENMBAIAETHRELL "HiE
BAE ORERMIZ, SATHETHD, WEMIZ11 AP THo . TRTOHEEIL
SALANDREE20~30gD&E, ERM S ~30EETHRL .
TEASOHIEAZ S UIC BRI HHE

Ry hOTBAKSHEHIE, 9A1BMS 16 BETERREICKD TBKEZHEL =,
ERLEZTBOBESHEKEE, 531 £ 17 % (n=3) Thoz. LEBHMPOXERERD
HETFHREE (PPFD) O&KAEIX, 2100 £ mol *m ~*+s~ ' THo/z. LEHRMF DR
EEHIL, 108N 1SHEET26~33CTHD, 2FNSA4RFETIA20~23CTTH
o/, HAEEIE, BFT70~80%, REITG60~70 % Th-o/z. UEBHRAFORS
BEI, 320CThHD, REKEIT196CTTHo 7.

TIBTIRNEANET, IXTOHEBITH L TR CEKEZT 2. 2BKHARELT,
TEEMARK (MBR), BERANVARBIUREBEI ML ZRZER L. LB
ik, IXTORY bOTBREZEKICL>TEREKEELEZ. £2DRy DK
PTHEBZBRETAEDIZ, Ry b, TEBIVENMGEKEESD 2Ry NEEEEFTX
ff (FV-150KAl1, A&D # 8 ; BIE#EE+ 50 ¢) TEAAEL/. LEBEEL, 2Ky
PEENSERY NELEVMBEODEREZEZLIIVWTRD . BAXRER, ATk

o)) .



ETE L.

(LARE) = (AIEROTEEE - IR TIBESR) et

E5IC, RRCHEALATBEMEAL, TBARELLIBOVY w LOEKRERD .
tBEOV wid, FERY I 7 O0X—F—Tat#IL7/z. TEBKHFFTEIL. 105 COLERE
RERAL, ZRAMEOLTBEENSEH L.

TREBRLETD 16 HH, REREZ2BRT 22012, SNEXRTIMSBAR 10 £
DREBEZTPH/NAK ) FATHAIL . BURERARIZ, LEAMOREHEE 100
%EL, BREREN-—CIF—TITERLE. NEREBAROREHRRIZ, 470 £ 065 cm
(n=30) THo7=. NAKIZ, BHFESEIZTYL, LEEBMEXT 2 liter ELBILL
ART 0.6~ 0.8 liter, BMFZEA ML AKX T04~05 liter EL72. TBERUEOREA
#2~3BHBIKIR, ZRLUEXOREREKIZETLZ (Fig. 30B). TN & &, BEHED
EDOVYwid, —05~—08 MPaT®»ho7 (Fig. 30A). E®R4BBITIE, BREHFOE
DVwM— 1.0 MPa ICED, BERZINL ZAROREEKIZIFIFMFIE L. EHRAE
KELUVBEBREZ N ARICBIT2NAKEIR, LBKSOEBRETE DV THAAI L /-,
THEERREEBHAROKSBHEZFB TR0, YOTU D ITRICER, RELER
RKBRL7E &40 ERTIR, AR<Eb3uEFEAL K.

BHA Dk 345 D EH A

EHEOKDHEIL, F2ELAKROHFETEERY I 7O0A—F—TatRILAEZ. E
EREIE, BEE (500~ 6:00) IZHEL, FEBOXKEIRIIELLEELZ.
EDRSHORE & A BURE DA

BEOMAORERE S ABRE L, BHIALEHK - ZBAIEEBE (SPBH3 HRHE) %
EAL, TREZRUEZ1SHBICHAILE. AEROXITORE T ABEIL, 338 £2
ppm THo7. AKDHUEBEILZ 60~ 70 6 Tho7=M, YUATINASLZEBRL
EEOHABEIZI0OBUTTHD, V—TF+r N—"OEAZZEIT 400ml * min ~
EL. EHBENE V—TFvON—ANARXEGEERAL 1 HLANICK A=, F#ElEF D PPFD
i, #1500 x mol *m ~**s ' THO, FRIZ30~33CTHo. EOABHAKFMEL
LT, S0ERMS 15 2B, FAlILE. XEREE (P, ZBREE (B), K3
SEE R (g), BEUERNXKEAZARE (C) OFEHIZEHZ> T, von Caemmerer
and Farquhar (1981) & Parkinson (1985) ICE D&, FTRONICL> TRELZ.
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P (W molCO:*m ™ ?'s™") = (C.—P/(P—-e)XC)X W/A
E(mmolH:O - m ™ **s™ ") = ¢/(P— e)XW/A
b

g (mol H:0 * m s ) =wXe/(le— e)XA— thXWXe,)

C (g mol*mol™") = ((g — E/2)XC.— Py /(g +E/2)

C:V=—TF v+ N NOEAZEIHTDRKBETZBE, C.: V—TF v+ > N—050DH
HEKPORBAZBE, C V—TF¥r > N—HNOKBEAABE, e¢: V—T7F v >
N=5DHEHEIPDOKAKE, e: ERFOLMMKRKIE, P: KKE, W: BAZE
JE, A EHE, b KEKJIUEICHTH2EREREEI, g: CO. BBIIHTHEa
&I R

fEKEILENOEGR - HE DA

TREGBRUERZ 1SBEICAESREELZFAIL 2%, 1BEMR, BHEARL AR
FORGZBABPLARDE 3K, GtOMICHLT, " CLR)MbINAERETAZ2EA
L. " CREAAMAKROEZNERAICHIBELAZERIEZ2LD, V2>2aw
SACRE, RERB TEHHANRTOAIZAE (ENRE : 25 £ 2T, AMEE : £ 75
%) ITRAL 2. BEEBIIREZ E 60 liter, EE 0.10mm OFRAE Z )V TH#ZBZE N

NREQORNNZNELDICH EEREZEH L. TOEZ AT, NEEROEHA
KN 7 22O T, ECIVRNEOBEIRX, 26 ~28CTTHo7. 1RBED 10
gD Ba”CO » (989 atom %, Isotec fL#) Z 2D S0 ml =M T T X JTH T/, 50 %
HEZERHSBTENSANSKRAIC=ZATIAIITMA, "COo. 2RESIEEL. EZ)
RNED "Co, 2B ARELREAZBEL, HEHFNER - ABEERTEE (SPBH-3,
BEMAE) TEZSUC T L. HABAREONEXKE T ZIBEEIZ, 700 ~ 800 ppm
ThHold, TOBBRLITKBEARBEIZETL, A SFHEIZIZ 300 ppm X THD
Lz, REEAZAKA 6 EBICEZNREIMOAL, BMERHELEZRTRILEAS
ARIZEREL. "CO. A% 4 MMZICIZ, 2REANEL 2. BT, HE, BE,
HRE, LB, 2EAH, T8, ER ARUEER 2 om AT, PROARE : 2~ 10 mm),
K (B 10 mm ML) BIUOBREDO N OBEIHRELZ. 51T, RERIRE,
L0535 BBEUBLLOICRBLE. TXRTOREZMBL &, ERESS
(ND-400, “HEIERI T ¥4 &) NT 80 CT3IHMTZBEIEZ. Tk, AR

R8I )L THRITL 2.
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ExOMARBABEL<BBRLEE HI10me2AVNTERESEL CL"COEAR
ERMBEE L RADAE LT RAREE L7 °C0: 7+ 71 ¥ — (JASCO EX-130S, H 743
#E) M L T Hirano et al. (1979) % Okano et al. (1983) IC¥E U THIE L=, AR OB
HIRFIE, REZTE 10~ 40 n g 2B0RBTHD, TOFHBIBEO£SEIT 1.0 %LU
TTHB (FAINS, 1985). “C atom excess % L, "CO: #MEA L-BED "CEHEN S 'C
BREAEE (11 ) EELSINVWTHELE., 2RESER, SBETORRELLE B
BENGAELRE. £/, BEYUZDD " CRINEIX, KORXMSEHEL .

(RIENTZ” CEE) = "Catom excess % X KFZE & &
I5IZ, BEHFEDCHERRIT, EMKICKRNREN/TZL excess " CEEFITBIT
Dexcess "CEEDEHNENSRKDZ. EBEOEZMELDD "CRINEIZ, FEHOD
PUEMEBLTZD D execss '"CEENSEFEL .
RERREDIE

TBEROER, NWELERER, RK, CxO505BBLXUBLLOCHRLx.
AEHERYMEE (SSO I, SUEXNSEAKL 10 RE2FERAL, TP INABHEE
it (PR-100, 7# J#E) THELAE. BLaO2TOBBEBIUEMARIL, F2ES
FUEIELRROAETHH L.

g
X
m}
=

F3E B R

TEELBHERDKR DR

BAKFIHEZRBL TS5 4BEICR, BEREIM L AKX EBEEI ML ARDLTED
KRZGOIBHEBRIZHEL T, 68 %BLU 53 BIZTEAXETFT LA (Fig. 29A). £EOD
Vw ETEBOKREORFERIIRMEKFEORBEZRL 2. TEBOKREN 100 65 52&E
KETLTH, TBOV w OB DAEN SN, KREMN 25 ¥UTIZABZELED
VwidBEIZIE T L. (Fig. 29B). ZORHBERMNS, ZBEA NV ARDLED VYV wid,
— 0.10 MPa 2 5 — 0.20 MPa D& B S H#EE I 7= (Fig. 29B) .

BAEDOKDTBEHEERAT 272012, BHARKROEO Y w EREEKE, NI HAM F#ke
MIZBAELZ. BEXK (HBX) 00 vwid, AEHMA+T - 03~— 04 MPa THH
L7 (Fig. 30A). ZHIZHL T, BEBRINLZARDED VY wid, —05~— 08 MPa,

BEEZ N L AKX TIE, —08~—12 MPa XTETLA. RERXTIE, EEROR

- T
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Fig. 29. Changes in soil moisture deficit (A) in pots under well-watered (0O),

moderately drought-stressed (A ), and severely drought-stressed () conditions, and
soil water potential at various soil moisture deficit (B, inset) in the same soil media.
The soil moisture deficit was defined as follows; Soil moisture deficit (%) =
(Measured soil mass - dry soil mass)/ (saturated soil mass - dry soil mass) X 100
The saturated soil was the soil condition at 24 h after adequate watering. The
maximum water holding capacity of soil media was 53.1 + 1.7  (n = 3). Each

point is the mean + SE of three pots.



EHRIIMEMNIZIBR L (Fig. 30B). BEBRA ML ZARORER KT, HBEZHREOE
%2 ~5 BBICNERBATEIVDRENRBELZ. LarLl, LEBEEZEHBLUKE, BEBER

P AKDORZRERZBRAL, BERAN LV ARKOREEKRTIEAXORERERKELD
PRLELBETH . —F, BEBLAMLARIZDWTIE, EO¥VwAt— 1.0 MPa KX
TIBTFLAELE, REFFLUILEINHEL, LERBAITOREXL D /NS <7257 (Figs. 30A
and B) .

BEXORED VwiL, REHAMP - 04~—-05 MPa THBLZDIIHLT, %L
BAKRLVAKDORKET—08~— 09 MPa, BELBEA ML AR T— 12 ~— 14 MPa T
o7 (Fig. 31A). AEBHMYPOREDO Vsid, BEARSELBRANL AR>HEBRZ -
VARDIEIZE”? > 72 (Fig. 31B). #BEZBA ML AKORED Vpld, HEBETENIE6
BE CTRHERIRICHURTESBE THo A, TORY p 3R ICELS D, NEEHK
RICIIEMREIZIFABEELETEELRE (Fig 310. Zhid, BEZBEZA ML ZARIZBL
TREDV wDETLULEIZY s DIRTHRKEL R, vp BEFINTI &R
T. —H, BERAMLARORE VY p ik, BHEROKNESRETHY, ¥p 0EER
#EH 5N M o7 (Fig. 310).

2 ERAMVADRRBELCRIETHE

TEGRUERZ 1 HEEICNEL-REZURLZER, BEBAN ARKOREF L
RAEIR, BEREZERAULCTH-o 2, BREBAML AR T, BERCELZEZ
VARLDBASHIZREBEELRRAENBEAD L (Table4). RHFOUIBHETMEED
FUBREBEIR, ZREAMNLANBVWEEAEIIEL, £/, Y3, 7RUEBLUER
BOBED, BEUBIM ZARSOBEBRIAMLARSENRXEZEZEI ML ZDIEIZEEN
@moe., LML, RAYCVDOLBEEALHEL-EE, BRBEAN L AXKDOREN
NEMTRbE L. INSORENS, BEBRIAMLXLBIE 3R, EEBLV
TRUBOBEZBMEIELET TR, RELYLDVOLBEEDLEMLZZIEERL
TR,

3 ERAMLVANEDORERBMICRIZTE

THRGBROERZ 1SHEIC, EOMASHEE LAREEZREL-LE, BHEZ L
VAR EBEBRA N L ZAROMAEHKEEIL, BRARICURTSE X, 8113 & 1/5ITET,

ANNY

z

RECEEIIN IR E1IBITET, KL 7¥ > 2138 2/5 & 1/4 WK T L7z (Table 5).
T, EARBEAABER, 22N A0®BSICH U THEMNERZRLE. 250
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Fig. 30. Changes in water potential of leaves (A) and fruit enlargement rate (B) of Satsuma
mandarin trees which were grown under well-watered (Q), moderately drought-stressed
(A), and severely drought-stressed () conditions. Fruit enlargement was calculated in
percentage, with the horizontal diameter at the starting day of treatment considered as 100
%. Each point is the mean £ SE of three leaves (A) and ten fruit (B).
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Fig. 31. Changes in water potential (A), osmotic potential (B), and turgor (C) of peel of
Satsuma mandarin fruit grown under well- watered (), moderately drought stressed

(A), severely drought stressed (H) conditions. Each point is the mean + SE of the three

peels, each from a different fruit
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Table 4. Effect of drought stress on fruit weight, pulp weight, soluble solid concentration (SSC), acidity,
sugar content in Satsuma mandarin fruit on the 16th day of watering treatment.

Fruit Pulp Sugar content (mg / g F.W.) Total pulp
weight  weight SSC  Acidity sugar content
Treatment (2) (g) (%) (%) Sucrose Glucose  Fructose Total (2)
Well-watered 622b° 480b 6.5a 1.9 a 19.8 a 8.5 a 9.0 a 378 a 1.94 a
Moderately drought-stressed 58.4 b 456 b 90b 24b 338 b 134 b 13.5b 60.7 b 3.15¢c
Severely drought-stressed 48.9 a 382 a LO:Siel SI0ke 40.1 ¢ 178 c K Qe 75.8 ¢ 272 b

" Mean separation within columns by Duncan's multiple test, P = 0.05 (n = 15).



)

Table 5. Photosynthetic rate, stomatal conductance, intercellular CO: concentration and transpiration rate of Satsuma mandarin trees grown
under well-watered, moderately drought-stressed and severely drought-stressed conditions on the 15th day of watering treatment.

Photosynthetic Transpiration Stomatal Intercellular
rate (CO») rate (H20) conductance (H:O) CO: concentration
Treatment * (£ mol * m”+ s") mo *m *s (& mol * mol™)
Well-watered 836 90 0.63 £ 0.02c¢c 020 = 0.02 ¢ 2l = 33
Moderately drought-stressed 2.4 0.3 a 333 = - BB.b 0.08 £ 0.01b 255 = 7b
Severely drought-stressed 1.8¢ 0.3 a 023 £ M3 ;a 0.05 £ 0.01 a 242 £ 9ab

‘ Values represent the mean £ SE (n = 15).
’ Mean separation within columns by Duncan's multiple range test, P = 0.05.



Table 6. The total dry matter weight of trees labeled with "CO, the total weight of ”C assimilated per tree and the concentration of "C per
unit dry matter weight on the 16th day after Satsuma mandarin trees grown under well-watered, moderately drought-stressed and
severely drought-stressed conditions. The labeling of "CO: was conducted for 5 hours on the 15th day of watering treatment.

Total tree dry weight “C per tree “C per unit D.W.

Treatment (2) (mg) (mg /g D.W.)
Well-watered 4545 £ 185° 4222 + 13.9 0.93 £ 0.01
Moderately drought-stressed 4275 £ 432 468.2 £ 36.1 1.10 £ 0.03
Severely drought-stressed 464.6 = 22.1 4712 £ 46.9 1.01 £ 0.09

“ Data are the mean = SE of three trees.



Table 7. Distribution percentage of "C and "C assimilated per unit dry weight in various organs of 3-year-old Satsuma mandarin trees
measured on the 16th day after grown under well-watered, moderately drought-stressed and severely drought-stressed conditions.
The labeling of "CO: was conducted for 5 hours on the 15th day of watering treatment.

Well-watered Moderately drought-stressed Severely drought-stressed
Distribution e - Distribution °C weight Distribution “C weight
percentage per dry weight percentage per dry weight percentage per dry weight
Organ (%) (mg/gD.W.) (%) (mg /g D.W) (%) (mg /g D.W.)
New flush leaves B25:E. 27 (1)'2:49 &£ 053(1) 3416 L 4/1.€) 241 £ 0.30 (1) §7.7 % 6.1 @ 2.64 £ 0.21 (1)
1-year-old leaves 8.7 £ 0.13) 1.45x 0.14 (3) G 22 T (R 1.47 £ 0.17 (2) 10.4 £ 1.7 (3) 211 % 6,05 (2)
New flush twigs 620 2.43 £ 0.39 (2) 3.3 = 05 1.25 = 0.16 (4) 246 £ 0.6 0.88 = 0.26 (4)
1-year-old twigs 44 £ 0.5 0.73 £ 0.09 006 0.81 £ 0.14 % B 0.73 £ 0.09
2-year-old twigs 56 £ 04 0.70 = 0.10 31 £ 06 0.59 £ 0.04 3.8 £ 0.8 0.55 ==0.19
Trunk 7.4 £ 0.6(4) 0.61 = 0.09 40 £ 0.4 (4) 0.43 £ 0.02 52 15(@4) 0.48 £ 0.17
Main root 53 09 0.48 = 0.02 3 -2-0u6 0.33 = 0.03 4.2 1.1 047 £ 0.14
Fibrous roots (<2 mm”) 3.4 £ 13 0.39 = 0.17 2.5 = Q.7 0.35 = 0.05 oAl == A6 0.36 £ 0.09
Middle roots (2 -10 mm) 3.4 = 0.3 0.45 £ 0.06 1237 £50L3 0.24 £ 0.05 28 1.2 0.32 £ 0.12
Large roots (> 10 mm ) 1.5 £ 0.7 0.36 £ 0.09 7| S 662 0.25 £ 0.03 09 £ 0.1 0.35 £ 0.16
Fruit 2186 £ 2.5(2) 0.91 '+ QMBI 755t 57 Ch) 1.41 £ 0.13 (3) 20.0 £ L7.(2) 1.16 £ 0.14 (3)

“ Data are the mean & SE of three organs from different trees.
" Top 4 numbers from the largest in the column.
* Root diameter.
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Fig. 32. The distribution percentage of the assimilated !13C in peels, locular
membranes and juice sacs of Satsuma mandarin fruit grown under well- watered
(open column), moderately drought-stressed (laterally striped column), and
severely drought-stressed (shaded column) conditions. Each error bar indicates the
mean * SE of three tissues from different trees. Peel, locular membrane, and

juice sacs of Satsuma mandarin fruit are shown in a schematic diagram.
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RS, ZRAMLZAREBIZBII2AGREEDEKTIR, [ILOBAML T TR, &
BRAEDKEHNRBOBFICL - THIERI SRS NE. LAL, 18%7=00
2°CRINZETR, NEMICKERENBDSNBN /72T ENS (Table 6), HEX

FLARIZBII2EOXEHREND, " ClEAROERENABET TRELAEZ &%
~L TWwiz,

4 TZRAMUVADBAERREEMDOER - PERICKRIFTHE

BUBAPLVARIZBNT, BEAD P CHBRERIBBEOFTRIEL, KNWTHE
SDHE>E® TH-o/- (Table 7). THIZHL T, BEREBHERA NV ARTE, H
ETHRD"CAOERENEL, KRWTRESHESEHDIETH-/=. RETHERT 3 L&,
BEUBRZANLV AR " CHBEILZ374 % THD, BRARCHREBRANLIRD 216 %,
261 BITLERTELLI @M 2.

RIZ, EYMELZDD " CRNEZE&BRL-EZ, BEAXTRHFENZRD S, KW
THH>OBESREDIEICEN /2. BEBRIA ML AREBHEBRANMNLVAREDIZ, &
MEL-DD ® CRINEIZ, FETRLELS, KWTHESRESHMOIETH - /.
RETUERTZ L, ZMELZDVD ° CRNER, BZBEIA ML ARTREbELS, KW
TREZBAMLV AR, BEARDOIETH 7. ZBRIANLAIIHTEIRESZSEAND ° CH
BEOHELZURLIZFER, RROPCHERRRS0~75%THD, UEBMICHEERE
MWD oNEMo7 (Fig. 32). LWL, LxdD5BEBLLDD " CHEERBIZIDODNVT
i, MBEEEOHDBEEBRIA ML ZARNBEREEEZREI NV ARICH L THSHIZEN
b

Fa4E1 E E

ARBRTIE, Ry MEE2KROEEREZNAKEBICEVAGBL, V> av3Ihmhiz2
BROEBRANLAREHRELE. REOELICLSZEREBEORNICL>T, £80D
KRECZZDOE#FHIBDSN7=M (Fig. 29), REEKREKSEEHNSBEZBEI LR
Ro#tkiz, mWBAKERZZ A>T TR, BEOBEBREICHZSAMND
REEZOND., ZOHKR BHEBEIANLVIAROEEKIE, BELBKATIIBNTHME
HoIEigiENn@E, BRERIEXRTERZEEAOND. BHAKORENRKEAICEKRL
O LT, ERAMLVARTR, RBHEKROED VwAl— 08MPa A FIZRH LT,

-84 -



sZBERIIHMH TN/~ (Fig. 30). ZOBERIIZE, MFES5 Q977D > aw3IhBE
NDHERE—HBL TV BEBRIAMNLIAKORER, NHBEEERKEZZEORL N, 0B
s, REIRLCERLE. —FH, BERAMLVIARORER, B ML RITE
STUELIXERAR X 0 REMNNHE L 7= (Fig. 30B) .

D2 aUIACREOBULLOIOFERERS ARAKEEL, WLard>0ERMIIH B
REMRIZ, 7TALAETHETHOICHMLT, BLrO0EEES OREMATIZ, »
ROBWKRHIETHAREZ/R TS (B - FH, 1961). FHS (1964) ITkdE, U2
AUIACREOB L L 0MBEARIE, BETALANSHHAETIIRT T S. KK
BRTIX, SALAKEREZALGL, RRIOALAICHBLEZELNS, FRRTH
SNIERERKRDOER, LBRAMVARKRELZHREXRICERLZEEAS5NS.

MREERE, ZBREANLVACHEEIIRERTHD, RERICHEEKRT > v IVAED
Z{LIZBE R T %5 (Molz and Boyer, 1978 ; Nonami and Boyer, 1987, 1990a, 1993 ; Nonami et al.,
1997 ; Nonami, 1998). RBEREBHEENKI A FPL AT AV EE, HREE M
BEIHIENNDESNZBEDERICL > THFEI NI ENHS5N TS (Morgan,
1984). ¥1 XAEZENXBNWTRERZA NV AT TREEERGHRENRD SN, RENEE
L7z (Meyer and Boyer, 1981 ; Nonami and Boyer, 1989, 1990a ; Nonami et al., 1997). % -
ACBNT, BEEZ2ED-BEYER, FRIEEBRI N -HBEBELTIVETHO
(Meyer and Boyer, 1981). T D7®, BEZBRIANLATOT > a7 I A IZENTDH,
BEERGHEICHAINBEVEOERIIEI>T, REORENHETELEEX
505, REDKSHHETRIETZ L, BEEIA N IAROREOV p 1d, UEBERHKH
CIZEBEXICERTRRe®< 2D (Fig. 310), Vs VpDEMIffo TELSZ->TW
7= (Fig. 31B and C). TN I &id, BEBRA N L ARDOREIZBNWT, EXROBEME
MEBLZZLERLTVS. BEBEI MLV AKX T, BRARKICHEXRTY p EREDOXK
SIMFERUTH I ENS, BEBRIAM L AKORETEDSNEECKREE
DEMIT, WAKERTRWI ENASNHNTH- 2.

EONBREE L ABEEIL, ERAMLVARE>TETLEN, ThsiR&EILa>
o5 RAEENKBEARBEON S EEEREFEERLE (Table 5). —f&iZ, (&
RREOETFTICHEIENKEARBEOEMIT, TAXBRIIHL TRALOHIRBEZ T
W& EN% (Farquhar and Sharkey, 1982). #EX LA TOT > a7 I H2EIZEBN
T, WYD" CRNEIZ, BRAXREFZEREBETH-ZIENS (Table 6), iR
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BREITIR, XERICHET2BERSTITINBEN, LRAMLZICE>TRERY A
— TR TWRALEBRAOND. [ILABEIE, REFRBEORBDICHENTER

APVADAIREKDBRTHD I ENMENTWS (Hsiao, 1973). BRI NLZATFOLE
YOUT, BBEORKEAZGAN, [IOMEEEREOHERTEHE, RamA
fLVER Z#{E L 7~ (Graan and Boyer, 1990). F#iZ, KHEBRTH " C IR REH A
AL 2@BEOREAZN, LRAN ZAROBAETHERALLEREEE S &
HESND. " COINNaN-EmBEREANAMARRIE, R EAKHKE THEE
ENT T aTIACRIIRLT, AERFEIED DGR E DR QBT ICBITFR&H
ThHholEBEALGND. Ok, " CERILLZHDERIYZ, BEELARELTHERA
CEMOL > 7ERICERL, SSICEMNELLVD " CRNER, BEARIIHITS
DOUBEWRICHEI LI LHEETE .

HERFECENDONERTHETSE, °CO. BWEMSEELELTRIXEINZDT "CO:
e 24 FeZETIE, " CREUENETR AEVDIE, SRDBEREBEASND. X6
RECEHOL > 7EHRIT, BERAROFHOLIIRREFTORE TELS R T N
(Table 7), BEHLEA MLV ARIZENT, EMELZDO " CRUENRETR E,N -
=T EMS, BBEANLVRAERZITREZR, VUOUBERMNKELKEEEZRZIT, REOX
IRFRBEICC 7 MLAELEEINS. RARRERD, S1E5091) OBLERE " C
EREZRWEZD a3 A ORRTHRESNTVNS. ITNS0HMRITEBEA ML
AREDEDHABRBEBHOBRTICLNANDET, XERALENOREANDOHE RIS
mL, RENOBEBENEZNITEMLZILEEZRLTNS.

—7%, Kadoya (197) 1L, "CIOINNLEREHRAZT 2203 A ICEALEE
Z, TBURXORET, I¥ /- )V ABERENLDITY ) — )V AIBHESD * CiEH
ENEN I EERELTWVS. ZOIY ) —I)AIBHESHFO " CIEHEDEMII,
RERFICEDNREICERL, 7IVI-)ABEKYETHLEER, 7/ BBLUE
R ELTRE - BEEINBRESZOND. FL—T77 )=V EAWNE “CO. DR
LR TH, RARICBIZ2AERACENOGERNEDOKES L, TF /) — )V rlBEH
B T#® -7 (Yen and Koch, 1990). AHR T, RELZBEA ML AKORAMME (L &
IDSMEBLLD) KBWT, AERELENOARELRNENLERM TR LED
o272 (Table 7). ZORRIE, BEBAN L ARORETHONEEEIL, S
IEUED OB LI IICKAESKALENDOY — IS QEBMAEMLAZZ ETHHAT
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e .
NFVIIBFLAEGRALCENOEERGREII  aETHY, MEOT>O0—F
4 > TMETH S (Kriedemann, 1969, b ; IRFT 5, 1975 ; Garcia-Luis et 1991). 7' L —
TIN=UTR, AXERELEDMI, RETIXNFNOHEERTY>O0—F1 271,
HERDIRBNWLEO2DIBEBIUBLLOMZEZBLT, BLrOIKERT S (Koch
1984) . Garcia-Luis et al. (199D, D> aUIHNCORETNANREBEL U & S
DERMBICERORFEAEREZRDOTID (Fig. 33), >>TIALENLTHEENY LU
FDCEMTAHILEREBLTNS., 512, NV T7FHL OB L s >HBHD
BN, #RELIVSOBBELAKENREL, HIENOI /S—MX>F—2 3
YA S MITIE > T3 (Echeverria and Valich, 1988) . Echeverria et al. (1997) &, A
—rIMTLDOBLLOIOBBAICBITZ2LaBBLUERBEOBEHLERIT, TXRILF—
EETIRELS, PaBRABROBFHICHEL/ZEBOREETHILIEHL TNS.
T2 avIACOBULLIWRICBITLNERELEY Q&R - E&IE, RKBAT
HEM, RELCT7>0—FT4> T Lk al@n, GBI ADJELBRIZBNT, #
ERCOW UL OHMBATERBIIR#M IO EBBOAEARAEMIBRBEDRZE D/
LEEIND. BEERAGSHEORDENEBERI ML ZAROB U & 5 TAESARIL
EMMNEEICEMLZZ NS (Fig 32), BEEREGHEIT XERRLENOW L &
SHRANANDERRARICHET 2RMICERIIHEL, PO/ 0GFERETERD
BEBENMEESINZEZAS5NS. LML, REOEENELETLZLIRAREBEANL R
T, BEEREHEL LEOARAKEIIN Mo TSR, BRAKICERT2EBBHR
CE->THREBEIEMT LN, XERBEHOELWNWERTICL> TERDOBEERICES R
WetEBzons.

FOE W 2B

U227 XH > (Citrus unshiu Marc. cv. BIZRAE) OFZBEAFLAITHTIRED
BEENOEEBICIONWT, BEOKIHEHE EAGHRALENOER - FEROBF N SK
MLz 3EARy Mtz#EHL T, EMEAISAZENTIALANS 15 HHLEHE
NBEITo/k. EBEAMNLVARELT, BHAXR (M8B), BZBEIA N AXBLIUVEEL
BZRNLVARDSANEBEREZRELL. RHEROEO VW THRT 2L, BEAROEDO VW
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M¥— 035 MPa THo7=DIZ LT, BMELRARL AR TH — 0.60 MPa, BEIEZ b L
AKX THI— 1.00 MPa Tho7x. BMEBRAMLAROREO Vi, NIE% 6 BEH TEH
ROWEFTHo7N, TOBRKLXICV p REED, UEKRTRICIIEMIX SIFIERLC
EETEELE. COZ&id, BERA N ATRBERAEGHENMEALZZ %2R
. BEBRZA M ARBLIUVBEZBRIA ML ARICBII2EONXEGRIERE & RBRE L,
BEXLXDBESMEM>E. TOERELT, [ALEBEFORT EENRET AR
EoEmMARD N, UBEREOREEREID, BHEXEEZBRANL AR TEEREER
Mmoo, BEBAMLAROREEREI/ME ok, MEZBEAMLV AR EDHABHRET
ME’R, Vak, RE, JFUESERERPIUKREENBRARIOEMLAE. 1 RESL
DOEWEETHETZE, BEBRA ML ARMNEM TR EN K. RIZ, P CT
SRNEINREAZEEUERCHERL T, XSXFILENDIRIR - 5 EEFFE BT
LR, BREBI ML ARORE, FIIW LS TR DEENEN . £/, B
HMXCHEZEREA BN ARIZHART, BSNIEMELZDO ¥ CRNEEFEMLE. =
NSDRERNS, BRAMLVACEBZT VA UVIACREOREESEMIE, ZEAML
AWIER L =R B EREEEICEELZREO > IEHIITED, XERFILEY D
PEEN, EELLTREOW LIS TEMLAEAZ EICTERT S EEZX 6N,
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£6E #H /8 T ZE

ARFEOBMNIE, F—RKEEXTAI 70X —FEE2MALTHI > FVYOKNEHT%E
LELNXNTHEAICERL, TRCESVWTHCFVYORKSEENEEZHASMNICTS
IETHD. EZITE, UV aUIACOEREARELAERMELTERLTNS Y
VWFRBIIBIT KON BHEELRESREEORARERFATHIETHS. E=ITiF,
KMBEEZRALT, WAMLVATTOU D aUI A HBOKSREEERESREED
EREZASHAICTHIETHS. EMIE, V> aUINCOHEBEAMLRAIIHT S
JE(LtERE, SOOI REREOREEMEBEZ KN EEFNIIBATLIETHS.

ZIZT, AMRTHEHRIIC, BELANTOKIBEHEZASHICIT S0, EER
A7 OA—F—HKICLHBEREZRGF L. RIZ, INFHREBLCKHKBICHT
HEREDKIBHOEELRERELCHAGREZAEL 2. BB, BREARELT, R
y FREBTEEBKDZHETE2IEICE>T, ZIEA MLV ADBE SR, JEK
BFHEBLEAEGKRECED DL - REEOBFENAS S 7E R EOEEEZRTL 2.

(1) FEEXYAM0XA—-9—-ZRANCAVFVYRBE LN DK E
ARRIZBNWT, EERYA 7 0A—F—2EAL T, HHKETHZLEBOKHER
2L, MMBETHLIMR, £, E, RE (BRR, UWLxd) OV w EZTOHERE
ETHAHVsEVpEERBETARAITESLZEERLE (Table 1). FEXY 17 O0A—
F—id, RNVFzHREFAL K Spanner & (1951) PRAEBHESMICKEZ[H T TESR
%K % % Richards and Ogata & (
EERZBAFRTIEIFGFEINTNS. §hab5, EERY I 70A—F - TR,
ROV w 25D aBRERERAER ) > /HICHBESE, $2T7NESaBBERD
KERLZEEEREZRDBZEICLD, ABO Vv w ZFE LTS (Figs. 1 and 2B). Z
DD, EHENSBET H50I1E, EEAITKDFZTTHD, Spanner M TRKERBRE
BREBZ7F 0 SN EEEBT 2L4E1372 0 (Boyer and Knipling, 1965 ; Shackel, 1984) .
BAOVY w 2HDY aBREEREZAEUHTICDITZOT, REBRNAETHL I E0F
BEFMOEREMNRREETRD. 5T, YA OA—FY—ORKERBEER L2 5EMIK
DO (Barrs, 1965) DHIER, Y2 TN F ¥ O N—BEATOKOREZT ) HE
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THZTWS (Boyer, 1967). FER YA 70X —% -k, Ly ¥yr—Fr > N—k
ICHNRTEHBICHEZETLIN, B2 RESERLENSZNMAT ZEREEN
P, —EICRTRE2RAMICFTAEITZS (Fig. 2A).

Vwlid, SEVOKFRBRECKOBHAMOER L MERTERWN. ¥ wOERK
ERTHD Vs &V p MARICGESINZNE, EYVAEOKSHELZEEICTHEHL /&
HEWEWL. BEICR, EYHERO VW OBRERIL, Vst VplRETTR<VYmEE
ART >+ ) (Th HEEND (Boyer, 1969). HRBEICHENMAiaP TIE, BHEK
THEEINTVE-DMRENEEICHTEKENTIEETE, ymliI0&EEXTRWN.
72, Yhid, 10mO&ETHR— 0.10 MPa TH 2 (Fifi, 1994). Tz &Ems, BHE
DHEMMED Vw T, Yw=V¥s+ ¥pDREFERTHHATES (Hashimoto and Nonami,
1990) .

APRTHE, vplIEER T A7 OA—F—TEBALEVYWETsODENSEHR L.
INET, ROV p ZEENICFHBEITES Ly oy —TO—TEEERTA 70O
——TEHLZVpEDL&ET, 1 : 10EEMNESN TS (Nonami et al., 1987) .
TSI, EERYA 70X —I12&XB Vv wi Vs DFFEER, TLyiry—7o—7
EFXEA—T—ITLBYWETsED, FIT—EHL TW/z (Nonami and Schulze, 1989) .
FRRTH, BRERKFBFIREEYEBRFMEZTEELASEERY 170X —% —
LTy —Fr ON—DOFLERL, YO aUIACEDOY w BB LEBER,
FIE1 1 OERBEENBSNE (Fig. 4).

EERTAM 70X -5 —THERATIH TN Fr > N—1d LBEAXKZ V=D (FNE 23
cm, @& 30cm) (Fig. 1), ¥, ZE, HMRBREOXEFELT TR, RETHLREEWL
EDIDITTEBTE /= (Table 1. FkS (1987) &, T REOKDHEEZS—FH
% FWET A 08 X —F ST/ Ve TS U R ET 1 L 1
DERBEFRICRSANEREL TS, ZORREL T, Spanner @OV —FEhH v 7
V-4 o0RXA=F—0OFHATIE, $>TNFr o N-"EBEBEHOKEZD >, JFD
TSHENCHERBAOHEREMKERBEBERIIR  ALZDEZSRLTWVS., F2ETH
HLAELDICEER YA 70X —F—TId, TNSDREBERZBRAPFRL TNBZDT,
RECPHULLOSTHLERETYw 25tBITERLLBDNS.

YA OXA—F—%KICLD Vs id, EVEABODRERS - BENIE THRKEZHEEL,
Vp ZROBRWAZRETEEIL TW2 (Bhlig, 1962). MIERFHEIL, RAEEDK 39 %
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FE THD (Molz and Boyer, 1978 ; Nonami and Boyer, 1987). £ER T A 7 O A—¥ —
TABILZEBULLOD VWi, KEAWN Vs TEDSEN, Vpid 010 MPa L FTH- 7=
(Table 1, Figs. 18Band 25B). WL £ 513, tMOBEELER D, IkBIIBHLZBETHS
IEMS, Bt - MROZENTOTVWEHRSINE, £IT, ®E-BELEP L&
IV s EMLCLOIDNSHEMLARH Y s 2 & L. TORR, MFRAMETIZEL : 1
DERENESNIENS (Fig. 5, B - MEBRICKD Vs HBNOEEIRL, 3L
METRWESIETE N,
FRARTHBEN/ZV 22093 AW LLO2D¥pid, 010 MPa U FTHo7=DIT
# L (Table 1, Figs. 18B and 25B), 7L —7 7)VL—YH L & 5D ¥ p # 030 ~ 1.00 MPa
ThoEHmEL TS (Kaufmann, 1970). Kaufmann i&, BEE8RICTL v vy —F v >
N—THBALZRE2EK (RE+REA) OV wEBLrOVvwNELVWEREL, RE
2ROV wALBBEREGTHALZEZW LD VsDEZW L LDV p ELTRHLT
Was, LML, xRARTHSAZELDIZ, BHABFOH L0V wid, REROVYw&D
Bl S MIZMK < (Table 1, Figs. 17A and 18A), YV w R EBEM CEEKREIZ/R > Tz
Mmolz. 7Lyivy—FrxoN—TREOVw 25T 2HE, BEOEED Vw25t
BAILTNWBZ &S (Fig. 33). REDEEIR, REFOEBEIIDREN>TWSN, BU
& DITITHEERM/2 VY (Schneider, 1968 ; Nii, 1988). Z DX D /xR EN S, B
ROEKBDODIBENWERET TS, RREHLLO2DOV w ZEGERETAM > LHEREIN
5., MEHEERCKRROFEDLEZEZIONDN, WLird Vv w 2a<EERLAEIEMN, 7
L= IN—VBLs20V p 2@8<BHLALKERRRELEDLNS. V> ITiR
RAD ¥ pAHK 020~ 040 MPa EHRESNTNSDDT (Mills et al,, 1996), 7> aw
SHACHBULEO>0 VI, thOBECHMOBMBEOREILERTHZDENEZEISNS.
Utz &Ems EERTA70RXA—5—12XD ACFVDOEELRITY w DH
BT, FOMRERTHI Vs &V p 2EBEETRATESIEMAShERS .
DD, EERVA70A—4—1F, W FVE2EDERMOKSKHELZEE LRI
TRIFICTZEAEELT, ¥BCEDTHEI LB SN,

(2) ZBRIABPVRICHT RO a9 h Ok N
ArFVRMERHOBRNEETHSZ. TRy ‘B’ TR, TEpF 22U LETHRVE
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BABRLZREIZRZD (53, 191), 7> >av3Ih>TlREBpF27 U EICRS 2
W, REEXNBBICTE T T2 LN ENZZ ML ZIREITIE72 5720y (Fujioka and
Kaida, 1971 ; 86K 5, 1975). TBE KR ELLBOVw LB LZEE, RUCLHEEKE
TH NaCl ZFARTEOVwiE, ZBKTEBRALEZNIDHASHIELS, BED Vs
DHEMNRD SN (Fig. 6). $72bb, BEEEZGTANLTETIE, VsOHEEER

FTTYwAHRRIE T T 54, tBpFIEVm 2RI S0, TEOVw ZIERKIC
(LAl TE /2y (Kramer, 1983). ZD72®, BMARFOBILED-DIIEZRE I NPT T
WFHEPNT ZREOBE, TRERNETIZ2LEBAKACEEINLBEDOVY

HET, VwhARRIETFL, 38 pF LEICEBEA b L XK R RNBIREHE 2V &
3.

TEPpFICKH LT, KDV w, VsBIUVpid, MEDKDHEHEZEENICTMET
ELRRARERERTHS. BE, BRBFIIB T2 VvwoHERIT, BARIASEHEL,
B OZLWBEHRICRE S5 (Elfving and Kaufmann, 1972 ; BTH - MF4&, 1974). &
HRRTH, tHBELAKHBETTCUC Y avI W 0RRIBIZ2 VY w, Vs, Vp D
BEEZBEXRICFHALLZY, BEHERTRED DY w LV pAE<, BHOZWVWHFICER
FTox ik, HE T LA (Figs. 7A and 26A). W > FVOEBRER, LoEYE
BRI, BB ESYRNIIEL<SEZEL, BREOHEMIHE-THFR ELSZS (EXH - K
B, 1966). COXDIHEMAEKOV wid, BHE, LBREORBEFHFICKEEESE
ZF50T (BTH - M58, 1974 ; &{E S, 1979 ; Syvertsen and Levy, 1982), #&FEFHI/Z
KOBHFREOBE, ZROEEOLRVWEHKOHANEL T, AR TIEZ, B
ZILDFTRILA, BN Tw ORI, TXTEHRITERL .

Elfving and Kaufmann (1972)1d, L > TED Vw O T ERAFICREDINHE 2R D
TWa, XBRTHE, J>YaUIAN0ELEREOV w 2REBHNICHAELZHER, B
REoZET, REIDVEOVwOATKRKEN N (Fig. 8), TEEBRBRIZBNLT
EEDRVWKHICREDOVYwWIMMETLZ (Fig. 7). W22 aw3IA>Tid, BEARFOE
DY wEEEBCILLHE, EOERIEI-150~—20 MPalA T T, RERXIZ— 070 ~
- 080 MPa LA FTHIFl T N2 (MFHS, 1977; EiES, 1979 ; M54 - BTH, 1980).
FRR T, tBERBRICBIZ2EBLUREO VYW EVp EORBZRERFLEKER,
EDOYywMN— 150~— 20 MPaLLFT (Fig. 10A), RED ¥ w A1 — 0.70 ~ — 0.80 MPa
UTT, SBEQOVpMNBRAMETL TS (Fig. 10B), TNETOREFII—HKLTW
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Jo. EXREEALEZARTIE, KIW L IBRBIZBIT TN, RENSEDHIZIZ
FEAEHEBEHL TR (Mantell et al, 1980). RFES (1976) &, U2 av I
VRENWKDERY >V ELTREAEERELTVWRNWI LZEHLE. A2FYRE
DL EOIMNEEBERBE THDIEN (Fig. 33), TOEIRBRELREZOKBEIZHEL
T3 LEbHbh 5.

EHMOREICELTIE, Vp OXKZIVNRERZEEFBL TNRDIOTIEAL, K
BOKRTF )b (Vo) bEPHBO Vv w DE (Vw— Vo) WHAMNRERIIELE
BT B EMNASNITZ D TWS (Molz and Boyer, 1978 ; Nonami and Boyer, 1987, 1990a,
1993 ; M S, 1996 ; Nonami et al., 1997 ; Nonami, 1998 ; Ikeda et al., 1999). #zf2 X kL
ARERABMLVATTIR, MKRTHILESPEROV w (=¥ o) METFT 22D,
ERFMNOMO ¥ w ZIINS<RBRORTL, ZOBER, EOARCRERKRENIH =
NizEEAOND. FRXTIE, VwDELEFZFIIDVWTRIL TRV, §%<
VWFRECERBETRERAROHHZRAZ L X, £RIIEIKETF >y VB OR
HNADHEEDHNS.

KAARLVZARETRWACFVEOED Vpid, £ 150 ~ 2.00 MPa T& 0 (Figs. 7A,
8A, 13, and 24C), Fereresetal (1979) DFHE EL—H L TWiz. APV RXZZITFTORNE
DV¥pid, hTEOIZTHK 040 MPa (Westgate and Boyer, 1985), I/ F T 0.51 MPa

(Munns and Weir, 1981), A J %%V 3275 T#J 0.70 MPa (Nonami and Schulze, 1989) 7%
ETHD, IoFVOEOVpIE, BEXEMLONRDEN /. ZEDOVDIZBNTH,
AFVEREETHK 1.00 ~ 1.50 MPa TH D (Fig. 11D), +< b D# 0.50 ~ 1.00 MPa
(Nonami et al., 1992) % -1 X® 0.56 MPa (Meyer and Boyer, 1981) &Lt X TEMh o7z, L
ML, U2 aUIANOMBO ¥pid, 040~ 080 MPa TH D (Fig. 15B), 1 XD
#J 0.50 MPa  (Sharp and Davies, 1979), h~”E DO I D#] 040 MPa (Westgate and Boyer,
1985) ELERTRKERENRD /2. TOEDIT, AFVOESLEREDO VI, BER
EMEDENETH7A, WLLOD¥pid 010 MPa LT EHEFITEMN . AT F
VREOHERIL, REMASREICMHATITEET A (B, 1985), L x OWHAIZIE
HERDREEMRBA 2 (Nii, 1988). ZDO LI RMREFN2BHC, WL OARD
RECES BRBERCCMIREDERB LR EN, BLid0 V¥ p 2EWVEIZTZKRE
RERELHERZINS.
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(3) W FVEBARREDKT N

VAU INCREOERERELEEICIL, ERFOLBEI N ANRERZEH
THO, MEAGRELE, S@REE, NTAHER, ABHICERI ML ZAREDOF5 %
PEHRET2H AN TH S (FEMF, 1994). /kK, ERELTHI Y FEFERAL TS
A, TNOSHBEARNICEL -BRMEZE TEREREZLENICEETEZSLORE
KOERBRWEASN TS (Bik, 1992). Fk (1993) &, ERICE->TU>>av 3
NDEONEGHREEICENTHIEEZHASNIILTHED, BEARFIAICK 226 HD
EMERLTVWS. BEROFETIE, BHRARIELEELREAAHETHHH, AR
BROHFEIINRZDOEMEETS. MEZMETERZVWD, MEAERKOBRMEKHED
—D& LT, Syvertsen and Yelenosky (1988) 13, X h L X (NaCD LBz T2 H > F
VEEDKSHEROREN S EARARRERAL TS,

ARABRTIE, SERBBOEAREEZMAL, THEMBICLXIEEI ML A EEBRBEIC
EBEA ML RITHT B RO MM ERS . TEERARTIE, ERERELT
BOVwEZDOVp DBZZELE LKL (Fig. 11). Z2OVp OHFNSHIE TS L, RO
o NG FPUREED, B IFF ES T RIE AL ALGER Ui =50
FNTFTEDEDOY s METLT, VpDMATE. ANV XELT, — 10 MPa
ICHAET L 7= NaCl & CaCl BHREHEAL, BEBOEAZLED K REZLEK L. TOD
R, BAREEDOKSBFEIIEOBEBRICL> TRARSZRIEERL T (Fig. 13). T/2bb,
NaCl LBIZBIFHEDY p TIE, >—V T+ —EAARZIAHCTHEL, CaCl UHE
Tk, I FEAARZIACTEDOVpREIEL .

AFVEETHE, EEYVORNEHICREMEENRD SN, WY FDRT Na'
DRRBEDFH N EMNM|EIN TS (Syvertsen and Yelenosky, 1988). F~ hDE X k
VARERTIE, RIZBITSHMFBBERITKCI > NaCl> CaCl: THD, RO T w &
MEANED SN TS (Nonamiet 1992). L2 L, KRR THRO 1 A > B@BE %A
LR, REBICEL-TEREH =N (Fig. 14), HFLHBAAFZBBELEEANL X
KT 2K EOREIT, RATELMho. B A OBHBEBIIERETHD,
ERA A NHRAATORBERAIIBWT, BRo1A4A>Fr o xNVE2B#HT S
TEMREINTWVS (Hedrich and Schroeder, 1989). ZD XDz, A ML R LB
ML ZOBBIZIONTIE, SSICHRBBLEELEDNS. 5%, 14 >Fr oIz
DEBBIRE KSR EORENMEHI NG, MEdEARORKIZIBWT, X0HE
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M RMEREORENYIFETES.

(4) RIVFHRELCBIZD 220 hV0RSEHERRRE

HFE, REOHEBIIBWILZHELHBOBERAMNER 2o/ 05, BREEESIZ
NEEENSHKEERIBTLTNS. U2 aUIACOEREREE0EEE LTI
M1 X (BEE :61cm~67cm) TRENBVWAL>>PCBRZDHE, RAEE 12 %LU L,
MIBE 1 %XUTRENEINDS. B2, BRERETATRE, BSLELAEKEZ2EDR
WORBRRKRTHS. LML, ERFIIENOZVALRDOKKREHITBNWT, BEOY >
SaUIAVEETIELBE RXULORELZRZRENIIEHEET LI LIZIRETH 5.
DD, NAMITEBERZNZ DTN TFRENEASNTER. RRYDIT,
RBEKEDEZIN T4 IV LEZFALEN, TOERIIRETHo. EZINT 4 IALT
i, HBAIOTENTDICHBEL TWAIKLENHS. HBANCTENTOEREL T
WiBE, TBAKSERMIIRELZD, HBICHED LTHORBEARAOE M EITLD,
MEREONRBALZETH -7 (WHES, 1993a). 1980 FH¥ T XD, WAKIFRERBT
HEMEIPOKEIJERKBETNARBREDH R Z BB T 5HEMKEREANER N,
EAMOEWBEBKERBEMICL T, YIFHREORRARMNBRHIN, =5ITH
PEVBRICODERLEIUD GT#ES, 1993b). LAL, <o FREARI,
RIEDTLBERA ML RIREEZTIB pF BLUEPREZOV w OATIHMEL T2, H
KOTBEA MLV ARENERICHEBETE TS LIFEWE V.

INET, BEERAEGKESRKEMEDOREKIZ, 7% (Culter et al, 1977), ¥ 1 X
(Sharp and Davies, 1979), -T ® (Culter et al., 1980), k™7 E DO I3 (Westgate and Boyer,
1985), ¥ % T > 7K (Ranney et al, 1991) ) > I (Wang and Stutte, 1992 ; Wang et al., 1995)
THREZH TS, LML, Zhold, ERAMNLVIAERIELEE, EBXURORE
EREEAE SR AKIEMORBMEZMELIBRETHD, RENCB I 2B BTHETHKIESE
EE0RRIE, KRBATH- . 20D, THROV w LEHEOBELAN), BICRE
NV w, Vs Vp0HENGNT, HBETBIZIELTI2EEOKIBHESLRERE L
DEAENLVAEICITEZ EEZ 5N 5.

ARR T, TIFEMELTEERAMTERZRAL, SARANSHEBER O
BOVw 2EERY I 7 0A—F—TFHBIL/. ZOHER, YTIFEREROTEOV w
i, BHRERICHXRTHSHIETL, YA FRBLIZTBERONENHERIN



7= (Fig. 15). YV FHEBEROMBO ¥ w i3, BEHBEEBERIDIE<SHEBL T,
NEZE, IIFRERDOTBOVwIR, KkAZRRELEINSD— 153 MPa LD HEW -
180 MPa THo 7. T FRERKOMBEO VW ZThIVEL, Vo IBHRER&IF
ERIBEICH#FIN T (Fig 16). TBEBREFHTHREINZY > 2T H > T,
MBPOBENEMLTHD (BB X, 1969), VI FHERIIBITH2HBO Vs DK
T3, MBHERICAEERBEVEOEEN S /I LERL TS, i, HRABEIE
B I3EETHo I ENS, TEBRABZET T /LA LD, BEEZISITEN
THBIZEL TWEEEEINS., FRBTORKIITHAEEZEZSND, TIFRK
BEXOMBIZENWTD, BMKIhTvpriFTEitBbns.
REOKDHEHELT, ZABRTREEEBLEIIDELIIBNRT Y w, ¥, Vp
éﬁﬁ%t%ﬂbt(Hg.UaMI@.%&KSMT%,%mtﬁ%KVN?ﬁ%Zw
Vwid, BHBEERICHRLTETLE. LML, IITFHEROV s DETOREMN
REMD7/2®D, Tp OKRZRETIREBEDSNT, NBMERIIE—FITHEFEILTL
7o (Fig. 17B). 72, L HIZHNTH, BEICEBIA ML ANKEDEFETLT
TIWFHEXRDO VwIidET L2 (Fig. 18A). WL x50 vpid, LEMMY 010 MPa
UFEELS, YwOXKEDIEZ, ¥sTHEODONTWE. Vp REFITENM M, <)
FHREROB LS50V p i3, BHIFE FIEFRETH D, LEBFITII IV FHRE
ROAENEL 2572 (Fig. 18B). INSORBEENS, RRAROTIFHRIE TIZ, HEP
RECBVWTHRBERGHENRHICODE>THW TSI LIZHASHATHo /2.
RIVFREAMGPOBLCrO>DY s ERHOBHBEEMEEDOR K. A5 & (Fig.
20), ABAKEEYMEEDOEMIIMHE ST, VsBYARKTLAD, TIFHEEXROEKE
ROBEIT, ASHICBHBEEROZNIDKREN /. TOIZEE, JIFHEXD
BLrOo>H0BENENBEHRKEROFEIIHANT, BN FEEZE<EATNE I L%
ARLTWrE. GRIAMNLVAZZBUFRLET 22T IACT, RHOBIBEMN, ZhE
TE<BETINTNS (BH, 1972;: F1ES, 1991; AH S, 199). AHRTH, <)
FHREXTIE, YaBL0RXRE (REBLUT RURE) THEMENSH > 72 (Table 2).
CDREOIRBRABOEMI, ¥EXRTHILaBIVBEBENRNENZD, R
M 2223 -REORBEMREEEICT ANCERTIEEbNS.
TOTVaAVIACORUPOBENBELL T, BETIH 2R, BB, JRUENE
BRBETHD, BTRIZOBE) CIBEMNSL, £FHME2BAL T/ I BENLES
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BD 80 ~ 88 %$EHD TS (ENS, 1970; A S, 1977 FES, 1981 ; KX - &
#, 1985). BHOY L avI A RHFDT I JBMEAKTIE, TANSF B, 7
AINTF, UNWII VB, 7IWVFZ, 700 R ESIMARBEIN (ARES, 1972 ;
FES, 1981), ZRA ML AL TT7 I /EHEMLTWVS (88KS, 1981). Ui
REICBIDI D aIACRAFORE, AREISIVTI/VBIZ, &£4810%, 10
%, 004 % TH2 (ZH - 7K, 1988). I T, FHRBRTIE, RHOEERD TH DK
B (2 akE, TROR, B LVICBOBREREZFEALT, SBHEHORBREL VY s
DEFRERET L .

—RIZ, DT aUIACORBEOFRENCIE, BIFRERESMERAINTHD,
FTOEBBRVIF, YaBOEBEEXEZEEIIMNTohTWS., BEEX LEHGFTREORFRT
i3, > atE, REE, TRUBEBLRAUCEREICTZOY hIR, JIPBEBPCHE
DINSRERZRLUZ (Fig. 20A). ZHid, P afEORBHEN 1.031 ITHL T, RiE,
TRUOBBIUNI IO BOBINEMN, &4 1.021, 1.031, 0951 ZRB L R TH S (Wolf
etal, 1980). T D7, BIFIREMER, RUBELT TR, VI ERELED
FBREMEORBITROREEEZRT I EITk5.

R, BFEGREE Y w EOBFRERRTSE, RE, TRUBBIUI I CBEE,
RIEFRMUER EICTOy hah/izd, 2 aBTHROSNEARERKROIRIEL, BEEEBEOK 12
Tho/ (Fig. 20B). ZDE, YaBLEROATFERILEIFERALCTH- . BROD
Vwid AEOBBICEADSTENBEICHALTETTS. ARRTIE, AHICEHF
AREERBEADON FETE I D IELYw EOBFRERF L (Fig. 22). TOHR,
YafE, R¥E, TRUBBIUOI I ENRALCEREICTOY S, Z0ZEnS,
FACEEOHEBERLIV T OBIE, P aBiChR¥N2BY s ZETIEZILEHASNT
o, BREESCI/ICEREOEME, BEERASBEOM EICENTHS. I FH
BXCTRELERATO afE, R, JTFOBBLIUVEERE, SHBEROZTNS
INFEICELS FICHBBRLIBROBMEENKEN /T EMNS (Table 2), IIF
HELAEREZOWLLOANTIE, YaBULITERBECI I B ENERINSCTH
SlEEAZALND. iz, BB, JaBLD 1S~ 13 BOHKRENHZDT UMR,
1986), YN TFREBRETHEDONLRBOEML, HROKXBIZENTHS.
NERETIRELZVOLBESELZUBLAEER, WINFHRERDO1IREY/Z0DD
EESRIE BUMHBXIVAEREICEN K (Table 2). ZOZ &R, INFHERD
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EEEME, ZERICHESHK - BEERATIEARL, E%ROBEENH I EERLT
Wiz, E#RIZ, Kadoya (1973) LB BEL/RETIRM - BAKZITTHBETERWVWES
ELEZRDHTHD, MRESGKHEEZEZETO—REERL TS, RHOIEBHEHRUN
DREEMEEEL T, EHECSREROEKIEE (B8RS, 1967) CHIRESKRIEE (8
A5, 1967 ; Kadoya, 1973) MHERIN TN, Zh5OHERIT, MEANNBEYMEE
M 2BBEREHECEETS. FHROTIFHIETIE, BT BEBRTIIRL,
BREICEBEZI ML ZANBEICRIZEN, MEZEDE{E L TREERAEHAELZ EHICH
METNSEZENRASHTH/. T2 aTIAITBTBHERELEY DEIRFE
ElX, BEaBTHH0OT R - S, 1973, RS, 1973), REEHAEHEAEICHE
BELEREATORRKAFERRZANOHECHIESKREEZERENSBEBEOEMEMNH
B3, EROBEESMICERLEZEEZSNS.

RBANVRAZEZT LT a2 UIARETR, BELTTR<EREEDEMT S
(A4 - BTH, 1980 ; JIIEF, 1984). BRITHFICIE, MREERETOHLRBEEN 12 BUT
ThWwE, BHRMNBEE CHRAEERIETTS. Cote, GREREEEICIT, EHE
WIBZWT TS, BELAEDHBIZRE. WoFVDOAEEL, WL ONTEODE
CEDEMRENS & EHIT (Kriedemann, 1969a ; ARES, 1978 ; RE, 1979), HHEk
NEICEERIND (RIS, 1973). INFREXKOREZICBNT, RBEMNEML &
IEMS, BRAMLVARE> TABEN SEANOESRRIZHIH = Nz rTREHE 2 E V.
T2 aUIACOBRBEIT MHBITLBAKINSZVNEES, FRIRCERRHMOHEE
BETHETT 2 (kA - B, 1968 ; kA - B, 1970 : BH, 1971 ; BE - Hk, 1992).
GREOBRBHICL > TEBEZBRUEORMIIEZSLN, TN FHELNTZAHE TR
BAMS IALAIRBNEZBEA ML AZHMEIIRIEIL TREREELZED, TOREAVE
DIMAKFIBICE->T, BEELREBEZAGL, anEREFLEELZITLZIDOICILTW
5 (FWH#S, 1993c). LML, BBRBLARNTEH-RLBKIHEHEE2ERET 2 DITEEMN
RKENWDT, SHOTIFHETIEH, £BAAHEELZ T TR, £ERBOMAICED
WT, KONENTRESHERNOMENEZELEbNS.

(5) KHMHBEBCHEIZD Y a0IhYORIBHEERRRE
EYMEITKD ARV AREIZTSAEELT, —BREICBLTBAIZELEE2HE
PWRAINDD, KHHEBEOERBE.2E8D 2 LICE>TH, EHUKEERANL R
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REIZTES., —RIT, D22aU3IhC0EMEETIE, LB pF 27U ETENEN
0, REEXOMGI 2 EDHER2ELER ML RIRENRD 5715 (Fujioka and Kaida,
1971: 88 K5S, 1975). Lh7d, REOBEEI, BRI TESDENEL, 1K
DOFRITIE, MAOEZBA ML AREZERICEEIZLIE#ETHD. EER, &
REICHBEADY > a2 I ORBEE2-DIIHY, —HOBREBELTIRBIC, %0 %
GERETBICEATRE LS MYEKROEEI L ARERNL T2 (FFERS, 1976).
LT, K#HHEEDOBES, EREBECZOMKR, BREE, RKAERET, #
HLEMERIZ—DEBRA NV AENETELEHMMNS 5.
KHBEIEICIE, W<ODDARMNHASN TSN, BEAOCTRENF THIETR
bEREORENEEZN TS (FBIL, 1991). NF THEIL, EREBEOFTH®
RHEBIR AT LTHD, BEKITKMEREZNTRIARTHZ2 20, RIZTHR
BENEETEDLLEDIT, KYDAENEEICHETZZ. 20k, FHRTIE
DV ATIACKBICERAN IV REEZSARELUTNF THEZKAL 2.
ARRTIR, BREEERX (MEBX) OBEREEZEC=015S'm~' ¥w=— 008
MPat L7, BKEEERXORZEIX, MHEMIZEXERL TWVW/EZDT (Fig. 28A), NF
THREBIZL2EEEERZ RN >7EEZAONS. SREERERKIE, RAICEREEZ2S
D, TOEBR YV wN—030 MPa LA NIZR-/=&&, EEW L 50 vwid, KREE
EREXDENSITHUXTETLIRUD (Fig. 24). XBpFMN 3.0~ 35 (¥Yw=—10.10
~— 032 MPa ) U FZARB LT VaTVIAEDYWHMETLTWS I ENS (M
FHS, 1976; A5, 1981), TEARABREIFEFEZROKADS A ML ARBERLEZZ &I
25, 2517, FRABRTHR, BERICEVBOOERA NV AZ2E5X 520, &&NRE
BEERXKOEWEBEIZEC=1.00 S m ' (¥w=—043 MPa) & L7 (Fig. 24A).
BEEEREO Vwid, TEBpF THRETZEHN37ICHEL, DROBVWKASZX ML X
KETH-. 20D, BREERRKOREEKIT, £ 30 BEIZIZAIEL 7= (Fig. 28A) .
LinL, E®soBEUR, REEXIBHAL, BELARD SN,
nEEmEe, BEROEDO vpid, WEHMTKREREZEZ RSN > (Fig. 240). —
B, BLEO>0V¥pid, REEAKOELELAHMS, REBEEERXIDEVETHEBL
REEKXOFEREAFIC,BL L0V IERBEERK LFAREICEEL & (Fig. 25B).
IOEIBEELEHTT, REEXOEREICE, BE—BOVpZ#HFELLIENS
FARHMBERRIIBN TS, KMEROEVY w B L =R EEREEAENERTE
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e

EOVvwORTIH-T, GEREERRORHEE (RIAHERHEE) 3EML~
(Fig. 28B). B TRIZIZ, KEEERXORHEEMNN 103 %ML T, RBES
BEXDENIIRIK 124 6 TH-o7= (Table 3). RHOBEBHEMASTITBNTH, a8, R
BBLIUOTRUROBRER, SEEERRK CREEERRKLVDEEICHEMLE. LAL,
IRELEEDVDOLBEISETURLAZEZ, NEMTHRERERRD SN AT, 20
FRELT, REBEERR TASN/K30 BEORERKE LR TIE (Fig. 28A), A&
RECEHOEG - PENRETHMRI SN0, BERANLV AL 2#8E2EK0%E
BROBETNEZ SN2, NIER S0 HLURE, SREERXOREEEKIIHER L (Fig. 28A),
BLxO TREBLRAGEENRBD SN ENS (Fig. 25), REANDOKESKELEHD
i - pEEAREIN L LEREINS. ARR T, EMEICOE> TRERERDIFIZ
BIETZEIDARZABPLARENEN NS, EROREEEIIEMET, RHORB
MHR (BEH - BB, 1976) 2XFHFITH/-RITR -/,
ARBRTRTIENTERLLIIC, KMEBRIRERKOGEICEDNZRBEFIELS
Z6N%. FRBRTIR, BERBEL T THEDKS X ML AHEERRZN, BROM
RIEKICE > THEMEZKST AR L ZREIZITES @@L, 1991 . IH 5 DOERGIE
BEEHABDOEDZEICEST, BERIZEBRODRZVWKMBBENXETEZLEDN
5. Z0OHE, FRBLOCCECNAKAA MLV ZRETERL T, BEMNHREMNIC
BRITDEDRAHBEEHETHO NE, FECEREEENREECRETEZEEA5N
5.

(6) KGRV RICHMTBD a0 IhrOREMEFN

EYPBKD ANV ZAZEZTREE, BOKEEOWMHNEARIN, KW THASER - &
HEE DD MNH B (Boyer, 1970 ; Hsiao, 1973). T aTIN > DONXEMREEIR, L&
BMpF M 27 UTICARZEHNERITET TS UM, 1985). £/, EO ¥ w - 130~
- 150 MPallFIiZ/2 3 EHAEREEIIMETLIAUD, ¥1— 250 MPa TH¥ 312722 (%
X, 1993). F14 X, "y EOITBIPEITURENTNOENTH, ¥1— 0.40 MPa
DT TEOREERERIBETLTVSY, AEREEOREZE TR, F1XT- 120
MPa, k¥ EO I T— 1.00 MPa, £ 7 1) T— 0.80 MPa T Z > T\ % (Boyer, 1970) .
U ayIAVIE EXEMICUERTEOVY w BMENWRETOHOXAERZHFNTE D



ZEMS, MENENZ LERT.

KMBREBETOT 2273 A2IIENT, EOXAEREREELKIHEHOBELEZLE
L7z ®R (Figs. 26 and 27), MBEEREROEDO v widBFH - 250MPa TH D, K
EERERXIZHERT, HENIZABSREEIZEN o7~ (Figs. 26 and 27A). EQ ¥ p T
F5s, RERMARBMICKEZREZEIRD SN A7z, BRENSERZIIDNT,
BREEREOEDOVw &V, BRBERLDHASHITETL, RTBNTHER
Froe VZEBLEAM S (Fig.27). BRI THBE, SiBE %Hﬁ[:@%@‘!fpfi
BEREXIDZFLSETL (Fig. 26B), RAELRBESEREGHEIRD SN aho>/. &
ni, AELDOEORBRERKIEHT TR, BEOEEREHEN, ENTEHITRZ
SRRMoTled EHERBINS. Vu and Yelenosky (1989) &, #BEA ML A FIZHBIT 24
VOPERTHE, 77282 a@BiETL, Ba@gagmli-LBEL TS, £/,
EHDT7 I /BEEDEMLTVS (BAS, 1981). BHAKFICE, SEBEERXKOED
Vo MEBEERXK LIZERICMETH 22 EMS (Fig. 23C), REIIHITTETES
TR/)BRBREOEBMNEID, VpE#HfEFETELLELEZISNS.

Ry VAR THEBRA N Z2BERABRTIE, RHEKROEO Vv w BEHBRA ML X
X TH# — 0.60 MPa, ¥t X b L AKX T#) — 1.00 MPa T3 > 7z (Fig. 30A). TN5D ¥ w
2, BRARFOFEETH S, XERFRIFORFTIE, EOoVvw 3BR#EKRIOMN R
DETLZEEDNS. Ry MRETIR, TBEHRANEE 15 HECKALERNEEN
REHZBEDFBILEN, ZRANLIADBENRS BBIIDONT, [ILLEIKTIIR
<7D, ENRETABEIZEMLZ (Table 5). TOHRE, ZBREANLIDE
ENKILHABEZ T TARL, AEROEFRERCRHBM[ERROBEICRATHEZI L
L TWE.

ARRTIE, ERIANLVATOAESKALCENOLIR - REEEBFTT 50T, © C
SRNWUERBEHARAET > aTIAITHALEN, LUEZO ° CEFEIZLERMT
RERBEZERIBEM O (Table 6). "CO. fEA, E-INERTERALLSFHETERL -
=%, —RERICEZNVHNERORE T ZIBEN 700 ~ 800 ppm IZE Lz, KXEBRAES DM
IRELTRLBPENENDOR, RKETABEE2BDEIETHSE. U>2avIhY
DB A X85 =13 2000 ~ 2500 ppm TH O, BAFHET THZONRNER TN TW
% (%7K, 1993). = 51T, Graan and Boyer (1990) 13, KB A ML ATIZBNWTHKREN
ABNAEREEZEABRTZIEEMAL TNSE. 2O ENS, "CO. EANERIC



RETABENENEDL, ERAN LV AROBTHOAESKRENNMELEEZEZ SN S,
KPZARNVZAEZFTWAWT > a3IHTIE, REAARAEZEBRL THRO
EORBERMOLMEIZEML 7208, REBEREML Tz (Fk, 1993). 7z,
KRARLVZZZFTWARWEYT)DOETIE, REAAELOHEIZD 2 (Graan and
Boyer, 1990). R#IZHBNTH, WECHREMEZMEL T, NT XA TKE AT ABAN
AR Tws, LaLl, ZBAMLAICIERLZEY TRWE, AXERENDM LR
T, REOERECEHETELRVWEBDLDNS. 5%, U2 aUIhCBITBITZR
MAZBIDOHRIZIDONTIE, TOHECBRICDONWTISIIHRANKLELEbNS.

(7) REKEILEVOER - HRICHTI2ERIA ML RDEE

GRANLVZAICES T YaYI A OREBENEMT 52 ERASHTH 50,
ZFOHEELT, BKIZESRHORBRBEHR (BEH - BB, 1976), MRESKEE (54
A5, 1967 ; Kadoya, 1973) REMW/EIN TN DS, FHARTE, SBEERBE TRE
RPN BMIEAEFBELEZEHETTHE, SEEERXEEREERK (HEX)
DIRELEEVDOLBESET, ABRRERRDS N o/ (Table 3). —F, ZHo
T FRERARTIE, MR, RE, L s> TREERAGHENBD SN/ EE (Figs. 16
17, and 18), YN FHEXD 1 RELDVOLEEEIT, BHBEEXIVAEITHEMNL
THO (Table 2), KK - BEEALIT TEHATE Lo/, EROLESEEMNII,
REANOKRSHRELEN DR - R OEM, drNIFMRESKZSICFIAIN BN
ERBECOT I BAEN, HREPY N VEOEGREEIN, HRERNICEREL -HER
LEERIND. 22T, ARRTIE, ERAM L ZZZIAVERX I FHE LA
CKBEERBHEENBHZRERRKNHIBHLEANL AKX, RFERRXNKE MG E
hoEOBBEBRA ML AR ZRy MITHBRLZ (Fig. 30B). £L T, "co. ZMAL
TASRELEY DRt - nEEEEEMRHL, BRIAMLIAICEZREDOI D VEDY
ErmatLz.

BHFOED v w T, UE%Z4BLURERMX TH— 040 MPa, BEZBEANL AKX T
#— 0.60 MPa, 38§22 X b L AKX TH — 1.00 MPa TIZIZHEF TE7- (Fig. 30A). EEKX
THEMICREERLZDOIIH LT, BEBRA N L AXORERXIZ, »2KHICEH
Manzn, UEBEETHRICIEAXLDCPRERKRNS2EBE THox (Fig. 30B).
BERZA ML ARTIH, BENESLIEILERD SN, RRAICEBEZRIANL ZAROD



BEBIIN20 BEEARKIOB DL (Table 4). REDOKPBEHETHDE, ERIAML
ZlZE-o Ty wid, BERIDBASHIZETL TWAED, LUESKRBICIELZBEI N
ARDRREOVpid, BHEXEREEDK 045 MPa £THE L (Fig. 31). L»aL,
BEBIANLARKDOREDOVY p i, BEROKN¥ENTH-o7. =5i1T, LEERORESR
BEDWMLUHER, CRIANLVZOBEIZIGUT, v af, BB, T RIEBEEIIEM
L7z, 1RELLEZDVDOLBEEETHE, BERI ML ARNE L EWEZRL K (Table
4). TOZEMS, KRRIZBWT, BIFEEBVOZBRI NV ARKENT > 273
APORy METHETELEERS.

ERAMLZAICEST, D22 a93Ih 0EOREREEIZET LA (Table 5),
EMELD P CRNEBIZDVTIE, LEMIZKEZRENRD SN/2M o7z (Table 6) .
ZOfERIT, REAZXAENDLR (Graan and Boyer, 1990) 2L > T, EDHEMREEH N
BELEZEEZRY. XEREILEYDORERTHRT S L, BAREBEBEINL X
Rid, FETELAELS, RNWTRETHH =M, BEBIA N L AKX T, REVNEDH
WHECEZRLZ (Table 7). BIES (1991) &, REAAHPDOPCEEX—TEIRE CHA
TEZ5TRE - THEHREZFEAL TRARLZER, FAREREERIC, TZEI L
VAL TO Y aUIACRED " CHORENEMLZEREL TS, ZYEY
OO CENETHELAEZBETH, REBA ML AXAE EWEZRLZ (Table
7. 5T, ARBRTE, REZ2EK, LxO02E, BLxHItEAL, ” CHBEE
& L7z (Fig. 32). TR, REDO"CHEETIE, LEMIIKEREIRDSN
RinoM, CxOD03BEMLLDTR, BEBRANLARYEWSEEEZRL .
Vo avIACONRMIZ Y CHUALZZEE, SHIRMICERI N * ClIRRAMET
FEAERDNT, RENICEEFHIEMBEIN TS (R - K8, 1973). 2
S5OZ &M, BEERGDSEENMEAL, REBRRKNBOSNSLDREEI ML K
BTHNE, CLO5DIBRHLLIOIDL 7 MNEERIELRHASHATH 2. RE
BZNLARTHSNEEREZOREEMI, BEEACZIRECESREEL T TIRAL,
RENOASHKFILEYMONE - MREBOEZMNLZENMNKESERALEZIEEZRLT
W5,

Fig. 3BICACFVYREDRELMHEROEANEZRLZ. hFVREOHERII,
RENSREIINTTEET SN (FE, 1985), LxdD5&EW UL OMPITIE, #E
RO REEHABNRD SN TR (Schneider, 1968 ; Nii, 1988). D 7=®, XA
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SR =i =R=l=a] ~ 1 ~« shoot or root growth
Increase of N
amino acids inorganic ions in | o of

<Osmotic adjustment> ‘Changes in activities of®

- Decrease of Y s !|nvertase, SS, and SPS in fruit 1

- Py > U, of cells — Compartmentation in
juice sac cells

Maintanance of ¥ p

-EEREV -

)
Sugar accumulation

Dorsal vascular
bundle gland
Loa g
Suc e

Calyx
Invertase
SS
SPS
Juice sac
stalk (non-
vascular)

Juice sac (non

- vascular
) Septal

. Segment vascular
Juice membrane bundle
sac (non-vascular)

Invertase
SS
SPS
Compartmentaion

) of sugars in cells
Central axis

Vascular bundle
Invesréase Central vascular

SPS bundle

Fig. 33. Schematic diagram of the mechanism of sugar accumulation in
response to water stress in Satsuma mandarin trees.
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CEMT, TICCrO202NABIIRELEZZD0ERLMS T O0—T 4035, 7
yO—F 4 > LIEREEIR, #EROBWTIURE, Ci5058E, BLi5>#ERA
L, L x5128ET 5 (Koch, 1984 ; Lowell et al., 1989 ; Koch and Avigne, 1990) . ™7 >
DaUIACHULLOIOMBEENS, BLrOdFANOBEOGERIZ, RHEEM S
REINDZNMNEOBRBINODBRARERFEEREZRHATSI_DORBINREINTNS

(Nii and Coombe, 1990). ZD7/=®, WU £ 2ICBIT 2 EREULEY DERFED,
FIXOOTIANRBEERIND. NV TAL>ZOB L L SMIEENTIE, K&
NOBEEARBNRIICBEL, I —bAYTF—2a 0NASMIIINTVLS
(Echeverria and Valich, 1988) .

COXIRBHRBHERFAMCEY OEREELZRE TN FVITBNT, BRI
AEZFRER, DaBE T TR<ERERE, JRUE) DEMT 2 I &0 5 (Tables
2and4), BREZA ML ANBREFTORRHHERRIIKE<EEEZRIFT EEZONS.
T aUIHAITIR, NcDHER, REANDHERERCH L LD THRES XIS —
AT R 2R E A B2 TP @S, A7 O0=AY 7> > ¥
— 1+ (SPS) 2R HH T N T % (Kato and Kubota, 1978 ; MH 5, 1995, 1996b). 1 > X)L &
—tid, >aEOSME, SSIFIAENLZL aBOESHK LT, SPS IE aBDEMRICHE
59 %.

D aTIRACBULELIDA NN —EEHRIZ SS ® SPS K 0@V, NP R
ENDHEERICUERZ E, WL ODZBREHIIASHNITEN (MHS, 1996b). %
I, AL TTH, CLODIICHELIZHMERD SS LBEMEA RIS —EEHRN, B
Ce2RL & DDIBITHENRTEY (Tomlinson et al,, 1991). TNSDHENS, /1> F
VOERBETHD > afEld, "PREQHERNTITICAMIN, BEFEELEDIC
FHERRBEZ2BL R LrOICEGR - BRI LTINS,

REDHERICHERT, WL O NDOBRANPEERROGHIZE VA, P aBOER
3, AIAHEBEES NN —EEHOERTIC—EHL, BEBEOEMEIL, "ld®7IVAaY
ANy —EEHICEEL TW% (Kato and Kubota, 1978 ; Lowell et al., 1989). /N1 >
CTAL VTR, BLa O MRoRBSRIZ, BEE (BE. JRY8) ©75%, ~3
D100 %MEENT NS (Echeverria and Valich, 1988), ¥ U £ ST L /&%
FHRE LR TRANICEEINS. BRHEPERRZRLMARATREL, BE1 X
Wy —FYRIBERBAREEZSH, TIWAVHA XNV —F & ssS ITHEREITH S



(Echeverria and Burns, 1989) . RN DOEBEOIM DA AEEIZIEZ, Job2RTENL
FIXNF—KEFREBEADRICER T 2ILEEANH 5. Echeverria et al. (1997) 1E, X
A1—FS1LD aBEOMDAAERIL, TRNF—KERTERL, YaBBEENER
TREINELEBM THHIE2ERHL TS, T aBRENRIL, BRIENOE K1
DRV —FERICERT2EEA5N, ABROBEHILIIEREOEMCILEET 3.

LML, mM#FS (199%b) &, IALADEBEARLAICELST, V>¥avIACE
EDONZDA RN —tE SSEHRREEZA, WL OB 5BRAHABRDE
HIIHEBX EEZERBRN > ERELTWS., EREAMNAEZZT T a2 T0I AR
ETRDSNZ2BRABOEMIL, BRETHDL aBO—EHNRNEZPHEERADO T X
Vo —¥R SS Lo THEBIIHMEIN, BLedGR -EEITDHIELe2TBT 3.
Ee, BLxO2DA NI —FYEHRIZEN LI ENS, PaBORRIRDAHA
X, A1 —FIALERRD, JORHRDTEZNLEIRILFEKERIB LW,
LiL, 9>2au3A>TlE, BLiOdBBEANDINN—hACTF—2a BT 3
MRERNDT, SBEISITHFLVWEFTNALETHS.

RES (1975) &, D> av3Ih 0EXFIIBITHERMEIL, BEaETHD
M, TAMBAOHRANSREEKRY, IABRMORERKMD SHAMOEERHE
MAMOERMER, TRUBLRBOSZEREMEEMARLL, B &2 a@IAESER
NWHI—2TholmERELTWVS., BREIANLVREZ, REALITTRL, Z0ERMARE
CBNWTHREERANEELRIZTAEEDD D, £ERMERAICB T Z2ENOERIRE
HARRIZDWTIH, SEISIIRFORMEADH S,

TRAMLZAICHTOBRHABERZOBRLLIT, VP aUIhREOREER
HEREICR<<BEETS2EEZS5NS (Fig. 33). 1BOKMEROY w DETITRIEL
T, ETRICBLWTHBRANOAEEEMNECD, BEERASHRENE. BEIZ, L2
PREDVEVY w TRWERKTERWI &EIZARS. CNETOHAANS, REDT >
O—F 4 T 1 THBIANERCLODDOIBIIEBELEEERPOI RIS —F L
SS DiEMAcIE LT THIIaBESML, V- REI D IHEOMEND Y 3 BRE
NEEEKELTEHEEZONS. ZORR, REOI I NETRL BB EAKIZ, >3
BEAMICEI2BEBEOEMNE, REOTVwEPNEISETTES. RETOVwWORT
TE-oT, BAPEGETTHREIBANAGEERZD, BLxH 5#O ¥ p 3HEFL,
REREADAGEERD. ZOEIBRRETO—FT 42T MIBTFBA XN F—



TR SS DEUMAMNBREDOL IV hEED, BRANLV AL TAEGRIEFHNETL
TH, REICKEGAFEILEYMNER - PEEEMNEML, REEBREOEKDEMIZD AN
2 EEZAOND. T, ERANLVRICESTE, Ftf, BREOXERETDH, K
K20l vwidETFLRTNE RS, YwERETIE220IT1F, HENIZE
EYEEERTIVLENHD, £RICHERMRECY O NIVEESRZENEESINS.
RXEHEODAEREED, RENOAGKRALENDONEREEDLEREEZSNS.
U2 avIACOBE, BLrOBRROBEEMEBIIXRBATHZM, XL
7 A L > PRl%k (Echeverria and Valich, 1988), ® U & S#ifds&sENTREN I > /\—k
AZHMEL TR EEZEZOND. BEUBANLARDOULDIDOIBEHLCLDT, » C
DEERMVSE-TIENS (Fig. 32), BELREHEICEHL TRIENO 3 BOEID
ABMNEBEL, FHERRBRHE T aBOBREARMNMEINT, BLrd0 20 h
MEE-SREEEINDS. RERRNBETILOREEZA ML ATIIEKROEE MM
ROSNEMN 27T LS (Tables 3and 4), BEDIEXDEERICHEL TWHDOMND
Lz, BREOIEKIZIE, B8KIZARIRTHZ2MN, ZRAN LV AL TREANDE
BRALEMTZLEEXA50N250DT, VwHRRERTES. RIEANORHKKIZ, #MiREE
BREEOMTHEBRBEOREAREAFZETEZZ2LEEDNS. U2 avIh oWl
EOWBANDL aBROABZN IR F—EREFULZON, THNZLEHELZON, KE
BHTH2D, BRELREHAEICHELZRKEBBEORRIDABZICENEENRKE X
h32DT, SBINSORECDVWTHENLETH 3.
RIROD > awIARETIE, ZRAMN AOMER, SREREZELEICAAR
THa. LhL, ERANLADHIEZBRZ LREFEEZBRDI LT TR, XEEE
GE CHLIMBOFHRENDENHRENZTLLRBALTS. 20D, BEOLEFIIL
BELRIEBRENVBHREARREIIBOMBORTE2AESLT< S, Lrl, FiK
RTRLELDIC, RETCEEZEERGHENRDOOSNDLANNTOEEAN L AKHKET
i, REBEOHMIIHENTHD, AROGRIVEZVWEBDNS. 5%, LEA b
VAMBIZESI AT RABERZR/NBICMZ 572012, BB 72KD HEFMIEOHKL,
ERBERICE DWW BBMHEHRN, SSICREBERTOBINEREIND. £/, BEE
AEEICEDIF—BRABHINNE, EEFRIERCI NIV IZOERIZEST,
U2 aUIACOMERCHEHOAELEMREH T TLEREREEETED LD
BRRBREMNTREICRS EMEEINS.
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wom =

AHFROEMIE, HoFVDOKNHEHREZRELANINTRIFTHEEDHIZ, RN
ARERAMLAICH T 2K LERERELOBRGREKDEREMNICHHAT L&
TH5.

D2 avIACEETE, SRERELE, RIRERE28D 5D ICEMKE
T TFREE, MEGIREE, NTZEELREERHL TAAMICERR ML 2 E2HHEIC
GRADHEBERENERL TS, @MWK RZIKEICIELT S &, HIlRNICEAEY
HE2EMT2ILT, ROV p 2#HT2REERATGTHENDN SN TS, Z<DME
MOMEEIL, BELRGHELBEENEOERMBIZELD ¥V p OHFICKEKELTY
5. LML, TRNETOMATIE, ECREOV w OB ZFHBIL, TOERERETH S
Vs &V p DFAIRINTVARN., DD, KPAMLVAZZFEHEBELNILTO
KOBHICEATHIHARIFZIZEAERLS, REEKXK, AERFUHEBIVORERAICIHT S
8T, KnEEENREANS THICHRBEI R TV,

ZIT, APETREERS AV OA—SY—2FHAL, AFVDHEBEL RN TD V¥ w,
Vs, Vp QFBERSZ. ORI, IAFEREICLZEEA N ABIVERREICX
PEMBEARNLZICHTEZT D aTIAOKSEE, XERBEERSTTIIRESR
HEoRFRERS L. BRRIC, " CEERMAKEZRNAL TEBEA ML RICXBHKEK
FHLEY DELIR - PEENDEEZBITL /=,

1. EERXYAM 70X -9 —ERICLD D FVDKI DA

EFERYA 70X —2FRALEN >FVDKIBHEOBFTOAENREEZRT ZDIT,
EERV A V7 O0A—F—HILD VY w EZTOHRERTHZ Vs &V p DFENIIDONT
Bt 7=,

1). A FVO Vv wBIUZOERERDOHFH

ZERY A 7O0A—F—TNaClBERDVwEZFHB LR, —50 MPa ETHEHRM
RN Ty Py —Fr ON—CEEERY S JOA Y —THAINZEDO TV w
i, 1 10ERBERENRBD SN, EOEEDTRTIIANBEO W s Z&HHIL /=4
R EOVwORIIZMADDSTEWVEEZRL, EOEEOV w OKBARE Y m 5
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ROILDZEERLE. RE - BRLULEPLLIDEHLLIONSKBMLERHOY s &
g LR, 1 1oERERMSRED S,

2). TBFOBENTBEVwICRETEE
TEOKSBHICREITAEOHE LRI T 2201, ZAEKE 01M NaCl BRITE
HEBLLBOSKREYwEZLRRLE. ZO/#ER, ALEBEKETH->TH01 M
NaCl TREA S E 2183, RBKIIBHE I G- L BICHXRTHSMNITEW Y w ZRL -,
ZORRMNS, LBIEZODBENGENEE, TRBOVwWwRBYmZF TR, BE
KL2d Vs DEENKRESRD I LERLE.

3). IBUBRHBTIIBIZIV L aUIALOELREOKGHHE
V> a2 2> (Citrus unshiu Mare. cv. EBEMN) BEEAL T, LERBBERL
MAKZBOELEREDOY w, Vs BLUY p 2RBFHNICEBEIL, K2FHEEZREL L.
TRERBETIE, REOVYw, Vs BLUVp DETIR, ELXVRVWEBHICHAEIN
Fo. MmMAKE R2ERRICE, TRERUEMOEBIVUREOKDFEIZ, BiREREH
LRBEETEELL. EBLURERBIZ VY weEVp EOBFRERMLZER, ¥
=]

TiEd—1.00~— 150 MPa LA, BETIE— 080 MPa A FICVY wMHNETT B &, &8
@Wpf)s‘%\ﬁl:f&_]:bf:.

4). AFVEREELIIBT 20T B L O EH O FE

A > (Citrus sunki hort. ex Tanaka), % F/NF (Citrus tachibana Tanaka), > — 27 7 <
+— (Citrus depressa Hayata), 71 5% F (Poncirus triforiata (L) Raf) BIXUOF AR
71> (Citrus tangerina hort. ex Tanaka) O 5 FEOEARELEZFERAL T, LBETBEI ML
ABIVKMBEAFALEZEA ML ZICH T 2Kk EZREL . LBEBITHL
THIROV w MEVWFETH, IFFFEAARZIACOEDO VI, D 3 HHEIC
IXTEHEFEN/TZ. — 1.0 MPalZHEL/Z NaCl BXY CaCLIBRIZEDEA ML A
Tit, Na 14> & Ca 1 F2ICHL, BEARAEEDKSFHICHKBEHI TR > 2RISR
HDENE. CaBIIHLTRASIFEAARZIALIIENT, AE 120 BEBIZED
VYpoEEMNEDSN. LML, NalE T, W5y FOEDOVpidEELIZMN T,
ERBEBOROKEBEIZ, 13 ICHLTERZKEEEERLED, K2KHEED
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MAERRO NN om. TEBEBEAPLAEEI N LV AIZHTEIKIESENS, 4
RZIAVHERDBMTFHECHERITEN TWE EEZ SN,

2. RIFHREND a0 I AV OKRNHHERRGEICRIZITEE
INFRETFTDOT > 27 3H > (Citrus unshiu Marc. cv. BH# 205) ITBI1F5KDH
HEREREOEFREZRFALE. INVFEMIT, WKOBRAZBHSEEDIZ, TEMS
DARBERREHT HBEBKEREMZERAL, SATANS 11 ALAETHBTZ
HBL. LEMARAGD, SIITFTHEROTBOV wid, BERBEXIDE,2-. <)
FREXDTIBLRENBL DI > T, ARBIUVREO VY w & Vs id, BEMERX
WCHRTHEEIETLZ., INTFHERTHEEDO VYV wIZBHASMNITETLEDN, Ywd
BEFOESWIULIZY s DETHAHD, MBEREOV p i3, BHAERX LRBEICH
FahTwik, ZoZehs, JIMFEEROT> a7 IACHIZIBWT, HIEBEE
ARV RICIERL =R EERAGIEENHER I N, BEUBREROB L LO2DV w &V s
i, EERIEVTHEBLZOIH LT, INFHREROVw & Vsid, BE (TELE
EHmag) OBMIZHE > TRAXIETLAE. RUCEHREIRED S afEid, ERE (RE,
TRIE) BXOIVICRICERN 12 BV s 2T, I FHERTRNEL =
RETIE, YafE, BB, TRUBBXUJICEORBEN, EHRERLIVEEILE
Mol T5IT, 1RELUEZVEBERIIOVTD, YIFHEROANEMRER X
DBHSMIZEN . TNSDRENS, BRANVAZZFLTV2UIACRE
KBIT2RSEOEMIT, LBRBITHESER - BMAKERLEITITRLS, DLAELBEXL
VAZIEfE L =R B EREGERECHAS N ERERMICER LB 2507,

3. KHMBEND L aVIAVDOKSFRERRGEICRETEE

9 AHEMSINHE £ T/KMIE (Nutrient film technique) L7 > a7 2 /> (Citrus
unshiu Marc. cv. BERE) Z2FEAL T, BEREBEA NV ZAWKIHHEBLIUREREIC
RETHEZRF L. BREEERX (XMEB) TIE, K#EBROVYw % — 008 MPa
(EC=015S'm ") THEL, BREERKTIE, RACERBEZED T, BAEHN
IK¥Yw&—043MPa (EC=1.00S m DETETEELZ. SREERRKDOER YV w M
— 030 MPa LU FiZ/ao & &, ELWLLO50Vw EVs id, RBEERXICLERT
MAIZETLE. LaL, WHEDOV pid, UEMMPIEFRUCEICHESEEIA TV E.
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BREEERXDOER Vw M — 030 MPa LLFIZ7/> 7%, K30 BEREZDEXIZIZIZE
I U7zn, LBz ss BELUR, RERKEIBHALE. EOAGKREEOCBRELTIE. &
BEERXOXCMEERR REEERKIOESHEBLL. NERZORMEE (F1F
HEFMNEZE) 3, BEEERXTI104% THoDIIHMLT, SEREERKIT 124 %
ETHEMLE. SREERXKORERER, BREERXLO/MEIho72M, REFD
I, RRBLVTRURGEREEICEMLE. 1RELEEVOEBESEERH OB
BETHE, LEMICAERENRDSNAN /. THHSDERMNS, KB ZFA
LEEREBEL > T, BAROKSHFUHLEREERDORAEGH LT TR, GRERELEED
AN RSN,

4. ERANLVADBD 20T hVDOREKRRILENDELR - HERICKIFTHE

7 > a2U 2H > (Citrus unshiv Marc. cv. BIERE) QBRI MLV AICHTHIRED
REMNOBE IOVWT, MEDKIBEHELEAESREILEY DGR - DECEMRIFT 5
ETHRFLE. 3F4ERy MZEALT, EMBASAZEANTIA LGNS 15 B
BUALEEZT . EBEEX (HB), ZERIAMVAREL TEREZEIA MLV AKXS
LVREZBZI N ZAKDO INEREZZREL-. RHAROEO Y w 28T 5L, HIER
HXDED ¥ wid#— 035 MPa BEBEZA ML AR TIEH — 060 MPa EFEBEZA ML X
K Tid#— 1.00 MPa THo7=. REZBAMLARORED Vpid, LRUEERE KK
TLEM, ZO0RBRLZIZEED, UERTRICE, TEBEMXEZEREEETEEL
. ThiZ&-> T, BEBANLVARDREIZBWT, REEREGHENMERALEZ &
EHRETERL. EOXAORMBELAAEEIZ, ERAMNLZOBEISCTET L.
FOBRELT, ERAMLRAIZES T, [ALHBROBKTEENKETZBEDE
mMnBH SN, UEBEZRORERETIE, TBEMREBEZRIA ML ARKOREEIZIZ
BEREZRDRD 27N, BREBIAMLVARTNI Mok, MEZEAN VAR ED,
AAHERYEE, BREE, > aff, REBIVI7FURREIR, THBERAXKIDEM
Lz, 1REUYLEDOEBEETURLAEBS, BERX ML ZAXMBEDEVEEZRL
Fo. P COINNWLkEAZREZSNEMIIEAL, XEXELEDOERR - HEEHEZE
BT LIEER, BEBRANLARORE, BIZW UL &5 TED " CoERIE» - &,
TSI, BEBRAMLVARORETIE, ZYPELZ0V0 " CRNEN, HBEMX L%
RAN LV ZARICHEXRTHSHIZEN 2. TNSDOHEREMNS, BRIV ZIZLSDY

= 1l



PVAUIACRERSEOEMI, BEERGEEICHEL TRED Y > VENEN
ke, XERFLEYORERENB L LD TEMT S ENRREBELZS N,

LEDRBERZHELIILT, AMAR, KDZAPLAZXRATZ I auIh>n
KOBHERZORBEREBIIODNWT, KpAEBENREINSRENBRBEELR S,
BoNEZRRE, V2 aUIAoRGERZEECRODLI KN EEENEHRILT S
FODEBREBLLTHFEITZ2b0EEZZA5N5.
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E 3

AFROMD ELDITHEL, KHEHBELREEEZ2H > WNKEREFRBER R
BERMEXHELICROLIVESEHOBEZE TS, £/, BRHEOFZ2WH >R - B)
BRI HFHREEL, R -BHBEAEFLEEEL, - BERRXAR SHELCO»SELS
LETF3.

AMRZITICHED, BNHELELOEEER > TWEEWEERRKFRBFIK
gEA EHEL, B ARFYE EEE B BARBLFEBIICESE@LBRL LT
5. BRERKFCBITBZERESR—b2ZLTWEENE HEE R m#MFILX
FREH), EAEER (B BREARHARS), £ —FBK SARERICERHT
5. IS5, AERORT L, BREEBHE VLW REERE T ZEGHEH
REERNFHEEL (R REBRSEHICFVYHREER), REABREHIF - TRIX
BHRECERREZERKBAGL, LERBERNE I —REMRFARETRE
—EKR250BREER, EREEIRMARBAAGHEL (B BRELRHARS
MPABAHR) CHALBRL LTS, £/, XERFLEDORR - O ML —3—
RAICBNT " CTFIAT—DERARSTIIAHDOTHEEZ W W HEREAR
BrEEEmREERLA REL, R -HRELTFSAEL (B ZEX¥EBFHY
BR), Al - HREENDEFRICBRLLVEHOEELRT 3.

REABRB T - TRUXBEBRBE IR, EEXY1 7 0A—-5—0HELELH
BT, FEREREOANBSVIIKBEOMD ELDIIBL TR, REETROHR
hzHlk, TIKRELTHEZRT S,
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Studies on Water Status and Production of High Quality Fruit in Citrus Trees

Hiroshi Yakushiji

Summary

It is well known that drought stress affects many physiological processes of most plants
including citrus trees. In recent years, Japanese citrus growers have increasingly come to use
raised bed planting, greenhouses, and mulch cultivation in fields in order to produce high quality
citrus fruit, especially in Satsuma mandarin fruit (Citrus unshiu Marc.). Because citrus trees
grown in mulch cultivation and greenhouses are aritifically subjected to water stress conditions in
order to increase sugar content in fruit. Although adequate water stress improves the quality of
fruit due to sugar accumulation, water stress trends to reduce the yield of fruit and frequently
damages subsequent growth of citrus trees. When many plants acclimate to water deficits, the
maintenance of cell turgor by osmotic adjustment is an important physiological mechanism which
can minimize the detrimental effects of drought stress. The drought tolerance of many plants is
largely dependent on their capacity for osmotic adjustment and maintenance of cell turgor through
the accumulation of solutes. However, little is known about the component of water potential on
tissue levels in citrus trees. Thus, the physiological mechanisms of water stress on growth and
sugar accumulation in citrus have not been studied critically.

In this paper, therefore, the author determined water potential, osmotic potential and turgor on
tissue levels of citrus tree by using an isopiestic psychrometer. The relationship between water
status and fruit quality was investigated and discussed on Satsuma mandarin trees grown under
mulch cultivation and hydroponic culture. In addition, the relationship between osmotic adjustment
and the sugar accumulation in fruit was examined by measuring the water status of tissues and
assimilate partitioning of “"CO. in Satsuma mandarin trees subjected to different levels of drought

Stress.

- 127 -



1. Measurement of water status using the isopiestic psychrometer in soil and citrus tissues
1.1  Characteristics of water potential and component potentials in citrus tissues

The water potential of NaCl solution showed a straight line having a range of about — 5.0
MPa. When leaf water potential measured with an isopiestic psychrometer was compared to that
measured with a pressure chamber in mature citrus leaves, virtually similar values were obtained
with both methods. While leaf water potentials became more negative, the osmotic potentials of the
apoplast solution measured on xylem exudate showed constantly high. These results indicate that
the soluble solids concentration in the apoplast was very low and water potentials of transpiring
leaves almost consisted with matric potential. In order to test the dilute effect of apoplast solution
on measuring osmotic potential in juice sacs after freezing and thawing, the osmotic potential of
juice sacs after freezing and thawing was compared with that of juice extracted from juice sac.
The osmotic potentials were observed a 1 1 correspondence between both samples. This
suggested that the dilute effect of apoplast solution on symplast solution might be little in juice sacs
after freezing and thawing when osmotic potential was determined by the isopiestic psychrometer.
The water potential, osmotic potential, and turgor of fine roots, stems, leaves, peels, and juice sacs
were determined using the isopiestic psychrometer. The water potential of juice sacs mostly

consisted with osmotic potential, resulted in low turgor.

1.2 Effect of solute including soil media on soil water potential

In order to test osmotic effect produced by solutes in the soil on the soil water status, the total
soil water potential of soils immersed in distilled water and in 0.1 M NaCl solution was measured
with an isopiestic psychrometer. The curve was contracted from data for soil water content versus
soil water potential in the same soil media. As the soil water content decreased, the water potential
of both treatments decreased. The water potential of soils immersed in 0.1 M NaCl solution
showed lower than that of distilled water at the same soil water content. It was found that the

difference of water potential between both soil media is affected by the osmotic potential.

1.3 Water status of leaves and fruit of Satsuma mandarin trees under water deficit condition
The water potential, osmotic potential, and turgor of leaves and peels were examined on the

process of soil drying and re-watering in order to clarify characteristics of water status under
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drought stress. The decreases of water potential and turgor in peel were faster than those of leaf
during soil drying treatment. At 12 h after re-watering, the water status of leaf and peel in the
drought stressed trees recovered on the similar level of well-watered trees. When the relationship
between water potential and turgor in leaves and peels at pre-dawn was examined, the turgors of
leaves and peels rapidly decreased at lower water potential of — 1.00 ~— 1.50 MPa and — 0.80

MPa, respectively.

1.4 Evaluation of resistance for drought and salt stress in citrus rootstock seedlings

The possibility of evaluating drought-resistance of citrus rootstocks was examined by
analyzing the water status under drought and salt stress conditions. The drought-resistance of five
varieties of citrus plants was studied by measuring the water status of tissues while being subjected
to water stress induced by both withholding water and adding high salinity in hydroponic culture.
The five varieties used in this study were Citrus sunki hort. ex Tanaka, Citrus tachibana Tanaka,
Citrus tangerina hort ex. Tanaka, Poncirus triforiata Raf., and Citrus depressa Hayata. When they
were grown in water deficit soils, stem turgor of P. trifoliata and C. tangerina was maintained at a
higher level than that of the other three citrus varieties and thus, P. trifoliata and C. tangerina had
higher capabilities of osmotic adjustment in response to a decrease in soil water content. When
water stress applied by transplanting seedlings in NaCl solution or CaCl: solution, leaf turgor of all
citrus varieties decreased. However, at the 120 h after the application of the Ca-salt stress, the leaf
turgor of P. trifoliata and C. tangerina recovered to the same level as before the salt stress was
applied. In Na-salt solution, P. triforiata could not recover leaf turgor, but C. tangerina recovered
leaf turgor. Characteristics of ionic permeability through the root tissue with respect to NaCl and
CaCl: were different among five citrus varieties. Considering physiological characteristics of
tolerance against drought stress and salt-stress, C. tangerina seedlings seem to be best suited for a

citrus rootstock.

2. Water status and fruit quality of Satsuma mandarin trees grown under mulch cultivation.
The effect of drought stress induced on sugar accumulation in Satsuma mandarin (Citrus
unshiu Marc. cv. Nankan 20 gou) fruits was investigated. Satsuma mandarin trees were subjected

to drought stress by using mulch cultivation from late August to early December. The water status
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of soil, fine roots, pericarps, and juice sacs were determined by using the isopiestic psychrometer.

As the severity of drought stress increased, both water potential and osmotic potential of fine roots
and pericarps significantly decreased in trees grown under mulch cultivation compared to
well-watered trees. Although water potential and osmotic potential decreased, turgor of both roots
and pericarps of the drought stressed trees did not decrease under drought stress conditions.
Because osmotic adjustment occurred in Satsuma mandarin trees in response to drought stress,
turgor was maintained. Sugars accumulated in juice sac cells, and the osmotic potential of juice sacs
in drought-stressed fruits gradually decreased. To examine the relationship between the SSC
measured with the refractometer and the water potential in sucrose, glucose, fructose, and citric acid
solutions, the slope of water potential of sucrose solution against SSC exhibited about half of those
for fructose, glucose, and citric acid solutions. Concentrations of sucrose, fructose and glucose in
fruit sap increased under drought stress, and also the acidity in the fruit juice increased.

Furthermore, the total sugar content per fruit of drought stressed trees was significantly higher than
in fruits of well-watered trees. These results suggest that higher accumulation of sugar in Satsuma
mandarin fruits was not caused by dehydration under drought stress but caused by active osmotic
adjustment in response to drought stress. When sugar components in osmotic adjusted fruits were
analyzed, it was found that monosaccharides, i.e., glucose and fructose, were largely responsible for

active osmotic adjustment in fruits under drought stress conditions.

3. Water status and fruit quality of Satsuma mandarin trees grown under hydroponic culture.

The present study was undertaken to evaluate the water status and fruit quality of Satsuma
mandarin trees (Citrus unshiu Marc. cv. Okitsu-wase) affected by changing the nutrient
concentration grown hydroponically from mid-September to harvest stage. The water potential of
nutrient concentration was kept at — 0.08 MPa as the control or gradually decreased to — 0.43
MPa as the treatment. After the water potential of nutrient solution was lower than — 0.30 MPa,
both water potential and osmotic potential of leaves and juice sacs of fruit gradually decreased as
compared with those of control trees. However, turgor of both tissues was maintained at the same
value during the treatment. When the diurnal changes of net photosynthetic rate was compared, the
net photosynthetic rate of leaves grown under high nutrient concentration showed lower than that
under low nutrient concentration from morning till night. Though fruit growth nearly stopped for

30 days after the water potential of nutrient solution was lower than — 0.30 MPa, the fruit
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volume grown under high nutrient concentration increased since 55 days after treatment. However,
the fruit size at harvest under high nutrient concentration was smaller than that of the control. The
content of sucrose, fructose, and glucose in fruits grown under high nutrient concentration were
significantly greater than those of the control, but the total sugar content per fruit and acidity
showed no differences in both treatments. The application of hydroponics culture indicated that it
is possible to control plant water status, and fruit growth, and to increase the sugar content of fruit

by an increase in salinity of the nutrient solution.

4. Relationship between water status and partitioning of photosynthate of Satsuma mandarin
in response to drought stress
Mechanisms of sugar accumulation in response to drought stress in Satsuma mandarin (Citrus
unshiu Marc. cv. Okitsu-wase) fruit were investigated. Pre-dawn leaf water potentials averaged —
0.35 MPa for well-watered, — 0.60 MPa for moderately drought-stressed, and — 1.00 MPa for
severely drought-stressed glasshouse-grown 3-year-old trees. Fruit peel turgor and fruit growth of
the moderately drought-stressed trees recovered to a similar value to that of the well-watered trees.
Photosynthetic rates , transpiration rate and stomatal conductance of both moderately and severely
drought-stressed trees were significantly lower than those of the well-watered plants, while the
intercellular CO: concentration of both drought stressed trees was higher than that of well-watered
plants. The fruit mass and pulp mass of the moderately drought-stressed trees were similar to those
of the well-watered trees, whereas fruit produced in the severely drought-stressed trees were
significantly smaller than those of the well-water trees. The fruit produced in the severely
drought-stressed trees had the highest concentrations of SSC, sucrose, glucose, fructose, and acidity
followed by those of the moderately drought-stressed trees and the well-watered trees. However, the
total sugar content per fruit of moderately drought-stressed trees was significantly higher than that
of well-watered and severely drought-stressed trees. A "C-labeling experiment showed that "C
distribution in fruit grown under the moderately drought-stressed condition was the highest. Thus,
photosynthates were most actively translocated in fruit of the moderately drought-stressed plants in
relation to osmotic adjustment because the sink activity was promoted in fruit at moderately low
water potentials. These findings indicate that sugar accumulation in fruit was caused by an increase

in translocation of photosynthates into fruit, especially into the juice sacs, under drought stress.
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As mentioned above, the relationship between fruit quality and water status in citrus trees,
especailly, Satsuma mandarin trees, in response to water stress was discussed in this study. The
present results can contribute to the establishment of high quality fruit production by water

manegement on the basis of water relations in Citrus trees.
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