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Summary

This experiment was conducted to elucidate the damage of waterlogging,
and the effect of supplying dissolved oxygen and fruiting to waterlogged
grapevine. Growth and characteristics of nutrient uptake, photosynthesis, and
chlorophyll  fluorescence were investigated for potted two-year—old

waterlogged grapevine in 2005 and 2006.

Longer period of waterlogging reduced net CO. assimilation (Aco2),
conductance to H-O (gs), intercellular COs concentration (Ci) and transpiration
rate (£F) and increased leaf-to—air water vapor pressure deficit on leaf
temperature (VpdL). Maximum quantum vyield of photosystem O (Fv/Fm),
electron transport rate (ETR), and yield of grapevine leaves were decreased

from 14 days after waterlogging.

Waterlogging stress resulted in the decrease of chlorophyll contents of
young and mature leaves, and temperature difference between leaf and air
was diminished. Prolonged waterlogging decreased leaf water potential
significantly. It also reduced the shoot length, the number of leaf, stem
diameter, fresh and dry weight of grapevine due to inhibiting root formation
and hypoxia around roots. Meanwhile, T/R ratio increased with prolonged
waterlogging. On the other hand, waterlogging enhanced the development of
fruit color. Draining after a given period of waterlogging increased soluble
solid contents but decreased titratable acid contents. Soluble solid contents of

grapes decreased with prolonged waterlogging without draining.

Microscopic observation showed that root tissues of waterlogged



grapevine developed aerenchyma tissue by disintegrating cortex cells and

enlarging xylem tissues.

Higher net CO, assimilation and smaller difference between leaf and air
temperature in 'Campbell Early’ than in 'Kyoho' during the waterlogging
period indicated that 'Campbell Early’ is more tolerant to waterlogging. One
to three days of waterlogging did not affect the growth of grapevine: fresh
and dry weight of grapevine decreased after seven days of waterlogging,
indicating that the critical period of waterlogging in 'Campbell Early’ is

shorter than seven days.

Supplying dissolved oxygen to waterlogged grapevine alleviated the
decrease of chlorophyll contents, Acos, gs, E, Fv/Fm, ETR as well as the
increase of VpdL. It also increased root activity, difference between leaf and
air temperature, and alleviated decreasing of leaf water potential. Besides, it
increased uptake of P, K, Mg, and Na in stems, P, Ca, Mg, and Mn in

leaves, and P, Ca, Mg, Fe, and Zn in petioles.

Decreased CO. assimilation and growth were observed in fruited
"Campbell Early’ compared to those of non-—fruiting trees under
non-waterlogged condition. Under waterlogged conditions, net COs2
assimilation, and growth (shoot length, leaf number, fresh and dry weight) in

fruiting trees were improved compared to non-—fruiting.

Draining after four weeks of waterlogging showed that 'Campbell Early’
fruiting trees recovered more quickly and had higher root activity than
non—fruiting trees. It also improved the uptake of mineral nutrients in leaves
(N, P, K, and Zn), petioles (N, K, and Zn), and root (N, P, K, and Ca) of

"Campbell Early’ grapevine after a two—-week waterlogging period.



In conclusion, the critical period of waterlogging without any injury in
'"Campbell Early’ was between three and seven days. Supplying dissolved
oxygen and fruiting on waterlogged grapevine increased the tolerance to the
stress and alleviated the inhibition of growth by improving the root activity,

the photosynthesis, and the uptake of mineral nutrients.
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Fe*'et Mn™ol lste] B¢ wA B K, Ca”, Mg” 7} Afslo] F& o] &%}
g o] 1 tH(Laanbroek 5, 1990).

F718 &S 43 Edol vl At A= A%, Desulfovibriass ol
= EY HEgotel] o8 AdE st HS)e FHY A, 35, R

F ® o] BFgAS oA A 71 tHCulbert2t Ford, 1972; Koch$® Mendelssohn,

3z

s
Ol

E[o{t

1989; Ponnamperuma, 1972; Rowe<} Beardsell, 1973). 5o 28] AHAH E <
pHE Folx i, &718]d E4C pHy Yold 2 F5F gifde EY pHE 6.
5~729 ¢t H ke zt o (Ponnamperuma, 1972), =9 w2} N, P, K, Ca,
Mg, B, Cu, Zn, Na 59 & 37} =t #4a d4o] ettt (Closegt
Davidson, 2003; Gutierrez Boem ‘s, 1996, Smethurst &, 2005).

717 AEe EdolA = +300~+800 mV,

e B -450~+200mV A7t dHbA ol Pezeshki®t Chambers(1985a,

1985b)= w7t A E = ESES ARSI 97 +300mV e 1 HET EA
al

£ Sl wesd dEpx F7] AR e sde szt d Aol doEy
wSo] 93 O, > NO; > Mn' > Fe > SO > CO, o=z Hag=ct

R

(Ponnamperuma, 1972, 1984; Takai®} Kamura, 1966).



14. E¥ nAELS A3t

Aol wet 3714 MAES d71d vA=E dAY L 2dstet A4 =
3 stgEEd FstE, ofitsterATE &3l Fest Mn ol EG el 2 5HH
(Wang &, 1967, Hook &, 1971; Culbert®} Ford, 1972) ol €+2 acetaldehyde,
cyanogenic compounds %°| oA A EFH(Fulton® Erickson, 1964;
Rowe$} Catlin, 1971; Ponnamperuma, 1984).

e A MAEEY F7140 dAEZE wg, o, Z2da itk 53
heterocyclic compounds, ° 2 #do] A HTHKozlowski®t Pallardy, 1984). o] &
st HUIAY MAEES ES WY 9 AbA 4k g Eo] A4 (hypoxia) @
Aol Hw(Grable, 1966), &713t o Al Abstebd Aol dFS Fi1 E
% Wl NO; Mn", Fe¥'¢} SOs 5& a7tk

AEL H7E BASHH Ulgde] Aol wel Hyep AR HHY - Fx2F
#Hatel 747 b2 JH5 48548 UER Y (Jackson@ Drew, 1984), w2 33
EEe B 28 Wsiel o 7 HH, AH A FAe =d ASS

238 FAS HA3A 71 (Close®t Davidson, 2003; Everard®?} Drew, 1987,

1989)
wale] A Wdle T2 7t wEdI o] o HS A REAE
o A I W2 ojylgh et JhA ugte] =& FoH(Curran 5, 1986;

Gill, 1970; Tjepkema, 1978). Justin®} Armstrong(1987)2 91%2] 2= thsh
A WA A 23 Br1x4e] g WA 2HEA #de] AATAL sk
T FANES HAe g HAEES FUE2AE FA4s R vt A%
vtk A 7] = (Kawase, 1981; Mendelssohn 5, 1981), ojw] o € @l-& A3
A7l = 985 3 (Justin®t Armstrong, 1991). AW A &=E59 ¥
935 vtz E Uy ol s=astea gladsty A2 z=
gEo] low(Clarket Harris, 1981), o] A5 g S4olA HeoA

2
&%

oo ok

e oy A

SR mlo
_I}l'

e



radial leakageE "1l

o Mo 3]

& 7}~ A A F7H(lysigenous gas space)©]

=
=5

el Al &3

=

o

i AAEHYu 5, 1969; Jackson¥}

o 23

Drew, 1984).

22 Mg A% 5%

I

e

=
=

7HKozlowski, 1984)

=
[¢)

o

s

63 [}

Genipa americana L. &

KeN
T

(2003)

=4
[}

7} A 2t} Mielke

100% Qo 7134w =9

&L
o™ James

ol A A=

A%

ki3

o~
T

]

=
=

A

Ao g Al 209 o]
- s oAl 80mmol + m ° -

AT

)

Lex
T

(2006)

A=
¢}

ol

-2

m

HAEXE7F 260mmol -

Aol 4%

-
iy

c}ar

s
ok

0

A

31 A]

==
1o

T
%

o
i+

F A%

=9

—

A
A

ESR
P

=]
T2l

Al A=

[e)
T

+=Hl(Kozlowski, 1982)

Al whel EehA]

il A2} of F=(bitter

°ls

=

A& Ao A ZtHGutierrez Boem %, 1996). 3579l

)

o

melon)+ &

B

1]

el Ag Al

s, 1998).

FTHSu

SEEEAE

[e)
IT

B 5304

2.3. A4 Z713 e

e

ol

ol

o

o] 745 ™ (Shanklin¥} Kozlowski, 1985) 7|42

1

==
%, 9WF A

Xl

27N AT
359 58 o] g

KeX
=

A 5% (biomass)

Y -9-%(Baldcypress) 2]

(Megonigal?} Day, 1992). Anderson?} Pezeshki(1999)

KN
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2
o7t v o & 3 ES oy, Hgo] we swamp chestnut oak FES

zToF vlaste] VEHEEE 71.8%, SR FAAEFE 57.2% Fasdvial B

Domingo %(2002)& 2FuUY-(Prunus armeniaca L, cv. Bulida)E o] &3

A 434 (Epinasty)o] @Rtk saleh. obed A9 4R F (biomass), ¥
9 ARF F 9UA, 27 47 5 2k

Bradford®} Yang(1980)2 EvlIES 4 %=3l& FHIse oEdde AF+&E

\
o
W
co
>
Y
2
o
B
K

A2l 1-aminocyclopropane-1-carboxylic acid(ACC)+=
=ol X A HE 72A17F Fol= ACCE #AH I odd 7has ACCEY F713

e AMEE Baste] A% 7)ol AolAW HEA B wsst TuPE F

H
Hir

24 BFz4dEZ W3
T 2714 AGHFE SA, g, ABA
Aol Egteld ghake 7FA(Reid®t Bradford, 1984)3h= 3lo] dnkA oy F4 0
nAE 2ol Gl e b s fds® A2 o 2o H(Bradford 2t
Yang 1981; Kawase, 1976; Kawase 1981; McKeon %, 1995; Reid®} Bradford
1984).
Turkova(1944)+= #
Aa B o, Simith® Russell(1969)2 7] AHe A& A
Aeal ArEdel ACCE A wd
(McKeon &, 1995). o] 24 ¥y 224 Y AX 55 53
o] 53 *(Kawase, 1976), 4tA¢} HEg-3lo] ofdalo] &0
o}, o] A2 Bradford®} Yang(1980)¢] 72A]7ke] A stollA ACCE %

il
it

e FrhshE v AuAA

d AEo] dgdle w=F¥ A= whgo] HSzsirhaL

iy

o

methionine®] W&o 2l

X



)
=
X
[
rlr
o|N
X
ol
B
il
n
N
=
2
>
a
@
rlr
X,
BN
o|N
X
ol
T
=z
n
il
S
ftlo
=)

348 22Ee wyonA §Eudch dgde e AU, el ¥4

< FA% =719 ol ¥ (hypertrophy), F71%2 A FIFS wAH

—
o)
[0%e]
—
~
Q
=
Q
w
(@)
—
o)
[0%e]
—
=
@
o,
fo
oo}
=
Q
=
S
o,
—
o)
(0%e]
=
il
4
)
1>
il
=2
>,

g
of e T b AEA Woere] sl gFash mAEe o YgE

i
o2
il
i
rlr
>
BN
lo
do
>
off
o
il
o|N
N
>,
N
=l
-z
ol
r
lo
(2
o,
=
of
oot
ftlo
=)
20
s

(Kramer, 1951; Phillips, 1964). Phillips(1964)+= 1443ke] A5 $ sjutelr] =24
HoS4le] 3wl FU7HES Hasigleow, olex Iad et AAEY 4
TEE w43 A =due HEavb thHHall, 1977, Wample? Reid, 1979).
Wampled} Reid(1979)+= = <Qldl S7td ogd Foe Ao S A=
sHA =M, ol = FAZY FAFS SXATIA FHaL st

ABA+ g w2l F7FE ™ (Hiron? Wright, 1973), Zhang¥} Davies(1987)
v 45 (Pisum sativum L)X ABA7F = 22A17F o Helo A, 36AI17F &
o+ YA HE=FHJATY B IEYYI, Sivakumarand Hall(1978)2 4%}
(Euphorbia lathyris L.)E 497t A5 Al ABAZZELS 98] F71E
Hall(1977)2 #+(Vicia faba L.)E 2¥€3F 5 Al oA ABA 3aFo] 2~3uj
7t AT Basgiv TS EY g Al ABA $HFo] FUHE] 71E
o] Aet= ™ (Jackson?} Drew, 1984; Zhang¥} Davies, 1987) o]<} AF3 237}
EvE S Abdbol A= B 1% 9l v(Jackson, 1990, 1991).

A U AMART Aol el epE Aol olshel e wid, 19
I el ErhEe] F71, Hel, Aol AWy Bt FaHAS
e

H(Reid &, 1969), alvtetr]e] HEZAFo|X= Alo]EFloldo]  ZhA
(Burrows®} Carr, 1969). 184 SA13 A

W AbolETtel o] A S WelsteA s E dEA A €

Ir



3. A%el e FFA W
3.1. 99 7tx w3 FFA

71s Ade e A 7P A4 vYEdes wBhE T stuR, EvlEA = 4
A zkel g Ao o9& 7]F o] 23 al(Bradford, 1983; Else %, 1995) "aile
A4 3¢ $HYH 73AEE7 gaskti(Larson 5, 1991). ofelgh 1o 7}~ w
3 WHFEELS HE A DHI #FdHo] Adow(Mielke 5, 2003; Sena
Gomes®} Kozlowski, 1980a, 1980b) H ol ul/do] <kt AE52 g 93|
Qo 7t wE FHol AAa¥HLiao2t Lin, 1994, Smithe} Ager, 1988;
Trought®} Drew, 1980; Tang9} Kozlowski, 1982). X4 Al 7]&#H 4 71F& K
o] 2o] FWAER o]Fsto] WS Holme= AFERIAL Wt mel o
drh(Allaway ¢ Milthorpe, 1976; Kozlowski, 1982; Moldau, 1973). %¥ &%
(Platanus occidentalis) 5.2 2%, 715 #HH+= ~2 Aol EAE | 30
do] A7 e AE E8dE AoRE Hiaso] i (Tang® Kozlowski,
1982). K &9 #a% 7l fdde ES W A& ZAgo] ol (Harriset
van Bavel, 1957), Cooper 5(1967)2 <&3(Medicago sativa L.)°] 15 %= K

o)

Fole A YL Wi FFYol FAsgvin nusy
Bpe A5 2710 FFAe] @ask dojum old @ At AF3H(Childers

9} White, 1942), 3] 7HSmithe} Ager, 1983), =FH| 2] (Davies®} Flore, 1986a,
1986b), @, <2 #:A](Phung® Knipling, 1976), °}®.7}% (Ploetz®} Schaffer,
1987; Ploetz &, 1989; Schaffer®} Ploetz, 1987), "il(Larson %, 1989)o A %= H.
aEIA I Utk Mg EGOA FFAEY Aste EY W AbstEA A 91(Eh) 7t
S w AEH -200mV el EW Y5 (Typha domingensis Pers.)< <333t
Aol 71% 7A3bal, sawgrass(Cladium jamaicense Crantz)E =334 S 33}
3 357 3 tH(Pezeshki &, 1996).

Aol o@ FFH waE A5 0

riet

#7474 29, JFEABAE o3}

’



of e o EFH Y= 20T olste] 2molAe v F ol Hste] F3A
o] ZAHA ggort 25T = A5 (Crane?t Davies, 1939; Davies<}
Flore, 1986a, 1986c) & 714*HVPD)9 W&o we} FgAo] FaFs et
3k tH(Davies9} Flore, 1986b). Vu2} Yelenosky(1991)+= A @A th&of #
523 29E dllAd M AYE s W FEEZ F=9 Rubisco

Q.
o] =(bitter melon)ol Al Rubiscod &% F+=&

O
e
>,

o a5 A5 195599 4
Esh 9 AE

AE
2 dojy ki B sk th(Liao®t Lin, 1994). ABAE ¥ WA
Fo Adgs Fo] 7|FS A3 (Mansfield®t Davies, 1981) 47}
dojy™ Ad ABA dFo] 553 FT7Fetch(Hiron¥ Wright, 1973). Pallas<}
Kays(1982)+= w3 (Arachis hypogaea 1.)°] gz g A 71& A7 =5

m o]ikstEl A S wolHthal BHaskdt AEY V|Ee HG Al FARSY
Fiaolse =53 A (Coutts, 1982)0 23] @3]aL o|itsies w3} 2Fgo] 7
At o] ug} ANIS R = 49 A 7 (Salcheva®t Popova,

1982)F FAd A AR A3t A2 FAMPSH)S &4 oA (Ladygin, 1999)7F Lo
+ul Ahmed 5(2002)& 555 o] &3 3 AN 441 S5 #AA
e B2 superoxide  dismutase(SOD),  catalase(CAT),  ascorbate

peroxidase(APX), glutathione reductase(GR)2] wr$-% #7719

el

b, )
T &oF Ash

AF Ao 38402 edaFsdo] =X ¥, RuBPC &4 JA = Z
3% v©AgAL A A7 Wet=d(Kicheva 5, 1994), Yodanova®lt Popova(2001)=
Ha oA 120417 o] de] g Al A7 FEF £4<2 phosphoglycollate

phosphatase®} glycollate oxidase &4 o] #AstFtial H 13t}

1 ouAe FF e d2A BEEHAY FEAEY 27
H, FEgel AW F2 A2 FA] P630 QHHIV A
F@ol A ST ol AL At dojud F
o} tlEo] A2 FAY HA A &Ao] Al (Ladygin, 1999) A

Aol BEgAdS & o F3terA &34 (gP, Photochemical quenching)s %



stel WEHE dUAZE FdE=e dialel]  wlFse A 3 AE@N,
Non-Photochemical quenching)s &3t W&+ UAd J54& FF T
Ao WHike]l AXA = 7] wEoltt,

°olE WA= AT HAJEZE Smethurst S(2005)°] AR
(Medicago sativa)< 2097 H4sh Ay A2 FAY HdFHFAT4E(Fv/Fm),
AAALE(ETR), P #hS Yol gN #2 Eolbxltta ®astglon, Closet
Davidson(2003)2 ¥ Al HAd 3F8 &3 Fststd Z&o] A Haste v
WA TEe Id5Y #Ey aMdEI 2o A7t AXga Ao
Mielke 5(2003) Genipa americana L.A+5%5 ©] 43 6347te] H4 AFdA
BEAAE T 529%=E A4S L gN& tix+-9] 187.
Roew Ahmed %(2002)2 =5 (mungbean)e 4% %71 4 7|3+ FoF 334

H
&3 FE)SEE(WUE)O] FASA A28 ed ©l= Fv/Fmo] o] we

3
t
=X
frt
air

o
o
3,
Y
K
ol

A2 BA Bahet g olAleh pele] itk selr)
4, Aol B AEA YA
41 A% Aol RE WA Fol

oot T mre BB Bohy Azl @ A7) A ®

=]
=
AR AEBE Fol 7] e thate] A &= W] 7|Zo] AEEo Y

21 5= 0] qltH(Anderson? Pezeshki, 1999).

o
Holal AAujAdge] Avta Pk Hgeol gt 3842 Eucalyptus, Pinus
T A¥E FF A x tdstA YdEFUH (Clemens 5, 1978; Mizutani &, 1982;
Sena Gomes®t Kozlowski 1980c; Tang® Kozlowski, 1983) %2 W+
(Prunus) TENA9 7 A4 dAd2 B U v 529 Alofxzl 8 AA



Z(cyanogenic glycoside)ll 7|13ttt H 1% tHRowe$} Catlin 1971; Rowe
9} Beardsell 1973).

Rowe2} Beardsell(1973)2 4 Ao wel 23 Cydonia oblonga Mill.)=
=3| 7Zsbe, vl (Pyrus spp)E 7sbal, AV (Malus domestica L.), 7%, A%

A (Prunus domestica 1., P. cerasifera L) ®%, %3 F(Prunus avium L.,

-~

P. mahaleb L.), 27 (Prunus armeniaca L.)¢} B °H Prunus persica L)+ W7
qo R H}FE ekl

o] el gk AL diAlE el oldl ZAA ¥ ™ (Andersen T,
1984a, 1984b; Ford 1964; Rowe®} Catlin 1971; Rowe®} Beardsell 1973) E-o| gk
BF g el " 4o Bol T2 Aol we vEur= 4
(Andersen %, 1984b). &9 A WAL F=Fo wat tpdsty (Rom¥ Brown,
1979), Vu¢} Yelenosky(1991)+= ##& thi&E2 o] &3k A7 W4 AldAA Citrus

N

jambhiriE Y} C. aurantium & HES AS w C sinensis cv. Hamlin®] %
34, 71FHAEE, §52 %, Rubiscod Ao H= #Aasdidorn 3043t
Ao A C aurantium 2 745 90%7F =2 WA, C jambhiri®] 459 60¥
A A& ASHAAE & 20%7ke] drtE FHE BIohal s
A4 WA S 22 d5olg= A5 &4 wet Zfol7k lom B2 w &
So] B HFo w9 A3 Aoz HuF i A THRowest Beardsell, 1973),
2o 1ML A= Pyrus betulaefolia$t P. calleryanaS A 213k A3 o] &
d B2 T W dEdA B5S dAstL 27k AER Aee EE S
Aoolgd Eeol ASS oA|AFTH(Andersen 1983; Andersen 5, 1984b).
6
al 3
%Atk Rabbiteye EFH 2l o5 oA 25~3547F AESAARE 5 Hgol
e 1179 o] &SI B3R oW (Craned}; Davies, 1988a, 1988b),
Crane¥} Davies(1989)= E-FHl2] FolA e Hsidel iste] Azl adds

HUbs= AldA 8y HAAQ Phytophthora cinnamomi Randsel] o8] 3] & o+

Olien(1987)%= M.26 W&o Macspur' & HE3 Al s & oE 7Sl Z+

L

F B BEY A5 A, Bel A5 Aol £u gavt 27 wAstn w

Rl

’

T owelE Erweh Bt A5l B BE AR A4S (Cranest



Davies, 1989; Rowe<} Beardsell 1973; Weste} Taylor 1984) 714 S rabbiteye
EF W2+ highbush EFWlgEtr g o Agk ez Hiusi

(Kender®} Brightwell, 1966). Abbott®} Gough(1985)+= 'Bluecrop’ highbush +
Tl 2] 7k 3071 L 7ke] Aol AESA AL 319 AL, Crane¥t Davies(1939)& &

Tl Fo] M@ ATAM 2 Folohw thFd I WA Aolst Ueg B

o] 5=t

42. A% WAS #AY QA B$
Aol U HBe WA AEE 4 B 4A9Q, 9%, 53, A5

AlZ1ek 717, w2l ZE Sol wel 2 Aolvk vhefetth(Kozlowski, 1982,

K

e WS 7H H4=2 A5 Al &S (glycolysis)o] A H 1 4

7heEs] 25 (ADH: alcohol dehydrogenase acitivity)e] <7F¥+=dH E3

glycolytic &4:%1 ADH®} #Z& 349 F&4 S5A4Ec th=21, S7td 9 %
€3 ADH thirl BAEE0] A Aol oFg A&EoA o9 5585 =<9t

3 Hux3 QY (Chirkova, 1975; Crawford, 1966, 1967; Francis %5, 1974;
71}

82 o8 sxtso] HasH = (Drew, 1983; Jackson 5, 1982; Mizutani &,

o
of\

McManmon®} Crawford 1971). 5% 2159 HgoA oet9 &

an

1982) Crawford(1966), McManmon¥} Crawford(1971)% 2 4ol WAdo] kgt 2]
ol I & e AL d713 AHdA g #HEo] =dH A ot vy
e&o] SA FE/A FAHH7] WEeletal 5kl

Faba e E)te] ATP AARE sid 283 dais Em A o8
Ely ™ (Mendelssohn 5, 1981; Saglio &, 1980), 2F4& = AeloA]= a9
ATP® ADP7} #F4 % a1(Saglio %5, 1980; Tripepi®t Mitchell, 1984) 2] o] n|E
Trgobe A7iet 2AVE Fole @ B Ax

21 tH(Oliveira, 1977).
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of o oz Yor AHe e Zda
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duH Zge 7 AER FHA ARGRE A= 1009 Ag FAA

=
A= =AH7](SPAD 502, Minolts, Japan)ZE ©] &3}

22 & =
A3tF o (Markwell &, 1995, Sibley &, 1996), 492 7|FolA fFS=Z 10
E, 29 Al

= A AY F 1049 dFH obAFSRE 10W ] o= FHsh
e

7zt AR 3 F(Ace), 713 A EE(gs), MEW COxs=(0),
o= 3 G iy FAFAH(VpdL)E SA AT FEst A
& CO, 400mg - kg 'S ®F 7}2~2 3sbel, 0, 50, 100, 200, 400, 800, 1000, 1200,
1600, 2000pmol - m >+ s ©] PPFE 2% -4 o0& ZAlato] 24 akgdth,

2
rlo
ftlo
N
N

AE4 FFe FUE 9354 33 Z471(PAM 2000, Waltz, German)Z %

St =4 wj o} A 9% Dark Leaf Clipg o] &3te] 308 B¢ ¢+A S-S A7

o
e
o
_0|L
R
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m
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43ate] 0lumd - m”-s ' Br} ¥ PPREto= LEDE ZAbste] Faiglod, I
o 3z (Fm)S 20kHzZ 7,000uml - m 2 - s 9] ¥33S 0.8% E9 ZAEY

TotAth AAALEETR) I FATFE(vield) = AdF A s
Fv/Fm %3 ETRS o &2 o= ALSAtHGenty 5, 1989; Schultz, 1996;
Yu, 2005).

Fv/Fm = (Fm-Fo)/Fm

ETR = yield x PAR x 0.5 x 0.84

Bydee Hirata(1990)2] triphenyl tetrazolium chloride(TTC)H o 2 =4
stk A Y AlRE s2 o A2 F of 2em ZHolE ddste] T Ust
A E&F F 500mgs st #2 Alddel ¥ 1% TTC &4, 0.1M 14t
UEE &5 STHF7F 42 1459 vEw £39 9 10mLS 7eksid &

o F&Es] A e Ay FEZE V|EE 108 Tt AL & HHE 3

0C9 & Fxo|A 247F Zok ¥kS A7l & ON-H,S0s 2mLE 7}ste] A=}

2= B2 AFH3 3 fFuto] ethyl acetate 10mLe} A GA 1g5 374 ¥ »t
HA3te] oz} A No.2(110mm, Advantec)] #} A 2 o #3&}o] formazans F
Zstdh. A ey A8, AL AdA = Axse] dEF A 28353
o EF AL FEE 43 JdE TTC £9d NaS:04 +¢& AZFH(TTC
02mg 9 15~30mg) 7}3tal ethyl acetateE 10mL 7}ste] WHS-A1Zl & FZ

S Ml BHF FAS FHASa v AA(UV/VIS spectrophotometer, GBC,
Cintra 6)% 470nmolA &3 LS =435to] formazan A =S At&=3sta, v

Howm oo Fele Axatsict

A ¥ formazan(mg)
AEF(g) x ¥§ A 7Hh)

&
AC)
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g Agste] &9 AFE =gon, 148 AS oehE 50%HE E

75, 90, 95, 100%%2 HxH oz o] 304 A st 100% w5 LIS 23
A8 & 100% amyl acetateE 1AM 23] AHalsle] dze7 X339t 7
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3. EFEA 24}

EY VY 84582 ESEAYTE S48 dolH=ZA(Eijkelkamp NL/P1.63)

M

of FDR E %<& AlA(Theta probe type ML 2X)& A X]slo] =431}
At HSI(ED = 24 AHEdE EF BE 10cm zoldA doe g Z4 2%

A 2RkE o 7 MHX|sto] Fofg Abstskld 9l 54 7] (Cyberscan 100, Singapore)

£ o]&3te] KS M ISO 11271(ISO, 2002)H 0.2 &3} 37 F43Att
§EAaE A5 F 0AM AF o) FEMLTL FUE FEME 57

71(40-14P, Toa, Japan)E ©|-&3dte] H4 U 10cm HF-¢o AAME Qa1 bygd=
H

W7k 2~32 71t § 7 AedE = 3w

4 EF 2 A B BY
EF ARE AH F edstel 2mm A2 AN olgsAnh EF pHE EF

I B M&S 152 3ol 1 d"de zAdawer FHAL, fU1ES
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Tyurin¥, & 24HS Lancaster s (RDA, 1988) 0.2 A3ttt X34 ool
EY4S IN-NHLOAc(pHNZ FE3 & #3444 K, Ca & Mge
zu} b B A (ICP-AES, GBC Intergra XM2, Australia)® %

oL

ALV FA B9E R 242 F8dd AEAE AHAT
A FE=z HdAxE AA  HNO3-H:SOs FAWHo=z  Fiste] PEA2S
ammonium vanadate WO = A F 470nmolA] FFEE SAHSA oM, N
Ady oz K, Ca, Mg® th#dx¢ Fe, Mn 5 "% 94t ICP-AES®E A&
S THRDA, 1988).

5 A £4

=27 2% SAS Enterprise Guide 3.0 ¥4 Z =21
(P=0.05, 0.01, 0.001)7 WFte}hzAdH(P=0.050=2 & T+e
Atk

=
o
o,
o
ol
ol
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o,
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A4kE A9 NOy 7h

W2 Ay (Table 1-1) E%Y &

V. 23 2 1%

nAE 72 2237 AP
% 7] wjFo]th(Ng¢t Bloomfield, 1962; Ponnamperuma, 1972).
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=
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Table 1-1. Soil chemical properties before and after waterlogging for 35

days.

: NH;-N NOs—-N Av.P:Os K Ca Mg Na
Duration of pH  OM EC 4 3 25

waterlogging 4

(days) (15 (%) (dS-m?) (mg - kg ) (cmol - kg ™)

0 69 53 2.3 37.0 76.9 1155 1.7 97 32 0.5
35 70 4.3 1.1 36.9 25.2 760 1.3 93 25 0.3
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Table 1-2. Effect of continuous waterlogging for 35 days on nutrient composition of root in two-year-old 'Campbell Early’

and 'Kyoho’ grapevine.

N P K Ca Mg Fe Mn 7n Na

Cultivar Treatment

(g kg ) (mg - kg )

Campbell Control 76 2.8 "T™( 54 14 1427 59 78 1315
Early Waterlogging ~ 11.8 2.3 2.6 77 i, 2949 271 108 1122
t—test skskok ok skskok skskok ok skok ko ok * NS
Kyoho Control 94 3.8 17.1 74 2.3 1924 62 53 2247
Waterlogging 10.7 2.5 3.8 9.2 2.6 5017 388 56 1428
t-test * skskok skskok skokok sokok skskok skokok NS ok ok

NS7 R

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Table 1-3. Effect of continuous waterlogging for 35 days on nutrient composition of stem in two-year-old 'Campbell Early’

and 'Kyoho’ grapevine.

N P K Ca Mg Fe Mn Zn

Cultivar Treatment

(g - kg™ (mg - kg

Campbell Control 3.5 2.2 10.8 4.5 1.3 20.6 37.2 29.5
Early Waterlogging 3.9 2.4 5.4 4.8 1.6 26.1 44.0 34.9
t-test NS NS LE NS * ok NS ok
Kyoho Control 4.9 28 LS i 4.3 14 29.6 27.5 35.5
Waterlogging 6.1 2.7 7.9 4.7 1.6 27.3 33.5 35.3
t-test s« NS stk NS o NS NS NS

NS, s, skk stk

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Table 1-4. Effect of continuous waterlogging for 35 days on nutrient composition of leaf in two-year-old 'Campbell Early’

and 'Kyoho’ grapevine.

N P K Ca Mg Fe Mn /n Na
Cultivar Treatment
(g - kg (mg - kg
Campbell  Control 199 6.1 %l 16.7 2.5 64 132 23.2 99
Early Waterlogging 18.6 3.7 6.9 lnle-5) 3.1 90 63 25.2 345
t-test NS o * * NS * *% . *
Kyoho Control 18.8 Snl 9.7 149 25 72 77 24.3 121
Waterlogging 8.6 2.9 2.6 14.9 3.8 141 71 34.0 209
t—test *k . ¥ ok NS NS ook NS Kook *

NS7 R

Not significant or significant at P =0.05, 0.01, or 0.001, respectively.
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axe] da we, &7 tele R S Bl Aozt dES WEWAY
(Table 1-4). 9989 F7|4& & 4235 A3 FAFstd o, Added
Al Aol o8 N2 F75 P, K, Cav= QoA 9F #Zo] #HAasta, nFFdi=Es
Nat= Z7F Mn¥ Zne ZrAaskdch w3 A% FEoAe P, K 24, Fe, Zne
S7tRA oy Mne g Al FAste] oMot FANE AEes YEAT
(Table 1-5).

Aol ogk A Fr1dEed v A= gl U3 Gutierrez Boem 5 (1996)
2 Fzfol A, Close?t Davidson(2003)2 Eucalyptus nitens©l*, Smethurst &
(2005)2 = (Lucerne)oll A ZHzF Slule] N, P, K, Ca, &&o] S@krta ® s}t
of B Ao Ayt dAstith. 2y Fedl 32 o3 HejdMes % =
< ¥ Mne  REdA  E=a Sl JHldAE A4S Closedt
Davidson(2003), Smethurst 5(2005)] 2y} LA|shA] ko Helef o 3
of & ko]t el <l HAU

a8y Cadl A5de Hagd 9std F57F #Hadts H s (Gutierrez

Boem %, 1996; Close$} Davidson, 2003; Smethurst &, 20053+ 232 724

g FFY A5 BedAs 7S w4, A3 A Faso FE 7
Ee YA #9813l 5148 & skl v zolvk = Aoz YEE
thoole e Al ALY FFNA Cadl A W olFde] Aue AL Us
He Aoz B2 F48 Caol €714 doR 9 olFo] d&s] o]Fojxx| &
A des & o UM
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Table 1-5. Effect of continuous waterlogging for 35 days on nutrient composition of petiole in two-year-old 'Campbell

Early’ and 'Kyoho' grapevine.

N P K Ca Mg Fe Mn /n Na
Cultivar  Treatment = T
(g kg ) (mg - kg )
Campbell Control 4.6 9.6 28.9 11.1 54 - 155 58.2 1041
Early Waterlogging 6.5 6.4 7.9 6.4 6.3 - 92 49.4 3397
t—test * Hokok kkok Hokok NS 3 * * *
Kyoho Control 5.3 10.8 24.3 10.8 3 25.7 117 53.3 2332
Waterlogging 5.3 6.0 57 11.8 7.7 59.0 64 70.6 2647
t—test NS kokok skokk NS NS kokk skok ook NS

NS7 R

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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0 7 14 21
Duration of waterlogging (days)

Fig. 1-1. Changes in conductance to H>O (gs) of two-year-old 'Campbell
Early’ and 'Kyoho' grapevine leaves as affected by continuous
waterlogging. Symbols represent means of three trees + S.E. “CN,
Non-waterlogging of 'Campbell Early’; CW, Waterlogging of
"Campbell Early’; KN, Non-waterlogging of 'Kyoho'; KW,
Waterlogging of 'Kyoho'.
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Fig. 1-2.
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Duration of waterlogging (days)

Changes in transpiration rate (E) of two-year-old 'Campbell Early’
and 'Kyoho' grapevine leaves as affected by continuous
waterlogging. Symbols represent means of three trees + S.E. “See

Fig. 1-1.
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1.6

'Kyoho' '‘Campbell Early'

-
N
T

| OControl
W Waterlogging

o
™

Leaf water potential ( -MPa )
o
N

0.0
14 29 14 29

Duration of waterlogging (days)

Fig. 1-3. Leaf water potential of two-year—-old 'Campbell Early’ and ’'Kyoho'

grapevine leaves as affected by continuous waterlogging.
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Fig. 1-4. Leaf temperature of two-year-old 'Campbell Early’ and ’'Kyoho'

grapevine as affected by continuous waterlogging for 29 days.
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OO 1 1 1
0 7 14 21

Duration of waterlogging (days)

Fig. 1-5. Changes in leaf-to—air water vapor pressure deficit on Tlear (VpdL)
of two—year—-old 'Campbell Early’ and 'Kyoho' grapevine leaves as
affected by continuous waterlogging. Symbols represent means of
three trees + S.E. “See Fig. 1-1.
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150

100

Fig. 1-6.

7 14 21
Duration of waterlogging (days)

Changes in intercellular CO, concentration (Ci) of two-year-old

"Campbell Early’ and 'Kyoho' grapevine leaves as affected by

continuous waterlogging. Symbols represent means of three trees
+ S.E. “See Fig. 1-1.
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Fig. 1-7. Changes in net CO- assimilation rate (Acoz) of two-year-old
"Campbell Early’ and 'Kyoho' grapevine leaves as affected by
continuous waterlogging. Symbols represent means of three trees
+ S.E. “See Fig. 1-1.
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Fig. 1-8. Net CO: assimilation rate (Acog) in relation to leaf location from
basal end to shoot apex in two-year—old 'Campbell Early’ grapevine

leaves as affected by waterlogging for 28 days.
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Fig. 1-9. Light curve in net CO»

PEF(umol » m-2e 5713

assimilation rate (Acog)

of two-year-old

'Campbell Early’ grapevine leaves under waterlogged and non-—

waterlogged conditions.
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Table 1-6. Effect of continuous waterlogging on the Fo, Fm, yield, and ETR
of chlorophyll fluorescence in two-year—-old 'Campbell Early’ and

"Kyoho' grapevine leaves.

Duration of

waterlogging Cultivar Treatment Fo Fm yield ETR
(days)
7 Campbell Control 0.36 0.72 0.48 73.9
Early Waterlogging 0.33 0.51 0.34 499
t—test * skokok skokok *
Kyoho Control 0.35 0.75 0.52 75.3
Waterlogging 0.32 0.48 0.31 53.4
t—test * Kok *% NS
14 Campbell Control 0.37 0.97 0.62 56.0
Early Waterlogging 0.34 0.60 0.40 51.9
t—test NS kK Hokok NS
Kyoho  Control 0.35 1.11 0.69 35.8
Waterlogging 0.35 0.52 0.31 28.1
t—test NS skokok stk %
24 Campbell Control 0.35 0.82 0.57 61.9
Early Waterlogging 0.33 0.50 0.30 199
t—test NS skokok stk %
Kyoho Control 0.33 0.65 0.48 49.8
Waterlogging 0.34 0.37 0.07 14.3
t—test NS kokok skeofok Kok
30 Campbell Control 0.31 0.61 0.48 56.6
Early Waterlogging 0.31 0.34 0.07 104
t—test NS skesksk skesksk skk
Kyoho  Control 0.34 0.74 0.52 49.0
Waterlogging 0.29 0.29 0.05 7.5
t—test ES sksksk sksksk sksksk
NS e e st

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Fig. 1-10. Changes in Fv/Fm of chlorophyll fluorescence in two-year—old
'Campbell Early’ grapevine leaf as affected by continuous

waterlogging.
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Table 1-7. Effect of continuous waterlogging for 35 days on the growth of

two—-year—old grapevine.

Shoot fw. Shoot dw. Root fw. Root dw. Leaf dw.

Treatment (@/plant) (g/leaf)
'Campbell Early’
Control 464 147.3 465 117.8 1.0
Waterlogging 176 55.8 124 42.4 0.7
t-test koK ok ok ok NS
"Kyoho'

Control 400 Wil 323 64.3 1.2
Waterlogging 78 35.3 176 549 1.2
t-test NS otk * NS NS
NS o,

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Table 1-8. Effect of continuous waterlogging for 35 days on the shoot
length, number of leaves and stem diameter of two-year-old

"Campbell Early’ and 'Kyoho' grapevine.

Shoot length  No. of leaves Stem diameter

Cultivar Treatment (cm) (leaf/shoot) (mm)
Campbell Control 252 29.3 8.4
Early Waterlogging 103 16.7 6.3
t-test *k *k *
Kyoho Control 244 33.2 9.5
Waterlogging 70 11.9 5.8
t—test o stk stk

NS7 * ok kg

Not significant or significant at P = 0.05, 0.01, or 0.001,

respectively.
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Control Waterlogged Control Waterlogged
'‘Campbell Early' 'Kyoho'

Fig. 1-12. Root characteristics in two-year—old 'Campbell Early’ and 'Kyoho’
grapevine as affected by waterlogging for 35 days.
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Table 1-9. Effect of continuous waterlogging for 35 days on the
characteristics of fruit of two-year-old 'Campbell Early’ and

'Kyoho' grapevine.

Soluble solid Titratable acid Berry weight
Treatment )

contents(°Brix) (%) (g/berry)

"Campbell Early’
Control 10.7 15 3.5
Waterlogging 104 15 3.2
t-test NS NS NS
"Kyoho'

Control 6.4 383 6.3
Waterlogging 11.6 1.7 3.4
t—test sksksk sksk ES
NS,*,**, KKk

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Table 1-10. Effect of continuous waterlogging for 29 days on the fruit
chromaticity in two-year-old 'Campbell Early’ and 'Kyoho'

grapevine.
Hunter color value®
Cultivar Treatment
L a b

Campbell Control 51.6 -9.7 20.1
Early Waterlogging 35.7 6.5 2.8
t—test *kokok *kokok *kokok
Kyoho Control 53.7 -10.5 20.3

Waterlogging 36.0 5,2 -2.3
t—test *kokk *kok sk *kokok

“L, 0 (dark)~100 (light); a, 60 (green) ~+60 (red); b, -60 (blue)~+60 (yellow).

NS ) s sk

Not significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Waterlogged Control Waterlogged Control

'‘Campbell Early' 'Kyoho'

Fig. 1-13. Fruit characteristics in two-year-old ’'Campbell Early’ and
'Kyoho' grapevine as affected by waterlogging for 35 days.
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Fig. 2-1.

i a
. 00 day
- ab
b b W 42 days
b b
0 1 3 7 14 21

Duration of waterlogging (days)

Effect of the duration of waterlogging on the shoot length observed
42 days after the beginning of the treatment in two-year—old
'Campbell Early’ grapevine. “Mean separation by Duncan’s multiple
range test at P = 0.05.
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Fig. 2-2. Effect of the duration of waterlogging on the number of leaves

observed 42 days after the beginning of the treatment

n

two-year-old 'Campbell Early’ grapevine. “Mean separation by

Duncan’s multiple range test at P = 0.05.
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Effect of the duration of waterlogging on the shoot and root fresh
weight and T/R ratio observed 42 days after the beginning of the
treatment in two-year-old ’'Campbell Early’ grapevine. “Mean

separation within items by Duncan’s multiple range test at P =
0.05.
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Effect of the duration of waterlogging on the shoot and root dry
weight and T/R ratio observed 42 days after the beginning of
the treatment in two-year-old 'Campbell Early’ grapevine. “Mean
separation within items by Duncan’s multiple range test at P =
0.05.
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Effect of the duration of waterlogging on the root activity observed
42 days after the beginning of the treatment in two-year—old
'Campbell Early’ grapevine. “Mean separation within items by

Duncan’s multiple range test at P = 0.05.
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Table 2-1. Effect of the duration of waterlogging on the fruit characters and
leaf area observed 42 days after the beginning of the treatment

in two-year—-old 'Campbell Early’ grapevine.

Duration of  Soluble solid Titratable Color index” Berry Leaf area
waterlogging contents acid(%6) weight (cm?*/leaf)
(days) (°Brix) (g/berry)

0 10.5 b 22 a 5.7 ab 37D 348 a

1 103 b 2.0 a 47 Db 45 a 345 a

3 10.7 b 1.9 a 5.7 ab 4.1 ab 346 a

7 11.7 ab 1.8 a 6.7 ab 4.2 ab 319 a

17 12.0 ab 16 a 73 a 47 a 326 a

21 127 a 16 a 7.3 a 42 ab 337 a

"Mean separation within columns by Duncan’s multiple range test at P = 0.05.

YO(poor) to 10(excellent).
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Duration of waterlogging (days)

Fig. 2-6. Fruit appearance as influenced by the different durations of
waterlogging in two-year-old 'Campbell FEarly’ grapevine.

Photograph was taken 42 days after the beginning of the
treatment.
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Fig. 2-7.

1 = 7 14 21

Duration of waterlogging (days)

Root appearance as influenced by the different durations of
waterlogging in two-year-old 'Campbell FEarly’ grapevine.

Photograph was taken 42 days after the beginning of the

treatment.
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o

Non-waterlogged Waterlogged for 3 days
Fig. 2-8. Scanning electron micrograph of changes in the root cortex of
one-year-old 'Campbell Early’ grapevine under waterlogged
conditions. Radial lines of intact living cells alternated by

gas—filled spaces created by cell death. To be continued.
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Fig. 2-8. Being continued.
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06 . —@— Control
—O— Waterlogging

0 7 14 21 28 35 42
Days after the beginning of waterlogging

Fig. 2-9. Changes in conductance to H.O (gs) of two-year-old ’'Campbell

Early’ grapevine leaf as affected by waterlogging for 21 days.
Symbols represent means of three trees + S.E.
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Days after the beginning of waterlogging

Fig. 2-10. Changes in intercellular CO; concentration (Ci) of two-year-old
'Campbell Early’ grapevine leaf as affected by waterlogging for

21 days. Symbols represent means of three trees = S.E.
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—— Control
—O— Waterlogging
drain

0.0 1 1 1 1 1 1
0 7 14 21 28 35 42

Days after the beginning of waterlogging

Fig. 2-11. Changes in transpiration rate () of two-year-old 'Campbell
Early’ grapevine leaf as affected by waterlogging for 21 days.

Symbols represent means of three trees + S.E.
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Days after the beginning of waterlogging

Fig. 2-12. Changes in leaf-to—air water vapor pressure deficit on Tleat
(VpdL) of two-year-old 'Campbell Early’ grapevine leaf as
affected by waterlogging for 21 days. Symbols represent means
of three trees + S.E.
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Fig. 2-13. Effect of the duration of waterlogging on the leaf temperature
observed 21 days after the beginning of the treatment in
two-year-old 'Campbell Early’ grapevine. Means of three trees =*
S.E.
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White, 1942; Davies®} Flore, 1986a; Larson &, 1989; Phung¥ Knipling, 1976;
Ploetz®} Schaffer, 1987; Schaffer2} Ploetz, 1987; Smith®} Ager, 1988) ©o]& 3]
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Days after the beginning of waterlogging

Fig. 2-14. Changes in net CO. assimilation rate (Acoz) of two-year-old
"Campbell Early’ grapevine leaf as affected by waterlogging for
21 days. Symbols represent means of three trees + S.E.
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Fig. 3-1. Changes in soil moisture contents as affected by waterlogging.
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Treatment®

Fig. 3-2. Concentration of dissolved oxygen and temperature of water as
affected by the aeration and exchange of water. ‘WO,
waterlogging with continuous aeration; WE, waterlogging with
exchange of water twice a week; WL, waterlogging without

aeration or exchange of water.
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il

T A S FEER nE B B - sty S4ES AYE Z
#(Table 3-1), 5 A E¢o] nl&f) A §F EFX= pHZF thd oo
U #71%, P:Os EC, Ca, Mg# Na §Fo] 3=
Ak HAg T 21dAd Z A E<ko Abst e HYAHEhE FA S A
(Table 3-2), Z=T(NW)E 520mVH=dl Bl&) A5 A2 +5 (WO, WE, WL)<
70~80mV=Z Eo] e s vefidoh
AdAde FZFo B FrI4E B4 A (Table 3-3), N9 gF2 A5
WET(WE)= G35 7H(WL) =871 A 2] F(WO)>HHZT(NW) o2 NWoll A
FaEol M Ao WL, WE, WOzl 4o itk wkhd P, K, Mg
Fe NW AgFoA 7Hg gtoy b2 HETe F535 AL At
Fe2 WE=>WL=-WO>NWZ=Z &5%o] A4 A
s &

ou Hg AT Fholl= Aolvt glo] ErElel Ao T AR F5e AT Al &
Ea FFe] A dFE nAA Rae oE AdFEIT

=71 Ne g% WLo] da WO, WE, NWztdl= & zo]7l filent
Bl Ao FEF w9 E Aol HATh P, K, Ca, Mg9] == Hre]o) A9
gy FAREE A4S ®Boloew WEw WL o)t flol A4 wske] &y

= YERA] 2t (Table 3-4).

Ao el N2 A2 gk #Feol7t §ldla P, K, Ca, Mgel %2 NWellA
b =%k WO Al Hls] WE A2l a3= A YerdA] eskrh. v

< Fe, Zn, Na> A 1+ FolA zol7t gl tHTable 3-5).
FHUel N2 <loAeh wz7pA = Al ke zpol7t gllen P, K,
S NW>WO>WE>WLo 2 WES WLl Hlgte] WO Hzle] &}
7F vebgth Nae I A2 7+(WO, WE, WL)EoIA daFe] E=9ka NW A g
T7F o] vrol ¥iulel= whole] A S W thH(Table 3-6).

718 1R el Wsts TEE AW Ne A5 Al F5 o] F71

i E717bA] olE o] d&dste] gHelt el = Ae gtel AolE AA e

(@)
o
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e}
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Table 3-1. Effect of the aeration and exchange of water during waterlogging

for 42 days on the soil chemical properties.

pH OM EC NHs-N NO3-N AvP:0Os K Ca Mg Na

Treatment B

(15) (%) (dS-m™ (mg - kg ) (cmol - kg ™)
Before treat. 69 5.3 2.3 370 769 1155 17 97 32 05
NW* 72 48 2.4 252 148 979 10 93 08 04
WO 72 41 2.3 229 157 765 13 88 08 03
WE 73 44 16 %5 138 784 12 87 08 02
WL 74 40 18 268 162 859 12 86 07 02

NW, Non-waterlogging(under -40kPa soil moisture regime); See Fig. 3-2 for
the explanation of WO, WE, and WL.
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Table 3-2. Effect of the aeration and exchange of water during waterlogging

for 21 days on the soil redox potential.

Treatment” Eh (mV)
NW 520 + 60"
WO 70 £ 20
WE 70 £ 20
WL 80 + 10

“See Table 3-1.
YMean values + S.E.
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Table 3-3. Effect of supply of oxygen the aeration and exchange of water on the nutrient composition of rtoot in

two-year—old 'Campbell Early’ grapevine under waterlogging for 42 days.

N P K Ca Mg Fe Mn 7n Na
Treatment”
(g - kg (mg - kg™)
NW 88 b¥ 38 a 121 a 6.8 a 2.0 a 860 b 540 b 5712 b 2422 a
WO 124 a 24 b 30D 56 a 14 b 1901 a 280.0 a 9.4 a 1086 b
WE 134 a 25D ¥l D) 6.1 a 14 b 2161 a 2924 a 77.8 ab 1002 b
WL 125 a 25D 29 b 6.2 a 15b 1901 a 300.0 a 69.2 ab 984 b

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 3-4. Effect of the aeration and exchange of water during waterlogging for 42 days on the nutrient composition of

stem in two-year-old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn 7n Na
Treatment” o B
(g - kg ) (mg - kg ")
NW 48 a’ 24 a 13.3 a 45 a 1.3 a 36.0 a 20.1 ¢ 372 a 262 b
WO 4.3 ab 1.7 b 72 b 34 b 1.1 ab 270 a 62.3 a 278 b 1576 a
WE 47 a 1.6 bc 44 c 3.0 b 10 b 244 a 29.1 bc 237 b 1378 a
WL 3.3 b 12 ¢ 50 ¢ 31 b 0.9 b 286 a 49.0 ab 249 b 979 ab

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 3-5. Effect of supply of oxygen the aeration and exchange of water during waterlogging for 42 days on the nutrient

composition of stem in two-year—old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn 7n Na
Treatment” ;
(g - kg ) (mg - kg'hH
NW 22.1 a’ 10.6 a 94 a 20.7 a 3.8 a 116.0 a 1136 b 31.0 a 292 a
WO 165 a 6.0 b 6.0 b 16.1 b 3.4 ab 1365 a 186.7 a 304 a 351 a
WE 216 a 52 b 15 2] 140 b 3.1 bc 111.7 a 76.3 ¢ 290 a 427 a
WL 178 a 35 ¢ 7.8 ab 109 ¢ 2.7 ¢ 1086 a 83.2 ¢ 278 a 301 a

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 3-6. Effect of oxygen and exchange of water during waterlogging for 42 days on the nutrient composition of petiole

in two-year—-old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn 7n Na
Treatment” . -
(g - kg ) (mg - kg )
NW 54 a” 125 a 30.8 a 15.0 a 78 a 50.3 b 38.8 b 538 b 1644 b
WO 6.2 a 9.0 b 10.8 b 12.2 ab 7.0 ab 782 a 2114 a 65.5 a 2988 a
WE 7.0 a 77 ¢ 6.2 b 9.2 bc 6.5 ab 39.0 b 37D 48.5 be 2946 a
WL 12.0 a 56 d 80 b onl STTY) 396 b 1734 a 440 ¢ 2443 ab

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Fig. 3-3.
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Treatment”

Effect of the aeration and exchange of water during waterlogging for
29 days on the leaf water potential and difference between air and
leaf temperature in two-year—-old 'Campbell Early’ grapevine. “See

Table 3-1. YMean separation by Duncan’s multiple range test at P =

0.05.
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Fig. 3-4. Changes in transpiration rate (£) of two-year-old 'Campbell Early’
grapevine leaf as affected by the aeration and exchange of water
during waterlogging. Symbols represent means of three trees =*
S.E. “See Table 3-1.
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Fig. 3-5. Changes in leaf-to—air water vapor pressure deficit on Tlear (VpdL)
of two-year-old 'Campbell Early’ grapevine leaf as affected by the
aeration and exchange of water under waterlogging. Symbols

represent means of three trees £ S.E. “See Table 3-1.
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Fig. 3-6. Changes in conductance to H>O (gs) of two-year-old 'Campbell
Early’ grapevine leaf as affected by the aeration and exchange of

water under waterlogging. Symbols represent means of three trees
+ S.E. “See Table 3-1.
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Fig. 3-7. SPAD value in mature and young leaf of two-year-old ’'Campbell
Early’ grapevine as affected by the aeration and exchange of water
under waterlogging. “See Table 3-1. ‘Mean separation within the

same kind of leaf by Duncan’s multiple range test at P = 0.05.
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Fig. 3-8. Changes in net CO, assimilation (Acor) in two-year—old 'Campbell
Early’ grapevine leaf as affected by the aeration and exchange of
water under waterlogging. Symbols represent means of three trees
+ S.E. “See Table 3-1.
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Fv/Fmgtol #as= A2 FA#e} Fddee Aste drdHH(Adams &,

1994).
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Table 3-7. Effect of the aeration and exchange of water on the Fo, Fm, and

Fv/Fm of chlorophyll fluorescence in two-year-old 'Campbell

Early’ grapevine leaf under waterlogging.

Duration of

waterlogging  Treatment” Fo Fm Fv/Fm
(days)
3 NW 0.30 a” 158 a 0.811 a
WO 0.32 a 1.60 a 0.801 b
WE 031 a 161 a 0.804 ab
WL 0.32 a 139 a 0.796 b
3 NW 032 a 148 a 0.785 a
WO 031 a 1.45 a 0.787 a
WE 033 a 145 a 0.770 b
WL 032 a 1.44 a 0.776 ab
14 NW 037 a 213 a 0.825 a
WO 0.32 b 175 b 0.817 b
WE 032 b 175 b 0.816 bc
WL 032 b 1.70 b 0.809 ¢
21 NW 030 b 1.62 a 0.812 a
WO 0.32 ab 1.63 a 0.802 a
WE 0.33 ab 164 a 0.798 a
WL 034 a 1.66 a 0.795 a
24 NW 033 a 1.56 a 0.790 a
WO 031 a 1.46 a 0.784 a
WE 033 a 150 a 0.782 a
WL 0.33 a 1.40 b 0.761 b
31 NW 0.33 a 138 a 0.793 a
WO 0.33 a 152 a 0.780 a
WE 035 a 155 a 0.770 a
WL 0.33 a 1.34 a 0.745 b

“See Table 3-1.

*Mean separation within columns of the same date by Duncan’s multiple
range test at P = 0.05.

_96_



Table 3-8. Effect of the aeration and exchange of water on the Fo, Fm,
yvield and ETR of chlorophyll fluorescence in two-year-old

'Campbell Early’ grapevine leaf under waterlogging.

Duration of

waterlogging Treatment” Fo Fm yield ETR

(days)

9 NW 0.33 a’ 0.78 a 0.57 a 53.6 a
WO 0.35 a 0.60 a 041 b 66.2 a
WE 0.35 a 0.60 a 0.40 b 52.8 a
WL 0.36 a 0.63 a 041 b 36.8 a

15 NW 0.35 a 1.16 a 0.70 a 356 b
WO 0.37 a 117 a 0.68 ab 349 b
WE 0.34 a 0.88 b 0.61 ab 459 a
WL 0.36 a 0.89 b 0.59 b 385D

24 NW 0.33 a 0.65 ab 0.48 ab 49.8 a
WO 0.34 a 0.81 a 0.58 a 50.1 a
WE 0.33 a 0.50 bc 0.30 b 199 a
WL 0.34 a 0.37 ¢ 0.08 c 143 a

“See Table 3-1.
YMean separation within columns of the same date by Duncan’s multiple
range test at P = 0.05.
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Fig. 3-9. Root activity in two-year-old 'Campbell Early’ grapevine as
affected by the aeration and exchange of water wunder
waterlogging for 42 days. “See Table 3-1. YMean separation by

Duncan’s multiple range test at P = 0.05.
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Table 3-9. Effect of the aeration and exchange of water on the shoot length,
number of leaves and stem diameter in two-year—old 'Campbell

Early’ grapevine under waterlogging for 42 days.

Treatment” Shoot length No. of leaves Stem diameter
(cm) (leaf/shoot) (mm)

NW 339 a” 36.3 a 93 a

WO 190 b 26.3 b 8.1 ab

WE 157 b 220 b 7.6 ab

WL 136 b 217 b 6.7 b

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Fig. 3-10. Effect of the aeration and exchange of water on the root and
shoot fresh weight and T/R ratio in two-year-old 'Campbell
Early’ grapevine under waterlogging for 42 days. “See Table 3-1.
YMean separation within items by Duncan’s multiple range test
at P = 0.05.
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Fig. 3-11. Effect of the aeration and exchange of water on the root and
shoot dry weight and T/R ratio in two-year-old 'Campbell Early’
grapevine under waterlogging for 42 days. “See Table 3-1. YMean

separation within items by Duncan’s multiple range test at P =
0.05.
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Table 3-10. Effect of the aeration and exchange of water on the contents of

soluble solid and titratable acid in juice, and peel chromaticity in

two-year-old 'Campbell Early’ grapevine under waterlogging for

42 days.

Soluble solid Titratable Hunter color value®
Treatment” contents acid (%)

(°Brix) L a b

NW 13.0 a¥ 094 a 50.7 a -92 b 221 a
WO 134 a 098 a 381b 6.5 a 51 b
WE 129 a 091 a 408 b 16 a 98 b
WL 126 a 090 a 389 b 2.9 a 74 b

“See Table 3-1.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
*L, 0 (dark)~100 (light); a, —60 (green) ~+60 (red); b, 60 (blue)~+60 (yellow).
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Date of obserbation (days after the beginning of waterlogging)

Fig. 4-1. Changes in conductance to HxO (gs) of two-year-old 'Campbell
Early’ grapevine leaf as affected by waterlogging for 4 weeks and
fruiting. °NN, Non-waterlogging + Non-fruiting; NF, Non-
waterlogging + Fruiting; WA4N, Waterlogging for 4 weeks +
Non-fruiting; W4F, Waterlogging for 4 weeks + Fruiting. Symbols
represent means of three trees £ S.E.
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Date of obserbation (days after the beginning of waterlogging)

Fig. 4-2. Changes in intercellular CO:2 concentration (Ci) of two-year-old
"Campbell Early’ grapevine leaf as affected by waterlogging for 4
weeks and fruiting. Symbols represent means of threes tree =*
S.E. “See Fig. 4-1.
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Fig. 4-3. Changes in leaf-to—air water vapor pressure deficit on Tlear (VpdL)
of two-year-old 'Campbell Early’ grapevine leaf as affected by
waterlogging for 4 weeks and fruiting. Symbols represent means of

three trees + S.E. “See Fig. 4-1.
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Date of obserbation (days after the beginning of waterlogging)

Fig. 4-4. Changes in transpiration rate (£) of two-year-old 'Campbell Early’
grapevine leaf as affected by waterlogging for 4 weeks and
fruiting. Symbols represent means of threes tree £ S.E. “See Fig.
4-1.
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Date of obserbation (days after the beginning of waterlogging)

Fig. 4-5. Changes in net CO: assimilation rate (Acoz) of two-year-old
"Campbell Early’ grapevine leaf as affected by waterlogging for 4
weeks and fruiting. Symbols represent means of threes tree =*
S.E. “See Fig. 4-1.
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4-1), M AFTE 520mVE 2Hstd AEE g JFETE OmVE $Hgo] ol
&gl d&S Fedd 4= AT Pezeshki®t Chambers(1985a, 1985b)= E 9
o] 47} ¥w Eh7} +300mV ©]3t2 Yrolxtia 3}%3@, Laanbroek(1990) &

= R’ o} Mn3+° Sl =7t S7kE T Baisksl T
HAad AHea] 2 mg 29A XY= AdAde] f59 FIUHEY &5
WstE Ay A3 (Table 4-2), HelolA No| sk Zijolfo mg Xol7}
AdAQeA ekgen] P Fre A5 25A0) Fa 28g - kg |, W FIATF 24g -

SE7F =Ry AF Aol = BRI oAk E=dth K F

t7} 125g - kg ‘&, H1FIE 10.6g - kg 'l w1 17.9%
Egtom Catx A5 259 45 I/t 74, 79g - kg o2 M AT 67,
70g - kg 'ol Hlste] Z+ZF 104, 12.9%7F =9kt Fe, Mn¥ Nal 523k o] &

Z71A4 N9 555 JF 258d e FAH(71 45 A e v FAH{F7 i
ol ¥ao| el e A&FS Yellow A 254 P, Mg, Caol &= 2
B7F ol Belel e AFS BT whH Nal Z337) 2305mg - kg 'e
2 W ZF39] 310.7mg - kg 'oll W& S3ttH(Table 4-3).

FHAA No| sr= F38 Fado] gl P A7 v oy &
oL QYo K& A4 254 3t 169¢ - kg |, v Z T 133g - kg (0.2
27.1%, Mg A5 4FA0] 2377} 42g - kg "2 vl Z379] 26g - kg 'ol vl
615% ZAS A Zne A5 259} 45 Ao 237} 396, 33.1mg - kg |2
vl Zakte] 348 29.1mg - kg ol W) thA = th(Table 4-4).

Ao el N sEE A5 250 377 16.7g - kg ', w237 104g -
kg lolglem A 4FAd s F3t 145g - kg |, WIFIT 133g kg o2 #
e TEUFA sE7F Etow PO wRE A 25AE Hat Egko

C

a®l Fxv JAF 7IRbo]l dojAA 2t
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Table 4-1. Soil redox potential as affected by waterlogging for 20 days.

Treatment Eh (mV)
Non-waterlogging 520 + 50”
0 £ 30

Waterlogging

“Mean values + S.E.
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Table 4-2. Effect of waterlogging period and fruiting on the nutrient composition of

beginning of waterlogging in two-year—-old 'Campbell Early’ grapevine.

root observed 42 days after the

N P K Ca Mg Fe Mn 7n Na

Treatment” B -1

(g -kg ) (mg - kg ™)
NN 54 d’ 2.6 ab 10.8 b 6.6 b . 1§ a 694 ¢ 43.7 d 60.3 a 869 ¢
NF 53 d 2.7 a 115 ab 6.4 b 1.8 bc 695 ¢ 417 d 59.3 a 938 be
W2ZN 6.7 cd 2.4 bc 106 b 6.7 b 1.8 bc 1243 a 90.0 c 572 a 1188 a
W2F 7.8 bc 2.8 a 125 a 7.4 ab 1.9 abc 1357 ab B2 c 616 a 1255 a
Wi4N 109 a 2.5 abc 36 ¢ 7.0 ab 2.0 ab 1781 a 195.7 b 989 a 1225 a
WA4F 9.6 ab 2.2 ¢ 0.8 d 79 a 15l C 1653 ab 246.2 a 676 a 1136 ab

NN, Non-waterlogging + Non-fruiting; NF, Non-waterlogging + Fruiting; W2N,
WZ2F, Waterlogging for 2weeks + Fruiting; W4N, Waterlogging for 4weeks + Non-fruiting; W4F, Waterlogging for 4weeks

+ Fruiting, Symbols represent means of three trees + S.E.

*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 4-3. Effect of waterlogging period and fruiting on the nutrient composition of stem observed 42 days after the

beginning of waterlogging in two-year—-old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn 7n Na
Treatment” B -1
(g-kg) (mg - kg™)
NN 2.1 bc” 1.0 ab 74 a 32 b 09 b 11 ¢ 23.0 b 23.5 be 68.1 ¢
NF 3.2 ab 11 a 6.9 a 3.8 a 11 a 22 ¢ 29.8 ab 25.8 be 83.0 ¢
W2ZN 3.2 ab 08 b 59 a 3.1 bc 08 b 91 a 36.1 a 30.0 a 310.7 a
W2F 34 a 0.9 ab 6.6 a 3.1 bc 09 b 4.7 bc 370 a 27.2 ab 2305 b
Wi4N 2.0 bc 0.9 ab W/ 28 ¢ oD 6.2 ab 319 a 254 be 278.9 ab
WA4F 16 ¢ 0.9 ab 73 a 3.0 bc 09 b 6.3 ab 314 a 229 ¢ 244.6 ab

“See Table 4-2.
*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 4-4. Effect of waterlogging period and fruiting on the nutrient composition of petiole observed 42 days after the

beginning of waterlogging in two-year—-old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn /n Na

Treatment” B -1

(g-kg) (mg - kg )
NN 4.2 ab” 93 a 19.7 a 109 ab 5.0 b 172 b 1157 ¢ 37.3 ab 910 ¢
NF 4.1 ab 98 a 187 a 119 a 5.7 a 19.7 ab 153.0 b 36.6 ahc 1094 b
W2ZN 32 b 55 b .38 G 11.1 ab 48 b 270 a 2240 a 34.8 be 1311 a
W2F 44 ab 6.2 b 169 b 10.3 ab 48 b 24.2 ab 2289 a 39.6 a 1190 ab
Wi4N 47 a 29 c 94 d 78 ¢ 26 d 24.0 ab 86.3 d 29.1d 914 ¢
WAF 4.3 ab 35 ¢ 9.7 d 8.7 ¢ 4.2 c 23.8 ab 100.3 ¢ 33.1 ¢ 1297 a

“See Table 4-2.
*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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T serb vFRgrRg Agdos F748dtH(Table 4-5). Zn¥ Nakx %3}
TolA =2 AEE vedlen uymA AEE2 Aot vEhuA &gt o
Ao HAFEGAAM 574 mAEES Ah BFHow ZA = v(Takeda®t

=

Furusaka, 1970) @7]4 PlA=E°] $HatA He=d o5 A&7t #5538 o
AR Az 2k ks oA Ax FEARA GIFd F1E

5 % NO” > Mn"™ > Fe" > SO > CO, 2.2 tja} #A4o] o] &3t
E%F9 Ny Mn®, Fe*', H,S, CHy, NH,' 9 Hy 333 =91t} o]2]3l E oA

rr

229l N, P, K& Ca &47F 2433 Na, Fe 59 F4E 713t B
¥ 11 g H(Gutierrez Boem %, 1996; Close®} Davidson, 2003). ¥ Ade] Ax=E
Eoto] AW EW 257 A5 A #AH7E N, P, K, Ca, Znd &5 S7HA712
Nadl &5E 719 dolA RrEs & & 5+ At

A4 Aol s Nad do® AF7E 2= WA K9 ool oA

Lauchli, 1985),

©

o] Na/K H|&°] Z7} =d(Drewet Dikumwin, 1985; Drew
Devitt 5(1984) Nad] #th A3 Ko F5 A7 718 2d4E Wit
B3Rk o] AdoMEe 270 A5 Al FIge Ko s 571

5]
TEE gaFol Na/K vl &o] S7tekA] #5222 A EAE= 549 Na
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Table 4-5. Effect of waterlogging period and fruiting on the nutrient composition of leaf observed 42 days after the

beginning of waterlogging in two-year—-old 'Campbell Early’ grapevine.

N P K Ca Mg Fe Mn 7n Na

Treatment” B -1

(g-kg) (mg - kg™)
NN 139 ab” 68 a 11.2 a 16.1 b 2.38 a 347 a 91.2 b 201 a 404 a
NF 12.7 bc 70 a 109 a 184 a 247 a 35.7 a 104.3 ab 19.1 ab 249 b
W2ZN 104 ¢ 35 ¢ 9.1 bc 134 ¢ 242 a 34.2 a 1148 a 14.8 cd 252 b
W2F 16.7 a 41 b 10.3 ab 141 ¢ 245 a 345 a 1159 a 16.9 bc 281 b
Wi4N 13.3 bc 25 d 9.0 ¢ 95 e 207 b 346 a 99.0 ¢ 123 d 269 b
WA4F 145 ab 2.1 d 83 ¢ 118 d 212 b 40.7 a 574 ¢ 146 cd 351 ab

“See Table 4-2.
*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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Fig. 4-6. Effect of waterlogging period and fruiting on the shoot length
observed 42 days after the beginning of waterlogging in
two-year-old 'Campbell Early’ grapevine. “See Table 4-2. "Mean

separation by Duncan’s multiple range test at P = 0.05.
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Fig. 4-7. Effect of waterlogging period and fruiting on the number of leaves
observed 42 days after the beginning of waterlogging in
two-year-old 'Campbell Early’ grapevine. “See Table 4-2. YMean
separation by Duncan’s multiple range test at P = 0.05.
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Fig. 4-8. Effect of waterlogging period and fruiting on the stem diameter
observed 42 days after the beginning of waterlogging in
two-year-old 'Campbell Early’ grapevine. “See Table 4-2. "Mean

separation by Duncan’s multiple range test at P = 0.05.
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Effect of waterlogging period and fruiting on the shoot and root
fresh weight and T/R ratio observed 42 days after the beginning
of waterlogging in two-year-old 'Campbell Early’ grapevine. “See
Table 4-2. "Mean separation within items by Duncan’s multiple
range test at P = 0.05.
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Fig. 4-10. Effect of waterlogging period and fruiting on the shoot and root
dry weight and T/R ratio observed 42 days after the beginning of
waterlogging in two-year-old ’'Campbell Early’ grapevine. “See
Table 4-2. YMean separation within items by Duncan’s multiple

range test at P = 0.05.
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Fig. 4-11. Root characteristics in two-year-old 'Campbell Early’ grapevine
as affected by waterlogging period and fruiting. Photograph was
taken 42 days after the beginning of waterlogging. “See Table
4-2.
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Fig. 4-12. Fruit appearance in two-year—old 'Campbell Early’ grapevine as
affected by waterlogging period. Photograph was taken 42 days
after the beginning of waterlogging. “See Table 4-2.
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Effect of waterlogging period and fruiting on the root activity
observed 42 days after the beginning of waterlogging in
two-year-old 'Campbell Early’ grapevine. “See Table. 4-2. YMean

separation by Duncan’s multiple range test at P=0.05.
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