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Effects of water stress on flowering, carbohydrate content,
GA-like activity and ABA content in ‘Meiwa’ kumquat trees.

Naoto Iwasaki, Kousuke Kunishima

Summary

‘Meiwa’ kumquat (Fortunella crassifolia Swingle) trees were subjected to water stress in order to increase first-flush

flowers by withholding water until the soil water content reached about 30% and was maintained for 10 or 20 days. All

treatments of water stress increased first—flush flowers as compared with non-treated control trees. The total sugars and

ABA level increased in the roots subjected to 10 days of water stress, while total sugars in root, leaf and shoot, and the

ABA level in root increased in 20-day water stressed trees. On the other hand, starch contents of root, leaf and shoot

decreased in water stressed trees. GA-like substances in leaf were decreased by water stress or re-irrigation though tem-

poral increase in those of 20-day stressed trees were observed. The positive correlation was observed between the num-

ber of first-flush flowers and the ABA level of leaf. These results indicate that increased total sugars and ABA level under

water stress after termination of new shoot growth increases the number of first-flush flowers significantly.
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FARAFVE (Citrus) DEBETHDF >
H & (Fortunella) BT H2BEZEWMTH D, HIn
SRROFHRECHRENHSHELT, oy
DEEF T, vVl —RREOMITHELTHAE
NTVBEHN, REOERRIIEDIN TN, BE
CREFIDCRAN IV TLEEZLFATWSEIE (B
SINTHRE, 2000). FH MHEREZETZ8—2 U
TRFEYF2 BAS, 1998) OEH. SMESENR
BLEIHTEARRY DY, ERPROH DX T
) 27 EHREER A N Z<EEN TS (BH, 2000)
ZEML, BEFHEINTVWARREED1IDTH 5.

FOHPVRACFVEBOLES LA, BB
O TREIBET 2 MBREEEL TS (HIF,
1966). REDEFEICII6H FAMS7A FAICHNFT
B BASFIAINTW S, BEROBES IR
BB 0K 10 B ORI T3 ~ 4 E OB R 5 h.
FHENEC 1 BTG 287, 3RELMIN TN, 1
BHRICERULRER, 2BEUEOREL LA TH
BEIRIAES. SOCRERA. B, BEICBNT
BRERD, LAUARNS 1 BIEORERCE R
WL THRL, EREXZEHBREN, TOLD, &
FEUEREEEZTO DI 2B 2R LE LR
BERNESNDPENZN (RO, 1984). iz, 2&
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NTRBAPBND Z &5, IHERICIE ORI %
LRSS B D EEMNEMITIRD. REET 5.
F2h 2 OREEEICET SR FERAICERS
NTHY, LIFS O LRERNIITL S T1ER
DERIERDEMDSH 5 (ElE, 2000). 1FBLDATH
THIRNENESND ZENHENMIINTNS, &
7z. 6-Benvzylamino purine (BA) ®HEZELMEAIL.
WEFOERMEE, FiE, HREQEMMAALN, &
R EEMX ¥ 5 Z & KXiang and Matsumoto, 1988).
IHIHHOBEFERIINNZOT SV — )L 2ERR
BT ko T, IHIEEIHNT 5 2 & b
2N T35 (Iwahori and Tominaga, 1986). Z#15D
EMB, F A2 OREEEICITED EEFAGHEN
BELTWbEEZSNS. U avIhv ‘®
B T rE TR RLHENPBHANABAEZE, GA
EEBLURAKHEECEELZRIL. Thb &Lt
FolLE OBEERRBENTNS to et al.,, 1999;
Koshita et al., 1998; Koshita and Takahara, 2004 ; 1 &
5, 1993).
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Fig. 1 Relationship between water content and water
potential of the soil used in this experiments.
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Fig. 2 Changes in soil water contents under different duration

of water stress treatments.
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Table 1. Effects of water stress on leaf water potential and osmotic potential in ‘Meiwa’ kumquat trees.

18-Jun 28-Jun
Water potential Osmotic potential Water potential Osmotic potential
(MPa) (MPa) (MPa)
Cont. -0.69b” -0.80b -1.20b
10 days -1.31a -0.78b -1.26b
20 days -0.79b -1.58a -1.49a

* Different letters within columns indicate significe at 5% level by Fisher’s PLSD.

HIREERRB 0B %DO6H18H L, 20H%D6A
28 HOFR4AREICEHEMOERZERRL, Y170
A—F—EANTKRT Iy VEHELEZ. S5
BHANR T RO/, B REHRR L2, KRR
TIFBARTHENEZRWRL, 80CTHRELE. 0D
%, EZEHETBE T 2URNMER IS TRRL. TiE
LIBWEDIEF 12— —NTHREL .

HEHATEIESHONE10Ex%280,. 6B TANSG1
H%7=0 OREREBHRAEL, 1BHEBIUV2EIEIC
DT 100 &% 72 D ORERITHBE L /=,

B, BEBIUBOBERIIT VAQ KT, F27
CERRBEET VT UAMECKOER L

GABXIUABAD L. B 1gE 80X AY / —Ib
100ml T 24 BEIMH U 7z, kB A 1ml 25 E L TABA
SaFEEE L. BORBINRL—F—TRAY ) —) %
FREL TGARMEMEEE & Uk, GABRYEOHH
WBEEEE T F LB R VERRER THE L., BRIERE
IFIGEEERE. S5y 7ae)ly)ia—)b:
TEZY 1K (10:1:1) ZEMABESLER—/N—
ruav b 57 40— GRIFEEM NS0 Ik DKL,
R & OEMIIFE RS BELHOMZ 1055 Ui,
FNEFNDT 57 3 icBT 5 GARENEIR. BB
BE #HWEEYREICKDBEIEL. GAYEEL
TEELZ. ABARZSHF+ v b SIGMA) IT&D 1A
STV METERL.

S

TEEEAEHR GO 8K S EOHER ZHE2
R U7z, HRIKIE 80 % AR THERS L 7=As, 10 HECkR

R CAHEBABEEIE T L, 10 HEITIZK 30 % &7z
o7z 20HEBRTE, TBKSESBOETN10HE
BEXIZHARTROMNTH - 20N 710 HERITIZHI30 %
LD, FOREB—EDEEHER L. Lo TR
FRALEEBASS 10 B O LK 0 S BRI ER TH
80%. 10 HELIRIX TA7%. 20 HELBEKR TH0% &/xo
7z, E7-. 20 HEEX T 10 HLARRIZH 30 % #ERB L
Tz,
TEHRUERICBTDEOKRRT > vI)Lid, X
RRICHRTERICKT L. 6 A18HOMBX T
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Fig. 3 Effects of water stress on number of flowers
opened per day in ‘Meiwa’ kumquat.
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Table 2. Effects of water stress on number of flowers in
‘Meiwa’ kumquat trees.

Number of 1st Nu_mber of 1st
flush flowers flush flowers
Cont. 69.8b” 4.0
10 days 145.5a 0.0
20 days 112.0ab 0.0
* Different letters within columns indicate significe at 5% level by
Fisher’s PLSD.

Table 3. Effects of water stress on total sugars and starch contents in ‘Meiwa’ kumquat trees.

18-Jun 28-Jun
Root Leaf Shoot Root Leaf Shoot
Total sugars contents (mg/gdw)
Cont. 45.3b” 84.2a 74.5a 34.8b 60.3b 60.3b
10 days 63.4a 75.0a 75.3a 31.3b 58.1b 60.6b
20 days 65.0a 79.8a 74.5a 70.1a 76.2a 74.7a
Starch contents (mg/gdw)

Cont. 55.1a 11.5a 15.1a 28.5a 7.0b 17.9ahb
10 days 20.7a 4.8b 5.6b 224a 15.7a 24.5a
20 days 41.3a 3.9b 5.7b 16.1a 4.7b 6.8b

? Different letters within columns indicate significe at 5% level by Fisher’s PLSD.

Table 4. Differeces in GA-like substances contentz in
‘Meiwa * kumquat trees as affected by water stress.

Table 5. Differeces in ABA contentz in ‘Meiwa’ kumquat
trees as affected by water stress.

Leaf Root Leaf Root
18-Jun 28-Jun 18-Jun 28-Jun 18Jun 28-Jun 18-Jun 28Jun
Cont. 3.7a 42a 3.0a 5.0a Cont. 7.3a 5.2ab 0.3b 0.5b
10 days 3.2a 2.4ab 4.1a 6.7a 10 days 9.6a 4.4h 1.6a 0.5b
20 days 6.6b 2.0b 3.8a 3.4a 20 days 6.8a 6.8a 2.3a 1.4a
* GA; equivalent ng/gdw * nmol/gdw

¥ Different letters within columns indicate significe at 5% level by
Fisher’s PLSD.

ICHATHEIMERICH - 7205 FE TR 2%
FEORBIIHREKOL THEIN, HEHBELERT
WRsNARN7Z (E2K).

BRI L o T BHENREEROBEINSR S
10 BE B R TIIRICBWTOARE EICHEM L 255
20 HEZJR B X TR, BB X VEOLTOMWATH
RicHEmLE Fhucxl. 527 0 aBI3 RS
IR0 AT EMS RN, iz 10 HEENE
RTIIEBRUEETRICEK L ZZ EICEDRIBIZT
ST UEEROHEMBR SN (E3R).

GATEMIZ 20 HEERICBIT 26 B 18 HDETHE

¥ Different letters within columns indicate significe at 5% level by
Fisher’s PLSD.

RICHARTERICENL TWES, 10 HEERK TIEE
Faholz. E7z, 6 A28 H THERENERIZBNT
GARBMHIME<ESEmZERLE. —F. RIZBWTIX
RN IZ K B EEII Do, 6 H28HD 208
HBRXTEHAD L (B435). 20 HERXICHIT S GA
EHEDEMI. #FICRIE (rate of flow value) £30.1~
02fHRICBNWTHEETH o= BIR, FE5X).
ABA & BIIEIENIEIZ X o THINT B A ZR L7z
N, ETIEERERETRE AN/ —H., HOABAS
ERFGRAEICE S THREIEML, S 5ICUBEE
KT DI EIE > THRR ER L XVICE TREIC
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Fig. 4 Effect of water stress on GA-like activity in ‘Meiwa’
kumquat leaves. Samples were collected on 18 June.

15
2

o0
> 10}

[}

g
£

b

=

g si

g

o y =0.0368x + 3.8676

é £=0.7371

0 i n 1
) 50 100 150 200
number of flowers

Fig. 6 Relationship between ABA content of leaves and
number of flowers per 100 nodes in ‘Meiwa’
kumquat trees afected by water stress.
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Fig. 5 Effect of water stress on GA-like activity in ‘Meiwa’
kumgquat roots. Samples were collected on 18 June.

ZAoh, BROMEFEILBICHEGROEEZTS
LR KO THFMMHEINDZHDEEZBND,
AEBRTIRTEEBROE 10 B BIC3S0E KIS
IS EROEITNLZN, BEOKRF> I v
R & 20 HERR ORICIZENR Sshizho k.
Y3 ay I N TIREDKRT > v )LA-1.5MPa Bl
Ti22 EBEORBRME TSR SN, +HREgERER
ML RAEZITHEYD S GERFES, 1995) 2 En s, ik
SEBHM50REETHER L 20 HEBRRICBIT B4
HERAMAT: 10 HRIS A RRIEZ D U A2 Z 0 Thizh
SEAEENEZ SN, LhLAans 1BIEOBTTE
HITERETEN O % MEXICHAT20 AE#HK
TEhofe. Lo T20 BEEK TIRREENE10H
HEM520BEETOKZ ML XOEERBENZHDE
EZ b
EROEEEZZTERETIZ, KX ML ADEET
BHARRAKICISENREL BT ZEBMENT
B, T TUFCTREOEESEOMMET S
CEROPLESIERITIESWETN TN (F
B15,1993). AERICBVTHEOLES BITHML.
DOF T VERBBA UL, —F, EoBESERY
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JRLEE 20 H BICBWTHEML A, 7> 7> E&iI310
HEIZBWTHEAS L Tz mkibhEE0ZE b,
KA N L RITHEB L ZBIC A 5N 2B ERAEHEE 258
&, FUTEENSHEOGHEAN & RKE B NE
ELirpEB BN,

ABAZHEMERIKZ NV AEZT A EICE>TEH
BIZHEINT2Z2ENMELNTHD. AEBRTHRICH
WTHERIZEBMUZMS, ECTRERRERZR S,
o7, MTHEEINZABAR AREEEH L TH LS
WCHET DI ENASNTWSA (Zhang and Davies,
1990; Ismail and Davies, 1998), 7K A h L A DZEZ &
DBEDKRT > v WHMET L2720 Ik B EN
H# & (Nonami et al, 1997). ABA ORHMENBZEH
WFOoNETREEDZEZAO6NS. ABAXZERF 0
TCHEBRERET 2 (EHS, 1993) 2L, £<DOR
BHZ BT B AE & BHAN ABA S &S EDER &
BoTna E0oMmENHS (Ito et al., 1999; Koshita et
al,, 1998). AEBRIZBWTHERUNEIZ L DKRT >
YV DOETE1IBHEORHAER. ABASE. HEIED
wmer T EROBIBR N —FH, v
a3 A 2 DEBRNIEFSMEMICABAG B E N EE
EOFAMNB IS (B, 1995) LOREDHBHH. 2
NESIGEEORTICE D AGREEMETL, B
BB R KA I+ 3 BRE S ey o T AT AR A
RREINTNDS, RERICBITS5ABASEE 1RIED
ez A5 &, 6H18HTIIABASE & 1 HIEDRAE
WIEQHBEMRSNEZZ &S, ABAGEDHEMA1
BIEOHEMEBEENH D bDEEZ SN,

GAZEY O RIEE. KIRFTHIE EDRBERIK
BE. BEAEHEY TEREZOHEREICEVETESR
EXW B, ARAEEHEY TE—E82 R\ THEREIC
B<HEHRINEEELTHLNTNS, U2aw3
ARBNTIE, EUEICCGABMZTD LEHOFH
EpiflEh Rk, 1990), GAAGREZENE TH
U ZaFV R EEHMATHI LT, BRERAIHE
measZENPENTNS (BES, 1995). S5
T3 aTIHRBNTHRHIND GAW. GA, GAy
BEUGA, T, TEHFOHERBICEE L Tnwa GAIX GAp
BLUGANTHBZENEBINTNDS (BES,
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1995). AEETII GA DB L TIRFE L TWiahiy,
A5 HTE T GA: B L U GAy DIEHEIL RE 748 0.2 5%
WWELDEEASNS (1, 1983). AEBRTIZ20H
FIRRKIC B W THEIRNIE 10 B B iMoo 2 YLIERIZ A
TEWGARREEEZRLZZ EMS, 20 HEZBERICSH
VB FRAER MO 2R BRI TEN BB S L
T. GABENEE LI EITXDFOREINEN
T ATREMEDSE 2 Sz, GAIZ-1.5MPa #if% ORI
Lo TRERICHEMT 200, £FIZGA BLUGA; TH
ETHBIENREINTS (Koshita, 2004). —
75, WHES (1990) 13-3.0MPaf2E 0#E EANE T, GA
BUWESENMET T2 L2WELTVWS, RERT
1320 HEZRRKIZ BT 2 TR SR ORI IBLE
FIAE% O LEKSZEDETAH 10 HEZBXKITH AT
BYWTholk., LENSTAARNUVANGADES
R KIETREBILEOREICE > TR D RS
EAbNT.

¥z, GART T U EBEICEADTY I 7—EiEkE
OB EIENS, R EBERND B &
ATV, 10 HEBRROZEIZRET S GARRIE R
6 A28 HICHMBRICHRTHEAL Tl &hs,
HIRAES OBEEKICE > TGARBA L. MkAR
KIEMORBOBEOEENSF > 7 DEBAN L
THLDEBALLNE.
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BTES BalREEARB I N, 515, KA ML AD
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KGR T > T SN SO G RN LT 0D
2HDEEZON, Ehe, ZOEMLZGANTIE
LR ZEEZBESCEDAREEDEL SN, L
Do THBEHBNBIZ X > T1IEEERAVZEERR
BHENIT H720I0IE. GADESRIZDONWTI SITFEL
SHABTHIHENDHDEZEA LN
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