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S u m m a r y

Effects Of short terrll(one nlonth from late」 uly)flooding on fruit growth, fruit

quttity and nowchng in tMiyauchi'lyo(て才どrySケ θ hOrt ex Tanaka)tangOr wcre

stlldied during July 2000 tO May 2002. Fruit growth was significantly retarded by

flooding Fruit size and weight were smaller and Brix in the juice was lower in the

f100ding at harvest  ヽ 4ore flower numbers Hrere recorded in the following spring in

thc f100ded plants but fruit set 、 vas two― fold higher in the cOntrol. The fruit growth

in the sccOnd scason was alsO retarded in the trees experienced M′ ith flooding so that

the size and weight of harvested fruit were smaller, a10ng 、 vith lo、ver Brix and higher

acid content,Each sugar component(fructose,glucOse and sucrose)in the juice was

lollrer in the flooding in both seasons  There 、vas no f10、vering in nooded plants in

the third seasOn but in control it was normal as cOmpared M′ith the previous year.

These data indicate that even a shol‐t period of f100ding in One growing season af

fects a long term effect oll fruit growth, fruit quality and nOwerillg in .心/fiyauchi' lyo

tangor trees

introduction

lyo tangor fruit is medium sized and has reddish rind c010r with g10ssy surface having a

less than one ratio Of length to 、vidth. Ehime Prefecture is called the kingdom Of iyo tangor in

Japan because its production accOunts fOr 90% Of the counti・ y's production(Kondo θ ど2′., 2000).

In some areas, lyo tangor trees M′ere planted in io、v flat iands 、vhich had been used for rice

paddies and changed t0 0rchards according to the government p01icy for altering rice to other crops

due to rice over―production.

Fruit trees are vuinerable to f100ding, since poor drainage, even for a shOrと
 period in One

season,can have 10ng term effects On producttvity(Vanit woudt and Hagan,1957).MOrphologl

cal alternations such as formatiOn of adventitious r00ts and aerenchynla have frequently been ob―

served in flooded roots(B10m and voesenek, 1996;Kludze eと 2F., 1994).The effect of water

logging is nlore severe during the grOwing season than dOrmant seasOn (Salesses gよ 2プ., 1970).

Flooding catlses hypoxia in the l‐00ts and can affect such 、vh01e plant activities as photosynthesis,

transpiration and trans10catiOn. ヽVaterlogging also infltlences nutrient uptakes Plants cannot conャ
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tinue their growth process without Oxygen although different plant species have different capacities

for flood tolerancet Citrus aI‐ e classified as an intermediate group(Rowe and Beardsell, 1973),

Flo、ハ′ering and fruit set are important determinants of yield which also affect fruit size and

quallty (Guardiola, 1988).In sOme citrus cultivars the number of flowers per tree is more

than sufficient to obtain a heavy crop but competition among growing Organs and other factors

greatly reduce fruit set so that a very low percentage of flowers develop into fruit(Agusti θ ど27.,

1982).

The objective of this stttdy M′as to exanline thc effects of short term flooding on fruit

groH′th, fruit quality and flo、vering in `lvllyauchi' lyo tangor trees.

Materials and Methods

The experiment was conducted at the Ehime University Farm, Japan, from July 2000 to May

2002.In this experiment,three一year old potted(30 cm in diameter)`Miyauchi'lyo trees grafted

on trifollate orange rootstocks ‖′ere flooded for a month from iate July to late August in 2000.

As flooding treatment, the pOts 、vere placed in plastic containers filled 、vith tap 、vater so that the

soil media 、vere completely waterlogged. The H′ater level 、vas corrected daily during the flooding

period.Four repliCations were employed.Fruit growth was measured from July to December in

2000 and 2001. Flower numbers and fruit set 、 vere measured in ■ 1ld フ生pril and early MIay, re―

spectively in 2001 and 2002. Fruit 、 vere harvested in late December of 2000 and 2001 and fruit

sizc, weight, Brix and acid content Of the juice were analyzed.

Sugar composition (fructOse, glucose and sucrose)in the juice was analyzed with a Shima

dzu GC-8A gas chromatograph equipped with a flame lonization detector. Sugar analysis M′as done

using the procedure outlined by Sweeley eを 2プ.(1963)with some modifications。  」uice samples(2

μl)were transferred into vials and cOmpletely dried,Then 40 μ  l pyridine including l,3,5-triphenyl

benzene as an internal standard, 40 μ l hexamethyldisllazane and 40 μ l ch10rotrimethylsllane 、vere

added and the vials capped. After heating at 60℃  for 30 minutes, lμ l of the sample was in―

jected into CC with a micro syringe.

Results and Discussion

ln 2000, fruit gro、ハ′th M′as significantly reduced in the flooded trees during flooding fronl late

」uly to late August(Fig.1).The difference still continded aFter the cessation of flooding so that

size and weight of harvested fruit were smaller in the flooded trees(Fig.2). Brix content in tlle

juice was slightly lower in the f100ded trees(Fig.3)but there was no signiFicant difference in

acid content between the flooded and control treatment(Fig.4).In addition, each sugar com_

ponent(frilctose, glucose and sucrOse)of fruit juice at harvest was lower in the flooded trees

(Fig. 5)`

In the following year(2001), the number of newly formed leaves was greater in the control

(Fig.6), whcreas the flower numbcrs were significantly greater in flooded plants but fruit set

- 2 -



（
宮

０
）

〓

や
的

Ｅ

Ｏ

一
　

中

一
コ

Ｌ
」

（
Ｅ

Ｏ
）

〓

中
的

Ｅ
Ｏ

一
　

や

一
コ

、
」

80

70

60

50

4 0

」u 1 3 1  A u g , 3 1  S e p _ 3 0  0 c t  3 1  H o v  3 0  瞳_ 3 1

Date

Oontrol F l o o d e d

Treattt

Fig。2  Effects of short term flooding on fruit

legend in Fig.l for detalls.)

2001

―O―Cont「d 一 『‐Flooded

お‐
‐‐・
・'争
十~~電

,Cr

□
'

J u 1  3 1  A u g . 3 1  S e p . 3 0  0 c t  3 1  8 o v . 3 0  D B c . 3 1

Date

Control              Fl ooded

Treatment
Ⅲ
Miyauchi'lyo tangor at harvestt(See the

2000

"― Control … □…Flooded

堅 斉 ‐―
‐古封

Er

,Cr

80

70

60

50

40

Fig。 l  Effects of short term flooding on fruit growth of !NIiyauchi' iyo tangor. Flooding 、vas done for

onc nlonth from late July to late August in 2000.

側

　

　

　

側

　

　

　

∞

（的
）
や
〓
的
一ｏ
”
　
コ
一コ
」」

側
　
　
　
　
∞

　

　

　

∞

（的
）
中
〓
的
一●
〓
　
中
一コ
」」

weight of

（ま
）
Ｘ
一」
い

（ポ
）
Ｘ
一」
∞

1 4

12

10

8

6

4

2

0

14

12

1 0

8

6

4

2

0

Oontrol             Fl ooded

Treatment

Effects of shOrt term flooding on

vest. (Scc the lcgend in Fig。  1

Control              Fl ooded

Treatment

juice Of tMiyauchi'lyo tangor at harBrix contcnt

for detalls.)

-3-

2 0 0 0 2 0 0 1

2000 2001

Fig 3 in fruit



2000 2001

（ま
）
０
一ｏ
＜

（ま
）
や
一ｏ
＜

Fig.4

6

5

4

3

2

1

0
Oontrol              Fl ooded

Treatment

Fig. 5  Effects of short ternl flooding on sugar conlposition

harvest.(See the legend in Fig.l ror details。)

Control

Treatment

EfFects of short term !

vest (See the legend

Fl ooded

Flooding on acid content

in Fig. l  fOr details.)

Oontrol Flooded

Treatment

fruit juice of`Miyauchi'lyo tangor at hal

Oontrol              Fl ooded

Treatment

in fruit juice of.Miyauchi'lyo tangor at

（ま
）
中
Ｅ
ｏ
中
Ｃ
ｏ
０

（ま
）
中
Ｅ
ｏ
や
Ｅ
ｏ
Ｏ

Fig. 6  Effects oF shol‐t tcrm flooding On !ヽ1lyatichi'

fronl late Jtlly to late August in 2000 and

tyo tangor trees. Flooding was done for one nlonth

thc photos 、AFere taken in April, 2001 and 2002.

2 0 0 0 2001

- 4 -



T a l 〕i c  l Effects Of shOrt tcrnl floodin4 on fl()、ドering and frllit sct()f iヽ1lraliChi

ly()tangOr trccs

Treatment oヽ. of flowers//trcc fruit set(%)

2 5 6 土

1 3 . 4  土

3 . 5

2 4

4 . 4

was two― fold higher in control plants(Fig,6 and Tablel).Flo()ding has been sllown to increase

ABA content in the leaves(Zhang and Davies, 1987;Jackson and Hall, 1987)and gibberellin is

supposcd to inhibit flo、ver bud fornlation in fruit ti‐eeso Since ABPt interacts antagonistically 、vith

gibbercllin, thc incl‐ease in the flo、ハFer llunlbers nlay be due to thc increase in ABA catised by

flooding. The groH′th retardation of fruit was stili noticed in the second season in the trees cx―

perienced with short term flooding in the previous year(Fig.1).The Final frttit size and weight

were smaller in the floodcd tI‐ eatment(Fig`2).BI‐ ix was shtthtly lower and acid content was

higher in flooded trees(Figs.3 and 4).Each sugar component in the fruit juice was also lowcr

in the flooded trees (Fig. 5).

In 2002, there 、 ハras no flowering in flooded plants, b(lt in the control plants a little increase

in flowel‐ntlnlbers and f】‐uit set rclative to the previOtls ycar was observed(Fig.6 and Tablel).

Since new leaves were litde fol‐nled in floodcd plants in 2001(Fig.6), the lムatio of leaves to

fl■lit wras snlaller in floOded than control plants in the same season. The gl‐ cater crop load sccnled

to cause the carbohydrate starvation in tlle roots of flooded plants ieading no fio、 vering in 2002.

Flooding adverscly affects ■ lany tl‐opical and stibtropical fruit crops includillg citrus (Phung

an(l Knipling, 1976).Prolonged fl()oding usua1ly results in a cessation of root an d shoot growth

and wilting wlllch decrease nutrient uptake, and cventually tl‐ee death(ScllaffeF‐ eを 2才., 1991).

Vヽ e  a l s o  f ( ) t i n d sonle hormonal imbalance in the roots of flooding intolel‐ant citrus species(Bhtisal

こを2′、2002).Aitel‐nate bearillg is a ri‐eqtlent phenomenon in nlany woody species and citrtts species

al力c no c、ccpt10n(Agtisti eF ar.、 1992). In citi‐us, fruit can nlodify the hol‐nlonal balance thl・otlgh

the syllしhcsis or gibbere1111ls, wlliCll inhil)its flower fornlatlon the follo、ving spl‐ing in sonle ctiト

ti、rar馬(M()ss, 1971).Thc rcducti()n of carboh)rdratc and nitrogenous l‐eserves in roots()f trees

、vith a llcavy cドop has also bcen pllt forwを11‐〔l as a catise of redilced flo、ハFel‐ing alld, thel ef()le,

d i r e c t l y  h n k e d  t ( )を1 l t C r l l a t c  b e a l‐i n H ( G o l d s c h n l i d t  a n d  G o l o■l b ,  1 9 8 2 )。

11l collcl[lsi()11. o tll‐ lDl‐CSellt l‐cstllts stiggcst that e、
工せn a shol‐ t tcl‐ni floodillH dtllillビ  HI‐o、A111lg

SeをlS01l hたlS を1 10ng tcl‐11l effect oll fl‐tlit gドoぃrth、 fI‐Llit qtlality alld flo、市cl‐11lg in ｀ヽ 1lyallchi' lyo tan_

_r01‐ trCCヽ 。
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宮内イヨの果実生長、果実品質、開花に及ぼす

短期間の湛水の効果

ラム チャンドラ ブサール・ジャスタス モンガレ オングソ・A.B , M .シ ヤリフ フセイン

アリ ラマダン エルーシェリフ・水 谷  房  雄

短期間 (2000年7月末からlヶ月)の 湛水処理が宮内イヨ樹の果実生長、呆実品質、開花に及ぼす

効果を2000年7月 から2002年5月 にわたって調査した。湛水処理によって当年の呆実生長が抑制され

た。湛水処理によって収穫呆の大きさ、重量は小さくなり、呆汁の糖度はやや低 くなった。湛水処理

によつて翌春の花数が多くなったが、着呆率は対照区が湛水区の 2倍であった。前年の湛水処理は 2

年目の呆実生長をも抑制し、収穫果実の大きさ、重量は小さく、糖度は低 く、酸度は高かった。収穫

果の果汁の糖組成は両年とも、果糖、ブドウ糖、しょ糖いずれも湛水区の果汁で低い傾向が見られた。

さらに、 3年 目の春には対照区は前年と同程度の花数、着果率が見られたものの、湛水区では全く花

が着かなかった。これらの結果は生育期間のわずかな期間の湛水でも宮内イヨの呆実生長や果実品質、

開花に長期間にわたって影響が生じることを示していると思われる。

要iF5
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