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Summary

Effects of short term (one month from late July) flooding on fruit growth, fruit
quality and flowering in ‘Miyauchi’ iyo ( Citrus iyo hort. ex Tanaka) tangor were
studied 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
flooding at harvest. More flower numbers were recorded in the following spring in
the flooded plants but fruit set was two-fold higher in the control. The fruit growth
in the second season was also retarded in the trees experienced with flooding so that
the size and weight of harvested fruit were smaller, along with lower Brix and higher
acid content. Each sugar component (fructose. glucose and sucrose ) in the juice was
lower in the flooding in both seasons. There was no flowering in flooded plants in
the third season but in control it was normal as compared with the previous year.
These data indicate that even a short period of flooding in one growing season af-
fects a long term effect on fruit growth, fruit quality and flowering in ‘Miyauchi’ iyo

tangor trees.

Introduction

Iyo tangor fruit is medium sized and has reddish rind color with glossy surface having a
less than one ratio of length to width. Ehime Prefecture is called the kingdom of iyo tangor in
Japan because its production accounts for 90% of the country’s production (Kondo et al., 2000) .
In some areas, iyo tangor trees were planted in low flat lands which had been used for rice
paddies and changed to orchards according to the government policy for altering rice to other crops
due to rice over-production.

Fruit trees are vulnerable to flooding, since poor drainage, even for a short period In one
season, can have long term effects on productivity (Van't Woudt and Hagan, 1957). Morphologi-
cal alternations such as formation of adventitious roots and aerenchyma have frequently been ob-
served in flooded roots (Blom and Voesenek, 1996 ; Kludze et al., 1994). The effect of water-
logging is more severe during the growing season than dormant season (Salesses er al., 1970).
Flooding causes hypoxia in the roots and can affect such whole plant activities as photosynthesis,

transpiration and translocation. Waterlogging also influences nutrient uptake. Plants cannot con-



tinue their growth process without oxygen although different plant species have different capacities
for flood tolerance. Citrus are classified as an intermediate group (Rowe and Beardsell, 1973).

Flowering and fruit set are important determinants of yield which also affect fruit size and
quality (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 et al.,
1982) .

The objective of this study was to examine the effects of short term flooding on fruit

growth, fruit quality and flowering in ‘Miyauchi’ iyo 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-year-old potted (30 cm in diameter) ‘Miyauchi’ iyo trees grafted
on trifoliate orange rootstocks were flooded for a month from late July to late August in 2000.
As flooding treatment, the pots were placed in plastic containers filled with tap water so that the
soil media were completely waterlogged. The water level was 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 were measured in mid April and early May, re-
spectively in 2001 and 2002. Fruit were harvested in late December of 2000 and 2001 and fruit
size, 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 ionization detector. Sugar analysis was done
using the procedure outlined by Sweeley et al. (1963) with some modifications. Juice samples (2
/1) were transferred into vials and completely dried. Then 40 1 pyridine including 1,3,5-triphenyl-
benzene as an internal standard, 40 #1 hexamethyldisilazane and 40 #1 chlorotrimethylsilane were
added and the vials capped. After heating at 60C for 30 minutes, 11 of the sample was in-

jected into GC with a micro syringe.

Results and Discussion

In 2000, fruit growth was significantly reduced in the flooded trees during flooding from late
July to late August (Fig. 1). The difference still continued after the cessation of flooding so that
size and weight of harvested fruit were smaller in the flooded trees (Fig. 2). Brix content in the
juice was slightly lower in the flooded 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 (fructose, 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 ), whereas the flower numbers were significantly greater in flooded plants but fruit set
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Table 1 Effects of short term flooding on flowering and fruit set of ‘Mivauchi’
1yo tangor trees.

Tre&ment No. of flowers,/tree fruit set (%)
2001
Control 63.5 = 10.5 25.6 = 3.5
Flooded 139.7 £ 12.6 13.4 £ 2.
2002
Control 70.7 £ 8.2 29.6 £ 4.4
Flooded 0 0

was two-fold higher in control plants (Fig. 6 and Table1). Flooding has been shown to increase
ABA content in the leaves (Zhang and Davies, 1987 ; Jackson and Hall. 1987) and gibberellin is
supposed to inhibit flower bud formation in fruit trees. Since ABA interacts antagonistically with
gibberellin, the increase in the flower numbers may be due to the increase in ABA caused by
flooding. The growth retardation of fruit was still noticed in the second season in the trees ex-
perienced with short term flooding in the previous year (Fig. 1). The final {ruit size and weight
were smaller in the flooded treatment (Fig. 2). Brix was slightly lower and acid content was
higher in flooded trees (Figs. 3 and 4 ). Each sugar component in the fruit juice was also lower
in the flooded trees (Fig.5).

In 2002, there was no flowering in flooded plants, but in the control plants a little increase
in flower numbers and fruit set relative to the previous year was observed (Fig. 6 and Table1).
Since new leaves were little formed in flooded plants in 2001 (Fig. 6 ), the ratio of leaves to
fruit was smaller in flooded than control plants in the same season. The greater crop load scemed
to cause the carbohydrate starvation in the roots of flooded plants leading no flowering in 2002.

Flooding adversely affects many tropical and subtropical fruit crops including citrus (Phung
and Knipling. 1976). Prolonged flooding usually results in a cessation of root and shoot growth
and wilting which decrease nutrient uptake, and eventually tree death (Schaffer et al., 1991).
We also found some hormonal imbalance in the roots of flooding intolerant citrus species (Bhusal
et al., 2002) . Alternate bearing is a {requent phenomenon in many woody species and citrus species
are no exception (Agusti et al., 1992) . In citrus, fruit can modify the hormonal balance through
the synthesis of gibberellins, which inhibits flower formation the following spring in some cul-
tivars (Moss, 1971). The reduction of carbohydrate and nitrogenous reserves in roots of trees
with a hcavy crop has also been put forward as a cause of reduced flowering and, therefore,
directly linked to alternate bearing (Goldschmidt and Golomb, 1982).

In conclusion., our present results suggest that even a short term {looding during growing
season has a long term effect on fruit growth. fruit quality and flowering in ‘Mivauchi’ ivo tan-

gor trees.
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