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Abstract : Young ‘ Tosa Buntan * (Citrus grandis (L. ) Osbeck) trees were sand-cultured in
Wagner’s pots. The trunk 15 cm above the graft union was strangulated with thin wire every
month from April to June 1990. The durations of each treatment were 2 and 4 months. The
shoot growth was strongly inhibited at the upper part from the strangulation position of the

“trees (UP), while that at the lower part (LP) was enhanced in all the treatment periods.
However, the wire rings were covered with bark tissues at June-October treatment, resulting
in sprouting new shoots at the UP during the summer season. Root growth was slightly inhib-
ited at May- and June-treatments as compared with the other treatments. The girdle depth
just after the release of wire ring was deeper and the healing of girdle was later at the late treat-
ments than those at the early treatments. The upper part of the trees was extremely defoli-
ated during the fall season, especially for 4 month treatments. No significant differences in
the number of inflorescences and flower buds were observed at the UP of the trees among the
treatments. :
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Introduction

Pomelos cultivated in Japan certainly originated from the Malay Peninsula and East Indian
archipelagos” . Pomelos are one of thermo-sensitive citrus varieties; therefore, they often
grew vigorously when exposed to warm condition such as that in ‘the plastic house (PH).

Flower bud of pomelo trees was induced by exposing to low temperature during winter” .
However, the pomelo trees in a PH are not subjected to full experience of low temperature dur--
ing winter. Thus, some cultural practices such as soil drying, root pruning, branch bending
etc. have been used as a substitute of low temperature for promoting the flower bud forma-
tion? .

This study was conducted in order to evaluate the appropriate time and duration of trunk
strangulation in the early season of growth cycle for the growth at the top and root parts of
young pomelo trees grown in a PH.

Material and Methods

One-year-old ‘ Tosa Buntan’ (Citrus grandis (L. ) Osbeck) pomelo trees grafted on trifoliate
orange (Poncirus trifoliata Raf. ) rootstocks grown in a PH were used in this trial. The root
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volume was measured before transplanting to Wagner’s pots (27x50cm) in mid-March 1990;
the rinsed root part was immersed in a vessel which was filled with water, and the volume of
overflowed water was measured. Fine sand was used as cultural medium in the pots and one li-
ter of nutrient solution containing 100ppm N, 20ppm P,Os, and 20ppm K:O were applied to
each pot every 3 to 5 days during the trial.

The minimum night temperature of the PH was set at 5 C by heating, and the maximum tem-
perature was controlled below 35 C by opening the side-windows during the trial.

The trunk 15 cm above the graft union was strangulated with wire of 1.6 mm in diameter on
30 April, 20 May and 20 June in 1990, respectively. The strangulated trunk was dented at a 2
/3 depth of the wire diameter. The strangulation duration was 2 and 4 months at each treat-
ment. Twenty. eight pots were used with 4 replications for each treatment including the con-
trol trees. The trunk of the control trees were marked at 15 ¢m above the graft union and the
growth of trees at the UP and LP were measured separetely.

The depth of girdle just after the release of the wire ring, the monthly changes in girdle size,
the trunk girth and the shoot length at a month interval were measured, respectively.

Floral shoots were classified into two groups of leafless and leafy inflorescences. ‘All the

trees were dug out and the root volumes were measured in late March in the following year as
described above.

Results

The minimum temperature in the PH was 5.6 to 6.2 C higher than that in the field condition
from January to February 1991, and the maximum temperature in the PH was 4.3 to 10.7 C
higher from March 1990 to the ensuing February (Fig. 1).
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Fig. 1. Monthly maximum and minimum temperatures in the plastic house.
@ Plastic house O Field

The shoot elongation at the UP of the trunk was about 1/ 3 in April and May treatments,
and about 2/ 3 in June treatment as compared to that of the control trees. However, the
shoot elongation at the LP was greater at the early treatments than that at the late treat-
ments. There were no significant differences in the strangulation duration for April- and May-
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treatments'(Fig. 2).

The rates of shoot growth at the UP to that at the LP at the releasing time of wire ring were 1.0

to 1.4 times for April-June, May-July and June-October treatments, respectively, while that was

0.5 times for April-August and May-September and 2.0 times for June-August treatment (Fig. 2).
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Seasonal changes in shoot growth at the upper and lower parts as influ-
enced by trunk strangulation.

“Ditferent letters in the same figure indicate significance at 5 % level by
Duncan’s multiple range test.
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The enlargement rate of trunk girth from mid-April to mid-January in the following year
was higher at the control and June-October treatment than that at the other treatments
(Table 1).

Table 1." Effect of trunk strangulation on trunk growth and girdle size

Strangulation Trunk circumfer. (mm ) Enlargement® Girdle circ. /Trunk circ.

period

1990 20 Jan. 1991 (%) Released day -~ 20 Jan. 1991

April — June 46.6 b¥ ( 34,5 )* 35.1b 091a 1.19a
April — August 50.3b ( 37.2) 35.2b 0.75¢ 1.05 ab
May — July 50.0b (35.1) 425b . 0.86'b 1.12a
May — September 466b ( 36.2) 28.7b 0.76 c 0.88 cd
June — August 52.4b (36.7) 4280 0.76 c 0.93 bed
June — October 534b (36.6) 45.9 ab 0.66 d 0.81d
Control 60.8a ( 36.7) 65.7a — -

?From 20 April 1990 to 20 January 1991.
¥ Different letters within columns indicate significance at 5% level by Duncan’s multiple range test.
* Trunk circumference on 20 April 1990.

The girdle in the bark became deeper as the treatment delayed and as the duration was pro-
longed. The girdle at June-August treatment was healed more slowly as compared to that at
April-August treatment (Fig.-3). Most part of the wire ring except for the wire knot was cov-
ered with bark tissue in the fall at June-October treatment. Therefore, the covering bark was
ripped out when the wire ring was released. The healing degree of girdle by mid-January was
higher at both the earliest and shortest treatments than that at the other treatments (Table 1 ‘and
Fig. 3).
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Fig. 3. Seasonal changes in girdle size as influenced by trunk strangulation.
“The same as Fig. 2.
Strangulation period
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The number of nodes in mid-November was 150 to 230 per tree, and the node proportion of
the UP to LP for April- and May-treatments were 0.4 to 0.6, while that was 1.7 at June treat-
ment and 5.2 at the control (Table 2).

Table 2. Effect of trunk strangulation on node number and defoliation rate at the up-
per and lower parts from the strangulation position?

Strangulation Number of nodes Number of leaves Defoliation rate (%)
period -

1990 Upper* Lower® Total Upper* Lower* Total Upper® Lower* Total
April — June 56.0¢” 145.0ab 201.0ab 40.7b 14132 182.0a 269D 25a 9.4 de
April — August 783c 156.3a 2297a 123b 1520a 164.3ab 84.4a 27a 28.6bcd
May — July 593c¢ 83.7b 149.0b 383b  83.7abc 127.0abc 32.3b 1.0ab 15.8 cde

May — September 64.3c 101.3ab 165.7ab 127b 101.3ab 1140bc 8.1a 00b 329hbe
June — August 9%.7bc 57.7cd 1543b 13.0b 57.3bc T03¢ 849a 0.5ab 53.3a
June — October 1340ab 783cd 2123ab 473b T7I.0bc 1243abc 61.2a 20ab 39.5ab
Control 157.7a 30.3d 188.0ab 154.0a 30.3c 1843a 20¢ 0.0b 2.0e

*Investigated on 12 November 1990.
¥X¥ The same as Table 1.

As shown in Table 2, the rate of defoliation by mid-November was extremely high at the UP
especially for 4 month treatments except for June-October treatment. Moreover, the number
of leaves dropped at the UP was the highest at June treatment.

The root volume in early March 1991 was 2.5 to 6.2 times that in late March 1990. Root
growth was the highest at both the control and April-June treatment, while the June-August
treatment was the lowest. Thus, the root development was suppressed as the strangulation du-
ration was prolonged except for June treatment (Table 3).

Table 3. Effect of trunk strangulation on root growth

Strangulation Root volume® Rate of increase”
period (ml) (%)
April — June 476.7 b* 615.8a ( 101.6 )¥
April — August 416.7 b 4424 ab ( 73.0)
May - July 426.7b 452.1ab ( 74.6 )
May — September 286.7 cd 326.4bc ( 53.8)
June — August 236.7d 2%ldc ( 41.5)
June — October 376.7 be 364.3bc ( 60.1)
Control 606.7 a 606.3a ( 100.0 )

* Investigated on 28 March 1991.

¥ From 20 March 1990 to 28 March 1991.

* The same as Table 1.

¥ Values within parenthesis indicate the percentage of the control.
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The number of inflorescences and flower buds at the UP were the greatest -in the-control
trees; however, there were no- significant differences among the treatments (Table 4).
Meanwhile, the numbers of inflorescences and flower buds were larger at the LP when the stran-
gulation was early. In treated trees most of the flowers were leafless at the UP, but there
were many leafy flowers at the LP (Table 4). However, the proportion of leafless to leafy flow-
ers were almost equal at both UP and LP in the control trees. There was no significant differ-
ence in the number of leafless inflorescences among the treatments, nonetheless, the number
of leafy inflorescences was higher at the UP in the control trees than that in the treated trees
(Table 4). ‘

Table 4. Effect of trunk strangulation on the number of inflorescences and flower buds at
the upper and lower parts from the strangulation position?

Strangulation Number of inflorescences _ Number of flower
period Uppe‘rY Lower* Total
1990 : ota
' Leafless Leafy  Total Leafless Leafy  Total Upper” Lower* Total
April — June 3.7 0.0b" 3B.7b 39.7ab 288 68.3 10202 253b 48l.7a TW0a
April — August 2.3 0.0b 83b  4.0a 8.0 510 " 83ab 17.7b 366.0ab 5.7 abe
May — July 32.0 0.0b 320b  13.0ab 150 2.0 60.0ab 177.0b 19.3ab 3723b

May — September  29.0 1L3b 30.3b 18.0ab 246 37.6 67.9ab 17.7b 252.0ab 427.7 abe
June — August 3.0 0.0b H0b 6.0 b 43 10.3 463b  2203b 63.0b 2893¢c
June — October - - 46.7 40b  50.7h 7.0ab 12,0 19.0 69.7ab 383b 133.0ab 4713 abc
Control 8.7 ¥%d4a  81a . 1Tab 8.0 19.7 - 1088a - .589.6a 117.0 ab - T06.6 ab

? Investigated on 10 February 1991.
¥*¥ The same as Table 1.

Discussion

It was relatively easy to strangulate the trunks of one-year-old ‘ Tosa Buntan ’ trees at
which the bark tissues did not harden fully yet.

The force of strangulation that the wire ring was dented at about 1 mm depth from the bark
surface seems to affect markedly tree growth at the UP as compared with strapping at the
same season”. In the strapping treatment, the number of leaves was slightly greater at the
UP than that at the LP during a half year”. In this trial, extreme defoliations were observed
and only a few leaves remained at the UP of the trees. This may be due to the depression of
the vascular bundle inside the bark at which girdle was not healed. The rapid leaf fall at June-
October treatment may be due to cutting the new bark tissue which covered the wire ring, and
low healing after October. Slow healing of girdles after releasing the wire ring at June-
August treatment compared to that at April-August treatment may have been due to the high
proportion of shoot growth at the UP to that at the LP at June-August treatment as com-
pared to the low proportion at April-August treatment. Thus, a severe defoliation at the treat-
ments were due to weakening of tree vigor.

The following treatments could prevent weakening of tree vigor by trunk strangulation.
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That is, a light strangulation to the vigorous trees in mid-season when the trees grow rap-
idly, not releasing the wire ring, and treating the girdle with healing materials for wound® "
to enhance rapid development of callus.

The time of root growth in citrus generally delayed more than that of the shoot growth in
the growing season®® Accordingly, the root development of the experimental trees could be-
gin actively from May to June. The degree of root development in the strangulated trees were
lower than that in the control trees, suggesting that strangulation in- April-June disturbed
translocation of photosynthates from the leaves to the roots.

Inoue et al.™ reported that the root growth was ceased by ringing in mid-June within several
days. Moreover, ringing in early September, after the growth of summer shoot was stopped,
not only depressed root growth, but also prevented the initiation of new roots in Satsuma man-
darin. Our result showed that May- and June-strangulation for 2 and 4 months duration de-
pressed root growth and inhibited the initiation of fall flush. .

Few generative shoots sprouted on previously vigorous upright shoots in ‘Tosa Buntan’
grown in a PH, whereas a lot of generative shoots sprouted in branches strangulated in the pre-
vious year*™?, In this trial, many flower buds appeared on shoots sprouted at the UP in the
strangulated trees; however, the number of flower buds were greater in the control than that
in the treated trees. Sand cultivation in Wagner’s pots easily dries and exposes the root zone
to water stress which promotes to induce flowering'®. These conditions certainly occurs more
easily in the control trees whose root volumes were 20 to 60 % greater than those of the stran-
gulated trees.

The effect of trunk strangulation on flowering was not clear as the results from this trial,
but the tree size and tree form as well as the root growth were markedly inhibited by the
trunk strangulation.
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