
HORTSCIENCE 31(7):1139–1142. 1996. ten-

1

le
ith
e

th
er

-
].
 on
,

g.
re
m-
he

c

-

e

f

D
ow

nloaded from
 https
Container Volume Affects Growth and
Development of Wax-apple
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Abstract. The wax-apple [Syzygium samarangense (Bl.) Merr. & Perry] is a vigorous
tropical fruit tree species that has five to six growth flushes per year. One-year-old, root
bearing wax-apple trees were grown in different-sized containers filled with potting
mixture to test if container volume restricts shoot and/or root growth and thereby lends
itself to forcing culture. The trunk cross-sectional area (TCSA) at 15 cm above the soil wa
measured to assess vegetative growth. After 6 months, the TCSA had increased quadra
cally with container volume. At the end of the first and second year, leaf count, leaf area
leaf dry mass, stem dry mass, shoot dry mass, and root dry mass were positively correlat
with container volume. However, the shoot : root ratios remained fairly constant among
treatments during the experimental period. Thus, root restriction is an effective means o
reducing shoot and root growth of the wax-apple.
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Growth of tropical and subtropical eve
green fruit trees occurs in cycles of vigoro
vegetative growth followed by periods of lo
vegetative growth, during which time flowe
are often initiated. Therefore, controlling th
vigor of shoots is one of the main concerns
maintaining high and consistent yields. A
though vegetative growth can be controlled
withholding water and nutrients (Proebsting
al., 1989; Richards, 1986), in practice, co
trolling the water supply may not always b
manageable due to the high incidence of ra
fall in tropical and subtropical regions.

Manipulating vegetative growth by train
ing, pruning, and girdling (Ferhandez-Escob
et al., 1987), or by applying growth regulato
(Tukey, 1981; Wood, 1984), also were used
control shoot growth. Alternating root an
shoot growth cycles occur in many deciduo
temperate zone fruit trees (Bevington a
Castle, 1985; Head, 1968, 1969; Williams
and Coston, 1989). Root systems have b
manipulated by root pruning (Geisler an
Ferree, 1984a; Schupp and Ferree, 1987, 1
and root restriction (Richards, 198
Williamson and Coston, 1990) to control t
shoot growth. Root pruning of woody plan
only had a temporary effect on shoot grow
(Geisler and Ferree, 1984b; Richards a
Rowe, 1977a), but root restriction by limitin
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the soil volume was capable of indefinitel
dwarfing plants and controlling vegetativ
vigor (Carmi and Heuer, 1981; Richards, 198
Richards and Rowe, 1977a). Therefore, ev
in a high-density peach [Prunus persica (L.)
Batsch.] planting, root restriction by fabric
lined trenches was still an effective means 
controlling tree size (Williamson and Coston
1990; Williamson et al., 1992). Information
on the effects of root restriction on vigorou
tropical fruit trees is very limited.

In Taiwan, several systems of inducin
dormancy and budbreak, known as forcin
culture, have been devised to produce o
season crops in several fruit trees (Lin et a
1983, 1989). Under ordinary cultural practice
the harvest period of wax-apple in Taiwa
extends from March to July. This period coin
cides with the monsoon rain and high temper
tures that often cause inferior fruit quality
Thus, cultural systems involving withholding
water, flooding, girdling, root pruning, etc.
had been adapted to regulate flowering a
harvesting period of wax-apple from Janua
to May (Shu et al., 1990). By applying some o
these treatments to the root system, vegetat
can be reduced and the reproductive pha
promoted. Therefore, in this study, the effec
of root restriction on the growth and develop
ment of wax-apple shoots were evaluated 
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Table 1. Effect of container volume on the plant 

Container
vol (liters) 3.5 6 8
40 97 103 109
90 104 113 121
200 113 124 138
730 117 122 159
1700 111 130 167
Significancez

Linear 0.06 0.31** 0.5
Quadratic 0.20* 0.37** 0.7

zCoefficient of determination (r2) and significance aP
terms.
use of various container volumes to po
tially alter the fruiting season.

Materials and Methods

This experiment was conducted from 199
until 1993 at the Kaohsiung District Agricul-
tural Improvement Station (lat. 22°), Pintung,
Taiwan. One-year-old, root-bearing wax-app
trees were planted in wooden containers w
the volumes of 40, 90, 200, 730, or 1700 L. Th
design was a randomized complete block wi
12 single-tree replications for each contain
size.

The potting mixture consisted of bark com
post, field soil, and peat [1:2:1 (by volume)
The trees were transplanted to the container
18 Oct. 1991, grown outdoors, drip irrigated
and fertilized with 0.2% solution of Hyponex
No. 2 (Hyponex Co., Copley, Ohio) (20%N–
20%P2O5–20%K2O) to maintain tree growth.
The trees were left unpruned after plantin
Soil temperature and water potential we
measured to ensure that excessive root te
peratures or water stress did not occur. T
plant height, canopy width, and trunk diam
eter 15 cm aboveground were recorded at
month intervals starting 1 Feb. 1992. Trun
cross-sectional area (TCSA) was calculat
from trunk diameter. TCSA increase also wa
calculated. During harvest, fruit were counte
and weighed and total fruit fresh mass per tr
was calculated as yield. The yield efficienc
was calculated from dividing the yield by th
TCSA at 18 months after planting.

At the end of the first and second yea
three trees in each treatment were analyzed
shoot and root biomass. Leaf area and cou
were recorded, and all leaves, shoots, a
roots were washed and oven-dried at 70 °C for
total plant dry mass analysis.

All criteria of growth and fruiting, except
shoot : root ratio, were analyzed by regressi
analysis using container volumes as the ind
pendent variable.

Results and Discussion

Twenty-two months after planting, plan
height had increased ≈120% for plants grown
in 90-, 200-, 730-, or 1700-L containers (LCT
whereas plant height increased only 70% 
the 40 LCT (Table 1). There consistently wa
a significant correlation between plant heigh
and container volumes at each sampling tim
but the coefficients of determination (r2) were
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height of wax-apple trees.

Plant ht (cm)
Months after planting

11 14 18 22
121 131 160 167
157 172 191 222
176 188 215 248
202 218 238 261
196 216 228 260

6** 0.38** 0.74** 0.30** 0.30**

0** 0.64** 0.66** 0.57** 0.50**

t  ≤ 0.05 (*) and 0.01 (**) for the linear and quadratic



CROP PRODUCTION

Table 2. Effect of container volume on the canopy width of wax-apple trees.

Plant ht (cm)
Container Months after planting
vol (liters) 3.5 6 8 11 14 18 22

cm
40 82 88 93 135 140 156 175
90 88 104 116 150 158 192 211
200 90 108 142 172 191 203 220
730 91 119 180 212 217 235 244
1700 82 101 167 219 233 242 271
Significancez

Linear 0.02 0.02 0.46** 0.61** 0.67** 0.56** 0.66**

Quadratic 0.11 0.36** 0.83** 0.79** 0.82** 0.73** 0.72**

zCoefficient of determination (r2) and significance at P ≤ 0.05 (*) and 0.01 (**) for the linear and quadratic
terms.
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Fig. 1. Relationship between the container volume and trunk cross-sectional areas (TCSA) increase of wax-
apple trees (A) 6, (B) 8, (C) 11, (D) 14, (E) 18, and (F) 22 months after planting.

o

s

y

i

e

.
ch
it
ad
an
g

i-

ots
e
re
-

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-11-25 via free access
relatively low at 3.5 and 6 months of plantin
The increase in canopy width after 22 mon
was 230%, 158%, 145%, 130%, and 110%
1700, 730, 200, 90, and 40 LCT, respective
(Table 2). In general, plants in 40 LCT had t
smallest canopy, and the canopy width w
positively related to container volume 6 mont
after planting. For 730 and 1700 LCT, diffe
ences in canopy width became evident 
months after planting, while their plant heigh
remained similar throughout the 22-mon
growing period.

TCSA has been used to evaluate the qu
tity of vegetative growth in various fruit crop
(Ferree and Rhodus, 1993; Layne et al., 19
Zimmerman, 1991). The increase in TCS
during the 22-month experiment revealed 
significant differences (P < 0.05) among treat
ments in the first 3.5 months, but the increa
in TCSA was quadratically related to co
tainer volume (P < 0.05) after 6 months (Fig
1). Twenty-two months after planting, ratio
of TCSA increase between the 40 and those
90, 200, 730, and 1700 LCT were 1, 1.4, 1
2, and 2.6, respectively. Nevertheless, Richa
(1986) also reported that there were no sign
cant trunk diameter differences among tre
ments of peach trees planted in one of fo
containers, with volumes ranging from 0.5 
3 m3 until the end of the third year. Wax-app
trees produce five to six flushes a year a
accumulate much structural and storage ma
rials (Shu et al., 1990), whereas peach, a 
ciduous fruit tree with a limited growing
season, took longer than wax-apple to exh
its limitation on growth in terms of difference
in trunk diameter. Species may also respo
differently to restricted container volume.

At the end of the first-year’s growth, lea
count, leaf area, leaf dry mass, stem dry ma
shoot dry mass, and root dry mass increa
linearly with increased container volume (Fi
2). At the end of the second-year’s growt
each biomass component had increased s
stantially over that of the first year (Fig. 2
Although all treatments had a lower shoo
root ratio in the second year, it remain
between 3.9 and 4.5 at the end of the fir
year’s growth, and between 2.8 and 3.3 in 
second year, with no significant differenc
among treatments (Fig. 3).

There are several reports concerning 
interrelationship between shoot and root d
velopment of fruit trees (Bevington and Cast
1985; Head, 1968, 1969; Kramer an
Kozlowski, 1979; Williamson and Coston
1989). According to Kramer and Kozlowsk
(1979), a woody plant has a characteris
shoot : root ratio that remains constant in
stable environment. Plants could reestabl
their shoot : root ratio after being root prun
(Geisler and Ferree, 1984a). Richards a
Rowe (1977a) also reported that root restr
tion could result in limited shoot growth, bu
that the shoot : root ratio was unaltered. O
results indicated that container volume cou
affect the reciprocal balance between sh
and root of wax-apple trees. The results ag
well with the observation of apple (Malus
domestica Borkh.) trees, which have a ten
dency to lower their shoot : root ratio as the tr
1140
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system (Avery, 1970).

Eighteen months after planting, the fir
crop of wax-apple fruit was harvested (Apr
through June, 1992). Trees in the 730 LTC h
the highest yield followed by trees in the 170
200, 90, and 40 LTC (Fig. 4). Yield efficienc
(yield/TCSA) of the 730 LTC was highes
value among all treatments (Fig 4).

Richards (1986) reported that root restr
tion did not affect fruit size of peaches grow
in various soil volumes, but yields were low
H
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for those grown in smaller containers
Williamson and Coston (1990) found that pea
trees planted in fabric-lined trenches to lim
root distribution had smaller canopies, but h
more flowers per node and higher yields th
trees planted in conventional or other plantin
methods. In our study, yield and yield eff
ciency of trees in 730 LTC did not differ from
those in 1700 LTC. We assumed that the ro
in the larger container did not explore th
entire soil mass and, therefore, grew mo
vegetatively, which, in turn, reduced repro
ORTSCIENCE, VOL. 31(7), DECEMBER 1996
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Fig. 2. Relationship between the container volume and (A) leaf number, (B) leaf area, (C) leaf dry mass, (D)
stem dry mass, (E) shoot dry mass, (F) root dry mass of wax-apple trees.

Fig. 3. Effect of container volume on the shoot : root ratio (dry basis) of wax-apple trees planted in 
volumes of soil.
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ductive growth. To test this assumption, dat
would need to be collected over several yea
to learn when root restriction occurs in the
largest containers.

The effect of root restriction on vegetative
growth of wax-apple trees has been confirme
Whether the growth substances produced b
the root system play a similar role in the wax
apple tree as in peach trees (Richards a
Rowe, 1977a, 1977b) merits further investiga
tion.
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Fig. 4. Relationship between the container volume and yield (A) and yield efficiency (B) of wax-apple trees.
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