HorTSciENcE 31(7):1139-1142. 1996. use of various container volumes to poten-

. tially alter the fruiting season.
Container Volume Affects Growth and eterinte and Mothod
Deve | O p m e nt Of WaX' ap p | e This experiment was conducted from 1991

until 1993 at the Kaohsiung District Agricul-

Y.M. Hsu?, M.J. Tsend, and C.H. Lin3 tural Improvement Station (lat. 22 Pintung,

National Chung Hsing University, Taichung, Taiwan 40227, RepublicTafvan. One-year-old, root-bearingwax-apple

China trees were planted in wooden containers with
the volumes 0f 40, 90, 200, 730, or 1700 L. The

Additional index wordsSyzygium samarangendercing culture, root restriction, shoot : ~ design was arandomized complete block with

root ratio 12 single-tree replications for each container
size.

Abstract. The wax-apple Byzygium samarangensgl.) Merr. & Perry] is a vigorous The potting mixture consisted of bark com-

tropical fruit tree species that has five to six growth flushes per year. One-year-old, root- post, field soil, and peat [1:2:1 (by volume)].
bearing wax-apple trees were grown in different-sized containers filled with potting The trees were transplanted to the container on
mixture to test if container volume restricts shoot and/or root growth and thereby lends 18 Oct. 1991, grown outdoors, drip irrigated,
itself to forcing culture. The trunk cross-sectional area (TCSA) at 15 cm above the soil wasand fertilized with 0.2% solution of Hyponex
measured to assess vegetative growth. After 6 months, the TCSA had increased quadratiNo. 2 (Hyponex Co., Copley, Ohio) (20%N-
cally with container volume. At the end of the first and second year, leaf count, leaf area,20%B0.—20%K,0) to maintain tree growth.
leaf dry mass, stem dry mass, shoot dry mass, and root dry mass were positively correlatedhe trees were left unpruned after planting.
with container volume. However, the shoot : root ratios remained fairly constant among Soil temperature and water potential were
treatments during the experimental period. Thus, root restriction is an effective means of measured to ensure that excessive root tem-
reducing shoot and root growth of the wax-apple. peratures or water stress did not occur. The
plant height, canopy width, and trunk diam-
Growth of tropical and subtropical ever-the soil volume was capable of indefinitelyeter 15 cm aboveground were recorded at 2-
green fruit trees occurs in cycles of vigorouslwarfing plants and controlling vegetativemonth intervals starting 1 Feb. 1992. Trunk
vegetative growth followed by periods of lowvigor (Carmi and Heuer, 1981; Richards, 1986;ross-sectional area (TCSA) was calculated
vegetative growth, during which time flowersRichards and Rowe, 1977a). Therefore, evefinrom trunk diameter. TCSA increase also was
are often initiated. Therefore, controlling thein a high-density peactPfunus persicdlL.) calculated. During harvest, fruit were counted
vigor of shoots is one of the main concerns foBatsch.] planting, root restriction by fabric-and weighed and total fruit fresh mass per tree
maintaining high and consistent yields. Al-lined trenches was still an effective means ofias calculated as yield. The yield efficiency
though vegetative growth can be controlled bgontrolling tree size (Williamson and Costonwas calculated from dividing the yield by the
withholding water and nutrients (Proebsting e1990; Williamson et al., 1992). Information TCSA at 18 months after planting.
al., 1989; Richards, 1986), in practice, conen the effects of root restriction on vigorous At the end of the first and second year,
trolling the water supply may not always beropical fruit trees is very limited. three trees in each treatment were analyzed for
manageable due to the high incidence of rain- In Taiwan, several systems of inducingshoot and root biomass. Leaf area and count
fall in tropical and subtropical regions. dormancy and budbreak, known as forcingvere recorded, and all leaves, shoots, and
Manipulating vegetative growth by train- culture, have been devised to produce offroots were washed and oven-dried at@@or
ing, pruning, and girdling (Ferhandez-Escobaseason crops in several fruit trees (Lin et altptal plant dry mass analysis.
etal., 1987), or by applying growth regulatord.983, 1989). Under ordinary cultural practice, All criteria of growth and fruiting, except
(Tukey, 1981; Wood, 1984), also were used tthe harvest period of wax-apple in Taiwarshoot : root ratio, were analyzed by regression
control shoot growth. Alternating root andextends from March to July. This period coin-analysis using container volumes as the inde-
shoot growth cycles occur in many deciduousides with the monsoon rain and high tempergendent variable.
temperate zone fruit trees (Bevington antures that often cause inferior fruit quality.
Castle, 1985; Head, 1968, 1969; WilliamsorT hus, cultural systems involving withholding Results and Discussion
and Coston, 1989). Root systems have beevater, flooding, girdling, root pruning, etc.,
manipulated by root pruning (Geisler anchad been adapted to regulate flowering and Twenty-two months after planting, plant
Ferree, 1984a; Schupp and Ferree, 1987, 1988rvesting period of wax-apple from Januarfeight had increased.20% for plants grown
and root restriction (Richards, 1986;to May (Shuetal., 1990). By applying some ofn 90-, 200-, 730-, or 1700-L containers (LCT),
Williamson and Coston, 1990) to control thethese treatments to the root system, vegetatiovhereas plant height increased only 70% in
shoot growth. Root pruning of woody plantscan be reduced and the reproductive phasiee 40 LCT (Table 1). There consistently was
only had a temporary effect on shoot growtipromoted. Therefore, in this study, the effecta significant correlation between plant height
(Geisler and Ferree, 1984b; Richards andf root restriction on the growth and developand container volumes at each sampling time,
Rowe, 1977a), but root restriction by limitingment of wax-apple shoots were evaluated byut the coefficients of determination)(were

Table 1. Effect of container volume on the plant height of wax-apple trees.
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relatively low at 3.5 and 6 months of planting.Table 2. Effect of container volume on the canopy width of wax-apple trees.
The increase in canopy width after 22 months

was 230%, 158%, 145%, 130%, and 110% in_ . Plant ht (cm) _

1700, 730, 200, 90, and 40 LCT, respectivelyO"tainer Months after planting

(Table 2). In general, plants in 40 LCT had th&©! (liters) 3.5 6 8 11 14 18 22

smallest canopy, and the canopy width was cm

positively related to container volume 6 month40 82 88 93 135 140 156 175

after planting. For 730 and 1700 LCT, differ-90 88 104 116 150 158 192 211

ences in canopy width became evident 2 30 82 ﬂg igg %ﬁ %2% ggg 34212

months afte(pI_antlng,whllethelrplanthelghts1700 82 101 167 219 233 242 571

remained similar throughout the 22-month5ignificancé

growing period. Linear 0.02 0.02 046 061" 067 056  0.66
TCSA has been used to evaluate the quan-Quadratic 0.11 03 083 079 082 073 072

tity of vegetative growth in various fruit CropS:coefficient of determinatiorrf) and significance @< 0.05 (*) and 0.01 (**) for the linear and quadratic
(Ferree and Rhodus, 1993; Layne et al., 19945ms.

Zimmerman, 1991). The increase in TCSA

during the 22-month experiment revealed no 3.5 14

significant differences{ < 0.05) among treat- A (6 months) & B (8 months)
ments in the first 3.5 months, but the increase 3 & 12

in TCSA was quadratically related to con- 25} &

tainer volume R < 0.05) after 6 months (Fig. o

1). Twenty-two months after planting, ratios r g : &

of TCSA increase between the 40 and those of 15 ’

90, 200, 730, and 1700 LCT were 1, 1.4, 1.6,

2,and 2.6, respectively. Nevertheless, Richards 1
(1986) also reported that there were no signifi- ~
cant trunk diameter differences among treat-
ments of peach trees planted in one of four
containers, with volumes ranging from 0.5 to
3 ¥ until the end of the third year. Wax-apple
trees produce five to six flushes a year and
accumulate much structural and storage mate-
rials (Shu et al., 1990), whereas peach, a de-
ciduous fruit tree with a limited growing
season, took longer than wax-apple to exhibit
its limitation on growth in terms of differences

in trunk diameter. Species may also respond
differently to restricted container volume.

At the end of the first-year's growth, leaf
count, leaf area, leaf dry mass, stem dry mass,
shoot dry mass, and root dry mass increased
linearly with increased container volume (Fig.
2). At the end of the second-year’s growth,
each biomass component had increased sub-
stantially over that of the first year (Fig. 2).
Although all treatments had a lower shoot :
root ratio in the second year, it remained
between 3.9 and 4.5 at the end of the first-
year's growth, and between 2.8 and 3.3 in the

Y, = -5.2x10° X% +0.012X+1.91
R = 0.647

Y = -8.17x10°X *+0.021X +4.11
R*= 0.805

Trunk cross-sectional area increased (cm
=

second year, with no significant differences Y LATIO X 40,044 15.6 20 Y = LASK10°K 4 0.047X 422,39
. 2 = -1.41x B J. = -1.90X . o)
among treatments (Fig. 3). . 108 p2_gs67 10 r=0ss.
There are several reports concerning the
interrelationshi ween sh nd r - 0 L - : 0 : v y
terrelationship between shoot and root de 0 S 10 13 20 %0 3 10 15 20

velopment of fruit trees (Bevington and Castle,
1985; Head, 1968, 1969; Kramer and Container volume ( x100 liters ) Container volume ( x100 liters )

Kozlowski, 1979; Williamson and Coston,

1989). According to Kramer and KozlowskiFig. 1. Relationship between the container volume and trunk cross-sectional areas (TCSA) increase of wax-
(1979), a woody plant has a characteristic apple treesA) 6, 8) 8, (C) 11, D) 14, E) 18, and F) 22 months after planting.

shoot : root ratio that remains constant in a

stable environment. Plants could reestablisages by allocating more resources to the rofor those grown in smaller containers.

their shoot : root ratio after being root prunedystem (Avery, 1970). Williamson and Coston (1990) found that peach
(Geisler and Ferree, 1984a). Richards and Eighteen months after planting, the firstrees planted in fabric-lined trenches to limit
Rowe (1977a) also reported that root restriazsrop of wax-apple fruit was harvested (Aprilroot distribution had smaller canopies, but had

tion could result in limited shoot growth, butthrough June, 1992). Treesin the 730 LTC hachore flowers per node and higher yields than

that the shoot : root ratio was unaltered. Ouhe highest yield followed by trees in the 1700trees planted in conventional or other planting
results indicated that container volume coul@00, 90, and 40 LTC (Fig. 4). Yield efficiencymethods. In our study, yield and yield effi-
affect the reciprocal balance between shodyield/TCSA) of the 730 LTC was highestciency of trees in 730 LTC did not differ from

and root of wax-apple trees. The results agremlue among all treatments (Fig 4). those in 1700 LTC. We assumed that the roots
well with the observation of applévi@lus Richards (1986) reported that root restricin the larger container did not explore the
domesticaBorkh.) trees, which have a ten-tion did not affect fruit size of peaches growrentire soil mass and, therefore, grew more
dencytolower their shoot : root ratio as the treim various soil volumes, but yields were lowewegetatively, which, in turn, reduced repro-
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Fig. 2. Relationship between the container volume Ahtk&f number,B) leaf area,C) leaf dry mass [¥)
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ductive growth. To test this assumption, data
would need to be collected over several years
to learn when root restriction occurs in the
largest containers.

The effect of root restriction on vegetative
growth of wax-apple trees has been confirmed.
Whether the growth substances produced by
the root system play a similar role in the wax-
apple tree as in peach trees (Richards and
Rowe, 1977a, 1977b) merits further investiga-
tion.
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