HorTScience 31(5):815-818. 1996. grown ‘Mauritius’ lychee tree in Feb. 1990
and were removed from the tree on 13 May

1990. The plants were grown in a full-sun
ROOt and Stem GrOWth Patterns Of nursery setting in 5.1-liter containers in a
‘ e 1 soilless medium consisting of peat, perlite,
Young ‘Mauritius’ Lychee Trees sand, and shredded bark chips in equal parts by
volume. The plants were removed from the
Thomas E. Marler containers, bare-rooted, and planted in the
College of Agriculture and Life Sciences, University of Guam, UOG StatRii§a sand in the observation chambers on 7

- July 1990. Thereafter, they received daily irri-
Mang"ao’ Guam 96923 gation or rainfall. In addition, 1 liter of com-

Leah E. Willis plete nutrient solution was applied to each

: P plant twice weekly. The solution consisted of
The Montgomery Foundation, 11901 Old Cutler Road, Miami, FL 33156 g5 g HydroSol (W.R. Grace, Fogelsvile,

Additional index words. Litchi chinensimot observation chambers Pa.) and 0.45 g calcium nitrate/liter.
Root and stem growth were measured at
Abstract."Mauritius’ lychee ( Litchi chinensisSonn.) trees were planted in root observation intervals ranging from 7 to 18 days from Aug.
chambers in July 1990 to determine the pattern of root and stem extension growth during 1990 until Aug. 1991. The length of up to six
12 months. Root and stem lengths were measured at intervals ranging from 7 to 18 daystems were measured on each canopy during
from Aug. 1990 until Aug. 1991. During each period of active canopy growth, up to six stemperiods of stem extension. Whenever fewer
tips were tagged and measured. Root growth was determined by measuring tracings of thehan six stems on a replication exhibited pri-
extension of each root in a visible plane of the glass wall of the observation chambers. Stemmary growth, the measurements were made on
growth was cyclic, with distinct periods of rapid extension followed by periods with no those stems that were growing. As a result,
extension. In contrast, root growth was fairly continuous with only three periods of no only two stems were measured on at least one
visible root extension. Mean absolute extension rates were higher for stems than for rootsreplication for eight measurement periods,
There were no consistent relationships between the timing of root and stem extensiorespecially during the first few months of the
growth. study. The number of stem measurements
normally was between four and six. Stem
extension during each measurement period
Lychee is well adapted to the semi-tropic&xtent of coordination between root growthwas calculated by subtracting stem length from
where long, warm, rainy summers are depenénd canopy growth cycles for other fruit spethe previous measurement period. In addition,
ably interrupted with cool, dry, frost-free win- cies exhibiting similar recurrent stem flushegrowth of all visible white-tip roots was deter-
ters (Knight, 1980; Menzel, 1983). Howeverhas varied. A distinct flushing pattern of rootmined by opening the door of the observation
the species has been spread to most of theowth that alternated with stem growth waghamber and tracing the extension on an ac-
subtropical and tropical areas of the worldreported for avocadoPgrsea americana etate sheet overlay. The area of acetate sheets
Erratic fruit production is a serious problemMiller) (Ploetz et al., 1991; Whiley et al., was 1600 crhfrom Aug. 1990 until Mar.
with lychee cultivation, especially in warmer1988) andCitrus sinensigL.) Osb. grafted on 1991, and 2086 ctrfrom Mar. until Aug.
climates (Cull and Hams, 1974). Rarely isC. jambhiriLush. orPoncirus trifoliata(L.) 1991. A different color of permanent marker
lychee mentioned in the literature withoutRaf.x C. sinensigootstocks (Bevington and was used for each measurement date to mea-
considerable attention devoted to this probler@astle, 1985). A continuous root growth cyclesure the extension since the last measurement
and speculation on cultural methods for meethat appeared independent of the timing gberiod. Length of root extension was mea-
ing the exacting requirements for enhancingtem growth cycles was reported for mangeured with a ruler on the acetate sheet. The rate
fruit production. Minimizing vegetative growth (Mangifera indical.) (Parisot, 1988; Willis of daily growth was calculated by dividing the
before bloom to enhance flower productiorand Marler, 1993) andC. aurantiumL. extension of root or stem by the number of
has been the target of most recommendatioig/utscher, 1973). days between measurements.
(e.g., Menzel, 1990). However, Menzel (1984) Our objective was to determine the root Airtemperature and relative humidity were
indicated that poor fruit set and developmerand stem growth patterns of young ‘Mauritiusrecorded continuously by a hygrothermograph
may lead to substandard yield despite amplgchee trees in southern Florida. These da@EATHERtronics model 5020; Quali-

flowering. may aid in refining a lychee managemenmnetrics, Sacramento, Calif.). Sand tempera-
Knowledge of vegetative and reproductivesystem for directing whole-tree phenology tdure at 30 cm deep was measured at 0600,
phenology is a prerequisite for defining propemcrease productivity. 1200, 1800, and 2406 during several days
timing of cultural inputs to optimize tree health each month using thermometers. We increased
and productivity. The annual pattern of lychee Materials and Methods the frequency of these measurements to three
canopy growth has been described (Menzel et times per week from Nov. 1990 through Mar.

al., 1988) and so has the growth pattern of Six root observation chambers were con1991, which were the months in which mean
lychee reproductive organs (e.g., Chaitrakulsustructed and located at the Montgomery Fourdaily air temperature dropped to <25C. The
et al., 1988; Huang and Xu, 1983). Howeverdation, Miami. Dimensions of the plywood substrate in the root observation chambers did
to our knowledge, there have been no reporthambers were 6% 51 x 24 cm, and each not deviate in temperature from that of field
on lychee phenology that include root growtttontained 0.07 fnof silica sand. The cham- soil adjacent to the site based on measure-
patterns. bers were placee25 cm above the ground onments using the same methods.
Lychee canopy growth occurs in recurrenconcrete blocks. The north side of each cham- Canopy height and width were measured
flushes of the stems (Menzel et al., 1988per was designed for root observation, wittiollowing the last root and stem measurements
5.5-mm-thick glass mounted with an anglen 11 Aug. 1991. The plants were bare-rooted,
inward from top to bottom. A plywood door separated into roots and canopy, and dried to
covered each observation windowconstant mass at 60C.
—_— Weatherstripping sandwiched between each Mean root and stem extension were calcu-
Efgﬁé\;%géogguagcrﬂ%gg.NTOr:/e' t%Z?'cﬁC;fgfsegi;%rdoor and chamber excluded light while d.oori;s_lted foreach measurement per_iod. Mean plant
this paper was defrayed in part by the payment o¥ere closed. All exterior surfaces were paintedize was determined from ending plant mea-

page charges. Under postal regulations, this pap@ite. surements. Weather data were compiled, and
therefore must be hereby markadvertisement Air layers (Hartmann et al., 1990) weremean highs and lows were calculated for each
solely to indicate this fact. placed on stems (1.4 cmin diameter) of a fieldnonth. All data are presented as meas
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Results and Discussion 23.4+ 0.8C for the five months, with the daily Table 1. Characteristics of ‘Mauritius’ lychee trees
air mean <25C. during growth from Aug. 1990 to Aug. 1991 in
Throughout the experimental period, mean During the experiment, lychee trees grew 00t observation chambers.

monthly temperature and relative humidity30 cmin heightand 100 cm in canopy diameteFnaracteristic Value
extremes were typical for southern FloridgTable 1). Total dry root mass exceeded that Heginning canopy height ( cm) 3
(Fig. 1). The winter during which this studythe canopy, even though roots were confineginging canopy height (cm) 265
was conducted was relatively mild, with theby the 0.07-rhichambers. Beginning canopy diameter (cm) A1
absolute low for the entire experimental pe- Growth patterns of the lychee trees takefnding canopy diameter (cm) 14510
riod, 4C, occurring on 17 Feb. 1991. This lonas a group exhibited little harmony. RootWhole plant dry mass () 1531125
was atypical, however, as seen by the 15@rowth was apparent on the glass observatidtpot : canopy ratio 1201

mean low temperature for the remainder ofvindows by 7 Aug. 1990. Root growth wasMean+ sg, n = 6.
that week. Moreover, the midday temperaturéairly continuous through the duration of the
on the two days before and after this atypicatudy, with only three observation periodgperiods with no extension. The pattern of
low was quite high (mean of 25C). where all six replications lacked visible rootcycling was dampened for the mean growth
Mean substrate temperature at 30 cm deegxtension on the observation windows (Figresponse of the tree population (Fig. 2) be-
was similar to mean air temperature. The an®). Mean stem extension was more erratic. F@ause the canopy flushing cycles of each rep-
plitude of daily changes about that mean wasach individual replication, stem extensiorication were not in synchrony. There were
<15% of the amplitude of the daily changes invas cyclic, with a pronounced alternatingonly four measurement periods throughoutthe
air temperature. The sand temperature walythm of periods of extension followed bystudy where stem extension was absent on all
six replications (Fig. 2). Alternatively, there
were 23 measurement periods where at least
one replication exhibited no stem extension.
40 Canopy flushing perhaps would have become
synchronized among the replications if tem-
peratures during the winter had been cool
enough to temporarily arrest growth on all.
351 Under the conditions from Aug. 1990 to
Aug. 1991, four well-defined canopy flushes
occurred on each of the replications (e.g., Fig.
3). At least 1 month with no canopy extension
301 growth separated most of the flushes. The
amplitude and duration of each flush differed
among and within replications. In contrast,
root extension was highly variable throughout
the experimental period for each replication.
257 There were no consistent relationships be-
tween the timing of root and stem extension
patterns. Certainly, the timing of rapid stem
extension did not coincide with reduced root
201 extension. For example, none of the six mea-
surement periods in which replication 3 lacked
root extension occurred simultaneously with
rapid stem extension (Fig. 3). No stem exten-
15 sion occurred on four of the six measurement
periods during which visible root extension

90- was lacking. Furthermore, the measurement
period in which most growing root tips were
visible on the observation window for each

Temperature (C)

851 replication invariably occurred concurrently
with one of the four distinct stem flushes.
80 Most lychee root tips that we observed
—_ never ceased growth throughout the period in
& 757 which they remained visible on the plane of
> the observation window. When visible root
5 701 tips did temporarily cease extension, exten-
E sion was typically observed for other root tips
3 65 on the same plant. This pattern is clearly seen
T by comparing the measurement periods in
60- which no stem or root extension occurred for
anindividual tree. For example, no visible root
extension was evident during six of the 27
551 measurement periods for the tree depicted in
Fig. 3. In contrast, canopy extension growth
50+ was not evident during 16 of the 27 measure-
ment periods. Furthermore, the inherent prob-
45 ' r T T r r lem that only a fraction of the entire root
systemis visible when using observation win-
A §$ O NDJ Mgnth M A M J J dows (Atkinson, 1980) should be brought into

context. Since all canopy stem tips were vis-
Fig. 1. Mean maximuma) and minimumag) air temperature (top) and humidity (bottom) from Aug. 199@ble, we can be confident in a complete lack of
through July 1991 at experimental site in Miasaibars were smaller than the symbols in every casstem extension during the 16 measurement
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Without exception, these relationships were

6 not significant, indicating that the temperature
Stem growth extremes throughout this study did not limit
51 ’ canopy or root growth; correlation coefficients
ranged from 0.01 to 0.26.
4 Whiley et al. (1988) described a manage-
ment model for increasing avocad®e(sea
3 americanaMiller) productivity and indicated
A a similar model may be appropriate for lychee.
2 Root growth competes with canopy vegetative
= and reproductive growth for carbohydrates,
3 q- and their model focuses on management of
£ growth cycles to balance this competition. The
E X underlying principle of this phenology model
0 is management of reserve carbohydrate. Car-
bohydrate reserves generally are at a maxi-
11 mum during late winter when trees are rela-
tively inactive and root growth is limited by
21 low soil temperature (Whiley et al., 1988).
Flowering has been strongly correlated with
3 Root growth starch levels in lychee stems (Menzel et al.,
“ 1989; Nakata and Watanabe, 1966). In this
4- I } I 4 ! I } } } } } H  light, the data from our study indicate that the
A S O N D J F M A M J J A consiste_nt root growth occurying throughout a
Month warm winter in the subtropics, and presum-

ably throughout the year in the tropics, may
Fig. 2. Mean &) stem or &) root extension rate of young 'Mauritius’ lychee trees growing in roggrovide a steadfast sink that fosters the discor-
observation chambers from Aug. 1990 through Aug. 1991 in southern Florida. Data points afe mgant reproductive development of the lychee

sE N =6. tree in warm climates.
Thus, we believe that managing root growth
10 and development should be targeted as the
focus for refining a management program for
Stem growth lychee production in warm climates. To bal-
87 ‘ ance the natural root, canopy, and reproduc-
tive development, fertilization or irrigation
61 timing may not be adequate to amplify pro-

ductivity of lychee trees in warm climates.
Instead, cultural manipulations for the timely
4 arrest of root growth may be required. Limit-
ing root development by root restriction or
pruning may have merit as a means of control-
ling vegetative vigor and enhancing fruit pro-
duction (Richards, 1986) and has been impli-
cated as being effective with lychee (Menzel,

mm / day
P

o1 V 1983)
In summary, an understanding of root
2 growth and its relationship to canopy growth
is important for effective lychee crop manage-
ment. The proper timing of cultural inputs to
4 Root growth maximize productivity depends on a thorough
understanding of above- and belowground
1 L ! | ] ! | ! | | | I growth and development. The relationship
N j ’ among fruit, stem, and root growth of mature,
A § O N D J F M A Mo J A field-grown lychee trees remains to be deter-
Month mined. The young, honbearing lychee trees in
this study exhibited cyclic canopy growth,
g&penodlc flushes alternating with periods
ere no visible stem extension occurred. In
contrast, lychee roots exhibited no consistent
periods we claim lacked stem extension. Almum root extension rate for the six replicapattern of extension during this study in which
ternatively, during the six periods where weions was 7.4 mrday®. Stem extension rate relatively mild temperatures characterized the
did not see root extension on the visible planexceeded that of roots. Mean maximum stemwinter season.
of the observation window, root extensiorextension rate for the six replications was 13.1
may have been occurring on the tree in othenm-day™. The overall maximum stem exten- Literature Cited
h . A
2Lesaesr\;)ef(§he rooting substrate that could not tix:ogcrtatlegvggs 19.3 maay?, which occurred Atkinson. D. 1980. The distribution and effective-
s . : . . . . ness of the root of tree crops. Hort. Rev. 2:424—
The maximum root extension rate was 9.7 We used simple linear correlation analysis  4qq°
mmeday, which occurred in July 1991. Thisto determine the relationship of root or stengeyington, K.B. and W.S. Castle. 1985. Annual root
rate approximates the maximum root growtkextension at each measurement with the mean growth pattern of young citrus trees in relation to
rate reported for several other woody fruitnaximum or minimum temperature of air or  shoot growth, soil temperature, and soil water
species (Atkinson, 1980). The mean maxisoil for the preceding measurement period. content. J. Amer. Soc. Hort. Sci. 110:840-845.

Fig.3. (o) Stem or &) root extension rate of one young 'Mauritius’ lychee tree (replication 3) growing
aroot observation chamber from Aug. 1990 through Aug 1991 in southern Florida. Data points are
+ se. Wherese bars are not visible the datum point is one observation.
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