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EFFECTS OF SUPRAOPTIMAL ROOT TEMPERATURES ON
BANANA, IXORA, DRACAENA AND CITRUS

D. L. Ingram and C. Ramcharan

Ornamental Horticulture Department
IFAS, University of Florida, Gainesville, FL 32611, U.S.A.

ABSTRACf

Thermostablhty of root cell membranes of excised roots of 'Grande Naine' banana, 'Carrizo' citrange, Ixora coc-
cinea and Dracaena marginata 'Tricolor' were determined utilizin:% electrolyte leakage techniques. Mathematical
models were developed to predict interaction of temperature (25 to .60't) and exposure time (30 to 300 min.)
on root membrance injury. Predicted critical exposure durations at 50 uC were 45,105,221 and 221 min. for citrus,
banana, ixora and dracaena, respectively. The physiological response to root temperature of 28°, 34° and 40°C for 6
hours daily differed with plant genera, although 34°C appeared to be the optimum or maximum allowable tempera-
ture in this study. Shoot to root ratio was highest at the 40 °c root temperature fOI ixors, citrus and dracaena and
was the lowest at 40°C for banana.

RESUMEN

La termostabilidad de membranas de celulas radiculares de raices cortados de banano 'Grande Naine', citrange
'Carrizo', Ixora coccinee y Dracaena marginata 'Tricolor' fue determinado usando tecinas de goteo electrolirico. Se
desarrollo modelos matematicos para predicar interaccion de temperatura (25 ° a 60°C) y tiempo de exposicion (30 a
300 minutos) sobre dafio a Ia membrana radicular. Duraciones predicados de exposlcion cri'tico a 50°C eran 45, 105.
221 y 221 minutos para ci'frico, banano, ixora y dracaena, respectiveamente. La reacckin fisiol6gica con tempera-
turas radiculares de 28°, 34° y 40°C por 6 horas diario varid entre genero, pero 34°C parecid'ser la temperatura
d'ptima 0 maxima permisible en este estudio, La relacidn del tallo a raa era la mas alta con una temperatura radi-
cular de 40°C para ixors, citrico f. dracaena y era la mas baja a 40°C para banano.

Although many tropical plant species are tolerant of
high soil temperatures in the field (19), the rapid
temperature fluctuations and extremes that occur in
container media under subtropical and tropical condi-
tions (5, 9, 23) severely limit the nursery production
phase of many fruits and ornamentals.

Higher evapotranspiration in containers as com-
pared to field conditions can also lead to water stress
which may be induced by high soil temperatures even
under optimum soil moisture conditions (4, 18).
Root temperatures have also been shown to influence
several growth and physiological processes, including
photosynthesis (7, 8), carbohydrate partitioning
(l, 3, 6, 22), shoot to root ratios and whole plant
weights (2, 3, 16).

Before effective measures can be taken to reduce
supraoptimal root temperatures effects, it is impor-
tant to identify the critical high temperature limits of
tropical plant roots and to characterize some of the
physiological responses induced by high root tem-
peratures. This paper presents a review of preliminary
results of a project on heat stress of plant roots
funded by special Grants, USDA, Tropical Agricul-
ture Section. The objective of this project was (a) to
identify critical interactions of exposure duration and
temperature on thermostability of excised roots of
banana, ixora, dracaena, and citrus and (b) to study
the influences of varying root temperatures on
growth and physiology of container plants of the
same species.

Critical exposure durations and temperatures
for excised roots

Tissue-cultured plantlets of Musa spp. AAA 'Grande
Naine', rooted cuttings of Draceaena marginata
'Tricolor' and Ixora coccinea and seedlings of 'Car-
rizo' citrange (Citrus sinensis x Poncirus trifoliata}
were grown in 9 liter plastic containers. Osmocote
18-6-12, controlled release fertilizer was applied
every 3 months at 24g per container. Plants were
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grown in 30 percent shade for 4 months before root
thermostability determinations in August 1984.

Electrolyte leakage (Le) procedures (10. 11. 12.
21) were used to measure themostability. Fifty 1g
samples of carefully washed excised roots of each
test plant were placed in test tubes and inserted into a
temperature controlled circulating ethylene glycol
bath for each of 12 temperature treatments (25 to
60"C) and 5 tubes were withdrawn at 30 min. inter-
vals for up to 300 min. Twenty-five ml of deionized
water were added to each sample tube before all ice
bath incubation for 24 hrs. Conductivity of the
incubation solution was then determined at room
temperature and the samples were killed by auto-
claving for 20 min at 120"C. Samples were incubated
for another 24 hrs. before final conductivity measure-
ments were taken. Le of each sample was expressed as
the ratio of the incubation solution conductivity
before and after autoclaving. A sigmoidal response
curve was fitted to Le data across temperature treat-
ments for each of the 10 exposures using a least-
squares approach as described by Ingram (12).
Mathematical models to describe temperature and
exposure time interactions were derived (13. 14).

A sigmoidal response curve was the appropriate
function to describe electrolyte leakage from roots
of all test plants as influenced by temperature. T. at
each exposure time, E. The temperature correspond-
ing to the midpoint of the 10 sigmoidal curves de-
creased exponentially as E increased. The general
equation describing the interactive effects of tem-
perature and exposure time on root thermostability
as measured by L, was

L, =z + (x-z)jl + e -k(T-c-s(1n E) )

where z was the baseline level of Le, x was the maxi-
mum proportion of Le• T was the treatment tempera-
ture. k was a function of the slope at the inflection
point, c was the intercept of the temperature axis in



reference to critical temperatures, s was the slope of
the fitted line of T across exposure times and E was
the exposure time. The model has been described in
detail for banana and dracaena and citrus and ixora.
An equation was derived from the model for each
test genera to predict cirtical exposure times, Ec'
for given temperatures (13, 14).
These were:

Banana

Draceana

E == i62.168 - T)/2.615
c

E == e(62.783 - T)/2.367
c

Citrus E == e(65.073 - T)/3.964
c

Ixora E == e(65.34 - T)/2.838
c

These equations were used to calculate EJ< for selec-
ted temperatures presented in Table 1. The predic-,
ted Ec at 50°C for example was twice as long for
dracaena and ixora as for banana and 5 times as long
for 'Carrizo' citrange. This would indicate a greater
tolerance of dracaena and ixora roots to supraoptimal
root temperatures as compared to roots of banana
and citrus.

Table 1. Predicted critical exposure time for root cell membranes of 'Carrizo' citraize 'Grande Naine' banana
Ixora coccinea and Dracaena marginata 'Tricolor' for selected temperatures.

Temperature Predicted/ critical exposure time, Ee (min)'

('C) 'Carrizo' Ixora 'Grande Naine'
citrange coccinea banana

45 158 ± 25 x .- - -w

48 74 ± 23 225 ± 36
50 45 ± 10 221 ± 60 105 ± 14
52 27 ± 8 110 ± 29 49 ± 6
55 13 ± 5 38 ± 15 16 ± 5
57 8 ± 4 19 ± 9 7 ± 4

Dracaena
marginata

221 ± 51
95 ± 11
27 ± 11
II ± 6

Z Adapted from Ingram and Ramcharan (1986) Trop. Agric. (Trinidad) ( In press) and Ingram and Ramcharan.
(1986) J. Enuriron Hort. (In review)
Y Calculated values derived from model describing temperature and exposure time interactions on membrane
thermostability measured by electrolyte leakage.
x,Confidence intervals calculated as Ee + t.os var (Be)'
w Predicted values were greater than 300 min. therefore, out of the range of the model.

Growth and physiological response to
root lone temperatures

Dracaena, ixora, banana and citrus plants as described
above were potted in 12 em x 12.5 em x 85 em
plastic containers, After 6 weeks, the containers were
securely inserted into styrofoam-lined wooden 1m x
1m x 20cm air-bath boxes (15) in which the root
systems were exposed to 28 ± 2, 34 ± 2, or 40.i: 2'C
for 6 hrs. daily. Each box contained 9 plants. Four
100W aluminum foil-covered incandescent light bulbs
provided convective heat, which was distributed by
small 10cm x lOcm box fans. The bulbs were ther-
mostatically controlled and temperatures in each box
were characterized periodically with an Easterline
Angus data logger using copper-constantan thermo-
couples. The boxes were located in a glasshouse
with 800 pmol m-is'] maximum light intensity.

There were 4 replicate boxes for each treatment
temperature and 2 or 3 plants per genera were ran-
domly located in each box. Plants were drip irrigated
with 300ml and fertilized weekly with a 20N-IOP-
17K solution at 150ppm N. The experiment was
terminated after 90 days when shoot and root dry
weights were determined and root and shoot samples
taken for sugar and starch analysis using a previously
described method (20).

Shoot to root ratio (S:R) was the major morpho-
logical feature affected by high root zone tempera-
tures (Table 2). In the woody species ixora and citrus,
S:R was increased by the 40°C treatment, as has been
recorded for other woody plants (16). Increased
lateral shoot growth and fewer flowers were evident

also on ixora plants exposed to the higher tempera-
tures. Increased S:R in dracaena was a consequence
of reduced root growth. The 40°C treatment also
caused chlorosis and leaf drop with a consequent
reduced quality of dracaena.

As has been reported for other herbaceous
monocots (17, 3), morphological responses to high
temperatures in banana were somewhat different.
Shoot dry weight (leaf & pseudostem) increased
linearly with increasing root temperatures. Since
neither plant height nor leaf production were affected
(data not shown) it may be deduced that the 40°C
treatment affected shoot size in banana mainly
through its effect on reduced corm size.

Alterations in translocation and partitioning
patterns of carbohydrates were apparently the major
physiological effects of supraoptimal temperatures
recorded in this experiment. Although absolute con-
centrations of sugar and starch did not differ with
root temperature, partitioning or ratio between them
differed (Table 2). Increased sugar: starch ratio
(8U:8T) was found in the roots and decreased SU:ST
in the shoots of ixora grown at 40°C. This indicated
increased translocation but not at the expense of
shoot or root growth. In banana there was a
decreased SU:ST in the roots and this appeared to be
at the expense of shoot growth, particularly the
corm. In dracaena, 40 ° C caused considerable root
growth reduction, and this was reflected in increased
S:R ratio. This indicated increased translocation of
photosynthates to the roots and probably high root
respiration at the expense of root growth.
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Table2. Response of 'GrandeNaine"banana, Ixora coccinea, Dracaena marginata, 'Tricolor' and 'Carrizo'
citrange to three root zone temperatures. All datapresented are means basedon dry weight(g).
(Adapted from Ingram et al. (1986). HortScience; In press)

Shoot Shoot Shoot Root Root Root
Treatment Shoot/ sugar starch sugar/ starch sugar sugar/
Temperature Shoot wt. Rootwt. root content content starch content content starch

("C) (g) (g) (mglg) (mglg) (mglg) (mglg)

lxora coccinea
28 12.7 45 2.7 31.4 8.2 4.0 14.8 13.8 1.1
34 11.2 4.3 2.8 35.5 7.2 4.9 15.8 10.6 1.5
40 14.3 4.5 3.9 27.0 9.4 2.9 20.4 9.9 2.1

Linear z NS NS NS NS NS NS NS NS 0.05
Quadratic NS NS 0.06 NS NS 0.05 NS NS NS

'Grande Naine' Banana
28 23.3 23.4 1.0 20.7 10.3 3.0 16.4 11.2 1.5
34 21.9 32.6 0.7 21.0 12.4 1.7 19.6 11.8 1.7
40 18.4 37.4 0.5 22.1 10.8 2.0 11.0 11.8 0.9

Linear 0.02 NS 0.02 NS NS NS NS NS 0.05
Quadratic NS NS NS NS NS NS NS NS 0.03

'Carrizo citrange'
28 2.4 2.6 1.0 19.0 26.4 0.7 16.0 20.4 0.8
34 3.0 3.3 0.9 21.3 24.2 0.9 11.1 19.2 0.6
40 3.2 2.6 1.3 31.9 25.4 1.3 11.0 21.9 0.5

Linear NS NS 0.05 NS NS NS NS NS NS
Quadratic NS NS NS NS NS NS NS NS NS

Dracaena marginaia 'Tricolor'
28 31.8 23.8 1.3
34 29.2 25.7 1.1
40 26.8 13.6 2.0

Linear NS 0.05 NS
Quadratic NS 0.005 0.06

Z Regression analyses were used to test for significant linear and quadratic responses.

Summary

Plant roots in containers may be exposed briefly to
temperatures approaching 50 ° C several times per
week during the summer months (II). Injury sus-
tained in such a short period is called direct injury.
Temperatures above 45"C may be maintained for 3 to
6 hours daily and can result in indirect injury to plant
roots (16). The temperatures causing direct injury of
excised banana, citrus, dracaena and ixora roots were
determined using electrolyte leakage procedures.
Growth and physiological responses of the same
species in containers exposed to 28, 34 or 40°C for
6 hr daily were measured.

Excised dracaena and ixora roots withstood 50°C
for up to 3 hr and were more thermotolerant than
citrus and banana roots. However, data indicate that
dracaena and ixora were less tolerant of prolonged
daily exposures to supraoptimal yet sublethal tem-
peratures. Dracaena root dry weight was reduced and
leaf chlorosis and leaf drop increased by the 40 ° C
treatment. Ixora had more axillary growth, less
flowering and reduced root sugar/starch ratio at
40°C, implying a possible hormonal effect and altera-
tion of translocation and/ or root respiration.
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Additional research has been initiated to more
precisely determine the response of these plants to
supraoptimal temperatures. Temperatures in con-
tainer media in the tropics are also being charac-
terized and methods of modifying these temperatures
are being evaluated.
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